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Since the foundation of ICAR in 1951, our 40th Conference organised in Puerto Varas (Chile) from 20 to 24
October 2016, marked the first time that ICAR held its session in Latin America, demonstrating the relevance
of the region and its role in the global animal production sector. The significance of the area is clearly defined
by the number of cattle and ovine populations that accounts for 25 and 10 percent, respectively, of the world
population of these two species. Such numbers also reflect the total value of the exports of the products of
animal origin of the three main countries of the area (Argentina, Brazil and Chile) that accounted in 2013 for
more than $26 billion.

The rapid transformation that the animal production sector is undergoing world-wide, is especially evident in
Latin America where the economic relevance of the sector justified the special attention of ICAR to stage its
conference there in 2016.

This 40th ICAR Conference was the right forum and location for reinforcing the new philosophy of ICAR based
on our mission of networking and building global synergies. These principles were reflected in the organisation
in Puerto Varas of a new Global Reach Latin American Working Group in which participants from different
national organisations of the region met to analyse the specific needs and possible common actions in the
homogenization of standards and production recording processes.

Similar reasons were the common elements that acted for the exchange of experiences between the REDLAT
(the Dairy Labs. Network of Iberoamerica and Caribbean) and the ICAR Network of the milk reference and
routine laboratories that share their data analysis during the ICAR Proficiency Tests, performed twice a year.
The aims of such a meeting were to reinforce the analytical capacities and quality management, for a differenti-
ated payment of milk quality, dairy and veterinary control, and assure the quality of dairy products. The crea-
tion of such networks aims also to interconnect as many laboratories world-wide assuring a unique standard
and comparable analysis of results. The ICAR's International Proficiency Test's aim is to harmonize methodolo-
gies, so comparability and traceability of analytical measurements can be achieved, while also providing
technical assistance as required related to the standardization of milk testing.

The announcement of the new service called GenoEx-PSE (Parentage SNP Exchange) that will be achieved in
2017 was also part of the new strategy developed by ICAR. The main purpose of the GenoEx-PSE is to
provide a service for exchanging standardized sets of SNPs for genotyped animals to facilitate parentage
analysis activities carried out by authorized service users of the GenoEx-PSE service.

In parallel to these innovative fields of collaboration, the activities of animal identification and performance
recording are key elements for gaining more efficient herd / flock management, and ultimately improved
genetics which leads to sustained productivity gains. At least five sessions were organized in Puerto Varas to
keep in contact local experiences compared to those achieved world-wide, all with a view to share and show-
case the local animal production sector throughout its different components.

In countries who have adopted the principles and have recognized the importance of a reliable animal ID
system, coupled with efficient recording of production data, have demonstrated remarkable improvements in
animal productivity and sustained profitability, for the benefit of both the producers and consumers alike

Introduction
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Implementing milk recording and dairy herd
management services in developing countries

H. Monardes

Department of Animal Science, McGill University, 21,111 Lakeshore St.,
Sainte-Anne-de-Bellevue, Quebec, H9X3V9, Canada

Valacta, the Quebec centre of expertise in dairy production, formerly known as Dairy
Herd Analysis Service, has been assisting, since 1986, several developing regions to
establish milk recording operations. The Canadian International Development Agency
has been the major financial partner supporting these initiatives, acknowledging that
recording performance of dairy animals is required to provide information for proper
decision-making at the farm, but that "it can also serve as an important platform for
economic and community development" (FAO, 1998).

Our activities involve education and training of farmers and field technicians, building
laboratories for milk analysis and data processing centres, performing collaborative
research with local universities, training academic staff and students at Valacta and
McGill University, and strengthening the local dairy sectors.

Starting in 1987, in the southern state of Paraná, Brazil, our mission was to upgrade
and restructure milk recording operations and to develop farm management services
for dairy farmers, through partnerships with the Federal University of Paraná and the
local breeders' association. Outreach activities took us to the states of Rio Grande do
Sul and Santa Catarina. More recently, Valacta and McGill University have been
involved in the creation of PROGENE, the dairy herd management program of the
Northeast region of Brazil, and collaborating in the design of the milk recording services
for the state of Pará, northern Brazil.

In Argentina, in the province of Santa Fe, one of the country's main milk producing
region, we assisted ALECOL, the provincial milk recording agency, in the building of a
centralized laboratory for milk analysis and a data processing center, and on the training
of field professionals to ensure a proper use of the information produced by the service.
We also participated in national workshops and forums and assisted the provinces of
Entre-Rios and Córdoba on the development of similar services for their farmers.

In Paraguay, we are helping Fecoagro, the conglomerate of dairy coops, producing
80% of the national milk production, in monitoring the recently opened milk analysis
lab and preparing a plan for data processing and the capacitation of the coops' field
staff.

Since 2009, Valacta and McGill have been asked to assist on the development of the
dairy sector of two provinces of Ukraine, L'viv and Dnipro. This is a major project
aimed to expand to other provinces of the Ukraine.

Abstract
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Critical issues faced have been ensuring long term partnership after phase out of the
international external donor funding, sustainability of the implemented services, job
stability of the new highly qualified personnel, self-financing of the laboratorial services,
knowledge transfer and proper translation or transliteration of documentation.

Valacta, the Dairy Production Centre of Expertise Quebec-Atlantic, formerly known as
Dairy Herd Analysis Service, was founded in 1966 by McGill University to assist Quebec
dairy farmers in their management decisions through the appropriate use of data
collected through milk recording operations. Over the years, the organization has
acquired valuable expertise, developed many programs and tools, and trained a
knowledgeable team of farm technical advisors to support the growth and
competitiveness of the Canadian dairy farmer. Since 1986, in partnership with McGill
University, Valacta has been assisting several developing regions to establish milk
recording operations, and to promote the development of their dairy sectors. The
Canadian International Development Agency (CIDA) has been the major financial
partner supporting these initiatives, acknowledging that recording performance of dairy
animals is required to provide information for accurate decision-making at the farm,
and that "it can also serve as an important platform for economic and community
development" (FAO, 1998). Canadian milk recording, and its associated activities,
has taken Canada from a small player in the dairy industry 50 years ago, to a world
leader in productivity, quality of dairy products, industry performance and rural equity.

Valacta and McGill University international cooperation activities involve education
and training of farmers and technicians in all the disciplines of dairy production, building
laboratories for milk analysis and data processing centres, performing collaborative
research with local universities, training academic staff and students in Canada, and
strengthening the local dairy sectors of the project recipients. Most importantly, the
objective of the work has been to ensure that milk-recording activities serve dairy
farmers to improve the efficiency and productivity of their enterprises. The recording
of animal performance is useless unless the data are subsequently used to improve
production, productivity or product quality (FAO, Rome, 1998).

In Brazil, starting in 1987, in the southern state of Paraná, our mission was to upgrade
and restructure milk recording operations, and to develop farm management services
for dairy farmers, through partnerships with the Federal University of Paraná and the
local breeders' association, the Associação Paranaense de Criadores de Bovinos da
Raça Holandesa. Outreach activities spread to the states of Rio Grande do Sul
(University of Passo Fundo and Cooperativa Central Gaucha de Leite) and Santa
Catarina (Cooperativa Central Catarinense de Leite). More recently, Valacta and McGill
University have been involved in the creation of PROGENE, the dairy herd management
program of the Northeast region of Brazil, and collaboration on the design of milk-
recording services for the state of Pará, northern Brazil. Objectives of these initiatives
have been to develop milk-recording operations and services for producers; to train
programmers, field staff, lab technicians and other professionals; to promote milk
recording as a management tool; to organize round tables, symposia, and meetings,
in Brazil; to purchase lab equipment; and to perform applied research using the newly
created data banks. Milk recording activities inspired the creation of a National Dairy
Lab Network (RBQL) of ten laboratories which, in 2015, registered 67,579 cows and

Introduction

Transfer of
technology and
know-how
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915 herds on milk recording in the national network.  The main function of the ten
laboratories in the RBQL is to provide analytical services for dairy processors and
comply with national directives to monitor Brazilian milk quality.

In Argentina, through funding of the Canada-Southern Cone Technology Transfer
Initiative, Valacta and McGill assisted to the development of the dairy sector in the
Provinces of Santa Fe and Entre-Rios. The objectives of the project were to upgrade
knowledge and skills of professionals, technicians and producers; use milk recording
as a management tool; create a centralized dairy management system providing
technical services to producers; and facilitate the empowerment of farmers to negotiate
and commercialize their milk. In 2015, Alecol, the conglomerate of milk recording
entities, which we assisted with the project, registered 115,128 cows in 492 herds on
milk recording in the province of Santa Fe.

In Paraguay, we are helping Fecoagro, the conglomerate of dairy coops, producing
80% of the national milk production, in monitoring the recently-opened milk analysis
lab and preparing a plan for data processing and the capacitation of the coop field
staff.

Since 2009, Valacta and McGill have been asked to assist in the development of the
dairy sector of two provinces of Ukraine: L'viv and Dnipro. This is a major project
("Improvement of the Competitiveness of the Dairy Sector in Ukraine") financed by
the Government of Canada and executed by the Société de Coopération pour le
Développement International (SOCODEVI), having as partners two provincial extension
services in Ukraine, the L'viv Agricultural Extension Services (LADS), and the
Dnipropetrovsk Agricultural Advisory Services (DAAS). Danone, Heifer International
and the Ukrainian Government are also part of this initiative. The project intends to
expand to other provinces of the Ukraine. The overall project aims at developing the
capacity of small- and medium-sized dairy farm and households, grouped in dairy
cooperatives in the regions of Dnipropetrovsk and L'viv to produce and market high
quality milk through a value chain approach which covers stakeholders from raw-
material suppliers all the way to consumers at the market. The improvement of the
economic well-being of rural communities in the two oblasts of L'viv and Dnipropetrovsk
is the ultimate goal of the project. Valacta is the executing partner for the component
of this project, aiming to establish milk recording (MR) and dairy management services
(DMS) in both Ukrainian provinces and to develop field and technical advisory services
for dairy farmers.

Ensuring long-term partnership after phase out of the international external donor
funding . This allows the long-term monitoring and support by the original partners
and recipients through short-term projects, scaling-up programs, academic activities,
collaborative research and teaching, etc.

Sustainability of the implemented services . Volatile prices, low consumption of
dairy products, lack of interest in milk quality, and unstable markets can have negative
impacts on the viability of the newly created services. Strategies to quickly demonstrate
the advantages of the new tools at the farm are essential to maintain satisfied clients
and recruit new ones.

Job stability of the new highly qualified personnel . Newly trained personnel become
an interesting labour force for competitors. Replacement staff training should be a
non-contentious issue for project planners.

Final comments
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Language issues . Knowledge transfer and proper translation or transliteration of
documentation could become a serious issue that must receive early attention to ensure
the success of the project.

Small dairy farms and households, producing milk, need to be grouped so as to ensure
a successful knowledge transfer and business development. The creation of dairy
coops seems to be of capital importance in achieving this.

The contribution of the following individuals as leaders of the numerous projects is
greatly appreciated:

- Eduardo Baravalle
- Severino B. P. Barbosa
- Martin Beaurivage
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- José Augusto Horst
- Ernesto Krug
- Daniel Lefebvre
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La implementación de la trazabilidad en lós países en
desarrólló

M.C. Talbot

555 Boulevard Roland-Therrien #050, Longueuil, QC J4H 3Y9, Canada

Desde hace ya algunos años, la trazabilidad se ha convertido en sujeto de discusión
obligado entre autoridades y sector privado de países que exportan o aspiran a exportar
productos agropecuarios, y si bien hace una década ésta era considerada un lujo,
hoy la trazabilidad se ha transformado en una herramienta básica y crucial para el
desarrollo del sector agropecuario. Ya sea por motivos sanitarios, comerciales u otros,
su diseño e implantación está lejos de ser una tarea fácil. Comúnmente asociada
sólo a temas tecnológicos, la trazabilidad es más que una base de datos o una forma
de registrar y seguir el movimiento de un producto, un animal ennuestro caso; la
trazabilidad es una herramienta poderosa que toca entre otros, conceptos como,
planificación estratégica, normativa, sustentabilidad y gobernanza.

