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Abstract. The article presents the results of a study oreffext of concentration methods used in
the dairy industry as a preliminary stage of milickening before spray drying on the technological
properties of powdered milk. Powdered milk (PMaisvidely used ingredient implemented in the
production of various types of food products in dryreconstituted form; the quality of the finished
product depends on its condition and technologmalperties. One of the significant factors
influencing the quality characteristics of the lighnt and the formation of its technological
properties are the processes used in its manuégdhaluding the obligatory production stage such
as preliminary concentration (thickening). The gtud scientific and technical materials revealed
the demand for updating knowledge and structunivigrmation that considers the effect of various
concentration methods on the quality of PM. Théofeing methods are considered in this study:
vacuum evaporation, hyperfiltration, and cryocori@ion. Their brief description is provided.

CIIOCOBBbI KOHIIEHTPUPOBAHUA U UX BJIMSAHUE HA
TEXHOJIOTUYECKHUE CBOMCTBA CYXOI'O MOJIOKA

Anwvinosa A.M., Cmaunoea A.T., Hacpynnun I' Ill., Myxamaoueea K K.
Anmamunckuti mexnonocuyeckull ynusepcumem, Aamamot, Kasaxcman

KoueBbie c10Ba: cyxoe MOJIOKO, THIIEpGUIbTPALUs, Ka4eCTBO, BAKyyMHOE HCIIapeHue, 00paTHBIN
0CMOC, JUCHEPrUPYEMOCTh, KPUOKOHIIEHTPALIUL.

AnHoTanusi. B crarbe npuBeneHBl pe3yJbTaThl HCCIIENOBAaHMS O BIMSHUM HPUMEHSEMBIX B
MOJIOYHOH HPOMBINIIEHHOCTH CHOCOOOB KOHIEHTPUPOBAHUS B KaueCTBE NPEABAPUTEILHOIO dTara
CTYIIEHHS MOJIOKA TIepe/T PacTIbUTUTEIHFHOMN CYIIKONW Ha TEXHOJIOTUIECKHE CBOMCTBA CyXOT'0 MOJIOKA.
Cyxoe wmomoko (CM) sBiseTcss MIMPOKO TPHUMEHSEMBIM WHIPEIUCHTOM, HCIOJIb3YEMBIM B
MPOM3BOJICTBE PA3IUYHBIX BHIOB NHIIEBHIX MPOAYKTOB B CYXOM HJIH BOCCTaHOBIIEHHOM BHIE, OT
KOHIWITNHA U TEXHOJIOTHMYECKIX CBOWCTB KOTOPOTO 3aBHCHUT KaueCTBO TOTOBOM MpoxyKuuu. OgHIM
W3 3HAYNMBIX (PAKTOPOB, OKAa3BIBAIOMIMX BIHMSHHE Ha KadeCTBEHHbIC XapakrtepucTuku CM u
(hopMupOBaHHE €T0 TEXHOJOTHUECKUX CBOWCTB, 0€3yCIOBHO CUMTAIOTCS MPOLECCHI, HCIOIb3yEeMbIC
IIPU €r0 M3TOTOBJICHHH, B T.4. TaKOH 00s3aTeIbHBINA IIPOU3BOICTBEHHBIN 3Tall, KaK MMpeBapUTeIIbHOES
KOHIIeHTpupoBaHue  (cryiieHue). M3ydeHHe HAayYHO-TEXHHUYCCKUX MATEPHANIOB  BBISBHIIO
BOCTPEOOBAHHOCTb B OOHOBJICHUM 3HAHMH M CTPYKTYPUPOBaHMM MH(OPMALMH, pacCMaTpHBAIOIIEH
BIMSHUE DPA3JIMYHbIX METOJOB KOHLEHTpUpoBaHMs Ha kauecTBO CM. PaccmoTpeHsl ciepyromue
CIIOCOOBI: BaKyyMHOE HcCHapeHue, runepQuibTpanusi, KpHOKOHIEHTpHpoBaHue. [IpuBeneHO uX
KpaTKoe OMHCaHUe.

