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Abstract: The article considers the issue of studying the value of pH, substrate in the
process of methane fermentation in the mesophilic regime and the influence of the
electromagnetic field of industrial frequency.

The aim is to investigate the influence of electromagnetic fields on the pH value of
the substrate during fermentation.

Different types of microorganisms are involved in the process of methanogenesis, and
the decisive role in it is played by methane-forming archaea, which are most sensitive to
pH and should be in the range of 6.5 - 8. Therefore, it is necessary to check the effect of
low frequency electromagnetic field on substrate pH. The study was performed for 25 days
on two substrates, one of which was exposed to a low-frequency electromagnetic field with
an electromagnetic induction of 3.5 mT. The research results show that the pH value of the
substrate exposed to the electromagnetic field during the methane fermentation process
was within acceptable limits, and the second substrate decreased, that is, it was acidified.
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Topicality. From the point of view of modern scientific ideas [1-3], the process of
methane fermentation is based on the results of research and study of biochemistry and
microbiology of the process, as well as the study of natural anaerobic biocenoses (eg
rumen ruminants) and artificial biocenoses - microbiological reactors - methane tanks. To
the final products in the process of methane fermentation occurs in the following main
stages - hydrolysis, acidogenesis, acetogenesis and methanogenesis.

At the first stage of anaerobic fermentation of organic substances by biochemical

cleavage (hydrolysis) is the decomposition of macromolecular compounds (carbohydrates,
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fats, proteins) into low molecular weight organic compounds. In the second stage, with the
participation of acid-forming bacteria, further decomposition occurs with the formation of
organic acids and their salts, as well as alcohols, CO, and H,, and then H,S and NH3. The
final bacterial conversion of organic matter into CO, and CH, is carried out in the third
stage of the process (methane fermentation). In addition, from CO, and H, is formed in the
future an additional amount of CH, and H,O.

Anaerobic degradation of biopolymers is carried out by a multi-species microbial
association, which is united by strong trophic bonds. Mandatory components of the
community are primary anaerobes of hydrolytic microflora (hydrolyze biopolymers),
fermentation microflora (ferment monomer molecules), acetogenic microflora (convert
various fermentation products into substrates of methanogenesis) and secondary anaerobes
- methanoforming archaes.

These reactions occur simultaneously, and methane-forming bacteria have much
higher requirements for the conditions of their existence than acid-forming ones. Because
they require a completely anaerobic environment and longer time to reproduce. The rate
and extent of anaerobic fermentation of methane-forming bacteria depend on their
metabolic activity. Since the metabolic activity and the level of reproduction of methane
bacteria is lower than that of acid-forming ones, an increase in the amount of organic
matter formed can result in an excess of volatile acids, which reduces the activity of
methane bacteria.

Analysis of recent research and publications. It is impossible to unambiguously
determine the nature of the relationship in the bacterial cenosis, which consists of more
than two species. The type of relationship within the community can vary depending on
many factors that affect the whole process of transformation of organic matter, so
determining the optimal parameters of anaerobic decomposition of the substrate and
effective management of this process is important from a theoretical and practical point of
view.

The main parameters of the anaerobic process in the transformation of complex
biopolymers include primarily the pH level, temperature and redox potential of the

environment, which affect the course of metabolic processes. [4].
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The optimal pH level for methanogen metabolism is considered to be 6.5-8. At lower
pH values, non-ionized LVVHs become toxic, and at pH values above 8, ammonia has a
strong inhibitory effect [5,6].

The aim is to investigate the influence of electromagnetic fields on the pH value of
the substrate during fermentation.

Materials and methods of research. In order to determine the effect of the
electromagnetic field on the pH, electrical resistance and EMF during the fermentation of
pig manure under anaerobic conditions, experimental studies were performed. Pig manure
of 25 g was loaded into two fermenters of 200 ml of seed from the active bioreactor, one
of which was exposed to a low-frequency electromagnetic field with an electromagnetic
induction of 3.5 mT. The installation of electromagnetic radiation was turned on three
times a day for 15 minutes. Measurements of pH values were performed, respectively,
devices pH-301 and P 577 every 5 days of fermentation for 25 days.

The device pH-301 when measuring the electromotive force (EMF) works with the
electrode system, which in aqueous solution creates an electromotive force that
corresponds to the equation:

E=E+S(pH-pH)), (1)
where: E - EMF of the electrode system;

S - slope of the electrode system, mV / pH;

pH- is the negative decimal logarithm of the activity of hydrogen ions;

Ei- is the value of EMF at the isopotential point, mV;

pH; . is the pH value at the isopotential point.

The device uses a silver chloride reference electrode.

