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Subject. Analysis of structural-mechanical and technological characteristics of powders of a number of
bacterial preparations that were obtained by spray drying. Purpose. To investigate the influence of
physicochemical, rheological properties of biosuspensions and their drying conditions on the structural,
mechanical and dispersion characteristics of powders of a number of bacterial preparations. Methods. The
objects of the study were biosuspensions of bacterial preparations, such as Lactin-K, Bifacyl, and BPS-44R,
consisting of bacterial cell biomass and protective medium (PM) components. Food-grade soluble substances,
including skimmed milk powder (SMP), sugar, and gelatin, were used as the PM. To obtain the powder form
of the bacterial preparations, laboratory and industrial spray dryers equipped with various types of spraying
devices were used. Results. The studies have shown that powders have a high level of dispersion: the particle
size range is 2—40 um, and the average particle size is 6-18 um; powders are hygroscopic, lack sufficient
flowability, and have a low bulk density of 360-550 kg/m3. The study investigated the influence of the following
factors: the temperature of the biosuspension before feeding into the spray chamber, the weight ratio of
biomass to protective medium in the biosuspension, and the drying temperature regime on the average particle
size of the powder. Microstructural analysis established that the use of a pneumatic nozzle promotes the
production of a powder with an average particle size 1.8 times smaller than that obtained using a centrifugal
disc sprayer (model Ts-18). When studying the effect of different disc device types, it was found that dispersion
with a high-speed disc (TsV-1.5-36, n=36,000 rpm) also contributes to a reduction in particle size by
approximately 2 times compared to using a disc with a lower rotation speed (Ts-18, n=18,000 rpm). Scope of
the results application. The research results can be used to determine methods that contribute to improving
the qualitative characteristics of bacterial preparation powders obtained by the spray drying method.
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IIpeomem. Ananiz cmpykmypHO-MexaHiyHux ma MexHONO2IYHUX XAPAKMEPUCUK NOPOUIKIE HU3KLU
bakmepianvHUX npenapamis, OMpPUMAHUX MeMOOOM PO3NUNIOEAIbH020 cywintsi. Mema. /locrioumu eénnue
Di3uUKO-XIMIUHUX, PEONO2TYHUX lacmueocmel] OIoCyCnensilt ma YMo8 ix CYWiHHs Ha CMPYKIMYPHO -MeXAaHiuHi
ma OUCNepCHI Xapakmepucmuku nopowiKie Husku oOaxmepianrvhux npenapamie. Memoou. OO0 ekmom
oocnioocens  Oynu  Oiocycnensii  baxmepianvhux npenapamis: Jlakmun-K, bBichayun, BIIC-44P, wo
cKknaoaromscs 3 biomMacu OakmepiaibHux Kiimun ma Komnonenmie saxucho2o cepeoosuua (3C). Ak 3C
BUKOPUCMOBYIOMb XAPYOSL PO3UUHHI pevwosunu. cyxe snedxcupene monoxko (C3M), yykop, owcenamun. Jns
OMPUMAHHS NOPOWKOBOI (hopmu  OaKmepiaibHux npenapamié GUKOPUCMOBY8aU 1abOpamopHy ma
NPOMUCTIOBE POSNUTIOBATILHI CYUIAPKU, SIKI KOMIJIEKMYIOMbCSL PISHUMU MUNAMU PO3NUTIOBATIbHUX NPUCTIPOIE.
Pesynomamu. J{ocniosxcenusamu 6CMaHo61eHo, Wo NOPOUIKU MAIOMb BUCOKULL PI6eHb OUCHEPCHOCMI: 0Iand30H
POo3mipie wacmunox cmanosums — 2...40 mxm, a cepeouitl posmip wacmox — 6...18 mxm; nopowku €
2I2POCKONTUHUMY, HEOOCIAMHBO CUNYYUMU, MAIOMb HU3bKY HACUnKY winbhicms — 360..550 /.
Jocniooceno eénaue makux ¢paxmopis, sk memnepamypa 60iocycneHsii neped nooaueio 6 po3nuiloeailbHy
Kamepy; CRiéBIOHOWEHHS KIIbKocmi (34 Macor) biomacu ma 3axXucHo20 cepedosuwa 6 0iocycnensii ma
MeMnepamypHo20 Pexcumy CYUWIHH HA CEPEOHill PO3MIP 4acmox nopouwry. MikpocmpykmypHum ananizom
0YVI10 6CMAHOGIEHO, WO BUKOPUCTIAHHS NHEGMOMOPCYHKU CAPUSE OMPUMAHHIO NOPOUIKY, CEPEeOHIll PO3MID
yacmunok sKko02o y 1,8 paszu menwuii, HIXC NOPOWKY, OMPUMAHO20 NPU BUKOPUCMAHHI BLOYECHMPOBO2O
oucko6020 posnuniosava L]-18. Ilpu docriodxcenni éniugy munoposmipy OUCKOBUX NPUCMPOI6 6CMAHOGLEHO,
wo oucnepayséants umeuokoooepmoesum ouckom (L[B-1,5-36, n=36000 06/xe8), maxoxc cnpuse 3mMeHuenHIO
PO3MIDY YaACMUHOK NOPOWIKY V 2 pa3u y NOPIGHAHHI 3 BUKOPUCTIAHHAM OUCKY 3 MeHuUM yuciom obepmis (L]-
18, n=18000 o06/x8). Cepepa 3acmocyseanns pezyabmamie. Pezyiomamu Oocniodxcenv moocymos Oymiu
BUKOPUCTNAHE ONISL GUSHAYEHHS. MemOOi8, WO CHPUSIOMb NOKPAUEHHIO SIKICHUX XAPAKMEPUCIUK NOPOUIKIE
OaxmepianvbHUX npenapamis, OMPUMAHUX MemoOOM POSNUNIOEATbHO20 CYULTHH.

