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Abstract. The study considers a problem of repeated contamination of delicious products, ready for
consumption. The aim of the work is to study the repeated thermal processing of a ready vacuum-packed whole-
muscular meat product for inhibiting a surface microbiota.

Today it is urgent for the meat industry, because it influences safety and quality, and also limits a storage
term of a product. After bringing a meat product to culinary readiness by thermal processing, it has an
unessential amount of microbiota. Microorganisms, including pathogenic and conventionally pathogenic ones,
fall on a product after its cooking at cutting, prepa-ration to package and at the package stage itself.
Microbiological contamination of a ready meat product results in fast spoilage and is a serious problem for
producers, because the microbiota growth shortens its storage life. In its turn, it results in a refuse of a
consumer to buy this product and great economic losses for producers.

The study is directed on a possibility of solving a problem of contamination of a whole-muscular delicious
meat product. The solution is in package of a ready product under vacuum and short-term heating at a high
temperature.

The work is devoted to the complex study of an influence of repeated pasteurization on safety and quality of
a product. There was studied an influence of the repeated thermal processing (post-pasteurization) on
microbiological, physical-chemical and also organoleptic parameters of a delicious meat product.

The special attention is paid to an influence of post-pasteurization regimes on a microbiological condition
of studied sam-ples. Studies of a total amount of microbiota and also the presence of sanitary-representative
microorganisms were conducted.

It has been proven, that the use of post-pasteurization essentially inhibits a number of microorganisms, and
also doesn’t influence physical-chemical parameters outlook of a product and organoleptic characteristics.

Based on studying an influence of post-pasteurization, it has been established, that inhibition of a
microbiota essentially influences safety and prolongs the storage term of a product.

Key words: post-pasteurization, thermal treatment, microbiota, delicious meat products, food safety, shelf
life.

MOCTHAKETHA MTACTEPU3AIISI YIAKOBAHOT' O
HIJILHOM’SI30BOI'O MTPOJAYKTY

Binnikosa JL.I'., 1.1.H., npodecop, Cunuus O.B., acnipanr
Onecbka HallioHAJIbHA aKa/IeMisl Xap4oBHX TeXHOJIOTii, M. Oneca

Anomauin. Y pobomi posensdacmuvcs npobaema noemopHoi KOHMAMIHAYIT 20MOBUX 00 BIHCUBAHHS Oelli-
KAmMeCHUX M siCHUX NPOOYKMIB.

B oanuii wac ye akmyanvro 0nst M ACHOI NPOMUCIO80CTI, OCKINbKU, GNIUBAE HA Oe3NneKy I AKICMb, a ma-
KOJIC TIMIMye mepMin npuoamHocmi npooyKmy.

Iicna 0osedennusi m’sacHoeo0 nPodykmy 00 KYAIHAPHOL 20MOBHOCI WLISAXOM MePMIYHO20 00poOaeHHs, GiH
Mae He3HauHy KiibKicmv Mikpobiomu. Mikpoopeanizmu, 8 momy 4ucii namo2eHui i yMo8HO namo2enti, nompan-
JIAIOMb HA NPOOYKM NICAA 11020 NPUSOMYBAHHS IO YAC HAPI3AHHI, NI020MOBKU 00 YRAKOBKU, A MAKOIC HA CaMill
cmaoii ynaxosku. Mixpobionozciune 3a0pyOHenHs nPueomo8aH020 M sCHO20 RPOOYKIMY NPu3800ums 00 UEUOKO-
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20 NCYBaHHs | € Ceplio3HoI0 NPoOIEMOIO O/t BUPOOHUKIE, MAK AK 3POCMAHHA MIKPOOIOMU CKOPOUYE MepMiH npu-
damHocmi npodykmy. Y ceoto uepey ye npuzeo0ums 00 GIOMOSU CHOICUBAUIE KYNYEamu NPOOYKYIIO [ GeIUKUX
EKOHOMIYHUX 8Mpam 01 8UPOOHUKIE.

Y pobomi npedcmasnena mosxciugicme gupiutenns npooiemu KOHMAMIHAYIl YilbHOM S308UX OCNIKAMECHUX
M sICHUX npodykmig. Piwenns nonseae 6 ynakogyi 20mogo2o npooyKkmy nio 6aKyymom i KOpOMKOYACHOMY HA2Pi-
8AHHI NPU BUCOKIT mMeMnepamypi.

Poboma npucssiuena xomniekcHomy 00CrioNCenHIO BNAUBY NOBMOPHOI nacmepusayii Ha sAKicme i Oe3nexy
npodykmy. Bueuagcsi 6niue noemoprHoeo mepmiuHozo 00pobaeHHs (nocm-nacmepusayii) Ha MIKpoOioNo2iuHi,
Qi3uKo-XimiuHi, a MaKo*C Op2aHOIeNnMUYHI NOKA3HUKU 0eNiKAmeCcH020 M AICHO20 NPOOYKMY.

Ocob1ugy ysazy npudileHo 8nIU8Y pexicumis nocm-nacmepuzayii Ha Mikpoobiono2iuHull cman 00Cai0HCy8a-
HUX 3pasxie. Bynu nposederni 00CniOdHCeHHs 3a2anbHOT KITbKOCME MIKPOOIOMU, a MAKOIC HASLGHOCMI CAHIMAPHO-
NOKA306UX MIKPOOP2AHIIMIS.

Hogedeno, wo suxopucmanus nocm-nacmepusayii iCMomHo NpueHiuye KilbKicms MIKpOOp2aHismis, a ma-
KOJIC He 6NIUBAE HA QI3UKO-XIMIUHI NOKAZHUKU, 306HIUHIN 6U2NI0 NPOOYKMY | OP2aAHOLeNMUYHL XapaKmepucmu-
KU.

Ha ocnosi eusuenna enaugy nocm-nacmepusayii, 6CIMAHOBIEHO, WO H2IOY8AHHA MIKpOOIOMU CYMMESO
6NIUBAE HA Oe3neKy Ma NPOO0BI’CYE MePMiH 30epieanHs NPOOYKIY.

KoarouoBi cjoBa: mocr-nacrepusaiis, TepMiuHe oOpoOsIeHHs, MiKpoOioTa, AemikaTecHl M SICHI POIYKTH,
0e3IeYHICTh, TEPMiH 30epiraHHs.

Introduction. Problem formulation. Meat and meat products contain valuable nutritive substances for the
human growth and heath and are an important part of a ration. Because of a high food value, meat products are
ones of most demanded for consumption. Unfortunately, meat products are fast-spoiling and subjected to
microbiological contamination. Semination by microorganisms results in serious problems with safety and
quality of a product, and also in economic losses for a producer [1-3].

A question of microbiological safety is important for the meat industry, because spoilage of meat products
takes place mainly because of microorganisms [4]. Meat and meat products contain plenty of proteins, enough
quantity of water and main nutritive substances with pH, favorable for the microbiota growth [5; 6]. As a result
of the life activity of microorganisms, proteins and lipids in a meat product are subjected to denaturation,
unfavorable changes of microbiological character-istics, worsening of taste characteristics takes place [2].

Microbiological contamination is the most important factor that determines safety of a meat product and
limits its shelf life [1; 2]. Microorganisms can enter the product at any stage of the production process where
their development depends on their species, the product and environmental conditions determiningreproducibil-
ity of microorganisms [3-6].

When ameat product gets ready-to-eatafter thermal treatment, it has an insignificant humber of microor-
ganisms [7; 8]. As regards mortality of the microbiota, thermal treatment used in the production of meat products
is effective but it cannot preventrecontamination during its cutting and packaging [9; 10].

A microbiota that causes spoilage of meat and meat products is represented by such mecha-nisms as Pseu-
domonas, Acinetobacter, Brochothrixthermosphacta, Moraxella, Enterobacter, Lac-tobacillus, Leuconostoc and
Proteus. As a rule, microorganisms that cause a fact that a product is spoiled, doesn’t cause damage to a human,
but at their great number can result in disorders of the work of the gastrointestinal tract [7].

The products packed after the boiling stage, are more prone to bacterial contamination. Contamination is
mainly caused by growth of Lactobacillus and Carnobacterium which produce lactic acid and impart a sour-
sweet odor [13].

For improving a microbiological condition and prolonging a storage term of meat products, it is possible to
affect a product after cooking by inhibiting a surface microbiota that fell on a prod-uct after its cross
contamination [8-11].

Whole-musclegourmetmeat products are made from the parts of slaughtered animal carcass subjected to
salting and thermal treatment to the ready-to-eat condition [2]. These products are characterized by excellent
taste, high nutritional value and are in high demand among consumers [12]. The whole-musclemeat prod-
uctsdiffer from other meat products in that they retain cellular structure of meat components during the produc-
tion process, up to consumption [21].

The problem of re-contamination of gourmet meat products is extremely important as theyarethe non-
encapsulated products mostly eaten without additional thermal treatment.

One of ways of improving a microbiolgical condition of a meat product and prolonging storage terms may
be the use of repeated thermal processing of a vacuum-packed product [12-14].
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Analysis of recent research and publications. In-package pasteurization of ready-to-eat products can be
the final stage in destroying vegetative microbiota and be an effective method of preventing product spoil-
age [23].

Effect of thermal treatment and high pressure onready-to-eatboiled sausages for inhibiting microbiota and
extension ofthe product shelf life were studied in [24]. Samples of boiled sausages in a vacuum package were
kept in a water bath at 80 °C for 15 min. after temperature in the product reached 75 °C. High pressure treatment
was carried out at 600 MPa. Studies have shown that pasteurization and high-pressure processing can be used to
increase the product safety and extend its shelf life. Studies have also shown that pasteurization is more effective
than high-pressure treatment.

The results of studies in [25] demonstrate effectiveness of using thermal treatment to extend shelf life of
Viennese sausages. For example, to extend shelf life up to 4 times,thermal treatment of ready-to-eat vacuum-
packed sausages at a temperature of 80 °C for 20 min. was used.Studies on the use of thermal treatment of ready-
to-eat sausage products were also carried out in [26]. The study results indicate effectiveness of pasteurization in
relation to microbiological safety.

Possibility of extending shelf life of boiled sausages using repeated pasteurization was studied in [27]. To
extend shelf life of boiled small sausages up to 72 days, repeated pasteurization at a temperature of 85-90 °C for
15-20 minutes was used.

The use of pasteurization of cooked chicken thighs individually packed in a vacuum bag was effective to
reduce number of microorganisms including Listeria innocua [28].

In [29], vacuum packed sausages heat treated to a core temperature of 90 °C and 100 °C were edible for 9
days at a storage temperature of 31 °C.

Experiments with small sausages which were grilled, vacuum packed and then heated at 95 °C for 5 min. in
a steam chamber were conducted in [30]. Repeated thermal treatment of packaged productssubstantially extend-
ed their shelf life. However, thermal treatment of sliced sausage in these conditions has destroyed the product
structure.

Appearance of samples of baked and vacuum-packed turkey heated at 95 °C has changed, however the
shelf life was 4 weeks longer than that of the control sample.

Studies of pasteurization of aready-to-eat product that were carried out with samples having protective
covering (encapsulation) have shown no organoleptic changes. However, there is a significant problem of re-
peated processing non-encapsulated meat products because of possibility of alteration of their appearance, struc-
tural and qualitative characteristics under long influence of heat [31].

It is clear from the literature analysis that the issue of thermal treatment of non-encapsulated whole-
musclemeat gourmet has not been resolved.

The aim of the work is to estimate a possibility of inhibiting a surface microbiota of a ready deli-cious
meat product, packed in vacuum by pasteurization, without changing organoleptc characteristics.

To achieve this objective, the following tasks were set:

—  to experimentally determine rational temperatureandtime conditions of post-pasteurization;

—  to determine safety and quality of the product after post-pasteurization basedon microbiological, phys-
ical-chemical and organoleptic characteristics.

The studying procedure is based on the following generalized knowledge: an influence of thermal
processing on microorganisms and also quality, structural-me-chanical and organoleptic parameters of a product
[2; 32; 33]; an influence of vacuum package on the microbiota life activity in a meat product [34; 35];
thermostable properties of packing films.

Materials and methods of research.Samples of smoked-boiled meat «Balyk vintage» of the highest sort
were used in the study. All samples were produced at PE « GARMASH> (Ukraine, Odessa region). The samples
were cooked of 100% meat of spine-lumbar muscles of pork semi-carcass.

All raw and ready materials, used in the study, corresponded to actual standards of Ukraine in the aspect of
quality and safety.

Experiments. After bringing the product to culinary readiness, it was cooled to temperature 6-8 °C, cut in
pieces of 100 g and packed under vacuum in multi-layer polymeric films with width 95 microns, produced by
“Orved” (Italy). Package was realized on the vacuum-packing machine, produced by “Cryovac” (Switzerland).

The experimental samples, packed in vacuum, were subjected to post-pasteurization in the elec-tric digester
SVC-14, produced by Sammic S. L. (Spain). After post-pasteurization, the samples were cooled to temperature
6-8 °C and kept in the refrigerator Liebherr (Germany) at temperature 4 °C during the whole term.

Together with the experimental samples, subjected to post-pasteurization, balyk samples in a vacuum
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package without post-pasteurization (control samples) were kept under equal con-ditions in the refrigerator.

All samples were kept in the refrigerator during 35 days.

The experimental studies were three- nd fivefold repeated. The obtained results were pre-sented in units of
the international system CI [36; 37].

Results of the research and their discussion. During the study there were determined main microbiologi-
cal, physical-chemical and or-ganoleptic parameters of the experimental and control samples of whole-muscular
delicious meat products.

Meat products of 100 g in a vacuum package were heated at temperature 90 °C during 1 min (sample 1),
2 min (sample 2) and 3 min (sample 3).

Table 1presents the results of the total number of microorganisms (MAFANM) in the con-trol sample, and
also the number of microorganisms in the experimental samples at 1 day of storage.

Table 1 — Index of the total number of mesohilic aerobic and facultative-anaerobic microorganisms
at 1 day of storage

Parameter Control Sample 1. Sample 2 Sample 3
MAFANM, CFU in 1g 2,0 10 1.4-10° 9,5-10" <10

Table 1 testifies that the use of pasteurization of the ready delicious meat product, packed in vacuum,
essentially inhibits the microbiota.

There were studied the sanitary-representative microorganisms, such as sulfite-reducing clostridia,
Salmonella, St. aureus, and also bacteria of the colon bacillus group. The results of these studied demonstrated
that no listed microorganisms were found in the product.

The microbiological studies were conducted during the whole storage term in each 7 days.

During the storage process there was observed the intensive growth of microorganisms in the con-trol
sample, and at 28 day of storage the norm of MAFANM was essentially exceeded [18].

The growth of microorganisms in experimental samples 1 and 2 was less intensive, but at 28 day it
exceeded the norm of MAFANM along with the control. During the storage process sam-ple 3 had the inessential
growth of the microbiota and even at 35 day didn’t exceed the normative index of total semination.

The sanitary-representative microorganisms were not found during all 35 days of storage in the control and
experimental samples.

The effect of thermal processing has the influence on all components of the meat product and can change
its outlook and structure [15]. The aim of our work was to diminish the number of microorganisms without
changing organoleptic indices of the product. At the same time the storage term of the product is determined by
not only microbiological parameters, but also by organoleptic characteristics. The sour-milk bacteria, such as:
Lactobacillus, Carnobacterium and Leuconostoc mainly dominate in the product, packed under vacuum. The
presented bacteria produce acids: lac-tic, acetic and formic ones and influence the product taste [20].

The studies of the organoleptic parameters testify to the fact that post-pasteurization doesn’t influence the
outlook of the product and doesn’t cause changes of its organoleptic parameters.

During the process of storage the control sample at 28 day had spoilage signs, namely the sour smell.
Control sample 3 didn’t have any outlook changes and also taste and smell ones, even at 35 day of storage.

The studies of pH and mass share of moisture demonstrated that post-pasteurization has no in-fluence on
the concentration of nitrogen ions and doesn’t cause free moisture release from the product.

Conclusions:

1. Inhibition of the microbiota of the ready whole-muscular delicious meat product, packed in vacuum, has
been proven.

2. It has been established, that post-pasteurization essentially improves the microbiological condition of the

product.

Temperature-temporal regimes of repeated pasteurization don’t cause changes of the product outlook.

4. It has been proven, that the product, subjected to post-pasteurization, has more storage term.

w
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Abstract. For the first time, the processes occurring during caramelization of honey are studied and the bio-
chemical properties of the obtained substances are studied. Infrared spectra, humidity and viscosity were ana-
lyzed, the size and size distribution of nanoparticles, elemental composition, oxymethylfurfural content and dia-
stase number of caramelized honey were studied. As a result of research, the difference between the sizes of
nanoparticles of natural and caramelized honey was established: caramelized honey is characterized by much
smaller (1.5-2.0 times) particle sizes than for natural bee honey. Smaller particle sizes of caramelized honey,
after thermochemical treatment in the presence of specially selected catalysts, increase its biochemical activity.

The paper also describes a new method of processing crystallized honey and the characteristics of the ob-
tained liquid honey for a long shelf life (at least 1 year). It is shown that with the help of a new method of low-
temperature isothermal accelerated processing in a microwave reactor MWR-SPR, it is possible to dissolve the
crystallized honey to a liquid state. The proposed method reduces the time for the dissolution of honey in com-
parison with the known method of heat transfer by 250 times. The properties and structure of particles of crys-
tallized and liquid honey after low-temperature, isothermal, accelerated processing with the help of microwave
technology of ultrahigh frequencies at 50 °C, for 60°s are investigated. The number and particle size of pollen in
honey is reduced by 10 times, and the size of the crystals of glucose and sucrose after processing is reduced by
2-5 times. The method of angular distribution of the laser beam shows a reduction of the average size of sugar
macromolecules in the processed honey in 2 times, compared with crystallized honey.

It is proved that the proposed low-temperature, isothermal, accelerated processing of honey in a microwave
reactor helps to maintain a high diastase Gotha number — 10-11, and the content of hydroxymethylfurfural does
not exceed 3-6 mg/kg of honey. The results of X-ray fluorescence spectroscopy confirm that the chemical and
element-oxide composition of honey after treatment is almost unchanged. Analyzes of data on chemical and
biological oxygen consumption show that in samples of liquid honey, after dissolution by the proposed method,
the biochemical activity of honey is reduced only twice, which is much less than during the dissolution of honey
by traditional heat transfer. All this has a positive effect on the stabilization of liquid honey after dissolution, on
its stability during long-term (up to 1 year) storage. The chemical properties of wax, propolis, honey before and
after the caramelization process have been studied. Based on the results obtained from caramelized honey, wax
and propolis created a chewing gum with biologically active components for the prevention and treatment of
periodontal diseases (gingivitis, periodontitis and periodontitis). Clinical studies using chewing gum based on
honey, wax and propolis for the treatment of periodontal tacine in dentistry confirmed a positive effect in 72.5%
of patients.

Key words: honey, wax, propolis, caramelization, microwave, biochemical properties, particle size, diastase
number, hydroxymethylfurfural, chewing gum, periodontitis, treatment.
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BIOMOJIMEPHI XAPYOBI KOMITO3UIIIi HA OCHOBI KAPAMEJII-
30BAHOT'O MEJIY, BOCKY I TPOIOJICY JI/ISI IPO®PLIAKTUKH
MMAPOJIOHTO3Y

lepTa C.A., A.T.H., npogecop,, "Xauenu O.M., KaH/I. TEXH. HAYK, JI0LIEHT, ’Cosonnupka LB., Kanj.
TEeXH. HAYK, JOLEHT, 2 Baciopkina H.H., 1. e. ., npodecop, *poiixo H.B., 1. 6. H., npodgecop, 4F0p303 JL.
®@., kaH]. Me/l. HAYK, JOUEHT

Mpukapnarcokuii HanionabHuiil yrisepenter iveni Bacuias Credannka m. IBano-®paHKiBebK
2OfechbKa HALIOHAIBLHA AKAAEMist Xap40BHX TeXHOJIOTiH, M. Oneca
3Y>1<r0p011c1,1m171 HanionansHnii YHiBepcurTer
4HanapnaTc1,Kni/i HallioHATbHUI yHiBepcuTeT iMeHi Bacnast Credanuka

Anomauyin. B pobomi énepuie 00cniodxnceHo npoyecu, wo 8i00ysarmsCs npu Kapamenizayii Mmeoy ma eugye-
HO Oioximiuni enacmusocmi ompumanux peuosut. Ilpoananizosano 149 cnexmpu, onocicms ma 8 A3Kicmo, Gu-
8YEHO PO3MIpU Ma pO3NOOIN 3a POSMIPAMU HAHOYACMUHOK, eleMEHMHULL CKA0, eMicm okcumemurdypgypony i
diacmaste 4ucio Kapamenizosano2o medy. B pesynomami 0ocniodceHb 6CMAHO8IEHO PI3HUYIO MIJIC POIMIDAMU
HAHOYACMUHOK HAMYPANbHO20 MA KAPAMENI306aH020 MeQY: Olisl Kapameniz08aHo20 Medy XapakmepHuUMU € 3Ha-
uyno menwi (8 1,5-2,0 pasu) posmipu 4acmuHoOK, HidC 018 HAMYPATLHO2O O0AHCOTUHO20 Medy. Menwi po3mipu
YACMUHOK KAPAMENi308aH020 Medy, NIC/isi MEePMOXIMINHOT 00pOOKU 6 NPUCYMHOCMI cneyiaibHo NidIOpanux Ka-
manizamopis, 3yMoI0I0ms NiOGUWEHHSL 11020 OIOXIMIYHOT AKMUBHOCMI.

B pobomi maxoac onucano noguti cnocié oopodKu 3aKpUcmanizoganozo medy ma XapaxmepucmuKu ompu-
MAaH020 pioKo2o Medy, Ha NPOMA3i MPUeaNoeo mepminy 30epicans (ne menwe 1 poxy). Ilokazano, wo 3a dono-
MO2010 HO8020 CNOCOOY HUZLKOMEMNepamypHoi i30mepmiunoi npuckopenoi 00podku 8 MiKpOXEUILOBOMY peak-
mopi MWR-SPR, modicna nposecmu posnyck 3aKpucmanizo8ano2o meoy 00 piokoz2o azpezamnoz2o cmawy. 3a-
NPONOHOBANUL CROCIO CKOPOYYE Yac HA pO3NYCK Medy Yy NOPIGHANHI 3 Gi0OMUM MemOdoM mennonepedayi 6 250
pas. Hocridscerno enacmusocmi ma nOPiGHAHO CIPYKMYPY YACMUHOK 3AKPUCMANIZ308AH020 | pIOK020 Medy Nicisa
HU3bKOMeMNEepamypHoi, i30mepMiuHoi, NpUcKopenoi 00pobKu 3 00NOMO20H0 MIKPOXBUTLOBOT MeEXHOL02IT HA08U-
coxux yacmom npu 50 °C, 3a 60 c. Ilpu yvomy KineKicmv i po3mip YacmuHOK NUIKY 6 medi 3Hudxcyemocs 8 10
Ppasie, a po3mipu Kpucmanie 2iroKo3u i caxaposu nicis 06pobku 3meHuyiomocs 8 2—5 pasie. Memooom Kymogozo
PO3N00iNy 1a3epHO20 NPOMEHIO NOKA3AHO 3MEHUIEHHS CEPeOHbO20 PO3MIPY MAKPOMOAEKYIL YYKpPI6 y 00pod.ieHo-
My meOi 8 2 pasu, NOPiGHAHO i3 3aKPUCMATTIZ08AHUM MEOOM.

Logedeno, wo 3anpononoeana HU3bKOMeMnepamypHa, i30mepmiuna, npuckopena oopobka medy 6 MiKpox-
BUNLOBOMY PeaKmopi CHpusie 30epedceHnio 8ucoko2o oiacmasnozo uucio no I'ome — 10-11, a emicm 2iopoxcu-
memunpyppypony ne nepesuwye 3—6 me/ke medy. Pesynomamu X-npomeneeoi giyopecyeHmnoi cnekmpockonii
niomeepoHCyIomy, Wo XiIMIYHUL Ma eremMeHm-0KCUOHUL CKAA0 Medy nicas 00poobKu matiice He 3MiHioeEmbcs. Bee
ye NO3UMUBHO BNAUBAE HA cMABINI3AYII0 PIOK020 MedY NICsl PO3NYCKY, HA 1020 cMAbiIbHICIb NPU 006820MPUBA-
aomy (0o 1 poxy) 36epicanni. Busueno XimiuHi enacmusocmi 60CKy, nponoicy, medy 00 ma niciis npoyecy Kapa-
menizayii. Ha ocnogi ompumanux pezynromamis 3 Kapamenizosanoeo meody, 0CKy i NPORONICY CIMBOPEHA XHCY8d-
JbHA 2YMKA 3 OI0N0214HO-AKMUBHUMU KOMROHEHMAaMU Ol RPO@IaKmuKu ma JiKy8anHs 3aXe0pl06anb MKAHUH
napoodonmy (2ineisimy, napoooHmumy i napooonmosy). Ilpoeedeni kniniuni 00CiOd’CEHHS 13 3ACMOCYBAHHAM
JHCYBATLHOI 2YMKU HA OCHO8I Medy, 80CKY [ RPONOICY 015 MIKY8AHHA MAKHUH NAPOOOHMY 8 CHOMAMON02ii niom-
eepounu nozumuenull epexm y 72,5 % nayienmia.

KurouoBi ciioBa: men, Bick, mporosic, kapamenizaiis, HBUY, 6ioxiMiuHi BIACTHBOCTi, PO3MIpH YaCTHHOK,
JiactasHe 4ucio, riipokcuMeTriadgypdypo, )KyBajibHa I'yMKa, IapOJIOHTO3, JIIKYBaHHSI.

Introduction. Problem formulation. Beekeeping products are an exceptional food product, an excellent
medicine, a good cosmetic product. Due to its antiseptic properties, bee honey is widely used in medicine, which
has the ability to stop the growth of pathogenic microorganisms, helps in the treatment of ulcers and wounds,
diseases of internal organs, eyes, skin, lowers blood pressure, treats neuroses, insomnia. Natural bee honey is
part of traditional medicine in many cultures, although it is most widely used as a sweetener and sugar substitute.
It contains at least 180 components and is mainly a solution supersaturated with sugars, fructose (> 38%) and
glucose (> 31%). The moisture content in me is about 17.7-21%, the total acidity — 0.08% (pH = 3.4-4.3) and
ash — 0.18%. In addition, honey contains a large number of other components, including phenolic acids and
flavonoids, glucose oxidase and catalase enzymes, ascorbic acids, carotenoids, organic acids, amino acids, pro-
teins and a-tocopherol.
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Beeswax is a product of the wax glands of bees, formed by the use of pollen, perga and honey. From wax
plates bees build honeycombs in a beehive. Beeswax contains many components, namely: esters of ceric acid —
76.0% esters of cholesterol 1.0%. bavniki dyes 0.3%. lactones 0.6%. free alcohol 1.25%. free cerin to-you
13.5%, and higher carbohydrates 10.5-13.5%. Pure wax is lighter than water, with a melting point of 62-69 °C
and a density of 0.96 g/ cm®. it is insoluble in water, but soluble in gasoline, chloroform, ether, and boiling alco-
hol. [1] The chemical composition of wax is similar to fats and oils, but much richer and more diverse. Current-
ly, beeswax is already known in dentistry, it is used to clean the mouth and strengthen the gums.

Propolis is a unique natural substance that has the biological properties of antibiotics, which cannot be syn-
thesized artificially, its taste is bitter, slightly burning. At a temperature of 2040 °C wax is a plastic product,
and at a temperature less than 20 °C — solid. The wax content in propolis is less than 28%, the oxidation index is
22%, the iodine value is less than 35. Bees in the process of their life, like no other, need powerful antiviral and
bactericidal drugs. Therefore, bees use propolis as an antiseptic to treat the inner surface of the hive and mummi-
fy other insects that have got inside. The composition of propolis includes: natural resins (40-55%), beeswax
and fatty acids (20-35%), aromatic oils (about 10%), pollen (about 5%) and other components. At present, it is
experimentally proven that propolis has a wide range of pharmacological activity. The most common use at the
moment of propolis is in dentistry: 2-4% alcohol extracts of propolis are effective in the treatment of fungal
diseases of the oral cavity, abscesses on the gums and in the treatment of periodontitis, gingivitis. Due to the
local anesthetic effect, propolis can be used as an analgesic for hypersensitivity of the tooth.

Bee pollen (pollen) contains the following minerals in mg /100 g: ascorbic acid — 1.4-205.2 mg/ 100 g,
phosphorus 50-610 mg / 100 g, vitamin B (thiamine) 0.4-1.5 mg/ 100 g, potassium 130-1140 mg / 100 g, ribo-
flavin 0.54-1.9 mg / 100 g, calcium 30-1180 mg / 100 g, B5-nicotinic acid 4.8-21.0 mg / 100 g, magnesium 60—
380 mg /100 g, B6 (pyridoxine) 0.5-0.9 mg/ 100 g, sodium 28-44 mg/ 100 g, folic acid 0.1-0.68 mg /100 g,
copper 0.6-1.57 mg/100g, H (-biotin) 0-0.25mg/ 100 g, iron 0.2-4.2 mg /100 g, pantothenic acid 0.32—
5.0 mg/ 100 g, E (a-tocopherol) 0.3-170, water 3-4%, reduced sugars 20-40%, non-reduced sugars 0-20%, fats
1-20%, proteins 11-35%, amino acids 10-45%, antibiotics + vitamins 5.75-10.8 ug/g, riboflavin 16.3—
19.2 ug / g, pyridoxine 0-9 pg/g. The main active components of bee pollen are derivatives of phenolic acids
and polyphenolic compounds, mainly flavonoids and glycosides. The most well-known effect of phytosterols is
the ability to lower blood cholesterol by preventing its absorption in the intestine. Pollen supports the immune
system: helps increase the content of vitamins, minerals and phytochemicals. In addition, pollen can act as a
vaccine and normalize fever, regulate metabolism in the body, have antimicrobial, antioxidant and anti-
inflammatory effects. Maintains oral hygiene and removes bad breath. [1].

The antibacterial property of honey was first recognized in 1892 and it was found that the concentration of
honey should be from 1.8% to 10.8% (rpm). Therefore, natural honey must be diluted at least nine times [2].
Important factors that affect the antibacterial effectiveness of honey are: hygroscopic properties: based on this
effect, high osmotic properties for extracting water from bacterial cells, which causes the possibility of causing
their death. Honey, like other rich honey syrups and pastes, has the property sufficient to inhibit the growth of
microbes. Honey has a fairly acidic environment, its pH is from 3.2 to 4.5, which is sufficient to inhibit many
pathogens. The optimal pH value for their development is usually 7.2—7.4. Hydrogen peroxide (H,O,) or hydro-
gen peroxide: the main antibacterial activity in honey is associated with hydrogen peroxide, which is enzymati-
cally produced in honey. The enzyme glucose oxidase is secreted from the bee’s hypopharyngeal gland into
nectar and promotes the formation of honey from nectar. Hydrogen peroxide and gluconic acid are formed by the
reaction of oxidative hydrolysis of glucose in honey:

CsH 1,06 + H,0 + 0,=CsH1,07 + Hy0, 1)

It is these substances that contribute to the preservation of honey. The formed hydrogen peroxide H202) can
be effective as a sterilizing agent only during the maturation of honey. Whole honey has a small amount of hy-
drogen peroxide, because this substance is unstable. In the presence of transition metal ions and ascorbic acid in
copper, they catalyze the decomposition of hydrogen peroxide H202 to oxygen and water:

2H,0, (+xart.) = 2H,0 + O,1 )

The practical inactivity of the enzyme in “mature” honey, causes the formation of hydrogen peroxide only
when the honey is diluted. When honey is diluted, the activity increases (coefficient from 2500 to 50 000), which
gives an antiseptic “slow release” of hydrogen peroxide H,0, at a level that is antibacterial, but does not damage
the tissue [3].

The materials described in the article relate to the scientific field of food processing in the food industry and
other industries related to the dilution, decrystallization of various solid and pasty products. Namely, the dissolu-
tion and study of the properties of solid, crystalline and liquid bee honey, which can be used in dentistry,
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for the prevention and treatment of gum disease in gingivitis, periodontitis and periodontitis. Natural bee
honey, especially May, linden and acacia, contains a lot of fructose and can remain liquid in honeycombs sealed
for 1-3 years. But honey extracted from honeycombs has a shelf life of only a few months, depending on the
type and variety of honey. This is because honey contains up to 80% or more of fructose and glucose in a ratio of
about 1:1. Over time, honey crystallizes, the consumer characteristics of honey almost do not change, but its
appearance becomes less attractive to the consumer who wants to see and consume it liquid and transparent.
Therefore, the use of new methods and special conditions for the dissolution of crystallized honey and prevent its
natural crystallization, as well as conditions and means of storing honey in a liquid state for at least 1 year is an
urgent problem in the food industry. Scientific activity and discussion of the achievements of ONAHT and the
Department of Chemistry of Vasyl Stefanyk Precarpathian National University (Ivano-Frankivsk), contributed to
the implementation of joint research and the introduction of a new type of food product — chewing gum “Honey-
comb-Honeycomb”. Which was made on the basis of dissolved, liquid caramelized honey, which has a therapeu-
tic and prophylactic effect and has pronounced therapeutic, anti-inflammatory, astringent, anti-infective, antimi-
crobial and antibacterial properties. The research provides for the possibility of creating and implementing new
types of chewing gum based on liquid, dissolved honey, for the treatment, protection and prevention of dental
diseases of periodontal gum tissue, especially gingivitis, periodontitis and periodontitis, which lead to loss of
healthy teeth.

Analysis of recent research and publications. Honey is a unique product of natural origin, the value of
which is extremely high for human health. It contains many useful substances: wax, propolis, bee pollen and
actually honey. These substances have anti-inflammatory, antimicrobial, general strengthening effect on the
body and are widely used in medicine [4]. Honey pumped out by beekeepers from honeycombs has a shelf life of
only 1-6 months, depending on the type and variety of mono- and polyfloral honey. Elite acacia honey contains
more than 40% fructose, so it remains transparent and liquid for 8—12 months [5], while sunflower honey crystal-
lizes a month after honey collection by beekeepers. Honey becomes thick, opaque, hard, but no less sweet and
useful. This is because honey contains a predominant amount of glucose, which crystallizes. Valuable and useful
properties of honey are almost unchanged, but its appearance becomes less attractive to the consumer, who visu-
ally better perceives and consumes liquid, transparent honey [5]. According to biological origin, there are mon-
ofloral, polyfloral, padeva and mixed honey. There are more than 21 species of honey (see table 1), which bees
produce from the nectar of mainly one species of plants, such as monofloral: acacia, heather, linden, or polyfloral
(herbaceous), collected from the flowers of various plants, such as forest, field, meadow, and padevy. But all
types and varieties of liquid honey with a storage time of 2—6 months begin to thicken and crystallize, losing
some consumer properties and attractiveness, but not losing their medicinal properties.

The process of crystallization of honey is influenced by various factors. The most important factor in the
crystallization of honey is the ratio of glucose and fructose in honey, which varies in the range: (fructose 21.7—
53.9 %, glucose 20.4-44.4% [6]. In the process of crystallization fructose is in a liquid state, and the
crystallization centers are crystals glucose and sucrose.The density of glucose crystals is 1.54 g/ cm®, and the
density of honey varies from 1.45 g /cm® to 1.40 g/ cm®, depending on the water content and type of honey.
Therefore, honey crystallizes from top to bottom. At a lower density of honey formed Honey passed through
sand filters or special clay grades does not crystallize for a long time because it does not contain crystallization
centers: pollen grains, protein and mucous substances, but significantly reduces the diastase number of honey, its
biological activity, taste and quality [7] Fig. 1 and Table 1. show photos and characteristics of 19 most famous
varieties (monofloral and polyfloral) of honey in crystallized form.

Crystallization of honey is a rather complex phenomenon. The process of uncontrolled crystallization, which
occurs during storage of honey, leads to a change in the appearance of honey to an opaque and solid physical
state, and therefore the product is less attractive to the consumer [8]. This creates problems during the packaging
and processing of honey [9]. Uneven crystallization of honey also affects the preservation of quality, because the
non-crystallized part of honey will contain a higher moisture content, which makes honey vulnerable to yeast
growth [7]. The rate of nucleation and growth of crystals depends on temperature. Honey, which is stored at very
low (—20 °C) temperatures and temperatures close to the environment (+ 18 °C), leads to the production of small
crystals and coarse crystals, respectively [10].

When stored in a moderate temperature range (+4 —+10 °C) the formation of crystals of mixed type is
observed. The decrease in temperature promotes the formation of small crystal sizes due to the limited mobility
of sugar macromolecules [11]. The second factor influencing the crystallization of honey is the mass fraction of
water. At a water content of 16-20% in honey, crystallization proceeds quickly, with a larger amount — 21% H,O
— honey remains liquid, transparent and almost colorless for a long time (for example, acacia and linden) [11].
The third factor influencing the process is the presence of crystallization centers.
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Figure 1 — Appearance of samples of different varieties of monofloral and polyfloral crystallized bee honey

Table 1 — Characteristics of species of mono- and polyfloral bee honey

Ne Types of mono- and Characteristics of different varieties of honey during crystallization

polyfloral bee honey

1. |Acacia honey Transparent, slowly crystallizes into fine-grained crystals, acquires a milky color.

2. |Flower honey Greenish-yellow color, smells like almonds, has a wonderful taste with

bitterness.

3.  |Heather honey Viscous honey also quickly precipitates during storage.

4. |Thyme honey Golden-yellow color, crystallizes into small grains, settles.

5. |Dandelion honey Light amber to white with a greenish tinge, with a vanilla aroma.

6. |Blackberry honey Transparent as water honey, with a pleasant taste.

7. |Chestnut honey Dark in color, has a faint aroma of chestnut flowers and a rather bitter taste.

Crystallizes slowly, has an oily appearance.

8. |Clover honey Colorless, transparent, pleasant to smell. Crystallizes slowly into a solid mass.

9. |Lime honey Transparent, pale yellow or greenish colors. It has a linden aroma, very sweet

taste. Upon crystallization gives a dense fine-grained precipitate.

10. |Alfalfa honey It crystallizes quickly, acquiring a white color and the consistency of thick

cream. It has a pleasant aroma and a specific taste of bitterness.

11. |Strawberry and|Very light color, has a pleasant aroma and excellent taste. It crystallizes slowly.
raspberry honey

12. |Thistle (thistle) honey |Very thick, viscous, yellow with a strong odor and unique taste, crystallizes

quickly.

13. |Sunflower honey Golden-yellow or light amber in color, tastes very sweet, a little tart. Crystallizes

small grains, sometimes acquires a greenish tinge.

14. |Phacelia honey It has a delicate aroma and a pleasant delicate taste. Upon crystallization acquires

a doughy consistency.

15. |Rhododendron honey |Light pink or golden yellow. It has a strong rich aroma and excellent taste.

16. |Forest honey| From light yellow to dark brown, sweet in taste with a pleasant aroma. Upon
(hawthorn, willow, [crystallization, it forms a small and medium precipitate
mountain ash, walnut)

17. |Meadow honey (clover) |Light yellow or brown, pleasant to the taste and very fragrant.

18. |Field honey Has a pronounced antimicrobial and anticystitis effect. The range of shades —
(cornflower, chicory, |from almost colorless to orange-yellow. It tastes sweet, the aroma is delicate and
valerian) pleasant

19. |Padevy honey Dark, almost black, with a greenish tinge, or dark brown. The aroma is weak,

sometimes unpleasant. Taste, sometimes bitter or sour.
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Storage of honey in the temperature range +4 — +10 °C promotes the formation of crystals of mixed type.
The formation of small crystal sizes with decreasing temperature is explained by the limited mobility of sugar
macromolecules [11]. The second factor influencing the crystallization of honey is the water content. At a water
content of 16-20%, honey crystallizes rapidly, and at a content of more than 21%, honey remains liquid,
transparent, and almost colorless for a long time (for example, acacia and lime) [11]. The third factor influencing
the process is the presence of crystallization centers.

The process of crystallization of honey depends on the number of crystallization centers (germ crystals),
around which the crystallization of glucose. However, the greatest influence on the size of crystals and their
number has the presence of pollen grains of plants. One of the most important factors in the crystallization of
honey is the presence of bee pollen, ie pollen, which significantly accelerates the crystallization of honey.
According to organoleptic parameters, bee pollen is a powdery, granular mass of hard lumps 8—200 pm in size,
which are glued by bees with the secretion of salivary glands and nectar into lumps with multicolored granules
1-3 mm in size. The color of pollen — from yellow to purple (depending on the honey plant), the smell —
pronounced, has a floral aroma and almost tasteless, gives a specific color to each variety of honey (Fig. 1,
Table 1). Approximate composition of pollen: water (8—10%), carbohydrates (20-40%), proteins (25-35%), fats
(5-7%) [6]. Pollen particles, the content of which can be in honey from 60 to 28,000 / g units of pollen grains are
the main centers of crystallization of honey. In addition, pollen has a significant effect on the amount of
biochemical activity of honey — its diastasis number. The largest number of pollen grains is found in phacelia
(about 11000 / g) and buckwheat (about 5500 / g), the least pollen in acacia and linden honey (about 20 / g) [12].

The results of the literature and patent review show that the problem of crystallization and acceleration of
improving the efficiency of dissolution of honey by heating, using alternative methods, including microwave
processing of honey, requires additional study.

The purpose of the study was to find new technological methods, alternative means and selection of special
technological conditions (temperature, time) and equipment for dissolving crystallized honey, as well as further
stabilization of liquid honey when stored in this state for at least 1 year.

The task of the study was as follows:

- to study the effect of particle size and amount of pollen in honey on its crystallization and stability
during storage before and after heat treatment in different conditions;

- compare the influence of heat treatment conditions of crystalline honey by heat exchange and
microwaves on the size and size distribution of sugar macromolecules in honey depending on the technological
parameters and equipment of the process;

- to study the influence of heat treatment parameters of honey in different conditions on the value of its
diastase number, Goethe number, oxymethylfurfural content, quantitative and qualitative composition of honey,
biochemical activity;

- try the possibility of using dissolved liquid honey to create biologically active honey for the needs of
periodontology and dentistry when creating preventive chewing gum.

Thus, the study of the properties of food compositions based on caramelized honey and their changes
associated with the particle size of macromolecules of sugars and polysaccharides in the caramelization of honey
is a very important issue for both chemistry and food technology.

Materials and methods of research

To study the process of crystallization, standard samples of natural crystallized honey (FOP “Sviy Med”
Kyiv region of Ukraine) were used, which met the requirements of DSTU 4497: 2005 Natural honey.
Characteristics of polyfloral honey before and after low-temperature, isothermal, accelerated processing
(dissolution), are presented in table 2. During the study, an alternative method of dissolving crystallized honey
was used [12]. For this purpose, honey was treated with microwave waves at low temperature (40-60 ° C) and
the minimum processing time, not more (60 ° C), which was carried out in a special rotating glass reactor in a
microwave isothermal chamber MWR-SPR: “Microwavereactor for Solid-phase reactions”, Milestone, Italy “,
(Faculty of Industrial Technology, O. Dub¢ak University of Trenc¢in, Pukhov, Slovak People ’s Republic) [14],
which is shown in Fig. 2.

Studies of the structure and properties of crystalline and liquid honey were performed using a MBS-20 light
laboratory microscope. IR spectra of natural honey were recorded using an IR spectrophotometer FTIR
spectrometer Nicolet iS50. Quantitative changes in the composition of sugars in honey were determined by the
size distribution of sugar microparticles by the method of angular distribution of the laser beam (NANODS
CILAS), under dynamic and static conditions. Analyzes of samples of aqueous solution of honey on the
indicators of chemical (HSC) and biological consumption (BSC) of oxygen were made in accordance with the
methods (DSTU 4175:2003) for the determination of HSC and BSC in water
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Table 2 — Organoleptic characteristics of honey taken for research before and after heat treatment

Ne Indicator DSTU requirements 4497: Honey is natural,  |Polyfloral honey, dissolved
3/l 2005 Natural honey crystallized, polyfloral |after heat treatment in a
(Bim 04.2018.) microwave reactor MWR-SPR
1. |Color Colorless, white light yellow Light yellow, |Dark yellow
sunflower
2. |Taste Sweet, tender, pleasant, tart Sweet, tender pleasant [Sweet,  pleasant,  without
extraneous flavors
3. |Aroma Specific, pleasant without Pleasant without odors |Pleasant without odors
foreign odors
4. |Consistence Lo Dense, crystalling, with|Liquid,  without  available
Liquid, viscous, dense . .
pollen particles pollen particles
5. |Crystallization From fine to coarse-grained Coarse-grained Missing
6. [Signs of Not found Not found
. Not allowed
fermentation
7. |Mechanical Not found Not found
. - Not allowed
impurities
8. |Mass fraction of 20.7 19.7
water, not more(18.5-21.0
than%
9. |Diastasis  nhumber 13.88 11.0
(Goethe unit), no|15-10
less
The diastasis number according to Gotha
L (biological activity of honey) and the content of

>

Figure 2 — Microwave laboratory rotary reactor

for solid-phase reactions, including for dissolving

crystallized bee honey with automatic tempera-

ture and time controller. MWR-SPR: «Microwave

reactor for Solid-phase reactions, Milestone,
Italy»

hydroxymethylfurfural were determined according
to DSTU 4497:2005 Natural honey (see table 2).
Analysis of honey samples for the content of
individual elements and their oxides was
performed by X-ray fluorescence spectroscopy
using the instrument EDX-7000 [14], the mass
fraction of sugars and water in honey was
determined using a special refractometer-
saccharometer WALCOM REF 107/117. During
the study, a dental examination and determination
of the intensity of the carious process with the help
of: CPV index, Fedorov-Volodkina index, gum
bleeding index, periodontal index, saliva pH.
Microbiological examination of patients before and
after chewing gum was also performed.

For reference. When using the drug provides
the body with components of bee honey, wax,

propolis, perga and pollen; the ingredients of residual food and other ingredients are automatically removed from
the mouth, teeth and gums during chewing. It should be borne in mind that the patient decides when to use the
chewing gum «Honeycomb» «Honeycomb-Honeycomdy, and the drug already helps him in this, reducing con-
tamination of the oral cavity, teeth and periodontal tissues from external factors of food and others.

Periodontal diseases (gingivitis, periodontitis and periodontitis) often develop against the background of
comorbidities: digestive disorders, cardiovascular and endocrine disorders, which affect the psycho-emotional
state of patients. Therefore, it is not only a general medical but also a social problem. Although Medivnik-
Honeycomd prophylactic chewing gum suppresses the symptoms and manifestations of periodontal disease,
behavioral factors and social causes can re-cause the disease. The Medivnik-Honeycomd preventive gum should
be used according to the instructions as soon as the first symptoms of periodontal disease, increased sensitivity
and inflammation of the gums, as well as their bleeding during brushing to maintain normal oral periodontal
tissues. Chewing gum “Honeycomb-Honeycomd” should be used continuously for the first 3 months if symp-
toms of periodontal disease are detected. Then, the drug should be discontinued. However, you should always
have a certain amount of chewing gum in stock, as symptoms of gingivitis and periodontitis may suddenly reap-
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pear. As a rule, it is not recommended to use Chewing Gum «Medivnik-Honeycomd» for more than 6 months.
However, some patients may need longer treatment to prevent moderate to severe periodontitis and periodontitis.
Medivnik-Honeycomd prophylactic chewing gum based on honey, wax and propolis should not be prescribed to
persons under 4 years of age without a doctor’s recommendation.

Pharmacokinetics. In the process of chewing gum «Honeycomb» «Honeycomb-Honeycomd» components of
bee honey, wax, propolis and pollen are slowly released and absorbed in the mouth and periodontal tissues. The
maximum concentration in plasma is observed after 3015 minutes. after chewing. In comparison with chewing
gums on a synthetic (polymeric) basis, the degree of absorption and adsorption of the active components of the
drug during chewing is higher, their concentration increases faster geometrically and has a much higher value.

Indications for use. Prevention and treatment of gingivitis, periodontitis and periodontitis: relief of symp-
toms of gingivitis, pain when chewing food, bleeding gums during brushing, inflammation and destruction of
periodontal tissues and reduction of dystrophic periodontal damage, which leads to impaired gingival attachment
and healthy teeth.

Dosing and administration. Medivnik-Honeycomd chewing gum contains natural beeswax, honey, propolis,
perga and pollen. In the process of chewing there is a gradual release of these components of chewing gum,
which are then absorbed through the mucous membrane of the oral cavity. If the patient wants to prevent or cure
the symptoms of periodontal disease, chewing gum «Honeycomb» «Honeycomb» «Honeycomb-Honeycomd»
can help overcome malaise, irritability and pain by natural chewing. The Medivnik-Honeycomd chewing gum
should be chewed slowly following the instructions. For children, adult patients, including the elderly, c. De-
pending on age and severe severity of periodontal disease can be used chewing gum with different greater or
lesser concentration of active substances. As a rule, for patients with gingivitis, Medivnik-Honeycomd chewing
gum is indicated at a dose of 1-3 chewing gums a day after meals. If the patient has periodontal disease — perio-
dontitis, then for the treatment of progressive destruction of the periodontium and bones of the alveolar process
of the jaws, a recommended dose of 3—-4 chewing gum a day after meals and at bedtime, after brushing your
teeth with toothpaste and brush. In the prevention and treatment of periodontitis (only mild and moderate forms),
the recommended dose is 4-5 chewing gums a day after meals and at bedtime, and in the morning after brushing
your teeth with toothpaste and brush. Medivnik-Honeycomd chewing gum should be used in all cases to prevent
gingivitis, periodontitis and periodontitis at least once a day. Do not use more than 1 chewing gum at a time and
more than 10 chewing gums a day.

Periodontal diseases (gingivitis, periodontitis and periodontitis) often develop against the background of
comorbidities: digestive disorders, cardiovascular and endocrine disorders, which affect the psycho-emotional
state of patients. Therefore, it is not only a general medical but also a social problem. And although Medivnik
preventive chewing gum suppresses the symptoms and manifestations of periodontal disease, behavioral factors
and social causes can again cause the corresponding diseases. Medivnik prophylactic gum should be chewed
according to the instructions as soon as the first symptoms of periodontal disease, increased sensitivity and in-
flammation of the gums, as well as their bleeding during brushing to maintain the normal condition of periodon-
tal tissues of the oral cavity. For prevention, you should take a sufficient amount of chewing gum daily, a maxi-
mum of 1-2 pieces. Medivnik chewing gum should be used continuously for the first 3 months if symptoms of
periodontal disease are detected. Then, the drug should be discontinued. However, you should always have a
certain amount of gum in stock, as symptoms of gingivitis and periodontitis may suddenly reappear. As a rule, it
is not recommended to use Chewing Gum “Medivnyk” for more than 12 months. However, some patients may
need longer treatment to prevent moderate to severe periodontitis and periodontitis. Honey, wax and propolis
prophylactic chewing gum should not be prescribed to people under 4 years of age without a doctor’s recom-
mendation.

Side effect. It has been established that Medivnik-Honeycomd prophylactic chewing gum based on honey,
wax and propolis in the recommended doses does not cause any side effects. Honey, wax, propolis and pollen
products released from chewing gum can sometimes cause light salivation. When swallowing dissolved honey,
wax and other components in the recommended amounts (5-6 g) nae causes no side effects in the digestive sys-
tem. However, it should be noted that the risk of side effects (allergies) when using chewing gum “Medivnik”
“Medivnik-Honeycomd” in the recommended doses is much lower than when using bee products honey, propo-
lis wax and pollen in other forms, in particular when using them in the form food in much larger quantities. Con-
traindication. The presence of hypersensitivity to the components of the drug (honey, wax, propolis, perga and
pollen).

Overdose. Overdose can occur in cases of consumption of several chewing gums simultaneously or one after
another. There is no risk of poisoning when swallowing chewing gum, because all the components of Medivnik-
Honeycomd chewing gum, namely honey, wax and propolis and pollen, are natural products produced by honey
bees. Measures in case of overdose. Chewing gum should be stopped and chewed immediately. Features of ap-
plication. Patients who wear dentures may have difficulty chewing Medivnik-Honeycomd by destabilizing den-
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ture fixation. Some allergic reactions have also been reported, as with excessive, more than 50g, bee consump-
tion of honey, wax, propolis and pollen. Medivnik-Honeycomd should be used with caution in patients with
diabetes. Pregnancy. According to the results of research within the program for the use of chewing gum
«Medivnik» «Medivnik-Honeycomd» in these doses does not pose a danger to the fetus. But the use of chewing
gum can be started only after consulting a doctor. Conditions and shelf life. Store at a temperature not exceeding
+12 — +21 °C, out of reach of children. Shelf life — 2.5 years. All patients who underwent a course of prevention
and treatment with chewing gum «Honeycomb-Honeycomd» signed an informed consent to participate in the
next stages of testing.

Stomatoflor — the study consists of the following stages: DNA isolation (sample preparation) and PCR am-
plification of DNA in real time using a set of reagents ParodontoSkrin. The set of Parodonto Screen reagents
includes: a mixture for PCR amplification, specific for all bacteria (total bacmas), mixtures specific for oppor-
tunistic pathogens of the oral cavity and a mixture for amplification of human genomic DNA (clinical sampling
control (CVM)). In samples of biological material in which human genomic DNA is present, the detecting am-
plifier must register an exponential increase in the level of fluorescence in the appropriate test tube. In samples
of biological material in which there is no genomic human DNA, during the amplification of the level of expo-
nential growth in the corresponding test tube is absent. The material for analysis is gingival fluid from the gingi-
val sulcus, the contents of the pathological pocket, as well as a smear containing dental plaque. Before taking
material for laboratory examination from the oral cavity, the use of antiseptics is contraindicated 5—7 days before
the study. Do not brush your teeth before the examination. Biomaterial sampling was performed using sterile
disposable applicators. To obtain correct results, the quality of taking a sample of biomaterial for research, stor-
age, transportation and pre-treatment is of great importance.

Detection of opportunistic pathogens of the oral cavity by PCR is a direct method of laboratory research, so
the collection of biological material was carried out from the site of the infectious process. The contents of peri-
odontal pockets should be selected from the deepest areas. During the removal of the absorbent, its contact with
the mucous membrane of the oral cavity was completely excluded. Accounting and interpretation of the reaction
results is carried out automatically using software supplied with the detector amplifier. If the DNA of the micro-
organisms in the test sample is detected by the Parodonto Screen set, the number of the microorganism (decimal
logarithm of the concentration) is indicated in the line of this microorganism. In the results of the analysis it is
necessary to take into account the value of material sampling control (KVM) and internal control sample (VK).

Research results and their discussion. For the most part, special equipment is used to dissolve crystallized
solid honey, in which heat transfer takes place from water heated to 70-80 °C to crystallized honey through the
wall of the tank with stirring devices (stirrers). It is possible to use devices with electric heating for a long period
of 4-12 hours, given in the literature [10]. Classical equipment for dissolving honey allows dissolving (crystalli-
zation) of solid honey by heat exchange through the reactor wall with stirring, heated by electric heating or by
means of a so-called water jacket, to a temperature of 50-60 °C, for 812 hours. Pasteurization of honey is rec-
ommended to be carried out at 57-63 °C for 60—-10 minutes. To destroy the spore forms of microorganisms, it is
recommended to heat the honey at 63—800C for 30—40 minutes. [6] There is a method of dissolving honey using
an installation equipped with a microwave microwave oven, but it is not effective enough [12]. An advanced,
rotating glass reactor in a MWR-SPR microwave isothermal chamber was used for our research (Fig. 2).

Initially, the effect of heat treatment on the size and number of pollen particles (pollen), which is known to
be the center of honey crystallization, was studied. In Fig. 3. depicts microphotographs of samples of natural bee
honey (Table 2) after 6 months of storage at a temperature of 16-21 °C, which is recommended by the authors
[9]. A sample of such honey is opaque, partially crystallized with pollen particles (Fig. 3.1). A sample of natural
honey was compared with a sample of the same variety of honey after low-temperature, isothermal express
treatment in a special microwave reactor (Fig. 3.2).

As can be seen from Fig. 3.1. the size of pollen in honey before processing (Dchast. = 50-100 microns) is
10-20 times larger than the size of pollen particles in honey after low-temperature express processing in a mi-
crowave reactor, when honey becomes transparent and the size of pollen decreases to (Dchast. = 10-20 um). The
approximate composition of pollen given in the literature [6] confirms that it contains water (8—-10%), carbohy-
drates (20-40%), which are very susceptible to microwave waves.

Additionally, samples of honey were examined under a microscope MBS-20 (x256), the results are shown in
Fig. 4. Fig. 4.1 shows photographs of crystals (glucose and sucrose) of crystallized bee honey after 6 months of
storage, at 16-21 °C (Dcris. = 500-1000 pm). In Fig. 4.2 you can see the same crystals of glucose in honey, after
low-temperature, isothermal, accelerated processing of the honey sample in a microwave reactor MWR-SPR,
after storage for 6 months — (Dcryst. = 100-200 um). Therefore, as can be seen from the data obtained, after the
dissolution of crystallized honey, the average size of glucose crystals decreased by 2-5 times.
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3.1 3.2
Fig. 3.2 — Sample after low-temperature, isothermal, accelerated treatment in a microwave reac-

tor, with pollen particles Dchast. = 0.01-0.02mm. Microscope MBS-20 (x56):

Figure 3 (1, 2) — Natural bee honey (see table 1) after 6 months of storage, at 16-21 °C;
Fig. 3.1 Sample of honey before heat treatment with pollen particles Dchast. = 0.05-0.1mm

Figure 4 (1, 2) — Microphotographs of crystals (glucose and sucrose) of natural bee honey (Table 2)
after 6 months of storage, at 16-21 °C), (Fig. 4.1) crystalline honey Dkris. = 500-1000 pm,
(Fig. 4.2) — honey after low-temperature (50 °C), isothermal, accelerated processing in microwave
(60 sec.) And storage for 6 months, (Dcryst. = 100-200 pum), Microscope MBS-20 (%256)

In accordance with the requirements of DSTU4497: 2005, the value of the number of diastases accord-
ing to Gotha (biological activity of honey) and the content of another undesirable component in honey — hy-
droxymethylfurfural (GMF) before and after heat treatment were analyzed. According to the authors, the concen-
tration of GMF increases sharply after the classical heat treatment of honey [13]. In fig. 5 (1, 2, 3, 4). The results
of the analysis of the number of diastases (Fig. 5.1) And the content of hydroxymethylfurfural (Fig. 5.2) During
the dissolution of crystallized honey by heating (8 hours) during heat exchange (50 °C) on classical heat ex-
change equipment [7] with hot (80 °C) water.

For comparison, samples were analyzed for these indicators (diastasis number and GMF content) of honey
(table 2) after isothermal low-temperature (40-60 °C) express heating (60s) in a microwave reactor MWR-SPR,
the results are presented in (Fig. 5.3, 5.4). The results of experimental studies (Fig. 5.1-5.4) allow us to conclude
that the classical dissolution of crystallized honey by electric heating or warm water from 30 to 80 °C for 1-8 h,
the diastase number according to Gotha (bioactivity) of honey samples decreases by 2-12 times. Yes, after
8 o’clock at 80 °C, the diastasis number decreases to zero, which is much lower than the permissible norms of
DSTU (10 units. Goethe), (see Fig. 5.1).

This increases the content of unwanted hydrosimethylfurfural (Fig. 5.2) in 3-4 times, reaching a value of
20 mg / kg of honey, which significantly exceeds the permissible norms of DSTU (10 mg/ kg). At the same
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time, when heated by the proposed method of low-temperature, isothermal express heat treatment in a micro-
wave reactor, at temperatures (40-60 °C), for only 1-3 minutes, (60-160 times reduced processing time com-
pared to the classical method), there is a decrease in the diastasis number by only 2—3 units to 11 (see Fig. 5.3).
The content of hydroxymethylfurfural increases only 2 times to 6 mg / kg, which is permissible (according to
DSTU 4497:2005) (Fig. 5.4).
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Figure 5.3 — Dependence of the diastase num-
ber of honey in Gotta units on temperature
and heating time under isothermal conditions
in a microwave reactor MWR-SPR

Figure 5.4 — Dependence of hydroxymethyl-
furfural (GMF) content in honey on tempera-
ture and heating time in isothermal condi-
tions in the MWR-SPR microwave reactor

Studies on changes in the chemical composition and structure of honey after low-temperature express treat-
ment in a microwave reactor MWR-SPR by IR spectroscopy on FTIR spectrometer Nicolet iS50, the spectra are
shown in Fig. 6. As can be seen from the figure, the IR spectra of samples of natural honey (Fig. 6, 1-red line)
and honey after low-temperature express treatment (Fig. 6, 2-blue line) are almost identical, which indicates the
same chemical composition 2-x test samples.

A detailed comparison of the IR spectra of ordinary (2-red curve) and caramelized honey (1-blue curve) after
low-temperature isothermal treatment, suggests that there is almost no significant difference in the chemical
composition of the products. Infrared spectra differ only in the frequency range 1600-500 cm-1, which can be
explained by the appearance of supramolecular changes in the structure of caramelized honey, namely con-
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densed, caramelized mono-, di- and polysaccharides into cyclic monosaccharides, in which the chemical struc-
ture of honey is almost unchanged, and changes the supramolecular mass and the degree of polymerization and
polycondensation of sugars. In this case, intramolecular and intermolecular processes of sugar cycling can occur.
Subsequent heating leads to condensation of sugars and the formation of anhydrides. As a result of long-term
heating and caramelization, a system of condensed (colored) compounds is formed, among which 3 main prod-
ucts are distinguished: terrasaccharide — caramel (C24H36018), hexasaccharide — caramel (C36H50025), and
eicosan saccharide — caramel (C125H188080). Therefore, after carrying out low-temperature, isothermal ex-
press processing of honey samples by the method proposed in the work, its qualitative composition almost does

not change.
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Figure 6 — IR spectra of natural honey (2-red spectral line) and honey after low-temperature (50 °C)
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To study the supramolecular structure of caramelized honey in more detail and compare it with the structure
of ordinary honey, the method of determining the size of nanoparticles and size distribution of macromolecules
of oligomeric honey compounds, including polysaccharides, was used on an automatic light scattering analyzer.
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The size and distribution of nanoparticles in static and dynamic states were determined by laser scattering of
particles (400-700 nm) particles in aqueous solutions, dispersions, emulsions and solids, sizes from 0.3 nm to
10000 nm (10 um), (Particle size analyzer Nano DS from CILAS is an innovative optical device that allows you
to measure the size of nanoparticles without the need to replace the optics or calibrate the device). As a result of
researches curves of distribution of particles which are represented on (see Fig. 7.1, 7.2) are received. From the
obtained data we can assume that natural bee honey has 4 types of macromolecules, which differ by much larger
(1.5-2.0 times) the size of nanoparticles, compared with caramelized honey (Fig. 3). The highest content is
51.5% of particles with an average diameter of 13,594 nm (13.59 um) (blue curve in Fig. 7.1, 7.2). The particle
size distribution is shown on the device (PPM on NANODS CILAS) of macromolecules of sugars and
polysaccharides of natural unprocessed honey (Fig. 7.1). And honey treated by low-temperature isothermal
express method in a microwave reactor MWR-SP at 50 ° C for 1xC. (Fig. 7.2). Therefore, as can be seen from
the figures, the average value of microparticle size of a sample of honey treated by low-temperature isothermal
express method in a microwave reactor MWR-SPR is 2 times (Dser. = 6.0 um) less than untreated crystallized
natural honey (12.0 um, Fig. 7.1). The results of molecular weight distribution show that in the heat-treated
liquid honey there are microparticles of sugars with a size of 0.1-0.7 um, the content of which exceeds 50%
(Fig. 7.2). It is important to note that such small particles were absent in the crystallized copper
(Dser. = 12.0 um) (see Fig. 7.1). It is also possible to observe the presence of smaller nanoparticles (blue curve,
Fig. 3) — 21.4% — 12392 nm (12.39 um) and even smaller particles of honey sugars (red curve, Fig. 3) 18.9% —
6721 nm (6.72 pm), and the smallest nanoparticles (green curve Fig. 3) — 8.9% — 258 nm.

According to the results of particle size analysis of caramelized honey (see Fig. 7.2) We can conclude
that such honey is characterized by 4 types of macromolecules, which differ in much smaller particle size than
ordinary honey (Fig. 7.1). The highest content — 50.6% is accounted for by particles with an average diameter of
7469.5 nm (7.47 pm) (red curve Fig. 7.2.), 34.7% — is accounted for by larger particles 8655.1 nm (8,655 um)
(blue curve Fig. 7.2) and even smaller (216.2 nm) — 9.7% (green curve Fig. 7.2). As can be seen from the above
distribution of nanoparticles (see Fig. 7.1, 7.2), a new peak appears in caramelized honey in the region of smaller
nanoparticle sizes — 713.7 nm, the percentage of such particles — 5.3%. The total content of nanoparticles of
caramelized honey (Fig. 7.2), Which have a size of more than 1000 nm is 85%, which is much less than in natu-
ral honey — 92% (Fig. 7.1).
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Figure 7.3 — Histograms of the comparative size distribution of nanoparticles of ordinary (1-blue histo-
gram curve) and caramelized honey (2-red histogram curve).

To better illustrate the results obtained on the mass distribution curves, histograms of the particle size
distribution of ordinary and caramelized honey were constructed (Fig. 7.3). Therefore, we can conclude that
during the caramelization of honey there are two types of reactions: on the one hand there is a depolymerization
of polysaccharides with a decrease in particle size, which is confirmed by the red diagrams in Fig. 7.3, Which
have smaller values in the three ranges. Only in the range 6721-7469.2 nm there is a small (748 nm) increase in
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the size of macromolecules of caramelized honey, due to a decrease in its number from 51.5% to 34.7% in the
range 8655-13594nm, which can be explained by the possible polymerization and polycondensation of mono-
and disaccharides (reaction schemes in Fig. 7.4.1 and 7.4.1, 2). In other ranges of histograms, the particle sizes
of macromolecules of caramelized honey decrease. The average particle size of caramelized honey is 2 times
smaller than 6000nm (Fig. 7.2) than natural raw honey-12000nm (Fig. 7.1). These results confirm our previous
light microscopy data that the treatment of honey in a microwave reactor at 50 ° C for 1 min, gives a positive
result and promotes the dissolution and stabilization of liquid honey with a reduction in particle size by 2 times.
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Figure 7.4.1 — Reactions and possible products of cycle formation and condensation during cara-
melization of sugars in honey

At a heating temperature of another 170 °C, oxymethylfurfural (OMF) can be formed, and many other
compounds, for example, maltol, isomaltol [7] (reaction 7.4.2), The formation of hydroxymethylfurfural was
identified by analysis of (DSTU 4497: 2005) (see Fig. 5.2, 5.4)
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Figure 7.4.2 — Reactions of formation of hydroxymethylfurfural and other concomitant compounds
(maltol, isomaltol) during caramelization of honey.
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Figure 8 shows the results of X-ray fluorescence spectroscopy of the elemental content of samples of
ordinary honey before and after its low-temperature isothermal express treatment in a microwave MWR-SPR
(50 °C, 1 min), as well as caramelized honey at heat transfer from the carrier). According to the results of X-ray
fluorescence analysis, which are shown in the histograms of the elemental (see Fig. 8) and oxide (see Fig. 9)
composition of samples of natural (N) and caramelized honey (N1, N2, N3) we can conclude that that at low-
temperature catalytic caramelization of honey its elemental composition almost does not change, but at the same
time the supramolecular structure and structure of macromolecules (di- and polysaccharides present) change.
From the histograms shown in fig. 8 shows that in all samples of natural and caramelized honey the content of
basic elements (Oxygen (26-40%), Silicon (5-12%), Potassium (23-31%), Aluminum (4-6%) and Phosphorus)
(3-6%)) is quite stable. It can also be noted that the content of iron (Fe) in honey samples is doubled during
caramelization, which is due to the use of a steel catalyst [18].

