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THE INFLUENCE OF MICROBIAL-ORIGIN GROWTH
STIMULATORS ON THE DEVELOPMENT OF VERMICULTURE

Introduction. The need to implement advanced technologies for obtaining a sufficient amount of high-quality
protein in Ukraine is an aspect of food security. Biotechnology of vermiculture is one of the ways to transform
agricultural raw materials of plant and animal origin into good-quality food products.

Problems Statement. The search for ways to increase the productivity of protein biosynthesis in the process of
vermiculture is an urgent problem.

Purpose. The purpose is to study the effect of microbial-origin stimulators in the nutritional substrate on the
reproductive properties and biomass accumulation of Eisenia foetida.

Materials and Methods. Conventional and advanced physicochemical, microbiological, and technological re-
search methods. Stimulators of microbial origin have been obtained by deep cultivation of Streptomyces recifensis
var. lyticus 2435. The effect of stimulators has been studied by determining the biometric indicators of Eisenia foeti-
da culture; the composition of the microbiota of the substrates has been investigated by the method of microscopy.

Results. The proposed growth stimulators are a complex of lytic enzymes (muramidase, 5 types of endopepti-
dase, 2 types of glycosidase) and accompanying enzymes (proteases, amylases). The maximum indicators have
been found in the presence of 0.5% raw biomass of Streptomyces recifensis var. lyticus 2435 in a proportion of
1: 15 to the dry matter of the nutrient substrate, the microbial composition of which changes against the initial
values: the total number decreases by 13.38%, for the bacteria, by 13.92%, for the micromycetes, and by 31.04%,
Jfor the anaerobes. The number of representatives of the genus Streptomyces increases 2.17 times; there are no
bacteria of the genii Enterobacter and Staphylococcus in the experimental samples. This fact is probably ex-
plained by the enzymatic activity of the digestive system of E. foetida.

Conclusions. The studied stimulators of microbial origin have a positive effect on the nutrient substrate fer-
mentation processes and on the reproductive and growth functions of vermiculture.
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One of the important tasks of the biotechnolo-
gical industry of Ukraine is the development of
protein-containing preparations for various pur-
poses. The solution to this problem is facilitated
by the expansion of the range of industrial pro-
ducers of various preparations. In this regard,
Eisenia foetida culture has shown a significant
advantage over known microbial producers. This
species has significant advantages over other ty-
pes of earthworms, as a producer of various drugs
with antibacterial, anticarcinogenic, and cytoly-
tic properties [1—3].

The potential of E. foetida is quite powerful.
Thus, the use of this culture on an industrial scale
will make it possible to create new environmen-
tally friendly and waste-free production of prote-
in-containing products, replenish feed resources
with cheap protein additives, obtain biostimula-
tors for agriculture and produce raw materials for
the pharmaceutical and perfume industry.

Currently, there have been developing and ex-
panding innovation technologies based on E. foe-
tida. Based on the biomass and waste products
(metabolites) of E. foetida, valuable drugs have
been obtained for the treatment of cancer, trypa-
nosome, microbial, viral infections [4], as well as
diseases of the immune system [5], inflammations
of various origins [6, 7]. New products of E. foeti-
da biomass are various enzyme preparations, as
well as various types of macromolecules of ver-
miculture origin, which provide the opportunity
to create new nanocarriers in the development of
promising medicinal products [8, 9].

It has been determined that the protein obtai-
ned from worms, both in raw and processed form,
provides high efficiency in fattening all types of
animals, birds and fish, and also improves the
consumer properties of their meat [10]. So, using
E. foetida, the problem of improving and preser-
ving the quality of food products of animal ori-
gin is solved in a certain way, which is relevant
for the present time, since modern consumers of
such products place high demands on meat and
fish products that are quite expensive. The wi-
despread use of E. foetida biomass as a protein
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product is also facilitated by the fact that the
pheromones of this organism do not have a sharp
unpleasant smell, as in representatives of other
species of earthworms [11].

