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ABSTRACT

The peculiarities of microbial plant protection products from pests and diseases allow the use of thin-walled
fermenters in their production, in which there is no sterilisation under high pressure. The article is devoted to
the development of the cleaning in place system for such fermenters. Experimental studies have been carried
out to ensure a pasteurising effect when treating the fermenter with heated sterile water and a nutrient medium
concentrate obtained from the sterilizer. Its parameters: its volume, temperature, the time delay have been
determined. There is proposed a hardware diagram of the fermentation plant, consisting of an industrial
steriliser and a thin-walled fermenter. The cleaning procedure is combined with the main technological process
and does not require additional equipment. The production tests have confirmed the cleaning efficiency.

AHOTALIA

Ocobrnusocmi mikpobiosnioziyHUx 3acobie 3axucmy pocsiuH 8i0 WKIOHUKI8 i xeopob 0o3sonsomb npu ix
8UpPObHUUMEI 8UKOpPUCMOB8Y8amuU MOHKOCMIHHI chepMeHmepu, 8 IKUX 8i0CymHsi cmepusiizaujisi rnid eUCOKUM
muckom. Cmamms npucesideHa po3pobIIeHHID cUCMeMU OYUWEHHS Ha Micuyi Ond makux chepmeHmepis.
lMposedeHo ekcniepumeHmarnbsHi O0CiOXeHHS i3 3abesneqyeHHs echekmy nacmepusauii npu ob6pobrieHHiI
epmeHmepy Hazpimor cmepusibHOK 8000k U KOHUEHmMpamoM roxusHo2o cepedosgulla, Wo npouwinio
cmepunizauito. BidsHauyeHi ii napamempu: o6’eM, memrnepamypa, 4Yac 6UMPUMKU. 3arnporoHo8aHo
anapamypHy cxemy hepMeHmauiliHoli ycmaHo8KuU, Wo ckrnadaembsCs 3 NPoOMUCIIO8020 cmepusizamopy i
MOHKOCMIHHO20 thepmeHmepy. [Npouedypa ovuweHHs 8i0bygaembCsi CYyMICHO 3 OCHOBHUM MEXHOM02iY4HUM
npouecom U He nompebye 0odamkogoz20 ycmamkygaHHS. EekmugHicmb O4UWeHHS nidmeepoXXeHo
rnpomucrosumu 8urnpobysaHHSIMU.

INTRODUCTION

Ecologisation of agriculture as a strategic direction of sustainable development of environmental
activities provides for the widespread use of microbial plant protection products from pests and diseases
(hereinafter biopesticides) (Liu et al., 2021; Arshad, 2018; Van Oosten, et al., 2017; Nicolopoulou-Stamati et
al., 2016). It has historically occurred in Ukraine that their production, despite the presence of the
microbiological industry, was carried out mainly in biological laboratories - small enterprises that were part of
the agricultural system. This structure is still in effect and is the most promising at the deficiency of investments
(Krutyakova, 2019).
Microbiological production, as a branch of industry, has significant and sufficient scientific support (Panda,
2011; Kohler et al., 2015; Yaroshevsky et al., 2020). Its main processes - sterilisation and fermentation - have
many hardware and technological implementations (Lukanin, 2020). Yet, as practice shows, most of them
have not found application in biological laboratories due to the unacceptable cost of classic high-pressure
fermenters, significant costs of thermal sterilisation and, most importantly, the inexpediency of creating
microbiological production facilities with full infrastructure at small enterprises.
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Itis known that a necessary condition for the functioning of the fermentation complexes is the presence
of two systems (Lukanin, 2020; Goode et al., 2013; Pettigrew et al., 2015). The equipment cleaning by CIP-
system (Cleaning-in-Place) for ensuring the required level of equipment cleanliness. The processing is
performed in several stages: rinsing with water, rinsing with a detergent reagent, rinsing to neutralise the
reagent. The equipment sterilisation by SIP-system (Sterilisation-in-Place) without its preliminary dismantling.
Typically, saturated steam is used for sterilisation at a temperature of 120°C and a pressure of 2 bars for about
60-70 minutes. The developed variety of the sterilisation modes testifies mainly to the fact that these modes
have a practical basis and are not based on the theoretical foundations of the present-day thermal sterilisation.
The existing approach to the assessment of the efficiency of the sterilisation regimes does not allow
determination of the efficiency that is really necessary for guaranteed inactivation of the extraneous microflora
(Lukanin, 2020).

