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Introduction

• Anaerobic digestion (AD) is a microbial-driven process that allows for resource recovery from organic

waste by producing renewable natural gas (RNG) and other value-added compounds Development of a

circular bio-economy (Fig. 1).

• During (AD), a series of reactions (i.e. hydrolysis, acidogenesis, acetogenesis, and methanogenesis)

occur under anoxic conditions driven by microbial communities (Fig. 2).

• Better understanding of interactions between trophic groups involved in these reactions  Optimize

conversion of organic waste to RNG and other value-added compounds

• Cattle, hog, and poultry manure are common on-farm waste streams that can be readily converted into

RNG using AD. This waste stream has a net negative impact on air, soil, and water; thus, AD is a

technology that can mitigate these impacts by rerouting the waste. However, N-rich organic waste (e.g.

animal manure) affects AD efficiency by inhibiting microbial activity.

• A deeper understanding of the microbial ecological relationships helps to elucidate the whole on-farm AD

process and eventually provides biotechnological ways to circumvent problems leading to reactor

fluctuations and failures

Preliminary results

Discussion
• Mixed-manure ratios and the scale of digesters harbor different microbial ensembles that respond 

differently to physicochemical parameters and impact the renewable natural gas production.

• Microbial community structure changes over time within mixed-manure ratios; however, these shifts are 

less drastic than those across mixed-manure ratios.

• Indicator species analysis reveals >100 robust indicator populations that may be driving differences in 

RNG production or other factors between mixed-manure ratios.

• A mixed manure ratio of 70 Chicken: Hog 15: Dairy 15 seems to drive a community that produces 

increasing values of RNG. An in-depth exploration of indicator organisms in this ratio may be used to infer 

potential ecological and metabolic relationships mediating the steps in methane production (e.g., via co-

occurrence network analysis)

Future directions

• Volatile fatty acid measurements will be integrated to existing data to identify ensembles/indicators

associated with their production.

• Reconstructed genomes from metagenomics sequencing will be mapped onto the interaction network

based on shared DNA identity providing the chance to derive functional information from the potential

metabolic links hypothesized in the network.

Figure 1. Anaerobic digestion feedstocks, outputs and 

potential benefits (from Karki et al., 2021)

Figure 2. The key process stages of Anaerobic 

Digestion (from Adekunle & Okolie , 2015)

Objectives

• To characterize the microbial community

structure of mixed manure AD systems

operating under various feedstock mixing ratios.

o Identify specific ensembles of

microorganisms and indicator

microorganisms across mixed manure ratios

o Identify how ensembles and indicators

change over industry-relevant time series.

o Integrate microbial community data with

physicochemical data to better define

potential ecological and metabolic

relationships in AD RNG production to

identify specific AD operating conditions that

are linked to desired AD outcomes

Measurements of : 

• CO2,CH4%

• Volatile fatty acids

• Sulphate-sulfur, nitrate and 

nitrite

• Sulfide and ammonia 

• Al, B, Ca, Cu, Fe, K, Mg, Mn, 

Mo, P, S, Zn 
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Figure 3. Microbial overall diversity across mixed manure ratios 

(Chicken:Hog:Dairy). Boxplots with same letters indicate no significant 

differences. Significant differences between scale within manure ratio are 

shown with stars (*<0.05).

Figure 4. PERMANOVA

assessing differences in

microbial communities

across mixed-manure

ratios and the interaction

manure ratio with scale;

and distance-based

redundancy analysis plot

of microbial communities

showing correlations

with physicochemical

parameters. (***,

p<0.001).

Figure 6. Microbial families significantly enriched across mixed 

manure ratios, and their taxonomic affiliation at phylum level. 
Figure 5. The relative abundance of microbial communities at 

the family level across mixed-manure ratios and bioreactor.

Figure 7. Microbial co-occurrence network 

Nodes represent microorganisms across 

mixed-manure ratios and edges represent 

correlation. Colored nodes are indicator 

species for the given ratio. Larger nodes 

are highly abundant in the community. Red 

outlier indicate biogas-producing activity.
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