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The article is devoted to the issue of using membrane processes in the
processing of dairy raw materials in order to create resource-saving technologies
and to improve technical equipment for the production of concentrates from
secondary dairy products. The application of membrane technologies in the dairy
industry is analyzed. The results of analytical research concerning the possibility
of producing dairy products from secondary raw materials with the use of
ultrafiltration at the food industry along with the production of traditional whole
milk products are presented.
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HNEPCIHHEKTUBA BUKOPUCTAHHS MEMBPAHHUX
TEXHOJIOI' T MEPEPOBKH MOJIOYHOI CHPOBUHHA

I'.B. [eiinnuyenko, B.B. I'yzenko, /I.B. [ImurpeBcbKkui,
JI.O. IIBipkyn, T.B. KpaBuenko

Posensinymo numanua 6UKOPUCIIAHHA MeMOPAHHUX npoyecie nio uac
06pPOOKU MONOYHOT CUPOBUHU 3 MEMOIO CMBOPEHHS PECyPCO30EPENCHUX MEXHONO02Il
ma 600CKOHMANEHHS MEXHIUHO20 OCHAWEHHA SUPOOHUYMBA KOHYeHmpamis i3
emopunnol  monounoi npodykyii. Ilpoananizosano 3acmocysammsi MemOpPaHHUX
MexXHONo2I Yy MONOYHIN 2any3i xap4oeoi npomucnosocmi. Membpanni npoyecu
00360110Mb  PO3POOUMU  HOGI MEXHONO2IYHI NIOX00U 00 nepepobKu MONOKA 6
YIIbHOMONOYHY — NPOOYKYII0 3  KOMHIEKCHUM — BUKOPUCTAHHAM — CUPOBUHIL.
Konyenmpysanns 6inko80i ck1adogoi @ 3HexdcupeHoMy Monoyi Oe3 30inbuients
KOHYenmpayii 1axmo3u i MiHepanibHux coieti 00360JIA€ CMAHOapmu3yeamu 6 Mooyl
emicm orcupy i binka. Ilodano ananis i Xapakxmepucmuxy cxemu Cy4acHUX HAnpamie
BUKOPUCMAHHA MEMOPAHHUX NPOYECi8 3 BUSHAUEHHAM MONCIUBOCHI PO3POOKU

© Jleimenko I'B., TI'yzenxo B.B., Jvwpescekmit  J[B., Lgipkyn JLO,,
Kpaguenko T.B., 2019
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Pecypco30epedcHux MexHono2itl Onsi  OMPUMAHHA HOB01 MOJIOYHOI NPOOYKYiT
niosueHoi axocmi Ha NIONPUEMCBAX 13 NEPepoOKU MOIOKA MA MOAOUHUX
npooykmie. Ilooano pesynomamu aHAIMUYHUX OOCTIONCEHb WOOO MONCIUBOCHIT
BUPOOHUYMBA MOTOYHUX NPOOYKMIG I3 BMOPUHHOT CUPOBUHU (MEepOi ma M Ki cupu,
Odecepmu, Uo2ypmu, KUCIOMOAOYHI CUpU, CUPHI nacmu) 3 GUKOPUCTHAHHAM
yrompaginempayii. Ha NIONPUEMCMBAX  XAPYOBOI  NPOMUCTOBOCME NOpsO 13
BUPOOHUYMBOM MPAOUYIHOT Npodykyii 3 Hezdbupanoeo monoxka. OCHOGHUMU
3060AHHAMU  3ACMOCYSAHHA  YIbmMpaginompayii 6 CuposapiHHi € NONepeore
KOHYenmpyeauHs OLIKie y Mooyl 01 SUPOOHUYMEA MpaouyiiHux 6udie cupy,
3HAYHA 3MIHA CNIGBIOHOWIEHHS MIdC OLIKaAMUu U [THUUMU KOMIOHEHMAMU Ol
CMEOpeHHsl HOBUX 8UOIG CUPY, HOpMANI3ayis MONOKA 3a OLIKOM 05l 3abe3neuenHs
00HOPIOHOCMI Tl 8IOMBOPIOBAHOCTI GIACIUBOCMEN OMPUMAHO20 CUPY, HE3ANEHCHO
8i0 Ce30HY, GUOLNEHHS CUPOBAMKOBUX OINKI6 i3 NIOCUPHOI CUpPOBAMKU, 3 MEmOoIo
OMpUManHs  OIIKOBUX KOHYeHmpamié [ JaKmo3Ho2o po3uuHy. Teopemuuni
00cniodCcenHst 1 IPYHMOGHUI NPAKMUYHULL  Mamepianl 00380NsI0Mb  3p0OUmu
BUCHOBOK, WO 3ACMOCYBAHHS HANIBNPOHUKHUX MeMOpPaH Modice Oamu 3HAYHULL
eKOHOMIUHULL ehekm Ha GUPOOHUYMSI, GIOKpUMU WUPOKI MONCIUBOCHI  ONsl
CMBOPEHHsT NPUHYUNOBO HOBUX, NPOCIMUX, PECYPCO30EPENHCHUX | eKOIOLIUHO YUCIUX
MexXHoN02I.

