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EXECUTIVE SUMMARY

The ruminant microbiome plays a v i tal  role in l ivestock productiv i ty,  health ,  and
environmental  impact.  Yet ,  data from farmed ruminant microbiomes are skewed:  71% of
samples come from catt le ,  and over 90% of al l  samples or iginate from Western Europe,
Nor th America,  Australasia ,  and China.  Key regions with large ruminant populat ions such
as South America,  Afr ica,  and par ts of  Asia are underrepresented.  Fur thermore,  over  40%
of exist ing samples lack basic metadata (e.g. ,  breed,  age,  sex).  This undermines effor ts
to develop microbiome-based strategies for  sustainable l ivestock production.
Addressing these gaps requires coordinated internat ional  act ion,  promoting FAIR
(Findable ,  Accessible ,  Interoperable ,  Reusable)  data pr inciples,  and ensuring better
representat ion of  species,  breeds,  and production environments in global  microbiome
databases.  

Livestock contr ibutes signif icant ly  to global  food securi ty  and l ivel ihoods,  especial ly

through ruminant animals l ike catt le ,  sheep,  goats,  and buffalo.  Ruminant microbiome

research is  expanding,  offer ing pathways to reduce greenhouse gas emissions,  improve

feed eff ic iency,  and suppor t  animal  health.  However,  current  microbiome datasets are

dominated by samples from developed countr ies and dairy  breeds,  l imit ing their

appl icabi l i ty  in  regions where l ivestock productiv i ty  is  lower,  c l imate chal lenges are

greater,  and local  breeds predominate.  Without act ion,  microbiome research r isks

excluding the very regions and systems where i ts  benefi ts could be most impactful .  

INTRODUCTION

D A T A  S K E W  A N D  U N D E R R E P R E S E N T A T I O N :
71.2% of samples come from cattle, with goats, sheep, and buffalo notably
underrepresented despite their global importance. Samples from Africa, South
America, and parts of Asia are scarce.

M E T A D A T A  Q U A L I T Y  I S S U E S :
Over 40% of samples lack critical host information such as breed, age, and sex. The
taxonomic identifier in repositories is often inconsistent, making it difficult to find,
reuse, and integrating data across

F A I R  P R I N C I P L E S  N O T  C O N S I S T E N T L Y  A P P L I E D :
Despite international guidelines, metadata standards are not uniformly adopted in
ruminant microbiome research, particularly in public repositories. This limits
transparency, reproducibility, and the development of AI-driven solutions
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CONCLUSION 

Address Representation Bias: Prioritise microbiome studies on indigenous breeds,
minor ruminant species, and production systems in regions highly exposed to
climate change and food security challenges. 
Expand Body Site Sampling: Promote microbiome research beyond the
gastrointestinal tract, targeting respiratory, skin, reproductive systems, and milk
microbiomes linked to animal health and disease. 
Integrate Longitudinal Study Designs: Encourage the collection of time-series
microbiome data to capture dynamic changes associated with feeding, health status,
and environmental stressors. 
Facilitate Ontology Harmonisation: Support the development and uptake of
livestock-specific ontologies for breeds, production systems, and health traits,
ensuring consistency in metadata quality across international repositories. 
Encourage Cross-Sector Collaboration: Align microbiome data standards with
public health and environmental monitoring initiatives, supporting a One Health
approach. 

The global livestock sector cannot afford to leave large regions
and species behind in microbiome research. Improving the
representativeness and metadata quality of ruminant
microbiome data is both feasible and necessary to support
sustainable livestock production worldwide. Coordinated
international efforts, policy support, and adherence to FAIR
principles are essential next steps. 

POLICY RECOMMENDATIONS

Funding agencies and journals should require compliance with FAIR principles and
the use of recognized ontologies (e.g., Animal Trait Ontology, MIxS standards) as a
condition for project funding and publication. 

International and regional organisations (e.g., FAO, CGIAR) should fund targeted
microbiome sampling campaigns focusing on underrepresented regions (Africa,
Latin America, Asia) and species (goats, buffalo, indigenous breeds).

Invest in training programs on microbiome sampling, data management plan,
and FAIR compliance for researchers and institutions in developing countries. 

Encourage cross-border projects to harmonize data collection and metadata
protocols, leveraging platforms such as the International Nucleotide Sequence
Database Collaboration (INSDC). 

Public repositories must mandate core metadata fields: species, breed, age, sex,
production system, and sampling environment

PROMOTE FAIR DATA STANDARDS:

SUPPORT INCLUSIVE DATA COLLECTION INITIATIVES: 

REQUIRE MINIMUM METADATA FIELDS: 

 BUILD CAPACITY IN UNDERREPRESENTED REGIONS: 

FOSTER INTERNATIONAL COLLABORATION: 

IMPLEMENTATION PRIORITIES: STRENGTHENING GLOBAL MICROBIOME
KNOWLEDGE GAPS 
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