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Abstract 
Major challenges when ensiling sugarcane tops include fermentation that results in high quantities of alcohol and decrease in nutrient digestibility 
due to the accumulation of fiber components. Increased efforts to apply bacteria-enzyme inoculants in silage have the potential to improve nutrient 
digestibility. This study aimed to evaluate the effects of ensiling sugarcane tops with bacteria-enzyme inoculants or mixed bacterial inoculants on 
growth performance, nutrient digestibility, and rumen microbiome in beef cattle. Chopped sugarcane tops were ensiled in plastic bags for 60 d 
after application of 1) no inoculant (control check, CK); 2) bacteria-enzyme inoculants containing Pediococcus acidilactici, Saccharomyces cerevi-
siae, cellulase, and xylanase (T1, viable colony-forming units of each bacterial strain ≥108 CFU/g; enzyme activity of each enzyme ≥200 U/g); or 
3) mixed bacterial inoculants containing Lactobacillus plantarum, Bacillus subtilis, and Aspergillus oryzae (T2, viable colony-forming units of each 
bacterial strain ≥107 CFU/g). Silages were fed to eighteen Holstein bull calves (n = 6/treatment) weighing 163.83 ± 7.13 kg to determine intake in a 
49-d experimental period. The results showed that beef cattle-fed T1 silage or T2 silage had a significantly higher (P < 0.05) average daily gain than 
those fed CK silage, but the difference in dry matter intake was not significant (P > 0.05). The apparent digestibility of crude protein (CP) and acid 
detergent fiber (ADF) were higher (P < 0.05) for beef cattle-fed T1 silage or T2 silage than for those fed CK silage. The rumen bacterial community of 
beef cattle-fed T1 silage or T2 silage had a tendency to increase (P > 0.05) abundance of Firmicutes and Rikenellaceae_RC9_gut_group than those 
fed CK silage. Rumen fungal communities of beef cattle-fed T1 or T2 silage had a tendency to increase (P > 0.05) abundance of Mortierellomycota 
and of Mortierella than those fed CK silage. Spearman’s rank correlation coefficient showed that the apparent digestibility of ADF for beef cattle 
was positively correlated with unclassified_p_Ascomycota of the fungal genera (P < 0.05). Neocalimastigomycota of the fungal phyla was strongly 
positively correlated with the apparent digestibility of neutral detergent fiber (NDF) (P < 0.05). Ruminococcus was positively correlated with the 
apparent digestibility of CP (P < 0.05). It was concluded that both T1 and T2 improved the growth performance of beef cattle by improving the rumi-
nal apparent digestibility of CP and ADF, and had no significant impact on major rumen microbial communities in beef cattle.

Lay Summary 
Major challenges when ensiling sugarcane tops include fermentation that results in high quantities of alcohol and decrease in nutrient digestibil-
ity due to the accumulation of fiber components. Increased efforts to apply bacteria-enzyme inoculants in silage have the potential to improve 
nutrient digestibility. This study aimed to evaluate the effects of ensiling sugarcane tops with bacteria-enzyme inoculants or mixed bacterial inoc-
ulants on the growth performance, nutrient digestibility, and rumen microbiome in beef cattle. Chopped sugarcane tops were ensiled in plastic 
bags for 60 d after application of 1) no inoculant (control check, CK); 2) bacteria-enzyme inoculants (Pediococcus acidilactici, Saccharomyces cer-
evisiae, cellulase, and xylanase), termed treatment T1; or 3) mixed bacterial inoculants (Lactobacillus plantarum, Bacillus subtilis, and Aspergillus 
oryzae), termed treatment T2. Silages were fed to 18 Holstein bull calves (n = 6/treatment) weighing 163.83 ± 7.13 kg to determine intake in a 
49-d experimental period. It was concluded that both T1 and T2 improved the growth performance of beef cattle by improving the ruminal appar-
ent digestibility of crude protein and acid detergent fiber, and had no significant impact on major rumen microbial communities in beef cattle.
Key words: beef cattle, growth performance, inoculant, nutrient digestibility, ruminal microbial, sugarcane top silages
Abbreviations: ADF acid detergent fiber ADG, average daily gain; CK control check CP crude protein DM, dry matter; DMI, dry matter intake; EE ether extract 
FBW, final body weight; FM, fresh material; IBW, initial body weight; LAB, lactic acid bacteria; NDF neutral detergent fiber NE, net energy; OM organic matter 
OTUs, operational taxonomic units; PCoA, principal coordinate analysis; VFAs, volatile fatty acids; WSC, water soluble carbohydrate

Introduction
In 2019, the annual planting area and average yield of sugar-
cane in China reached 1.16 million ha and 76.9 t/ha, respec-
tively (Qi et al., 2021). Sugarcane tops are a major residue 
of the sugarcane industry and account for 14% of the total 

harvest (Couto et al., 2017). Sugarcane tops are considered 
to be medium-quality forage. In one analysis, the moisture 
content of the fresh sugarcane top was 74.3%, and the air-
dried matter of the sugarcane top contained 94.7% organic 
matter (OM), 6.8% crude protein (CP), and 1.8% ether 
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extract (EE). In terms of carbohydrates and fiber, sugarcane 
tops show, 76.1% neutral detergent fiber (NDF), 42.5% acid 
detergent fiber (ADF), and 7.9% water soluble carbohydrate 
(WSC) (Cai et al., 2020). The sugarcane harvest lasts from 
November to April of the following year. Due to high humid-
ity and low temperatures during this period, drying for forage 
is not practical and prone to mildew if left in the field. Con-
versely, silage avoids the drawbacks of seasonal accumulation 
of sugarcane tops, and improves the palatability of sugarcane 
tops as animal feed. However, a major challenge when ensil-
ing sugarcane tops is fermentation that results in high quan-
tities of alcohol, resulting in high dry matter (DM) losses and 
poor-quality silage (Pedroso et al., 2005), and accumulating 
fiber components cause a decrease of the forage digestibility 
(Ferreira et al., 2007). The advantages of sugarcane top silage 
may therefore be limited by these factors.

Additives have been widely used to improve silage quality, 
improving its nutrient digestibility and enhancing the produc-
tion efficiency of cattle (Guo et al., 2022; Singh et al., 2023). 
Lactobacillus plantarum is often used as a silage inoculant to 
decrease DM losses and the pH of silage and modulate rumi-
nal fermentation by stabilizing the microbial ecosystem (Chen 
et al., 2022). Shah et al. (2017) reported that L. plantarum or 
Pediococcus acidilactici significantly reduced the pH and the 
acetic acid content of elephant grass silage, while the lactic 
acid was significantly increased. Bacillus subtilis can produce 
cellulases, which were shown to promote the growth of lactic 
acid bacteria (LAB) to increase lactic acid production rates by 
increasing the release of soluble sugars through hydrolysis of 
the plant cell walls, thereby promoting the nutritional quality 
of silage (Ning et al. 2017; Li et al. 2018). Lara et al. (2018a) 
also found that inoculation of corn silage with L. plantarum 
and B. subtilis increased both the metabolizable energy and 
digestible energy, and also resulted in the higher average daily 
gain (ADG) of lambs. Aspergillus oryzae increased the utili-
zation of fiber in dairy cattle through an increase in microbial 
activity (Sun et al., 2017). The use of Saccharomyces cere-
visiae increased aerobic stability of corn silage (Nair et al., 
2019a) and apparent total tract digestibility with respect to 
OM, ADF, NDF, and DM in beef cattle (Nair et al., 2019b). 
More recently, increased efforts to apply enzyme additives 
in silage have become an attractive method of increasing the 
nutritive value of silage, thus increasing digestibility (Mach-
ado et al., 2020; Irawan et al., 2021). During ensilage, a num-
ber of fibrolytic enzymes such as xylanase and cellulose have 
been incorporated in inoculants (Li et al., 2018) that were 
expected to break down the cell wall carbohydrates. Fur-
thermore, supplementation with additional sugar substrates 
was done to promote ensilage via LAB fermentation and thus 
improve the fermentation quality of the silage (Irawan et al., 
2021) and its nutrient digestibility (Guo et al., 2022).

In our previous research, we found that both bacteria-en-
zyme inoculants containing P. acidilactici, S. cerevisiae, cel-
lulase and xylanase, and bacterial inoculants containing 
L. plantarum, B. subtilis, and A. oryzae could significantly 
decrease the pH as well as the butyric acid and NH

3–N con-
tent in sugarcane top silage, while significantly increasing 
the lactic acid, acetic acid, and CP content in sugarcane top 
silage. Moreover, both bacteria-enzyme inoculants and bacte-
rial inoculants could significantly impact microbial commu-
nities of sugarcane top silage. The chemical composition and 
fermentation characteristics of sugarcane top silage are pre-
sented in Supplementary Table S1. The relative abundance of 

the bacterial phylum and genus in the sugarcane top silage are 
shown in Supplementary Table S2. The relative abundance of 
the main fungi phylum and genus in the sugarcane top silage 
are shown in Supplementary Table S3. However, the effects 
of the bacteria-enzyme inoculants and bacterial inoculants 
on the nutrient digestibility of silage, growth performance, 
and rumen microbial community of Holstein bull calves have 
not been well evaluated. It was hypothesized here that the 
supplementation of Holstein bull diets with sugarcane top 
silage treated with bacteria-enzyme or bacterial inoculants 
may improve the growth performance of Holstein bull calves 
by improving nutrient digestibility and altering the rumen 
microbiome. The main objectives of this study were to assess 
the impacts on nutrient digestibility and growth performance 
in Holstein bull calves fed sugarcane top silage treated with 
the mixed inoculants, and to explore the microbial mecha-
nism of improved growth performance using high-through-
put sequencing.

Materials and Methods
Ethics statement
The experimental procedure was performed in accordance 
with the protocols approved by the Institutional Animal Care 
and Use Committee of Guangxi University (No. GXU2018-
029).

