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Abstract: This study aimed to investigate the impact of storage time on the bacterial community and
fermentation profile of silage prepared with alfalfa, whole-plant corn, and their mixture. Fresh alfalfa
and whole-plant corn were chopped and combined in fresh weight ratios of 1:0 (alfalfa, control),
0.8:0.2 (M1), 0.6:0.4 (M2), and 0:1 (corn). Three silos of each treatment were analyzed after 30, 60, and
90 d of storage. With storage time, pH, acetic acid, propionic acid, butyric acid, and ammonia nitrogen
levels increased in alfalfa silage (p < 0.01), whereas lactic acid level decreased (p < 0.01). Compared to
alfalfa silage, M1, M2, and corn silages were better fermented and more stable during storage. The
dominant bacteria in M1, M2, and corn silages shifted significantly from L. plantarum, L. buchneri,
and L. brevis to L. acetotolerans and L. buchneri during 30 to 60-90 d of storage, and storage time
decreased the bacterial diversity of these silages. In conclusion, storage time significantly decreased
the fermentation quality of alfalfa silage and remarkably optimized the bacterial community structure
of well-fermented M1, M2, and corn silages. Alfalfa should be ensiled with at least 20% whole-plant
corn to improve silage fermentation quality and storage stability.

Keywords: co-ensiling; conservation duration; lactic acid bacteria; homo-fermentation; hetero-
fermentation

1. Introduction

Ensiling is a forage preservation method whereby, under anaerobic conditions, lactic
acid bacteria (LAB) produce organic acids from sugars present in the fresh material. The
net result is a reduction in pH which prevents the growth and proliferation of spoilage
microorganisms [1,2].

According to biochemical and microbiological events, ensiling can be grouped into
four stages of different intensity and length, consisting of the initial aerobic stage, the fer-
mentation stage, the stable stage during storage, and the feed-out stage [3]. In each of these
stages, changes in chemical characteristics and microbial community occur to varying de-
grees, depending on forage properties, ensiling management, and conservation period [4,5].
The research on the dynamics of the microbial community and the fermentation parameters
during storage has focused mainly on ensiled alfalfa [6-9], whole-plant corn [10-14], corn
grain [15], wheat [16], sorghum [11,17], oat [18], rice straw [19], sugarcane (top) [20,21],
total mixed ration [22], and alfalfa-based mixture [23,24]. To date, there is little informa-
tion regarding the effect of storage period on the microbial community and fermentation
parameters of silage prepared with alfalfa, whole-plant corn, and their mixture.

Our previous work evaluated the influence of mixing ratio on individual bacteria of
co-ensiling alfalfa with whole-plant corn in the early stage of fermentation [25], but did
not further explore the influence on bacterial composition and diversity changes that occur
during storage. Therefore, this work was undertaken to investigate the effect of storage
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period on the bacterial community and fermentation profile of silage prepared with alfalfa,
whole-plant corn, and their mixture.

2. Materials and Methods
2.1. Ensiling

Alfalfa (eight plots, each 100 m?) and corn (ten plots, each 50 m?) were grown at the
Yanchi research station (37°78' N, 107°40’ E) in northwest China’s Ningxia Hui Autonomous
Region. The experimental design and experiment flow diagram was presented in Figure 1.
In brief, the alfalfa was from the third cutting harvested at the early flowering period. The
whole-plant corn was harvested at the 1/3 milk line period. Both forages were chopped
to 2 cm and randomly grouped into 36 piles (400 g for each). Chopped alfalfa and corn
were combined in fresh weight (FW) ratios of 1:0 (alfalfa, control), 0.8:0.2 (M1), 0.6:0.4 (M2),
and 0:1 (corn). The 200 g of forages mass was placed into a plastic bag silo (20 cm x 30 cm)
and was evacuated by a sealer (DS2300, Shenzhen Dingsheng Electric Appliance Co.,
Ltd., Shenzhen, China). Three silos of each treatment were opened for silage parameters
evaluation after 30, 60, and 90 d of storage at 26-29 °C.

Alfalfa

Corn
Silo opening for chemical and microflora analysis

)

1:0 08:02  06:04 0:1 30d 60d 90d
\/ v : v v -

Nine replicates per ratio

Mixing ratio

Storage time

Figure 1. The experimental design and experiment flow diagram.

