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Introduction 29 

Livestock farming is confronted with substantial global issues, such as emissions of greenhouse 30 

gases and related climate change, environmental pollution and declining biodiversity, the 31 

achievement of high animal welfare standards and consumer acceptance, and not least 32 

sustainable production and food security. Research including experiments with animals is 33 

essential to find the best solutions for these challenges, to study their contribution to global 34 

impacts and their welfare. There are currently many similar studies performed in different 35 

countries, though they differ in the experimental techniques used and standards applied. These 36 

differences reflect, among others, different agro-environmental contexts, different legislation, 37 

or established traditions. Besides, protocols may differ between research infrastructures due to 38 

varying expertise and equipment. These differences make the results difficult to compare and 39 

generalise. If guidelines were harmonised and follow established standards, many datasets 40 

generated around the world could be better compared and more effectively combined, to 41 

produce new knowledge e.g. from meta-analyses. Harmonisation of guidelines would also 42 

minimize duplication of effort, save resources, and allow more information to be extracted from 43 

each study. Moreover, following commonly agreed and comprehensive guidelines will ensure 44 

that methods are updated to reflect new knowledge and promote high-quality experimental 45 

research. This requires common awareness amongst animal scientists, but would help to reduce 46 

the number of animals used in research by reducing the number of experiments as well as by 47 

reducing the number of animals per experiment, thereby following the Replacement, Reduction, 48 

and Refinement (3 R) principles. It is essential that common standards and guidelines for 49 

measurements and data recording are developed, comprehensively applied, continuously 50 

updated and cited in scientific publications. These standards and guidelines should preferably 51 

be published in openly accessible resources that can be readily and easily updated. In this paper, 52 

we discuss initiatives to achieve harmonisation of guidelines and protocols across research 53 



institutions conducting experiments with cattle and how these guidelines can be useful to 54 

research. 55 

 56 

Standardizing scientific experiments with cattle 57 

The International Committee for Animal Recording (ICAR) develops global standards for 58 

animal identification, performance and health recording in farm animal production. For the 59 

cattle sector, ICAR published guidelines related to the measurement of milk yield, assessment 60 

of functional traits (e.g., fertility, claw and udder health, lameness) and more recently feed 61 

intake and methane emissions in the context of genetic evaluations (ICAR, 2021). The ICAR 62 

guidelines provide a reference tool for practitioners and scientific facilities. They do not include 63 

common protocols used with cattle, e.g. for the measurement of emissions or different 64 

metabolic, digestive, anatomic and behavioural traits. We have recently started to assemble this 65 

information. Numerous scientists, both from within and outside the Horizon 2020 infrastructure 66 

project SmartCow (www.smartcow.eu), compiled and critically evaluated existing protocols 67 

regarding differences, similarities, state-of-the-art, and general applicability for scientists 68 

working on cattle. The guidelines were, if necessary, extended to achieve harmonisation and 69 

standardisation based on the most recently established, innovative and non-intrusive methods 70 

and current best practice. The defined cross-border standards for each guideline include, where 71 

meaningful, instructions for experimental planning (e.g., statistical power analysis, repetitions, 72 

experimental duration), ethical concerns, calibration of instruments, automated measurements, 73 

manual recording of clinical aspects, environmental impacts, and, where applicable, data 74 

processing, calculation, and formatting.  75 

 76 

Common guidelines for experiments with cattle 77 

The guidelines assembled by the SmartCow consortium followed the standard requirements 78 

described above and were published by Publisso as an open access living handbook entitled 79 



“Methods in cattle physiology and behaviour research – Recommendations from the SmartCow 80 

consortium” (Danesh-Mesgaran et al., 2021). The book provides guidelines for routine and 81 

specific recording methods for the main metabolic, digestive, anatomical and behavioural traits 82 

in cattle. Besides a foreword, the book includes eight major sections. Among them, the section 83 

on “Ethical aspects” proposes a pragmatic approach to guide researchers in their decision to 84 

undertake an experiment, balancing issues between constraints on the cattle and expected 85 

benefits of an experiment, and in the implementation of the 3R principles for animal 86 

experimentation.  87 

The section on “Feed and water intake” emphasises the importance of obtaining reliable 88 

measurements at the individual level, both for housed and grazing conditions. Manual and 89 

