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Simple Summary: It is difficult for Alfalfa alone to obtain a competitive fermentation quality due
to its low content of fermentable carbohydrate and great buffering capacity. Sugar cane molasses
additives provide a substrate for the rapid accumulation of lactic acid (LA) and pH reduction
while increasing the nutritional quality of silage. The present work aims to study the effects of
molasses additives on the fermentation quality and taste evaluation of the alfalfa silage. The microbial
communities of the alfalfa silage were also described as the explanation for the changes in silages.
The study could give directions on improving the fermentation quality of alfalfa silage and achieve
long-term preservation.

Abstract: The objective was to study the effects of sugar cane molasses addition on the fermentation
quality and tastes of alfalfa silage. Fresh alfalfa was ensiled with no additive (Control), 1% molasses
(M1), 2% molasses (M2), and 3% molasses (M3) for 206 days. The chemical composition and
fermentation characteristics of the alfalfa silages were determined, the microbial communities were
described by 16S rRNA sequencing, and the tastes were evaluated using an electronic tongue
sensing system. With the amount of added molasses (M), most nutrition (dry matter and crude
protein) was preserved and water-soluble carbohydrates (WSC) were sufficiently used to promote the
fermentation, resulting in a pH reduction from 5.16 to 4.48. The lactic acid (LA) content and LA /acetic
acid (AA) significantly increased, indicating that the fermentation had turned to homofermentation.
After ensiling, Enterococcus and Lactobacillus were the dominant genus in all treatments and the
undesirable microbes were inhibited, resulting in lower propionic acid (PA), butyric acid (BA), and
NH3-N production. In addition, bitterness, astringency, and sourness reflected tastes of alfalfa silage,
while umami and sourness changed with the amount of added molasses. Therefore, molasses additive
had improved the fermentation quality and tastes of alfalfa silage, and the M3 group obtained the
ideal pH value (below 4.5) and the best condition for long-term preservation.

Keywords: alfalfa silage; molasses; taste; microbial community; fermentation

1. Introduction

Alfalfa is considered a promising high-quality feed for ruminants due to its good
palatability and high protein content [1,2], but easily suffers a loss of nutrition caused by
aerobic deterioration, especially in humid conditions and rainy climates, and needs an
efficient way of preservation. Ensiling is a feasible method to reduce the loss of alfalfa
nutrition, improves the feed intake, and obtains long-term preservation, via spontaneous
lactic acid (LA) fermentation under anaerobic conditions [3]. With the rapid proliferation
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of lactic acid bacteria (LAB), the carbohydrates in raw materials are converted into organic
acids, mainly LA [4], which lead to a rapid pH reduction, inhibit the growth of harmful
microorganisms, and finally obtain a stable condition for forage preservation [5]. During
the ensiling process, sufficient fermentable carbohydrates, as the fermentable substrate in
the early stage, are crucial for LA production, which reduces the pH value and improves
the silage quality [6]. However, it is difficult for alfalfa alone to obtain a competitive
fermentation quality due to its insufficiency in fermentable carbohydrate and its great
buffering capacity (BC) [7].

Previous studies have suggested that ensiling alfalfa with high-sugar-content forage
crops, such as corn [8] and sweet sorghum [9], could significantly improve the fermentation
quality of alfalfa silage. Another strategy is to add cheap sources of exogenous sugar
additive, such as molasses (M), which has been widely used to accelerate fermentation
and improve the quality of alfalfa silage [10]. M additive not only provides sufficient
substrates for the rapid accumulation of LA and sharp reduction of pH value, but also
increases microbial protein synthesis and increases the nutritional quality [11]. According
to a previous study, M additive improved the fermentation quality of alfalfa-mixed silage,
and 2.5% M was enough and more suitable than 5.0% M for practical application [12]. On
the contrary, other studies have found that M additive increases aerobic stability, with no
effects on the fermentation quality of alfalfa silage [13,14]. Therefore, the fermentation
quality of alfalfa silage prepared with M additive has not sufficiently been studied yet and
remains controversial.

Moreover, the tastes of silage change after ensiling and often improve the palatabil-
ity [6], but little information is available regarding the tastes of alfalfa silage. The electronic
tongue sensing system (e-tongue) is an objective method for taste evaluation, which of-
fers taste results closer to human sensory evaluation. As the working principle of the
potentiometry-based e-tongue, the electrode potentials were measured between the outer
sensor membrane boundary and reference electrode when the taste substance interacted
with the sensor membrane, and the potential change was then converted into taste informa-
tion though pattern recognition methods; and the basic gustatory feelings were classified
and recognized, such as sourness, saltiness, bitterness, and umami. Although the e-tongue
has been widely used in the production of foods and beverages [15], in pharmaceutical
industries [16], and in environmental and fermentation monitoring [17-19], it has not yet
been extended into feed processing.

In the present work, the objective was to evaluate the fermentation quality of alfalfa
silage prepared with M additive, and to achieve long-term preservation for practical
application, including chemical composition, fermentation characteristics, and microbial
community. The e-tongue was also used, as the first try on feed processing, to evaluate the
tastes of alfalfa silage. We hypothesized that molasses addition could improve fermentation
quality and change the tastes of alfalfa silage.

