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Background

 China’s total demand for high-

quality forage will exceed 120 

million tons, leaving a gap of nearly 

50 million tons;

 Difficult to produce hay in this area 

due to climate restrictions;

 The quality of silage is low due to 

the characteristics of forage and 

uncontrollable fermentation.

Rainy
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Humid

Southern China region



Effect of DM on Fermentation End Products: Corn Silage

Kung et al. 2018
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• Silage with a low DM content (less than 20%) can exhibit acetic acid levels as 
high as 3% to 6% DM.

• Excessive acetic acid fermentation (greater than 3% DM) has been observed to 
results in significant DM loss, accelerate aerobic spoilage, and markedly 
reduce animal intake (Gerlach et al., 2021). 

Silage
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In particular, during the 
opening stage of silage in the 
hot and humid regions, a 
significant presence of 
Acetobacter bacteria has been 
observed (Guan et al., 2018). 

Acetobacter Sp. may cause high acetic acid fermentation in corn silage in 
humid and hot regions
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Scientific Questions

1. What environmental factors lead to high acetic acid fermentation?

2. What is the silage fermentation process dominated by Acetobacter? 

How do microorganisms interact?



Table 1 Group information 

Note: T, temperature; M, dry matter content; A, initial 
concentration of A. pasteurianus. 
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Table 2 Changes in fermentation quality during silage fermentation to aerobic exposure stages 

D60, whole-plant corn ensiled for 60 days; ASA, silages inoculated with A. pasteurianus during aerobic exposure; ASN, silages without A. pasteurianus during aerobic exposure. LA, lactic acid; AA, 
acetic acid; PA, propionic acid; BA, butyric acid. Values with different superscripts in the same column indicate significant differences (P < 0.05). 

Results-Fermentation Quality

With AP No AP



Figure 1 Effect of A. pasteurianus on the aerobic stability of whole-plant corn silage after 60 days of fermentation
Note: ASA, silages inoculated with A. pasteurianus during aerobic exposure; ASN, silages without A. pasteurianus during aerobic 
exposure. 

The duration of aerobic stability Results
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Figure 3 Bacterial alpha diversity of silage (A, ACE index; B, 
Chao1 index; C, Shannon index; D, Simpson index) 

Figure 4 Bacterial Beta Diversity of Silage 

The microbial communities
Results



Figure 5 Bacterial community structure at the species level (A) and relative abundance of A. pasteurianus and A. 

fabarum the species level (B) in pre-ensiled, ensiled, and aerobically exposed silage

The relative abundance 
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LEfSe analysis

➭Klebsiella was enriched in RAW 
group. 
➭Limosilactobacillus, 
Lactiplantibacillus and Clostridium 
were enriched in D60A group. 
➭Lactobacillus such as 
Levilactobacillus, Lactobacillus and 
Companilactobacillus were enriched in 
the D60N group. 
➭The ASA group was enriched with 
Acetobacter pasteurianus, and the 
ASN group was enriched with 
Acetobacter fabarum.

Results
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Table 3 The Box-Behnken design with 
independent factors and observed values for the 
absolute quantitative results of A. pasteurianus

Table 4 Analysis of variance for absolute quantitative 
response surface modelling of A. pasteurianus. 

The response surface statistical process and the ANOVA analysis of the model 
Results



Figure 2 Three-dimensional response surface plots (A, C, E) and two-dimensional contour plots (B, D, F) of ASN A. 
pasteurianus content. a-f respectively represent the interactions between temperature, dry matter content, and initial A. 
pasteurianus concentration. 

Response surface plots 

• The three-dimensional response surface map 
and two-dimensional contour map of the 
content of Acetobacter pasteurianus in the 
ASN stage are shown in Figure 2. 

• The interaction between storage temperature 
and moisture content ( AB ), moisture 
content and initial acetate concentration ( 
AC ) was significant. 

• Figs.a-f showed that with the increase of 
temperature and water content, temperature 
and concentration of A.pasteurianus, DM
content and concentration of A.pasteurianus, 
the content of A.pasteurianus in ASN 
increased first and then decreased.

Results



Predicted value of A. pasteurianus content 

The predicted conditions

• The conditions with the highest quantity of A.pasteurianus : temperature 
at 28.889 ℃, DM content at 24.557 %, and initial concentration of 
A.pasteurianus at log 5.7 cfu·ml−1.

• The conditions with the lowest quantity of A.pasteurianus: temperature at 
39.853 ℃, DM content at 29.909 %, and the initial concentration of 
A.pasteurianus at log 5.9 cfu·ml−1.

Results



Conclusion
 A. pasteurianus did not negatively impact the quality of corn silage 

when properly sealed, however, it can cause rapid aerobic spoilage 
during the feed out stage.

 Not all Acetobacter have the negative impact on the aerobic 
stability of silage, such as A. fabarum.

 RSM analysis demonstrated that at temperature of 28°C, a DM 
content of 25% of forage, and an initial A. pasteurianus 
concentration of log 5.7 cfu·ml−1, the highest concentration of A. 
pasteurianus was observed during the aerobic exposure stage. 



Prospect
Future efforts should be  focused on the prevention and control of A. 

pasteurianus in whole-plant corn silage to improve aerobic stability in hot 
and humid regions.
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Thank you !
guanh0427@outlook.com

Welcome to the National Field Scientific Observation and 
Research Station of the Ruoergai Alpine Wetland Ecosystem!
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