Knrouosi cnoea: oOaxmepianvhi npenapamu, pO3NUNIOSATbHE CYWIHHA, OUCNEPCHICMb, HACUNHA
WINbHICMb, MIKPOCMPYKMYDHULL AHALI3

Problem statement. The production of bacterial preparations is a highly relevant field due to
its wide application in pharmaceuticals, the food industry, agriculture etc. These preparations
facilitate the production of vital medicines, improve food quality, and enhance agricultural efficiency.
In Ukraine, there is a growing interest in developing domestic preparations based on bacterial
complexes (lactic acid bacteria, bifidobacteria, spore-forming bacteria, etc.), which allows for
reduced dependence on expensive imported analogues. In this regard, in addition to ensuring the
required qualitative indicators (according to Technical Specifications), bacterial preparations must
have a low production cost.

The dry form of bacterial preparations is currently the standard. Its main advantages include:
long shelf life (from 1 to 5 years); resistance to environmental conditions; stability of composition;
convenience of transportation; precise dosing; and high viability after reconstitution.

The main methods for drying bacterial preparations are freeze-drying (lyophilization) and spray
drying, which ensure the preservation of microorganism viability.

In lyophilization, moisture is removed by ice sublimation under vacuum at low temperatures.
This method provides the highest cell viability, preserves the original structure, allows the preparation
to reconstitute instantly when dissolved in water, and ensures product stability during long-term
storage [1-4]. However, this method is too time-consuming (ranging from several hours to days), has
low productivity (suitable for small batches), and is energy-intensive and expensive due to equipment
costs and process time; moreover, the final material requires grinding. This leads to an increase in the
cost of the powder forms of the preparations. Furthermore, it should be noted that lyophilization can
result in the loss of cell viability due to factors such as the formation of intracellular ice crystals and
membrane damage caused by high concentrations of internal solutes [5].

The principle of spray drying consists in spraying a suspension into a chamber with hot air,
leading to instant moisture evaporation. The main advantages of this method are speed (the process
takes seconds), cost-effectiveness (it is less energy-intensive and cheaper compared to
lyophilization), scalability (industrial-scale production), and the formation of fine particles [6-11].
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The disadvantages of this method include thermal impact (high temperatures can reduce the viability
of certain microorganisms), a shorter shelf life compared to freeze-drying, and slower dissolution in
water. However, to minimize these drawbacks, special protective media (protectors) or process
intensification are often used. Therefore, for certain types of bacterial preparations, it is advisable to
use the spray dehydration method [12,13].

