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Abstract: Lactic acid bacteria (LAB) have been proposed for the control of undesirable fermentation
and, subsequently, aerobic deterioration due to their ability to produce antimicrobial metabolites in
silage mass. To investigate the effect of specific LAB on the silage fermentation characteristics and
bacterial community composition of oat in cold regions, silages were treated without (control) or
with three LAB strains (LB, Lentilactobacillus buchneri; nLP, low temperature tolerant Lactiplantibacillus
plantarum; pLP, phenyllactic acid-producing Lactiplantibacillus plantarum), and then stored at ambient
temperature (−2.63 ± 5.47–14.29 ± 5.48 ◦C) for 30, 60, and 90 days. Compared with control, inoc-
ulation of LAB decreased the final pH value, butyric acid content, ammonia-N of total N and dry
matter loss of silage. Treatments with nLP and pLP increased (p < 0.05) lactic acid content, whereas
LB increased (p < 0.05) acetic acid content of silage. Lactiplantibacillus and Leuconostoc dominated
in the silages with relative abundance of 68.29–96.63%. A prolonged storage period enhanced the
growth of Leuconostoc in pLP-treated silage. In addition, pLP increased (p < 0.05) the aerobic stability
of silage as compared with nLP. In conclusion, inoculation of LAB improved silage fermentation
and/or delayed aerobic deterioration by shifting bacterial community composition during ensiling.
Phenyllactic acid-producing Lactiplantibacillus plantarum as an inoculant exhibited potential for high
quality silage production.

Keywords: lactic acid bacteria; phenyllactic acid; fermentation; bacterial community; silage

1. Introduction

The Qinghai-Tibetan Plateau is a key alpine grassland livestock production area [1].
However, in the winter and early spring, the inclement weather causes food shortages for
herbivores, resulting in yak weight loss, decreased milk production, and other issues [2,3].
Therefore, how to effectively preserve local forages is an increasing issue in cold regions.

Ensiling is an important technique for preserving fresh forage, especially in areas
where forage is seasonally or regionally unbalanced due to the harsh conditions. In cold
regions, silage is considered to be the main feed source for ruminants [4]. However, the
heavy distribution of undesirable microorganisms such as aerobic bacteria, yeasts, and
molds during ensiling and after exposure to air is a concerning issue in the world. Microbial
additives have been applied to specifically elevate dominance of bacterial genera such
as Lactiplantibacillus, Pediococcus, and Leuconostoc for optimizing the silage fermentation
process. Lactic acid bacteria (LAB) have been used as microbial additives because they
produce metabolites that inhibit harmful microorganisms during silage fermentation, in-
cluding organic acids, fatty acids, ethonal hydrogen peroxide, acetoin, diacetyl, cyclic
dipeptides, bacteriocins, or bacteriocin-like inhibitory sub-stances [5]. However, lower
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ambient temperatures can undesirably delay or stop production of lactic and acetic acids
during ensiling in cold regions [6]. This is because the activity of lactic acid bacteria is
lower in silage under low temperatures, while the activity of yeast and other harmful
microorganisms is higher [7,8]. Recently, some researchers have begun to focus on the
potential of low temperature tolerant LAB strains for ensiling [9,10]. Previously published
studies indicated that species of Lentilactobacillus buchneri and/or low temperature tolerant
Lactiplantibacillus plantarum is combined in microbial inoculants for functionally advancing
Phalaris arundinacea silage fermentation process and reducing aerobic spoilage initiated
by lactate-assimilating yeasts in cold region [11]. However, there is little information on
the effect of a low temperature tolerant LAB inoculant on the fermentation characteristics,
bacterial community, and aerobic stability of oat silage in a cold region.

