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Abstract

Purpose The diversity of lactic acid bacteria (LAB) in silages produced in warm climate countries is not well known. This study
aimed to identify and characterise the metabolic and genotypic aspects of autochthonous LAB isolated from corn silage produced
in the state of Minas Gerais, Brazil.

Methods Eighty-eight LAB were isolated. To evaluate their performance at the strain level, all isolates were distinguished among
strains using random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) and repetitive extragenic palindrom-
ic PCR (REP-PCR) techniques. The organic acid and ethanol production were determined by high-performance liquid chroma-
tography (HPLC).

Result The fingerprints obtained by RAPD-PCR with a M 13 primer were more discriminatory than those obtained with the REP-
PCR technique using a (GACA), primer. Moreover, 28 representative isolates were identified as Lactobacillus acidophilus,
L. buchneri, L. casei, L. diolivorans, L. hilgardii, L. paracasei, L. parafarraginis, L. plantarum, L. rhamnosus, L. zeae and
Pediococcus acidilactici. Different fingerprinting profiles between isolates within the same species were observed. However,
some strains isolated from different silages showed the same band profile, thus suggesting the presence of clusters with high
similar fingerprints in silages from various regions.

Conclusion A variation in LAB diversity was observed in the silages of the evaluated regions, with L. rhamnosus and L. buchneri
showing the highest distribution. Differences in organic acid production were observed among the strains belonging to the same
species. This research contributes to a better understanding of the LAB community present in corn silage produced in warm
climates. These strains will be studied as potential silage starters.

Keywords Molecular characterisation - Corn silage - RAPD-PCR - Lactic acid bacteria

Introduction Due to the nutritional quality, this forage has been extensively
used to optimise the yield of milk production in order to meet
Corn (Zea mays L.) has adequate characteristics for silage  the increasing demand for dairy products (Yang et al. 2019).
fermentation and is the forage often used in many parts of  The use of corn silages has increased in several countries such
the world (Bernardes and do Régo 2014; Khan et al. 2015). as Brazil, Mexico (South and Central America) (Bernardes
and do Régo 2014; Prospero-Bernal et al. 2017), Thailand,
Malaysia (Asia) (Ohmomo et al. 2002; Khaing et al. 2015)
54 Carla Luiza da Silva Avila and Kenya and Ethiopia (Africa) (Tamir et al. 2012; Makau
carlaavila@dzo.ufla.br et al. 2018).
Typically, many aerobic and anaerobic microorganisms are
found in silage and affect its quality. As the anaerobic atmo-
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undesirable microorganisms such as yeasts and filamentous
fungi (Borreani et al. 2018; O’Brian et al. 2007). Moreover,
the impact of the presence of filamentous fungi can increase if
toxic secondary metabolites (mycotoxins) are produced. At
the time of ensiling, plant material encloses a large range of
microorganisms (Fabiszewska et al. 2019), but the fermenta-
tion process favours the multiplication of lactic acid bacteria
(LAB). LAB are part of the main group of microorganisms
that act in the silage fermentation process. LAB include bac-
teria from a number of genera, such as Enterococcus,
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus,
Weissela and Streptococcus (Vandamme et al. 2014). Of these,
Pediococcus, Lactococcus, Enterococcus and Weissela are
important in the initial stage of fermentation because they
ensure the environment remains acidic, which becomes pre-
dominantly colonised by the Lactobacillus genus (Lin et al.
1992).

Environmental factors such as temperature, humidity and
precipitation seem to have influence in the microbial popula-
tion in silages, especially in warm and humid areas (Muck,
2013). During the ensiling process, rainfall and humidity have
impact in the epiphytic bacterial community, and temperature
affects the richness of bacterial species and subsequent silage
fermentation. Fortunately, these factors seem to have negative
impact in some undesirable microorganisms and do not affect
the Lactobacillus and Leuconostoc genus (Guan et al. 2018).

It is generally recognised that changes in the LAB popula-
tion diversity occurred during the ensiling process in which an
adequate ensilage usually starts with homofermentative LAB
species quickly growing after sealing, later being replaced by
heterofermentative LAB species when substrate availability
becomes limited (McDonald et al. 1966; McDonald et al.
1991; Yang et al. 2006). Furthermore, higher ensiling temper-
atures also contribute to accelerate the shift from a homolactic
to a heterolactic microbial population (Bernardes et al. 2018).

The identification of autochthonous strains and the study of
LAB in silage produced under different conditions are neces-
sary to improve silage quality. LAB identification is an impor-
tant step, but its fermentation performance is always strain
dependent. Therefore, it is of primary importance to use tech-
niques capable of discriminating among strains. Typing
methods might be used to trace individual strains
(Abdollahniya et al. 2018). Several studies have reported suc-
cess using random amplified polymorphic DNA polymerase
chain reaction (RAPD-PCR) for the differentiation of LAB
isolates (Rossetti and Giraffa 2005; Parente et al. 2016;
Abdollahniya et al. 2018). Repetitive extragenic palindromic
PCR (REP-PCR) is another powerful tool used to identify
several types of LAB, including Lactobacilli (Gevers et al.
2001; Dolci and Cocolin 2017). These techniques can be used
to rapidly compare a large number of isolates and reveal rela-
tionships at the species and subspecies levels. Despite the
importance of culture-independent techniques, classic studies
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that use the recovery of microorganisms in culture media re-
main necessary.