Presumably, this explains the development of
such a modern direction of biotechnology as ob-
taining biologically active substances from vermi-
culture biomass. Thus, there is a well-known me-
thod of producing protein-vitamin flour from a
hybrid of the red California worm and vermicom-
posted apple pomace [12]. It is also proposed to
obtain a sterilized product from earthworms in
the form of a dry powder with preserved enzy-
matic activity and to prepare a biologically ac-
tive substance based on vermiculture, containing
low-molecular components with a stable and di-
verse biological effect [8, 12].

Using vermiculture, it is possible to reduce
the content of mycotoxins and toxic chemicals
in contaminated raw materials to the limit level
[13] and obtain safe feed protein products from
substandard raw materials [14]. In [10, 15, 16] it
has been shown that experimental animals, the
main source of whose protein is a feed additive
made of red California worm (RCW) demonstra-
te increased indicators of growth, development,
and body weight gain. The positive effect of red
California worm on animal fattening has been
confirmed by the composition of dry biomass:
56—72% of the proteins that contain essential
amino acids recommended by the FAO commis-
sions and the World Health Organization (lysine,
combinations of methionine with cysteine and
phenylalanine with tyrosine), 12% of fats, out of
which 33% are unsaturated and 67% are satura-
ted fatty acids.

Thus, the perspective is not only in the culti-
vation of vermiculture of E. foetida in artificial
conditions, but it is considered expedient to find
ways to stimulate the development of E. foetida
to increase its biomass and number.

The research has been carried out according to
the following flowchart (Fig. 1).

These experiments have been conducted on the
basis of research laboratories of the Department
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Fig. 1. The research flowchart
Source: prepared by the authors.

of Occupational Safety and Health of the Uk-
rainian State University of Chemical Technolo-
gy, as well as the research laboratory of molecular
biology of microorganisms and microbial biotech-
nology of the Research Institute of Biology of Oles
Honchar Dnipro National University (DNU).
The study used vermiculture of E. foetida that is
cultivated according to the requirements of TC
3336406.002-95. The E. foetida is cultivated on a
sunflower husk (SH) substrate (Dream Limited Li-
ability Company), pre-modified to 200—500 pm.
The modified raw material is laid for fermentation
in burses in the height of 50—60 cm and moiste-
ned with water until the moisture content of the
substrate reaches 70—80%. During fermentation,
in order to improve the aeration and activation of
the microbiota of the SH, humidity is maintained
throughout the entire volume of the substrate by
stirring once a week. The E. foetida biomass on
a nutrient substrate is accumulated for 160 days
at a temperature of 20—25 °C; pH 6.5—7.5. An
E. foetida population of 20 organisms adapted to
fermented sunflower husks (the average weight
ofaworm s 0.1 g), is introduced into each experi-
mental group. The frequency of fresh substrate is
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once per 10 days. The stimulators are added twice
a week. The development of vermiculture is cont-
rolled by weight and computational methods.
Microbiological analysis of the substrate (de-
tection of systematic groups of microorganisms) in
certain selective media: meat peptone agar (MPA),
salt agar (SA MPA) with 10% NaCl (bacteria),
potato ammonia agar (PAA) (actinomycetes),
has been carried out. Czapek’s medium with pH =
= 4.5—5.0 before sterilization (micromycetes),
Kitt-Tarozzi medium (anaerobic bacteria). The
quantitative composition of the microflora of the
substrate is presented in CFU /g of substrate [17].
There have been used the stimulators of mic-
robial origin, namely metabolites of St. recifen-
sis var. lyticus 2435 and the enzyme preparation
Lizorecifin of the brand G3X by Enzyme produc-
tion association (Ladyzhin, the Vinnitsa Oblast).
The culture of St. recifensis var. lyticus 2435 UKM
IMV Ne Ac-5018 is stored in the museum of the
Department of Microbiology, Virology and Bio-
technology of Oles Honchar Dnipro National
University. St. recifensis var. lyticus 2435 — aero-
bic gram-positive bacteria that have a mycelial
cell structure. Surface culture of St. recifensis var.
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lyticus 2435 forms dense colonies on agar medium
(Gause mineral agar). The shape of the colonies is
rounded, convex with smooth or wavy edges. Co-
lonies are formed from two types of mycelium —
aerial and substrate. The aerial mycelium has a
yellowish-white or grayish-white color, and the
substrate mycelium is yellowish-grayish in color.
On the aerial mycelium, slightly wavy and short
chains of spores are formed in the form of hooks.
This strain is a producer of plant growth stimu-
lators of glycopeptide nature and lytic enzymes
(endopeptidases and glycosidases), which are
able to destroy the cell walls of some microorga-
nisms. Lizorecifin is based on the producer St. re-
cifensis var. lyticus 2435 that is characterized by a
wide spectrum of antimicrobial action, due to the
presence of a complex of lytic (five endopeptida-
ses and two glycosidases), concomitant enzymes
(proteases, amylase) and thermostable growth
stimulating factor of glycopeptide nature [18].
These stimulators are introduced in a concent-
ration of 0.5% and 1% in a proportion of 1 : 15 to
the dry matter of the nutrient substrate.
Actinomycetes St. recifensis var. lyticus 2435
cultivated at a temperature of 30 °C for 72 days
in deep conditions on the medium of the follo-