Phenyllactic acid, as an eco-friendly antimicrobial agent with high stability under low
temperature conditions [12], can inhibit the growth of pathogenic bacteria, yeasts, and
molds in foods [13]. Phenyllactic acid is also being investigated for animal feeding and
disease prevention as an alternative to the use of antibiotic substances [14]. Some species of
LAB, such as Lactiplantibacillus plantarum, Lacticaseibacillus casei, and Pediococcus acidilactici,
can produce phenyllactic acid [15]. Ström et al. (2002) [16] first isolated a Lactiplantibacillus
plantarum strain (MiLAB 393) from grass silage that produces broad-spectrum antifungal
compounds, active against food- and feed-borne filamentous fungi and yeasts in a dual-
culture agar plate assay. In our laboratory, a LAB strain, Lactiplantibacillus plantarum, was
isolated from natural fermented-oat silage on the Qinghai Tibetan Plateau and exhibited
a high phenyllactic acid producing ability of 94.2 mg/mL in de Man, Rogosa and Sharpe
(MRS) broth incubated at 28 ◦C for 24 h (data not published). However, limited information
is available on how the phenyllactic acid-producing LAB strain affects fermentation quality
and how phenyllactic acid regulates the microbiota of silage.

In addition, amounts of fresh oats were left on the land due to unstable weather
conditions on the Qinghai Tibetan Plateau. The ambient temperature falls to <15 ◦C,
which usually results in unfinished fermentation during ensiling and rapid deterioration
after exposure to air [17]. Hence, the objective of the present study was to compare
the effects of specific LAB, including Lentilactobacillus buchneri, low temperature tolerant
Lactiplantibacillus plantarum, and phenyllactic acid-producing Lactiplantibacillus plantarum,
on the fermentation characteristics, bacterial community composition, and aerobic stability
of oat silage stored on the Qinghai Tibetan Plateau. Our hypothesis was that the three LAB
strains could functionally improve the silage quality of oats under low storage temperature
(<15 ◦C) conditions.

2. Materials and Methods
2.1. Silage Preparation

Experiment was conducted at the Hongyuan experimental base of Sichuan Academy
of Grassland Sciences (44◦53′ N, 7◦41′ E, altitude 3500 m), which locates on the Qinghai
Tibetan Plateau in P. R. China. Oat at milk stage was harvested as ensiling material at 10
September 2020.

The harvested oat was chopped to 1–3 cm by a chopper, and randomly divided into
thirty-six 10-kg piles to obtain nine replications per treatment. The treatments were as
follows: control without additives (CK); LB, Lentilactobacillus buchneri isolated from natural-
fermented silage; nLP, a low temperature tolerant Lactiplantibacillus plantarum isolated from
natural fermented-reed canary grass silage, can grow well at 5–30 ◦C [11,18]; pLPphenyllac-
tic acid-producing Lactiplantibacillus plantarum isolated from natural fermented-oat silage
and preserved at China General Microbiological Cultural Collection Center (No. 14117). To
reduce negative effects from addition amounts, each LAB was applied at a rate of 106 cfu/g
of fresh matter (FM). The inoculum level of LAB was determined according to Gallo et al.
(2021) [19]. Each LAB was separately diluted in sterilized water and sprayed uniformly
onto the forage using a hand sprayer, which was constantly hand mixed and yield applying
amount of 4 L inoculant-diluted solution/t of fresh forage. The same amount of water was
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added to the CK treatment. The treated forage from each pile was packed in a 20 L plastic
silo equipped with a lid that only enabled gas release. The density of all silages was about
500 ± 25 kg/m3 on FM basis. Three of silage silos with same treatment were sampled after
30, 60, and 90 days of ensiling at ambient temperature (−2.63± 5.47–14.29 ± 5.48 ◦C). Sam-
ples from the fresh forage and the silages were subject to analysis of chemical composition,
aerobic stability, microbial population, and/or bacterial community.

2.2. Chemical Analysis

Samples were dried at 65 ◦C for a constant weight to determine dry matter (DM)
content, and then ground through 0.20 mm sieve for water soluble carbohydrates (WSC)
analysis by the method of McDonald [20]. The DM loss was calculated by formula as
follows: DM loss (%) = 100 × [1 − (pre-ensiled forage weight/silage weight at opening)].

