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RESUMO

Suprimentos de ragdo regionais em Yakutia incluem estoques de feno, alimentos suculentos, bem como
producéo prépria e importagcdo de alimentos concentrados para a republica. As principais alimentagdes de
inverno incluem feno, ensilagem e silagem; no verdo a grama de pastos naturais esta disponivel. A provisao
anual de gado com nutrientes chega a 60-65% do normal, o que é um fator limitante para o desenvolvimento do
potencial genético de racas de gado de Yakutia. A compreensdo dos padrdes gerais nos processos digestivos e
mecanismos fisiolégicos e bioquimicos de assimilagao de nutrientes foi baseada nos resultados dos estudos de
animais domésticos ruminantes (bovinos, ovinos). Questdes de aumento da seguranga alimentar continuam
sendo urgentes para a produgdo agroindustrial. Os autores descrevem em detalhe um método de obtengao de
um concentrado vitaminico-proteico com propriedades farmacolégicas. A maioria desses processos envolve
componentes gasosos, substancias liquidas ou sdlidas. Processos hidrodindmicos complexos, térmicos e de
troca de massa ocorrem simultaneamente em fermentadores. E proposto um método para expandir a produgéo
de proteina alimentar utilizando uma combinacdo de caracteristicas e parametros de transferéncia
hidrodindmicos e de massa com otimizagao simultdnea do projeto do fermentador e seus modos de operagéo,
levando em consideragdo o consumo minimo de energia para dissolugédo de oxigénio e capacidade de produgao
de biomassa. Varios tipos de dispositivos estdo atualmente disponiveis; basicamente, eles fornecem suprimento
de oxigénio, pois é parte integrante do projeto de dispositivos, para o cultivo de microrganismos baseados na
sintese microbiana. Deve-se enfatizar que um fermentador é o principal dispositivo de qualquer produgao
microbiolégica e determina em grande parte sua eficacia econdémica. Os resultados obtidos permitirdo
consideravel aceleragdo dos trabalhos de finalizagdo para o desenvolvimento e aprimoramento de projetos de
fermentadores em perspectiva.

Palavras-chave: troca de massa, biorreator, transferéncia de massa, teor de gas, produtividade.
ABSTRACT

Regional feed supplies in Yakutia include hay stocks, succulent feeds, as well as own production and
import of concentrated feeds to the republic. Main winter feeds include hay, silage, and haylage; in summer grass
of natural pastures is available. Annual provision of livestock with nutrients reaches 60-65% of normal, which is a
limiting factor for the development of the genetic potential of local cattle breeds in Yakutia. Understanding of
general patterns in digestive processes and physiological and biochemical mechanisms of assimilation of
nutrients was based on the results of the studies of domestic ruminant animals (cattle, sheep). Issues of increasing
feed security remain urgent for agro-industrial production. The authors describe in detail a method of obtaining a
protein-vitamin concentrate having pharmacological properties. Most of these processes involve gas components,
liquid or solid substances. Complex hydrodynamic, thermal, and mass exchange processes occur simultaneously
in fermenters. A method for expanding the production of feed protein using a combination of hydrodynamic and
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mass transfer characteristics and parameters with simultaneous optimization of the fermenter design and its
operation modes is proposed, taking into account minimum energy consumption for oxygen dissolution and
biomass production, based on technical capacity. Various types of devices are currently available; basically, they
provide oxygen supply, as it is an integral part of device design, for the cultivation of microorganisms based on
microbial synthesis. It should be emphasized that a fermenter is the main device of any microbiological production
and largely determines its economic effectiveness. The obtained results will allow considerable acceleration of
finalizing works for the development and improvement of perspective fermenter designs.

Keywords: mass exchange, bioreactor, mass transfer, gas content, productivity.
ABSTRACT

