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Abstract: Paper mulberry (Broussonetia papyrifera) plants are served as a local roughage in China, and
they are mostly processed as silage for ruminants. This study aimed to explore the effects of different
silage additives on the chemical composition, fermentation profile, as well as the in vitro and in situ
digestibility of paper mulberry (PM) silage. Four groups consisting of PM silage, three with additives
and one without any additives as the control group (CON), were established. The three experimental
groups with additives were set up as follows: CON with 5 × 106 CFU per gram of fresh PM weight
of lactic acid bacteria (Lactobacillus plantarum) (LAB); CON with 3% fresh PM weight of molasses
(MOL) added to the PM silage; and CON with both LAB and MOL added (LM). After 45 days of
ensiling at 20 ◦C, all of the PM treatment groups increased their ash content and decreased their
water-soluble carbohydrate content (p < 0.05). Meanwhile, the pH and NH3-N content of the PM
silage were lower in the additive treatment groups than in the CON group (p < 0.05). Lactic acid in
the LM group was the highest (p < 0.05) among the four groups, and trace amounts of butyric acid
was detected only in the CON group. In vitro dry matter digestibility was similar among all groups.
Results of the in situ experiment found that the effective digestibility of the PM silage dry matter,
as well as the acid detergent fiber digestibility was higher in the LM group than in the CON group
(p < 0.05). In conclusion, the addition of LAB, MOL, and their combination can improve PM silage
fermentation and improve the in situ digestibility of dry matter and acid detergent fiber; however
they do not affect in the vitro digestibility of PM silage.

Keywords: paper mulberry silage; lactic acid bacteria; molasses; in vitro digestibility; in situ digestibility

1. Introduction

Paper mulberry (Broussonetia papyrifera, PM) is a woody plant that is native to mainland
Southeast Asia and East Asia. Because of its strong rooting ability and rapid growth, PM
is considered a plant capable of providing environmental afforestation in many areas [1].
Two decades ago, wide areas of PM were planted to perform a soil erosion prevention
function in China [2]. PM is also a pioneer plant species in heavy metal contaminated
areas, which can alleviate the soil pollution status [2]. For the animal production industry,
PM can provide high protein and is rich in bioactive substances, therefore it is widely
used as a roughage source for ruminants [3]. Research has shown that ensiled PM could
enhance the immunity and antioxidant capacity of dairy cows [4]. However, several quality
problems may exist during the production of PM silage, such as detectable butyric acid and
peculiar smells, which is a sign of poor fermentation and will further lower the feed intake
of animals [5]. pH is one of the most important indices in silage fermentation, and low pH
can inhibit bacterial activity, resulting in reduced fermentation and nutrient loss [6]. Lactic
acid is one of the most important acids involved in fermentation, which is widely studied
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and plays the most important role in downregulating the silage pH [6]. We must be paying
attention to these two indices when evaluating silage fermentation quality.

Lactic acid bacteria (LAB) are capable of prompting the production of lactic acid, and
then decreasing the pH and inhibiting the production of the ammonia-N content of silage [6].
Therefore, it is the most commonly used silage biological additive [6]. Molasses (MOL) can
be used as a supplementary substrate for LAB to proliferate in, thereby accelerating the
silage pH reduction [7]. Some researchers have indicated that adding molasses together
with probiotics can improve the nutritional value of silage as it facilitates a better silage
fermentation profile and mitigates nutrient loss [7,8]. When molasses and LAB are applied
to silage together, the in situ dry matter (DM) degradation and crude protein (CP) effective
digestibility of amaranth plants can be improved [8]. Similarly, earlier research showed
that the combination of molasses and LAB could improve the in vitro organic matter
digestibility of mixed potato–wheat straw silage [7]. However, no available information
about the effects on digestibility of adding LAB and molasses to PM silage can be obtained.

In this study, LAB, MOL, and their combination were selected as silage additives. We
aimed to explore the effects of these different silage additives on the chemical composition,
fermentation profile, as well as the in vitro and in situ digestibility of PM silage.

