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Aim. To study growth dynamics, antagonistic activity and acid formation of two inoculant strains, Lactiplantibacillus
(=Lactobacillus) plantarum KT-L18/1 and Bacillus subtilis BPT-B1, that were introduced into alfalfa silage, up to
30 days of fermentation. Methods. A streptomycin-resistant strain of both above-mentioned organisms, obtained in
earlier research, was used to achieve the research aims. Alfalfa was artificially wilted and dried to a dry matter content
of 39-40 %. Fermentation was conducted under anaerobic conditions in polyethylene bags. Inoculant was added at a
concentration of 108 CFU/kg alfalfa. Ensiling was achieved in three treatments: 1) control without inoculants, 2) ap-
plication of L. plantarum KT-L18/1*" as inoculant, and 3) B. subtilis BPT-B1*" as inoculant. There were four bags of
300 g alfalfa for each treatment and each treatment was performed in triplicate. The resulting 12 x 3 = 36 bags were
kept at room temperature in a dark place for 30 days. At each examination date one sample per treatment was used and
examined after cultivation of the two inoculants on elective De Man-Rogosa-Sharpe (MRS) agar and meat infusion
agar (MIA), containing streptomycin. The (Ig) CFU/g of inoculants and natural background microbiota were deter-
mined by dilution plating on these agars at the start of fermentation (day 0) and on days 3, 15 and 30. The antibacterial
(ABA) and antifungal activities (AFA) were studied by the agar diffusion method for potentially pathogenic bacterial
strains (PPB), namely Staphylococcus aureus strain No. 906, Pseudomonas aeruginosa ATCC-27853, Salmonella
typhimurium No. 89 and fungi, a strain each, belonging to the Penicillium chrysogenum (strain ch37), Fusarium oxy-
sporum (strain ch07), Rhizopus arrhizus var. arrhizus (syn. R. megaspores) (strain ch37). The pH of the silage was
routinely determined in aqueous extract over 30 days. For analysis of background microbiota, 50 g of mixed silage
was randomly taken, and 450 ml of sterile water added to prepare suspensions. The (Ig) CFU of fungi were determined
on Saboraud glucose agar after 3—4 d cultivation at 28 °C. The (Ig) CFU/g of clostridia bacteria were determined af-
ter 24 h cultivation at 37 °C on Reinforced Clostridial Broth (Himedia, India). The (Ig)CFU/g of lactic acid bacteria
(LAB) and aerobic spore-forming bacilli (ASB) were determined as described above for L. plantarum KT-L18/1"
and B. subtilis BPT-B1*", but without addition of streptomycin to the medium. Results. After 30 days of ensiling the
alfalfa samples, L. plantarum KT-L18/1and B. subtilis BPT-B1*"were still present at levels of 9.2 Ig CFU/g and 6.9
lg CFU/g respectively. In the natural population of LAB, L. plantarum KT-L18/1*"had a dominant position. In the
variant treated with B. subtilis BPT-B1+, the number of LAB was 9.2 Ig CFU/g, practically equal to the number of
LAB in the variant with L. plantarum KT-L18/1%". After 30 days of the alfalfa fermentation L. plantarum KT-L18/1°"
and B. subtilis BPT-B1*"maintained ABA and AFA to the PPB strains (S. aureus, P. aeruginosa, S. typhimurium) and
the fungal strains used, one strain each of Penicillium chrysogenum, Fusarium oxysporum and Rhizopus arrhizus
var. arrhizus. However, the antagonistic activities of the two inoculant strains decreased during the fermentation, for
L. plantarum KT-L18/1°" from 7-21 %, and for B. subtilis BPT-B1*" from 16-21 %. Compared to the uninoculated
control treatment, the inoculated silage treatments had a lower pH level (5.2-5.3), an increased number of lactic acid
bacteria (LAB) (by 32 %), and clostridia were no longer detected. The inoculation impacted fungi down to a level of
10°-10° CFU/g that can ensure the aerobic stability of the feed. Conclusions. The inoculant strains and L. plantarum
KT-L 18/1%" and Bacillus subtilis BPT-B1*" showed a high competitiveness with background microbiota in an ensiling
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experiment with alfalfa. The antagonistic activity of the two strains to PPB after fermentation was preserved at a high
level, albeit with a decrease of 7-21 %. Bacillus subtilis BPT-B1*" kept its AFA against all three fungal strains tested
during the 30 days of fermentation. For L. plantarum KT-L18/1°" this was true for a strain of the Penicillium chrysoge-
num only. The inoculation of and L. plantarum KT — L18/1%" and Bacillus subtilis BPT-B1*" caused a decrease in pH
of 8-9 % at the end of the fermentation period, an accumulation of LAB with 32 %, and the inhibition of the growth of
clostridia up to undetectability in the fermented alfalfa. For both inoculants, compared to uninoculated control variant,
fungi decreased down to 10>~10° CFU/g of the feed, which can ensure the acrobic stability of the feed.