Usually, these systems are implemented by means of additional equipment as part of a complex with
the high-pressure fermenters, being created for the food and pharmaceutical industries. Analysis of the
production and use of biopesticides showed that in most cases of conditionally aseptic production is sufficient
(Kotlyarov and Sedinina, 2014; Krutyakova et al., 2017). This is primarily due to the marketable form of the
preparations and their purpose when the product is a culture liquid from fermenters with a short shelf life, which
is used to treat plants or the soil. Therefore, the so-called thin-walled fermentation devices have been
developed specifically for the production of biopesticides at the Engineering and Technological Institute
"Biotekhnika" (Starchevsky et al, 2007; Krutyakova et al, 2019).

In thin-walled fermenters the metal consumption is significantly reduced in contrast to the industrial
fermenters due to their manufacture from thin-sheet corrosion-resistant steel (6 = 0.8...1.5 mm). The pressure
inside the fermenter is almost equal to the atmospheric pressure, which automatically eliminates the
requirements of the government regulations for pressure vessels.

The disadvantages of the thin-walled reactors were problems with sterilisation of the equipment, which
necessitated application of special methods. Treatment with disinfectant solutions, heating of the metal
surfaces to high temperatures (Palabiyik et al., 2015; Wilson et al., 2015), and other methods were used for
such fermenters sterilization. The purpose of this work was to develop a cleaning system with the sterilisation
elements for a modern thin-walled fermenter (Bespalov and Khodorchuk, 2017).

MATERIALS AND METHODS

Long-term operation of the fermentation plants suggested one more method of cleaning and
sterilisation "in place" without the use of additional tools or devices. The known methods of pasteurisation of
the food products were used (Bredikhin, 2021), which ensure the death of vegetative forms of microorganisms.
The efficiency of pasteurization depends on two parameters: the temperature to which the product is heated,
and its exposure at this temperature.

Numerous data for the dairy products indicate that at temperatures above 85°C, an exposure of 10
minutes is sufficient. These values were used as a reference in the design of the cleaning system. The
experimental equipment (See Fig. 1), on which the research was performed, is a part of the pilot fermentation
plant (Bespalov and Khodorchuk, 2017) at the Engineering and Technological Institute "Biotekhnika" (See Fig.
2).

The thin-walled fermenter with a 115 litres capacity was made of stainless steel with a thickness of
1...2 mm. It consists of vessel 3, cover 2, air jacket 4 through which the ambient air was pumped by fan 5 for
cooling. Sterile water was supplied through valve V1. Agitation was made by sterile air supplying under
pressure through valve V3 into the liquid volume through the nozzle 1.

An industrial autoclave VK-75 was used as a sterilizer. The sterilizer had the sterilization chamber 6
with water jacket 8 between which valve V9 is installed. The sterile water is supplied to the chamber through
valve V5.