Fresh sample of 20 g was mixed with 180 mL ultrapure water for 3 min in a stomacher
blender. The pH of filtrate was determined by pH meter. Filtrate of about 10 mL was
subjected to centrifugation (4500× g, 15 min, 4 ◦C), and the supernatant was analyzed for
lactic acid, acetic acid, propionic acid, and butyric acid using high performance liquid chro-
matography [21]. Identification and quantification of phenyllactic acid were determined by
the method of Jung et al. (2019) [13]. Ammonia nitrogen was determined by methods of
Broderick and Kang [22].

2.3. Microbial Population Analysis

Microbial population on fresh samples was determined by the method of Cai [23]. Ten
grams of each fresh sample were put into a sterile glass bottle, suspended in 90 mL of sterile
water, and homogenized for 2 h in a laboratory blender (LB20ES, Shanghai Prime Science
Co., Ltd., Shanghai, China). Serial dilutions were made. The number of LAB were counted
on MRS agar (GCM188, Land Bridge Technology Co., Ltd., Beijing, China), incubated at
37 ◦C for 48 h. Yeasts were counted on malt extract agar with 1.5 mg/L Tetracycline (CM173,
Land Bridge Technology Co., Ltd., Beijing, China), incubated at 30 ◦C for 48 h. Yeasts were
distinguished from molds by colony appearance and observation of cell morphology.

2.4. Bacterial Community Analysis

The extraction of bacterial DNA from fresh sample was determined by the method
of Li [21]. In brief, Phusion® High-Fidelity polymerase chain reaction (PCR) Master Mix
(New England Biolabs) was used to carry out PCR reactions, following the manufacturer’s
instructions. The primers 515 F and 907 R was chosen to amplify the V4–V5 region of 16S
rRNA gene. The PCR amplicons were then sequenced by using an Illumina MiSeq PE2500
platform at Novogene Company (Beijing, China). After sequencing, paired reads were
merged using FLASH (V 1.2.7) and filtered by QIIME. The UPARSE method was employed
to assign operational taxonomic units (OTUs) to the 16S rRNA at a cutoff level of 3% on the
Usearch software platform (Version 7.1). Based on OTUs results, the alpha indices were
calculated with QIIME (Version 1.7.0) and displayed with R software (Version 2.15.3).

2.5. Aerobic Stability

The aerobic stability of silage was measured by the method of Kung [24]. At silo
opening, approximately 5.0 kg of silage from each silo was returned to clean buckets
without packing under air-controlled temperature of 25 ± 0.5 ◦C. A thermocouple probe
was placed in the geometric center of each silage mass, and temperatures were recorded
by a data logger (YA204R, YADU Electronic Technology Co., Ltd., Shanghai, China) every
30 min. Silos were covered with 2 layers of cheesecloth and exposed to air. Aerobic stability
was determined as the number of hours before the temperature of the silage mass increased
2 ◦C above ambient temperature of each silage mass.
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2.6. Statistical Analysis

Data was analyzed as a 4× 3 factorial arrangement in a completely randomized design.
The model included the fixed effects of additive, storage period, and their interaction. Data
were analyzed using the Fit Model procedure of JMP (SAS Institute Inc., Cary, NC, USA),
and differences are reported as significant when p≤ 0.05. Means were separated by Tukey’s
test (p ≤ 0.05).

3. Results and Discussion

The chemical compositions and numbers of LAB and yeasts of silages were shown in
Table 1. The additive, storage period, and their interaction significantly (p < 0.05) affected
the DM loss and WSC of silages. The content WSC of silages tended to decrease, while DM
loss tended to increase with storage period (p < 0.05). Moisture content of fresh forage is
an important factor for silage fermentation. The suitable moisture content of fresh forage
helps to effectively compact, achieve an anaerobic environment, and prevent mold or yeast
growth [25]. A previous study has found that pre-ensiling forage with >35% DM may
result in molding and heating clearly associated with difficulty in removing oxygen [26].
However, forage ensiled at <30% DM may increase leakage losses and promote clostridial
deterioration, thereby reducing voluntary intake [27]. In our study, fresh forage with a
water content exceeding 75% (DM, 24.55%) was not easily compacted, resulting in a packing
density (500 ± 25 kg/m3) that was less than the recommended density of 600 kg/m3. As a
result, oat silage without any treatment showed poor fermentation with pH of 4.45–4.55,
butyric acid of 0.13–0.16%DM and ammonia-N of 14.3–18.72%TN (Table 2).

