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Abstract. The properties of many dairy products with high levels of dry matter and lactose directly
depend on the crystallization of lactose, which is a key component. To control these properties and achieve
the desired parameters, the process of lactose crystallization is often used. In this paper, data on the
granulometric composition of seeding materials used to manage the lactose crystallization process in dairy
raw materials are presented. Measurements of particle sizes are performed by laser diffraction on
microcrystalline lactose, powdered sugar, and a liquid crystallizer based on sucrose. It was found that the
seeding materials have different particle sizes. The liquid crystallizer is distinguished by its greater
uniformity and convenience of dosing, but its use does not significantly affect the crystallization rate.
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Annomayus. B monounvix npodyxmax, Xapaxmepusyiouwuxcsi 6biCOKOU MAcco8ol 0oaell CyXux
6ewecms U 3HAYUMETbHLIM COOEPAHCAHUEM JIAKMO3bl 6 CYXOM OCHAmKe, C80UCMEd NPOOYKMO8 8
SHAYUMENLHOU CMeneHu 00YC08NIeHbl CIMEeNeHbI0 KPUCMALIU3AYUY U PA3MEPOM KPUCMALILO08 JIAKMO3bl,
AGNAOWEUCS OOHUM U3 KII0UEBbIX KOMHOHEHMO8 MON0YH020 cbipbs. C yeavlo obecneuenus 3a0aHHbIX
Xapaxmepucmux 6 npou3800CMEEHHbIX NPOYECCax 3a4acmyr0 NPUMEHIemcs KPUCALIU3AYUs 1aKmo3ul.
Hacmoswas cmamus codepoicum ceedenust 0 2panyiomMempuieckom cocmage 3ampasouHblx Mamepuaios,
noxyuenHble 8 pe3yibmame aazepHo2o oupparyuonno2o anaiuza. Ilpeocmasnena meopemuueckas mooeisb
071 8b100pA NOOX00AULE20 MAMEPUANA, d MAKIHCe IKCNEPUMEHMATbHbIE OaHHble, NOOmeEepicoayue ee
coomeemcmsue. B xauecmee 06vekmos uccnedosanus ObLIU GbIOPAHBL METKOKPUCMALIUYECKAs 1AKMO3d,
caxapHas nyopa u HeuoKull KpUCmaiiooopazosamens Ha ocHoge caxaposwl. Ilokazano, umo 3ampagoumvie
Mamepuanvl OMAUYAIOMCS NO  PA3MepAM YACmuy, Npu 3MOM IHCUOKULL KPUCMALI000pa306ament
xapaxmepu3zyemcs Hauborvulell 00HOPOOHOCHIBIO U YOOOCMBEOM 003UPOBANUS, XOMS €20 UCHONb308AHUE He
NpUBOOUM K CYUJeCMEEHHbIM USMEHEHUAM 8 OUHAMUKE KPUCMALTUZAYUL.

KiroueBble cjioBa: J1aKTO3a, 3aTPaBOYHBIA MaTepHall, KPUCTAUIM3allMs, TPaHYJIOMETPUYCCKUM
COCTaB

Jnsa uutupoBanmsi: Eeookumos U. A., Kynuxosa U. K., Ipuoun A. C., Xazoe /[. C., I'opouenko
JI. A. Cpasnumenvroe ucciedosanue epaHyioMempuiecKoe0 cOCmaea 3ampagoyHblX MAamepuanos,

UCnoab3yiowuxcs npu kpucmaniuzayuu aaxmo3swl // Cospemennas nayxka u unnosayuu. 2025. Ne 1. C. 82-
89. https://doi.org/10.37493/2307-910X.2025.1.7

Introduction. Lactose is one of the main components of dairy raw materials, therefore its
phase state, or more precisely the degree of crystallization and the size of the crystals, have a great
influence on the properties of many dairy products, especially with a high mass fraction of dry
matter and a significant lactose content in the dry residue [1-4].