Key words: lactic acid bacteria, acrobic spore-forming bacteria, number of microorganisms, antibacterial activity,

antifungal activity.
DOI: https://doi.org/10.15407/agrisp11.02.057

INTRODUCTION

Alfalfa is an economically valuable forage crop for
dairy cattle that can increase the protein content of milk
and the general dairy performance (Kent et al, 1988;
Zielinska et al, 2015; Ferreira and Teets, 2020). It is
highly productive and the least energy-consuming for-
age crop; one feed unit of the leaf and stem mass of
alfalfa contains over 200 g of digestible protein. Ac-
cording to the State Statistics Service of Ukraine, the
area under alfalfa is c¢. 1.8 million hectares, which is
48 % of area cultivated with perennial grasses. In terms
of natural moisture supply, the best region for growing
alfalfa is the Forest-Steppe region of Ukraine (Hetman
et al, 2021). However, the preservation of freshly cut
alfalfa for animal feeding by ensiling to produce silage
can be complicated due to its high buffering capac-
ity, low amount of water-soluble carbohydrates, high
seeping losses, high protein concentration and prone-
ness to secondary fermentation by clostridia bacteria.
Therefore, it is generally advised to produce silage
with a relatively high dry matter content (< 35 to 40 %
dm), or sometimes of an even higher dry matter (~40—
60 % dm). The high dry matter in the latter silage (also
sometimes called haylage), comes with a price of easier
heat damage with higher indigestibility of the protein
and the need for high density packing of the product
(Thomas et al, 1969; Coblentz et al, 2012; Santos and
Kung, 2016). The microbial populations present in al-
falfa silage are more diverse than those of other crops,
such as cereals. Still, most epiphytic microbiota of
alfalfa are undesirable for silage, and species of lac-
tic acid bacteria important for fermentation make up
only a small percentage (McAllister et al, 2018; Guo
et al, 2018; Hu et al, 2020; Yang et al, 2019; Yang et
al, 2020).With a sharp change in the redox potential,
temperature, humidity, and pH, the taxonomic diversity
of the microbiome can reach extreme values, which af-
fects both uncontrolled multiplication and a decrease in
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the number of individual representatives of the popula-
tions (Guo et al, 2023). Therefore, strains of quality-
improving microorganisms promising for inclusion in
bio preservatives, such as alfalfa silage, should have
a number of specific properties such as: dominant
growth rate, synthesis of organic acids, homolactic
fermentation, osmotolerance and antagonistic activity
(Weinberg et al, 2010; Heinritz et al, 2012; Vlkova et
al, 2012; Muck et al, 2018). Lactic acid bacteria, in the
artificially created and unpredictable microbiological
ecosystem of silage or haylage, due to their ability to
produce biologically active substances (organic acids,
vitamins, enzymes, bacteriocins, etc.), enter multifac-
eted relationships with other microorganisms (Pang et
al, 2011; Fabiszewska et al, 2019). Silage quality and
the effectiveness of microbial preservatives depend on
the competition between lactic acid bacteria (LAB)
and bacteria that are undesirable for quality silage, as
well as on the result of competition and cooperation
between LAB (Ni et al, 2018; Wang et al, 2019; Xu et
al, 2018; Fu et al, 2023). In the process of ensilaging
forage, under certain conditions, an increased develop-
ment of fungi (yeast and moulds) is often observed,
which leads to a decrease in aerobic stability of the
feed and necessitates the search for LAB strains with
antifungal activity (O’Brien et al, 2007; Li et al, 2022;
Guo et al, 2023). Fortunately bacterial strains of the
genus Bacillus have been isolated that are capable of
rapidly cleaving easily accessible carbohydrates, have
a wide range of antagonistic and antifungal activities,
and synthesize a number of useful enzymes, amino ac-
ids and vitamins (Kaynar et al, 2019; Sumi et al, 2015).
These bacteria have long been used as probiotic sup-
plements for animals, which can inhibit the growth of
pathogenic bacteria and enhance the intestinal barrier
function (Zhang et al, 2016). There are also examples
of their successful use as part of feed biopreservatives
which are also authorized as technological feed addi-
tive in the European Union (EFSA, 2023). It has re-
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peatedly been shown that the use of selected strains of
for example Bacillus subtilis, Lentilactobacillus spp.
and Lactiplantibacillus plantarum for preservation
helps establish the optimal level of feed acidity and
the ratio of organic acids, and suppress the develop-
ment of undesirable microorganisms that cause alfalfa
and other feed spoilage (Lara et al, 2015; Perederii et
al, 2019a; 2019b; Dordevi¢ et al, 2019; Maksimova,
2019; Kravchenko et al, 2020; Bai et al, 2020; 2021;
2022; Drouin et al, 2022; Kravchenko and Dmytruk,
2022; 2023; Li et al, 2023; Yin et al, 2023). Lacto-
bacillus plantarum (Orla-Jensen 1919) Bergey et al
1923 has recently been reclassified and renamed as
Lactiplantibacillus plantarum (Orla-Jensen 1919)
Zheng et al 2020 (Zheng et al, 2022), and will be used
here. There are also numerous reports on the study of
the impact of silage inoculants on the constellation of
the microbiome (mainly bacteria and fungi) of pre-
served alfalfa, using molecular methods such as 16s
rRNA sequence analysis, next generation sequenc-
ing (NGS) and single molecule, real-time sequencing
(SMRT). (Eikmeyer et al, 2013; Bao et al, 2016; Ni et
al, 2017; McAllister et al, 2018; Bai et al, 2020; You
et al, 2022). It is known that bacterial metabolism is
regulated and maintained physiologically, as it is ge-
netically determined, and therefore, the biochemical
activity of bacteria that make up preservatives may
also change under fluctuating conditions during the
ensilaging process (Bai et al, 2021).However, there
are few reports on the growth dynamics and stability
of the antagonistic activity of particular strains used
as inoculants after introduction into alfalfa. There-
fore, the aim of the study was to evaluate the growth
characteristics, stability of the antagonistic activity
and acid production of streptomycin-resistant mutants
of two inoculant strains, viz. Lactiplantibacillus plan-
tarum KT-L18/1°" and Bacillus subtilis BPT-B1*" and
after the introduction into freshly harvested alfalfa
mass and during a 30 day fermentation in a laboratory
experiment.