Influence of Stimulators on the Number of Vermiculture

wing composition (%): soybean flour (0.475), glu-
cose (0.063), NH,NO, (0.075), K,HPO, (0.009),
CaCl, (0.11), CaCO, (0.2), and MgCl, (0.05).
The resulting culture fluid (CF) is centrifuged at
3000 rpm. for 15 minutes, to obtain two stimula-
ting components: raw microbial biomass and su-
pernatant.

The results have been analyzed by the Student’s
t-test. Differences are considered statistically sig-
nificant if P < 0.05 [19].

Several groups of worms have been selected
for the study: the reference and the experimental
ones. The reference group receives only fermented
substrate on the basis of SH, while in the experi-
mental groups, the proposed growth stimulators
are added to the main substrate in the indicated
amounts. It has been established that the dura-
tion of the incubation period of cocoons in the
studied population varies from 21 to 56 days. The
maximum number of cocoons in the substrates
of experimental groups has been detected in the
presence of raw biomass of streptomycetic origin
in the amount of 0.5% (20 cocoons) throughout
the trial period, exceeding the reference values
twice. The results of the change in the number of
vermiculture (number of adults) in the presence

= Number of vermiculture organisms, pieces

g 5 Option

£z of experiment 20day | 40day | 60day | 80day | 100day | 120 day | 140 day | 160 day

52

Reference main substrate 24+1.2(30£15(31+1.6(33£1.7(30+1.5{26£13|26+1.3|23£1.2
1 | CF Supernatant 0.5% 20£1.1(40+£2.0(|41£21({41+£21|140%£2.0(42+21|46+£23(44+2.2
2 | CF Supernatant of 1% 20+1.0(37x18(|38+1.9(39+19|36+1.8(42+20(44+22{39+x19
3 | Crude biomass of streptomycetes 0.5% [ 31 £ 1.6 |37 £ 1.9 |41 £2.0 [44£22 |55+ 28|58 +3.0|54+2.7|52+2.6
4 | Crude biomass of streptomycetes 1% |29 £ 1.4 |33 £1.2 |37+ 1.6|39+1.5|43£21[49£2.0(42+1.8|42+18
5 | Enzyme preparation G3X 0.5% 28+13(33£1.7(36+1.8|36x1.8(32+1.6{40%£2.1|41+21|37%£1.0
6 | Enzyme preparation G3X 1% 26+1.2(34+£16(39+2.0(35+1.7(38+1.9|38£19(34+1.7|31£16
Note: P<0.05.
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of the stimulators under study are presented in
Table below.

The analysis of the number of the reference
and experimental populations shown in Table in-
dicates the positive effect of the proposed stimu-
lators. At the 20t day, an increase in the number
of E. foetida individuals has been observed: in the
reference group, by 20% versus the initial value
of the population, in experimental groups 3 and
4, by 55% and 45%, respectively, in experimental
groups 5 and 6 with the enzyme preparation G3X,
by 40% and 30% versus their initial value (20 in-
dividuals). The maximum number of E. foetida
has been observed in the presence of raw biomass
of streptomycetes origin at a concentration of
0.5%, namely 31 individuals, exceeding the refe-
rence values 1.3 times for 20 days. In experimen-
tal groups 1 and 2 containing supernatant of
culture fluid at concentrations of 0.5% and 1%
respectively, changes in the number of individu-
als for 20 days of the experiment have not been
observed. The stimulating effect of this investi-
gated component manifests itself later, namely
on the 40" day of the experiment. In group 5,
the number of individuals increases twice, and in
group 6 the number of worms increases 1.7 times
as compared with the beginning of the experi-
ment. The best result on the population size for
120 days (58 individuals) has been reported for
experimental group 3, in the reference group the
corresponding indicator is only 26 that is less al-
most 2.1 times than the experimental ones.