automated standard operating procedures are introduced, ranging from feeding total mixed 90 

rations or partial mixed rations, to pasture-based feeding or a combination thereof. The “Body 91 

characteristics” section provides guidelines for manual and automated measurement of BW and 92 

body condition score, ultrasound-assisted back fat thickness measurement, determination of 93 

mammary gland volume, and various body temperature recording methods, including those 94 

using thermal cameras. It highlights modern methods that allow rapid, frequent, and reliable 95 

measurements of key body traits for investigation of nutritional and reproductive physiology 96 

and management. A special section is dedicated to techniques used with calves, namely the 97 

measurement of milk or milk replacer intake, monitoring of rumen and mammary parenchyma 98 

development, and the assessment of body anatomy and composition using dual-energy X-ray 99 

absorptiometry (DXA) or magnetic resonance imaging (MRI).  100 

The guidelines assessing parameters related to “Digestive tract physiology” focus on methods 101 

that do not require surgically modified animals, as their access is not universal and is 102 

increasingly restricted, even in research facilities. They include rumen fluid sampling via oral 103 

stomach tubing method, monitoring of rumen pH using probes, marker techniques to measure 104 

passage rate and digesta retention time, and the performance of nutrient digestibility and 105 



balance studies with beef and dairy cattle, using total collections of faeces and urine as the 106 

reference method.  107 

The study of animal behaviour benefits from recent technological developments that have led 108 

to an increase in the number of sensors and devices for measuring an increasing array of animal 109 

parameters. A comprehensive section about “Behavioural physiology” introduces the reader to 110 

a checklist to validate sensor output for the recording of cattle behaviour. It provides guidelines 111 

and examples for the performance of behavioural tests, measurement of rumination activity, 112 

lying, standing, and eating behaviour, as well as for detection and scoring of lameness. In the 113 

section on “Reproductive assessment” guidelines for visual heat detection, the use of an 114 

automated heat detection system via vocalisation, and for pregnancy examination are provided. 115 

The last section of the book focuses on “Gas exchange and methane emission measurements”. 116 

Respiratory chambers, originally developed to study heat production of animals, allow the 117 

measurement of enteric methane emissions of animals, and are considered as the gold standard 118 

reference method. The section details the procedures for operating a respiration chamber 119 

facility, emphasising the importance of gas recovery tests. It also describes methane emission 120 

measurements using alternative widely used techniques such as the GreenFeed system or the 121 

sulphur hexafluoride (SF6) tracer technique that can be performed in a wide range of feeding 122 

conditions, including outdoors on pasture. 123 

 124 

Implementation of ontologies 125 

All guidelines of the living handbook implement Animal Trait Ontology for Livestock 126 

(ATOL), Environment Ontology for Livestock (EOL) or Animal Health Ontology for 127 

Livestock (AHOL) numbers (Le Bail et al., 2014; Golik et al., 2012), which are summarized 128 

under: https://sicpa-web.cati.inrae.fr/ontologies/visualisation/ontologie/. These ontologies 129 

allow the unambiguous definition of phenotypic traits and thereby serve as a reference tool for 130 

https://sicpa-web.cati.inrae.fr/ontologies/visualisation/ontologie/


users. ATOL, EOL and AHOL are key to unifying research methodologies and make the results 131 

obtained from experiments with cattle more inter-operable.  132 

 133 

Implications and future steps 134 

With the book on “Methods in cattle physiology and behaviour research”, the SmartCow 135 

consortium aims to contribute to the achievement of standards and common guidelines for 136 

experimental studies with cattle. Two more chapters entitled “Guidelines to apply for ethical 137 

approval of animal experiments” and “Validation of eating duration using an automatic feeding 138 

system” are currently in preparation and will be added to the book soon. Researchers interested 139 

in adding a new method to the book should contact the corresponding author of this paper for 140 

further information and publication conditions. This invitation is explicitly directed to all 141 

scientists beyond the SmartCow consortium. Updates on existing guidelines and inclusion of 142 

further guidelines into the existing book is highly desirable and encouraged. Because each new 143 

guideline and each updated version of a guideline will be assigned to a single digital object 144 

identification (e.g, doi) number, authors can reference the version they used in scientific 145 

publications. The progressive implementation of the guidelines in the experimentation with 146 

cattle and referencing of the guidelines in scientific publications is encouraged. Referencing of 147 

standardized, comprehensively described and commonly agreed guidelines would also make an 148 

extensive description in the “Material and Method” part of traditional scientific publications 149 

unnecessary, avoid many repetitions within and across scientific journals, and reduce apparent 150 

plagiarism among authors. In addition, as the improvement of methods is a continuous process, 151 

even minor refinements to methods can be published in the updatable, living resource that the 152 