2. Materials and Methods
2.1. Preparation of Paper Mulberry Silage

We started harvesting the PM plants when their height reached 1.2 m, and we cut them
at a cutting height of 0.2 m. After harvest, the PM was chopped into lengths of 1–2 cm with
a manual forage chopper (93ZT-300; Xingrong Co., Ltd., Guangzhou, Guangdong, China),
and then mixed well. To establish the replicates for each experimental condition, the
chopped paper mulberry was split into four equal parts and treated with: (1) no addi-
tive (CON), (2) Lactobacillus plantarum additive (LAB), (3) molasses additive (MOL), and
(4) L. plantarum and molasses additives together (LM). These additives were dissolved
in 4 L of deionized water/t fresh forage and sprayed onto the silage, supplying a final
concentration of 5 × 106 CFU of L. plantarum or 3% molasses per gram of fresh PM weight.
The same dosage was used for the LM group. As for the CON group, the same amount
of deionized water alone was applied. The fresh PM was chopped and then packed into
a plastic polyethylene bottle (0.5 L capacity); each bottle contained at least 550 g of fresh
PM. Finally, every flask was degassed and sealed using a vacuum sealer. Each treatment
had three replicates (each flask as a replicate), and the bottle-silos for each treatment were
stored at an ambient temperature for 45 days.

2.2. Chemical Composition and Fermentation Profile Detection

In each bottle, 20 g of silage was blended with 180 mL of deionized water and stored
at 4 ◦C for 24 h, after which the silage juice was filtered through 4 layers of cheesecloth
for the detection of fermentation characteristics. The pH value of the silage juice was mea-
sured with a pH meter (model pH B-4; Shanghai Chemical, Shanghai, China). Ammonia
nitrate (NH3-N) in the silage juice was measured using the phenol–sodium hypochlorite
colorimetry method, as described by Broderick et al. [9]. Organic acid was measured by
using liquid chromatography, according to Yuan et al. [10]. The remaining portion of the
sample was immediately put into a forced-draft oven (DGG-9240B; Shanghai ShenXin,
Shanghai, China) at 55 ◦C for 48 h until a constant weight was obtained, to measure its dry
matter (DM) content (method 950.15), following the procedure outlined by the Association
of Official Analytical Chemists (AOAC, 2000) [11]. Then, the dried samples were milled
through a 1 mm screen by using a feedstuff mill (KRT-34; KunJie, Beijing, China) and
stored for subsequent analysis. The neutral detergent fiber (NDF) and acid detergent fiber
(ADF) were determined using a fiber analyzer (A2000i; American ANKOM, Macedon, NY,
USA) as described by Van Soest et al. [12]. Nitrogen was measured using method 984.13
according to the authors of AOAC [11], after which crude protein (CP) was calculated
by multiplying the nitrogen content by 6.25. The ash (method 924.05) and ether extract
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(EE, method 920.39) were measured according to the AOAC procedures [11]. Finally, to
determine the WSC content, the anthrone method described by Murphy [13] was used.

2.3. In Vitro Fermentation and In Situ Digestibility Experiment

The in vitro gas production measurements were performed using the Automated Trace
Gas Recording System (AGRS) for microbial fermentation as described by Bai et al. [14].
Briefly, 500 mg samples from each treatment were weighed into 120 mL glass bottles in-
dividually, and 50 mL of freshly prepared buffer solution was added to each bottle [15],
along with 25 mL of corresponding filtered rumen fluid collected from three rumen fistu-
lated cows. All the animal use procedures carried out during this experimental period were
approved by the China Agriculture University Laboratory Animal Welfare and Animal
Experimental Ethical Faculty (protocol number: AW81102202-1-2). All the cows were in
a stage of high lactation, having a diet of 60% forage and 40% concentrate with a net energy
of 8.16 MJ/kg; the ingredients and chemical composition of the cows’ diet is outlined in
Table S1. Next, the bottles were purged with nitrogen gas for 5 s, sealed with a butyl rubber
stopper to create an anaerobic environment, and individually connected with medical
plastic infusion pipes to the gas inlets of the AGRS, to continuously record cumulative gas
production. Methods of measuring pH and NH3-N were the same as described previously.
Gas production, volatile fatty acids (VFA), and in vitro digestible dry matter (IVDMD) were
all measured according to Zhang et al. [16].