2. Materials and Methods
2.1. Alfalfa Harvest and Silage Preparation

Alfalfa (adrenalin) was cultivated and harvested in the early bloom stage of the fifth
crop period (294.90 g kg~ ! dry matter (DM)) in October in the cultivated pasture of Mengde
Dairy Farm located in Tianjin (39° N, 116° E), China. The fresh alfalfa was cut by hand
using a sickle at about 8-10 cm above the ground and then chopped into 2-3 cm with a
paper-cutter.

The sugarcane molasses (the brix was 87%) was obtained from the local market and
used as the additive for ensiling alfalfa. The chopped alfalfa was mixed and divided into
equal portions for four treatments: (1) No M added (Control); (2) M added at 1% of fresh
material (FM) (M1); (3) M added at 2% of FM (M2); (4) M added at 3% of FM (M3). Then,
3.3 kg of the forage mixture from each treatment was packed into a 4.9 L polyethylene
laboratory silo, and sealed with a screw top and plastic tapes, and then kept at ambient
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temperature (21-25 °C). Sextuplicate silos for each treatment were opened after ensiling for
206 days.

2.2. Fermentation Characteristics

First, 20 g of fresh alfalfa and each silage was homogenized with 130 mL cold deion-
ized water (4 °C) for 60 s in a blender, shaken at 4 °C for 24 h with a shaking table, and
then filtered with 4 layers of roving cloth into a beaker and further with quantitative filter
paper into a triangular flask. The filtrate was immediately determined for its fermenta-
tion characteristics.

The pH value of the filtrate was immediately measured with a glass electrode pH
meter (Sartorius PB-10, Goettingen, Germany), using the voltammetry method. LA was
determined using a Waters Acquity UPLC system (Waters H-Class, Milford, MA, USA)
equipped with a Waters 2489 UV /VIS detector and HSS T3 column (2.1 x 100 mm, 1.8 pum).
The analytical conditions were as follows: Oven temperature, 35 °C; mobile phase A, 0.1%
phosphoric acid; mobile phase B, methanol; flow rate, 0.2 mL/min; injection volume, 5 pL.
Acetic acid (AA), propionic acid (PA), and butyric acid (BA) were determined using an
Agilent GC system (Agilent 7890A, USA) equipped with an FID detector and an FFAP
column (15 m x 0.32 mm x 0.25 um). The analytical conditions were as follows: Inlet
temperature, 250 °C; carrier gas pressure, He 19.991 kPa; oven temperature, programmed;
injection volume, 2 pL.

2.3. Chemical Composition

The filtrate was also determined for NH3-N content, using the phenol-sodium hypochlo-
rite method, as described by Broderica [20]. The fresh alfalfa and silage samples were dried
in an oven at 65 °C for 48 h to estimate the DM; then, samples were ground to pass a 1 mm
screen with a Wiley mill (ZM200, Retsch GmbH) for compositional analysis [21].

Crude protein (CP) was determined using the Kjeldahl method according to AOAC
standard procedures [21]. Neutral detergent fiber (NDF) and acid detergent fiber (ADF)
were determined using a fiber analyzer (A2000I, Ankom Technology, Macedon, NY, USA),
as described by Van Soest [22]. The water-soluble carbohydrates (WSC) content was
determined using the anthrone colorimetric method, as described by Owens [23].

2.4. DNA Extraction

Microbial DNA from each silage sample was extracted using the HiPure Stool DNA
Kits (Magen, Guangzhou, China). A 10 g sample was mixed with 90 mL sterilized saline,
filtered with gauze, and then centrifuged to collect the pellet.

2.5. PCR Amplification and 165 rRNA Sequencing

The V5-V7 hyper variable regions of 16S rRNA were amplified using the universal
primers 799F (CCTAYGGGRBGCA) and 1193R (ACGTCATCCCCACCTTCC). The PCR
amplification was performed with KOD Polymerase (Toyobo, Osaka, Japan) at 94 °C
(2 min), followed by 30 cycles at 98 °C (10 s), 62 °C (30 s), and 68 °C (30 s), and ended with
a final extension step at 68 °C for 5 min.

2.6. Silage Tastes

The tastes of the silage filtrates were determined using an e-tongue sensing system
(INSENT SA402B, Japan). First, 30 mM KCl and 0.3 mM tartaric acid were used as the refer-
ence solution, and umami, saltiness, sourness, bitterness, and astringency were evaluated
through the outputs of sensors AAE, CT0, CA0, C00, and AE1, respectively. Sensor outputs
were converted to “taste information” with the program in the workstation platform, where
“1 unit” was defined as the smallest difference that a person could distinguish.
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2.7. Statistical Analyses

A completely random design was used in the study. All data of chemical composition
and fermentation parameters were analyzed by one-way analysis of variance (ANOVA)
using SPSS statistics v. 26.0 (IBM, Armonk, NY, USA). Duncan’s test was employed for
multiple comparisons. p < 0.05 and p < 0.01 indicated significant and extremely significant,
respectively. The statistical model was as follows:

Yij=H+Ti+Eij

where Yi]- represents the observed dependent variables, |t is the overall mean, Tj is the effect
of treatment, and Ej; is the residual error.

