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In the present study, we aim to investigate the effects of lactic acid bacteria

(LAB) and molasses (M) on the microbial community and fermentation

performance of mixed silage of king grass (KG) and cassava foliage (CF). A

completely randomized design was used for the experiment. Mixed material

was ensiled with no additive added (CK) for 60 days. Alternatively, mixed silage

was supplemented with M, LAB (L), or M + LAB (ML) and then subjected to

fermentation. Compared with the CK group, the contents of lactic acid and

propionic acid in the L group were enhanced, whereas the content of acetic

acid was reduced. Moreover, the levels of pH, butyric acid, and ammonia-N

were not significantly changed. In contrast, the lower contents of pH, acetic

acid, propionic acid, and butyric acid, as well as ammonia-N in the M and ML

groups were observed, whereas the content of lactic acid was elevated.

Additives could change the silage quality of mixed silage to different extents.

The effect of the L treatment was not ideal, and the ML group had a better

fermentation quality compared with the M group. In terms of microbial

community, the relative abundance of desirable Lactobacillus was increased

in the M, L, and ML groups. The relative abundance of Pseudomonas was

decreased in the M and L groups. Compared with the CK group, the relative

abundance of Stenotrophomonas was decreased, especially in the M (0.18%)

and ML (0.19%) groups. For Paenibacillus, its relative abundance was increased

in the ML group and more significantly increased in the M group. In summary,

the combination of LAB and M at an equal ratio had a more positive effect on

the fermentation quality and microbial community of mixed silage than LAB

and M alone.

KEYWORDS

LAB, molasses, king grass, cassava foliage, mixed silage, bacterial community,
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Introduction

It is well known that king grass [KG; Pennisetum purpureum

Schumacher × P. glaucum (Linnaeus) R. Brown] is characterized

by high yield and good palatability. Thus, it becomes a popular

feed resource for livestock in tropical and subtropical areas (Li

et al., 2014). However, the quality of KG silage alone remains

poor due to its low water-soluble carbohydrate (WSC) content

and high-fiber content (Zhu et al., 2010), and KG silage possesses

low protein content, which cannot meet the protein requirement

of livestock. Cassava foliage (CF) (Manihot esculenta Crantz) is

rich in protein and contains high gross energy and mineral

elements such as calcium and phosphorus (Gómez and

Valdivieso, 1985). Therefore, CF is a good source of tropical

silage for livestock.

Both KG and CF are harvested in similar seasons. The

mixture of these types of two forages can enhance the biomass

yield of silage, reduce forage waste, and improve fermentation.

Our previous research shows that supplementation of CF can

ameliorate fermentation performance, chemical composition,

and ruminal degradation of mixed silage, and the optimal ratio

of CF to KG in the mixed silage is 50:50 (Li et al., 2019a).

However, the raw material characteristics of the mixed silage

are still unstable due to growth stage of plants, silage treatment

methods, and other reasons, and there are many problems. In

view of the above characteristics, we believe that lactic acid

bacteria (LAB) and molasses (M) can further improve its

fermentation quality. On the one hand, the addition of M

can increase the content of crude protein (CP), reduce the

content of fiber, and significantly improve the silage quality (Ni

et al., 2017). On the other hand, when the abundance of LAB

attached to the surface of raw materials is small, LAB inocula

can ensure that the initial stage of silage can enter the lactic

acid fermentation stage as soon as possible to further inhibit

the reproduction of silage harmful microorganisms such as

yeasts and aerobic bacteria and reduce the loss of dry matter

(DM) and nutrients during ensiling (Wang et al., 2019b).

Moreover, a previous study has shown that the mixed silage

or LAB additives can enhance the quality of high-moisture

Italian ryegrass silage via remodeling the microbiota

community (Yan et al., 2019), and the silage quality of

soybean is ameliorated when LAB and M are supplemented

(Ni et al., 2017).

In the present study, we aim to enhance the fermentation

performance of mixed silage of KG and CF and explore the

effects of additives on its microorganisms. The mixed silage was

supplemented with LAB and M, or their combination.