To the best of our knowledge, there is no report in the
literature showing the isolation and identification of LAB
present in farm scale corn silage produced in warm climates.
Thus, the present study aimed to identify the LAB isolated
from corn silage produced in farms from different regions of
the state of Minas Gerais, Brazil, using a genotypic and phe-
notypic (organic acid and ethanol production) approach.

Materials and methods
Sampling and bacterial isolation

LAB strains used in this study were isolated from samples of
corn silages produced in bunker silos in 9 Brazilian micro-
regions of Minas Gerais State: Lavras (21° 14’ S, 44° 59" W,
919 m), Eloi Mendes (21° 36" S, 45° 33" W, 907 m),
Silviandpolis (22° 01’ S, 45° 50" W, 897 m), Sao Sebastido
do Paraiso (20° 55’ S, 46° 59’ W, 991 m), Passos (20° 43’ S,
46° 36" W, 745 m), Muzambinho (21° 22’ S, 46° 31" W, 1048
m), Piranguinho (22° 24’ S, 45° 31’ W, 837 m), Itumirim (21°
19'S, 44° 52" W, 871 m) and Nepomuceno (21° 14’ S, 45° 14’
W, 840 m) (Santos 2016). The climate in these regions is
classified as Cwa (warm temperate climate with dry winter),
the precipitation occurs mainly from October to March and the
average temperatures in the winter and summer are 19.7 °C
and 22.7 °C, respectively (Sa Junior et al. 2012). Corn silage
samples were collected from 54 dairy farms, six from each
region. For the bacterial isolation experiment, silage samples
were selected according to fermentative characteristics of pH
and temperature. The total count of yeast, filamentous fungi
and bacteria (Enterobacteriaceae and aerobic spore-forming
bacteria) were also taken into consideration (Santos 2016;
Santos et al. 2020). In this sense, two samples from each
region, one of the farms that showed overall the best (the
lowest pH, silage temperature, Enterobacteriaceae, aerobic
spore-forming bacteria and yeast and filamentous fungi pop-
ulation) and one of the farm that showed the worst character-
istics (opposite to the previously mentioned) were selected,
making a total of 18 samples.

A total of 122 bacterial strains were isolated and cultivated
at 37 °C for 48 h in MRS agar medium (CMO0361, Oxoid;
Hampshire, England). The isolates were preserved and main-
tained in frozen stocks at — 80 °C in MRS broth medium
(CM0359, Oxoid) with glycerol 20% (v/v) as cryoprotective
agent.

Genomic DNA extraction

Isolates were reactivated and 10 puL of active broth culture was
re-inoculated into 2 mL MRS broth plus cysteine (0.5 g/L) for
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24 h at 37 °C. Post incubation, the bacteria cells were harvest-
ed by centrifugation at 10,000 rpm for 10 min at 4 °C. The
pellet was used for genomic DNA extraction that was per-
formed according with a protocol previously described by
Sachinandan et al. (2010) using phenol-chloroform.

PCR fingerprinting amplification

Genomic DNA obtained from 105 different strains was used
as a template for PCR fingerprinting using the M13 primer
with sequence 5'-GAGGGTGGCGGTTCT-3' and (GACA),
primer with sequence 5-GACAGACAGACAGACA-3".
PCR reactions were performed in 25 pL reaction mixtures
containing NZYTaq 2x Green master Mix (Nzytech; Lisbon,
Portugal), genomic DNA (50 ng) and 0.4 mM of primer.
Amplification conditions for primer M13 was according
Torriani et al. (1999). For primer (GACA),, amplification re-
actions were performed according to the optimised protocol
previously described by Shehata et al. (2008).

Amplified products were resolved by electrophoresis (50 V
for 1.5 h) on 0.8% (w/vol) agarose in 0.5X TAE buffer gels,
stained with GreenSafe Premium (MB13201, Nzytech;
Lisbon, Portugal) and photographed with a Molecular
Imager® ChemiDoc™ XRS+ Imaging System (170-8070;
BioRad Laboratories, CA, USA). One kbp NZYDNA ladder
IIT (MB04402, Nzytech; Lisbon, Portugal) was used as a
DNA molecular weight marker and as a normalisation
reference.

Identification to species level by 16S rRNA gene
sequencing

A total of 28 representatives isolates were selected from the
RAPD-PCR clustering and analysed for 16S rRNA gene
using the primers 27F (5'-AGAGTTTGATCCTGG
CTCAG-3’) and 1492R (5'-GGTTACCTTGTTACGACTT-
3") (Lane, 1991). Amplification reactions were performed in
a total volume of 50 uL.