Silage materials and silage production
The sugarcane tops were harvested from fields located at 
Fusui, Guangxi, China (N 22°38ʹ, E 107°54ʹ) in February 
2019. The average chemical characteristics of the fresh sug-
arcane tops were as follows: 317.2 g DM/kg fresh mate-
rial (FM), 67.6 g CP/kg DM, 672.2 g NDF/kg DM, 387.9 
g ADF/kg DM, and 126.9 g WSC/kg DM. The preparation 
of sugarcane top silage was carried out at the Duchong 
Cattle Cooperative of Fusui, Guangxi, China in February 
2019. Before ensiling, the harvested materials were cut into 
~2 to 3 cm lengths with a forage cutter (Shandong Sheng-
shi Machinery Manufacturing Co., Ltd, 9ZP-10). Sugarcane 
tops were ensiled after application of the following treat-
ments: 1) distilled water (60 L/t, no inoculant, control check, 
CK); 2) bacteria-enzyme inoculants containing P. acidilac-
tici, S. cerevisiae, cellulase, and xylanase (bacteria-enzyme 
inoculants were dissolved in distilled water and sprayed 
onto fresh sugarcane tops, 60 L/t, T1); and 3) mixed bacte-
rial inoculants containing L. plantarum, B. subtilis, and A. 
oryzae (the expanded culture broth and distilled water were 
mixed at a volume ratio of 2:1, and then sprayed onto fresh 
sugarcane tops, 60 L/t, T2). Bacteria-enzyme inoculants (T1, 
viable colony-forming units of each bacterial strain ≥ 108 
CFU/g; enzyme activity of each enzyme ≥ 200 U/g) consisted 
of the active fermentation agent obtained from the Yichun 
Strong Microbial Technology Co., Ltd (Jiangxi Province, 
China). Mixed bacterial inoculants (T2, viable colony-form-
ing units of each bacterial strain ≥ 107 CFU/g) were isolated 
from natural sugarcane top silage by our laboratory (L. 
plantarum and A. oryzae have been entered into the strain 
bank of the China Center for Type Culture Collection, num-
bered M2019002 and M2018425, respectively, and B. sub-
tilis has been identified by the Guangdong Detection Center 
of Microbiology). A straw silage baler (Shandong Xuheng 
Machinery Co., Ltd, ZYD-100) was used to pack the differ-
ent processed sugarcane tops. Each bag contained about 50 
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kg of FM, and 4.5 metric tons of silage from each treatment 
were produced. Treated forages were stored for 60 d at an 
ambient temperature range of 15 to 29 °C and protected 
from sunlight. After sugarcane top silage was completed, 
four bags were randomly selected from each treatment to 
evaluate the effect of different mixed inoculants on the 
chemical composition, fermentation characteristics, and 
microbial communities of sugarcane top silage. The chem-
ical composition and fermentation characteristics of sug-
arcane top silage are presented in Supplementary Table S1. 
The relative abundance of the bacterial phylum and genus in 
the sugarcane top silage are shown in Supplementary Table 
S2, and the relative abundance of the main fungi phylum 
and genus in the sugarcane top silage are shown in Supple-
mentary Table S3.

Experimental animals and design
This feeding experiment was carried out at the Duchong Cattle 
Cooperative of Fusui, Guangxi, China in April 2019. Eighteen 
Holstein bull calves with similar body weights (163.83 ± 7.13 
kg), were randomly fed one of the three silages (CK silage, T1 
silage, or T2 silage). All Holstein bull calves were fed the same 
diet (Table 1) in each treatment, and the ratio of concentrate 
to roughage was 1:1 (air-dry basis). The total experimental 
period was 49 d, with an adaptation period over the first 7 
d. During the experiment, food was provided twice daily at 

0800 and 1600 hours. Holstein bull calves had free access to 
water at all times.

Chemical analyses
The DM of the fresh samples and silage was determined by 
oven drying at 65 °C for 72 h. The NDF and ADF contents 
were measured according to Van Soest’s procedures (Van 
Soest et al., 1991). The CP content (CP = total N × 6.25) was 
analyzed using a Kjeldahl apparatus (Germany, Gerhardt 
Vapodest 50s) according to the procedure described by the 
Association of Official Agricultural Chemists (1997). The 
WSC content was determined using the anthrone method 
(Mcdonald and Henderson, 1964).

Fermentation profile
After 60 d of silage, 15 g of each silage sample was thor-
oughly combined with 135 mL of Ringer’s test solution, 
soaked for 30 min, evenly stirred for 2 min with a laboratory 
stirrer, and filtered through two layers of gauze. The pH was 
measured using a pH meter (pH 211; HANNA; Italy). The 
contents of acetic acid, propionic acid, and butyric acid were 
determined using gas chromatography (Shimadzu gc-2014). 
The NH3–N content was determined by a phenol–hypochlo-
rite reaction (Broderick and Kang, 1980). The lactic acid 
content was determined by colorimetry (Pryce, 1969).

Determination of growth performance and nutrient 
digestibility
The initial body weight (IBW) was measured after the 
pre-feeding period, and the final body weight (FBW) was mea-
sured at the end of the formal test experiment. The ADG was 
calculated based on the IBW, FBW, and feeding days. During 
the formal experiment, the 5-d feed intake of each group was 
recorded in the early, mid, and late stages of the experiment, 
and the DM intake (DMI) and feed-to-weight ratio of each 
group were calculated. The feed samples and fecal samples 
were collected 1 wk before the end of the experiment for five 
consecutive days. Feed samples were collected before feeding 
and dried at 65 °C. Fecal samples were collected in the morn-
ing and afternoon. The collected fecal samples were supple-
mented with 10% sulfuric acid for nitrogen fixation for 4 to 
5 h, and then dried at 65 °C.

The apparent digestibility of nutrients in the diet was deter-
mined using the endogenous indicator method (acid insoluble 
ash). The formula is as follows:

Apparent digestibility% = 100− 100×
ï
(b× c)
(a× d)

ò
,

where a is a certain nutrient content in feed (%); b is the 
nutrient content in feces (%); c is the content of the indicator 
in feed (%); and d is the content of the indicator in feces (%) 
(Keulen and Young, 1977).

Rumen sampling and analysis of microbial 
diversity
Ruminal fluid samples (200 mL) were collected from Hol-
stein bull calves (n = 4/treatment) according to the reported 
method of Zou et al. (2019) on the 48th day. Ruminal fluid 
samples were stored at −20 °C and analyzed by Shanghai 
Meiji Biomedical Technology Co., Ltd. for identification and 
analysis of rumen microbial diversity.

Table 1. The ingredients and nutrient composition of experimental diets 
(DM basis%)

Items Treatments3

CK T1 T2

Ingredients

 � Sugarcane top silage (FM1) 50.00 50.00 50.00

 � Corn 26.00 26.00 26.00

 � Soybean meal 12.00 12.00 12.00

 � Wheat bran 9.00 9.00 9.00

 � Mountain flour 1.50 1.50 1.50

 � Salt 0.50 0.50 0.50

 � Premix2 1.00 1.00 1.00

 � Total 100.00 100.00 100.00

Nutrient composition

 � DM 57.10 56.6 58.3

 � NE4 (MJ/kg) 6.53 6.67 6.70

 � CP 11.52 11.96 11.75

 � NDF 51.80 52.79 51.59

 � ADF 22.95 23.84 21.94

1FM, fresh material.
2Premix per kilogram: vitamin A 130 to 150 KIU; vitamin D3 65 to 75 
KIU; vitamin E 650 to 750 IU; iron 1.9 to 2.1 g; zinc 1.2 to 1.4 g; iodine 
10 to 20 mg; selenium 10 to 15 mg; copper 0.35to 0.55 g; calcium 100 to 
200 g; phosphorus 50 to 100 g; cobalt 8 to 15 mg; moisture ≤ 10%. The 
premix was supplied by Beijing Oriental Kingherd Biotechnology Co., Ltd.
3Treatments included no inoculant (CK), bacteria-enzyme inoculants 
containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, 
and xylanase (T1, viable colony-forming units of each bacterial strain ≥ 108 
CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial 
inoculants containing Lactobacillus plantarum, Bacillus subtilis, and 
Aspergillus oryzae (T2, viable colony-forming units of each bacterial 
strain ≥ 107 CFU/g).
4NE, Net energy.

http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data


4 Journal of Animal Science, 2023, Vol. 101 

High-throughput sequencing and bioinformatics 
analysis
The bacterial 16S rDNA amplicon sequencing used the 
338F (5ʹ-ACTCCTACGGGAGGCAGCAG-3ʹ) and 806R 
(5ʹ-GGACTACHVGGGTWTCTAAT-3ʹ) universal primers, 
which amplify the V3 and V4 region of the 16S rRNA gene 
(Srinivasan et al., 2012). The fungal ITS amplicon sequencing 
used the ITS1F (5ʹ-CTTGGTCATTTAGAGGAAGTAA-3ʹ) 
and ITS2R (5ʹ-GCTGCGTTCTTCATCGATGC-3ʹ) universal 
primers. These primers amplify the ITS1 region of the fungal 
ITS gene (Liu et al., 2015). The microbial DNA was analyzed 
by Shanghai Meiji Biomedical Technology Co., Ltd, using an 
Illumina MiSeq 2500 platform. The sequence data reported 
in this study (bacteria and fungi) have been deposited in the 
NCBI database (Accession No. PRJNA884864 and Accession 
No. PRJNA885232).

FLASH software (Magoč and Salzberg, 2011) was used to 
remove low-quality reads, and to read and splice double-ended 
sequences to generate original tags. Usearch software (Edgar, 
2013) was used for sequence filtering and operational taxo-
nomic unit (OTU) clustering (similarity threshold was 97%). 
An RDP classifier (http://rdp.cme.msu.edu/) using a Bayes 
algorithm (Qiong et al., 2007) was used to compare the Silva 
16S rRNA gene database (https://www.arb-silva.de) and 
Fungi Unite8.0 gene database (https://unite.ut.ee) to annotate 
the OTU species taxonomy and analyze the representative 
sequences of the OTUs with a 97% similarity level. Alpha 
diversity metrics (Chao1, Shannon, Simpson, Ace, and Sobs) 
were calculated using the mothur software platform.

Statistical analyses
In this study, sugarcane top silage treated with no inoculant 
(CK), T1, or T2 were fed to eighteen Holstein bull calves 
(n = 6/treatment). The experimental design was a completely 
randomized design. One-way analysis of variance and Dun-
can’s multiple comparison test were used to evaluate the 
silage fermentation parameters, microbial communities of 
sugarcane top silage, the growth performance of beef cattle, 
and ruminal microbial alpha diversity using SPSS 22.0 (IBM 
Corp., Armonk, NY, USA) for Windows. Results were consid-
ered significant at P < 0.05. The microbial beta diversity was 
determined through principal coordinates analysis (PCoA). 
Ruminal microbial community composition at the genus and 
species levels was analyzed using the Kruskal–Wallis H test 
with a false discovery rate correction and Tukey–Kramer as a 
post hoc test to elucidate differences across treatment groups. 
Spearman’s correlation coefficient (r) was used to determine 
the potential relationship between rumen bacteria and fungus 
with different growth performances and nutrient digestibility. 
The correlations marked with an asterisk (“*”) were signifi-
cant at P < 0.05, and “**” represents P < 0.01.