Table 1. The chemical and microbial compositions of fresh forage and silages after 30, 60, and 90 days
of ensiling.

Items Fresh Forage Additives
Storage Period

SEM
p-Value

30 d 60 d 90 d A S A × S

DM, % 24.55 CK 25.46 26.59 25.72 0.72 0.197 0.241 0.508
LB 26.12 27.75 25.27

nLP 25.29 26.18 26.44
pLP 26.38 26.00 26.82

DM loss, % _ CK 3.17Ac 3.48Ab 3.86Aa 0.26 <0.001 <0.001 <0.001
LB 2.65Bb 2.82Bb 3.41Ba

nLP 1.81Db 1.96Dab 2.08Da

pLP 2.21Cb 2.34Cab 2.58Ca

WSC, %DM 8.91 CK 2.18Ba 1.98Ba 0.17Bb 1.02 <0.001 <0.001 <0.001
LB 2.15Ba 1.87Bb 0.20Bc

nLP 3.19Aa 2.28Ab 2.16Ab

pLP 3.21Aa 2.19Ab 0.32Bc

LAB, log cfu/g of FM 2.81 CK 5.55D 5.43C 5.58C 0.54 <0.001 0.137 <0.001
LB 8.12Bb 9.42Aa 9.66Aa

nLP 9.45A 9.88A 9.52A

pLP 6.89C 7.45B 7.16B

Yeasts, log cfu/g of FM 4.17 CK 3.1 3.36 3.48 — — — —
LB <1.0 <1.0 <1.0

nLP <1.0 <1.0 <1.0
pLP 2.22 2.14 2.1

A, additive; A × S, interaction between additive and storage period; CK, control without additives; DM, dry
matter; FM, fresh matter; LAB, lactic acid bacteria; LB, Lentilactobacillus buchneri; nLP, low temperature tolerant
Lactiplantibacillus plantarum; pLP, phenyllactic acid-producing Lactiplantibacillus plantarum; S, storage period; SEM,
standard error of mean; WSC, water soluble carbohydrates. Values with different letters in the same column are
significantly different (p < 0.05).
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Table 2. The fermentation quality and aerobic stability of silages after 30, 60, and 90 days of ensiling.

Items Additives
Storage Period

SEM
p-Value

30 d 60 d 90 d A S A × S

pH CK 4.55 4.45 4.51 0.06 <0.001 0.056 0.115
LB 4.41 4.34 4.38

nLP 4.18 4.19 4.14
pLP 4.42 4.41 4.44

Phenyllactic acid, %DM CK <0.1 nd nd — — — —
LB nd nd nd

nLP nd nd nd
pLP 16.8 14.4 15.1

Lactic acid, % DM CK 2.02D 1.88C 1.89C 0.39 <0.001 <0.001 <0.001
LB 2.26C 2.22B 2.23B

nLP 3.02A 3.19A 3.06A

pLP 2.86Ba 2.49Bb 2.43Bb

Acetic acid, % DM CK 0.24 0.28 0.32 0.14 0.008 0.195 0.466
LB 0.71 0.79 0.8

nLP 0.17 0.18 0.16
pLP 0.36 0.38 0.37

Propionic acid, % DM CK nd nd 0.14 0.01 — — —
LB 0.25 0.2 0.22

nLP nd nd 0.05
pLP nd 0.15 0.17

Butyric acid, % DM CK 0.16 0.14 0.13 0.01 <0.001 0.216 0.179
LB 0.1 0.08 0.09

nLP 0.08 0.09 0.09
pLP 0.06 0.06 0.05

Ammonia-N, %TN CK 14.30Ab 18.72Aa 18.50Aa 1.04 <0.001 <0.001 <0.001
LB 12.61Bc 14.27Bb 15.07Ba