To create an electromagnetic field, we use the stator of a single-phase capacitor
motor type KD180-4 / 56RKA. A voltage of -28V with a frequency of 50 Hz was applied
to the electric motor. The general view of the experimental installation is shown in Fig.1

Operating mode - mesophilic - t = 37-390C,;
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Fig.1.Experimental installation:

1 - measuring tube of biogas outlet from the bioreactor in which the electromagnetic
field was exposed; 2 - measuring tube of biogas output without impact; 3 - tesla meter; 4 -
laid stator with substrate; 5 - laid substrate, 6 - movable platform for mixing the substrate

of experimental samples

Research results and their discussion. The most common mistake is the
overfeeding of bacteria with a rapidly decomposing substrate, which leads to the
accumulation of acids through acid-forming bacteria, hydrolyzing and acid-forming
bacteria in an acidic environment with a pH of 4.5-6.3 reach the optimum of their activity.
In this regard, there may be a very sharp drop in pH, which will not survive other bacteria.
Bacteria that form acetic acid and methane can live only at neutral or slightly alkaline pH
6.5-8. The following is true for all bacteria: if the pH level exceeds the optimal level, they
become slower in their life, which slows down the formation of biogas, so you need to
create an optimal anaerobic biocenosis, when all microorganisms develop proportionally.

The influence of the electromagnetic field on the substrate with pig manure during
methane fermentation allows to maintain a pH not lower than 6.5, which does not exceed
the allowable value (Fig.2, 1), and the pH value of the substrate not affected by the

electromagnetic field fell below the allowable value , 2). This is due to the fact that in the
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first case, colonies of microorganisms develop proportionally and the cleavage products of
each species of microorganisms are fully used by the next species, which contributes to
comfortable conditions, and in the second case, acid-forming microorganisms develop
faster and produce more cleavage product.

Anaerobic microorganisms belong to the magnetosensitive, which have a mechanism
of magnetoreception, that is have special organelles - magnetosomes. By their structure,
they are small bubbles made of a double membrane filled with nanocrystals with magnetic
properties. These crystals are like small magnetic needles, most often composed of iron
compounds - Fe304 or Fe3S4, ranging in size from 35 to 150 nm. The magnetosome
maximizes the magnetic dipole moment of the cell and causes it to move along the lines of
force of the magnetic field. The movement along the magnetic lines is necessary for the
bacterial cell in order to find a comfortable habitat for it [7,8].

Membrane proteins of the magnetosome are encoded by magnetosome genes, which
are present in the form of clusters in the genomes of all currently studied magnetotoxic
bacteria (MTV) [9]. These clusters are relatively close to each other in the genomes and
are surrounded or interrupted by certain types of genomic structures, suggesting that in
some MTBs the magnetosome genes are organized as a magnetosomal genomic island that
can be transmitted to other different bacteria through horizontal gene transfer (HGT). ).
Due to the improvement of genetic systems in some MTBs, the functions of several
magnetosomal membrane proteins in the biomineralization of the magnetite magnetosome
chain have been demonstrated, although the roles of the majority remain unknown [10].
How the genes involved in magnetotaxis common to all MTBs originated and were
transmitted during evolution is still debated, although there is evidence that magnetotaxis
occurred only once, regardless of the composition of the magnetosome crystal, and was
then transferred independently of origin to all groups containing MTB, as well as through
HGT between closely related bacteria [11]. This allows you to increase the colonies of
microorganisms and, accordingly, to intensify the process of methanogenesis (Fig. 3). The
increase in the colonies of microorganisms is evidenced by the change in electrical
resistance and e p s of the substrate, as increased the number of iron-containing

microorganisms, respectively, the electrical resistance and e p s of the substrate is less
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(Fig.4, 1 and Fig. 5, 1) and vice versa with fewer microorganisms higher parameters (Fig.
4,2 and Fig. 5, 2)
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Fig.2. Change in pH value during anaerobic fermentation of pig manure:

1 - when exposed to an electromagnetic field on the substrate; 2 - without influence
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Fig.3. Biogas yield when exposed to a magnetic field on the substrate - 1 and

without exposure — 2
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Fig.4. Change in the value of electrical resistance during anaerobic fermentation
of pig manure:

1 - when exposed to an electromagnetic field on the substrate; 2 - without influence
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Fig.5. Change in the value of EMF during anaerobic fermentation of pig
manure:

1 - when exposed to an electromagnetic field on the substrate; 2 - without influence

Conclusions and prospects. Based on the research, we can conclude that the effect
of low-frequency electromagnetic field on the substrate of pig manure during anaerobic

fermentation allows to maintain a pH value of not less than 6.5, which is within a
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comfortable environment for microorganisms and a decrease in electrical resistance and e

p s, which indicates an increase in colonies and biogas
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JOCJII)KEHHS BHAYEHHS PH CYBCTPATY BIOI'A30BOI
YCTAHOBKM ITPY OBPOBIII TOT'O HU3bKOYACTOTHUM
EJIEKTPOMATI'HITHUM HHOJIEM