Moreover, silage production is a microorganism-dependent

fermentation course (Muck, 2013). However, the effect of LAB

and/or M on the fermentation performance of KG and CF

remains largely unclear.
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Materials and methods

Material processing

The cassava and KG were cultivated in Chinese Academy of

Tropical Agricultural Sciences (109°58′E, 19°52′N). The KG of

the vegetative stage was collected, and the CF was harvested

when the plants reached about 1.5 m in height and right away

cut into segments of about 2–3 cm. LAB inocula (Lactobacillus

plantarum, L) (Chikuso-1, Snow Brand Seed Co., Ltd., Sapporo,

Japan) and M (Bayi Sugarcane Sugar Industry Co., Ltd.,

Danzhou, China) were used as additives for ensiling. Firstly,

KG (100 g) and CF (100 g) were evenly mixed and then packed

into a plastic film bag (50 × 20 × 10 cm; Guozhong Packing Co.,

Ltd., Haikou, China; Menghua Packing Co., Ltd., Guangzhou,

China), and additives were supplemented according to four

treatments: no additive control (CK), Lactobacillus plantarum

was added at a level of 106 CFU/g FM (L), 2 g molasses per 100

FM (M), and M+L (ML). All additives were blended

homogeneously with silage and sealed using a vacuum sealer

(Jiaren Vacuum Sealer, Jiaren Home Electrical Appliance Co.,

Ltd., Wuhan, China). A total of 12 bags (four treatments

× three replicates) were prepared and kept at ambient

temperature (25°C–30°C) for ensiling. After 60 days of

ensiling, these bags were opened, followed by assays of

fermentation performance and chemical compositions.
Chemical analysis, fermentation, and
microbial analysis

The collected samples were dried at 65°C for 72 h for the

levels of DM content measurement and then ground to a fine

powder, followed by chemical analysis. The assay of CP content

was conducted by the Kjeldahl method (AOAC, A, 1990). The

WSC content was determined according to the anthrone–

sulphuric acid method (AOAC, A, 1990). Neutral detergent

fiber (NDF) and acid detergent fiber (ADF) were determined

using previously described approaches (He et al., 2020a). The

fermentation performance of silage was examined as follows.

Briefly, 50 g of wet silage was added to 200 ml of distilled water,

and the mixture was stored at 4°C for 24 h and then filtered

through four layers of cheesecloth for the determination of pH,

organic acid, and ammonia-N. The levels of lactic acid, acetic

acid, propionic acid, butyric acid, and ammonia-N were assessed

using high-performance liquid chromatography (HPLC)

equipped with the column of Shodex RSpak KC-811S-DVB gel

C (8.0 mm × 30 cm; Shimadzu, Tokyo, Japan) under the setting

conditions: oven temperature, 50°C; mobile phase, 3 mmol/L

HClO4; flow rate, 1.0 ml/min; injection volume, 5 ml; detector,
SPD-M10AVP (Li et al., 2019b). The concentration of ammonia-
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N was determined according to the method described by

Broderick and Kang (1980). The plate counting method was

adopted to determine the microbial population of fresh forage

(Wang et al., 2019). The number of LAB, coliform bacteria,

yeasts, and molds was counted on de Man–Rogosa–Sharpe agar,

violet red bile agar, and Rose Bengal agar, respectively (Land

Bridge Technology Co., Ltd., Beijing, China).
Microbial diversity analysis

DNA isolation and 16S rRNA gene sequencing
For the molecular analysis of the microbial communities, the

E.Z.N.A.® Soil DNA Kit (Omega Bio-Tek, Norcross, GA, United

States) was used to isolate microbial DNA from silage specimens.

The concentration and purity of purified DNA were assessed by

a NanoDrop 2000 UV-vis spectrophotometer (Thermo

Scientific, Wilmington, United States), and the purified DNA

was subjected to electrophoresis on 1% agarose gel to confirm

the DNA integrity. The DNA specimens were amplified using

primers targeting the V3–V4 regions of 16S rRNA genes

(forward: 5’ACTCCTACGGGAGGCAGCAG-3’; reverse:

5’GGA CTACHVGGGTWTCTAAT-3’) (GeneAmp 9700, ABI,

United States). PCR amplicons were excised, quantified, and

subjected to next-generation sequencing on an Illumina MiSeq

2500 platform (Illumina, Inc., San Diego, CA, United States),

and paired-end reads of 250 bp were yielded.
Processing and analysis of sequencing
data

