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BAROMEMBRANE TECHNOLOGIES AS A PROSPECTIVE
ALTERNATIVE TO VACUUM EVAPORATION
IN THE DRY MILK PRODUCTION

Abstract. In the dairy industry, in recent years, baromembrane technologies (microfiltration, ultrafiltration,
nanofiltration, reverse osmosis) have become increasingly widespread, which make it possible to obtain milk raw
materials that are safe from a microbiological point of view and to standardize the protein mass fraction,
concentration and fractionation of milk constituents. These filtration methods are definitely an alternative to
traditional manufacturing processes. They are integrated into many production steps for a wide range of whole milk
products, cottage cheese, cheese, etc.

Among dry dairy products, milk powder occupies a leading position in terms of use for processing in powdered
or reconstituted form in almost all sectors of the food industry due to its high nutritional value, transportability, long
shelf life, etc. In this regard, from quality and safety, and also the technological properties of milk powder certainly
depend on the final product quality. Improving the organoleptic, physicochemical, sanitary and hygienic indicators of
milk powder and directionally forming its basic technological properties (thermal stability, cheese suitability,
solubility), it is possible to design its food and functional technological profile, using baromembrane installations in
the process of obtaining milk powder.

Based on the study of specialized scientific and technical literature, the article presents an analysis and
systematization of information on the influence of baromembrane methods, integrated into the technological chain of
obtaining milk powder, on its quality and functional and technological properties.

Key words: membrane technologies, baromembrane methods, milk powder, quality, cheese suitability, heat
resistance, solubility.

Introduction. In the last decade, membrane technologies have found increasing application in the
dairy industry, due to a huge range of technical and technological advantages and undoubtedly have the
prospect of use and development. In terms of their prevalence in the dairy industry, they rank second in
comparison with their use in water purification technologies and are certainly an alternative to the
traditional technology stages (fractionation, concentration, etc.) in the production of a large range of dairy
products, such as drinking milk, dairy products, cottage cheese, cheese, etc., and also constitute an integral
part of the caseinates production process, whey protein concentrates, demineralized whey, etc. [1-4].

The methods of baromembrane filtration are based on the processes occurring under the action of a
pressure difference when passing liquid media through special semi-permeable filters (membranes) made
of various materials (polymer, ceramic, etc.), which leads to the macro- and microcomponents separation
of the feed stream, depending on the particles and pores size of membranes [2,5].

Due to its physical and chemical composition, milk is considered a complete food product and is an
ideal liquid for pressure-membrane filtration.

Depending on the membrane’s selectivity, as well as the working pressure, the baromembrane
filtration methods are divided into:
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- microfiltration (MF) - the process is carried out at a low pressure of 0.1-0.8 MPa, using membranes
with a pore diameter of 0.05-10.0 microns, which allows milk bacterial purification and skimming, as well
as casein and whey proteins fractionation;

- ultrafiltration (UF) - carried out at an average pressure of 0.4-1.3 MPa, using membranes that trap
colloidal particles and high-molecular substances with a size of 0.005-0.1 microns (whey proteins, non-
protein nitrogenous compounds), providing an increase in protein concentration and a decrease in the
lactose content in milk, which increases the yield of the finished product;

- nanofiltration (NF) - is carried out at an average or high pressure of 0.7-4.0 MPa, operating
membranes with a pore diameter of 0.001-0.005 microns, trapping most divalent ions and passing
monovalent ions, which, for example, makes it possible to concentrate and/or partially demineralize whey;

- reverse osmosis (RO) - is carried out at a high pressure of 2.7-7.0 MPa, using high-density
membranes with pore sizes that are minimal in relation to other filtration methods (less than
0.001 microns), allowing only water molecules and some ions to pass through. This method is used for
pre-thickening in the production of concentrated and dry milk products.

It should be noted that the indicated baromembrane methods are effective in operation under
sufficiently gentle thermal conditions (4-50 °C), which have a minimal denaturing effect on the milk
protein fractions and changes in its sensory properties [2,4-6].