2.2. Analyses

A 20 g subsample from each silo was homogenized in 180 mL of distilled water and
pH was determined immediately. The extract was centrifuged at 10,000 g for 5 min at
4 °C and passed through a 0.22 pm filter. The filtrate was analyzed by high performance
liquid chromatography system (LC-20A, SHIMADZU, Shimadzu, Japan) for lactic acid
(LA), acetic acid (AA), propionic acid (PA), and butyric acid (BA), as described by Wang
et al. (2020) [25]. Ammonia nitrogen (NH3-N) was determined by the phenol method [26]
and expressed on a total nitrogen (TN) basis.

A second subsample of approximately 100 g was placed in an air dry oven for 72 h at
65 °C to determine dry matter (DM), followed by grinding to pass through a 1 mm screen.
Dry matter loss (DM loss) was calculated in accordance with Wang et al. (2020) [25]. Water
soluble carbohydrates (WSC) were determined by the method of Murphy (1958) [27]. Crude
protein (CP) was determined according to AOAC (2001) [28] and converted to TN by a coef-
ficient of 6.25. Silage bacterial community was analyzed by the next generation sequencing
technique according to Wang et al. (2019) [29], using a universal primer pair of 806-R
(5'-GGACTACHVGGGTWTCTAAT-3') and 338-F (5'-ACTCCTACGGGAGGCAGCAG-3').

2.3. Statistical Analysis

Statistical analysis was performed using SAS (Version 9.1, SAS Institute Inc., Cary,
CA, USA). The impact of treatment, storage period, and the interaction of treatment and
storage period on fermentation and chemical parameters was analyzed in a 4 x 3 factorial
arrangement using the general linear model:

Yijk = 1+ & + By + afdij + €k

where Yj; is the observed value, p is the overall mean, «; is the treatment impact (i = alfalfa,
M1, M2, and corn), 3 is the storage period impact (j = 30, 60, and 90 d), «f3;; is the treatment
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and storage period interaction impact and ¢;j is the error. Means were compared using
Duncan’s multiple range test, using a significant level of p < 0.05.

3. Results
3.1. Fermentation Profile of Silage during Storage

Chemical composition of ensiling materials was previously reported by Wang et al.
(2020). Briefly, DM and WSC concentrations in fresh forages were 205.67 g/kg FW
and 60.42 g/kg DM (alfalfa), 222.09 g/kg FW and 86.83 g/kg DM (M1), 239.26 g/kg
FW and 93.39 g/kg DM (M2), and 280.27 g/kg FW and 146.35 g/kg DM (corn). The
CP concentrations in fresh alfalfa, M1, M2, and corn were 205.49, 172.01, 147.38, and
81.92 g/kg DM, respectively.

Dynamics of fermentation and chemical parameters of silage during storage are
provided in Tables 1 and 2. Significant effects (p < 0.01) were observed for treatment,
storage period, and their interaction on silage pH, LA, PA, and BA (Table 1). With storage
time, pH, AA, PA, BA, and NH3-N levels in alfalfa silage increased (p < 0.01), whereas the
LA level decreased (p < 0.01). With more corn in the mixture, silage pH, AA, PA, BA, and
NH3-N values reduced (p < 0.01), irrespective of storage time. As shown in Table 2, DM
loss level gradually increased but WSC concentration progressively decreased in all silages
as ensiling progressed.

Table 1. Dynamics of fermentation profile of silage during storage (n = 3).

Storage Period (d) 3 p Value °
Item ! Treatment 2 30 60 90 SEM ¢ T S TxS
pH Alfalfa 4.61°C 4.76 2B 4.832A 0.07 <0.001 <0.001 <0.001
M1 4.06bB 4.13 bAB 4.19bA
M2 3.90 <A 3.87<B 3.86 B
Corn 3.61 4B 3.62 dAB 3.65 44
LA (g/kg DM) Alfalfa 68.78 bA 53.28 B 47.04 B 4.05 <0.001 0.002 <0.001
M1 111.03 24 97.44 bAB 83.89 aB
M2 120.26 2A 115.34 2A 83.32 2B
Corn 78.48 bA 74.72 PAB 63.12 bB
AA (g/kg DM) Alfalfa 29.33 2B 52.65 a4 56.49 A 2.34 <0.001 <0.001 0.101
M1 17.29 bC 29.37 bB 37.22bA
M2 19.59 bB 30.81 bA 37.95bA
Corn 13.28 bB 17.56 B 23.58 ¢A
PA (g/kg DM) Alfalfa 23.98 2B 44.432A 447124 251 <0.001 <0.001 0.006
M1 15.83 bC 33.48 bB 41.882A
M2 12.42bC 29.77 bB 41.932A
Corn 3.50 <€ 8.79 <B 14.01 bA
BA (g/kg DM) Alfalfa 9.77 B 12.73 3A 13.49 a4 0.89 <0.001 0.001 <0.001
M1 0.00b 0.00b 0.00b
M2 0.00° 0.00b 0.00°
Corn 0.00P 0.00b 0.00P
NH3-N (g/kg TN) Alfalfa 99.01 2B 1104224 120.162A 4.44 <0.001 <0.001 0.239
M1 73.64 bB 76.19 bB 87.16 bA
M2 50.74 <B 54.33 ¢AB 61.43 <A
Corn 38.68 4B 42 60 4AB 48.90 44

