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Probiotics: Reducing Methane and Ammonia for

Sustainable Livestock Production

Livestock production faces increasing pressure to reduce its environmental footprint
while maintaining productivity. Methane and ammonia emissions from animal
agriculture contribute significantly to greenhouse gas production and environmental
pollution. The livestock sector accounts for approximately 14.5% of global
greenhouse gas emissions, with methane representing the largest component.
Simultaneously, ammonia emissions from livestock operations contribute to air
quality degradation and eutrophication of water bodies. Probiotics have emerged as a
promising biotechnological solution that addresses these environmental concerns
while improving animal performance in livestock farms.

Understanding Methane and Ammonia
Production in Livestock

Methane (CH,) is primarily produced in the rumen of ruminants through anaerobic
fermentation by methanogenic archaea. During digestion, organic matter is broken
down by microbial communities, producing volatile fatty acids, carbon dioxide, and
hydrogen. Methanogenic archaea utilize this hydrogen and carbon dioxide to produce
methane, which is released through belching and, to a lesser extent, flatulence.
Ammonia (NH,) 1s generated from the breakdown of dietary protein and endogenous
nitrogen compounds in the digestive tract. Excessive protein degradation leads to
ammonia production that exceeds the animal's capacity for nitrogen utilization,
resulting in ammonia emissions through breath, urine, and manure.

Both processes represent significant energy losses for sustainable agriculture.
Methane production can account for 2-12% of the animal's gross energy intake, while
excess ammonia indicates inefficient protein utilization (Hristov et al., 2013).
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How Probiotics Reduce Methane Emissions

Modulation of Rumen Microbiome: Probiotics alter the composition and activity
of rumen microbial communities, particularly reducing the population of
methanogenic archaea while promoting beneficial bacteria. Specific probiotic
strains can outcompete methanogens for substrates, reducing their ability to
produce methane.

Hydrogen Utilization: Certain probiotic bacteria can utilize hydrogen that would
otherwise be converted to methane by archaea. By redirecting hydrogen toward
the production of beneficial metabolites like propionate, probiotics reduce
methane formation while improving energy efficiency for the animal.

Enhanced Feed Efficiency: By improving digestibility and nutrient utilization,
probiotics reduce the amount of undigested material available for methanogenic
fermentation, subsequently decreasing methane production per unit of feed
consumed (Khalid et al., 2022).

Feed with Prebiotics
and Probiotics

e Y
’ v) |
Modulates '
> & 3
Rumen Methane
Microbiota Emission

Relationship between rumen microbiota, probiotics, and methane emission
from (Thacharodi et al., 2024).
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How Probiotics Reduce Ammonia Emissions

Improved Protein Utilization: Probiotics enhance the efficiency of microbial
protein synthesis in the rumen, allowing for better capture and utilization of
dietary nitrogen. This reduces the amount of nitrogen that is degraded to
ammonia and subsequently lost from the system.

Enhanced Amino Acid Absorption: By improving gut health and intestinal
integrity, probiotics increase the absorption of amino acids and reduce nitrogen
excretion. Better amino acid utilization means less nitrogen is available for
conversion to ammonia.

pH Stabilization: Many probiotic strains help stabilize rumen pH, creating

conditions less favorable for rapid protein degradation and ammonia production
while promoting more efficient microbial protein synthesis.

2. Probiotics Feed

1. Non-Probiotics Feed

B T |

How probiotics reduce ammonia emissions in livestock from (Khalid et al., 2022)

® +201212222566 © royalgreenbiotech.com °



https://royalgreenbiotech.com/

Benefits of Probiotic Implementation

. Greenhouse Gas Reduction: Studies have shown that probiotic can reduce
methane emissions by 10-20% in ruminants while improving animal performance.

« Improved Air Quality: Reduced ammonia emissions improve air quality around
livestock facilities and reduce the risk of respiratory problems in both animals
and farm workers. Lower ammonia emissions also reduces toxicity in plants.

. Water Quality Protection: Decreased nitrogen excretion reduces the risk of
groundwater and surface water contamination. Lower ammonia emissions also
reduce the contribution to eutrophication of aquatic ecosystems.

« Resource Efficiency: Probiotics improve feed conversion efficiency, meaning
animals require less feed to achieve the same production levels. This reduces the
land, water, and energy resources needed for feed production, contributing to
overall sustainability.
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