Amplified PCR products were sent to sequencing at
STABVIDA (Caparica, Portugal). The sequences were then
compared with the Gen-Bank database using the BLAST al-
gorithm (National Center for Biotechnology Information,
Maryland, USA).

Characterisation of organic acid and ethanol
production

To determine the organic acid and ethanol produced in the
fermentation, the 88 strains were cultivated in MRS broth
for 48 h at 37 °C. After this period, the inoculum was
standardised using a spectrophotometer at 620 nm wavelength
at an optical density of 1.0. Subsequently, 200 pL of each
strain was inoculated into 1.8 mL of MRS broth, which was

incubated at 37 °C. After 48-h fermentation, samples of the
cultures were analysed for lactic acid, acetic acid, propionic
acid and ethanol, using high-performance liquid chromatog-
raphy (HPLC) (JASCO model LC 4000; (JASCO
International Co., Tokyo, Japan). The acids and ethanol were
identified by comparing their retention times with those of
known standards. The HPLC apparatus was equipped with a
dual-detection system consisting of a UV detector (JASCO
UV-2075Plus) and a refractive index detector (JASCO RI-
2031). An ion exclusion column from BioRad (Aminex
HPX-87H; 7.8 mm i.d., 30 cm long) operated at 60 °C was
used for the chromatography separation. The mobile phase
consisted of 0.005 M sulphuric acid solution with a flow rate
of 0.7 mL/min. The acids were detected by UV absorbance.
Ethanol was identified using the refractive index detector.

Data analysis

Pictures of the obtained gels were analysed using
BioNumerics software (version 6.6; Applied Maths BVBA,
Sint-Martens-Latem, Belgium). Calculation of similarity of
the PCR fingerprinting profiles were based on the Pearson
correlation coefficient. A dendrogram was deduced from the
matrix of similarities by the unweighted pair group method
using arithmetic average (UPGMA) clustering algorithm.
Data regarding the production of metabolites by strains were
analysed using principal component analysis (PCA) using the
XL Stat software, version 7.5. The CORR procedure of SAS
9.3 (SAS Institute 2012) was used to analyses the correlation
between the data of silage characteristics as dry matter (DM),
pH, lactic, acetic, propionic and butyric acids, ethanol, 1,2-
propanediol and storage time (Santos et al. 2020) and LAB
species identified in the silages.

Results
Genotypic characterisation

From the total of isolates, 88 were identified as LAB and 17
isolates as non-LAB. Eleven different species of LAB were
identified (Table 1). These species belong to four separate
phylogenetic groups of the genus Lactobacillus
(L. delbrueckii, L. buchneri, L. casei and L. plantarum) and
the genus Pediococcus. Lactobacillus buchneri, and
L. rhamnosus were found to have a broad distribution among
the silage samples; they were isolated in four different regions.
In contrast, L. parafarraginis, L. zeae, L. acidophilus and
L. casei were isolated in only one region. Samples of corn
silage collected in the Itumirim and Nepomuceno regions
showed the highest diversity of LAB, and the largest number
of identified LAB (23 strains) were isolated from samples
collected in the first region; P. acidilactici, L. paracasei,
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L. rhamnosus and L. plantarum were isolated in both regions.
Samples collected in the Silviandpolis, Sdo Sebastido do
Paraiso and Muzambinho regions showed the least diversity
of LAB; only L. buchneri, L. rhamnosus and L. diolivorans,
respectively, were isolated.

The 88 isolates subjected to DNA fingerprinting generated
bands ranging in size from 200 to 3000 bp. The fingerprints
obtained by RAPD-PCR with a M13 primer (Fig. 1) were
more complex and discriminatory than those obtained with
the REP-PCR technique using a (GACA), primer (Fig. 2),
being possible to group the fingerprint profiles into well-
defined clusters using the first approach, while with REP-
PCR technique, it was not possible to obtain a quality group-
ing. The average reproducibility of the M13 primer technique
was 96%. This value was used to estimate the differentiation
among the isolates (Fig. 1). All the isolates were clearly
grouped into separate clusters according to their respective
taxonomic designations, with eleven clusters detected (Fig.
1). Based on the grouping by M13, 28 representative isolates
were selected and sequenced. The isolates of clusters 1, 3,4, 5,
6, 7, 8, 10 and 11 were identified as Pediococcus acidilactici
(7 isolates), Lactobacillus paracasei (11 isolates),
L. rhamnosus (10 isolates), L. diolivorans (10 isolates),
L. parafarraginis (2 isolates), L. hilgardii (17 isolates),
L. plantarum (6 isolates), L. casei (5 isolates) and L. zeae (4
isolates), respectively. In the cluster 2, L. paracasei (2 isolates)
and L. acidophilus (1 isolate) were grouped with 95.4% sim-
ilarity. Cluster 9 contained 12 isolates of L. buchneri and 1
isolate of L. casei, was grouped with 94.6% similarity.