Introduction. The quality and safety of any finished food prodticstly
depends on the composition and properties of tivennaterials; secondly, on their
efficient processing using traditional, modernizeghodern and innovative
technologies, as well as its proper storage cantiti
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Powdered milk (PM), having a high nutritional valdee to its macro-and
micro components, various functional and technalalgproperties, long shelf life,
is widely used as a raw ingredient in many foodustdes. The “lifetime”
formation of PM indicators determines its technadaband economic feasibility of
application.

In the process of industrial production of lubritsgnone of the mandatory
technological operations preceding the stage o&ysmrying is concentration
(thickening), i.e. removal of part of the moistuiem the original milk raw
materials to achieve the required mass fractiosatifis. Carrying out the drying
process without prior concentration is not econathcfeasible. For example,
while thickening the milk using vacuum evaporatdle steam consumption for
evaporating 1 kg of moisture is 0.5 kg, and it i5-2.5 kg while spray drying. In
addition, the PM produced without pre-concentratitblas worse quality
characteristics than the product produced withugeof thickening [1].

Concentration is carried out using various equipmiesised on physical
methods, which allow us to preserve all the notmigl properties of the constituent
parts of milk and their ratio as much as possilolé 8 produce practically only
moisture removal. However, many domestic and foreydies have established
that the main structural and functional transfoiore in raw milk occur before
drying; in other words, it occurs at the stagebea#t treatment and concentration.

With regard to PM, there are three concentrationhods that are mainly
used (vacuum evaporation, hyperfiltration, and coymentration), each of which
has its own technical and technological advantagesdisadvantages.

Vacuum evaporation (VE — evaporation under vacumour country is the
most common method of thickening milk since in tast century it was the
massive equipment of milk canning plants with pesgive vacuum evaporators of
various designs and performance, including suppligh the drying equipment.
Due to an artificially created vacuum, with thisthaa, intensive boiling of milk
occurs at lower positive temperatures (30cg0han the boiling point of milk at
atmospheric pressure (100.2-10Q.6°

The free moisture from the boiling milk turns ingteam; it is then
continuously removed from the boiling zone. In ttése, the concentration of milk
solids reaches 40-52%. With water vapor, not omlgasirable odors of feed or
other origin are removed, but also some of thevaadromatic substances and low
molecular weight fatty acids are also removed @@A3% of the original amount)
[2, 3].

Hyperfiltration (HF — based on the phenomenon géree osmosis) consists
of filtering milk at rather low positive temperats of 4-50 °C and a pressure of 3-
6 MPa through membranes with a pore size of 10-3-1®. As a result, water
without phase transformations is extracted fromkmsystems. In the absence of
undesirable thermal effects, the integrity andosatof the constituent parts are
maintained, and there is also no loss of volatiéeydr compounds. HF allows
concentration of solids for whole milk up to 18%gdaor the skimmed milk up to
30-35%. This method of preconcentration is prongisin the production of
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lubricants in addressing the problem of the need gderiodic cleaning and
replacement of filter elements, as well as redutiagy cost [4].

Cryoconcentration (CC — freezing water) allows aismnaximize the original
properties of raw milk through the use of a prodbss takes place at relatively low
negative temperatures (from 0 to minus@0®Part of the free moisture in the milk
is frozen out, and the resulting ice crystals amoved. The improvement of the
CC technology and the hardware design of cryocdnatems makes it possible at
present to create high-performance equipment altiesnto vacuum evaporators
and membrane plants with the lowest possible losdesolids (less than 1%,
consisting mainly of lactose and minerals), whidhe to the exclusion of thermal
effects, does not lead to significant biochemit¢enges and allows us to save heat-
labile components of milk as proteins and aromatimpounds. With CC, the mass
fraction of solids increases to 25-40%.