Kntouogi cnoea: membpana, npoyec, mexHonoeis, MONOKO, CUPOBUHA,
NpOMUCIOBICMb.

HEPCHEKTHBBI HCITOJIb30OBAHUSI MEMBPAHHBIX
TEXHOJIOI'MU TIEPEPABOTKH MOJIOYHOI'O CbIPbS

I'.B. Aeiinnuenxo, B.B. I'yzenko, /I.B. JImurpeBckuii,
JL.A. IIBupkyH, T.B. KpaBuenko

Jan ananuz cywecmsyowux mexHonocu no nepepadomke MOIOYHO20
cbipbs.  Paccmompen  eonpoc  enedpenus 0e30mxoonblx mexuonocuii 6 cgepy
MeMOPaHHOU 00paboOmKu NUWEBbIX JHCUOKOCMEN ICUBOMHO20 NPOUCXONCOCHUS]
(MoI0YHO20 Cbipbs). Ipoananusuposano npumeHeHue MemOpPanHbiX MeXHOIOUL &
MONIOYHOU ompaciu nuwegoti npomviuiaieHnocmu. IIpeonodcenvt nepcnekmugHble
HAnpasienus. co30anus pecypcocobepezaromux npoyeccos u obopyoosanus é chepe
MeMOPAHHOU 0OpABOMKU MOTOYHOZO CoIPbA U CO30AHUA OE30MXOOHBIX MEXHON0ULL
8 U320MOGIEHUU PAZHOOOPA3HOU NUMAMENbHOU MOL0YHOU npodykyuu. OnpedeneHvl
npeumyujecmea U HeOOCMAMKU BHEOPEHUsi CPeoCcme  YCOBEPULEHCTNBOBAHUS
MEMOPAHHBIX MEM0008 0OPAOOMKU MOIOUHOZO CbIPbL.

Knrouesvie cnoea: membpana, npoyecc, MeXHONO2Us, MOJIOKO, Cbipbe,
NPOMbIULTIEHHOCTb.

Statement of the problem. Nowadays in the chemical and
petrochemical industries, membrane methods are used to separate azeotropic
mixtures, purify and concentrate solutions, purify or isolate macromolecular
compounds from solutions containing low molecular weight components and
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so on. In biotechnology and medical industry — for isolation and purification
of biologically active substances, vaccines, enzymes, etc. In the food industry
— for the concentration of fruit juices, wine materials, plant extracts, water
purification and more. The most widespread use of membrane processes
found in the dairy industry in the processing of secondary dairy raw materials
and production of dairy products [1].

Investigations and practical material allow to conclude that the use of
semi-permeable membranes can have a significant economic impact on existing
industries, open up great opportunities for the creation of fundamentally new,
simple, resource-saving and environmentally friendly technologies.

Review of the latest research and publications. Ultrafiltration has
a wide range of applications related to the tasks of separating high
molecular weight components from low molecular weight raw materials.
The same problems can be found in food and processing industries,
pharmaceuticals, textile and chemical industries, metallurgy, paper
production, and leather goods. Application examples of ultrafiltration in the
food and processing industries are the concentration of milk and cheese
materials, the extraction of whey proteins, potato starch and potato proteins,
the concentration of egg products, as well as the clarification of fruit juices
and alcoholic drinks [2].

For the concentration of raw materials at various enterprises of the
dairy industry, membrane processes are widely used under the influence of
differential pressure and influence of other external factors. Particle or
molecule size and the chemical properties of the separable fluid, determine
the structure of the membrane, namely the size of the pores that determine
its type to separate the mixture. Therefore, there is a need for theoretical
research and analysis of the use of the process of ultrafiltration (UF) and
ultrafiltration membranes for the production of food using concentrates of
secondary dairy raw materials [3].

The objective of the research is the analysis of the existing main
directions and prospects of application of membrane separation methods for
processing of secondary dairy raw materials in order to create advanced
technologies and technical equipment for the production of concentrated
dairy semi-finished products.

