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Microbiome Applications for Sustainable food 
systems through Technologies and EnteRprise

Over three years have elapsed
since we embarked on our
adventure called MASTER.
Despite the challenges of COVID-
19, we have accomplished a lot
and invite you to join us for a
short review of our project’s
progress.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme 
under grant agreement no. 818368 

http://www.master-h2020.eu/


Work package 2a: Plant & soil 
microbiomes: microbiome- 
based improved production of 
fodder crops
The aim of WP2a is to provide microbiome-based
solutions to improve production, enhance the quality
and control disease of typical fodder crops like fodder
maize and grasses. In the third year of MASTER, we
obtained some excellent field results with a new pellet
formulation of the arbuscular mycorrhizal fungi (AMF)
that successfully promoted plant growth and yield.
MASTER partner INOQ plans a commercial pre-launch
of the new product early in 2022, followed by the
official launch at the end of 2022. In parallel, we
started to collect the data from the biofertilisation
grass trials that were established in Ireland. First
assessments, based on yield only, indicated that the
mixed-grass swards perform better than
monocultures. A slight beneficial effect of biofertilising
strains was also observed. We will continue
monitoring this trial throughout 2022 and perform a
more in-depth analysis, including a quality
assessment.

TECHNICAL WORK PROGRESS

Our work on the development of microbiome-based
diagnostic solutions for the primary production of
fodder crops also made significant progress. We
assessed different technologies for the enrichment of
microbial genomic DNA (gDNA) from the plant gDNA
background, and the suitability of the Oxford
Nanopore Technologies (ONT) sequencing technology
for pathogen detection in soil. Lessons learned in both
tasks will be published in 2022. In addition, we
analysed the microplot trial performed in 2020 and
demonstrated that it is possible to build up a machine
learning model that can be sensitive to different soil
types and predict if soil belongs to a good or poor
efficiency colonisation type. To validate this model, we
will execute an additional microplot trial in 2022.

Work package 2b: Marine 
microbiomes: microbiome- 
based improved production of 
aquaculture
Research activities in WP2b have focused on analysing
the positive impact of probiotic microbial strains on
growth rate enhancement of fish in aquaculture. A
range of probiotic strains was applied to fish feed and
results indicate the potential growth rate
enhancement ability of these strains on both juvenile
Atlantic salmon and Arctic char. In other feeding trials
probiotics were added when fish were fed on diets
containing sustainable protein sources. Here, results
indicated that replacing fish meal with up to 11%
brewer’s yeast or insect meal did not negatively affect
fish growth rates. Another beneficial impact of
probiotic strains was shown, when salmon, which was
submerged in a probiotic solution, exhibited a
decreased environmental pathogen effect during
slaughtering and transport.

A robust and sensitive monitoring system for
pathogens is very important in the aquaculture
industry. One novel tool for such a system is the
Nanopore MinION (ONT) which allows the identification
of microorganisms through DNA sequencing, using a
portable piece of equipment that creates ultra-long
DNA fragments.
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A Standard Operating Procedure (SOP) was
established to outline the steps for sample collection,
DNA extraction and sequencing of aquaculture
related samples on the Nanopore MinION. The SOP
was then assessed with different sample types,
including marine and freshwater samples, gut and
skin swabs, a biofilter sample and two mock
communities, as controls. Tests also included spiked
samples of aquaculture water - with and without fish
pathogens. All these samples were successfully
sequenced on a MinION flow cell, generating millions
of sequence reads for analysis and microbial
identification, improving rapid detection technology
for pathogens in aquaculture systems.

TECHNICAL WORK PROGRESS

Work package 3: Rumen 
microbiome - highlight

The digestion of plant matter consumed by ruminant
livestock (cattle, sheep, goats, buffalo etc) is facilitated
by members of a microbial ecosystem residing in the
rumen (forestomach). However, one group of rumen
microbes, known as methanogens, are responsible for
near 60% of Irish agricultural related greenhouse gas
(GHG) emissions through the production of methane,
as a by-product of rumen fermentation. 

Furthermore, the consumption of ingested feed is the
largest contributor to the methanogenic output of an
animal, but also, its level of productivity. Simply put, as
an animal’s level of feed intake increases, more feed is
fermented in the rumen, which both benefits the
supply of energy and protein to the animal, but also
elevates the supply of methanogenesis substrates to
methanogens (mainly hydrogen and carbon dioxide)
and subsequently the rate of methane synthesis in
the rumen. 