3. Results
3.1. Chemical Composition and pH Value of the Fresh Alfalfa Before Ensiling

The chemical composition of the fresh alfalfa before ensiling is presented in Table 1.
The DM content was 294.90 g/kg FM on average, while the NDF, ADF, CP, and WSC
contents were 377.20 g/kg DM, 207.78 g /kg DM, 242.15 g/kg DM, and 103.33 g/kg DM,
respectively. The pH values of the filtrates from the fresh alfalfa were also determined, as
5.91 on average.

Table 1. Chemical composition of the alfalfa silage (1 = 6).

Treatment
Items p Value
Control M1 M2 M3
DM (g/kg FM) 297.03 + 1.74 ¢ 295.94 4 0.49 © 306.77 + 0.73 P 312.88 +£0.752 0.048
CP (g/kg DM) 245.75 + 0.58 247.05 + 0.32 242.04 +0.72 250.90 + 0.69 0.149
WSC (g/kg DM) 31.71 +0.82° 28.52 + 0.63° 37.19 +£0.86 2 32.194+0.73P <0.001
NDF (g/kg DM) 281.99 +0.99 2 275.30 + 1.46 2 290.21 +2.272 257.50 4+ 1.18 P 0.013
ADF (g/kg DM) 210.06 +0.522 204.72 +£1.042 207.28 +0.752 190.55 + 0.90 0.004

3¢ Means in the same row followed by different superscript letters are significant difference (p < 0.05). DM, dry matter; FM, fresh material;
CP, crude protein; WSC, water-soluble carbohydrate; NDF, neutral detergent fiber; ADE, acid detergent fiber. M1, molasses addition at 1%
of FM; M2, molasses addition at 2% of FM; M3, molasses addition at 3% of FM.

3.2. Chemical Composition of the Alfalfa Silage

As shown in Table 1, M additive had a significant effect on the contents of DM, WSC,
NDE, and ADF of the alfalfa silage (p < 0.05), but no effect on CP content.

With the amount of added M, the DM content of alfalfa silage slightly increased,
and the M2 group and M3 group were 10% and 5.4% higher than that of the control
group, respectively. Meanwhile, the WSC content decreased after ensiling and remained
stable around 30 g/kg DM. The NDF content decreased after ensiling and remained at
68.27-76.94%. The ADF content remained stable after ensiling and remained at 91.71-101.10%.
In terms of the CP content, there was no significant difference among treatments, and they
were similar to the value before ensiling.

As a result, most WSC of alfalfa silage was consumed, and a part of the NDF was
decomposed during the ensiling process, while DM, CP, and ADF contents remained
relatively stable. Among all the treatments, the M3 group had the highest DM and CP
contents and the lowest NDF content.

3.3. Fermentation Characteristics of the Alfalfa Silage

As shown in Table 2, the M additive had a significant effect on the pH value and the
contents of LA, AA, PA, NH3-N, and LA/AA of the alfalfa silage (p < 0.05), but no effect
on BA content.
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Table 2. The fermentation characteristics of the alfalfa silage (1 = 6).

Treatment
Items p Value
Control M1 M2 M3
pH 5.16 +0.20° 484 +0.09b 4.63 £ 0.06 € 448 +0.024 <0.001
LA (g/kg DM) 67.21 £13.69°€ 80.53 + 10.87 b 81.59 + 7.64 P 96.90 = 8.78 2 <0.001
AA (g/kg DM) 2118 £4.492 20.55 +4.232 15.81 +2.25b 1431 +1.42°b 0.006
PA (g/kg DM) 230+ 0.732 1.73 £1.062 0.74 +0.35b 0.68 +0.26 P <0.001
BA (g/kg DM) 0.66 + 0.60 0.46 + 047 0.32 +£0.23 0.08 £ 0.09 0.132
LA/AA 3.30 +0.88 ¢ 3.97 + 0.36 bc 521 +0.85b 6.84 +£1.052 <0.001
NH3-N (g/kg TN) 100.86 +27.90 2 75.74 + 4.60 P 53.43 +4.69 € 5220 £3.73 ¢ <0.001

a-d Means in the same row followed by different superscript letters are significant difference (p < 0.05). DM, dry matter; LA, lactic acid; AA,
acetic acid; PA, propionic acid; BA, butyric acid; TN, total nitrogen. M1, molasses addition at 1% of FM; M2, molasses addition at 2% of FM;
M3, molasses addition at 3% of FM.

The pH value of fresh alfalfa was 5.91, which reduced after ensiling, and significantly
decreased from 5.16 to 4.48 with the amount of added M. Meanwhile, compared with the
control group, the LA content significantly increased by 19.82%, 21.40%, and 44.17% in the
M1, M2, and M3 group, respectively, while the AA content significantly decreased by 2.97%,
25.35%, and 32.44%, respectively. LA/AA was correspondingly increased from 3.30 to 6.84.
With the amount of added M, the PA content significantly decreased by 24.78%, 67.83%,
and 70.43% in the M1, M2, and M3 group, respectively. The BA content was low and
decreased by 30.30%, 51.52%, and 87.88%, while the NH3-N content was also significantly
decreased by 24.91%, 47.03%, and 48.25% in the M1, M2, and M3 group, respectively.

As a result, the pH value had a rapid reduction during the ensiling process as expected.
Among all the treatments, the M3 group had the lowest pH value and AA, PA, BA, and
NH3-N contents, as well as the highest LA content and LA/AA.