Results
Animal growth performance
The growth performance of beef cattle is shown in Table 2. 
Beef cattle had similar IBW values at 163.6 to 164.2 kg and 
FBW values of 182.8 to 189.2 kg among the treatments 
(P > 0.05). The ADG (P < 0.05) and DMI (P > 0.05) of beef 
cattle-fed T1 silage (0.53 and 3.97 kg/d, respectively) or T2 
silage (0.60 and 4.21 kg/d, respectively) were higher than 
those fed CK silage (0.46 and 3.58 kg/d, respectively), and 
the feed-to-weight ratio of beef cattle-fed T1 silage (7.42) or 

T2 silage (7.01) showed a decreasing trend compared to those 
fed CK silage (7.95).

Nutrient digestibility
Nutrient digestibility in beef cattle is shown in Table 3. The 
apparent digestibility of the CP (P < 0.05) and ADF (P < 0.05) 
in the beef cattle-fed T1 silage (71.26% and 48.27%, respec-
tively) and T2 silage (72.46% and 48.60%, respectively) were 
higher compared to the beef cattle-fed CK silage (69.79% and 
46.67%, respectively).

Ruminal bacterial community profile
Bacteria sequencing information and the alpha diversity 
of the bacterial community in ruminal liquid are shown in 
Table 4. A total of 143,507 valid sequences were obtained 
by high-throughput sequencing. Coverage values exceeded 
0.99 in all the samples, indicating that the sampling depth 
had adequately captured most of the bacterial communities. 

Table 2. Effects of different additives applied to silage sugarcane tops on 
the growth performance in beef cattle-fed over a period of 49 d

Items Treatments1

CK T1 T2 SEM P-value

IBW2 (kg) 163.70 163.60 164.20 7.13 1.00

FBW3 (kg) 182.80 185.80 189.20 7.38 0.74

ADG4 (kg/d) 0.46b 0.53a 0.60a 0.01 0.04

DMI5 (kg/d) 3.58 3.97 4.21 0.08 0.48

Feed-to-weight ratio 7.95 7.42 7.01 0.17 0.06

1Treatments included no inoculant (CK), bacteria-enzyme inoculants 
containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, 
and xylanase (T1, viable colony-forming units of each bacterial strain ≥ 108 
CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial 
inoculants containing Lactobacillus plantarum, Bacillus subtilis, and 
Aspergillus oryzae (T2, viable colony-forming units of each bacterial 
strain ≥ 107 CFU/g).
a,bValues with different superscripts within each row are significantly 
different (P < 0.05).
2IBW, Initial body weight.
3FBW, Final body weight.
4ADG, average daily gain.
5DMI, dry matter intake.

Table 3. Effects of different additives applied to silage sugarcane tops on 
the nutrient apparent digestibility in beef cattle-fed over a period of 49 d

Items Treatments1

CK T1 T2 SEM P-value

CP (%) 69.79b 71.26a 72.46a 0.37 0.03

OM (%) 71.92 72.29 72.67 0.24 0.49

NDF (%) 58.84 59.47 59.88 0.28 0.74

ADF (%) 46.67b 48.27a 48.60a 0.35 0.03

1Treatments included no inoculant (CK), bacteria-enzyme inoculants 
containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, 
and xylanase (T1, viable colony-forming units of each bacterial strain ≥ 108 
CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial 
inoculants containing Lactobacillus plantarum, Bacillus subtilis, and 
Aspergillus oryzae (T2, viable colony-forming units of each bacterial 
strain ≥ 107 CFU/g).
a-bValues with different superscripts within each row are significantly 
different (P < 0.05).
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The alpha diversity indexes of the rumen bacterial commu-
nity of beef cattle showed no significant difference between 
groups (P > 0.05). Comparisons of bacterial communities by 
PCoA based on the Bray–Curtis distance matrix showed no 
significant separation between the samples obtained from 
beef cattle-fed CK silage, T1 silage, or T2 silage (Figure 1).

Changes in the bacterial community at the phylum level in 
the rumen liquid of beef cattle are shown in Figure 2. The bac-
terial phyla community in the rumen liquid of beef cattle was 
mainly represented by two phyla, Bacteroidetes and Firmic-
utes, and Bacteroidetes was the dominant bacterial phylum in 
all the samples.

Table 4. Statistical diversity values of fungal and bacterial communities in ruminal fluid of beef cattle-fed silage sugarcane tops treated with different 
additives in a 49-d experimental period

Treatments1 Qualified reads OTUs Sobs Shannon Simpson Ace Chao Coverage (%)

Bacterial

 � CK 47,938 865 864.50 4.31 0.07 1,050.81 1,056.99 99.26

 � T1 52,145 1013 1,013.25 5.11 0.02 1,171.33 1,180.67 99.24

 � T2 43,424 982 981.75 5.04 0.02 1,169.69 1,182.22 99.05

 � SEM 2,701.00 44.06 44.06 0.20 0.01 37.99 37.44 0.06

 � P-value 0.46 0.38 0.38 0.22 0.21 0.37 0.32 0.34

Fungal

 � CK 52,746 250 a 249.75 a 2.84 0.18 292.70ab 300.14ab 99.95

 � T1 56,562 235 a 235.00 a 3.4 0.14 240.83a 243.17a 99.98

 � T2 62,348 341b 341.25b 3.49 0.11 344.01b 344.93b 99.99

 � SEM 4,794.71 20.75 20.75 0.16 0.02 17.11 16.86 0.01

 � P-value 0.74 0.04 0.04 0.17 0.46 0.03 0.04 0.13

1Treatments included no inoculant (CK), bacteria-enzyme inoculants containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase 
(T1, viable colony-forming units of each bacterial strain ≥ 108 CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing 
Lactobacillus plantarum, Bacillus subtilis, and Aspergillus oryzae (T2, viable colony-forming units of each bacterial strain ≥ 107 CFU/g).
a,bValues with different superscripts within each column are significantly different (P < 0.05).

Figure 1. PCoA of the bacterial community in beef ruminal fluid. Treatments included no inoculant (CK), bacteria-enzyme inoculants containing 
Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase (T1, viable colony-forming units of each bacterial strain ≥ 108 CFU/g; enzyme 
activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing Lactobacillus plantarum, Bacillus subtilis, and Aspergillus oryzae (T2, 
viable colony-forming units of each bacterial strain ≥ 107 CFU/g).
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Changes in the bacterial community at the genus level in the 
rumen liquid of beef cattle are shown in Figure 3. Prevotella, 
Rikenellaceae_RC9_gut_group, norank_f_F082, NK4A214_
group, Prevotellaceae_UCG-003, norank_f_Bacteroidales_
RF16_group, Succiniclasticum, Prevotellaceae_UCG-001, 
Lachnospiraceae_NK3A20_group, Ruminococcus, and 
Christensenellaceae_R-7_group were the most abundant 
genera with an average abundance ≥ 1%. Prevotella was the 
dominant bacterial genera in all the samples, followed by 
Rikenellaceae_RC9_gut_group.

As shown in Supplementary Figures S1 and S2, there were 
no significant differences observed in the relative abundance 
of the major rumen bacterial compositions at the phylum or 
genus levels among the three groups (P > 0.05).

Ruminal fungal community profile
Fungi sequencing information and the alpha diversity of 
the fungal community in the rumen liquid are shown in 
Table 4. A total of 171,656 valid sequences were obtained 
by high-throughput sequencing. Coverage values exceeded 
0.999 in all the samples, indicating that the sampling depth 
had adequately captured most of the bacterial communities. 
The alpha diversity indexes of the rumen fungi community, 
including OTUs, Sobs, Ace, and Chao, differed among the 
three treatments in the following order: T2 > CK > T1. This 
indicated that T2 increased the abundance and diversity 
of fungi in the beef cattle rumen, however, T1 reduced the 
abundance and diversity of fungi in the beef cattle rumen. 

Comparisons of fungal communities by PCoA based on the 
Bray–Curtis distance matrix showed no significant separation 
between the samples obtained from beef cattle-fed CK silage, 
T1 silage, or T2 silage (Figure 4).

Changes in the fungal community at the phylum level in 
the rumen liquid of beef cattle are shown in Figure 5. Asco-
mycota, Mortierellomycota, Neocallimastigomycota, Basidi-
omycota and unclassified_k_Fungi were the most abundant 
phyla with an average abundance ≥ 1%. Ascomycota was the 
dominant fungal phyla in all the samples.

Changes in the fungal community at the genus level in the 
rumen liquid of beef cattle are shown in Figure 6. Mortierella, 
Pichia, Issatchenkia, unclassified_p_Ascomycota, Aspergillus, 
unclassified_k_fungi, Fusarium, Penicillium, Talaromyces, 
and Schizothecium were the most abundant genera with an 
average abundance ≥ 1%. Mortierella was the dominant fun-
gal genus in all the samples.

As shown in Supplementary Figures S3 and S4, there were 
no significant differences observed in the relative abundance 
of the major rumen fungal compositions at the phylum or 
genus level among the three groups (P > 0.05).

Correlations between growth performance, nutrient 
digestibility, and microbial community composition
The correlations between growth performance, nutrient 
digestibility, and microbial community composition are 
shown in Figure 7. According to Spearman’s rank correlation 
coefficient, the ADG was strongly negatively correlated with 

Figure 2. Relative abundance of bacterial phyla in beef ruminal fluid (average relative abundance > 0.5%). Treatments included no inoculant (CK), 
bacteria-enzyme inoculants containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase (T1, viable colony-forming units 
of each bacterial strain ≥ 108 CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing Lactobacillus plantarum, 
Bacillus subtilis, and Aspergillus oryzae (T2, viable colony-forming units of each bacterial strain ≥ 107 CFU/g).

http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skad326#supplementary-data
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Ascomycota of the fungal phyla and Pichia of the fungal gen-
era (R = −0.61, P = 0.046; R = −0.62, P = 0.042, respectively). 
The apparent digestibility of NDF was strongly positively 
correlated with Neocallimastigomycota of the fungal phyla 
(R = 0.79, P = 0.0037). The apparent digestibility of ADF 

was strongly positively correlated with unclassified_p_Asco-
mycota of the fungal genera (R = 0.65, p = 0.032). Among 
the bacterial genera, Ruminococcus was strongly positively 
correlated with the apparent digestibility of CP (R = 0.62, 
P = 0.043).

Figure 3. Relative abundance of bacterial genera in beef ruminal fluid (average relative abundance > 0.5%). Treatments included no inoculant (CK), 
bacteria-enzyme inoculants containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase (T1, viable colony-forming units 
of each bacterial strain ≥ 108 CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing Lactobacillus plantarum, 
Bacillus subtilis, and Aspergillus oryzae (T2, viable colony-forming units of each bacterial strain ≥ 107 CFU/g).

