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Abstract 

Introduction: The concentration of greenhouse gases within the atmosphere is currently on the rise. With the increase in 

human population comes a growing need for greater food security in order to support our population. The agricultural 

industry has a carbon footprint comparable to that of other extensive producers such as oil production facilities, waste sectors 

and industrial processors. This study aims to establish an experimental design to modify the current microbiome in cattle, as 

cattle farming practices account for a majority of agricultural methane production in North America.  

Methods: Young Canadian Holstein cattle with developing ruminal microbiomes will be placed into control and treatment 

groups and studied over the duration of 4 weeks. Ruminococcus hydrogenotrophicus will be inserted into the rumen of the 

experimental groups of cattle. 

Results: Results will generate findings on the basis of reducing methanogenic activity among the rumen of cattle, and 

therefore the results may propose a feasible answer towards the decreasing of the agricultural carbon footprint among the 

cattle industry.  

Discussion: The ability to decrease or eliminate the methane produced from agriculture would be a significant finding in 

current global studies. Through/by combining knowledge from environmental biology, agricultural science, microbiology 

and animal biology, solutions can be found for reducing the agricultural carbon footprint.   

Conclusion: The use of bioremediation methods to decrease methane production is a new area of research. By cultivating a 

microorganism that can compete with the methanogenic bacteria within the rumen of cows, less methane yield is plausible.  

Ultimately, leading to a proposed answer to curb climate change values to a decreasing end. 
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Introduction 
Climate change threatens the existence of all life on 

this planet. Methane (CH4) is one of the most potent 

greenhouse gases in the atmosphere; incrementally stronger 

than carbon dioxide (CO2) [1]. The majority of CH4 

emissions can be traced back to the agricultural industry. 

Around 16% of the global CH4 emissions come from 

ruminants. Cows are ruminants with a diet containing large 

amounts of fodder and other plant material that are high in 

fibre. Ruminants make use of indigestible fibre dense 

carbohydrates for energy, from rumination [2]. This process 

creates methane gas through digestive methanogenic 

microorganisms that are part of the gut 

microbiome. Species of methanogenic archaea are capable 

of utilizing hydrogen (H2) and CO2 to form CH4 [3]. H2 is 

transferred from species of bacteria, protozoa and fungi to 

methanogenic archaea, which use H2 to reduce CO2 to CH4. 

It is necessary to utilize H2 since gaseous concentrations 

cannot afford build up, or methanogenic archaeal activity 

will be inhibited [2,4]. The accumulated CH4 in the gut  

is excreted through eructation to decrease bloating. 

Bloating occurs when these metabolized gases are retained 

within the gastrointestinal tract, causing swelling in the 

stomach. 

The potential answer to preventing more air pollution, 

and in turn decelerating the effects of climate change, lies 

in bioremediation. This process utilizes either natural or 

engineered microorganisms to remove contaminants from 

the environment [5]. Bioremediation is a new sector of 

biology that has proven extensive ability to decrease 

localized pollutants. It has been used to clean up oil spills 

and gas leaks, but has yet to be determined whether this can 

be applied to atmospheric pollutants. The association 

between microbiology, animal science and environmental 

science needs to be explored. Through bioremediation, a 

sustainable solution for climate change can be created.  
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Research Hypothesis  
This study aims to investigate bioremediation tactics 

and question if they can be used to decrease levels of 

methane gas produced by cows, in order to reduce the air 

pollution driving climate change. It is hypothesized that the 

production of methane gas from dairy cattle can be reduced 

through the addition of microbes into their microbiome, 

ultimately decreasing the carbon footprint of dairy cattle.  

 

Rationale  

As climate change threatens the world, we must find 

sustainable solutions, for the planet and species health, that 

allow us to continue life comfortably whilst reducing the 

harmful gaseous contaminants in the air. This proposal 

offers a solution to one of the biggest contributors to 

climate change, greenhouse gases. The average cow can 

release up to 250 liters of CH4  per day. CH4  has a half-life 

of 8-12 years [8]. Currently, the atmospheric concentration 

of CH4 is more than 1800 parts per billion (ppb) [8,9]. 

While this does not appear to be a lot, CH4 has 80 times 

more atmospheric toxic potency than CO2 and levels are 

constantly being augmented [8]. A previous study on CH4 

production in cows looked at lowering gaseous levels 

through animal nutrition. Researchers had two separate trial 

groups of cattle, one receiving canola oil through nutritional 

dietary supplementation, and the other group receiving a 

live yeast, Saccharomyces cerevisiae, implanted in their 

fodder. The investigators hypothesized that either the 

addition of a supplement or live yeast would lead to 

decreased methanogen activity in the breakdown of fodder. 