Lamentablemente no hay una receta mágica para su implantación y es así cómo no
son pocos los casos de fracaso en el mundo, los cuáles no sólo han implicado
importantes pérdidas económicas sino que además han tenido un efecto nefasto en
las confianzas de los participantes y actores involucrados. Sin embargo ésta es
absolutamente posible y parte de la solución pasa primero por un compromiso de
todas las partes involucradas, seguida de una serie de pasos que bien planificados y
ejecutados, conducirán necesariamente a un buen diseño e implantación de un
programa de trazabilidad robusto y eficiente.

Finalmente, ya sea que proactivamente decidamos implantarla o nos sea exigida por
otro país, la trazabilidad llegó para quedarse.

Palabras clave: Trazabilidad animal, movimiento animal, sustentabilidad, gobernanza,
comercio internacional, inocuidad alimentaria.

ATQ es un organismo autónomo, sin fines de lucro fundado en 2001, cuya misión es
desarrollar, implantar y operar un sistema de identificación permanente de trazabilidad
de productos agropecuarios, contribuyendo  a la vez al mejoramiento de la salubridad
alimentaria y a la capacidad competitiva de los productores de Quebec. (https://
www.agri-tracabilite.qc.ca/en/ ).

ATI es una sociedad anónima filial de ATQ fundada en 2006, que tiene por misión el
ofrecer soluciones de trazabilidad vanguardistas avaladas y sostenidas por servicios
técnicos y profesionales que respondan a las más altas exigencias internacionales
(http://www.traceability.ca/index.html).

Resumen

¿Quienes sómós?



6

Performance recording for developing countries

La trazabilidad en lós países en desarrólló

 En los últimos 30 años, el mundo ha visto surgir
varias crisis epidemiológicas de importancia, las
cuales han tenido un tremendo impacto económico
en los países en las que se originaron.

Podemos mencionar, por ejemplo, en 1986 la crisis
de la vaca loca en el Reino Unido, cuyo costo
aproximado es de más de 6 000 millones de dólares, o la
crisis de Encefalopatía espongiforme bovina en Canadá
en el año 2003 con costos de 7 000 millones de dólares, o
la crisis de influenza aviar, cuyo costo ha sido evaluado
en más 10 000 millones de dólares. En síntesis, los
ejemplos son muchos y cómo podemos observar, muy
costosos; la existencia de herramientas como la
trazabilidad, ayudan a mitigar los efectos de tales crisis,
ayudando a identificar claramente los focos de infección y
a contener la enfermedad.

Si agregamos a lo anterior, que la globalización está imponiendo nuevos paradigmas
en la comercialización y funcionamiento de la cadena productiva alimentaria, nos
encontramos ante el desafío de poner en pie sistemas que sean capaces de responder
de manera eficiente y eficaz a estas nuevas imposiciones de los mercados y
consumidores.

Pero la trazabilidad no son sólo logros
y alegrías, su implementación y
operación conllevan grandes desafíos
y los consecuentes costos asociados.

Según un estudio publicado por Animal
and Plant Health Inspection Service
(APHIS), concerniente a los costos de
implantación de un sistema de
trazabilidad a nivel nacional en los
EE.UU., más del 75% de los costos de
operación estarían asociados a las
herramientas de identificación y
registro, ya sean éstas aretes, paneles de lectura, bastones de lectura o bases de
datos.

Cerca de un 22% de los costos, estarían asociados a la lectura y el rastreo, en este
caso de los animales. Finalmente el registro de establecimientos, no llega al 2% del
total de los costos.

Par efectos de esta presentación, los beneficios de la trazabilidad los abordaremos y
clasificaremos en 3 categorías, a saber: beneficios en términos de salud y salubridad,
beneficios comerciales y beneficios indirectos.

En términos de salud y salubridad, la trazabilidad conlleva beneficios tales como: la
detección temprana, control y erradicación de enfermedades, la mejora en la toma de
decisiones estratégicas, por ejemplo, los programas de vacunación para el caso de
los animales, es pieza fundamental para la implantación de programas, como la
inocuidad alimentaria, facilita la zonificación y compartimentación y mejora
sustancialmente el control del movimiento de los animales dentro del país.

¿Pór que la
trazabilidad?

Beneficiós de la
trazabilidad
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En términos comerciales, los beneficios que podemos mencionar para el caso pecuario:
una importante disminución del abigeato, que en el caso de la mayoría de los países
productores de carne, sin un sistema de trazabilidad consolidado, suele ser fuente de
pérdidas económicas importantes, de igual forma la apertura de nuevos mercados y
la mantención de los ya existentes, también permite la denominación de origen y de
marca (diferenciación de productos), permite disminuir las pérdidas en el caso de
retiro de productos y subproductos, haciendo estos procesos mucho más eficientes y
eficaces, permite también el acceso a mercados de valor agregado y contribuye
fuertemente al control del fraude alimentario.

En términos de beneficios indirectos, no podemos dejar de mencionar la mejora en la
calidad y oportunidad de la información para la toma de decisiones estratégicas, tanto
a nivel sectorial como nacional, de igual forma permite el desarrollo de herramientas
como el seguro agropecuario, de vital importancia en estos días, en los cuales, el
cambio climático afecta y afectará, de manera sustancial a los sectores productivos
de los países en el mundo entero. Aspectos claves como son el manejo eficiente y
mejora de la genética animal, la promoción del encadenamiento productivo de los
sectores involucrados y la mejora en la confianza de los consumidores, son otros
beneficios indirectos de la trazabilidad.

Es interesante mencionar la correlación que existe entre la tasa de implantación de la
trazabilidad y el aumento en la demanda de las exportaciones de un país.

Según las perspectivas agrícolas de la OCDE y FAO en el decenio 2012-2021, las
economías desarrolladas que pretendan aumentar su participación en las
exportaciones bioalimentarias mundiales se encontrarán frente un desafío de talla
mayor, dada la expansión actual de las economías emergentes. La organización de
cooperación y desarrollo económico (OCDE) y la Organización de Naciones Unidas
para la alimentación y la agricultura (FAO) prevén, que entre los años 2011 y 2021, el
crecimiento de las exportaciones bioalimentarias mundiales, tendrá su origen
principalmente en América Latina con un 34% seguida del Asia-Pacífico con un 25%
y la de Europa oriental y Asia central con un 20%, América del Norte contribuirá con
un 16% y Oceanía un 8%. El crecimiento de las importaciones y alimentarias
provendrán principalmente del Asia-Pacífico con un 49%, África del Norte y Medio-
Oriente con un 23% y de África subsahariana con un 9%.

Estas cifras, nos muestran la importancia que tendrá el intercambio agroalimentario
en los próximos decenios y si sumamos a lo anterior la siempre creciente demanda
por calidad de los consumidores finales, podemos entender entonces, la importancia
que tienen herramientas como la trazabilidad.

En Quebec, la iniciativa de establecer la trazabilidad de los productos agrícolas, surge
en el contexto de las crisis sanitarias de los años 90 antes mencionadas, especialmente
aquella causada por la enfermedad de la vaca loca o Encefalopatía Espongiforme
Bovina (ESB), que se propagó de Inglaterra a Europa y la de la fiebre aftosa en Asia.

La idea de dotar a Quebec de un sistema para asegurar la protección de la salud
pública y animal y que permitiera el poder reaccionar rápidamente en caso de crisis,
se concreta luego de la reunión de los de los principales actores del sector agrícola y
agroalimentario de Quebec, en el año 1998.

El sistema de
trazabilidad animal
de Quebec
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Como norma general, ningún país, desarrollado o en vías de desarrollo, está exento
de problemas y dificultades en la implantación de este tipo de sistemas, y Quebec no
fue la excepción.

Lo primero que debemos mencionar, con respecto a las dificultades que afloraron
durante los primeros años de implantación y puesta en marcha del sistema de
trazabilidad de esta provincia de Canadá, es que muchas de estas no habían sido
consideradas en las planificaciones iniciales (de hecho, hace 15 años la bibliografía
era muy poca y el conocimiento empírico prácticamente inexistente).

En términos geográficos, nos encontramos con un territorio de más de 1 600 000 km²,
con una densidad de menos de cinco (5) habitantes por kilómetro cuadrado. Este
elemento de por sí es ya un gran desafío para la administración y operación de un
sistema de trazabilidad ya que implica una diseminación importante de los productores,
los cuales en general no cuentan con los medios de comunicación necesarios para
una transferencia eficiente de información.

En términos climáticos, las temperaturas en la provincia oscilan entre los 35° C en
verano y -40 °C en invierno, lo que de por sí tiene un alto impacto en, por ejemplo, la
retención de los aretes utilizados en los animales. Esto último determinó el desarrollar
una serie de medidas y procedimientos para poder asegurar la calidad de los aretes
de identificación utilizados.

La realidad de Quebec es que parte importante de sus productores son pequeños y
medianos, no más de 60 animales por explotación.

Como ya lo mencionáramos, la vasta extensión de la provincia tiene por consecuencia,
que las redes de comunicación no estén adecuadamente desarrolladas para cubrir el
total del área. Consecuencia de esto último, es la dificultad de comunicación que
tienen los productores que están más alejados de los centros urbanos.

En términos de reglamentación y regulaciones, la trazabilidad en la provincia de Quebec
está sujeta a dos (2) reglamentos: el primero, de jurisdicción federal (Canadá), es el
reglamento de salud animal de la Agencia canadiense de inspección de los alimentos
(ACIA), y el segundo, de jurisdicción provincial (Quebec), es el reglamento de
identificación de trazabilidad de los animales. La obligación de identificar animales
desde el nacimiento, de activar el identificador (botón o arete) y la de posicionarlo en
un establecimiento o sitio de producción predefinido, representan las características
fundamentales del sistema en Quebec para el sector animal. Todo movimiento del
animal, debe ser declarado a la llegada a un nuevo sitio.

Entre otros, se consideran como sitios o establecimientos; un establo, potrero, una
subasta, un centro de selección, una exposición agrícola, un matadero, un transporte
de animales vivos, un hospital veterinario, un recuperador de carcazas, una estación
de evaluación, un centro de inseminación o un centro de acopio.
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Si miramos cuáles han sido los hitos de la trazabilidad en Quebec, el primero es, el
año 2002, en el cual se establece la trazabilidad bovina en la provincia, en el año
2004 se establece la trazabilidad ovina, en el año 2009 la trazabilidad para los cérvidos
y en el año 2010 se establece la trazabilidad para la especie porcina. Para todas las
especies mencionadas, la trazabilidad es obligatoria.

Durante el año 2012 se realizan los primeros proyectos pilotos para la trazabilidad de
productos hortícolas, es así como se llevan adelante iniciativas que incluyen fresas,
papas, tomates y carne. Otro gran paso dado por parte de ATQ en el año 2016, es la
implantación de su nuevo sistema Web SimpliTRACE. Esta plataforma facilita de
forma importante el acceso y el manejo de la información tanto de los productores, de
la industria, como de los administradores.

El día de hoy en este sistema, lleva el registro de más de 24 000 productores, 27 000
establecimientos y 9 millones de animales.

Más de 40 millones de eventos ligados a la vida de estos animales están registrados
en esta base de datos y más de 788 000 juegos de aretes han sido solicitados en
2015, el 100% de los animales bajo normatividad están identificados con aretes oficiales
y el 100% de los animales identificados son trazables.