Figure 9 shows histograms of the content of oxides present in natural and caramelized honey. From the
histograms it can be concluded that all samples of honey contain a significant amount of the following oxides:
Si02-11 — 26%, K20-27 — 37%, Al203-4 — 6% and P205-6 — 13%. It should be noted that the oxide content of
most elements changes insignificantly during caramelization, except for oxides: SO3, Fe203, and ZnO, the con-
tent of which increases compared to their content in natural honey (N), which is associated with the use of steel
catalyst [18].
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Figure 8 — The results of X-ray fluorescence analysis of the elemental composition of natural N and cara-
melized honey: N1, N2, N3. (EDX-7000 energy dispersive x-ray fluorescence spectrometer, Shimadzu Na-
U, vacuum)

The results of analyzes of the composition of oxides of chemical elements of the studied samples of
honey confirm that the qualitative content of elements in honey before and after processing in a microwave reac-
tor is almost no different from raw honey, but differs in quantitative composition, especially after caramelization
of honey in an unconventional way [18].

Experimental studies and the results of caramelization of honey with its simultaneous decrystallization made
it possible to create a new food product — chewing gum with therapeutic and prophylactic properties. Samples of
dissolved, liquid, caramelized honey in a MWR-SPR microwave reactor were used for this purpose [14].

According to the WHO, which is based on a survey of 53 countries (including Ukraine), the highest level of
periodontal disease occurs at the age of 35-44 years (65-98%) and 15-19 years (55-89%). 80% of children on
Earth are diagnosed with the first stage of periodontitis — gingivitis. Generalized periodontitis in adulthood oc-
curs in 90-95% of patients. In Ukraine, the problem with periodontal disease is also quite relevant, so according
to the Ministry of Health, Ukrainians under the age of 40 years, the frequency of periodontal disease is 50-60%,
and after 40 years — 100% (see Fig. 10). In Ivano-Frankivsk region, according to the results of a comprehensive
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clinical and laboratory examination of residents of the Carpathian region, a high frequency of generalized perio-
dontitis was found in 94.77% of patients [15].

Based on the synthesized liquid, caramelized honey, we created new samples of chewing gum contain-
ing a composition of liquid and caramelized honey, wax and propolis in the form of chewing candies (Fig. 11).
This chewing gum has undergone successful clinical studies at the Research and Training Center for Molecular
Microbiology and Immunology of Mucous membranes of Uzhhorod National University, in 2018-2019. [13]
Samples of prophylactic chewing gum are recommended for use in production, as they give a positive therapeu-
tic effect in 72.5% of patients [16] who had periodontal disease: gingivitis, periodontitis and periodontitis
(Fig. 10). “Medivnik-Honeycomd” chewing gum (Fig. 11) has pronounced prophylactic, anti-inflammatory,
astringent, anti-infective, antimicrobial and antibacterial properties, especially on periodontal tissues of the oral
cavity of gums and other dental diseases of patients, copyright is protected by a patent for an industrial design
[17] and a method of caramelizing honey [18].

® honey N
Weight content,% honey N1
H honey N2
® honey N3

Figure 9 — The content of oxides of chemical elements according to the results of X-ray fluorescence spec-
troscopy EDX-7000: Sample 1-honeycomb; Sample 2-heat-treated in microwave honey in (50 °C, 1 min.);
Sample 3-liquid dissolved in heat transfer honey; Sample 4-caramelized honey (at 60 °C, 10 min.) [14]
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Figure 10 — Photos of healthy (1) and patients with periodontitis (2) periodontal tissues and teeth [15]
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Figure 11 — Prophylactic chewing gum, based on liquid crystallized and caramelized honey, wax and
propolis for the treatment of periodontal disease (gingivitis, periodontitis, periodontitis), which has passed
clinical trials and showed a positive result in 72.5% of patients.

As a result of research and detailed study of the method and mode of low-temperature isothermal accelerated
treatment in a microwave reactor of crystallized honey, it is proposed to create new biopolymer food composi-
tions from honey wax and propolis for the prevention of periodontitis.

Combinations of the most virulent pathogens are important for destructive forms of periodontitis. 5-
8 periodontal pathogens have been identified, which are most common in the places of the greatest destruction of
the periodontium — atrophy of the gums and alveolar bone. These include: Porphyromonas gingivalis, Actinoba-
cillus actinomycetemcomitans, Prevotella intermedia, Eikenella corodens, Fusobacterium nucleatum [19].

Modern concepts of the etiopathogenesis of periodontal disease suggest the presence of major, predominant
bacterial pathogens, which are associated with clinical forms and severity of the disease. These pathogens are
present in minimal quantities at the beginning of each inflammatory and destructive process of the periodontium.
Different reactivity of the body’s defenses to different degrees can cause this process [20].

One of the tasks of this study was to establish the relationship between the deviation of the number of mi-
croorganisms after consumption of chewing gum “ “Medivnik-Honeycomd” from the initial number of oral
microorganisms (Table 3 “Stomatoflor 1, 2””) and depending on the indices (CPV, RI, GI, RVI) and pH (Table 4
“Intensity of the carious process”). The combination of caramelized honey, wax and propolis has the ability to
inhibit certain pathogenic or opportunistic microorganisms of the oral cavity. All subjects after 7 days of using
chewing gum “Medivnik-Honeycomd” noted a decrease in plaque and eliminate discomfort / pain when brush-
ing teeth. 65% of respondents reported no bleeding gums while brushing their teeth, although at the beginning of
the study, this symptom was noted by about 90% of people.

Table 3.1 — Test «Stomatoflor» Before treatment

Neo — o~ ™ < Te} © ~ o o
Name of the microorgan- £ = £ b= b= b= b= b= b=
Ism g S kS b5 b5 b5 S S S
(a1 [a (a1 [a [a [a [a [a [a
Total bacterial mass 84Llg (78Lg |6.1Lg |85Lg [88Lg |89Lg |89Lg [8.1Lg |(7.0Lg
2 |Actinobacillus  Actinomy- 56Lg |- - - — 5.8 Lg -
cetemcomitans
3 |Porphyromonas gingivalis [7.0Lg [5.9Lg |- 69Lg (7.3Lg (82Lg |7.6Lg |6.4Lg |6.0Lg
4 |Prevotella intermedia 72Lg |3.7Lg |- 71Lg |- — 25Lg |6.6Lg |4.7Lg
5 |Tannerella forsythensis 6.7Lg |5.1Lg |- 6.0Lg |6.3Lg |71Lg |66Lg |6.0Lg |44Lg
(Bacteroides forsythus)
6 |Treponema denticola 6.3Lg [44Lg |- 6.3Lg |59Lg [70Lg [6.7Lg |6.0Lg |3.3Lg
7 |Candida albicans - 26Lg |46Lg |45Lg |- - -
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Table 3.2 — Test «Stomatoflor» After treatment

No
o § S J‘:E’
4
| g0 &g 8| g |5 E|E| L <
Name of the microorgan- o (5] e 2 E S S > =3
ism = o ™ 3 S > 5 z o
o o S o + g : 2 g
o = s S
o
Total bacterial mass 8.7Lg |7.4Lg |6.7Lg 84Lg [80Lg [82Lg |7.8Lg
2 |Actinobacillus 05Lg |43Lg |- - - 6.1Lg |-
Actinomycetemcomitans
Porphyromonas gingivalis |6.5Lg |5.8Lg |- 71Lg |70Lg |74Lg |48Lg
Prevotella intermedia 78Lg |43Lg |- - - 22Lg |24 Lg
5 |Tannerella forsythensis 6.7Lg |4.7Lg |- 6.0Lg (64Lg |6.6Lg |3.9Lg
(Bacteroides forsythus)
6 |Treponema denticola 6.6Lg [4.3Lg |- 5.6Lg |58Lg |6.2Lg |25Lg
7 |Candida albicans - - 3.3Lg 06Lg |- - -
Table 4 — «Intensity of the carious process»
Patient CPV index Fedoroy-VoIodklna Periodontal index Bleeding index of the pH of saliva
index gums
Patient 1 18 2,5 2,0 18 15 1,5 1,1 6,5 7,0
Patient 2 17 2,5 2,2 3,5 3,2 1,4 0,4 6,0 6,5
Patient 3 12 2,1 1,6 1,0 0,7 0,4 0,2 7,5 7,0
Patient 4 21 2,6 2,3 4,2 3,5 1,3 0,7 55 55
Patient.5 18 3,1 2,6 5,6 4,8 1,2 0,9 6,0 6,5
Patient 6 17 2,2 1,9 2,9 2,5 0,8 0,3 6,5 6,5
Patient 7 19 3,3 2,8 2,6 2,1 0,9 0,4 7,0 6,5
Patient 8 14 2,4 2,0 4,0 3,6 1,6 11 55 6,5
Patient 9 17 3,2 2,6 2,5 1,9 2,0 0,8 6,5 7,0

That is why all the information we obtained experimentally about the effect of chewing gum on the human
oral microbiome demonstrated the clinical effectiveness of the introduction of chewing gum “Medivnik-
Honeycomd”.

Conclusions:

1. A new technology of honey caramelization using the method of low-temperature thermochemical
heating using a special microwave technology is proposed. Reactions of caramelization of honey and other bee
products in this way have been studied for the first time. The biochemical properties of the obtained products and
the ability to convert biologically active honey compounds during the thermochemical process in the presence of
catalysts and microwave waves were also studied.

2. The chemical, physicochemical and structural characteristics of liquid and crystallized (solid) honey de-
pending on its thermochemical treatment and shelf life have been studied. There are 3 main factors that affect the
rate of crystallization of honey: water content, pollen content and the ratio of glucose and fructose in honey. It is
shown that with the help of low-temperature isothermal accelerated treatment in a microwave reactor type
MWR-SPR at 40 °C, for 60s, it is possible to dissolve crystalline honey to a liquid state, which reduces the time
for its dissolution in the classical method by heat transfer through the reactor wall. electric heating from 4—
12 hours. at the same temperature 50 °C to 1 min, ie 240-600 times faster.

3. The properties, structure, qualitative and quantitative composition of the obtained liquid honey were
studied and compared with the properties of the original crystalline and liquid honey without processing. It is
proved that the proposed accelerated treatment in a microwave reactor type MWR-SPR at 50 °C, for 60s, retains
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a high diastase number in Goethe units — 10-11. The content of hydroxymethylfurfural, however, did not exceed
3-6 mg / kg of honey, which meets the requirements of DSTU. And consumer organoleptic indicators of honey
in a liquid state are stored for at least 1 year. At the same time, with the traditional method of crystallization
(dissolution) of honey, these indicators are much worse, the diastase number decreases to 0—6, and the content of
hydrosimethylfurfural increases to 12-18 mg/ kg, which significantly exceeds the permissible norms (DSTU
4497: 2005).

4. Analysis of the qualitative and quantitative composition of honey after low-temperature isothermal ac-
celerated treatment in a microwave reactor type MWR-SPR (at 50 °C, for 60s), performed by IR spectroscopy,
showed no significant changes compared to untreated honey. Microscopic studies confirmed a 10-fold reduction
in the number and size of pollen particles. The size of the crystals of glucose, sucrose and other sugars after such
treatment is also reduced by 5 times. At the same time, the analysis of the mass distribution of sugar macromole-
cules by the method of angular distribution of the laser beam (NANODS CILAS) showed a decrease in the aver-
age particle size in treated honey by 2 times compared to crystallized samples, which has a positive effect on
stabilization year.

5. On the basis of samples of crystallized liquid honey obtained by the new technology, a preventive
chewing gum “Medivnik-Honeycomd” was created for the treatment of periodontal disease (gingivitis, periodon-
titis and periodontitis). Clinical studies of chewing gum samples based on a composition of liquid caramelized
honey, which were conducted at the Research and Training Center for Molecular Microbiology and Immunology
of Mucous membranes of Uzhhorod National University in 2018-2019, for the prevention and treatment of gin-
givitis, periodontitis and periodontitis in dentistry efficacy and positive result in 72.5% of patients.

6. The mechanisms of directed correction of the oral microbiome in diseases of the oral cavity of different
etiology and taking into account individual characteristics have been studied. It is proved that the use of chewing
gum based on caramelized honey, wax and propolis is an effective means of prevention and treatment of gingivi-
tis, periodontitis, periodontitis and other dental diseases. It has been confirmed that the systematic use of chew-
ing gum “Medivnik-Honeycomd” helps to restore the normal oral microbiome and reduces the number of patho-
genic and opportunistic microorganisms.
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Abstract. The last years, in Ukraine and around the world there is a tendency to introduce into the
consumption of special foods. The problem remains the practical lack of affordable, easy-to-use foods on the
market that take into account the needs of patients due to metabolic disorders. The products presented on the
domestic market do not always promote bioconversion and assimilation of physiologically functional
ingredients, are available in a limited range and do not take into account all the specific needs of human
metabolism.

Approaches to nutrition of people with certain diseases of alimentary character are analyzed. The
mechanism of action on the human body of food products with physiologically functional ingredients in the form
of encapsulated rutin emulsions, which can be used as components of special products for nutrition of people
with certain diseases, is shown. It is also important to use inexpensive domestic raw materials, which will
provide products with social and economic effects. Promising for use as a physiologically active component is
rutin, which can be introduced into food as an encapsulated emulsion. The benefits of such products on the
human body and the possibility of expanding the range of special purpose food are shown. It is important to use
routine for nutritional support of people when creating special food based on encapsulated emulsions. Using for
food such emulsions for introduction into the diets of people with non-communicable diseases are proposed.

Key words: encapsulated emulsions, rutin, physiologically functional ingredients, engineering of special
food products, alimentary diseases, restaurant technology.

BIIPOBAJI)KEHHSA EMYJIbCIN 3 PYTUHOM Y XAPUOBUX KAII-
CYJIHAX UJIA ITPOPITTAKTUKHA XAPHOBUX 3AXBOPIOBAHb

Teaexenko JI.M., 1.T.H., npo¢., Konecnivenko C.JI. kaHa. TeXH. HAYK, JOLEHT
Onecbka HaLliOHAJIbHA aKa/JeMisi Xap40BUX TeXHOJIOTiH

Anomayin. B ocmanni poxu 6 Ykpaini i céimi cnocmepieacmvbcs meHOeHYis 00 8NPOBAONCEHHS ) CHONCU-
BAHHS XAPYOBUX NPOOYKMIE CneyidibH020 NpusHayeHHs. IIpobremoro 3anumaemopcs NPaKmuyHa 8i0CYMHICMb Ha
PUHKY OOCMYNHUX 3 YIHOW, 3PYUHUX ON BUKOPUCMAHHA XAPHUO8UX NPOOYKMIE, WO 8pAX08yIomb nompeodu x6o-
pux uepes nopyuieHus oominy pedosu. Ilpeocmasneni Ha GIMUUSHAHOMY PUHKY NPOOYKMU He 3A8XHCOU CNpUsl-
10ms OIOKOHEEPCIL [ 3AC80ECHHIO (DI3I0I02IUHO DYHKYIOHATLHUX [HePeOICHMIB, HAAGHI 8 0OMENCEHOMY AcCopmuMe-
HmMI [ He 8Pax08yIoms 6CiX cneyuiunux nomped memabonizmy 1ooell.

Ilpoananizosano nioxoou 0o xapuyeauHs at00el 3 NeGHUMU 3AX80PIOBAHHAMU ANIMEHMAPHO20 XAPAKmMep).
Tokaszano mexanizm Oii Ha opeawnizm TOOUHU XAPUOBUX NPOOYKMIB 3 (i3i0N02iuH0 yHKYIOHANBHUMU [HEDEOIEH-
mamu y 8uoi KAncynbOBAHUX eMYNbCill PYMUHY, AKI MONCHA BUKOPUCMOBY8AMU K KOMHOHEHMU CReyianibHUX
NPOOYKMIG 0I5l XAPUy8aHHs I00ell 3 NeGHUMU 3aX80PIOBAHHAMU. Bajxciugum npu ybomy maxooic € 6UKOpUCman-
H3l He0opOo2oi GIMUUSHAHOI CUPOBUHU, WO O0360JUMb OMPUMAMU NPOOYKMU 3 COYIANbHUM eKOHOMIYHUM eqhek-
mom. [lepcnekmugrum 0151 BUKOPUCMAHHS 8 AKOCMI QI3I0102ITUHO AKMUBHO20 KOMNOHEHMA € PYMUH, KUl MO-
Jrce Oymu ygeoeHull y Xapuoei npooyKmu K Kancyivosana emyavcis. Ilokazano nepegacu Oii makux npooykmis
HA Op2auism NH0OUHU, MA MONCIUBICIb POIUUPEHHS ACOPMUMEHMY Xapuo8oi NpoOdyKYii cheyianrbHo2o npusHa-
yeHHA. AKMYAnbHUM € UKOPUCANHA PYMUHY OJIA HYMPIMUeHOoi niOmpumKu aooell npu CI8oPeHHI CneyialbHUxX
Xapyosux npooOyKmie Ha OCHO8I KANCYNbOBAHUX eMYAbCill. 3anponoHO8aHO Xapyuosi NPOOYKmMu 3 UKOPUCTNAHHAM
MAaKUx eMyabCitl 015 Y8eOeHHs Y payionu 1iooell 3 HeiHpeKYiiHUMU 3aX60PI0BAHHAMU
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KoarouoBi cioBa: xarcyiaboBaHi eMydbeii, pyTHH, (i3i0J0T1YHO (YHKIIOHATIbHI IHTPEIIEHTH, THKUHIPHHT
crHeLiaJIbHUX MPOIYKTIB XapuyBaHHS, 3aXBOPIOBAHHS ajiIMEHTApHOTO XapakTepy, TEXHOJOrI MpoayKuii pecTo-
PaHHOTO rOCIIOJaPCTBA.

The article has research nature and reveals problems in such fields of science as nutrition, nutrition,
innovative nutrition. Today, according to the World Health Organization (WHO), the most common diseases are
alimentary. According to the WHO, having a safe and balanced diet is an important factor in promoting good
health.

Meals are useful when they are balanced in macronutrient and micronutrient composition, contain the
necessary functional physiological ingredients and have certain structural properties. This is especially important
for systems that are two-phase. There are macro- and microemulsions that differ significantly from each other.
Innovative technologies of production of food products of mass consumption of new generation on technology of
structured products with capsule structure are also introduced.

Emulsions are thermodynamically or kinetically stable liquid dispersions of oil and aqueous phases in
combination with a surfactant. The dispersed phase usually contains small particles or droplets of 5-200 nm
(microemulsion) and more than 300 nm (macroemulsion). Encapsulation of biologically active substances in
emulsions occurs spontaneously: fat-soluble components are concentrated in the fat phase, water-soluble — in the
aqueous phase. The formation of microemulsions requires in many cases in addition to the surfactant, oil and
aqueous phases to use a secondary surfactant or co-solvent. In such systems, not only are the physiological
functional ingredients well dispersed, but because of the lamillary structure, the emulsions are much better
absorbed by the human body.

Extraction is traditionally used to in the food industry to extract biologically active substances from raw
materials. Ultrasonic extraction allows to minimize the duration of extraction by accelerating the diffusion
process and increasing the permeability of the extractant. Ultrasonic extraction allows to obtain a more
significant amount of native biologically active substances in a short time [15; 16; 17].

Rutin is a biologically active substance, a natural flavonoid that increases the strength of capillaries, reduces
the permeability of blood vessel walls, participates in redox processes, improves the condition of connective
tissues and their oxygen saturation, prevents premature aging and protects against allergic reactions, improves
absorption of ascorrhiza, lowers cholesterol, prevents thrombosis and varicose veins, optimizes heart function,
lowers blood pressure, eliminates edema. Insufficient amount of routine in the daily diet should be supplemented
with extracts.

There fore, understanding the relationship between the structure of food, the presence of physiologically
functional ingredients that are better suited to the cells of the body due to the formation of structured emulsions,
and the prevalence of food-borne diseases and related risk factors is important. preventive measures and
treatment of people in general [1; 12; 20]. The formation of the structure of special purpose products will prevent
a significant number of diseases, and research in this direction is necessary, which determines the relevance of
this work.

Literary review. World experience in combating diseases and maintaining normal metabolism of the
human body indicates the feasibility of reviewing the main points of bioconversion of nutrients in the human
body. New theoretical principles become the basis for solving important technological problems in the
development of new diets and certain food for sick people, taking into account the special needs of their body
and the specifics of each disease of an alimentary nature.

Various domestic and foreign scientists [1-4] and other researchers have paid attention to the issues of
engineering of special purpose products. Scientists have substantiated scientific approaches to optimizing the
nutrition of patients, developed medical and biological requirements for special food, analyzed the features of the
use of dietary supplements, as well as developed a range of special food for people with certain diseases.

Previous studies on the creation of new food for people with non-communicable diseases have solved a
number of problems [1; 5-7]. For example, issues such as the development of effective approaches to the
introduction of fat-soluble components into the aqueous phase to increase their bioconversion in the human body
remained unresolved. The technology of manufacturing such products and the evidence base of the effectiveness
of such components in the food system.

It is obvious that in complex food systems there is an interaction between the ingredients, which leads to the
formation of complexes, the reactivity of which may increase or decrease. In the work of Telezhenko L.M. [11].
It is shown that complexation with the participation of phenolic substances, in which the properties of the -
acceptor are revealed, contribute to the increase of the ORP of the system. Accordingly, an increase in A (the
energy required to excite the electron) leads to an increase in the reactivity of the system. With the same central
ion and the same configuration of complexes, the value of A is greater the stronger the field formed by the
ligands.
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The study of the absorption spectra of complexes allows us to determine A from the equation: A = hv =hc/
7\‘7

Where h is the Planck constant, v is the frequency of the quantum of light, c is the speed of light, A is the
wavelength.

The density of the formation of complex compounds can also be estimated by their dissociation constant,
which is also not simply due to the multicomponent mixtures.

We have proved a simpler and more effective assessment of the behavior of inverse systems in complex
formation through the analysis of the values of their potentials. In a number of redox systems, each of them with
a higher potential is an oxidant relative to a system with a lower potential. The potential difference characterizes
the intensity of processes.

It is established that the efficiency of stabilization of pigments by complexation is due to the density of the
complex, which is characterized by the magnitude of the decrease in ORP in excess of the complexing agent. For
example, the introduction of phenolic substances (such as quercetin or rutin) and organic acids (such as ascorbic
or citric) to betalains causes a shift in the value of ORP by 2—10 times.

There fore, the creation of two-phase systems in the form of encapsulated emulsions will regulate their
oxidative activity and stability, provided that they have physiologically active components, rutin and organic
acids [14].

The introduction of encapsulated rutin emulsions in the food line will increase their antioxidant properties
and will create a laminar cluster structure that will provide better bioconversion of physiologically functional
ingredients in the human body.

The purpose and objectives of the study. The purpose of the study is developing the formulation of
encapsulated emulsions with rutin, the technology of their manufacture, introduction to dishes and determine the
safety of the cluster structure in the finished product.

To achieve this goal is necessary to perform the following tasks [10]:

— analyze the possibility of engineering special purpose products in restaurants;

— to investigate the processes of extraction of rutin from onion peel and determine the activity of the ex-
tract;

— develop a formulation of encapsulated emulsions with rutin;

— to investigate the mechanisms of interaction of active components in the presence of clusters;

— formulate priority physiological and hygienic requirements that must be met by developed special pur-
pose products;

— show the economic and social effect of the developed encapsulated emulsions with rutin.

Material and methods of research. Methods of polarographic microscopy, spectrophotometric [12],
system analysis, chemical, microbiological and organoleptic research methods are used.

Onion peel extract and oil-in-water food emulsion were used as study objects. Extraction of onion peel was
performed using an ultrasonic bath Codyson CDS-100.

Research results. Today, the enrichment of food with biologically active components is becoming relevant.
As a result of technological processing of raw materials at the enterprises of the food industry the considerable
part of functionally significant components of food is lost, the human organism does not receive necessary
quantity of them in a native kind. The physiological properties of rutin are recognized as a capillary-
strengthening effect. It helps to increase the strength of the smallest vessels — capillaries, reducing their fragility
and reducing permeability. Rutin is important for maintaining normal vascular status in the prevention of
hemorrhage, especially in critical areas of the human organism such as the brain and heart muscle.

Pure rutin is naturally yellow or yellow-green color, tasteless and odorless, and when viewed under a
microscope, it looks like needle-like crystals. Rutin consists of quercetin and a disaccharide (rhamnose and
glucose). The daily norm of a rutin is from 25 to 50 mg a day, for women on the average from 20 mg, and for
men from 28 mg.

For flavonoids (which include rutin), as for other substances, there is no method of isolation, universal for
all raw materials. In each case, resort to the most successful method or combination of methods, taking into
account mainly the properties of substances and characteristics of raw material. Methyl or ethyl alcohols, or
mixtures of them with water, are most often used as an extractant to extract flavonoids from plant raw materials.
The resulting alcoholic extract is evaporated and diluted with hot water.

Looking rutin under a microscope, it looks like needle crystals.

Rutin is found in onion and garlic peels, so it was decided to use onion peels as a raw material to obtain an
extract with rutin.

First, we conducted research to detect the presence of rutin in the onion peels, as it is known that in the
spring the rutin in the peels becomes less, because it has already fulfilled its protective antioxidant properties.
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Microscopic examination revealed rutin in the husk. In Fig. 1 shows photomicrographs of onion peel in polarized
light (magnification 40 times). The micrographs show small streaks that light in polarized light. This is a rutin.

Figure 1 — The micrograph show small streaks that light in polarized light (x40). This is a rutin.

Considering that we plan to use the extract for the preparation of food emulsions, water with a pH of 8.20
was chosen as the extractant. Extraction was performed with using an ultrasonic bath Codyson CDS-100 for
30 minutes, hydromodule 1:10, temperature 40 °C.

The resulting onion peel extract was filtered, concentrated 10 times and microscopically examined. Studies

have shown that rutin crystals are present in the extract (Fig. 2) and they are not present in the peels that were
extracted.

Figure 2 — Rutin crystals are present in the extract

The dry matter content in the onion peel extract is 2.4%.

The pH of the extract is 6.2, redox potential 130 mV.

Microbiological researches have shown that the number of microorganisms in the extract after storage in the
refrigerator for 1 week does not exceed the norm (1.0x10® CFU / g of product) and is 0.1x10? CFU / g. This
small microbiological contamination is due to the fact that ultrasonic treatment has a sterilizing effect.

Organoleptic characteristics of onion peel extract are shown in table 1.
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Table 1 — Organoleptic characteristics of onion peel extract

Name Characteristic
Color Orange-brown
Transparency not permeable
Scent Light, onion peel
Taste Sour-tart

Emulsion-type sauces occupy a leading place among the variety of sauces used in restaurants. They improve
the taste and aroma of food, as well as easily absorbed by the body. Recently, in the restaurant industry, special
attention is paid to the development of sauces with the inclusion of biologically active ingredients and innovative
serving. The recipe of the sauce for encapsulation with rutin extract is given in table 2, the flow chart — in Fig. 3.

Table 2 — Sauce recipe for encapsulation

Name Weight, gram

Refined olive oil 30
Water 60
Soy lecithin 5
Gelatin 5
Sugar 2
Salt 0,5
Onion peel extract 10
Spices:

Fresh lemongrass 3
Cayenne pepper 0,1
Ginger 3
TOTAL: 100

Plant lecithin is an emulsifier and at the same time a physiological functional nutrient with high
efficiency of physiological effect, a natural antioxidant and antioxidant for therapeutic and prophylactic dishes.
Gelatin enriches the sauce with protein and acts as a structuring agent during spherification. The prescription
amount of onion peel extract was determined taking into account the organoleptic characteristics. Spices give the
sauce a sour-spicy taste and at the same time enrich it with biologically active components.

Spices Water Gelatin Sov lecithin Onion peel Refined
v/ v/ extract olive oil
Swelling for 40
minutes
Infusion for Heat \l/
i eating, )
40 minutes lOO°Cg Heating to 85°C
> Blending for 5 minutes, 35...40°C
Sugar, Salt \l/ Cooling to
Spherification 0...2°C

v

Washing, 5...10°C

\

Serving, 10...15°C

Figure 3 — The flow chart of the sauce for encapsulation with rutin extract
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Technology of prepare: Pour spices over boiling water and infuse 40 forks. Granulated soy lecithin and
gelatin are filled with water for swelling, then heated to 85 °C. 30 gr. olive oil, 10 gr. extract with rutin, lecithin-
gelatin gel and infusion of spices beat with a blender, bring to taste, pour the mixture into a pastry bag and carry
out spherification in oil (0-2 °C). The resulting spheres are filtered and washed with cold water. We recommend
serving the encapsulated emulsion sauce with cold meat and fish dishes as a recipe component of
vegetable salads.

Data of organoleptic analysis of the obtained sauce after spherification are given in table 3.

Table 3 — Data of organoleptic analysis of the obtained sauce after spherification

Name Characteristic
Appearance Light orange spheres with a diameter of 3-5 mm
Taste The taste is pleasant, sour-spicy, with a hint of lemongrass
Scent Lemongrass
Color Pleasant light orange

Conducted microbiological studies showed that the number of microorganisms after 72 hours of storage in
the refrigerator, the amount of MAFANM was within normal limits — 1.5x10° CFU / g.

Conclusions:

As a result of the conducted researches the compounding and technology of preparation of the encapsulated
emulsion sauce with an extract of rutin from an onion peel are developed.

Soy lecithin granular and gelatin are used as emulsifying substance and structuring agent.

Organoleptic analysis showed high taste characteristics of the developed product. The microbiological safety
of encapsulated sauce has been proven.

It is important to use routine for nutritional support of people when creating special food based on
encapsulated emulsions. Using for food such emulsions for introduction into the diets of people with non-
communicable diseases are proposed
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Abstract. The article shows the situation with the production of plant raw materials processing waste, their
impact on the environment, in particular, water resources. It is noted that one of the reasons for the aggravation
of water problems is the discharge of untreated wastewater into water bodies, namely, by food industry enter-
prises. It is substantiated that developing and implementing technologies for obtaining water treatment materials
from plant processing waste can solve a number of important problems for humanity. Such materials are bio-
sorbents, which together with activated carbon obtained from fossil fuels and charcoal, belong to the group of
sorption materials with a high carbon content of organic origin. An overview of the technological schemes and
processes of obtaining such materials is presented. The reagents and technological parameters for the main
processes are specified. It is shown that it is possible to obtain a porous material with a high carbon content and
functional groups capable of ion exchange or complexation by slow pyrolysis (or carbonization). The quantita-
tive and qualitative composition of the biosorbent, its characteristics and ability to remove impurities from water
influenced by technological modes of raw materials processing, their sequence, number and type of oxidants and
other reagents, chemical composition of raw materials, etc. are presented. The properties of biosorbents and
their efficiency in removing various impurities from water were analyzed on the example of biosorbents obtained
from pea leaves, sunflower and vine. The technical and economic aspects of creating the production of bio-
sorbents for water treatment are formulated. It is emphasized that in order to create efficient production of bio-
sorbents in addition to energy efficient and environmentally friendly technology, it is important to take into ac-
count the productivity of the source of raw materials, their chemical composition and shelf life, transport condi-
tions for processing, etc. The prospects for the use of tomato processing waste as a raw material for the produc-
tion of materials for water treatment are evaluated. It is mentioned that in Ukraine there is a demand for effec-
tive solutions for the disposal of these wastes. The analysis of researches of methods of reception of biosorbents
from wastes of tomatoes processing and their application for extraction from water of impurity of various nature
is resulted. It is shown that this area of research is promising, but still not studied enough.

Key words: plant raw materials, processing, waste, technology, carbonization, biosorbents, properties, wa-
ter, quality.

OTPUMAHHSA BIOCOPBEHTIB 3 BIIXOAIB ITIEPEPOBKH POC-
JUHHOI CUPOBHUHMU TA IX 3ACTOCYBAHHS B TEXHOJIOT'IAX
OBPOBJIEHHA BOIU

Kosanenko O.0., 10KTOp TeXHiYHUX HayK, npodecop, Koxanceka A.B., acnipaHT
Opnecbka HallioHAJIbHA aKajeMist Xap4YOBHUX TeXHOJIOTIH

Anomauin. B cmammi noxazana cumyayis 3 npooyKky8aHuam 8i0xo0ie nepepooKi poCIuHHOL CUpOBUHU, 3d-
3HAUEHO IX 6NIUE HA HABKOIUWUHE CepedosuLye, 30KpemMa GOOHI pecypcu. 3a3HaueHo, o OOHIEN i3 NPUUUH 3a20-
CMpeHHsi BOOHUX Npooem € CKUO Y BOOHI 00 €EKMU HEOUUWEHUX CIMIYHUX 800, 30KpemMa NiONpUEMCmMeamiL Xapio-
601 eanysi. OOIpYHMOBAHO, WO PO3POONAIYU [ BNPOBAOIICYIOUU MEXHONOSI OMPUMAHHS 3 8i0X00i6 nepepoOKu
POCIUH Mamepianie 01s. 00pPOOIEeHHA 600U MOJICHA GUPILLYEAMU HUZKY GAICIUBUX O Arodcmea npobrem. Taku-
Mu mamepianamu € 6iocopbenmu, AKi pazom 3 AKMUGOBAHUM GYCLLIAM, OMPUMAHUM 3 BUKONHUX KONATUH, Md
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O0epesHUM BY2LILIAM, GIOHOCAMb 00 2PYNU COPOYIUHUX MAMEPIAnie 3 6UCOKUM GMICIOM 8Yelleyl0 OpPeAHIYHO20
noxoooicenns. Ilpedcmagneno 021510 MexXHONOSIMHUX CXeM mad NPoyecie OMpPUMAHHSA MaKux mamepianie. 3asHa-
Yeno peazenmit i MeXHOI02IUHI napamempu 0 OCHOGHUX npoyecis. [lokazano, wo wisnxom noGLILHO2O NIPOLIZY
(abo kapbomnizayii) MOJCHA OMPUMAMU NOPUCTIUL MAMEPIAL 3 GUCOKUM BMICIOM Gyaaeylo ma 30amHuUMu 00
10HHO20 0OMIMY YU KOMIJIEKCOYMBOPEHHS (DYHKYIOHATbHUMU 2pYynamu. 3a3Haueno, wo HA KiTbKIiCHUU 1 AKICHUll
CKAa0 Oiocopbenmy, 1020 Xapakmepucmuxy i 30amHuicms SUIYYAmMu OOMIWKY 13 600U GIUBAIONMb MEXHOLOSTUHI
pegicumu npoyecie 00poOAeHHA CUPOBUHU, IX NOCAIOOBHICTb, KITbKICMb I U0 OKUCHUKIE MA THWUX peazenmis,
Ximiunuil cxnad euxionoi cuposunu mowo. Ha npuxnadi 6iocopbenmis, ompumanux 3 20poxoeux Cmyiox, Coms-
WIHUKY MA GUHOSPAOHOL 103U NPOAHANIZ308AHO GACMUBOCME OI0COPOeHmi8 ma ix epekmueHicms w000 GULYYEeH-
H3l pI3HUX OOMIWOK i3 600u. Chopmynboeano mexmiko-eKOHOMIUHI ACNeKmu CMEopents GUPOOHUYmMea 6iocop-
benmis 011 0OpobaeHHs 800U. 3aznayeno, wo Ona CMBOPEHHs eekmusHoeo supobHuymea biocopbenmis Kpim
eHepaoehekmusHOL [ eKo10200e3neuHol MexHON02IT 8aNCIUBO BPAX0BYEAMU NPOOYKMUBHICIb Odcepend CUposU-
HU, [T XIMIYHUL CKIA0 ma mepmiHu 36epieanHs, yMOGU MPAHCNOPMY8aHHs 00 nepepodxu moujo. Oyineno nepc-
NeKmMuU UKOPUCMANHS 8I0X00I8 NepepodKU MoMamie 8 AKOCMmi CUpOoGUHU OJisi GUPOOHUYMBA Mamepianié OJis
00pobaenns 6oou. 3aznaveno, wjo 8 Ykpaini € nonum ma e@exmueni pilenHs wooo VMunizayii 3a3Ha4eHux
6i0x00i8. Haseoeno ananiz 00caiodcenb cnocodie ompumanis diocopbenmis 3 8i0X00i8 nepepooxu momamie ma
ix 3acmocysanus 05 UIYYEHHS 13 600U OOMIWOK pizoi npupoou. Tlokazano, wo yeil Hanpsamox 00CIiOdlCeHb
nepcneKmuHUt, aie we maaio 6UGHEHU.

Kuro4oBi cjioBa: pocimHHa CHPOBHHA, TIepepoOKa, BiIXOAH, TEXHOJOTI, KapOoHi3allis, 6iocopOeHTH, Bla-
CTHBOCTI, BOJIa, SIKICTh

Introduction. Ukraine is an agrarian country whose potential is constantly growing. However, the intensive
development of agriculture and food industry without effective disposal of waste is the cause of environmental
degradation. One of the promising areas for solving the issue of utilization of such waste is their processing into
useful products, in particular, into materials for natural and wastewater treatment.

Literature review. The cultivation and processing of vegetable raw materials into food products using vari-
ous processes, materials and reagents lead to the accumulation of thousands of tons of waste in the world eve-
ry year. (Table 1 according to [1]).

Table 1 — The scale of plants waste production in the agricultural sector and at food enterprises [1]

Waste Waste production, Geographical location waste
t/ year sources

Wastes from vegetable oil production 50 000-100 000 UK

Tomato processing waste 5700 000 European countries
Remains of unprocessed wheat straw 4 000 000 EU countries

Barley grain used in brewing 3 400 000 EU countries

Pea pods 54 000 UK

Used coffee grounds 15 600 UK

Potato skins 100 000 (in dry form) UK

A significant amount of waste from the processing of plant raw materials and low efficiency of their utili-
zation lead to the accumulation of significant amounts of waste on agricultural lands and landfills. Under the
influence of environmental factors, they are subject to decomposition. Thus, in the process of decomposition of
plant biomass, carbon dioxide is released into the atmosphere. It has a negative impact on the ozone layer of our
planet. The formed new organic and inorganic substances, including toxic, get into the soil and from there into
underground and surface reservoirs. As a result — deterioration of soil fertility and pollution of drinking water
sources.

Other anthropogenic pollutants, in particular heavy metals, also contribute to the deterioration of drinking
water quality. They often end up in natural reservoirs with untreated industrial and domestic wastewater. It
would be noted, that food companies produce a lot of wastewater with an excess of heavy metals (According to
Table 2).

The quality of drinking water is also negatively affected by the use of old technologies, disrupted water in-
frastructure, secondary pollution and water loss during transportation.

The problem of rapid pollution of water sources has become very relevant today also because the world has
seen a decline in fresh water in recent decades. The main reason is a significant increase in the population of the
planet. According to experts, in 2030 the world’s population will need 30% more water, 45% more energy, 50%
more food than today [8].
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Table 2 — Concentrations of heavy metals (HM) in untreated wastewater from food enterprises

Production Wastewater costs per unit of output HM concentrations in effluents, g/m’
Sugar factory [7] 2,5 m*/t sugar Fe (gen.) — 1,35; Cu—0,05; Zn — 0,014
Beverage production [9] Fe (gen.) — 2,6-4,4; Cu—1,0; Ni - 0,8; Zn—

3,8-5,1; Cr (gen.) - 0,7-2,8;
Cd-1,3-1,8;Pb-0,9-2,8;
Hg—-09...1,6; As—1,8...2,2

Oil and fat plant [8] (0,2-1,5) m*/t unrefined oil;
(0,75 — 2,0) m*/t margarine Fe(gen.) - 1,8-2,8; Cu—0,9; Ni—0,6;
Zn-8,3-9,7; Cr (gen.) — 1,1-1,7;
Cd-0,3-0,8;Pb—2,1-2,5
Yeast production [10] (116 — 184) m*/t yeast

Fe (gen.) — 5,0 -45,0; Cu — 25,0-26,0
Permissible concentrations of heavy metals in effluents accepted into domestic urban sewerage networks, g/m3
[4]: Cu-0,5; Pb—0,1; Zn — 1,0; Cd — 0,01;Cr** — 2,5; Cr®* - 0,1; Ni — 0,5; Co — 1,0; Fe —3,0; As — 0,1; Hg —
0,005

The need to reduce waste, the search for new renewable resources, the desire to reduce the impact on the en-
vironment, including water resources, and concern for the society have accelerated the development of such a
research as processing plant biomass waste into products necessary for mankind. It is known that the waste from
the processing of vegetable raw materials contains various chemical components: mono- and disaccharides,
organic acids, cellulose, hemicelluloses, lignin, pectin, waxes, ash, amino acids, lipids, polyphenols and others.
Because of processing of vegetable waste with the use of such processes as chemical catalysis and biocatalysis,
synthesis, bioconversion, thermochemical and hydrothermal treatment and others, you can get many useful
products for humans. Today in industrial conditions food additives, alcohols, chemical monomers, building ma-
terials, cellulose nanocrystals, bio-glue, nanocomposites, bio-surfactants, biosolvents, materials for replacement
of PVC, lubricating fuel additives, antioxidants synthesis gas, biofuel, activated carbon and biosorbents are re-
ceived [1]. The development of new and improvement of existing technologies for obtaining biosorbents from
plant waste for water purification from various impurities Is of a particular interest from the point of view of
solving water problems. This question is attracting the attention of more and more scientists around the world.
After all, the creation of such industries will solve a number of environmental problems, promote better water
supply and curb rapid global climate change.

The purpose and objectives of the study. The aim of the study was to summarize the information on tech-
nologies for obtaining biosorbents for water treatment. The objectives of the study were:

— to review the technological schemes and processes of obtaining sorption materials with high carbon
content of organic origin;

— to analyze the properties of biosorbents and their effectiveness in removing various impurities from wa-
ter;

— to formulate technical and economic aspects of production of biosorbents for water treatment;

— to evaluate the prospects of using tomato processing waste as a raw material for the production of bio-
sorbents.

Review of technological schemes and processes of obtaining sorption materials with a high carbon
content of organic origin. Charcoal, activated carbon from fossil fuels (brown coal, peat) and biocarbon from
agricultural and food waste, algae, nut shells are pyrogenic materials with a high carbon content. What unites
them is that they are all derived from plant biomass, obtained by its thermochemical transformation and contain
some organic carbon. They are similar in elemental composition and predominant chemical bonds. However,
depending on the processes and technological modes used to obtain them, have different properties and applica-
tions [9].

The main process of obtaining solid pyrogenic materials with high carbon content is pyrolysis. Auxiliary
processes are washing, grinding, drying, activation, modification, application to the retaining surface. Depending
on the raw material and the purpose of the final product, different combinations of processes in the technological
scheme are possible (Fig. 1).

Raw materials — Grinding — Pyrolysis — Packing — Finished products
a)
Raw materials — Washing — Grinding — Drying — Pyrolysis — Activation — Modification — Washing
— Grinding — Application on the retaining surface — Packing

b)

Figure 1 — Possible technological schemes for obtaining pyrogenic carbonaceous materials
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There are many variants of technological schemes for obtaining pyrogenic carbonaceous materials [9]. Us-
ing various schemes it is possible to receive charcoal for household needs and metallurgy; activated carbon for
soil remediation, food industry or medicine; reductants; electrodes; biosorbents for water treatment, etc.

In the process of pyrolysis, the formation of solid porous carbonaceous material is a consequence of thermal
destruction of organic compounds. Pyrolysis is traditionally carried out in an oxygen-free environment. The
important process parameters are temperature, duration, presence and properties of oxidants (Table 3, [9]). Py-
rolysis conditions, as well as the chemical composition of raw materials greatly affect the amount of the final
solid product, the chemistry of its surface, the structure. Therefore, changing the conditions of the process, you
can get products with different properties and for different applications. During the pyrolysis of raw materials, its
specific surface area increases due to the formation of a porous structure, mainly macroporous.

There is a slow pyrolysis (or thermal carbonization), fast and ultra-fast one. The temperature range of these
processes does not differ significantly. The rate of heating of raw materials and the duration of the process are
different. The highest yield of solid biocarbon and the highest percentage of carbon fixation can be obtained by
slow pyrolysis [10].

Table 3 — Types and conditions of the pyrolysis process. Products of pyrolysis of plant biomass [10]

° ] o .. |Quantitative and phase state of the ob-
Process | Temperature range, C|Heating rate, C/sec |Processing time | o' oducts

from 5 minutes (15-40)% — solid biocarbon, (20-55)% —
1 1 10-01 . 0f — -
Slow _|350-700 0,1-100 up to several liquid bio-oils, (20-60)% non
pyrolysis davs condensed gases, (0-5)% — moisture, (2—
Y 10)% — ash

The increase in the carbon content in the final product is achieved by removing hydrogen, oxygen and
other elements from the raw material. Thermal destruction of sugars, organic acids, alcohols, cellulose and hemi-
celluloses and occurs faster and at lower temperatures. The destruction of lignin occurs more slowly, at high
temperatures in a wide range. According to [11] during pyrolysis, the destruction of hemicellulose occurs at
temperatures in the range (220-315) °C, cellulose — at (315... 400) °C, lignin — in the range from 160 to 900 °C.
The process of cellulose pyrolysis is endothermic, and hemicellulose and lignin are exothermic.

Of the polymers of plant biomass it is transformed in the process of pyrolysis lignin is the basis of porous
carbon-containing material. In the process of pyrolysis, in addition to the destruction of lignin macromolecules,
there is also their “crosslinking”. This is possible due to the splitting of the side benzene rings and their connec-
tion in places of unsaturated bonds with carbohydrate fragments and aldehyde groups of other polymers (Fig. 2,
[12]). From gaseous substances, the highest yield of CO, is given by the destruction of hemicellulose, CO —
cellulose, H, and CH, — lignin [11]. In fig. 3, [13] shows the changes that occur under different conditions of
pyrolysis of raw materials such as corncobs.

Adsorbent Surface

[

HO-C I - —
i OH C—OH O—H

o
Il

C=OH [ C=OH OH

Adsorbent Surface
Figure 2 — Example of a structural fragment of solid biocarbon [12]

Activation is a process of increasing the sorption capacity of carbonaceous material by increasing the sur-
face area of sorption. Chemical or thermochemical activation can be used in biosorbent production technologies.
The choice of method of activating the material is determined by its further application in practice [9].
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Figure 3 — Change in the mass and rate of chemical transformations of organic components of raw mate-
rials (corncobs) in the process of its carbonization (A).Substances formed during the carbonization of raw
materials (B) [13]

Chemical activation is carried out mainly in order to form a more microporous sorption material. It is car-
ried out either together with pyrolysis or after. Reagents are used for chemical activation — aqueous solutions of
salts, alkalis, and acids (including solutions of ZnCl,, KOH, H3PO, and others). The ratio between the raw mate-
rial for activation and the reagent is in the range from 1:0.5 to 1:3. The degree of activation depends on the
chemical composition of the substance and the reagent, the stirring intensity, temperature and duration of activa-
tion. After chemical activation, the product is washed with clean water. Therefore, it is necessary to dispose of
flushing effluents and exhaust gases to minimize their impact on the environment. In addition, this increases the
cost of the process of obtaining the final product [9].

At thermochemical activation, also the specific surface of sorption of firm material due to formation of
new porous space increases. Thermochemical activation of carbonaceous material is carried out using water
vapor, carbon dioxide or a mixture of gases. When using carbon dioxide for thermochemical activation, materi-
als with predominant microporosity are obtained. Activation of the material with carbon dioxide is accompanied
by burnout, i.e. weight loss during activation. When using water vapor, a carbonaceous material with pores of
different sizes is formed. Thermochemical activation, as well as chemical, is carried out either together with
pyrolysis or after it [9].

The porosity of activated carbon depends on many factors, including raw materials, temperature, and du-
ration of the activation process, type and amount of oxidant. In particular, the oxidation of a limited amount of
air also modifies the properties of the carbonaceous material obtained from vegetable waste.

Both chemical and thermochemical activation changes the surface chemistry of the carbonaceous materi-
al. Oxidized functional groups are formed on the aromatic rings of the compounds that make up the material.
Among them are phenolic hydroxyl -OH, carboxyl -COOH, carbonyl and other groups. Due to these groups, it is
possible to use the obtained carbonaceous materials for sorption of ionic impurities, in particular metals. They
are extracted from aqueous solutions by the mechanisms of ion exchange and complexation (Fig. 4, [14]).
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Figure 4 — Possible mechanisms of sorption of metal ions from aqueous solutions [14]

It should also be noted that in the process of carbonization of plant biomass ash is formed. It adsorbs anions,
but can also adsorb high-charge cations, in particular Fe** or AI**, related to hydroxyl groups. Therefore, such a
mechanism of extraction of HM from aqueous solutions by biosorbents in the form of carbonates should not be
excluded from possible [15].

Modification is the process of introducing non-carbon fragments to the surface of carbon materials to im-
prove their sorption capacity for specific sorbates. This process can be performed after or instead of activation. It
is important to understand that the modification of carbonaceous materials is not an activation, although the
oxidation process can occur. This occurs in particular when processing carbonaceous raw materials H,O, or
HNO; at temperatures up to 100 ° C. The modification is aimed at creating additional oxidized functional
groups. It is mainly used to obtain carbonaceous materials with high sorption capacity to metals. To modify the
material, if necessary, in addition to the above reagents, also use SO, or H,S, ammonia, ozone [9].

In addition to the processes described above, others can be used in the technology of obtaining pyrogenic
carbonaceous materials. Their purpose is to improve the properties of materials, such as selectivity to certain
water impurities, to create conditions for more efficient implementation of subsequent technological processes,
cheaper technology, etc. Therefore, for example, drying of raw materials is carried out for the purpose of its
dehydration and partial decomposition of the organic and inorganic substances available in insignificant quantity
in cellular juice of vegetable waste. The purpose of grinding dried raw materials is to obtain small fragments of
raw materials and increase the availability of functional groups of plant polymers for impurities, such as metals
[15]. It is known that if before heat treatment mix wet and dry raw materials, it is possible to optimize the mois-
ture content in the raw material. This will reduce the duration or even avoid the energy-intensive drying process.
The original plant biomass can be treated with metal salts to obtain biosorbents with high sorption capacity, for
example to arsenic. It is known that in contrast to chemical activation, the dosage of salts in the raw material is
much lower. In addition, the metal salt is not used as a catalyst, but in order to form specific places for the sorp-
tion of certain impurities in the finished product. It is possible to create additional places for sorption of impurity
if after heat treatment the received pyrogenic carbonaceous material is in addition processed by metal-containing
reagents. For example, treating the material with iron hydroxide can increase its selectivity, for example to arse-
nic [9].

Properties of biosorbents and their efficiency in removing various impurities from water. Preparation
of biosorbents from waste processing of vegetable raw materials (peas, sunflower and vine) was carried out in
the laboratory of the Department of Bioengineering and Water ONAFT. Place of cultivation of raw materials —
Odessa and Mykolaiv regions. Pea processing wastes (leaves, stems, leaves) were initially partially dehydrated
under environmental conditions. Next, the raw material was further dried in an oven at a temperature of
t =120 °C. The dried raw material was placed in a sealed stainless steel capsule and carbonized in a muffle fur-
nace at a temperature of t = 600 °C for 30 min in an oxygen-deficient environment. After grinding to a particle
size (1-2) mm, the prepared raw material was used as a biosorbent. Wastes from sunflower processing (namely
stalks and baskets) and vines were subjected only to carbonization under similar conditions and crushed [16].

The properties of the obtained biosorbents have been studied. For example, it was determined that the con-
tent of chemical elements in the biosorbent from pea leaves is as follows: C —64.1 wt.%; N — 3.6 wt.%, H -
2.5wt.%, S—0.2wt.%. This biosorbent has a microporous structure. The average pore radius is 22 nm, the
porosity is 0.39 cm®/ g, and the specific sorption surface area is 1.9 m?/ g. The main functional groups on the

Hayxosi npayi, Tom 85, Bunyck 2 43 Scientific Works, Volume 85, Issue 2



Odecvka HAYIOHABHA AKAOEMIsl XAPHOBUX MEXHON02LH Odessa National Academy of Food Technologies

surfaces of the biosorbent are carboxyl and amino groups, the latter three times more. The percentage of adsorp-
tion of various HM ions by carbonized pea leaves during the processing of model solutions is above 90% [17].

To research the effectiveness of biosorbents in real conditions used: natural artesian water with
high mineralization, pre-treated using membrane technology; natural artesian water with low mineralization;
sewage of a cannery for processing vegetables. The enterprises that provided the opportunity to conduct research
in production conditions are located in the Odessa region. The dosage of biosorbent in this study was 2 g / dm°.
The contents of a hermetically sealed container with a sample of water and biosorbent were continuously stirred
for two hours. Then the contents of the container were filtered. Physico-chemical quality indicators of bio-
sorbent-treated water were determined immediately after filtration [16].

The data analysis showed that biosorbents derived from processing waste from peas, sunflowers and vines,
can effectively treat natural and wastewater from iron, copper, manganese, fluorides, sulfates and polyphos-
phates. For example, by treating natural and wastewater with a biosorbent from grapes, it is possible to achieve a
reduction in the initial iron content by a total of (50—90)%, manganese content — by (50-100)%, copper content —
by (68-97)% source water quality. Biosorbents do not remove nitrates and chromium ions (VI). The degree of
extraction of impurities from water by biosorbents depends on the type of biosorbent and the chemical composi-
tion of water. Biosorbents from grapevine remove impurities of natural and sewage better, worse — from baskets
and sunflower stalks. Regarding the effect of pH and water mineralization, the efficiency of the biosorption pro-
cess increases with decreasing water mineralization and increasing its pH The negative point is that after treat-
ment of water with biosorbents (from sunflower and peas) there is an increase in overall hardness, alkalinity and
dry water residue, chloride content. For grapevine biosorbent, the change in these indicators is not significant or
absent [16].

Technical and economic aspects of creating the production of biosorbents. The processing technology
should be such that the potential of the components of plant waste is used to the maximum. It is necessary to
make a careful choice of raw materials and consider the use of raw materials. It is important to consider the
availability and quantity of raw materials for processing in a particular region. After all, fluctuations in the chem-
ical composition of plant waste due to seasonal changes, high rate of their accumulation, rapid bacterial contam-
ination and various technologies for processing raw materials can create problems with the management of their
processing and increase the cost of biosorbents. From these positions, the advantages are on the side of mobile
technological systems. It is also important to follow the principles of logistics in the organization of production.
They will avoid both deterioration of quality of initial raw materials, and will allow optimizing expenses for its
transportation and processing.

When choosing plant waste treatment processes, it is important to focus not only on obtaining a material
with the best sorption properties. It is important to consider the impact of selected processes on the environment
and economic performance of the final product. Preference should be given to low-energy technologies and
technologies that will not contribute to the formation of toxic emissions and effluents. After all, the cheapness of
raw waste should not be offset by high costs for their processing. It is obvious that the successful creation of
production for the processing of plant waste into biosorbents is not possible without comprehensive research.

Prospects for the use of tomato processing waste as a raw material for the production of biosorbents
for water treatment. Tomatoes are one of the most widely used vegetables in the world, both raw and pro-
cessed. They produce juices, sauces, purees, and pastes, canned and pickled tomatoes. Tomato processing waste
— peel and seeds [18]. In the southern regions of Ukraine, there are powerful agricultural holdings, in the struc-
ture of which there are enterprises for processing tomatoes. Communication with representatives of such enter-
prises showed that it is important for them to implement energy-saving and environmentally friendly waste
treatment technologies, including materials for water treatment. These companies use a lot of water and in the
conditions of its growing deficit and prices they increasingly use the technologies of circulating water supply. In
addition, the use of cheap materials for water treatment will reduce the cost of wastewater treatment and reuse,
as well as help improve the environment [19].

A review of the literature showed that the industrial technologies for obtaining materials for the treatment of
water from waste tomato processing to date have not been created. One of the reasons is that little research has
been done to study the methods of obtaining, properties, morphology, selectivity and resource of such materials.
Although the chemical composition of tomato waste and the possibility of removing contaminants from water, in
particular by chemisorption with the participation of functional carboxyl, nitro- or hydroxyl groups, allows us to
consider such raw materials promising to obtain the above materials. This is noted by the authors of one of the
few studies on this topic [20]. They investigated the process of purification of aqueous solutions from substances
of the group of chlorophenols and nitrophenols, synthetic dyes, as well as a number of heavy metals. The water
was purified with a material obtained from the skin of tomatoes. The peel was pre-washed with water, treated
with propanol to remove anthocyanins, crushed and dried. The study examined the mechanisms of adsorption
and desorption of impurities, the effect of pH and temperature of the solution, as well as the duration of the pro-
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cess on the adsorption of substances from the aqueous medium, the process of material regeneration. It was

found that the biosorbents obtained by the above method are good at removing cationic dyes, Pb?* and Ni** ions

from solutions, and somewhat worse — anionic dyes, As®* and Cr®* ions, organic micropollutants. However, we
should note that the amount of adsorption varies depending on the pH of the medium. Sorption properties of the
material do not change during five cycles of its reuse under the same initial conditions.

The disadvantages of the obtained biosorbent, in our opinion, are: the use of reagents in the processing of
raw materials and the need for its washing, which contributes to the formation of additional wastewater; most
likely the material is hygroscopic and this will complicate its industrial storage and use; the use of the material
requires periodic organization of water treatment cycles, and hence the use of larger production areas. Our fur-
ther research will be devoted to the solution of these and other questions.

Conclusions

1. Due to the significant volume, cheapness, availability and special chemical composition of plant processing
waste in agriculture and food industry is a promising raw material for the production of biosorbents for wa-
ter treatment. Establishing the production of biosorbents will slow down the pollution of soils and water
sources with toxic substances, as well as undesirable climate change.

2. It is shown that different combinations with pyrolysis of other technological processes (washing, grinding,
drying or activation of raw materials, etc.) allow obtaining biosorbents with different qualitative and quanti-
tative characteristics and practical use. The technological parameters of processes and the chemical compo-
sition of raw materials have a significant impact on the properties of biosorbents.

3. ltis revealed that with the use of carbonization (slow pyrolysis) of vegetable processing waste, it is possible
to obtain microporous biosorbents with numerous surface carboxyl, amino and other functional groups.
Due to these properties, such biosorbents effectively remove ionic impurities, in particular heavy metal
ions, from both model and real waters.

4. When creating the production of biosorbents for water treatment, it is important to take into account the
following technical and economic aspects: maximum use of the potential of plant waste components; avail-
ability and security of production of regional raw materials; mobility of the technological system for ob-
taining biosorbent; energy efficiency and environmental safety of technology processes; availability of
modern information on the properties of biosorbents from certain types of raw materials and features of
their use in treated water of different quality.

5. ltis realized that the utilization of tomato processing waste is an urgent issue for agricultural holdings both
in Ukraine and in the world. Establishing the production of biosorbents for water treatment is a promising
way to solve this problem. However, the restraining factor on this path today is the lack of scientific infor-
mation on effective technologies for obtaining and using such biosorbents.
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Abstract. Maintaining the quality of poultry and pond fish as much as possible is important. Freezing poul-
try immediately after slaughter and fish after catching allows you to solve this problem. Freezing in liquid media
leads to an increase in the speed of the process and, accordingly, a better preservation of the quality indicators
of products. At the same time, in the process of freezing in brines containing calcium chloride, it leads to the
diffusion of calcium ions into the muscle tissue of poultry or fish and the appearance of a bitter taste. To prevent
salting out of raw materials, we have proposed the use of biologically inert coatings based on pectin.

The purpose of this study is to study the possibility of using low methoxylated pectin substances to improve
product quality. The influence of a number of technological factors on the protective properties of the coating is
studied. These factors include the concentration of pectin substances, the pH of the medium, the presence or
absence of pretreatment of the surface of a poultry or fish carcass with citric acid. The strength of the coating
and its barrier properties with respect to the diffusion of calcium ions have been studied. It is recommended to
use a concentration of pectin substances of 3% with preliminary treatment of the carcass surface with 1% citric
acid solution, followed by fixing the formed pectin film with 1% calcium chloride solution. Such processing al-
lows to achieve a maximum concentration of calcium chloride in the muscle tissue of poultry or fish of no more
than 0.5% — the value allowed by the standard.

It is shown that the use of freezing in brine leads to a significant decrease in the weight loss of the product
during storage compared to freezing in air — three times. The use of a coating based on pectin can reduce weight
loss by a factor of eight. The quality indicators of products are also much better preserved — water retention
capacity, acid number of fat and peroxide value of fat. The organoleptic properties of poultry and fish processed
according to the proposed technology are noticeably superior to those of raw materials frozen both in air and in
brine without applying a protective coating.

Key words: poultry, pond fish, brine, freezing, pectin, coating

HIABUIIEHHA EOEKTUBHOCTI 3AMOPOKYBAHHS IITUILI TA
PUBU3 BUKOPUCTAHHAM 3AXUCHUX ITOKPUTTIB

Manamapuyk A.C., KaHA.TeXH.HaYK, AoueHT, Kymnipenko H.M., kaH1.TeXH.HAYK, 1OLEHT,
IMartwokoB C.J., KaHJ.TeXH.HAYK, 101[€H
Opecbka HallioHAIbHA aKajeMis Xap4yoBHX TeXHOJIOT I

Anomauyin. 30epesicentsn AKOCMI CilbCbKO20CN00apcbKoi nmuyi ma pubu 8 npoyeci nepepooKu € aKmyans-
HOI0 npobaemoro. Lo npobremy 0038014€ GUPIUUMU MAKCUMATILHO WEUOKE 3AMOPOICYBANHA CUPOBUHU: NMUYI
nicasa 3a6010, a pubu — nicia eunogy. [na 30inbuieHHs WEUOKOCmI npoyecy, da, omoice, Kpawoeo 30epedceHms
AKICHUX NOKA3HUKIE NPOOYKYIl, OOYIIbHO BUKOPUCMOBYBAMU 3AMOPOIICYBAHHS Y PIOKUX cepedosuuax. OcKinbku
yi cepedosuua A6IAOMb COOOK PO3UUH XJIOPUCMO20 KATbYII0, ye npusgooums 00 Ou@ysii ioHie Kaibyiio 00
M’A30801 MKAHUHU MA NOAGI 2IPKO20 CMAK).

s 3anobicanns npocono8antio CUPOSUHU HAMU 3ANPONOHOBAHO BUKOPUCNOGYEamuU OION02IYHO iHepmHi
HNOKpUMMSA HA OCHOBI NEKMUHY.

Memoio 0ano2o 00CniodNCcen s € UGUEHHS MOICTUBOCHT BUKOPUCTIAHHS HU3bKOMEMOKCUTbOBANUX NEKMUHO-
BUX PEuOBUH ON5 NIOGUWEHHS AKOCMI NPoOYKyii. Busueno eniug psdy mexuonociynux (paxmopie Ha 3aXucHi
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eracmueocmi noxpumms. Lli ¢paxmopu exmouaioms Konyenmpayilo nexmuHnosux pevosutr, pH cepedosuwa,
HasieHicmb abo GIOCYMHICMb NONEPeOHbOI 0OPOOKU NOBEPXHI MYUWOK NMUYi ab0 pudlU TUMOHHOK KUCTIOMOI.

Bugueno ennue exaszanux ¢pakmopie na miynicms noKpumms ma 11020 o6ap €pHi 61acmMu8oCcmi no 8iOHOuIeH-
HI0 00 Ou@hy3ii ionie xkanvyis. Pexomenoyemuvcsa 6uKOpUCmMogysamu neKmuHosi peuogunu Konyenmpayieio 3% 3
nonepeonboro 06pobKoIo nosepxui mywox 1% pozuunom IUMOHHOI KUCIOMU MA NOOATLWOIO piKcayicio nekmu-
H060i naigku 1% pozuunom xanopudy karvyito. Taka 06podka 003605€ 3anobiemu HAKONUYEHHIO XA0PUOY KAlb-
yito y m’a306it mxanuni nmuyi ma pubu euwe 0,5% — 3navenns, ke npunyCmumo 32i0H0 Cmanoapmy.

Iokasano, wo po3scinvre 3amMopOUCY8AHHS NPU3BOOUMb 00 3HAYHO20 3HUIICCHHS 8MPAm MAcu NPOoOYKMIG
npu 30epieanni y NOPIGHAHHAM i3 NOGIMPS HUM 3AMOPOICYBAHHAM — 6 mpu pasu. Bukopucmanna noxpumms Ha
OCHOBI NeKMUHY 00360JI51€ 3HUSUMU 6MPAMU MACU Y 8ICIM pa3ie. 3HauUMo Kpawe 30epieaiomvcsi AKICHI NOKA3H U-
KU npOOYKYiie — 6000ymMpumMyloua 30amHuicmy, KUCIOMHe YUCTO dHcupy ma nepexiche uucio xcupy. Opeanonen-
MUYHUMY 6IACMUBOCMAMYU NPOOYKYIi, 06poOIeHOl 3a 3anponoHO8aANOI0 MEXHONO02IEI0, NePesUYE KOHMPOIbHI
3pasKu.

KoarouoBi cioBa: nruns, craBkoBa puba, po3cii, 3aMOpOXXKyBaHHS, HEKTHUH, MOKPHUTTS, BOJOYTPHUMYIOYa
3[aTHICTh, KHCIIOTHE YHCIIO XKUPY Ta MEPEKiCHE YUCIIO XKUPY

Introduction. Formulation of the problem. Currently, in Ukraine, as well as throughout the world, pond
fish farming is becoming widespread [6]. Farming poultry, usually broiler chickens, are often raised at the same
locations as freshwater fish. These farms are located at a considerable distance from the place of consumption of
food products, therefore, the problem of maximum preservation of the quality of poultry and fish during storage
and transportation is becoming increasingly important [5; 25]. The best way to preserve the quality of these raw
materials is to freeze them [12; 13; 40; 44; 45]. At the same time, the higher the freezing rate, the slower the
processes of oxidation and deterioration of the labile components of raw materials, the less the likelihood of the
development of microorganisms, the better the organoleptic and technological properties are preserved [19; 28;
31; 43].

A high rate of freezing provides brine freezing in a solution of calcium chloride, which is due to a much
higher coefficient of heat transfer from the object to the brine in comparison with air [2; 35]. However, there is a
risk of diffusion of calcium chloride in the tissues of poultry or fish. This substance, although is benefitial for
human’s health, has a bitter taste, which can lead to a decrease in consumer value. Thus, the search for a coating
that would prevent the diffusion of calcium salts into poultry or fish carcasses is becoming increasingly im-
portant [34].

Analysis of recent research and publications. Due to the highly efficient thermal process between the
product and the liquid low-temperature medium, freezing of poultry and large fish carcasses in agqueous solutions
of sodium and calcium chlorides provides a high freezing rate and the formation of a fine-crystalline structure in
the tissues of the product, which allows better preservation of high quality [3; 38; 41]. High freezing speed al-
lows to extend the shelf life of products by 1.5-2 times compared to the standard freezing speed [20; 26].

To prevent the penetration of salts from the brine into the muscle tissue, various coatings are used. Tradi-
tionally, to prevent salting of fish during brine freezing, packaging in plastic films is used [8, 4]. The product is
wrapped in an impermeable film and then kept in a saline solution at a temperature of minus 35 °C, which allows
for 30 minutes or less to bring the temperature in the center of the product to minus 18 °C [39]. A number of
works have shown the economic and energy efficiency of the method for freezing poultry packed in a film in a
calcium chloride solution [22; 48; 49].