The quality of the silage from the CON and LM groups was further studied by
determining the in situ DM, CP, NDF, and ADF degradation following the procedure
described by Mehrez et al. [17]. Samples were milled through a 3 mm sieve and 5 g of an air-
dried sample was weighed into nylon bags (45 µm pore size, 8 cm × 16 cm bag size) in
triplicate, then incubated for 4, 8, 12, 24, 30, 36, 48, and 72 h in three rumen fistulated cows.
After serially removing the bags at each time point, each bag was washed under running
tap water until the outlet water appeared clear. Bags were then dried to a constant weight
at 55 ◦C for 48 h and their residues were weighed. Residues were ground through a 1 mm
sieve for laboratory analysis. DM, CP, NDF, and ADF were measured as described above.

2.4. Calculations
2.4.1. Gas Production Parameters Calculation for the In Vitro Fermentation

Data of the cumulative gas production at 48 h (GP48) (mL/g) was fitted to an expo-
nential model [18], by using the nonlinear procedure (PROC NLIM) of the SAS program
for Windows as follows:

GPt= A/[1+
(

C
t

)B
] (1)

where A is the theoretical maximum of gas production, B is the inflection point on the curve
parameter, C is the time at which half of the total gas production is reached, and t is the
elapsed time of gas production (h).

For AGPR, the average gas production rate, its formula is as follows:

AGPR = (A × B)/(4 × C) (2)

where A, B, and C are the same as in Equation (1).

2.4.2. The In Situ Digestibility Rate Calculation

The degradation data were fitted to the following exponential equation:

y = a + b (1 − e−ct) (3)

where y is the nutrient disappearance rate in the rumen at time t, while a is the rapidly
degradable fraction, b is the potential degradable fraction, and c is the constant rate of
degradation of b (%/h).
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The effective degradability (ED) of nutrients was calculated by applying the following
equation of Orskov et al. [19]:

ED = a + [
b × c
(c + k)

] (4)

where a, b, and c are the same as in Equation (3) and k is the rumen outflow rate. The ED
was calculated using a fixed outflow rate of k = 0.07/h, according to Batajoo et al. [20].

2.5. Statistical Analysis

Analyses were performed using the SAS software program (version 9.0, SAS Institute,
Cary, NC, USA). Data of the silage chemical composition, fermentation profile, and in vitro
digestibility were subjected to one-way analysis of variance (ANOVA), for which the statis-
tical difference between pairs of means was determined by Tukey’s multiple-comparison
test. To compare the in situ digestibility means of the CON and LM groups, a two-tailed
t-test was used. Differences were considered significant when the p-value was less than
0.05. Below is the linear expression of the ANOVA model:

Yij = µ+ Ti + εij (5)

where Yij is the response variable, µ is the overall mean, Ti is the fixed effect of the treatment
(different additives; four levels), and εij is the residual error.

3. Results
3.1. Chemical Composition and Fermentation Profile of Silage

There was no significant difference in the CP, NDF, ADF, and EE between the fresh PM
and all silage groups (Table 1). Additives also had no significant effect on the silage’s CP,
NDF, ADF, and EE content. Ash content was lower in the fresh PM than in the silage groups
(p < 0.05), however, there was no difference in the treatment groups in ash content. The
WSC content in the fresh PM surpassed that in the CON, LAB, and LM groups (p < 0.05).
Compared with the CON group, WSC content was higher for the MOL group (p < 0.05),
lower for the LAB group (p < 0.05), and not significantly different for the LM group.

Table 1. Effects of different additives on the chemical composition of paper mulberry silage.