El sistema de trazabilidad de Quebec se basa en tres (3) principios fundamentales:

1. la identificación de los animales: número de identificación único de 15 cifras, dos
(2) aretes auriculares (visual y electrónico).

2. La identificación de los establecimientos: número de identificación único de siete
(7) cifras con código de la provincia.

3. Declaración de los movimientos: la declaración obligatoria de los movimientos de
animales, desde el nacimiento hasta su muerte.

Cabe hacer notar que en Quebec, el control de los aretes, numeración, pedidos y
venta, es realizado por ATQ. El proveedor de aretes es único y es escogido por
propuesta pública cada tres (3) años. Esta estructura de control, ha permitido tener el
control total de los aretes; dónde están, quienes son los responsables y si están o no,
en un animal.

En el programa concebido por Quebec, los datos son transmitidos y consignados en
una base datos centralizada (SimpliTRACE) la cual, a su vez, es capaz de entregar
información a los distintos participantes.

En este sentido el sistema está basado en un esquema bidireccional, en el cual los
productores por ejemplo, no solamente envían información sino que también son
capaces de extraer la información de su interés. Cabe hacer notar que el acceso a la
información está protegido por la ley de protección y confidencialidad de la información.

Cada vez que el animal cambia de estado (nace, se mueve, muere, etc.) se genera
información que refleja el evento, y esto por parte de todos los participantes en la
cadena de la trazabilidad. Es así, por ejemplo, como productores, subastas, mataderos
e intermediarios, están obligados por la normativa a declarar el ingreso de los animales
a sus establecimientos.

Hitós y cifras de la
trazabilidad en
Quebec

Las bases de la
trazabilidad animal

La trazabilidad del
predió al mataderó
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Como se mencionara anteriormente, el sistema entrega información a los distintos
participantes de la cadena, por ejemplo le permite al productor tener acceso a su
inventario en línea o el histórico de sus transacciones, a las asociaciones el de acceder
a estadísticas de producción, transacciones efectuadas o información necesaria para
el mejoramiento de la genética, a la autoridad sanitaria les permite el acceder al
control de movimiento de los animales, de llevar una vigilancia epidemiológica o
simplemente acceder a estadísticas de hato de regiones o de la provincia.

Un caso interesante de información que es entregada por el sistema, es el de las
subastas, quienes pueden acceder a la edad del animal al momento del ingreso al
recinto, facilitando de esta forma su comercialización.

Otro actor importante en esta cadena que se beneficia de la información contenida la
base de datos es la aseguradora. Sin esta herramienta, los seguros pecuarios serían
de costos elevados y de difícil manejo y control. El hecho de poder conocer y comprobar
en todo momento la propiedad del animal, sus movimientos o su peso, constituyen
una base sólida para poder ofrecer seguros asequibles y eficientes para el productor.

En el caso del sistema de trazabilidad de Quebec, se ha puesto un énfasis especial
en los medios de transmisión de la información que se ponen a disposición de los
participantes de la cadena. Este elemento es clave en el funcionamiento y operación
del sistema ya que entregan a los actores de la cadena todos los medios posibles
para que éstos puedan declarar los eventos relacionados con el animal. Entre los
medios disponibles para la declaración de eventos, podemos mencionar, un servicio
de atención al cliente (teléfono), formularios de papel (enviados por correo tradicional),
una aplicación móvil, una aplicación para PC de escritorio, un sitio Internet y también
a través de los software de gestión predial, los cuales a través de un protocolo de
comunicación preestablecido, transmiten la información a la base central de datos

Después de 15 años de esfuerzos se ha logrado que más del 72% de la información
entregadas al sistema sea por medio de archivos electrónicos automatizados, lo cual
redunda en: la eficiencia y eficacia del sistema y en su tiempo de respuesta, haciéndolo
una excelente herramienta para el control sanitario animal, una mejora de las
condiciones comerciales y acceso a estadísticas de planificación estratégica.

Figure 1 Distribución de las declaraciones según los medios utilizados.
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En estos más de 15 años de recorrido, en el desarrollo e implantación de la trazabilidad,
numerosos han sido los obstáculos a los cuales se ha hecho frente. Muchos de estos
obstáculos no son exclusivos de países desarrollados y los podemos observar también
en países en vías de desarrollo. Suele suceder por ejemplo, que el sector agropecuario
cuente con una multiplicidad de pequeños actores que no están ligados entre sí, esto
nos habla de una falta de representatividad efectiva y una disociación del sector.

En general los recursos públicos para este tipo de iniciativas están restringidos o son
derechamente inexistentes. La falta de planificación estratégica global clara y
alcanzable, es un factor que impacta fuertemente en el éxito de la implantación de la
trazabilidad.

La falta de cooperación y el distanciamiento entre sector público y privado son
elementos que no contribuyen al establecimiento de programas como el de la
trazabilidad. Normativas mal adaptadas a la realidad del sector o simplemente
inexistente, suelen ser la realidad en muchos países, el conocimiento insuficiente o
errado por parte de los actores de la trazabilidad tiene implicancias importantes en la
concepción, desarrollo e implantación de un buen sistema. De igual forma la reticencia
(normal) del sector privado compartir información con instancias gubernamentales,
véase confidencialidad, no ayuda al establecimiento de un clima de confianza y
cooperación tan necesario para el correcto desarrollo de este tipo de programas.

Cabe hacer notar también que los intereses y objetivos de cada uno de los sectores
involucrados, autoridad sanitaria, productores e industria, son distintos y por ende
fuente de conflictos de poder y de control.

Gracias a la experiencia de más de 15 años del establecimiento del sistema de
trazabilidad de Quebec y a las numerosas auditorías realizadas en el continente
americano, es que podemos establecer una lista de preguntas recurrentes, por parte
de quienes participan en los comienzos de los sistemas de trazabilidad. Estas
preguntas pueden servir de base para quienes quieran lanzarse en el desafío de
establecer un sistema de trazabilidad animal:

• ¿Cuáles sólo beneficios para los participantes, es decir que gano yo?

• ¿Cómo se implantará la trazabilidad?

• ¿Quien administra el sistema de trazabilidad?

• ¿Quién pagará por el funcionamiento del sistema?

• ¿Qué datos serán solicitados y con quien se compartirán?

• ¿Qué tipo de identificación se utilizará, aretes visuales, electrónicos, bolo ruminal?

• ¿Quién debe pagar por los aretes?

• ¿será un programa voluntario u obligatorio?

Las lecciones aprendidas en estos últimos 15 años, se pueden resumir en:

1. La trazabilidad puede apuntar a distintos objetivos y por lo mismo alcanzar
diferentes metas o quizás ninguna; se deben definir muy bien las razones y objetivos
por los cuales se quiere poner en pie un programa de trazabilidad.

2. El sistema concebido y la normativa que regirá la trazabilidad, deben ser el resultado
del acuerdo consensuado entre productores, industria y autoridades sanitarias.

Desafíós

Preguntas
frecuentes
relativas a la
implantación de la
trazabilidad

Lecciónes
aprendidas
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3. La implantación de la trazabilidad debe ser gradual e idealmente a través de pilotos
con objetivos claros y alcanzables.

4. Un programa de trazabilidad obligatorio para todos los participantes, garantiza
mejores resultados.

5. La trazabilidad, y esto es muy importante, es mucho más que una base de datos.
En este sentido la herramienta debe adaptarse a la realidad del sector y no al
contrario.

6. La base de datos que registre y maneje los datos debe ser modular y simple, con
énfasis en el intercambio de información con otros sistemas.

7. La oportunidad y calidad de la información son elementos fundamentales de un
buen sistema de trazabilidad. Todo sistema de trazabilidad que se precie de tal,
debe ser capaz, no sólo de entregar información de calidad sino que además de
manera oportuna, es decir en el momento que se la requiera. Un sistema que
entrega información de calidad, semanas después de solicitada no sirve, al igual
que un sistema que entrega información rápidamente pero inexacta, tampoco nos
sirve.

8. Los eventos que ocurren a lo largo de la vida de un animal pueden ser
tremendamente confusos cuando estos son transferidos a una base de datos. Es
así como inhabitual encontrarnos con un animal que es movilizado pero que, según
los datos contenidos en la base de datos, está muerto o que por ejemplo se
encuentra en dos lugares distintos simultáneamente. Un buen sistema de
trazabilidad debe ser capaz de convivir y gestionar adecuadamente estas
inconsistencias y no afectar la velocidad del negocio (speed of commerce).

En suma, la trazabilidad es simple en su enunciado, no obstante tremendamente
compleja en su implantación

• ATQ: https://www.agri-tracabilite.qc.ca/en/

• Video del sistema de trazabilidad de Quebec:

§ En espanol: http://www.traceability.ca/videoES.html

§ En ingles: http://www.traceability.ca/videoEN.html

§ En frances : http://www.traceability.ca/videoFR.html

Vínculos:
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Practical methodological aspects of milk recording and
management in South America (South American

Project)
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Practical Aspects of Milk Recording and Management in South America is an official
project between the Dairy Cattle Milk Recording Working Group, invited organisations
from South America and selected external experts. It analyses methodology and
management in South American countries (Argentina, Uruguay, Colombia, Brazil and
Chile) that are key players in milk recording in South America. Monitoring the situation
in different parts of the world is one of the key areas for the group's work.

The project covers general statistics and the scope of milk recording in South America,
selected aspects of methodology and technical approaches used. It deals with specific
managerial and organisational issues, as well as questions and problems in relation
to solving milk recording issues. The promotion of milk recording in South America is
a priority along with possible future collaboration between the group and South
American countries. Most of the indicators will cover the situation in particular countries
and offer useful benchmarks.

Abstract
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One of the main goals is to analyse specific problems affecting milk recording
methodology in South America and to identify relevant points to be resolved within the
group. Where necessary these will be in line with the ICAR Guidelines Section 2 as a
way of drafting acceptable proposals and solution.

Current trends will be evaluated, and recommendations and practical advice offered.
Specific recommendations based on this research will facilitate day-to-day work and
strategies for the future.

It is evident that there is a need to analyse specific situations affecting milk recording
in areas outside Europe and to propose forward solutions in relation to methodology
and management. New measures need to be implemented which correspond with the
ICAR Guidelines. Practical solutions feasible for the relevant territories must be offered
while respecting the various different historical and cultural developments.

Keywords: Practical Methodological Aspects of Milk Recording and Management in
South America, Dairy Cattle Milk Recording Working Group

Acknowledgements: Supported by the projects no. QJ 1510139

An 86-question survey was developed to be answered online. The link to respond to
the questionnaire was sent to organizations in
several South American countries.

The institutions that completed the questionnaire
were five, each from a different country (see
Figure 1):

• Argentina, ACHA (Asociación Criadores de
Holando Argentino)

• Brazil, APCBRH (Associação Paranaense de
Criadores de Bovinos da Raça Holandesa)

• Chile, Cooprinsem

• Colombia, Asosimental - Simbrah

• Uruguay, MU (Instituto Nacional para el
Control y Mejoramiento Lechero)

These five countries represent a dairy cattle
population of about 29 million cows, with 875,000
animals under milk recording service (see Table
1).

General overview

Figure 1.  Map of South America:
Participating Countries
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Questions were grouped in 7 topics:

1. General information

§ 2 Countries have less than 3% of dairy cows under milk recording services. 2
of 5 have near 25% of cows recorded and 1 country has 50% of cows in the
service.

§ 3 of 5 MRO (Milk Recording Organization) have national coverage.

§ 1 participant is a umbrella organization with 79 MRO.

2. Financial support

§ Neither AI companies, dairy plants nor breeder association provide financial
support to farmers in Milk Recording Services

§ In one country the government supports payment of the service. A second
country provides partial financial support.