nLP 10.25Cb 11.48Cab 12.13Ca

pLP 12.31Bc 13.42Bb 14.97Ba

Aerobic stability, h CK 86.00Db 84.00Db 98.00Ca 8.41 <0.001 <0.001 <0.001
LB 171.00A 179.00A 184.00A

nLP 96.00C 100.00C 98.00C

pLP 118.00Bb 122.00Bb 142.00Ba

A, additive; A × S, interaction between additive and storage period; CK, control without additives; DM, dry
matter; LB, Lentilactobacillus buchneri; nd, no detected; nLP, low temperature tolerant Lactiplantibacillus plantarum;
pLP, phenyllactic acid-producing Lactiplantibacillus plantarum; S, storage period; SEM, standard error of mean; TN,
total nitrogen. Values with different letters in the same column are significantly different (p < 0.05).

The WSC content (8.91%DM) of fresh forage was sufficient for an adequate fermen-
tation process during ensiling [28]. Inoculations of functional LAB treatments decreased
DM loss as compared with the control silage in our study, because LAB causes a reduction
in DM loss in silage fermentation [29]. The significantly higher DM loss reported in LB
silage than in nLP and pLP silages was due to the production of carbon dioxide by LB
(Lentilactobacillus buchneri) through heterofermentative fermentation, resulting in consid-
erable DM losses [10]. However, the epiphytic LAB count (2.81 log cfu/g of FM) on the
plants was below the minimum requirement (5.0 log cfu/g FM) for high quality silage [13].
In addition, the high yeast count (4.71 log cfu/g of FM) distributed on the plants may
increase the potential for more DM loss during ensiling. The counts of LAB and yeasts
of fresh forage in our study were lower than the results of Wang et al. (2020) [30], who
reported that the LAB and yeast counts of fresh oat were 5.61 and 8.45 log cfu/g of FM,
respectively. A similar situation was also observed by Chen et al. (2020) [18], who reported
that both forages growing at different geographic locations but with similar maturity stages
had inconsistent microbial composition and structure on the plants, which were caused by
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ambient temperature differences [31]. The additive significantly (p < 0.05) affected the LAB
and yeast counts of silages. In our study, inoculations of functional LAB treatments pro-
moted the growth of LAB and inhibited the growth of yeasts in silage, and the LAB counts
of LB and nLP treatments were significantly (p < 0.05) higher than those of other treatments.
This result was verified in our microbial diversity analysis data (Figures 1 and 2).
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The additive, storage period, and their interaction significantly (p < 0.05) affected
the lactic acid, ammonia-N, and aerobic stability of silages, and the additive significantly
affected pH and butyric acid (Table 2). One of the most essential markers for determining
silage quality is the pH value. The growth of acid-intolerant and hazardous microbes such
as Clostridium will be aided by a high pH value, resulting in poor silage fermentation. The
growth of LAB will be inhibited, and the fermentation quality will be harmed if the pH is
too low. Inoculations of functional LAB treatments lowered the pH value in silage in this
investigation. Similar findings were reported by Li et al. (2019) [21], who found that the
inoculation of exogenous LAB (Lactiplantibacillus plantarum and Lentilactobacillus buchneri)
improved the fermentation quality of silage. It will promote LAB to produce lactic acid
to reduce the pH value in silage (Table 2). Ammonia-N is also an important index for
evaluating the quality of silage, which reflects the activity of plant proteases or the degree
of protein degradation based on clostridial fermentation [32]. In our study, inoculations of
functional LAB decreased ammonia-N of total N of silages, which indicated that functional
LAB inhibited the growth and propagation of harmful microorganisms in silage, thereby
reducing the degradation of protein. This result was verified in our microbial diversity
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analysis data (Figure 2 and Table 1). Another presentation of this result is that the butyric
acid content of functional LAB treatments was significantly (p < 0.05) lower than that of
the control. The fermentation quality of nLP silage was the best, mainly reflected in that
nLP silage had the lowest pH (<4.2) and ammonia-N (10.25–12.13%TN), and the highest
LA content (>3%DM). This indicated that the nLP strain could better play its role in low
temperature environments than other LAB strains [3]. Inoculation of LB increased the
acetic acid content of silage. A similar result on oat silage was from Gomes et al., 2019 [33].
Moreover, the concentration of lactic acid occurred at its highest and changed little in the
nLP-inoculated silage. This was probably because of the metabolism of the exogenous
strains of Lactiplantibacillus plantarum, which is functionally capable of quickly producing
lactic acid under low temperature conditions [18].
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Figure 2. The relative abundance of top 10 bacterial genera of fresh forage (FF) and control without
additives (CK) or with functional LAB (LB, Lentilactobacillus buchneri; nLP, low temperature tolerant
Lactiplantibacillus plantarum; pLP, phenyllactic acid-producing Lactiplantibacillus plantarum; each
application rate of 106 cfu/g FM), and ensiled for 30 d, 60 d and 90 d.