The study of specialized literature showed thatethe a demand for updating
knowledge and structuring modern scientific infotiora that evaluates the impact
of various concentration methods on the qualiti?®f. [5]

The aim of research. Analysis and systematization of information on the
effect of concentration methods used in the daidpstry as a preliminary stage of
milk condensing before spray drying on the techgiola properties of PM.

Results and discussion. The composition of lubricants, the size and shape
dry particles, solubility, dispersibility, wettalty, and other factors have a
significant impact on such basic technological dghctional properties as
reducibility, thermal stability, and cheese suliliapi

The study of the composition of skimmed milk pow(feMP), obtained using
VE, HF and CC, indicated that all methods of cotr@ion provided a product of a
standardized physical and chemical composition wwitss fractions of moisture
(2.46%; 1.92%; 3.5 %), fat (1.3%; 1.2%; 1.4%), pmot (36.27%; 36.16%,
36.10%), and lactose (54.5%; 54.0% ; 52.0%) respdyt At the same time, the
difference between SMP-CC in terms of lactose aurftem SMP-VE and SMP-
HF was noted. The reason behind this process istime of it was removed with
the ice fraction, while the VE and HF processesadbinfluence the distribution of
lactose between the condensed milk and the moisam®ved. As for ash, the
researchers did not observe significant deviationgs content in all samples of
SMP (6.7+0.3%) [6].

Similar trends were obtained for whole milk powd&/PM). It was also
noted that, regardless of the degree of concenitratie fat remains in the emulsion
state, and if no destabilization of the fat emuisis detected before thickening,
then no new structure of the fat phase is formdmseguently. Fat globules come
together, but they do not stick together.

An analysis of the PM microstructure using scannghgctron microscopy
revealed a discrete structure of powders using MEHF, while CC promoted the
formation of predominantly agglomerated particlBise study of the granulometric
composition of SMP showed that SMP-VE is charazéetiby a smaller average
particle size (70 um) than SMP-HF and SMP-CC (105.u
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It should be noted that the above results are stamgi with the literature,
including both experimental and industrial data: P&tticles obtained by spray
drying usually have a diameter of 10 to 250 micrevisich depends not only on the
composition and properties of the original milk,t also on the heat treatment
procedures and pre-concentration. During the timiclge process, the proteins
increase in size and contribute to an increasdenviscosity of the concentrates
before drying. The PM particles also become coaasethe degree of thickening
increases, and when the concentration is insufficithe particle sizes become
minimal with the inclusion of a large amount of, auhich initiates the development
of negative oxidative processes in the PM durimgagie. In addition, the authors
made an assumption that it is the temperature efathentering the drying tower
that has a more intense effect on milk concentratgla the help of HF and CC,
since these two methods include lower temperatimregrocessing the initial milk
during thickening, which practically do not afféke protein fraction [7].

In the samples restored to a solids content of 2B8re was revealed a
monomodal distribution of casein micelles with aesiof 70-400 nm, which is
commensurate with the size of micelles in raw milke largest average size was
observed in reconstituted milk using CC (190 nmpiilev for VE and HF, this
indicator had a value of 164 nm. This is due toft#at that CC reduces the size of
casein micelles, which, under the influence of ldeaing the drying process, easily
agglomerate, forming larger particles consistingdehatured whey proteins and
casein micelles. The authors also determined tiatirteversible denaturation of
the main whey proteing3{lactoglobulin andu-lactalbumin) occurs mainly during
the heat treatment preceding the thickening stagel, thus, the effect of
concentration on their denaturation is consideredmal.

The paper presents similar studies of the prioatiect on the thermal
stability and cheese suitability of PM of heat tneant before concentration and
drying. The toughening of temperature effects otk rmystems before thickening
leads to a progressive increase in the denaturaifowhey proteins and the
enlargement of casein micelles, which contributeshe production of a heat-
resistant PM with a weak gel-forming ability.