MATERIALS AND METHODS

Bacterial inoculant strains. Lactiplantibacillus plan-
tarum KT-L18/1 and Bacillus subtilis BPT- B1, from
the Collection of microorganisms of the Laboratory
of Probiotics at Chernihiv, isolated from the gastro-
intestinal tract of young cattle (Perederiy et al, 2019;
Kravchenko et al, 2020). In our present study we used
streptomycin-resistant mutants of these two strains,
which were earlier obtained and described by us, in-
dicated here as B. subtilis BPT-B1*" and L. plantarum
KT-L18/1%" (Kravchenko et al, 2022).
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Ensiling conditions and experimental (inoculation)
treatments. Alfalfa (Medicago sativa) cv Banat, grown
at—1.5 cm at the start of bud formation in August 2023
and left to dry in the sun. The green mass was than
further wilted to a dry matter content of 39-40 % in a
cabinet drier (2V-151, Ukraine) at 105 °C.

For inoculation L. plantarum KT-L18/1*" was grown
for 7 days at 37 °C in liquid De Man-Rogosa-Sharpe
(MRS) medium (De Man et al, 1960) and B. subtilis
BPT-B1*strain for 24 hours at 37 °C in meat-infusion
broth (MIB) (Farmaktyv LLC, Ukraine). Both inocu-
lants were added at 10® CFU/kg alfalfa. Ensiling was
achieved in three treatments: 1) Control without inocu-
lants, 2) application of L. plantarum KT-L18/1°" as in-
oculant, and 3) B. subtilis BPT-B15" as inoculant. There
were four plastic bags of 300.0 g for each treatment
and each treatment was performed in triplicate. All
3 x 12 = 36 sample bags were vacuum sealed using
a vacuum sealer (Freshpack Pro, China) to create an-
aerobic conditions and kept for fermentation at room
temperature in a dark place for 30 days. At each exami-
nation date one sample per treatment was used and ex-
amined after cultivation of the two inoculants on elec-
tive meat infusion agar (MIA) or MRS agar containing
streptomycin at 50 and 5 mg/ml, respectively.

Colony-forming units (CFU) per gram of silage were
determined using the formula A = B/0.1 x 10", where A
is the number of CFU in 1 g of the feed, B is the num-
ber of colonies on solid culture medium, and n is the
degree of suspension dilution.

Antagonistic bacterial activity (ABA) was studied by
the agar diffusion method against potentially patho-
genic bacteria (PPB) Staphylococcus aureus strain
No. 906, Pseudomonas aeruginosa ATCC-27853 and
Salmonella typhimurium No. 89. The test cultures were
obtained from the collection of microorganisms of the
Chernihiv Regional Sanitary Epidemiological Station,
Ukraine and stored before use on nutrient agar under
sterile mineral oil at +8 °C.

Handling of PPB was conform national biosafety ru-
les DSP 9.9.5.-80-2002 (https://dnaop.com/htm1/3108/
doc-%D0%94%D0%A1%D0%9F 9.9.5.-080-02).
One ml of the potential antagonistic inoculant strain
suspended in MIB or MRS was introduced and mixed
with 15-20 ml of melted meat infusion agar (MIA)
or MRS agar at 45 °C and incubated for 1 and 3 days
respectively at 37 °C, respectively. After incubation
a small agar slab was taken with a sterile cork borer
(8 mm diam.) and placed onto a MIA plate to which a
test strain culture of PPB just had been added, as was
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done for the inoculant strains. The dishes were kept for
12 h at +8 °C in a fridge to let antagonistic compounds
diffuse into the medium and then incubated at 37 °C
for 24 h. Diameters of inhibition zones were measured.
MIA plates with 100 U/ml streptomycin served as pos-
itive control. The following scale of inhibition zone/
activity was used: 0—5 mm negative, from 5 to 10 mm
low activity, 11-20 mm — medium activity, and over
20 mm — high activity (Strus, 1998; Yrkytova et al,
2012). The experiment was performed in three repeats.

