
 

 

 University of Groningen

Exploring strategies to boost anaerobic digestion performance of cow manure - understanding
the process with metagenomic and metatranscriptomic analysis
Li, Yu

DOI:
10.33612/diss.154436531

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Li, Y. (2021). Exploring strategies to boost anaerobic digestion performance of cow manure - understanding
the process with metagenomic and metatranscriptomic analysis. [Thesis fully internal (DIV), University of
Groningen]. University of Groningen. https://doi.org/10.33612/diss.154436531

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://doi.org/10.33612/diss.154436531
https://research.rug.nl/en/publications/9ebf90fc-5233-490a-9aca-66d1330d856b
https://doi.org/10.33612/diss.154436531


 

Summary 

 

 

-188- 

 

Summary 

 

  



 

Summary 

 

-189- 

 

Summary and future perspectives  

Cow manure (CM) is one of the most abundant on-land agricultural wastes worldwide, 

which imposes a significant threat to the environment if left untreated. Anaerobic 

digestion (AD), in this regard, represents a viable disposal approach that can turn such 

‘waste’ into valuable renewable energy (biogas). Nevertheless, the recalcitrant 

lignocellulosic compounds in CM hinder its effective utilization in AD. Hence, suitable 

AD incentives are necessary to exploit better CM’s energy potential, which are the main 

topics of this thesis. 

In chapter 2, a comprehensive review of strategies to boost AD performance of CM is 

described. Initially, CM is tagged as a lignocellulosic substrate which is also rich in 

minerals (buffer capacity) and fermentative microbes. On the one hand, these features 

enable CM as a suitable substrate in AD either as sole or co-digestion form. On the other 

hand, the lignocelluloses in CM hinders a good AD performance since they are resistant 

to hydrolysis. Thus, various strategies have been developed to improve the performance 

of AD. For pretreatment methods, chemical pretreatment has a strong modification effect 

on lignocellulose and was the most attractive to use in the lab on a small scale. AD of 

chemically pretreated CM reached up to 120% enhancement of methane yield compared 

with other pretreatment methods. However, chemical pretreatment was economically 

infeasible and therefore is less attractive for full-scale application. Although mechanical 

and thermal pretreatment of CM attained mild enhancement of methane yield (10-58%), 

they remained viable at full-scale due to the costs are lower than the additional profit for 

extra methane.  

Moreover, in chapter 2, it was concluded that biological pretreatment deserved more 

attention due to its environmentally friendly nature, but researchers hardly documented 

recent lab-work. Another approach to optimize AD is co-digesting CM with other organic 

wastes. Co-digesting was widely realized and is a simple yet effective way to promote 

CM’s methane yield. However, not all the co-digestion studies that were published 

presented a synergistic effect and did not report improved lignocellulose degradation. 

Therefore, a careful selection of the right co-substrate (such as lignin-poor substrate) 

should be given priority. Researchers found that several metal, carbonaceous, or 
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biological additives were enhancers of AD of CM. The additives resulted in an improved 

lignocellulose degradation of CM, followed by an increased methane yield. Among them, 

waste-carbon based additives and Fe-based nanomaterials stood out for their 

extraordinary performance at lab-scale and full-scale. Finally, for innovative reactor set-

ups, bioelectrochemical systems were found advantageous over conventional reactor 

installations because methanogens and hydrolytic microorganisms thrived well in 

biofilms on the electrodes. 

In chapter 3, co-digestion of CM and sheep manure (SM) at various ratios was studied in 

batch and continuous systems. In batch co-digestion experiments, SM’s introduction 

brought about enhanced lignocellulose degradation compared with digesting CM alone. 

Moreover, synergistic effects were obtained in the blends, with CM:SM at 1:1 reaching 

the highest synergy (10.2%). The microbial analysis indicated that co-digestion enhanced 

the hydrolysis, acidogenesis and methanogenesis. This was concluded by the enrichment 

of hydrolytic bacteria (Clostridium), syntrophic bacteria (Candidatus Cloacimonas) and 

hydrogenotrophic archaea (Methanoculleus). Moreover, the presence of syntrophic 

microbial guilds (Candidatus Cloacimonas and Methanoculleus) was evident in the SM-

fed continuous system, and the methane yield increased from 146 mL/gVS/d (CM alone) 

to 179 mL/gVS/d (CM:SM at 1:1). 

In chapter 4, the focus was on obtaining a bioaugmentation culture to improve the 

digestion of CM. To selectively enrich microbes specializing in lignocellulose 

metabolism, the hydrolytic capacity of different microbial inocula was evaluated as the 

first step. Hence, three commonly used inocula from full-scale AD installations treating 

municipal solid waste (MSW), wastewater sludge (WWTP), and CM (CMMD) were 

comprehensively evaluated in batch AD fed with CM. The results indicated that reactors 

inoculated with CMMD reached the highest cellulose (56%) and hemicellulose (50%) 

degradation. Moreover, the highest profusion of cellulolytic bacteria was obtained when 

CM was inoculated with CMMD. Furthermore, the enrichment of ‘the cellulolytic 

archaea’ norank_c_Bathyarchaeia was identified in all tested cases, suggesting a 

potential functional role in AD. Then, CMMD was used as the seed inoculum undergoing 

long-term cultivation. After cultivation for 100 days (hydraulytic retention time of 30 
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days), not only cellulolytic bacteria (Ruminofilibacter, norank_o_SBR1031, Treponema, 

Acetivibrio) were enriched, but also the norank_c_Bathyarchaeia was successfully 

enriched to 97% within the archaea genera. The high content of hydrolytic and 

methanogenic species in the selection reactor increased its application potential as 

bioaugmentation dosage in the continuous AD of CM.  