Figure 4. PCoA of the fungal community in beef ruminal fluid. Treatments included no inoculant (CK), bacteria-enzyme inoculants containing 
Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase (T1, viable colony-forming units of each bacterial strain ≥ 108 CFU/g; enzyme 
activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing Lactobacillus plantarum, Bacillus subtilis, and Aspergillus oryzae (T2, 
viable colony-forming units of each bacterial strain ≥ 107 CFU/g).
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Discussion
Effects of different additives applied to silage 
sugarcane tops on the growth performance of beef 
cattle
It has been reported that silage inoculated with LAB improved 
the growth performance of animals (Zhang et al., 2019; 
Nair et al., 2020). In this study, the ADG of beef cattle-fed 
sugarcane top silage with added T2 or T1 was significantly 
higher than that of beef cattle-fed CK, indicating that the two 
mixed inoculants improved the growth performance of beef 
cattle, which may be the result of improved nutrient preser-
vation during the fermentation process and conservation of 
a higher proportion of digestible nutrients, thus stimulating 
the activity of rumen microorganisms. Similarly, silage inoc-
ulants had a great impact on the performance of cattle-fed 
sugarcane silage, with the ADG increasing by 80% (Rabelo 
et al., 2016). Homofermentative microbial inoculant and 
a mixture of microbial inoculant and chemical additives 
increased the ADG of beef cattle-fed temperate grasses silage 
(Menezes et al., 2022). Guo et al. (2022) also reported that 
sheep fed whole-plant corn silage treated with lignocellu-
lose-degrading bacteria exhibited higher ADG than those 
fed untreated whole-plant corn silage. However, Addah et al. 
(2016) reported that microbial additives and enzyme-mixed 
additives failed to improve the growth performance of beef 
cattle, which was inconsistent with our research. These con-
trasting results could be due to differences among additive 
varieties and application rates, differences among animals, as 
well as variations in the magnitude of the intake responses 
and their inherent passage rates among the studies (Basso et 
al., 2014). In addition, in this study, we found that neither 

T1 or T2 affected the DMI of beef cattle, which indicated 
that the inoculants used in this study did not affect the silage 
palatability or feed intake. Currently, there are inconsistent 
reports on the effects of microbial or enzymatic silage addi-
tives on DMI. Some studies have shown that animals showed 
improved DMI when fed inoculated corn silages (Zhang et 
al., 2019; Guo et al., 2022), but other studies have shown 
that inoculated corn silage (Rabelo et al., 2018; Nair et al., 
2020) and barley silage (Addah et al., 2014) had no signif-
icant effect on DMI. The improvement of DMI was usually 
attributed to increased NDF digestibility or more favorable 
fermentation conditions, but the improvement of DMI is not 
always recorded in studies (Bayatkouhsar et al., 2011). The 
feed-to-weight ratio is an important production index of beef 
cattle. The smaller the feed-to-weight ratio, the higher the 
production level. In this study, the feed-to-weight ratios of 
beef cattle-fed sugarcane top silage with added T2 or T1 were 
lower than those fed CK, but there were no significant differ-
ences detected among the three treatments. The effects of the 
feed-to-weight ratio of beef cattle have been shown elsewhere 
to depend on diet composition, the strain type of inoculants 
added, and dosage (Sartori et al., 2017). However, Rabelo et 
al. (2016) and Zhang et al. (2019) both observed that inocu-
lation of maize silage did not produce any effect on the feed 
conversion ratio (feed/gain) of animals.

Effects of different additives applied to sugarcane 
top silage on the nutrient apparent digestibility of 
beef cattle
Although inoculants have mostly been used to improve silage 
fermentation, some reviews have reported the positive effects 

Figure 5. Relative abundance of fungal phyla in beef ruminal fluid (average relative abundance > 0.5%). Treatments included no inoculant (CK), bacteria-
enzyme inoculants containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase (T1, viable colony-forming units of each 
bacterial strain ≥ 108 CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing Lactobacillus plantarum, Bacillus 
subtilis, and Aspergillus oryzae (T2, viable colony-forming units of each bacterial strain ≥ 107 CFU/g).



Tang et al. 9

of inoculation on the nutrient utilization of ruminants (Li et 
al., 2022; Mueller et al., 2022). In this study, it was found 
that apparent digestibility of CP was significantly increased 
in beef cattle-fed sugarcane top silage with added T2 or T1. 
Similarly, Lara et al. (2018b) and Nkosi et al. (2010) showed 
that the addition of bacterial or enzymatic inoculants to silage 
increased the apparent ruminal digestibility of CP. Li et al. 
(2022) also reported that ferulic acid esterase-producing L. 
plantarum in alfalfa silage resulted in substantial increases in 
apparent digestibility of CP in lactating dairy goats compared 
to the control group. This finding might be attributed to the 
effect of inoculants, which promoted LAB fermentation. LAB 
can produce sufficient lactic acid to result in a rapid drop in 
pH, inhibiting the growth of harmful bacteria and decreas-
ing protein degradation in silage (Ying et al. 2017), thereby 
resulting in the higher apparent ruminal digestibility of CP. 
Moreover, the reason for the increase in the ruminal apparent 
digestibility of CP observed in the present study might be the 
possible probiotic effect exerted by T1 and T2 by producing 
beneficial substances or by inhibiting detrimental microbes, 
which may promote specific rumen microbial populations 
related to protein digestion. Monteiro et al. (2021) reported 
that high-producing dairy cows supplemented with alfalfa 
silage inoculated with a LAB inoculant showed significantly 
increased ruminal apparent digestibility of NDF. However, 
the present study found that the application of T1 and T2 
to sugarcane top silage had no effect on the apparent digest-
ibility of NDF in beef cattle. A similar result was also found 
by Rowghani et al. (2008). During the ensiling process, cel-
lulolytic enzymes are likely to react positively to plants with 
low WSC (Khota et al., 2016), but sugarcane tops are major 

by-products of the sugarcane industry and have a high WSC 
content. This might be the main reason why T1 did not play 
a role in the degradation of NDF in sugarcane top silage, thus 
affecting the improvement of the ruminal apparent digestibil-
ity of NDF. In addition, the application of T2 to sugarcane 
top silage had no effect on the apparent digestibility of NDF, 
which may be due to the fact that the silage environment is 
not suitable for A. oryzae to achieve high activity, so it affects 
the function of T2. Hu et al. (2022) showed that the best tem-
perature for enzyme production by A. oryzae was 28 to 35 
°C. During this study, the silage environment in the labora-
tory was lower than 25 °C, which may be the main reason for 
the limited effect of A. oryzae. In this study, it was also found 
that the application of T1 and T2 to sugarcane top silage sig-
nificantly increased the ruminal apparent digestibility of ADF. 
Similarly, it was reported that the use of LAB inoculants in 
silage led to the higher ruminal apparent digestibility of ADF 
(Nair et al., 2019b; Monteiro et al., 2021). The improvement 
of the ruminal apparent digestibility of ADF in this study may 
be due to the increased degradation of plant cellulose and 
the stimulation of rumen microbial activity caused by T1 and 
T2. Various reports indicated that the apparent digestibility 
of OM was significantly increased in ruminants fed inocu-
lated silages (Ozduven and Onal, 2010; Nkosi et al., 2011). 
However, in some studies, inoculant-treated silage did not 
affect the ruminal OM apparent digestibility (Nkosi et al., 
2010; Basso et al., 2014). Lara et al. (2018b) reported that the 
increased apparent ruminal digestibility of OM and DM was 
possibly a result of increased ADF and NDF digestibility. In 
the present study, both T1 and T2 had no effect on the appar-
ent digestibility of OM in beef cattle, which may be because 

Figure 6. Relative abundance of fungal genera in beef ruminal fluid (average relative abundance > 0.5%). Treatments included no inoculant (CK), 
bacteria-enzyme inoculants containing Pediococcus acidilactici, Saccharomyces cerevisiae, cellulase, and xylanase (T1, viable colony-forming units 
of each bacterial strain ≥ 108 CFU/g; enzyme activity of each enzyme ≥ 200 U/g), and mixed bacterial inoculants containing Lactobacillus plantarum, 
Bacillus subtilis, and Aspergillus oryzae (T2, viable colony-forming units of each bacterial strain ≥ 107 CFU/g).
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both T1 and T2 had no effect on the apparent digestibility 
of NDF in beef cattle. Direct-fed microbials, including S. cer-
evisiae, L. plantarum, B. subtilis, and A. oryzae, have been 
shown to improve the health status and production perfor-
mance of cattle (Buntyn et al., 2016). In this study, the appar-
ent digestibility of CP and ADF in beef cattle-fed sugarcane 
top silage with added T2 or T1 were higher compared to beef 
cattle-fed CK silage, which suggested that the silage inoculant 
likely acted as a DFM, modulating ruminal fermentation and 
enhancing the ruminal environment so as to promote CP and 
fiber digestibility.

Effects of different additives applied to silage 
sugarcane tops on rumen bacterial communities of 
beef cattle
In this study, the relative abundance of the dominant phyla and 
the majority of the genera with a relative abundance ≥ 0.5% 
were not affected by T1 or T2. PCoA of the bacterial com-
munity results also verified no significant differences in rumi-
nal bacterial community structures among the three groups. 
Fomenky et al. (2018) found that supplementing the diet of 
pre-weaned calves with S. cerevisiae Boulardii CNCM I-1079 
increased the microbial diversity index, but no significant dif-
ference in ruminal bacterial abundance at the genus level was 
found. Zhang et al. (2022) reported that the ruminal bacte-

rial community composition was not significantly changed by 
calcium propionate supplementation in early-lactation dairy 
cows, which may be due to the same total mixed ratio. In 
general, diet is considered the most important determining 
factor of ruminal microbial composition (Liu et al., 2021). 
In our study, the three groups had similar levels of protein 
and energy, and the beef cattle were raised under the same 
ambient conditions, which might account for the similarities 
in rumen bacterial microbiota. In contrast, Guo et al. (2022) 
reported that whole-plant corn silage treated with lignocel-
lulose-degrading bacteria fed to sheep significantly increased 
the relative abundance of the most abundant bacterial genera. 
The difference may be related to the experimental animals, 
additive varieties, application rates, and diets.