Anti-fungal activity (AFA) was studied using a strain
each of the following fungi: Penicillium chrysogenum
(strain ch37), Fusarium oxysporum (strain ch07) and
Rhizopus arrhizus var. arrhizus (syn. R. megaspores)
(strain ch37). The fungi were isolated from preserved
feed in the Laboratory of Probiotics of the [AMAM of
the NAAS, Chernihiv and identification was provided
by our colleague Dr. Ye.P. Kopylov. The inoculant bac-
teria were prepared as described above for ABA. Just
before placement of the agar slab a fresh MIA plate
was pierced with a sterilized needle holding some my-
celium of the fungal test strain grown for 5 days on
MIA. Plates were kept, in a fridge at +8 °C for 12 h
to let antagonistic compounds diffuse into the medium
and then incubated at 28 °C for 10 days. Measuring and
interpretation of the inhibition zone was as for ABA de-
termination. MIA plates with 100 U/ml nystatin served
as positive control. The experiment was performed in
three repeats.

Determination of active acidity (pH). The silage pH
value was determined from silage aqueous extract us-
ing a pH meter (pH-150 MI, Russia).

Effects of inoculants on microbiota of alfalfa si-
lage. For microbiological analysis, bags with silage
were opened, their content thoroughly mixed and
50.0 g of silage was randomly taken, and 450 ml of
sterile tap water added. Fungi were grown for 3 up to
8 days at 28 °C on Saboraud glucose agar (Odds, 1991)
after which colonies were counted. The numbers of
clostridia were determined on Reinforced Clostridi-
al Broth (Himedia, India) after incubation for 24h at
37°C (Mossel et al, 1959). Colonies, also penetrating the
medium, were counted. The number of LAB and ASB
was determined by the method used for re-isolation of L.
plantarum KT-L18/15"and B. subtilis BPT-B1°" to deter-
mine their growth dynamics in alfalfa silage.

Statistics. Numbers of microbial strains or isolates
added or isolated in this study were transferred into
base 10 log (Ig) per gram wet weight of alfalfa silage.
For all repeats (n = 3) of treatments/platings the arith-
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metic mean and the standard deviation at p <0.05 were
calculated.

RESULTS

In our experiment we were able to evaluate growth
dynamics and metabolic activity of the two inoculant
strains of L. plantarum and B. subtilis bacteria in the
process of alfalfa fermentation via streptomycin re-
sistant mutants of these strains, which were obtained
before (Kravchenko et al, 2022). B. subtilis BPT-B1"
resistant at 50 mg/ml, and L. plantarum KT-L18/15"
resistant to 5.0 mg/ml. On day 30 of alfalfa fermen-
tation L. plantarum KT- L18/1%" dominated among
the natural population of lactic acid bacteria (LAB),
see Table 1. During the observation period, the LAB
population in the unprocessed alfalfa silage increased
from 5.2 1g CFU/g up to 8.2 lg CFU/g of day 15,
thereafter decreased to 6.9 lg CFU/g on day 30. In
case of inoculation of L. plantarum KT-L18/1%", on
day 3 the LAB population was already higher than
the uninoculated control (6.8 1g CFU/g), and on day
15 of the fermentation, their level increased by two
orders as compared to the control (10.6 g CFU/g). At
the same time, at day 3, L. plantarum KT-L18/1*" ex-
ceeded the initial inoculated number by one order and
on day 15 it started dominating the natural population
(10.3 1g CFU/g).

The number of aerobic spore-forming bacilli (ASB)
in the uninoculated control increased a little on day 3:
from 5.0 g CFU/g to 5.8 Ig CFU/g. On day 15, their
number dropped, and on day 30 their number was only
1.7 1g CFU/g. ASB increase following inoculation was
slow, from 5.8 Ig CFU/g to 6.9 1g CFU/g after 30 days.
However, as of the end of the observation period in the
natural population of ASB, Bacillus subtilis BPT-B1®"
had the dominating position (Ig 9 out of Ig 9.3) in the
inoculant treatment.

Anti-bacterial activity (ABA) and anti-fungal activity
(AFA) of L. plantarum KT-L18/1%" and Bacillus subtilis
BPT-B1*" were determined prior to and after the intro-
duction to the alfalfa silage. After the introduction into
the green alfalfa mass, these strains preserved ABA and
AFA to the strains of the PPB S. aureus, P. aeruginosa
and S. typhimurium and the representative strains of fun-
gi belonging to the genera Penicillium, Fusarium, Rhi-
zopus after 30 days of fermentation (Table 2).