Recent legislation passed by the Irish government (the
Climate Action and Low Carbon Development Act,
2021) has committed to reaching a 51% emissions
reduction by 2030. This translates to a 22-30%
reduction from the agricultural sector, with a 15-20%
reduction in methane emissions. Therefore, the
development of novel breeding and dietary (including
dietary feed additives) strategies capable of reducing
the quantity of ruminant derived methane, without
negatively impacted the quantity of feed an animal
consumes, which is a key driver of on farm
productivity, are urgently needed to achieve the
reduction targets assigned to the Irish agriculture
sector.
A recent research collaboration between Teagasc,
University College Dublin (UCD) and the Irish Cattle
Breeding Federation (ICBF), has highlighted the
mitigation potential of breeding low methane emitting
livestock.

The research, which was recently published in the
Journal of Animal Science, highlighted the benefits of
using the residual methane emissions (RME) index as
a means to identify low methane emitting animals.
Residual methane emissions can be defined as the
difference between the methane emissions predicted
for an animal based on its body size and feed intake
and that which it actually produces; with lower values
desirable. At the ICBF national bull beef progeny
performance test in Tully (Kildare, Ireland), detailed
measurements of methane output, feed intake, feed
efficiency, growth rate and carcass output, was
collected on near 300 beef animals. At the end of the
experiment, cattle were ranked as high, medium or
low in terms of RME. Low RME animals (efficient)
produced, on average, 30% less methane, despite
having the same level of feed intake, feed efficiency,
growth and carcass output as their high (inefficient)
ranking RME contemporaries. Results from this study,
therefore highlight the potential to breed more
environmentally sustainable animals, while at the
same time not having a negative impact on the
animals’ performance, and indeed profitability. 
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Uncovering the biological mechanisms
contributing to inter-animal divergence in
methane emissions in beef cattle  



TECHNICAL WORK PROGRESS

Work package 4: Food 
processing, valorisation of 
waste streams and human gut 
health

Results show that the selected Carnobacterium strains
were excellent candidates for mastering the risk of L.
monocytogenes in seafood, while the effect of such
biopreservation on the biochemical and sensory
properties of food is currently being investigated. In
addition, a rapid qPCR method to detect and quantify
10 LAB commonly encountered in cold smoked
salmon was developed. Biopreservation activities in
meat products have also progressed, with trials
investigating the potential of various LAB in
combination with physical processing methods for the
control of Salmonella Typhimurium and L.
monocytogenes in ham, pork and fermented sausage.
In addition to microbiological analysis, the effect of the
biopreservation methods on the physicochemical and
sensory properties of the foods was also investigated.
Moreover, metagenomic analysis to characterise the
microbial community of the meat products was also
performed, with results currently being analysed. The
physicochemical characterisation of apple pomace (a
by-product of cider production) and pectins derived
thereof was performed, and a research paper
describing the outcomes of the study was published.
Additionally, trials investigating the potential of apple
pomace and derived pectins to modulate the human
gut microbiota were initiated. The suitability of apple
pomace as an ingredient in livestock ruminant diets
was also assessed in vitro.

To date, fermentation trials of brewing by-products,
such as brewers spent grain and rootlets, with various
lactic acid bacteria (LAB) have been performed, with
the fermented ingredients incorporated into bread
and pasta products for fibre enrichment. In vitro
model colon studies investigating the effect of the
fermented ingredients on the gut microbiota are due
to commence in 2022. In seafood biopreservation
activities, the potential of LAB from the genus
Carnobacterium to inhibit/control the growth of Listeria
monocytogenes in cold smoked salmon has been
investigated. 

To further the usage of the RME index within Ireland’s
national breeding programme, it is imperative the key
underlying biological mechanisms contributing to inter
animal divergence in methane output are uncovered.
Through the MASTER project, Teagasc and ICBF have
continued the collection of data at the ICBF progeny
test centre, and to date, have amassed results on near
1000 animals. Samples of the rumen fluid and blood
samples have also been obtained to infer the
contribution of the rumen microbial community and
host genetics, to the methanogenic output of an
animal. It is envisioned the results of this MASTER
study, will help identify both rumen microbial and host
DNA biomarkers that can be utilised to facilitate the
genetic selection of low methane emitting animals as
part of the Irish national cattle breeding strategy.

Irish representation in MASTER WP3 is by Prof Sinéad
Waters, Stuart Kirwan, Steven McLoughlin, Dr Paul
Smith (all Teagasc) and Dr Stephen Conroy (ICBF).  

Link to the recently published paper in the
Journal of Animal Science: 
https://academic.oup.com/jas/article/99/11/skab275/6379086?login=true
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Methane emissions of an animal on test being estimated with
the GreenFeed system, at the ICBF Bull Beef Progeny
Performance Test Centre in Tully, Co. Kildare, Ireland

Partners involved in Task 4.2 (UCC, IPLA-CSIC, ULe and
IFREMER) are focused on the upcycling of food waste
streams through fermentation, and the design of meat
and seafood biopreservation processes aimed at
extending shelf-life and improving food quality and
safety. 

https://academic.oup.com/jas/article/99/11/skab275/6379086?login=true
https://academic.oup.com/jas/article/99/11/skab275/6379086?login=true
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Work package 5: Integrated
microbiome technologies for 
the food chain
MASTER WP5 focuses on integrated microbiome
technologies for the food chain field. Within MASTER,
this WP provides the technological, computational,
and analytical tools to (i) support the other research
WPs, (ii) establish standardised tools and procedures
for companies in the food chain, (iii) produce a
comprehensive meta-analysis with the generated and
publicly available data, and (iv) build user- and
company-friendly resources to support all the
microbial tasks associated with the food chain.