However, then there is the problem of removing the inedible polymer film. The most promising is the use of
films based on natural biopolymers, which are applied directly to a poultry carcass or fish. Such coatings allow
not only to prevent the penetration of calcium salts into muscle tissue, but also to significantly reduce shrinkage
and inhibit oxidative deterioration of lipids, thereby preserving the original properties of the product for a longer
time. Films are obtained from natural compounds: agar, alginic acids, cellulose ethers (CMC, MC) and pectin
substances [33; 37; 46].

Of particular interest is the use of a coating based on low methoxylated pectin substances. Such a film not
only reduces shrinkage and the rate of oxidative deterioration of lipids both during storage and during freezing,
but also prevents salting (diffusion of calcium ions) during brine freezing of the product [15; 18; 23].

The purpose of the research

The aim of this work is to improve the technology of freezing poultry and fish by using protective coatings
based on low methoxylated pectin substances (LMPS).

To achieve this goal, it was necessary to solve the following tasks:

- to substantiate the advisability of using protective coatings based on LMPS;

- to study the protective properties and quality characteristics of coatings;

- to develop technological parameters for obtaining a protective coating;
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- to study the physicochemical and organoleptic properties of poultry and fish frozen in a solution of
calcium chloride using protective coatings based on LMPS;

- to develop a technological scheme for brine freezing of poultry and fish using protective coatings
based on LMPS;

- to study the effect of the proposed freezing method on the change in quality characteristics and the du-
ration of refrigerated storage of poultry and fish

Research materials and methods. In this work, specimens of grass carps and broiler chicken of the COBB-
500 cross raised in the Odessa region were used. The grass carp (Ctenopharyngodon idella) is a large herbivo-
rous species of the family Cyprinidae native to eastern Asia, with an original range from northern Vietnam to the
Amur River on the China border. Historically it was cultivated in China for food, but was introduced in Europe
and the United States for aquatic weed control, becoming the species of fish with the largest reported production
in aquaculture globally, over five million tonnes per year [10]. A broiler is a chicken of Gallus gallus domesti-
cus, that is bred and raised specifically for meat production. Broiler is used to refer specifically to younger
chickens under 2 kg, as compared with the larger roasters.

In our work, we used both industrial pectin and an extract from apple pomace isolated by alkaline hydrolysis
[17; 18].

In order to study the qualitative characteristics of raw materials, semi-finished products, auxiliary materials
and finished products, modern conventional and special physical, chemical, biochemical, physicochemical, mi-
crobiological, mathematical and analytical methods were used with the use of modern devices and equipment [9;
21].

The barrier properties of the films were investigated in model experiments using a dialysis glass [14; 31].

Results of the research and their discussion. Of particular importance in the formation of a film is the de-
gree of esterification (DE) of pectin substances. In the studies, the SE value was 35%, since a decrease in the DE
below 35% leads to instant clot formation, disruption of homogeneity. In addition, with a further decrease in SE,
the destruction of pectin substances and a decrease in molecular weight, on which the jelly-forming ability of
pectin depends, is observed. An increase in the DE above 40% leads to a decrease in the strength of the film, and
upon reaching more than 55%, no gel is formed [16; 27].

The barrier properties of films with a pectin substances (PS) concentration of 1-4% were investigated in
model experiments using a dialysis glass.

It was found that a minimum of calcium penetrates when using coatings with a PS concentration of 3 and
4%, and the amount of diffusing calcium differs insignificantly. The tendency to gelation noticeably increases
with a decrease in the pH of the system due to an increase in the hydrophilicity of the molecule [16; 47]. There-
fore, when treating the contact surface of the dialysis glass with 1% citric acid solution, the amount of diffusing
calcium was 3,6-4%.

Further investigation of the films revealed that, in addition to DE, the strength characteristics are influenced
by the concentration of pectin substances and the pH of the medium (Fig. 1).

Treatment with citric acid significantly increases the strength of the coating (Fig. 2).

An increase in the strength of pectin coatings upon acidification with citric acid is explained by a higher cal-
cium content and, accordingly, a more dense “crosslinking” of pectin molecules at the site of free carboxylic
groups.

The higher calcium content in protective coatings with the use of citric acid is apparently explained by the
ability of acid cations to knock out monovalent metal ions from bonds, at the place of which calcium is added
[16; 47].

However, an increase in the concentration of calcium ions in the protective coating leads to a decrease in the
cryoscopic temperature. It has been established that films with the addition of citric acid are characterized by a
lower cryoscopic temperature, which is explained by the ability of acid cations to knock out monovalent metal
ions from bonds, at the place of which calcium is added [16]. This correlates with the data on the saturation of
the films.

The dependence of cryoscopic and cryohydrate temperatures on the concentration of pectin and calcium
content has been established.

A decrease in cryoscopic temperature by 4-6 °C compared to pure pectin was noted [30; 46; 50]. This caus-
es, on the one hand, greater strength due to calcium compounds and, on the other hand, increases the linear rate
of crystal formation throughout the volume of the film, which provides a fine-crystalline structure during ice
formation and its uniform distribution [1; 32; 42].
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Figure 1 — Effect of pH on the sterngth of protective coatings

We also studied the behavior of protective coatings when applied directly to the surface of chicken and fish
carcasses and the quality indicators of the product during storage [7; 11; 24; 29].

Freezing was carried out in a solution of calcium chloride (with the use of protective coatings and without
coatings and in air. The density of the solution in the studies was 1250 kg / m®, the ratio of the amount of the
product and the solution was 1:3, the temperature in all cases was maintained at minus 25 °C. The frozen product
was stored at minus 18 °C for 8 months. The change in quality indicators was determined after storage (table 2).

During the study, it was found that the duration of broilers and grass carp freezing in a solution of calcium
chloride ranged from 0,9 to 1,8 hours, which is 7-9 times less compared to the duration of freezing in air.

The freezing rate of products in a calcium chloride solution was 6—7 cm/hour, while in air it was 0,7-0,8
cm/hour. It has been shown that the application of a protective coating insignificantly affects the freezing rate
and storage duration.

The results of the layer-by-layer determination of the mass fraction of calcium chloride showed that the
greatest salting (when freezing the product without a protective coating) occurs in the first 20 minutes of freezing
for fish and 25 minutes for broilers.

During this period, up to 80-90% of calcium penetrates into muscle tissue. The subsequent slowdown in
salting is explained by the formation of ice crystals, which prevent further diffusion of calcium ions into muscle
tissue [32; 42].

When frozen in a solution of calcium chloride using a protective pectin coating, the amount of diffusing cal-
cium in the tissues of poultry and fish is reduced 5-6 times, respectively, compared to the uncoated product, and
the use of citric acid allows to reduce the amount of diffusing calcium by another 3—4 times.

In a production environment, an important criterion for the effectiveness of the freezing process is product
shrinkage. When frozen in a solution of calcium chloride, the shrinkage of poultry and fish is reduced 32-38
times compared to freezing in air. When using protective coatings, no shrinkage during freezing was observed
(Table 1).
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When stored for 8 months, the shrinkage of fish frozen in calcium chloride solution was 17 times lower than
that of fish frozen in air.

An increase in storage time is accompanied by a decrease in water-holding capacity (WHC) and a shift in
pH towards the alkaline side. The influence of the method of freezing on the WHC of muscle tissue is observed
for all periods of refrigerated storage.

Table 1 — Influence of the method of freezing and protective coating on the shrinkage of poultry

and fish

Without the use of a protective coating Using a protective coating
Index - - - - - : - -

air freezing | brine freezing air freezing | brine freezing
Poultry
Before freezing, g 2245,2 2268,9 2275,1 3829
After freezing, g 2202,5 2227,1 2385,8 4069
Loss of weight, g 42,7 1,8 - -
Loss of weight,% 1,9 0,043 - -
Fish
Before freezing, g 3589,3 4330,1 3525,7 3829,4
After freezing, g 3524,7 4328,4 3665,3 4069,2
Loss of weight, g 64,6 1,7 - -
Loss of weight,% 1,8 0,039 - -

A decrease in the WHC of products frozen in a solution of calcium chloride with the use of protective coat-
ings can be explained by a slight decrease in the freezing rate.

To characterize the qualitative changes in the fish, a comparative assessment of the studied methods was
carried out according to the following indicators: organoleptic assessment according to an 9-point system, water-
holding capacity (WHC), peroxide and acid number of fat, shrinkage and calcium content (Table 2).

Samples frozen in a calcium chloride solution using a protective coating based on pectin substances had
higher quality indicators and a higher organoleptic score. The presence of calcium ions in muscle tissue was
organoleptically not detected. Thus, the protective coating not only significantly slows down salting, but also
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lengthens the period of refrigerated storage by preventing shrinkage and inhibition of oxidative deterioration of
lipids.

Technological research has led to the following conclusions:

a) freezing in an aqueous solution of calcium chloride is the most effective way of preserving broilers and
large fish species in order to maintain high quality for a long time;

b) protective coatings based on pectin substances make it possible to control the diffusion of calcium ions
into muscle tissue;

c) the strength of protective coatings increases with a decrease in pH and an increase in the concentration
of calcium ions in the protective coating;

d) the use of protective coatings based on a 3% pectin solution with preliminary treatment of the product
surface with a 1% solution of citric acid and subsequent fixation of the film with a 1% solution of calcium chlo-
ride allows achieving a minimum concentration of calcium ions during brine freezing, which is 0,5% — the value
allowed by the standard 3 months.

Table 2 — Influence of the freezing method on the quality of frozen poultry and fish

Index Eresh raw material After freezing Cold storage 3 months
[ n [ m I T
Poultry
Loss of weight,% - 1,9 - - 3,7 1,4 0,16
WHS,% 71,8 56,3 62,9 67,2 50,4 59,6 | 65,1
Acid number, mg/g 0,4 1,3 0,6 0,4 2,2 1,4 0,8
Peroxide number, mg 1,/100 g 0,01 0,03 0,02 0,01 0,06 0,04 | 0,02
Organoleptic assessment, points 8,5 74 8,2 8,3 6,5 7,8 8,1
Fish

Loss of weight,% - 1,8 - - 3,3 1,1 0,12
WHS,% 68,5 47,9 61,7 65,6 39,2 57,7 | 63,3
Acid number, mg/g 0,7 2,2 1,7 1,3 4,2 3,5 2,1
Peroxide number, mg 1,/100 g 0,02 0,04 0,03 0,02 0,08 0,06 | 0,04
Organoleptic assessment, points 18 17 16 17,8 16,5 15,5 17,6

*Note: | — air freezing; Il — brine freezing; I11 — brine freezing using a protective coating
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Annotation The consumer assesses quality of the goods, first of all, on appearance and registration of its
packing. This is especially important for food, as the buyer can not always see the product that is hidden under
the package. Thus, consumer packaging is one of the most important components of quality and competitiveness
of finished canned food, as the appearance and design of packaging, the buyer evaluates, first of all, the product
itself. Therefore, issues related to the manufacturer’s use of packaging for a particular product are paramount.
The competitiveness of finished products depends not only on the consumer packaging, but also related to
environmental friendliness and its cost. Since after opening the package and using food, consumer packaging is
thrown away and must be subsequently disposed of, in this case there are problems that require modern methods
of solution (choice of material for consumer packaging, use of modern processing technologies, use of secondary
resources, etc. e.). The solution of these issues directly depends on the quality of raw materials, which is also
reflected in the materials of the article. To choose the right type of consumer packaging, you need to know its
advantages and disadvantages, as well as its competitiveness in the food market. Depending on the type of
canned products, juices, beverages, the manufacturer may use specific, most acceptable in this case, the type of
packaging. The aim of the work is to consider the most commonly used types and types of consumer packaging,
and to provide practical assistance to food producers (juices, beverages, juice products) in terms of choosing the
most acceptable range of packaging depending on the type of finished product.

Key words: types of containers, juice-containing products, methods of canning, thermal sterilization,
vacuum deformation

TAPA JIUIA COKOBMICHHUX ITPOAYKTIB.
TOBAPO3HABYA OLIHKA TA BE3IIEKA BUKOPUCTAHHAA

BepxiBkep S1.I'., 1OKTOp TeXHIYHUX HAYK, podecop, MupomHivenko O.M., KaHIUAAT TeXHIYHUX HAYK,
aouenrt, ITasiaenko C.I., acnupast
Opecbka HalliOHATbHA aKa/ieMis Xap4Y0BHX TeXHOJIOTiH

Anortanis CroxnBay OIIHIOE SKICTh TOBapy, B MEPUIy Yepry, M0 30BHIITHHOMY BUAY 1 O(OPMIIEHHIO HOTO
yrnakoBk#. OcoOIMBO 1€ BaXIIMBO JUIS XapYOBUX MPOJYKTIB, TaK sK MOKYIEHb HE 3aBXIH MOXE Oa4UTH Ipo-
JIYKT, SKMH XOBAETHCS IMiJ] YIaKOBKOW. TakuM 4MHOM, CIIOKMBYA Tapa € OJHUM 3 HAiBaXIIMBIIIMX KOMIOHEHTIB
SKOCTI 1 KOHKYPEHTOCTIPOMO>KHOCTI TOTOBOI KOHCEPBOBAHOI XapuoBOi MPOIYKIIii, TaK SIK MO 30BHINIHBOMY BUIY 1
oopMIIEHHIO YITAKOBKH TIOKYIIEIb OLIHIOE, B TIEPIIY Yepry, caM MpoAyKT. Tomy, MUTaHHs, NOB’s3aHi 3 BUKOPU-
CTaHHSIM BUPOOHHMKOM YNAKOBKH JUIsl KOHKPETHOTO TOBApY, € MepIIOpsAHUMU. KOHKYPEHTOCTIPOMOXKHICTh TOTO-
BOT MIPOAYKI] 3aJIeKUTh HE TIIBKH BiJf CaMOi CIIOKMBYOI TapH, a i MOB’sA3aHa 3 €KOJIOTIYHICTIO 1 3 11 BapTiCTIO.
Tak sIK MmicJisl BIKPUTTS YIIAKOBKM Ta BUKOPUCTAHHSI XapuOBOTO MPOJIYKTY CIOXKHMBYA Tapa BUKHIAETHCS B CMIT-
TS 1 HOBUHHA OYTH 3r0IOM YTHJII30BaHa, TO BUHHUKAIOTh B IIbOMY BHIIQ/IKy IIPOOJIEMH, SIKI BAMAraroTh Cy4acHUX
METOJIiB BUpilIeHHs (BUOIp MaTepiaidy JUIsl CIIO)KUBYOI YITAKOBKH, 32CTOCYBAHHSI Cy4acHUX TEXHOJIOT1H nepepoo-
K1, BUKOPUCTAHHS BTOPUHHHX pecypciB 1 T.1.). BupimeHHs nux nutans 0e3nocepeiHbo 3aJIeKUTh BiJl SIKOCTI
BUXIZIHOT CUPOBHHH, 1[0 TaKOX 3HAWUILIO BiOOpa’keHHsI B MaTepianax ctarTi. s mpaBuiIbHOTO BUOOPY BHIY
CIO’KMBYO{ yITaKOBKM HEOOXiHO 3HATH ii mepeBaru i HeJOJIKH, a TAKOX 11 KOHKYPEHTOCIPOMO>KHICTh Ha IPO-
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JIOBOJIbYOMY PUHKY. 3aJIeKHO BiJl BUIY KOHCEPBOBAHOI IPOJYKIii, COKIB, HaroiB BUPOOHUK MOXE BUKOPUCTO-
BYBaTH KOHKPETHI, HAWOIIBII MPUIHITHI B JAHOMY BHUIAJAKY, TUIIl YITAKOBKU. MeTOI0 poOOTH € SIK pO3IJIsI Ha -
OUTBIIT YaCTO BHUKOPHUCTOBYBAHUX BHJIIB 1 THITIB CITO)KMBYOI YIMAKOBKH, TaK 1 HAJaHHs MPAKTUIHOI JOITOMOTH
BHPOOHUKAM Xap4yoBOi MPOIYKIIii (COKiB, HATIOIB, COKOBMICHOI MPOJIYKIIii) B YaCTHHI BUOOPY HANOIIBIIT MPUIH sI-
THOT'O aCOPTUMEHTY Tapy 3aJIeKHO BiJl BUY FOTOBOT MPOYKIIii.

Kro4oBi ciioBa: Buan Tapu, COKOBMICHI MPOAYKTH, CIOCOOM KOHCEpBYBaHHS, TEIUIOBA CTEPHIII3alis, Ba-
KyyMHa Jteopmaris

Tara is one of the main places in food technology. A large assortment of containers from different materials
is presented on the world market. The choice of the type and quality of packaging is the key to efficient food
production. There are three main types of consumer canned food used for packaging juices and drinks — metal,
glass and polymer.

Metal containers are presented in tin, aluminum, chrome and aluminized tin containers. Metal containers are
light, with an equal volume of about 3 times less than the mass of glass containers, with jolts, impacts, falling
undergo only deformation, insensitive to temperature extremes, when packing products into this type of
container, labor productivity increases, and transport costs decrease. Metal cans for canned food are made of two
types: | — prefabricated and 11 — whole. Banks of type | are of round and rectangular cross-section, and cans of
type Il are of circular and curly cross-section (rectangular, oval, elliptical).

The material for the production of tin cans is tinplate, which is a thin-rolled steel coated on both sides with a
protective layer of tin. Many canned foods are highly corrosive to the tin coating. Therefore, tinplate has to be
varnished from the inside. To protect the outer side of the metal container from atmospheric corrosion and to
give the container a good presentation, it is also coated with varnishes and paints.

Along with tin for the production of metal containers, materials such as chrome-plated lacquered sheet,
aluminum and its alloys, and aluminized lacquered sheet are used.

The bulk of aluminum packaging is used in the beverage segment. The most frequently packed product in
this type of packaging is beer, but often manufacturers on the same lines also pack other low-alcohol and non-
alcoholic drinks from their assortment in the same type of packaging. Such packaging is lighter than glass, which
can significantly reduce the cost of transporting drinks and increase purchasing power through design solutions.
The main advantage of aluminum cans for drinks is that their use reduces losses during transportation (the can
does not break due to the physical properties of aluminum), saves warehouse and retail space (the placement of a
can requires less space due to the compactness of the packaging), reduces energy costs (the can is cooled in the
refrigerator faster than other packages). This type of container provides a long shelf life of drinks (protects its
contents from light and oxygen, without deterioration of freshness and taste), increases turnover due to an
increase in volume (cans are light and convenient for bulk purchases, the presence of multipacks). In addition,
aluminum cans are versatile in use (the can is lightweight, ideal for consuming the contents on the go), can be
recycled an unlimited number of times. The aluminum can can be made more hygienic by the design of the can
with a two-layer wall, specially created by SNSTech (Texas, USA), which allows removing the top layer before
use. In this case, there is the possibility of partial use and further storage of the contents of the can by the
presence of a closable lid in the structure. The “reusable” lid is made entirely of aluminum. In addition to being
100% environmentally friendly, the SipNShut lid protects the drink from sand on the beach or insects at a picnic.
The classic version of the capacity of aluminum cans is the following volume: 330 ml (Russia, Europe and
India), 335 ml (USA), 375 ml (Australia) [1; 2].

For the production of non-alcoholic, juice-containing drinks, juices, glass containers are widely used, which
is a premium class container.

Bottles are one of the most widespread types of glass production. They are various in purpose, shape, color,
capacity. Bottles are available in clear and colored glass. In terms of capacity, they have a wide range, which
depends on the system of measures adopted in the country. Purpose of the bottle: packaging, storage and aging,
transportation and serving. The formation of requirements for glass containers is influenced by the market of
consumers who want to use high quality products. The main advantage of glass containers is their ability to
maintain the original quality of the product for a long time. For a juice and beverage manufacturer, a long shelf
life is one of the most important criteria when choosing a packaging method. It is also important for the seller
and the consumer. The glass container provides a reliable seal, so evaporation or leakage is only possible if an
unreliable closure is used. It has the necessary chemical inertness, durability, odor-isolating and recyclable
properties. Juices and drinks are poured into glass bottles from discolored and colored glass, with a capacity of
0,75; 0,50; 0,25; 0,10; 0,05 dm?, which are sealed with screw or crown cork lids.

Glass containers are also a guarantee of success in the implementation of the marketing strategy while
creating a memorable “image” of the drink. The share of glass containers is 10% of the world container market.
They mainly use new glass containers. Many food manufacturers have abandoned the use of reusable containers,
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which is also due to the fact that, with the growing competition between manufacturers, there is a tendency to
move from simple standard glass products to exclusive designs in different designs. The choice of a closure is
determined by the type of container. Closures must guarantee to the buyer the safety of the finished product and
ease of opening the consumer container.

Glass packaging is compatible with advanced, innovative labeling technologies, which mean labeling,
symbols or drawings applied to packaging or goods, as well as other aids designed to identify a product or its
individual properties, bring to the consumer information about manufacturers, quantitative and qualitative
characteristics of goods [2; 3].

It is widely used in the juice and non-alcoholic industries, glass containers with a rim of the necks of cans
and bottles: I — rolling, 111 — threaded. Glass containers of the | closure type or SKO (rolled glass cans) have a
high sealing strength, but they are difficult to open. For it, covers are made with a rubber-like sealing ring made
of a special material — Bakelite. When rolling, the roller of the capping machine folds the edge of the lid around
the rim, while the rubber ring seals and seals the can.

Type 111 glass containers are sealed by screwing a threaded cap with a sealing paste — plastisol. This closure
is also known as the “Twist-off” closure (translated from English — “turn — open”). Precise observance of the
main (controlled) dimensions of the throat rim (diameter and height) is the primary guarantee of the tightness of
canned food during closure, sterilization and transportation [3].

Consumers prefer to buy juices and drinks in polymer and plastic containers. Such packaging is light and
convenient, therefore, large manufacturers also choose and use plastic containers, since the costs of its
production are much lower than for other materials. Sales growth has been observed in recent years small-
volume plastic bottles for on-the-go use; and multi-packaged drinks — by reducing the demand for large volume
bottles. The advantages of polymeric materials are affordable cost, ease of recycling and transportation of
recycled containers, compatibility with the production of a wide range of different products.

The first place for the producer and consumer for juices and drinks is taken by a semi-rigid combined
container. This package retains its original shape and dimensions when filled with products. It is able to
withstand minor mechanical stress during transportation and storage. Provides protection of contents from
mechanical stress, from the effects of oxygen, microflora, ultraviolet radiation. It is environmentally friendly,
allows aseptic storage of drinks, packing them in portions, various forms of this container Tetra Pack, Tetra
Brick, Tetra Prisma, Tetra Gemina and others are widely used [4; 5].

Aseptic packaging has six (“Tetra Pack”) or seven (“Combiblock™) layers, allowing you to store drinks and
juices — 9-12 months. The technology of packaging products in aseptic containers is such that vitamins are
retained in the product, heated to very high temperatures for just a few seconds, and bacteria and microorganisms
die. Tetra Pak’s main competitor is SIG Combiblock, which holds 10-12% of the aseptic packaging market. In
“Combiblock™, for example, products of the Santal, J-7 brands are packaged, but the Tetra Pak concern remains
the absolute market leader, and the principle of operation for all manufacturers remains the same — aseptic
packaging technology.

There are two technologies for forming combined packaging. The first technology, which requires a large
initial investment, is the formation of a package from a so-called roll. It is used in the formation of Tetra Brik.
The second technology used by a number of manufacturers around the world is die-cut bag forming (a kind of
“flat bag”): a method that can significantly reduce the initial investment in equipment.

The cost of packaging varies in each case and on average amounts to 10-12% of the cost of the product. The
core technology of Tetra Pak packaging machines is the Tetra Brik Aseptic packaging system. The principle of
operation of this technology: the packaging material supplied in a roll is fed to the packaging machine and
sterilized in a closed aseptic bath, then it is shaped into a tube. The process takes place in a closed compartment
of the machine, which prevents unwanted contact of the inside of the packaging material with the environment.
The use of this technique excludes any possibility of third-party contamination of the product in the package.
Packages are formed from the pipe, which are sealed below the level of the liquid being poured. This prevents
the ingress of air into the package, upon contact with which the product will deteriorate. The increase in the shelf
life of the product is ensured by its short-term temperature treatment, within a few seconds or minutes. Finally,
the product is packaged in sterilized packaging under aseptic conditions. Opening methods — perforation,
“ReCap”, “Pultab”, Straw-hole, “StreamCap” [6; 7].

The second place in the market is occupied by polymeric semi-rigid blown containers of the type
(polyethylene terephthalate), in which liquid products such as beverage juices, including carbonated ones, are
packed. It is made from various thermoplastics and is a preform from which bottles can be blown when the
blanks are heated to 100 °C of various volumes. In the next 10 years, the consumption of PET containers in the
juice drinks filling industry should be expected to grow by 140%.

PET containers are a unique type of packaging for food products due to the combination of the following
consumer properties:
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— lightness and low weight: PET containers weigh 10 times less than glass containers of the same volume;

— strength: PET has high thermal stability in the temperature range from — 40 °C to + 200 °C. In addition,
PET products have a low coefficient of friction and are impact-resistant;

— tightness: PET has a high degree of tightness to protect products from moisture (PET has a low coeffi-
cient of hygroscopicity) and exposure to carbon dioxide, thanks to PET containers, carbonated drinks retain
carbon dioxide, and the possibility of evaporation is minimized;

— chemical and biological inertness, hygiene: PET containers retain the taste and freshness of products for
a long time, are resistant to the effects of microorganisms, are inert with respect to the contents, do not interact
with them or affect them in any way, exhibit the properties of a good gas barrier, are resistant to aggressive,

— efficiency and practicality: PET containers allow more economical use of the products contained in
them due to the ability to open and hermetically close the container, the packaging is not traumatic.

At the same time, PET containers are permeable to ultraviolet radiation and oxygen, which can somewhat
reduce the shelf life of some products. Especially for products requiring increased barrier properties of
packaging, such as baby food, manufacturers use new components and technologies for PET production: the use
of multilayer technology (the number of film layers is from 2 to 5); introduction of special “barrier” additives
into PET; the deposition of “barrier” layers of another material can be internal and external. PET packaging is
100 percent recyclable [8; 9].

If the technology parameters are violated when using PET containers for packaging juices and drinks, a
problem may arise associated with vacuum deformation of the polymer packaging. The presence of vacuum
deformation in a polymer container with a product leads to its non-marketable appearance (the side surface of the
container can be retracted, the bottom of the bottle becomes convex and the container loses its stability), the
manufacturer has problems with the sale of finished products, storage and transportation. We carried out
industrial research, as a result of which the reasons for the vacuum deformation of polymer PET containers were
determined:

— use in the production of a thin-walled polymer bottle (insufficient bottle wall thickness); it is necessary
to control the thickness of the walls, the mass of the bottles, the mass of the preform from which the bottle is
made;

— inconsistency of the relief of the container body with technological conditions (the required number of
stiffeners on the surface of the bottles), the relief of the surface of the polymer bottle depends on the design of
the mold for blowing bottles in the appropriate equipment Therefore, this issue must be monitored when pur-
chasing this equipment;

— temperature difference between the product and the conditions of its packaging; it is necessary to con-
trol the difference between the temperature of the product and the temperature conditions during its filling and
use technological methods to maintain this difference in the required interval;

— absence of excessive pressure or non-critical vacuum value in a hermetically sealed bottle; To prevent
vacuum deformation, an inert gas can be supplied to the empty space of the product during sealing into the bottle
with the product and an excess pressure can be created inside the bottle, which will not allow negatively chang-
ing the shape of the container, will reduce the oxygen content, which helps to improve its consumer properties of
the product (taste, color), extending the shelf life, increasing the rigidity of the bottle, the ability to form more
overall height transport packages without fear of deformation of the lower layer of the container;

- insufficient value of the degree of filling the container with the product — monitoring the value of the
degree of filling the container with the product will prevent deformation of the package. This is the most effec-
tive factor in solving this problem [9; 10].

Soft polymer containers of Doy-Pak packaging type. This container changes shape and size when filled with
products. Depending on the production technology, the packaging can be blown, injection molded and pressed,
thermoformed and welded. For the manufacture of the package, a laminated film with a thickness of several
layers is used: the inner one, made of polyethylene, ensures the stability of the packaging and the heat sealability
of the seams, and the outer one is made of polyethylene (PET). An intermediate layer of aluminum foil is
sometimes used as a barrier, which is important when packaging juices and drinks.

This packaging has a larger surface area for advertising than cans and bottles, more such packages fit on the
shelves of retail chains. Individual design clearly distinguishes it from competitors. In the Doy-Pak bag, for the
extraction of products, the presence of a cap, zip-fastener or notches for easy opening is used, innovations — bags
with a different location of the cap, bags with a straw inside and outside.

Today, Doy-Pak packaging is produced in various shapes and configurations. They are used to pack
yoghurts, cottage cheese, milk drinks, baby food, juices, purees. Various variations of Doy-Pak bags are possible
not only due to the packaging design, but also due to special methods of processing and manufacturing of
containers. The container can withstand high temperatures of packaging, pasteurization, sterilization. Canning
methods for Doy-Pak packaging are asepsis, hot filling. A combination of two preservation methods can be used
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— heat sterilization by the “hot filling” method and the use of preservatives. In this case, the product is subjected
to heat treatment in such a way that 100% of the required sterilizing effect is not achieved. The lack of lethality
is ensured by the use of preservatives (sorbic acid), which ensures industrial sterility and more complete
preservation of the nutritional value of the finished product [11; 12].

Autoclavable bags and Ultraclean packaging are becoming more and more popular. A retort bag or
autoclavable Doy-Pack is a bag made of thermo-welded multilayer material that can withstand autoclave
sterilization temperatures. Such retort packaging is used in the manufacture of ready-made meals, sauces,
mashed potatoes, wet animal feed [13].

Conclusions. The main types of consumer packaging are considered, which are used in the production of a
wide range of canned products, including juices, juice drinks. The main advantages and disadvantages of glass,
metal, polymer and multilayer soft and semi-rigid containers are presented. Possibilities of using containers in
various cases of production and storage of canned food products that require both special storage conditions and
stored under normal standard conditions (temperature 0-25 °C, relative humidity 75%, atmospheric pressure) are
indicated.
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Abstract. Technological expertise of food production is an extremely important competence for the
production process. Technological expertise of food production has many points of contact with quality and
safety management systems. In order to regulate the quality and safety of food products at the legislation level, it
is indispensable for companies to implement quality and safety management systems that are harmonized with
international standards. To implement the legal requirements, manufacturers must adhere to good hygiene and
good manufacturing practices for the implementation of prerequisites for production, as well as the principles of
the HACCP system. in practice, manufacturers are faced many problems that require a deep understanding, a
scientific approach. One of the steps in the implementation of the HACCP system is a detailed description of the
technological scheme of production and modes of technological processes. Validation of control measures is
used to establish the correct technological regimes, because otherwise a hazard may arise, which will further
affect the quality and safety of products. The paper provides recommendations for the selection of methods for
validation of control measures of significant hazards in the production of milk and canned (fruits and
vegetables) products as a necessary element of technological expertise and quality and safety management
systems. It was provide a brief description of the such food groups as milk products and canned products (fruit
and vegetable) from the technological expertise view of point. For both of these groups hazards have been
identified in the technologies and significant hazards were detected. The validation methods of significant
hazards control measures in the production of a specific group of food products were analyzed, that can improve
deeper understanding of processes and, therefore, risk reduction in problem prevention and process
management.

Key words: technological expertise, quality and safety management systems, food products, hazards,
critical points, control measures, validation, water holding capacity, acid number of fat and peroxide number of
fat

TEXHOJIOI'TYHA EKCHEPTHU3A, CACTEMU MEHE/ZKMEHTY
AKOCTI 1 BE3ITIEYHOCTI XAPHOBOI ITPOAYKIIIL. BAJIITALIA
3AXOAIB KEPYBAHHA TEXHOJOI'TYHUX MPOLHECIB

A.L. KanycrsiH, K.T.H., foueHT, H.K. YepHo, a.T.H., npodecop, O.0. AnTiniHa, K.T.H., J0LEHT,
JI.C. I'ypaas, K.T.H., joueHT, K.I. Haymenko, K.T.H., 1ouent, O.B. MajnuHka, K.T.H., JOIEHT,
I'.O. CrenaHoBa, K.T.H., CT. BUKJI.

Opecbkoi HalioHATBHOT aKkaeMil Xap4oBHX TeXHOJIOT i

AHoTaniss. Texunonoziuna excnepmusza UpPOOHUYMBA XAPUOB0i NPOOYKYIL — HAOBANCIUBA KOMNEMEHYIs
07131 BUPOOHUUO20 NpoYecy, KA Mae 6azamo Mmoyox 0OMUKY 3 CUCHEMAMU MEHeONCMEeHmY AKOCmi ma Oe3neyHo-
cmi. [na ypezynosawHs numaHv AKOCmMi ma Oe3neyHocmi Xapuoeoi npoOyKyii HA 3aKOHO0A8YOMY Di6HI,
0008 ’513K08UM OJIsi NIONPUEMCIME € 3ANPOBAONCEHHS CUCEM MEHEeONCMEHMY, 5Ki 2APMOHI308AHO 13 MIJICHAPO O-
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HUmMu cmanoapmamu. /s peanizayii 3aKkOHO0A8UUX BUMO2, GUPOOHUKYU NOBUHHI OOMPUMYBAMUCH HOPM HAEiC-
HOI 2icieHiunol ma eupoOHUYOL NPaKmMuKu OJisi GNPOBAONCEHHS. NPOSPAM NePeOyMO8 HA SUPOOHUYMEL, A MAKOIC
npunyunie cucmemu HACCP. Ha npaxkmuyi 8upobHuKku cmuxaromoecs 3 Oeszniuuio npobiem, AKi nompebyroms
2MUOOK020 PO3YMIHHA, HAYK08020 nioxody. OOuum i3 kpokie enposadicents cucmemu HACCP e demanvruii
ONUC MEXHONIOSTUHOL cXemu 6up05Huum6a ma peofcuMie MEexXHON02IYHUX npouecis. ﬂ]l}l 6CMAHOBNIEHHS KOPEKMHUX
MEXHONIO2IYHUX PEeNHCUMIB 3aCMOCO8YIOMb 8ANI0AYII0 3aX00i8 Kepy8aHHs, adxice 8 NPOMUNEHCHOMY BUNAOKY MO-
AHCUBUM € BUHUKHEHHS HeDe3neuyHo2o YUHHUKA, Wo y I’lO()ClﬂbWOMy enaueamume Ha sAKicmb ma Oes3neuynicmo
npooykyii. ¥ pobomi naoano pexomenoayii wo0o niobopy memoois anioayii 3ax00i6 KepyB8aHHsA CYMmMeSUMU
Hebe3neuHuUMU YUHHUKAMU NPU GUPOOHUYMBI MOJLOYHOI ma KOHCep8oganol (pykmu ma 060ui) npooyKyii six
HeOOXIOHO20 elleMeHmAa MexXHON02IHHOT eKCRepmu3y ma cucmem MeHeodcMenmy saxocmi ma besneynocmi. Ha-
O0aHO KOPOMKY Xapakmepucmuxy KOJNCHOL 2pynu Xapyoeoi npooykyii; i0eHmuikoeano Hebe3neuni YUHHUKY ma
BUSGIICHO 3A2AIbHI CYMMEGI HeOe3NeuH YUHHUKU, NPOAHANI308AHO MeMOOU 6ani0ayii 3axo0ié Kepy8aHHs Cymme-
BUMU HEOE3NEeYHUMU YUHHUKAMU NPU UPOOHUYMEI KOHKPEMHOI 2pynu Xap10o80i npooyKyil.

Knro4oBi cioBa: TeXHOJIOTIYHA CKCIICPTU3a, CUCTEMU praBJ‘IiHHH SAKICTIO Ta 6e3He‘{HiCTIO, XapuoBa
TIPOAYKIisl, HeOe3MeUHi YMHHUKHN, KpUTHYIHI TOYKH, 3aX0I1 KepyBaHHS, BaJIiTaIlis.

Introduction. Problem formulation. Technological expertise of food production is an extremely im-
portant competence for the production process. In a broad sense, technological expertise of food production
investigates the issues of processing of raw materials, semi-finished products and products, technological modes
of converting them into finished products, compliance with technological standards for quantitative and
qualitative composition, raw materials and additional materials used, and the nature and sequence technological
processes, methods of their implementation, selection of the necessary equipment, devices, models, working
tools, placement of equipment within individual shops, etc. [1-2].

Technological expertise of food production has many points of contact with quality and safety
management systems, so these concepts, in our opinion, should be considered in tandem.

Professional technological expertise in food production allows to produce consistently high quality, safe
and competitive products, make informed decisions in the development of technological regimes, minimize
material costs for equipment, energy and raw material losses, production of substandard products, etc. But in
order to regulate the quality and safety of food products at the legislation level, it is indispensable for companies
to implement quality and safety management systems that are harmonized with international standards, European
legislation, the provisions of the Codex Alimentarius [3-6].

The most recognized today are the international quality management systems of the 1SO 9000 and the
safety management systems of the 1ISO 22000, BRC, IFS, FSSC 22000, Global GAP, SQF, which implement the
principles of HACCP. The structure of the requirements of international standards is an interconnected set of
rules, systematically structured processes for the purposeful prevention of risks of danger at certain stages or in
food industries. Standards have the same purposes, so their requirements are similar and have a certain level of
identity. The main differences between the standards are the modification of approaches to the implementation
of the principles of HACCP, the interpretation of basic concepts and definitions, detailing the requirements [7—
17].

In Ukraine, the basic food legislation is represented by the following standards [18-22]:

— Law of Ukraine Ne 771 “On basic principles and requirements for food safety and quality”;

—  Law of Ukraine Ne 2042 “On state control over compliance with legislation on food, feed, by-products
of animal origin, animal health and welfare”;
- Order of the Ministry of Agrarian Policy and Food of Ukraine Ne 590 “On approval of the
Requirements for the development, implementation and application of permanent procedures based on the
principles of the Food Safety Management System (HACCP)”;
- Law of Ukraine Ne 2639 “On information for consumers about food products”.
To implement the legal requirements, manufacturers must adhere to good hygiene (GHP) and good
manufacturing practices (GMP) for the implementation of prerequisites for production, as well as the principles
of the HACCP system. Today, there are a sufficient number of foreign and domestic methodical instructions,
handbooks that explain the details, features of quality management systems and food safety, recommendations
for their implementation. But in practice, manufacturers are faced many problems that require a deep
understanding, a scientific approach. One of the steps in the implementation of the HACCP system is a detailed
description of the technological scheme of production and modes of technological processes. Validation of
control measures is used to establish the correct technological regimes, because otherwise a hazard may arise,
which will further affect the quality and safety of products [3; 4].
Validation is an evidence obtaining that a control measure (or combination of control measures) will be able to
effectively manage a significant dangerous factor of food product (ISO 22000: 2018) [16; 21]. Effective

Hayxosi npayi, Tom 85, Bunyck 2 61 Scientific Works, Volume 85, Issue 2



Odecvka HAYIOHABHA AKAOEMIsl XAPHOBUX MEXHON02LH Odessa National Academy of Food Technologies

validation requires the use of a risk management approach, a full understanding of production processes and
increasing their resilience, through the introduction of new technologies. Thus, validation is a dynamic process.
From the point of view of food developers and manufacturers, validation can provide the following benefits:

- deeper understanding of processes and, therefore, risk reduction in problem prevention and process
management;

- reduction of the cost of eliminating non-compliance;

- reducing the risk of non-compliance with regulatory requirements.

The following approaches can be used to validate management measures:

- use of references to scientific or technical literature;

— for preliminary studies of the validation process or historical data on the application of the
management measure;

- reliable examples from the practice of other organizations;

- scientifically substantiated experimental data;

- data collection under certain conditions of operations in the entire food production chain;

- mathematical modeling;

- data reconciliation;

- survey research.

The purpose of the work is to systematize the methods of validation of control measures to manage
significant hazard in the production of certain groups of food products as a necessary element of technological
expertise and quality and safety management systems.

Tasks of work:

- provide a brief description of the food group;

- identify hazards in the technology of a specific group and identify significant hazards;

- analyze the methods of validation of measures to manage significant hazards in the production of a
specific group of food products.

Milk products. Milk is an unique natural product that is used directly for food, as well as a raw material for
processing. Milk products include cream, sour milk products, ice cream, canned milk, cow butter and cheese.

Since milk is the main raw material for the production of drinking milk and processed products, its quality
and safety will determine the levels of these indicators for the final product.

Milk that enters the dairy plant must meet the requirements of State Ukrainian standart DSTU 3662-2018
“Whole cow’s milk. Procurement requirements”. The standard regulates the physical, chemical and biological
characteristics related to safety: milk purity groups, content of dangerous substances (toxic elements), antibiotics
and hormones, radionuclides, etc., general bacterial contamination. The methods of delivery, packaging,
labeling, as well as the conditions and terms of storage of milk from the producer must meet the requirements of
the standard.

Before processing, milk must undergo several operations: determination of qualitative and quantitative
characteristics, cooling, purification, normalization, homogenization, pasteurization and cooling to the required
temperature.

The first principle of the HACCP system [3; 21] provides for the compilation of a list of potentially hazards,
their analysis and review of control (precautionary) measures.

At the stage of preparation of milk for further technological processing there are the following hazards:

1. physical (foreign objects, animal wool, mineral impurities);

2. chemical (presence of excessive amounts of mercury, arsenic, lead, cadmium, zinc, copper, mycotoxins,
pesticides, antibiotics and hormones, nitrates, radionuclides)

3. biological (presence of pathogenic microorganisms: Salmonella spp., S. aureus, E. coli, Campylobacter
spp., Yersinia spp., Streptococcus spp.,

L. monocytogenes, etc.) [23].

Physical and chemical dangerous factors at the stage of raw material acceptance can be fully controlled
using the current procedures of the General Principles of Food Hygiene Codex Alimentarius, Good
Manufacturing Practice (GMP) and Good Hygienic Practice (GHP) [2-4].

Control measures for physical and chemical dangerous factors are control of sources of supply:
establishment of technical conditions for raw materials and ingredients and certification of suppliers, which is a
confirmation of the absence of dangerous biological, physical and chemical factors or their permissible values in
products;

For physical hazards control it is necessary the constant technological control (eg use of magnets, metal
detectors, sieves) and environmental control, ie ensuring that good manufacturing practices are followed and that
the food product is not exposed to any physical contamination from buildings, production equipment or work
surfaces.
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For the control of chemical hazards the technological control of recipes, proper use and control of food
additives and levels of their contentare are also used. It is nassesary to follow the rules:proper isolation of non-
food chemicals during storage and handling; control of accidental contamination from chemicals (for example,
lubricants, chemicals for water and steam treatment, paints); labeling control, ie certifying that the final product
has the correct label in terms of the list of ingredients and known allergens [23].

Each batch of milk is subject to incoming control. The test is performed on organoleptic parameters,
temperature, purity group, acidity, mass fraction of fat and protein. The freshness of milk is determined by the
titrated acidity. Fresh milk has an index of 16-18 °T. The value of the titrated acidity can be used in the first
approximation to assess the sanitary and hygienic condition of the animals from which the milk was obtained.

Bacterial contamination and the presence of inhibitory substances are checked at least once every 10 days.
If the enterprise (small capacity) does not have a bacteriological laboratory, samples of raw materials are sent for
analysis to a specialized accredited laboratory.

Milk with high bacterial contamination and the presence of harmful and pathogenic microflora is not
suitable for the production of high quality dairy products, especially cheese [24.].

The most significant hazard in the production of drinking milk and dairy products is biological. Milk has
an indicator of water activity in the range of 0.99-0.95, which determines the possibility of growth of all types of
microorganisms, including pathogens [25].

Raw milk contains many groups of substances with antimicrobial activity that protect it from spoilage and
pathogenic growth of bacteria: lactoperoxidase system, lactoferrin and other proteins. The period during which
the bactericidal properties of milk (bactericidal phase) are detected depends on the time elapsed from milking to
cooling, the cooling temperature and the initial number of microorganisms. To extend the bactericidal phase up
to 24 hours, the milk should be cooled immediately after milking to 8 °C, and up to 48 hours milk should be
cooled to 0 °C. When heated to 60 °C milk loses bactericidal properties [24].

Control measures to prevent biological hazards are supplier control over compliance with the HACCP
program; proper control of cooling and storage time of milk to minimize the growth of microorganisms before
processing operations; cleaning and disinfection, which can eliminate or reduce the levels of microbiological
contamination; rules and regulations of personal and industrial hygiene that can reduce the levels of
microbiological contamination.

The control point for controlling a biohazard is the stage of pasteurization or sterilization of milk to Kill
microorganisms. At the same time the duration and temperature of processing of raw materials are controlled.

Different approaches are used to validate control measures [3,4]. For milk products, there are large arrays
of research data and practical experience on the development of microflora under different conditions. Therefore,
the validation of control measures for biological hazards will include references to regulations, scientific and
technical literature, scientifically validated experimental data and reliable examples from the practice of using
pre-cooling, pasteurization and sterilization of milk and milk products.

It is known that the efficiency of pasteurization, or the degree of destruction of microorganisms, depends
on the qualitative and quantitative composition of their raw materials. If there are many heat-resistant bacteria in
milk, the efficiency of pasteurization decreases, and with the predominance of psychrophilic races — increases.
The reason for the high content of heat-resistant lactic acid bacteria in milk is a violation of sanitary and hygienic
rules during milking and cooling on farms, as well as during transportation. The effectiveness of pasteurization
on bacteria contained in milk depends on its duration and temperature, type of pasteurizer.

In practice, the following pasteurization modes are used: short-term — heating to 72—76 °C with holding at
this temperature in the current holder for 15-20 s; long, or low-temperature — heating to 63-65 °C with holding
for 25-30 min; instantaneous — 85 °C and above without endurance. These modes of pasteurization provide a
fairly complete destruction of the vegetative forms of bacteria in milk. In the dairy industry, two types of
sterilization are used: long-term in containers at a temperature of 103-125 °C with a holding time of 15-20 min
in devices of periodic, semi-periodic and continuous action; short-term in the flow at a temperature of 135-
150 °C with a holding time of 2—4 s and aseptic bottling [24].

Tasks of processes validation of heat treatment of milk are confirmation of correctness of development of
technological regulations and the established parameters of process, confirmation of possibility of the equipment
to provide maintenance of necessary values of parameters. Execution of tasks is confirmed by laboratory
researches of quality and safety indicators which should correspond to State Ukrainian standart values, absence
of morbidity of consumers owing to consumption of dairy products, the analysis of results of checks of
Derzhspozhyvstandart and complaints from the population on this type of production.

In the further processing of milk to obtain fermented milk products, cheeses, butter, etc. to prevent
secondary contamination, measures are required to comply with sanitary and hygienic requirements and GMP
and GHP, as well as appropriate conditions for packaging and storage of finished products.
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Canned fruit and vegetable products. Vegetables, fruits, berries are an important source of vital and
essential substances: digestible (sugars, starch) and indigestible carbohydrates (pectin substances,
hemicelluloses, cellulose, which play the role of dietary fiber), vitamins, minerals, organic acids, polyphenols,
antioxidants, phytoncides. Therefore, fruits and vegetables are an integral part of the daily human diet [26-27].

The most fruits and vegetables spoil quickly due to the presence of microorganisms and enzymes. It is
possible to slow down or stop the vital activity of microorganisms and inactivate enzymes through the use of
different canning methods which makes it possible to obtain fruits and vegetables with long-term storage of their
nutritional and taste properties. Conservation methods based on the principle of suspended animation are
effective. Among them the restraining the vital activity of microorganisms under the influence of physical or
chemical factors (storage of food products at low temperatures or in a controlled gas atmosphere, adding
preservatives or an increased concentration of soluble substances), cessation of their vital activity under the
influence of high temperatures, electric current, ionizing radiation, ultrasound, adding substances with
antimicrobial action, mechanical removal of microorganisms from the product (sterilizing filtration). Depending
on the implementation methods, the methods of canning fruits and vegetables are divided into physical (heat
treatment, ionizing radiation, cooling and freezing, drying), chemical (adding sugar until its concentration in the
product reaches 60-65%, sorbic acid and sodium benzoate up to 0,1%, antibiotic substances, for example nisin),
microbiological (lactic acid and alcoholic fermentation) and a combination in various variants of the previous
canning methods. When canning fruits and vegetables, the organoleptic properties and nutritional value of the
finished product change due to the transformation of raw materials, the formation of new compounds, used food
components and additives. As a result of the use of various canning methods, a wide range of products is
produced: canned vegetables and fruits and berries (sealed in an airtight container, sterilized, pasteurized,
aseptically canned, prepared by a combination, microwave, radiation method, etc.), fermented (pickled, salted,
pickled), dried and frozen fruits and vegetables. Most canned fruits and vegetables are sterilized (at a
temperature of 110-120 °C), and pasteurized (at a temperature below 100 °C) are vegetable marinades, tomato
sauce, fruit soups, etc. Aseptic canning involves short-term heat treatment of the product and its packaging in
sterile containers under sterile conditions. This makes it possible to obtain high quality products and preserve the
natural properties of raw materials [26-27].

According to the methods of preparation and purpose, vegetable and fruit canned food is divided into
natural and pickled canned food, juices, drinks, puree, pastes, sauces, creams, condiment, semimanufactures,
canned food for baby and diet food. Vegetables are also used to produce snacks and canned food, concentrated
tomato products, and fruit and berries are used to produce compotes, syrups, extracts, fruit and berry
confectionery, jellies, cocktails, fruits and berries that are mashed or crushed with sugar.

The formation of the quality and safety of canned fruits and vegetables is influenced by such factors: type
and quality of the primary (basic) and additional materials and also supplements, their intended purpose (target
use), method of canning, production technology, type and quality of the packaging, especially one. Dangerous
chemicals, physical and biological factors in the composition of canned foods can cause (make) disease or
injury.

Practical experience and literary sources show that hazards of biological origin in the processing
(conversion) fruits and vegetables are mainly microorganisms that can be source cause food poisoning. Bacilis
subtilis and Staphilococcus can grow in fruits and Bacillus Aerobacter, Ervinia, Flavobacterium,
Achromobacter, Cellulomonas, Chromobacterium, Streptococcus, Lactobacillus, Micrococcus, Pseudomonas,
Micobacterium, Phytomonas, Sarcina, Staphilococcus, Serratia, Vibrio, Esherechia can multiply in vegetables.
Dangerous non-spore-forming bacteria Salmonella, Listeria and pathogenic strains E. coli can get to
vegetable raw materials (crude) on stage of its cultivation through water and natural fertilizers. Non-safe
microorganisms can enter the finished canned fruit and vegetable products at any stage of processing as a result
of cross contamination, and their source can be workers, equipment, and packaging materials. The spore-forming
bacterium Clostridium botulinum is especially dangerous for canning factories as it can produce a deadly toxin in
an anaerobic environment. The vegetative forms and spores of C. botulinum are widespread in the environment
(soil, water). Any materials can be contaminated by them. The spore-forming ability of C. botulinum allows it to
survive in the harsh conditions of heat and chemical treatments [28-29].

The toxin of this bacterium can be inactivated at a temperature of 100 °C. Due to inadequate personal
hygiene of the staff, products can be contaminated with viruses such as hepatitis A virus, rotavirus, parasitic
protozoa and worms If heat treatment is disturbed, molds can develop in low acid foods as Byssochlamys fulva,
Talaromyces flavus, Neosartorya fischeri etc. They are able to form spores and therefore can withstand heat
treatment. Non-observance of heat treatment or violation of the tightness of the container can spoil canned food
due to the presence of yeast. Yeast growth is accompanied by the formation of alcohol and a large amount of
carbon dioxide, which leads to ballooning.. In general, yeast and molds are not biohazardous in finished
products. The potential danger of molds and yeasts is that as a result of their vital activity they are able to utilize
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acids and thereby change the pH of the product environment. This can promote the development and
reproduction of C. botulinum. However, some types of molds can produce toxic metabolic products
(mycotoxins), which are classified as chemical hazards [26].

Chemical hazards of processed fruits and vegetables are represented by substances that can occur
naturally (mycotoxins and toxins, allergens, cyanogenic glycosides, highly toxic alkaloids), on purpose
(pesticides, nitrate fertilizers, plant growth regulators, food additives), not on purpose or by mistake (toxic
elements and their mixtures, radionuclides, dioxins and dioxin-like compounds, polycyclic aromatic
hydrocarbons, disinfectants and detergents, polychlorinated biphenyls, lubricants, glue, paint, prohibited
substances) are incorporated into the product, as well as appear in it during the production process (furfural,
hydroxymethylfurfural, nitrosamines). They can cause disease or damage due to immediate or long-term effects.
Specially added chemicals do not pose a hazard if used in the recommended safe doses. Substances that enter the
product accidentally do not pose a significant threat to human health, since their control at factories is carried out
according to the supplier’s guarantees for each batch of raw materials (their content must not exceed permissible
levels), the use of permitted packaging materials and industrial chemicals. The formation of substances with
carcinogenic properties in products (furfural, hydroxymethylfurfural and N-nitrosamines) is prevented by the
modes of heat treatment and duration of storage. Patulin is the most widespread mold mycotoxin in fruit and
vegetable raw materials but aflatoxin B1 can be found in canned cereals. Special attention is paid to the control
of especially dangerous patulin. Its main producers are rot pathogens of the genus Penicillium, Aspergillus and
Byssochlamys. P. expansum is the most important producer of patulin. Rotten, moldy, bruised or damaged apples
are most often contaminated with patulin. It is found in high concentrations in fruit and vegetable juices
(especially apple juice), compotes, purees and jams. P. expansum toxin causes poisoning, often fatal [29].

Hazardous factors of physical origin in canned food include any potentially dangerous foreign objects and
materials that are naturally not in food, for example, glass, metal, wood fragments, small pebbles. Accidental
consumption causes physical injury (cuts, bleeding, broken teeth) or suffocation [26-27].

Due to the control of agricultural technologies, traceability, implementation and effective functioning of
the program, prerequisites, most hazards are not a threat to human health. Vegetative and protozoan pathogenic
microorganisms (for example, E. coli, Salmonella, C. botulinum, Cryptosporidium parvum), mycotoxins
(patulin), metal and glass fragments should be considered as significant hazards in the production of fruits and
vegetables.

The plant raw material supplied for processing is microbiologically seeded. Pathogenic microorganisms
have specific needs for life and growth. In the absence of the elements necessary for their life, moisture,
temperature, air oxygen or its absence, they stop growing and reproduce, and in some cases they die off.

The most common causes of microbiological spoilage are canned food that has not undergone proper heat
treatment at certain pH values of the product. The characteristic signs of the bombing caused by the bacteria C.
botulinum are the formation of large amounts of gases in canned food. In this case, the tightness of the cans may
be disturbed, the appearance of the product may change, and turbidity may appear. C. Botulinum toxins are
destroyed by boiling for more than 10 minutes. The pH of the environment plays an important role in the life of
C. botulinum. Its spores do not germinate or develop in foods with a pH of less than 4.8 (the Codex Alimentarius
has chosen pH 4.6 as the boundary between acidic and low acid foods). The use of moderate temperatures
ensures the destruction of all non-spore-forming bacteria or all vegetative cells in low-acid and acidic foods. In
the production of low-acid canned food, it is necessary to apply high-temperature heating above 100 °C under
pressure to destroy C. botulinum spores or spores of other spore-forming microorganisms. C. botulinum spores
are not hazardous in acidic cans. Since only vegetative cells need to be destroyed in acidic foods, boiling or hot
pouring is used for this. Controlling the content of microorganisms in processed fruits and vegetables is possible
by the indicator of water activity (a,), this water is available to microorganisms vital activity. A common method
for determining this indicator is the use of electronic hydrometers with a touch sensor. Most food products have
ay> 0.95. Most bacteria, yeasts and molds grow in these conditions. C. botulinum spores are suppressed at
ay <0.93, while a,, = 0.85 provides a wider safety margin. For example, the indicator a, can be reduced by
adding water-binding dry substances such as sugars (mass fraction 60-65%) or salt (mass fraction 7-10). The
growth of some C. botulinum strains is inhibited at a salt concentration of 10% (equivalent to a,, ~ 0.93), and at a
salt content of 7%, their growth is possible, but there is no data on the creation of toxins by them. The recipe
must be developed in advance and very precisely followed during the production process of the product to ensure
that the required a,, is achieved. a,, = 0.93 with the simultaneous application of pasteurization, when vegetative
cells are destroyed, provide industrial C. botulinum sterility. The critical moment of control is the insertion of
ingredients and the achievement of the required temperature in the thickness of the final product. Such products
include syrups, jams and preserves, fruit and berry toppings, and so on. If the latter option is used to control
industrial sterility, then it is necessary to record the received data and keep records. They will prove that this
regime does indeed achieve industrial sterility. Determination of microbiological safety indicators by classical
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methods is a long process. An alternative to them can be convenient to use ready-made commercial test systems
for the rapid determination of microorganisms (petrifilms with various chromogenic substrates for the
determination of E. coli, S. aureus, molds and yeasts and a luminometer, whose operation is based on the
principle of bioluminescence) [26].

Patulin control in plant raw materials (mainly apples) at the acceptance stage is carried out according to
the supplier’s guarantees for each batch (only apples harvested from trees are accepted). Patulin levels can
increase during storage. Therefore, after the stage of storage of raw materials, it is necessary to reject damaged
and battered apples or cut off rotten and moldy apples. The mass fraction of patulin is determined in the finished
products of processing fruits and vegetables (mainly in juice products). The optimum temperature for patulin
formation is in the range of 21-30 °C. The toxin is heat resistant and can be stored during technological
processing. Patulin is quite stable in an acidic environment at pH = 3.5-5.5 even at elevated temperatures and
labile in an alkaline environment. During industrial processing of vegetable raw materials, for example, apples,
by vacuum concentration and short-term pasteurization (90 °C for 10 minutes), the concentration of patulin in
the juice is reduced by only 18.4-18.8%. Its level decreases slightly during the storage of packed juice. The
Codex Alimentarius Commission has approved apple products containing patulin residues up to 50 ug/kg.
Various types of chromatography are used to detect, identify and quantify mycotoxin patulin: one- and two-
dimensional thin layer chromatography for serial studies; high performance liquid chromatography with UV
photometric and fluorimetric detection for serial and arbitration analyzes. Currently, the main means of
monitoring this mycotoxin is liquid chromatography with mass spectroscopy. However, the future in the field of
analysis of patulin, as well as mycotoxins in general, lies in more accurate and specific immunochemical
methods, which are based on antigen-antibody interaction. Aflatoxin is determined by immunosensory analysis
thanks to optical immune biosensors, which also make it possible to determine other low molecular weight
compounds (heavy metals, pesticides, some toxins) [29].

Physical hazards and their source are easy to identify. For this, the product is passed through metal
detectors to detect metal particles (metal debris can get into the product at the stage of grinding the raw materials
and in case of damage to the filter), through X-ray equipment or another defect detection system to identify
fragments of glass containers. A visual inspection of the equipment for broken or missing metal parts is also
used. The production line is inspected for broken glass if the container is mechanically processed. Before
packaging the product, the container is inspected to detect broken glass if the container is handled manually. The
liquid product, which contains physical hazards, is directed to pass through filtering devices or is separated,
passed through magnetic traps [26-27].

Conclusions:

1. It was provide a brief description of the such food groups as milk products and canned products (fruit
and vegetable) from the technological expertise view of point.

2. For both of these groups hazards have been identified in the technologies and significant hazards were
detected.

3. The validation methods of significant hazards control measures in the production of a specific group of
food products were analyzed, that can improve deeper understanding of processes and, therefore, risk reduction
in problem prevention and process management.
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Anomayia. Cyuacni memnu Hapowysanus o0ca2ié GUPOOHUYMBA MA POSUUPEHHA ACOPMUMEHTY MPaou-
YIUHUX Xapyuosux npoOyKmie iuuie 4acmKoso supiuiyroms npooiemy oe@iyumy no8HOYIHHUX OLIKI8, NONIHeHaC U-
YEHUX JHCUPHUX KUCIOM, BIMAMIHIE MA MIHEPATbHUX PEeYosUH, NPOme He 8 3MO03i 3abe3neyumu 30a1aHCO8AHICMb
Ppayiony 3a OCHOBHUMU NONCUBHUMU PEYOBUHAMU.

Ananiz menoenyiti po3gumKy C8imMo6020 pUHKY C8i04ums npo wopiutHe 3pOCMAants ACOPMUMENTY MPaou-
YIIHUX Xapuosux npooykmis Ha pieni 2...3 %, a npodykmie 0is1 300p0o6oco xapuyeanns va 40...50 %. IIpome, y
YbOMY HANPIMKY GIMYUSHAHA 2ay3b cymmeeo eiocmac 610 Anownii, 3axionoi €eponu, CILLA, de 80...90 % nace-
JleHHA 3a0e3neyeno npooyKmamu 05l A0eK8amHo20 Xapyysants, mooi Ax 6 Ykpaiui ix uacmxa 3Hauno mMeHua.

Bpaxosyiouu euwesasnauene, Habysae akmyanbHOCmMi CMEOPEHH GIMAMIHI308AHUX KYNAJICIE POCIUHHUX
oNitl ma OLIKOBO-JICUPOBUX eMYIbCIll HA IX OCHOBI, 3 MEMOI0 YACMKOBOI 3aMIHU MEAPUHHUX JHCUPIE HA OLIKO6O-
arcuposi emyavcii (BIKE) y peyenmypax m'sachux nawmemie. Lle 003601ume ckopucysamu payioHu Xapuy8aHHs
He3aMIHHUMU HYmpIEHmMamu, 00caemu HeoOXIOH020 Cnig8IOHOUIeHHS W-0. -3 HCUPHUX KUCIOM, GIMAMIHIG: [3-
KapomuHny ma moxogepony i po3auupumu acopmumenm Mm'sCHUxX 6upooie 30aiaHco8ano20 cKaaoy.

Y cmammi poszenanyma pospobka peyenmyp m ACHUX nAWmMemis 3 UKOPUCIAHHAM DIIKOBO-JICUPOBUX eM)-
asciti (BIKE) na ocnosi simaminizosanux Kynascosanux pociunnux onaitt (BKPO). Hocniosceno skicHi nokasHu-
KU: Op2aHONenMU4Hi, CIPYKMYPHO-MeXaAHIYHI ma QYHKYIOHAbHO-MEXHONO2IYHI HOBUX peyenmyp M SACHUX nd-
wmemis 3 Memoio 30azauenHs 6i0N02i4HO akMueHUMU KomMnonenmamu. Ilokpaweno Koncucmenyito, po3poo.ero
10 nosux peyenmyp m’scHUX nawmemis.

KoarouoBi ciioBa: M’siCHI maiteTy, TEXHOJIOTIs, KOHCUCTEHIIis, BITAMIHI30BaHi KyIa)KOBaHi POCIMHHI OJii
(BKPO), 6inkoBo-xupoBi emysbcii (BXKE), cTpykTypHO-MeXaHiuHi, eMyJIbIylo4a 3JaTHICTh, SKiCHI TOKa3HUKH.

STUDY OF QUALITY INDICATORS OF MEAT PATE BALANCED
BY FAT AND ACID AND VITAMIN COMPOSITION

“Ye Kotlyar, PhD, Associate Professor, °0. Topchiy, PhD, Associate Professor,
0. Chabanova, PhD, Associate Professor, °I. Levchuk, Doctor of Technical Sciences, Senior Researcher,
A. Palamarchuk, Ph.D, Associate Professor
'Odessa National Academy of Food Technologies
“National University of Food Technologies
*SE UKRMETRTESTSTANDART

Abstract. Modern rates of increasing production volumes and expanding the range of traditional food prod-
ucts partially solve the problem of deficiency of complete proteins, polyunsaturated fatty acids, vitamins and
minerals, but they are not able to ensure a balance of the diet in terms of basic nutrients.

Analysis of trends in the development of the world market indicates an annual growth of the range of tradi-
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tional food products at the level of 2-3%, and products for healthy eating by 40-50%. However, in this direction,
the domestic industry lags significantly behind Japan, Western Europe, the USA, where 80 ... 90% of the popula-
tion is provided with food for adequate nutrition, while in Ukraine their share is much smaller.

Considering the above, the creation of fortified blends of vegetable oils and protein-fat emulsions based on
them, with the aim of partially replacing animal fats with protein-fat emulsions (BFA) in recipes for meat pates,
becomes relevant. This will make it possible to adjust the diet with essential nutrients, to achieve the required
ratio of w-6: w-3 fatty acids, vitamins: [-carotene and tocopherol, and to expand the range of meat products
with a balanced composition.

The article discusses the development of recipes for meat pates using protein-fat emulsions (BFA) based on
fortified blended vegetable oils (SKRO). Qualitative indicators were investigated: organoleptic, structural-
mechanical and functional-technological new recipes of meat pates with the aim of enrichment with biologically
active components. Improved consistency, developed 10 new recipes for meat pates.

Key words: meat pates, technology, consistency, fortified blended vegetable oils (VKRO), protein-fat emul-
sions (BZhE), structural and mechanical, emulsifying ability, quality characteristics.

AxTyanpHa mpoOiieMa ChOTOJCHHS — ITJBUINEHHS XapuoBOi Ta 0i0JOTiYHOI IIIHHOCTEH MPOAYKTIB Xapdy-
BaHH:. Oco0nrBa yBara Mpu MbOMY IPUIUIAETECA M SICHIH IpoAYyKIii. Tak, HAIPHUKIIAA, TEXHOJIOT1s BUPOOHHIIT-
Ba M SICHUX MAIITETiB Iependadae BUKOPUCTAHHS PI3HOMAaHITHHAX 32 CBOIMH BIIACTHBOCTSMH BHIIIB CHPOBHHHU
TBApPUHHOTO 1 POCIMHHOTO MOXO/KEHHS, III0 BU3HAYA€ 3aCTOCOBYBAaHHS Pi3HUX cHoco0iB 00pooku. KombiHyto-
YW BapiHHS, OJAHITYBaHHS, TTacepyBaHHs, 00CMaKyBaHHs, TOMOTEHI3aIliI0 Ta iHIIII BHIU TEPMIYHOTO 1 MeXaHid-
HOTO BIUIHMBIB, OTPUMYIOTh HIXKHUII POJYKT, IO BiPI3HAETHCS IPUEMHUM CMaKOM, 3aMaxoM i Kosibopowm [1-4].

VY cy4acHOMY BHpOOHHIITBI 3HAYHOTO MOLIMPEHHs HAOYJM J1Ba HANPSIMKWA BUPOOHHIITBA MALITETIB HAa M'sC-
Hiit ocHOBI. [lepmmii — BUPOOHUIITBO TOHKONOAPIOHEHUX MAIITETIB 3 CBUHMHY, SUIOBUYMHHM, NTHII, CyOIPOAYK-
TIB 3 JI0OJlaBaHHAM COJi 1 npsiHOMIIB. [Ipyruii — cTBOpEeHHs 0araTOKOMIOHEHTHHMX MAlITETiB Ha M'SICHIl OCHOBI 3
JIOZIaBaHHSIM OBOYIB, KPYII, 3€JIeH] Ta ()YHKI[IOHAJIBHUX 30aradyBaibHUX KOMIIOHEHTIB.

