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Background 

• China emits 27% of global CO2 and a 

third of the world’s GHG emissions. 

• 2005: total GHG 7.1 billion tCO2eq, agriculture 

accounting for 11%

• 2014: total GHG 11.2 billion tCO2eq, agriculture 

accounting for 7.4%



Background

• China’s international targets are supported by its  < Working Guidance for Carbon Dioxide 

Peaking and Carbon Neutrality> and  < Action Plan For Carbon Dioxide Peaking Before 2030>.

• 2022, Ministry of Agriculture and Rural Affairs & National 
Development and Reform Commission released <Agriculture and 
Rural carbon reduction and sequestration implementation plan>.
• Develop enteric CH4 reduction technique
• measurement, reporting and verification systems
• Encourage CCER (China Certified Emission Reduction) credit for 

livestock production systems

https://en.ndrc.gov.cn/policies/202110/t20211024_1300725.html
https://en.ndrc.gov.cn/policies/202110/t20211024_1300725.html
https://en.ndrc.gov.cn/policies/202110/t20211027_1301020.html#:~:text=By%202030%2C%20the%20share%20of,carbon%20dioxide%20peaking%20before%202030.


Background

• Xylooligosaccharides (XOS) is an 
emerging prebiotics that 
preferentially enhance the growth 
or activity of advantageous 
bacteria (e.g., Bifidobacterium) in 
the gastrointestinal tract. 

• Dietary inclusion of XOS showed 
positive influence on nutrient 
digestibility, immune function, and 
growth performance of 
monogastric animals, very few 
used for ruminants 

• Chen et al., 2021, Frontiers in Nutrition

Steam explosion 
technique



Background

• Feeding dairy cows diets supplemented with exogenous enzymes (EXE) for improvement of 
production efficiency have been examined, whereas the role of EXE on reduction of enteric 
CH4 emissions is not fully verified. 
• Milk production responses to EXE have not been consistent (Beauchemin and Holtshausen, 2011; 

Adesogan et al., 2014; Sujani and Seresinhe, 2015).
• It appears that responses in methane emission to EXE supplementation may depend on the type 

of enzyme activity, dose rate, and diet ingredient composition or type of substrate.

Source: Processes of the methane production in 
ruminants 
(https://www.sciencenews.org.nz/sites/default/files/sn-
2015/112825_cow_digestion_730)



Objectives

• we hypothesized that supplementing with either 

XOS, EXE, or their combination may improve milk 

production and composition, nutrient digestibility, 

energy utilization efficiency, and reduce CH4 

emission and intensities.

• Obtained from steam-exploded corncob

• Cellulase, xylanase, β-glucanase, and β-mannanase



Material and methods

• 48 lactating Jersey cows were used and assigned into 4 groups

1. Control: basal diet
2. XOS group: basal diet + XOS (25 g/d)
3. EXE group: basal diet + EXE (15 g/d)
4. COMB group: basal diet + XOS + EXE

days in milk: 160 ± 10.6 d 
milk yield: 22.2 ± 1.58 kg 
body weight: 464

• The experimental period lasted 60 d, with the first 14 d (from d 1 to 14) for adaptation and 
46 d (from d 15 to 60) for sampling and data collection



Material and methods

• Production performance: feed intake, milk production and 
composition;

• Gas measurement: CO2, CH4, O2; During each visit, the head 
position of cows remained relatively stable for more than 3 min 
(averaging 7 min 56 s for the present study) as a valid visit; Gases 
were measured for 14 d (from d 32 to 44) to ensure 20 valid 
measurements for each cow

• Rumen samples: rumen fermentation characteristics and metagenomics analysis



Results 

 Feed intake, milk production parameters

CON XOS EXE XOS+EXE P value

BW, kg 458 446 463 447 0.16

DM intake, kg/d 17.5 17.9 17.7 17.4 0.06

Milk yield, kg/d 18.4 19.6 18.9 19.4 <0.01

ECM, kg/d 22.4 24.6 23.4 23.2 <0.01

True protein, % 3.87 4.14 4.07 4.05 0.04

Milk yield/DM intake 1.08 1.12 1.07 1.11 0.04



Results 

 Gas production parameters

CON XOS EXE XOS+EXE P value

CH4, g/d 399.8 361.4 374.9 371.3 0.03

CO2 production, g/d 7624 9055 10104 11042 0.03

O2 consumption, g/d 7242 8905 9330 10884 <0.01

CH4/DM intake, g/kg 22.8 20.3 21.2 21.3 <0.01

CH4/ECM, g/kg 17.8 14.8 16.0 16.0 <0.01



Results 

 Ruminal fermentation characteristics

CON XOS SEM P value

pH 6.84 6.76 0.06 0.15 

Acetate, mmol/L 64.7 63.5 0.12 0.44 

Propionate, mmol/L 20.1 20.8 0.24 0.53 

butyrate, mmol/L 9.7 9.6 0.26 0.21 

Total VFA, mmol/L 96.8 96.0 1.32 0.27 
Acetate/propionate 
ratio

3.21a 3.05b 0.46 0.04 

• XOS group: lower ratio of A/P, may explain the decreased CH4 emissions



Results 

• α-diversity Richness, Shannon, 
Simpson, ACE, Chao1, and goods 
coverage index in ruminal samples 

• control group (Con, no 
supplementation) and the 
experimental group (XOS, corncob 
extract supplementation)



Results 

• CON group: higher abundance of M. olleyae and M. ruminantium 
• XOS group: higher abundance of M. millerae, and unidentified (other, 20.67%)



Results 

• Significant difference was observed for Some metabolites between CON and XOS group, 
the final results need further elaboration
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Methane measurement techniques



Methane measurement techniques

Animal facilities, including dairy, sheep farms, calf/lamb rearing and digestibility facilities