§ There is no tax incentives for farmer with milk recording

3. Technicians

§ Only 2 MRO ask for Agriculture studies

§ In all of MRO, technician are evaluated regularly

§ Some MRO hires technicians and others MRO have outsourced.

§ All MRO in the survey have a type of certification for technicians

§ They haven't training more often than once a year

4. Milk Recording Methodologies

§ Laptop and paper are most common way to record information.

§ Milk samples with Barcode are most common.

§ All MRO use method A (75% to 100%). Two of them use method B and two use
method C.

§ The milk sampling methods are Equal measure (E) of two or three milkings in a
vial and Alternated one milking recording (T).

Table 1. Available data from the IFCN Dairy Report 2014.

Answer summary
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§ The interval between recordings is 4 weeks in all MRO. One of them offers 6
weeks and another offers 8 weeks interval.

§ The majority of them use TIM or TIM modified to calculate accumulated yield.

5. Milk Analysis

§ The majority of MRO (4 of 5) have %Fat and %Protein as a routine analysis.
Only 3 MRO have SCC included in fee.

§ Urea is analyzed in 1 MRO as routine and 3 MRO with additional charge.

§ Pregnancy test is offer in 2 MRO and 2 are planning for the future.

§ Only 2 MRO have their own milk analysis laboratory.

6. Milk Recording Strategy

§ MRO want to offer new services

§ Afford financial problem thru redesign pricing policy and reduce cost, optimizing
routes and travels of technician.

§ There are implementing Genomic Selection.

§ In last years they are working in Computerization, software and automatic data
transfer.

§ 3 MRO observed an increase of interest for the service in their countries.

§ For the future they are thinking in add New Online Services. Also benchmarking;
improving the services for fertility, feeding and health management.

7. Indicators

§ The share of dairy cows with milk recording services is an indicator of introduction
of this tool in each country.

§ The quantity of traits analyzed in the milk samples included in the fee, could
show how well established is a MRO (Fat, protein, SCC, urea).

§ Additional services as pregnancy, feeding and health management (lameness)
would give a good vision of development of the milk recording program.

A summary of SWOT of these Organizations is the follow:

INTERNAL FACTORS -  STRENGTHS

• Equipment, structure, laboratories with ISO 17.025 accreditation

• There is an umbrella organization where the head (ACHA), through the MR Entities
covers the whole country

• High reliability

• Longstanding experience, modern

• Knowledge in milk recording

INTERNAL FACTORS -  WEAKNESSES

SWOT analysis
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• The system is very much depending on milk price and entirely paid by farmers

• Too many technicians, big coverage

• Low supervision

• One MRO depends of government support each year, we need to improve a
payment scheme for the farmer to the future

EXTERNAL FACTORS - OPPORTUNITIES

• Raise of herd in milk recording

• MROs still can technify much more

• Small farmer subsidies

• To offer services abroad

• Pregnancy or diseases diagnostics

• Independent laboratory analysis

EXTERNAL FACTORS -  THREATS

• Trying to get the government involved

• New competitors

• Milk price

• New SCC laboratories

• One MRO thinks of Government couldn't support the program to the future
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J. van der Westhuizen, S. Greyling, S. Francis, B.E. Mostert and R.R. van der
Westhuizen

South African Stud Book and Animal Improvement Association, PO Box 270
Bloemfontein 9300, South Africa

The paper deals with the value of phenotypic information obtained from participation
in milk recording. Examples are presented of how somatic cell counts are used for
benchmarking the herd health and where management interventions are needed to
ensure sustainable profit.

Keywords: benchmarking, dairy management, production, somatic cell score, udder
health

Traditional use of milk recording data has mainly been linked to the identification of
suitable selection candidates. The development of methodologies to increase the
reliability of genetic merit predictions is well known and has been well documented.
Recent developments include, among others, the enhancement of mixed model
methodologies to include molecular genetic information and comprehensive selection
indices based on the variance and co-variance structures in combination with economic
factors contributing to the profitability of dairy production.

The move from the use of phenotypes, in one from or the other, to genetic merit was
logical in terms of identifying and ranking potential selection candidates. Refinement
of usage of phenotypes, for management decisions, has however opened new
possibilities. Principally variation in the observed phenotypes (VP) is the result of
variation caused by differences in the additive (VA) and other (VD, VI) genetic
differences amongst recorded animals, as well as the variation caused by a combination
of management and other environmental influences (VE) and specific animal responses
to them (VGE). Given the fitting of sophisticated prediction models to separate the
useful components, this paper will deal with the use of either the variation observed in
the phenotypic values or the non-genetic components contributing to such variation.
For all practical reasons, VP can be used for the purposes of accessing the role of
management decisions in dairy enterprises.

Abstract

Introduction
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Beyond animal information (matings, births, ownership, etc.) recordings useful in dairy
cattle include milk production (kg milk per day), milk solids (percentage protein and
fat), somatic cells per millilitre and, in cases, milk urea nitrogen (MUN). Given these
traits and properties are recorded, seed stock producers or owners of selection
candidates also allow functional trait assessment. Technological advances and
automation also allows for novel traits and properties to be recorded. The development
and construction of genetic selection indices, based on the additive genetic variances
and co-variances within a certain set of economic factors contributing towards profit
and loss, serve as good indicators to consider variation in performance for the same
properties to adapt management practices to ensure optimum performance.

A definition of benchmarking is "the process of comparing business processes to
industry bests and best practices". The objective is therefore to identify these best
practices and to measure own practices against them. For any dairy production unit,
such practices will result in animal performance that can be benchmarked against
other herds (or groups of herds), own herd performance over time and/or known and
acceptable biological, or even economical norms. Lately norms also include best
practices for animal welfare and sustainable environmental viability.

Recording should directly contribute towards database information useful for
benchmarking. In turn, reports emanating from this information should be accurate,
timely and clear so that preventative and remedial actions can be taken. Although
production and other animal performance levels will be dictated by resource and other
constraints, clear (achievable) goals should be set, strived for, and monitored
continually. Practical benchmarking should therefore be focussed on comparisons
within similar or known environmental constraints and production system practices.

As mentioned, the first benchmark types relate to measuring against biological,
economical and best practice norms. Examples of these benchmarks are average
days in milk for lactating cows, percentage of milk samples (cows) within certain somatic
cell count levels (eg. less than 100 000, 100 000 to 200 000, etc.), proportion of milk
samples with MUN levels outside minimum and maximum norms for optimal feeding
of protein and the ratio of nitrogen to energy in the diet, etc.

Another type of benchmark relates the recording in the herd compared to those of
other herds with similar management practices, farming with the same breed and/or in
the same region. This enables the manager of a dairy herd to look into and apply
management interventions to ensure levels of performance or measurements that is
achievable by fellow dairy producers.

Figure 1 gives an example of a combination of benchmarking a Holstein herd against
acceptable somatic cell count norms to ensure optimal herd health, while at the same
time comparing the herd with other Holstein herds in the same region.

Both the herd and the benchmark herds' SCC levels are unacceptably high as the
norms dictate that at least 65% of cows in lactation should have SCC values less than
100 000 and 80% less than 200 000.

Figure 2 depicts a Jersey herd with approximately 800 cows in milk benchmarking
itself against the same norms but over a time period of one year.

Recordings of
properties and
traits contributing
towards
differences in
sustainable
profitability in
dairy herds

Measurement
against biological
and economic
norms and
benchmarking

Reporting: a few
examples
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The SCC values depicted for the herd in Figure 2 shows that the herd struggles to
maintain acceptable levels for SCC. In only one case (the test day in November 2015)
were these values according to the acceptable benchmark levels.

Table 1 gives a detailed account of the impact of the SCC in the Jersey herd depicted
in Figure 2.

Levels of SCC in the herd depicted in Figure 2 and Table 1 will lead to an average milk
loss of between 4% and 8% due to cases of clinical mastitis among the cows.

 

Figure 2. Percentage of cows in a Jersey herd with somatic cell counts in intervals of
100 000 cells per ml over a year period.

Figure 1. Cumulative percentage of cows with Somatic Cell Counts per ml milk in a
Holstein herd in comparison with other herds used as a benchmark.
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Table 1. SCC distribution and milk production loss monitored in a Jersey herd.

Only one condition or property, namely Somatic Cell Counts per ml of milk, was used
to illustrate the value of using phenotypic recording for management interventions to
ensure the sustainable profitability in dairy herds. Other important properties emanating
from milk recording participation have similar value. These, among others, include the
trend in the drop of protein percentage against days in milk to depict the energy balance
of the cows, the ratio of butterfat to protein in the milk to depict risks for acidosis and
ketosis, differences in lactose levels in milk, with other indicators, to indicate stress
levels of groups of cows, and other indicators. The value of the milk sample is
increasingly more important for dairy farmers to ensure long term economic survival.
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SSC Leve ls < 100k 100k - 200k 200k - 500k 500k -  800k 800k -  1500k > 1500k 
Number  cows 401 148 128 34 36 33 
Cows (%) 51.4 % 19.0 % 16.4 % 4.4 % 4.6 % 4.2 % 
Milk quali ty Excellent Very Good Needs 

improvement 
Poor Serious Bad 

Milk loss (%) < 2 % 2 - 4 % 4 - 8 % 8 - 10 % 10 - 35 % > 35 % 
Quarters 
infected (%)  

< 1 % 1 - 6 % 6 - 16 % 16 - 26 % 26 - 48 % > 48 % 
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Sophisticated statistical methods are used to predict the genetic merit of individuals.
By utilizing millions of performance records from daughters, parents and other relatives,
genetic and environmental effects are well separated to predict the genetic worth of
each animal. Their application has been very successful in dairy cattle for the
improvement of easily measured traits. The success of this approach is mainly due to
the feasibility of recording traits from thousands of herds across the country. However,
this strategy is not feasible for economically important traits that are costly to measure.
The advent of genomics provides an exceptional opportunity to genetically improve
the national herd for those key novel traits that are more costly to record: health,
animal welfare, enhanced product quality, feed efficiency and methane emissions.

In order to provide routine evaluation services for novel traits, a cost effective data
pipeline needs to be developed to transfer new data from farm to DHI and from DHI to
genetic evaluation centres. In Canada, several large research projects have focused
on a series of novel traits that affect profitability of dairy producers and industry: eight
diseases, hoof health, nutritional value of milk, feed efficiency and methane emissions.
Generally, the projects include various steps:

1. Targeting of those novel traits that affect profitability.

2. Identification of predictors that have the potential to increase genomic EBV reliability
of targeted traits.

3. Development of a cost effective pipeline to move new phenotypes from herds to
DHI, from DHI to CDN data base, from CDN to R&D.

4. Development of genetic and genomic evaluations.

5. Development of sub-indexes for targeted selection.

6. Genome wide association and functional studies to identify SNP of interest to add
to revised SNP panels in order to increase accuracy of genomic selection.

Up to now, 40% of dairy producers collect health events and their data is collected by
DHI and analyzed at CDN. More recently, a new data pipeline has been developed to
retrieve hoof lesions data from tablets of participating hoof trimmers. Trimmers receive
DHI herd inventory, whereas their detailed data for each trimming session is sent to
Canadian DHI, which is then transferred to Canadian Dairy Network. Another key
pipeline has been developed to store milk mid-infrared spectra from two FOSS lines

Abstract
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in two DHI labs. The accumulated MIR spectra records are then routinely transferred
to Canadian DHI and then to CDN. By the end of 2016, the remaining ten FOSS lines
will be enabled to store MIR data as well, so that we will have a MIR spectra record for
every analyzed DHI milk vial in Canada. Furthermore, through a large international
genome project a data base is under development to retrieve individual animal feed
intake and methane emissions for participating partners. Data will then routinely collated
and exchanged among all international partners.