Isolates of P. acidilactici and L. rhamnosus were grouped
with 94.2% and 96.1% similarity, respectively. The
L. diolivorans, L. hilgardii and L. parafarraginis isolates were
grouped with 95.7% similarity. The isolates of L. plantarum
and L. zeae were grouped with 96.8% and 98.4% similarity,
respectively.

The presence of L. diolivorans was associated with silages
with high concentrations of DM (r = 0.562), acetic ( = 0.487)
and propionic (» = 0.526) acid and long storage time (r =
0.469) (Table 2). Positive correlation was observed between
the presence of L. buchneri and L. hilgardii (r = 0.475) in
silages. Lactobacillus zeae was more frequently isolated in
silages with high pH (» = 0.891) and 1,2-propanediol (» =
0.617) concentration and in silages with low acetic (r = —
0.538) and propionic ( = — 0.474) acid concentrations. The
presence of L. casei was strongly correlated with L. plantarum
(r =0.866) and L. acidophilus (r = 0.889) species.

Organic acid and ethanol production

Differences in the production of acids and ethanol were ob-
served between the analysed isolates (Table 3). Isolates clas-
sified within the same carbohydrate fermentation patterns and
of the same species showed different fermentative

characteristics. The CCMA 0770 (L. hilgardii) strain showed
the highest production of lactic acid (25.33 g/L) and produced
2.55 g/L of acetic acid. The strain UFLA SLM 075
(L. diolivorans) showed the highest production of acetic acid
(4.11 g/L), produced 16.8 g/L lactic acid and showed the low-
est lactic acid/acetic acid ratio. The highest ratio of lactic
acid/acetic acid was 21.8 (L. paracasei). Fifty strains pro-
duced less than 0.6 g/L ethanol and the other 38 strains pro-
duced between 1.17 and 4.64 g/L, these being predominantly
obligately heterofermentatives. The UFLA SLM 223
(P, acidilactici) did not produce any detectable amounts of
ethanol or acetic acid, while the UFLA SLM 17
(L. hilgardii) and CCMA 0785 (L. casei) isolates did not pro-
duce detectable ethanol. None of the analysed isolates pro-
duced detectable amounts of propionic acid.

In the principal component analysis (PCA), the first two
components (PC1 and PC2) explain 93.27% of the total var-
iance (Fig. 3). Some of the isolates only correlated with lactic
acid (left upper quadrant). The isolates that correlated with
acetic acid (right upper quadrant) also correlated with ethanol.
The isolates shown in the lower quadrants produced smaller
amounts of both acids and did not correlate with any of the
metabolites.

The differences in organic acid production among the 88
isolates were due to the metabolism of the bacteria. In the
isolates with a homofermentative metabolism, the average
lactic acid content was 18.89 g/L, which is higher than the
average content observed in isolates with an obligately
heterofermentative metabolism (14.96 g/L) (Table 3). The av-
erage acetic acid content (2.41 g/L) and ethanol content (2.98
g/L) was relatively higher in the isolates that have an obligate-
ly heterofermentative metabolism in comparison with those
with a facultatively heterofermentative metabolism (1.44 g/L
and 2.41 g/L) and a homofermentative metabolism (1.21 g/L
and 0.27 g/L), respectively.

Discussion

All the LAB species found in the evaluated silages were pre-
viously associated with silages from corn or other plants pro-
duced at different locations, including warm and tropical re-
gions (Parvin and Nishino 2009; Doi et al. 2013; Zhou et al.
2016). Of the 11 isolated species two presented
homofermentative metabolism, three obligately
heterofermentative metabolism and six species with faculta-
tively heterofermentative metabolism. Heterofermentative
bacteria generally resist longer during silage and dominate
fermentation over longer storage periods (Carvalho et al.
2016; Blajman et al. 2018). In this study only Lactobacillus
diolivorans (obligately heterofermentative) was correlated
with long storage time, all silages presented average fermen-
tation times over 65 days. Zhou et al. (2016) examined the
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Fig. 1 Dendrogram generated after cluster analysis of fingerprints using
M13 primer of the UFLA SLM and CCMA LAB isolates. Stars indicate
isolates selected to sequence analysis. Collection regions of corn silage
samples: Lavras (1), E16i Mendes (2), Silviandpolis, (3), Sao Sebastido do
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Table 3  Contents of lactic, acetic, and ethanol by CCMA and UFLA SLM LAB isolated from corn silage

Isolates Identification (% identity/code at NCBI) Metabolites (g/L) Metabolism'