The original data (FLASH v.1.2.11) were spliced, the quality

of the spliced sequence was filtered (Trimmomatic v.0.33), and

the chimera was eliminated (UCHIME v.8.1) to yield high-

quality reads. The sequences were clustered at the level of 97%

similarity (USEARCH v.10.0), and the threshold to filter

operational taxonomic unit (OTU) was set at 0.005% of

sequenced sequences (Edgar, 2013). Diversity metrics were

determined using the core-diversity plug-in within QIIME

(Callahan et al., 2016). Moreover, a-diversity indices

(MOTHUR v.1.30) were adopted to assess the microbial

diversity within an individual sample. First, the structural

variation of microbiota across specimens was determined
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using b-diversity, followed by principal components analysis

(PCoA) (Vázquez-Baeza et al., 2013). Among samples and

groups, linear discriminant analysis (LDA) effect size (LEfSe)

was used to identify the bacteria with different abundances

(Segata et al., 2011). Unless specified above, parameters used

in the analysis were set as default. The sequencing data were

deposited in the Sequence Read Archive (SRA) under the

accession number PRJNA556208.
Statistical analysis

The impacts of additives (L and M) and their interactions

during ensiling were assessed by two-way analysis of variance

using the general linear model (GLM) procedure of SAS 9.3

software (SAS Institute Inc., Cary, NC, United States). Duncan’s

multiple range tests were employed to compare the significant

differences, and P < 0.05 was considered statistically significant.
Results and discussion

Characteristics of fresh material before
ensiling

Table 1 shows the chemical composition and microbial

population of fresh material. The DM content (14.79%) in

mixed silage was lower, and the CP content (14.12%) was

comparable to the previously reported values (Li et al., 2019a;

Li et al., 2019c). In addition, the contents of NDF (60.30% DM)

and ADF (39.85% DM) in mixed silage of KG and CF were

higher compared with other reports (Li et al., 2019a; Dong et al.,

2020; Zeng et al., 2020). On the other hand, the WSC content

(6.03% DM) in mixed silage was between fresh CF (5.21%) (Li

et al., 2020) and KG (7.21%) (Zi et al., 2021). Low DM might

affect silage production since high water content often results in

effluent loss and broad-scale clostridial fermentation (He et al.,

2020b). This may lead to the loss of digestible nutrients of

ruminants, and silage is perishable, but the addition of M can

solve this problem using the high DM content (Palmonari

et al., 2020).

The WSC plays an essential role in silage fermentation, and

its content greater than 5% DM is the threshold of acceptable

silage quality (Smith, 1962). In addition, the number of LAB for
TABLE 1 Chemical composition and microbial population of fresh material before ensiling.

DM % (DM) Log10 cfu/g (FM)

OM EE WSC CP NDF ADF L Coliform Yeast Mold

Cassava foliage and king grass Mixed 14.79 ± 1.02 89.77 ± 4.78 5.41 ±
0.45

6.03 ±
0.36

14.12 ±
0.57

60.30 ±
3.25

39.85 ±
4.49

4.11 ± 0.09 0.98 ± 0.02 2.32 ± 0.18 1.29 ± 0.63
fron
DM, dry matter; OM, organic matter; EE, ether extract; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; L, lactic acid bacteria.
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well-preserved silage should be higher than 105CFU/g FM

(Cai et al., 1998). In the present study, the number of LAB in

freshly mixed silage of KG and CF was 4.11 log10 CFU/g FM.

However, the natural coliform population (0.98 log10 CFU/g

FM), yeasts (2.32 log10 CFU/g FM), and molds (1.29 log10 CFU/g

FM) in fresh materials were relatively high, and it could not

ensure desirable silage quality, indicating that silage additives

such as LAB were necessary for silage preparation.
Chemical composition and fermentation
property during ensiling

Table 2 shows the organic acid contents, pH, and ammonia-

N of mixed silage supplemented with L and M. In the L group,

there was no apparent change in pH and ammonia-N, the levels

of lactic acid and propionic acid were increased, the content of

acetic acid was decreased, and there was still a tiny amount of

butyric acid. In M andML groups, the pH value and the contents

of acetic acid and ammonia-N were significantly decreased, and

the content of lactic acid was increased. In addition, the contents

of propionic acid and butyric acid were reduced to 0 g/kg DM.

pH plays an essential role in determining the fermentation

performance of silage. The growth of harmful bacteria in silage

can be inhibited once pH is lower than 4.20 (Wang et al., 2019),

and the aerobic stability will be better (McDonald et al., 1991).