On-going research is set to release a wealth of new genetic evaluation services as a
consequence of new data pipelines. CDN has implemented genetic and genomic
evaluations for mastitis resistance in August 2014. Development is in progress to
implement genetic and genetic evaluations for a series of novel traits within the next 5
years: ketosis and subclinical ketosis (BHB) together with displaced abomasum in the
new Metabolic Disease Resistance index (December 2016); Digital Dermatitis
(December 2017); feed efficiency and methane emissions (by end of 2019). Research
projects have been key to develop new data pipelines in order to implement new
genetic and genomic evaluation systems for these novel traits in the coming years.

Keywords: Genomic selection, novel traits, data pipelines

The collection of new traits, the ability to have a single, central, collection and exchange
of data among all stakeholders involved in the genetic improvement (producers, milk
recording organizations, AI organizations, evaluation units and research centers) is
very important in this new context, aimed to enhancing animal health and welfare. In
Canada herds are distributed throughout the national territory, with a greater
concentration in Quebec (49%) and in Ontario (33%) and to a lesser density in the
western provinces (13%) and eastern Canada (6%). The national dairy herd includes
approximately one million dairy cows from 11,200 herds (Agriculture and Agri-Food
Canada, 2017). The milk recording is managed exclusively by Canadian DHI (Canwest
DHI, Guelph, ON for Ontario and western Canada; Valacta, Sainte-Anne-de-Bellevue,
QC, for Quebec and eastern Canada), whereas the genetic evaluation is performed
by Canadian Dairy Network (CDN, Guelph, ON). The centralization of data collection
includes various stakeholders: milk recording agencies, breed associations, AI
organizations, CDN and to a lesser extent veterinarians and hoof trimmers, who
currently still share limited data.

Sophisticated statistical methods are used to predict the genetic merit of individuals.
By utilizing millions of performance records from daughters, parents and other relatives,
genetic and environmental effects are well separated to predict the genetic worth of
each animal. Their application has been very successful in dairy cattle for the
improvement of easily measured traits. The success of this approach is mainly due to
the feasibility of recording traits from thousands of herds across the country. However,
this strategy is not feasible for economically important traits that are costly to measure.
The advent of genomics provides an exceptional opportunity to genetically improve
the national herd for those key novel traits that are more costly to record: health,
animal welfare, enhanced product quality, feed efficiency and methane emissions.

Introduction
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In Canada, a national dairy cattle health and disease data management system was
started in 2007 for 8 diseases: mastitis, displaced abomasum, ketosis, milk fever,
retained placenta, metritis, ovarian cysts and lameness (CDN, 2006). Recording of
disease cases is done by producers and partly by veterinarians. About 40% of milk
recorded farms has voluntarily adhered to this system; farmers are provided with all
relevant information in order to identify and record correctly the pathology, then the
data is collected by DHI technicians and transmitted to Canadian DHI and then to
CDN (Koeck et al., 2012b; Neuenschwander et al., 2012). The result of this data
collection has been the development of mastitis resistance index, index resistance to
metabolic diseases, and in the near future the index resistance to fertility disorders.

In August 2014, a routine evaluation for Mastitis Resistance was officially implemented
for Holstein, Ayrshire and Jersey breeds in Canada.  The multiple-trait evaluation
includes mastitis data and related traits with higher heritability as, "somatic cells",
"fore udder attachment", "udder depth" and body condition score (BCS) (Koeck et al.,
2012a; Koeck et al., 2012c). The newly developed index Mastitis Resistance (MR)
gives equal weights to clinical mastitis (CM) of first and second parities and somatic
cell score (CDN, 2013; Jamrozik et al., 2013):

MR = 1/3 CM-primiparous + 1/3 CM-multiparous + 1/3 somatic cell score

Thanks to genomics, over 2,600 bulls are used as a reference for this trait, bringing an
increase in the accuracy of the index, +8 points for proven bulls but especially for the
young bulls with +16 points. It was decided to consider both the clinical mastitis traits
(presence or absence of mastitis), and SCS because the first is an indicator of clinical
mastitis, whereas the second is an indicator for subclinical mastitis. The two traits are
well correlated, but as shown in Figure 1, the relationship is not equal to 1 and the
best bulls are those with high index for mastitis resistance and low index for somatic
cell score (Miglior et al., 2014).

Health traits

Mastitis resistance
(MR)

Figure 1. Distribution of proven sires for Mastitis Resistance (SCS vs. clinical mastitis
EBV).
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In December 2016, a genetic evaluation for clinical (CK) and subclinical ketosis (SCK)
and displaced abomasum (DA) was officially implemented for Holstein, Ayrshire and
Jersey breeds in Canada (Koeck et al., 2015; Jamrozik et al., 2016b; Koeck et al.,
2016). Clinical ketosis and DA are producer recorded traits, whereas SCK is based on
the laboratory testing of milk samples for levels of BHB (beta-hydroxybutyrate), a
service provided by DHI. Each of these traits is evaluated separately for cows in first
lactation compared to later lactations. The overall resulting index for metabolic diseases
resistance, combines the genetic evaluations of these traits into a single value. To
improve the accuracy of the index, the genetic evaluation system also includes two
related traits, fat and protein in early lactation and the BCS in first lactation. The relative
weight of each trait is 50% for subclinical ketosis, 25% for clinical ketosis and 25% for
displaced abomasum:

MDR = 0.50 SCK + 0.25 CK + 0.25 DA

Stemming from the same source of national on-farm data collection of health events
mentioned above, genetic evaluations are under development for resistance to fertility
disorders, including Metritis and Retained Placenta (Jamrozik et al., 2016a). Work is
in progress to identify indicator traits that are well related to fertility disorders and with
moderate heritability. In the meanwhile, the Daughter Fertility (DF) index was modified
in December 2016 to include a total of six traits, namely Age at First Service (11%),
Non-Return Rate in heifers (16%), First Service to Conception in heifers (8%), Calving
to First Service (15%), Non-Return Rate in cows (34%) and First Service to Conception
in cows (16%).

Forty to 70% of the animals in North America and Europe has at least one hoof lesion.
In addition to compromising the welfare of animals this type of disease can cause
economic losses related to costs incurred for the treatment and reduction of animal
performance (production and fertility).  Correlations between hoof lesions and
conformation feet and legs traits are low and for this reason it is essential to have a
direct data collection from trimmers in order to improve hoof health both at the
management and genetic level (Chapinal et al., 2013). In Canada, a new data exchange
system has been set up for this type of data collection.  Over 40 trimmers have been
recruited.  Via a tablet, they are sending data related to hoof lesions to DHI (data are
then transferred to CDN), while at same time the trimmers download herd inventories
before visiting the next herd. Figure 2 includes a flow chart that illustrates the new
data pipeline.

Table 1 shows the hoof lesions and their frequency and heritability (Malchiodi et al.,
2017). Digital Dermatitis has a highest prevalence in Canada compared to other
pathologies and will be the first trait to be evaluated. The goal is to have an official
genetic evaluation by December 2017 using a Single Step Genomic evaluation.

Metabolic
Diseases
Resistance (MDR)

Fertility disorders
resistance

Hoof health
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Figure 2. New data pipeline for hoof lesions from trimmer to DHI and CDN.

Table 1. Hoof lesion frequencies and estimated heritabilities.

Figure 3. Distribution of sire EBV by percentage of healthy daughters for Digital
Dermatitis.
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Heritability is low, however, the genetic variance among sires is large. Figure 3 illustrates
clearly how best sires for resistance to Digital Dermatitis have most healthy daughters
when compared to bottom sires.

A large project currently under way in Canada has the overall objective to improve the
feed efficiency (FE) and reduce methane emissions (ME) in dairy cows using genomics
(http://genomedairy.ualberta.ca). This project involves the creation of a worldwide
database and an exchange with partners involved (Canada, UK, USA, Australia and
Switzerland, with three additional European countries interested in participating:
Denmark, France, and the Netherlands). By selecting animals more feed efficient and
with lower methane emissions we will have an opportunity decrease the environmental
impact from dairying, as well as having benefits for producers, and reducing costs
related to feed. The same project also has the objective of saving all milk spectral
records from DHI laboratories. Currently only two of twelve FOSS lines can store the
milk spectral records. By receiving data from the remaining 10 spectrometers in DHI
laboratories in the Canadian territory, we will get information for all cows under the
milking recording national system. Milk spectral data can then be used as predictors
for energy balance, methane emissions, and other fine milk components.

In order to remain competitive, it is key to include novel traits in breeding programs.
To achieve this goal it is necessary to have a female reference population based on
genotyped animals already phenotyped for the novel traits. The priority is to maximize
the genetic progress for new traits expanding female population reference, identifying
the best farms to be sampled and genotyped large number of cows.

Genomics offers benefits quickly, high efficiency, fast uptake and doubled genetic
progress doubled. However, it is essential to have a data collection system and an
efficient data exchange for the recording of new phenotypes and genotypes. Include
the cows in the reference population provides reliable genomic evaluations for costly
new phenotypes.
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Ukraine's milk production is concentrated mainly in small and medium size farms and
households (80 percent of total production in 2013) many of them characterized by
low cow productivity, backyard milk production and seasonality which compromises
milk supply, quality and the price at the farm gate. Milk collection, cooling and
transportation are additional challenges to a regular supply for milk processors. As
such, Ukraine is looking for ways to develop its dairy sector and improve its
competitiveness on the European and Asian markets. Canada assists Ukraine's efforts
to increase its food security through supporting dairy production in small farms. The
"Improvement of the Competitiveness of the Dairy Sector in Ukraine" is a project
financed by the Government of Canada and executed by the Société de Coopération
pour le Développement International (SOCODEVI), having as partners two provincial
extension services in Ukraine, the L'viv Agricultural Extension Services (LADS), and
the Dnipropetrovsk Agricultural Advisory Services (DAAS). Valacta, the Canadian
Center of Expertise in Dairy Production is the executing partner for the component of
this project aiming to establish a milk recording (MR) service, or dairy management
services (DMS) in both provinces and develop field and technical advisory services
for dairy farmers. The overall project aims to develop the capacity of 5000 small and
medium sized dairy farmers grouped in 24 dairy cooperatives in the regions of
Dnipropetrovsk and L'viv to produce and market high quality milk through a value
chain approach which covers stakeholders from raw material suppliers to final
consumers at the market. The improvement of the economic well-being of rural
communities in the two oblasts of L'viv and Dnipropetrovsk is the ultimate goal of the
project. The development plan for the MR constituent of the project is composed of
three main components: (1) Installation of a modern dairy laboratory in Dnipropetrovsk
and in L'viv for milk recording activities, monitoring milk quality and for the analysis of
feeds and forages. A monthly flow of up to 10,000 milk samples is expected to be
processed by each laboratory by the end of 2021. So far, both laboratories have been
built and are fully operational currently performing approximately 6000 analyses per
month. Key laboratory personnel has been trained both in Canada and on site by
Valacta experts. (2) Data management systems: Valacta is providing data collection
software, online data processing and web access to processed reports. As of June
2016, data of 47 herds were fully processed at Valacta`s data processing center in
Montreal, Canada. (3) Training and skills development: MR technicians and support
staff of DAAS and LADS (19 people) are being trained on milk recording procedures,
sample and data collection, interpretation of MR reports, and advisory services on
feeding, milk quality, herd and pasture management.