The type of product determines the required size of lactose crystals and, accordingly, the
modes of its crystallization. For example, lactose crystals larger than 15 pm are the cause of the
consistency defect of condensed milk with sugar. When producing dry whey and dry permeate, it
is generally recommended to crystallize lactose in the condensed product before drying until
crystals are obtained, most of which are 50-100 pm in size. This allows obtaining a non-
hygroscopic product in which crystalline lactose will predominate [1]. In turn, when producing
crystalline lactose, the crystallization process is aimed at obtaining sufficiently large crystals for a
more complete separation of the crystalline fraction from molasses.

In industry, the process of lactose crystallization is usually implemented by controlled
cooling of the thickened raw material using modes that allow obtaining crystals of the required
sizes with the highest possible degree of lactose crystallization.

Thus, when preparing lactose-containing raw materials for spray drying, the cooling regime
includes an initial period of rapid cooling to approximately 30 °C, followed by a period of slow
cooling to approximately 15 °C [12-16]. Rapid cooling increases the rate of lactose crystal
formation, while slow cooling promotes crystal growth [17]. The size of the forming lactose
crystals is controlled by targeted adjustment of the cooling temperature regime parameters. In
particular, smaller crystals are formed when rapid cooling to lower temperatures is performed [18—
20]. With a long-term slow cooling regime, it is possible to obtain larger lactose crystals [21].

In addition to cooling conditions, the lactose crystallization process is also affected by other
factors, including viscosity, temperature, pH and composition of the raw material, the presence of
minerals, acids and other impurities, etc. [16, 17, 19]. The type of nucleation (primary or
secondary) has a significant effect on the crystallization process. Homogeneous nucleation,
characterized by spontaneous formation of nuclei, occurs when the temperature of the
supersaturated solution decreases [9]. The presence of impurities in the solution containing lactose
causes heterogeneous primary nucleation, in which lactose molecules are adsorbed on the surface
of the impurities [14]. This process is characterized by reduced free energy required for nucleation
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[9]. In addition to non-crystalline impurities, seed materials such as microcrystalline lactose and
sucrose can act as centers of heterogeneous nucleation.

The size of the seed material crystals has a significant effect on the morphology and size of
the lactose crystals formed in the product. Therefore, when choosing a crystal former, information
on the granulometric distribution of the seed material can be one of the determining factors in the
formation of crystals with specified size characteristics.

Materials and research methods. The purpose of the study of seed materials is to evaluate
its granulometric composition, which allows choosing a crystal former that provides the process
of lactose crystallization.

Theoretically, the criterion for selecting the seed material can be substantiated as follows.
Let us assume that after introducing seed crystals into the thickened raw material, the process of
crystallization of lactose from it occurs only on the surface of these crystals [5].

To develop a mathematical assessment model, we introduce the following notations:

1, um average characteristic size of filling crystals;
) h, um average (desired) characteristic size of the final crystals;
) M, kg mass of raw material - condensed permeate of cheese whey
) m, kg mass of seed crystals;
) n— number of seed crystals;
C,% lactose concentration in raw materials;
) B, % degree of crystallization of lactose

Research results and their discussion. During the crystallization process, the growth of
seed crystals must be carried out in such a way that their final mass is equal to the mass of
crystallized lactose, corresponding to its value for a given final cooling temperature of the raw
material.

The mass of crystallized lactose M |can be expressed in two ways (formulas 1 and 2).

M,=MXC XB, (D

M,=nXK X h®—m, (2)

where K is a proportionality coefficient depending on the density of lactose and its form
factor at the final stage of crystallization.

Similarly for finely crystalline lactose

m=nxkxI3 ®)

The coefficients K and k differ in magnitude due to the difference in the values of the
corresponding form factors. Indeed, for finely crystalline lactose, obtained, for example, using a
colloid mill, the shape of the crystals may differ from the shape of the crystals at the finishing
stage, as a result of which the ratio between size and volume may differ significantly for them.