SmartCow consortium has established. By contrast, traditional journals often publish 153 

improvement to methods only when major changes are made. For this purpose, the book 154 

described above has been designed as an open access living handbook, which means that it is 155 

open to new contributions from the SmartCow consortium, as well as external ones. 156 
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 We aimed to establish common guidelines for experimental studies with cattle 

 A book on “Methods in cattle physiology and behaviour research” was published 

 The book is designed as an open access living handbook and open to everyone 

 Citing the book saves space and avoids repetitions in scientific journals  

 Referencing guidelines reduces apparent plagiarism among authors 
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journal article.  

If they have been published as chapters in a 

book, the article should be formatted as for a 

chapter in a book. 

 

 

 

 Author(s), Year. Paper title. Proceedings of the (or Paper presented at the) XXth Conference 

title, date of the conference, location of the conference, pp. first-last page numbers or 

poster/article number.  

 Bispo, E., Franco, D., Monserrat, L., González, L., Pérez, N., Moreno, T., 2007. 

Economic considerations of cull dairy cows fattened for a special market. 

Proceedings of the 53rd International Congress of Meat Science and Technology, 

5-10 August 2007, Beijing, China, pp. 581–582. 

 Martuzzi, F., Summer, A., Malacarne, M., Mariani, P., 2001. Main protein 

fractions and fatty acids composition of mare milk: some nutritional remarks with 

reference to woman and cow milk. Paper presented at the 52nd Annual Meeting 

of the European Association for Animal Production, 26-29 August 2001, 

Budapest, Hungary. 

 

Website 

The accessed date must be given in DD 

Month YYYY format 

 

 Author(s)/Institution, Year. Document/Page title. Retrieved on DD Month YYYY (i.e. 

accessed date) from http://www.web-page address (URL). 

 Bryant, P., 1999. Biodiversity and Conservation. Retrieved on 4 October 1999 

from http://darwin.bio.uci.edu/~sustain/bio65/Titlpage.htm 

 

Thesis 

 

 

 Author, A.B., Year. Thesis title. Type of thesis, University with English name, City, State 

(2-letter abbreviation) for US places, Country (i.e. location of the University).  

 Vlaeminck, B., 2006. Milk odd- and branched-chain fatty acids: indicators of 

rumen digestion for optimisation of dairy cattle feeding. PhD thesis, Ghent 

University, Ghent, Belgium. 

 

Publisher/Conference/University location 

 

 Publisher/Organisation's name, City, State (2-letter abbreviation) for US places, Country 
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http://darwin.bio.uci.edu/~sustain/bio65/Titlpage.htm


 

Appendix: Example of table format 

Table 1  

Effect of x and y on z in w; tables should be sufficiently detailed for being understood without any 

reference to the text, but do not give details of the Material and methods.  

 Heading   

 Heading1  Heading    

Items ColH12 ColH2  ColH3 ColH4 ColH5 RMSE P-value 

Row heading (units)         

Row subheading         

Row sub-subheading Value Value  Value Value Value Value Value 

Row sub-subheading Value Value  Value Value Value Value Value 

RSSH Value Value  Value Value Value Value Value 

Row subheading         

Row sub-subheading Value Value  Value Value Value Value Value 

Row sub-subheading Valuea Valueab  Valuebc Valuec Value Value Value 

Row heading3 Value Value  Value Value Value Value Value 

Row heading Value Value  Value Value Value Value Value 

Row heading Value Value  Value Value Value Value Value 

Abbreviations: ColH1 = Column heading 1; ColH2 = Column heading 2; ColH3 = Column heading 3; ColH4 = Column 

heading 4; ColH5 = Column heading 5; RSSH = Row sub-subheading. 

1 Footnote explaining heading. 

2 Footnote explaining column heading 1. 

3 Footnote explaining row heading. 

a,b Values within a row with different superscripts differ significantly at P<0.05. 

  

 