In chapter 5, experiments were performed in which the bioaugmentation culture (chapter 

4) was dosed into a continuous AD reactor fed with CM. The positive effect of 

bioaugmentation was shown by a substantial daily methane yield (DMY) enhancement 

(24.3%) obtained in the bioaugmented reactor (179 mLCH4/gVS/d) compared with that 

of the control reactor (144 mLCH4/gVS/d) (P˂0.05). The effluent of the bioaugmented 

reactor contained lower cellulose content, and this indicated an improved cellulose 

reduction (14.7%) in the reactor compared with that of the control. In contrast, the amount 

of hemicellulose remained similar in both reactors' effluent. When bioaugmentation 

stopped, its influence on the hydrolysis and methanogenesis sustained, reflected by an 

improved DMY (160 mL CH4/gVS/d) and lower cellulose content (53 mg/g TS) in the 

bioaugmented reactor compared with the control (DMY 144 mL/CH4/gVS/d and 

cellulose content 63 mg/g TS, respectively). The increased DMY of the continuous 

reactor seeded with a specifically enriched consortium able to degrade the fiber fraction 

in CM showed the feasibility of applying bioaugmentation in AD of CM. The increased 

hydrolysis of cellulose was also supported by the enrichment of typical hydrolytic 

bacteria (Cellulomonadaceae, Micrococcaceae, Bacteroidaceae, Dysgonomonadaceae, 

Prevotellaceae, Chitinophagaceae, Anaerolineaceae, Caldilineaceae, Fibrobacteraceae, 

Bacillaceae, Christensenellaceae, Clostridiaceae, Lachnospiraceae, and 

Ruminococcaceae) in the bioaugmented reactor compared with the control. More 

importantly, the injected norank_c_Bathyarchaeia (within the bioaugmentation dosage) 

successfully grew in the reactor and was responsible for the improved methane yield. A 

transcriptomic analysis of the mRNA extracted from the microbial community showed 

that hydrolytic enzymes such as cellulase (EC 3.2.1.4), endo-1,4-beta-xylanase (EC 

3.2.1.8), beta-glucosidase (EC 3.2.1.21), glucan 1,4-beta-glucosidase (EC 3.2.1.74), and 

xylan 1,4-beta-xylosidase (EC 3.2.1.37) were found in higher abundance in the 
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bioaugmented reactor than in the control. This indicated the promotive role of 

bioaugmentation dosage for a sustained improvement of AD performance.  

Accordingly, future perspectives regarding better utilization of CM in AD should focus 

on the following aspects: 1) development of new reactor types. As the key players in AD, 

the  composition and metabolism of the anaerobic microbial community should be kept 

as diverse and active as possible. In traditional continuous stirred tank reactors, AD 

cannot sustain this diverse and active microbial community due to the daily fed-in-

withdraw mode with a relatively low hydraulic retention time. Anaerobic membrane 

reactors, in this respect, deserve more investigation since it can retain the microorganisms 

in the reactor and enables a low hydraulic retention time and a high biomass retention 

time. However, CM contains a high amount of partially digested grass and other solids 

that could clog the membrane, damaging the membrane surface and shortening its lifespan. 

Future studies related to the investigation of how to utilize CM in membrane-based 

bioreactors effectively are encouraged;  

2) development of sustainable and affordable biological pretreatment. Biological 

pretreatment should be highlighted since it is an environmentally friendly technology. 

The screening of microbes that degrade lignin might be an option since after pretreatment, 

the lignin is degraded and the hemicellulose and cellulose are better accessible for 

hydrolytic conversion into monomeric sugars. A lignin degrader such as Pleurotus 

ostreatus is commercially available nowadays, but the pretreatment process lasts for 

months. Therefore, looking for an accelerated biological way to shorten the pretreatment 

process is vital and will improve overall efficiency. A relevant economic analysis, as well 

as a life-cycle analysis should be conducted to better elucidate the feasibility of this 

biological pretreatment strategy;  

3) a combination of various genetic tools. AD has long been regarded as a ‘black box’ 

due to the complex microbial community within AD reactors. Understanding the 

microbial community will help us design a suitable tailor-made strategy to better regulate 

the activity of the microbes and maximize their performance in AD. Future studies can 

use ‘omics’ tools such as metagenomics, transcriptomics and  metaproteomics to illustrate 

the presence of certain species within a successful or failed AD scenario and identify 
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functional metabolic pathways within the reactors. Next Generation Sequencing like, e.g., 

the newly developed third-generation sequencing equipment using ‘Oxford Nanopore 

Technology’, which can generate long-reads of DNA molecules, will help reconstruct the 

whole genome of known or unknown microorganisms in metagenome sequencing 

projects of AD reactors. In combination with high-throughput next-generation sequencing 

(second-generation sequencing) of small DNA fragments to generate more concrete and 

precise datasets that will help the researchers better understand the microbial dynamics 

in AD;  

4) development of field study. AD has already been regarded as an indispensable part of 

the ‘sustainable society’ due to its role in waste diminishment and energy recovery. No 

matter how successful the lab work is, the outcome from the lab should be ultimately 

applied in full-scale installations to give a real contribution to the society. Future research 

should prioritize how to effectively transfer the results of optimization studies performed 

in the lab on a small scale to pilot-scale and full-scale installations. To further tackle the 

difficulties faced by AD plant runners, livestock owners, governmental authorities should 

pay close attention to AD-related research on waste substrates, biogas and digestates. By 

doing so, the developed technology and knowledge generated in the lab can reach the 

world outside instead of merely ‘trapped’ in published papers.   
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