Abstract
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Implementation of dairy herd management in Ukraine

Ukraine's agriculture is the country's third largest economic sector, providing 20% of
the country`s employment. The country is divided in 25 regions/oblasts/provinces and
milk is produced in all of them. Milk production has experienced a decline since the
country`s independence in 1991, but it remains an overall exporter of dairy products.
Milk production is concentrated mainly in small and medium size farms and households
(80 percent of the total production in 2013) many of them characterized by low cow
productivity, backyard milk production and seasonality which compromises milk supply,
quality and the price at the farm gate. Milk collection, cooling and transportation are
additional challenges to a regular supply for milk processors. As such, Ukraine is
looking for ways to develop its dairy sector and improve its competitiveness on the
European and Asian markets.

SOCODEVI is an organization constituted by a network of cooperatives and mutual
enterprises whose mission is to share Canadian technical expertise and know-how
with partners in developing countries. Since 2008, SOCODEVI, together with LADS
(L`viv Agricultural Extension Services) and DAAS (Dnipropetrovsk Agricultural Advisory
Services), has focused its efforts on creating dairy coops and establishing the foundation
for the development of individual and associative entrepreneurship and optimization
of the marketing of dairy products. Besides the Government of Canada, SOCODEVI,
LADS and DAAS, the project also counts on Danone, Heifer International and the
Ukrainian government for funding and technical support. The overall project aims to
develop the capacity of small and medium sized dairy farmers and households grouped
in dairy cooperatives in the regions of Dnipropetrovsk and L'viv. The challenge is to
produce and market high quality milk through a value chain approach which covers
stakeholders from raw material suppliers to final consumers at the market. The
improvement of the economic well-being of rural communities is the ultimate goal of
the project.

Valacta, the Canadian Center of Expertise in Dairy Production is the executing partner
for the component of this project aiming to establish milk recording (MR) and dairy
management services (DMS) in both Ukrainian provinces and develop field and
technical advisory services for dairy farmers. In Canada, Valacta provides milk recording
and management services to dairy farms in the provinces of Quebec, Nova Scotia,
New Brunswick, Prince Edward Island and Newfoundland and Labrador. Since 1987,
Valacta , previously named Quebec Dairy Herd Analysis Service (QDHAS-PATLQ)
has been involved in transferring technology and know-how on milk recording and
herd management services to less developed countries. Since October 2014, Valacta
is assisting on the implementation of two dairy herd management services in the two
regions touched by the project: the oblast of Dnipro in the East and that of L`viv in the
West.

The Ukrainian dairy sector is composed of small and medium dairy farms and
households that account for 80% of milk production (FAO, 2013). Rural households
face multiple constraints in milk production, poor access to credit services and high
interest rates (resulting in minimum use of farm machinery and investment versus
family hand labour), limited availability of quality forage and concentrate feedstuffs,
poor knowledge of animal nutrition, management and ration balancing, and limited
knowledge of modern farming and business management practices.

Introduction

Project Partners

The challenge
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Phase I:

Improve the competitiveness of the dairy sector in Ukraine. In the context of the bilateral
agreement signed between Canada and Ukraine a pilot project was executed in the
oblasts of Dnipro and Lviv from 2008 to 2014. A very limited number of herds and
farmers were included in this project, but results were used to characterize dairy herds
in selected organized household communities, in small and medium size private farms
and in selected agribusiness of Lviv and Dnipro. Also, SOCODEVI started the creation
of dairy cooperatives in several villages in both oblasts. Valacta actively participated
as advisor in this pilot project and in performing the feasibility study of the next
implementation phase. Conclusions from Phase I were: Milk recording operations can
be implemented using the actual farm structure of the regions involved. The annual
cost of operating a DMS would and should be accessible and useful to dairy farmers.
Valacta would be the main partner responsible of implementing these operations.

Phase II:

Ukraine Dairy Business Development Project (2014-2021). SOCODEVI is using the
expertise of Valacta for the implementation of DMS in both oblasts. Actions planned
for Phase II are:

• Training staff to provide field services for dairy farms (milk recording and data
collection, data and field reports interpretation, herd management, nutrition and
feeding, animal health and reproduction, udder health and milk quality, animal
welfare, comfort and housing, customer approach).

• Establishment and management of pastures and implementing milking in pasture
in small communities.

• Building two state-of-the-art dairy labs in both oblasts for the analysis of milk
components (fat, protein, lactose, urea and total solids), sub-clinical mastitis (somatic
cell count in milk), milk microbiology and gestation test from milk samples. Milk
samples are from the herds members of the dairy COOPs and from the dairy
farms participating at the Dairy Management Services (DMS) provided by the
personal of the Extension Services at both locations. The goal is 10,000 milk
samples being processed monthly at each laboratory by the end of 2021. Training
personnel at Valacta headquarters, set up lab management and daily operations,
are also part of the project. Valacta will assist these labs on obtaining local and
international certifications.

• Provide data processing via the Canadian Dairy Herd Improvement program and
Valacta`s own dairy management software (Lac-T and Ration-L).

• Implementing milking methodologies (milking in pasture and mechanized milking)
in dairy coops.

• Provide organizational structure and business model for both DMS in Ukraine.

The Project

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Phase I

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Phase II
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Valacta is training personnel from both oblasts and the recruitment of clients is in
progress. MR technicians and support staff of DAAS and LADS are being trained on
milk recording procedures, sample and data collection, and interpretation of MR reports.
Training field technicians on forage quality, nutrition and feeding, pasture management,
udder health and milk quality, reproduction issues, calf rearing, animal health and
economics, housing and animal welfare and general herd management is in progress
since November 2014. In general, trainings consist of practical workshops at dairy
farms, observing and discussing herd management, establishing and monitoring
pastures, and teaching in classroom or via Skype. Practical tools, factsheets,
PowerPoint presentations and documentation are all translated to the Ukrainian
language. Trainers are mostly Valacta staff, or outside experts when needed.

Valacta provides data entry and herd management software, Lac-T. Information on
individual cows regarding milk production, calving, breeding and health events is
collected on-farm by trained technicians. Information on feeding, feed ingredients and
forage analyses are collected using Ration-L, Valacta's software for nutrition
management and ration balancing. Both programs, translated to the Ukrainian
language, are the main tools used by technicians for advisory services along with
results of lab analyses.

Valacta is also providing online data processing and web access to processed reports.
Reports editing is done in Ukraine by a trained resource using a custom program.
Nine herd management reports have been translated and are available for technicians
and dairy farmers. As of June 2016, data of 47 Ukrainian herds are been fully processed
at Valacta's data processing center in Sainte-Anne-de-Bellevue, Quebec, Canada.

Valacta has supervised the building and installation of two state-of-the-art dairy
laboratories in Dnipro and in L'viv for milk recording activities and monitoring milk
quality. Both laboratories are now fully operational since October 2015 and currently
performing approximately 6,000 analyses per month. At the end of the project, the
objective is to process 10,000 milk samples per month. Key laboratory personnel has
been trained both in Canada and on site by Valacta experts. Future development of
laboratory services include bacteriological milk testing, confirming gestation and ample
monitoring of milk quality for milk pricing.

Valacta and McGill University international cooperation activities involve education
and training of farmers and technicians in all the disciplines of dairy production, building
laboratories for milk analysis and data processing centres, performing collaborative
research with local universities, training academic staff and students in Canada, and
strengthening the local dairy sectors of the project recipients. Most importantly, the
objective of our work is to ensure that milk recording activities serve dairy farmers to
improve the efficiency and productivity of their exploitations. The recording of animal
performance is useless unless the data are subsequently used to improve production,
productivity or product quality (FAO, Rome, 1998).

Ongoing activities

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Training

Data processing and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

management.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Laboratories

Final comments
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Pregnancy and disease detection from milk samples -
A global overview

C. Egli 1, R. Paiva2 2 M. Kahila 1 and H. Pearse 3

1IDEXX Switzerland AG, Liebefeld, Switzerland
2IDEXX Laboratories Inc., Westbrook, USA

3IDEXX Laboratories, Windsor, United Kingdom

DHI organizations conduct testing for herd management and genetic improvement on
over 27 million cows worldwide. This presents a valuable opportunity to labs,
veterinarians and producers for additional testing of parameters such as infectious
disease and pregnancy diagnosis.

Chemical pregnancy testing by detection of pregnancy associated glycoproteins (PAGs)
produced by the placenta is an alternative to traditional methods of pregnancy diagnosis
(either manual palpation or ultrasound) in dairy cows and heifers. Diagnostic tests are
commercially available from IDEXX for use with whole blood, serum, plasma and
milk. These tests can be used from as early as 28 days post artificial insemination and
throughout pregnancy enabling confirmation of reproductive status at any time.

Milk samples from cattle and goats can be used for pregnancy testing, but soon also
milk samples from sheep and water buffalo can be used. The milk sample can be
analysed no matter if they are fresh, skimmed or conserved. Multiple information can
be obtained from a milk sample: milk quality parameters, mastitis, somatic cell counts,
antibodies and antigens indicating diseases, progesterone and finally pregnancy-
associated glycoproteins (PAG). The milk sample is easy to collect, and not so easy
to store as it can get sour quickly. As a solution to this problem milk is often conserved.
This measure helps stabilize the milk sample for use in the lab. Also milk tends to
build flocks upon multiple freeze/thaw cycles.

More results can be obtained from every milk sample as milk is a simple, accurate
medium for regular disease testing. Bulk tank and individual milk can be tested.
Together with simplified collection and logistics, a milk sample offers veterinarians
and producers greater value with every result. Here is a summary of what can be
tested from a milk sample using diagnostic solutions from IDEXX:

Antibody disease testing : BVDV (bulk tank and individual), IBR (bulk tank and
individual), EBL (Bovine Leukosis) (bulk tank and individual), Brucellosis (bulk tank
and individual), Johne's (individual), Fasciolosis (bulk tank), Q Fever (individual)

PCR: RealPCR BVDV RNA Test, RealPCR MAP (Johne's) DNA Test (in validation).

Abstract

The milk sample

Diagnostic
solutions
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The Milk Pregnancy Test helps labs, veterinarians and producers detect pregnant
and open cows accurately as early as 28 days post breeding and throughout gestation
with the first milk-based laboratory test in a cost-effective and time-efficient manner
which allows re-breeding of open cows to improve reproductive efficiency.

Dairy producer benefits : shorter calving intervals, improved calving rates, increased
milk production, save $3-5 per day open, easy to collect routine samples, less animal
handling, cow comfort benefit

Veterinarian benefits : optimize on-farm time for investigating open cows and providing
more value added services, systematically capture pregnancy data to improve long-
term reproductive management

Laboratory benefits : new value-added service addresses top producer need using
existing milk samples, easy-to-run, familiar and trusted, high-throughput ELISA platform.

The test is mainly introduced to DHIs servicing different dairy production systems.
The pregnancy diagnosis in milk has been introduced in many markets. Routine
samples from the existing sample flow to the laboratory are used, but also individually
collected samples that can come to the laboratory anytime. Dozens of DHI laboratories
have meanwhile introduced the test in their workflow. IDEXX supports them with all
facets of installation as many DHIs are new to ELISA testing. It is also recommended
to participate in regular proficiency tests which are offered by third parties in North
America as well as in Europe. Also ICAR has just finished the first proficiency test
including pregnancy testing early 2017.

The DHIs report results via their website (login), e-mail, or SMS. Fax and letter are
rare, but still desired and used in some areas.

The invoicing of the pregnancy diagnosis service is usually done mostly on monthly
basis for DHI members.

DHIs have also started to promote the new service using advertisements, or organizing
workshops for producers. A very efficient way of promoting the new service is leveraging
the regular presence of DHI technicians on farm. There are also examples of successful
collaboration between DHI, breeding associations and genetic companies.

A key point to be addressed are technical challenges associated with the testing.
Three of those are discussed in more detail: Carry over, the dip and decline of PAGs
after early embryonic death (EED) and abortion.