However, after 30 days of fermentation there was a
decrease in ABA to PPB in L. plantarum KT-L18/1%"
: for S. aureus 906 this was 21.1 %, for P. aeruginosa
ATCC 27853 up to 7 % and for S. typhimurium 89 it
was 8.3 %. The impact of the two inoculant strains
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Table 2. The antibacterial activity (ABA) and antifungal activity (AFA) of Lactiplantibacillus plantarum KT-L18/1*" and
Bacillus subtilis BPT-B1*" towards strains of potential pathogenic bacteria (PPB) and some fungal strains before inoculation
and as reisolate, after 30 days of fermentation of alfalfa silage under laboratory conditions

Pseudomonas | Salmonella | Penicillium Fusarium Rhl.Z()p s
_ Staphylococcus . Lo arrhizus var.
Treatment(n = 3) aureus 906 aeruginosa | typhimurium | chrysogenum | oxysporum arrhizus
ATCC 27853 89 (strain ch37) | (strain ch07) Tz
strain ch37)
L. plantarum KT-L 18/1" | 26.6 * £ 0.3 ** 17.1+0.6 26.6+0.3 174+0.3 23+03 1.3+03
prior to inoculation
L. plantarum KT-L 18/1%" 22.0+0.5 16.0+0.5 244+0.3 16.0+ 0.6 0.6+0.6 0.6+0.3
after 30 days fermentation
B. subtilis BPT-Blstr 33.0+0.2 79+0.2 32.7+0.3 22.6+0.7 16.3+0.5 13.6+0.4
prior to inoculation
B. subtilis BPT-Blstr 26.3+0.9 6.4+0.6 27.7+0.3 20.8+0.2 129+0.2 12.6 +0.3
after 30 days fermentation
PC: nystatin 100 U/ml - - - 30.7+0.3 153+0.6 15.7+£0.3
PC: streptomycin 100U/ml 126 £1.2 7.5+0.1 10.9-0.1 - - -

Note. * Width of the inhibition zone in mm; ** = standard deviation; PC = positive control.

on the fungal microflora was weak. L. plantarum KT-
L18/1%" reduced growth of Penicillium chrysogenum
(strain ch37) with 8 % after 30 days, but there was no
antagonistic effect for the Fusarium oxysporum (strain
ch07) and Rhizopus arrhizus var. arrhizus (strain ch37)
strain used in our experiment.

After the introduction into the alfalfa silage for
30 days, B. subtilis BPT-B1*" also showed a de-
crease in ABA for S. aureus 906, namely 21.1 %, for
P aeruginosa ASTCC 27853 it was 19 % and for
S. typhimurium 89 it was 16 %. The most significant
decrease in AFA of B. subtilis BPT-B1%" was for Fu-

Table 3. The pH and the (Ig = logl0) number of background lactic acid bacteria (LAB), aerobic spore-forming bacteria
(ASB), clostridia and fungi after 30 days fermentation of alfalfa with and without inoculation of Lactiplantibacillus planta-
rum KT — L18/1*" and Bacillus subtilis BPT-B1*"

(lg) CFU
Treatment L .
(n=13) pH LAB ASB Clostridia Fungi
CFU/g lg CFU/g CFU/g |l1gCFU/g| CFU/g |IgCFU/g| CFU/g |lgCFU/g
Control 57+0.01 | (09£0.03)* | 7.0+0.03 | (6.6+0.9) | 1.8+0.05| 2.7+£0.1) | 74+0.1 | (1.3£0.0) | 6.1+0.03
(no inocu- 107 10! 107 10°
lation)
Inoculation |52+0.02 | (2.1+0.2)x | 93+0.03 | (2.8+0.03) | 1.4+0.03 0 (22+0.1)x [ 3.3+0.03
with x 10° 10! x 10
L. plantarum
KT-L 18/1"
Inoculation | 53+0.04 | (1.7£0.5)% | 9.2+0.03 | (9.3+£0.6) | 7.0+£0.01 0 (4.9+0.6)x | 2.7+0.00
with x 10° 10° x 107
B. subtilis
BPT-BI*"

Note. * = Standard deviation.
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sarium oxysporum (strain ch07), namely 38 %, how-
ever, its remaining activity was still high, 62 %. De-
crease of AFAS for the other two fungal strains was
insignificant.

The impact of the two inoculant strains on the pH
of alfalfa silage after 30 days of fermentation is pre-
sented in Table 3. Silage treated with L. plantarum
KT-L18/1% and Bacillus subtilis BPT-B1s", had a
stable slightly lower pH level compared to the un-
treated silage (5.2 and 5.3 respectively, against 5.7 in
the control).

In the two inoculant treatments there was a notable
increase in the number of LAB with 2.2-2.3 Ig CFU/g
compared to the uninoculated control, 30 days after
fermentation. For Bacillus subtilis BPT-BI1®" there
was an increase of 5.2 lg CFU/g in the number of
ASB as compared to the control and Ig 5.6 as com-
pared to L. plantarum KT-L18/1%". The two inoculants
reduced the clostridia to nil as compared to the 7.4 Ig
CFU/g present in the control. Furthermore they de-
creased the number of fungi with 2.8-3.4 Ig CFU/g.