Groups 1 DM
Chemical Composition 2 (% DM)

CP NDF ADF EE ASH WSC

Fresh 26.76 ± 0.36 18.24 ± 1.03 35.68 ± 1.42 34.12 ± 0.87 3.45 ± 0.57 9.86 ± 0.45 b 3.32 ± 0.03 a

CON 27.35 ± 0.27 18.19 ± 1.97 39.15 ± 0.78 32.46 ± 1.38 3.85 ± 0.75 11.51 ± 0.33 a 2.26 ± 0.02 b

LAB 27.13 ± 0.33 19.03 ± 0.34 40.15 ± 0.92 33.05 ± 1.09 4.12 ± 0.03 12.23 ± 0.79 a 1.68 ± 0.02 c

MOL 26.86 ± 0.38 18.53 ± 0.16 44.37 ± 1.29 32.84 ± 2.06 4.18 ± 0.02 12.29 ± 0.15 a 3.17 ± 0.03 a

LM 26.94 ± 0.23 19.78 ± 1.38 41.39 ± 2.49 33.75 ± 1.58 3.80 ± 0.20 11.63 ± 0.39 a 2.56 ± 0.04 b

Values are expressed as the mean ± SE. Different letters indicate significant differences within columns (a < b < c,
at p < 0.05); 1 CON, no additive group; LAB, Lactobacillus Plantarum group; MOL, molasses group; LM, LAB and
molasses group.; 2 DM, dry matter; CP, crude protein; NDF, neutral detergent fiber assayed with a heat-stable
amylase and expressed inclusive of residual ash; ADF, acid detergent fiber expressed (inclusive of residual ash);
EE, ether extract; WSC, water-soluble carbohydrate.

The pH (Table 2) of the CON group was higher than the treatment groups (p < 0.05).
The LM group had the lowest pH value (p < 0.05). There was no difference in the NH3-N
content between the CON and MOL groups, however, both groups were higher than the
LAB and LM groups (p < 0.05). The LM group had the highest LA concentration (p < 0.05),
however, LA in the CON and MOL groups showed no difference, and both groups were
lower than the LAB group (p < 0.05). The AA content in the CON and MOL groups was
significantly higher than in the LAB and LM groups (p < 0.05). The PA content in the
LM group was significantly lower than in the MOL group (p < 0.05). The PA in the CON
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and LAB groups showed no difference when compared with the other groups. Only trace
amounts of BA were detected in the CON group; the additive groups had no detectable BA.

Table 2. Effects of different additives on the fermentation profile of paper mulberry silage.

Groups 1 pH NH3-N
(% TN)

Organic Acid 2 (% DM)

LA AA PA BA

CON 5.26 ± 0.06 a 7.78 ± 0.13 a 6.72 ± 0.98 c 3.75 ± 0.21 a 1.32 ± 0.13 ab 0.0007 ± 0.12
LAB 4.44 ± 0.02 c 2.07 ± 0.20 b 10.21 ± 0.14 b 1.48 ± 0.54 b 0.90 ± 0.78 ab ND
MOL 4.93 ± 0.05 b 7.17 ± 0.57 a 7.73 ± 0.54 c 3.70 ± 0.23 a 1.55 ± 0.26 a ND
LM 4.19 ± 0.05 d 1.49 ± 0.22 b 12.0 ± 0.99 a 0.91 ± 0.04 b 0.48 ± 0.22 b ND

Values are expressed as mean ± SE. Different letters indicate significant differences within columns (a < b < c < d,
p < 0.05); 1 CON, no additive group; LAB, Lactobacillus Plantarum group; MOL, molasses group; LM, LAB and
molasses group.; 2 NH3-N, ammonia nitrate; TN, total nitrate; LA, lactic acid; AA, acetic acid; PA, propionic aid;
BA, butyric acid; DM, dry matter; ND, no detection.

3.2. In Vitro Ruminal GP Characteristics, Ammonia-N, and VFA

The in vitro experiment results are shown in Tables 3 and 4. No significant difference
in PM silage IVDMD was found among all the groups. The in vitro ruminal fluid NH3-N
content of the LM group was higher than the CON and MOL groups, however, the ruminal
fluid pH in the LM group was lower than that in CON and MOL groups (p < 0.05). In vitro
ruminal fluid acetic acid, propionic acid, isobutyric acid, valeric acid, isovaleric acid, and
total VFA also occurred at similar levels among all four groups. By contrast, the ruminal
fluid butyric acid in the CON group was at a lower level than the LAC and LM groups
(p < 0.05).