Presentation of the research material. The present state of the use
of ultrafiltration in the processes of dairy raw materials processing is
presented. Milk processing concept using UF is presented in Fig. 1 [4].

The figure shows that membrane processes allow to develop new
technological approaches in the processing of milk into whole milk products
with integrated use of raw materials. Concentration of the protein
component in skim milk without increasing the concentration of lactose and
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mineral salts makes it possible to standardize the content of both fat and
protein in milk. Concentrate with high protein content is used to produce
cheese, sour cheese, casein and caseinates, milk powder. The lactose
contained in the filtrate is concentrated by reverse osmosis and dried.
According to [5], the use of UV for the concentration of skim milk in the
production of cheese allows to increase the yield of the finished product by
15-20%.
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Fig. 1. Schematic diagram of milk processing using ultrafiltration
to obtain the main types of dairy products

The simplest way to use UF in the dairy industry is to normalize
milk by protein in drinking milk production. Ultrafiltration of whole milk
results in the passage into the filtrate of 45.1% of solids, including 96.5% of
lactose and 60.6% of mineral salts. Similar results are obtained by
ultrafiltration of skim milk [6].

According to foreign authors [7], in Germany more than 40% of
drinking milk is produced using the ultrafiltration method.

One of the most important areas of application of UV in dairy
industry is production of cheese and sour milk cheese. The main tasks of
using UV in cheese making are:

— pre-concentration of proteins in milk for the production of
traditional types of cheese;

— a significant change in the ratio between proteins and other
components to create new types of cheese;

— normalization of milk for protein to ensure uniformity and
reproducibility of the properties of the cheese, regardless of the season;

— isolation of whey proteins from whey to obtain protein
concentrates and lactose solution [4].
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Pre-concentration of milk by UV in the production of cheese
increases the mass fraction of solids on average from 12.5% to 16% and
allows to double the productivity of the following stages. During the
concentration of milk to the concentration factor 2 in the technological
chain include only the UF system, and the main operations of cheese
production are carried out by conventional technology. Further
concentration of milk to a concentration factor of 3-5 (to a solids content of
40%) requires special equipment to obtain and process a protein clot [8].

According to calculations made by the «Uglich» trademark, the use
of milk ultrafiltration during the production of solid natural cheeses allows
to increase the productivity of the equipment by 25-30% and to reduce the
cost of rennet enzyme as much [9].

In countries such as Denmark, the United Kingdom, and
Switzerland, fundamentally new technologies for the production of hard and
soft cheeses have been established, using raw material, obtained on
membrane facilities, as raw material concentrate. In comparison with
traditional technology, increased cheese yields, reduced rennet enzyme
costs, labor-intensive operations were eliminated, in particular, whey
separation, reduced need for production facilities, and the process became
more mechanized. In cases where third generation membranes were used
for UV, the rate of raw material consumption during the production of hard
cheeses was reduced by 20%, while the production of soft cheeses and sour
milk cheese — by 30% [10].

Domestic scientific research on the use of UF in the production of
cheeses began in 1976. Industrial production of rennet cheeses with the use
of ultrafiltration has been carried out since 1986 [11].

Technology of soft cheese without ripening from UF concentrate
containing 15-21% of solids, 3-5% of milk sugar, 0,2-0,4% of fat is
developed. The fermentation of the cheese is carried out at temperatures of
63...65 °C, the duration of processing of the bunch — 4-6 hours [12].

Kharkiv State University of Food Technology and Trade developed
technologies of soft cheese «Kharkivskyi», «Diet» and «Slobozhanskyix»
[13; 14]. The authors experimentally proved that obtaining soft cheeses with
characteristic organoleptic indicators promotes the use of skim milk,
ultrafiltered, with a concentration factor of 2.0.

It has been established that with a half factor of concentrating milk
from 1.5 to 4.0, there is a slight increase in concentration of milk, and it
seems that they have changed 2.0-2.5 times.

Similar developments take place in neighboring countries. There is a
technology of home-made cheese using ultrafiltration [15]. Significant
advantages of producing home-made cheese from UF concentrate over
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traditional ones are noted. This production is characterized by the stable
quality of the product due to the standardization of milk raw materials for
protein, reducing the loss of the finished product by 5-8% due to the
increase of milk solids content, reducing the cost of milk-binding enzyme,
bacterial starter culture and calcium chloride, improving product appearance
productivity of the plant for the production of cheese grains.

Experimental batches of cheeses made using UF, in quality
indicators are not inferior to cheeses prepared by conventional technology,
and in some cases even surpass them. By improving the consistency, the
yield of cheese increases by 2—-3%.