DISCUSSION

Silage inoculants are intended to ensure fast and
intense fermentation and can have a considerable im-
pact on microorganisms, undesirable for ensilaging,
depending on the stability of the expression of their
competitive properties (Zielinska et al, 2015; Muck et
al, 2018; Guo et al, 2022). The two inoculant strains
Lactiplantibacillus plantarum KT-L18/1 and Bacillus
subtilis BPT-Blused in this study proved to be in this
and earlier studies to be probiotics with stable fermen-
tative and antagonistic properties towards pathogenic
and potentially pathogenic microorganisms (Perederii
et al, 2019a; 2019b; Kravchenko et al, 2022) and they
were patented (Patent of Ukraine No. 115938; Patent
of Ukraine No. 116292). Streptomycin-resistant mu-
tant strains were used to be able to determine the fate
and activity of the inoculants. To our knowledge this
has only been done for L. plantarum by Jansson (2005)
in Sweden for the same reason. For the occurrence of
natural streptomycin-resistant strains of L. plantarum,
see Zhang et al (2018). The inoculant strains of the
two bacteria we used appeared to be stably established
and kept a high level of antagonistic activity and low-
ered the pH of the feed. This was also found earlier for
alfalfa and other fodder crops for the same genera and
species as we used as for other inoculants, such as Lac-
tiplantibacillus (=Lactobacillus) plantarum, Lentilac-
tobacillus (=Lactobacillus) buchneri, Pediococcus and
Enterococcus species. (Kent et al., 1988; Whiter and
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Kung, 2001; Zhang et al, 2009; Jatkauskas and Vrot-
niakiene, 2011; Bao et al, 2016; Bai et al, 2020, 2021
and 2022; Li et al, 2022 and 2023; Liu et al, 2023; Guo
et al, 2023; Wang et al, 2023; Giinaydin et al, 2023;
Peng et al, 2024). In the most recent researches men-
tioned here, the establishment and influence in/on the
microbiome was thoroughly investigated using ad-
vanced molecular methods such as 16s rRNA sequenc-
ing and next generation sequencing (NGS). However,
these recent molecular biological studies have a draw-
back, because it cannot with certainty be determined if
the detected sequences belong to living or dead organ-
isms (Avila and Carvalho, 2020). On the other hand,
modern biotechnology, using metabolomics, proteo-
mics, (meta)genomics, transcriptomics, and genetic
manipulation, facilitates identification and improve-
ment of further promising, highly efficient LAB stra-
ins in the (near) future. This may lead to increased
animal feed quality and sustainability (Okoye et al,
2023). The fact that B. subtilis is a facultative anae-
ro-bic bacterium may have contributed to this stable
increase in numbers during the ensiling as established
by us and others (Bai et al, 2022; Guo et al, 2022).

Antibacterial activity (ABA) and anti-fungal activ-
ity (AFA) and AFA of L. plantarum KT-L18/1%" and
B. subtilis BPT-B1®" was maintained during the
30 days of fermentation, but declined depending on the
inoculant and the environmental strain tested, between
7 and 21 %, possibly due to interactions with the local
microbiome. This fact has been noted only occasionally
before (e.g. Gollop et al, 2005), however, and therefore
it has to be investigated in more detail. The antagonis-
tic activity of our L. plantarum strain, could possibly
be important, too for use in biological plant disease
control, as was found for some strains of L. planta-
rum, controlling the plant pathogenic bacteria X.
fragariae, X. arboricola pv. pruni and Pseudomonas
actinidiae in semi-field studies (Daranas et al, 2019).
The pH lowering activity of inoculants of both L. plan-
tarum and Bacillus subtilis, as reported here, has been
observed before many times for L. plantarum (e.g.
Yang et al, 2019; Zhao et al, 2020), but much less for
B. subtilis (Bai et al, 2020)

An increase in the total number of lactic acid bacteria
following inoculation with L. plantarum and also for
B. subtilis, as determined in our experiment (both c.
30 % increase) was also noted by Yang et al (2020)
and Guo et al (2023) for L. plantarum. For B. subtilis
it was reported by Bai et al (2022).

When there is access of air to fermented feed it stim-
ulates a rapid development of fungi, and when these
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are present at more than 10*-10° CFU/g they impair
the aerobic stability of the product and may cause fast
spoiling (Auerbach, 1996; O’Brien, 2007; Guo et al,
2023). In our experiment both inoculants, but espe-
cially B. subtilis BPT-B1 showed a persistent and high
AFA during the whole fermentation period. B. subtilis
is known to produce several metabolites: cyclic lipo-
peptides, polypeptides, proteins and antibiotics (e.g.
subtilosin, sublacin, bacitracin, bacillisin, bacillomy-
cin and subtilisin, ), with an inhibiting effect towards
pathogenic bacteria and fungi (Hamdache et al, 2011;
Kaynar and Beyatli, 2019; Irkitova et al, 2018). LAB
strains also synthesize antimicrobial metabolites, in-
cluding lactic acid, hydrogen peroxide, and bacterio-
cins. (Pang et al, 2011; Guo et al, 2023). However, the
mechanisms of AFA of LAB require additional stu-
dies, since the main metabolite of L. plantarum, lactic
acid, does not have any antifungal effect. Furthermore,
the possibility of adding cellulase and/or a cellulase-
producing inoculant strain, such as Bacillus pumilus
(Lietal, 2018; Si et al, 2023) or B. coagulans to fasten
anaerobic conditions (Wang et al, 2023) in combination
with our inoculants, to further improve the quality and
digestibility of alfalfa feed, could be investigated.