In the dehydration of various materials, significant attention is paid to preserving product
quality and improving its structural-mechanical properties and dispersion composition [14-16].

The dispersion composition of a powder product (particle size and distribution) has a significant
impact on its hygroscopicity and solubility. Bulk density and flowability are also critical product
characteristics, as they determine transportability during production and subsequent use, the
suitability for granulation and tableting, and also influence the production cost [17-19].

Materials and Methods. The studies were conducted using bacterial preparations, the
characteristics and compositions of which are presented in Table 1.

Table 1
Characteristics and composition of bacterial preparations
Biosuspension components Dry matter (DM)
Name of the (biomass + protective medium) contentinthe ~ | Biosuspension
preparation Bacterial cell cultures Protective biosuspension, pH
(BM) medium Co%
Lactin-K Lactobacterium salivarius,
(veterinary Lactobacterium fermentum SMP + sugar. 17.3 55-6.0
preparation) (vegetative cells)
Bifacyl o ; .
. Bifidobacterium adolescent;
(therapeutic and Lactobacterium acidophilus SMP + sugar + 9.5 4.7
B:ggggﬁgﬂg (vegetative cells) gelatin 140
i
Des-4R Bacillus subtillis 44R
preparat?(;n) (spore-forming bacteria) SMP. 12.5-23 6.5-6.8

For the study of the spray drying process of bacterial preparation biosuspensions, laboratory
and industrial dryers (models RTs-1.2, RTs-1.3, and SUM-1.5) were used.

In the production and application of powdered materials, a series of mechanical processes are
carried out, which in our case include transportation, separation, unloading, and storage. During these
processes, it is necessary to take into account the structural-mechanical properties of the powder.
Deficiencies in these properties of the powdered product lead to disruptions in the technological
regime, deterioration of product quality, sticking and clogging of equipment, as well as to product
loss.

During the studies, we determined the following characteristics: bulk density, dynamic angle
of repose, particle size distribution, and degree of dispersity. The bulk density indicates the mass per
unit volume of the dry product and depends on the density of individual particles as well as their
packing arrangement within a unit volume. The dynamic angle of repose is also related to the density
of the powder particles and indicates the product's flowability. Furthermore, this indicator is essential
for designing bins and cyclone devices. To determine these indicators, methods regulated by the State
Pharmacopoeia of Ukraine (SPhU), which are based on the European Pharmacopoeia (Ph. Eur.) —
specifically SPhU sections 2.9.34 and 2.9.36 [19] — were applied. The final moisture content was
determined by the gravimetric method: the sample is weighed, dried in an oven (at 102—-105°C) to a
constant weight, and then reweighed. The moisture content is calculated by the difference in mass
before and after drying. When determining the final moisture content, bulk density, and angle of
repose, the result was taken as the arithmetic mean of six measurements, ensuring that the difference
between individual determinations did not exceed 3%.
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To determine the dispersion composition of the powdered materials, a microscopic method was
used, which allows for observing particle shape, the surface of particles and aggregates, and obtaining
data on the maximum and minimum particle sizes. An "MBI 3U 4.2" microscope was used, and
microphotography of individual powder samples was simultaneously performed using a Sony Cyber-
Shot DSC-W160 digital camera.

Results and Discussion. The bacterial preparation in liquid form is a high-moisture
biosuspension containing bacterial cells, their metabolites, residues of the nutrient medium, and a
protective medium. The initial dry matter concentration of the biomass itself ranges from 3.5% to
10%.

Parameters such as the initial dry matter concentration of the biosuspension (C,) and its
viscosity before feeding into the dryer, the composition of the protective medium, the weight ratio of
biomass to protective medium in the biosuspension, the drying temperature regime, and the design
features of the spraying devices used, allow us to control the qualitative, structural-mechanical, and
dispersion characteristics of the powdered product.