Ha croromHi ToJIOBHOIO iHHOBAIi€I0 BUPOOHUKIB € CTBOPEHHS MPOAYKTIB 30aJJaHCOBAHOTO CKIATy IS asie-
KBaTHOTO XapuyBaHHA. CyJacHHUI CIOXKMBa4 MO3UTHBHO pearye Ha 3HIKECHUH BMICT JKHPY B MPOIYKTaX, KOPOT-
KAU TepMiH iX 30epiranHs, 30aradeHHs pPi3sHUMH HATYpaJbHUMHU Xap4OBUMH IT00aBKaMU, IPO- Ta MPeOioTHKaMHU
tomo. Taki MPOIYKTH CTBOPIOIOTHCS HAa OCHOBI METUKO-OIOJOTiYHMX BHUMOT IO iX Xap4oBoi, O10JOTiYHOI Ta
eHepreTudHoi MiHHOCTI. KiTbKiCTh TaKWX MPOAYKTIB Ha CBITOBOMY PHHKY 3pOCTa€ 3 KOXXHHM POKOM i, 3a TPO-
THO3aMH CIIeLiallicTiB, y HallbmkaoMy MaitoyTHROMY BoHH Ha 30...50 % 3amiHATE Tpaauuiiiai Bupoou [1].

Cy4acHi IPUHLMIN CTBOPEHHSI BUCOKOSKICHUX XapyOBUX MPOJYKTIB 3aCHOBaHi Ha BUOOpPI Ta 00IpyHTYBaH-
Hi IIEBHUX BUJIIB CHPOBUHHM y TaKUX CIIBBIIHOIIEHHSX, sIKi 0 3a0e3neyyBaiy NpOrHO30BaHy SIKICTb, CIIOKUBHI 1
(yHKI[IOHATbHI BIACTHBOCTI Ta MaKCHMallbHy 30aJlaHCOBAaHICTh XapUOBHUX KOMIIOHEHTIB 32 XIMIYHHM CKJIaJ0M
TOTOBOT MPOTYKIIii.

[paBusbHe 310pOBE, 30aTaHCOBAHE Ta PaI[iOHAILHE XapUuyBaHHS MICTHTh BCI HEOOXIIHI BiTaMiHH, TOXKHBHI
PEUYOBUHH, OLJIKH, )KUPH 1 BYTJICBOJIM TAKOXK 3MIIHIOE OPraHi3M 1 MiJBHIIY€E IMyHITET, a I1e 03HAyaE, 110 1 NOKpa-
LIy€ 37J0pOB's.

Pexomennamii mequaaux ycranoB i BOO3 cBiguath, mo 15...30 % 3aranxpHOI eHeprii opraHi3M JIIOJUHH
TIOBUHEH OTPUMYBATH BiJl CIIOKMBAaHHS II€THYHHUX XHPiB, B ToMy uucii MeHme 10 % Bin cnoxuBanas HXKK,
6...10 % — Big [THXK (06 — 5...8 %, ®3 — 1...2 %), 10...15 % Big MHXK i menme 1 % Bix COXHUBaHHS
TpaHC-130MepiB YKUPHHUX KUCIOT. PekoMeHIOBaHUI BepxHiil piBeHb XoiecTepony B ki ckmamgae 300 mr/mo0y.
Bueni noBeny, 1o 15 310POB’S JIIOJMHM HOPMAJIBHUM € PEryJisipHe BXXMBaHHS MPOIYKTIB, SIKI MICTSTh JJOBIO-
nanirorosi [THXK, 30kpema eiiko3arneHTacHOBY 4YM JOKO3areKCa€HOBY JKUpHI kuciotu [5-7]. Hamzeuuaiino
B)XJIMBUM € CITIBBIJJHOILICHHS MIXK )KUPHHUMH KUCJIOTaMHU. X04a iICHYE JlyMKa, [0 YAM MEHIIE XXHPY B AI€Ti, TUM
Kpallle, aje CJIiji HaM’siTaTH, 10 JAesKi XXUPHI KUCIIOTH € €CCEHI[IaIbHUMH B Xap4OBHX MTPOJYKTaX.

3aja4yero AOCIIIHUKIB € JTOCSATHEHHS BiJINOBIAHOI KIIBKOCTI JIIMIAIB 1 HEOOXIMHOTO MPOQIII0 KUPHUX KHC-
JIOT JUIS ONTUMI3allii KOMITO3MLIT 3 TOYKH 30pY (YHKI[IOHAJIBHUX BJIACTUBOCTEH M’SICHUX MPOAYKTiB. J{J1s 11boro
BUKOPHCTOBYIOTh YAaCTKOBY 3aMiHY )KHMPOBMICHOI CHPOBHHH POCIMHHHMU OJIiSIMH, 110 HE MICTATH XOJIECTEPOIY,
30KpeMa — OJIMBKOBOIO, KYKYPY/A3SHOIO, COEBOIO, COHSIIHUKOBOIO, PHXKIEBOIO, JUIHOIO, TOPiXOBOIO, Tap0y30BOI0
tomro [8-10].

3MmiHa JiiniHoT pakmii BiiOyBa€eThCs MIISIXOM 3aMillIeHHs] TBAPUHHMX XXHUPIB IHIIMMH KUpaMH (B OCHOBHO-
MY POCIMHHHUMH OJIiSIMU 1 JIiIIiAaMH, OTPUMAaHUMH IIPU NepepoO1Lli MIPOITYKTIB MOPSI) 3 METOIO JIOCATHEHHS OITH-
MaJIbHOTO criBBigHOmEeHHS ®3:w6 1 [THXK:HXK.

CTBOpeHHs 30aJIaHCOBAHUX PELENTYP M SICHUX MPOJYKTIB MiJBUILIEHOT Xap4oBOi I[IHHOCTI 3 MOJIMIIEHHM
’KUPHOKHCIIOTHUM CKJIQJIOM 1 30aradeHux »XMPOPO3UMHHUMH BiTaMiHAMH MOXKHA PO3IJISJATH SK BAXJIMBUIL Ha-
OpsSMOK B CYYaCHOMY XapuyBaHHI, 10 BH3Ha4a€ TEHACHI[IO PpO3BUTKY pAAY CYMDKHHX Trany3ei
M’ siconepepoOHoi npomucioBocTi. CydacHe BUPOOHHUIITBO MPOIYKTIB Xap4uyBaHHs MEepeHIio Ha HOBHUH 11a0eb
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PO3BUTKY, KOJH IIPOIOBOJIbYA NIPOTpamMa IMOBUHHA BUPIIIyBaTH NPOOIEeMy 3aJI0BOJICHHS HE TLIBKK NOTpeO Hace-
JICHHSI B OKPEMHX Xap4OBHMX HPOJYKTax, a i 3a0e3medyBaru iX 30aJaHCOBAHICTb 33 OCHOBHUMH HYTpi€HTaMH
[11].

ToMy, OTHIM 3 TIEPCIIEKTUBHUX HANIPSIMKIB JTOCIIIKEHb € yIOCKOHAJIICHHS TEXHOJOTIH 1 po3poOKa penenTyp
M’SICHUX TAINTETIB 3 J0JaBaHHIM KyNa)KOBAaHHX POCIWHHHX OJiH, 30aradeHuX >KHPOPOYMHHAMH BiTaMiHAMH
a6o BXE, cTBopeHNX Ha OCHOBI BiTaMiHi30BaHMX KyHNa)KOBAHWX POCIMHHHX OJii i OiNKiB, 3 METOIO MTOKpAIICH-
Hs 30a1aHCOBAHOCTI KUPHOKHUCIOTHOTO TA BITAMIHHOTO CKJIAiB, IKICHUX XapaKTEPHCTHK TOTOBOI MPOIYKIIi Ta
I IBUIIIEHHS 3aCBOIOBAHOCTI, a TAKOX PO3IIMPEHHS acopTuMenTy [12-17].

Mertoro pobotu Oyna po3poOKa TEXHOJIOTI] M’SICHUX MAlITETiB 30aJJaHCOBAHOTO CKJIAAy 3 BUKOPHCTaHHSIM
BiTaMiHI30BaHMX KynaxoBaHuX pociuHHUX oiiii 1 BXXE Ha iX OCHOBi; BUBUEHHS IMOKAa3HUKIB SKOCTI Ta OE3MeKH
PO3POOICHUX peLenTyp M’SICHHX MaIlTeTiB, 30aJaHCOBAaHMX 3a YKUPHOKHCIOTHUM Ta BITAMIHHUM CKJIaZoM i
JIOCIIZPKEHHS 1X BIUIMBY Ha OCHOBHI (DYHKIIT OpraHi3My; JTOCITIPKEHHS X CTPYKTYpHO-MEXaHIYHUX XapaKTepuc-
THK.

[Ipu po3poO1i penentyp M’SCHHUX MAIITETIB KEPYBAIMCH HAasIBHICTIO M SICHOI CUPOBHHHOI 0a3u, JOCTYIHIiC-
TIO 1 EKOHOMIUHOIO HOminbHICTIO BuKOprcTaHHS B)KE Ha OCHOBI BiTaMiHI30BaHHX KYyNa)KOBAaHUX POCIMHHUX
OJIiH.

B mporneci pobotu Hamu Oys10 CTBOPEHO BiCiM PEeLENTyp MAIITETIB 3 M sica NTHII 13 BUKOPHCTAHHIM PO3PO-
6nennx BXXE, mo Bxomwmmy 10 cKiIany penenTypu B KinbkocTi 15...20 % Ta nBi peuenTypu 3 BiTaMiHI30BaHIMH
KyNa)KOBaHUMH POCITMHHUMH OJIISIMH JBOKOMIIOHEHTHOTO Ta TPHUKOMIIOHEHTHOTO CKJaxiB y KiimbkocTi 10 %.
Konrponem Oynu 3pa3ku namreris, BurotosineHi 3rigao JCTY 4432:2005, ski mictmm 10 % cBHHAYOrO mINu-
Ky.

B sikocTi OCHOBHOI CHPOBHMHH y peleNTypax MaiTeTiB MU BUKOPUCTOBYBAIN Kypsde Ta iHAnYe M'sico (11o-
nepeHbo OJIaHIIOBaHE), IEUiHKY Kypsuy (IonepenHbo OnaHIIoBaHy), s Kypsyi. lana cupoBuHa 3a0e3nedye
MIETUYIHICTh TPOAYKTY, 30aJaHCOBYE BHUPOOM 3a aMIHOKHCJIOTHHAM CKJIaJoM. TakoX B pEHEeNnTypy MOCHiTHUX
3pa3KiB BXOJWIIM Taki iHIPEAi€HTH, IK MOpPKBa MacepoBaHa, IIMOYJIs acepoBaHa, MaHKa, XJIi0 mueHunYHui (1mo-
MIepeHBO TinpaToBaHuil). BHECEHHS po3po0IeHIX BiTaMiHI30BaHMX KyNa)koBaHUX pociuHHEX oiiii Ta BXKE Ha
X OCHOBI JI03BOJISIE 30aNaHCYBaTH MPOAYKT 32 JKUPHOKUCIOTHAM Ta BiTaMiHHHM CKJIa/IOM.

[Ins1x0M CHCTEMHOTO IAX0AY YAOCKOHAJIEHO BUPOOHHUITBO M'SICHUX IAIITETIB 30JIaHCOBAHOTO CKIAAy Ta
JTOCTIKCHO MOIIMBICTh 3aMiHU TBapuHHEX kHpiB Ha cTBopeHi BKPO a6o BXXE Ha ix ocHOBi. 3anmpomoHoBaHi
peUenTypH MAIITETiB BKIOYAIOTh M SICO IITHUII, NeYiHKy, po3pobmeHi BKPO n1BOKOMIIOHEHTHOTO Ta TPUKOMIIO-
HEHTHOTO cKkiaaiB B KinekocTi 10 % abo BXE B kimpkocri 15...20 % Ta iHImI iHTpei€HTH 3TiTHO pEUenTyp, SKi
HaBeJieHO B Tabuuii 1. BHeceHHs po3po0iieHnX BiTaMiHI30BaHMX KynaxxoBaHuX pocnuHHuX oniid Ta BXXE Ha ix
OCHOBI J103BOJIsIE 30aJIaHCYBATH TPOAYKT 32 )KUPHOKUCIOTHUM Ta BiTaMiHHUM ckiiajioM. KoHTponeM Oynu 3pas-
ku, BurotorsieHi 3rigHo JJCTY 4432:2005, sixi mictiim 10 % CBUHSYOTO IIMHKY.

Tadauus 1 - Penentypu m'scHux namreris 3 BukopucranusiM BKPO ta BKE Ha iX ocHoBI

KonTponb Bapianr perentypu
Crposiiia 5’232;%3'5 Nel|Ne2 | N3 |Ned| NeS5 |Ne6| Ne7 | Ne8 |NeO| Ne10
KinpkicTh 0cHOBHOI cupoBUHH, % Ha 100 kr
KypsiTuHa OiiannioBana 35 36 | 38 | 40 | 41 | 35
Iaanye M’sico OMaHIIOBaHE 36 38 40 | 41 35
[Neuinka Kypsida OnaHioBaHa 13
CBUHHUHN LUK 10 - - - - - - - - - -
BKPO - - - - - 10 - - - - 10
BXXE Ne 1 abo Ne 2 - 20 | 18 16 15 - 20 18 16 | 15 -
Xi6 10 3 3 3 3 5 3 3 3 3 5
Slitus kypsiai 4
Mopkaa 5
Hubyns 5
Marixa 4 [ -]-1-[T-1T4]-]-1-[]T-1]4
Bona mns rigp. 14
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Taoauns 1 - Penentypu m'acanx namreris 3 BukopuctanusaM BKPO Ta BXKE Ha ix ocHoBi

Kontpois Bapianr penenrtypu

CupoBuna 3a ACTY
4432:2005 Nol|Ne2 | Ne3 [ Ned | Ne5 [ Ne6| Noe7 [ Ne8 [NeO| Ne 10

KinbkicTs 1onoMikHOi cupoBUHH, KT Ha 100 KT OCHOBHOT CHPOBUHHU

Cinb 1,4
[epeup 0,1 ‘ 0,05
Yacunk 0,1

Cymiur crierii - ‘ 0,1

PesynbraT opraHoieNTHYHOI OIHKK MAIITETiB M'ACHUX 3aredeHnx 3 BukopuctanasMm BXKE HaBeneni na
puc. 1.

3oBHIIIMIA BUIVIAN
5

3anax Burisix Ha po3pisi

KoHcucreHuis

Kouaip
=& KoHTpOIb 3pazok Nel ==®= 3pazok Ne6

—®—3pa3ok Ne5 °*"° 3pazok Nel0

Puc. 1 — Opra”oJjienTH4YHA OLMIiHKA MAIITETIB M'sICHUX 3ane4yeHux 3 Bukopuctanusam B/)KE

B pe3ynbTaTi npoBeieHOT OpraHoIeNnTHYHOT OI[IHKKA M'SICHAX 3alleYeHUX IMaIITeTiB BCTAHOBJICHO, 1[0 Yac-
TKOBa 3aMiHa TBAPMHHHX KUPIB OLIIKOBO-)KUPOBOIO EMYJIbCI€I0 a00 BiTaMiHI30BAHUMH KYNa)KOBAHUMH POCIIHH-
HUMH OJIISIMU B IIIJIOMY HE 3HIKY€E OPTAaHOJICNTUYHHUX MOKa3HUKIB PO3POOIEHUX HPOIYKTIB, a y JISSIKMX BHUIIA -
Kax BOHM HaBiTh BHWILI, HDK Y KOHTPOJbHOMY 3pa3Ky. Tak y KOHTPOJIBHOMY 3pa3Ky KOHCHCTEHIIS INiTbHA Ta
kpynuHuacta, namtetd 3 BXKE mMaroTe omHOpiAHY MpHEMHY TpPYKHY Ma3enoiOHy CTPYKTypy, 3 BiTaMmiHi30Ba-
HOIO KYyIa)KOBaHOKO POCIHHHOKO OJIi€F0 KOHCUCTEHIIIS M sKa 1 Me30moIi0Ha.

OTxe, MOXKHA 3pOOUTH BUCHOBOK, 110 nofaBanus 15...20 % BXE a6o 10 % BitamiHI30BaHHX KyIakoBa-
HHUX POCIMHHHX OJNiH JJO M’SICHUX MalITeTiB MO3UTHBHO BIUIMBA€ HA OPTraHOJICNITUYHI OKA3HUKH IOTOBOTO IPO-
JYKTY.

JlocmimKeHO 3MiHM CTPYKTYPHO-MEXaHIYHUX BJIIACTHBOCTEH MAIITETIB MSICHUX 3aleYeHUX MPH 3aMiHi B
Hux mnuky Ha BXKE a0o BiTamiHi30BaHI Kyna)xoBaHi pPOCIHHHI OJIil.

[Tpu po3po0IIeHHI 0310POBYMX NPOJYKTIB OCOONMBY yBary NMpUAULIIOTH HE TUIBKH PEryJIIOBaHHIO OioJio-
riYHOT IIIHHOCTI, aje i (opMyBaHHIO HEOOXIIHMX CTPYKTYPHO-MEXaHIYHHUX BJIACTUBOCTEH CKIJIQJIHUX 0OaraTtoko-
MIIOHEHTHUX JWCIIEPCHUX CHUCTEM, CTPYKTYpPH I KOHCHCTEHIIi], SIKi MAlOTh BiAMOBIAATH CTAJIMM CMaKaM CIIOXH-
BaviB.

3 MeTo0 BUSIBJICHHS BIUIMBY TEMIIEpaTypH Ha CTPYKTYpPHO-MEXaHIYHI BIACTHBOCTI M’SICHHX IIAINTETiB
Oy BimiOpano 4 nocmigHi peuentypu, a came: Ne 1, Ne 5, Ne 6, Ne 10.

[Tpwu 3amini TBapuHHOTO *Mpy Ha B)XKE abo BiramiHi3oBaHI Kyna)koBaHI POCIHMHHI OJIii, 32 PaxyHOK Bij-
MIHHOCTI TYCTHH Ta KOHCHCTEHIII1 KOMIIOHCHTIB 3MIHFOETHCS i KOHCUCTEHIIIS Ta MIUTBHOCTI TOTOBOTO IPOIYKTY.
3 MeTOr0 BU3HAYEHHS Pi3HMIII MK CTBOPEHUMH HAIITETHUMH MacaMi Ta KOHTPOJIEM MU BH3HAYIIIN AWHAMIUHY
B’SI3KIiCTh Ta TPaHUYHE HANPYXXEHHS 3CYBY KOHTPOJBHOTO 3pa3Ky Ta 3pa3kis, ski Mictium BXXE (Ne 1, Ne 6), abo
BiTaMiHi30BaHi KynaxoBaHi pociauHHi oiil (Ne 5, Ne 10). Pesynbratu nocnipkeHb HaBezeHi Ha puc. 2 - 5.
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Puc. 2. CTpyKTYpHO-MeXaHiYHi B1aCTHBOCTI
namretiB 3 BXKE Ne 1:

1-® Kontpons, 2- # 3pasok Nel

20000

15000 ¥ = 23105604

7

10000

Eogexrunnua
p'aaricTs,nlla-c!

=81,793¢-1621 x+ 82523

3 54 9 162 27 486 Bl 1458 243 4374 719 1310
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Puc. 3. CTpykTypHO-MeXaHi4YHi BJACTUBOCTI
namreriB 3 B7KE Ne 6:

y= 2133803

e rraana

F

U1 y= 108,78+2- 1894,6x + 8920,

B'saricTs, mllace!

30054 9 162 27 486 BL 1458 243 4374 729
Tpanmane nanpyxenns scysy, la
Puc. 4. CTpykTypHO-MeXaHi4Hi BJIaCTHUBOCTI

NalmTeTiB 3 BiTaMiHI30BAaHMMH KyNasKOBaHUMU
POCIMHHUMH 0JiAMHU Ne 5:

1-® Komtpone, 2-* 3pazox Ned

15000
16000
14000
12000
10000
8000
6000
4000
2000

y= 23105038

dexTHRHA

<

T
B'arKic T, mllac!

y=88,661xF-1730, 2+ 86273

354 00 162 77 486 81 1458 M3 4374 T 112
Tpamrane Hampy:enns scyey, IMa

Puc. 5. CTpykrypHO-MexaHiYHi BJACTUBOCTI
NALITETIB 3 BITAMIHI30BAHMMM KyNa:KOBAHUMHU

pocauMHHMMM oJiisimu Ne 10:

1-# Konrpons. 2-® 3paok Neb 1- ® Korpons, 2- * 3pazex Nel(

Sk BumHO 3 pHc. 2 - 5, mamTeTHUH (apmr KOHTPOJIBHOTO 3pa3Ky Mae€ BHILI IMOKa3HHKH CTPYKTYPHO-
MeXaHiYHIX BIacTHBOCTEH (B’s3KicTh — 15800 MITa-c™ Ta rpaHmune HampyxenHs 3cyBy — 1312 I1a) y mopis-
HSHI i3 3pa3KaMHu, ¢ BUKOPHUCTOBYBAJM BiTaMiHI30BaHI KyHa)KOoBaHI pocimHHI oiii. B 3pa3skax Ne 5 ta Ne 10
onHakoBa B’s3KicTh — 8000 MITa-c™. Ta rpanuuHe HampyskeHHs 3cyBy — 1312 Ila 3a paxyHOK JI0JaBaHHS 10
PENenTypH CBUHSIYOTO INNHKY, aje MOPIBHIHO HIDKYI 3 TUMH 3pa3kamu, B ski BHocwn BXXE. V 3pazkax: Ne 1
B’s3KicTh — 7000 MITa-c™ ta rpanmune Hanpyxenns 3cyBy — 1312 ITa; Ne 6 B’si3kicts — 7500 MITa-c™ Ta rpanu-
9yHe HampyxeHHs 3cyBy — 1312 Ia. [Ipote 3MeHIICHHAS CTPYKTYPHO-MEXaHIYHUX BIACTHBOCTEH MPU3BOIUTH IO
OTPUMAHHS HIKHIIIOT, Ma3enoi0HOT KOHCHCTEHIIIi TOTOBOTO MPOAYKTY.

BuBYeHO TakoX 3MIHU CTPYKTYpHO-MEXaHIYHHX BJIACTHBOCTEH Y TOTOBOMY NPOJYKTI NPH 3aMiHi B HLOMY
mnuky Ha BXKE (peuentypu Ne 1, Ne 6) Ta BiTamiHi30BaHi KynaxxoBaHi pociuHHi oiii (peuentypu Ne 5, Ne 10).
HageneHi maHi ekcriepuMEeHTAIBHUX JOCIIIKEHb TIMOWHN 3aHYpEHHS 1HACHTOPY B MAINTET, HOTO HIUTBHOCTI Ta
BiJTHOCHOI CHJTH MEHETpaIli.

Mertopx rpaBitaiiifHol meHeTpalii B MPOBECHOMY JOCITIKCHH] Tiepeabadae 3aHypeHHs 3 BUCOTH 410 MM
iHieHTOpy Macor 16,94 r i giamerpom 3 MM y M SICHUIA alITeT. 3aHypEHHs IIOBTOPIOBAIIN 5 pa3iB Ui KOKHOTO
3pa3Ky P OJJHAKOBHUX TEMIIEpaTypax.

PesynbraTi 10CIiKEHb CUITU NIEHETpallii B 3pa3kax, 3aJIeKHO BiJl TeMIIepaTypH, HaBe/leHi B Ta0ur. 2.

Ta6auus 2 - BuzHayeHHs1 CHJIM NeHeTpauii

o Cepennst r1u0MHA 3aHYPEHHS iHAEHTOPY, MM
Temmeparypa, "C Kounrpoab 3pazok Ne 1 3pa3ok Ne 5 3pa3ok Ne 6 3pazok Ne 10
10 26,1 24,8 22,0 23,2 23,4
30 31,2 30,2 26,0 29,0 27,8
50 37,5 35,7 32,0 34,1 33,9
70 43,2 41,6 38,9 40,1 40,0
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I'padixu rimmbunm 3anypeHHs iHnenropy B namretu 3 BXKE (peuentypu Ne 1, Ne 6) ta BiramiHi3oBaHUMH
KyMa)XOBAHUMH POCIUHHUMH onisimu (peuentypu Ne 5. Ne 10) i KOHTPOJBHOrO 3pa3KiB HaBEAEHO Ha puc. 6

Ta’.
45

40

EH]

Eln]

3g 6.1

32

i Grna sy pes e, My

20
10 20 50 70

Temmepatypa, °C

Puc. 6 - ''nuouHa 3aHypeHHs iHIEHTOPY B MALITETH KOHTPOJILHOIO 3pa3ky Ta Ne 1 i Ne 6 3paskis 3 B)KE:

1- =#=LouTpans; 2 Ipazok Mel; 3~ == 3pazon MeG.
45
4332

s

40

it

30

25

FrAuBinHa 3aHYPEHHA, MM

20
10 30 50 70

Temneparypa, °C

Puc. 7 - F'nu6uHa 3aHypeHHs iHIEHTOPY B MALITETH KOHTPOJLHOr0 3pa3ky Ta Ne 5 i Ne 10 3pa3kis 3 BiTa-
MiHi30BaHMMH KYNa:KOBAHUMHU POCAMHHUMH OJIisIMH:

l- =*=Howtpone;  2- Ipasok NS, 3- =W 3pazon NelO,

VY pe3yipTaTi MpOBEICHOTO MOCTIKeHHS TTMOWHU 3aHypPEHHS 1HICHTOPY B JOCIHITHI 3pa3Ku M’ SICHUX Talll-
TETIB BUSIBJICHHO HACTYIIHE: Y KOHTPOJILHOMY 3pa3Ky rinbuHa 3aHypeHHs iHnentopy (npu 10 °C — 26,1 mm Ta
npu 70 °C — 43,2 mm) B nopiBHsHHI 31 3paskamu, siki mictumu BXKE: Ne 1 (pu 10 °C — 24,8 mm Ta npu 70 °C —
41,6 mm); Ne 6 (ipu 10 °C — 23,2 mm ta nipu 70 °C — 40,1 mMm) i BitamiHi30BaHi KynaxxoBaHi pocIuHHi oii: Ne 5
(pu 10 °C — 22,0 mm T2 70 °C — 38,9 Mm); Ne 10 (mpu 10 °C — 23,4 mm Ta 70 °C — 40,0 mm) Oyiia Buioro. Takosx
BiIMIYaIOTHCSI HAWHIDKYI 3HAUEeHHS TTTHOWHU 3aHYPEeHHS 1HACHTOPY B 3pa3ky Ne 5, KUl MiCTUTH BiTaMiHi30BaHi
KyNa>kOBaHi pOCIMHHI 0J1ii. MOKHa CTBEpKYBAaTH, 1110 KOHCUCTEHIIIS YCiX 3pa3KiB rapHa.

I'padik 3anexxHOCTI BITHOCHOT CHITM IIEHETpallii Y BiJ TeMIlepaTypH X B NalITETi HaBEJEHO Ha pHC. 8.
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IO ¢ HEL CHOLN TROSUOT P,
S
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1] a0 =] 70

Tenmepatypa, °C

Puc. 8 - 3anexnicTs BiTHOCHOI cu/M MeHeTpanii Bix TeMnepaTypu KOHTPOJIIO B 3pa3ky Ne 1:
= KoHTpoms, - 3pazor Nel; 3- — % v=-02108x+] 8475 . —a— y= 024881 +2 0228

AHaiti3 OTpUMaHOI 3aJIeXKHOCTI CBiMUHTH Tpo Te, mo BHeceHHS BXKE 3 BiTaMiHI30BaHWMH KyTa)KOBaHIMH
POCIIMHHUMH OJIiSIMH B MAIITETHY Macy CIIpHsi€ HE3HAYHOMY 3MEHIICHHIO BiTHOCHOI cuiu neHerpari. [loscHen-
HSM LIBOMY € 3aMiHa B CHCTEMI HAaCHYEHHMX TPUIIILEPUIIB CBUHAYOIO INNHUKY Ha HeHacudeHi omii. BHeceHHs
BXE cnpusie 3MEHIIEHHIO IUIBHOCTI POAYKTY, KOHCUCTEHIsl cTac HikHImow. [Ipy migBuineHHi Temneparyp
JOCIITHAX MAITETHUX Mac, 3HAYEHHs aHaIi30BaHOrO MOKa3HUKa 3MEHIIYIOThCA Biamosiano: 1,66 H mpu 30 °C,
1,38 H npu 40 °C, 1,15 H npu 60 °C, 1,00 H npu 70 °C. Cxoxka TeHIEHIIis CIOCTEPIraeThes i y KOHTPOIbLHUX
3pa3kiB, ajie 3 OLNBIIMMH 3HAYCHHSMH BIJHOCHOI CHIIM meHeTpani. MaremaruuHa oOpoOKa AaHHX J03BOJIHIIA
otpumaru 3anexHocti y=Ff(X). s nepioro 3pa3ky Bona mae Burisia y=—0,2198x+1,8475, a ai1st KOHTPOIBHOTO
— y=—0,2488x+2,0228. TIpoBeneHi peoyOTIUHI MOCTI/KEHHA BCiX 3pa3KiB IOKa3alld aHAIOTIYHI JaHi, IO
TIOB’S13aHO 31 CX0XKICTIO (0OHAKOBICTIO) pocTUHHNX ckianoBux BXKE.

Buznavennsi isuko-xiMiyHUX Ta (PYHKUiIOHAJTbHO-TEXHOJIOTIYHUX NMOKA3HUKIB M’ICHUX NALUTETIB 3
pukopucranaam B7KE ta BKPO

OIHUM 13 OCHOBHHUX ITOKA3HUKIB, SKUI BIUIMBAE Ha SIKICTh M’SICHHMX TAIITETIB, € 3arajJbHUi XIMIYHUI CKITaI.

Tomy mpu po3po0sieHHI HOBUX BHIB Xap4YOBHX NPOJYKTIB, y HAIIOMY BHIAJKY MAIITETIB MSICHUX 3ariede-
HUX, BOKJIUBO JOCITITUTH 3aJICXKHICTh BIUIMBY MOETHAHHS M SICHOI 1 POCIMHHOI (BiTaMiHI30BaHUX KyMaxiB POC-
JIMHHUX OJIi) CADOBUHU B 33JJaHOMY CITiBBiTHOILICHHI Ha ()i3UKO-XIMIUHI TIOKa3HUKHU MPOAYKTY.

[NopiBHsbHA OIiHKA (DI3MKO-XIMIYHUX Ta TEXHOJOTIYHUX MOKA3HHWKIB M'SCHHX MAIlITETIB, SKi HABEACHO B
Tabn. 3, JOBOAWTH NMO3WTHBHHUH BIUIMB 3aIPONOHOBAHMX TEXHOJOTIYHMX 3aXOiB Ha (OPMYBaHHS CIOXHBUHX
BJIACTHBOCTEH TOTOBHX BHPOOiB. OnTuMamsHuMu € 3pazku Ne 1, Ne 6. Le mosicHroeTsest Bukopuctanasm bXE 3
BHUCOKO(DYHKITIOHATEHUMH OLTKaMU, SIKi CIIPUYHHSIOTH 30UIbIIeHHsT B33 Ta € meperyMOBOIO ITiABHUIIICHHS BUXOIY
npoxykii Ha 6...8 %.

Taoauus 3 - Pizuko-xiMivHi Ta TEXHOJIOTIYHI MOKA3HUKH M'SICHHX NMAIITETIiB

Macosa gactka, %

3pa3ku penentyp B33, % no 3ara-

. IhractuynicTs| Buxin
JIHOI BOJIOTU

Bonora| binok Kup 3oma pH

Koutpos 3a
ACTY 65,0+0,3| 17,4+0,2 {16,6+0,1|0,95+0,02 | 6,30+0,06 |  83,50+1,31 10,00+0,3 | 90,80
4432:2005

Penenitypa Ne 1

s BIKE 64,1+0,3119,02+0,2(15,9+0,2|0,93+0,02 | 6,25+0,06 |  87,83+1,26 7,80+0,30 | 98,80

PeuenTypa Ne 5

CBKPO. [63.8£0.3[19,170,1|16,120,110,9320,02|6,330,06|  80,28+1,20 | 13,20£0,3 | 96,40

Penenitypa Ne 6

s BKE 64,0+0,3| 19,1+0,1 [15,9+0,1|0,94+0,02 | 6,30+0,05| 87,73+1,35 8,40+0,30 | 99,40

Penentypa

No 10 3 BKPO 64,0+0,3]18,80+0,2 | 16,3+£0,1|0,94+0,02 | 6,35+0,06 |  81,29+1,29 12,50+0,3 | 96,80
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[IpoBeneHi mocmimKeHHs XIMIYHOTO CKJIaMy MOKa3aJd, IO M sICHI MMAITeTH, BUTOTOBJICHI 32 pO3pOOJICHUMHU
penenTypaMu, He MOCTYNAIOThCd KOHTPOIBHOMY 3pa3Ky, a 3aMiHa TBAPHHHOTO JKHPY Ha OIIKOBO-)KHPOBY €My-
JBCII0 HE TOTipIIye iX XiMiuHU# ckian, ame 3pasku Ne 5, Ne 10, sxi MicTHIM BiTaMiHI30BaHI KyMa)koBaHi OJIii,
MOCTYTIAIOTHCS BMicTOM 01Ky 3pa3zkaM Ne 1, No 6 3 BXXE.

BukopucranHs BiTaMiHI30BaHHX KyIa)XOBaHUX pocHMHHUX odill y ckiani BXKE 3abesneuye He nume 36ana-
HCOBAHICTbh ITPOAYKTY 33 XUPHOKHCIOTHUM CKJIaJIOM, aje i MOKPAIIeHHs TeXHOJIOTIYHUX NOKa3HUKIB — 3pOCTaH-
HSl BUXOJly TIPOAYKTY micisi TepMooOpoOku. [Tpu mopiBHSHHI 3 KOHTpOJIeM, BUXiJ y 3pa3Ky Ne 1 30imbIIyeThes
Ha 4 %, y 3pa3ka Ne 6 — Ha 3,8 %. Buecenns HeemynbroBanux BKPO, HaBnaku, 3MCHIITYIOTh BUXI]I.

OCKIJIBKH Y pelenTypu JOCIIIHUX 3pa3kiB mamrteTiB BXoaath 15...20 % BXKE abto 10 % sitaminizoBaHO1
KYHa)KOBaHOI POCIMHHOI 0Iii, OYyJI0 MOIINPHIM BH3HAYUTH EMYJIBIyIOUy 3IaTHICTH Ta CTIHKICTh OTPUMaHHX
eMyYJIbCiH 1 MOPIBHATH X 3 KOHTPOJIEM (3 JOJABAHHSM CBHHIUOTO INMHKY). Pe3ymbTaT MOCiKeHp HaBeIeH]I Ha
puc. 9.

Amnamiz nmaHux rpadidyHHX 3ale)KHOCTEH CBIMYHUTH, IO EMYJBIyI0Ya 3IAaTHICTH KOHTPOJBHOTO 3pa3Ky
M’SICHOTO TAINTETy MEHINA, HiXK Yy NeSKUX JOCHITHHUX 3pa3KiB. SIKIO X MOPIBHIOBAaTH JOCITIIHI 3pa3Kd MiX CO-
0010, TO CIlij 3a3HA4YMTH, 1O BHeceHHs B namreTHy macy BXKE, mo cxiamy sikoi BXOAWTH TBapHUHHHH O1JIOK,
3a0e3mneuye 3pOCTaHHs eMYJIBIYI040i 37aTHOCTI 10 95 % (3pa3zok Ne 1).

93,5 95 94 93,8 93,5
100 o ] Fa— e 7
80
60
40
1.5 10,5 19,3 18,5 18,7
§El B B8 BN BN |
D ] Se— et L S e

HoHTpone 3Jpasok N2l 3pasok N26 3pasok Ne5 Ipasok
MNel0

O Emyneryous 343THICTE M ACHME NAWTETIB, %
B CTaBineHiCTE 8MynbCTA M ACHWK NEWTETIB, %
Puc. 9 - Emyabryioua 31aTHiCTh Ta CTa0LIbHICTH eMyJIbCiil M SICHMX NALUTeTiB

BucHoBku.

1. Po3po0ieHo 8 perientyp M’sICHUX 3all€4eHHX MAIITETIB 3 YaCTKOBOO 3aMiHOIO TBapuHHUX *kupiB Ha BIKE
Ha ocHoBi BKPO B kinbkocri 15...20 % Ta 2 penentypu 3 BKPO 1BOKOMIIOHEHTHOTO Ta TPUKOMIIOHEHTHOTO
ckianiB y kigpkocti 10 %.

2. Ha miacraBi mpoBeIeHUX JOCTIHKEHb SIKICHUX ITOKa3HUKIB (OPTaHOJCITUIHUX, CTPYKTYPHO-MEXaHIYHIX,
XIMIYHUX, (YHKIIOHATHHO-TEXHOJIOTIYHIX ) BCTAHOBJICHO, [0 HAMOLIBII paIlioHANEHO MigiOpaHuii CKiIa]] peren-
Typ Ne 1 ta Ne 10 — 3 KypssuuM 1 iHOAUIMM M’sicoM (TIorepeiHbo OnaHmoBaHuM) — 35 %, TEUiHKOI0 KypSdoio
(nmonepenapo OanmoBanoro) Ta BXKE Ne 1 a6o Ne 2, — 20 %, o BKIfodae: TBapuHHUH 010K «binkoToH A91» —
10 % ta BKPO (tpukommonenTHi Ne 9: constmamkoBa (77,5 %) + pmwkieBa (13 %) + msaa (9,5 %) — 45 % Bi-
TaMiHI30BaHI KyMaxi POCIMHHHX OJil) 1 Boxy — 45 %, a takoxk BinnosinHo BKPO (nBoxxomnoHeHTHi Ne 3:
rapoOy3osa (80 %) + mwraHa (20 %) — 10 %), siing kypsyi — 4,0 %, xmi6 — 3,0 %, mopksa naceposana — 5,0 %,
1uoys maceposana — 5,0 %, Boga — 14 %, qomoMikHa CUpoBHHA: Citb — 1,2 %, nepets Yopuuii menenuii — 0,05
%, yacHUK cyxuil Menenuii — 0,1, cyminn crewiit «cepeazemHomopcebki Tpasu» — 0,1 %.

3. BcraHoBieHa BiTHOCHA CHITa ITEHETpamii po3po0ieHux 3pa3kiB, sika Ha 0,06 HIKYa y TOPiBHSAHHI i3 KOHT-
POJIBHUM 3pa3KoM, 1110 CBITYHUTH PO MOKPALIEHHS iX MOKA3HUKY KOHCHCTEHIII].
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EY Rrzk] Open Access

Anomayin. B cmammi npoananizogano npuuunuy, wo npuzeenu 00 maidce Kamacmpopiunoi cumyayii, wo
cKnanacs 6 cnupmogitl 2anysi Kkpainu. Hasena cmpykmypa CROJICUBAHHS eMUI06020 CRUPMY HA GHYMPIULHbOMY
PUHKY, KONU 1€606d YACMKA CRUPMY GUKOPUCMOBYEMbCA OISl BUPOOHUYMBA ANKO2O0IbHUX HANOI8, pa3om 3 (ak-
MUYHOIO MOHONONI3AYIEI YIHOBOI NOAIMUKU NpU3Benyu 00 MO20, WO CRUPMOGI 3a800U MONICYMb SUPOOIAMU
3HAUHO OiNbWT 00CAU CRUPMY, HidC NOMpebdy€e PUHOK, d eKCHOPM YHEMONCIUBNIOE BUCOKA 8APMICING CNUPMY.
Ipu posenadi ecpexkmusHocmi 6npoBAONCEHHS HOBUX MEXHOIOIYHUX MA MEXHIYHUX pIueHb NPAKMUYHO HIKOAU
He 36epMandcs yeaea Ha ix enausé ma eapmicms 20moeoi npooykyii. Tax, imuusHsaHi cnupmosi 3a600u 30amHi
BUPOOISIMU PeKMUDIKOBAHUTL CRUPT BUCOKOT AKOCMI, alle nompeda 6 HbOMY SIK 6CepeOuHi Kpainu, mak i 6 ceimi
obmesicena. OcrosHi obcaeu peanizayii cCnUpmy Ha c8imosux pUHKAax opmyomscs 3a paxyHoKk OioemaHony ma
mexHiuno20 cnupmy (cnupmy 0na mexuiunux nompe6). Ilpu ybomy yinu na Hux Qopmyomscsa 3 ypaxyeaHHIMm
KOHKYpeHyii 3 NPOOYKYIEI0 aHANO2IMHO20 NPUSHAYEHHS, WO NPONOHYEMbCA GUPOOHUKAMU THUUX 2ay3ell eKOHO-
MiKku. Bupobuuku 6cix 6udie emunoo2o cnupmy npakmuiHo He GnIUGAIOMb HA 6APMICMb CUPOSUHU MA eHep2o-
HOCIi8, omoice 6apmicmv MexXHIYHOI nepepodKU CUPOBUHU 8 20MO08Y NPOOYKYII0 6U3HAYAE il YIHY HA PUHKY md
KOHKYPEHmMOCIPOMOACHICIb. TOMY pO36UMOK CRUPMOBOI 2any3i MOMCIUGUI TuULe NPU 3MIHI OCHOGHUX HANPAM-
Ki6 11020 UKOPUCTAHHS 3 BUPOOHUYMBA HANOI8 HA TMeXHIYHI Ma MPAHCHOPMHI nompebu i 8PAXY8aHHI eKOHOMIY-
HUX pe3y1bmamie 8Npo8a0’CeHHs MEeXHOI02IYHUX A MEeXHIYHUX PIueHb.

KarouoBi cioBa: cniupt eTuinoBuii, peKTH(IKOBaHUIA CIUPT, TEXHIYHUN CITUPT, OioeTaHoI (MAJIMBHUN eTa-
HOJI), HaNPSIMKK BUKOPHUCTAHHS CHHPTY €THJIOBOTO, BAPTICTh FOTOBOI NPOAYKIil, EKOHOMIYHUI e(eKT BIIpOBa-
JOKCHHS TEXHOJIOTIYHHUX Ta TCXHIYHUX PIllICHb.

TECHNOLOGICAL AND ECONOMIC ASPECTS OF VIROBILITY
OF ETHYL ALCOHOL

Abstract. The article analyzes the reasons that led to the almost catastrophic situation in the alcohol indus-
try of the country. The existing structure of consumption of ethyl alcohol in the domestic market, when the lion's
share of alcohol is used to produce alcoholic beverages, together with the actual monopolization of pricing
policies, have led to the fact that spirits can produce significantly more volumes of alcohol than the market
needs, while exports make high alcohol prices impossible. When considering the effectiveness of the introduction
of new technological and technical solutions, almost never paid attention to their impact on the cost of finished
products. So, domestic alcoholic beverages are capable of producing high quality rectified alcohol, but the need
for it both within the country and in the world is limited. The main volumes of alcohol sales on world markets
are formed at the expense of bioethanol and technical alcohol (alcohol for technical needs). At the same time,
prices for them are formed taking into account competition with products of the same purpose, offered by pro-
ducers of other branches of the economy. Producers of all types of ethyl alcohol have almost no effect on the cost
of raw materials and energy, so the cost of technical processing of raw materials into finished products deter-
mines its market price and competitiveness. Therefore, the development of the alcohol industry is possible only
by changing the main directions of its use in the production of beverages for technical and transport needs and
taking into account the economic results of the implementation of technological and technical solutions.

Key words: ethyl alcohol, rectified alcohol, technical alcohol, bioethanol (fuel ethanol), directions of use of
ethyl alcohol, cost of finished products, economic effect of introduction of technological and technical solutions.

1. TIlocraHoBka mpodjemMu
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CnmpToBa rainy3b YKpaiHH 3HaXOAUTHCS B JOCTaTHHO CKPYTHOMY cTaHOBHIII. JIif0di MOTYXHOCTI CIMPTO-
BUX 3aBOJIB B JIEKIJIbKa pa3iB OuIbII, HI’K 00CSTH CIIOKHMBAHHS €TUIOBOTO CIMPTY B MEXaXx AEp>KaBH 32 HasBHOI
CTPYKTYpH #0oro BHUKOpHCTaHHS. [ligmpuemcTBa, MO MEpepoOIIAIOTh 3€PHO, HANAIITOBAHI HAa BHUITYCK BHCOKO-
SIKICHOTO pPEeKTHU(IKOBAHOTO CIUPTY, MOMUT HA SKUH 1 Popmye Maibke 90 BiACOTKIB MOTpeOW BHYTPIIIHHOTO
puHKY. ToMy OiNBIIICTE CIUPTOBHX 3aBOJIB a00 HE MPAITIOE MPOTATOM ACKIIBKOX POKiB, a00 mparftoe 2-4 TmxHI
Ha pik. Taka HepuTMigHa poOOTa 3yMOBIIIOE 3POCTAHHS BapTOCTI CIIHPTY Ta YHEMOJIIHMBIIOE 3aJyICHHS B Ta-
Jy3b IHBECTHIIH [UIT OHOBJICHHS BUPOOHMYHX IOTYKHOCTEH. | mprBaTH3aIlis HiY0ro He 3MIHUTH B IIbOMY IUIaHi,
SIKIIO He OyJie 3MiHeHa CUTYallis Ha PHHKY CIIUPTY CTOCOBHO HAIPSIMKiB HOTO BUKOPUCTAHHS.

ETnnoBuii cimpt 3acTOCOBYETHCSI B 0araTbox rayry3six €eKOHOMIKH Ta B moOyTi. HaiibinbIua fioro KiIbKicTh B
CBITI BUKOPHCTOBYETHCS B SIKOCTI JOOABKHM 10 MOTOPHHMX NAJIMB YW OCHOBHOTO iX KommoHeHTy. KpiMm Toro,
3HAYHI OOCSITM CIUPTY €THUIIOBOTO BHUKOPHCTOBYIOTHCS Ul TEXHIYHMX HOTpPeO, BHPOOHHIITBA alKOTOJIbHHX
HaroiB, B MEANIMHI TOIIO.

3arajgoM MOKHA BUAIIMTH TPH OCHOBHI HampsSIMKH BHKOPUCTAHHS CIMPTY E€THJIOBOTO Ta, BIAIIOBITHO, TPU
HOT0 THIH K TOBAPHOT MPOTYKIIIi:

- CIHPT €THWIOBHH PEKTH(IKOBAHHIA; 3aCTOCOBYETHCS U1l BUPOOHMIITBA AJIKOTOJIBHUX HAIIOIB, OITY, B €-
SIKAX TATY35X Xap4oBOi IPOMICIOBOCTI, B MEIHIIHHI;

- CIOHUPT €TWIOBHH TEXHIYHHIN; 3aCTOCOBYETHCS B PI3HUX Tally3sIX IMPOMHUCIOBOCTI B SIKOCTI PO3YHHHUKA,
HE3aMep3at090T0 KOMIIOHEHTa, CHPOBUHHM JJISI OAAIBIIOI TepepoOKy;

- OioeraHon (MAJUBHUI €TaHOI); 3aCTOCOBYETHCS B SIKOCTI KOMIIOHEHTY MOTOPHHX IAJIWUB YU OCHOBHOL
JACTHHH.

KoskeH i3 3a3HaUCHUX TOBApPHUX MPOAYKTIB Ma€ CBOI PUHKH peai3aiii, Ki BiIpi3HIIOTECS OIUH B OXHOTO
BUMOTAMH JI0 SKICHUX ITOKAa3HHUKIB NMPOAYKIii, BAPTICHUMH XapaKTEPUCTUKAMH, HAsBHICTIO KOHKYPYIOUUX IPO-
JYKTiB aHAJIOTIYHOTO NMPHU3HAYCHHS, BUPOOIEHUX CHOPITHEHUMH Taly3sIMH 1HIIMX KpaiH 9M 1HIINMH TaTy3sMH
MIPOMHCIIOBOCTI, PI3HUM CTYIEHEM JCPKaBHOTO PEryJiloBaHHs. B maHuii yac BiZcyTHs mpoOiema «BHpPOOUTH
MPOIYKII0» (LIe CTOCYEThCS HE TIJIBKH CIIUPTY €THIJIOBOTO), a € MpobJieMa «pealli3yBaTH MPOAYKIIIO 3 MpHOYT-
KOoM». B KOKHii ToBapHil MO3MLIT € AEKiJbKa IPONO3UIIiH Bil BUPOOHHKIB, IO J1a€ 3MOTY TIOKYIIII0 BUOUpATH
HEOoOXiTHUI oMY TOBap 3 ypaxyBaHHSIM BUMOT JI0 SKOCTI TOBapy Ta HasBHHUX y MOKYIMLs (piHAHCOBHX PECYpCiB.

3 orysiy Ha BUKIIaJieHe, BUPOOHHKH CIIUPTY €THUJIOBOTO SIK TOBApPHOI MPOIYKIIT B CBOIX TEXHOJIOTIYHUX Ta
TEXHIYHHMX PIIICHHSIX MMOBHHHI BPaxOBYBaTH HE TiIJIbKM BHPOOHMYMIL, a TakoX 1 (piHAHCOBHWI, a BIAMOBITHO i
peanizaniiiauii, pe3ynpTar iX BnpoBa/keHHS. CymMapHuil e(eKT MOBHHEH 3a0€3NCUYNTH KOHKYPEHTOCTIPOMOXK-
HICTh TOTOBOI MPOAYKIII SK HA MICHEBUX, TaK i MDKHAPOJHUX PHHKAX, TUM CaMHM JAl0Yd 3MOTY CTaOiIbHO
MIPAIIOBATH Ta PO3TIAATH BUPOOHHYI MUTAHHSA K Y KOPOTKOCTPOKOBIH, TaK i TpUBaiil IEPCIIEKTHBI.

MeTo10 gocaiTxKeHb € 0cOOIMBOCTI BUPOOHHUITBA CIIMPTY E€THIIOBOTO PI3HOTO WIJHOBOTO NMPHU3HAYCHHS Ta
TEXHOJIOTI4HI PillICHH, TOUUIBHI 10 BIPOBA/KCHHS 3 OTJHIAY Ha crienuiky peaizamii ToTOBOT MPOIYKIIii.

2. CnupTt eTH/I0BHIi peKTH(]IKOBAHUT

Sk BXe 3a3HayaNocsi, OCHOBHUM HAINpPsIMKOM BHKOPUCTAHHS CIHPTY €THJIOBOI'O PEKTU(IKOBAHOTO € BUPOO-
HUIITBO aJKOTOJbHHUX HAIMOIB: MII[HUX (TOpPiJKa, BiCKi, JPKWUH, aOCEHT, TOIIO), CIa00AIIKOTOJIbHUX Ta y BHUHO-
pobctBi. PexTr(hikoBaHUi CIIMPT TAKOXK € CUPOBHHOIO JJIsi BUPOOHHIITBA OLTY CIIUPTOBOTO HATYPaJIbHOTO, BU-
KOPHUCTOBYETBCS B KOHAUTEPCHKIN MPOMUCIOBOCTI, Tapdymepii, B MEAUIMHI K Uil BUPOOHUIITBA JIKIB, TaK i B
SIKOCTI J1e31H(IKyI0U0Tro 3ac00y.

HamnpsiMkn BUKOpUCTaHHSI peKTH()IKOBAHOTO CUPTY (OPMYIOTH OCHOBHY BHMOTY CIIOXKHBAaYiB JI0 HHOI'O —
SIKICTB CIIAPTY, a KOHKPETHIIle — MiHIMajdhbHa KUTBKICTH TOMIIIOK, [0 HETAaTHBHO BIUIMBAIOTH HA SKICTh IMPO-
JyK1ii, BUpoOJIEHOI 3 BUKOPUCTAHHIM CIIMPTY €THIOBOTO pekTH(ikoBaHoro. [Ipu oMy, BpaxoByIOUH Te, IO
MepeBaYKHO TaKa MPOIYKIIis 0e3MocepeHbO CIIOKUBAETHCS JTIOJMHOIO B SIKOCTI HAIOIB UM 1Ki, OCHOBHOIO BUMO-
TOI0 € Oe3MEeYHUA IS 3A0POB’ S JIFOAMHH PiBEHb BMICTY JOMIIIIOK B TOTOBiH MPOIYKIIii.

B nepmry wepry 3ycuiuist BUPOOHHKIB PeKTH()IKOBAHOTO CIIUPTY 30CEPEIDKEHI Ha peaizallii TeXHOIOTITHUX
Ta TEXHIYHHUX BIIPOBAPKEHb, CIIPIMOBAaHHX Ha 3a0e3NeueHHs MiHIMaJIbHOTO BMICTy He0a)KaHUX JIOMIIIOK B TO-
BapHiit npoxykuii. Tak, 3riiHO Ail04O0T sk B YKpaiHi, TaK i B IHIIMX KpaiHax CBITY HOPMAaTHBHOI JOKyMEHTallil,
BMicT Gypdyposy B pekTH(hiKOBaHOMY CIIUPTI HE JOIYCKAETHCS, BMICT METHUJIOBOTO CIHPTY, aJIbJETi/IiB, KOM-
MOHEHTIB CUBYIIHOT 0J1iT BUPOOHHKH HaMararoThCsl 3HU3UTH JI0 MiHIMaJIbHO MOXIIBOTO.

OcHOBHI 3aX0/1 10 3a0€3MeUeHHIO SKOCTI PEKTH(HIKOBAHOTO CHHPTY PEai3yloThCs IpH HOro OYMIIEHH] Bix
JIOMIIIOK B OparopexTudikamiifHOMy BiIIiII€HHI, ajleé YaCTHHA TAaKUX 3aXO0JIiB 3aCTOCOBYETHCS HA TMTOYATKy BHPO-
OHUITBA.

OCHOBHOIO CHPOBHHOIO ISl BUPOOHHUIITBA PEKTU(IKOBAHOTO CHMPTY HaWBUINOI sKOCTI (B YKpaiHi — copTy
«JIroxe» Ta «[lmennyna ciapo3a») € 3epHO. IHINI BUAM CHpOBMHHU (Mejsica, BIIXOJIM XapyoOBHX BUPOOHHIITB)
BUKOPHCTOBYIOTBCS ISl BAPOOHUITBA PEKTH()IKOBAHOTO CIUPTY Ui MOTPEO Xap4yoBOi IPOMHUCIOBOCTI, MEJIH-
LIMHU TOIIO 1 HE 3aCTOCOBYIOTHCSI PY BUPOOHMITBI aJIKOroJIbHUX HaroiB. B Bpaswuiii BUpoOHHUKH anKoroJbHUX
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HaroiB BUKOPHUCTOBYIOTh CIIUPT 3 I[yKPOBOi TPOCTHHH, ajie SIK TOBAPHHH NMPOAYKT HAa PUHKAX TaKUH CIHUPT Bil-
cyTHi. OTXe, ZOLIJIBbHO PO3IJSIHYTH MPOIO3ULIT 100 YAOCKOHAJICHHS TEXHOJIOT1i BUPOOHUITBA CIIUPTY €TH-
JIOBOTO PeKTH(PiKOBAHOTO 3 3€pHA Ta iX BIUIMB HA MIOKA3HUKH SIKOCTI TOBApHOI MPOAYKIIiI Ta ii BApTOCTI.

Crnemm¢ika 3akoHOZAaBCTBA YKpaiHM B raiy3i BUPOOHHIITBA Ta OOITy CHHPTY €THIIOBOTO (B IEpPIIy Yepry
peKxTH(]iIKOBaHOTO) MOJNATAE Y TOMY, IO, HO-TIepIIe, BUPOOHUKOM CIHPTY €THIIOBOTO PEKTH(IKOBAHOTO MOXKE
OyTH BHKJIIOYHO JeprKaBHE MiANPHEMCTBO (i hakTHaHO MiHATPOIIONITHKY Ta MPOJOBOIHCTBA € MOHOTIONICTOM Y
TaKOMY BHPOOHHIITBI) i, TO-ApyTe, IMITOPT PeKTH(IKOBAHOTO CHHPTY B YKpaiHy 3aKOHOABYO HE 3a00p OHEHUIA,
ane (akTHIHO HeMOXIHMBHN. ToOTO Ha YKpaiHCPKOMY PHHKY CIIAPTY PEeKTH(IKOBAHOTO BiACYTHS KOHKYPEHIIIA i
€ JIMIIe OJUH TNpojaBelb — MiHarpomojiTuku Ta npojoBojibcTBa uepe3 JI1 «Ykpenupry». Le nae smory JI1
«YKpcHnupT» BCTAaHOBIIIOBATH €IuHy Juisi Horo ¢imiii (MIIZ]) Ta cnupToBHX 3aBOXIB KOHIEPHY «YKpPCIHPT)
(3HAXOMUTHCS B CTAIlii JIIKBiAAIliT) BAPTiCTh PEKTU(PIKOBAHOTO CITUPTY Pi3HUX COPTIB.

BigcyTHICTh 30BHIIIHBOI KOHKYpEHIIi Ja€ 3MOTY YKpaiHCBKUM BHPOOHHMKAaM pPEKTH(]IKOBAHOTO CIHPTY
BIPOBAPKYBaTH 1HHOBAIIMHI TEXHOJIOTI] MOKPALIEHHs SKOCTI FOTOBOI NMPOAYKIi, HE MyXke nepeiiMarodnch ix
BIUIMBOM Ha BapTicTb pekTHdikoBaHoro crnupty. Lle 1ae 3Mory BUKOHATH BMMOTO BHPOOHHKIB aJKOTOJIBHUX
HAIIOIB MO0 SIKOCTi PEeKTHU(IKOBAHOTO CIHUPTY, aie Hece B coOi MPUXOBaHY 3arpo3y IIONO TEPCIEKTHB pe-
amizanii peKTH()iKOBaHOTO CIHMPTY Ha CBITOBHX PHUHKAX — YKPaiHCHKUH pPEKTH(IKOBAHWI CIHUPT HA CBITOBHX
puHKax (3a BUHATKOM pruHKiB CHJI) € HEKOHKYPEHTOCIIPOMOXKHIAM TI0 BapTOCTI 1 HE peari3yeThesl.

BupoOGHHALITBO CIUPTY €THIOBOTO PEKTH(IKOBAHOTO 3 3¢pHA MA€ JABI OCHOBHI TEXHOJIOTIHI CTaIii:

- OTPUMaHHA A03PLT0I CHHUPTOBOI OPAKKH;

- BHIUICHHSA CIUPTY 3 OpaykKKHM Ta OYMINEHHS HOTO BiJ CYMyTHIX JOMIIIOK 3 OTPUMaHHAM TOBApHOTO MPO-
JIYKTY HEOOXiJHOT SIKOCTI.

2.1. BnockoHajieHHSI TEXHOJIOTII OTPUMAaHHS A03PiJIoi CHUPTOBOI OpaKKH

OCHOBHUM HaNpsIMKOM BJIOCKOHAJICHHSI TEXHOJIOTI] OTPUMaHHS JJO3piJI0i CIMPTOBOI Opa)KKM € BIIPOBAKEH-
HS y BUPOOHHUIITBO OCMO(DUIBHUX TEPMOTOJIEPAHTHUX pac IPDKIDKIB i3 peaizaliclo KOMIUIEKCY TeXHOJIOTIHHUX
pileHs, Mo 3ade3neuye MOXKIUBICTh 30pOKYBaHHS BUCOKOKOHIICHTPOBAHHX 3aMiCiB Ta OTPHUMaHHS CIIUPTOBUX
Opa’koK 3 IiJBHIICHUM BMICTOM CIUPTY MpH 3a0e3NeYeHH] HOPMATHBHUX MMOKa3HHKIB SIKOCTI A03DPii0l Opakku
Ta BUXOJy CIIHPTY.

[Nepmmm eTanom B KOMIUIEKCI TaKuX 3axofiB (0e3 ypaxyBaHHs BUKOPHCTAaHHS SIKICHOTO 3€pHa) € 3abe3re-
YEeHHs OJHOPIJHOCTI MoMeny 3epHa. HopMaThBHa XapakTepHCTHKa NOMENY — MPOXiJ Yepe3 CUTO 3 JiaMeTpOM
otBOpiB 1MM y Bimcotkax. byma tenpeHis mo 3adbe3neueHns npoxoxy 98...100 BimcoTkiB 3 MiHIMI3amiel0 po3-
MipiB okpeMux dacTHHOK momeny (0,5 mm, 0,3 mm, 0,25 MM). Ane m0CBig BUPOOHHKIB CITUPTY HIINX KpaiH Ta
MpaKTHKa KPAIIUX BITYM3HIHUX MIANPUEMCTB BKa3aJld Ha Ba/UIMBICTh HE CKIJIBKH 3arajIbHOTO BIZICOTKY IPOXO.LY
nomeny 4depe3 cuto 1 Mm (95 um 100 %), CKIBKM OZHOPIHOCTI TOMETYy — HEXal YaCTHHKH OyIyTh PO3MipoM
0,9 MM, ane Takux gacTuHOK Mae Oyt 100 %. ToMy i oOnagHaHHS TSl pO3MEINIOBAHHS 3epHa (ApOOApKH, Ae3iH-
TEpraTopH TOILIO) MiAOHPAIOTHCS 3 ypaxyBaHHIM BHUMOT LI0/I0 3a0€3Ie4eHHs OJHOPIAHOCTI IIOMEITy Ta MUTOMOTO
CIIO’)KMBAHHS €JIEKTPOEHEPrii.

Hactynna crafist — mpuroTyBaHHs 3amicy (IoMen+Bojaa) Ta HOro BOJHOTEIUIOBA 00pOOKa. 3aCTOCYBaHHS Y
BUPOOHMITBI OCMOMUIBHUX pac APLKIKIB A€ MOXKIIMBICTD IMiJIBUIIMTH KOHICHTPAIIII0 CYXUX PEYOBUH B 3amici
(3amicts rigpomonyist 1:3,0...3,5 npamroatu 3 rigpomosyiem 1:2,0...2,5), a BAKOPUCTAHHS BTOPUHHUX JKEPEIT
tera (nediaermatoproi Boau Ta GinbTpary 0apiu) mopsia 3 JO3yBaHHSIM BCi€l HEOOXiMHOT KUIBKOCTI ajbda-
amiyia3u B amapar Jyisi IpUroTyBaHHs 3aMicy 3a0e3rneuye 301IbIIeHHS] TeMIIepaTypH 3aMicy Ta, BiJIIOBIIHO, 3Me-
HIIYe KUTBKICTH TOCTPOi MapH, HEOOXIAHOI U JOTPIBaHHS 3aMiCy 0 MaKCHMaJbHOI TeMIepaTypH TEIUIOBOI
00poOku. B manmii yac psix miNpHEMCTB CIMPTOBOI raily3i MpAIfoe 3 TEMIEPATypolo B amaparti JJsl IPUToTy-
BaHHs 3amicy 75...78°C.

MaxkcuManbHa TeMIeparypa TerIoBoi 00poOKu s 1ii abda-amiia3u BU3HAYAETECS B TIEPIILY Yepry BiImo-
BiTHO JI0 BHMOTH NPHUTHIYCHHS >KUTTEMSUTBHOCTI CTOPOHHBOI MIiKpO(IOPH, IO BHOCHTHCS Y BHPOOHHUIITBO 3
3epHOM Ta 3 1HIIMX JuKepel. JlyMKa npo Te, 0 OCHOBHOIO BUMOTOIO € e(h)eKTHBHE PO3PIIKEHHS KPOXMAJIO 3ep-
Ha, € He 30BCiM BipHOIO. J[it04i TEXHOJIOTIUHI perjaMeHTH nependavaroTh JOCATHEHHS IPU PO3PiIKyBaHHI TEM-
nepatypu 93...95 °C, Togi sk BUpOGHMKE ()EPMEHTHHX TPENapatiB NPONOHYIOTh anbha-aMilasy, mo AioTh B
niarmasoHax temmepatyp 53...55; 73...75 ta 93...95 rpaxycis Ilenbcis. ToOTO riposi3 KpOXMaIO 10 ACKCTPHU-
HiB MOXHA 37iIICHIOBATH 1 IPHU HIDKYMX, HIX 93...95 °c TemnepaTypax. MakCUMaibHO MOXKIIMBI TeMIEpaTypH
SIK pa3 1 oOupanucs 3 OrIsly Ha MOXKIUBICTh SIKIIO HE CTepHIIi3allii, To Xxoya 0 mactepm3ariii 3amicy Ta po3pi-
JPKEHOI MacH.

Biosnorist MikpoopraHismiB CBiT4HTb, IO BOHH MOXXYTh IepeOyBaTH y BOX (hopMax: BereTaTHBHIN Ta CIIO-
poBiil. [l mpurHiYeHHs TiSUTBHOCTI, a TO 1 MOBHOI JIKBiJamii BereTaTuBHOI (JOPMH JIOCTATHBO TEMIEpaTypH
75...80°C, a criopoBi (opMH 31aTHI BUTPHMYBATH KOPOTKOYACHHH Harpis i 1o 160...170°C.
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3acrocyBaHHs TpH Po3pimKyBanui Temeparypu 93...95°C € cBOepiIHEM CTpaxXyBaHHAM BHPOGHHKIB i He
OB’ 53aHO HANPSMY 3 OCHOBHOIO METOIO IIi€l CTaii - TipoJi3oM KpoXMallto 10 IeKCTpuHiB. ToMy yacTHHA mij-
IPHEMCTB 3/IiiCHIOBAA CTIPOOH 3HHU3MTH TEMIIEpaTypy Po3pimkyBaHHs crodatky o 90...93°C, a motim 10
88...90°C. Ile 1ae 3MOTy CyTTEBO 3MEHIINTH BUKOPHCTAHHS TOCTPOI AP TIPH PO3PIKYBaHHI 3aMicy, ane He €
TpaHINYHO O0a)KaHUM piBHEM. SIKIIO BAACTHCA 3a0€3MeUNUTH HOPMAIBHY POOOTY BiAMUICHb NPUTOTYBAHHS CITHP-
TOBHX GPaXKOK 3 MAKCHMATLHOIO TEMIIepaTyporo Ha piBHi 75...77°C, To Toai MOXKHA BiIMOBHTHCS BiJl BUKOPHC-
TaHHS TepMOcTabiapHOI anb(da-amina3d HAa KOPHUCTH IHIINX, NEMIeBIMX (EPMEHTHHX IpenapaTiB Ta AOCSITAaTH
HEOOXiTHOT MaKCHMaIbHOI TeMIepaTypH 3a paxyHOK BTOPHMHHHUX JDKepen Teruia (KiHmeBa meta «Komm mparrioe
BPY, Bigminenns TOO He MOBUHHO BUKOPHUCTOBYBATH TOCTPY Mapy»).