3.4. Tastes of the Alfalfa Silage

As presented in Figure 1a, the radar charts display the taste information, with a unit
corresponding to the smallest difference in taste that a person can distinguish. All alfalfa
silage samples had strong bitterness, astringency, and sourness, which reflected the tastes
of alfalfa silage. With the amount of added M, the sourness increased, but the umami
decreased, while the bitterness, astringency, and saltiness remained.

a b — Control
@ Umami Control (b) - s
M1 [ M
{ -
M2 0.057 \ : \5 i
~ M3
M3 <
) A . S 0.001 5
Astringency Saltiness
» /"/ \ 3 . <
N \
§ -0.05 \ |
le.
- 0.104
[
Bitterness Sourness _02 ~0.1 0.0 01

PC1 (64.83%)

Figure 1. Tastes analysis of the alfalfa silage (1 = 6). (a) Radar charts. (b) Principal coordinate analysis.

Principal coordinate analysis was also performed for the difference in tastes. As shown
in Figure 1b, the tastes of the M3 group were clearly distinguished with the control group.

3.5. Microbial Community of the Alfalfa Silage

PCR amplification and 165 rRNA sequencing were conducted to systematically de-
scribe the microbial communities in the alfalfa silages. As listed in Table 3, the coverage
of all samples was above 0.99, indicating most of the bacteria was detected. Compared
with the control group samples, lower Chao and Shannon indexes were observed in the
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M2 and M3 group samples, indicating that the M additive had an obvious influence on
silage microorganism. With the amount of added M, lower species were observed in the
alfalfa silages.

Table 3. Alpha diversity of bacterial diversity at the alfalfa silage (1 = 6).

Group Control M1 M2 M3 p Value
Reads 109, 704 107,709 109, 256 106, 625 /
OTUs 237.50 £ 58.70 240.60 + 20.83 218.80 £ 68.36 210.17 £ 33.35 0.686
Shannon 2.58 4 0.66 2 2.65+0.882 1.59 + 0.68 P 1.754 049" 0.037
Simpson 0.56 +0.152 0.56 +0.182 033+0.19b 034+0.11b 0.040
Chao 237.52 + 58.69 240.65 + 20.82 218.80 + 68.36 210.17 + 33.35 0.685
ACE 237.64 + 58.65 240.80 + 20.82 218.83 £ 68.41 210.28 £ 33.36 0.684
Coverage 0.99 0.99 0.99 0.99 0.107

ab Means in the same row followed by different superscript letters are significant difference (p < 0.05). M1, molasses addition at 1% of FM;
M2, molasses addition at 2% of FM; M3, molasses addition at 3% of FM.

As presented in Figure 2, the dominant genus in alfalfa silages after 206 days of
ensiling were Enterococcus and Lactobacillus, accomplished with small amounts of Pantoea,
Enterobacter, and Weissella, etc. existing. With the amount of added M, the percentages
of dominant genus Enterococcus and Lactobacillus gradually increased and tended to
stabilize, which were 88.63% in the control group, 81.33% in the M1 group, 93.20% in the
M2 group, and 93.86% in the M3 group.

B Unclassified Devosia
Other B Oceanobacillus

§ B Curtobacterium ¥ Pseudomonas
E Salana Lactococcus
g ¥ Escherichia-Shigella ™ Aureimonas
E Bacillus B Weissella
-E ¥ Morganella Allorhizobium-Neorhizobium-Pararhizobium-Rhizobi:
e ¥ Aliihoeflea ¥ Sphingomonas
£ us ph [ \
E Chelativorans ¥ Pantoea

W Pseudogracilibacillus ' Lactobacillus

B Brevundi B E

Control Ml M2 M3
groups
Figure 2. Microbial communities of the alfalfa silages after 206 days of ensiling examined by 16S
rRNA sequencing (1 = 6).

4. Discussion
4.1. Chemical Composition of the Alfalfa Silage

A previous study has indicated that DM losses of silage were mainly caused by the
proliferation of undesirable microbes such as yeast, mold, and L. buchneri during the
ensiling process, and M additive could reduce the DM losses of silage [12]. In the present
work, the DM contents remained stable or even slightly increased with the amount of added
M, which proved the efficiency of alfalfa nutrition preservation by the ensiling process.

In the ensiling process, WSC played a critical role in silage fermentation and acted as
the fermentable substrate in the early stage [24]. It was widely accepted that alfalfa alone
was related to a weak fermentability due to its insufficiency of WSC [25]. In the present
work, the WSC content of fresh alfalfa was about 30.47 g/kg FM (DM = 294.90 g/kg FM,
WSC = 103.33 g/kg DM), and increased in treatments by 33% (M1), 66% (M2), and
98% (M3), respectively. After ensiling, the WSC contents of all treatments decreased to
28.52-37.19 g/kg DM, regardless of the initial contents, which was considered the thresh-
old of WSC for continuing fermentation and pH reduction.

When the pH value was low enough to limit the proteolytic bacteria activities, the
protein from the fresh material was preserved [26]. The stable CP contents of the alfalfa
silages in the present work proved the efficiency of pH reduction and protein preservation.
A lower pH value is related to the acid hydrolysis of more digestible plant cells during
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the ensilage process [27], and results in more NDF reduction. Meanwhile, the ADF con-
tents of all treatments remained stable after ensiling, which was consistent with previous
studies [13].