PervoHanbHble MOCTaBkM KOPMOB B SFKYTMIO BKIOYAKOT 3amnacbl CeHa, COYHble KOpMa, a Takke
CcobCTBEHHOE MPOU3BOACTBO U MMMOPT KOHLEHTPUPOBAHHLIX KOPMOB B pecnybnuky. OCHOBHbIE 3UMHME KOpMa
BKITHOYAOT CEHO, CUIOC M CeHax; NeToOM AOCTyrnHa TpaBa eCTeCTBEHHbIX nactouw. ExerogHoe obecnedeHue
CKOTa nuTaTenbHbIMY BewecTBamu gocturaet 60-65% OT HOPMBbI, YTO SBNAETCA cAepXMBatoLWmMM hakTopoMm Ans
pPas3BUTUSA FTEHETMYECKOrO NoTeHUMana MecTHbIX Nopoa ckota B AkyTun. NoHMMaHme obLwmx 3akoHOMEpPHOCTEN
NpoLEeCcCoB NULLIEBAPEHNSA 1 (PU3MONOro-6MOXMMUYECKMX MEXAHM3MOB YCBOEHUSA MUTATENbHbIX BeLecTs ObIno
OCHOBaHO Ha pesynbTaTax UccnefoBaHUMM Hag AOMAaLLUHUMM KBAYHbIMU XKMBOTHBLIMU (KPYMHbBIA poraThblin CKOT,
0BUbI). Bonpockl noBbileHMsT KOPMOBOW ©e30MacHOCTM OCTaloTCs akTyarnbHbIMU LS arpornpOMbILLSIEHHOrO
npou3BoAcTBa. ABTOpbl NOAPOOHO oONMChIBAOT C€Mocob nonyvyeHuss OenkoBO-BUTAMMHHOIO KOHLIEHTpaTa,
obnagatouiero gapMakornormyeckumm CBOWCTBaMKU. BOMNbLUMHCTBO M3 3TUX MPOLLECCOB BKITHOYAOT rasoBble
KOMMOHEHTbI, Xunakme unu Teepapble Bewlectsa. CrnoxHble rugpoanHaMmyeckme, TepMMyYeckme 1 MacCooOMEHHbIe
npoLeccbl MpoMcxoadaT OOHOBPeMeHHO B depmeHTepax. [lpeanoxeH cnocob paclumpeHus npov3BOACTBa
KOpMOBOro Oerika C MCMOSNib30BaHWEM COYETaHWUS TMAPOOUHAMUYECKMX U MACCOOOMEHHBIX XapakTepPUCTUK U
napamMeTpoB C OOHOBPEMEHHOW ONTMMM3AUMEN KOHCTPYKLMN pepMeHTepa U PeXMMOB ero paboTbl C y4eToM
MUHUMAanbHbIX 3aTpaT 3HEpPrMm Ha pacTBOPEHME KUCNOpOoAa WM MpPOM3BOACTBO GMOMAacChl, OCHOBaHHbIA Ha
TEXHNYECKON BMECTMMOCTb. B HacTosiliee BpeMsi JOCTYMHbI pasfnuyHble TUMbl YCTPOWCTB; B OCHOBHOM OHU
obecneunBaloT cHabXeHne KMCNOpOOOM, MOCKOMbKY OHO SBMASETCH HEOTbeMNEMOM 4YacTbi KOHCTPYKLMM
YCTPOWCTBA, ANA KyNbTUBUPOBaHUSA MUKPOOPraHM3MOB Ha OCHOBE MUKPOBHOro cuHTesa. CriegyeT NOAYEPKHY T,
4YTO hepMeHTEpP ABMSAETCA OCHOBHbIM YCTPOMCTBOM J1H060ro MMKPOBMONOrM4eckoro Nnpon3BoacTBa M BO MHOTOM
onpegenseT ero 3KOHOMMYECKkyro ahPeKTUBHOCTb. [onyyeHHble pe3ynbTaThl NO3BOMASAT 3HAYNTENBHO YCKOPUTL
3aBepLuatoLme paboTbl Mo pa3paboTke N COBEPLUEHCTBOBAHMIO NEPCNEKTUBHBIX KOHCTPYKUUIA (DEPMEHTEPOB.

Keywords: maccoobmeH, buopeakmop, MaccoobmeH, eazocodepkaHue, npous3eodumesibHOCb.

1. INTRODUCTION and biochemical mechanisms of assimilation of
nutrients was based on the results of the studies
Agriculture of Yakutia is a unique, of domestic ruminant animals (cattle, sheep).

extremely complex industrial, socio-economic and Animals require big amounts of feeds. Protein
ecological system in  which agricultural deficiency is a current priority in domestic and
businesses, such as cattle breeding and farming, World practice of feeding farm animals. Currently,

develop in extremely harsh natural and climatic the Republic of Sakha (Yakutia) has accumulated
conditions. a unique experience in feeding farm animals in the

extreme climatic conditions of the North. Various
methods were adapted, developed, and used in
conditions of permafrost. Issues of increasing feed
security remain urgent for agro-industrial
production. Leading producers pay special
attention both to improved technologies and
methods of feed supplements production and
measures to intensify them and eliminate their
harmful effects on the environment and humans.
Methods for production of a protein-vitamin
concentrate (PVC) having
pharmacological properties (Gendler et al., 2015).

Regional feed supplies in Yakutia include
hay stocks, succulent feeds, as well as own
production and import of concentrated feeds to the
republic. Main winter feeds include hay, silage,
and haylage; in summer grass of natural pastures
is available. At the same time, the annual provision
of livestock with nutrients reaches 60-65% of
scientifically proven feeding norms. Such a
constant lack of feeds is a limiting factor for the
development of the genetic potential of local cattle
breeds in Yakutia. Understanding of general

patterns in digestive processes and physiological
It should be noted that a fermenter is the
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main device of any microbiological production and
largely determines its economic effectiveness.
Various types of devices are currently available;
basically, they provide oxygen supply, as it is an
integral part of device design, for the cultivation of
microorganisms based on microbial synthesis.
Most of these processes involve gas components,
liquid or solid substances. Complex
hydrodynamic, thermal, and mass exchange
processes occur simultaneously in fermenters.