Concentrated nutrient medium (CNM) making procedure involved CNM components addition through
open lid 7 into water volume, contained in chamber 6, further homogenization of mixture by pressured air,
which was supplied through valve V8, and thermal sterilization at 2 bars according to the standard method.
The heated steam-water mixture, after reaching the set temperature or sterile CNM with the same temperature,
is fed from the sterilizer to the fermenter through a flexible corrugated stainless-steel pipe 10, with detachable
connections.
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Fig. 1 - The hardware diagram of the experimental fermentation plant

Fig. 2 - The pilot fermentation plant

The bypass is carried out under the action of the sterilisation pressure in chamber 6 by opening valves
V7, V2, valve V9 being closed to preserve water in jacket 8. The measurement of the parameters in the
experiment was conducted by a set of instruments with an accuracy class of 0.5, including:

tc — temperature of the outer surface of cover 2 by the TE in sensor 1;

tv — temperature inside the fermenter vessel by TE in sensor 2;

ts — the temperature of the liquid in sterilizer chamber 6 by the TE in sensor 3;

ta — the ambient air temperature in the room (sensor not shown).

Temperature ts was controlled using the electrocontact manometer PIG / 2. Statistical processing of
the measurements was performed using the MS Excel spreadsheet according to the standard method (Dally,
2008). During data processing there were determined the arithmetic mean values of the measured values, the
standard deviation; the relative and absolute measurement errors were calculated for a 95% confidence level.

Cleaning of the fermenter and pipelines was carried out with tap water, which was heated in the
sterilizer to an average temperature of ts = 127.0°C, and then, under surplus pressure in the sterilizer, it was
released into the fermenter, the fermenter communicating with the atmosphere through outlet pipe 1 (Fig. 1).
The average air temperature in the room was t, = 20.6°C. In the first experiment there were taken 10 dm? of
water in 4 replicates, which provided the maximum average temperature in the fermenter, equal ty; = 91.8°C.
At atmospheric pressure this value cannot exceed 100°C, and the task of the research was maximum
approximation to this value. In the second experiment, in 6 replicates, the volume of water was increased to
16 dms.
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In statistical processing (Nicolopoulou-Stamati et al., 2016) there was used the criterion of Student's
test 2.57 for the significance level of 0.05. When the temperatures were decreasing, € increased, but this did
not change the main result with value tv1 = 98.3°C, which was considered sufficient.

RESULTS
The graphs of the arithmetic mean temperatures of the vapour-air medium in the vessel - tv and the
outer surface of the cover - tc are shown in Fig. 3. The measurements were made at time points 0; 1; 5; 10;
25 minutes. The maximum of heating was reached in 1 minute, and it amounted to:
tv1=98.3+1.8° C, MSD =1.84 %
tcr=95.0+2.5° C, MSD =2.63 %,
where MSD is the mean-square deviation.
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Fig. 3 - The fermenter temperature during pasteurization

Logical analysis shows that the temperature of the internal surfaces of the fermenter for our design
must satisfy the ratio:
te<tr <ty Q)
where: t;— average temperature of the inner surface of the fermenter.

The obtained graphs (Fig. 3) show that the temperature tr > 85°C is maintained for 10 minutes, i.e., the
pasteurization mode inside the vessel is ensured. MSD increased when the temperatures were decreasing.
However, this did not change the main result with value ty; = 98.3°C, which was considered sufficient.

The water with a temperature of about 85°C is discharged by gravity from the fermenter after the end
of the holding time, while opening its outlet pipe with valve V4. Cleaning the bypass line between the sterilizer
and the fermenter (outlet and inlet nozzles, valves V2, V7, flexible pipe 10) takes place by boiling water within
the first minute at a temperature of at least 100°C. The amount of water for cleaning was selected in
accordance with the technological regulations for this fermentation plant. The regulations include the following
ratios:

v, = vg +uy, +v;, (2)
Ls: Ow = 1:4, vi = (3-5 %) vy,
where:
Lu = 84 dm? — the useful volume of the fermenter;
Us = 16 dm? — the volume of the CNM;