Lactic Acetic Lactic/acetic ratio Ethanol

UFLA SLM 223 P, acidilactici 20.55 0 - 0 Homo
UFLA SLM 111 L. paracasei 22.02 1.01 21.8 0.24 Facult. hete.
UFLA SLM 115 L. paracasei 21.94 1.02 21.5 0.18 Facult. hete.
UFLA SLM 118 L. paracasei 21.61 1.02 21.2 0.21 Facult. hete.
UFLA SLM 110 L. rhamnosus 22.66 1.08 21.0 0.24 Facult. hete.
CCMA 0790 L. rhamnosus (100/KT982211.1) 22.78 1.09 20.9 0.23 Facult. hete.
UFLA SLM 112 L. paracasei 21.63 1.05 20.6 0.19 Facult. hete.
CCMA 0782 P, acidilactici (100/LC097074.1) 20.96 1.02 20.5 0.3 Homo.
UFLA SLM 122 L. paracasei 21.11 1.04 20.3 0.21 Facult. hete.
UFLA SLM 121 L. paracasei 20.64 1.02 20.2 0.21 Facult. hete.
UFLA SLM 116 L. paracasei 20.61 1.03 20.0 0.18 Facult. hete.
CCMA 0789 L. paracasei (100/KT159936.1) 20.39 1.03 19.8 0.23 Facult. hete.
CCMA 0788 L. paracasei (100/KT159936.1) 20.47 1.04 19.7 0.18 Facult. hete.
CCMA 0787 L. rhamnosus (100/KT982211.1) 20.79 1.09 19.1 0.24 Facult. hete.
UFLA SLM 127 P, acidilactici 19.58 1.03 19.0 0.28 Homo.
UFLA SLM 128 P, acidilactici 19.35 1.06 18.3 0.27 Homo.
UFLA SLM 129 L. plantarum 18.29 1.04 17.6 0.28 Facult. hete.
CCMA 0784 L. casei (100/IN560867.1) 18.31 1.07 17.1 0.24 Facult. hete.
UFLA SLM 095 L. paracasei 21.63 1.46 14.8 0.23 Facult. hete.
UFLA SLM 017 L. hilgardii 17.47 1.19 14.7 0 Obliga. hete.
UFLA SLM 066 L. hilgardii 23.97 1.65 14.5 1.17 Obliga. hete.
CCMA 0781 L. paracasei (100/KT159936.1) 223 1.54 14.5 0.22 Facult. hete.
UFLA SLM 105 L. casei 14.38 1.03 14.0 0.25 Facult. hete.
UFLA SLM 101 L. casei 13.99 1.06 13.2 0.27 Facult. hete.
CCMA 0783 L. casei (100/JN560867.1) 14.23 1.08 13.2 0.26 Facult. hete.
UFLA SLM 043 L. zeae 22.97 1.76 13.1 0.21 Facult. hete.
UFLA SLM 039 L. zeae 23.29 1.8 12.9 0.2 Facult. hete.
CCMA 0774 L. zeae (100/KT630827.1) 23.22 1.81 12.8 0.21 Facult. hete.
UFLA SLM 040 L. zeae 233 1.82 12.8 0.21 Facult. hete.
UFLA SLM 089 L. plantarum 20.45 1.61 12.7 0.3 Facult. hete.
CCMA 0773 L. paracasei (100/KT159936.1) 22.7 1.79 12.7 0.22 Facult. hete.
UFLA SLM 042 L. paracasei 23.68 1.89 12.5 0.18 Facult. hete.
UFLA SLM 076 L. buchneri 22.29 1.79 12.5 0.29 Obliga. hete.
CCMA 0780 L. plantarum (100/KP406154.1) 21.1 1.7 12.4 0.31 Facult. hete.
UFLA SLM 087 L. plantarum 20.66 1.68 123 0.31 Facult. hete.
UFLA SLM 090 L. plantarum 21.36 1.77 12.1 0.33 Facult. hete.
CCMA 0766 P, acidilactici (100/LC097074.1) 20.09 1.68 12.0 0.31 Homo.
UFLA SLM 036 L. rhamnosus 21.68 1.84 11.8 0.54 Facult. hete.
UFLA SLM 001 P, acidilactici 20.58 1.75 11.8 0.31 Homo.
UFLA SLM 000 P, acidilactici 19.28 1.66 11.6 0.31 Homo.
UFLA SLM 086 L. plantarum 22.24 1.93 11.5 0.31 Facult. hete.
UFLA SLM 035 L. rhamnosus 16.15 1.57 10.3 0.18 Facult. hete.
UFLA SLM 102 L. casei 10.97 1.07 10.3 0.27 Facult. hete.
UFLA SLM 067 L. hilgardii 22.36 2.23 10.0 1.75 Obliga. hete.
CCMA 0770 L. hilgardii (99/LC064898.1) 25.33 2.55 9.9 2.01 Obliga. hete.
UFLA SLM 034 L. rhamnosus 15.61 1.61 9.7 0.18 Facult. hete.
CCMA 0786 L. rhamnosus (100/KT982211.1) 9.04 0.99 9.1 0.28 Facult. hete.
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Table 3 (continued)