The results from this study were ambiguous, but led to the 

philosophy that modifying cattle microbiomes may prove 

beneficial in decreasing the CH4 production [3]. The 

knowledge gap in the literature is a connection between 

manipulating the cow microbiome, and relevance to CH4 

and climate change. There is also little to no research on 

acetogen-methanogen microbiome relationships and their 

effects on CH4 production. By implementing the knowledge 

of acetogen and methanogen competition into physiological 

practice, a feasible methodology for manipulating cattle 

microbiomes may be produced. The previous research on 

the competition between these microbes gives insight to the 

ability for acetogenic survival in a rumen environment. 

There is a need for an interdisciplinary approach by 

combining multiple areas of science such as microbiology, 

animal science, biochemistry and bioengineering. Hence, 

we tend to look further towards future applications of 

bioremediation to decrease CH4 and in turn, reduce 

greenhouse gas emissions. With cattle being major CH4 

producers, the definitive relationship between acetogen-

methanogen microbiomes can give insight on the  

 

 

 

 

 

modification of cattle microbiomes and its feasibility in 

decreasing CH4 production. This research intends to close 

the knowledge gap by integrating previously established 

methods on studying climate change mitigation with the 

novel knowledge and methodology of manipulating cattle 

microbiomes. Therefore, creating a more modern solution 

for climate change and augmenting it towards the future of 

greenhouse gas mitigation.  

 

Methods 

Animals and Groups 

This experimental study will utilize three groups. The 

control group and two dose-response dependant 

experimental groups (control, Group A 10
6
  

CFU/mL/OD600nm, Group B 10
9
 CFU/mL/OD600nm). The 

experimental unit will be Canadian laboratory-bred 

Holstein dairy calves. Holstein cattle are the most 

commonly used farming breed of dairy cows in Canada. 

With large dairy farming practices, the overall CH4 

production from this sector is extensive. Young cattle have 

developing microbiomes that are easy to manipulate, 

allowing for the survival of implanted R. 

hydrogenotrophicus [1,4]. Each group will consist of 10 

cows randomly allocated based on a random sequence 

generator and each one will be fitted with a rumen cannula, 

as shown in the Figure 1 illustration. 
 

 
 

Figure 1: Diagram showing a rumen cannula placed on a 

young calf. Placement on the diagram indicates where the 

rumen is located relative to a young calf’s anatomy. 

 
Calves aged 14 months will be housed according to 

their groupings in three enclosed open stall concepts 

measured 24 m
2 

 in accordance with the number of cows 

and their weight, as determined by the Canadian Council on 

Animal Care [10]. They will have free access to an 

automatic water dispenser, a salt block for additional 

nutrients/occupation and a hay-corn mixture (HCM) [7]. 

Each room will have an ambient temperature between  

19-20°C, following a 12-hour light-dark cycle between 

6:00-18:00 hours [10].  
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Figure 2: Outline of experimental method. This shows each 

experimental group and how we flow from addition of 

microorganisms to sampling times throughout the duration 

of the study. 

 

Sampling Methods and Timeline 

A rumen cannula will be inserted into the central 

rumen for sampling. The fitted rumen cannulas act as an 

access porthole to the cow’s rumen. It is placed upon the 

surface of a cow but allows accessible entryway into their 

rumen. The acetogen, Ruminococcus hydrogenotrophicus, 

will be grown in a H2/CO2 mixtorphy [2,11]. This 

bacterium, and its respective genus Ruminococci, is largely 

found in the guts of both humans and ruminants. Thus 

making it a good candidate for experimentation. During 

week 1, respective concentrations of R. hydrogenotrophicus 

for groups B and C will be directly inserted into the rumen 

using a syringe. Group A will feed on the HCM with no 

culture added [3,7]. Group B will feed on HCM and have 

10
6
 CFU/mL/OD600nm of R. hydrogenotrophicus inserted 

into the rumen. Group C will feed on HCM and have 10
9
 

CFU/mL/OD600nm of R. hydrogenotrophicus inserted into 

the rumen.  Concentrations of 10
6
 CFU/mL/OD600nm and 

10
9
 CFU/mL/ OD600nm are being used for groups B and C, 

respectively. This is to examine a dose-dependent 

relationship between the amount of microbes added and the 

amount of CH4 produced. Ruminal samples will be taken at 

weeks 2 and 4 to ensure microbial growth is occurring, as 

illustrated in the timeline of Figure 2. An open path laser 

(OPL) will be used to measure CH4 emission from the 

respective experimental groups (Figure 3). The OPL takes 

measurements continuously for the 4-week study duration. 