Thus, the most effective stimulator among the
studied one is the crude microbial biomass, ta-
ken in the amount of 0.5% for the formation of
cocoons, and for increasing the number of indi-
viduals in the population of E. foetida. Likely, this
stimulator is effective due to the presence of the
combination of certain stimulators in the cells of
actinomycetes. Streptomycetes biomass is used by
worms as an additional source of nutrition, which
contributes to the general development of ver-
miculture.

The effect of growth stimulators on the accumu-
lation of E. foetida biomass has been studied in
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Fig. 2. The effect of stimulators on the growth of E. foetida
biomass for 160 days

this research. During the cultivation on the subst-
rate from crushed sunflower husks, the biomass of
E. foetida worms increases from 3.33 g to 12.91 g,
depending on the initial weight and physiological
state. In the adults, the growth does not exceed
50% monthly. All proposed growth stimulators
of microbial origin contribute to the accumu-
lation of E. foetida biomass. There has been re-
ported a significant growth in the vermiculture
biomass as compared with the initial weight of
individuals: 1.8 times, for the reference group, 1.7
and 2.1 times, for experimental groups 3 and 5,
respectively, for 20 days. Further, no significant
increase in the worm biomass in the reference
group has been reported, as it remains at the level
of 20 days. The largest weight of biomass of the
vermiculture in the final cultivation period has
been recorded in experimental group 3. It reaches
18.77 g that, for 140 days, exceeds 3.2 times the
initial values and 2 times the reference values. The
indicators for the accumulation of vermicompost
biomass in all experimental groups and the refe-
rence group for 160 days are shown in Fig. 2.
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Fig. 3. Changes in the quantitative composition of the mic-
roflora in the vermicultivation process

According to the results of the experiment, the
best indicators of biohumus biomass growth have
been shown by such a stimulating component
as biomass of streptomycete origin, taken in an
amount of 0.5% (18.3 g); the results are 2 times
higher than the reference values.

Microbiological analysis of the substrate has
been carried out. Changes in the composition of
the substrate microflora have been reported in the
presence of the most effective stimulator (crude
biomass of streptomycetes) at the beginning and
end of the experiment (Fig. 3).

The data have shown that the microbial com-
position of the substrate after vermiculture chan-
ges as compared with the initial values: the total
number decreases by 13.38%, for the bacteria, by
13.92%, for the micromycetes, and by 31.04%, for
the anaerobes, while that of the streptomycetes
increases by 53.86%. The bacteria of the follo-
wing genus have been identified: Bacillus, Entero-
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bacter, Escherichia, Streptomyces, Fusobacterium,
and Clostridium (Fig. 4).

The content of bacteria of the genii Escherichia,
Fusobacterium, Clostridium in the substrate de-
creases 0.7 times, on average, while the number of
bacteria of the genus Bacillus increases 2.2 times.
The treatment of the substrate by vermiculture
with the added stimulator leads to improvement
its microflora, so no bacteria of the genii Entero-
bacter and Staphylococcus have been detected in
the experimental samples, that means these gro-
ups of microorganisms have been eliminated. This
fact may be explained by the enzymatic activi-
ty of the digestive medium of worms. The con-
centration of bacteria Streptomyces sp. increases
2.17 times as compared with that at the begin-
ning of the experiment.