Isolates Identification (% identity/code at NCBI) Metabolites (g/L) Metabolism'
Lactic Acetic Lactic/acetic ratio Ethanol

UFLA SLM 107 L. rhamnosus 9.02 1.01 8.9 0.2 Facult. hete.
UFLA SLM 037 L. rhamnosus 13.64 1.56 8.7 0.17 Facult. hete.
CCMA 0785 L. casei (100/IN560867.1) 8.84 1.02 8.7 0 Facult. hete.
CCMA 0777 L. buchneri (100/KR055508.1) 12.67 1.52 8.3 3.56 Obliga. hete.
UFLA SLM 050 L. buchneri 9.52 1.18 8.1 0.2 Obliga. hete.
UFLA SLM 030 L. buchneri 11.95 1.51 7.9 3.49 Obliga. hete.
CCMA 0767 L. rhamnosus (100/KT982211.1) 16.49 2.12 7.8 0.28 Facult. hete.
UFLA SLM 072 L. buchneri 13.32 1.74 7.7 2.92 Obliga. hete.
CCMA 0779 L. acidophilus (100/LN869545.1) 10.74 1.48 7.3 0.38 Homo.

CCMA 0772 L. buchneri (100/KR055508.1) 12.73 1.76 72 242 Obliga. hete.
CCMA 0768 L. buchneri (99/KR055508.1) 12.54 1.74 7.2 3.85 Obliga. hete.
UFLA SLM 070 L. buchneri 14.63 2.05 7.1 3.7 Obliga. hete.
UFLA SLM 011 L. buchneri 13.72 2.02 6.8 421 Obliga. hete.
UFLA SLM 120 L. buchneri 13.39 2.02 6.6 431 Obliga. hete.
UFLA SLM 008 L. buchneri 14.96 227 6.6 4.64 Obliga. hete.
CCMA 0769 L. buchneri (100/KR055508.1) 14.27 2.19 6.5 4.62 Obliga. hete.
UFLA SLM 020 L. hilgardii 15.72 243 6.5 423 Obliga. hete.
UFLA SLM 021 L. hilgardii 16.66 2.59 6.4 431 Obliga. hete.
UFLA SLM 025 L. hilgardii 12.86 2.11 6.1 2.5 Obliga. hete.
UFLA SLM 019 L. hilgardii 13.4 2.3 5.8 3.38 Obliga. hete.
UFLA SLM 013 L. hilgardii 13.09 243 54 2.86 Obliga. hete.
CCMA 0775 L. diolivorans (99/KP763951.1) 14.88 2.8 5.3 2.99 Obliga. hete.
CCMA 0776 L. diolivorans (99/KP763951.1) 15.22 2.88 5.3 291 Obliga. hete.
UFLA SLM 061 L. diolivorans 16.11 3.07 5.2 3.66 Obliga. hete.
UFLA SLM 016 L. hilgardii 16.16 3.08 52 3.84 Obliga. hete.
UFLA SLM 018 L. hilgardii 12.06 2.3 52 2.87 Obliga. hete.
UFLA SLM 063 L. diolivorans 14.28 2.77 52 3.12 Obliga. hete.
UFLA SLM 062 L. diolivorans 15.72 3.11 5.1 3.26 Obliga. hete.
UFLA SLM 015 L. hilgardii 14.99 2.98 5.0 3.21 Obliga. hete.
UFLA SLM 073 L. diolivorans 14.01 2.79 5.0 327 Obliga. hete.
UFLA SLM 057 L. diolivorans 12.93 2.59 5.0 3.12 Obliga. hete.
CCMA 0771 L. hilgardii (99/LC064898.1) 12.99 2.65 4.9 2.97 Obliga. hete.
UFLA SLM 059 L. diolivorans 12.82 2.63 4.9 2.98 Obliga. hete.
UFLA SLM 014 L. hilgardii 16.79 3.47 4.8 3.33 Obliga. hete.
UFLA SLM 026 L. hilgardii 15.58 3.32 4.7 3.94 Obliga. hete.
CCMA 0778 L. hilgardii (99/LC064898.1) 11.2 24 4.7 1.69 Obliga. hete.
CCMA 0765 L. parafarraginis (99/KR055510.1) 11.42 248 4.6 2.95 Facult. hete.
UFLA SLM 022 L. hilgardii 11.48 2.64 43 1.67 Obliga. hete.
UFLA SLM 004 L. parafarraginis 14.57 3.42 43 3.98 Facult. hete.
UFLA SLM 058 L. diolivorans 12.73 3.02 42 3.07 Obliga. hete.
UFLA SLM 075 L. diolivorans 16.82 4.11 4.1 3.73 Obliga. hete.