LLA, lactic acid; AA, acetic acid; PA, propionic acid; BA, butyric acid; DM, dry matter; NH3-N, ammonia nitrogen;
TN, total nitrogen. 2 M1 and M2, alfalfa and corn mixed with ratio of 0.8:0.2 and 0.6:0.4 on a fresh weight
basis. 3 Means with different superscripts in the same row 4~ or column *< indicate a significant difference
(p < 0.05). 4 SEM, standard error of the mean. 3 T, treatment; S, storage period; T x S, interaction of treatment and
storage period.
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Table 2. Dynamics of chemical composition of silage during storage (1 = 3).
Storage Period (d) 3 p Value ®
Item ! Treatment 2 30 60 90 SEM * T S TxS
DM (g/kg FW) Alfalfa 207.04 44 2012298 200.44 4B 5.07 <0.001 0.024 0.796
M1 228.33 ¢ 226.59 ¢ 224.61 ¢
M2 241.16"P 238.14 b 240.10b
Corn 286.89 2 284.69 2 282.462
DM loss (g/kg FW) Alfalfa 19.37 2 40.67 2B 61.94 24 2.86 <0.001 <0.001 0.177
M1 17.50 b€ 38.58 abB 58.72 abA
M2 17.33 bC 36.39 beB 57.32 bA
Corn 16.15 <€ 35.53 <B 56.71 bA
WSC (g/kg DM) Alfalfa 14.62 94 12.20 9B 9.49 dC 3.31 <0.001 <0.001 0.449
M1 32.16 <A 24.83 B 24.41 B
M2 42.76 b 41.13° 39520
Corn 68.80 24 64.40 2AB 59.46 2B
CP (g/kg DM) Alfalfa 190.47 2B 200.08 24 202.812A 7.91 <0.001 <0.001 0.002
M1 164.59 bB 171.53PA  171.12bA
M2 139.29 ¢ 138.14 ¢ 140.77 €
Corn 70.83 d 72.83d 72.64 4

1 DM, dry matter; DM loss, dry matter loss; FM, fresh weight; WSC, water soluble carbohydrates; CP, crude
protein. 2 M1 and M2, alfalfa and corn mixed with ratio of 0.8:0.2 and 0.6:0.4 on a fresh weight basis. > Means
with different superscripts in the same row 4~ or column ¢ indicate a significant difference (p < 0.05). * SEM,
standard error of the mean. ° T, treatment; S, storage period; T x S, interaction of treatment and storage period.

3.2. Bacterial Community of Silage during Storage

Bacterial community dynamic changes of silage at the phylum, genus, and species
levels are illustrated in Figure 2A—C, respectively. After 30 d of storage, Firmicutes relative
abundance decreased and Proteobacteria abundance increased as corn proportion increased
(Figure 2A). With fermentation time, Firmicutes abundance was enriched and Proteobacteria
abundance was reduced in M1, M2, and corn silages. Bacterial community of alfalfa silage
stored for 30 d consisted mainly of Lactobacillus (72.68%), Weissella (14.91%), and Pediococcus
(7.9%) and was relatively stable thereafter (Figure 2B). In contrast, Lactobacillus population
increased and Pediococcus, Weissella, and Leuconostoc population decreased in M1, M2, and
corn silages during storage. Moreover, Lactobacillus population increased and Pediococcus
and Weissella populations decreased as the proportion of corn increased from 20% to 100%
in each of these three storage periods. During alfalfa silage storage, L. curvatus abundance
slightly decreased and L. brevis abundance moderately increased (Figure 2C). In contrast,
L. plantarum was overtaken by L. acetotolerans in M1, M2, and corn silages during storage.
After 30 d of storage, L. plantarum, L. farciminis, and L. acetotolerans population enriched,
whereas L. curvatus, W. cibaria, and P. parvulus population dropped in silage with more
corn. In contrast, L. acetotolerans accumulated and L. curvatus, L. brevis, L. plantarum, and
W. cibaria richness reduced in silage stored for 60 or 90 d as corn proportion increased.
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Figure 2. Dynamics of bacterial community of silage during storage at the phylum (A), genus (B) and
species (C) levels (n = 3). M1 and M2, alfalfa and corn mixed with ratio of 0.8:0.2 and 0.6:0.4 on a
fresh weight basis.