4.2. Fermentation Characteristics of the Alfalfa Silage

pH value is the most significant factor of fermentation quality, which mainly inhibits
the proliferation of undesirable microbes and the proteolytic activities [28]. Previous studies
have shown that the silage obtained good fermentation quality when the pH value reached
4.5 or below [13], and M additive could affect the final pH value only when the initial WSC
content of fresh material was too low [29]. In the present work, the pH value of the alfalfa
silage had effectively reduced after ensiling, and M additive had obviously enlarged the
reduction. However, only the M3 group obtained the ideal pH values of below 4.5, but in a
similar research, alfalfa-mixed silage ensiled with 2% M additive had obtained such ideal
pH values [30].

The production of organic acids was mainly responsible for the pH reduction of silage.
In these acids, LA is the desirable fermentation product in silage mainly produced by
LAB that consumes WSC, whereas AA, PA, and BA are undesirable [31]. AA, considered
negatively related to silage Dry Matter intake (DMI) in dairy cows and the voluntary
intake when the AA content was more than 20 g/kg DM [32], is mainly produced from the
action of heterofermentative LAB, propionibacteria, and enterobacteria, and is also formed
from citrate, malate, and amino acid degradation [33]. According to the LAB fermentation
pattern, homofermentation mainly produced LA, whereas heterofermentation produced
AA with LA [34,35]. In the present work, with the amount of added M, the increase
in LA content indicated the sufficient use of WSC and acted as the main reason for pH
reduction, while the AA content continued to decrease until below 20 g/kg DM in M2 and
M3 groups. In addition, LA/AA was significantly increased with the amount of added M,
indicating that the fermentation of alfalfa silage had turned to homofermentation, which
was consistent with previous studies [12].

PA is mainly produced by Propionibacterium, as well as Clostridium propionicum
and Selenomonas ruminantium [13], which is suppressed in lower pH conditions below
4.5 [36]. BA, which is the result of amino acids fermentation and leads to nutrition losses
and is an indicator of bad preservation, is mainly produced by Clostridium butyrate and
suppressed in lower pH conditions [37]. HN3-N, the proportion of which was related to
proteolysis activity in the ensiling process and negatively related to the voluntary intake of
silage [38], was caused by the proliferation of Clostridium spp. and inhibited in lower pH
conditions. In the present work, with the amount of added M, the contents of PA and BA
decreased and remained at a very low level, which indicated that the Propionibacterium
was inhibited by lower pH, and Clostridial fermentation was not developed. Meanwhile,
the decline in BA and HN3-N contents indicated a lower CP consumption and a better
preservation of the alfalfa silage.

4.3. Tastes of the Alfalfa Silage

This is the first time taste evaluation has been conducted on alfalfa silage, and strong
bitterness, astringency, and sourness have reflected the tastes of alfalfa silage. Bitterness,
produced mainly by some alkaloids and glycosides such as quinine and caffeine, which
often exists in the epidermic cells of plants, is often considered distasteful and poisonous
to humans [39]. Astringency is produced mainly by tannins and usually considered an
appreciated quality. Sourness is generated by organic acids and often reflects the decom-
position of nutrition in foodstuffs [15], but in silage, it may be related to the fermentation
quality. Meanwhile, umami is produced by some amino acids, especially glutamic acid.

With the amount of added M, the increased sourness indicated that the increase in LA
had more contribution on the change in membrane potential than the decrease in AA, PA,
and BA contents, which was consistent with the pH values of alfalfa silage. The decreased
umami was related to lower protein decomposition.
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4.4. Microbial Community of the Alfalfa Silage

Enterococcus, Lactobacillus, Pediococcus, and Weissella, etc., as the desirable LABs,
existed randomly on the surface of pre-ensiled silage [27]. These LAB strains start the lactic
fermentation at the early stage of the ensiling process, and Lactobacillus promotes the
pH reduction at the later stage [40]. Enterococci was reported to grow vigorously during
fermentation until the pH value declined to below 4.5. In the present work, Enterococcus
and Lactobacillus have become the dominant genus in all the alfalfa silage after 206 days
of ensiling, which was consistent with former studies [27]. M additive provides additional
fermentable substrates for LABs, which promotes domination in the microbial community
in the final silage.

Enterobacteria, Clostridial, yeast, and mold were the most undesirable microbes,
which may cause aerobic deterioration and result in nutrition losses. Fast acidification
and low pH conditions (below 5.0) were critical to the inhibition of their growth [33].
In the present work, Clostridial, yeast, and mold were seldom detected in all the sam-
ples, with only a small amount of Enterobacter existing, indicating that these undesirable
microbes were suppressed by the dominant genus and obtained a good condition for
long-term preservation.

5. Conclusions

After ensiling, DM and CP contents of the alfalfa silage were almost unchanged,
indicating that most nutrition was preserved. WSC, as the fermentation substrate, was
reduced to around 30 g/kg DM, the value of which was considered the threshold for
continuing fermentation, and the pH value was also reduced to 5.16. The NDF content
decreased mainly due to more plant cell digestion in lower pH conditions, while the ADF
content remained stable.