! Type of glucose fermentation, obligately homofermentative, facultatively heterofermentative, and obligately heterofermentative

influence of ensiling temperature (5 to 25 °C) on fermentation
characteristics and microbial counts of corn silage and the
results clearly demonstrated that changes in the LAB

@ Springer

population diversity occurred during the ensiling process.
An expressive increase in LAB counts was detected after 28
days of ensiling at 25 °C. Furthermore, in these silages, the
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growth of L. plantarum and P. pentosaceus was gradually
replaced by L. buchneri, whereas the homolactic bacterium
L. sakei and L. curvatus dominated the fermentation at 5 and
10 °C, supporting the broad consensus concerning the shift
from homo- to heterofermentative LAB species during ensil-
ing. The correlation between L. buchneri and L. hilgardii
(both obligately heterofermentative) presence in silages was
observed. However, there was no correlation of the presence
of these species with long silage storage time.

The isolation of L. acidophilus in silages is not common
and was isolated only in the Itumirin region. In this region
were observed great LAB species diversity, and great popula-
tion of filamentous fungi and yeasts. Lactobacillus
acidophilus with feruloyl esterase activity (FAE) was isolated
from corn silage produced in laboratory silos in Japan. LAB
that show activity with this enzyme can improve silage quality
and digestibility (Xu et al., 2017a). Strains of this species may
have probiotic characteristics (Bomba et al., 2012). In review,
Queiroz et al. (2018) report L. acidophilus reduced the patho-
genic Escherichia coli presence in the intestine when orally

F1(67.69 %)

administered to ruminants. The presence of L. acidophilus
was positively correlated with L. plantarum and L. casei in
silages, although these microorganisms has been used as start-
er cultures in several fermentative processes, we have not
found any reports in the literature about the possible explana-
tion for this association.

Lactobacillus buchneri is one of the obligately
heterofermentative LAB often studied as a silage inoculant
in recent years (Blajman et al., 2018). This species was fre-
quently isolated in corn silages produced in southern Minas
Gerais, Brazil. Rossi and Dellaglio (2007) and Avila et al.
(2009) also found a high L. buchneri population in alfalfa,
corn (Italy) and sugarcane (Brazil) silages. Because this spe-
cies is obligately heterofermentative and some strains present
a high production of acetic acid, the main result of its inocu-
lation in silages is the reduction of the yeast and mould pop-
ulation and improvement in aerobic stability (Blajman et al.
2018). Lactobacillus buchneri can produce acetic acid by hex-
oses fermentation or by the anaerobic degradation of lactic
acid. During the anaerobic degradation of lactic acid, 1,2-

@ Springer



1456

Ann Microbiol (2019) 69:1445-1459

propanediol is also produced. Lactobacillus diolivorans, a
LAB isolated from corn silage (Krooneman et al., 2002), is
associated with the degradation of 1,2-propanediol to
propionic acid and 1-propanol. The correlation of the
L. diolivorans presence with silages with high propionic acid
concentration may be justified by this metabolism. The prod-
ucts of L. diolivorans metabolism are important for improving
silage aerobic stability. There are few studies that describe the
presence of this species in silages and few studies on the
inoculation of L. diolivorans in silages; therefore, how this
bacterium acts during the silage fermentation is still unknown.

The species L. hilgardii was isolated in the silages sampled
in the regions of El6i Mendes and Piranguinho, and in this last
region only obligately heterofermentative species were iden-
tified. Lactobacillus hilgardii was isolated during the fermen-
tation of sugarcane silage in experimental silos (Avila et al.
2014). The inoculation of the CCMA 0170 (L. hilgardii) strain
in sugarcane and corn silages resulted in lower dry matter loss,
lower yeast and filamentous fungi population and higher
acetic acid concentration and aerobic stability (Assis et al.
2014; Carvalho et al. 2015; Reis et al. 2017). The inoculation
of the CNCM 1-4705 (L. hilgardii) strain on corn silage pro-
duced in Italy obtained similar results (Ferrero et al. 2019).
The L. parafarraginis species, also belonging to the
L. buchneri group, was isolated only in the Lavras region.
The silage characteristics (DM, pH, acid concentrations, mi-
croorganism’s population) of this region can be classified as of
good quality and in these silages was not detected filamentous
fungi growth. This species has recently been studied as a si-
lage inoculant as reviewed by Muck et al. (2018). Inoculation
with L. parafarraginis has resulted in silages with higher aer-
obic stability when compared with control silage or silage
inoculated with L. buchneri when fermentation occurred at
low temperatures (Liu et al. 2014). The diversity of LAB
inoculated with L. brevis (SDMCC050297) and
L. parafarraginis (SDMCCO050300) in corn stover silages in
China was lower when compared with the non-inoculated
silages. Lactobacillus plantarum and Lactococcus lactis were
dominant in control silages, and L. brevis and
L. parafarraginis were dominant in the silages inoculated with
these species after 10 days of storage (Xu et al. 2017b). These
authors observed the amount of LAB and the abundance of
Lactobacillales in inoculated silages were higher than in the
control.