As milk sample collection is done routinely by using a wide variety of milk meters or
even integrated systems on robots there is a technical risk of carry-over for the IDEXX
Milk Pregnancy Test. Milk samples can contain a considerable amount of milk from
the previous cow milked (= carry over). IDEXX conducted internal studies before launch
of the IDEXX Milk Pregnancy Test to address this concern. Results were as follows:

• Carryover of <1% does not present a significant risk for false positive or recheck
sample.

• 2.5- 5% carryover may increase # of recheck results but low risk of false positives.

The milk
pregnancy test

Worldwide
experience with
IDEXX Milk
Pregnancy Test

Carry over
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• >10% carryover could significantly increase number of recheck and false positive
results.

However, in reality, very few 'field-based' issues of carryover have been reported.
IDEXX has also tested more than 2000 samples from routine DHI collections with
very few false positive results that could have been attributed to carryover
contamination. Furthermore, specificity in field trials and validation testing continues
to be exceptionally high (>97%). In order to mitigate the risk of carryover, IDEXX has
the following recommendations included in the test protocol: "Sample Quality and
Handling: Care should be taken to minimize the likelihood of milk carryover from cow
to cow during sample collection, particularly when using samples collected for routine
herd recording."

Pregnant cows show rapid increase of PAGs up to day 32 post breeding. Levels
decline above cut-off and increase again until day 70 post breeding creating a dip.
Similar findings were described in a published study (Ricci et al. 2015)

Conclusion: there is a dip between 32 and 70 days post breeding resulting in lower
PAG levels. However, test performance remains at high levels and cows can be tested
independent from stage of pregnancy.

Data from Denmark (kindly provided by Niels Henning Nielsen, July 2016) obtained
from 294.584 positive results from Holsteins, Jersey, Red Nordic, and Cross breed
indicates that the dip does not fall below recheck cut off as also shown in figure 1.

The dip

Figure 1. The dip.
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This is a very frequent question. PAGs are produced by trophoblast cells in the placenta.
If placenta loses functionality due to early embryonic death (EED) or abortion, PAGs
will not be produced anymore and concentration of PAGs in blood and milk will decline
over time. The question is how long this will take. To date no broad studies are available
to answer this question. From experiments and field experience it can be stated that
the estimated duration of PAG decline in blood or milk will take up to 10 or more days
after EED.

In order to save days open and to re-breed open cows as early as possible times to
assess pregnancy status (P) have been recommended:

• P1: 28-35 days in gestation (post AI): the opportunity to find non-pregnant (open)
cows. Estrous Synchronization programs allow these cows to re-enter the program
quicker.

• P2: 45-70 days in gestation: peak period of Early Embryonic Death (EED) and
time for best practice management programs.

• P3: 90-110 days of gestation: early Embryonic Death (EED) peak is now past.
Cow is approaching break-even phase of lactation curve (figure 2, red arrow)

• P4: 200-230 days of gestation (dry-off): Although uncommon, pregnancy loss can
occur between 100-230 days. Important decision point for culling after finishing
lactation

Global overview of milk pregnancy testing services: a number of successfully
established services are discussed here

Recommended
times to assess
pregnancy status

Figure 2. Early Embryonic Death (EED).

Decline of PAGs
after early
embryonic death
(EED) and
abortion
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Germany

• Milchprüfring Bayern e.V.Routine DHI (https://www.mpr-bayern.de/eng). One of
the largest independent milk testing laboratories for automated analyses of payment
and DHI samples worldwide. 275.000 pregnancy tests since launch two years ago.
Routine DHI samples and individual samples for members and also non-members.
Shortly available: mpr-App "mpr-mobil" for online reception of results.

• Animal Health Bavaria (www.tiergesundheit.bayern.de) Do not slaughter high
pregnant cows! Test options recommended: PD by vet or technician or PAG test
using blood or milk.

Switzerland

• Suisselab offers pregnancy testing service (www.fertalys.ch) results via e-mail or
SMS. Easy contact options: fertalys@suisselab.ch and online order options for
sample kits

Denmark

• RYK - Eurofins Steins, www.vfl.dk/ryk, great experience with samples from robot
units

France

• Clasel, DHI lab (http://www.clasel.fr/clasel-nos-prestations/offre-medria-copie.htm)
Gestadetect, a reliable, simple pregnancy indicator

United Kingdom

• National Milk Recording (NMR) - https://www.nmr.co.uk/breeding/pregnancy-
testing, it's accurate, flexible, easy, cost-effective, pays a check, pays a dry-off
check

• The Cattle Information Service - CIS (http://www.thecis.co.uk/theCIS/
CIS_PregCheck.aspx) Managing the reproductive cycle on your farm

USA

• Antelbio USA, a division of NorthStar Cooperative (http://
www.northstarcooperative.com/pregnancy/) Collaborated to validate the first milk
pregnancy test

• USA, Dairy One (http://dairyone.com/analytical-services/pregnancy-testing/) routine
samples and individual samples (free shipping), sample transportation system,
FAQs

• Heart of America DHIA, http://www.hoadhia.com/lab.html, ELISA submission form
for Pregnancy and Johne's

• Lancaster DHIA, http://www.lancasterdhia.com/, "Let us help you find open cows",
"call your local DHI technician"
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• Texas DHIA, http://www.texasdhia.com/SERVICES.html, Our milk pregnancy test
is 96% accurate and the results are collected within 6 hours of receiving the samples.
This is the industry leading test for reducing invasiveness and unnecessary stress
on the animal. Milk pregnancy testing eliminates the need for additional animal
sorting, restraining, and sampling. It also allows for better time management
between the producer and veterinarian.

Canada

• Valacta (www.valacta.com) DHI, Quebec: Gestalab, now available every day (since
3rd October 2016), with sampling kits and in collaboration with CIAQ (www.ciaq.com,
a semen company)

• CanWest DHI (www.canwestdhi.com), accurate, easy & cost-effective, use as 1st
check, Recheck and dry-off check

Australia

• http://www.nationalherd.com.au/herd_recording/pregnancy_testing, IDEXX
Pregnancy Test, 28 Day Milk Pregnancy Testing

Brazil

• Clinica do Leite (http://www.clinicadoleite.com.br/fazenda/B2B-FazendasLocaweb/
Clinica/Inicio.html, promoting P-CHECK

Chile

• Cooprinsem (http://cooprinsem.cl/home/), mainly for recheck at day 45-60
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2CRI International Center for Biotechnology, Mount Horeb, WI, USA

3University of Wisconsin-Madison, Madison, WI, USA

Based on the first two years of measuring SCK prevalence rates in over 3,000 Holstein
herds, using the KetoMonitor® management tool, a seasonal pattern is observed with
highest prevalence rates in the winter and early spring. Considerable economic impact
can carry throughout the entire lactation and subsequent lactations. Cows that
experienced a difficult calving or had twins were more likely to exhibit SCK during the
5-11 DIM period. Second or greater lactation cows that experienced SCK have a one
in two chance to have a subsequent lactation with SCK. Using the KetoMonitor™
management tool, producers can manage SCK. Identifying cows at risk will allow the
dairy producer to take preventative measures and minimize the impact of SCK on
farm profitability and cow health.

AgSource was the first US milk recording organization to launch a tool to assist dairy
producers in managing the incidence of subclinical ketosis (SCK). KetoMonitor® is a
tool that combines DHI milk sample component data, such as milk fatty acids, protein,
and ketones, with individual cow data to estimate the blood based beta-hydroxybutyrate
(BHBA) value normally obtained using a more expensive test for subclinical ketosis.
Using the estimated blood BHBA value, herd prevalence rates are calculated for cows
fresh between 5 and 20 days in milk. Cows with an estimated blood BHBA value of
1.2 mmol or higher are considered positive for SCK.

The underlying model used to estimate the blood based BHBA value was developed
by the University of Wisconsin-Madison Department of Dairy Science and School of
Veterinary Medicine. Since the launch of KetoMonitor® in February 2015, AgSource
has collected data from over 410,000 fresh cows on just over 3,300 dairy farms.
Analyzing the data from over a two year time span has provided great insight into
SCK prevalence rates and the impact the disease has on cow performance,
reproduction and health.

Abstract

Introduction
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Figure 1 shows the prevalence rate by month of calving for 1st and 2nd and greater
lactation Holstein cows since November of 2014. Second or greater lactation cows
have a higher prevalence of SCK compared to first lactation cows. Prevalence rates
typically peak in the winter and early spring months and lowest values are observed in
fall.

Seasonality

Figure 1. Holstein SCK prevalence by month of calving

Prior SCK research has documented lower milk production, higher culling rates and
reduced reproductive performance, however these results were based on relatively
small samples of cows and herds. To obtain an answer on the long-term impacts of
SCK on cow performance, researchers at the CRI International Center for Biotechnology
(ICB) analyzed production, breeding and culling data from 215,344 cows in 3,362
Holstein herds. Cows were categorized as 1st lactation or multi-lactation, and SCK
was observed between 5-11 DIM (Fresh cow prevalence) and 5-20 DIM (Herd
prevalence). Cows that experienced SCK between 5 and 11 DIM typically experienced
greater negative impact on lactation performance versus cows that experienced SCK
a few days later. Results for peak milk, 305d milk, udder health, reproduction and
culling comparing cows positive for SCK with cows that are negative are shown in
Table 1 below.

Impact on
individual cow
performance

Table 1. Impact of SCK on milk production, average lactation linear score, first breeding conception rate and
lactation culling rates.

 Lactation  
Change in Peak 

Milk (Lbs)  
Change in 
305d Milk 

Change in 
Avg LSSCC  

Change in 
FBCR % 

Change in % 
Cull Rate 

1 -3.37 -1,510 +0.29 -6.54 +5.85  
Herd prevalence 2+ -3.97 -1,453 +0.31 -1.73 +4.94  

1  -3.44 -1,373 +0.28 -7.01 +5.33  Fresh cow 
prevalence 2+ -8.18 -2,422 +0.48 -5.02 +8.25  
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The combined results listed above show that peak milk production is reduced by
approximately 3-8 lbs, overall 305 d lactation production is lower by approximately
1,400-2,400 lbs and lactation average linear score is increased by 0.3 LSSCC.
Conception rates are reduced by 2-7 % and lactation culling rates are increased by 5-
8% for SCK positive cows. Based on the data above, older lactation cows that
experience SCK between 5-11 DIM are more negatively impacted than first lactation
cows or older lactation cows that experience SCK at a later point.

To measure the relationship between subsequent producer reported health events
and cows' estimated blood BHBA values, a subset of 399 herds, representing 83,498
cows with fresh cow health events reported within the first 40 days in milk and fresh
cow SCK reported between 5-11 days in milk, were analyzed. Results shown in Table
2 demonstrate that cows considered healthy (estimated BHBA <1.0) had less health
events reported. Cows with estimated BHBA values of 1.2 or greater showed a higher
percentage of cows with subsequent reported health events and specifically more
cases of clinical ketosis, displaced abomasum, and metritis.

Prior research has indicated that the impact of SCK on a cow's performance and
treatment costs on average add up to $289 ($256 for first lactation cows and $375 for
second and greater lactation cows). These losses include reduced milk yield and
increased risk for metritis and displaced abomasum. Based on the results observed,
previously reported losses seem to be smaller than those observed in this large data
set.

Table 2. Impact of SCK (5-11 days in milk) on reported fresh cow (1-40 DIM) health events.