With the amount of added M, the DM, CP, and ADF contents of the alfalfa silages
remained stable, while WSC residues were similar around the threshold. pH values
decreased significantly from 5.16 to 4.48, and resulted in the reduction of NDF, as well as
the increase in LA content and LA/AA, indicating that the fermentation of alfalfa silage
had turned to homofermentation. Moreover, Enterococcus and Lactobacillus were the
dominant genus after ensiling, and the undesirable microbes were inhibited in lower pH
conditions, which resulted in lower BA, PA, and NH3-N production. In addition, strong
bitterness, astringency, and sourness could reflect the tastes of alfalfa silage, which may be
improved due to the changes in umami and sourness tastes with the amount of added M.

Overall, M addition improved the fermentation quality and changed the tastes of the
alfalfa silage. Among all the treatments, the M3 group obtained the ideal pH value (below
4.5) and the best condition for long-term preservation.

Author Contributions: Conceptualization, ].W.; data curation, R.L., Y.Z. and EW.,; formal analysis,
FEW.,; funding acquisition, ].W. and N.Z.; methodology, R.L.; project administration, N.Z. and Y.Z.;
resources, N.Z. and J.W,; software, R.L.; supervision, Y.Z.; writing—original draft, R.L. and EW.;
writing—review and editing, K.L. and G.H. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was funded by the Scientific Research Project for Major Achievements of Agri-
cultural Science and Technology Innovation Program (CAAS-ZDXT2019004), the Agricultural Science
and Technology Innovation Program (ASTIP-IAS12), and the Modern Agro-Industry Technology
Research System of the PR China (CARS-36).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.



Animals 2021, 11, 355 90of 10

References

1. Karayilanli, E.; Ayhan, V. Investigation of feed value of alfalfa (Medicago sativa L.) harvested at different maturity stages. Legume
Res. 2016, 39, 237-247. [CrossRef]

2. Marten, G.C; Sheaffer, C.C.; Wyse, D.L. Forage nutritive value and palatability of perennial weeds. Agron. J. 1987, 79, 980-986. [CrossRef]

3. Bolsen, KK Ashbell, G.; Weinberg, Z.G. Silage fermentation and silage additives-Review. Asian Austral. | Anim. 1996, 9, 483-494. [CrossRef]

4. Khota, W,; Pholsen, S.; Higgs, D.; Cai, Y. Natural lactic acid bacteria population of tropical grasses and their fermentation factor
analysis of silage prepared with cellulase and inoculant. . Dairy Sci. 2016, 99, 9768-9781. [CrossRef]

5. Bao, W;Mi, Z,; Xu, H.; Zheng, Y.; Kwok, L.Y.; Zhang, H.; Zhang, W. Assessing quality of Medicago sativa silage by monitoring
bacterial composition with single molecule, real-time sequencing technology and various physiological parameters. Sci. Rep. UK
2016, 6, 1-8. [CrossRef]

6. Bai, C.S.,; Zhang, R.Z,; Jiang, C.; Yan, R.; Han, J.-G.; Zhu, Y.; Zhang, Y.-]. Characterization of carbohydrate fractions and
fermentation quality in ensiled alfalfa treated with different additives. Afr. ]. Biotechnol. 2011, 10, 9958-9968. [CrossRef]

7.  Agarussi, M.C.N.; Pereira, O.G.; da Silva, V.P; Leandro, E.S.; Ribeiro, K.G.; Santos, S.A. Fermentative profile and lactic acid
bacterial dynamics in non-wilted and wilted alfalfa silage in tropical conditions. Mol. Biol. Rep. 2019, 46, 451-460. [CrossRef]

8. Wang, M,; Yu, Z.; Wu, Z.; Hannaway, D.B. Effect of Lactobacillus plantarum ‘KR107070’and a propionic acid-based preservative
on the fermentation characteristics, nutritive value and aerobic stability of alfalfa-corn mixed silage ensiled with four ratios.
Grassl. Sci. 2018, 64, 51-60. [CrossRef]

9. Zhang, S.J.; Chaudhry, A.S.; Osman, A.; Shi, C.Q.; Edwards, G.R.; Dewhurst, R.J.; Cheng, L. Associative effects of ensiling
mixtures of sweet sorghum and alfalfa on nutritive value, fermentation and methane characteristics. Anim. Feed Sci. Tech. 2015,
206, 29-38. [CrossRef]

10. Oelker, E.R.; Reveneau, C.; Firkins, J.L. Interaction of molasses and monensin in alfalfa hay-or corn silage-based diets on rumen
fermentation, total tract digestibility, and milk production by Holstein cows. . Dairy Sci. 2009, 92, 270-285. [CrossRef]

11. Chen, SW,; Chang, Y.Y.; Huang, H.Y.; Kuo, S.; Wang, H.-T. Application of condensed molasses fermentation solubles and lactic
acid bacteria in corn silage production. . Sci. Food Agr. 2020, 100, 2722-2731. [CrossRef]

12.  Jian, W, Lei, C; Yuan, X.; Guo, G.; Li, J.-F,; Bai, Y.-F,; Shao, T. Effects of molasses on the fermentation characteristics of mixed silage
prepared with rice straw, local vegetable by-products and alfalfa in Southeast China. J. Integr. Agr. 2017, 16, 664-670. [CrossRef]