Let us now consider the expression

m nxkxIi3

M, nxKxh3+nxkx 3 )
Since by meaning m <« M, then formula (4) can be simplified

m _nxkxP ko z>3 )

M, nxKxh3® K (h ’

The ratio gdepends only on the values of the form factors of lactose crystals at the initial and

final parts of the crystallization process.
Using formula (1), expression (5) can be expressed as
84
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m m _k o (1)3 )
M, MxCxB K \h/’
Where
" _exnx(K)x (L) )
M K} \n) "’
In formula (7) the most difficult parameter to determine is the form factor F
k
F=s €))

When used systematically as a seed of one type and one batch, the F value can be taken as a
constant.
Then, using formula 7, the permissible value [can be expressed as follows:

3 m X h3
= ) 9)
MXCXBXF

With a given percentage of introduction of seed material to the raw material (ratio m / M)
of 0.01%, concentration of lactose in the raw material ( C ) of 55.0% and minimum degree of
crystallization ( B ) of at least 80.0%, expression (9) will take the following form:

3| 0,0001 x h3 0,06 X h
l = =— (10)
0,55x0,80 X F VF

If we assume that the seed material used was not milled and is crystalline lactose, then F can
be taken as close to one.

Thus, the proposed model allows for a preliminary assessment of the suitability of the seed
material for use in the process of producing dairy products with preliminary crystallization of
lactose.

For example, to obtain crystallized permeate with the crystal sizes recommended [23], h =
(50 — 100) wm, the minimum size of seed crystals should be about 3.0 um, and the maximum 6.0
um. Accordingly, if the goal is to obtain larger lactose crystals, the maximum value of seed crystals
can be larger. Obviously, the size of seed crystals will be especially critical if it is necessary to
form small crystals. If the main target parameter is the maximum degree of crystallization, then
when choosing a crystal former, the emphasis can be shifted to the functional and technological
characteristics: homogeneity, granulometric composition of the product.

The objects of the study were seed materials used in studying the crystallization process
under industrial conditions. Fine-crystalline lactose or fine-crystalline milk sugar are finely ground
lactose crystals. This is a sweetish white, free-flowing powder without odor. According to GOST
33567-2015 "Milk sugar. Specifications™, 70.0% of lactose crystals in the product should be (3 -
4) um in size, the maximum size of individual crystals can reach 10 um. Powdered sugar, according
to GOST 33222-2015 "White sugar. Specifications”, is finely ground sucrose crystals, the size of
95.0% of which crystals should not exceed 200 um. This is a sweet white, free-flowing powder
without odor, highly soluble in water. The liquid crystal former according to TU U 15.8-22942814-
025:2006 is a suspension of homogeneous sucrose crystals in a liquid phase, stabilized by a food
surfactant [6].

For a comparative assessment of crystal formers, taking into account the mathematical model
developed above, a comparison was made of the granulometric composition of fine-crystalline
lactose from two Russian manufacturers, Russian-made powdered sugar, and the imported liquid
crystal former “ESTER-K”. A diagram of the comparative analysis of the granulometric
composition according to the method [23] is shown in Figure 1.

[
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Figure 1 — Diagrams of differential distribution of seed material particles by size

According to the results of laser diffraction analysis (Fig. 1), the particle size distribution in
all samples of crystal formers can be described as asymmetric, since the average diameter D soand
modal D mode for all samples differ significantly (p>0.05). Thus, for fine-crystalline lactose sample
1, these parameters are: D so = (31.37+0.23) um, D mode = (43.51+0.17) pm, for fine-crystalline
lactose sample 2 - D 5o = (50.87£0.28) um, diameter — D mode = (54.92+0.15) um, for powdered
sugar - D so = (15.1440.05) um, diameter — D mode = (13.58+0.13) pum, for liquid crystal former -
D 50=(9.86£0.08) um, diameter — D moge = (10.77+0.12) pm.

For a more visual comparison, the diagram (Fig. 2) shows the characteristic particle sizes of
each seed material: diameters characteristic of 90%, 50.0% and 10.0% differential particle
distribution.

Particle diameters, pm
{integral distribution)

Microcrystalline lactose 1 Microcrystalline lactose 2 Powdered sugar Liquid crystal former

Figure 2 — Characteristic particle sizes of seed materials

The presented data show that the seed materials are quite heterogeneous in size. For example,
D g0 in the fine-crystalline lactose samples 2 exceeded the target sizes of lactose crystals
recommended for the technologies of concentrated permeate and concentrated whey [1] . In sample
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1, the particles approached 100.0 um. At the same time, the sizes of most particles in these samples
(Fig. 1) shifted to the region of (40.0 — 70.0) um, and the proportion of particles with a size of up
to 10.0 um in fine-crystalline lactose sample 2 was about 3.0%. For comparison, this indicator for
fine-crystalline lactose sample 1 was about 19.0%, and for the liquid crystal former about 48.0%.
The smallest sizes of seed crystals (Fig. 1, Table 1) were in the liquid crystal former.