CONCLUSIONS

Two promising inoculant strains, Lactiplantibacil-
lus plantarum KT-L18/1 and Bacillus subtilis BPT-B1
which were mutated to streptomycin resistance, were
followed in their growth dynamics, antagonistic activ-
ity and acid production in a 30-day period of fermenta-
tion of alfalfa. This towards a background of natural
lactic acid bacteria (LAB) and other microbiota.

These two strains proved to be highly competitive
and stably present and antagonistic, also to a strain of
the potential pathogenic bacterial species Staphylococ-
cus aureus, Pseudomonas aeruginosa and Salmonella
typhimurium during a 30-day fermentation. The antag-
onistic activity only slightly decreased over this period.
The inoculant strains outnumbered and largely replaced
natural LAB at the end of the 30-day fermentation.

B. subtilis BPT-B1*" kept its antifungal activity to-
ward the investigated test cultures of fungi after the
30-day alfalfa fermentation. L. plantarum KT-L18/1%"
maintained antifungal activity to only to a strain of
Penicillium just like prior to inoculation.

Both inoculant strains caused a decrease in pH, an
increase in total number of LAB and inhibition of the
growth of clostridia in the fermented alfalfa. Further-
more they decreased the number of fungi down to 10°—
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10* CFU/g, which promoted the aerobic stability of the
feed.
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Meta. BuBuuTH IMHAMIKYy pPOCTY, aHTArOHICTHYHY aKTHB-
HICTb Ta KHCJIOTOYTBOPEHHS JIBOX IITaMiB IHOKYJISIHTIB
Lactiplantibacillus (=Lactobacillus) plantarum KT-L18/1
ta Bacillus subtilis BPT-B1, siki BHOCHIH B CHJIOC JIFOIIEp-
mu Ha 30 nmi6 depmentamii. Metommn. JIns mocsTHEHHS
MOCTABJICHUX IIiJIe BHKOPHCTOBYBAJM CTPENTOMIMH-pe-
3MCTEHTHI IITaMH 000X BHIIEBKa3aHMX MIKPOOPTaHi3MiB,
OTPUMaHUH y MOTNepeHiX NoCTipKeHHAX. JIfonepHy mTyd-
HO TIPOB’SUTIOBAJIM 1 CYHIMJIM /IO BMICTY CyXOl PEYOBHHH
39-40 %. depmeHTalif0 MPOBOAWIN B aHACPOOHHX YMO-
BaX y TMOJIETHJICHOBHX MilllKax. |HOKYJISIHT IOJaBajid B
xoumenTparii 108 KYO/kr monepun. CuocyBanHst Gyio
JIOCSITHYTO 32 TPHOX 00poOOK: 1) KOHTposb 0e3 iHOKYJISH-
TiB, 2) 3acrocyBanHs L. plantarum KT-L18/1°" sk iHOKY-
nsHTyY 1 3) B. subtilis BPT-BI*" sik iHOKyisiHTY. Byino wotupu
maketn 3 300 r JFonepHA U KOKHOI OOpOOKH, 1 KOXKHY
00pOOKY TPOBOAWINM B TPHOX MHOBTOPHOCTAX. OTpuMaHni
12 x 3 = 36 nmakeTiB BUTPUMYBAJIU 32 KIMHATHOI TeMIiepa-
Typu B TemHOoMy Mmicii 30 ni6. Ha koHe HOCIHiIKeHHS
BHKOPHCTOBYBAId OAWH 3pa30K 3 OOpOOKH Ta BUBYAIN
(Ig) KYO/r nBox IHOKYJISHTIB Micisl iX KyJbTUBYBaHHS Ha
eJlekTHBHOMY arapi ne Mawna-Porosu-Illapna (MRS) Ta
M’sicornerrronromy arapi (MIA), o MiCTATb CTPENTOMILHH.
(Ig) KYO/r iHOKYTAHTIB i mpupoaHOi (HhOHOBOI MikpoOioTH
BH3HAYAJIM IUIIXOM PO3BEJCHHS HAa LUX arapax Ha MO-
yatky ¢(epmenranii (0 moba) 1 wa 3, 15 i 30 moOwm.
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AnTnbakrepiansHy (ABA) #i aHTH(YHTaTbHY aKTHBHOCTI
(ADA) nocmipkyBany qudy3HIM METOIOM arapoBux 0J0-
KiB JT0 TOTEHIIHHO matoreHHWX mTamiB Oaktepiii (I1I1B),
a came Staphylococcus aureus mram Ne 906, Pseudomonas
aeruginosa ATCC-27853, Salmonella typhimurium Ne 89
ta no rpubiB Penicillium chrysogenum mram ch37, Fusa-