3ano0irTu akTUBi3alii JKUTTENISUILHOCTI CTOPOHHBOT MIKPO(IIOPH MOKHA TaKOXK 32 PaXyHOK 3aCTOCYBaHHS
AHTHUCEIITHKIB Ha CTaJil NMPUTOTYBaHHS 3aMicy. MaKCHMalbHO JOIMYyCTHMa J103a JUIsl aHTHUCENTHKY PO3paxoBy-
€TBCSl 3 ypaxyBaHHAM 1i (KUIBKOCTI) BIUIMBY B TEpIIYy 4Yepry Ha APDKIDKI (PO3MHOXKEHHS, OpOJMIbHA aKTHUB-
HICTB), @ TAKOX Ha SKICTh PEKTH(IKOBAHOTO CIUPTY (MOXIIMBICTD MONAAaHHs B TOTOBUH NMPOAYKT Ta BILIMB Ha
(opmyBaHHs HeOaKaHMX JOMIIIOK). 3a3BU4ail BUPOOHUKH PEKTH(IKOBAHOTO CHHUPTY HaMararoThCsl MPaIloBaTh
3 mo3amu anTucentuky 30...60 BiACOTKIB BiJ MAKCHMaJIbHO AOMYCTHMOI, TOOOIOIOYNCH IX HETATUBHOTO BILIUBY
Ha JpiXIDKI Hacammepea. AJie B MUTaHHI 3aCTOCYBaHHSA aHTHUCENITUKIB IIOBUHHA PO3TILLIATHCS 1 ekoHOMiKa. Ha-
MPUKIIAJ, MAKCUMAaIbHO JOMYCTHMA JJ03a aHTHCENTHKY BCTAHOBIIOETHCS MO HOTO BIUIMBY Ha IPIXKJDKI 1 HE BIUIH-
Ba€ Ha SAKICTh CIIUPTY (@ IO SIKOCTI COUPTY MOKe OyTH 1 O6ibima). CiupT BHPOOISAETHCS 3 3aCTOCYBAaHHAM CYXHX
IPLKIKIB, SKI TOBUHHI TIEPiOTUIHO OHOBIIOBATHCA (CIIOYATKY OpOAMIbHA aKTHBHICTh CYXHUX IPIKIKIB 30epi-
ramacst mpotsiroM 13-15 mi0, 3apa3 TpUBaiCTh IX BUKOPHCTAaHHS HE mepeBuilye 9 mid, a To i 5-7 ni6). Tomy He-
00X1THO POOWTH CHIIBHUN TEXHOJIOTIYHO-CKOHOMIUHHI aHaJIi3, 10 € OUIbII JOIUIBHIM: 3aCTOCOBYBATH 3011b-
LIEHY /103y aHTUCENTHKa (0e3 BILIMBY Ha SIKICTh CIIHPTY) 1 YacTillle OHOBIIOBATH JIPIXKIIXKI, aje 3MEHIIUTH TEM-
MepaTypy pO3piKyBaHHS, YU TPAIFOBATH 3 MAKCUMAJIbHO MOXIHBHM TEPMIHOM POOOTH APDKKIB 1 BIAMOBII-
HUMH JI03aMH aHTHUCEIITHKIB Ta TEMIIEPATypoOI0 po3piKyBaHHs. TyT MOPS 3 TEXHOJIOTIEI0 BaXKJIUBOIO € 1 €KO-
HOMIiKa MpOIIECy.

Buxopucranas ¢inpTpary Oapau Ha CTamii HIPUTOTYBAaHHS 3aMiCy TaKOXX JIMITYe€TBCS HOTO BILUTMBOM Ha
IPDKIKI Ta HAa AKICTh KIHIEBOI POIYKIII.

B noganenoiomy, ocobnuBO mpW pO3pi/KYBaHHI NPH HMOHMKECHUX TEMIIEPATypax, ONTHMAIBHUM € 3aBEp-
IICHHS TiAPOTI3y (KOIYKPIOBaHHS») B OpOAMIBHOMY amapari 3a YMOB, IO HECTIPHSITIIHBI U1 aKTHBI3alii KU T-
TEAISITBHOCTI CTOPOHHBOT MiKpOQIIOpH (TeMIepaTypa, HasBHICTh MOXHUBHOTO CEPEIOBHUINA, IPUCYTHICTH MEBHOI
KUTBKOCTI €THIJIOBOTO CHHPTY). [IpuUroTyBaHHs BHPOOHHYHMX APDKIDKIB 3MIMCHIOETBCS 3 YpaxyBaHHAM BMICTY
CYyXHUX PEUOBHH B 3aMici, III0 B MEPIIY YePry MOB’A3aHO 3 HEOOXITHICTIO BUKOPUCTAHHS JOAaTKOBOTO JKUBJICHHS
(B 3aJI€)KHOCTI BiJl BUJY 3€pHa) Ta HEOOXIAHICTIO JOTPUMAHHS PETIAMEHTHHX MMOKa3HUKIB POOOTH APIKIKOBOTO
BiJUIIJICHHS.

30poKyBaHHS BUPOOHUKH PEKTH(IKOBAHOTO CIIUPTY 3IMCHIOIOTH NepioquaHuM criocoboM. Lle nae 3mory,
IPU HEOOXITHOCTI, CKOPUTYBaTH NPOLEC 30POKYBaHHS Ul JIOCATHEHHS HOPMATHBHUX MOKa3HHKIB JI03pLIOT
OpaKKH.

2.2 BuaisieHHs1 CIUPTY 3 OPaKKM Ta OYMILEHHS HOro Bil CyNyTHiX A0MilIOK

[epepoOiteHHsT 103pinoi CIUPTOBOT OpakXKM B PEKTHU(PIKOBaHUH CIIUPT HEOOXITHOI SKOCTI 3IIHCHIOETHCS B
OparopekTudikamiifHoMy BinmiieHHI Ha BixmoBinHiil ycraHoBmi (BPY). BiamosimHo mo ocobmmBocTteil poboTH
BPY kopuryethbcs Takoxk 1 poO0Ta BiIIUIICHb IPUTOTYBAHHS JO3PLI0T OpaXKKH.

Jis epekTHBHOCTI (SK TEXHOJIOTIYHOI, Ta 1 EKOHOMIYHOT) pOOOTH BiJiJICHb PUTOTYBAaHHS T03PLJIOi Opask-
KU MIJBHUICHHS BMICTY CyXHX PSUOBHH B 3aMiCi, a BIIMOBIIHO 1 KOHIICHTpAIlli CIIUPTY B AO3PLTiN Opaxiii € Hai-
O11b1I e(hEKTUBHUM 3aX0JJOM — «4UM OLUIbILE, THM Kpalley.

[Tpore mpu neperoHui OpakkW 3 MiIBHIICHOK KOHIEHTPALIEI CIUPTY BIAMOBIAHO 301IBIIYETHCS BMICT
cnupTy B OpayKHOMY IUCTHIIATI. sl MiNPHEMCTB, SIKI KCILIyaTylOTh eMIopaliiHy KOJOHY 3 3aCTOCYBaHHSIM
TEXHOJIOTIT TiZpoceNieKii e 03HaYae HeOOXIJAHICTh BUKOPHCTAHHs OUIBINOI KiNBKOCTI BOJM 31 301JIbIICHHSIM
HABAHTAXXCHHS KOJIOHM MO MapoBiil 4acTuHi. TyT TakoX HEOOXiJHO NMPOBOJUTH €KOHOMIYHMI PO3PaxyHOK i
3HaXOJUTH ONTUMAJIbHE JUIS IBOX BiJJIIJIEHb PillICHHS.

[Ipu Ginpm-MeH cTablIbHIA POOOTI BUPOOHUKH CITUPTY AoAaBaiu 10 BPY KoJIOHM KiHIIEBOTO OYHIICHHS,
CUBYIIIHY, PO3TiHHY, 30iJbIIyBaTd KUIbKICTh KOHTaKTHHX IPUCTPOIB B CIHPTOBIH KOJOHI. B mammii dac mpu
HEpPUTMIiuHii poOOTi MiNPHEMCTB AOUITBHICTD TAKUX 3aX0/1iB BUKJIMKA€E CYMHIB.

Bapre yBarm BIIpOBa/)KEHHS CHCTEM aBTOMAaTHYHOrO KepyBaHHs pobororo BPY 3 BukopucraHHsIM
KOMIT FOTEPHOTO 3a0e3leveHHs] Ta BUBEJCHHSIM NOKa3HHKIB pobotn BPY Ha meHtpanbHuiit MoHiTOop (mopsn 3
nokanbHEM). L{e Ja€ MOXKIIMBICTh ONEPAaTHBHO pearyBaTH Ha 3MiHU B poOOTi 00yiagHaHHsI (TIepeBakHO 0e3 ydac-
Ti JIOJMHA) Ta 320€3MeUNTH JACKiTbKapiBHEBUI KOHTPOIB 32 POOOTOO BifieHHs OparopekTudikartii.

[lincymoByrouM BUKJaAeHE, MOKHA 3pOOUTH HACTYIHI BUCHOBKH. IS BITYM3HSHUX BUPOOHUKIB PeKTH(I-
KOBAHOTO CHHPTY 3 YpaxyBaHHSIM CITiBBiIHOIIIEHHS HANPAMKIB 1Oro BUKOPUCTAaHHS (TIEPEBa>KHO I BUPOOHMII-
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TBa AJIKOTOJBHUX HANOIB) Ta BIACYTHOCTI KOHKYPEHIIi Ha BHYTPIIIHBOMY PHHKY CIUPTY BH3HAYAJIBHHM IIPH
BIPOBA/PKCHHI HOBUX TEXHOJIOTIYHUX Ta TEXHIYHUX PILICHb € IX BIUIMB Ha SKICTh 'OTOBOI IPOAYKIIii, HAsIBHICTb
HEOOXiTHUX KOIITIB Ta PUTMIYHICTH POOOTH KOHKPETHOTO MiAnpueMcTBa. IloTpeda prHKY B pekTH(]iKOBaHOMY
CIHPTI B OCHOBHOMY BH3HAYA€THCS MMOTPEOOIO HACEICHHS B AIKOTOJIBHUX HATIOAX, OCOOIMBO MIlIHUX, i Ma€ TCH-
JICHIi0 10 3MeHmeHHs. [Ipn mpoMy co0iBapTicTh CIUPTY HE Mae BUPIIIAIHHOTO 3HAYCHHS, IO NMPH3BOJUTE 10
(hakTHIHOT HEMOKIIMBOCTI BUXOy Ha CBITOBI pHHKH PEKTH(PIKOBAHOTO CIHPTY.

3. CnupT eTWIOBUH TexXHiUYHMIt

BuMornu croxmuBadiB 10 CIUPTY E€THIIOBOTO TEXHIYHOTO CYTTEBO BiAPI3HAIOTHCS BiJ BUMOT BUPOOHHUKIB aiI-
KOTOJIbHUX HAloiB Ta IHIIMX MPOAYKTIB Xap4yoBOi MPOMHUCIIOBOCTI. 3 ypaxyBaHHSM TOTO, IO 3a HaNmpsSMKaMH
BUKOPHCTAHHS TEXHIYHOI'O CIUPTY: PO3UYMHHUKH, HE3aMep3atodi KOMIOHEHTH TOLIO Ha PUHKY IPHCYTHI IPOITO-
3MLIT aHATOTIYHOT MPOAYKIIT 1HIIMX rajy3eil (B mepury yepry HaTOXiMiuHOT), TOJIOBHY POJIb BiAirpae BapTiCTh
CIHPTY TEXHIYHOTO Ta MpOayKuii 3 Horo BUKOpHCTaHHSAM. B OLIBIIOCTI BHUIA/JKIB KOHKYPEHTOM TEXHIYHOTO
CIHUPTY € METAHOJI, OTPUMAaHMUU 3 PI3HUX JKepel (IepeBaKHO 3 MPUPOAHBOTO rasy Ta BiIxoiB HadToXiMi4HOT
MPOMUCIIOBOCTI, ajie € i GiomeraHoun). ToMy TEXHIYHUH CTUPT MOBHHEH OyTH KOHKYPEHTOCIPOMOKHHM IO Bap-
TocTi. B Garateox kpainax, ocobmmBo €C, KiHIEBi CHOXHMBA4i TOTOBI CIIAYyBaTH TPOXHU OUBITY BapTiCTh 3a
MPOAYKIifo 0e3 MeTaHOIy (3 OTJISAY Ha €KOJIOTIIO), alle B PO3yMHHUX MEKaX.

CHpOBHHOIO /711 BUPOOHHUIITBA TEXHIYHOTO CIIUPTY MOKe OyTH HEKOHAMWIIiITHE 3epHO, Melsica Ta iHIIi Bif-
XOJHM Xap4YOBUX BHPOOHHITB (MU HE PO3TIIANAEMO NMHTAaHHS BHPOOHHIITBA TEXHIYHOTO CHHPTY 3 HEXapdoBOl
CHUpPOBHHN).

Jo cnenndikn BUpOOHUIITBA CHUPTY TEXHITHOTO 3 3epHA MOXKHA BiJHECTH HacTymHe. HaBiTh SKIIO MOKY-
TMeIb BUCYBA€ MEBHI BUMOT'O 111010 HASBHOCTI B TEXHIYHOMY CIIMPTI JOMIIIOK (HAPHKIIAJ, BUPOOHUKH HE3aMeP-
3al0YMX MHIOYMX DIZMH JUIsSi aBTOMOOLIIB JIIMITYIOTh BMICT aJIbJIETi/IiB, €CTEPIB Ta CHBYIIHOI 0JIii), enropariiina
kosoHa BPY mpaitoe 6e3 rigpocenexiii. ToMy BMICT CyXUX PEe4OBHH B 3aMici (BIIIOBIZHO i BMICT CIIUPTY B
JI03piiit Opaxii) JIMITYeThCsI BUKIFOYHO 3[JaTHICTIO JPDKDKIB 30pO/KYBaTH BHCOKOKOHIICHTPOBAaHI 3amicu 3
JOTPUMAaHHSIM HOPMAaTHUBHUX TEXHOJOTTYHHMX MOKa3HHKIB J03piI0i OpaXKKK Ta BUXOMY CIUPTY 3 OJUHUII CHPO-
BUHH. TakoXX MakCHMalbHO JOIMYCTHMa J03a aHTHCENTHKY PO3PaxOBYeThCS BHKIIOYHO HOro BIUIMBOM Ha Opo-
TUIIBHY aKTUBHICTD IPKIKIB (CIUTBHIHA TEXHOJIOTIYHO-€KOHOMIYHHN PO3paxyHOK aHAJIOTIYHO HABEJICHOMY IS
PeKTH(]IKOBAaHOTO CIHPTY).

KimpkicTs ¢inpTpary Oapam, sSIKy MOXXKHA BUKOPHCTATH Ha CTajii MIPUTOTYBAaHHS 3aMiCy, a TaKOX KPaTHICTb
BUKOPUCTAHHS JIMITYETbCSA BUKIIOYHO BHPOOHMYUMH MOKAa3HUKAMHU IpLKIKIB. [Ipu 11boMy 3HOBY HE0OXiIHO
POOUTH KOMIUIEKCHHIH PO3paXyHOK — 301IBIICHHS KUTBKOCTI (PpiTbTpaTy OapAu Ta KpaTHOCTI HOTO BUKOPHUCTAHHS
MOX€ IIPU3BECTH JI0 YACTIIIOTO OHOBJICHHS JAPIXKIXKIB, ajle CKOPOUY€e BUKOPHCTAHHS BOAM MHUTHOT SKOCTI Ta roc-
Tpoi mapu. I TyT ekoHOMiKa IIOBMHHA PE3IOMYBATH — L0 BUT1IHIIIIE B TPOIIOBOMY BHpa3i.

[Tpu BUPOOHHUITBI TEXHIYHOTO CIIUPTY JOLIIHLHO BIPOBAKEHHS Oe31epepBHOTo 30pO/IKYBaHHS 3 PELUPKY-
msuiero  Giomacu. lle migBHIIye NPOXYKTUBHICTH OpONMIBHOTO BIJJMUIEHHS Ta , BIANOBIAHO, 3MEHIIYE
c001BapTICTh TEXHIYHOTO CIIUPTY.

B po6ori BPY Ttakox € neBni ocobnuBocti. st BUpOOHHULITBA PSAY COPTIB TEXHIYHOTO CIUPTY (VIS SIKMX
BiJICYTHI OOMEXEHHS IIOJI0 BMICTy TOJOBHUX Ta KIHIIEBHX JOMIIIOK) €MIOpalliifHa KOJIOHA B3araji He BUKOPH-
CTOBYETHCS. B TakoMy BHIajKy BapTiCTh TEXHIYHOT'O CHHPTY (3 YpaxyBaHHIM IEPErOHKH OPaKKH 3 ITiJBHIIe-
HUM BMICTOM CITUPTY) € MiHIMaJdbHOIO. KpiM TOro, OCBIA CIiBIIpaIli 3 €BPONEHCEKIMHU CIIOKHBAYaMH CBiIUTh,
IO HaBITh B OJHIM KpaiHi MOXKYTh OYTH pi3HI BUMOTH J0 BMICTy €TaHOIY B roToBiif mpomykumii Tak, penentypu
BUPOOHHUIITBA HE3aMeP3al0UNX MUIOUHX PIAWH I aBTOMOOLTIB TBOX aBCTPICEKUX BUPOOHUKIB PO3paxoBaHi Ha
BMICT €TaHOJIy B TEXHIYHOMY criupTi Ha piBHI 94 % 06. Ta 95 % 006. 3MEHIIeHHS BMICTY €TaHOJY B TEXHIYHOMY
cnupTi (32 MOXKIIMBOCTI) € TAKOX HIJISIXOM JI0 HOTO 3/IeIIEeBICHHS.

HopmaTuBHOI0 JOKyMEHTalli€l0 Tepe0aueHo TakoK BUPOOHHUITBO a0COJIIOTOBAHOTO (3HEBOJIHEHOI0) TeX-
HIYHOT'O CIIMPTY 3 KOHLIEHTpaLieo eTanoiy Big 99,0 % 006. 1o 99,99 % o6.

TakuM 4MHOM, BUPOOHHUIITBO TEXHIYHOTO CIIMPTY, HA BIIMIHY BiJl peKTU(IKOBAHOTO, CIIPSIMOBaHE Ha 3a0e3-
NeyeHHs] NoTped GaraThox Trajy3eil MPOMHCIOBOCTI Ul BUPOOHUIITBA IIMPOKOIO CIEKTPY MPOAYKLII Pi3HOTO
MPU3HAYCHHS 1 TPSMO HE 3aJIeXHUTh BiJl KITBKOCTI HaceneHHS. ToMy BUPOOHHMKHM MOXYTh PO3pPaxOBYBaTH Ha
TpHUBay cTaOUTBHY poOOTY iX MIANMPHEMCTB 32 YMOBH 3a0€3IIEUCHHSI KOHKYPEHTOCIIPOMOXKHOCTI K TEXHIYHOTO
CIHPTY, TaK 1 MpoayKmii 3 HOro BUKOPHCTAHHSM. IIpM po3Tisnl IOLUIBHOCTI BIIPOBAaJDKEHHS HOBHUX TEXHO-
JIOTIYHMX Ta TEXHIYHUX PilIeHb BU3HAYJILHUM (JAKTOPOM € IX BIUIMB Ha COOIBAPTICTh TEXHIYHOTO CIUPTY.

4. bBioeraHo (MAJTUBHHIT €TAHO.)

BioeraHoun (eBpomneiicbka Ha3Ba) un nanuBHuil eranon (fuel ethanol, CIIIA) e Haii6inpImM 32 00CSITOM BH-
POOHMIITBA Ta CIIOKMBAHHS IJIbOBUM BHIOM €THJIOBOTO CIIUPTY i Ii 00CATH 3pOCTAIOTh 3 POKY B PiK.

CBiToBe BHPOOHHMITBO 0i0ETAaHONY MPOTATOM OCTaHHIX POKIB XapaKTepPH3YEThCS HACTYHHHMHU IH(pamu,
MIIPA. JTTPiB:

2014 - 93,05
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2015-97,21
2016 — 100,62
2017 -102,54

CIHIA (58%) ta bpaszumnis (26%) pazom 3abe3neuytoTh BUpoOHHITBO 84 % cBiTOBOTO 00CSTYy OioeTaHOITY.
Cepen iHIIUX BeNMWKHX BUPOOHHKIB: kpainu €C-5%, Kuraii-3%, Kanama-2%, Taimann- 2%, Aprentuna-1%,
Iuais-1%, pemra cBity-2%. Ha >xanp, YkpaiHa B IbOMy IEpeIiKy BiICYTHS. ..

B CIIIA, naiibinpmoMmy BUpOOHHKY 0i0€TaHOIY, OCHOBHOIO CHpOBHHOIO (roHax 90 %) € KyKypyn3a, B bpa-
3WJIi1 — IyKpoBa TPOCTHHA. B iHIINX KpaiHaX CHPOBHHA aHAJIOTIYHA.

JlaH1F0KOK TIepepoOKHU IIyKpOBOi TPOCTHUHHU B 010€TaHOI MPOCTillle, HiXK KyKypy/I3U: TPOCTHHA — BUUICHHS
COKY — 30pOI’KYBaHHSI COKY — BU/IIJIGHHSI €TaHONy 3 OpaXKH — BUPOOHHIITBO TOTOBOT MPOAYKIIT (3MILHEHHS Ta
3HEBOJHEHHS €TAHOIY).

[Ipu mepepoO1i KyKypyJ3u OCHOBHI TEXHOJIOTIYHI Ta TEXHIUHI BAOCKOHAJECHHS aHAJIOTI4HI 3a3HAYCHHUM 3
JIesIKUMHU ocoOnMBoCTsIMHU. [Iporiec OoTpUMaHHS CIIMPTOBHX OpaskOK 3/IMCHIOETHCS aHAJIOTIYHO A0 NepepoOKu
3epHa Y PeKTU(IKOBAaHUH Ta TEXHIYHUH ciupTH. [Ipy bOMY HaMararoThCsl MEPEPOOIIATH 3aMiCH MaKCUMaJbHO
MOJKJIMBOI KOHIIEHTpaIlii. BUpoOHUKH APKIKIB MyOIiKYIOTh KOMEpPIIiitHI Ipomo3urii st 0ioeTaHOJIBHHX 3a-
BOJIB i3 3a3HAYCHHSAM KOHIICHTPALil CHUPTY B AO3piNiil Opaxii, Ky MOXYTh NOCATATH | BHTPHUMYBATH iX
Ipixmki Ha piBHI 20-22 % 06. Lle mae 3Mory CyTTEBO 3MEHIIMTH BUTPATH IapH Ha OpaxxHId KOJOHI IpH
BHIIJICHHI CITUPTY 3 OpakKKH.

B OpommnpHOMY BiAIieHHI BHKOPHCTOBYETHCS Oe3lepepBHUI cmociO 30pomKyBaHHS; JOCHTH YacTo B
nepmuii OpoAMIBHAN amapaT MOJAI0Th CTEPHIIbHE MOBITPS LIS MIBUAKOTO HAKOMMYCHHS HEOOXiTHOI OioMacu
IpixKiB. [LIUPOKO BUKOPUCTOBYIOTHCS! aHTHCETITHUKH.

[Tpu nepepobui no3pinoi Opaxxku B 6ioeTaHON KpiM OpakHOT KOJIOHM BUKOPHUCTOBYETHCS CITUPTOBA KOJIOHA
Ta yCTaHOBKA JJIst 3HeBOAHEHHA. OCTaHHS MOXE MPAIFOBATH HA MPHUHIIUIIAX a3€0TPONMHOI pekTrudikaiii (K mpa-
BUJIO, BUKOPHCTOBYETHCSI LIUKJIOTEKCAH), 3 BUKOPHCTAHHIM MOJISKYJIIPHUX CUT abo MeMOpaH (mepBaroparis).
OCHOBHUM KpHUTEpieEM BUOOPY YCTaHOBKH Jisi a0COJIOTYBaHHS € (JIHAHCOBHI: BapTICTh YCTAHOBKH, 1l MOHTaXy
Ta eKCIUTyaTallii, TUTOMi BUTPATH Iapy Ta BOAM — 3arajioM, KiHIleBa co0iBapTicTh 0i0eTaHOMTY.

Ha punky 6ioeTaHON € mpSIMUM KOHKYPEHTOM OCH3WHY i1 MMOBHHEH MATH MPHOIM3HO OZHAKOBY BapTiCTh (3
ypaxyBaHHSM pi3HOI TETJIOTBOPHOI 34aTHOCTI). 3BUYAHO, Nep)kaBa MEBHUM YHHOM, Y TOMY YHCII 4epe3 MpH-
MYC, BIUTUBAa€ Ha BUKOPHUCTAHHs 010€TaHOIy, ajie JHIIE Ha MOYATKOBUX CTajisfX. B momanpmoMy OCHOBHY poiib
BiZirpae eKOHOMIYHHH (hakTop.

3.1 BukopucTtaHHs HOBHX BH/IiB CHPOBHHH Y BUPOOHHITBI 6ioeTanoiy

OCHOBHO BHMOTOIO JI0 SKOCTi 6ioetaHony € BmicT Boau — 0,2 — 0,3 % 06. ToMy HayKoBIIi, a MOTIM 1 BUPO-
OHUKM 0i0€TaHOJy 3BEpPHYJIM CBOIO yBary Ha iHIII, KpiM 3epHa Ta TPOCTUHHM, BUIU CUPOBUHH, SIKI MOXKYTh OyTH
BUKOPHCTaHI B TPOMUCIIOBHX MacuITabax.

[leprioro B TaKOMY CIHCKY € CHPOBHHA, 1[0 MICTHTH IICJIOJIO3Y: COJIOMa, TpaBa, BiIXOIU IEePEeBOOOPOOHOT
MIPOMHCIIOBOCTI. Iziest mepepoOKH LEIoJIo3n B CIUPT HE € HOBOK — Y MHHYJIOMY CTOJITTI €KCIUTyaTyBaJIUCS
3aBOJIM 3 MEpepOOKH IEI0JI030BMICHOT CHPOBHHU B TEXHIUHHH CITUPT, ajie BOHU MPAIIOBAJIH 3 BUKOPHCTAHHIM
TEXHOJIOTi1 EKOJIOTIYHO HeOEe3MeYHOr0 Ta €KOHOMIYHO HEBUTITHOTO KUCJIOTHOTO TiAPOIi3y. 3ACIICBICHHS IETI0-
JIO30JIITHYHNX (PEPMEHTHHUX IIperapariB a0 3MOTY OpraHi3yBaTH IEepepoOKy LEN0I030BMICHOI CUPOBHHHU B
0i0eTaHON Ha HOBOMY TEXHOJIOTIYHOMY piBHI, 0 Biamosigae XXI cropivgto.

B CIIA nitote 4 migmpueMcTBa 3 BUPOOHHIITBA 0I0ETAHOINY 3 IENIONO3U 3aralbHOI0 MOTYXKHICTIO 3142
MJIH. JIITPiB HA piK, me 3 3aBoan (881,9 MuH. JITpiB HA PiK) MOXKYTH MEPEPOOIATH 3€PHO Ta IEIFOIO30BMICHY
cupoBuny. o peui, B CILIA 3acToCOBYIOTH /11 BUPOOHUKIB OlOETaHOJY 3 LIENIONIO3H TepMiH «Oiopadinepii
JIPYroro MOKOJIHHSY», IMIAKPECIIOI0YM IIMM HOBUI pPiBeHb TEXHOJIOTii BHPOOHHUITBA 0ioeTaHONy (MTAJIMBHOTO
eranoity). TexHOJIOTis TepepoOKH IIEITI0I030BMICHOT CHPOBHHHM B 0i0€TaHOJ IMOCTIHHO BIOCKOHATIOETHCS B
HanpsIMKY 11 3/I€IIEBICHHS Ta PO3LIMPEHHsI CHPOBUHHOI 0a3u. Hanpuknaz, 3anareHToBaHa TEXHOJIOTIs epepoo-
KU BIIXOJIB JIepeBOOOPOOHOT MPOMHKCIIOBOCTI 3 MapalieIbHUM BUPOOHUITBOM OiopadiHepiero HE0OXiTHOT Kilib-
KOCTi (hepMEHTHHUX IpenapariB 3 Ti€i * cupoBHHU. Taki TeXHOJOTI € HaA3BUYAHHO LIKAaBUMH ISl HAIIUX 3a-
BOJIiB, OCOOJIMBO 3 ypaxyBaHHSM IIOJITHKN Ypsiay Ha 3a0e3MeUeHHs] IPOMUCIIOBO] IIepepOOKH JIEPEeBHHHU BITUM3-
HSHUMH IAIPUEMCTBAMH.

HacrtynHa cupoBuHa, sika 11e Ha mepepoOIsIeThbesl B MPOMUCIIOBHX MaciuTabax, aje 00CATH KO IPaK THIHO
HEOOME)XeHI — MyHILUManbHi Bixxonu (cTiuHi Boxu). HaykoBo oOrpyHTOBaHO pas cMM0i03iB MiKpOOpTaHi3MiB
BKJIFOUHO 3 APDKIKAaMU, 3IaTHUX epepoOIISITH CTIUHI BOJAM MICT B €TaHOJ. 3BUYaifHO, Lie BiJ1aieHa MepCIeKTH-
Ba, aye 15-20 pokiB TOMY Tak Ka3aJy IPO TEXHOJIOTIIO MPOMHMCIIOBOI NEPEPOOKH LIETI0I030BMICHOT CHPOBHUHH B
GioeTaHoII.

BucHoBok

CupoBuHHa 6a3a YKpaiHu, HasBHICTH KBaTi(piKOBaHMX KaapiB Ta CHCTEMH iX MiITOTOBKH (YHIBEPCHUTETH, iH-
CTUTYT HiCISAUIUIOMHOI OCBITH) 3a0€3MeUyI0Th MOXINBICTh PO3BUTKY BUPOOHHUIITBA €TUIIOBOTO CIIUPTY SIK IS
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NOTped BHYTPIMIHBOTO PUHKY, Tak 1 JUIl €KCHOPTYy. YCHIIIHUH PO3BUTOK Tajly3i MOXKJIMBHH JIMIIE IIPU 3MiHi
CTPYKTYPH BHYTPIIIHBOTO CIIOKMBAHHS CIIUPTY Yy BIAMOBIIHOCTI O CBITOBMX TCHJICHINH — Oi0€TaHOM, TeX-
HIYHUH CIIAPT i BXKE TOTIM peKTHU(IKOBAHUI CIIAPT, @ TAKOXK IPH BpaxXyBaHHI €KOHOMIYHHUX (aKTOPIB IIPH BIPO-
Ba/PKEHHSI TEXHOJOTIYHMX Ta TEXHIYHMX pimeHb. CBITOBI PUHKH CIUPTY MAlOTh IIEBHHN PiBeHb I[iH Ha pi3HI
BUH €THJIOBOTO CHHPTY K TOBapHOI MPOAYKIIii i BUPOOHUIITBO CITUPTY B MEXKaX INX I[iH CTBOPIOE MOKIIMBOCTI
JUISL HOTO EKCIIOPTY.

TexHomorist Ta eKOHOMiKa TIOBHHHI OyTH HEPO3PHUBHI, TOJI YCIiX y BUPOOHHUIITBI Ta pealizalii CHHpPTY eTH-
JoBoTO Oyne 3a0e3nedeHuii.
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Anomayin. Co0200Hi 2ocmpo cmoims RUMAHHSA 3a0PYOHEHHs IPYHMI6 ma 600HUX pecypcié nianemu. Y
383Ky 3 yum npoOyKmu MEApUHHUYMEA, SAKi CHONCUBAE TOOUHA, MAKONC MICMAMb WKIOAUBI 3a0pyOHIOI0Y]
peyosuHu. AKmMyanpHum € 6U4eHHs. NOKA3HUKIE Oe3neku Moaokd. Bpaxosyiouu akmyanvnicms npobaemu woodo
be3neku MONOKA npu OYiHYyi MIKPOOIONI02IUHO20 PUSUKY CIMOCOBHO HEOE3NEUHUX MIKDPOOP2AHI3MIS, SKI GUKIUKA-
10Mb Xapuo8i 3axeoproeanus y oimetl, OOYiNbHUM € aKyeHmygamu yeazy Ha yiti npobremi, 30Kpema Ha HeoOXio-
HOCmi nposedenHs 00CHIONCeHb NO OAHOMY HARPSAMKY. sl GUCOMOBNIEHHS MOJIOYHO-O0POWHAHUX KAWL UKOPUC-
MOBYIOMb NEPEBANCHO KOPOB aue MOIOKO. V 368 513Ky 3 UACMOI0 HeNepeHOCUMICHIO0 OUMAYUM OP2AHI3MOM OLIKI8
KOPO8 14020 MONIOKA OOYITbHO PO3POOIAMU AHANO2IYHI NPOOYKMU HA OCHOBI KOOUNAYO20 Mda 08€4020 MOIOKA.
Cywinnsa KOOUNAYO20 MA 08€4020 MOJOKA NPOBOOUNU HA PO3NUMIOSANbHIN cyuwiapyi «Hupo-Amomaiizepy. Cy-
WiHHA KOBUIAH020 MONOKA nposodunu 3a memnepamypu 140-150 °C, osevozo — 170-180 °C. Moaoko Gyno 3i6-
Ppauo 3 hepmepcovKux 20cnoo0apcme pisHux pecionie Kpainu. [Jis po3pooKu MO0 YHO-O0POWHAHUX KAWL BUKOPUC-
Mo8yeanu excmpyoosane 6OPOWHO BIMUUHAHO20 UPOOHUYMEA. Monouno-6opownsani kawi 36epicaiucs 8 Ka-
PMOHHUX NAYUKAX 3 GHYMPIUHIM NAKEMOM i3 KOMOIHO8AH020 nolimeprozo mamepiany. Ilosimps i3 nakemy uoa-
JANU | 3aMIHIOBANU A30MOM, NAKEM 2ePMEeMUYHO 3AKPUBANTU WNAXOM CNAUKU 8ePXHBbO20 KNANaHa. JJocnioxcents
NPOBOOUNU 30 CMAHOAPMHUMU MEMOOUKAMU. 3 ’ACO8AHO, WO CYXe MONOKO 3a NOKASHUKAMU De3neKu ma Mikpo-
0I0102IYHUMU NOKAZHUKAMU GIONOBIOAE 6UMO2AM. B po3pobaeHux MOI0UHO-OOPOUHAHUX KAUWAX HA OCHOBI CYX0-
20 KOOUNIAL020 MA 084020 MOJOKA WKIOAUBE pEHOBUHU MA MIKPOOP2AHIZMU MAKONC He NePesUyIomb SPAHUYHO
donycmumi medxci. 3’Ac08aHO, WO MOJIOYHO-OOPOWIHAHRI Kawli He MAlomb 03HAK MIKPOOIONOSIMHO20 NCYBAHHS
6npooosic 12 micayis 36epicanna. Omoice, cyxe Kobunsiue ma ogeue MOJIOKO € NEPCHEKMUBHOK CUPOBUHOIO OJis
BUPOOHUYMBA NPOOYKMIG O/l OUMAYO20 XAPUYBAHHS.

Kuro4uoBi cjioBa: moka3HHKH Oe3MeKH, MiKpOOiOJIOTiYHI TOKa3HUKH, CyXe MOJIOKO, AUTSYC XapUyBaHHS,
KOOHIIsTYE, OBEYE.

Abstract. Today, the issue of pollution of soils and water resources of the planet is acute. As a result,
human livestock products also contain harmful contaminants. It is important to study the safety indicators of
milk. Given the urgency of the problem of milk safety in assessing the microbiological risk of dangerous
microorganisms that cause foodborne illness in children, it is appropriate to focus on this problem, in particular
the need for research in this area. Cow's milk is mainly used to make milk flour. Due to the frequent intolerance
of cow's milk proteins by the child's body, it is advisable to develop similar products based on mare's and sheep's
milk. Drying of mare's and sheep's milk was performed on a spray dryer "Niro-Atomizer". Drying of mare's milk
was performed at a temperature of 140-150 OC, sheep - 170-180 0C. Milk was collected from farms in different
regions of the country. Extruded domestic flour was used to develop milk-flour porridges. Milk and flour
porridges were stored in cardboard packs with an inner package of combined polymeric material. The air from
the package was removed and replaced with nitrogen, the package was sealed by soldering the upper valve. The
studies were performed according to standard methods. It has been found that milk powder meets the
requirements in terms of safety and microbiological indicators. In the developed milk-flour porridges on the
basis of dry mare's and sheep's milk harmful substances and microorganisms also do not exceed maximum
permissible limits. Milk-flour porridge was found to show no signs of microbiological spoilage during 12
months of storage. Thus, mare's and sheep's milk powder is a promising raw material for the production of baby
food.
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IMocTanoBKa mpo0ieMu Ta aHAdI3 ocTaHHIX Aocaimkens. [llpoke 3acTocyBaHHS XiMIYHHX 3ac00iB 3a-
XHICTY POCIIHH Ta IPYHTIB, CHHTETHYHHX MiHEpalbHUX NOOpUB, HacHiaku aBapii Ha YopHoOminsehkiit AEC, Tomo
TIPU3BOMSTH NI0 TEPEBHUIICHHS TPaHMYHO IOIMYCTHUMHUX KOHIEHTpalill XIMIYHMX PEdOBHH B atMocdepi, IPyHTI,
BOJIi 1 BIITIOBIAHO B CHPOBHHI Ta MPOAYKTaX XxapuyBaHHA [1-2]. BkMBaHHS TaKUX MPOAYKTIB 3HIDKYE PE3UCTEHT-
HICTB OpraHi3My JIIOAWHU, OCOOIMBO IiTeH, MPU3BOAATE O TSHKKUX 3aXBOPIOBAHB, SIKi MOCHIIOIOTHCS 3 HAKOITH-
YEHHSM B OpPTaHi3Mi TOKCHYHHX PEUOBHH Pi3HOI XiMIUYHOI MPUPOAM: HITPaTiB, MIKOTOKCHHIB, TIECTUIHIIB, BaK-
KX METaJIB, paaioHykKIiaiB [3].

Exonoriuna Oe3neka CHpPOBHHHHMX 30H 3 BUPOOHHMIITBA MOJIOKA IJISl IUTSHYOTO Xap4yBaHHS, IEpLI 3a BCe,
BU3HAYAETHCS PIBHEM BMICTY JIMITYIOUHMX eJeMeHTiB. [lecTHnan NOTpamisiioTh y MOJIOKO B pe3yJsbTati 00po0-
KU IPYHTY BiJ Oyp’siHiB. AHTHOIOTHKH Y MOJIOII € HACJiIKOM JIiKyBaHHS TBapuH Bix Mactuty [4-5]. [ kepenom
HaKOIMYEHHS BA)KKUX METaJB y IPYHTI Ta BOJI Moxe OyTH sIK IX NPHUPOJAHE YTBOPEHHS, TaK 1 MPOMHUCIIOBE 3a-
OpynHeHHs nUMH eneMeHTaMu [6-7]. OmHak, 0i0JOTiYHA CHCTEMa CCAaBIlB CIPHUSE BUBEICHHIO, OTPUMAHUX 3
KOPMOM TOKCHYHHX PEUOBHH, 1 B MOJIOKO TIOTpAIUISI€ JINIIE He3HAYHA iX yacTiHa [8].

[t BUpOOHUIITBA MOJIOYHO-OOPOIIHSHNX Kalll I JUTSYOTO XapdyBaHHS BUKOPHUCTOBYIOTH MOJIOKO CyXe.
AJe IepeBayKHO BHKOPHCTOBYETHCS MOJIOKO KOPOB’sTde, piame Ko3sde. Y 3B’A3Ky 3 OCTaHHIMH JOCIiHKCHHAMA
3’SCOBAaHO, 1[0 MOJOKO KOpPOB’sde 37aTHE BHUKIMKATH XapyOBY aleprito y HiTe paHHbOro Biky [9-11]. Tomy
JOLTBHO TOCTIAATH MOXKJIMBICTh BUKOPUCTAHHS MOJIOKA OBEYOTO Ta KOOWIAIOTO Y BUPOOHUIITBI IPOAYKTIB IS
JUTSIOTO XapIyBaHHS.

VY npaui [12] aBropu JOCiIKyBaJli IPOLEC CYIIiHHSI MOJIOKa JJIsl JUTSYOro XapuyBaHHs. [Iporte npoBoau-
JIM CYULIIHHS MOJIOKa KOPOB’S/YOT0 Ta KO3MHOTO 1 TP LIbOMY HE JOCIIXKYBAJIM TIOKa3HUKU OE3MeKH Ta MiKpo0io-
JIOT14YHI OKA3HUKH.

Haykorui Yeynkoxkoesa A.A. ta Dnemanosa P 111, y cBofiit mpari [13] 1ocaiiKyOTh CYIIIHHS KOOUISUOTO
MOJIOKA 32 PI3HUX TEMIIEpPaTyp CYIIWILHOTO areHTy, aje MOKa3HUKIB Oe3MekH, MIKpOOioIOriyHIX OKAa3HUKIB Hi
CYXOT'0 MOJIOKA, Hi TOTOBOI IIPOAYKIIi 3 IIbOT0 MOJIOKA HE JIOCHIIPKEHO.

V¥ mpani H. M. Borarko, B.II. Jlscora Ta cmiBaBTopiB [14] mocmimKyBaiocss MOJIOKO HATHBHE YKPaiHCHKHUX
BHPOOHHWKIB. BCTaHOBIIEHO, IO 3pa3KH BiANOBINAIOTh BUMOTaM MIOAO OE3MEKH Ta MIKpOOIOJOTiYHOI YHCTOTH
JUISL MOJIOKa TTUTHOTO. [IpoTe He MpOBOAMIKCS IOCTIIKEHHS MO0 BiAMOBIAHOCTI JAHOTO MOJIOKa BUMOTaM 10
MOJIOKa JUISl TUTSIOTO XapuyBaHHS.

ABTopu y mpami [15] 3ocepennimcy Ha OLIHII CE30HHOI TWHAMIKH 3arajbHOI KiJTBKOCTI MIKpOOPTaHi3MiB B
0BEYOMY MOJIOLI. AJie He TIPOBOIMIIN JTOCHIPKEHHS 11010 MOKA3HUKIB O€3MeKH Y MPOAYKTAX VISl JUTSIIOTO Xap-
YyBaHHS.

OcHOBHI perioHd YKpaiHH, 3 sSKuX OyJIO B3ATO MOJIOKO KOOWJ, Ki3 Ta OBellb, JloHenbka, UepHiBelbKa Ta
XwMenbHuibka 00acti. L{i perionn MarTh pi3HI arpOCKOJIOTiYHI YMOBH, 1 BIIMOBITHO, MOJIOKO MPOIYKYETHCS 3
PI3HMM HAKONUYEHHSM TOKCUYHUX PEYOBHH.

Takum 4MHOM, y JTaHild POOOTI MPOBOJHUIMCS JOCIIIKEHHS NOKAa3HHUKIB O€3MeKH Ta MiKpOOioJIOrYHHUX T10-
Ka3HHUKIB CyXOTO KOOWJISTYOTO Ta OBEYOT'O MOJIOKA 3 MeTOI PO3pOOKH Ha X OCHOBI MOJIOUHO-OOPOIITHSHUX Kalll
JUISL TUTSIOTO XapuyBaHHS.

Martepiaa i MmeToau gociigkenHs. MoJIOKO HATHBHE BUKOPUCTOBYBAIH 3 (hepMepChKUX rocmoaapcts Jo-
HeydnHH, bykoBuHM Ta XMenpbHHYYMHH. MOJOKO CyXe OTpHMYBAJIM Ha pPO3MWIIOBANBHIN cymapri «Hupo-
Aromaiisepy. CymiiHHS KOOHISHOr0 MOJIOKA MPOBOXMIN 3a Temieparypu 140-150 °C, osegoro — 170-180 °C.
BukopHucTOBYBaIM €KCTPYIOBaHE OOPOLIHO PUCOBE, TpeYaHe i KyKypyA3siHe YKpaiHCbKUX BHUPOOHUKIB 3 TIOKa3-
HHKaMU skocti 3rigao TY YV 15.6-25212217-001-2001.

Penientypa M01049HO-00POIIHAHNX Kall IIpecTaBieHa y Tabm. 1.

Tabmung 1 — Penientypa MoJ104HO-00PONITHSIHMX KAl

MoaouHo- Moitouno- 60-
MomnouHo- 60porI-
OOpoIIHsSHA Kama 3 POIIHsHA KaIa 3

HaﬁMCHyBaHHH CUPOBHHU HsiHa Kalla 3 rpe4da-

pucoBuM Oopor- HIM GOPOIIHOM KYKYpPYI3THUM
HOM OoporHOM
Mooko oBeue cyxe, % 7,00 7,00 7,00
Mornoko xobwmistae cyxe, % 65,00 65,00 65,00
Oumnist consmHuKoBa, % 2,99 2,99 2,99
BopomHo excTpynoBane pucose, % 25,00 - -
BopomHo ekcTpynoBane rpedane, % — 25,00 -
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BopourHo excTpynoBane KyKypyassHe, % - - 25,00

Peruniny amerat, MKr 34,13 34,13 34,13

Bitamin D,, MKT 0,64 0,64 0,64
Bcesoro: 100,00 100,00 100,00

[MinGip Ta migroroBky mpod mmss Mikpoodiomoriuanx anamiziB mpoBommmm 3a [OCT 26668-85, TOCT
56669-85, meromu KynpTHBYBaHHSA Mikpooprasi3mis — 3a ['OCT 26670-91, anapaTypa, IOXHUBHI CepeOBHIIA Ta
MikpoOiosorigni BunpobyBauHs — 3a OCT 26972-86.

MesodinsHi aepobHi 1 ¢akympTaTHBHO-aHaepoOHI Mikpooprarizmu, B. Cereu, MikpockomiuHi rpu0w,
IPDKIKI Ta MATOT€HHI MIKpOOPTaHi3MH, B T.4. CAIbMOHENH, Bi3Ha4danu 3riqHo 'OCT 9225-84.

Kinbkicts Staphylococcus aureus BuzHayamu 3rigao FOCT P 51259-99.

BMicT TOKCHYHUX €JIEMEHTIB B MOJIOLI BU3HAYAIH 3TiHO:

Buznauenns BMmicTy cBuHIIO mpoBoawiy 3rigHo Metoauku ['OCT 26932-86, kagmito — 'OCT 26933-86,
munr’ska — [OCT 26930-86, prypi — TOCT 26927-86, mini — TOCT 26931-86, uunky — TOCT 26934-86.

Bu3HaueHHS MIKOTOKCHHIB MPOBOAMWIH 3TiiHO 3 MP Ne 2273; adnorokcuniB — 3rizno MP Ne 4082;
AHTHOI0THUKIB — Y BigmoBiAHOCTI 3 MP Ne 3049; BU3HAYCHHS 3aJIMIIKOBUX KiJTbKOCTEH MECTHIMIIB — 3T1IHO 3

I'OCT 23452.

Pe3yabTaTu qociizkeHHsl. Pe3ynbTaTi NpoBEACHUX NOCIIKSHb 3 BU3HAYCHHS BMICTY BaXKKHX METa-
JiB, MIKOTOKCHHIB, aHTHO10THKIB, TIECTUIN/IIB, a TAKOXX MEIUKO-0i0JOTiyHI BUMOTH Ta caHiTapHi HOpMH [16]

MIPEACTABIICHO y TalI. 2.

Tabnmms 2 — [loka3HUKH 0e3MeKH CyX0ro MoJIoKa

Kobunsae cyxe moro-

Iloxa3uuku o OBeuye cyxe MOJIOKO Hopma
Toxkcu4HI €JIEMEHTH, MI/KT:
CBHUHELDb 0,012+0,001 0,012+0,001 0,05
KaMiii <0,001 <0,01 0,02
MM SIK HE BUSABJIEHO HE BUSBJIEHO 0,05
PTyTh HE BUSIBIICHO HE BUSBIICHO 0,005
Migb 0,21+0,02 0,37+0,04 1,0
[IUHK 2,88+0,288 2,1+0,21 5,0
MIiKOTOKCHHH, MI/KT:
acdioTokcuH By HE BHUSBJIEHO HE BHSBJIEHO <0,001
agiotokcuH My HE BUSIBIICHO HE BUSIBJICHO <0,0005
AHTHOI0THKH, OJIT:
TeTPaIMKIIIHOBA TpyIia HE BHUSBJIICHO HE BHUABJICHO <0,01
CTPENTOMIIIMH HE BUSABJICHO HE BUSBJICHO <0,5
MEHIWIIH HE BUSABJIEHO HE BUABJIEHO <0,01
[Mectuunam, MI/kr, (B CyXoMy IPOIYKTI):
JAT <0,001 <0,001 0,05
I'XII i rama-izomep I'XIT <0,001 <0,001 0,05
PryreBmicHi NECTULUAN

(rpaHo3an, MepKyp-O6€H30)

HC BUABJICHO

HC BHUABJICHO

HE NOITYCKAETHCA

B cyxomy Mosio1i OyJ10 BHSIBJICHO Taki BaXKKi METaJIM SIK CBHHEIb, KaIMiil, MiJib Ta IUHK. [IpoTe BMICT 1X
B CYyXOMY MOJIOIII HE TEPEBHUIIYe HOPMHU. MHUIII’IKY Ta PTYTI y 3pa3kax CyXOro MoJioka He 3HaiaeHO. MiKOTOK-
CHHIB Ta aHTUOIOTUKIB Y CyXOMY MOJIOLII BHSIBIIEHO TaK0X He OYJIO.
Taxki necturuau sk AT, TXUT i rama-izomep I'XII" BUsiBIICHO B KUTBKOCTSIX, IO HE TIEPEBUIYIOTH HO-

pmy.

Mikpo6iooriuHi MOKa3HUKU Y CyXOMY MOJIOLI IPEJICTaBIEHO y Tadu.3.
Tadanus 3 — Mikpo0ioJIoriyHi MOKa3HUKH Y CyXOMY MOJIOIIL.

Ioxa3HuKHN KoOuisiue cyxe MOJIOKO OBeue cyxe MOJIOKO Hopma
[Tarorenni MikpoopraHisamu, B T.4. ca-
HE BUABIICHO HE BUSIBIICHO 25
JIbMOHEJHN
Kinpkicts Me30(QinbHHX aepoOHHX 1
¢ POo 0,02x10* 0,045x10* 5x10*
(aKkynbTaTHBHO-aHAEPOOHUX  MIKpOOp-
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ranizmiB, KOE B Ir, He OinbIire

BI'KII (koniopmn) HE BUSBJICHO HE BUSBJICHO 0,1

Kinbkicte Me30¢pIbHEX aepoOHUX 1 (haKyIbTaTHBHO-aHaepOOHUX MIKpOOPIaHi3MiB B CyXOMY MOJIOLI 3a-
JIOBOJIbHSIE BUMOTH HOPMAaTUBHUX JOKYMEHTIB.

’Konen 3 moka3HUKIB HE NEPEBUIILYE IPAHUYHO NOIMYCTHMHH PiBEHb, a, OTXKE, CyXe MOJIOKO BiJIIOBiNae
MeINKO-010JIOTIYHNM BHMOTaM Ta CaHITAPHUM HOPMaM SIKOCTi Ha MPOIYKTH IS JUTSAYOTO XapdyBaHHSI HA MO-
noyHii ocHOBI Ne 5061-89 Bix 1.08.1989 p. [16]. Pesynpratn gocmimkeHHs TOKa3HUKIB OE3MEKH CyXOro MOJIOKa
BKa3yIOTh Ha Te, [0 OTPHMAaHE CyXe MOJOKO € Oe3MeYHUM Ui BUKOPUCTAHHS HOTO Y BUPOOHHITBI MPOIYKTIB
IUISL IUTSTYOTO Xap4yBaHHS.

3 mi€ro MeToro 0yJIo PO3poOIICHO CyXi MOJIOYHO-OOPOIIHSAHI Kamli JJs TUTSYOTO XapdyBaHHS Ha OCHOBI
CYXOTro KOOHMJITYOrO Ta OBEUOr0 MOJIOKA. Tako O pelenTypu Kall BKIIOYEHO eKCTPYIOBaHE PUCOBE, IpedyaHe
Ta KyKypyA3sHEe OOPOIIHO.

CKJ1aJJOBOIO YaCTHHOIO HALlIOHAIBHUX Ta MDKHAPOAHUX IIPOTPaM OXOPOHHU 3JI0POB’S SIBISIETHCS 3a0e3me-
4yeHHs Oe3MeKy MPOAYKTIB XapuyBaHHS, SIKI CXHMJIBbHI 10 aHTpornoreHHoi aii. Came ToMy Ui HPOIYKTIB TUTSYOTO
XapuyBaHHs PO3p00JIeHO MEANKO-010JI0TIUHI BUMOTH Ta CaHITapHI HOPMH 110 BMICTY IIKiJUIMBUX PEYOBUH.

MosnoyHO-0OpOIIHSHI KaIlll JOCTIHKYBAIA Ha BMICT BaXKUX METaNliB, aHTUOIOTHKIB, MiKOTOKCHUHIB Ta
MeCTUIUAIB. Pe3ysibTaTit OTpuMaHuX JOCIIKEHb 3aHECEHO 10 Tabi. 4 Ta 5.

Tabnmns 4 — BmicT BasKKHX MeTaliB Y NPOAYKTAX AJs TUTAYOr0 XapuyBaHHS

[Moxa3Huk Mono4HO-00pOUTHSHI Kali Hopwma, Mkr, He Oinbmie
Mizge, MKT 0,51-0,56 1,0
Munr’ ik, MK, MEHIIIE HIXK 0,001 0,05
PTyTh, MKT, MEHITIE HiXK 0,001 0,005
CBHHELD, MKT 0,036-0,042 0,05
KamaMmiii, MKT, MEHIIIE HIK 0,01 0,02
=K, MKT 2,05-2,10 5,0

VY po3po0eHnX HaMH NMPOAYKTAX VIS AUTSYOTO XapuyBaHHS OyJo BUSBICHO BaXKKi METallH, MPOTeE iX Ki-
JBKICTh HE TMIEPEBUIYE TPAHUIHO JOIYCTUMI HOPMH.
[IpoBeneHi TOCTIIKEHHS BKa3ylOTh Ha T€, IO OTPUMaHi MPOIAYKTH € Oe3NeYHUMH IJIs1 BUKOPHCTAHHS iX
JUTSL TUTSYIOTO XapuyBaHHS.
OTpuMaHi JaHi BKa3yloTh Ha Te, 1[0 AaHTUOIOTHKIB Ta PTYTEBMICHUX MECTHIHUIIB y TMPOIYKTAX JJIS JUTS-
YOT0 XapuyBaHHsS HE BHUSIBJICHO. BMICT IHIIMX TOKCHYHHUX PEYOBUH HE MEPEBUIILYE HOPMHU.
Tabnuusg 5 — BmicT aHTHOi0THKIB, TeCTHIUAIB | MIKOTOKCHHIB B MOJIOYHO-0OPOIIHSIHUX KalIax

[Toxa3Huk | MoJ104HO-00PONITHSHI Kallli | Hopwma, MKr, He Oijbiie
AHTHOI0THKH (B CyXOMY NPOJYKTI), O/T:
TeTPaIMKJIIHOBA TpyIa HE BHUSBJIICHO He nomycxkaetscs (<0,01)
CTPENTOMIITUH HE BUSBICHO He nomyckaerbes (<0,5)
MCHIIITIH HE BUSIBICHO He nomyckaerbes (<0,01)
MIiKOTOKCHHH (B CYXOMY MPOJIYKTI), MI/KT:
Adnortokcun B <0,001 He momyckaerncs (<0,001)
Adnorokcun My <0,0001 He nomyckaerscs (<0,0005)
[Mectrumay (y BiTHOBICHOMY MPOJIYKTI), MI/KT:
JAT <0,001 0,005
JIHJaH, reKcaxJjopaH (cyma i3oMepiB
K <0,001 0,005
Pryresmicui necrummau (rpanosan, HE BHUABIICHO He momyckaetscst (<0,005)
MepKyp-OeH305)

PesynbraTit IOCTIIKeHh BKa3ylOTh Ha T€, II0 MOJOYHO-OOpOINHSHI KaIl BiJMOBIIaOTh MEIUKO-
010JOTIYHIM BUMOTaM Ta CaHITAPHUM HOpPMaM SKOCTi Ha MPOAYKTH AJIS IITeH paHHBOTO BiKy Ha MOJOYHIH OC-
HOBi Ne 5061-89 Bix 1.08.1989 p.

it B paHHBOMY Billi OCOOJIMBO ypa3JUBi 10 TOTEHIIHHO NMATOr€HHUX Ta NaTOT€HHUX MIKpPOOpPTraHi3MiB,
110 HAJXOAATh B OPTaHi3M JUTHHH pa3oM 3 Dkero. Biomo, KO y Z0pocinX YMOBHO IaTOI'€HHI MiKpOOpraHi3-
MH BUKJIMKAIOTH CIAJIaX{ Xap4YOBHX IHTOKCHKALIlM 1 TOKCHMKOIH(EKIi Np1 MacUBHOMY OOCIMEHIHHI MPOIYKTY,
TO y JiTel 1i 30yHNKU BUKJIHMKAIOTh 3aXBOPIOBAHHS, SIKI IIPOTIKAIOTh TI0 TUILY TOCTPOI 200 XPOHIYHOI KMIIKOBOT
iHGeKIil, mpyu He3HauHil iX mpucyTHOCTI B 1xi [17].

PiBeHp MiKpOOiIOJIOTIYHMX MOKA3HUKIB XapYOBHUX KOHIIEHTPATIB IS JUTSUOTO XapUyBaHHS 3aJI€KHUTh BiJ
inoro psay ¢axTopiB: SIKOCTI CHPOBHMHH Ta HamiBpaOpHKaTiB, €PEKTHBHOCTI PEKUMIB MacTepu3allii, SKOCTi
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MUTTS Ta Ae3iHdeKii o0naqHaHHs, SKOCTI NaKyBaJIbHUX MaTepiajliB, METO/IB, 10 BUKOPUCTOBYIOTHCS JIJIsL KOH-

TPOJIFO 1 T.JI.

Hawmu Oynmu npoBeneHi ZOCHTiIKEHHS TI0 BU3HAYEHHIO MiKPOOiOJIOTiYHIX MOKAa3HHUKIB B PO3POOIICHIX MO-

JIOYHO-OOPOITHAHNX KamaxX. Pe3yapTaTi JOCiIKeHb IpeACTaBIeH] B Ta0I. 6.

Tabnus 6 — Mikpo0ioJioriudi noka3HuKH po3pod/aeHux cymimei

MonoyHO-00pOIIHSHI Kari
IToxasnux Hopma
3 PUCOBHM 3 TpeYaHuM 3 KYKypYI3SHUM
OOpPOIIHOM OOpPOIIHOM OOpPOIIHOM
Me3zoodinbHi aepoOHi 1 GpakyIbTaTHBHO-
aHaepoOHi MikpoopranizaMu KYO B Ir 450 470 470 2000
CYXOTr'o IPOJYKTY, He Oinblie
Bakrepii rpynu KUIIEYHHUK MAIUYOK, B HE JI0IyC
HE BUSBJICHO HE BUSIBIICHO HE BUSIBJICHO
Ir Ka€ThCs
. . HE JI0IyC
Echerichea coli, B 10 T HE BUSBJICHO HE BUSIBIICHO HE BUSBJICHO Aony
KaEThCSI
. HE JI0MyC
Staphilococus aureus, B 10 T HE BUSBIICHO HE BUSIBJICHO HE BUSIBIICHO
KaeThCs
B.cereus KYO B Ir, He OinbIe 15 15 15 100
[laToreHHni MikpoopraHisMu B T.4. HE JIOITyC
HE BHUSBJICHO HE BUSBIICHO HE BUSBJICHO
Salmonella B 100 r KA€THCS
[Tmicusasi rpudu KYO B | 1, He Oinpmie 12 10 18 50
Hpixmxi KYO B 1 1, He 6inbire 3 3 3 10

3rigHO MEIUKO-010IOTIYHIX BHMOT Ta CaHITApHUX HOPM SKOCTiI Ha MPOIYKTH AJIS HiTeH paHHBOTO BiKY
Ha MoJo4Hi# ocHOBI Ne 5061-89 Bix 1.08.1989 p. B oTpuMaHuX NpOMyKTax BIOXWICHb HE crocTepiraeTbes. OT-
e, OTPHMaHi J1aHi BKa3yloTh Ha Te, 0 pO3pOOJIeHI HAMH MPOIYKTH NPUAATHI JUII BUKOPUCTAHHA B IUTIUIOMY
Xap4yBaHHI.

Mo10uHO-00pOIIHSIHI Kallli, € MPOJyKTaMH TpHUBAIOro 30epiranHs. [IpoBinHI BUPOOHHMKH MPOIYKTIB IS
JIUTSYOTO XapuyBaHHs BCTAHOBIIOIOTH TEPMiH iX 30epiranus npotarom 12-18 mic. IIpote, aist Takoro Tpusaio-
ro TepMiHy 30epiraHHsi He0OXiJHOIO € BiAMOBIHA yrnaKoBKa. MoJIOYHO-OOPOIIHHI Kallli 30epiraiucs npoTsirom
12 MicAIiB B KAPTOHHKX MAayKax 3 BHYTPIIIHIM MAKETOM i3 KOMOIHOBAHOTO MOJIMEPHOTro MaTepiany. [ToBiTps i3
MaKeTy BUJAJISUIN 1 3aMiHIOBAJIM @30TOM, MTAKET TePMETUYHO 3aKPUBAJIU [IUITXOM CITaliKU BEPXHBOTO KJaNaHa.

[Ipu 306epiranHi MPOAYKTIB B TepMETHYHIA YIaKOBII MOKJIMBHI PO3BUTOK HEOaKaHOI UM HABITH IIKIiTH-
Bo1 Mikpodopu. [Ipu mocarHeHHI 3HaAYCHP MIKpOOIOIOTIYHAX TTOKA3HUKIB BUINUX 32 JONYCTUMHU PiBEHB, IPO-
JYKT CTa€ HENPHUJIATHUM IO CIIOKMBaHHS. TOMYy /AJIsl BCTAaHOBJICHHS TEPMiHY 30epiraHHs MPOAYKTY HEOOXiTHO
JOCTIIUTH 3MiHA MiKpOOiOJIOTIYHAX MOKA3HUKIB.

3amakoBaHi POAYKTH 30epiraiucs y TepPMETHYHIN Tapi IPOTATOM POKY. Y Tabi. 7 mpeAcTaBiIeHO 3MiHU
MIKpOOIOJOTiYHIX TTOKA3HUKIB B MOJIOYHO-OOPOITHSIHHUX KalllaX B IPoIeci 30epiranHs.

Tabmuus 7 — 3mina MiKkpoO6ioJIOriYHNX MOKA3HUKIB MPOAYKTIB JJIl AUTSAYOr0 XapuyBaHHs MPOTSToM
30epiranus

Mokasux Tepmin 30epiranHs
1 noba 1 mic 3 mic 6 mic 12 mic

Me3odineHi  aepobHi i
Q)gKyHLTaTH}aHo—aHaepo6Hi 0.8 11 15 18 20
MIKpOOpraHi3MHu,
Mr/krx1000
B. Cereu, mr/xr 16 22 27 36 41
MikpockomiuH1 rpubu, 11 14 20 29 26
MI/KT
JIpiKmKi, MI/KT 2 5 4 0,05 0,05

IIpn 30epiraHHi MOJIOYHO-OOPOIIHSHMX Kalll CIIOCTEPIraeThbesl MPHUPICT KUIBKOCTI MIKpOOpPraHi3MiB.
Briponosx 12 micsiniB 30epiranns kinpkicte MADAM, B.Cereu Ta MikpockoniyHUX rpu6iB 30ubmmnacs y 2,4-
2,6 pas3u. Kinpkicts apikmkis 3a nepmux 30 1i6 30epiranus 30unbmmnacs y 2,5 pasu. Uepes niBpoky 30epiran-
HS MOJIOYHO-OOPONIHSHUX Kall APDKKIB BUSBICHO My)XK€ Mi3epHY KiIbKicTb. Lle MOSCHIOETHCS MTOCTYIIOBUM
BIZIMUPAHHAM JIPIXKDKOBHUX KIJIITHH MPAKTUYHO JI0 MOBHOTO iX 3HUKHEHHS [17].
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JocnimkeHHsT MIKpOOiOJIOTIYHHX MMOKA3HUKIB MOKA3alio, 0 OakTepii rpynu KUIKOBOI manmdku, E.coli,
MaTOreHH1 MIKpOOpraHi3Mu Ta cTadioKoK He OyJiM BHSIBIEHI B j)KOJHOMY npoaykri. Bmict MA®AM, mikpoc-
KOMIYHUX rpubiB, ApiXmkiB Ta B.Cereu 3HaX0OUTHCA B HOMycTHMUX Mexax. OTke, OTpUMaHi pe3yibTaTH CBij-
4aTh MPO MIKPOOioIOTiYHy Oe3NeYHICTh Ta MPUAATHICTh NAaHUX MPOAYKTIB ISl BUTOJOBYBAaHHS IiTe paHHBOTO
BiKy mpoTsiroM 12 MicsiB 30epiranas.

BucHoBku. BcTaHOBNICHO, M0 MOKAa3HUKH O€3MEeKH Ta MiKpOOiOJIOTidHI MOKa3HUKH CYXOTO OBEYOTrO Ta
KOOMJIsT9e MOJIOKO BifIIOBIAAI0OTh BUMOTAM, SIKi BUCYBAIOTHCS 10 MPOMYKTIB IS AUTAIOTO XapuyBaHHSA. Po3po0-
JIeHI CyXi MOJIOYHO-OOPOITHSHI Kalli Ha OCHOBI KOOHMJITYOTO Ta OBEUOTO MOJIOKA TAKOXK € OE3NeYHUMH i MOXKYTh
BUKOPHCTOBYBATHCS JUIsl XapuyBaHHs JiTeil paHHBOTO BiKy. J[oBeaeHO, 110 MOJIOYHO-OOPOIIHSIHI Kall MOXYTb
30epiraTucs y TepMETUYHIN Tapi 3 BUJAICHHIM KHCHIO 1 3aMiHOIO HOTO a30TOM HPOTAroM 12 MICSAIIB.
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Annomayin. Cmamms npucesuena OOCHIONCEHHAM KPOXMAIbHOL NAMOKU K 00 €Kmy pPO3RUTIOS8AbHO2O0
CYWIHHA 6 cucmeMi «Kpanisi-napozazoge cepedosuiyey Ha eKCnepuMeHmanbHOMy CMeHOi CYWIHHA 0OUHUYHUX
Kpanenv y nomoyi Ha2pimo20 menjioHoCIA.

Piokuii xonyenmpam kpoxmanvuoi namoxu 3 emicmom cyxux peuosun 78-83% mac 6ucoxos’s13Kky KoHcuc-
menyio, wo SUKIUKAE YCKIAOHeHHsA 8 Dazambox mexnoao2iunux npoyecax. Ompumanus ii y gopmi cyxozo no-
POUWIKY MEMOOOM POSNUNIOBAHHS 00360AUMb NOITNUUMY YMOBU SUKOPUCMAHHIA MA pO3Wupumy 2anysi ii 3acmo-
CYBaHHSL.

Hasgnicms yykpucmux pewosun y cknaoi 8iOHOCHO KUCIUX PO3UUHIG CHPUSE NPOABY 61ACMUBOCMEN, XAPAK-
MepHUX 01 amMOp@HUX pevosur ma NOJIMEepHUX mamepianis. 3a paxyHoK ybo20 KPOXMAAbHA NAMOKA Hale-
UMb 00 Kamezopii MepmMoniacmuyHux Mamepianie — OOHUX 3 HAUCKAAOHIWUX 00 €KMi8 pO3NUNIO8ANbHO0
CYWITHHA.

30amuicmos 0o sucyuysantsa Ko10ioHoi cucmemu, AKOI0 € KPOXMATbHA NAMOKA, a MAKOHC A02e3ilUHICMY 6U-
CYuleHUx 4acmox y Kamepi po3snunio8anrbtoi cyumapku, 3akiaoeni 8 ii Qisuko-XiMiuHux xapakxmepucmukax ma
peonociunux eracmusocmsax. Came 60HU 8U3HAYAIOMb KIHEMUKY CYULIHHA Kpanens ii po3uunie, mopgonoziio ma
MiYHICMb BUCYUEHUX YACTOK NIO BNAUBOM DIZHUX MEMNEPAMYPHUX PENCUMIB.