The pH of the L group was 4.36. Therefore, yeasts, molds, and

other aerobic microorganisms would use lactic acid and other

nutrients for their reproduction in this group, which might

further prevent the pH from decreasing (Woolford, 1990).

Moreover, the high CP content (14.12%) of raw materials

leads to high buffer capacity. The addition of L alone lacks

sufficient WSC, which cannot ensure better fermentation quality

(Ni et al., 2018). Our study confirmed this conclusion, showing

that the pH of the LM group was significantly decreased

compared with the CK group. The level of ammonia-N in

silage remains the effective indicator of protein degradation

(Pahlow et al., 2003). The lower its content, the less protein is

decomposed. The plant protease activity and microbial activity
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exert a synthetic effect, leading to ammonia-N accumulation in

silage. In addition, M and ML also decreased the ammonia-N

content of mixed silage, which might be attributed to suppressed

growth and proteolytic activity of microorganisms, such as

Clostridia. The content of lactic acid was significantly increased

in all three treatments, which was a good phenomenon.

L, M, and ML treatments all decreased the acetic acid

content. Previous studies have shown that lower acetic acid

content can improve energy utilization (Ni et al., 2017a).

Propionic acid and butyric acid are undesirable in silage

because part of metabolic energy is wasted for their

generation. A previous investigation has shown that more than

half of DM and some gross energy are lost when lactic acid is

converted to butyric acid (Muck, 2010). Furthermore, the feed

intake of livestock can be impaired by the overproduction of

butyric acid (Dong et al., 2020). In the present study, the

contents of propionic acid and butyric acid were decreased to

0 g/kg DM in M and ML treatments. There was also a tiny

amount of butyric acid in the L group. Collectively, the

fermentation quality of the M and ML groups was better,

whereas that in the L group was not very ideal, and the ML

group showed the best quality.
The effects of L and M treatments on the
microbiota community of mixed silage

A total of 959,587 raw reads and 894,066 raw tags were

generated, whereas the average number of clean tags and effective

tags was 72,996 and 74,506, respectively, in each silage sample.

Figure 1 indicates that 164 OTUs were identified. The L group

(162) had the highest number of OTUs, whereas the M group

(137) had the lowest number. In addition, the number of OTUs in

the CK and ML groups was 159 and 139, respectively. Venn

diagram analysis showed that the additive treatment led to 124

common OTUs, and there was one special OTU in the ML group.

Additive treatment impaired the bacterial diversity indices,

including Ace, Chao 1, Shannon, and Simpson (Figure 2). Ace

and Chao 1 represent richness, which can reflect how many types
TABLE 2 Fermentation performance of mixed silage of KG and CF supplemented with L and M. (CK, control; L, lactic acid bacteria; M, molasses;
ML, lactic acid bacteria + molasses).

Treatments pH (%DM)

Lactic acid Acetic acid Propionic acid Butyric acid Ammonia-N

CK 4.30a 3.98c 1.62a 0.14b 0.03a 3.83a

L 4.36a 4.55b 1.32b 0.28a 0.04a 3.66a

M 4.10b 6.09a 0.88c 0 0 2.41b

ML 3.94b 6.13a 0.73c 0 0 2.16b

SEM 0.09 0.55 0.2 0.06 0.01 0.42

P-value 0.007 0.004 0.03 0.005 0.003 0.04
SEM, standard error of the mean; a–c means values within the same row with different superscripts in lowercase letters differ significantly from each other at P < 0.05.
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of bacteria there are. Shannon and Simpson represent the degree

of uniformity within the community. In terms of community

richness, it could be ranked in descending order as follows: CK, L,

ML, andM. In terms of community diversity, it could be ranked in

descending order as follows: CK, L, M, and ML. The PCoA was

used to explore the correlations among the community structures
Frontiers in Animal Science 05
of the silage bacterial community. We found that the CK group

was clearly separated from the other three groups (Figure 3).

Figure 4A shows the bacterial community at the phylum level.