M. M. 3aonoocokuit, I1. b. Knenoii, O.I1. /[yoap
AHoTalisgs. VY cmammi pozensdaemvcsi numaHHs O0O0CHIONCeHHs 3HavenHs pH
cybcmpamy 6 npoyeci Memano8o20 OpOoOiHHA Npu Me30QiIbHOMY pedcumi i 8nausi Ha
Hb020 eIeKMPOMACHIMHO20 NOAA NPOMUCTIOB801 YACMOMU.
Mema 0ocnidocennss —6cmano8uUmu 6NaU8 e1eKmpoMaHimHUX noiie Ha 3HayenHs pH
cyocmpamy 6 npoyeci 30p00iCy8anHs.
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YV npoyeci memarnocenesy 3a0iani pizHi 6UOU MIKPOOP2SAHIZMIB, A BUPIULATILHY POJb 8
HbOMY 8I0icpaiomb MemaHoymeopioyl apxei, aKi Haudiibw wymausi 00 3HayeHus pH i
sIKe NOBUHHO 3HAxXooumucv 6 medxcax 0,5 — 8. Tomy nompibno nepesipumu 6nIuU8
HU3bKOYACMOMHO20 — €IeKMPOMACHIMHO20 Nnoasd Ha  eeauuuny pH — cybempamy.
Jlocniooicennss nposoounocy npomsicom 25 0i6 Ha 080X cybcmpamax, 00UH 3 SKUX
niooasanu 6niugy HU3bKOYACMOMHO20 el1eKMPOMACHIMHO20 NOAs 3 eNeKMPOMASHIMHOI0
inoykyieto 3,5 mTn. Pezynomamu 0ocnioxcenv noxkazyroms, wo sHavenus pH cybcmpamy
AKUL Ni00asascs 6NauU8y eleKmpOoMAHIMHO20 NOAi 6NPOO0BI’HC NPOYecy MemaH0o8020
30p00XHCYBAHHS 3HAXOOUIOCH 8 OONYCIMUMUX MENCAX, A 0PY2020 CyOCmpanmy 3MeHWUIOCY,
Mob6mo npoxoouo to2o 3aKUCIEeHHS.

KurouoBi  caoBa:  memanoge  Opodinma, cyocmpam, 3nauenna  pH,
eleKmpomazuimue nose

HCCJIEJOBAHUE 3HAUYEHUSI pH CYBCTPATA BUOI'A30BOM
YCTAHOBKHU ITPU OBPABOTKE ET'O HUBKOYACTOTHBIM
IJIEKTPOMAI'HUTHBIM ITOJIEM

H. H. 3a6n00ckui, I1. b. Knenouii, O. I1. /Iyoaps

AHHOTAUMA. B cmamve paccmampueaemcs 6onpoc ucciedoéanus 3uaveHus pH
cyocmpama 6 npoyecce MemaHo8020 OpOJICEHUs Npu Me30()UIbHOM pedcume U
8030€eliCm8UU HA He20 INeKMPOMACHUMHO20 NOJISL NPOMBILULIEHHOL YACTNOMbL.

Llenv uccneoosanuss — ycmanosums GuuaHUE NEKMPOMASHUMHBIX NOJIEU HA 3HAYEHUE
PpH cybcmpama 6 npoyecce copasxicusanusi.

B npoyecce memanoeceneza 3aoeticmeosansvl paznuunvle 8UObI MUKPOOP2SAHUIMOS, d
peuaouyio poib 8 HeM ueparom memanooopaszyrowue apxeu, Hauboee 4y8cmeumenbHole
K 3HayeHuto pH, komopoe oondxcno naxooumscs 6 npeoderax 6,5 — 8. I[losmomy mHydcHO
nposepumsv GIUAHUE HUZKOYACTOMHO20 3JIeKMpOoMasHUmuo2o nois wa pH cybcmpama.
Hccnedosanue nposoounoce 6 meyenue 25 cymok Ha 08yx cyocmpamax, 00Ul u3 KOmopbwix
nooeepeancs  8030€UcCmeut0  HU3KOYACMOMHO20  INeKMPOMACHUMHO20 — NOAi  C
anekmpomazHumuou unoykyueu 3,5 m1n. Pe3ynbmamul uccied0o8anuti nOKa3uleaion, 4mo
3Hauenue pH cybcmpama, xomopwlii noosepaaics 6030€UCmEU0 31eKmMpPOMASHUMHO20
noJis, Ha NPOMANCEHUU NPOYeCcca MemaH08020 COPAXCUBAHUS HAXOOUNOCL 8 OONYCIMUMbIX
npeoenax, a 6mopo2o cyocmpama yMeHbUWUI0Chb, Mo eChb NPOXOOUTIO €20 3aKUCIeHUe.

KaroueBble ciaoBa: memanogoe Opodicenue, cyocmpam, 3nHauenue pH,
INEeKMPOMACHUMHOE noJle
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