In the present study, LB (Lentilactobacillus buchneri) silage had the highest (p < 0.05)
aerobic stability (>170 h) of the other silages. The use of Lentilactobacillus buchneri to
improve aerobic stability has proved valuable due to its production of acetic acid [24]. A
similar situation was found by Kleinschmit and Kung [34], who evaluated 43 studies that
inoculated Lentilactobacillus buchneri in different forages to ensilage and reported that the
inoculant improved the aerobic stability of silages. In fact, the aerobic stability of pLP
inoculated silages also exhibited higher stability than control and nLP inoculated silages
(Table 2). This may be due to the fact that production of phenyllactic acid (14.4–16.8‰DM)
and acetic acid (0.36–0.38%DM) during ensiling can penetrate into the cell membranes of
microorganisms, destroying their biological activity and inhibiting their growth [13,35].
Previous studies found that a negative relationship between aerobic stability and the
number of yeasts [36]. In the present study, the yeast count of pLP silage was higher than
nLP silage, and the aerobic stability was also higher than pLP treatments. The likely reason



Microorganisms 2022, 10, 787 8 of 11

for this result is that counting yeasts on malt extract agar could not distinguish between
yeasts that are capable of assimilating lactic acid compared with those that are not, and it is
these former species that cause aerobic spoilage in many silages [24]. The aerobic stability
gradually increased as the storage period prolonged, which was consistent to the results
of Kung et al. (2018) [24], who reported that the ensiling time prolonged can increase the
aerobic stability of corn silage.

Phenyllactic acid has recently been proposed for its activities against bacteria, yeasts,
and molds in foods [13] and animal diets [14] for their very low toxicity for animals and
humans. In addition, phenyllactic acid could be produced at a low cost by using effective
fermentation modes through LAB [37]. In our study, a high phenyllactic acid content
(14.4–16.8‰DM) was detected in pLP silage but not in the other silages. This indicated that
the phenyllactic acid produced by the pLP strain could be effectively used as an antifungal
compound to delay the growth of a variety of fungal contaminants and to also extend the
shelf life of feed stuffs [38]. At the same time, phenyllactic acid-producing LAB exhib-
ited potential for enhancing the quality of fermented products. Compared with LB and
control, the inoculation of pLP did shift fermentation characteristics with high lactic acid
(2.43–2.86%DM) and low butyric acid (0.05–0.06%DM) of silage. However, the pLP inoc-
ulated silage showed higher (p < 0.05) ammonia-N of total N and numbers of yeasts and
lower LAB than the nLP inoculated silage. This may be due to the fact that low-temperature
tolerant Lactiplantibacillus plantarum could be robust for rapid pH reduction to inhibit plant
inherent proteolysis and undesirable microorganisms such as Clostridia [18]. Another
possible reason is that phenyllactic acid could inhibit the growth of LAB [39].