Firmicutes and Proteobacteria were dominant in all groups. The

sum of their relative abundance in the L group was not

significantly different from the CK group. Bacteroidetes was
FIGURE 1

Venn analysis of OTUs for mixed silage of KG and CF supplemented with L and M. (CK, control; L, lactic acid bacteria; M, molasses; ML, lactic
acid bacteria + molasses).
FIGURE 2

a-Diversity of bacterial diversity of mixed silage of KG and CF supplemented with L and M (CK, control; L, lactic acid bacteria; M, molasses; ML,
lactic acid bacteria + molasses). *p < 0.05.
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subdominant in both the CK and L groups. However, the relative

abundances of Firmicutes and Proteobacteria reached 99% in the

M and ML groups. The relative abundance of Firmicutes in the L,

M, and ML groups was elevated, whereas the relative abundances

of Bacteroidetes and Proteobacteria were reduced compared with

the CK group. Next, we further assessed the bacterial structures of

mixed silage at the genus level (Figure 4B). Lactobacillus was

found to be predominant in the four groups. The subdominant

microbes, in turn, were Stenotrophomonas, Bacillus, and

Pseudomonas in the CK group; Stenotrophomonas, Pantoea, and

Escherichia-Shigella in the L group; Paenibacillus and
BA

FIGURE 4

The bacterial relative abundance at the phylum and genus levels in mixed s
acid bacteria; M, molasses; ML, lactic acid bacteria + molasses). (A) Relative
of bacteria at the genus level.

Frontiers in Animal Science 06
Clostridium_sensu_stricto_3 in the M group; and Pseudomonas

in the ML group. In addition, the relative abundance of

Lactobacillus was enhanced long with the additive treatments,

especially for the ML, which accounted for as high as 86% of the

total population. However, the relative abundance of

Pseudomonas was decreased in the L and M groups, while it

was increased in the ML group. Furthermore, compared with the

CK group, the relative abundance of Stenotrophomonas was

decreased, especially in the M (0.18%) and ML (0.19%) groups.

The relative abundance of Pantoea was increased in the L group,

whereas it remained unchanged in theM group and was decreased
FIGURE 3

b-Diversity of bacterial diversity of mixed silage of KG and CF supplemented with L and M (CK, control; L, lactic acid bacteria; M, molasses; ML,
lactic acid bacteria + molasses).
ilage of KG and CF supplemented with L and M (CK, control; L, lactic
abundance of bacteria at the phylum level. (B) Relative abundance
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in the ML group. For Paenibacillus, its relative abundance was

increased in the ML (1.14%) group and more significantly

increased in the M (9.90%) group. The differences in microbial

community between four groups were assessed using the LEfSe

method, and the specific bacterial strain in each group was

explored (LDA score, >4.0). Figure 5 reveals that L significantly

affected the microbial community. The most abundant species in

the CK and L groups were Uncultured_bacterium_g_Lactobacillus

and Lactobacillus_similis, respectively, which could be used as the

biomarkers of them.

Moreover, the a-diversity showed that the relative

abundance of the M group was the lowest, and the uniformity

of the ML group was the lowest. It could be explained by that M

provided a substrate for L to rapidly reduce pH in the ML group,

inhibiting the growth of detrimental strains and enhancing the

growth of LAB species. The bacterial diversity was reduced once

LAB became the dominant species. Similar results have been

documented in a previous study (Ni et al., 2017b). Meanwhile,

PCoA showed that the bacterial composition of the L, M, and

ML groups was altered in the ensiling process compared with the

CK group. Thus, we could conclude that the bacterial diversity

and community structure of mixed silage were impaired in the L,

M, and ML groups. In our current work, Firmicutes and

Proteobacteria were the top two dominant phyla in mixed

silage, which was consistent with previous findings (Yuan

et al., 2020). At the genus level, Lactobacillus is normally

dominant in well-preserved forage silage because it can drive

lactic fermentation during ensiling (Liu et al., 2019). In the

present experiment, the relative abundance of Lactobacillus was

particularly elevated in the ML group, indicating that M could

provide additional substrates to LAB and accelerate its growth,

whereas the supplementation of L also enhanced the relative

abundance of desirable microorganisms. Paenibacillus,

facultatively anaerobic, is a beneficial bacterial strain in silage

and can produce lactic acid by using different types of sugars
Frontiers in Animal Science 07
(Ash et al., 1993). Moreover, it also contributed to the significant