Hocniodcenns npoyecy cywinua Kpaneib KpOXMAIbHOI NAMOKU 3 MACOGOI0 YACMKOIO PEOYKYIOUUX PEUOBUH
38-42% nposodunuce 3 posuunamu KoHyenmpayicio cyxux pevosun 40%, 45%, 50%, 55%, 60% i memnepamy-
pax mennonocis 140 °C, 160°C, 180°C, 200°C. Bcmarogneno, wo npu eMicni cyxux pe4osun y posuunax >50% i
niosuwenni memnepamypu mennornocis 0o 200°C 6i06ysacmbcs mummese 3pocmanis 2padicHmie KOHyeHmpa-
yii ma mucky Ha noeepxHi WintbHOI HENPOHUKAUBOT ODONOHKU BUCYULYBAHOI KPANT, WO XAPAKMEPHO O/ KOL0I0-
Hux cucmem. C8IOUeHHAM MOMY € HagedeHi omomamepianu pi3Kux 3MiH opmu, posmipie ma cmpyKmypu
Kpanenb y Cmaoisax KUNiHHs ma 00CYuly8aHHs.

Binvw mozo, piske spocmanns oughysilino2o onopy npoyecam 601020nepeHocy npu3eooums 00 YmpumanHs
3anUMK0601 80102U 6cepeduni Kpaui. I1iomeepodiceHHsM momy cmaio 3agikcosane 6 npoyeci GUSHEHHsL Pi3uy-
HO20 CIAHY BUCYUEHUX Kpanelb (1acmox) danux po3uunie (>50%) kuninus 600anoi napu y euensaodi 6yais0aulox,
KT BUHUKATIU 3 0OTNBOPI6 Kpaneb nio uac ix 30H0Y8aHHs Y NOMOYI MenioHOCIs.

Binvuy 30amuicms ucyutysamucs 00 cyxo2o Cmawy, 6U3HA4eHy 3a KiHemUYHUMU 3a1eHCHOCMAMYU GIOHOC-
HOI mpueanocmi 3He80OHeH s Kpaneib 00 Kpanku Kp.3, 6CmanosieHo 0 po3yunie 3 konyenmpayiero <50% npu
memnepamypi menaonocis 180-190°C. Odnax, y nomoyi menioHocist gucyuieni Kpanii ycix 00CHONCEHUX KOH-
yenmpayiil po34uHie NAMoKU nepedysanu y 8 s3K0-NiaCmUYHOMY CMAHI i NPoAeIAlU adze3iiunicmy. 3a pesyib-
mamu ananizy QizuuHO20 CMAHy BUCYUEHUX Kpaneib KPOXMATbHOI RAMOKU Y NOMOYi MenioHOCis ma no3a 1uo2o
Medxcamu auuie Niciis 0X0A004CeH s HaCmKY HAOY8anu meepooCmi npu 8i0CYMHOCMI a02e3iliHUX 61ACMUBOCHeEl.

Kaiouosi ciioBa: kparuis, TemrepaTypa TEIUIOHOCIS, KpOXMaJIbHA IATOKA, KIHETHKA CYIIIHHS, a/lre31HHICTb.

STUDY OF MALTODEXTRIN SOLUTIONS AS AN OBJECT OF
SPRAY DRYING IN THE "DROP-STEAM ENVIRONMENT" SYSTEM

Turchyna T.Y., Ph.D., Senior Researcher, Zhukotsky E.K., Kostianets L.O.,

Hayxosi npayi, Tom 85, Bunyck 2 91 Scientific Works, Volume 85, Issue 2


https://doi.org/10.15673/swonaft.v2i84.1879

Odecvka HAYIOHABHA AKAOEMIsl XAPHOBUX MEXHON02LH Odessa National Academy of Food Technologies

Dekusha H.V., Ph.D., Makarenko A.A. Ph.D.
Institute of Engineering Thermophysics of NAS of Ukraine, Kyiv

Abstract. An article is devoted to the study of maltodextrin as an object of spray drying in the system "drop-
vapor medium" at an experimental apparatus for drying single droplets in a flow of heat transfer agent.

Liquid maltodextrin concentrate containing 78-83% dry matter is characterized by a high-viscosity
consistency, which causes complications in many technological processes. Obtaining it in the dry powder form
by spraying will improve its conditions of use and expand its application.

The presence of sugary substances, which are present in mildly acidic solutions, contributes to the
manifestation of properties typical for amorphous substances and polymeric materials. This is the reason why
maltodextrin belongs to the category of thermoplastic materials which are ones of the most difficult spray drying
objects.

The drying ability of the maltodextrin coloid system as well as the adhesion of the dried particles in the
spray dryer chamber are inherent in its physicochemical characteristics and rheological properties. It is they
that determine the kinetics of drying droplets of the solutions, morphology and strength of the dried particles
under the influence of different temperature parameters.

Studies of drying droplets of maltodextrin solutions having a mass fraction of reducing sugars of 38-42%
were carried out at concentrations of 40%, 45%, 50%, 55% and 60% of dry matter and heat transfer agent
temperatures of 140°C, 160°C, 180°C and 200°C. It has been determined that when the solutions are > 50% dry
matter and the heat transfer agent temperatures rises to 200°C, an instant increase in the concentration and
pressure gradients on the surface of the dense impermeable shell of the hanging drop occurs which is typical for
coloid systems. These facts are evidenced by the photographic materials of various changes in the shape, size
and structure of droplets in the stages of boiling and drying.

Moreover, a sharp increase in diffusion resistance to moisture transfer results in the retention of residual
moisture inside the droplet. This fact is confirmed by boiling of water vapor in the form of bubbles which
emerged from the holes of the drops during their probing in the flow of heat transfer agent. It was recorded
when studying the physical state of dried droplets (particles) of the solutions (>50%).

A higher capacity to dry to a dry state, which was determined from the kinetic dependences of the relative
duration of droplets dehydration to the critical point 3, was found for solutions with a concentration of <50% at
heat transfer agent temperature of 180-190°C. However, the dried droplets of any of investigated maltodextrin
solutions in the flow of heat transfer agent were in a viscous-plastic state and revealed adhesion. An analysis of
the physical state of dried drops of maltodextrin in the flow of the heat transfer agent and beyond its boundaries
allowed to establish that only after cooling did the particles become solid without adhesion properties (20°C).

Key words: droplet, temperature of heat transfer agent, maltodextrin, drying kinetics, adhesion.

IMocranoBka npo6semu. XapuoBi NPOAYKTH Ta IHIPENIEHTH HIMPOKOTO CIEKTPY Jii, BUPOOJIEH] 3 HaTypa-
JIbHOT MPUPOIHOT CUPOBHMHH 0€3 XIMIYHUX 100aBOK, KOPUCTYIOTHCS MiJBUIICHUM monuToM. Jlo Takux yHiBepca-
JMBHUX 1 0araToQyHKIIOHATHHUX MPOIYKTIB HAJICKUTh KpOXMabHa (KyKYpYI3sSHa) MaToKa. 3aBISKH BIaCTHBOC-
TSM KOHCEpBaHTa i cTabiimi3aTopa, aHTHKPHCTAIi3aTopa i MyKpo3aMiHHKKA, (POPMOYTBOPIOBAaYA, PO3PHUXITIOBAYA
Ta 3ryllyBaya, MOJIMIIyBada CTPYKTYPHHX 1 PEOJIOTIYHHMX BJIACTUBOCTEH Xap4OBHX CEPEIOBHII, a TaKOX 5K
3aco0y AJIsl 3MEHIIEHHS BOJIOTONOTTIMHAIOYMX BIIACTHBOCTEH MPOAYKTIB, KPOXMaJIbHA ITATOKA MIMPOKO BUKOPHC-
TOBYETBCA Y KOHAUTEPCHKiH, MOJIOYHIN, XITIOOTIEKapChKil, XapdonepepoOHiii, KOHCepBHIH, JiKepo-TOpiTIaHii,
(bapmaieBTHYHIi, KOMOIKOPMOBIii Ta iH. ramy3sx mpomucioBocti [1-7].

BukopucTaHHSI KpOXMaJBHOI TTaTOKH, sIKa JUIS HOJOBXKEHHsI TepMiHy 11 30epiranHs BUpoOJsieTbest y Gopmi
PiIKOTO KOHIIEHTPATY 3 BMICTOM CyxuX pedoBuH 78-83%, B 6ararb0x TEXHOJIOTIYHHX Tporiecax (BUBaHTAKCHHS,
JTO3yBaHHs, 3MIIYBaHHs, JAUCICPryBaHHs Ta iH.) 3a3BHYail yCKIaJHEHE ii BUCOKOB’SI3KOI0 KOHCHCTCHINEI Ta
aaresifiHicTio. OTpuMaHHs 11 y GOpPMi JUCIIEPCHOTO MOPOIIKY, 10 MOYKIHBO JIHIIE METOAOM PO3MUIIOBAIHLHOIO
CYIIIHHS, € AKMYAbHUM 1 IEPCIICKTUBHUM JIs TIOJIMIIICHHS YMOB Ta PO3IIMPEHHS rany3ei 1l 3acToCyBaHHS.

31aTHICTh 10 BUCYIIYBAaHHS KOJIOIJHUX CHUCTEM, SKOIO € KpOXMallbHa IaTOKa, 00yMOBIIOETECS CTPYKTYPOY-
TBOPIOIOYMMH Ta MapoIpPOBITHUMH BIACTHBOCTSMH MaTepially, a TEPMOCTIHKICTh MaTepiaxy Ipu TepMidHOMY
3HEBOJHEHHI, aAre31HHICTh Ta MIIHICTh BUCYIIEHHX YaCTOK y KaMepi pO3MIIIOBAIbHOI CyIIapKi BU3HAYAIOTHCS
(bi3UKO-XIMIYHUMH XapaKTEPUCTHKAMH Ta PEOJOTIYHMMH BJIACTUBOCTSAMHM BUXiIHOTO mpoaykty [8-11]. Busna-
YEeHHsI palioOHAIBHUX TEIUIOTEXHOJOTIYHUX PEXHMMIB OTpUMaHHS cyxoi (opMH KpoXMallbHOI ITaTOKH, a TaKOX
MPUHIUIIOBOI CXEMHU OpraHi3aiii ychOro TEXHOJIOTIYHOTO IMPOIECy OTPUMAHHS MOPOIIKY METOJOM PO3MHIIO-
BaHHS Mae 0a3yBaTHCS Ha 3HAHHI OCOONMBOCTEH KIHETHKU CYIIIHHS JAaHOTO PiKOTO MPOIYKTY i BIACTUBOCTEH
MTOPOIIKOBOTO MaTepiay Micis BUCYITyBaHHS IiJ BIUINBOM Pi3HUX TEMIIEpaTypPHHUX YMOB.

AHaJi3 ocTaHHiX aocaiakeHb Ta nmyoJikaniii. KpoxmansHa matoka — HaTypajdbHa XapdoBa A00aBKa, sSka
Mae BUTJISI TYCTOi 6e30apBHOT mpo30poi Mach. Xap4yoBi MPOAYKTH 3 TATOKOIO Y SIKOCTI IyKpO3aMiHHHKA HA0y-
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BAIOTh MPUCMaKy Ta apoMaTy Kapamei. [i BAKOPHCTOBYIOTH P BUTOTOBIEHHI 3edipy, TOPTiB, TyKyMa, TIasypi,
a TaKOX JIbOASHUKOBUX KapaMmeJied Ta MapMerialy, a HasiBHICTb 11 y CKJIaJi OXOJIOKEHNX JIECEPTIB Ta MOPO3HBa
JTO3BOJISIE 3HU3UTH TOUKY 3amep3aHHs mpoxykry [1]. KpoxmanpHa matoka mimkoM Oe3medHa ajs 3I0pOB’S, a
TOMY aKTHBHO 3aCTOCOBYETHCSI y BHTOTOBJICHHI KOHCEPBIB 3 IUIOJIB Ta STif, COYCiB, MHBa Ta 0E3aJIKOTOIHHHUX
HAIIOIB, IEBHHUX COPTiB XJiba (y T.4. OOpOMIHCHKOT0), NIETHYHOTO Ta CIIOPTUBHOTO XapuyBaHHA. [10kHBHI pedo-
BUHH Yy TIATOI MpPEICTaBJICHI OLTbIIEe BYTJICBOJAMH, a 0i0OJOTiYHO aKTHBHI — BiTaMiHAMH 1 MiKpOEIeMEHTaMU:
Migpb, GTOp, MUHK, XpOM, K0OaibT, Gochop, HiKeIb, HATPil, Kallifl, CeleH, KalbIlii, MarHill, opraHigHe 3aii3o.
[TaToka crpusie MABHUICHHIO EIACTHYHOCTI M SIKillIa BUIIYKH, 3HAYHOMY MOJOBKEHHIO TEPMiHY CBIXKOCTI Ipsi-
HHKIB, XJ11600y104HIX BUPOOiB, 3aM00irac yTBOPEHHIO MUTicHABH [2-4].

XiMIYHO MaToKa BU3HAYAETHCS K MAJIBTOACKCTPHH a00 NEKCTPUHMAIbTO3a — IMPOAYKT (pepMEHTaTHBHOIO
a00 HEMOBHOI'0 KHMCIOTHOTO T1IPOIIi3y KpoXMallo (KpOXMaJIeBMICHOT CHPOBUHHM), SIKMH € MOOIYHUM NPOAYKTOM
OTpPHUMaHHS KPOXMAJII0 Ta LYKPY 1 CKJIAJAETHCS 3 JACKCTPHUHIB, INIIOKO3M Ta MaJbTO3H. SIKIIO Ie HEIoJaBHO
BUPOOJISBCS TUIBKU OJMH BHA KPOXMAJIBHOI MATOKH — KapaMellbHa, TO Ha ChOTO/HI B 3aJI€KHOCTI BiJl IIIMOWHU
rigponisy (CTyIeHs OIyKPEHHS KPOXMAITI0) 1 MOEHAHHS [IUX BYTJICBOAIB MaToka BUpoOseThes [4-9]:

— HHU3BKOOITyKpeHa, mo MictuTh  11-12% rmoko3u, 19-20% mansrosu i 65-70% nexcTpuHiB,

— CepeIHbOOIYKpeHa, BiamoBiqHo 19-21%, 18-20%, 155-60%;

— BHCOKOOIIYKpEHa BiAIMOBiIHO 1o 45%, ~40% 1 6-8%,

a 32 BMiCTOM MacOBOI YaCTKH PEAYKYIOUHNX PEIOBHH (Ha MaIbTO3Y, %) [6]:

— KapaMenbHa Hu3bKkoomykpena 30-34%;

— KapaMeJbHa BUIIOTO copTy  38-42%;

— TJII0OKO3HA BUCOKOOLyKpeHa  34-44%;

— MaJbTO3Ha 45-60%.

B VYkpaini kpoxMaibHy NaTOKy BHPOOJSIOTH LUISIXOM (PepPMEHTATUBHOTO TiIPOIi3y KYKYPYA3STHOTO KpOX-
MaJo 3 MOAANBIINM ii OUHINEHHSIM i KOHIEHTpyBaHHAM [3, 5-7]. XapakTepucTHKH KPOXMAJbHOI MATOKH, sKa
Oyma oOpaHa siKk 00’ €KT HAIIMX TOCTIIXKCHb, HaBeICeH] B TaOwmiIi 1.

Tadauus 1 — SIKicHi XapakTepucTHKN KPOXMAJIBbHOI IATOKH

TTokasHuK [3] [5-7]
Bun nmpoxykii DepMEeHTaTUBHUI CHPOII [IIOKO03-
HUKN
CupoBuHa 3€epHO KYKYpyJ3H
Onuc npoaykry
Opeanonenmuyni Xapakmepucmuxu
30BHILIHIA BATIIS OpHopinHAa B’sI3Ka piaiHa
Komip Bin 6e36apBHOTO 10 cradko-
JKOBTOTO
Cwmak, 3amax BrnactuBuii,
0e3 CTOPOHHBOTO IPUCMAKY 1 3amMaxy
Di3uKo-xXiMiuHi Xapaxmepucmuxu |
Jekctpo3uuii exBiBasieHT (MacoBa 4acTka 40
PEIYKYIOUUX pedoBuH), % 38-42 38-42
IMokasuuk 3anomienns (20°C) 1,49 1,4866-1,4893
I'ycruna, KF/,E[MS (20°C) 1,41 1,4105-1,4173
B’sa3kicts, cns (40°C) 4900-5100
MacoBa 1011 CyXHuX pedoBHH, Max, % 83 (ue menm 78,0) 78-79
MacoBa A0y BHONMHX CYXHX PEYOBHH,
%, HE MEHII 80,4
Macosa gactka SO,, max, Mr/kr <10 20
Macosa jost 30111, %, He OLIbII 0,1 0,1
3abapenenicts, oguHUIb [CUMSA, max 2,0
oquuuis RBU, He Ginbline 25
ByrneBoanwii cknaz 10 Macu c.p., %o:
TIII0KO3a 10-14
MaabTO3a 14-18
MaJIbTOTPHO32 16-20
BHIII IyKPH 50-54
Kucnoruicts [NaOH 0,1 moms/am° (0,1
#.)] st Heiitpamisamii B 100 T c.p. M, He 5,0
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Olnpn |
pH 4,0-6,0
Kanopiitaicts/100 © 320
Temmneparypa kapamelbHoi mpo6u, °C | 145

[Ipo GaraTodyHKIIOHAIBHICTH KPOXMAJIBHOT TATOKK CBIIYMTH I IIMPOKE BUKOPUCTAHHS Y (hapManeBTHIHIN
MIPOMHCIIOBOCTI SIK JOTIOMIKHOI PEYOBHHH y 30BCIM Pi3HHX TEXHOJOTIYHHUX IpOLEcax: SIK 3B’s3yBajbHa (CKIEIO-
BaJlbHA) PEUYOBHMHA B TableTKax, sKi OTPUMYIOTh MeToAoM rpanysiii (3-10%) abo mpsiMuM npecyBaHHIM (2-
40%), sk perymsropa OCMOTHIHOTO THCKY po3umHiB (10-50%), sk inribiTopa kpucramizamii (5-20%), sk HamoB-
mroBaua (10-99%), reneyrBoproBada Ta peryisropa B s3kocti (10-50%). I3 TepaneBTHuHO0 MeTOO i (TIATOKY
200 MaJbTOMEKCTPHH) 3aCTOCOBYIOTH SIK KEPEIIO BYTJICBOIB Y CKJIali XapuoBux n06aBok [8, 9].

J1s1 OTpUMaHHSI CHUIIKOTO TUCTIEPCHOTO ITOPOIIKY METOJOM PO3MMIIIOBAHHS CJIiJ] BpAXOBYBATH NPHUPOAHI Xa-
PaKTepUCTHKH PiIKOTO MPOIYKTY (KPOXMaJIbHOI MATOKM): XIMIYHHH CKJIaJ, PEOJOTiuHi BIACTUBOCTI PO3UMHIB B
3aJIeKHOCTI Bl BMICTY CYXHX PEUOBHH 1 TeMIIEpaTypHd, TeMmepaTrypy (a3oBuHX mepexomiB, y T.d. CKIyBaHHI
GiomosiMepiB B 0X0JIOKEHOMY cTaHi Ta iH.[1, 6, 9, 18]. [Ipy 1bOMy IHTaHHSIM YNPaBIiHHS IUCTIEPCHUM CKJa-
JIOM Ta XapaKTepPUCTHKaMH ITOPOLIKY SIK OCHOBHUX KPHUTEPiiB HOTO SKOCTI 3aBXXAM MPUAIISIETHCS 0COOINBA yBa-
ra, 7ie KIIFOYOBMMH 1 BU3HAYaJIbHUMH BBaXKAIOThCSI poriecu (POPMO- Ta CTPYKTYpOYTBOPEHHS IIPU 3HEBO/IHEHHI.
AJKe Ha SIKICTh MOPOIIKOBOTO MPOAYKTY Oe3rocepeHbo BIUIMBAIOTh MOP(OJIOTisl BUCYIIEHUX YacTok ((opma,
LIJIBHICTh, MOHOJIITHICTb, MILHICTB) Ta CTYIIiHb AMCIEPCHOCTI IMOPOIIKY, HIO BH3HAYa€ HOTro CTPYKTYpHO-
MEXaHIYHI XapaKTEPUCTUKH 1 MOKIMBICTh CBOEYACHOTO BHIAJICHHS 3 30HH TepMiunoi il [10-20].

[Ipn TepMiuHOMY 3HEBOJHEHHI METOAOM PO3NIIIIOBAHHSA BMICT I[yKPUCTHX PEUOBHH y CKIaJi BITHOCHO KH-
CIMX BUXIAHUX PO34YUHIB (Tabin. 1) 3a3BHYail MPHU3BOAWTH A0 MPOSBY SKOCTEH, XapaKTepHUX s aMOp(HUX
PEYOBHH Ta MOJIMEPHUX MaTepiatiB, IO i 00yMOBIIIOE HAICKHICTE KPOXMAIBHOI MATOKK JI0 KaTeropii mepmon-
JIACMUYHUX TA A02e3[UHUX MaTepialiB — OJHUX 3 HAUCKIIAAHIIINX 00’ €KTIB PO3MILIIOBaIbHOrO cymrinns [1, 6, 9,
17, 18].

Bwmict mexcTpuHiB y ckianl 6ararodyHKLIIOHAJIBHHX 00aBOK (MalbTOAEKCTPUHH, LUKIOJIEKCTPUHM), SIKi
BBOJSITBHCSL Y KOJIOIAHUI PO34MH ab0 KOJIOiAHY KamiJsipHO-TIOPUCTY PiAKY TeTEPOTeHHY CHCTEMY POCIMHHOTO
MOXOJ/DKEHHsI JJIsl MOCHICHHS 1X CTPYKTYpPOYTBOPIOIOYOI 3/IaTHOCTI IPU CYIIIHHI Yy JUCIEProBaHOMY CTaHi,
crpwusie, 3a JaHUMU aBTOpiB [19-23], 3HaUHOMY MOKpPALIEHHIO TapPONPOBIAHUX BIACTHBOCTEH ITOBEPXHEBOT Kipo-
YKH BUCYIIYBaHUX Kparesb Ta 30UIbIICHHIO BUXOAY MMOPOLIKY 3 CYIIApKH 3aBIsSKU OUTBIIINA MIIHOCTI CTPYKTYpH
(xapkacy) 4acTok 1 kpamiiif ix cunkocti. Takuil pe3ynbrar AocAraeTbCs 3aBAsSKU B3aEMOJIl YChOTO KOMIUICKCY
CTPYKTYPOYTBOPIOIOUHNX €JIEMEHTIB POCIMHHOI CHpOBUHH (O1NKiB, MEKTUHIB, MOJICAXapUaiB Ta iH. PO3YHMHHUX
PEYOBHH) Ta NEKCTPUHIB OiOMONIMEpHOI CTPYKTYpYIOUOi INOOAaBKHM B YMOBax [ii MeXaHI3MIB JHCKPETHO-
IMITyJIbCHOTO BBEIICHHS €HEpril B 00’ €Mi KOJIOiJHOT TeTepOoreHHOI CHCTEMH Ha CTaii ii MATOTOBKHU 0 PO3MIIIIO-
BaJBHOTO CYIIIHHA 1 ami — npu Au(y3iiHUX Ipolecax BOJIOTOIEPEHOCY BCepeAnHI COPMOBAHOI i 3HEBOTHEHOT
y dakeri po3nuiTy Kparuti. Y BHIAJIKY X CYIIIHHS KpOXMaJIbHOI MATOKH, /i€ BBEICHHS JI0JaTKOBUX CTPYKTYpYIO-
YUX PEYOBHH HEMOJXIIHBE, IPOOIEMH (POPMYBaHHS JKOPCTKOTO i CTIHKOTO 10 (pi3MYHMX HaBaHTa)XKEHb KapKacy
BUCYIIIyBaHMX YaCTOK BUMAraloTh 0COOJIMBOI yBaru.

BpaxoByoun HaBelleHI BHIIE OCOOJIMBOCTI KPOXMAaJbHOI MAaTOKU SIK 00 €KTY PO3MHIIOBAJIBHOIO CYIIIHHS,
EKCIIePUMEHTAIIbHI JIOCII/PKEHHSI MPOLECY CYIIIHHS OJWHMYHUX Kparenb il po34rHiB 00OOB’SI3KOBO MalOTh
BKJIFOUaTH BHBYEHHS 0COONMBOCTEH (OPMO- Ta CTPYKTYpOYTBOPEHHS Kparesb (4acTOK) MpPU 3HEBOJHEHHI Ta
(I3UYHOTO CTaHy BHCYLICHHX YacCTOK SIK B MOTOIL[ BUCOKOTEMIIEPATYPHOTO TEIJIOHOCIS, TaK 1 1o3a ioro mexa-
MH.

MeTta podoTH nossrana y JOCTiPKSHHI MIPOLeCy CYIIIHHS Kpareilb PO3YHHIB KPOXMaJIbHOT ATOKK 3 Maco-
BOIO YaCTKOIO PEAYKYIOUHMX pedoBHH 38-42% B cCHCTEMI «KpaIuIi—T1apora3oBe CEpeOBHIE» HA EKCIICPUMEHTa-
JBFHOMY CTEHJ B TOTOII HATPITOrO TEIUIOHOCIS 1 (Ji3MYHOTO CTaHy BHCYIICHHX Kpamesb (YacTOK) IIiJl BILTHBOM
PI3HMX TEMIEpaTypHUX PEXHUMIB Ui BH3HAUEHHS paliOHAIBHHX TEIUIOTEXHOJOTIYHMX MapaMeTpiB IpoLecy
OTpPUMaHHS ii MOPOIIKY METOJOM PO3NMIIOBAHHS.

HayxkoBo-nocainni 3aBranns:

- JOCJIZANTH KIHETUYHI 3aJIE)KHOCTI TEMITY IPOTPIBaHHS Kparejib KPOXMalbHOT MATOKU Y CTalisiX KipKOyT-
BOPEHHS Ta JJOCYIIyBaHHsI, BIJHOCHOI TPUBAJIOCTI MPOIIECY Y IHUX CTaAisAX 1 TPUBAIOCTI 3HEBOJHEHHS JI0 KPAIKH
KPUTHYHOI Kp.3 MIPH Pi3HOMY BMICTi CyXUX PEYOBHH Yy pO3UMHAX Ta PI3HUX TeMIepaTypax TEIUIOHOCIS;

- BUBYUTH (i3WYHUNA CTaH BUCYIICHUX Kpameib (YacTOK) y IMOTOI HarpiTOro TEIJIOHOCIA i mo3a Horo Me-
’KaMU Ha HasIBHICTh TEPMOIUIACTUYHHX Ta aAre3iiiHUX BIACTUBOCTEH.

Matepiaan Ta MeTOAH JOCIIAKEHb

Mamepianu docniodicens: BOTHI pO3UMHN KPOXMAJILHOT ATOKH 3 MacOBOIO YAaCTKOIO PEAYKYIOUHX PEUOBHH
38-42 - mponyKTy (hepMEHTATHBHOTO TiAPOIII3Y KYKYPYA3SHOTO KPOXMAJIFO.
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Excnepumenmansvni docniosicenns. MoemoBaHHs MIPOLECY CYLIIHHS OJUHUYHUX Kpallesib PO3YHHIB PO3Mi-
poM ~1,5 MM B CHCTEMIi «KpaIuIsi-1apora3oBe CEpeIOBUINE)» Ha €KCIIEPUMEHTAIBHOMY CTEHl y IMOTOLI BHCOKO-
TEMIIEPAaTYPHOTO TEIUIOHOCIS 3MICHIOBAINCE, SIK TIOKa3aHo y po0oTi [24], 3 3aayueHHSIM CYy4acHOTO IH(PPOBOTO
peectparopa TeMmepaTypu Kparuli, TH(GPOBOTO MIKPOCKOITY, MPU3HAYCHOTO U TPAHCIIAIMI 300pakeHHS CIIato
TepMomapH 3 Kpamiero Ha MoHitop IIK mim gac mpoBenmeHHs pi3HHX omepallif 3 Kparwiero (CYIIiHHSA, 0XO0Jo-
JDKSHHSI, 30HIyBaHHS 33 JOIIOMOT'OI0 TOHKOT'O METAJIEBOT0 LIyIa, BHJIyYeHHS ii 31 CIIaio) Ta BiIeo3anucy Hpore-
cy cymriHHA Kpamti. Hakonmderi Ha mudpoBOMY peecTpaTopi TeMIlepaTypH KpaIuli eKCIepUMEeHTalbHI JaHi 3a
JIOTIOMOTOI0 CHeNiaTbHOI KOMIT I0TEpHOI IIPOTpaMu po3ropTaroThes y ¢aiimi Datalogger Document y BiamoBimHi
TepMorpaMu. 3a 3HATHMH 3 TEPMOrpaM YHCIOBUMH AaHuMH y nporpami Microsoft Excel B moganeimomy 6ymy-
I0TbCS HACTYNHI KIHETHYHI 3aJISKHOCTI: TEMIy MpOTpiBaHHA Kpameidb Yy CTadiiX KipKOYTBOPEHHS
(dT/dv)ipm=f(Ty) Ta mocymysanns (d7,/dt)y=f(T}), BinHOCHOI TpHBaNOCTi OKpEMHX CTaJiill IPOLECY 3HEBOA-
HEHHS KPAIEIb Typy/Tsars Tap3/ Tsars Tv/Tsar  Ta 3aTABHOTO Yacy IX BUCYIIYBaHHSA Ty, =f(7};). 3 MaTepianiB Bigeosamnu-
cy (hopMyIOTHCS BIATIOBIHI KIHOTPaMH MPOLECy CYIIIHHS i JUHAMIKH MOP(OJIOTIYHUX 3MiH (POPMHU Ta PO3MIpiB
Kparuli B Ipo1ieci 3HeBOTHEHHSI.

Pe3ysbTaTH eKkcnepuMeHTAIbHUX AOCIIIKeHb Ta iX aHaJi3. i1 mpoBeneHHs NOCTiKeHb OyIIN Miaro-
TOBJICHI PO3YMHH KPOXMAIbHOI MAaTOKH 3 MAcOBOIO YACTKOI PEAYKYIOUHX pedoBHH 38-42% 1 BMICTOM CyXHX
peuoBur: 40%, 45%, 50%, 55% Tta 60%. JlocmimKeHHs Mpolecy CYIIiHHS OJUHHMYHHUX Kparesb IIUX PO3UHHIB
HPOBOIMJINCH IIPY TEMIIEPATYpax TemIonocis (mosirps): 140°C, 160°C, 180°C ta 200°C.

Kinemuka cywinna. 3rimHo xnacudikamii MaTepiaiiB Sk 00 €KTIB CYIIIHHSI METOIOM PO3MMIIOBAHHS, PO3-
BUHEHOI Ta JOMOBHEHOI JOKTOpOM TexHi4HMX Hayk Manenskoro K.JI. [10], kxpoxmaipHa maToka 3 MacoOBOIO
YaCTKOIO PEAYKYIOUHX pedoBuH 38-42% 3a xapakTepoM TepMOIrpaM CyLIIHHS Kpamneib PO3YHHIB yCiX JOCHiKe-
HHUX KOHIIEHTpalill CyXUX PEYOBHH BIIHOCHTHCS N0 pimuHHUX MarepianiB 3-11I rpymu. [Ipu 3HeBomHEeHHI Kpa-
Helb JTaHOI IPYIU PIAKUX MaTepialiB XapaKTEepHO YTBOPEHHs Ha MOBEPXHI po3finy (a3 LIIbHOT NpYKHOI He-
MPOHUKIINBOI JJIsl BOJSIHOT Mapy OOOJIOHKH, SIKa YMHHUTH AUQY3IHHHUN OIp MPOILECy BOJOTOIEPEeHOCY, 10 BU-
KJIMKa€e IHTEHCHBHI 3MIHM PO3MIpiB Ta (OpPMHU Kpamenb y CTajlisiX KUMiHHSA Ta JocyiryBaHHs. o miel rpymu
00’€KTiB CyIIiHHS HaJCKaTh NEAKI POSUYNHH BUCOKOMOJIEKYIISIPHUX CHOIYK, IKHMH €, 30KpeMa, IpUpoaHi Oiomo-
mimepu (OiTKHM, BUII MoOJicaxapuad Ta iH.), MEepeBakHA OUTBLIICTh KOHIIGHTPOBAHUX EKCTPAKTIB POCIMHHOTO
MOXOJKEHH (KPYIIIIHA, KOpH Ayda Ta iH.), eKCTPAKTIB 3epPHOBHX (COJIOJOBHH, ITOTiCOIOIOBHI), KOHIICHTPOBaHI
(hpykTOBi COKM Ta 0OaraTo iH. PiIKAX MaTepiajiB, AOCHIIKEHHX B CHCTEMi «KpaIUIsi-TIapOTa30BE CEPEIOBHIIICH
[10, 15-17].

OCHOBHOIO OCOOJIMBICTIO CYIIIHHS Kpamlellb PO3YHHIB JTaHOI KPOXMAJIFHOI MATOKW, HE3aJIeKHO BiJ BMICTY
cyxux pedoBuH C,, € NPOTIKaHHS MPOLECY 3HEBOAHEHHS BUKIIIOUHO Y JPYrOMY «BHCOKOTEMIIEPATypHOMY» CY-
IUIBHOMY Tiepiofi (mepioni magartvol MIBHAKOCTI CYIIIHHS) B YMOBaX KipKOYTBOPEHHsI i 6araTopa3oBoro pis-
KOTO PO3/IyBaHHS Kpallesib ¥ CTaIisiX KHIOiHHsI Ta JocyuryBanus. Ha Tepmorpamax cyminns 7,= f(t) Bimmivanach
XapaKTepHa s LbOT0 MPOAYKTY KOPOTKOYACHICTh CTaJii KipKOYTBOPEHHS (IO KPAIKH KP.2): Typ/T50=0,16-0,24
B 3aJI)KHOCTI BiJI BMICTY CyXUX PEUYOBHH, 1 3HaYHA BiJHOCHA TPUBAJICTh CTa/il KUIIHHS Ta A0ocylnyBaHHs. Tak,
npy 30UIBIIECHHI KOHIICHTpAIlli pO3YMHIB 3a CyXuMH pedoBuHamu Bijg 40% 10 60% BigHOCHA TPUBAIICTH CTAIil
KATHHHS T/ T CKOpouyBaiachk Bix 0,30 mo 0,20, a cramii HOCYIIyBaHHS Ty/Ts,, OJOBXKYBanacs Bix 0,45 mo
0,65. ¥V 3B’s3ky 3 M Oiibple yBard 0yJo MPHUIUICHO aHAI3y MOKA3HUKIB BiTHOCHOI TPHUBAJIOCTI 3HEBOIHECHHS
Kpareiab KpOXMaJbHOI MMaTOKH J0 KPAIKH Kp.3, sika BKIFOYAE 1 CTAJil0 KHUITIHHS (BIIPI30K Kp.2-Kp.3 HA TepMOT-
pami CymIiHHS) SK OUIbII BU3HAYAIBHOI CTYIIHB X BUCYIIYBaHHS.

3a pesyneTaramMu 00poOKH TepMorpaM Oyir MmoOyAoBaHI KiIHSTHYHI 3aJIE)KHOCTI TPOIIECY CYIIiHHS Kpareib
KPOXMaNbHOI NaTOKH, HaBesieHi Ha puc.1-6. Kinernuni 3anexuocti (d7,/dt)g,—=f(T,) TeMiy nporpiBaHHs Kpa-
MeJIb PO3YHMHIB KPOXMaJIbHOT MATOKHU Yy CTaAii KipKOyTBOpPeHH (puc. 1) MaroTh Xapakrep HOMIPHOTo 301IbIICHHS
3 eperuHoM Ha pyOexi Temneparypu temionocis 180°C, Buiue sikoi (Binpizok kpuBux B Mexax T,=180-200°C)
TEMII IIPOTPIBaHHS Kparieib pi3ko 3pocrae Ha 25-30%.

30unbIIeHHS BMICTY CyXuX pedoBuH Bif 40% 1o 60% BHUKIMKa€E 3aKOHOMIpHE MPUCKOPEHHS MPOLECy BHIi-
JIeHHsI cyxol a3y PO3UMHEHUX Yy AMCIEPCIHHOMY CepelOBHII PEYOBHH Ha MOBEPXHI po3aily (a3, 10 MPHU3BO-
JMTh JIO TiJABUIIEHHS TEMIIy NPOrpiBaHHA LMX Kpanenb Tineku npu 7,=180°C B 1,3-1,5 pasu (puc. 1). Orxe,
SIKIIO st po3unHy 3 C,=40% Temm nporpiBanHs kpamens ckiaagae (d7,/dt),,=10°/c, a mus pozunny 3 C,= 50%
— (dT,/d1)ip=13 °/c, To must posunny 3 C,=60% — Bxke (d7,/dt),=16°/c. 3a Takux yMOB BiIHOCHA TPUBAIICTH
cTazii KipKOYyTBOPEHHSI CKOPOUYETBCS JUIsl yCiX JOCHTIDKEHUX TEMIIEpaTyp TEIUIOHOCIS B cepenHboMy Ha 35%
(puc. 2). A 3 nigeuineHHaM TemnepaTypu temnoHocis Big 140°C go 200°C ug x cTazis Npolecy 3HEBOAHEHHS
(KipKOYTBOPEHHS) Typ2/Tsar (PHC. 2) Ta BiTHOCHA TPUBAJICTh 3HEBOJHEHHS JIO KPANKH KP.3 Ty3/Tsar (PUC. 3) CKO-
POUYIOTECS B C€peIHbOMY Ha 26-27% B 3aJIe)KHOCTI BiJl BMICTy CyXHX pe4OBHH. Buxosun 3 aHamizy OTpUMaHUX
JTAaHWX, 3MEHIICHHS TeMITy nporpiBanHs kpanens 40%-1ro Ta 45%-ro po3YnHIB MAaTOKM (IBI KPHBi 3HU3Y, pHC. 1)
MO3UTHUBHO TIO3HAYAETHCSI HA MOKA3HWKAX BiHOCHOI TPUBAJIOCTI CcTafil KipkoyTBOpeHHs (puc. 2) i, 0coOInBO,
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3HEBOJHEHHS JI0 KPANKN KPUTHYHOT Kp.3 (PHUC.3): KPUBI Typo/Tsar TA Typ3/Taar JUIS LUX PO3YMHIB PO3TAILIOBAHI BHILE
peLITH, IO CBIAYUTH NP0 OLIBLIY e()EeKTHBHICTH MPOLECY BOJOTOBHUIAJICHHS.

; A(dT/dt),dpx 03 Typ2l Tyar

60% 025 e

2
50% \\\
o 02 T ~0%
15 7 \
\50%
015

T°C 0 : , T°C
120 140 160 180 200 220 120 140 160 180 200 220

Puc. 2 — Kineruuni 3a1e:KH0CTi T,/ Tsar=f(T)

BiTHOCHOT TPUBAJIOCTI cTajlii KipKOYTBOpEeHHS

NPH CYIIiHHI Kpane/jb pO3YMHiB KPOXMaJIbHOI
NATOKM Pi3HOI0 BMICTY CyXHX Pe4OBMH BiJ TeM-

nepaTrypH TenjoHocis
Sk BumHO Ha puC. 4, MOKA3HUKU BiTHOCHOI TPUBAJIOCTI CTaAii JOCYIIYBaHHS IJIS X OBOX po3unHiB (40%

Ta 45%) 3HAYHO MEHIII: KPHUBI Ty/T,, PO3TAIIOBAHI HIKYE 32 PEINTY KpuBHX. IIpu boMy 301IBIICHHS TEMIIEpa-
Typu Temionocis Buie 180°C, BiKe He Ma€ TAKOrO BIUIUBY Ha 3HAUCHHS Ty/ Ty JUIS YCIX KOHIIEHTPALIN PO3UHHIB.
A 3rigno 3 ganumu [10, 11, 16, 17], uuM Ginbliie 3HAYCHHS BiTHOCHOI TPUBAJIOCTI 3HCBOJHECHHS 10 KPAIKH Kp.3
(Txp3/Tzar) 1 KOpOTIIMIL Yac cTafii MOCYIIYBAHHS (Ty/Tsy), THM OiNBIIMIl BifICOTOK BONIOTHM BHANEHO 3 KpAIli.
3aBISIKM L[bOMY 3pPOCTa€ BIPOTIIHICT OTPUMAaHHS Ha PO3NWIIOBAIBHIA CyIIapili MOPOIIKY MEHIIO! KiHIEBOi
BOJIOTOCTI 1 OLIIBIIOrO TepMiHY 30epiraHHsl.

Puc. 1 — KineruuHi 3aj1eskHocTi
(dT,/dT)yip=f(Ty) Temmy nporpisaHus Kpanejib
PO34MHIB KPOXMAJIbHOI NATOKM Pi3HOI0 BMiCTY

CyXHX PeYOBHH BiJl TeMIIlepaTypPH TeIJIOHOCIs

8 rlrp:t’r:ar TWTsar
! \ ¥ ‘
60 %
08 = . 08 s I
\\\ I 50%
~_ 40% g
05 05 -
Q | 40%
\ | 50% /__
0‘4 K UI4 / :
| 60% |
03 | 03 :
| I
02 | T°C 02 ; ; : . T°C
‘ 120 140 160 180 200 270 120 140 160 180 200 220

Puc. 4 - KineTH4YHA 32/1€KHICTD Tv/To0=f(T,,)
Bi/IHOCHOI TPUBAJIOCTI cTajAil J0CyIIyBaHHS Kpa-
neJib PO34YUHIB KPOXMAJIBLHOI MATOKH Pi3HOTO
BMICTY CyXHX Pe4OBHH BiJl TeMIIiepaTypH TeIio-
HOCif

Puc. 3 — KineTH4Ha 32J1€KHICTD T3/ Tsar=f (1)
BiIHOCHOI TPHBAJIOCTi 3HEBOAHEHHS /10 KPaNKH
Kp.3 KpaneJjb po34MHIB KPOXMAJbHOI NATOKH
Pi3HOro0 BMicTy CyXHX pe4OBMH Bil TeMIepaTypu
TeIJIOHOCis

3a OTpUMaHMMH EKCIIEPUMEHTAILHUMH JaHUMHU BMICT CyXHX PEUYOBHH B PO3UMHI KPOXMAJbHOI NMATOKH 3
MacoBOIO YacTKOIO pelyKylounx pedoBHH 38-42% mnpu mojadi B pO3NMIIOBAIBHY CyHIapKy Mae ckiazatu 40-
45%, OCKINBKM CIHIBBiZHONIEHHS MOKAa3HMKIB BiTHOCHOI TPHBAJIOCTI 3HEBOAHEHHS Kpamlenb A0 Kpamkd Kp.3
(Tup3/Tsar) TA BITHOCHOT TPUBANOCTI CTai AOCYIIYBaHHS (Ty/Ty,,), Hanpukiag, npu T,=180-190°C nepeGysaroth
B HaWO1IbII pUHHATHUX Mexax: ~ 0,55:0,45 — 0,50:0,50 Bignosigno. Bxe npu C,=50% i BuIIIE CriBBigHOIICH-

Hayxosi npayi, Tom 85, Bunyck 2 96 Scientific Works, Volume 85, Issue 2



Oodecbka HAYIOHAbHA AKAOEMIsi XAPUOBUX MEXHON02IH Odessa National Academy of Food Technologies

HSl [IUX TOKA3HHKIB 3MIHIOEThCS Y O1K 3pOCTaHHS BIIIHOCHOI TPUBAJIOCTI cTajil JOCYIIyBaHHS, 10 HEIPHUITYCTH-
MO.

Sk 6agmmo 3 rpadivHEX 3aJEKHOCTEH, HaBEACHNX Ha PHC. 5, TOKa3HUKH TEMILY MPOTPiBaHHS Kpamelb Po3-
YHHIB KPOXMaJIbHOI MATOKH y CTail JOCYITYBaHHS 3HAYHO HIDKY, HIX y CTafil KipkoyTBOpeHHs (puc.l), mpote
JUT MEHIII KOHIIEHTPOBaHUX po3uuHiB (40-45%) 1ie# moka3HUK BHILIH, HIX JJIs OUTBII KOHIICHTPOBAHUX PO3YH-
HiB maroku (50-60%). Tak, Hanpuknai, npu temmeparypi 180°C mis posuunis 3 C,=40% Ta 45% 3HAYEHHS
(dT/dt)y =9,5 °/c Ta 8,5°/c BianosigHo, a mis po3uuHis 3 C,=50% Tta 60% — (dT;/dt)y = 8,0°/c Ta 6,5°/c BinnoBi-
nmHO. Came OLTBPITUM TEMIIOM MIPOTPIBaHHA Kpamelb y il CTasil MOSCHIOIOTHCS HaWMEHIII TOKa3HUKH BiTHOCHOL
TPUBAIIOCTI CTAi1 JOCYIIYBAHHS Ty/ Ty, (PUC. 4), IO CBIAYMTH MPO Kpallly iX 34aTHICT O BUCYLITYBaHHS 3aB/IsSKU
011 e(heKTMBHOMY MPOTIKAHHIO MPOLECY BOJIOTOBUAAIEHHS 32 YMOB MEHIIOTO AW(Y3iHHOTO OIOpYy MOBEpX-
HeBO1 000JIOHKH BUCYIIYBaHUX Kpareib y HOPiBHAHHI 3 po3unHamu nartoku 3 C,=50-60%.

OTKe, 32 KIHETUYHHMHU XapaKTEPUCTHKAMH CYIIIHHS OJUHUYHUX Kpamleib B CUCTEMI «Kparuisi-napora3soBe
CepeIOBHUINE» Y MOTOLI HArpiTOro TEMJIOHOCIS OibILIY 3aTHICTH IO BUCYLIYBaHHS Cepejl NOCHTIKEHUX 3pa3KiB
KPOXMaJIbHOT ATOKH MPOSIBUIM PO3YMHH HaWMEHIIOro BMicTy cyxux pedoBuH C,=40% Ta 45%.

36inbInenHs Temnepatypu Terionocis Big 140°C no 200°C cupuse inTeHcudikanii mpoiecy TerioMacore-
PEHOCY IpW 3HEBOJHEHHI Kparlelb, B Pe3yJIbTaTi YOT0 3aralbHUH Yac iX CyIIiHHSI 3aKOHOMIPHO CKOPOYYETHCS 110
35-40% (puc. 6). Sk B ycix HaBeJeHUX KIHETHYHHX 3aJEKHOCTIX (puc. 1-5), Tak 1 Ha KPUBHUX 3aJE€KHOCTI 3ara-
JHHOTO Yacy CYIIiHHS Kpareib KpOXMalbHOI ITaTOKH BiJ TEMIEpaTypH TEIUIOHOCIS (pHC. 6) CHOCTepiraeThes
HEepErMH KPUBKMX Ha BiamiTui Temneparypu 180°C, Buile SAKOT KPUBI Tor=f(T};) HAOYBaIOTH OLIBLI OJIOTY TPAEK-
TOPIO, IO CBIOYHUTH PO 3HIKCHHS BIUIMBY TEMIeEpaTypH Ha yac cymriHHs. Lle € migcTtaBoro BBaXaTH IIi TeMIle-
parypu (180-190°C) rpaHuUHUMY, BUILE AKMX HATPIBAHHSA TEIUIOHOCISA HA BXOJI B CYIIAPKY HEOLIIBHE.
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Puc. 6 — 3anexuictsb 7., =f(7,) 3arajJibHOro
yacy CylIiHHsSI KpaneJb PO34YMHIiB KPOXMAaJIbHOT
NATOKHU Pi3HOr0 BMiCTY CyXHX Pe4OBHH Bil TeM-
nepaTypH TenJoHocis

Puc S — KinernuHi 3ane:xHocTi
(dT/dt)y=f(T,) Temny nporpiBaHHsI Kpamneib
PO34YUHIB MATOKH Pi3HOT0 BMICTY CyXMX PEYOBHH y
cTaii JocylIyBaHHs Bil TeMnepaTypu

AHaJi3 OTpUMaHUX KIHETUUHHX 3aJIe)KHOCTEH (puc. 1-6) mporecy CyLIiHHS Kpamneib PO3YUHIB KPOXMaJIbHOT
MaTOKX 3 MaCOBOKO YAaCTKOIO PEIyKYIOUMX PeUoBHH 38-42% mokasye, mo AJis JAHOTO Jiarna30Hy KOHICHTPALii
CYXUX PEUOBHH y PO3UYHMHAX KpoxmasbHOI naToku (40-60%) 3Ha4eHHs 3arajibHOTO Yacy CYLIiHHS T, JOCTATHBO
OIM3BKi 3 PI3HUIICIO TX KpalHiX 3Ha4eHb y 9-13%, o A 9acTOK MIKpOHHUX PO3MIpiB B KAMEPH PO3IHIIOBAIIb-
HOI CYIIIKHM MOXX€ HaJaTu J0JIaTKOBI CEKYH/IH JUIs IOBHOTO BHCYITYBaHHS i CBOEYaCHOTO BUBAHTAXXEHHS ITOPOII-
Ky. TakuMm 4MHOM, MakCUMaJbHE CKOPOUYECHHS Yacy CYIIiHHs Kparelb PO3UHHIB KPOXMAIBHOI ITATOKK 3 MaCOBOIO
YaCcTKOIO pelyKyrouuXx peuoBuH 38-42% 3a paxyHOK ITOKpAIICHHS YMOB MPOTIKaHHS MPOLECIB TeIoMaconepe-
HOCY IpH iX 3HEBOJHEHHI MOXe OyTH IOCATHYTO Ipu Temieparypi temwtoHocis 180-190°C, sky MoKHA peKoMe-
HJLyBaTH SIK PalliOHaJIbHY JJIsl OTPUMaHHS TIOPOILIKY KPOXMaJIbHOI HATOKH METOJIOM PO3IMIIOBAHHS.

OpiHaK B CHITy MPUPOJHOTO XIMIYHOTO CKJIaJly KPOXMaJbHOI MAaTOKH, 30KpeMa, HasBHOCTI IIyKPUCTUX PeYo-
BUH y CKJIaJli BITHOCHO KHCJIMX PO34MHIB (Tabu1. 1), BUIAIEHHS BOJIOTH HiIKMM YHHOM HE JIa€ MOXKJIMBOCT] YHUK-
HYTH NPOSIBY TEPMOIUIACTUYHUX 1 aJre3iifHNX BIACTHMBOCTEH BUCYIICHHX YAacTOK y rapsuomy cradi. Tomy s
OiIBII 00’ €KTHBHOTO BU3HAYEHHS PaIliOHATBHUX TEIUIOTEXHOJIOTIYHUX MapaMeTpiB MPOIECY PO3MUIIOBATIHLHOTO
CYIIIHHS KPOXMAaJIbHOI ITaTOKU JOIIJIBHO BPaXOBYBaTH HE TUIBKHM KIHETHYHI XapaKTEPHCTHKH IIPOLECY CYIIiHHS
Kparieinb, a i pi3MYHUN CTaH BUCYILICHUX YacTOK B 3aJIEKHOCTI BiJl IX TeMIIepaTypH.

Di3uunuii cman gucywienux yacmok. IIporec 3HEBOTHEHHS KpaIuli KOJOIAHOTO pO34YMHY, K Bigomo [10,
11, 16, 17], npencrasinsie co6010 CyKyIHICTh HPOLECIB, 1110 BiI0OYBAIOTHCS OJHOYACHO:
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- TIpPOLlECH BHYTPIIIHBOTO TEIUIO- 1 BOJIOTONEPEHOCY B KpaIuli, MPOTIKaHHS SIKUX BU3HAYA€THCS HE TIJIBKH
CKJIaJIOM PO3YMHHUX PEUYOBHH, a i iX KOHLEHTpALII€I0;

- TIPOILIECH 30BHINTHHOTO TEILIOMAaCOOOMIHY MiX KpaImIero, IO BHCYIIYETHCS, T4 HABKOIHUIIHIM CepeIOBH-
meM, Jie IBUAKICTh, TEMIIEPaTypa, BOJIOTICTh Ta iH. XapaKTEPUCTUKHU TEIUIOHOCIS (TTOBITPs) MalOTh 3HAUCHHS,

- TIPOLIECH CTPYKTYPOYTBOPECHHS ITOBEPXHEBOTO IApy BUCYIIYBAHWX Kpamesb )Kipodku abo 0OOJIIOHKH) 3
PO3UMHHHX PEYOBHMH Ha MOBEPXHI Kpamii (cTazis KipKOYTBOPEHH:), IMAapOIpPOBIAHI SKOCTi SIKOi BHU3HAYAIOTH
IHTEHCUBHICTB IPOIIECY BOJIOTOBHUIAICHHS 1 3aralbHUI Yac CyIIiHHS.

PesymnbraTe qOCHIKEHP BIUIMBY KOHIICHTpAIii CyXHX PEYOBHH y PO3YMHI Ha IPOILEC CYIIIHHS Kpareib
KpPOXMaJILHOT MaTOKH TOKa3aJid, IO MpH OLIbIINX KOHIEHTpauisx (=50%) 1 Temneparypax Terionocis (180-
200°C) 3pocranHs TeMIly IPOTPiBAHHS KPaIeb i MPUCKOPEHHS MPOLECY CTPYKTYPOYTBOPEHHS Yy CTail KipKOyT-
BopeHHs (puc. 1, 2) mpu3BOAUTE 10 HOPMYBaHHS BUCOKOKOHLICHTPOBAHOI B’SI3KO01 1 HEMPOHHUKIIMBOI OOOIOHKH Ha
MOBEpXHi Kparti. Sk BHAHO Ha KiHOrpami (puc. 7), 3poctaroumii (Mo Mipi 30iMbIICHHS TOBIIHHH OOOJIOHKH)
nudys3iitHui omip mpolecy BOJOronepeHoCcy BUKIMKAe AUHAMIYHI AeopMalliiiHi KoIuBaHHS (OPMHU Ta pO3MIpiB
Kparenp y cTafii KMIiHHS Ta JOCYIIyBaHHS, IO MPU3BOJIUTH J0 BUHUKHEHHS BEJIMKHX ITOPOXXKHUH B CEpelUHI
Kparmenb i 30UTBbIIeHHS X KiHIEBUX po3MipiB. [Ipy mpoMy, 3HAYHO TPUBANIIIHMN Yac CTafdii JOCyITyBaHHS (pHC.
4), ToB's3aHM 31 3HWKEHUM TEMITOM TIPOTPIBaHHS YacTOK Ha Iiiit cramii (puc. 5), CBIAUMTH TPO TOTIpPIICHHS
YMOB iX BHCYIIYBaHHS i HU3BKY €()eKTHBHICTH BOJIOTOBi/IAadi MPH CYIIiHHI BHCOKOKOHIIEHTPOBAHUX PO3YHMHIB
(C,=55-60%). ToGTo, mudy3iiiHuii orip YTBOPEHOI HA TIOBEPXHI BUCYIIYBAHOI Kpart 0OOJOHKH, XapaKTepHHI
JUTs OLTBII KOHIICHTPOBAHUX BUCOKOB’SI3KUX KOJIOIJHUX CHCTEM, IPH3BOIUTH 10 BUHUKHEHHS ITi]] HSF0 HepelaK-
COBAaHUX TUCKIB 1 eopManiiHUX TpaHCPOpMAIliil YaCTKH, IO YTBOPIOETHCS IPH 3HCBOIHEHHI.

Tak, Ha KiHOrpaMi CYIIIHHS Kparull KpOXMalbHOI IaTOKH, HaBe/IeH1i Ha pucC. 7, BUJHO, SIK y JJOCTaTHBO TPH-
BaJINX CTalisX KHUIIHHA Ta AOCYIIyBaHHs (KaJpu 2-7) BinOyBaroThes CKiIaaHi qedopmaniiiHi nepeTBopeHHs o-
PMH, CTPYKTYPHU BUCYIYBaHOI YaCTKH 1 IHTEHCUBHA 3MiHa i po3MipiB. [Ipu 11boMy KiHIIEBUI pO3Mip BUCYIIEHOT
YacTKU y rapsioMy crtaHi (y moTorni tertonocist 1.=1,) Takuii camuii a0 OITBIINH 32 TOYATKOBUH Oyoy >0,, @ B
cepenuHi 11 CTPYKTypH 3a(hikCOBaHI YMCIICHHI HOPOKHUHH Y BUIVISAI HOBITPSIHUX OyJbOANIOK.

hy,
. \"\ v..':' n
3 4 5 6 8

Puc. 7 - Kinorpama cyminns Kpamnji po34nHy KPOXMAaJIbHOI IATOKH 3 BMiCTOM cyxuX pe4uoBuH 50%
npu Temneparypi remionocis 180°C

YV nomoyi eucoxomemnepamyprozo menaonocis. Sk mokasaium NOCIIJDKSHHS, BHCYIICHI Kparul (4acTKH)
KPOXMAJIBHOT ITATOKH HE3aJeXKHO BiJl BMICTY CYXHX PEYOBHH Y PO3YHMHI y MOTOLI TEIUIOHOCIS mepebyBamTh y
pinkoMy abo B’SI3KO-TUIACTUYHOMY CTaHi 1 NPOSIBIISIFOTh are3iiHi BJIaCTHBOCTI.

Tak, Ha puc. 8 (a) HaBeneHi ¢pororpadii kparneib, BACYIIEHUX 3 PO3YHMHIB KpOXMasbHOI ntatoku 3 C;=45% Tta
60%, 1e y moToIl TeIIoHOCIs 3adikcoBaHO iX aedhopMarliro MM Yac 30HIyBaHHS 3a JOMOMOTOK TOHKOTO MeTa-
JeBoro Imymna (mepure, Tpere Ta n’sre (poTo JIBOPYY), HAIMIAHHS NPOJAYKTY HA 30H] NPH HOTo BHIIYYEHHI 3
BHCYIIICHOT, ajie PO3IUIABIICHOI, Kparuti Ta ii pyiiHyBaHHs (Apyre, 4eTBepTe (OTO JTIBOPYHY 1 HEpIe MPaBopPyY).

JociipkeHHs] YNHHUKIB BIUIMBY Ha CTYIIHb BUCYIIYBAaHHS Kparielib PO34MHIB KPOXMAJIbHOI aTOKH MOKa3a-
JIU, IO 3 TiIBHIICHHSAM KOHIICHTpAIlil BUXiTHUX po3uuHiB >50% mpu iX 30HIYBaHHI y MOTOII TETUIOHOCIS MiCIs
BUCYLIYBaHHS BiIOYBaJHMCh BUKUIU BOISHOI Mapy 3 YTBOPEHHSM OyJIb0AaIIOK i MOJAbIINM 3aKHIIaHHAM PO3YH-
HYy B CepeluHi Kparuti. Taki BUKHIU CHOCTEPITaIiCh 1 TIPU MOBTOPHOMY HarpiBaHHI OXOJIO[DKCHHX YaCTOYOK.
Tak, Ha puc. 8 (a) MOXEMO CIOCTepiraTé iHTEHCHBHI BHKHIU Mapu (TpeTe (OTO MpaBopyd) MPH 30HAYBaHHI
BuCylIeHoi npu Temmeparypi 180-200°C kpamuni (dactku) 60%-ro po3urHy HATOKH y MOTOLll TEMIOHOCIS 3 YTBO-
PEHHSM 1 3pOCTaHHSIM Yy po3Mipax OympOamok (mpyre ¢oTo mpaBopyd) Hall OTBOPOM, YTBOPEHHM IIYIOM B ii
000JIOHIII.
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Temneparypa ternonocis 140-160°C

Temneparypa teruionocis 180-200°C

45%

60%

anaresis YTBOPEH

BaHHJ, resis 30H/yBa HA aaresis
nedop- HHS OynpOammox
Mars

IUIACTU- |  OXOJIO- IUIaCTH- B’SI3KO-TIACTHYHA y OXOJIOJKEHA,
YHa B raps- JOKEHa, YHa B raps- | JIOMKCHA, rapsiaoMy CTaHi CKJIOBHHA
YoMy CTaHi | CKIIOBH- | YOMY CTaHi CKJIOBU-

AHa JTHa
0

@) y nomoyi 6UCOKOMEMnepamypho20 menioHoCIs,
6) 00 i nicnsa oxonodoicennsn 0o 20°C
Puc. 8 — Tocaimkenns (pismunoro crany BUCyIIeHUX Kpaneib KPOXMAJIbLHOI MATOKH 3 KOHIEHTPAIli-
€10 45% T2 60%, oTpUMaHMX NpH TeMneparypi Temionocis 140-160°C Ta 180-200°C

Taki BUKHIM BOISHOI Mapd 3 4acTOK, BUCYNIEHWX 3 BHCOKOKOHIICHTPOBAHMUX PO3UWHIB matoku (55-60%)
MOSICHIOIOTHCS 3aTPHMAHHSAM 3aJMIIKOBOi BOJIOTH i YINIIBHEHOI HENPOHHUKIMBOIO OOOJIOHKOIO, 3pOcTaroya
B’SI3KICTh SAKOI Ha 3aBepIIANBHIN CTalil JOCYIIyBaHHS YNHUTH HAJITO BHCOKHUI AuU(Y3iiHHI oImip mpoIecy BOJo-
TOIIEPEHOCY 1 rainpMye Horo. 3a TaKuX YMOB 3pOCTAa€ BipOTIAHICTh OTPHMAaHHS Ha PO3MHIIIIOBANBHIN Cymapii
MOPOMIKY MiJABHUIIEHOI BOJOTOCTI, IO HENPUIIYCTHMO LIS XapYOBUX HPOXYKTiB. [IpHCYTHICTH 3aifBOi BOJOTH
BCEPEIMHI YaCTOK CIIPHSE, K Bimomo [17], 3SHIDKCHHIO TeMITepaTypH iX IUIaBICHHS i IPOSIBY aAre3iMHNX Ta KOTe-
31MHUX SBUIL, 110 HETaTHMBHO BIUIMBAE Ha CTPYKTYpHO-MEXaHIUHI XapaKTepUCTHUKH IOPOLIKY Ta HOro BUXiJ 3
KaMmepH cymiapku. Uepes 1ie 3pocTae BipOTiIHICTh HaJIHUIIAHHS OUIBIIKMX 32 PO3MIPOM Kpariesb MiBUILEHOT BOJIO-
TOCTI Ha CTIHKax KaMepH, 1110 NPH3BOAMUTH A0 BTPAT MPOJIYKTY. ArJioMepallis TAKHX 4acTOK Ta YTBOPEHHS Ipy-
JIOK TIOTIpIIy€e CUMKICTh MOPOIIKY Ta 3HAYHO YCKJIAIHIOE MPOLIECH HOT0 cemnapaliii Ha BUXOJ1 3 KaMepH Ta B Cy-
XOMY LUKJIOHI, @ 3r0OZIOM YIIJIbHEHHsI TAKOTO IMOPOUIKY MPU3BOJHUTH JI0 CKOPOYEHHS TepMiHy Horo 30epiraHHs
Ta MOTIPIIEHHIO SKOCTI.

Buxonsun 3 aHanisy (i3M4HOrO CTaHy BUCYIICHHX Kpareib (4acTOK) y IMOTOII TeTIOHOCI S, Ul OTpUMaHHs
BHCOKOSIKICHOTO TOPOIIKY KPOXMAJIBHOT NMATOKH MiHIManbHOI KiHIEBOi Bojorocti (<4-5%) i MOIOBXKEHUM Tep-
MIHOM 30€piraHHs BMICT CyXMX PEUOBHH Y PO3UMHAX NPH MOJadi B PO3MMIIIOBAIBbHY CYIIApKy MAa€ CKIamaTH
<50%.

Dizuynull cman GUCYWEHUX YACMOK RICASL 0X0A00J4CeHHs. 3aBISIKM TU(GPOBOMY MIKPOCKOITY, SIKHH TpaHC-
JIFOBAB €BOJIIOLIIIO Kpareib B IPOLECi BUCYIIyBaHHsI Ta NPU BUBUESHHI X CTaHy IiCisi BUCYNIYBaHHS Ha MOHITOD
[K, moxxHa OyJ10 crioctepiraTi He TiJIbKH IUIACTUYHICTD Ta a[re3iiiHiCTh Kpareib y rapsioMmy CTaHi, a it MUTTE-
Be X 3aTBEPiHHS 1032 MEKAMH TEIJIOBOTO MOTOKY. ITicist 0X0J0/pKeHHsI 10 KIMHATHOI TeMepaTypu BigOyBa-
JIOCh 3HaYHE 3MEHIICHHS PO3MIpIiB PO3JYTHX JI0 TOTO Yy Taps4oMy CTaHI BHUCYIIEHUX YacTOK, a IX PyXJHBa reie-
nozi0Ha 3a KOHCHUCTEHIIEI0 CTPYKTypa MHUTTEBE YIIUIBHIOBAJIACS J0 MOHOJITHOI, IIPO30pOI Ta CKIOBHIHOI i3
CIIM3BKOIO TTIAHIIEBOIO IOBEPXHEIO.

BaxmmBo 3ayBakuTH, o mporec ¢aszoBoro mepexoxy amopduoi pedoBuHHM (abo Marepiamy) 3
pOo3M’sIKIIEHOro abo, K y HAIIOMY BHII3JKY, I'eJIeroiOHOrO CTaHy 0 CKIOBHJHOTO CTaHy, XapaKTepHHUH s
noxiMepiB Ta GiomosimMepiB, IPUBEPTAE yBary AOCIIHUKIB IPU CTBOPEHHI HOBHX BHWJIB IPOAYKTIB Ta MaTepia-
JIB y caMMX pi3HHX raiy3sx [6, 18]. Temneparypa cxiryBaHHs, HIXK4E SKOT aMOP(HI pEeYOBHHH BTPAYaIOTh ILIaC-
THUYHICTH 1 CTalOTh TBEPANMH (200 KPUXKHUMHM), BU3HAYAE iHTEpBaN IXHBOTO (I10JIiMEpiB Ta GilomoiiMepiB) 3acTo-
CyBaHHs. [HIIMMU ciloOBaMu, TeMIlepaTypa CKIIyBaHHS - LI€ MeXa, HIDKYE K01 amopdHa pedoBHHA repedyBae B
CKJIOBHJIHOMY CTaHi.
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Tak, Ha puc. 8 (0) BUAHO, SIK PO3AYyTi B A3KO-IUIACTHYHI Kparuii (Tepiie, TpeTe, n’saTe (OoTo JIBOpYyY) Micist
OXOJIOJKEHHS (B 3aJIe)KHOCTI BiJl TEMIEpaTypH iX CYIIiHHS 1 BMICTY CyXHMX PEYOBHMH) HaOyBalOTh CKJIIOBHUIHOTO
crany. [loBepXHS 4acTOK CTa€ TIAIKOI0, TIITHIIEBOIO i HE TPOSIBIIE aNre3iHuiXx BIacTHBOCTEH. B 3amexHOCTI
BiJl BMICTY CYXHX PEUOBHH y PO3YHHI Ta TEMIEPAaTypH CYLIiHHA y (opMi, CTPYKTYpi Ta po3Mipax BHCYIICHHX
Kparenb (YaCTOK) MPY OXOJIOKEHHI CIIOCTEPITaIich HACTYITHI 3MiHU:

— 3HAYHE 3MEHIICHHSA po3MipiB (y 2-3 pas3u) 1 30iIbLIICHHS] MOHOJITHOCTI HA0YBarOTh YacTKU 45%-1
NaTOKH, BUCYILEH] py TemiepaTypax 140-160°C;

— po3Mipu yacTok 55-60%-ro po34nHy MATOKH, BUCYILEHHUX Npu Temiepatypi 140-160°C, 3nauno
3MEHIIYIOThCS y TIOPIBHAHHI 3 PO3MipaMM y CTafii KMIMIHHA Oyiy<Oyp3, PU HBOMY Oyiy >0,, @ B IX CTPYKTYpi
MaroTh Miclie OPOXKHUHHU Y popMi OybOamniky;

— po3mipu yactok 55-60%-1 nmaroxu, BucynieHux mpu temmeparypi 180-200°C, nerio 3MeHIIy0Th-
cs, ajie 3aIMIIAI0THCS TAKUMH K a00 OUIBIIMMM 32 IMOYATKOBI Oy >0,, @ iX CTPYKTYpa 3a BiACYTHICTIO OYJib-
0aIIoK XapaKTepU3yeThCs SIK LIJIKOM MOHOJITHA.