2. MATERIALS AND METHODS

In the production of PVC, feed protein
producers are aerobic microorganisms. Their
growth in industrial fermenters is usually carried
out in a continuous manner. The mass exchange
plays a crucial role in the achievement of desired
device performance if technological and
microbiological conditions are met. It is believed
that microorganisms consume dissolved oxygen
only. Oxygen is a poorly soluble gas. Oxygen
consumption occurs at a rate that does not depend
on the concentration of dissolved oxygen as long
as it remains above the critical one. The effect of
oxygen dissolution rate on the growth of
microorganisms is not required. Single units are
mainly devices for intensive mass transfer.

Advantages of the processes occurring
with oxygen supply:

— devices equipped with aerators of various
designs providing oxygen supply to the culture
fluid with almost any given parameters;

— availability and simplicity of technological
equipment design.

Figure 1 shows a schematic structure of a
device for the cultivation of microorganisms
consisting of three zones (Vasilyeva and
Gerasimova, 2018; Gogoleva et al, 2018;
Darbasova and Vasilyeva, 2018; Dondokov and
Dranayeva, 2018) (Figure 1).

— zone 1 — zone of intense mass transfer;

— zone 2 — cooling zone, which includes bioreactor
with a heat exchanger; in this zone, together with
mass transfer and biosynthesis, the medium is
cooled;

— zone 3 — circulation zone; in this zone, the gas
content of the medium and the intensity of mass
transfer decrease.

3. RESULTS AND DISCUSSION:

The process of microbial cultivation

includes various steps, most of which take place
when oxygen is supplied. Oxygen plays a
significant role in the production of feed protein
since microbial protein grows and intensifies with
oxygen. At the moment, it is impossible to
determine the concentration of dissolved oxygen
without experimental determination of oxygen
concentration and mass transfer coefficient
(Kokieva, 2013; Kokieva, 2014).

The process of microbial cultivation in the
food, chemical, and pharmacological industry
takes place in fermenters (Kokieva, 2016;
Nikonova, 2018; Pavlova, 2018). Cultivation in
equipment (Table 1).

Figure 2 shows the study results of the
dependence of biomass growth on cultivation
duration using the experimental substrate. The
biomass stops growing after 9-10 hours of
cultivation at 50 mg/l biomass substrate
production. With further increase in cultivation
time, biomass growth was not observed. We can
assume that the experiment reached the
performance when the experimental substrate
0.05 g/l/day or 0.0035 kg/day was used (taking into
account 70-L volume of the experimental reactor)
(Figure 2).

Based on the experimental results, it was
found:

— The optimum diameter of the stirrer with the
maximum performance is 100-120 mm.

— The greater the density of the culture medium,
the greater the performance of the device, the
density of the culture medium depends on the
concentration of macroelements and the oxygen
saturation of the substrate under production
conditions.

Foam is produced on the culture medium
surface in the process of microbial cultivation. The
diameter of the foam bubble d, is determined by
the hole size in the bubbler and the
physicochemical properties of the culture fluid.
(Vasilyeva and Gerasimova, 2018; Gogoleva et
al., 2018; Fedorova and Parnikova, 2018)
(Equitation 1), where: d — hole diameter; ¢ —
surface tension; q — acceleration of gravity; pr —
fluid density; pg — gas density. Hence the number
of bubbles (Equitation 2), where V. — total air
volume flow under normal conditions.

Use the following equation to study the
process of oxygen absorption in the culture
medium of different viscosity to calculate the gas
content (Equitation 3), where D — diameter of the
device.

At this time, a number of scientists carried
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out systematic studies (Darbasova and Vasilyeva,
2018, Kokieva, 2013; Pavlova, 2018; Fedorova
and Parnikova, 2018) and made
recommendations for determining ¢ of the
following dependence (Equitation 4).

In the study of gas content in the
recirculation column with diameter = 0.15 m and
height H = 10.5, the authors (Darbasova and
Vasilyeva, 2018; Nikonova, 2018) obtained the
following equation (Equitation 5).

According to (Dondokov and Dranayeva,
2018; Fedorova and Parnikova, 2018), when a
device model made of glass pipes with a height of
3 meters and diameters of 0.055; 0.08 and 0.11 m
was used, the dependence, which allows
determination of the fluid velocity in the transport
AirLift (gas lift) was obtained (Equitation 6).