The obtained results largely agree with those
of other authors. Thus, in [20, 21], the greatest
positive stimulating effect has been shown by the
drugs based on the biomass of St. recifensis, which
is consistent with the data of this research. The
positive effect of the studied stimulating com-
ponents is explained by the mechanism of lytic
action of the whole complex of enzymes synthe-
sized by Streptomyces recifensis var. lyticus 2435.
Metabolites of streptomycete lead to a profound
destructive effect of microorganisms that live in
large numbers on fermented sunflower substrate.
The species composition of the microflora of the
modified sunflower husk is quite diverse and in-
cludes mesophilic bacteria, yeast, fungi, ther-
mophilic bacteria, and actinomycetes [17]. The
proposed stimulators contain both bacteriolytic
(destroy the cell wall of bacteria) and myco- and
yeast lytic (destroy the cell membranes of fungi
and yeast) enzymes.

Thus, according to [22], the whole complex of
lytic enzymes of streptomycete by the mechanism
of action is divided into three types. The first ty-
pe of enzyme St. recifensis var. lyticus are glyco-
sidases that break down polysaccharide (glycan)
chains in the peptidoglycan of the cell wall of sub-
strate bacteria. These include N-acetylmurami-
dase (lysozyme), an enzyme that hydrolyzes the
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1,4-glycosidic bond between N-acetylmuramic
acid and N-acetylglucosamine in bacterial cell
wall peptidoglycan molecules, as well as N-glu-
cosaminidase, which is a hydrolysis bond be-
tween N-acetylglucosamine and N-acetylmuramic
acid [23]. The second type of enzyme complex is
N-acetylmuramyl-L-alanylamidase (amidase) that
breaks down the bond between the muramic acid
of the polysaccharide and the peptide part of the
peptidoglycan. The third type of lysoenzymes com-
bines peptidases that hydrolyze the peptidogly-
can peptide bonds. Bacteriolytic peptidases have
different substrate specificity: some of them break
only the glycyl-glycyl bond in cross-linked bridges,
while others act on the glycyl-alanine bond, etc.

Thus, the enzymatic degradation of the cell
walls of the sunflower husk microorganism is re-
alized by hydrolytic breakdown of certain bonds,
which leads to their deep lysis.

During the destruction of the substrate micro-
flora, there is released its intracellular content rich
in nutrients, vitamins, micro- and macronutrients,
which serve as additional nutrients and growth
factors that are easily absorbed by vermiculture
and have a positive effect on its development.

In addition, the culture of St. recifensis var. lyti-
cus is known to synthesize specific substances —
avermectins that are used to control acarids [24].
The growth-stimulating effect of these substanc-
es on agricultural plants has also been established
[15, 22]. The presence of avermectins among the
metabolites of streptomycete helps to clean the
substrate from parasites that can adversely affect
vermiculture.

Thus, it is possible that a combination of lytic
and antiseptic factors in the composition of me-
tabolites of St. recifensis var. lyticus provides their
stimulating effect on the development of vermi-
culture Eisenia foetida.

Application of vermiculture technology in the
production of Eisenia foetida biomass in the agro-

ISSN 2409-9066. Sci. innov. 2024. 20 (4)

DO w = w1
(=] (==} =) (=)
T T T

—_
S

Quantitative composition of bacteria, %

1

W

AV ¢ W ¢ IR\
@O\\ \0& S 006) @\BQ & (\&\y
Ay & SC‘& o %Q‘O o \0§

Genus of bacteria
® The number of bacteria at the beginning of the experiment
The number of bacteria at the end of the experiment

Fig. 4. Changes in the quantitative composition of bacteria
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industrial complex in fattening animals in order to
increase their productivity to obtain organic food.

It has been shown that the best growth stimu-
lator of E. foetida is raw biomass of St. recifensis
var. lyticus 2435 in a dose of 0.5%. This effect man-
ifests itself as a 1.5-time reduction in the time of
emergence of cocoons, a 2.9-time increase in the
number of adults per 120 days of cultivation, and
a 3.1-fold increase in the biomass. Improving the
microbial composition of the nutrient substrate
by increasing the total number of streptomyce-
tes that synthesize and excrete biologically active
substances by 53.86% contributes to the accumu-
lation of E. foetida biomass. Thus, the proposed
stimulators of microbial origin to a certain ex-
tent had a positive effect both on the processes
of fermentation of the nutrient substrate and on
the reproductive and growth functions of vermi-
culture.
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BIIVIMB CTUMVYJIATOPIB POCTY MIKPOBHOTIO ITOXO/IKEHHA
HA PO3BUTOK BEPMUKYJIBTYPU