TECHNICAL WORK PROGRESS

SOP for validated sample collection and
storage, 
SOP for validated 16S rRNA-based microbiome
processing 
SOP for validated shotgun metagenomics
based microbiome processing. 

WP5 bioinformaticians are working on the
development and optimisation of pipelines for
metagenomic data specific for the food-chain
environment. Specifically, nine pipeline categories were
defined together with their associated detailed
documentation and tutorials. To date, WP5 has also
synchronised the sequencing of MASTER samples,
generating 1.514 new metagenomes from various
food-chain environments (meat and dairy food
industries, fermented foods, marine and fish
industries). The datasets were pre-processed and their
associated profiles generated. 

Check out our PUBLICATIONS for more 
insight!

Within the standardisation of
tools and procedures, WP5
optimised a DNA extraction
method for low biomass
samples with the
collaboration of QIAGEN and
WP4 partners, and
developed a first version of
an aerobic food-chain
specific mock community. All
these methodologies in
addition to standardised
procedures were included in
three SOPs that are publicly
available on the MASTER
website.

the curated FoodMetagenomicData (cFMD), with
52 datasets integrated with curated metadata that
will soon be publicly available and,
the first internal version of foodGenVir, which was
generated at the level of single microbial strains or
genes associated with traits of interest (e.g.,
virulence, pathogenicity, spoilage potential,
antimicrobial resistance). 

Two important food-chain related database were
created:

1.

2.

Getting back to in person 
dissemination

MASTER consortium is committed to the promotion of
public understanding and interest in MASTER research
through engagement with different target audiences.
To foster science literacy to a non-specialist audience
the MASTER partners will actively engage children and
young adults by visiting schools, organising science
projects, participating in “Long night of science” events
etc. Follow us on Twitter to discover our 2022 events!

MASTER at Climate Arena, Finland, 20 - 21 August 2021 

https://www.master-h2020.eu/publications.html
https://www.master-h2020.eu/SOPs.html
https://www.master-h2020.eu/
https://twitter.com/MASTER_IA_H2020


Kefir4All 

MASTER recently initiated a citizen science project in
collaboration with the Science Foundation Ireland (SFI)
VistaMilk and APC Microbiome Ireland Research
Centres. During Kefir4All members of the public are
engaging with fermentation practices, to learn about
microbial ecology relating to milk and water kefir. Over
120 citizen scientists received a kefir grain (either a milk
or water kefir grain), the required fermentation
equipment and fermentation guidelines. 

In the spotlight

The kefir grains (natural clusters of healthy microbes)
continue to be used in fermentations by the citizen
scientists every 1-3 days for 6 months. Samples (kefir
grains and liquid) and required metadata (e.g., storage
conditions, type of milk used, frequency with which the
grains are ‘transferred’) are collected by the research
team. The aim of the project is to determine, via
sequencing, the strain specific adaptations and
microbial community changes of milk and water kefir in
response to environmental parameters (e.g.,
temperature, substrate, location in the home, etc). 

Data concerning the microbial compositions of the
kefir grains will be shared with the citizen scientists at
the end of the study, to raise awareness of the role of
microbes in fermentation and how different factors can
affect microbiomes. Follow us on Twitter @Kefir4All. Copyright © MASTER. All rights reserved.

www.master-h2020.eu

@MASTER_IA_H2020

For more info:

Microbiomes4Life Cluster
Understanding microbiomes is one of the next big
scientific frontiers: this understanding will provide
meaningful individual and public health solutions,
impact on climate change and help transform our
food systems. However, research into microbiomes
beyond the human health field is currently limited. To
that end, the European Commission funded five
projects on food systems microbiomes that focus on
understanding research, policy and regulatory needs,
as well as driving microbiome-based innovations
within food production. 
These projects, MicrobiomeSupport, MASTER,
CIRCLES, HoloFood and SIMBA are working together
to deliver a greater impact. Together we cover a
number of food environments where microbiomes
significantly impact on the health effects, safety and
sustainability of the food we eat; how microbiome
knowledge can be applied practically in different
farming and production processes is being explored. 
All five projects have joined efforts and created the
Microbiomes4Life project cluster. With joint
communication material and the use of the hashtag
#Microbiomes4Life in social media, we want to further
raise awareness of the importance of microbiomes in
the food system.
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