Ow = 64 dm3 — the volume of sterile water;
Vi = 4 dm3 — the inoculum volume.
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After cleaning is completed, the next technological stage is performed - nutrient medium making in the
fermenter. In the sterilizer a concentrated nutrient medium vs = 16 dm? is prepared, being sterilised at ts =
127.0°C, and then supplied into the fermenter, with its thermal effect proceeding similar to the cleaning process
by heated water, and accompanied by the same pasteurizing effect. After cooling the CNM, cold sterile water
is added to the fermenter in ratio (1). The cyclogram of the fermenter cleaning processes in the form of
temperature changes in the tank ty at different stages of the technological process is shown in Fig. 4. Sterile
water is poured into the sterilizer with volume vy; at the moment 1o = 0, heating is turned on, which ends at ts
=127.0°C. The sterilizer turns off, valves V2, V7 are opening, the steam-water mixture flows into the fermenter,
heating its volume at the moment r; to temperature ty; = 98.3°C. Then the fermenter cools down to temperature
ty= 85°C. Holding at these temperatures determines the high-temperature pasteurisation on the inner surfaces
of the fermenter. After that valve V4 opens, and hot water is released into the sewer, cleaning the outlet pipe
with a tap.
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Fig. 4 - Cyclogram of the fermenter cleaning processes

The subsequent stages of cleaning with a pasteurizing effect are already associated with the
implementation of the main technological process. After freeing the sterilizer from water at the moment of time
11, a concentrated nutrient medium is prepared in it, the sterilisation of which ends at the moment of time 7.
Next, the bypass of the CNM opens into the fermenter.

The second stage of heating and pasteurization of the fermenter takes place, as it was described
earlier. This process ends in 10 minutes, and air cooling of the fermenter is turned on by fan 5 in the jacket.
The cleaning process is complete. When temperature tys drops to 50-55°C at the moment 73, sterile water with
a volume of vy at 20-25°C is supplied to the fermenter to dilute the CNM to the required concentration of the
nutrient medium. By choosing ratios vw, Us, tys it is possible to regulate the final temperature of the nutrient
medium at the end of the dilution at moment 74, usually 25...28°C. This indicates the end of the pre-fermentation
stage. Inoculation with the seed culture is carried out, and then - the cultivation process starts. The research
was carried out under the conditions of real production of biopesticides.

The cyclogram presents maximum values of the stage durations, which were recorded at a particular
fermentation plant. For a fermenter with a different volume, it is necessary to select volumes us; this will change
the duration of the operations. The developed method provided double heating of the inner surfaces of the
fermenter to temperatures that guarantee the implementation of the pasteurizing effect. The system for
cleaning the fermentation plant from a 75-litre steriliser and a 115-litre fermenter made it possible to implement
the cleaning and pre-fermentation stage in 4.0 ... 4.5 hours, that is, one steriliser can serve two fermenters
during a working shift. This later determined the optimal composition of the unit (Krutyakova et al., 2019).

The final assessment of the cleaning system was made on the basis of the results of the pilot
production of two complex biopesticides "Biohybervit BT" TU U 72.1-00495929-026: 2020 and "Vitastim BT"
TU U 72.1-00495929-025: 2020, based on two strains of bacteria Pseudomonas fluoresens and two strains of
the antagonist fungus Trichoderma lignorum. The titre of biopesticides was within (1-4)-10° CFU cm- (colony-
forming units). The amount of the extraneous microflora was less than the value of 0.3%, established by the
Technical Specifications.
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CONCLUSIONS

A CIP-system for a fermentation plant has been developed, which consists of an industrial steriliser

and a thin-walled reactor. Cleaning from contamination is combined with a pasteurizing effect, which ensures
the death of vegetative forms of microorganisms on the inner surface of the equipment.

Cleaning is performed by water with the initial temperature of 98.3°C without the use of additional

devices. The pasteurizing effect is achieved by heating the inner surfaces twice to a temperature of more than
85°C with holding for 10 minutes.

The cleaning procedure is combined with the main technological process and does not require

additional equipment. Testing of the system in the production of biopesticides has confirmed its efficiency. The
level of contamination by extraneous microflora did not exceed the established standard value 0.3%.
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