elevation (P < 0.01) of lactic acid content in the M and ML

groups. In contrast, Stenotrophomonas, aerobic or facultative

anaerobic non-fermenting Gram-negative bacteria, can

use different types of sugars and yield acids (Palleroni and

Bradbury, 1993), and it may compete with LAB for substrates

and affect their growth and reproduction. In the M and ML

groups, the relative abundance of Stenotrophomonas was

significantly decreased, which was a good sign, suggesting

better fermentation quality. Pseudomonas is an aerobic

bacterium and undesirable microorganism for the same reason

(Dong et al., 2019). However, a previous study (Ogunade et al.,

2018) has examined the bacterial diversity of alfalfa silage and

shown that the content of ammonia-N is negatively correlated

with the relative abundances of Pantoea, Stenotrophomonas, and

Pseudomonas , r evea l ing that the presence of the

abovementioned species may be beneficial for protein

preservation. The relative abundance of Pseudomonas was

elevated after 60 days of ensiling in the ML group, which

might partly explain the lower ammonia-N content in

inoculated silages. The role of Pantoea in silage fermentation

still remains largely unclear (Li et al., 2017), though it was

undesirable for the substrate competition with LAB. This

conclusion could be supported by the fermentation quality of

this experiment.
Conclusions

Compared with the CK group, the addition of L enhanced

the contents of lactic acid and propionic acid, whereas the

content of acetic acid was reduced, and the levels of pH,

butyric acid, and ammonia-N remained barely changed.

Moreover, the addition of M and ML reduced the levels of pH,

propionic acid, and butyric acid, and the contents of acetic acid
FIGURE 5

Comparison of microbial variations using the LEfSe online tool for mixed silage of KG and CF supplemented with L and M (CK, control; L, lactic
acid bacteria; M, molasses; ML, lactic acid bacteria + molasses).
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and ammonia-N were also decreased, whereas the content of

lactic acid was enhanced. Additives could change the silage

quality of mixed silage of KG and CF to different extents. The

effect of the L group was not good, and the ML group had a

better fermentation quality compared with the M group. Besides,

the relative abundance of desirable Lactobacillus was increased

in the M, L, and ML groups. The relative abundance of

Pseudomonas was decreased in the M and L groups. In

addition, compared with the CK group, the relative abundance

of Stenotrophomonas was decreased, especially in the M (0.18%)

and ML (0.19%) groups. For Paenibacillus, its relative

abundance was increased in the ML group and more

significantly increased in the M group.

Collectively, the combination of M and L could efficiently

enhance the silage quality of KG and CF.
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Gómez, G., and Valdivieso, M. (1985). Cassava foliage: Chemical composition,
cyanide content and effect of drying on cyanide elimination. J. Sci. Food Agric. 36
(6), 433–441. doi: 10.1002/jsfa.2740360602
He, L., Lv, H., Xing, Y., Wang, C., You, X., Chen, X., et al. (2020a). The nutrients
in moringa oleifera leaf contribute to the improvement of stylo and alfalfa silage:
Fermentation, nutrition and bacterial community. Bioresource Technol. 301,
122733. doi: 10.1016/j.biortech.2020.122733

He, L., Zhou, W., Xing, Y., Pian, R., Chen, X., and Zhang, Q. (2020b).
Improving the quality of rice straw silage with moringa oleifera leaves and
propionic acid: Fermentation, nutrition, aerobic stability and microbial
communi t i e s . Bior e sour ce Techno l . 299 , 122579 . do i : 10 .1016 /
j.biortech.2019.122579

Liu, B., Huan, H., Gu, H., Xu, N., Shen, Q., and Ding, C. (2019). Dynamics of a
microbial community during ensiling and upon aerobic exposure in lactic acid
bacteria inoculation-treated and untreated barley silages. Bioresource Technol. 273,
212–219. doi: 10.1016/j.biortech.2018.10.041

Li, L., Yuan, Z., Sun, Y., Kong, X., Dong, P., and Zhang, J. (2017). A reused
method for molasses-processed wastewater: Effect on silage quality and anaerobic
digestion performance of pennisetum purpereum. Bioresource Technol. 241, 1003–
1011. doi: 10.1016/j.biortech.2017.04.117

Li, P., Zhang, Y., Gou, W., Cheng, Q., Bai, S., and Cai, Y. (2019c). Silage
fermentation and bacterial community of bur clover, annual ryegrass and their
mixtures prepared with microbial inoculant and chemical additive. Anim. Feed. Sci.
Technol. 247, 285–293. doi: 10.1016/j.anifeedsci.2018.11.009

Li, M., Zhang, L., Zhang, Q., Zi, X., Lv, R., Tang, J., et al. (2020). Impacts of citric
acid and malic acid on fermentation quality and bacterial community of cassava
foliage silage. Front. Microbiol. 11. doi: 10.3389/fmicb.2020.595622