The bulk density of the bacterial preparation powders under study ranges from 360 to 550
kg/ms3, the average particle size varies within 7—18 um, and the final moisture content is 4.2—7.8%.

Table 2 presents the research results. The introduction of protective medium components into
the biomass and its adjusted composition allows not only for preserving the viability of bacterial cells
during drying but also for increasing the product concentration before drying from 9.5% to 23%,
improving the drying process and the qualitative characteristics of the powdered product. For
instance, the intensification of the drying process by increasing the inlet air temperature (for the
Lactin-K preparation with identical composition and biosuspension ratio) allowed for a reduction in
the final moisture content from 7.8% to 4.7% and an increase in bulk density to 540 kg/m3 while
maintaining a high activity titer. For the Bifacyl preparation, the adjusted composition of the
protective medium itself (reducing the amount of sugars and gelatin, which exhibit adhesive
properties during drying) and the biosuspension as a whole (weight ratio of biomass to PM) also
enabled intensification of the spray drying process, achieving a final moisture content of 4.5%, a bulk
density of 550 kg/m?, and an increased activity titer of up to 1-10'* CFU/g.

For the BPS-44R preparation, it can be noted that the bulk density of the powders obtained
under equal drying temperature regime is influenced by the initial dry matter concentration of the
biosuspension, which depends on the weight ratio of biomass to the protective medium.

It is known that the efficiency of particle separation in cyclone devices after spray drying
depends on their size and density. The fine fraction of the powder is poorly captured in cyclones,
leading to product loss with the exhaust drying agent. A correlation exists between the particle density
values and the bulk density of the powder.

The average particle size of the powders depends on the design characteristics of the dryers, the
initial concentration of the biosuspension before drying, the drying temperature regimes, and other
factors. Particle formation during drying is evidently influenced by the size of the bacterial cells,
which varies for different bacterial species. For instance, under identical drying temperature regimes
and nearly equal dry matter concentrations of the biosuspensions, the powdered product containing
vegetative cells exhibits a larger average particle size than the powder containing spore cells.

The angle of repose for almost all obtained powdered products is 30—40°, indicating insufficient
flowability of the powder and the possibility of its accumulation in the lower part of the chamber and
the air duct leading from the drying chamber. Considering the abovementioned, the following
objectives were set:

- to investigate the influence of the rheological properties of the liquid product and drying
conditions on the structural-mechanical and dispersion characteristics of the resulting bacterial
preparation powders;

- to investigate the influence of the type of spraying device on the dispersion characteristics of
bacterial preparation powders.
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Table 2
Structural-mechanical and dispersion characteristics of powdered bacterial preparations
. . . temperature powder . Average
V\/_elght ratio of | concentration : water Bulk Angle of Partlcle powder Powder
biosuspension of the Tin, Tou, . size . L
. . ) content density repose, particle Dryer type | activity titer,
Preparation components, biosuspensio 3 range, .
o 0 po, kg/m deg. size CFU/g
(%) n C C um
C Wf, Savg, pum
0y %
%
Lactin-K BM (45%) 11545 | 60+3 7.8 500 40 10...11 SUM-1.5 2210
SMP (28%) 17.3 4-40
Sugar (27%) 16045 | 70+3 4.7 520-540 35 16...18 RTs-1.3 25.10%
BM (18%)
SMP (22%) 9.5 13045 | 80+5 6.3 475 38 2-35 10 RTs-1.3 1108
Sugar (30%)
Bifacyl Gelatin (30%)
BM (50%)
SMP (23%) 14.0 160+5 | 80+5 4.5 550 30 2-30 14 RTs-1,2 1-10%°
Sugar (23%)
Gelatin (4%)
BM (30%) 12,5 160+5 | 80+5 4.8 360 42 2-30 10 7:10°
SMP (70%)
BPS-44R BM (50%) 18.9 160+5 | 80+5 4.5 380 40 2-30 12 RTs-1.3 4.10%
SMP (50%)
BM (40%) 23.0 175+5 | 8045 4.2 400 40 2-40 16 410"
SMP (60%)
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The size of the droplets (and, consequently, the powder particles), with constant geometric and
flow characteristics of the spraying device, is determined by the physical properties of the liquid:
density, surface tension, and viscosity. Studies by the authors [20—22] have shown that when the dry
matter content of the biosuspension increases, its density and surface tension change by no more than
10%, while the maximum and average values of these indicators, depending on the product
temperature, differ by no more than 5%.

