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Key external stakeholders:  
Food manufacturers, dairy industry, pharmaceutical industry, gastroenterologists, wider research community, 
policy makers, public health agencies and health professionals. 

 
Practical implications for stakeholders: 
Next Generation Sequencing can be exploited by food and pharmaceutical industries to ensure safety and to 
optimise the health-promoting, and other attributes, of existing and new products.  

 
 

Main results:  
Next Generation Sequencing was used to characterise the kefir microbiome during fermentation. We 
observed consistent patterns in microbial succession in the analysed kefirs, and found that changes in the 
microbiota corresponded with changes in the metabolome. Notably, we observed that particular species 
correlated with particular flavour compounds, and that spiking milk with isolates from kefir resulted in 
predictable changes in flavour compounds. We also demonstrated the potential to use shotgun 
metagenomics and short-read alignment approaches to detect pathogens in fermented foods. Comparison of 
sequencing platforms, analysis tools and sequencing depth showed that the choice of sequencer is not 
important when studying the microbiome of fermented foods when using shotgun sequencing-based 
approaches; however the species classifier choice is of pivotal importance. We also discovered that a lower 
depth of sequencing was sufficient when studying fermented food microbiota in comparison to the perceived 
required depth. Finally, we observed that kefirs could modulate the gut microbiota in mice, while 
simultaneously ameliorating anxious and depressive-like behaviours in the animals.  
 

Opportunity / Benefit:  
Our work highlights that the microbiota is, unsurprisingly, linked to flavour development in fermented food. 
Crucially, it also reveals that sequencing can be used to understand the ways in which microbes contribute 
to flavour in fermented foods. We propose that such knowledge might ultimately be used to design starter 
mixes to produce fermented foods with enhanced flavours. As kefir was also shown to modulate the gut 
microbiota of mice, while also appearing to reduce anxiety and depression in the animals, we also 
hypothesise that kefir microbiota could be exploited to produce fermented foods with proven health benefits.  
Next Generation Sequencing can also be applied to inform safety measures during production, detect 
pathogens in products, or trace outbreaks to source. We envisage that this technology may eventually be 
adopted by the food industry, especially if sequencing costs continue to decrease. The ability to 
simultaneously detect every pathogen in fermented food is, unquestionably, invaluable. 
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Prof. John Cryan, University College Cork, APC Microbiome Ireland 

 

1. Project background:  
The field of food microbiology has been revolutionised by the advent of high-throughput sequencing (HTS). 
This technology enables unprecedented characterisation of food-related microbial isolates, including starter 
cultures, probiotics, and foodborne pathogens. Additionally, HTS allows culture-independent metagenomic 
analysis of the mixed microbial communities, or microbiota, present in fermented foods. Food fermentation 
has been practised for millennia as a means to preserve or enhance foods. Today, fermented foods are 
becoming increasingly popular as many health benefits, including anti-diabetic, anti-inflammatory, and anti -
obesity effects, have been attributed to them. HTS has been used extensively to catalogue the microbial 
compositions of an array of fermented foods, but it can also be employed to predict or measure the activities 
of microbes during fermentations, which yields insights into microbial dynamics in situ. Such information may 
shed light on the ways in which microbes contribute to qualities such as flavour in fermented foods, and thus 
it might be used to optimise fermentations to produce food with desired properties. Another important 
consideration for producing fermented foods is safety, and HTS may potentially be applied to detect 
pathogens in these foods. Furthermore, HTS might be used to determine the effects of fermented foods on 
the gut microbiota, which may help to elucidate the underlying mechanisms responsible for the health 
benefits associated with these foods. 
 

2. Questions addressed by the project: 

 Text here Can NGS expand our understanding on the microbiology of food fermentations? 

 Can NGS be used to determine and ensure the safety of fermented foods? 

 Investigation of the potential impact of fermented foods on gut microbiology using NGS. 
 

 

3. The experimental studies:  
Study 1: Microbial succession and flavour production in the fermented dairy beverage Kefir. 
Study 2: Strain-level metagenomic analysis of the fermented dairy beverage nunu highlights potential food 
safety risks. 
Study 3: Species classifier choice is a key consideration when analysing low complexity food microbiome 
data.  
Study 4: A traditional fermented food modulates the murine gut microbiome while simultaneously 
ameliorating anxious-like behaviours in the animals. 
 

 

4. Main results:  
Study 1: We utilised shotgun metagenomics to characterise the kefir microbiome during fermentation. We 
observed consistent patterns in microbial succession in three analysed kefirs from three different countries, 
and found that changes in the microbiota corresponded with changes in the metabolome. Notably, we 
observed that particular species correlated with particular flavour compounds, which suggested that the 
different microbes present in kefir had distinct effects on its flavour. Indeed, we subsequently confirmed that 
spiking milk with isolates from kefir resulted in predictable changes in flavour compounds. Our work 
highlights that the microbiota is, unsurprisingly, linked to flavour development in fermented food. Crucially, it 
also reveals that sequencing can be used to understand the ways in which microbes contribute to flavour in 
fermented foods. We propose that such knowledge might ultimately be used to design starter mixes to 
produce fermented foods with enhanced flavours. 
 