Table 3. Effects of paper mulberry silage treated with different additives on the in vitro degradability
of DM, ruminal liquid pH, VFAs, and ammonia after 48 h of incubation.

Groups 1 CON LAB MOL LM

IVDMD (%) 75.95 ± 0.85 78.66 ± 2.26 75.91 ± 0.95 75.63 ± 6.32
pH 6.97 ± 0.02 a 6.97 ± 0.07 a 6.88 ± 0.04 ab 6.80 ± 0.11 b

NH3-N (mg/dL) 12.94 ± 0.20 b 13.64 ± 2.08 ab 13.52 ± 0.42 b 14.34 ± 0.43 a

Acetic acid (mmol/L) 47.61 ± 3.10 49.06 ± 1.44 48.77 ± 2.64 48.28 ± 0.66
Propionic acid (mmol/L) 19.64 ± 2.19 20.40 ± 0.88 19.22 ± 0.89 19.73 ± 0.24

Butyric acid (mmol/L) 7.61 ± 3.13 b 9.45 ± 0.37 a 8.95 ± 0.41 ab 9.18 ± 0.28 a

Isobutyric acid (mmol/L) 0.99 ± 0.13 1.11 ± 0.13 0.94 ± 0.14 0.85 ± 0.03
Valeric acid (mmol/L) 2.19 ± 0.18 2.20 ± 0.10 2.15 ± 0.13 2.21 ± 0.06

Isovaleric acid (mmol/L) 2.72 ± 0.66 2.12 ± 0.06 2.00 ± 0.11 2.06 ± 0.07
TVFA (mmol/L) 81.78 ± 6.18 84.35 ± 2.79 82.02 ± 3.97 82.31 ± 1.20

Values are expressed as the mean ± SE. Different letters indicate significant differences within columns (a < b, at
p < 0.05); IVDMD, in vitro dry matter digestibility; NH3-N, ammoniacal nitrogen; VFA, volatile fatty acid; TVFA,
total volatile fatty acid.; 1 CON, no additive group; LAB, Lactobacillus Plantarum group; MOL, molasses group;
LM, LAB and molasses group.

GP48 in the CON group was significantly lower than in the MOL and LM groups
(p < 0.05), and showed no difference when compared with the LAB group. The AGPR in
the CON group was lower than in the additive treatment groups (p < 0.05). Parameter “C”
in the CON group was higher than that in all three treatment groups (p < 0.05), whereas
parameter “B” in the CON group was lower (p < 0.05). Values of parameter “A” were
similar among all four groups.
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Table 4. Effects of paper mulberry silage treated with different additives on the in vitro gas produc-
tion, and kinetic parameters after 48 h of incubation.

Groups 1 CON LAB MOL LM

GP48 (mL/g) 76.86 ± 3.31 b 82.15 ± 0.59 ab 84.16 ± 3.84 a 87.05 ± 4.85 a

A 80.28 ± 10.23 82.95 ± 0.67 85.18 ± 12.59 86.55 ± 4.82
B 1.35 ± 0.08 c 1.66 ± 0.10 b 1.54 ± 0.06 b 1.83 ± 0.06 a

C 5.45 ± 0.91 a 3.51 ± 0.31 b 3.30 ± 0.20 b 3.16 ± 0.30 b

AGPR (mL/h) 4.22 ± 0.81 b 6.06 ± 0.54 a 6.56 ± 0.67 a 7.05 ± 0.88 a

Values are expressed as the mean ± SE. Different letters indicate significant differences within columns
(a < b < c, at p < 0.05); 1 GP48, the cumulative gas production at 48 h; AGPR, the average gas production rate;
A, the theoretical maximum gas production; B, the inflection point on the curve parameter; C, the time (h) at
which half of the total gas production is reached.; CON, no additive group; LAB, Lactobacillus plantarum group;
MOL, molasses group; LM, LAB and molasses group.