Beryn. HeobxigmicTs BIpoBasKyBaTH B YKpaiHi IPOrpecHBHI TEXHOJIOTI oiepsKatHs y JOCTaTHIN KiJIbKOCTI SIKiCHOTO Ipo-
TeiHy € OHIM 3 aCIIEKTIB IPOAOBOJIBYOI Ge3IIeKu. BioTexHoI0ris BEpMUKYJIBTUBYBAHHS € OAHKM i3 CII0COGIB IIePETBOPEHHS
CiTbCHKOTOCTIOIAPCHKOI CUPOBUHU POCJIUHHOTO Ta TBAPMHHOTO TTOXOJIPKEHHST Y BUCOKOSIKICHI TIPOAYKTH XapyuyBaHH:I.

IIpo6GaemaTuka. [Tonryk MIAXIB IABUIIEHHS NPOLYKTUBHOCTI 6i0CHHTE3Y IPOTEIHY B IPOLECI BEDMUKYJIBTHBYBAHHSI.

Mera. BuBuenns BILIMBY Jii CTUMYJISATOPIB MIKPOOHOIO MOXOIKEHHS Y CKJIA/I II0KMBHOTO CyOCTpaTy Ha PpelpoAyKTUBHI
BJIACTUBOCTI Ta HaKonu4yenHs 6iomacu Eisenia foetida.

Marepiasm ta Metoau. Tpaguuiiini Ta cyyacui (pisuko-ximMiuni, MiKpOGIOJIOTiuHI H TEXHOMOTIUHI METOAN AOCIIKEHHSI.
CrumyiaTopy MiKpOGHOTO IIOXOIKEHHS OIeP/KaHO IIMOMHHUM KyJIBTUBYBaHHAM Streptomyces recifensis var. lyticus 2435.
JIi10 CTUMYJIAITOPIB BUBYAJIM IIJIIXOM BU3HAUYEHHsT O10METPUYHKX TIOKa3HUKIB KyasTypu Eisenia foetida, cknan mikpodaopu
cy6eTpaTiB — METOIOM MiKPOCKOIIIi.

PesyabraTu. 3anpornoHoBaHi CTUMYJISTOPU POCTY € KOMILIEKCOM JITHYHUX €H3UMIB (MypaMijia3u, eH/I0TeN THIa3!, TJTi-
Ko3uIa3n) i cynyTHix dbepmenTi (mpoTeasu, amisazn). MakcMMaIbHi MOKA3HUKK BUsIBJIEHO 3a mpucyTHocTi 0,5 % cupoi
Giomacu Streptomyces recifensis var. lyticus 2435 y cuisignomenni 1:15 BiIHOCHO CyX0l pe4OBMHU IIOKMBHOIO cybeTpary,
MIKPOOHUIT CKJIA/ AKOTO PH IOMY 3MIHUBCS BIJHOCHO MOYATKOBUX 3HAYEHD: 3aTa/IbHA KiJIbKICTh GaKkTepili 3MeHIIIIacs Ha
13,38 %, mikpomireris — Ha 13,92 %, anaepo6is — na 31,04 %. HuicebHiCTb IPEACTABHUKIB POALY Streptomyces 36inbuinnacs
y 2,17 pasu, 6axrepii poais Enterobacter i Staphylococcus y nocaignnx npobax BigcyTHi, 10, AMOBIpHO, T0B’sI3aHO 3 hepMeH-
TaTUBHOIO aKTHBHICTIO TpaBHOI cuctemu Eisenia foetida.

BucuoBku. [[oc/ipKeni CTMMYISTOPU MiKPOGHOTO IOXOKEHHS O3UTHBHO BILIMBAJIKM Ha IIpoliecu (pepMeHTallii HOKUB-
HOTO CyOCTPaTy, PENPOAYKTUBHY Ta POCTOBY (DYHKIIIT BEDMUKYJIBTYPH.

Kuouosi cnosa: Bepmukyiisrypa, Eisenia foetida, crumynsitopu pocty, KyJsrypajibHa pinHa, cyberpar, Giomaca.
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