At present, researchers have noted that Bacteroides and 
Firmicutes are the most abundant bacterial phyla in rumen 
liquid (Guo et al., 2022). Bacteroidetes benefit their hosts by 
assisting them in polysaccharide decomposition (Spence et al., 
2006), while Firmicutes are mainly involved in decomposi-
tion of fibrous substances (Pitta et al., 2014). In this study, 
the bacterial phyla community in the rumen liquid of beef 
cattle mainly was represented by two phyla, Bacteroidetes 
and Firmicutes, and Bacteroidetes was the dominant bacterial 
phyla in all the samples. This was in line with previous studies 
(Guo et al., 2022). However, the rumen bacterial community 

Figure 7. Relationships between growth performance, apparent nutrient digestibility, and rumen microbiome in beef cattle. The correlations marked with 
an asterisk (“*”) are significant at P < 0.05, and ‘‘**” represents P < 0.01. Abbreviations: ADG, average daily gain; DMI, dry matter intake.
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of beef cattle-fed sugarcane top silage with added T2 or T1 
had a tendency to reduce the abundance of Bacteroidetes and 
increase the abundance of Firmicutes compared to those fed 
CK silage. Firmicutes degrade fibrous substances, which indi-
cates that both T1 and T2 may be beneficial for improving 
the ability of beef cattle to degrade crude fiber in rumen. In 
addition, both T1 and T2 may have a certain inhibitory effect 
on Bacteroidetes in rumen liquid.

Prevotella was the dominant bacterial genera in all the sam-
ples, followed by Rikenellaceae_RC9_gut_group. Prevotella 
was the most abundant bacterial genera in the rumen liquid, 
which was consistent with the previous research results on 
sheep (Guo et al., 2022) and dairy cows (Rinne et al., 2022). 
This may indicate that Prevotella is the dominant bacte-
rial genera of rumen microorganisms of most ruminants. 
Prevotella promotes the decomposition of protein and car-
bohydrate and cooperates with cellulose-decomposing bac-
teria to improve the host’s ability to decompose cellulose, 
increasing the utilization rate of nutrients in feed (Matsui et 
al., 2000). However, the rumen bacterial community of beef 
cattle-fed sugarcane top silage with added T2 or T1 had a ten-
dency to have reduced abundances of Prevotella compared to 
those fed CK silage. This showed that both T1 and T2 might 
inhibit the growth of Prevotella in the rumen. The second 
dominant bacterial genus in the rumen liquid was Rikenella-
ceae_RC9_gut_group, which was consistent with the results 
of Zhang and Wang (2018). In another study, the Rikenella-
ceae_RC9_gut_group dominated in all the samples of rumen 
fluid from grassland red cattle (Guo et al., 2019). Conte et 
al. (2022) reported that Rikenellaceae_RC9_gut_group was 
related to rumen lipid metabolism. The dimethylacetals are 
derivatives of plasmalogen lipids, which were associated with 
the increased abundance of Rikenellaceae_RC9_gut_group 
in animals characterized by the best growth performances 
(Daghio et al., 2021). This study also found that both T1 and 
T2 had a tendency to increase the abundance of Rikenella-
ceae_RC9_gut_group, indicating that both T1 and T2 may 
be beneficial for promoting rumen lipid metabolism, thereby 
improving the ADG of beef cattle.

Effects of different additives applied to silage 
sugarcane tops on the rumen fungal community of 
beef cattle
Anaerobic fungi can produce various highly active enzymes, 
such as xylanases, cellulases, and esterases, and degrade the 
cell wall of ingested plants using various physical and chem-
ical methods (Griffith et al., 2009). In our study, we found 
that T2 increased the abundance and diversity of fungi in the 
beef cattle rumen, thereby implying that T2 supplementation 
promoted the proliferation and metabolism of rumen fungi. 
The addition of microorganisms to the rumen can change the 
microbial community and the microbial community changes 
in response to changes in feed and feed levels in the rumen 
(Miguel et al., 2019). The dietary changes have important 
impacts on rumen bacterial communities (Bi et al., 2018). In 
this study, there were no significant differences observed in 
the relative abundance of the major rumen fungal composi-
tions at the phylum and genus level in any of the samples, 
which may be due to similar diets, additive varieties, and 
application rates. Similarly, Cherdthong et al. (2021) reported 
that Thai-indigenous beef cattle-fed ensiled rice straw with 
Lactobacillus casei TH14, molasses, and cellulase enzymes 
did not have an altered (P > 0.05) rumen fungal population. 

Supplementation effects of Clostridium Saccharobutylicum 
on the rumen microbiome in Holstein-Friesian cows indicated 
no differences in the abundance of general anaerobic fungi 
among treatments (Miguel et al., 2019).

Anaerobic fungi are known to be key players in the deg-
radation of lignocellulosic plant fiber in the rumen (Lee et 
al., 2000). We revealed that Ascomycota was the dominant 
fungal phyla in all the samples in this study (49.50% to 
66.43%). Similarly, Han et al. (2019) reported that Ascomy-
cota was the most abundant fungal phyla in the rumen liquid 
of goats (53.37% to 77.79%). However, this result disagreed 
with Xue et al. (2018), who analyzed the diversity of fungi in 
the rumen liquid of dairy cows by metagenomic sequencing, 
showing that Ascomycota, Basidiomycota, and Chytridiomy-
cota were dominant phyla in all samples. This discrepancy 
may be caused by different factors, such as diet and animals. 
Functionally, the Ascomycota phylum is known to play a key 
role in degrading lignin (Hu et al., 2021). It was also found 
that both T1 and T2 tended to reduce the abundance of Asco-
mycetes, and the abundance of other fungal phyla showed an 
increasing trend. This indicated that both T1 and T2 might 
have an inhibitory effect on the Ascomycota and promoted 
growth of Mycophyta. Figure 5 showed that Neocalimastigo-
mycota also accounted for a relatively high proportion at the 
phylum level (>1%). Because it has strict anaerobic charac-
teristics, causes a wide range of cell bindings, affects cellulose 
decomposition, hemicellulose decomposition, glycolysis, and 
protein hydrolysis, and promotes digestion and utilization of 
cellulose in the rumen, it has attracted more attention as a 
rumen juice microorganism (Liggenstoffer et al., 2010; Xue et 
al., 2018). Compared with CK, T1 and T2 had a tendency to 
increase the abundance of Neocallimastigomycota, indicating 
that both T1 and T2 may help to improve the digestion and 
utilization of cellulose in the rumen of beef cattle.

Sunil et al. (2013) reported that Orpinomyces (48%), 
uncultured clones (29%), Cyllamyces (9%), Piromyces (8%), 
and Anaeromyces (6%) were the predominant anaerobic 
fungal genera in the rumen. In addition, Mao et al. (2014) 
observed that the predominant anaerobic fungi detected in the 
rumen were from the genera Neocallimastix, Orpinomyces, 
and Piromyces, which collectively accounted for 57% of the 
anaerobic fungal reads. However, we found that Mortierella 
was the dominant fungal genera in all samples. Mortierella, 
which belongs to the order Mucorales within the class Zygo-
mycetes (phylum Zygomycota), has attracted notable atten-
tion within this research area due to its potential as a lipid 
producer and the fact that a significant portion of fungal lip-
ids contain essential fatty acids (Dyal and Narine, 2005). This 
study found that both T1 and T2 had a tendency to increase 
the abundance of Mortierela, indicating that both T1 and T2 
may be beneficial for promoting rumen lipid metabolism in 
the rumen.

Correlation analysis
To better understand the relationships between the produc-
tion traits (ADG and apparent digestibility of CP, NDF, ADF, 
and OM) and rumen bacterial and fungal populations after 
beef cattle were fed T1 silage and T2 silage, a Spearman’s 
rank correlation coefficient heatmap was generated for rumi-
nal microbial strains at the phylum and genus level (Figure 7).

The Spearman’s rank correlation coefficient analysis 
showed that the ADG was strongly negatively correlated 
with Ascomycota of the fungal phyla and Pichia of the fungal 
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genera. However, this study found that both T1 and T2 had 
a tendency to reduce the abundance of Ascomycetes and 
Pichia. The above results thus explain why the application 
of T1 and T2 to sugarcane top silage significantly increased 
the ADG of beef cattle. Neocalimastigomycota can promote 
the digestion and utilization of cellulose in the rumen (Xue et 
al., 2018). In this study, both T1 and T2 increased the abun-
dance of Neocalimastigomycota, and Neocalimastigomycota 
of the fungal phyla, which was strongly positively correlated 
with the apparent digestibility of NDF. However, the present 
study found that the application of T1 and T2 to sugarcane 
top silage had no effect on the apparent digestibility of NDF 
in beef cattle. This is due to the fact that the influence of 
rumen microorganisms is much less than the influence of raw 
material properties. The apparent digestibility of ADF was 
strongly positively correlated with unclassified_p_Ascomy-
cota of the fungal genera. Unclassfied_p_Ascomycota was 
positively correlated with most volatile substances (Fu et al., 
2021). Fibers are fermented by rumen microorganisms in the 
rumen and transformed into VFAs (Wang et al., 2020); there-
fore, Unclassfied_p_Ascomycota may play a very important 
role in the degradation of fibers in the rumen. The above 
results thus explain why the application of T1 and T2 to sug-
arcane top silage significantly increased the apparent digest-
ibility of ADF in beef cattle. The Ruminococcaceae bacteria 
attain nutrients mainly through decomposing fibers and their 
fermentation products mainly consist of xylose and glucose, 
and Ruminococcus is related to the utilization efficiency of 
nitrogen in the gastrointestinal tract of goats (Wang et al., 
2019). In the present study, both T1 and T2 had a tendency 
to increase the abundance of Ruminococcus, and Rumino-
coccus of the bacterial genera was positively and strongly 
correlated with the apparent digestibility of CP. This may 
explain why the apparent digestibility of CP was significantly 
increased in beef cattle-fed sugarcane top silage with added 
T2 or T1. The results also showed that the apparent digest-
ibility of OM was not strongly correlated with any rumen 
microorganisms, which may have been one of the reasons 
why the apparent digestibility of OM could not be signifi-
cantly improved.

Conclusions
Improved beef cattle performance occurred when the inoc-
ulants (T1 and T2) evaluated in this study were used, as 
indicated by a significantly increased ADG and ruminal 
apparent digestibility of CP and ADF compared with CK. In 
addition, both T1 and T2 had no significant impact on the 
major rumen bacterial and fungal community composition. 
Spearman’s rank correlation coefficient analysis revealed 
that the apparent digestibility of ADF for beef cattle was 
strongly positively correlated with unclassified_p_Asco-
mycota of the fungal genera. Neocalimastigomycota of the 
fungal phyla was strongly positively correlated with the 
apparent digestibility of NDF. Ruminococcus of the bac-
terial genera was strongly positively correlated with the 
apparent digestibility of CP. The two mixed inoculants 
improved the growth performance of beef cattle. This may 
have been the result of improved protein preservation 
during the fermentation process and the regulation of the 
growth of cellulose-degrading bacteria and fungi in the 
rumen of beef cattle, which improved the ruminal apparent 
digestibility of CP and ADF.
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online.

Acknowledgments
The authors are grateful for financial support from the National 
Key R&D Program of China (2022YFD1300600), Guangxi 
Science and Technology Major Project (Guike AA22068099-
5), and the National Natural Science Foundation of China 
(Grant No. 31860661).