Lactobacillus plantarum was isolated in only two regions,
although the presence of this species in silages is common
everywhere (Parvin and Nishino 2009; Avila et al. 2014;
Carvalho et al. 2016; Hu et al. 2018). The use of
L. plantarum as an inoculant is well known and new strains
are constantly evaluated, making this species one of the most
studied as an inoculant for silage (Blajman et al. 2018; Hu
et al. 2018). The primary results of L. plantarum inoculation
in silages are a fast drop in pH and lower DM losses.

@ Springer

However, inoculation results in decreased aerobic stability,
and therefore. this species is widely used in combination with
other LAB species, mainly obligately heterofermentative
species.

The facultative heterofermentative L. casei species has
been studied and used as a silage inoculant (Muck et al.
2018). The occurrence of this species in the silages evaluated
was low (found in only one region). The silages of this region
had on average the highest filamentous fungi and yeast counts
and LAB diversity. In these silages were also observed lowest
average of propionic acid content (6.6 g/lkg DM) that has
antifungal effect. The safety and efficacy of the L. casei
(DSM 28872) strain used as an additive intended to improve
ensiling was analysed, and the results showed this strain has
the potential to improve silage production by reducing dry
matter loss and enhancing protein preservation (Rychen
etal. 2017). Other species belonging to the L. casei group that
were isolated are L. paracasei, L. rhamnosus, and L. zeae. The
use of L. paracasei (Avila et al. 2010) and L. rhamnosus (Li
and Nishino 2011) as additives for silage was reported; how-
ever, when this species was compared with other LAB, the
results of the inoculation were not satisfactory. Lactobacillus
zeae was found only in the Passos region, the silages from this
region presented high pH values and low lactic and acetic acid
concentrations. This species was also isolated from the alfalfa
silage (which also have high pH values) produced in farm
scale silos in Italy (Rossi and Dellaglio 2007). Little is known
about the performance of this species during silage fermenta-
tion, and no studies evaluating L. zeae as an inoculant were
found.

Pediococcus acidilactici was identified in three evaluated
regions. This species is among the most common
homofermentative LAB used as silage inoculants, although
there are few studies evaluating its performance and it is fre-
quently inoculated together with other LAB (Blajman et al.
2018). Pediococcus acidilactici dominate the early stages of
ensilage and rapidly decrease pH (Fitzsimons et al., 1992).
Although no significant correlation was observed with storage
time, this species was isolated from silages with an average
storage time of 380 days.

The ability to clearly differentiate between the LAB iso-
lates was low for the isolates identified using the (GACA),
primer. A reduced number of bands were observed, making it
difficult to distinguish single groups according to species. In
contrast, the M13 fingerprint profiles were relatively hetero-
geneous. This variability can be useful for intraspecific differ-
entiation of isolates within the same species (Turkova et al.
2012). The M13 primer has already been used for Lactobacilli
typing and has proven useful for the differentiation of a wide
range of Lactobacilli at the species and subspecies levels, and
potentially, up to the strain level (Rossetti and Giraffa, 2005;
Svec et al. 2010). In evaluating the genotypic profile obtained
by M 13, small differences in the band profile between isolates
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within the same species were observed. However, some
strains isolated from different silages showed the same band
profile, thus suggesting the presence of clusters with high
similar fingerprints in silages from various regions. The iden-
tification at a species level substantiates suitability of bacterial
strains for industrial application. For example, their perfor-
mance as starter cultures, which is strain dependent. The re-
sults demonstrate the usefulness of M13 fingerprinting as a
rapid method and alternative strategy for subspecies identifi-
cation; this technique enabled the precise grouping of isolated
LAB isolates.

Knowledge about LAB metabolism is important to predict
its effect as a starter on silage. Lactic acid plays an important
role in the rapid reduction of pH, causing the inhibition of
undesirable microorganisms that grow in the anaerobic fer-
mentation stage, but it does not act by inhibiting the microor-
ganisms’ aerobic deterioration. In addition to contributing to
pH reduction, acetic acid and propionic acid have an antifun-
gal effect and inhibit spoilage during the aerobic stage of
silage fermentation.

The results of this study show that, in general, bacterial
species with a heterofermentative metabolism produce higher
concentrations of acetic acid, which is important for inhibiting
aerobic spoilage. This property is desirable in silage with a
spoilage problem, such as a corn silage. However, it is impor-
tant to note that there may be differences between strains of
the same species. Thus, the selection of strains for inoculants
should be based at the strain level and not only the species.

Conclusion

This research has contributed to our understanding of the bac-
terial community structure of LAB present in farm scale corn
silage produced in a warm climate, such as the Brazilian state
of Minas Gerais. Eleven different LAB species were identified
and characterised. All the LAB species found were previously
associated with silages from corn or other plants produced at
different locations. The species L. buchneri, L. diolivorans,
L. hilgardii, L. paracasei and L. rhamnosus were found in
greater proportion in the silages evaluated. Differences in or-
ganic acid production were observed among the strains be-
longing to the same species. Further studies can assess the
potential of these isolates as starter cultures to produce corn
silage and other forage crops.
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