It can be noted that the results of a comparative assessment of the use of all three types of
seed materials in the technology of dry permeate of spray drying [6] showed that the replacement
of the crystal former did not lead to significant differences in the dynamics of the lactose
crystallization process. This did not allow us to draw certain conclusions on the recommendations
for the preferred use of one or another crystal former, but technically the use of a liquid crystal
former was more convenient, since the liquid form allows better control of the dosage and
introduction of the seed.

Conclusion. The analysis of the obtained data allows us to conclude that the most effective
seed material for the nucleation of small lactose crystals is a liquid crystal former. However, even
with the target task of obtaining large lactose crystals, the use of a liquid crystal former may be
preferable due to the ease of administration and dosing accuracy. Due to the lack of domestic
production of this seed material, the development of its analogue using lactose-containing raw
materials seems to be a promising direction.
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HNH®OPMALIUSA Ob ABTOPAX

HNBan AnekceeBud EBIOKMMOB — JOKTOp TEXHYHECKHUX HAYK, MPoeccop, WIEH-KOPPECITOHIEHT
PAH, 3aBenyromuii 6a30B0if Kadenpoi TEXHOTOTHH MOJIOKA H MOJIOYHBIX TIPOITYKTOB, TIaBHBIA HAYJIHBIH
COTPYIHHMK HAy4YHO-HCCIIENOBATENbCKON 1a00paTopuy MHUIIEBOH M IPOMBIIUICHHOM OMOTEXHOJOTHH,
(hakynbTeT THUIIEBOM WHXXEHEpMH W OmoTexHomornii mMeHW akagemuka A.I'. Xpammosa, CeBepo-
KaBka3sckwuii penepanbhbiii yausepcuter, +79624030847, ievdokimov@ncfu.ru

Hpuna KupunnoBua KynankoBa — KaHIUIAT TEXHUYECKUX HayK, AomeHT, CeBepo-KaBkasckuit
(denepanbHBIl yHUBepcutTeT, HayuHo-mccriemoBaTenbckas abopaTopus THUIIEBOW W MPOMBIIUICHHON
OMOTEXHOJIOTHH, CTAPIIHIA HAYYHBIA COTPYAHUK, +79282850475, kik-st@yandex.by

Anexcauap Cepreesuu I'puaun — acnimpanTt, CeBepo-KaBkasckuii (hemepabHBIN yHHBEPCUTET,
+78652998988, a.gridin@dmprocess.ru

JAvutpuii CepreeBuu Xa3zoB — acnmpanT, CeBepo-KaBkasckuil ¢enepanbHBIi yHHBEPCHTET,
479815002471, dmitrii5114@mail.ru

Jwamuia AnexcanapoBHa I'opaMeHKO — KaHIUMIAT TEXHUYECKUX HayK, AoueHT, Cesepo-
KaBka3sckwii enepanbhbiii yauusepeuter, +79187554732, gordiyenkola@yandex.ru

Bknax aBTOpPOB: BCe aBTOPHI BHECIH PaBHBII BKJIAJ B IIOATOTOBKY ITyOJIMKALIH.

KoH}IUKT HHTepecoB: OJMH U3 aBTOPOB CTaThH — JOKTOP TEXHHYECKUX HayK, npodeccop U. A.
EBIOKMMOB sBiI€TCS WIEHOM pEJAKUMOHHOTO COBETa M PEJAKLMOHHOW KOJJIErHMHM JKypHana
«CoBpeMeHHasi HayKa M WHHOBalMM». ABTOpaM HEHM3BECTHO O KAaKOM-TMOO IPyroM IMOTEHIHAIBLHOM
KOH(JIMKTE MHTEPECOB, CBI3aHHOM C 3TOH PYKOIHCHIO.

Cratbs noctynuia B pegakiuto: 23.01.2025;

ono0peHa nocie perensupoanus: 07.04.2025;
npuHsaTa K myonukanuu: 15.04.2025.
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