Here € — total hydraulic resistance of AirLift
equal to (Equitation 7), where: A — coefficient of
hydraulic friction when fluid moves in a pipe with
the same superficial velocity; ¢o — gas content at
the point where the stream leaves the airlift.

According to (Kokieva, 2014; Kokieva,
2016; Sharifullin et al., 1980; Shebatin et al., 1977;
Yuding, 2001) for calculation of Wy, it is
recommended to use the Bernoulli’'s equation,
converted to the circulation loop, as follows
(Equitation 8).

At the moment, a series of reactions occur
in the fermentation liquid with oxygen in the
process of production of feed protein during the
microbial cultivation in the culture fluid. A number
of authors (Darbasova and Vasilyeva, 2018;
Kokieva, 2014; Chernoivanov, 1989; Kipke, 1978)
recommend the dependence for reactions of
liquids with oxygen widely used in industry to
calculate W as follows (Equitation 9).

This calculation is performed by the
method of approximations in one of the selected
equations suitable for the determination of the gas
content in the culture medium. With a pressure of
up to 4 MPa on the culture medium with properties
close to the properties of the water-air system, and
the ratio of bubbling and circulation zones fufc
=1, approximate to the value of the reduced fluid
velocity, the same authors propose to calculate Wt
by simplified equation (Equitation 10), where & =
5.1+0.03(:—b+dic ) resistance coefficient of the

circulation circuit.

Air films develop at the gas and liquid
interface of the air bubble. They pass through the
culture, impede the diffusion of oxygen throughout
the volume of the fermenter and reduce the

resulting resistance. A number of studies (Leamy,
1973; Mercer, 1981; Moreasi, 1981; Chapman,
1983) investigated the processes of oxygen
absorption in fermenters.

While considering this case with a poorly
soluble gas (oxygen), the values of myc and K are
large, and the diffusion resistance in the gas phase
can be neglected, and the inequation is observed
(Equitation 11). Hence it follows (Equitation 11).
Based on inequation k = k;,, mass transfer

.. dc_ *
equation: o Ki*a (cp - c) — Kp™X,

Left term of the equation: v k(Cp —
dVpdt

C), which is called the velocity of the bulk oxygen
mass transfer or the rate of oxygen dissolution,
can be written in the following way for the
absorption of atmospheric oxygen by the culture
fluid (Equitation 13).

The stability and efficiency of the applied
numerical methods allow further modification of
the calculation, including the selection of
turbulence models to improve the accuracy of
calculations (Talismanov et al., 2018; Talismanov,
2018).

4. CONCLUSIONS:

It should be emphasized that a fermenter is
the main device of any microbiological production
and largely determines its economic effectiveness.
Various types of devices are currently available;
basically they provide oxygen supply, as it is an
integral part of a device design, for the cultivation
of microorganisms based on microbial synthesis.
Most of these processes involve gas components,
liquid or solid substances. Complex
hydrodynamic, thermal and mass exchange
processes occur simultaneously in fermenters.

Based on the conducted studies, it can be
concluded that an optimal combination of
calculations and experiments allows the
expansion of the scope of the studies, reduction of
the number of experiments and significant
acceleration of finalizing works for the
development and improvement of promising
designs of fermenters for PVC production of
improved pharmacological properties. A method
for feed protein production scaling with a
combination of hydrodynamic and mass transfer
characteristics and  parameters, including
simultaneous optimization of the fermenter design
and its operation modes, has been proposed,
taking into account minimum energy consumption
for oxygen dissolution and biomass production,
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based on technical capacity.
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Table 1. Cultivation data in equipment

Parameters
No. Cultivation Mmax Biomass accumulation, Minimal Amount of
time billion/ml generation glucose
Optical Number of  Optical Number of  time, gmin, during
density viable density viable hr cultivation,
cells cells ml

Instructional mode

1 1.1+0.06  0.9+0.004 5.4+0.15 4.8+0.01 0.6+0.1 35.4
2 12 1.1+£0.07  0.98+0.05  6.7+0.2 5.9+0.21 0.71+0.01 36.2
Experimental mode
3 14 1.14+0.03 0.77#0.33 15.4+0.4 14.2+0.35 1.0+£0.01 330.20
4 12 0.1£0.02  0.92+0.02 20.4+0.45 15.4+0.4 0.82+0.01 280.14
5 9 0.47+0.02 0.01+0.001  8.4+0.3 4.0+£0.02 0.9+0.01 129.18
6 10 0.711£0.03  0.62+0.02 12.9+0.04 5.0£0.1 1.62+0.02 150.00
Y - » > -
1 2 3
it Tl L ——— - —— = ] - =
v

Figure 1. Schematic structure of a device for the cultivation of microorganisms consisting of three
zones: 1 — zone of intense mass transfer; 2 — cooling zone; 3 — circulation zone
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Figure 2. Dependence of biomass growth on cultivation duration
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