13. Hashemzadeh-Cigari, F.; Khorvash, M.; Ghorbani, G.R.; Ghasemi, E.; Taghizadeh, A.; Kargar, S.; Yang, W.Z. Interactive effects of
molasses by homofermentative and heterofermentative inoculants on fermentation quality, nitrogen fractionation, nutritive value
and aerobic stability of wilted alfalfa (Medicago sativa L) silage. J. Anim. Physiol. N 2014, 98, 290-299. [CrossRef]

14. Su, R;Ni, K;; Wang, T,; Yang, X.; Zhang, ].; Liu, Y.; Shi, W.; Yan, L.; Jie, C.; Zhong, J. Effects of ferulic acid esterase-producing
Lactobacillus fermentum and cellulase additives on the fermentation quality and microbial community of alfalfa silage. Peer]
2019, 7, €7712. [CrossRef]

15. Kobayashi, Y.; Habara, M.; Ikezazki, H.; Chen, R.; Naito, Y.; Toko, K. Advanced taste sensors based on artificial lipids with global
selectivity to basic taste qualities and high correlation to sensory scores. Sensors 2010, 10, 3411-3443. [CrossRef]

16. Baldwin, E.A ; Bai, ].; Plotto, A.; Dea, S. Electronic noses and tongues: Applications for the food and pharmaceutical industries.
Sensors 2011, 11, 4744-4766. [CrossRef]

17. Mimendia, A.; Gutiérrez, ].M.; Leija, L.; Hernandez, P.; Favari, L.; Mufioz, R.; Del Valle, M. A review of the use of the potentiometric
electronic tongue in the monitoring of environmental systems. Environ. Model. Softw. 2010, 25, 1023-1030. [CrossRef]

18. Czolkos, I.; Dock, E.; Tonning, E.; Christensen, J.; Winther-Nielsen, M.; Carlsson, C.; Mojzikov4, R.; Sklddal, P.; Wollenberger,
U.; Nergaard, L.; et al. Prediction of wastewater quality using amperometric bioelectronic tongues. Biosens Bioelectron. 2016,
75,375-382. [CrossRef]

19. Ciosek, P.; Wréblewski, W. Potentiometric and hybrid electronic tongues for bioprocess monitoring—an overview. Anal. Methods
UK 2015, 7, 3958-3966. [CrossRef]

20. Broderica, G.A.; Kang, ].H. Automated simultaneous determination of ammonia and amino acids in ruminal fluid and in vitro
midia. J. Dairy Sci. 1980, 63, 64-75. [CrossRef]

21. Helrich, K. Official Methods of Analysis of the Association of Official Analytical Chemists; Association of Official Analytical Chemists:
Washington, DC, USA, 1990.

22.  Van Soest, PJ.; Robertson, J.B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583-3597. [CrossRef]

23.  Owens, V.N.; Albrecht, K.A.; Muck, R.E.; Duke, S.H. Protein degradation and fermentation characteristics of red clover and alfalfa
silage harvested with varying levels of total nonstructural carbohydrates. Crop. Sci. 1999, 39, 1873-1880. [CrossRef]

24. Silva, V.P; Pereira, O.G.; Leandro, E.S.; Paula, R.A.; Agarussi, M.C.N.; Ribeiro, K.G. Selection of Lactic Acid Bacteria from Alfalfa
Silage and Its Effects as Inoculant on Silage Fermentation. Agriculture 2020, 10, 518. [CrossRef]

25. Wang, M.; Franco, M.; Cai, Y.; Yu, Z. Dynamics of fermentation profile and bacterial community of silage prepared with alfalfa,
whole-plant corn and their mixture. Anim. Feed Sci. Technol. 2020, 270, 114702. [CrossRef]

26. Man, N.V,; Wiktorsson, H. Effect of molasses on nutritional quality of cassava and gliricidia tops silage. Asian Austral. J. Anim.
2002, 15, 1294-1299. [CrossRef]

27. Ni, K; Wang, E; Zhu, B; Yang, J.; Zhou, G.; Pan, Y,; Tao, Y.; Zhong, J. Effects of lactic acid bacteria and molasses additives on the

microbial community and fermentation quality of soybean silage. Bioresour. Technol. 2017, 238, 706-715. [CrossRef]


http://doi.org/10.18805/lr.v0iOF.9292
http://doi.org/10.2134/agronj1987.00021962007900060006x
http://doi.org/10.5713/ajas.1996.483
http://doi.org/10.3168/jds.2016-11180
http://doi.org/10.1038/srep28358
http://doi.org/10.5897/AJB10.2305
http://doi.org/10.1007/s11033-018-4494-z
http://doi.org/10.1111/grs.12178
http://doi.org/10.1016/j.anifeedsci.2015.05.006
http://doi.org/10.3168/jds.2008-1432
http://doi.org/10.1002/jsfa.10304
http://doi.org/10.1016/S2095-3119(16)61473-9
http://doi.org/10.1111/jpn.12079
http://doi.org/10.7717/peerj.7712
http://doi.org/10.3390/s100403411
http://doi.org/10.3390/s110504744
http://doi.org/10.1016/j.envsoft.2009.12.003
http://doi.org/10.1016/j.bios.2015.08.055
http://doi.org/10.1039/C5AY00445D
http://doi.org/10.3168/jds.S0022-0302(80)82888-8
http://doi.org/10.3168/jds.S0022-0302(91)78551-2
http://doi.org/10.2135/cropsci1999.3961873x
http://doi.org/10.3390/agriculture10110518
http://doi.org/10.1016/j.anifeedsci.2020.114702
http://doi.org/10.5713/ajas.2002.1294
http://doi.org/10.1016/j.biortech.2017.04.055