Among dry dairy products, spray-dried milk powder (MP) occupies a leading position in use terms
for processing in dry or reconstituted form in almost all branches of the food industry due to its high
nutritional value, transportability, long shelf life, etc. The quality and safety, as well as the technological
properties of the MP, undoubtedly depends on the products quality, in the recipe compositions of which it
is used [7-9]. By increasing the quality indicators (organoleptic, physicochemical, sanitary and hygienic)
of the MP and directionally forming its basic technological properties (heat resistance, cheese suitability,
solubility), it is possible to design its food and functional and technological profile, while using various
technological techniques and equipment, including baromembrane installations. One of the main stages of
MP production is the preliminary milk thickening (concentration) before it is fed to drying plants, which is
due to the efficient use of energy resources. In Russia, vacuum evaporators of various types are mainly
used for preliminary concentration, which dairy enterprises were massively equipped with in the
60s-70s of the last century. The development of membrane technologies makes it possible to introduce,
instead of vacuum evaporation equipment, modern baromembrane reverse osmosis plants, which reduce
the mass fraction of moisture evaporated during thickening, save steam and reduce energy consumption.
So, for example, the cost of removing 1 ton of moisture from a thickened mixture during vacuum
evaporation is 4.5 times higher than when using reverse osmosis. In this case, the water that has passed
through the membranes can be used at the enterprise as a diafiltration medium or process water for
washing equipment (except for finishing) [1,2,10].

The study of technical literature has shown that there is a demand for the incorporation and
structuring of modern scientific information, assessing the impact of various baromembrane technologies
on the formation and modification of the MP functional and technological properties and directly on its
quality.

Research goal. Analysis and information systematization on the influence of baromembrane
methods, integrated into the technological chain of MP obtaining, on its quality and functional and
technological properties.

Objects and research methods. The objects of the study were skimmed milk powder (SMP), dried
whole milk (DWM) and their milk systems reconstituted in water. The research was based on the
scientific postulates of the milk canning and membrane knowledge areas, regulatory, technological and
technical support in the MP production. The work uses modern approaches and methods of searching for
scientific and technical information using the current abstract and analytical databases of specialized
thematic publications and citations.

Results. MP production requires the reservation of a large raw milk amount, which, among other
technological manipulations, must be maximally cleared of contaminated microflora. An effective means
of arresting negative processes caused by bacterial cells in raw milk is MF, which reduces the total
number of microorganisms by an average of two to three orders of magnitude, removing 99.91-99.98% of
the initial content of bacteria and their spores. This effective method increases the beneficial effect of
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subsequent heat treatment on the remaining microflora. In this case, the temperature regimes can be
reduced to an acceptable minimum, which ensures the preservation of the functional properties of whey
proteins in the MP and an improvement in its quality [2,3,11].

The successful integration of MF methods into dairy products technology made it possible to separate
proteins of different molecular weights without chemical or thermal action, which makes it possible to
fractionate (or isolate) high molecular weight casein micelles (in the form of retentate) and low molecular
weight whey proteins (in the form of permeate) [12].

Researchers [13] carried out work on the use of MF for skimmed milk, in which the pH is lowered
from 6.7 to 6.2. As a result, the retentate contained 28% less calcium. At the same time, the SMP obtained
from such raw materials had better thermal stability (alcohol test resistance increased from II-IV to
II group) and solubility (by 30-40%). A further decrease in calcium mass fraction (up to 52%) led to the
appearance of an organoleptic defect - bitterness.

Other authors [5] made a conclusion about the advisability of a combination of MF and high-
temperature processing of raw milk to obtain MP, which, after recovery and coagulation with rennet,
forms a clot with increased water-holding capacity (by 20-30%).

Noteworthy are the studies of the MF at temperatures of 50-65 °C. The authors substantiate the
effectiveness of using these modes by reducing the microorganism’s growth in the retentate, increasing the
flow rate, and, as a consequence, reducing the membranes area, reducing energy consumption.
Researchers have found that an increase in temperature leads to a decrease in the concentration of casein
and whey proteins in the permeate. This may be due to the migration of B-casein back into the micelle, as
well as the association of B-lactoglobulin with casein micelles [14].