The rheological properties of the BPS-44R preparation biosuspension of various compositions

were studied (measured with a VPZh-1 glass capillary viscometer). The graphical dependencies (Fig.
1) show that at 7,=24°C, the kinematic viscosity coefficient of the biosuspension with a dry matter
concentration of 12.5%, which includes non-concentrated biomass (C,°"=4.2%), is v=2,3-10% m?/s.
For the biosuspension with a dry matter concentration of 18.9%, including concentrated biomass
(CoP™=10.0%), it is v=4.0-10"° m?/s. The kinematic viscosity coefficient for the biosuspension with a
dry matter concentration of 23.0% is v=4.9-10% m?/s.
7 The viscosity of the BPS-44R
biosuspension changes by 50% or more,
depending on the biomass dry matter
content and the amount of the protective
medium component (SMP) being added.
Thus, the main physical parameter
affecting the size of the dispersed particles
is the viscosity of the biosuspension.

Based on this, the influence of the
initial biosuspension temperature before
feeding onto the dryer disc, the amount of
SMP, and the drying temperature regimes
on the average particle size of the resulting
powder was studied. The research was
conducted using an RTs-1.3 spray drying

3 —"BPS-44R" preparation biosuspension: Co=23.0%, unit, with a Ts-18 disc sprayer featuring
(Cobm=10.0%; BM:SMP — 40:60%) the following characteristics: dg=0.12 m;
n= 18000 rpm. The research results are presented in Table 3.

v-10°% m¥s

- N W = o @
i " i L i i

\\\< 3
2
1
0 f0 20 3 40 8 60 70 T.¢
Fig. 1. Dependence of the kinematic viscosity
coefficient on temperature:
1 - "BPS-44R" preparation biosuspension: Co=12.5%,
(Cobm=4.2%; BM:SMP — 30:70%);
2 — "BPS-44R" preparation biosuspension: Co=18.9%,
(Cobm=10.0%; BM:SMP — 50:50%);

Kinematic viscosity,

Table 3
Dispersion characteristics of BPS-44R preparation powders obtained under various thermal and
technological conditions

BM: , Suspension Drying
No SMP ?juspr?ngﬂgrn temperature V-lOG, tempe_rature Morphological and dispersion
" | ratio, C(?rlmtent o, | atdryerinlet, mé/s Tegime characteristics of the powder
% 170 Tsusp, °C Tin, C Tout °C
Particle size range: 2-30 um.
. 6avgz10 pm;
L 50:50 189 25 4.0 160 80 80% of the total particle mass:
9-12 pm.
Particle size range: 2-30 um;
. Savgzlz pnm.
2. 50:50 189 10 4.8 160 80 80% of the total particle mass:
10-14 pm
Particle size range: 4-35 um;
. Savgz16 nm.
3 40:60 230 10 >8 175 80 80% of the total particle mass:
14-18 um

FOOD RESOURCES Vol. 14 (2026) Ne 26

CropiHka 34




[TPOZJOBOJIbYI PECYPCU T.14 (2026), Ne 26
ISSN 2616-7204 print, ISSN 2616-809X online

As shown in Table 3, with a constant dry matter content in the biosuspension C, = 18.9%, the
average particle size of the powder is influenced by the temperature at which the suspension enters
the dryer. Under identical spray drying conditions (7in = 160°C; Tout = 80°C; air flow rate Qair = 180
kg/h) and a BM:SMP ratio of 50:50%, the average particle size was larger for the biosuspension that
was fed into the dryer at a temperature of 10°C (Savg = 12 um). When the suspension was fed at 25°C,
the average particle size was 10 um. During the spray drying of a biosuspension with the following
characteristics: dry matter content — 23%; BM:SMP weight ratio — 40:60%; Tsusp = 10°C; and drying
agent parameters: Tin = 175°C; Tout = 80°C; air flow rate Qair = 165 kg/h, the average particle size of
the powder sample was 16 um.