rium oxysporum 1mrtam ch07, Rhizopus arrhizus var. arr-
hizus (syn. R. megaspores) mram ch37. pH cuiocy pyTHHHO
BH3HAYaJIHM Y BOXHOMY eKcTpakTi micnsa 30 nmi6 depmenra-
wii. Jlns ananizy GoHOBOI MiKpOOIOTH BUIIAIKOBUM YHHOM
BimObupanu 50 r 3MimraHoro cuiocy Ta momasaiu 450 mi
CTEepWIBbHOI BOIM JIsl mpurotyBanHs cycriensiid. (Ig) KYO
rpubiB BH3HaUalmW Ha TIMOKO3HOMY arapi Cabopo micims
3—4-nennoro kynsrusyBanns 3a 28 °C. (Ig) KYO/r Gakre-
pift KIocTpuIiii BU3HAUaNW Micis 24 TOM KyJIbTHBYBaHHS
npu 37 °C ma cepenasumi Reinforced Clostridial Broth
(Himedia, Iamis). (Ig)KYO/r momouHokmcnmx Oakrtepiit
(MKB) Ta aepoOHux cropoyTBopiotounx nanudok (ACB)
BU3HAYaIM, K onmcaHo Bumie it L.plantarum KT-L18/1%
ta B. subtilis BPT-B1%", ane 6e3 momaBaHHS B CEpeIOBUIIEC
crpenTtominuay. PesyabraTtu. Ilicns 30 nHiB cuimocyBaHHS
3paskiB srouepuu, L. plantarum KT-L18/1%" ta B. subtilis
BPT-BI1*" Bce me Oynmu mpucyTHi Ha piBHsIX 9,2 lg KYO/r
ta 6,9 lg KYO/r BignoBigHo. Y NpUPOAHINA MHOMYJISIii
MKEB nominyroue micue 3aitmaB L. plantarum KT-L18/1%".
VY BapianTi, o0pobieHomy B. subtilis BPT-B1*" kinbkicTh
MKB cranoBmna 9,2 1g KYO/r, mo mpakTHdHO HOpPiBHIO-
Bayio kimbkocti MKbB y Bapianri 3 L. plantarum KT-L18/1°",
Hicns 30 mHiB QepmenTarii monepran mrtamu L. planta-
rum KT-L18/1" 1 B. subtilis BPT-B1®" minrpumysanu
ABA ta AD®A no mramis IIIIb (S. aureus, P. aeruginosa,
S. typhimurium) 1 BUKOPUCTOBYBAaHHMX HITaMiB I'pHOIB, 110
Hanexars 10 Penicillium chrysogenum, Fusarium oxyspo-
rum, Rhizopus arrhizus var. arrhizus. Tlpore anTaronic-
THYHA aKTHUBHICTH JBOX IHOKYJBOBAaHUX MITaMiB TiJ dHac
(dbepmenranii 3uuswnacs, it L. plantarum KT-L18/1%" Bin
7-21 %, a mus B. subtilis BPT-B1®" Bix 16-21 %. Ilo-
PIBHSIHO 3 HEIHOKYJIOBAaHUM KOHTPOJIEM, 1HOKYJILOBaHMH
cunoc MaB Hmwkumid piBers pH (5,2-5,3), migBumeny
KUTbKicTh MoyouHokuciux Oaktepiii (MKB) (Ha 32 %), a
KIOCTpHii OifbIlle HE BHUSBISUINCS. [HOKYJISIiS BIUTMHYIA
Ha 3MeHIIeHHsT pocTy rpubie mo pieast (10°-10° KYO/T),
oo MOXe 3a0e3meynTd aepoOHYy CTabiTbHICTE KOpMY.
BucnoBkn. IHoxynvoBani mramu L. plantarum KT-L 18/1%"
i Bacillus subtilis BPT-B1*" moxa3ammi BHCOKY KOHKY-
PEHTOCIIPOMOXHICTE 13 (JOHOBOI MIKPOOIOTOI B JTOCHIiji
CHJIOCYBaHHS JIIOLIEPHH. AHTAarOHICTUYHA aKTHUBHICTB JBOX
mramiB o I1I1b micns depmenrtanii 30epernacst Ha BH-
COKOMY piBHI, Xoua i 31 3HWKeHHAM Ha 7-21 %. Bacillus
subtilis BPT-B1*" 36epiraB cBoto ADK mnportu BCiX Tpbox
MPOTECTOBaHMNX MTaMiB TpuOiB ympomork 30 mib dep-
menTtamii. dns L. plantarum KT-L18/1°" me Oymo BipHO
mume it mramy Penicillium chrysogenum. THOKyISIIis
L. plantarum KT — L18/1%" ta Bacillus subtilis BPT-B1*"
BUKJIMKana 3HWKeHHs pH Ha 8-9 % mHanpukiHmi mepiomy
(depmenranii, HakonuueHHss MKbB Ha 32 % Ta mpurHiucH-
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HA pOCTy KJIOCTPHUII HO HEMOXIUBOCTI BHSBICHHA Y
(depmenToBaHiil monepHi. s 000X IHOKYJISHTIB IOpiB-
HSHO 3 HEIHOKYTHOBAaHWM KOHTPOJBGHHUM BapiaHTOM BMiCT
rpubiB 3um3uBcs 10 10>-10° KYO/r kopmy, 1110 MOxe 3a-
0e3meunTi aepoOHy CTadITBHICTD KOPMY.

KarouoBi cioBa: MomogHOKHCHTI OakTepii, aepoOHi crmopo-
yTBOpPIOIOY1 OakTepii, YUCEIbHICTh MIKPOOPraHi3MiB, aHTH-
OakTepiallbHa aKTUBHICTH, aHTH(YHTaTbHA AKTHBHICTb.
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