Conflict of interest statement
The authors declare that there is no conflict of interest with 
any financial organization regarding the material discussed in 
the manuscript.

Literature Cited
Addah, W., J. Baah, E. K. Okine, F. N. Owens, and T. A. Mcallister. 

2014. Effects of chop-length and a ferulic acid esterase-producing 
inoculant on fermentation and aerobic stability of barley silage, 
and growth performance of finishing feedlot steers. Anim. Feed Sci. 
Technol. 197:34–46. doi:10.1016/j.anifeedsci.2014.07.012

Addah, W., J. Baah, and T. A. Mcallister. 2016. Effects of an exogenous 
enzyme-containing inoculant on fermentation characteristics of 
barley silage and on growth performance of feedlot steers. Can. J. 
Anim. Sci. 96:1–10. doi:10.1139/cjas-2015-0079

AOAC. 1997. Official Methods of Analysis, 16th ed. Arlington, Virgin-
ia, USA: Assoc. Analytical Chemists

Basso, F. C., A. T. Adesogan, E. C. Lara, C. H. S. Rabelo, and R. A. 
Reis. 2014. Effects of feeding corn silage inoculated with microbi-
al additives on the ruminal fermentation, microbial protein yield, 
and growth performance of lambs. J. Anim. Sci. 92:5640–5650. 
doi:10.2527/jas.2014-8258

Bayatkouhsar, J., A. M. Tahmasebi, and A. A. Naserian. 2011. The 
effects of microbial inoculation of corn silage on performance of 
lactating dairy cows. Livest. Sci. 142:170–174. doi:10.1016/j.livs-
ci.2011.07.007

Bi, Y. L., S. Q. Zeng, R. Zhang, Q. Y. Diao, and Y. Tu. 2018. Effects of 
dietary energy levels on rumen bacterial community composition 
in Holstein heifers under the same forage to concentrate ratio con-
dition. BMC Microbiol. 18:69. doi:10.1186/s12866-018-1213-9

Broderick, G. A., and J. H. Kang. 1980. Automated simultaneous de-
termination of ammonia and total amino acids in ruminal fluid 
and in vitro media. J. Dairy Sci. 63:64–75. doi:10.3168/jds.S0022-
0302(80)82888-8

Buntyn, J. O., T. B. Schmidt, D. J. Nisbet, and T. R. Callaway. 2016. The 
role of direct-fed microbials in conventional livestock production. 
Annu. Rev. Anim. Biosci. 4:335–355. doi:10.1146/annurev-ani-
mal-022114-111123

Cai, Y., Z. Du, S. Yamasaki, D. Nguluve, B. Tinga, F. Macome, and T. 
Oya. 2020. Community of natural lactic acid bacteria and silage fer-
mentation of corn stover and sugarcane tops in Africa. Asian-Aus-
tral. J. Anim. Sci. 33:1252–1264. doi:10.5713/ajas.19.0348

Chen, L., X. Bao, G. Guo, W. Huo, Q. Li, Q. Xu, C. Wang, and Q. Liu. 
2022. Evaluation of gallnut tannin and Lactobacillus plantarum as 
natural modifiers for alfalfa silage: ensiling characteristics, in vitro 
ruminal methane production, fermentation profile and microbiota. 
J. Appl. Microbiol. 132:907–918. doi:10.1111/jam.15246

Cherdthong, A., C. Suntara, W. Khota, and M. Wanapat. 2021. Feed 
utilization and rumen fermentation characteristics of Thai-indig-
enous beef cattle fed ensiled rice straw with Lactobacillus casei 
TH14, molasses, and cellulase enzymes. Livest. Sci. 245:104405. 
doi:10.1016/j.livsci.2021.104405

https://doi.org/10.1016/j.anifeedsci.2014.07.012
https://doi.org/10.1139/cjas-2015-0079
https://doi.org/10.2527/jas.2014-8258
https://doi.org/10.1016/j.livsci.2011.07.007
https://doi.org/10.1016/j.livsci.2011.07.007
https://doi.org/10.1186/s12866-018-1213-9
https://doi.org/10.3168/jds.S0022-0302(80)82888-8
https://doi.org/10.3168/jds.S0022-0302(80)82888-8
https://doi.org/10.1146/annurev-animal-022114-111123
https://doi.org/10.1146/annurev-animal-022114-111123
https://doi.org/10.5713/ajas.19.0348
https://doi.org/10.1111/jam.15246
https://doi.org/10.1016/j.livsci.2021.104405


Tang et al. 13

Conte, G., C. Dimauro, M. Daghio, A. Serra, F. Mannelli, B. M. McAm-
mond, J. D. Van Hamme, A. Buccdioni, C. Viti, A. Mantino, et al. 
2022. Exploring the relationship between bacterial genera and lipid 
metabolism in bovine rumen. Animal. 16:100520. doi:10.1016/j.
animal.2022.100520

Couto, J. R. L., S. D. J. Villela, M. H. F. Mourthe, A. R. Lobo-Jr, R. A. 
Santos, and P. G. M. A. Martins. 2017. Sugarcane tops as a substi-
tute for sugarcane in high-concentrate diets for beef bulls. Anim. 
Prod. Sci. 57:563–568. doi:10.1071/an15337

Daghio, M., F. Ciucci, A. Buccioni, A. Cappucci, L. Casarosa, A. Ser-
ra, G. Conte, C. Viti, B. M. McAmmond, J. D. Van Hamme and 
M. Mele. 2021. Correlation of breed, growth performance, and 
rumen microbiota in two rustic cattle breeds reared under dif-
ferent conditions. Front. Microbiol. 12:652031. doi:10.3389/
fmicb.2021.652031

Dyal, S. D., and S. S. Narine. 2005. Implications for the use of Mor-
tierella fungi in the industrial production of essential fatty acids. 
Food Res. Int. 38:445–467. doi:10.1016/j.foodres.2004.11.002

Edgar, R. C. 2013. UPARSE: highly accurate OTU sequences from mi-
crobial amplicon reads. Nat. Methods. 10:996–998. doi:10.1038/
nmeth.2604

Ferreira, D. A., L. C. Goncalves, L. R. Molina, A. G. Castro Neto, and 
T. R. Tomich. 2007. Características de fermentação da silagem de 
cana-de-açúcar tratada com uréia, zeólita, inoculante bacteriano 
e inoculante bacteriano/enzimático. Arq. Bras. Med. Vet. Zootec. 
59:423–433. doi:10.1590/S0102-09352007000200024

Fomenky, B. E., D. N. Do, G. Talbot, J. Chiquette, N. Bissonnette, 
Y. N. Chouinard, M. Lessard, and E. M. Ibeagha-Awemu. 2018. 
Direct-fed microbial supplementation influences the bacteria 
community composition of the gastrointestinal tract of pre- and 
post-weaned calves. Sci. Rep. 8:14147. doi:10.1038/s41598-018-
32375-5

Fu, G., M. Deng, K. Chen, W. Cai, C. Wu, C. Liu, S. Wu, and Y. Wang. 
2021. Peak-temperature effects of starter culture (Daqu) on micro-
bial community succession and volatile substances in solid-state 
fermentation (Jiupei) during traditional Chinese special-flavour 
Baijiu production. LWT-Food. Sci. Technol. 5:152. doi:10.1016/j.
lwt.2021.112132

Griffith, G. W., E. Ozkose, M. Theodorou, and D. R. Davies. 2009. 
Diversity of anaerobic fungal populations in cattle revealed by se-
lective enrichment culture using different carbon sources. Fungal 
Ecol. 2:87–97. doi:10.1016/j.funeco.2009.01.005

Guo, W., X. J. Guo, B. C. Zhu, Y. Y. Guo, and X. Zhou. 2019. In situ 
degradation, ruminal fermentation, and the rumen bacterial com-
munity of cattle fed corn stover fermented by lignocellulolytic mi-
croorganisms. Anim. Feed Sci. Technol. 248:10–19. doi:10.1016/j.
anifeedsci.2018.07.007

Guo, W., X. J. Guo, L. N. Xu, L. W. Shao, B. C. Zhu, H. Liu, Y. J. Wang, 
and K. Y. Gao. 2022. Effect of whole-plant corn silage treated with 
lignocellulose-degrading bacteria on growth performance, rumen 
fermentation, and rumen microflora in sheep. Animal. 16:100576. 
doi:10.1016/j.animal.2022.100576

Han, X., B. Li, X. Wang, Y. Chen, and Y. Yang. 2019. Effect of dietary 
concentrate to forage ratios on ruminal bacterial and anaerobic 
fungal populations of cashmere goats. Anaerobe. 59:118–125. 
doi:10.1016/j.anaerobe.2019.06.010

Hu, X., Z. Tong, T. Ganpei, Z. Limin, and B. Bo. 2021. Pilot-scale ver-
micomposting of sewage sludge mixed with mature vermicompost 
using earthworm reactor of frame composite structure. Sci. Total 
Environ. 767:144217. doi:10.1016/j.scitotenv.2020.144217

Hu, W., Z. Liu, B. Fu, X. Zhang, Y. Qi, Y. Hu, C. Wang, D. Li, and N. 
Xu. 2022. Metabolites of the soy sauce Koji making with Aspergil-
lus niger and Aspergillus oryzae. Int. J. Food Sci. Technol. 57:301–
309. doi:10.1111/ijfs.15406

Irawan, A., A. Sofyan, R. Ridwan, H. A. Hassim, A. N. Respati, W. W. 
Wardani, Sadarman, W. D. Astuti, and A. Jayanegara. 2021. Effects 
of different lactic acid bacteria groups and fibrolytic enzymes as ad-
ditives on silage quality: a meta-analysis. Bioresour. Technol. Rep. 
14:100654. doi:10.1016/j.biteb.2021.100654

Keulen, J. V., and B. A. Young. 1977. Evaluation of acid-insoluble ash 
as a natural marker in ruminant digestibility studies. J. Anim. Sci. 
44:282–287. doi:10.2527/jas1977.442282x

Khota, W., S. Pholsen, D. Higgs, and Y. Cai. 2016. Natural lactic acid 
bacteria population of tropical grasses and their fermentation fac-
tor analysis of silage prepared with cellulase and inoculant. J. Dairy 
Sci. 99:9768–9781. doi:10.3168/jds.2016-11180

Lara, E. C., U. C. Bragiato, C. Rabelo, C. H. S. Rabelo, J. D. Messana, 
A. G. S. Sobrinho, and R. A. Reis. 2018a. Inoculation of corn si-
lage with Lactobacillus plantarum and Bacillus subtilis associated 
with amylolytic enzyme supply at feeding. 2. Growth performance 
and carcass and meat traits of lambs. Anim. Feed Sci. Technol. 
243:112–124. doi:10.1016/j.anifeedsci.2018.07.010