4. Discussion
4.1. Fermentation Profile of Silage during Storage

Few changes occur during storage stage when silage pH is sufficiently low and anaer-
obic conditions are maintained [30]. A low pH (3.6-4.5) is one of the key characteristics of
well-preserved silage [31]. In the current work, alfalfa silage stored for 30 d was poorly
fermented, indicated by a moderately high pH (4.61) and high level of AA (29.33 g/kg DM),
PA (23.98 g/kg DM), BA (9.77 g/kg DM), and NH3-N (99.01 g/kg TN). Furthermore, alfalfa
silage was anaerobically unstable and fermentation quality progressively dropped during
storage. Li et al. (2020) also reported that LA concentration of alfalfa silage decreased and
AA, BA, and NH;3-N levels increased during 28-56 d of fermentation [8]. Fresh alfalfa is
high in buffering capacity and low in DM and WSC [25,29], which hinders fast initial acidi-
fication in the early period of ensiling [1]. As a result, clostridial fermentation developed,
accompanied by a high concentration of BA [8,32]. In this work, inclusion of corn improved
silage fermentation in a proportion-dependent manner, confirming the results of previous
studies [5,25]. Compared to alfalfa silage, M1, M2, and corn silages were better fermented
with the pH falling into the range of 3.6-4.5 and more stable during storage.

4.2. Bacterial Community of Silage during Storage

The LAB closely related to silage fermentation are mainly composed of Pedicoccus, En-
terococcus, Streptococcus, Lactococcus, Lactobacillus, Weissella, and Leuconostoc [1,2,33]. These
bacteria are grouped into homo-fermentative LAB and hetero-fermentative LAB based
on fermentation pattern [33]. Both homo-fermentation and hetero-fermentation can occur
simultaneously during silage fermentation. In the current work, L. curvatus richness in
alfalfa silage decreased and L. brevis richness increased during storage. These changes
were accompanied by an increase in AA production and a reduction in LA production,
suggesting the transition from homo-fermentation to hetero-fermentation during storage.
These results are similar to those of Guo et al. (2018), who reported that L. plantarum
population declined and Weissella population increased in alfalfa silage during 30-90 d of
storage [6]. Based on 1 mole of fructose for the substrate, homo-fermentative LAB can yield
2 moles of LA and hetero-fermentative LAB produce 1/3 mole of LA and 1/3 mole of AA
or ethanol [1]. It is usually believed that homo-fermentative lactobacilli, such as L. curvatus
and L. plantarum, predominate in well-fermented silage until the end of fermentation, when
they are overtaken by hetero-fermentative LAB, such as L. buchneri and L. brevis [30]. Beck
(1972) explained that these transitions were attributable to the high tolerance of hetero-
fermenters to AA [34]. The current work showed that L. acetotolerans predominated in
the bacterial community of corn silage with AA concentration increasing from 17.56 to
23.58 g/kg DM during 60-90 d of storage. This agrees with the results of Xu et al. (2021) [14].
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Some research has shown, however, that L. acefotolerans, a homo-fermentative LAB, was
detected from fermented vinegar and is tolerant to a high concentration of AA [35,36]. In
addition, its physiological characteristics are different from the other homo-fermenters
belonging to Lactobacillus [35]. In the near future, it is suggested to isolate this species from
corn silage and to apply it to alfalfa ensiling for improving silage fermentation quality.

5. Conclusions

In conclusion, storage time significantly lowered the fermentation quality of alfalfa
silage, and remarkably decreased the bacterial diversity and optimized the bacterial com-
munity structure of well-fermented M1, M2, and corn silages. Alfalfa should be ensiled
with at least 20% whole-plant corn to improve the silage fermentation quality and storage
stability in practical production. In the following work, it is recommended that the lactic
acid bacteria species L. acetotolerans should be isolated from corn silage and applied to
alfalfa ensiling.
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