Li, M., Zi, X., Tang, J., and Zhou, H. (2019a). Silage fermentation, chemical
composition and ruminal degradation of king grass, cassava foliage and their
mixture. Grassl. Sci. 65 (4), 210–215. doi: 10.1111/grs.12235

Li, M., Zi, X., Zhou, H., Hou, G., and Cai, Y. (2014). Effects of sucrose, glucose,
molasses and cellulase on fermentation quality and in vitro gas production of king
grass silage. Anim. Feed. Sci. Technol. 197, 206–212. doi: 10.1016/
j.anifeedsci.2014.06.016
frontiersin.org

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA556208
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA556208
https://doi.org/10.1007/BF00873085
https://doi.org/10.3168/jds.S0022-0302(80)82888-8
https://doi.org/10.1128/AEM.64.8.2982-2987.1998
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.3389/fmicb.2019.01559
https://doi.org/10.1016/j.biortech.2020.123396
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1002/jsfa.2740360602
https://doi.org/10.1016/j.biortech.2020.122733
https://doi.org/10.1016/j.biortech.2019.122579
https://doi.org/10.1016/j.biortech.2019.122579
https://doi.org/10.1016/j.biortech.2018.10.041
https://doi.org/10.1016/j.biortech.2017.04.117
https://doi.org/10.1016/j.anifeedsci.2018.11.009
https://doi.org/10.3389/fmicb.2020.595622
https://doi.org/10.1111/grs.12235
https://doi.org/10.1016/j.anifeedsci.2014.06.016
https://doi.org/10.1016/j.anifeedsci.2014.06.016
https://doi.org/10.3389/fanim.2022.879930
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Liu et al. 10.3389/fanim.2022.879930
Li, M., Zi, X., Zhou, H., Lv, R., Tang, J., and Cai, Y. (2019b). Silage fermentation
and ruminal degradation of cassava foliage prepared with microbial additive. AMB.
Expr. 9, 180. doi: 10.1186/s13568-019-0906-2

McDonald, P., Henderson, A., and Heron, S. (1991). The biochemistry of silage
(Chalcombe publications).

Muck, R. (2010). Silage microbiology and its control through additives. Revista
Brasi leira de Zootecnia [online]39, 183–191. doi : 10.1590/S1516-
35982010001300021

Muck, R. (2013). Recent advances in silage microbiology. Food Sci. 22 (1), 3–15.
doi: 10.23986/afsci.6718

Ni, K., Wang, F., Zhu, B., Yang, J., Zhou, G., Pan, Y., et al. (2017). Effects of lactic
acid bacteria and molasses additives on the microbial community and fermentation
quality of soybean silage. Bioresource Technol. 238, 706–715. doi: 10.1016/
j.biortech.2017.04.055

Ni, K., Zhao, J., Zhu, B., Su, R., Pan, Y., Ma, J., et al. (2018). Assessing the
fermentation quality and microbial community of the mixed silage of forage
soybean with crop corn or sorghum. Bioresource Technol. 265, 563–567.
doi: 10.1016/j.biortech.2018.05.097

Ogunade, I., Jiang, Y., Cervantes, A. P., Kim, D., Oliveira, A., Vyas, D., et al.
(2018). Bacterial diversity and composition of alfalfa silage as analyzed by illumina
MiSeq sequencing: Effects of escherichia coli O157: H7 and silage additives. J. Dairy
Sci. 101 (3), 2048–2059. doi: 10.3168/jds.2017-12876

Pahlow, G., Muck, R. E., Driehuis, F., Elferink, S., and Spoelstra, S. (2003).
Microbiology of Ensiling. In Silage Science and Technology (eds D.R. Buxton, R.E.
Muck and J.H. Harrison). 42, 31–93. doi: 10.2134/agronmonogr42.c2

Palmonari, A., Cavallini, D., Sniffen, C. J., Fernandes, L., Holder, P., Fagioli, L.,
et al. (2020). Short communication: Characterization of molasses chemical
composition. J. Dairy Sci. 103 (7), 6244–6249. doi: 10.3168/jds.2019-17644

Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S., et al.
(2011). 2011 Metagenomic biomarker discovery and explanation. Genome Biol. 12,
R60. doi: 10.1186/gb-2011-12-6-r60
Frontiers in Animal Science 09
Smith, L. H. (1962). Theoretical carbohydrate requirement for alfalfa silage
production. Agron. J. 54, 291–293. doi: 10.2134/agronj1962.00021962005400040003x

Vázquez-Baeza, Y., Pirrung, M., Gonzalez, A., and Knight, R. (2013). EMPeror: a
tool for visualizing high-throughput microbial community data. GigaScience 2 (1),
2047-2217X-2042-2016. doi: 10.1186/2047-217X-2-16

Wang, Y., He, L., Xing, Y., Zhou, W., Pian, R., Yang, F., et al. (2019). Bacterial
diversity and fermentation quality of moringa oleifera leaves silage prepared with
lactic acid bacteria inoculants and stored at different temperatures. Bioresource
Technol. 284, 349–358. doi: 10.1016/j.biortech.2019.03.139

Woolford, M. (1990). The detrimental effects of air on silage. J. Appl. Microbiol.
68 (2), 101–116.

Yan, Y., Li, X., Guan, H., Huang, L., Ma, X., Peng, Y., et al. (2019). Microbial
community and fermentation characteristic of Italian ryegrass silage prepared with
corn stover and lactic acid bacteria. Bioresource Technol. 279, 166–173.
doi: 10.1016/j.biortech.2019.01.107

Yuan, X., Li, J., Dong, Z., and Shao, T. (2020). The reconstitution mechanism of
napier grass microiota during the ensiling of alfalfa and their contributions to
fermentation quality of silage. Bioresource Technol. 297, 122391. doi: 10.1016/
j.biortech.2019.122391

Zeng, T., Li, X., Guan, H., Yang, W., Liu, W., Liu, J., et al. (2020). Dynamic
microbial diversity and fermentation quality of the mixed silage of corn and
soybean grown in strip intercropping system. Bioresource Technol. 313, 123655.
doi: 10.1016/j.biortech.2020.123655

Zhu, Y., Nishino, N., and Xusheng, G. (2011). 2010 Chemical changes during
ensilage and in sacco degradation of two tropical grasses: Rhodesgrass and
guineagrass treated with cell wall-degrading enzymes. Anim. Biosci. 24 (2), 214–
221. doi: 10.5713/ajas.2011.10170

Zi, X., Li, M., Chen, Y., Lv, R., Zhou, H., and Tang, J. (2021). Effects of
citric acid and lactobacillus plantarum on silage quality and bacterial
diversity of king grass si lage. Front. Microbiol . 12. doi : 10.3389/
fmicb.2021.631096
frontiersin.org

https://doi.org/10.1186/s13568-019-0906-2
https://doi.org/10.1590/S1516-35982010001300021
https://doi.org/10.1590/S1516-35982010001300021
https://doi.org/10.23986/afsci.6718
https://doi.org/10.1016/j.biortech.2017.04.055
https://doi.org/10.1016/j.biortech.2017.04.055
https://doi.org/10.1016/j.biortech.2018.05.097
https://doi.org/10.3168/jds.2017-12876
https://doi.org/10.2134/agronmonogr42.c2
https://doi.org/10.3168/jds.2019-17644
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.2134/agronj1962.00021962005400040003x
https://doi.org/10.1186/2047-217X-2-16
https://doi.org/10.1016/j.biortech.2019.03.139
https://doi.org/10.1016/j.biortech.2019.01.107
https://doi.org/10.1016/j.biortech.2019.122391
https://doi.org/10.1016/j.biortech.2019.122391
https://doi.org/10.1016/j.biortech.2020.123655
https://doi.org/10.5713/ajas.2011.10170
https://doi.org/10.3389/fmicb.2021.631096
https://doi.org/10.3389/fmicb.2021.631096
https://doi.org/10.3389/fanim.2022.879930
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

	The effects of lactic acid bacteria and molasses on microbial community and fermentation performance of mixed silage of king grass and cassava foliage
	Introduction
	Materials and methods
	Material processing
	Chemical analysis, fermentation, and microbial analysis
	Microbial diversity analysis
	DNA isolation and 16S rRNA gene sequencing

	Processing and analysis of sequencing data
	Statistical analysis

	Results and discussion
	Characteristics of fresh material before ensiling
	Chemical composition and fermentation property during ensiling
	The effects of L and M treatments on the microbiota community of mixed silage

	Conclusions
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