3.3. In Situ Ruminal Degradation Characteristics

Figure 1 shows the real-time degradation of the PM silage. These results indicated the
DM, CP and ADF degradation of the PM silage in the LM group happened faster than in the
CON group, from 36 h to 72 h of incubation (p < 0.05). Furthermore, the NDF degradation
rate in the LM group was higher than in the CON group at 72 h of incubation (p < 0.05).
Parameters for DM, CP, NDF, and ADF in the dynamic degradation model of PM silage
can be found in Table 5. The rapidly soluble fraction (parameter a) of DM and CP were
both higher in the LM group than in the CON group (p < 0.05), whereas the rapid, slow,
and constant rate of degradation (i.e., parameters a, b, and c) of NDF and ADF showed no
difference between these two groups. Finally, the ED values of DM and ADF in the LM
group were higher than those in the CON group (p < 0.05).
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Figure 1. The rumen in situ real-time degradation rates of PM silage DM, CP, NDF, and ADF. The
* denotes p < 0.05 between the two groups compared; values are expressed as the mean ± SE; DM, dry
matter; CP, crude protein; NDF, neutral detergent fiber assayed with a heat stable amylase and
expressed inclusive of residual ash; ADF, acid detergent fiber expressed (inclusive of residual ash);
CON, no additive group; LM, lactic acid bacteria and molasses group.
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Table 5. Ruminal degradation kinetics of DM, CP, NDF, and ADF of paper mulberry silage.

Items 1 a (%) b (%) c (%) a + b (%) ED (%)

DM
LM 32.56 ± 4.89 a 47.52 ± 2.08 b 6.02 ± 1.38 80.08 ± 5.57 a 52.51 ± 2.32 a

CON 16.64 ± 3.13 b 54.09 ± 2.31 a 7.87 ± 0.66 70.73 ± 1.86 b 43.96 ± 3.16 b

CP
LM 25.26 ± 2.39 a 62.55 ± 2.60 5.40 ± 3.22 87.10 ± 3.42 48.30 ± 2.66

CON 17.57 ± 0.60 b 65.87 ± 5.72 6.23 ± 1.45 82.03 ± 4.40 45.51 ± 5.26

NDF
LM 22.55 ± 3.46 46.34 ± 3.53 6.68 ± 3.98 68.88 ± 2.75 42.67 ± 0.71

CON 21.42 ± 2.90 45.81 ± 2.84 5.44 ± 0.95 67.22 ± 3.45 41.29 ± 2.29

ADF
LM 14.09 ± 0.41 53.34 ± 0.44 8.97 ± 0.91 67.43 ± 0.61 a 44.00 ± 0.92 a

CON 10.24 ± 2.24 52.47 ± 1.60 7.94 ± 0.34 62.72 ± 1.33 b 38.13 ± 1.75 b

Values are expressed as the mean ± SE. Different letters indicate significant differences within columns (a < b, at
p < 0.05).; 1 a, the rapidly soluble fraction; b, the potential degradable fraction; c, the constant rate of degradation
of b (%/h); ED, effective degradability; DM, dry matter; CP, crude protein; NDF, neutral detergent fiber assayed
with a heat stable amylase and expressed inclusive of residual ash; ADF, acid detergent fiber expressed (inclusive
of residual ash); EE, ether extract.; CON, no additive group; LM, LAB and molasses groups.