The work [15] studied the thermal stability of UF, NF and RO concentrates, as well as reduced to
25% mass fraction of dry substances of SMP samples obtained using these membrane technologies. It was
found that UF increases the pH in the retentate (from 6.61 to 6.70) through some solubilization of the
colloidal calcium phosphate, since calcium is lost in the permeate to restore balance. Conducting NF and
RO led to a drop in pH in retentates with respect to the original skimmed milk samples (from 6.60 to
6.54 and from 6.64 to 6.30, respectively). The decrease in pH at RO is due to the precipitation of a certain
amount of soluble calcium phosphate on the casein micelle. At the same time, the magnitude of pH change
for RO is greater than for NF. The highest increase in the content of ionic calcium in the concentrate
(almost 30%) was found at UF, this indicator remained practically unchanged for NF (about 1%), with RO
the increase in ionic calcium was only 10%. The values of active acidity and the ionic calcium content of
the reduced SMP-RO before heat treatment were the lowest (pH 6.44 and Ca®" 1.28 mM) in relation to the
reduced samples of SMP-NF (pH 6.53 and Ca** 1.36 mM) and SMP-UF (pH 6.68 and Ca** 1.79 mM). The
thermal effect on the reconstituted samples (sterilization at a temperature of 115 °C for 15 minutes)
showed the following results, which were assessed visually: SMP-RO gave weak coagulation of the
protein, SMP-UF formed a denser clot, SMP-NF had intermediate results - from stable system to weak
gelation or the presence of some protein flakes. To increase the thermal stability of SMP-NF, the authors
carried out experiments on adding stabilizers of sodium hydrogen phosphate and sodium citrate to
retentates, which at concentrations of 0.1% and 0.2% (respectively) led to a positive result. Were obtained
thermostable reduced samples, since the addition of stabilizers caused an increase in pH (from 6.52 to
6.59-6.62) and a decrease in ionic calcium (from 1.12 to 0.84-0.94 mM).

The study of the membrane technologies influence on the kinetics of concentrates rennet coagulation
is devoted to work [16]. Gelation by rennet occurs in two stages. At the first stage, the rennet cleaves the
Phe105-Met106 bond of c-casein, which, as the casein macropeptides are released, leads to a decrease in
the negative charge of micelles and a decrease in electrostatic repulsion. As a result, hydrolyzed micelles
become more prone to interaction and begin to aggregate, which is the second stage of the coagulation
process. As micelles aggregate, salt bridges are formed between them and a gel gradually forms. A shift in
equilibrium towards the first or second stage can significantly change the coagulation capacity of the milk
system. The authors obtained retentates when processing skimmed milk with RO, NF and UF with a dry
matter content of 22.08%; 20.38%; 14.09% and pH 6.31; 6.35; 6.57 respectively. The values of indicators
of the original milk were 9.21% and pH 6.64. The increased dry matter content in the samples treated with
RO and NF was achieved due to the higher lactose concentration (12.27% and 11.26%, respectively) and
ash (1.634% and 1.304%, respectively) in relation to UF (lactose 4.99%; ash 1.045%), which is explained
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by the filtration method. The initial lactose content of the skimmed milk was 5.38% and the ash 0.739%.
A high mass fraction of dry substances and low active acidity in the case of RO and NF contributes to the
improvement of coagulation properties (at their natural pH and the same rennet concentration): the
duration of coagulation is reduced, the rate of formation of a denser consistency increases, which is the
result of increased viscosity and higher ionic strength in these samples. In this experiment, in order to
determine the effect of baromembrane methods on rennet gelation, the active acidity for all retentates was
adjusted to pH 6.50. OO and NF concentrates had a longer coagulation duration (45.13 and 48.11 minutes)
compared to the UF samples - 24.10 minutes. Examination of all clots after 45 minutes rennet coagulation
showed the highest density in the UF samples (modulus of elasticity equal to 470 Pa). For NF and RO
concentrates, this indicator had values of 150 and 160 Pa, respectively. These values are the result of
increased viscosity and higher ionic strength, leading to disruption of enzymatic activity. Similar data
were obtained when developing model samples of cottage cheese and cheese using retentates recovered
after drying. There was also no significant difference in their raw material properties between NF and RO.
The SMP-UF samples were found to be more suitable for cheese making due to the higher content of
colloidal casein and ionic calcium.

Previously, the authors [17] published a study of SMP obtained using preliminary concentration in
the form of UF (up to 20% dry matter) and varying the modes of subsequent heat treatment (65-85 °C for
30 minutes to several seconds) and the values of active acidity (pH 6.4-7.0). The developed modified
SMP-UF had a higher protein content (by 30-40%) and a lower lactose content (by 10-20%). The use of
combinations of technological modes made it possible to obtain various types of dry products with certain
technological properties, namely, solubility, whipping, foaming, emulsification, various densities gels
creation, which expands the possibility of using SMP-UF in the production of fermented milk products,
cheese, ice cream, dairy desserts. So, for example, heat exposure (temperature 65 °C for 30 minutes) and
pH 6.4 leads to the strong gel formation; emulsifying ability decreases with increasing temperature at any
pH value in the range of 6.4-7.0; all recovered samples remain stable for 2 hours when heated to 100 °C.