Known methods for the production of cheeses, in the technologies of
which dairy raw materials are processed along with UF by other
baromembrane methods. One of the known methods of obtaining cheese
curd from milk concentrate is as follows [16]. After pasteurization, skim
milk is acidified with hydrochloric acid to pH 5.8 so that milk calcium is
not retained on membranes. Ultrafiltration of acidified milk is conducted to
a concentration factor of 2.5. Then carry out the process of diafiltration to
reduce the lactose content and bring the concentration factor to 5.0.
Bacterial ferment is added to the concentrate and maintained at 25 °C until a
pH of 5.1-5.2 is reached. The fermented concentrate is poured into the
forms in which the milk-enzyme solution is fed. The finished bunch is
separated and further processed by traditional technology.

According to studies [17], the use of UV milk increases the yield of
cheese, for example in the production of feta cheese milk consumption is
reduced from 8.5 to 6.5 kg per kilogram of cheese. In addition, UF
concentration allows you to save the losses of milk-enzyme (up to 60%) and
bacterial starter culture, reduce the cheese ripening time and the duration of
the process, as well as automate the production and control process.

Research by scientists towards the increasing use of ultrafiltration in
cheese technology is currently ongoing.

In industrialized countries of Europe and the United States,
ultrafiltration is also widely used in cheese making. In the US, a method for
producing feta cheese has been developed [4]. Ultrafiltration is exposed to
milk after its heat treatment. The resulting concentrate containing 27% of
solids, is heated to a temperature of 78 °C, homogenized at a pressure of
7.5 MPa, adding 1.5% of the leaven.

In the United Kingdom, a method for producing cheddar cheese from
UV-treated milk is proposed [18]. Pasteurized milk is subjected to
ultrafiltration to a concentration factor of 2. The resulting concentrate is re-
pasteurized, cooled to 30 °C and used to produce hard cheeses.
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Milk ultrafiltration has been used in the production of cheese, cheese
products and pastas. The Odessa State Academy of Food Technologies has
developed a technology for the preparation of dried cheese from skim milk,
concentrated UF, for countries with hot climates [19]. Using ultrafiltration,
the mass fraction of protein in milk is raised to 18-20%, the concentrate is
acidified and cheese is obtained, which is then subjected to freeze-drying.
The organoleptic characteristics of reconstituted cheese are slightly different
from natural ones, and the nutritional value of recovered cheese is far
superior to a product made using traditional technology. The cheese yield is
increased by 15-20% due to 100% use of whey proteins.

Specialists proposed to apply ultrafiltration in the production of
persistent cheese products «Berry» and «Apple». According to the proposed
technology, skim milk is pasteurized, cooled and subjected to ultrafiltration
to a dry weight fraction of 20.5%. The resulting concentrate is acidified for
8-12 hours at 30...32 °C. The resulting clot is mixed with sugar, apple
pectin, strawberries, water [20].

Milk ultrafiltration has been used in yogurt production in various
countries around the world [21]. The use of ultrafiltration in yogurt
technology eliminates the main disadvantage of traditional technology —
unregulated fermentation of the product. The use of UF can also increase
the protein content of the product without significantly increasing the
lactose content, which leads to improved rheological parameters and
physical stability of the product.

In the countries of the Middle East, the technology of condensed
yogurt «Labneh» is used, which is prepared by pre-ultrafiltration of skim
milk to a solids content of 18-20%. After ultrafiltration, the milk
concentrate is mixed with the cream and ferment [4].

Yogurt technology is developed in the UK, according to which skim
milk is concentrated by UF at a temperature 45...50 °C. The protein content of
the final concentrate is 7-15%. Then it is pasteurized, cooled to the
fermentation temperature and make the ferment of lactic acid cultures. Food
components and fruit supplements are added to the finished clot. The resulting
product is characterized by high viscosity and longer shelf life [12].

Conclusion. Thus, the above analytical studies show that secondary
dairy raw materials are a well-researched object of separation using
membrane methods. Products of ultrafiltration processing of dairy raw
materials have a well-defined set of functional properties and have a wide
range of industrial applications. In the future, these investigations can be
used to further investigate the membrane processes of the separation of
dairy raw materials with the determination of the physicochemical
properties of new types of UF membranes for membrane equipment of
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different types by performance. Further realization of the specified tasks
will be able to extend the industrial application of UF in the food industry
and increase the development of membrane technologies at the level of
world developments with the use of resource-saving processes and
equipment for their realization.
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