It is well known that the natural fermentation of forages depends on epiphytic mi-
croflora, especially the count of LAB in an anaerobic environment [40]. In addition, various
bacterial communities and successions have been found in different pre- and post-silage
forages [41]. Therefore, bacterial community composition plays a vital role in silage fer-
mentation and knowing community composition is a necessary condition to understand
the complex process of ensiling [42]. Next generation sequencing could help us better
understand the silage fermentation pattern. In the present study, the bacterial alpha di-
versity indices of OTU and Chao 1 increased as the storage period prolonged (Figure 1).
This may be due to the higher silage pH of >4.2, which exerts a limited effect on most
undesirable acid-tolerant microbes in silage [21]. nLP-treated silage had lower PE reads,
OTU and Chao1 than other treatments, which suggested that low temperature tolerant LAB
inoculant could be robust for rapid pH reduction to inhibit the growth of other bacteria [18].
However, silage treated with pLP showed a higher diversity as compared with control.
This may be because phenyllactic acid inhibited the growth of LAB, thereby promoting the
growth of other microorganisms. The main microorganisms of fresh oat were uncultured
bacterium (37.13%), Pantoea (33.12%), and Pseudomonas (19.55%), which differs from previ-
ous results showing that Enterobacter, Pantoea, and Serraia were the predominant genera
in fresh soybeans [43]; additionally, Agrobacterium, Microbacterium, and Sphingobacterium
were dominated in the microbial composition in fresh whole crop corn [42]. Previous
studies have illustrated that the colonization of plant surfaces by bacteria depends on many
factors, including material species, climate, period of duration, geographical location, solar
radiation intensity, and the type of fertilizer used [20,22,44].

Over the 30–90 d of ensiling, the bacterial communities in the silages were highly
dominated by the genera belonging to LAB, while undesirable microbial communities were
extensively inhibited (Figure 2). The genera of Lactiplantibacillus and Leuconostoc dominated
the silages, with a relative abundance of 68.29–96.63%. A similar observation was reported
by Xu et al. (2019) [42], who found that most of the undesirable microorganisms were
inhibited after fermentation, while Lactiplantibacillus (>98%) was the dominant genera in
corn silages stored for 90 days. Lactiplantibacillus is a rod-shaped LAB that can convert plant
carbohydrates into LA to decline pH value of silage. In our study, nLP silages had a higher
relative abundance of Lactiplantibacillus than the other silages. This is the main reason
why nLP silages had the highest LA content and the lowest pH than other group silages
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(Table 2). This proves once again that low temperature-tolerant LAB inoculan could better
play its role in cold regions than other LAB strains [18]. The nLP-inoculated silage showed
a low relative abundance of Leuconostoc and a high relative abundance of Lactiplantibacillus
relative to control, LB, and nLP silages. This is the main reason why there is lower (p < 0.05)
acetic acid content and higher (p < 0.05) lactic acid content in nLP silage than in other
silages. Leuconostoc performs heterolactic acid fermentation and can metabolize diverse
organic compounds to produce acetic acid [45]. Compared with control, inoculations of
functional LAB (LB, nLP, and pLP) increased the relative abundance of Lactiplantibacillus
by 21.62–75.88% but decreased that of Leuconotoc by 16.88–75.05% in silages. A prolonged
storage period reduced the positive effects from LAB inoculation on the increase in relative
abundance of Lactiplantibacillus and the decrease in relative abundance of Leuconostoc in
silage, which increased the potential for aerobic deterioration [46]. The role of Pantoea
species in silage fermentation is unclear. Previous studies have found that Pantoea can
reduce the content of NH3-N [47]. In contrast, Li et al. (2017) [48] thought Pantoea in silage
had a similar effect to Enterobacter in that they compete for nutrients with LAB, implying
that Pantoea in silage would be undesirable as well. In our study, the relative abundance of
Pantoea was decreased significantly after silage fermentation, and the content in nLP-treated
silage was the lowest.

4. Conclusions

This study showed that inoculation of specific LAB at ensiling could improve oat silage
quality by reconstructing bacterial community composition. Both Lentilactobacillus buchneri
and pheneyllactic acid-produced Lactiplantibacillus plantarum increased the aerobic stability
of silage. In particular, low temperature-tolerant Lactiplantibacillus plantarum inoculan could
better play its role in cold regions than other LAB strains.
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