Animals 2021, 11, 355 10 of 10

28.
29.
30.
31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

Muck, R.E; Pitt, R.E. Aerobic deterioration in corn silage relative to the silo face. Trans. ASAE 1994, 37, 735-743. [CrossRef]
Leibeinsperger, R.Y,; Pitt, R.E. Modeling the effects of formic acid and molasses on ensilage. ]. Dairy Sci. 1988, 71, 1220-1231. [CrossRef]
McDonald, P.; Henderson, A.R.; Heron, S.J.E. The Biochemistry of Silage; Chalcombe Publications: Marlow, UK, 1991.

Krizsan, S.J.; Randby, A.T.; Westad, F. Effect of acetic acid, caproic acid and tryptamine on voluntary intake of grass silage by
growing cattle. Grass Forage Sci. 2012, 67, 361-368. [CrossRef]

Miettinen, H.; Setdld, J.; Moisio, T. Estimation of the Effect of Silage Quality on Silage Palatability and Intake in Dairy Cows; Landbau-
forschung Voelkenrode Sonderheft: Sonderheft, Germany, 1991.

Tian, J.; Xu, N.; Liu, B.; Huan, H.; Gu, H.; Dong, C.; Ding, C. Interaction effect of silo density and additives on the fermen-
tation quality, microbial counts, chemical composition and in vitro degradability of rice straw silage. Bioresour. Technol. 2020,
297,122412. [CrossRef]

Guo, X.S.; Ke, W.C,; Ding, WR,; Ding, L.M.; Xu, D.M.; Wang, WW.; Zhang, P.; Yang, F. Profiling of metabolome and bacterial
community dynamics in ensiled Medicago sativa inoculated without or with Lactobacillus plantarum or Lactobacillus buchneri.
Sci. Rep. UK 2018, 8, 1-10. [CrossRef]

Woolford, M.K. The significance of Propionibacterium species and Micrococcus lactilyticus to the ensiling process. J. Appl.
Bacteriol. 1975, 39, 301-306. [CrossRef]

Bjornsdottir, K.; Breidt, F.; McFeeters, R.F. Protective effects of organic acids on survival of Escherichia coli O157: H7 in acidic
environments. Appl. Environ. Microb. 2006, 72, 660-664. [CrossRef]

Szymanowska-Powatowska, D.; Orczyk, D.; Leja, K. Biotechnological potential of Clostridium butyricum bacteria. Braz. |.
Microbiol. 2014, 45, 892-901. [CrossRef]

Krizsan, S.J.; Randby, A.T. The effect of fermentation quality on the voluntary intake of grass silage by growing cattle fed silage as
the sole feed. J. Anim. Sci. 2007, 85, 984-996. [CrossRef]

Jiang, H.; Zhang, M.; Bhandari, B.; Adhikari, B. Application of electronic tongue for fresh foods quality evaluation: A review.
Food Rev. Int. 2018, 34, 746-769. [CrossRef]

Cai, Y,; Benno, Y.; Ogawa, M.; Ohmomo, S.; Kumai, S.; Nakase, T. Influence of Lactobacillus spp. from an inoculant and of
Weissella and Leuconostoc spp. from forage crops on silage fermentation. Appl. Environ. Microb. 1998, 64, 2982-2987. [CrossRef]


http://doi.org/10.13031/2013.28134
http://doi.org/10.3168/jds.S0022-0302(88)79677-0
http://doi.org/10.1111/j.1365-2494.2012.00852.x
http://doi.org/10.1016/j.biortech.2019.122412
http://doi.org/10.1038/s41598-017-18348-0
http://doi.org/10.1111/j.1365-2672.1975.tb00576.x
http://doi.org/10.1128/AEM.72.1.660-664.2006
http://doi.org/10.1590/S1517-83822014000300019
http://doi.org/10.2527/jas.2005-587
http://doi.org/10.1080/87559129.2018.1424184
http://doi.org/10.1128/AEM.64.8.2982-2987.1998

	Introduction 
	Materials and Methods 
	Alfalfa Harvest and Silage Preparation 
	Fermentation Characteristics 
	Chemical Composition 
	DNA Extraction 
	PCR Amplification and 16S rRNA Sequencing 
	Silage Tastes 
	Statistical Analyses 

	Results 
	Chemical Composition and pH Value of the Fresh Alfalfa Before Ensiling 
	Chemical Composition of the Alfalfa Silage 
	Fermentation Characteristics of the Alfalfa Silage 
	Tastes of the Alfalfa Silage 
	Microbial Community of the Alfalfa Silage 

	Discussion 
	Chemical Composition of the Alfalfa Silage 
	Fermentation Characteristics of the Alfalfa Silage 
	Tastes of the Alfalfa Silage 
	Microbial Community of the Alfalfa Silage 

	Conclusions 
	References