4. Discussion
4.1. Chemical Composition and Fermentation Profile of Silage

The crucial factor for successful silage fermentation is WSC. Normally, successful
ensiling requires WSC > 5% of DM for lactic acid fermentation. The WSC content of the
fresh PM was 3.32%, which might be insufficient for the fermentation process. Molasses
increases the amount of substrate that will be consumed by LAB, and increases lactic acid,
which is one of the end-products of the WSC fermentation by LAB. The lactic acid can
lower the silage pH value more quickly than without its supplementation [6]. After adding
molasses, silage in the MOL group showed a lower pH, demonstrating that molasses can
provide substances for bacteria that enhance the fermentation process, which is consistent
with the findings of Rezaei et al. [21]. The LAB group also featured better fermentation
quality than the CON group, as LAB can produce lactic acid which can further decrease
the pH of silage [22]. In addition, the LM group had the highest lactic acid content
and the lowest pH, indicating a synergetic effect of LAB and its substrate that could
facilitate fermentation. BA in silage is a sign of poor fermentation and will decrease the dry
matter intake of ruminants [5]. In this study, only the CON group had trace levels of BA
detected, suggesting that the involvement of the tested silage additives can alter the PM
fermentation profile, and decrease the amount of BA produced. Ammonia-N is produced
by the degradation of protein and the diammoniate of amino acids [23]. Silages in this study
treated with additives of LAB and LM had lower ammonia-N contents than in the CON
group, indicating that less CP was degraded and the PM silage nutritional quality was
maintained. However, the MOL group showed a much higher ammonia-N content than
the other two additive treated groups, which might be attributed to a degradation of CP
that is similar to the CON group. Due to the inconsistent results of the molasses additive
effect on the ammonia-N concentration in the silages, there seems to be an interaction
between different crops, legumes, grass silage and molasses, which warrants further
attention [24,25].

4.2. In Vitro Ruminal GP Characteristics and Ammonia-N and VFA

The IVDMD of a certain feed material largely depends on its carbohydrate composi-
tion [26]. Our results showed no difference in IVDMD existed among the four groups of
PM silage, indicating that additives could not alter the carbohydrate composition of PM
silage, particularly the NDF and ADF content. The LM group had a higher ammonia-N
content than the CON group. However, Babaeinasab et al. [7] suggested that silage with
molasses or LAB additives had no influence on ammonia-N concentrations during in vitro
fermentation. The inconsistency between results of different studies may arise from dif-
ferent kinds of forage silage being used as the fermentation substance, which would have
inherently different chemical compositions and IVDMD. In our study, the additives clearly
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improved GP48 and AGPR. Rezaei [21] showed that silage containing an additive, such as
LAB or molasses, can improve its GP48, probably because either additive decreases the cell
wall content. Both studies’ findings are consistent with our results for PM silage.

4.3. In Situ Ruminal Degradation Characteristics

Many researchers have demonstrated that silage additives, such as LAB, can improve
the feed efficiency of silage by improving the fermentation profile [6]. In this study, com-
pared with other groups, silage from the LM group had a lower ruminal fluid pH than the
CON and LAB groups, which may represent a relatively better fermentation quality in the
LM group. Therefore, the LM and CON groups were chosen for further in situ digestibility
experimentation. The results showed the rapidly soluble fraction and ED of DM were
greater for the LM group than the CON group, which is similar to that reported by Abbasi
et al. [8]. Furthermore, the CP degradation parameters for the rapidly soluble fraction
in the LM group exceeded those of the CON group. A plausible explanation for this is
that the LM group’s PM silage contained more soluble true protein, such as in the form of
non-ammonia N [27]. It has also been reported that DM digestibility is negative correlated
to the content of NDF and ADF [28]. The ruminal degradation kinetics parameters of NDF
were inconsistent with the findings of Li et al. [28]. However, the ED of ADF in the LM
group exceeded that of the CON group. This may be related to the fact the LM group
had a better fermentation profile than the CON group and the specific mechanism needs
further study.

5. Conclusions

Both MOL and LAB can help decrease the pH of PM silage. Combining the two addi-
tives can better improve the PM silage for the highest LA content and lowest pH. Addition-
ally, LM can enhance PM silage’s in situ DM degradability and the ED of ADF. Therefore,
either MOL or LAB or their combination can be used as additives in the process of PM
silage-making, which offers a better strategy for improving the quality of the PM silage fed
to ruminants. At the same time, there is still need for further research to identify ways to
lower the pH of PM silage for better fermentable quality.
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