Lara, E. C., U. C. Bragiato, C. H. S. Rabelo, and J. D. Messana. 2018b. 
Inoculation of corn silage with Lactobacillus plantarum and Bacil-
lus subtilis associated with amylolytic enzyme supply at feeding. 1. 
Feed intake, apparent digestibility, and microbial protein synthesis 
in wethers. Anim. Feed Sci. Technol. 243:22–34. doi:10.1016/j.an-
ifeedsci.2018.07.004

Lee, S. S., J. K. Ha, and K. J. Cheng. 2000. Relative contributions of 
bacteria, protozoa, and fungi to in vitro degradation of orchard 
grass cell walls and their interactions. Appl. Environ. Microbiol. 
66:3807–3813. doi:10.1128/aem.66.9.3807-3813.2000

Li, D. X., K. K. Ni, Y. C. Zhang, Y. L. Lin, and F. Y. Yang. 2018. Influ-
ence of lactic acid bacteria, cellulase, cellulase-producing Bacillus 
pumilus and their combinations on alfalfa silage quality. J. Integr. 
Agric. 17:2768–2782. doi:10.1016/S2095-3119(18)62060-X

Li, F., B. Zhang, Y. Zhang, X. Zhang, S. Usman, Z. Ding, L. Hao, and 
X. Guo. 2022. Probiotic effect of ferulic acid esterase-producing 
Lactobacillus plantarum inoculated alfalfa silage on digestion, an-
tioxidant, and immunity status of lactating dairy goats. Anim. Nutr. 
11:38–47. doi:10.1016/j.aninu.2022.06.010

Liggenstoffer, A. S., N. H. Youssef, M. B. Couger, and M. S. Elshahed. 
2010. Phylogenetic diversity and community structure of anaer-
obic gut fungi (phylum Neocallimastigomycota) in ruminant and 
non-ruminant herbivores. ISME J. 4:1225–1235. doi:10.1038/is-
mej.2010.49

Liu, W. J., X. X. Xi, Q. Sudu, L. Kwok, Z. Guo, Q. C. Hou, B. Menhe, T. 
S. Sun, and H. P. Zhang. 2015. High-throughput sequencing reveals 
microbial community diversity of Tibetan naturally fermented yak 
milk. Ann. Microbiol. 65:1741–1751. doi:10.1007/s13213-014-
1013-x

Liu, K., Y. Zhang, Z. Yu, Q. Xu, N. Zheng, S. Zhao, Huang, and J. 
Wang. 2021. Ruminal microbiota–host interaction and its effect 
on nutrient metabolism. Anim. Nutr. 7:49–55. doi:10.1016/j.
aninu.2020.12.001

Machado, E., P. T. M. Pintro, L. C. V. Itavo, B. C. Agustinho, J. L. P. Dan-
iel, N. W. Santos, M. Bragatto, M. G. Ribeiro, and L. M. Zeoula. 
2020. Reduction in lignin content and increase in the antioxidant 
capacity of corn and sugarcane silages treated with an enzymatic 
complex produced by white rot fungus. PLoS One. 15:eo229141. 
doi:10.1371/journal.pone.0229141

Magoč, T., and S. L. Salzberg. 2011. FLASH: fast length adjustment 
of short reads to improve genome assemblies. Bioinformatics. 
27:2957–2963. doi:10.1093/bioinformatics/btr507

Mao, S. Y., W. J. Huo, and W. Y. Zhu. 2014. Microbiome-metabolome 
analysis reveals unhealthy alterations in the composition and me-
tabolism of ruminal microbiota with increasing dietary grain in a 
goat model. Environ. Microbiol. 18:525–541. doi:10.1111/1462-
2920.12724

Matsui, H., K. Ogata, K. Tajima, M. Nakamura, T. Nagamine, R. I. 
Aminov, and Y. Benno. 2000. Phenotypic characterization of poly-
saccharidases produced by four Prevotella type strains. Curr. Mi-
crobiol. 41:45–49. doi:10.1007/s002840010089

Mcdonald, P., and A. R. Henderson. 1964. Determination of water 
soluble carbohydrates in grass. J. Sci. Food Agric. 15:395–398. 
doi:10.1002/jsfa.2740150609

Menezes, G. L., A. F. D. Oliveira, F. P. A. D. A. Pires, L. C. Goncalves, 
R. A. D. Menezes, P. G. D. Sousa, P. H. A. D. Medeiros, M. M. 

https://doi.org/10.1016/j.animal.2022.100520
https://doi.org/10.1016/j.animal.2022.100520
https://doi.org/10.1071/an15337
https://doi.org/10.3389/fmicb.2021.652031
https://doi.org/10.3389/fmicb.2021.652031
https://doi.org/10.1016/j.foodres.2004.11.002
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1590/S0102-09352007000200024
https://doi.org/10.1038/s41598-018-32375-5
https://doi.org/10.1038/s41598-018-32375-5
https://doi.org/10.1016/j.lwt.2021.112132
https://doi.org/10.1016/j.lwt.2021.112132
https://doi.org/10.1016/j.funeco.2009.01.005
https://doi.org/10.1016/j.anifeedsci.2018.07.007
https://doi.org/10.1016/j.anifeedsci.2018.07.007
https://doi.org/10.1016/j.animal.2022.100576
https://doi.org/10.1016/j.anaerobe.2019.06.010
https://doi.org/10.1016/j.scitotenv.2020.144217
https://doi.org/10.1111/ijfs.15406
https://doi.org/10.1016/j.biteb.2021.100654
https://doi.org/10.2527/jas1977.442282x
https://doi.org/10.3168/jds.2016-11180
https://doi.org/10.1016/j.anifeedsci.2018.07.010
https://doi.org/10.1016/j.anifeedsci.2018.07.004
https://doi.org/10.1016/j.anifeedsci.2018.07.004
https://doi.org/10.1128/aem.66.9.3807-3813.2000
https://doi.org/10.1016/S2095-3119(18)62060-X
https://doi.org/10.1016/j.aninu.2022.06.010
https://doi.org/10.1038/ismej.2010.49
https://doi.org/10.1038/ismej.2010.49
https://doi.org/10.1007/s13213-014-1013-x
https://doi.org/10.1007/s13213-014-1013-x
https://doi.org/10.1016/j.aninu.2020.12.001
https://doi.org/10.1016/j.aninu.2020.12.001
https://doi.org/10.1371/journal.pone.0229141
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1111/1462-2920.12724
https://doi.org/10.1111/1462-2920.12724
https://doi.org/10.1007/s002840010089
https://doi.org/10.1002/jsfa.2740150609


14 Journal of Animal Science, 2023, Vol. 101 

D. Pinho, A. M. Q. Lana, V. E. D. Araújo, et al. 2022. Efficacy of 
adding chemical and microbial additives to silage on beef cattle 
performance: systematic review and meta-analysis. Grass Forage 
Sci. 78:1–22. doi:10.1111/gfs.12579

Miguel, M. A., S. S. Lee, L. L. Mamuad, Y. J. Choi, C. D. Jeong, A. 
Son, K. K. Cho, E. T. Kim, S. B. Kim, and S. S. Lee. 2019. Enhanc-
ing butyrate production, ruminal fermentation and microbial 
population through supplementation with clostridium saccharo-
butylicum. J. Microbiol. Biotechnol. 29:1083–1095. doi:10.4014/
jmb.1905.05016

Monteiro, H. F., E. M. Paula, R. E. Muck, G. A. Broderick, and A. P. 
Faciola. 2021. Effects of lactic acid bacteria in a silage inoculant on 
ruminal nutrient digestibility, nitrogen metabolism, and lactation 
performance of high-producing dairy cows. J. Dairy Sci. 104:8826–
8834. doi:10.3168/jds.2021-20155

Mueller, I., J. Kesselring, V. Vrotniakiene, and J. Jatkauskas. 2022. In-
oculation of whole-plant maize with viable lactic acid bacteria: 
effects on silage fermentation, aerobic stability and performance 
of dairy cows. Zemdirbyste-Agric. 109:81–88. doi:10.13080/
z-a.2022.109.011

Nair, J., Y. Wang, S. Xu, B. Smiley, H. E. Yang, and T. McAllister. 2019a. 
Effect of Lactobacillus spp. and Saccharomyces cerevisiae alone 
or in combination on the fermentation and aerobic stability of 
whole-crop corn silage. J. Anim. Sci. 97:299–300. doi:10.1093/jas/
skz258.605

Nair, J., S. Xu, B. Smiley, H. Yang, T. A. McAllister, and Y. Wang. 2019b. 
Effect of inoculation of corn silage with Lactobacillus spp. or Sac-
charomyces cerevisiae alone or in combination on silage fermentation 
characteristics, nutrient digestibility and growth performance of grow-
ing beef cattle. J. Anim. Sci. 97:4974–4986. doi:10.1093/jas/skz333

Nair, J., H. Niu, E. Andrada, H. Yang, C. Eric, D. Pascal, A. M. Tim, and Y. 
Wang. 2020. Effects of inoculation of corn silage with Lactobacillus 
hilgardii and Lactobacillus buchneri on silage quality, aerobic stabil-
ity, nutrient digestibility, and growth performance of growing beef 
cattle. J. Anim. Sci. 98:skaa267. doi:10.1093/jas/skaa267

Ning, T. T., H. L. Wang, M. L. Zheng, D. Z. Niu, S. S. Zuo, and C. C. 
Xu. 2017. Effects of microbial enzymes on starch and hemicellulose 
degradation in total mixed ration silages. Asian-Australas. J. Anim. 
Sci. 30:171–180. doi:10.5713/ajas.16.0046

Nkosi, B. D., R. Meeske, H. J. Van der Merwe, and I. B. Groenewald. 
2010. Effects of homofermentative and heterofermentative bac-
terial silage inoculants on potato hash silage fermentation and 
digestibility in rams. Anim. Feed Sci. Technol. 157:195–200. 
doi:10.1016/j.anifeedsci.2010.03.008

Nkosi, B. D., R. Meeske, T. Langa, and R. S. Thomas. 2011. Effects of 
bacterial silage inoculants on whole-crop maize silage fermentation 
and silage digestibility in rams. S. Afr. J. Anim. Sci. 41:350–359. 
doi:10.4314/sajas.v41i4.5

Ozduven, M. L., and Z. K.F. K. Onal. 2010. The Effects of bacterial 
inoculants and/or enzymes on the fermentation, aerobic stability 
and in vitro dry and organic matter digestibility characteristics of 
triticale silages. Kafkas Universitesi Veteriner Fakultesi Dergisi. 
16:751–756. doi:10.9775/kvfd.2009.1628