Studies have established that using a larger amount of protective medium (in this case, skimmed
milk powder, SMP), cooling the biosuspension to 10°C before drying, and conducting the spray
drying process at elevated drying agent temperatures contributed to obtaining a powder with an
average particle size 1.6 times larger than when drying a biosuspension at Tsysp = 25°C, with a 50:50%
component ratio and an inlet air temperature of 160°C.

The powders of all samples consist of particles with a smooth surface and a shape close to
spherical (Fig. 2). The particle size range is from 2 to 35 um. As follows from the presented data,
certain methods can increase the average particle size of the powder; however, particle size analysis
of the polydisperse system shows that 20—30% of the particles have sizes within 2—15 um. Therefore,
it is necessary to perform a calculated efficiency analysis of the cyclones used in the drying plant
configurations.

VS ' , T - * T:," - L
"- f‘\; - m z : ‘.‘4‘{)’}‘ \71. -\:}’. .

Fig. 2. Micrographs of BPS-44R powder samples (referring to Table 3):
a) exp. 1; b) exp. 3.

The spray drying units RTs-1.2, RTs-1.3, and SUM-1.5 are equipped with various types of
spraying systems. The impact of sprayer design features on the dispersity of the resulting powders
was investigated. Microstructural analysis revealed that the use of a pneumatic nozzle facilitates the
production of powder with a mean particle size of 11 um, which is 1.8 times smaller than that obtained
using the Ts-18 centrifugal disc sprayer (Table 4). Furthermore, investigating the effect of disc
sprayer specifications showed that high-speed disc dispersion (TsV-1.5-36, n = 36000 rpm) results in
an approximately twofold reduction in particle size compared to a disc with lower rotational speed
(Ts-18, n = 18000 rpm) (Table 5).
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Table 4
Dispersion characteristics of Laktin-K powder (Co = 17.3%)
obtained using various types of spraying devices
Type and characteristics Pneumatic nozzle: Centrifugal disc sprayer Ts-18:
of the spraying device - pressure - P = 0.3-0.5 MPag; da =0.120 m;
- air flow rate: 0.4 m3/kg of solution n = 18000 rpm.
Drying regime Tin=160 °C; Tout =70°C; Qar=680 kg/h

Average particle size 11 um 18 um
Micrograph of the e

sample; 1 scale division
=4 um

Table 5
Dispersion characteristics of Byfatsyl preparation powder (C.= 16.6%) obtained using centrifugal disc
sprayers of various specifications under drying conditions of
Tin=160 0C; Tout =80°C

Type and characteristics of Centrifugal disc sprayer Ts-18 Centrifugal disc sprayer TsV-36
the spraying device da=0.120 m; n = 18000 rpm ds=0.078 m; n=36000 rpm
Average particle size 12-14 um ) 7-8 um

Micrograph of the sample;
1 scale division =4 um

Conclusions. The dispersion and structural-mechanical characteristics of bacterial preparation
powders obtained by high-temperature spray dehydration, as well as the influence of several factors
on their variations, were investigated.

It was established that the powders exhibit a high level of dispersity, with particle sizes ranging
from 2 to 40 um and an average particle size of davg = 618 pm. The powders are hygroscopic, possess
insufficient flowability, and have a low bulk density ranging from 360 to 550 kg/m3. For the BPS-
44R preparation, it was found that cooling the biosuspension to 7susp=10°C prior to spray dehydration
and introducing a protective medium (SPM) at a weight ratio of 60% to the cell biomass allows for
an increase in the average particle size of the powder product during disc spraying.

The degree of influence of the spraying method and the centrifugal disc sprayer specifications
on the dispersion characteristics of the resulting powders was determined. Based on the powder
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microstructure research, the expediency of using a Ts-18 centrifugal disc sprayer with the following
parameters: dg = 0.120 m; n = 18000 rpm for spray drying of this class of products was demonstrated.
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