Study 2: Safety, rather than flavour, is undoubtedly the most important food quality, and foodborne 
pathogens are responsible for millions of illnesses annually. We therefore assessed the potential to use 
shotgun metagenomics to detect pathogens in fermented foods. We demonstrated that three short-read 
alignment-based tools, MetaMLST, PanPhlAn, and StrainPhlAn, accurately and rapidly detected pathogens 
in spinach samples spiked with known pathogens. Subsequently, we employed these tools to test the safety 
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of nunu, which is a traditional fermented dairy beverage from Ghana, produced by the spontaneous 
fermentation of raw cow milk. Using these tools, we observed that nunu was frequently contaminated with 
gut-associated bacteria, including putatively pathogenic strains. Overall, our results showed that short-read 
alignment approaches may be suitable for use as food safety tools. 
 
Study 3: While the above studies highlighted several examples of the ways in which shotgun metagenomics 
can be applied to characterise fermented food microbiota; there was no published consensus on the optimal 
methods to use for such analyses. We investigated therefore the influences of sequencer choice, 
sequencing depth and bioinformatics methodologies on the analysis of fermented food metagenomes. We 
found that three high-throughput short-read sequencers, the Illumina MiSeq, NextSeq 500, and Ion Proton, 
provided accordant results even at divergent sequencing depths.  We also found that in contrast to the 
preconception that shotgun metagenomics requires a considerable sequencing depth per sample, a read 
depth of 500,000 reads per sample was sufficient even for strain-level analysis when analysing fermented 
food microbiomes.  The compositional results from classifiers however were significantly different to each 
other. Thus, our findings highlight that species classifier choice, rather than sequencing platform is pivotally 
important when analysing fermented food metagenomes. The results of this study are a useful guide for food 
microbiologists in their efforts to design shotgun metagenomics experiments. 
 
Study 4: Recent evidence has suggested that fermented foods can alleviate anxiety or depression We 
examined if consumption of kefir could impact the gut microbiota of mice as this may be a mechanism by 
which kefir exerts its reported health benefits. To this end, we combined shotgun metagenomics with 
behavioural analysis to determine if kefirs, compared to unfermented milk, altered the gut-brain axis in mice. 
We observed that kefirs modulated the gut microbiota in mice, while they simultaneously ameliorated 
anxious and depressive-like behaviours in the animals. Ultimately, our discoveries suggested that kefir 
reduced anxious and depressive-like behaviours by increasing the capacity for the gut microbiome to 
synthesise specific neurotransmitters.  
 

5. Opportunity/Benefit: 
Our work highlights that the microbiota is, unsurprisingly, linked to flavour development in fermented food. 
Crucially, it also reveals that sequencing can be used to understand the ways in which microbes contribute 
to flavour in fermented foods. We propose that such knowledge might ultimately be used to design starter 
mixes to produce fermented foods with enhanced flavours. As kefir was also shown to modulate the gut 
microbiota of mice, while also appearing to reduce anxiety and depression in the animals, we also 
hypothesise that kefir microbiota could be exploited to produce fermented foods with proven health benefits.  
Next Generation Sequencing can also be applied to inform safety measures during production, detect 
pathogens in products, or trace outbreaks to source. We envisage that this technology may eventually be 
adopted by the food industry, especially if sequencing costs continue to decrease. The ability to 
simultaneously detect every pathogen in fermented food is, unquestionably, invaluable. Overall, these 
studies showed that high throughput sequencing is an invaluable tool for studying fermented foods.  The 
technology not only expands our knowledge on the roles played by microorganisms during food 
fermentations, but it can also be used to ensure food safety or even investigate the ways in which these 
foods affect the host. Thus, high throughput sequencing can bridge the gap between traditional food 
microbiology and health. 
 

6. Dissemination: 

This project has resulted in a number of peer-reviewed publications (below). Results have also been 
transferred through presentations both nationally and internationally including >10 invited speaker 
appearances by Dr. Cotter. Dr. Cotter was Chair of Danone-sponsored Next Generation Scientist Symposium 
at the International Human Microbiome Consortium meeting in June 2018 (Killarney, Ireland) which Dr. Crispie 
also attended. Dr. Crispie also helped to organize, and spoke at, a Sequencing and Bioinformatics Workshop 
held in Teagasc in February 2018. 
Other public engagement activities included undertaking research and taking part in interv iews aired for 
the RTE TV programmes “Operation Transformation” and “Growing Old Live” and BBC’s “I’m a Doctor, Get 
me out of here”. 
Drs. Crispie and Cotter were on the organising committee for the “Microbiomes Underpinning Agriculture” 
conference held in Oct. 2018. 
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