Nutrient absorption will also be analyzed using the 

indicator method in weeks 2 and 4, to monitor and ensure 

adequate health of the cattle. Results from both nutrient 

absorption and CH4 emission will be compared between 

control and experimental groups. Methane gas analysis will 

be performed using OPL measurements.  

 
 

Figure 3: Simplified schematic showing the mechanism of an open path laser (OPL) and how it takes CH4 gas samples. 

 
Experimental Analysis 

Microbial analysis of samples from 4 sites within 

central rumen will also be executed to observe which area 

the microbes decided to colonize [7]. Samples taken from 

the cannula will be subjected to serial dilutions to assess the 

morphology, physiology and species diversity of 

microorganisms (Figure 4). Statistical examination of 

results will be compared between groups. Hypothesis 
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testing and ANOVAs will be used to compare data between 

groups (statistical significance determined by p < 0.05).  

 

 
 

Figure 4: Steps of a serial dilution shown by a decrease in 

concentration as the sample is further diluted.  

 

Results 

Proposed results will include the quantified release of 

CH4 from rumen digestion in cattle with different or no 

concentrations of R. hydrogenotrophicus inserted. This 

research proposal does not include numerical results, as it is 

strictly an outline for a prospective study to be based off.  

 

Discussion 

This research proposal aims to provide a methodology 

and experimental design for reducing CH4 emissions from 

one of the largest emission release sectors, agriculture and 

specifically cattle farming. The suggested approach aims to 

alter rumen digestion with the use of bioremediation tactics. 

The proposed groups will provide results on how modifying 

a young cow’s ruminal microbial population can change the 

CH4 production released through digestion.  

By using young cattle with developing rumens, their 

microbiomes can easily be altered. The suggested groups 

will receive different concentrations of R. 

hydrogenotrophicus isolated and obtained from the lab, to 

outcompete the pre-existing ruminal colonies of 

methanogenic archaea [2,4]. The use of OPL measurements 

will provide quantitative data on CH4 production in cattle 

with varying concentrations of inserted R. 

hydrogenotrophicus. In order to ensure the proper growth 

and maintenance of the proposed inserted acetogen colony, 

samples taken from the rumen-cannulated cows will be 

analyzed in terms of growth of the novel colony. Statistical 

analysis between groups will determine the results of 

competition between acetogens and methanogens in the 

microbiome. Results will show change in levels of methane 

release, dependant on the acetogenic colony concentrations 

in the rumen. As there is minimal research on CH4 

production dependant on acetogen-methanogen microbial 

relationships, this proposal aims to observe this affiliation.  

Investigating this relationship will provide a further 

understanding of altered rumen microbiomes and how they 

can be used to reduce the CH4 production. The acetogen R. 

hydrogenotrophicus and its dose-dependent relationship to 

decreased CH4 production will be determined. This 

proposed reduction in CH4 release will provide crucial 

evidence to depreciating the comprehensive carbon 

footprint of cattle farming practices.  

 

Conclusions 

The implementation of bioremediation tactics on the 

microbiome of cattle can produce feasible results. The 

acetogens will compete with methanogens in the rumen to 

decrease CH4 production and metabolize H2 more 

efficiently [2]. The decreased methane production can help 

reduce the overall carbon footprint of cattle, and therefore 

be applicable to reversal climate change tactics. This 

proposal is being presented with hopes that future studies 

exploring climate change mediation will be inspired by this 

novel approach using bioremediation. The interdisciplinary 

nature of this proposal combines fields of environmental 

science, engineering, microbiology and ecology to put 

together an experiment that has enormous potential in 

stopping climate change. These climate change tactics can 

then be augmented on a larger scale.  

 

List of Abbreviations Used 
Colony forming unit (CFU): a counting quantity 

represented by a single colony formed on solid medium 

from a single or few cells [12]. 

Open path laser (OPL): gas detectors that emit a beam of 

infrared light that is capable of detecting a wide range of 

gasses. OPL’s will be specific to the gas they are aiming to 

detect [14]. 

Optical density (OD600nm):  an indirect method of counting 

bacteria measured using a spectrophotometer, typically at a 

wavelength of 600 nm [12]. 
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