Scientists [18] expanded their understanding of the UF effect on the quality and functional and
technological properties of dry products by the example of obtaining milk protein concentrates (MPC),
produced from skimmed milk and containing all protein fractions (52-55%) and their ratio as in the
original milk. The effect of pH on the operation of UF units and on such important properties of MPC as
emulsification, solubility and thermal stability was investigated. It was shown that a decrease in the pH of
skimmed milk from 6.7 to 5.5 significantly reduced the average size of casein particles (from 200 to
100 nm) and their zeta potential (from -32.8 to -27.6 mV), while increasing the emulsion activity index
(from 17 to 23 m?%g) and emulsion stability index (from 61% to 86%) of MPC. However, a decrease in the
size of casein micelles due to the calcium removal from them negatively affected membrane fouling. In
addition, the solubility of MPC dispersions and their thermal stability decreased with a decrease in active
acidity to 5.5 (from 77% to 32% and from 96% to 8%, respectively), but normalization of pH to
6.7 improved the technological properties of dispersions (possibly for by restoring the peculiarities of their
structure), increasing their values to 88% and 78%, respectively. The optimal mode for obtaining dry
product with improved technological properties without deteriorating the performance of the UF
membranes was chosen to have a pH of 5.9 at a temperature of 15 °C.

In work [19], the effect of NF on increasing the solubility of dry milk products is considered, since
this method of concentration involves carrying out the process at sufficiently low temperatures and
average operating pressure in addition to a high flow rate and selectivity of membranes (only polyvalent
annionic salts and organic molecules are transferred to the permeate) with a molecular weight of
0.5-1.0 KDa; losses of calcium and phosphate are also reduced). Milk protein is less exposed to heat as a
result, the retentate contains less denatured protein and, therefore, the dried product has increased
solubility in comparison with the MP obtained by the classical method. During vacuum evaporation, the
interaction of casein micelles increases, leading to compaction of the particles. During NF casein micelles
also aggregate, but no significant increase in size is observed. After NF, the microstructure of casein
micelles was practically not disturbed. The insolubility index at NF was 65% lower, which indicates an
improved solubility of MP-NF.

Whole milk is also subjected to membrane processing to produce DWM with certain technological
properties. For example, researchers [20] obtained dry products with a fat mass fraction of 26-59% using
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UF, which had specific features: reduced vacuole volume (from 7.0 to less than 0.1 ml/100 g), increased
particle size (from less than 50 to 121 microns), high free fat mass fraction of (26.0-95.5 g per 100 g of
fat), which made it possible to improve their quality when using such DWM in the production of chocolate
and chocolate products.

Thus, modern technologies of baromembrane separation are available for use at present in the dairy
industry - microfiltration, ultrafiltration, nanofiltration and reverse osmosis. The use of various
membranes and their combination, due to their selectivity, is a highly effective way to improve the
sanitary and hygienic indicators of dry dairy products. Also, fractionation of milk constituents using
membrane technologies allows the targeted formation of nutritional value and functional potential,
improving technological properties such as heat resistance, cheese suitability, solubility, etc. This opens
up the possibility of integrating dry products, primarily modernized milk powder, into the types of food
products, contributing not only to the optimization and improvement of production due to resource
conservation and efficiency, but also to improve the quality of the final product. There is no doubt that the
use of membrane technologies is promising for the production of skimmed and whole milk powder.

A.T. Kpyunnun, E. E. Unnapuonosa, A. B. buraesa, C. H. Typosckas
«byxkinpeceinik cyT eHIipici FeUIBIMU-3epTTey HHCTUTYTEDY DMAFM, Mackey, Peceii

BAPOMEMBPAHAJIBIK TEXHOJIOTUAJIAP — KYPFAK CYT OHAIPICIHJEI'T
BAKYYM-BYJAHJABIPYIbIH IIEPCITEKTUBAJIBIK BAJIAMACBHI PETIHAE

A.T. Kpyunnun, E. E. Unaapuonosa, A. B. buraesa, C. H. TypoBckasn
OI'AHY «Bcepoccuiickuii HayqHO-UCCIEI0BATENbCKUN HHCTUTYT MOJIOYHOMN IPOMBIIIUIEHHOCTI