Pedroso, A. F., L. G. Nussio, S. F. Paziani, D. R. S. Loures, M. S. Igarasi, 
R. M. Coelho, I. H. Packer, J. Horii, and L. H. Gomes. 2005. Fer-
mentation and epiphytic microflora dynamics in sugar cane silage. 
Sci. Agric. 62:427–432. doi:10.1590/s0103-90162005000500003

Pitta, D. W., W. E. Pinchak, S. Dowd, K. Dorton, I. Yoon, B. R. Min, J. 
D. Fulford, T. A. Wickersham, and D. P. Malinowski. 2014. Lon-
gitudinal shifts in bacterial diversity and fermentation pattern in 
the rumen of steers grazing wheat pasture. Anaerobe. 30:11–17. 
doi:10.1016/j.anaerobe.2014.07.008

Pryce, J. D. 1969. A modifification of the Barker-Summerson meth-
od for the determination of lactic acid. Analyst. 94:1151–1152. 
doi:10.1039/an9699401151

Qi, Y., X. Gao, Q. Zeng, Z. Zheng, C. Wu, R. Yang, X. Feng, Z. Wu, 
L. Fan, and Z. Huang. 2021. Sugarcane breeding, germplasm 
development and related molecular research in China. Sugar Tech. 
24:73–85. doi:10.1007/s12355-021-01055-6

Qiong, W., M. G. George, M. T. James, and R. C. James. 2007. Naive 
Bayesian classifier for rapid assignment of rRNA sequences into the 
new bacterial taxonomy. Appl. Environ. Microbiol. 73:5261–5267. 
doi:10.1128/aem.00062-07

Rabelo, C. H. S., Mari, L. J., and R. A. Reis. 2016. Survey about the use 
of bacterial inoculants in Brazil: effects on silage quality and ani-
mal performance. In Da Silva T. and Santos E. M. (eds.), Advances 
in Silage Production and Utilization. Rijeka, Croatia: In Tech; p. 
3–37. doi: 10.5772/644

Rabelo, C. H. S., E. C. Lara, F. C. Basso, C. J. Härter, and R. A. Reis. 
2018. Growth performance of finishing feedlot lambs fed maize 
silage inoculated with Bacillus subtilis and lactic acid bacteria. 
J. Agric. Sci. 156:839–847. doi:10.1017/s0021859618000679

Rinne, M., M. Franco, I. Tapio, T. Stefa´nski, A. Bayat, and P. Mäntysaari. 
2022. Effects of grass silage additive type and barley grain preserva-
tion method on rumen fermentation, microbial community and milk 
production of dairy cows. Agriculture. 12:266. doi:10.3390/agricul-
ture12020266

Rowghani, E., M. J. Zamiri, M. Khorvash, and A. Abdollahipanah. 
2008. The effects of Lactobacillus plantarum and Propioni-
bacterium acidipropionici on corn silage fermentation, ruminal 
degradability and nutrient digestibility in sheep. Iran. J. Vet. Res 
9:308–315. doi:10.22099/IJVR.2008.2626

Sartori, E. D., M. E. A. Canozzi, D. Zago, R. Prates, J. P. Velho, and J. O. 
J. Barcellos. 2017. The effect of live yeast supplementation on beef 
cattle performance: a systematic review and meta-analysis. J. Agric. 
Res. 9:21–37. doi:10.5539/jas.v9n4p21

Shah, A. A., X. Yuan, Z. Dong, J. Li, and S. Tao. 2017. Microbiological 
and chemical profiles of elephant grass inoculated with and with-
out Lactobacillus plantarum and Pediococcus acidilactici. Arch. 
Microbiol. 200:311–328. doi:10.1007/s00203-017-1447-1

Singh, D., T. A. Johnson, N. Tyagi, R. Malhotra, P. V. Behare, S. Kumar, 
and A. K. Tyagi. 2023. Synergistic effect of LAB strains (lb. fer-
mentum and pediococcus acidilactisci) with exogenous fibrolytic 
enzymes on quality and fermentation characteristics of sugarcane 
tops silage. Sugar Tech. 25:141–153. doi:10.1007/s12355-022-
01173-9

Spence, C., W. G. Wells, and C. J. Smith. 2006. Characterization of the 
primary starch utilization operon in the obligate anaerobe Bacte-
roides fragilis: regulation by carbon source and oxygen. J. Bacteri-
ol. 188:4663–4672. doi:10.1128/JB.00125-06

Srinivasan, S., N. G. Hoffman, M. T. Morgan, F. A. Matsen, T. L. Fiedler, 
R. W. Hall, F. J. Ross, C. O. McCoy, R. Bumgarner, J. M. Marrazzo, 
et al. 2012. Bacterial communities in women with bacterial vagi-
nosis: high resolution phylogenetic analyses reveal relationships of 
microbiota to clinical criteria. PLoS One. 7:e37818. doi:10.1371/
journal.pone.0037818

Sun, H., Y. Wu, Y. Wang, C. Wang, and J. Liu. 2017. Effects of addition 
of Aspergillus oryzae culture and 2-hydroxyl-4-(methylthio) buta-
noic acid on milk performance and rumen fermentation of dairy 
cows. Anim. Sci. J. 88:602–609. doi:10.1111/asj.12646

Sunil, K. S., K. C. Prasanta, K. P. Anil, S. Dheer, S. D. Sumit, and S. 
Dasib. 2013. Ribosomal ITS1 sequence-based diversity analysis of 
anaerobic rumen fungi in cattle fed on high fiber diet. Ann. Micro-
biol. 63:1571–1577. doi:10.1007/s13213-013-0620-2

Van Soest, P. V., J. B. Robertson, and B. A. Lewis. 1991. Methods for 
dietary fiber, neutral detergent fiber and nonstarch polysaccha-
rides in relation to animal nutrition. J. Dairy Sci. 74:3583–3597. 
doi:10.3168/jds.S0022-0302(91)78551-2

Wang, L., K. Liu, Z. Wang, X. Bai, Q. Peng, and L. Jin. 2019. Bacterical 
community diversity associated with different utilization efficien-
cies of nitrogen in the gastrointestinal tract of goats. Front. Micro-
biol. 10:239. doi:10.3389/fmicb.2019.00239

Wang, L., G. Zhang, Y. Li, and Y. Zhang. 2020. Effects of high forage/
concentrate diet on volatile fatty acid production and the micro-
organisms involved in VFA production in cow rumen. Animals. 
10:223. doi:10.3390/ani10020223

Xue, F., X. Nan, F. Sun, X. Pan, Y. Guo, L. Jiang, and B. Xiong. 2018. 
Metagenome sequencing to analyze the impacts of thiamine 

https://doi.org/10.1111/gfs.12579
https://doi.org/10.4014/jmb.1905.05016
https://doi.org/10.4014/jmb.1905.05016
https://doi.org/10.3168/jds.2021-20155
https://doi.org/10.13080/z-a.2022.109.011
https://doi.org/10.13080/z-a.2022.109.011
https://doi.org/10.1093/jas/skz258.605
https://doi.org/10.1093/jas/skz258.605
https://doi.org/10.1093/jas/skz333
https://doi.org/10.1093/jas/skaa267
https://doi.org/10.5713/ajas.16.0046
https://doi.org/10.1016/j.anifeedsci.2010.03.008
https://doi.org/10.4314/sajas.v41i4.5
https://doi.org/10.9775/kvfd.2009.1628
https://doi.org/10.1590/s0103-90162005000500003
https://doi.org/10.1016/j.anaerobe.2014.07.008
https://doi.org/10.1039/an9699401151
https://doi.org/10.1007/s12355-021-01055-6
https://doi.org/10.1128/aem.00062-07
https://doi.org/10.5772/644
https://doi.org/10.1017/s0021859618000679
https://doi.org/10.3390/agriculture12020266
https://doi.org/10.3390/agriculture12020266
https://doi.org/10.22099/IJVR.2008.2626
https://doi.org/10.5539/jas.v9n4p21
https://doi.org/10.1007/s00203-017-1447-1
https://doi.org/10.1007/s12355-022-01173-9
https://doi.org/10.1007/s12355-022-01173-9
https://doi.org/10.1128/JB.00125-06
https://doi.org/10.1371/journal.pone.0037818
https://doi.org/10.1371/journal.pone.0037818
https://doi.org/10.1111/asj.12646
https://doi.org/10.1007/s13213-013-0620-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3389/fmicb.2019.00239
https://doi.org/10.3390/ani10020223


Tang et al. 15

supplementation on ruminal fungi in dairy cows fed high-concen-
trate diets. AMB Express. 8:159. doi:10.1186/s13568-018-0680-6

Ying, H. L., N. Borjigin, and Z. Yu. 2017. Effect of inoculants and 
fibrolytic enzymes on the fermentation characteristics, in vitro di-
gestibility and aflatoxins accumulation of whole-crop corn silage. 
Grassl. Sci. 63:69–78. doi:10.1111/grs.12157

Zhang, X. J., and L. Z. Wang. 2018. Effects of dietary neutral detergent 
fibre level on structure and composition of rumen bacteria in goats. 
Chin. J. Anim. Nutr. 30:1377–1386. doi:10.3969/j.issn.1006-
267x.2018.04.020

Zhang, Y., X. Zhao, W. Chen, Z. Zhou, Q. Meng, and H. Wu. 2019. 
Effects of adding various silage additives to whole corn crops at 

ensiling on performance, rumen fermentation, and serum physio-
logical characteristics of growing-finishing cattle. Animals. 9:695. 
doi:10.3390/ani9090695

Zhang, F., Y. Wang, H. Wang, X. Nan, Y. Guo, and B. Xiong. 2022. Cal-
cium propionate supplementation has minor effects on major rumi-
nal bacterial community composition of early lactation dairy cows. 
Front. Microbiol. 13:847488. doi:10.3389/fmicb.2022.847488

Zou, C., Q. Gu, X. Zhou, Z. Xia, W. I. Muhammad, Q. Tang, M. Liang, 
B. O. Lin, and G. Qin. 2019. Ruminal microbiota composition as-
sociated with ruminal fermentation parameters and milk yield in 
lactating buffalo in Guangxi, China—A preliminary study. J. Anim. 
Physiol. Anim. Nutr. 103:1374–1379. doi:10.1111/jpn.13154

https://doi.org/10.1186/s13568-018-0680-6
https://doi.org/10.1111/grs.12157
https://doi.org/10.3969/j.issn.1006-267x.2018.04.020
https://doi.org/10.3969/j.issn.1006-267x.2018.04.020
https://doi.org/10.3390/ani9090695
https://doi.org/10.3389/fmicb.2022.847488
https://doi.org/10.1111/jpn.13154