BucnoBkH. JlociikeHHS KPOXMaJIBHOT IIATOKK 3 MacOBOIO JIOJICI0 PENYKYIOUNX PeYOBHUH 38-42 sk 00’ €KTY
PO3MIIIIOBAIFHOTO CYIIIHHS B CHCTEMI «KpaIlIsi-TIapora3oBe CEPEelIOBHIIEY Y MOTOII HArPITOTO TEIUIOHOCIS -
TBEPIMIH 11 HAJIEKHICTh IO KaTETopil KONOIMHMUX CHCTEM TEPMOIUIACTUYHHUX 1 aAre3ifHNX MaTepiatiB, CYIIiHHS
SIKHX y OUCIIEPTrOBAaHOMY CTaHi BiIOyBa€ThCS Y BHCOKOTEMIIEPATYPHOMY — CYIIMIBHOMY IIEpiofi, SKHH CYyIIpo-
BO/KYEThCS BHHUKHEHHSIM BUCOKHX TPAIi€HTIB KOHIEHTPAIii CyXHX PEYOBHH Ta THCKY Ha MOBEPXHI PO3IiTY
(a3, mo MPU3BOANTE 0 3HAYHKUX TpaHchopMartiil GopMu, po3MipiB Ta CTPYKTYPH Kpareib Y CTaAisIX KUITIHHS Ta
JIOCYITyBaHHS. BUCYyIIeHI YacTKu 3 OUTBIINMU 32 IOYaTKOBI pO3MipaMH Ta OyIh0aIlIKOBOIO CTPYKTYPOIO Y OTO-
i BUCOKOTEMIIEPATypHOTO TEIUIOHOCIS NepeOyBaloTh y B’S3KO-IUIACTHYHOMY CTaHI 1 HpOSBIAIOTH alre3iiHi
BJIaCTHBOCTI.

ExcriepuMeHTanbHO BCTAHOBIIEHO, 3MEHIIEHHS PO3MIpiB, 3017bLICHHS MOHOJIITHOCTI Ta MIIHOCTI CTPYKTYPH
BUCYIICHHX YaCTOK KPOXMAaJbHOI NATOKH, a TAKOXK BIJICYTHICTh aAre31HHUX BJIACTUBOCTEH JOCSATAETHCS OXOJIO-
JOKEHHSIM 1X MICJISl BUCYIITYBaHHSI.

3a pe3yibTaTaMH IPOBEACHHX EKCIEPUMEHTAIPHUX Ta aHATITUYHHUX IOCHIKCHb BH3HAYCHI palliOHANIBHI
TETUIOTEXHOJIOTIUHI TapaMeTpy OTPUMAHHS BHCOKOSKICHOTO TIOPOIIKY KPOXMaJIbHOI MATOKH MiHIMAlIbHOI BOJIO-
TOCTI 32 BMICTOM CYXHX PEYOBHH BHUXIJHOTO PO3UYHMHY Ta 32 TEMIIEPATypOIO TEIIOHOCISI Ha BXO/I B KaMepy po3-
MIIJTIOBAJIBHOT CYIITapKH.
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Anomauia. Cyuacni mexnonoeii, ocobnuso npoyecu cywinus, € enepzosampamuumu. To dc, ocHOBHUMU 3a-
B0AHHAMU NPU PO3POOYI MENIOMEXHONI02I] 8 XAPUOBill NPOMUCIOBOCTI € 3MEHUIeHHS BUMPAN eHepeOHOCIi8 Ha
npoyec 3He800HeHH:. Taxi HAyKO8I po3pobKuU 0adymv MONMCIUGICMb NIOGUWUMU DiBEHb eHepeemuyHOoi be3nexu
O0epoicasu ma KOHKYPeHMOCNPOMONCHOCHE HAYIOHANbHOI eKOHOMIKU, 3MEHWUMU 3a1excHicmy YKkpainu 6io imno-
PMOBAHUX €HEPSOHOCIIB 6 YLIOMY.

B 36’a3ky i3 nowupennam maxux x6opob AK cepyeso-cyOUHHI 3aX60PHOBAHHS, PAK, 3MIHA Cepyesozo M'a3y,
HenpasuibHe nepempasierts iici, nociabieHts penpoOyKmueHoi QYHKYIL OCHOBHUM 3A80AHHAM NPAYIGHUKIE
Xapuo8oi NPOMUCIOBOCHI € MAKCUMANLHO 3AMIHUMU 8 20MOBUX NPOOYKMAX XAPYYE8AHHS CUHMEMUYHT apOMamu-
3amopu, 6apeHUKU HA HAMYPATbHI.

Ha cvoeoouiwmnitl oenv 6 Ykpaini HeOocmamubo upoOHUYMSEa poCIUHHOL CUPOSUHU 8 NOPOWUKU, WO 00360~
asioms 30epezmu AKicms 6Uxionoi cupogunu. Cyuachi cnocobu ompumants NOPOUIKy 3i Cmoio8o2o Oypsaka oa-
10myb Modicaugicme 36epeemu bemanin Ha pigui 50-70 % y xinyegomy npooykmi.

Tomy po3pobkra HO8UX Memodi8 ma YOOCKOHANEHHs ICHYIOUUX MEXHOIO02II CYWIHHA CMOA08020 OYpAKa 3
MEemOK OMPUMAHHA HAMYPATLHO20 OAPBHUKA € 8ANCIUBOIO MA 3HAUYULOIO.

OCHOBHOW0 CUPOBUHOIO, AKA MAE BUCOKULL 8MiCI OeMAHIHY 3 AHMUOKCUOAHMHUMU 81ACMUBOCIAMU € 4ep8o-
Hutl cmoaosull oypak. La kyremypa mpaouyitina 6 xapuyeanui Hacenenus Ykpainu. Baoscnusum axyenmom npu
nepepooyi MemoooM CYUWIIHHA AHMUOKCUOAHMHOT CUPOBUHU € 3HUNCEHHS eHepeo3ampam Ha npoyec 3He80OHE H-
H5l, MAKCUMAIbHE 30epedceHHs 0i0I02IYHO AKMUBHUX PEYOBUH MA 3HUICEHHS cO0I8apmocmi KiHYyego2o npooyK-
my. Kopucmo npupoouux anmuoxcuoanmie noisaeac 8 momy, wo 60HU 30amui 6Cmynamu 6 peaxyii 3 inbHuUMU
paoukanamu, Heumpanizyiouu ix 3eyomy o0ito Ha opearizm aioounu. Cmonosuii OypsaK oOun i3 Heba2amvox KyJib-
myp, 00 CKAady K020 6X00Umb Oemanin — npoOyKm (HepmMenmamuero20 posnady Xoiny, wo 8ioiepae 6aiciugy
PONb NPU 0OMIHI peHOo8UH 8 OP2aHI3MI THOOUHU.

B oaniti cmammi suceimieno 6e36i0X00Hy enepoehexmusHy meniomexHonio2iio OMmpUMAaHHs AHMUOKCUOA-
HMHO20 OYPAKOBO-MOMAMHO20 OAPEHUKY MA HACIHHA momamig. 3a80aKu UKOPUCMANHHIO M AKOMI Ma WKIPKU
momamis, K HamypaibHo20 cmabinizamopa bemariny ma 080CMAdIUHOMY KOHBEKMUBHOMY CYUIHHIO 00epiCy-
E€MO AKICHUIl HACIHHEBUL Mamepian ma NOpOUKONOOIOHULL HAMYPATbHUL NPOOYKM, KUl 3A805KU UCOKOMY
emicmy KapomuHoioie, NeKmuHis, KiimKo8uHu, bemaHiny, MIiKpo- ma MiKpoeieMeHmie Modice UKOPUCMOB8)Y8d-
MUcs 8 NiKY8AIbHO-NPODIIAKMUYHOMY 30AIAHCOBAHOMY XAPYYBAHHL.

bypaxoso-momamuuii anmuoxcudanmmnuil 6APEHUK NOKPAWYE CIMPYKMYPY MA KOHCUCMEHYTI0 8upodie, 0o-
dae 3abapenennsi npooyKmam, 30ibusyc ix 6ioN02iuHy ma Xapyo8y YiHHICMb i MOJICe 3HAUMU WUPOKe 3aCmocy-
8AHHSL Y GUPOOHUYMSI NIKYBATLHO-NPODINAKMUYHO20 NPUSHAYEHHSL.

Kuro4oBi cjioBa: TemioTexHoOris, eHeproeekTHBHICTD, CYILiHHS, CTOJIOBHH OypsK, HACIHHS TOMATIB.

COMPLEX ENERGY EFFICIENT HEAT TECHNOLOGY
OBTAINING OF ANTIOXIDANT RED BEETROOT-TOMATO DYE
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Abstract. Modern technologies, especially drying processes, are energy consuming. Also, the main tasks in
the development of heat technology in the food industry is to reduce energy costs for the dehydration process.
Such scientific developments will make it possible to increase the level of energy security of the state and the
competitiveness of the national economy, to reduce Ukraine's dependence on imported energy in general.

Due to the spread of diseases such as cardiovascular disease, cancer, changes in heart muscle, poor
digestion, impaired reproductive function, the main task of food industry workers is to replace as much as
possible in the finished food synthetic flavors, dyes for natural.

Today in Ukraine there is not enough production of vegetable raw materials in powders that allow to
preserve the quality of raw materials. Modern methods of obtaining red beetroot powder make it possible to
keep betanine at the level of 50-70% in the final product. Therefore, the development of new methods and
improvement of existing technologies for drying red beetroot in order to obtain a natural dye is important and
significant.

The main raw material, that has a high content of betanine with antioxidant properties is red beetroot. This
culture is traditional in the diet of the population of Ukraine. An important emphasis in the processing method of
drying antioxidant raw materials is to reduce energy consumption for the dehydration process, the maximum
preservation of biologically active substances and reduce the cost of the final product. The benefit of natural
antioxidants is that they are able to react with free radicals, neutralizing their harmful effects on the human
body. Red beetroot is one of the few crops that contains betanine - a product of enzymatic decomposition of
choline, which plays an important role in metabolism in the human body.

This article presents waste-free energy-efficient heat technology for antioxidant red beetroot-tomato dye
and tomato seeds. Thanks to the use of tomato pulp and peel as a natural stabilizer of betanine and two-stage
convective drying, we obtain high-quality seed material and powdered natural product, which due to the high
content of carotenoids, pectins, fiber, betanine, micro- and microelements can be used in therapeutic and
prophylactic balanced diet.

Red beet-tomato antioxidant dye improves the structure and consistency of products, gives color to
products, increases their biological and nutritional value and can be widely used in the production of
therapeutic and prophylactic purposes.

Key words: heat technology, energy efficiency, drying, red beetroot, tomato seeds.

OnHUM 13 OCHOBHHUX aCHEKTIiB MPH CYIIiHHI aHTHOKCHJAHTHOI POCIMHHOI CHPOBHHU € 3MEHILICHHS €HEepro-
3aTpaT, OCKIUIbKM HecTaya eHepreTHYHUX PEecypCiB € aKkTyaJbHOW npobiiemoro Ykpainu. Tomy pauioHanbHe iX
BUKOPHCTAHHSI OJIHA 13 OCHOBHUX BHMOT ChOTOJICHHsS. B Ipolieci JiTepaTypHOro OISy BHSBICHO, IO BioMmi
CrocoOu nepepoOKH aHTHOKCHAAHTHOI POCIMHHOI CUPOBUHH XapaKTEPU3YIOThCS a00 BUCOKHMMHU €HEPrOBUTpa-
TaMH Ta HU3BKOIO MPOIYKTUBHICTIO, 200 BEIUKOK KIJIBKICTIO BIAXO/IB Ta HU3HKOKO SIKICTIO OTPUMAHOTO MPOY-
KTY. 31€01Ib1I0r0 3aKOPJJOHHUMH Ta YKPAaTHCHKUMH BYSHUMH 3aUIs 30epeiKeHHs OeTaHiHy JOCIHIIKYEThCS CiK
CTOJIOBOTO Oypsika, MIO TSATHE 3a COOOI0 BENHKY KUTBKICTh BiAXOIIB, 3aCTOCOBYIOThCS €HEpPro3aTpaTHI METOIU
cymriHHs. JloCipkeHHSIM TIPOIIECiB TepepoOKH CTOIOBOTO OYpsAKY 3aliMaroThcs B KpaiHax €Bporm, A3ii, [liB-
nenHoi Amepuku [1-4].

OcHoBHa 3a/1a4a — 11 30epiraHHs MPUPOIHOTO KOJIBOPY CTOIIOBOTO Oypsika micis TepMiuHO1 00poOku. Lle
00yMOBJICHO THM, IIO aHTOIIAHOBI MITMEHTH CTOJIOBOTO OYpsKYy BKpail 4yT/IHBi CHIOTYKH. BOHN pyHHYIOTBCS i
Ji€ro pi3HOMaHITHUX (hakTOpiB: BUCOKOI Temneparypu (Buie 65°C), pepMeHTIB, KUCHIO MOBITps, AEHHOTO CBIT-
na, BaXKux Metanis, pH cepenosuina. [Tpu sxopcTkiii TeMrepaTypHiit 00poO1i Ta B3aeMoIil 3 HOBITPsIM OeTaHiH
OKHCIIIOETHCS 3MIHIOIOUH KOJIp 3 O0p0 Ha j)KOBTO-KOpUuHEBHH. [Ipu 1o/1aBaHHI KMCIOTH peakliiis #e B 3BOpOT-
HYy CTOPOHY — 3 KOBTO-KOPHYHEBOI'O B YEPBOHO OOpaoBHH. [lofaBaHHS 10 CTONOBOrO Oypsika pOCIMHHOI CHPO-
BUHH, [[0 MICTUTh MiJABUIICHUI BMICT OpraHiuHUX KHCJIOT (JINMOH, PEBiHb, TOMAT). B pe3ynbraTi, yTBOPIOETHCS
noTpioxe 3HaueHHs pH 3,2-4,0, 110 € BaXXJIMBOIO YMOBOIO JUIs 30epekeHHs1 OeTaHiHy CTOJIOBOTO OypsKa K IpH
nepepoOiii, Tak i B mpotieci 36epiranns [5-6].

[Ipn oTpuMaHHI HaciHHS 3 TOMATIB M SIKOTh ITOTPAIUISE Y BIIXOIH Ta 3a0pyIHIOE HABKOJINIITHE CEPEIOBHUIIE.
[Ipu BUKOpHCTaHHI BIIXOIB TOMATIB I CTa0iIi3amii OETaHIHY CYTTEBO 3MEHIIYETHCS COOIBapTICTh AaHTHOKCH-
JTAHTHOTO OapBHMKA Ta BHPIIIYETHCS €KOJIOTIUHA IpoliemMa yTwiizamii Bigxo iB (IIKIpKH Ta M SIKOTi TOMarTiB),
siKka cTaHOBHUTE 10 80%.

IIpn po3poOdIi TErIOTEXHONOTIi OTPUMaHHS AHTHOKCHIAHTHOI'O OYpSKOBO-TOMaTHOTO OapBHHMKY Ba)KIIMBE
3HAYCHHS Ma€ MOIEPeIHs MiArOTOBKA CHPOBHUHH JI0 CYIIiHHS Ta (i3MKO-XIMIYHUI KOHTPOJb SIKICHUX XapakKTe-
puctuk. bynn mpoBeaeHi ekclieprMEHTaNbHI TOCTiKeHHS BIUTMBY pH cepemoBuma Ha 30epexeHHS OeTaHIHY
i yac nepepoOKH, BIUIMBY OPTaHIYHUX KUCIIOT POCIMHHOI CHPOBUHH HA KIIITHHHY 000JIOHKY CTOJIOBOTO Oypsi-
Ka, KIHeTUKH CYIIIHHA aHTHOKCHJIAHTHOI POCIMHHOI CHPOBUHHM Ta BMICTy O€TaHiHY aHTHOKCHIAHTHOI POCIHMHHOL
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CHUPOBUHHM B KIHIIEBOMY HPOJYKTI B 3aJIE)KHOCTI BiJ] pEKMMiB 3HEBOJIHEHHSI.

Sk Bimomo, ais 30epexkeHHs OeTaHiHy NOTpiOHO Kucie cepenosuuie. Ockinbku pH cronoBoro Oypsika cra-
HOBHUTH 6,26 (puc. 1.a), Oymo 3acTOCOBaHO METOHA KyMakKyBaHHA UL MimOopy omrmManbHOTo pH, mpu sxomy
MaKCHMaIIbHO 30epiraeTbcs OeTaHiH.

‘ £ 90
S 20
5 Z 70
4 g o0
% E 50
3 25, 2 40
5 - z 30
E 20
g
1 2 10
0
0 1 2 3 4 s 6
1 2 3 4 5 6
3]
a) )

1 - 6ypax cmonosuii; 2 - 6ypax ciepomepmivnuil; 3 - Oypak-momam (4:1); 4 - 6ypax-momam (3:1);
5 - 6ypax-momam (2:1); 6 - oypax-momam (1:1)
Puc. 1 — Brnuius pH cepenosuina Ha 30epexxeHHs! 6eTaHiHy M yac mepepo0KH aHTHOKCHIAHT-
HOI CUPOBUHU (0YPSIKOBO-TOMATHON)

MeTtoa KynaKyBaHHsI OJIATAE Y TOEIHAHHI CTOJIOBOTO OypsiKa i POCIMHHOI CHPOBHHHU 3 MiJBUIICHAM BMicC-
TOM OPraHiYHHUX KHCIOT TOMAaTy y pi3HHX crhiBBigHomeHHsX [7-8]. Bymo Busnaueno pH cromoBoro Oypsika,
riIpoTEpPMiYHO 0OPOBIEHOr0 Ta KyNakoBaHOro (OypsSKOBO-TOMATHOIO) Y Pi3HUX CHiBBigHOMmEHHAX (puc. 1 a,0).
Haii0inpi onTUMambHUM 17151 OYpAKOBO-TOMATHOI KOMITO3UIIIT € criBBiAHOMICHHS 3:1, mpu sikomy pH cTaHOBUTH

3,9 (puc. 1.a), a Geranin 36epiractocst Ha 94,7 % (puc. 1.6).
a) 6)
B) r)

Puc. 2 - 300pakeHHs1 KJIITHHH CTOJOBOro 0ypsKy a) Ta 0ypsikOBO-TOMATHOI KOMIO3HILil y
cniBBigHowmenHi 0) (3:1), B) (2:1), r) (1:1)
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Takoxx HaMu OyJI0 OCTIIKCHO MEXaHi3M cTabumi3amii OeTaHiHy B MpPOIECi MiATOTOBKH JO CYIIIHHS TOCITi-
JUKYBAIIH 32 JAOMOMOTOK CBITJIOBOrO (ONTHYHOr0) Mikpockomy AXio Imager Z1. 36insuryBanu y 640 pasis. Ha
pHC. 2 TpeacTaBiIcHI MIKPOCTPYKTYPHI JOCHIHKEHHS 3pi3iB MapeHXIMHOI TKAaHWHHU CTOJIOBOTO Oypsika Ta Oyps-
KOBO-TOMAaTHOI KOMITO3MIIII.

Ha pucynky 2.a. 4iTKo BUAHO OKPYTJI BHITYKJII KIITHHH CTOJIOBOTO OypsiKa, sIKi OTOYEHI KIITHHHOI MEM-
Opanoto. [Ipu criBBiAHOMIEHHI CKJIAZOBUX KOMIIO3HIIT 3 YaCTHHU CTOJIOBOTO OypsAKy Ta 1 yacTuHa Tomary (puc.
2.0.) 00OJIOHKY KJIITHHH MaiKe HEYIIKOKEHI, MPOTE CIOCTEPITAEThCSA OUCBHUIAHMM BIUTMB OPTaHIYHHX KHCIOT
TOMAaTy Ha 00OOJIOHKY KIITHHH CTOJOBOTO Oypsika. BoHa cTae BUTATHYTOIO 1 301IBIITy€EThCS ii TpaHUYHA MIPOHUK-
HICTB, 1 pe4oBHHH TU(YHIYIOTh BCEpEeIUHY KITHHH, 3MiHIo0uM pH cepemosuma. Ilpu crniBBinHOImIEHHI 2:1
(puc. 2.6.). BinOyBaeThCA YACTKOBE PYyHHYBaHHs KIITHHHHX 0000HOK. [Ipu chiBBigHOILIEHHI KOMMOHEHTIB 1:1
(2.2.) moBHicTIO 3pyitHOBaHI BCi KIITHHHI MEMOpPaHH, 0 TIPU3BOAUTH 10 BUTIKAHHS COKY MiJ 4ac CYIIiHHSI.

OTKe, NOMIKOAUTH YaCTKOBO KIIITHHY, TOOTO HaJlaTH il BIACTUBOCTI HANIBIPOHUKHOCTI MOXKHA 32 JIOTIOMO-
TOI0 CTBOPEHHS KOMITO3HLiT OypsiK-ToMaT y criBBigHoweHHi 3:1 (puc. 2.6.).
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JocinimKkeHHs KIHETUKH CYIIIHHS aHTHOKCHIAHTHOT CHPOBHHH TPOBOJIMIIMCH Ha €KCIIEPUMEHTAIEHOMY KOH-
BEKTHBHOMY CTEH/Ii, 3 aBTOMAaTUYHUM 300pOoM Ta 00poOKOI0 iH(popMaIlil 3a TOMOMOI0K PO3p00JICHOT IPUKIa-
HOT mporpamu «S00shkay. Bymo mocrmimkeHo BIUIUB TEMIIEpaTypH TEIJIOHOCIS Ha KIHETHKY CYLIHHS OypsSKOBO-
TOMAaTHOI KOMIO3UIi B HIMPOKOMY TEMIIEpaTypHOMY Jiana3oHi. [3 30UIbLICHHSAM TeMIepaTypH TEIUIOHOCIs
IHTEHCHUBHICTh MPOLECY CYUIHHS KOMIO3HuIlii 30iburyeTses [9-10].
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JocnipkeHo BIUIMB KOMIIOHEHTIB KOMITO3MLIT Ha KiHETHKY npoluecy cywiHas (puc. 3). Komnosuuis (kpusa
1) nocsirae 3Ha4eHHs KiHIEBOI BosorocTi B 1,5 pasu mBHIMIE Y MOPIBHAHHI 31 cTOIOBUM OypsikoM (kpuBa 3). 3
KPUBHUX IIBUAKOCTI CYIIIHHA KOMIIOHEHTIB KOMIIO3HIII Ta camoi koMmno3umii (puc. 4.) BUAHO, IO HaHOiIbIIa
MIBUAKICTh y OypsKOBO-TOMaTHOI kKoMmo3umii i ckinaznae 3,0 %/XB, MBHUAKICTH CTOIOBOrO OYpAKY CTaHOBHUTH 2,1
%, HalimeHma y Tomati — 1,6 %/xB. Lle MOSACHIOETHCS BINIMBOM OPTaHIYHHUX KHCJIOT TOMATy Ha KJIITHHHY 000J10-

HKY CTOJIOBOTO OYpsIKy Ta 3MIiHOIO CIIiBBITHOIICHHS BIIbHOI Ta 3B’S3aHOI BOJIOTH.
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ByB po3poOieHuii cTyneHeBuil pexuM CcyniiHHs (puc. S5), KUl oKa3ye, M0 BigOyBaeThCs iHTEHCHDIKAIis
NpoLeCy CYIIHHS Maiike B 2 p. y TOpIBHSAHHI 13 pesxkumoM cyuinas 60 °C, a GetaHiH IpH 1IboMY 30epiraerbcest
Ha piBHi 95-97 %.

[pu cymiHHI POCTMHHOI CUPOBHHH Ba)KJIMBO 30€perTH SIKICHI XapaKTEpPUCTUKU MaTepiaiy. MakcuManbHe
3Ha4YeHHS 30epexeHHst 6etaniny 96,5 % Biamosinae pexumy cymrints 60 °C [5].
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Puc. 6 - BnuiuB TemnepaTypH TenJioHOCisI Ta TeMIepaTypu HarpiBaHHsl MaTepiaay Ha TpUBa-
JicTh cylIiHHA HACiHHA ToMaTy copTy «CIMBKU»
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Ha ocHoBI npoBeneHux aociipkeHb OyB po3poOieHHil crnocid onepKaHHS aHTHOKCHAAHTHOTO OYpsSKOBO-
TOMAaTHOTO OapBHUKY Ta HACIHHEBOTO MaTepialy TOMATiB, SIKUH 3aBASKM BUKOPHCTAHHIO M’SKOTI Ta LIKIpKH
TOMATiB, SK HaTypaJbHOTO crabijizaTopa OeTaHiHy Ta IBOCTAIifHOMY KOHBEKTHBHOMY CYIIIHHIO IO3BOJISE
ollepyKaTH SKICHIHM HACIHHEBUIT MaTepiall Ta MOPOIIKOIIONIOHUN HATypaNbHUH MPOIYKT.

Hacinus TomaTiB He moTpebye cTpaTudikalmii i MOXe IPOPOCTATH B IUIOAAX JAO3PLIAX TOMATiB, TOMY HOTO
MOTPiOHO MIBUIKO CYITUTH [6].

CymiHHS HACiHHSA TOMAaTy Ha KOHBEKTHBHOMY CTEHII B €JIECMEHTapHOMY IIapi BiOyBajoChk BiJl MOYaTKO-
Boi Bosorocti 70 % 1o 8 %, mo npu cyminas ckinano 31 xB. 30utemenHs Temneparypu Big 50 no 80°C 3menmtye
TpHUBAJICTh B 2,58 pasu (puc. 6).

Ha tepmorpamax HarpiBaHHs HaciHHsS TOMary BiIOyBaeThcs Bia 8 1o 12 xB. B pexumi cyuriHHs npu tem-
neparypi Teruonocis 80°C BinOyBaeThcsl BUAAJICHHs BOJIOTH Ta HAarpiBaHHs Ha MPOTSA31 BCHOTO MPOLECY CYIIiH-
HSl, B IHIIMX PeXXHUMax IiciIs IPOrpiBaHHs TeMIIEpaTypa HarpiBaHHs Maiike He 3MIHIOETBCSL.

[lixBuIIeHHs TeMIepaTypH IiJBHUILYE 3HAYEHHS IIBUIKOCTI CYLIIHHS, TaK MPU TEMIIEPaTypi TEIUIOHOCIS
80°C wBHKiCTh CyIIiHHSA cKiIanae 8,8%/xB. (puc. 7).
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Hacinas ToMaTy Aist Kpammoi CX0XKOCTi TOUUTHFHO CYIIMTH MPH Temreparypi TemoHocis 50°C cxoxicTs
Ha 7 IeHb MPOPOLLYBaHHs CTaHOBHUTH 98% (puc. 8).
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Puc. 8 — CxoxicTb HaciHHs ToMaTty copTy «CauBKm» Ha 7 IeHb MPOPOLILYBAaHHS Bil BIVIMBY peKUMiB
CyUIiHHS

[TigBuIeHAs TeMIepaTypy HETAaTHBHO BIUIMBAE HA SAKiCHI MOKa3HUKH. Tak IpH TeMIIepaTypi TEIUIOHOCIS
60°C cx0xXicTh 3HIKYETHCA 10 88%, pu 70°C — 40%, 8§0°C — 30%.
3anponoHoBaHa TEIUIOTEXHOJIOTIS OJEpKAaHHSA aHTHOKCHIAHTHOTO OYpSKOBO-TOMAaTHOTO OapBHHKY Ta Ha-
CIHHEBOTO MaTepiaxy TOMAaTiB JO3BOJSE palioHATFHO KOHCEPBYBATH POCIMHHY CHPOBHHY y BHTIIII ITOPOIIKY
TIPH 3HIDKEHIM COGIBAPTOCTI 32 paxyHOK BHKOPUCTAHHS BiIXO/[iB HACIHHEBOTO BUPOOHUIITBA (pHC. 9).

IHCITERINA T OMATIB IHCIIERIIIA CTO.TOBOI O EYPARY
MITTA TOMATIB MHITH CTOTOBOI O BYPARY
CEIT{PYBAHHA I'{ BHTATEHHA MO YBAHHA OUTIITEHHA BLT IITKTPKIT
HACIHHA TOMATIB KOMITIOHEHTIB CTPYRKI

CTOTOBOTOEYPARY TA
TOMATHOI MARKOTT
BrpromorIni 3:1 HAPIZAHHA CTPYAK KO

BITCTOMBAHHA HACIHHA PO3IMIPH CTPY:RKI 2:5+0, 20tm

P430M 3 ME3TOFO

C}IIIHHA BYPIKOBO-
NNPOMHIEBAHHA HACIHHA TOMATHOI KOMITO 3HITIT

PEARIIM CYIIKH 100/66°C

CYIIIHHA HACIHHA TOMATIB

PERHM CYIIRH 50°C OXO.TOAAEHHA
OXOTOTKEHHA HACIHHA ITOJPIEHEHHA T4
CEILAPAIIIA CYMIIIIT
$ACYBEAHHA T4 ITAKYBAHHA &4CYBAHHA, NAKYBAHHA

Puc. 9 — TenJiorexHosorisi oepKaHHA AHTMOKCUAAHTHOr0 OypPAKOBO-TOMATHOI0 OAPBHUKY
Ta HACIHHEBOI'O MaTepiaay

OpeprkaHU# y TaKWi CIOCIO MPOIYKT, 3aBISKH BUCOKOMY BMICTY OpTaHiYHHX KHCJIOT, HE MOTPedye Timpo-
TEpMiuHOiI OOpOOKH Tepe] CYIIiHHSM, Ma€ MiJBUIICHI aHTHOKCHIAHTHI BIACTUBOCTI, BUCOKHH BMICT LUHKY,
SIKMI 30UIBIIYE Ji0 1HCYJIIHY B OpTaHi3Mi.

CupoBrHY OypsIK i TOMaTH IHCIIEKTYIOThb, MUIOTh, BUJQIISIOTh HACIHHS 3 TOMATiB, OYMIIYIOTh Bijl IIKIPKH
OypsiK, MiCJIst 4OTO Hapi3aHUi CTOJIOBHI OypsK Ha cTPYKKY 2x5x0,2 MM 1 BiIXOJIM TOMATIB 3MILIYIOTh B IIPOIIOP-
uisix 3:1. BinOyBaeTbcs crabinizaiist OeTaHiHYy OpraHiuHMMHU KHCIOTaMH TOMATy.

Buzasnene HaciHHs TOMAaTy HalpaBIsEThCs HA (PEPMEHTALIiI0 Y BIACHOMY COKY IIPH TeMIIepaTypi HaBKOJIH-
HIHBOTO TOBITPs 23 - 25°C mpoTsiroM A00u, Miciis [OTO PIIMHY 3JIMBAJIH, 8 HACIHHSA SIKE€ 3QJIUIINIOCH Y EMHOCTI
MIPOMUBAIH JIEKITbKA Pa3iB BOJOK0.

CyminHsa OypsKOBO-TOMAaTHOI cyMimi BigOyBaeThcs mpu Temmeparypi Termmonocis 100°C Ha movaTkoBiit
cTajii, MoTIiM TeMmeparypy TEeIUIOHOCIs 3HIKyBan 10 60°C, BUCYIIEHMH MaTepian HaIXOAHWB B 30HY OXOJIO-
JOKCHHS, JUTs CYIIIHHS HACIHHEBOTO Marepially TOMaTiB B CYNIMIBHIM KaMmepi BCTAHOBIIOIOTH IHIIUH peXUM
3HEBOJHEHHS 3 TeMIlepaTyporo TerutoHocis 45 °C mo kiHneBoi Boxorocti 10 — 12 % 3 HACTYITHUM OXOJOIKEH-
HSIM.

Temmeparypa OypsIKOBO-TOMATHOI CyMiIli IpH CymIiHHI He nepeBumye 60°C, mo 103BoJIsE OTPUMATH MPO-
JIyKT BHCOKOi Xap4oBOi SKOCTi 3 aHTHOKCHJIAHTHUMH BIIACTHBOCTSIMHM, 3aBISKH OeTaHiHy Ta Jikominy. [1lig gac
CYIIIHHS HaCiHHEBOTO MaTepially TeMIeparypa HarpiBaHHS HaciHHS He nepeBuirye 50°C, mo 103BoJs€ OTpUMa-
THU SIKICHUH TIOCIBHUIT MaTepian BiTIYN3HAHOTO BUPOOHHUIITBA.

BucHoBku

OtpuMaHuii HOBUI KOMOIHOBaHUIT yHIBepCcaIbHHUI NPOIYKT, 30a1aHCOBAHMUH 32 BMICTOM BiTaMiHiB, MiHepa-
JBHUX PEYOBHH, KIIITKOBHHH, OPTaHIYHMX KHUCJIOT. XapaKTEpPHOIO O3HAKOIO SIKOTO € MiJIBUIIEHA KUIbKICTh OeTa-
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HiHY, III0 NIEPEBHIIYE BCTAHOBJICHUH PIBEHb IS JIIKYBaJbHUX MpEIapariB, 3aBIsIKM KIIITKOBUHI Ta NEKTHHY, SIKi
BIATOBITHO MiZABHUIYIOTH TEPMOCTIHKICTh MIPOAYKTY, 301JIBIIYIOUH IIPH LIbOMY TEPMiH 30€piraHHsl.

BypsakoBo-ToMaTHHIT aHTHOKCHAAHTHUH OapBHUK ITOKpAIIy€e CTPYKTYpY Ta KOHCHUCTEHIIIO BHPOOIB, Iomae
3a0apBIeHHS MPOAYKTaM, 301IbIIye iX 0i0JOTIYHY Ta XapdoBY LIHHICTH i MOXKE 3HANTH IIMPOKE 3aCTOCYBAaHHA Y
BUPOOHHUITBI JIKyBaJIbHO-TIPO(ITaKTHIHOTO PU3HAYCHHS.
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Anomauin. B npedcmasneniii pobomi Hageoeni mamepianu wooo po3pooKu MexHOI02i NPOIOH2Y8AHHSL Me-
PMiHi6 30epicanHs éapeHux Koebac i3 m’sca nmuyi WIsSXOM SUKOPUCMAHHA OiOMeXHON02IYHO20 NPULIOMY, a
came, «CmMapmosuxy Kyibmyp MIKpoopeanizmie. IIpononyemvcsi 6600umu cneyiaibHo nidiopany cmapmogy
Mikpoghnopy y (paput sapenux kosbac, wo € NPUHYUNOB0 HOBUM NiOXO0OM OJisk BUPTULEHHS. OAHO20 NUMAHHSL.

3a ocmanni poxu m'sco nmuyi cmano 0OHUM i3 CAMuX NONYIAPHUX 8UOI6 CUPOBUHU OISl M'sconepepoOHOT
npomucnosocmi. M'saco nmuyi - axichuu, 6azamuil 6LIKAMU NPOOYKM 3 HUZLKOK KAJIOPIUHICIIO Y NOPIGHAHHI 31
CBUHUHOW Ma AN08UYUHO. Pisnomanimuicms cuposunu, 6o100ie pisHuMU QYHKYIOHATLHUMY 81ACMUBOCTHAMU
(memHue i ceimne m'co, MexaHiuHO oO8anene M'Aco, BHYMPIWHI OpeaHl), HAOAE HEODMeHCeHi MONHCIUBOCTI O
CMBOPenHs NMAXONPOOYKMI6 WUPOKO20 ACOPMUMEHMHO20 CReKMPY, 8KIYAIYU XAPU08i, CneyidnbHi, Kopmosi
nPOOYKMuU, 8 MOMY YUCHL KOMOIHOBAHI, 3 3A0AHUM XIMIYHUM CKIAOOM [ GLACMUBOCMAMU, NPENnapamu 0ioN102HHO
AKMUBHUX PEYOBUH | M.O.

o cxnady m'si3060i mxanunu nmuyi 6x00ams matiice 8ci 8000po3yunti gimaminu. M'sco € oOnum 3 nau-
Oinblu YiHHUX nocmadanvHukie eimaminie epynu B. Taxoo, m'a3u nmuyi 6aecami maxpoenemenmamu ( cepeo
SAKUX 6UOLISIOMb 34 KIILKICMIO Kadil, cipka, gocghop, Hampil, Kaibylil, Xa0p ), @ maxkoxc mikpoeiemenmamu (
3471030, YUHK, MIOb, MAPeaHeydb ), Maromv 6ANCIUEE 3HAYECHHS 8 0OMIHI pewosun. MinepaibHi peuoeuHu aKmuegi-
3YI0Mb nepempasio8anicmy OLIKIE i iX 3ac80r8aAHICMb.

Bracmuesicme m'sica ympumysamu 600y abo ii noenunamu pobums icmomHuil 6NaU8 HA 1020 AKICMb, mex-
HONOIYHI ma KyMiHApHi nokasHuku. Yum euiye 6000YmMpumy8anvHd, 60102060UpHA 30AMHICMb M'Sca NMAaxis,
MUM COKOBUMIUA 11 HIDCHIULE BUXOOUMb 20MOBA 00 CNONCUBAHHS NPOOYKYIs, MUM suuye ii uxio.

Ilposederno ckpinine ma HayKoso 0OIPYHMOBAHO SUKOPUCIMAHHS «CIAPMOBOLY MIKpODAOpU WiAXomM 00Ci-
0dicenHs psdy (QYHKYIOHATLHO-MEXHONIO02IYHUX, MIKPOOIOIO2IUHUX, MOKCUKOIO2IUHUX MA OP2AHOIENMUYHUX NO-
KA3HUKIG.

Exonomiuno obrpynmosano suxopucmanis inHo8ayiinoi po3pooxu 0isl UpoOHUYmMEa KoebacHux eupoois;
CKa0eHa MexXHONOSIUHA cXeMa 8UPOOHUYMEA 8apeHOi KoBOacu i3 BHECEHHIM CIMapmogoi MiKpogropu,; niomee-
POACEHO NIOBUUCHHS AKICHUX NOKA3HUKIG 8UPODI6 3 M'5ca NIMUYL WIISIXOM GHECEHH ST Cmapmoegol MIKpogiopu.

B pesynomami ompumana npooyxkyis 6ucoxoi akocmi i3 cCmabiibHUMU y 4aci NOKA3HUKAMU.

KarwuoBi ciioBa: «0ap’epHay» TexHosoris, Oiomoaudikaris dapiry, M5ICO ITHIL, SIKICTh BAPSHUX KOBOac-
HUX BUPOOIB, TEpMiHH 30epiraHHs.

IMPROVING THE QUALITY OF POULTRY PRODUCTS BY
INTRODUCING STARTING MICROORGANISMS

Povarova N.M., phd, associated professor, Melnik L.A., Kirovich N.O., phd, associated professor,
Shlapak G.V., phd, associated professor,
Odesa national academy of food technologies,
Odesa state agrarian university

Annotation. This paper presents materials on the development of technology for prolonging the shelf life of
cooked poultry sausages through the use of biotechnological techniques, namely, the "starting™ cultures of mi-
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croorganisms. It is proposed to introduce a specially selected starting microflora in the stuffing of cooked sau-
sages, which is a fundamentally new approach to this issue. In recent years, poultry has become one of the most
popular raw materials for the meat processing industry. Poultry is a high-quality, high-calorie, low-calorie
product compared to pork and beef. A variety of raw materials, with different functional properties (dark and
light meat, mechanically roasted meat, internal organs), provides unlimited opportunities to create a wide range
of poultry products, including food, special, feed products, including combined, with a given chemical composi-
tion and properties, preparations of biologically active substances, etc.

The composition of bird muscle tissue includes almost all water-soluble vitamins. Meat is one of the most
valuable suppliers of B vitamins. Also, poultry muscles are rich in macronutrients (among which are potassium,
sulfur, phosphorus, sodium, calcium, chlorine), as well as trace elements (iron, zinc, copper, manganese). ), are
important in metabolism. Minerals activate the digestibility of proteins and their digestibility.

The property of meat to retain or absorb water has a significant impact on its quality, technological and
culinary performance. The higher the water-retaining, moisture-absorbing capacity of poultry meat, the juicier
and softer the ready-to-eat products are, the higher their yield.

Screening was carried out and the use of "starting" microflora was scientifically substantiated by studying a
number of functional-technological, microbiological, toxicological and organoleptic indicators.

The use of innovative development for the production of sausages is economically justified; the technologi-
cal scheme of production of boiled sausage with introduction of starting microflora is made; confirmed the in-
crease in the quality of poultry meat products by introducing the starting microflora.

The result is high quality products with stable performance over time.

Key words: "hurdle" technology, biomodification of minced meat, poultry, quality of boiled sausages, stor-
age times.

IHocTanoBKa mpoOJeMu.

MikpobGiosoriyHa CTifKICTh Ta 6e3leKa OUIBIIOCTI XapYOBHX MPOAYKTIB 0a3yeThCsl Ha MOEJHAHHI JCKUTBKOX
KOHCEpBYIOUHX (akTopiB («Oap'epiBy), sKi HE MOXKYTh MOIOJATH MPUCYTHI B HUX MikpoopraHizMu. Ha miit mimc-
TaBi OyJI0 BIEpIE 3aMpPONOHOBAHO MOHATTS «Oap'epHOTO edekTy». «bap'epHuil edexT» Mae rojroBHE 3HAYCHHA
IUTSL 30epiraHHs SKOCTI XapuOBHX IPOIYKTIB, OCKITBKH «Oap'epmu» B CTIHKOMY MPOAYKTI KOHTPOOIOTH SKICTH,
MOB'3aHy 3 PO3BUTKOM MIKpOOPIaHi3MiB, BiJl SKHX 3aJexaTh npouecu (pepmenTanii. B mopanemomy 1e npuse-
JI0 10 BUHUKHEHHS «0ap'€epHUX TEXHOJIOTiI», SKi JO3BOJISIOTH AOCSTAaTH MiIBUIICHHS OE3MEKH Ta SKOCTI IpOIy-
KTiB IIJIIXOM PO3pPaxOBaHUX Ta MPOAYMaHUX KOMOiHamii «bap'epi» »[1,2].

AHaJni3 ocTaHHIX J0CHiTAKeHb Ta My ikamiii.

IcHye Benuka KiJbKICTh METO/IB, sKi 3a0€3MeYyI0Th CTIHKICTh Ta O€3MeKy XapuoBHX MPOIYKTIB MpH 30epi-
TaHHI, TakKi sSIK HarpiB, OXOJIOJKCHHS, 3aMOPOKYBaHHS, CYIIIHHS, COJIIHHS, KOMYCHHS, TOJaBaHHS I[YKPY, OKHC-
neHHs, ¢pepmeHTanis ta iHmi. OxHak, 6arato 3 HUX MpoleciB 0a3yeThesl Ha BIIHOCHO HEBEJIMKIHM KiJIBKOCTI Ta-
pamMeTpiB un «bap'epiB», TaKUX K BHUCOKa TeMIlepaTypa oOpoOKH, HU3bKa TeMIeparypa 30epiranHsi, aKTHBHICTb
BOJIM, aKTHBHA KHCJOTHICTb, OKHCJIIOBAJIbHO-BIJHOBIIOBAJIbHUI IOTEHINia)], 3aCTOCYBaHHS KOHCEPBAHTIB Ta
KOHKYpYo4oi Mikpoduopu puc. 1 [3,4]. Sk BigomMo, moHATTS «6ap’epHOTO» edekty Brepie BBiB mpodecop JI.
Jlaitctrep y 1978 p. [5]. bap’epHuii edekT Mae meprIodeproBe 3HAUYCHHS TSI 30€peKCHHS XapUOBHX MPOIYKTIB
3 BHCOKOIO TPOMIYKHOIO BOJIOTICTIO, OCKUIEKH 0ap’€py KOHTPOIIOIOTE MPOIIECH, SIKI BUKITHKAOTH MIKPOOioI0TId-
He TICYBaHHS Ta MPHU3BOATH 110 XapYOBHX OTPYEHb.

HaiBaxxnuBimmu «Oap'epamMmy» IUIS Xap9OBUX MPOAYKTIB €: HU3BbKE ITOYAaTKOBE MiKpoOioioriuHe 3a0pya-
HEHHsI, HU3bKa TeMIieparypa 30epiraHHs, Hu3bKe
3Ha4YeHHs pH, HU3bKa aKTUBHICTH BOJH, MiHIMa-
JBHUA BIUIMB KHCHIO, BHCOKa TeMIIepaTypa
TEIUIOBOi OOpOOKHM, [OCTaTHA KOHLEHTpAIlis
KOHCEPBAHTIB, KOHKypylo4a Mikpodiopa, BHJ
ynakyBaHHs. Hu3bke MO4aTkoBe OOCIMEHIHHS
M'SICHOI CHPOBHHH € TIepIINM i HalOipIn 3Ha-
qymuM «0ap'epomM», IO BH3HAYAE IOAANIBIITY
«30epiraemMicTe)» roTOBOT MPOIYKIIIi.

Puc. 1 — ITpuxknaa «6ap’epHoid» TexXHOJIOTii KoxeHn crifikuii Ta Oe3neyHHMH XapyoBHii
MIPOJIYKT IOBHHEH MAaTH JEKUIbKa «0ap’epiBy»

OJTHOYACHO, sIKi 3a0e3Medyl0Th KOHTPOJIb HOp-

MaTHBHOI KUTBKOCTI MiKkpoopraHi3MmiB. Ciris 3a3HaYNTH, 10 MIKPOOPTaHI3MH , SIKi € IPUCYTHIMH «HA CTapTi», HE
MIOBHHHI «IIePEeCTpHOHYTH» iCHYI0Ui Oap’epu MPOAYKTY, Y MPOTHISKHOMY BHIAIKy — BOHH € HemieBuMH. Ha
puc. 1 IpoiTIOCTPOBaHO XapUOBHH MPOAYKT, SIKMA Mae 6 Oap’epiB, a caMe: BUCOKa TeMIepaTypa, HU3bKa TeMIIe-
patypa 30epiraHHsi, akTHBHICTh BOJIY, KUCJIIOTHICTh, OKUCHO — BiTHOBHH MOTEHIIiAJI Ta HASIBHICTH KOHCEPBAHTIB.

&y oH

Kons.
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OpHak e MpUKIaJ € «iAeabHUM» PIlICHHSM MUTaHHA 30epiraHus, ajke Bci 0ap’epu MalOTh OJHAKOBY BHCO-
Ty, @ 3HAYUTH 1 OZIHAKOBY IHTEHCHBHICTb BILJIUBY.

Ha manomy erarmi Ta piBHI HayKOBHX JOCITIDKCHb cepell IIEPCIEKTUBHUX HANPSAMKIB PO3BHTKY TEXHOJOTil
M’SICHOT IPOMHCIIOBOCTI BBaXKAIOTh PO3POOKY HOBHX O10TEXHOIOTIYHUX MPUHOMIB 3 METOIO TIOJOBXKCHHS TEPMi-
HiB 30epiranHsa KoBOacHHX BHPOOiB. Jlo HalOUIBII eEeKTHBHUX IOIATKOBUX «Oap'epiB» MOKHA BiTHECTH: BU-
KOPHCTaHHS 0aKTepiOCTaTHYHUX T0OABOK i CTAPTOBHX KYNbTyp. PO3BHTOK TEXHOIOTIi, Xap4oBOi MiKpoOioorii,
T ABHUIICHHS PiBHS CaHITApPHO-TITi€HIYHMUX BUMOT JI0 YMOB BHPOOHHIITBA BIIKPHUIIO MIMPOKI TOPH30HTH BHKOPHC-
TaHHS CTApPTOBUX KyJbTYp U1 (EPMEHTOBAHUX M'SICONPOAYKTIB. Lle M03BOMIA€E NOCATTH HE TINBKH MPaBUIBHOL
(depMeHTallii 3 YTBOPSCHHSM TOJIOBHUM YHHOM MOJIOUHOI KHCHIOTH (Oinbmie 90%) 1 muine He3HAuHOi KUTbKOCTI
NMOOIYHHUX TPOAYKTIB (PO3BUTOK roMO(EPMEHTATUBHUX KYJIBTYp), ajle 1 TOJIIIIUTH CMaK, KOJIip 1 apoMaT roTo-
BOro NpoayKTy. KolbopoyTBOpEeHHs B 3Ha4YHIH Mipi 3aJI€KUTh BiJl HasBHUX Yy CTAPTOBHX KYJIbTypax CEJIEKIio-
HOBaHMX cTa(iJIOKOKIB. B yTBOpeHi 3amaxy Ba>kKJIMBY poJib I'PAlOTh OakTepil 3 poAiB MIKPOKOKKIB, JJAKTOOAKTEpii
Tomo. SIK cTapTOBi KyJIbTypH B OCHOBHOMY BHKOPHCTOBYIOTHCS JEHITPU(IKYIOUi KOKH i rOMO(pepMEHTaTHBHI
MOJIOYHOKHUCIII GaKTepii. 3aBIsSKH MOJOYHOKUCINM OaKTepisM BinOyBaeThCs 3iHCHEHHS 010XIMIYHUX MEPETBO-
PEHb OCHOBHMX KOMIIOHEHTIB M'sica 3 YTBOPEHHSM 3'€THAHb, [0 OOYMOBIIOIOTh CMAaK i apoMar, KOHCHCTEHIIIO.
Pa3om i3 M BigOyBaroThCS 3MiHM (i3UKO-XIMIYHHX HapaMeTpiB MSICHOTO (apIry B HAIPSAMKY, HECIIPUSITIUBO-
My IJIsI pPO3BUTKY MiKpOOiB, 3MaTHUX BHKJIMKATH TICYBaHHA M'Aca; MPUAYIICHHS PO3BUTKY HeOakaHOi W maTo-
reHHO{ MIiKpO(IOpH HIITXOM YTBOPEHHS Pi3HUX PEUOBHH, IO BOJOIIIOTh aHTUMIKpOOHOO Tiero [6].

OnuH 3 MOXIIMBUX CIIOCOOIB il MOJOYHOKHCINX MIKPOOPTaHi3MiB, pe3yJIbTaTOM SIKOTO € MPUIYIICHHS He-
0a)xaHO1 1 CTAaHOBIICHHS MEBHOI MIKpOQIIOpH, IIe BUIUICHHS aHTHOAKTEpiaJbHUX PEUOBHH, TAKUX SK OpPTaHIvHI
KHUCJIOTH, JTIOKCHH BYTJICIFO, TIEPOKCH BOMIHIO, JIallCTHII, @ TAKOXK OakTepionuHiB. [[UM MOSCHIOETHCS X KOM-
IUIEKCHAa aHTHMIKpOOHA s, IO JIa€ MOXKJIMBICTh BUKOPUCTOBYBATH X SIK IPHPOJHI KOHCEPBAHTH MPOAYKTIB
XapuyBaHHs. bakTepionuHH IEeNiOKOKiB, MeAiONMHM, aKTHBHI mpoTu Listeria i MaroTh 3HAUYHWH MOTEHLIAN Y
SIKOCTI OI0KOHCEpBaHTY JUIs M'SICHOI mpomuciioBocti. Ha mpoaykiiiro GakTepiolnHiB OakTepisMHU BILIMBAIOTH
CKJIaJl TIOKHUBHOTO, cepeioBuina, pH, Temmeparypa, dac iHKyOarlii mpoayleHTa, a TaKoX JOCTATHS KUIBKICTh
KUBIJIFHUX PEYOBUH, HEOOXITHHUX U KIITHHHOTO i €HEPTeTHYHOT0 OOMIHY JIAKTOOAKTepii, OCHOBHIMH 3 SIKHX
e ByrieBonu i ¢ocharu. s cTabiIbHOTO CHHTE3y OaKTepiONWHIB MOJIOYHOKHCIMMHU OaKTepisMu MOTPiOHI
CEepeIOBHINA CKIIAHOTO CKIIaly, 0 3a0e3MedyI0Th KIITHHA HEOOXiTHUMH KOMITIOHeHTaMH. CTBOPEHHS YMOB, IO
CIPHUAIOTH HATPOMADKECHHIO KIIITHHHOI MacH, 3a0e3redye HalOUIbITy IpoayKIifo 6akrepionuHiB. barato 6akre-
piit CHHTE3YIOTh aHTHOIOTHYHI PEUYOBHHU OLTKOBO-IIENTHIHOI IIPUPOIH, IO BOWBAIOTH POJMHHI BHAX a00 IITa-
MH, 200 TaXBMYIOTh IX picT, a00 MalOTh OLTBII MIUPOKUI CIIEKTp aHTHOaKTepiampHOI aii. Lli pedoBHHM 3 TOCUTH
crennivyHOIO €0 OJepKaIM Ha3By OaKTEpIiOlUHIB, 0IOCHHTE3 SKHX KOIYEThCS, HailiuacTiiie, OCOOITHBHMH
IU1a3MigamMu i BiOyBaeThCsl B OUTBIIOCTI BUMIAKIB HA prubocoMax. MoJOYHOKUCI OaKkTepii YTBOPIOIOTH IIUPO-
KUHM CHEKTp OaKTepiOlMHIB: KypBalllH, THAlCTUH, JJAKTOKOKIUH, allUIOLUH, JAKTOLWH, IJIaHTalllH, IIaHTap U-
LUMH U iH. BakTepionnHy MOJIOYHOKHCINX OakTepid po3niunsaioTh Ha Bl rpynu. [IpeacTaBHUKYM mepuioi rpynu
XapaKTePU3YIOTHCS BY3bKUM CIICKTPOM aHTHOAKTEPiaabHOI il — BHKJIMKAIOTH 3arHOeiib OpraHi3MiB, OJMHM3BKHX
JI0 OpraHi3My-npoAyIeHTa. Y IO TPYIy BXOAATh JakToiud B i F-27, aminoBopun, nexionun NSP, Tepmodiiin
A, xypBanH A, aminoBopuH L471, enTepokokunH. bakrepionuHu, mo Halexars A0 Opyroi rpynd, iHriOyoOTh
picT 6araThOX BHIIB TPaMIIO3UTHBHUX MIKpOOpTraHi3MmiB, y ToMmy umcii Listeria monocytogenes, Clostridium
botulinum, Clostridium sporogenes, Staphylococcus aureus, Pediococcus acidilactici, Bacillus spp.,
Enterococcus faecalis. [TepepaxoBani 6akTepii BUKIHMKAIOTh NICYBaHHS Xap4YOBUX MPOIYKTIB, cepell HUX € U Ia-
ToreHHi Buau. Jlo OakTepiolMHIB APYyroi rpyny HajIexarh NeliouuH A, anunonuH B, muanernn B-1, kypBamn
FS47, naktuiun 3147, mnantapuiiud C, eHTEPOKOKI[MHHU, CaJliBapIIMH, Hi3uH, capkanun 674, myranus. [Tokasa-
HO, 110 OiNIbIlIa YacTHHA IIMX OaKTEepIOLMHIB HE TOKCUYHA i He IMyHOTreHHa. bakTepioluHy, 10 MPOAYKYIOThCS
IPYIOI0 MOJIOYHOKUCIHX OakTepil, BUKOPHUCTOBYIOTHCS B CKJIaJl 3aKBaCOYHOI KyJIbTYpH B PI3HHX XapuOBHX
BUPOOHMIITBAX SIK IPUPOJHI KOHCEPBAHTH ISl XapYOBUX MPOJYKTIB. bakTepionynH, o yTBOPUTHCS, 3a0e3nedye
JIOMiIHYBaHHS OTPIOHOT MiKpodIOpH i IPUAYIICHHS CTOPOHHBOT MIKpO(IIOPH, 110 3a0e3meyye Oe3neuHe npoTi-
KaHHs MiKpoOionoriynux npoiieciB.MosouHoKucIi OakTepil, BUIiIeH] 3 M'aca i M'ICHUX BUPOOIB - Kpaml Mik-
pOOprani3Mu sk MiKp0oOi0JIOTIYHOT OE3TEeKH X XapUYOBUX MPOAYKTIB, TOMY IIO BOHH JT0OpE MPHCTOCOBaHI 0
YMOB y M'Aci f TOMy OUTBIII KOHKYPEHTO3JaTHI, Hi’)kK MOJIOYHOKHUCII OakTepii 3 iHmmX mxepel. CTapToBi KyIbTY-
PH, BHECEHHS SIKUX 33 paXyHOK 30UIBIICHHS KITBKOCTI 0a)kaHOK MiKpO(IIOpH 3amo0dirae 3pocTaHHs MaTOTeHHIX
1 HeDakaHNX MIKpOOPraHi3MiB, 1[0 BUKJIMKAIOTh IICYBaHHS, 1 3a0e3neuye THM caMuM Oe3neky mnpoaykry. Crap-
TOBI KYJIBTYPH LIJIECIIPSIMOBAHO BHUTICHSIOTH HeOaXkaHy MiKpoQIIopy, BXKe Ha I0YaTKy A03piBaHHS CTBOPIOIOYH
ONTHMANBHI MiKpOOIOJIOTI4HI NepeyMOBH U1l KOHTPOJIBOBAHOTO Ipoliecy (epMmeHTauii 1 3abe3neuyroun cradi-
JBHICTP 1 HaIHHICTD BUPOOHHUIITBA, 10 OCOOIMBO aKTYyaJIbHO IPH CyYaCHOMY HEMOCTIHHICTH SKOCTI CHPOBHHU.
Bimgomo, 1o KMCIOTO-1 6aKTEPUOIMHOYTBOPIOIOYi IITAMMH MOJIOYHOKHUCITUX OaKTEpii, [0 BUKOPUCTOBYIOTHCS Y
CKJIaJli CTApTOBUX KYJBTYD, €PEKTUBHO MPUTHITYIOTH PICT JiCTEPii, 3HIDKYIOTh aKTUBHICTH CAIbBMOHEI Ta 1HIIINX
MaTOreHHUX MIKpoopraHismiB. J{jist M'sICHOT cupoBuHH 3 TiasunieHnM pisaeM pH (> 6.0) - DFD - pekoMeHayeMO

Hayrosi npayi, Tom 85, Bunyck 2 112 Scientific Works, Volume 85, Issue 2



Oodecbka HAYIOHAbHA AKAOEMIsi XAPUOBUX MEXHON02IH Odessa National Academy of Food Technologies

BUKOPDHCTOBYBaTH KyibTypy bakropepm ™ C-P-77S, ska ckiagaeTbcss 3  KOMOIHamii —IITamiB
Staphlococcuscarnosus i Lactobacilluspentosus, sika Tako BOJIOJII€ BUCOKOIO TOJEPAHTHICTIO 10 coiii. Moo4-
HOKHCHI OakTepii He3HAYHO 3HIKYIOTH PH B MPOAYKTi 3aBISKA IIFOMY IONIIIIIYIOTHCSI TEXHOJIOTIYHI BIACTUBOC-
Ti M'scHOi cupoBUHHU. KynbTypa Mo)ke 3aCTOCOBYBATHCS TPH CyXOMy ab0 MOKPOMY IOCONi M'Aca, a TaKOX Y
CKJafl IMpimiorounx po3coiiB. Staphylococcus carnosus - oguH 3 HaiOIIBII TOMKUPEHUX BHIIB, 3aCTOCOBYBA-
HUX Yy BUPOOHMITBI M'SICHHX HpoxykTiB. CrodaTky BiH OyB KimacudikoBaHuit sk Micrococcus, ajie Ha OCHOBI
Cy4JacHHX TaKCOHOMIUHHX KpuTepiiB, Takux sk romoioris THK, a Takox GioXiMiYHUX BIACTHBOCTEH, y TOMY
YHUCIi XIMIYHOTO CKJIaIy MENTHAOTIIKaHy, JaHWH MiKpoopraHi3m OyB mepeiliMeHoBaHmid B Staphylococcus. 3a-
CTOCYBaHHS JICHUTPUPULIUPYIONIMX MIKpPOOPIaHi3MiB IIPH BUPOOHHUIITBI M'SICONPOAYKTIB cIipusic popMyBaHHIO
CTablIbHOT TpaAMLiitHOT 3a0apBIEHHS 1 3HW)KEHHS AesAKOl KiJIbKOCTI 3aJIMIIKOBOTO HITpUTy. OIHAK 3aCTOCOBY-
BaHi B JaHUH Yac JeHITpUQiKyI0Ui MiIKpOOPTraHi3MH IPH MAaKCUMAIIBHO JIOMyCTHMUX KOHLICHTpALisX He 3a0e3me-
YYIOTh JIOCTaTHHOTO CHHTE3Y KUIbKICTh (DEPMEHTY HITPITPEAYKTa3H, IO AO3BOJISIE 3HAYHO 3HIDKYBATH 200 MOB-
HICTIO BUKITIOUATH HAsBHICTh 3QJIMIIKOBOTO HITPHUTY B M'ICHUX NPOJIYKTaX.

Merta Ta 3aBIaHHS A0CTiTKEHHS.

Merta pobOTH — HayKOoBe OOTPYHTYBaHHS i po3poOka crioco0y IMOOBKEHHS TEPMiHIB 30epiraHHs BapeHUX
KoBOAcC 13 3aCTOCYBaHHIM CTapTOBHX KYJIBTYP.

3aBaanHs podoTu:

[IpoBecTn CKpHHIHT OakTepialbHUX KyIbTYp, BUOpATH €Tan BHECEHHS 3aXHCHOI KYJIBTYPH, BU3HAUUTH pa-
[IIOHAJIbHY MacoOBY YacTKy BHECECHOT'O Iperapary, BCTAHOBHTH PalLliOHAILHUI TEPMiH 30epiraHHs BapeHHX KOB-
0ac, BCTAHOBHTH SIKICHI XapaKTepUCTHKH 010MOoi]iKoBaHHOTO (hapiry BapeHHX KoBOac.

HaykoBa HOBM3HA OTPHMAaHHUX pe3yJbTaTiB.

ExcrieppuMeHTanbHO BCTAHOBJICHO Ta HAYKOBO OOIPYHTOBAHO YIOBUIBHEHHS POCTY T'HMJIBHOI MiKpOQUIOpH
iz giero o6panux GakrepianbHux KynbTyp — Lactobacillus sakei.

IIpakTHyHe 3HaYEeHHS] OTPUMAHHUX pPe3yJIbTATIB.

[onowxxeHHs: TepMiHy 30epiraHHsi BapeHuX kosoac 3 2 1o 7 aib.

00’exTH Ta MaTepiaau J0CTiIKEeHb.

B sxocti 00'ekTiB HOCTiIKEHD OYII0 BHKOPHCTAHO M'SICO MITHII Pi3HUX BUPOOHUKIB 1 CTAPTOBI KYJIBTYpH Pi-
pmu Hr. Hansen (Janist). JocmimkeHHs GyHKIIOHATHHO-TEXHOJIOTIYHIX BIACTUBOCTEH MPOBOAMIN HA MPUKIIAI
MOJICIFHUX 3pa3KiB M'sica Bif pi3HUX BUpOOHUKIB, a came:TM «HAIIIA Ps6ay», TM «['aBpmiiBchKi Kyp4artay i
M'sico iMmopTHOTO BHpoOHHKa TM«K OKroney, 3 METOI OTpUMaTH 00 €KTHBHI Pe3yibTaTH AOCHiIKeHHS. Bo-
HOYAC MPOBOAMIN CKPIHIHT CTAPTOBUX KYJBTYP, Ta 3yMUHWIM CBili BuOip Ha KynbTypi Lactobacillus sakei. Bu-
6ip obrpynroBanuit TimM, o Lactobacillus sakei criiika 10 BIIMBY BHCOKHX i HU3BKHX TEMIIEpaTyp, HITPHUTY,
coJjeno0mBa, To0TO € ranodigom.

BukajgeHHs1 0CHOBHOI0 MaTepiany J0CJIiIzKeHHs.

Cy4acHH PO3BUTOK TEXHOJIOTIi BUPOOHHULITBA KOBOACHMX BUPOOIB, @ TAKOXK PO3BUTOK KYJIBTYPU BUPOOHH-
[TBa BiJJKPWJIO IIHPOKI TOPU3OHTH JUISI BUKOPUCTaHHS 010TEXHOJIOTTYHHUX MPHUHAOMIB, a CaMe «CTapTOBUX» KyJIb-
Typ. Ilpu mpaBuibHOMY MMiAOOPI KyJIBTYp JJIs BUPOOHHUIITBA BapeHHUX KOBOAC, CIIiJi BPaxOBYyBaTH OCOOJUBOCTI
BUPOOHHUIITBA Ta OCHOBHI (PyHKIIIT BHECeHOTO Tpemnapary. KpiMm Toro, MikpoopraHi3mu, siki BHOCSATBCS ITOBHHHI
33JI0BOJIGHUTH TaKMM BHUMOTaM: 10Ope po3BHUBAaTHCS B yMOBax 30epiraHHs M'sCONpOJyKTiB. BHeceHa 3axncHa
MiKkpo(dIopa Mae BHKOHYBAaTH CBOi OCHOBHI (DYHKIIT IIOJI0 MPHUTHIYEHHS BJIACHOI (TTATOTEHHOI, THIIBHOI) MiK-
podaopu M'sICOTIPOAYKTIB.

[Ipu poBeeHHI CKPIHIHTY Pi3HUX BUIIB MiKpOQIOPH, Ka BUKOPUCTOBYETHCS Y BUPOOHUIITBI KOBOACHUX
BUPOOIB, 0COOJIMBY yBary NpUALIHIA NCUXPOGHIBHBIM 1 raoGUIbHBIM MIKPOOPraHi3MiB, sIKi 34aTHI PO3BUBA-
THUCS B NIOJIIKOMITIOHEHTHi dapuieBiii cuctemi. Ha erani Bindoopy MikpoopraHi3aMiB nepeBary BiiJaBain THM, sIKi
3JIaTHI TIPOAYKYBaTH OAaKTEpiOLMHM, TOOTO MPHUPOAHI KOHCEepBYIOuM areHTH [7]. bakrepioluuu iHriOyOTh pict
0araTbOX BH[IB TPaMIO3WTHBHUX MIKpoOOpraHiamiB, y ToMmy uucii Listeria monocytogenes, Clostridium
botulinum, Clostridium sporogenes, Staphylococcus aureus, Pediococcus acidilactici, Bacillus sp., Enterococcus
faecalis. JIo OakTepioUHIB HANEXKATh: MeaionuH A, quanetud B-1, kypsaiun FS47, nakrunun 3147 ta caaka-
uH. Pe3ybTaTti CKpiHiHTY MiKpOOPraHi3MiB JO3BOJIIIIM 3yMHUTH BUOIp Ha mTamMi Lactobacillus sakei ¢pipmu
Hr. Hansen. Kpim toro Lactobacillus sakei Boyiojiie 31aTHICTIO CIIPUSITH PO3BUTKY KOJILOPY 1 BOJIOJIIE aHTHOKHC-
JIFOFOYOI0 JTi€r0. MacoBa /107151 BHECEHHS 1aHO1 KyJIbTYpH B cupoBHHY ckiaznae 0,25% no macu ¢aprry.

B sixocTi cupoBuHH, sika Oyia BUKOpHCTaHa Uil BUpOOHHITBA (aplly BapeHHX KoBOac, 00paiu CHpOBHHY
toproBux Mapok TM «HAIIA Ps6a», TM «laBpmiiBChKi Kyp4ara» i M'sico iMIIOpTHOro BHpoOHMKa TM
«K"Oxtoney». Hamu npoBezieHo aHai3 mocTadaabHUKIB CHPOBUHM Ha M’siconiepepoOHi 3aBoJIH 1 OyJI0 BU3HAYEHO,
10 HAHOTBIT PO3MOBCIOPKEHUMH € caMi ITi.