BAPOMEMBPAHHBIE TEXHOJIOI'NU KAK IEPCITEKTUBHAS AJIbBTEPHATHUBA
BAKYYM-BBIITAPUBAHUIO B TIPOU3BOJCTBE CYXOI'O MOJIOKA

AnHoTanusa. B mepepaboTke MOJIOKa 3a MOCJIETHHE TOJbI HAXOIAT BCE OOJIBIIEE PACIPOCTPAHCHHUE TaKUE
OapoMeMOpaHHBIC TEXHOJOTHH, KaKk MHUKpO(MiIbTpanus, yinbrpaduibTpamus, HaHoQmwiIbTpamus, oOpaTHEIH 0cMOC,
KOTOPBIE WTPAIOT BAXKHYIO POJIb B MOJYYCHHH OC30MACHOTO ¢ MHKPOOMOJOTHYCCKOW TOYKH 3PEHUS MOJIOYHOTO
CBIPbs, CTAHAAPTHU3AIMU MAacCOBOW [0JiM Oelika, KOHIEHTPAIlMd W Pa3JIeJCHUS] COCTABHBIX YacTel MOJIOKA H,
0€3yCIIOBHO, SIBISIFOTCS aJIbTEPHATUBON TPAJUIIMOHHBIM POU3BOICTBEHHBIM dTAIIAM.

Cpenu Cyxux MOJIOYHBIX MPOJYKTOB CYXO€ MOJIOKO PACHbUIMTEIbHOW CYIIKH 3aHUMAET JUIUPYIOUIYIO MO3H-
LU0 10 00beMaM KMCIOJIb30BAHUS B MMOPOIIKOOOPA3HOM JIMOO BOCCTAHOBICHHOM BHJIE MPAKTUYECKH BO BCEX OTpac-
JISIX MUIIEBOH MPOMBIIUICHHOCTH 32 CUET CBOCH BBICOKOH MUILEBON [IEHHOCTH, IJIUTENbHBIX CPOKOB XpaHEHHS U IIp.
B cBsi3M ¢ 3THM OT KauecTBa U 0E30MACHOCTH, a TAKIKE TEXHOJOTMYECKUX CBOWCTB (TEPMOYCTOWYHMBOCTH, CHIPOIPH-
TOJHOCTH, PACTBOPHUMOCTH U IIpP.) CYXOrO MOJIOKA 3aBHCHT KAueCTBO MPOMYKIMH, B PEUCHTYPHBIX KOMITO3HIIUIX
KOTOPBIX OHO IIPUMEHSIETCS.

VYiydinasi opraHoJIeNTHYCCKUE, PU3UKO-XUMUYECKUAEC, CAHUTAPHO-THTMEHUYECKUE MTOKA3aTelIl CyXOro MOJIOKa
W HaIpaBICHHO (POPMHPYS €r0 OCHOBHBIC TEXHOJIOTHYCCKHE CBOWCTBA (TEPMOCTAOMIBHOCTBH, MPUTOMHOCTH CHIPA,
PacTBOPUMOCTE), MOKHO CIIPOSKTUPOBATh €TO IMUMIEBOH U ()YHKIIMOHATHHO-TEXHOJIOTUICCKUHN PO, UCTIOIB3YS
OapoMeMOpaHHBIC YCTAHOBKH B MPOIIECCE MOIYICHUS CyXOro MOJIOKA.

Ha ocHOBe u3y4eHusl CrieHUaTM3UPOBAHHON HAYYHO-TEXHUYECKOI TUTEpaTyphl B CTAThe MPEICTABICH aHAIIU3 U
cucTeMaTH3alusi WHPOPMAIMU O BIMSHUM 0apOMEMOPaHHBIX METOJ0B, MHTETPUPOBAHHBIX B TEXHOJIOTHYECKYIO
LEMOYKY MOJYyYEHHsI CyXOT0 MOJIOKA, Ha €ro KauecTBO U (PyHKIMOHAILHO-TEXHOJIOTHIECKUE CBONCTBA.

KiloueBble cjioBa: MeMOpaHHBIE TEXHOJOTHH, OapoMeMOpaHHBIE METOJBI, CyXO€ MOJIOKO, KauyeCTBO, CBHIPO-
MPUTOTHOCTb, TEPMOYCTOWYHNBOCTD, PACTBOPUMOCTb.
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