An important characteristic of protein thermal #igband gel formation
strength is the zeta potential, the value of whikhnfluenced by the calcium
content; the removal of some of its amount fromknslstems improves their
thermal stability. The data obtained by the authdics not show any significant
differences between the restored samples using-NEand CC (-28.2; -26.6; -27.1
mV, respectively). However, the researchers foulnad the use of CC before drying
contributed to the partial loss of calcium with the fraction and the formation of a
weaker gel compared to dense gels obtained usingaME HF, during which
moisture is removed in the form of steam or pureewd he authors present data on
the thermal stability of PM obtained using HF, whmontributed to the maximum
retention of ionic calcium 1.25 + 0.02 mM in théemrgtate and a decrease in active
acidity (pH 6.30 £ 0.04), which negatively affectdte thermal stability of the
system.
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Solubility is the basic criterion for assessing thelity of lubricants; it is
characterized by a complex physical and chemicatgss that depends on many
factors (the structure and composition of the nt@imponents, process conditions,
etc.). The solubility of PM is closely related toneulative changes in the protein,
crystallization of lactose and the ratio of iis and B-forms @-lactose is more
soluble), recovery conditions, etc. Powdered dphgducts are considered almost
completely reduced if their solubility index is a@099%, in other words, the
content of insoluble sediment should not exceed T#e maximum solubility
values for PM-VE, PM-HF, and PM-CC were 91, 94, &8, respectively. The
best solubility of PM-CC is due to the agglomenated PM particles and a lower
content of mineral substances.

With the help of dispersibility, the instantaneowesovery of PM during
rehydration is assessed. WMP is considered to bedmpersible if its index is
above 85%, and if SMP is above 90% (with the imprognt of the drying process,
a value above 95% will be considered ideal). Disibdity depends on the
granulometric profile of the powder, drying paraerst reduction conditions, etc.
Determination of the dispersibility of SMP showexvl values: 65% (VE), 69%
(HF), 74% (CC), which means that thickening methadalsiot affect this parameter.
However, all types of milk with a particle size 5 nm had a good dispersibility
index (92-93%), which decreased with increasing.siz

Wettability is the ability of the PM to sink intoater, i.e. to absorb it on the
surface. In this case, we can obtain swelling arsgotution of proteins. The
wettability is mainly influenced by the lactose tamt, size, porosity and capillarity
of dry particles, as well as reduction conditioes;. PM is considered to be
perfectly wettable if this indicator does not exte#-30 s. The indicated values
correspond to instant PM. The paper presents thidtseof wettability of SMP:
2060+35 s (VE), 2030+33 s (CC), 2010+28 s (HF). Tke of HF contributed to a
slightly better wettability; however, taking intoca@unt the error values, the
differences in indicators are leveled and all typemilk can be classified as poorly
wettable and attributed to conventional PM, whishmass-produced by dairy
canning enterprises [7, 8].

Conclusion. In the process of pre-concentration of raw milkrimig the
production of PM, complex physical, physico-cherhiad biochemical processes
occur that affect the functional and technologalperties of the finished product.
Currently, VE is effectively used for the manufaetwf all types of milk powder
(skimmed, partially skimmed, and whole). HF and @@ used mainly in the
development of SMP. The studied types of precomatah (VE, HF, CC) ensured
the production of PM standardized in terms of ptgsihemical composition. CC
made it possible to develop a product consistinggglomerated particles, which
contributed to better solubility compared to the wé VE and HF. None of the
types of thickening had any significant effect ba tispersibility and wettability of
PM. The thermal stability of PM was also almost g@me with some minor
differences while using CC. The heat treatment figefoickening and drying has a
dominant influence on the thermal stability andegeesuitability of PM.
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Further study of the characteristics of milk cortcaties in the production of

PM obtained by various methods, especially in m@ato the WMP (due to
insufficient data at the moment), will expand thederstanding of the effect of
concentration on the quality of dry dairy products.
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