Sk BimOMO, BXiIHUI KOHTPOJIb CHPOBHHH, MaTepiajiB, 3ac00iB 1HAUBIAyaIFHOTO 3aXHCTY - 3aII0pyKa SKOCTI
roToBOI Ipoaykmii, 6e3mexn mpari. Ha cydacHOMy mignpueMcTBI OCHOBHHMH 33/1a4aMU BXiJTHOTO KOHTPOJIO €
OJIepKaHHA 3 BEJIMKOIO JOCTOBIPHICTIO OIIHKH SKOCTi MPOIYKIIii, HOCTABJIEHOI MOCTAaYaIbHUKOM, SKHH HPOBO-
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JIITBCS 32 MapameTrpamu (BUMoramu) , ycraHoBieHumu B HJI B minmsx 3anoOiraHHs 3amyCcKy y BHPOOHHUIITBO
HEBIJIIOBIAHOI MPOAYKIii B MUTaHHI 3a0e3Me4eHHsT HEOOXI1THOTO PiBHS SIKOCTI ITIOCTaBJICHOT NPOAYyKLii Ta, B pasi
HEOOXITHOCTI, 3a mapaMeTpaMi IS CBOIX BHYTPIIIHIX HiJieH, a MPUHMaIIEHOTO — OIiHKa SIKOCTi TOTOBOI IPO-
ITyKIii Ta IPUHHATTS PilleHHs PO 11 MPUIATHICT 10 BUKOPUCTAHHS CII0)KHBAYEM.

Ha neprmomy etami npoBeAeHHS AOCIHiIKeHb HAMU OyJIH BCTAaHOBJICHI MiKpOOiOJIOTiUHI TOKa3HUKH 3 METOIO
BH3HAYCHHS CaHITApPHOTO CTaHy CHPOBUHH. Pe3ynpTaTi MoCiimKeHb IPEeACTaBICHI Ha puC. 2.

750 730 80 770

800
. 700 650

0 2 4
Tpusamicts 30epiranss, aid

B TM "Hama Pss6a" ®TM "Taspun.kyp." =TM "K' Okrone"

Puc. 2 — Innamika HaKONM4YeHHS KOJOHi€yTBOPIOIOYHX Y
JAOCJITHHX 3pa3Kax

SIk BUJHO 3 pHUC. 2, KUTBKICTh KOJIOHIEYTBOPIOIOUMX OJMHUIIb B 3aJI€KHOCTI BiJl TPUBAJIOCTI 30epiranHs 301-
JBIIYETHCS, aJle TI0YaTKOBE 0OCIMEHIHHS PI3HUI 1 ITpU IIboMY 3aiumaeTbest B Mexax Bumor JACTYVY. ITpn npomy
CIiJ 3a3HAYUTH, IIO, HaBiTh, MPH 3aJOBITBPHUX Pe3yJbTaTaX BXiMHOTO KOHTPOIIO CHPOBHHH iCHYe mpoOiema
moakIIoi mepepoOku. I1oB’s3aHe 11e Moxe OyTH 3 HUTOI0 HU3KOI (HaKTOPIB: HAPUKIAN, SKICHUN CKIIall MiK-
podmopwu, skuit Moke OyTH IpeACTaBICHAN, B TOMY YHCIi, CIOPOHOCHUMH MIKPOOpPTaHi3MaMH 1 TIPH CIIPHAT-
JIMBUX YMOBaX BOHH MOYHYTH PO3BHUBATHUCSA 1 3MOXKYThH CTaTH NPUYMHOKO NICYBaHHS CUPOBUHH 1 TOTOBOT MPOIYK-
11, MiIBUIIEHA KUTBKICTh BOJIOTH, KA CIIPUSE Y OyIb-IKHX BUIAIKAaX POSMHOKEHHIO OyIb-sIK01 MiKpO(IOpH, K
KOPHUCHOT TaK i THHJIbHOT, 3HAUSHHS aKTUBHOCTI BOAM (8y,), aKTHBHA KHCJIOTHICTh cupoBuHH (pH) Ta iHmi.

Ha nactymHOMYy eTami MpOBEACHHS JAOCIIPKCHh BU3HAYMIIA BMICT BOJIOTH TOCIITHUX 3pa3KiB Ta 3MiHY 11 Ki-
JIBKOCTI B 3QJIC)KHOCTI BiJl TPUBAJIOCTI 30epiranus puc. 3.

BMicT BOJIOTH € Ba)KJIMBUM ITOKa3HUKOM, TOMY L0 BOJIOTA € YHUHHHUKOM PO3BHTKY MIKpPO(JIOPH, a TAKOXK BO-
Ha oomexxena JICTY. Ha puc. 3 300pakeHa 3aJexHiCTh KIIBKOCTI BOJIOTH (apiy BiJ TpUBaJocTi 30epiraHHs. 3
pHCYHKa MOJKHA 3pOOWTH BHCHOBKH, IO KUIBKICTh BOJIOTH Y JOCHIAHUX 3pa3Kax CYTTEBO BiAPI3HIETHCS 1 Mae
rpaHnyHi 3HaueHHS y 3paskis TM «HAIIA Psba» ta TM «["aBpuiiBcbki KypuaTta». Llei ¢axT nmoscHroeTbes
THM, 110 B TIPOIIEC BUPOILLYBAHHS NTHII y TENEPIMIHiil yac y)ke 3MEHIINBCS, 10 B CBOIO YEePry BIIMBAE HA KiJb-
KICTh BOJIOTH 1 Ha (popMU 3B 513Ky BOJIOTH Y CHPOBHHI 1 Take M'SICO XapaKTEepU3y€eThCs IEBHOIO HE3PLITICTIO Tepes
npoBeieHHsIM niepepoOku [8]. Kpim 11poro crocrepiraeTbest TEHACHIIS O 3HMKEHHS KiJIbKOCTI BOJIOTH 3a BECh
niepiof; 30epiranHs, 0 MOSCHIOETHCS 1 THM, IO BifOyBaeThes AM(Y3isl BOJIOTH Y HaBKOJIMIIHE CEPEAOBHIIE i
TUM, 1110 MiKpodJI0pa, SKa IPUCYTHS Y CUPOBHHI CIIOKHUBAE BOJIOTY JUIsSl PO3MHOMKEHHS.

Sk OyJno 3a3HaueHO BUILE, OJHUM i3 (pakTOpiB, SKi BIUIMBAIOTH HA SIKICTh 1 OE3MEYHICTh M’SICHUX HPOIYKTIB
€ 3Ha4YeHHsI aKTHBHOI KucioTHocTi (pH).
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[Ipomec mo3piBanHsA M’sica xapakTepusyetses posmagoM ATO no AP ta AM® i dochopHoi KucmoTH,
M’S[30BOTO TIIKOTEHY, IO CIpHYHMHSAE pi3ke 3poctaHHs pH y 6ik kucmorHOcTi. Kucnme cepenoBuime 3amobirae
PO3BHUTKY B M’Ci MiKpOOPTaHI3MiB, YaCTKOBO 3MIHIOE€ XiMIiUHHHA CKJIaX i (Pi3HKO-KONOIAHY CTPYKTYpY OLIKiB.
IIpu npoMy BimOyBaeThcA 3MiHA MPOHUKHOCTI M SI30BHX OOOJIOHOK Ta CTYIICHS AMCHEepcHOCTI OunkiB. Kucmoru
BCTYIAIOTh y B3a€EMOJIIIO 3 IPOTEiHAMH KA, IO CIIPHYUHSE BiAMICIIICHHS BiJ Hhoro Oinka. [lepexin xanb-
III0 B EKCTPAKT 3MEHIIYE JUCIEPCHICTD OUIKIB. SIK HACHIOK, BiZOYBAETHCs YacTKOBa BTpaTa riipaTHO-3B’sI3aHOT
BOJIH, 1110 B KOMILJIEKCI 3 MPOTEOJITUYHUMHU (PEPMEHTAMH 1 KHCIIUM CEPEIOBHUIIEM CIIPHSIE IOM SKIISHHIO CapKO-
JIEMHU M’S30BHX BOJOKOH Ta HaOyXaHHIO KOJareHy i 3pocTaHHsl COKOBHUTOCTI M’sica. Ciiiji 3BaXkaTu Ha TOH akr,
110 O10XIMIYHI IPOLIECH Yy M SICi, OTPEMAHOMY BiJl XBOPUX TBapHH, IPOXOASATh 1HAKIIIE, HIX y M’sci Bix diziono-
TIYHO 3/I0pOBOTO MOKONiHHS. EHEpreTHyHi Ta OKHUCHI NMPOLIECH B OpraHi3Max XBOPUX OCOOMH MPHCKOPIOIOTHCS,
KpiM TOTO, Ie 3a KATTS y M’S30Bill TKAHWHI HAKOMIMIYIOTHCS MMPOMIKHI Ta KiHIIEBI IPOAYKTH O1TKOBOTO MeTa-
OomizMy. Y IUX BHIMAAKAX y M’SICi ITUI BiAOYBa€THCS 3pOCTaHHS aMiHO-aMiaqHOTO a30TY, 3HIKCHHS TIIIKOTCHY
Ta MPOAYKTIB HOTO PO3MAaAy: TIIFOKO3U 1 MOJOYHOT KHCIOTH. Y M’SCi, OTPIMaHOMY BiJl XBOPOTO ITOTOJIB’SI, BiJ-
OyBa€eThCS HAKOIMYCHHS a30TUCTHX SKCTPAKTHBHUX PEYOBHH, a pH He 3a3Ha€ iCTOTHOTO 3MIillCHHS B KHCIHUH
0iK, 0 cupusie IHTCHCUBHOMY PO3MHOKEHHIO MIiKpPOOPTaHi3MiB y M’sCI Ta 3HIKYE YacOBi MPOMDKKH 30epiran-
Hs. 3Ba)kKalo4yW Ha 116 BU3HAYCHHS IIHOTO IOKA3HUKA € HAJBAXIIMBUM B IIPOIEC] OIIHKHM SKOCTI Ta OE3MeYHOCTI
M’sica nTuii. Pe3ynpraT gociikeHb HaBelleHI Ha puc. 4.
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Puc. 4 — Kineruka 3minn pH nocinnux 3paskis

I3 pucynky 4 cninye, mo 3uadeHsst pH maiixe He 3MiHIOETHCS. 3 pH M'sica TicHO TIOB's13aHi KOJIip, BOJIOTOYT-
pUMYyIOYa 3aTHICTh, HIXKHICTh, COKOBHUTICTh, BTPATH IPH TEIUIOBiH 00poOIli, 30epekeHHs 1 iHmIi AKiCHI MoKa3-
HUKHA M'sica. B yMOBax cy4acHOTO MPOMHCIOBOTO BUPOOHHIITBA MTHIll YaCTO CIOCTEPIraloThCs BiIXWUIICHHS B
SAKICHOMY CTaHi M'sica. 3 TMiJBHIIEHUM PiBHEM aKTUBHOI KucioTHocTi (pH) M'saco po3kiianaeTsest mBHUIIIE, OCKi-
JIKYM BOHA BU3HA4ae ckia] Mikpodiopu. [lixBumenuii pH BUKIIMKae 3MiHy cMaKy i IMIBUAKO IPUBOAUTD 0 TOS-
BU TIOTAHOTO 3araxy. Y TBapHH, 110 3HaXOJAThCS Mepel] 3a00€M y CHOKO{, MiIBUIY€ETHCS BMICT B M'sA3aX TJIKO-
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reHy 1 MOJIOYHOI KHCJIOTH, IO 0OYMOBIIIOE€ HHM3bKe 3HaueHHs pH M'sca. Benuki HaBaHTa)XEHHS TBapuH Iepen
3a00€M NPHU3BOMATH 10 3HW)KEHHS BMICTY IVIIKOTEHY B M'A30Biil TKaHWHI 1 HE3HAYHOTO YTBOPEHHS MOJIOYHOI
KHCJIOTH, III0 B Pe3yJIbTaTi 00YMOBIIOIOTH BICOKE 3HaueHHs pH m'aca.

HactymauM etamom npoBeneHHS poOOTH OyII0 BUAUIEHHS TeCT-KYIBTY, AKi 3HAXOIATHCA y IepEeBaXKHi Oi-
JBIIOCTI y (apiri Ta HecyTh o000 3arpo3y OE3MEeYHOCTI CITOKUBAYa.

BinmosimHo 1o cygacHux HopMatuBHUX AoKyMeHTiB JICTY 4436:2005 BapeHnx KOBOACHHX BHPOOax i3 M'd-
ca ITHIII PETIaMEHTYIOThCS Taki MIKpOOiOIOTiuHI TOKa3HUKH: Me30(iIbHI aepoOHi i paKyIbTaTUBHO aHACpOOHi
MIKpOOpraHi3Mu, OakTepii TpymH KHIIKOBOI MaNWYKH, Cynb(iTpenykyrodi KiocTpumii, Oakrepii poxmy
Salmonella. B ymoBax BUpoOHHIITBa IPOMHUCIIOBOCTI IIi HOPMH BHKOHYIOTBCS. AJie TepMiH 30epiraHHsi KoBoac-
HHUX BHpOOIB Mae cBoi oOMexeHHs. L{e moB’s3aHO 3 MOTIPIIEHNM CTAaHOM €KOJIOTii, BHACIJJOK YOT0 BiJ0OyBalOTh-
csl TEHETUYHI 3MIHM MIKPOOPIaHi3MiB, 0 IPU3BOJUTH JI0 MiJBHIIEHHS 1X crilikocTi. Came ToMy B AaHii po6oTi
OyJ10 MIPUHHATO PillIEHHs IPOBECTH BUALIEHHS TECT-KYJIBTYPH Oe3rocepeiHbo 3 M'sca, i BAKOPUCTATH ii B SIKOCTi
MOKa30BO1 KUIBKICHO Ta SIKICHO [9].

TecT-KynbTypu BUAULIH 3 (apury i3 M'sca NTHIN, SKUH BXOJWUTH 0 PEHEHTYPH OCKUIBKY BiH Ma€ HAlO1Ib-
e MikpoOianpHe 3a0pyAHEHHS. Y X0 TOCTiAiB OyJI0 BUALICHO 3 TeCT — KyJIbTYPH:

1. Tect — kympTypa Nel crpenTobanmim

2. TtecT — Kynbrypa Ne2 Gakrepii

3. Ttect — kynbrypa Ne3 Gakrepii

3a Mop(OIOTiYHUMHU O3HAKAMU OYJIM BUIIICHI HACTYIHI
MIKpOOIOJIOT1YHI KyJIbTYpH:

a) MEePEBaXKHO CTPENTOOAIMIH, KIITHHH PO3TAlIOBaHI y
BUIIAI NTAHIJOKKA JOBKUHOI0 2 MKM, ['p*, HecrmopoyTso-
protoui;

0) OakTtepii, KIITHHH PO3TAIIOBaHI MOOIMHUYIHO, € JHII-
no6akTepii, nosxuHOI 2 Ta 5 MkM, ['p’, HecropoyTBopIOIO-
qi;

B) OakTepii, KIIITHHA PO3TAIIOBaHi MOOIWHUYHO, € JHII-
no6aktepii Ta cTpentobakTtepii moBxkmH. 1 Ta 2 MkM, I'p’,
HECIIOPOYTBOPIOIOU.

Bci TecT-KynbTypu XapaKTepHU3yBaJHMCsl HE3/JaTHICTIO
JIOHE CcIIopoyTBOpeHHs.. [0SCHUTH 11 MOKHA THUM, L0 Ma30K
Opautu i3 cBixke BUpoOIIeHOT OiomacH, 3rigao JJCTYV.

Hacrynuum etanom Hamioi pobotu Oyna mepeBipka aH-
TaroHicTuyHoi aii 0Gak mnpenapariB 0 OTPUMaHHUX TECT-
KYJIBTYD.

AHTaroHiCTUYHY aKTHBHICTH 0aK IpenapariB Ha OCHOBI
Lactobacillus sakei mo BifHOIIEHHIO 10 TECT-KYJIBTYp JOCTi-
JDKYBaJIld METOZIOM JIYHOK, BUMIDIOIOUH JliaMeTp 30H BiICYyT-
HOCTI POCTY TECT-KyJbTYp Ha TBEPAOMY >KHUBHIBHOMY cepe-
JIOBUIL, sike OYyJI0 ONTUMi30BaHe /10/JaBaHHIM MOJIOKA.

[Tpu BUKOpPUCTaHHI CHIJILHOTO BHPOIIYBaHHS BUKOPHC-
ToBYBayu cepefopuile MITA, TecT-KynbTypr HAKOTTHYYBaIH
B cBiKockouieHoMy MITA, BuUKOpHCTOBYBaJM JOOOBI KYJib-
Typu. TUTp KyJIbTYpH aHTaroHicra i TeCT-KyJbTypH BIAINOBI-
nas 2*10" mikpoopramismis / T npoxykry. IIpoanaisysas-
1M OTPUMAaHI JJaHi MOXKHA 3pOOHUTH BHCHOBOK, [0 aHTaroOHi-
CTHYHA JIisl TI0 BIAHOIIEHHIO /10 YCiX TECT-KYJbTYp CIIOCTEpi-
raetbest y Lactobacillus sakei 3 konnenrparieto 0,25%. lani
HaBeJ/IeHi y Tabmmi 1.

Puc. 5 - Mopdoaoriuni xapakre- M . .
PHCTHKH BHILICHHX TECT — KyJbTYP 3 O’KHA CTBEPJKYBATH, IO HABITH MPH IMOBTOPHIA KOH-

Jocaignux 3paskis dapmy : a) Nel, 6) TgMiHauii .aep06HI/IMI/I Ta Q)aKYJ'{BTaTI/FBHO-é.lHaepO6HI./IMI/I
Ne2, B) Ne3 MIKpOOpraHi3MamMu NPOIYKT Oyne MikpoOioJIOTidHO CTablNIb-
HUM, OCKUIbKM  OakTepioluMHH, IO  MPOAYKYHOThCS

Lactobacillus sakei € TepMOCTIKUMY 1 BUKOHYIOTB POJib 0103aXHCTY HPOTATOM YCHOTO TEPMiHY 30€piraHHsl.
OTpuMaHi J1aHi CBIZYaTh, 110 31 301IbIICHHSIM KOHIEHTpPAI[il BHECEHOTO Mpernapary 30171bIIyeThCs KUIBKICTh
OaKTEePHOINHIB, 10 3TyOHO BIUIMBAE HA METAa0OTi3M KIITHH TECT-KyJIbTYpP. 3 METOI0 BU3HAUYEHHS palioHaJIHHOI
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MacoBOi YacTKM OaKTepialbHOTrO Ipenapary IpoBeleHi MikpoOionoriuni nocmimpkenns. 3rigno JCTY
4436:2005 Ha BapeHi koBOacH 10 HAX BUCYBAIOTHCS IIEBHI BUMOTH, a caMe: 3arajbHe OakTepiajbHe 00CIMEHIHHS
He MOBMHHO mepeBuutyBatH 1*10° kononieyrBoprofounx omuamms (KYO) B 1 T mpoayKTy, He JIOMYCKAETHCS
HAsSBHICTH OaKTepilf TPyIH KHIIKOBOI MAIWYKH, CYIbDITPEIYKYOUNX KIOCTPHIiM, OakTepiil poxy Salmonella,
Proteus ta S. Aureus. JIns momanbIIux IOCTiIKEHb HaBEIEHI BUINE CaHITAPHO-TIOKA30BI MIKpOOPTaHi3MH OyiH
00paHi B SIKOCTI TeCT-KYJIBTYpPH ISl IPOBEACHHS KOHTPOITIO 33 CaHITAPHUM CTaHOM IPOIYKTY.

Ta6auns 1 — [lunamika 3aTPUMKH POCTY TeCT-KYJIbTYP, MM

HasBa GakrepianbHOTO Konuenrpariist 6akrepia- [Tnoma iHribyBaHHs
Ha3sBa tecT-kynbTypu )
npenapary JIBHOTO TIpenapary pocTy, MM
Tecr-kynbTypa Nel 0,1 17045
0,15 22045
0,25 29045
Tect-kymbpTypa No2 0,1 17545
Lactobacillus sakei 0,15 230+5
0,25 310+£5
Tect-kymbTypa Ne3 0,1 19545
0,15 24045
0,25 345+5

Sk Bimomo, Lactobacillus sakei mpomykye psia TepMOCTabiIbHUX GaKTEPiONHHIB, SIKi TIOYHHAIOTH CBOIO PO-
00Ty 31 3HUILEHHS TATOreHHOT MIKPO(IIOpH BXKE Ha €TaIll 0Ca/PKeHHS, 3T1IHO PUCYHKY ©.
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Puc. 6 — KineTnka Hakonu4eHHs 6ioMacu y JocaigHUX paskax ¢apumiB npors-
rOM 3aCOJIIOBaHHSI NPH BBeIeHHI pi3HOI KiibkocTi L. Sakei

KinmpkicTh 3aMHIIKOBOT MiKpO(hIOPH 3HIKYETHCS IPOIOPIITHO BHECEHHIO JOJATKOBOI MOJOYHOKHCIIOl MiK-
pocduopu. BixnosigHo 1o puc. 6 Tpu BHECEHHI mpenapary 3 MacoBoro yacTtkoro 0,25 % cnocrepiraerbest MiHi-
MaJlbHa KUTBKICTh 3aUIIKOBOI Mikpodmopu. KpiMm BrumBy OakTepionunHis, 3HmKeHHI KYO Moxe OyTH BUKIH-
KaHe JIi€r0 IPOTEONMTHYHNX (DepPMEHTIB, SKi Ha eTami 0CaKEHHs] BUBLILHSIIOTHCS 1 MIPU3BOIATH JIO JI3HCY MATO-
reHHOT MIiKpO(JIOpH, 1110 B CBOIO YePTy CYNPOBOIKYETHCS PI3KUM MigBHIICHHIM pH.

[Tpu BU3HAYEHHI CKIIaly 3aJUIIKOBOI MIKpO(IOpH BapeHHMX KOBOAC BaXKIMBHM € BU3HAYCHHS SIKICHOTO
CKIaxy. SIKicHUIA CKiaj 3amuImKoBoi MiKpogIopyn KOBOACHUX BHPOOIB KOHTPOJIBHOTO 3pa3Ka BiAPI3HAETHCA BiJ
SIKICHOTO CKJIJy 3aJIUIIKOBOI MiKpOQIIOpH JOCIITHOTO 3pa3Ka 3TiIHO 3 TA0IHIIeo 2

[Tpu Bu3HAYEHH] SAKICHOTO 1 KITBKICHOTO CKJIAAy MiKpO(IOpH MU HE BUSBHIIM MTATOT€HHUX MIKPOOPTaHi3MiB.

TakuM YUHOM, BCTAHOBJICHO, 1110 TIPOAYIIEHTH JOCHIKYBaHOI 3aKBACKH 3/IaTHI 3aM00iraT 3pOCTaHHIO THH-
JpHOT MikpodutopH y pasi ii notpamstaas y ¢apm. Le nminrBepkye OakTepuMaHy Ail0 3aKBaCKH Ta ii eeKTH-
BHICTB /U151 3a1100iranHs TIcyBaHHs KoBOac rpu 30epiranni. Ha mijcraBi mpoBeJeHUX JOCIIIKEHb BCTAHOBIICHO,
[0 ONTUMAJILHA KiIbKICTh 3aKBAaCKH CTaHOBUTH 0,25%.
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Tabaunsa 2 - SIkicHuii ckJag 3aaumKoBoi Mikpodiopn BapeHHX KoBOac

JocuninHi 3pa3ku

MikpoOioJoriuHi moxas- Hopma
HAKH sa ICTY «Hama Pa6a» «Faspun. «K'Oxrone»
Kyp»
MA®AHM, KOE 1-10° 7107 7-102 2107

Bakrepii rpynu Kumko-
BHUX MaJIMYOK, B 1 T
Cynbditpeaykyrodi Kioc-
tpunii, B 0,01 T
Bakrepii poxy Canemone-
ma,B25r
S. aureus - - - -

HactynmauMm etanom  poGoTu Oysio mpoBeieHHs KOMIUIEKCHOI OLIHKH OIiHKa BapeHHWX KoBOac y mporeci
30epiraHHs Ta BU3HAUCHHs TepMiHy 30epiranss. [Ipn BUpOOHHULITBI BapeHHX KOBOAC 3a TPaAMIIIHOIO perenTy-
poto tepMinu 30epiranHs BigmoBinHo no JCTY He mepeBuinyoTh 48 roauH Ipu XOJOAWILHOMY 30epiraHti
(t=5...8°C).

OCKIJTbKY 3 TIPE/ICTAaBJICHUX BUIE JJAHUX BCTAHOBIICHO MOJKJIMBICTH 30UIbIIECHHSI TEPMiHIB 30epiraHHs roTo-
BUX BHUPOOIB, AOCIIKYBaJM TEpMiH 30epiraHHsi BapeHUX KoBOac 3 OakTepialbHOI 3aKBACKOIO. 3 L€ METOO
OynH TIpoBeleHI KOMIUICKCHI TOCTIMKCHHS, IO XapaKTepHU3YIOTh 3MIHH XHPIB, MIKpOQIOpH, CTPYKTYpPHO-
MeXaHIYHUX 1 OPTaHOJCTITHYHUX MTOKa3HHUKIB Y IIPOAYKTi B IpoIieci 30epiranus.

[lepma To4Ka KOHTPOJIIO — BU3HAYCHHS CaHITAPHOTO CTaHy MPOIYKTY Bifpasy MicJisi NPOBEICHHS LUK Te-
pMivHOT 00p0oOKH. 3a pe3yiabTaTaMy MPOBEICHUX MOCTIKCHb MOKHA BiI3HAYHTH, [0 BHECEHHS OaKTepiabHOT
3aKBacKHW Mae TEeBHY OakrepinmuaHy Airo. lle moB’sa3aHo 3 THM, IO MIKpOOpPTaHi3M SIKHil BHOCHBCS 100aBKOIO,
Lactobacillus sake, mponykye psa TepMOCTabiTbHUX OAKTEPHOIMHIB, SIKi MPOSBIAIOTH CBOT aHTHCENTHYHI Biac-
tuBocri [10].

JocnimkeHHs 3MiHU KiJIBKOCTI Mikpoduopu (puc. 7) mmokasaio, o Npu BHECEHHI J00aBKU PiBEHb KOJOHIE-
YTBOPIOIOUHX OJUHHUIIb HABITH yepe3 7-8 mi0 HmK4e, HiK MOKa3HHUKH, 110 gomyckaoTbes JCTY (tabmurs 2).
binbu tpuBane 30epiraHHs He AOLIJIBHO Yepe3 HEeraTUBHUM BIIMB Ha OPTraHOJICIITUYHI MOKa3HUKH (YCyIIKa).
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Puc. 7 — Jocaixkenns MikpoOiosioriuynoi crabdinbHocTi BapeHHX
KOBOAC MPOTAroM 30epiranus

3rifiHO pHC. / KUIBKICTDh KOJOHIEYTBOPIOIOYMX OJUHHUIb B 3JEKHOCTI Bl TPHUBAJIOCTI 30€PIraHHs 3MEHIIY-
€TbCs. 3 HAYKOBOI TOUKH 30pYy 1€ MOXKHA TOSICHUTH TUM, 10 npoxyueHTtd Lactobacillus sake, a came 6akrepio-
LIMHU 1 MOJIOYHA KHCJIOTA 3TyOHO BIUIMBAIOTh HA THWIBHY, 3JIMIIKOBY MIKpOQJIOpy, a TaKOX BiIOMO, IO KiJlb-
KiCTh MIKpOOpPTaHi3MiB 3MEHIITYETHCS MIPH YMOBI 3MEHIIICHHS TIOXUBHUX PEUOBHH.
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30epiraHHs KoBOACHMX BUPOOIB CYNPOBODKYETHCS 3MIHOIO aKTUBHOI KHCJIOTHOCTI B pPe3yJbTaTi BIUIUBY
npoTeoNiTUUHUX (epMeHTiB. [lin yac 30epiraHHs MU CriOCTEepiraeMo 3HIKCHHS pH, 1110 MoB'sI3aHO 3 HU3BKOIO
KHCIIOTOYTBOPIOIOYOIO 3/IATHICTIO MOJOYHOKHCIUX OAaKTEepil TaHOTO BHIY, SKi BXOIATH IO CKIAAy CTapTOBOIO
kynsTypu — Lactobacillus sakei, i € BaxIMBOK0 BIaCTHBICTIO IPH BUKOPUCTaHHI B M'CHIM IPOMHUCIOBOCTI. 3a-
YBaXKHMO,ITIO TP ONITUMAJIbHOMY 3HaueHHi1 pH 5,5 akTHBHA KHCIIOTHICTD cTadim3yeThes. Lle moB'sa3aHo 3i cTadi-
JTi3aIi€r0 PO3BUTKY MIKpO(MIOpH Ta MOXIIMBUM MPUMTUHEHHAM Iii hepmenTiB. Citif 3a3HAYUTH, 110 MOJOYHOKH-
cimi OakTepii MUITXOM 3MiHH CITiBBiIHOIICHHS MPOAYKTIB MeTa00Ji3My MOXKYTh pEeryItoBaTH i cTabimizyBat pH,
MiATPUIMYIOUX Ha IEBHOMY PiBHI, IO Ba)KIIMBO IIPH BUPOOHUIITBI BApEHUX KOBOAC.

BMicT BoJIOTH € BasKJIMBHM MOKa3HUKOM, TOMY 110 BOJIOTA € YAHHUKOM PO3BUTKY MIKPO]IIOpH, a TAKOXK BO-
Ha oomexxena JICTY. Illo cTocyeTbes 3MiHU BOJIOTH, MOXKHa 3pOOMTH BUCHOBKH, 110 BOJIOTICTH (hapiry 3MiHIO-
€TBCSl B 3aJIEKHOCTI Bi 3anumkoBoi Mikpodopu. CriouaTky MIKpOOpraHi3MH CIIOKHBAIOTh BOJIOTY i TOMY il
KIJIbKICTh 3MEHIIY€ETHCS, a laJli IPU IPUTOTYBaHHI KOBOACHUX BUPOOIB — 301IBLIYETHCS, TaK SIK Oy 3pyHHOBa-
Hi 3B’SI3KM MK CAMHMH KJIITHHAMH 1, KPIM I[bOTO, JOJATKOBA BOJIOTA MOTJIA MMOTPAMUTH i3 XOJIOJWIbHUKA. Jlami
i/ie poliec YCYIIKY 1 KiJIbKICTh BOJIOTH 3HOBY 3MEHILTYETHCSI.

BucHoBkm.

[IpoBeneHO cKpiHIHT OaKTepiaTbHUX 3aKBACOK JJIs BHPOOHHUITBA KOBOACHMX BHPOOIB i3 M'sica MITHII Ta HAY-
KOBO — 00TpyHTOBaHO BUKOpHcTaHHs1 Lactobacillus sakei y Biupo06i Bapernx KoB6ac;

BcraHOBIEHO 3aKOHOMIpPHICTH BIUIMBY OakTepiadbHHX 3akBacoK poxy Lactobacillus Ha mikpoOiomoriuni
(MA®AHM, Oaktepil Tpynu KHIIKOBHX MANIAYOK, CyTb(QITpeayKyrodi KiocTpumii, Oakrepii pomy Proteus,
Staphylococcus Aureus, 6aktepii poay Salmonella), dizuko-ximiuni, 6ioxXimMiuHI MOKa3HUKH;

Po3pobiieHo TexHOJOTiI0 OioMomudikallii ¢apiny 3 METO MOKpAIeHHs MOKA3HUKIB SIKOCTI Ta 0€3MEYHOCTI
KOBOAcHUX BHPOOIB i3 M'sica NTHII, a came: KUIbKicTh MA®AHM 3MeHITY€eThCsI, aKTHBHA KUCIOTHICTD CTa01Ti-
3Y€ETBCSI, TA 3 METOIO 30UIBILIEHHS TEPMiHY 30epiraHHs BapeHHX KOBOAC 3a paxyHOK NPOJYKyBaHHS OaKTepHOLIH-
HIB, KOMIUIEKCY OpPraHiYHUX KUCIIOT Ta (pepMEeHTIB.
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PO3POBKA BIOTEXHOJIOI'TI OTPUMAHHSA BIOJIOI'TYHO AKTH-
BHUX PEYOBHH 3 KIIITUHHUX CTIHOK LAC. PLANTARUM

Besycos A.T., 1.1.H., npo¢., Jouenko H.B., kana. TexH. Hayk, noueHt, Apanacbea T.M. kaH1. TexH. Ha-
YK, foueHT, [lansamosa I'.1., kaHa. TeXH. HAyK, TOLEHT
Onecbka HaLiOHAJILHA aKajJeMisi Xap4OBHX TeXHOJIOTIH
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Anomauin. B ymosax nanoemii ingpexyitinux 3axe0pr06ans, € 0COOIUBO AKMYATbHUMU OOCTIONCEHHS 3
PO3pOOKU Ma BNPOBAVICEHHIO NPENnaApamis, Oist AKUX HANPAGLeHa HA NiO8UWEHHs IMyHImemy 00 WUpoKo2o che-
Kmpy 30y0nukis. Taxum 0dceperom akmusHUX pedosut Oisk OMPUMAHHS IMYHOMOOYISAMOPI6 MOJICYMb GUCIYNA-
mu MIKpOOpeaHizmu, 30kpema b6akmepii.

Tlpusedeno ananiz 3 8ueUeHHsI CMPYKMYPU KIMUHHUX CMIHOK PISHUX OION02IHHUX 06 €Kmig, AKUU No-
Kaz3as, wo OOYIIbHO GUSUATU CHOCOOU OMPUMAHHS KIIMUHHUX CMIHOK epamnoszumusHux 6axmepiu. Came po3-
WenneHHs: MypeiH08020 KAPKACY KIIMUH 3 BUBIIbHEHHAM AKMUBHUX PEYOSUH MOdice Oymu 0CHOB0W OJid CMEO-
PEeHHsL IMYHOMOOENIOIYUX TIKAPCLKUX Npenapamis.

B pobomi pospobreno mexuonocito 6iomexHon02iuH020 OMPUMAHHA MYPAMIINENMUOI8 i3 KAIMUHHUX
CMIHOK anaepobHux morounoxkucaux oaxmepii Lac. plantarum. Kynomueysannsa 0ocnionux 6axmepii npogoounu
¥y mepmocmami 2IUOUHHUM CROCOOOM, I KOHMPOIIOBAIU HAKONUYEHHs DIOMACU 30 ONMUYHOIO 2YCHUHOI.

Hocnidocysanu kinemuxy asmonizy oiomacu Lac.plantarum ma ymoeu 11020 npogedeHHs i3 uKopuc-
manuam aizoyumy. Knimunni cminku nicisi 6i00inenus piokoi ¢asu npomusanu posuunom NaCl. Bonozy macy
KAIMUHHUX CMIHOK 3MIULY8ANU 3 N30YUMOM, 00600unu 0o pH=7 i nposoduiu npoyec npu memnepamypi 3 7°C
npomsazom 0eKinbkox 200un. Jlizoyum pozwennioe 2niko3uoHi 368 ‘a3xu misxc N-ayemunmypamogoro kuciomoio N-
ayemunentoko3aminom. I auouny 2ioponizy mypeiny KiimuHHUX CMIHOK JI30YUMOM KOHMPONIOBANU 34 HAKONU-
yeHHSAM pacmenmis 3 emicmom N-ayemunnoko3aminy.

Po3pobieno i nasedeno mexHonociuny cxemy OMmpuManHs Mypamiinenmuoie i3 KiimuhHUx CmiHOK Mo-
JIOYHOKUCTIUX Dakmepill, NOYUHANOYU 3 UPOULYBAHHS DIOMACU, YMO8 ABMOAI3Y, MA (hepmenmonizy Mypainogozo
KOMNAEKCY KAIMUHHUX CIMIHOK.

Jocnidoicennss nokasanu, wo asmoniz diomacu ma epmenmoniz mypeiny KiimuHHux cmiHOK 00360/1€
ompumamu KOHYeHmpam 3 8Ucokoio 0ionoziunor axmusHicmio. Ompumani npenapamu KiimuKHUX CMIHOK MO-
JHCHA BUKOPUCTNOBYBAMU 8 PO3POOYI NIKAPCLKUX Npenapamie Ons JIKY8AHHS WILYHKOB0-KUWKOBUX PO31adis, O
niOBUWEeHHS. AHMUOKCUOAHMHOI AKMUBHOCMI MA NOCUNIeHHS bap 'epHol GyHKYIl npomu nesHux 6udie MIKpoopea-
HI3MIB.

Koaro4oBi cjioBa: KIIITHHHI CTIHKHM, MOJIOYHOKHUCII IPaMIIO3UTUBHI Oakrtepii, MypamiinenTtun, Gpepmenra-
TUBHUH T1APOIi3, aBTOII3, JII30IHM, IMyHOMOTYISTOP

DEVELOPMENT OF BIOTECHNOLOGY FOR OBTAINING BIOLOG-
ICALLY ACTIVE SUBSTANCES FROM CELL WALLS LAC.
PLANTARUM

Bezusov A.T., doctor of techn. sciences, Professor,
Dotsenko N.V., PhD, Associate Professor , Afanasieva T.M., PhD, Associate Professor ,
Palvashova G.I., PhD, Associate Professor
Odessa National Academy of Food Technologies

Abstract. In the context of the pandemic of infectious diseases, experiments on the development and
implementation of drugs whose action is aimed at enhancing immunity to a wide range of pathogens are
particularly relevant. Microorganisms, in particular bacteria, can be such a source of active substances for
obtaining immunomodulators.
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An analysis of studying the structure of cell walls of various biological objects is presented, which
showed that it is reasonable to study the methods for obtaining cell walls of Gram-positive bacteria. The very
cleavage of the murein framework of cells with the release of active substances can serve as the basis for the
creation of immunomodeling drugs.

The work developed a technology for biotechnological production of muramylpeptides from cell walls
of anaerobic lactic acid bacteria Lac. planetarium. Experimental bacteria were cultured in an in-depth
thermostat and biomass accumulation was monitored by optical density.

The kinetics of Lac.planetarium biomass autolysis and its conditions were studied using lysozyme. After
separation of the liquid phase, cell walls were washed with NaCl solution. The moist mass of cell walls was
mixed with lysozyme, adjusted to pH=7, and the process was carried out at 37°C for several hours. Lysozyme
cleaves the glycosidic bonds between N-acetylmuramic acid and N-acetylglucosamine. The depth of hydrolysis
of cell wall murein by lysozyme was controlled by the accumulation of fragments containing N-
acetylglucosamine.

The technological scheme for obtaining muramylpeptides from cell walls of lactic acid bacteria with the
conditions of all stages of the process was developed and presented.

Studies have confirmed that autolysis of biomass and enzymatic hydrolysis of cell walls murein allows
obtaining a concentrate with high biological activity. The obtained cell wall preparations can be used for drug
development.

Keywords: cell walls, lactic acid gram-positive bacteria, muramylpeptide, enzymatic hydrolysis,
autolysis, lysozyme, immunomodulator

IHocTaHoBKa Mpo0JIeMH y 3arajIbHOMY BHIJISATI

CrorozHi, B yMoBax nanzeMii iHQEKIIHHIX 3aXBOPIOBaHb, € OCOOJIMBO aKTyaJIbHHUMH JOCHTIDKEHHS 3
PO3pOOKHM Ta BIPOBAPKEHHIO NpENapartiB, Jisl SKUX HalpaBJiieHa Ha MiJBUILEHHS IMYHITETY J0 IIHKPOKOTO CIEKT-
pYy 30y JHHKIB.

TakuMm JKepenoM aKTHBHUX PEYOBHH, SIK OCHOBH [UISl OTPUMAHHS IMYHOMOJYJISITOPIB MOXYTb BHCTY-
MaTH MIKpOOpraHi3Mu, 30Kpema Oaxtepii.

AHaJIi3 0CTAHHIX JOCIII:KeHb

IMyHOCTHMYMIOFOUHIT €PEKT - Ile OHA 3 TOJOBHUX (DYHKIIN MPUPOTHOT MIKpO(IOPH KUIIKIBHUKA, SKa
crpusie MIBUIICHHIO BCIX BUIB IMYHITETY B opraHizMi jronusu [1].

JlakTOOaKTepil CIPUAIOTh CTUMYJIAII] 3HIDKEHOTO IMYHITETY, IIpH I[bOMY HE BIUIMBAlOTh Ha IMYHHHH
CTaTyC OpraHi3My B pa3i HOro HOpMaJbHOTO CTaHy [2]. BOHM MOCHIIIOIOTH CHCTEMY IIEPUTOHEATLHUX Makpoda-
TiB, aKTUBYIOTb CTPYKTYpPH, SIKi CIPHUSIOTH MiABHUIICHHIO KIITUHHOTO iMyHiTeTy [3, 4]. HanamroByrouu 3maro-
JUKEHY poOOTY CHCTEMH HITYHKOBO-KHIIKOBOTO TPAaKTy 1 CTHMYJIIOIOUM HPOJYKIUIIO psAY PI3HUX IMTOKIHIB,
MOJIOYHOKHUCII OakTepii 3a0e31e4yoTh ONTUMAIbHUN OalaHC MK TYMOPJIBHUM 1 KJIITHHHO-OMOCEPEIKOBAHUM
TUIIAMH IMYHHOT BiAmoBifi [3, 6].

Momounokucni 6akrepii Lac. planetarium, Lac.acidofilus, Lac.casei Ta in. npu meBHHX yMOBax CTHMY-
JIFOIOTH IEBHI peakIii IUITXOM aHTUTLIOYTBOPEHHS B KIIITHHAX.

IcHye mimuit psin papMaKoJIOTiYHUX MperapaTriB Ha OCHOBI MYPETHOBOTO KOMIUIEKCY KIITHHHUX CTIHOK
TPaMIIO3UTUBHUX MOJNOUHOKHCIHX Oaktepiit. [Ipemapat «Jliactem» (Il «Ex3um», YkpaiHa) MiCTHTh iIMyHOMO-
ITYJSITOP [ITFOKO30aMiHIIMYPaMiIIIeHTaITe I THT (N-anermnriaroko3aminin-N-anernimypamin-L-amanin-D-
riytamii-L-mi3un-D- ananin-L-acnaparin) [1, 2, 7].

Baxrepii Lac. planetarium mpencraBmsifors co0010 OAMHOUHI 6e3’simepHi KIITHHH, MO0 BiAPI3HIIOTHCS
BEJIMKUM DPI3HOMaHITTSM (opM Ta po3mipiB. HesBaxkarouum Ha MalieHbKI pO3MipH, MPOKapiOTH MAIOTh HOCIT 3a-
KOJIOBaHOT reHeTHYHOT 1H(pOopMAIlil, 110 MICTUTBCS B HyKJICOiZaX UM IIa3MHIAX.

B ocranHi poku Juisi JiKyBaHHS 1 TPOQUIAKTHKH PECTipaTOPHUX 3aXBOPIOBAHb CTAJIM 3aCTOCOBYBATH
IMYHOKOPEKTOpH OaKkTepialbHOTO MOXOJDKEHHS, 10 BUKJIMKAIOTh ()OPMYBAHHS CEJIEKTHMBHOI IMYHHOI BiJIOBIi
NpPOTH KOHKpeTHOro 30yauuka. Cepes HalOLIbII BUBUECHHUX NpenapatiB ciiff BuaAiuTH «bioctumy», «10ydpen»,
«Imynanmy, «Imyrodan», «IPC 19», «Miemomuay. Li mpemapatn BUKIHKAIOTh BUPOOICHHS CIICIU(IYHUX aHTH-
T IO THX MIKpOOIB, JIi3aTH SKUX BXOAATH O CKJIamy mpemapary. Jli3uc Oakrepid MPpU3BOAWUTE A0 3HUKHEHHS
JIESIKUX aHTUTCHHUX (pakiiid (30kpemMa - pubocoM), UM IMOSICHIOEThCS iX c1a0ka i HecTiika akTUBHICTE [7, 8].

Jlizatu GakTepiif MO3UTHBHO BIUIMBAIOTH Ha IMYHITET, 1 IIMPOKO BUKOPHCTOBYIOTHCS ISl TPO(DITaKTHKH
1 JIIKyBaHHsI PI3HUX MATOJOTIYHNX CTaHIB.

[Ipenapary Ha OCHOBI JIi3aTiB BUT1THO BiIPi3HAIOTHCS BiJl BUKOpUCTaHHs BakuuH. [Ipu BUrorosieHi Ba-
KIIMH 3aCTOCOBYIOTH ociabieHi abo BOWTI BipycH um OakTepii, AKi BUKIMKAIOTH CIEMU(IUHIA IMyHITET 1 Mo-
XKYTh, B pa3i 0cIalbIeHOro OpraHi3My, CIIPOBOKYBATH PO3BUTOK 3aXBOPIOBAHHA B Jyiermiiii gopmi. Taki BUmagKu
CIIPOBOKYBAJIM B CYCIHIJILCTBI HETaTWBHE BiJHOIICHHS YaCTHHHM JIFOJCH 0 MacoBoi BakmuHalii. Jlo Toro x y
BaKIWH JOCUTH 0OMEeXeHI MOKIMBOCTI. Tak, mOpiuHO 3’ SIBIAIOTHCS HOBI BaKIIMHU MIPOTH ITHEBMOKOKA, TeMoi-
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JIbHOT MAJIMYKH, ajle MPOTH OULIBIIOCTI pecHipaTopHUX NAaTOreHIB BakLMH HE icHye. Kpim Toro, Juist pecriparop-
HUX [ATOTEHIB XapaKTepHa LIBHUIKA MIHJIMBICTb, @ CHEUN(pIYHIH IMYHITET IPOTH HUX HEeTpUBaIuii [9].

JlizaTm Oakrepiil miecpsIMOBAaHO MiIOTh Ha IiJBHIIECHHS HECIEeNM(IYHOTO IMYHITETy, a came MiJIcH-
mooun omip iHdeknii camoro opraHizMy. Tak, OCHOBHHM MEXaHI3MOM Mii OaKkTepiaJpbHHX Ji3aTiB € iHimiaIisa
iMyHHOI BiOmMOBini Ha OakTepialbHI aHTHUTEHH 33 PAXyHOK CTUMYJLAIII mporieciB (GarommuToly Ta mpe3eHTamii
aHTHTeHy Makpodaramu JiMponnuTam, sIKi 3HAXOIATHCS B CIIM30BUX OOOJIOHKAX PECIipaTOPHOTO Ta MUTYHKOBO-
KHIIIKOBOTO TPaKTY, ITOCHJICHHS MPOAYKIil MPOTH3aNMalbHUX IUTOKWHIB, PO3BUTOK aJ IOBaHTHOTO edekry. B
pe3yIbTaTI MPOAYKYIOTHCA CIIeIi(idHi aHTHUTIA O aHTUTeHIB 30yIHUKIB, [0 MICTATHCS B OaKTepiabHUX Ji3a-
tax [10-13].

Cy4acHa IMYHOJIOTISl aKTUBHO BHKOPHCTOBYE JIi3aTH JIaKTO- 1 0ihimoOakTepiii, sIKi IpeAcTaBIsSIOTH CO-
6010 OE3KITITHHHI eKCTPAKTH, 10 YTBOPIOEThCS Mics Ji3ucy GakTepianbhux kmitun [14, 15]. Ix oco6muBicTio €
3ATHICTH MiJBUILYBAaTH MPOTHBOIHQEKIIHHUA 3aXKCT 1 3HIKYBATH CEHCUOLII3allil0 OpraHizMy.

[Tpu dpepmMeHTaTUBHOMY TiApOINi3i OaKTepialbHUX KIITUH OTPUMYIOTH MypPaMiINeNTH/IH, TPOILYKTH TiJl-
poIizy MypeiHy. BoHU € mKepesioM YHIKaJbHUX PEYOBHH 3aBJISKH OCOOIMBOCTSIM iX CTPYKTYpH.

KuiTueHI CTiHKE GakTepiii BUKOHYIOTH PO OCMOTHYHOTO 0ap’epa MUTOIUIA3MAaTHYHUX MeMOpaH, sKi
PETYITIOI0Th MPOHUKHEHHS B KIITHHY PEYOBHH.

BakrepianpHi KITITHHHI CTIHKH — II€ TOHKI €TacTHYHI YTBOPEHHS, 0 3a0e3MeyI0Th CTPYKTYPHY IIiic-
HicTh KmiTuH. KimiTnHHa cTiHka OakTepill Bigpi3HAETHCS BiJ IHIOUX THM, IO ii OCHOBHUM KOMIIOHCHTOM
€ IeNTUIOTIIIKAH MYPEiH, IIap SKOTO pPO3MINIYeThCS Ha ITOBEPXHI HUTOINIA3MATHYHOI MeMOpanu. Mypein
3’€THAHUI 3 TENITHIOM, 10 CKIaay SIKOrO BXOJUTH 4-6 pi3HuxX aminokuciot [18].

KiiTuHHa cTiHKa TIpamMHEraTMBHUX OakTepiii OarartomiapoBa, TOBINMHA 11 ckiuagae 14-17 Hwm.
BHyTpimHii map KITHHHOI 00OJOHKM TpeACTaBIeHHH MypeiHoMm, sikuil cknagae 1-10% Bix 11 cyxoi Macw.
I'pamueratuBHi 0OakTepil MarOTh IPYry, Tak 3BaHy, 3OBHINIHIO MeMOpaHy, IO CKJIamaeTbes 3 Qocdodi-
Mi/IiB, Ji0ONoJIicaxapuiB, JIMONPOTEiNiB i OuikiB. HeraTuBHO 3aps/pkeHi Jinomnosicaxapiqy HaJarTh KIITHHI
TaKWi caMHi HETaTUBHUM eNeKTpUYHUI 3apsa. XiMiuHa CTPYKTypa JiNomnoiicaxapifiiB 30BHIIIHE0T MeMOpaHH
94acTo yHIKalbHa AJI OKPEeMHX INTaMiB OakTepiil 1 BIAMOBIZAae 3a peakililo aHTHTCHIB 3 MPEICTABHUKAMH IIUX
IITaMiB.

I'pammniosnTHBHI OGakTepii MarOTh OiNBII TOBCTY 000JIOHKY, sika Bix 50 mo 80% ckiramaeTbes 3 MypeiHo-
BOI OCHOBH.

[IpoBeneHuii aHaii3 CTPYKTYPH KIITHHHUX CTIHOK Pi3HUX 010JOTIYHMX 00’€KTIB TOKa3aB, IO JOILIBHO
BHBYATH CIIOCOOM OTPUMAaHHS KIITHHHUX CTIHOK T'PaMIIO3UTHBHUX OAKTEpil, sIK MOTCHIIIHHOTO JoKepea 0ioio-
riYHO aKTUBHHX IpemnapariB. Came pO3ILEIICHHS MypeiHOBOTO KapKacy KIITHH 3 BUBUIBHEHHSIM TEHXOE€BUX
KHCJIOT MOKe OYTH OCHOBOIO JIJIsl CTBOPEHHSI IMyHOMO/IEIOIOUYHX JIIKApChbKHUX Mpenaparis.

OCHOBHUM KOMIIOHEHTOM KJIITHHHOI CTIHKM OakTepiil € menTumoritikaH (TJIIKONEeNTHA, MyKOHNENTH]I,
Mypein). [lenTuaoriikan BUSBICHO TUIBKH y KIITHH ITPOKAPIOTIB.

Crneundivnuii reTepononiMep MenTUAOTIKaH CKIIaIa€ThCs:

- 13 3anuuiKiB N-aneTuirimoko3aminy Ta N-aleTHIMypaMoBOi KUCIOTH, 3’ €HAHUX Mixk coboro [-1,4-
TJIKO3UAHUMH 3B’ sI3KaMU. N-alleTHITIIOKO3aMiH € TIOXiHOI0 CIIOJIYKOIO TIIOKO3H, B AKiH TiAPOKCHIbHA TpyIa
IpU APYroMy aToMi BYIJICII0 3aMillleHa Ha aMmiHorpymy. N-ameTwiMypaMmoBa kuciora — 1ie edip N-
aleTIITIIIOK03aMiHy Ta D-MomouHoi kuciotu (puc.1);

- i3 JIaMiHOKHCIIOT, 3 SKHX HaH4JacTille 3yCTpidaroThcs Me3o[iaMiHOmiMeniHOBa kuciora, LL-
JiaMiHOTIIMENIiHOBa KHUCIIOTA, Ji3WH, OPHITHH. HasgBHICTP TakMX aMiHOKHCIOT 3 JBOMa aMiHOTPYIIaMH Mae
NPUHIMIIOBE 3HAUEHHS JUIS IPOCTOPOBOI opraHizauii nmenTuaoriikany. BoHu 3a0e3neuyloTh yTBOPEHHS JBOX
MENTUIHUX 3B’ S3KIB MK MENTHAHUMH yrPYIOBaHHIMH B MOJICKYJIi;

- 3 inmmx aminokucnot (D- ta L-ananin, D-rimyraminoBa kuciota, L-cepus, rirus) [19-20].

VY rpaMno3uTUBHEX OakTepiii yacTka MypeiHOBOI CiTKH cTaHOBUTH 30-90 % Cyxoi MacH KJIITHHHOI CTi-
HKU (3aBTOBIIKK 40 1mapiB). Y KIITHHHIH CTiHII IPaMIIO3UTHBHUX OakTepiil mosicaxapuiy, 3B’ s13aHi Mik o000
KOBAJICHTHO, BMICT JIIIi/IiB 1 OUIKIB HEBUCOKHMH. Y OiJKax KIITHHHUX CTIHOK I'PaMIIO3UTHBHUX OakTepiil Halip
aMIHOKHCIIOT MeHIHH (4-12), HiXX y TpaMHETaTHBHHUX (MICTATHCS MPAKTUIHO BCi aMiHOKWCIIOTH, 3 SKUX CKJIa-
JAlOTHCS OLITKH).
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Puc. 1 — CTpykTypa rereponojiMepy nenTuaorJIikany

@opmyJIlOBaHHS Wijei cTaTTi

Mera poGoTH — po3poOKa TEXHOJIOTii OTPUMaHHS MpernapariB 3 KIITHHHAX CTIHOK, IO BOJIOAIOTH 0i0-
JIOTIYHOO AKTHBHICTIO.

Buxsian ocHOBHOT0 MaTepiajy 10cixKeHHs

B npocnmijkeHi BUKOPHCTOBYBalM TI'PaMIIO3UTHBHI aHaepoOHI MOJIOYHOKHCHI OakTepii mramy
Lactobacillus plantarum LP-01. MikpooprasisMi BHOCHIM B TOXMBHE CEpEIOBMIIC i3 po3paxyHKy 10°
KYO/cM®. KynbTuByBaHHS TOCHIAHHX Oaktepiit mpoBoxmmi y tepmoctari TC-80M-2 IIHOHHHAM CIIOCOGOM.
[lepioguyHO BUMipIOBaIN HAKOMTMYEHHS 0i0MacH 3a ONTHYIHOIO TYCTHHOIO Ha GoTokonopumeTpi KOK-3-01 mpu
A=540uM.

Biomacy Lac. plantarum otpuMyBaiu Ha cTajii modYaTKy CTamioHapHOi (asw i BOHA cKimaana 33r/mm°.
[icnst nenrpudyrysanns Bomory (W=78%) macy GaxTepiii miuiaBaiu aBTomisy npu temmeparypi 55+2°C, pH —
5,3, CTUMYJISITOPOM aBTOJII3y BHCTYIAB €THJIOBUM CIUPT B KIIBKOCTI 5% 10 Oiomacu.

I'ubuHy Ji3ucy KOHTPOJIOBAIM 38 BMICTOM a30THCTHX CONYK [22] B aBTONi3aTi, SIKHMiA cCTaHOBHUB 53%
Oinka i nenTuaiB. Bmict Oiiky Bu3Havanu pedpakromeTpudaHuM Meto oM. OTprMaHi aHi HaBelleHi Ha puc.2.
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Puc. 2 — Kineruka aBroJiidy 6iomacu Lac.plantarum (kouumenrpar 6iomacu - 10%; pH=5,5;
t=55"C)

KnituHHI CTIHKM micasa BigaineHHA pigkoi ¢asu npomuBanu B 15%-omy posunni NaCl. Bomory macy
KIITHHHUX CTiHOK 3MIITyBaJH 3 JI30IMMOM Kypsaoro Oinky, moBoamwmu xo pH-7 0,1u NaCl i mpoBoaumm npo-
1iec nipu Temmepatypi 37°C mpoTArom 5 rog.

JlizonuM  po3mIEIUIFOE  TIIKO3WAHI 3B S3KM  MDK ~ N-aleTHIMypaMOBOIO — KHCIOTOIO 1 N-
aneTwiroko3aMinoM. [Ipu aii mizorMa Ha CyCHeH310 KIITHHHUX CTIHOK B KOHIGHTpamii 1,5 MKr mizonuMa Ha
lem® nanrorn Mypeiny po3IIEIITIOTECS 10 Aucaxapuis. [Ipu upomy misomum € N-aneTniMypamiasoro.

I'mubuny depMeHTONI3y MypeiHy KIITHHHHUX CTIHOK JII30LIMMOM KOHTpPOJIIOBAJIM 332 HAKOIWYEHHSIM
¢dparmenTiB 3 BMicToM N-aneTwirioko3aminy [23]. PesynbraTu gociifkeHbs HaBelleHI Ha puc.3.
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0%-
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1 2 3 4 5
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Puc. 3 — Kineruka riapoJiizy mypeiny kiairunnux crinok Lac.plantarum (1% po3uun cycnensii
mypeiny; pH=7,5; t=37°C)

Po3unHHI MpoayKTH (hEPMEHTATUBHOIO TiApOJIi3y MypeiHy KIITHHHUX CTIHOK BUAULAIM (QiIbTpyBaH-
HAM. B ¢inpTpari BU3Ha4YaIM BMICT MypaMiINeNTHIIB 3a KOJBOPOBOI peakiiielo Ha N-aleTHIrIoKo3aMiH i
BMICT OJIIFOMIENTHAIB 3a peakiiero 3 CuSO, B Iy>)KHOMY CepeIOBHII 3 HiHTiIpHHOM [22].

[IpoTeomniz MmypaminmentuaiB pepMEHTOM MaNaiHOM BHSIBHB HAasBHICTH BUTBHHUX aMiHOKHCIIOT 32 peak-
Li€I0 HIHTIAPUHOM TpH (PEpMEHTATUBHOMY TiApOIi3i MypaMiHy 3 YTBOPEHHSIM MYpPaMiJIENTHIIB 31 3B’sI3KaMH
amiHokucnoT D 1 L- anmanina, misuHa L-TIIyTaMiHOBOT KHCIOTH.

PO34rH MypaMilIenTH/iB BUCYITyBamy py Temneparypi 50°C y Bakyywmi.

Po3pobinieHa TexHONOTIYHA CXeMa OTPUMAaHHS MYpPaMUTIENTUAIB i3 KIITHHHAX CTIHOK MOJOYHOKHCIUX
OakTepiit HaBeeHa Ha puC. 4.
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Puc. 4 — TexHoaoriuaa cxeMa OTPMMAaHHS MypPaMiJNeNnTUAIB i3 KIITHHHUX CTIHOK MOJTOYHOKHMCJINX
Oaxrepiii

Biomaca mMonodHOKHCIHX OaKkTepiil HAMXOANUTE 3 PepMEHTATOPA, MICHS CTalil KyJIbTHBYBaHHS MIKPOO-
praHi3MiB-TIpOTyIIEHTIB MPOBOIUTHCA BIIMIICHHS KYJNbTypalbHOI piguHH Ta Oiomacu kiiTHH. KymeTypanpHa
pinuHa — e ckiagHa OararodasHa cucTeMa, mo BMilmye 5% Ta Oinble Cyxoi pEeYOBHHHM Y BHUTJISII OKPEMHUX
MIKpOOHHX KIIITHH, IPOAYKTIB OIOCHHTE3y Ta 3alUINKiB MOXXHUBHOTO ceperoBumma. Jns BHIUIEHHS OakTepia-
JBHUX KJITHH 13 Takol CKIaxHOl CyMilli BHKOPUCTOBYBaJM MeToJ neHTpudyryBanus. Llentpudyrysanus
nposomu mpotsrom 20 xB mpu 5000 XB™, Ky/IbTypagbHa PiIMHA TeX MICTHTh AKTHBHI PEYOBHHH, TOMY MOXKE
BUKOPHUCTOBYBATHCh IS TOJAIIBILIOT TIEPEPOOKH.

OTtpumany Oiomacy HepekadyBayid 0 peakTopa s aBrouizy. Jlo Oiomacu y peakTopi J07aBajiu, Ha
novarky OiocuHTe3y, (epMEeHT MypaMifa3Hoi aii — Ji3ouuM Ta BUTpuMyBanu 48 rog npu temrnepatypi 55 °C i
pH cepenorumia — 5,5. KoHTpob 3a NPOTIKAHHSAM aBTOJI3y MPOBOAMIIM 32 CIIOCTEPIraHHIM HasBHICTI KIIITHH
(32 OTIOMOTOI0 MIKPOCKOITY) Ta 32 BMICTOM OLTKOBHX PEUOBHH B aBTOJI3ATI.

MikpoopraHi3My MarTh JBI CHCTEMH Jerpajialii BiacHuX OuIKiB. OMHA 3 HUX aKTUBYETHCS B YMOBaX
HecTayl MOXHMBHOT'O CEPElOBHINA 1 HE BMMAarae 3aTpaT Ha METaOONITHYHI MpolecH, Apyra — IOCTIHHO Jiroya
crcreMa O1IKOBOT ierpafanii 1uIs TiApoIi3y aHOMAJIBHUX OUIKIB, SIKi 3 SIBIISIIOTBCS B Ipomeci MyTarlii abo moxu-
6ok B OiocuHTE31, Ta OUIKIB, 10 BUKOHYIOTh PErYISTOPHY (YHKIiIO, isl SKMX NOBHHHA OyTH oOMmexeHa. [Ipu
aMIHOKHCIIOTHIHM HeJ0CTaTHOCTI, AediuTy a30Ty, Byriento, pochopy, Cipku 301IbIIYETHCS IBUAKICTD IIPOTEO-
T3y 10 5% Bix 3araJibHOTO BMICTY KIITHHHOTO OinKy Ha 1 ro.
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[Ticnst npoxoKeHHs aBToJi3y OioMacy MiAgaroTh HEeHTPU(YTyBaHHIO U1l OTPUMAHHS KIITHHHUX CTi-
HOK Ta BijieHHs pinkoi gaszu. LleHTpudyryBanHs NpoxoauTs NpOTAroM 15 XB npu NeBHUX o0epTax LEHTPH-
dyru - 8000 xB™

Bimminena pimka ¢asa (aBroiizaT) BUCTyIae BTOPWHHHIM IIPOTYKTOM i TaKoX e Ha QacyBaHHS, K
Oe3xmiTHHHAN Tipenapat (y piAKOMy BWIIIIAL), KM Mae€ JTiKyBalbHI BIAacTUBOCTI. Pimka ¢a3za MicTuTh y co0i
O1TKOBI peyOBHHU-(PEPMEHTH, aMiHOKUCIIOTH, JIMiAN, TyPHUHOBI i MPUMIiANHOBI HYKJICOTHAN, BYTICBOAH, MiHE-
paJIbHI pEYOBHHU.

ABTOITI3aT MOJOYHOKHUCINX OaKTepiil , SKUif Ma€ BUCOKHMH BMiCT HATHBHUX 0i0JOT19HO-aKTHBHUX PEUO-
BUH Ma€ NEPCIEKTHBU y cydacHiil mpomucioBocti. Takuii OE3KIITHHHUIA aBTONI3aT MOXKHAa BUKOPHCTOBYBATH
IIpY BUPOOHMIITBI MOJOYHOKUCIIUX MPOAYKTIB, JUIs 30araueHHsl pi3HUX NPOJYKTIB Xap4yBaHHS, a TAKOXX CTBO-
peHHs MpoOIOTUKIB y (GOpMI JIIKApCHKHX Mpernaparis i 010J0r1YHO-aKTUBHUX J0OABOK.

Takuii aBTONI3aT MOXKHA (acyBaTH y CKiIstHI (hiaakoru mo 100 mu, sikuid Moxke 30epiraTics Mpu Temrie-
parypi Big +2 1o +8 °C, i BUKOPHCTOBYBATH JJIsl IOTPEO MPOMHUCIOBOCTI.

ABTOJNIITHYHI TIpoLiecH OioMacH He MPU3BOJATH 0 NECTPYKII KIITUHHUX CTIHOK i OTPUMAaHHS HHU3b-
KOMOJICKYJSIPHIX MYpPaMUIIIENTHIIB, TOMY IPOBOAMIN (PEPMEHTOINI3 MENTHAOTIIKAaHY KIITHHHHUX CTIiHOK.

Jus nmesiHTerpamnii KINITHHHUX CTIHOK MPOIEC TiApoIizy MypPaMiIIENTHAY MPOBOIMIN Y IMPHCYTHOCTI
¢depmenty mizouumy npu temreparypi 37°C ta pH cepenosumia — 7,5. 1o 3akiHUeHHIO (pepMEHTAIHHOTO TIPO-
Iecy NPOBOAWIH HeHTpH(yTyBaHHS mpoTsroM 15 xB pu 8000 xB ™! 3auma Biinenns ocany.

Bwmict MypaminmenTruaiB B TiIpoi3ati 3a po3paxyHKOBUMHE AaHUME ckiaB 49t i3 100r Bojoroi 6ioma-
cu. Bmict MypaminmentuziB B cymenomy mperapati ckias 1,9 r/av. J[is oTpuMaHHS cyXxoi GOPMH IIPOAYKTY,
SIK HalOLIbII MPUBaOIMBOT AN pearizanii IIaHyeThCs 3aCTOCOBYBaTH cyuiHHsA. CyOuimManiiiHe CylIiHHS OTpU-
MaHOT'0 KOHLEHTPOBAHOI'O KOMIUIEKCY MYypaMiINENTHAIB y BUPOOHHYHX JaOOpPaTOPHUX YMOBaxX MOXe IpPOBO-
JIUThCsl TpoTsiroM 22-24 roa. Ilpu mioginizamii Boga 3 00’€KTiB BUAAIIETHCS 0€3 3MiH y CTPYKTYypl Ipenapary,
Bci 0I0XIMIYHI peakuii MPUIUHAIOTHCS, 1 OTPUMaHUI OI0TEXHOJIOTTYHHN MPOAYKT CTA€ OiNIBII CTIKUM 110 (ak-
TOpIB 30BHILIHBOTO BIUIMBY Ta 30epirae cBoi BIaCTHBOCTI MPOTATOM TPUBAJIOTO 30epiraHHs.

BucHoBkn:
1. Po3pobineHa TeXHOJOTiS BUPOOHHUIITBA MypaMiINENTUAIB i3 KIITHHHUX cTiHOK Lac. plantarum, Bro-

PHUHHOI CHPOBHHH MOJIOYHOI KHCJIOTH.

2. BcraHoBneHI TEXHOJOTIUHI TapaMEeTPH OCHOBHHX IIPOIECIB: aBTOJI3Y MiKpOOHHUX KIITHH i (pepMeHTo-

T3y MypeiHy KIITHHHUX CTiHOK JII30I[MOM, SIKAH BOJIOZI€ MypaMiJa3HOI aKTUBHICTIO.

3. BcranoBneHO XiMIUHMI CKJIal MypaMUIIIENTHIIB 32 HasgBHICTIO B ix ckiami N-ameTHiariroko3amiHy i

AMIHOKHCIIOT, XapaKTepHHUX JUIS MPOTEOrIIiKaHy KIITHHHUX CTIHOK IPaMIO3UTHBHUX MOJIOYHOKHCIIHX

OakTepiil.
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