 No Event Ketosis DA Metritis Mastitis 
1

st
 Lactation      

eBHBA<1.0 95% 0.8% 0.3% 2.6% 1.1% 
eBHBA>=1.0 84% 3.4% 2.2% 7.5% 1.4% 
eBHBA>=1.2 81% 4.3% 3.2% 8.7% 1.5% 
2> Lactations      
eBHBA<1.0 93% 1.5% 0.7% 2.0% 2.2% 
eBHBA>=1.0 84% 4.8% 3.4% 3.4% 2.9% 
eBHBA>=1.2 80% 6.3% 5.0% 4.3% 3.0% 

 

Risk factors
contributing to
SCK

Additional data, such as calf mortality, calving ease and twinning recorded at time of
calving, provide even greater insight into cows with SCK and a few of the associated
triggers. As shown in Figure 2, cows that calved with a reported dead calf had slightly
higher SCK prevalence rates. The difference was even more pronounced when cows
had twins (Figure 3). The impact of calving ease on SCK can be seen in Figure 4,
where Fresh cow SCK only showed an increase when calvings were reported as
difficult or very difficult.

Producers have asked if a cow found to be positive for SCK is more likely to be
positive in a subsequent lactation. Using the same data set, a subset of cows was
identified having two lactations with SCK analysis. To evaluate if there was difference
between transition from first to second lactation or transition between older lactations,
cows were divided into two groups. Results are shown in Table 3.
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Figure 3. Impact of twin calves on fresh cow (5-11 days in milk) SCK.

Figure 4. Impact of calving ease on fresh cow (5-11 days in milk) SCK.

Figure 2. Impact of calf mortality on fresh cow (5-11 days in milk) SCK.
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Cows classified as negative had a 79.4% likelihood to be negative in the subsequent
lactation, and a slightly higher rate for cows transitioning from first to second lactation.
Cows that were classified as positive had a 41.5% likelihood to be positive in the
subsequent lactation, and this rate was much lower for first to second lactation cow
transitions (22.6%). When comparing those two groups of cows to cows that were
negative for SCK in the first lactation and were positive in the second lactation (13.8%)
it is only slightly higher. A much higher likelihood for obtaining SCK in a subsequent
lactation was observed in older lactation cows, with a rate of 45.1%.

Table 3. Risk for SCK in subsequent lactations.

  Lactation 

SCK diagnosis Any  1st - 2nd 2> - Later 

Negative to Negative 79.4% 86.2% 72.7% 

Negative to Positive 20.6% 13.8% 27.3% 

Positive to Positive 41.5% 22.6% 45.1% 

Positive to Negative 58.5% 77.4% 54.9% 
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¹Department of Innovation and Breeding, at CRV Lagoa, Brazil
²Department of Animal Science, School of Agricultural and Veterinarian Sciences, São

Paulo State University (Unesp), Jaboticabal, SP, Brazil

PAINT (program evaluation and identification of new Bulls) is the genetic improvement
program of the CRV Lagoa, for the Nelore, which covers commercial animals (without
registration, "clean face") and registered animals, being pure of origin (PO) and open
book (LA),

The appearance of the PAINT in 1994, was an alternative to the old Lagoa da Serra,
found to contribute to the improvement breeding goals of farm data and increase
productivity of Brazilian livestock, from the identification of high genetic value animals
in herds participating, for multiplication of your genetics, joining CRV bulls portfolio.
Currently, the program covers all regions of Brazil, Paraguay and Bolivia as well.

The differential of the PAINT, are two selection indexes (one for weaning and yearling),
covering Visual, performance evaluations, fertility and the end of the whole process of
evaluation for certification of genetically superior animals with CEIP (special certificate
of identification of production). Another differentiator is the Summary PAINT,
Consolidated information of large breeding programs 6 of Brazil, in a single summary,
control the herd from specific software, reliance on information generated (a lot of
consistency), herd reports based on phenotypic and genetic results.

The PAINT has set job steps that include the Organization and rationalization of labor,
in addition to reviews that begin with sorting of cows, later with the birth of the product
within the harvest, weaning and ends in his yearling. PAINT activities are reported in
the following section.

First step performed when a farm enters to PAINT, to perform the evaluation and
visual selection (phenotype) of cows capable of reproduction with the desirable biotype
to join the program. In addition to meeting the herd biotype, identify some points that
need to be improved and use the classification cows to phenotypic matings directed.

In the cows are collected data from race, frame, aplomb and pigmentation, being:
Race (R): characteristic that defines an animal visually, as a member of the Nelore. In
the evaluation of breed are analyzed, format of head, eyes, ears, forelock, bevel and
termites.

The score scale ranges from 1 to 5, 5 being the most standardized and 1 is the least
standardized, not being able to program.

Frame (F): feature related to height (size) of the animal. The assessment score
attributed that ranges from 1 to 3, 1 being the small animal, 2 medium and 3 tall.

Classification of
cows (evaluation
for the animal)
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Aplomb (A): feature related to the feet and hands of animals. In the evaluation of
aplomb are analyzed, bones, angulation of the Hock, and opening and closing hand
and legs and placing the on the nail while walking. The score of note varies from 1 to
5, 1 being a serious defect and 5 uprightness without blemish

Pigmentation (P): animal coloring-related feature with regard to coat, mucosa,
eyelashes, vulva and hooves. The score of note varies from 1 to 3, 1 being well
pigmented and white pigmentation 3, no plates of depigmentation (spot in white coat).
The animals that feature white hull, white tail broom or merged, are not eligible for the
program.

Finished sorting of cows, they must be registered with the specific software, called
Paint Farm, containing the information of racial composition, affiliation (optional), date
of birth, as well as notes of race, frame, aplomb and pigmentation (optional).

The launch in PAINT Farm, the classification of cows is important, for the potentiation
of mating, mating, where the software will suggest the ideal bull to the cow, based on
their genetic and phenotypic correction.

By this fact, it is recommended to classify all heifers before breeding season, for the
creator to get biggest success in mating, as well as future serious defect cows discard.

The breeding season is the period where the animals will be inseminated and/or natural
mating bulls (pass-through). The well-defined breeding season features numerous
advantages such as rationalization of farm labor and concentration of births, this being
the most important point for the breeding program.

From the concentration of birth is possible form the Contemporary groups (CG), IE,
and group of animals that had the same opportunity to develop within the system. The
GC can have a maximum of 90 days of age difference, so that the environmental
factors of genetic evaluation are deleted and the adjustment factors can predict genetic
values, resulting in greater reliability of the collected data and, consequently, greater
reliability in genetic evaluation.

Examples of contemporary group training

The cows that will enter the season, must be registered with the PAINT Farm so that
the information regarding the breeding season are related to cow, like: Artificial
insemination, Mounts, Transfer, Inseminator, Bull, embryo.

Breeding season

Examples of Contemporary group training 
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For the farms that are joining in the program is very important to be potentiated the
artificial insemination, so the farm have greater genetic gain and can establish genetic
ties (connect ability), with the database, so there won't be loss of information of animals
evaluated.

The birth is the period of great importance in the PAINT and the farm as it is during
this period that starts the animal control within the crop and field team needs to perform
the healing navel, the maternity service should be daily. At this point it is necessary to
weigh the calf, identifies it (tattoo) and all of this information must be recorded correctly
on the birth and subsequently informed in PAINT farm.

When we inserted the visual evaluation in a breeding program, we are seeking to
identify the most efficient biotype animals to production system that is inserted, linking
this information to performance and fertility, resulting in a highly efficient biotype animal
pasture, with better quality of housing for the industry.

The most profitable animal is one that presents the best in biotype of production system
where it is inserted, so the visual assessment improves the design of housing, leaving
the more harmonic and heavy.

Visual assessments are carried out at weaning and yearling, being on the contemporary
group, thus the note attributed to visual assessment, an animal is relative and not
absolute. The advantage of being on the contemporary group is a better distribution
of the notes, in a normal curve (Figure 1), generating better quality data to estimate
genetic values of Visual characteristics. If the assessment were positive, we'd have
less variability, since most of the notes would meet around an average.

Birth

Visual
assessments

Figure 1. Optimal distribution of notes on Visual Evaluation for CPM.
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In PAINT for two times where the visual assessment, and weaning (between 150 and
310 days) and Yearling (between 340 and 670 days). The yearling is performed to
measure the scrotal perimeter and temperament evaluation.

The visual assessment on weaning and yearling, begins with the verification of the
whole lot, called this "Goal" activity. The purpose of the goal is to check the whole lot
and get find the lower upper middle and animal in relation to other animals, for each
evaluated trait.

After the Goal, the animals are weighed individually on an empty stomach, at least 8
hours, water and food. This procedure is done to the gastrointestinal tract is empty
and the weighing of the animal, reflects on the carcass weight and assigned grades,
can present what the largest rated component that is contributing to the housing present
greater weight. All the visual assessment, for the contemporary group has scores
ranging from 1 to 5, 1 being lower, middle and upper 5 3.

Visual assessments carried out are:

Conformation : Measurement performed at weaning and yearling, aiming to quantify
the area that it occupies. This feature is analyzed the carcass length, chest depth and
thoracic perimeter (arching), as shown in Figure 1. Note that the Frame (size) of the
animal is not contemplate in the characteristic conformation.

Visual
assessments

Figure 1. Conformation observed animals deepest and arched, result in higher animals
digestive, respiratory capacity and possibility of muscle development.
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Precocity : Measurement performed at weaning and yearling, aiming at identifying
the animal most likely to fat deposition. For this characteristic is analyzed the relationship
leg x rib and fat deposition in animal carcass in regions of the back, breast and insertion
of tail and ribs.

In the evaluation of precocity, we seek to identify the animals of early termination
biotype, with longer and lower groin ribs, resulting in a more uniform in deposition of
subcutaneous fat. Musculature: feature evaluated at weaning and yearling, aiming to
identify animals that present greater muscle development in housing. For this
characteristic is analyzed all the animal's hindquarters, palette, "between legs and
Sirloin steak, as shown in Figure 2.

Figure 2. Evaluation of precocity, analysing all the animal's hindquarters, palette,
"between legs and Sirloin steak.

 In the evaluation of musculature, we seek to identify animals that present better
distribution and volume of muscle on the carcass, identifying higher-yielding animal
carcass.

Navel (U): evaluation at weaning and yearling. The scores for this evaluation is not on
the contemporary group, being an absolute evaluation of the animal. The navel,
especially for males, presents a very functional feature, as it participates in the sheath
structure and foreskin. The Brazilian livestock is totally the pasture and animals with
belly button very pendulous, can injure the foreskin and have their entire reproductive
life sentences. We recommend that the navel is between grades 2 and 3, as shown in
Figure 3. The animal that receive 5 note is disqualified from the genetic evaluation.

Temperament (T):  assessment performed only in the yearling. The scores for this
evaluation is not on the contemporary group, being an absolute evaluation of the
animal.

The purpose of this evaluation is to find animals which are less reactive, from the
approach of man, entering their zone. To these features the scores range from 1 to 5,
without the note 3. The meaning of each note is represented in the Table 1.



52

Performance recording for developing countries

Breeding program PAINT

The evaluation of behavior is important because it is directly related to two features of
great economic importance, with weight gain and fertility. In the literature there are
works that report greater weight gain and pregnant rate in animals less reactive. The
animal that receive 5 note is disqualified from the review.

Each stage of the assessment is generated data that must be inserted into specific
software (PAINT Farm) and sent digitally to CRV Lagoa via online (transmission), or
backup via email, being carried out the consistency of the whole database, to exclude
untrusted data. Only the classification of cows does not generate genetic information
directly.

Annually the PAINT provides 7 genetic evaluations, from the information received
from the animals present in existing crop, contemplating the information of birth, weaning
and yearling animals evaluated.

Figure 3. Navel (U) evaluation.

Table 1. Scale for the temperament assessment.

Note Behavior 
1 Animal let be touched 
2 Animal accepts the coming hand won't let be touched 
4 Animal that does not allow a lot of approach, but don't invest 
5 Animal that invests in man 

 

Organization chart
of work the PAINT

The genetic evaluation is to
generate the DEPs (expected
Progeny Difference) and DEPhs
(Expected in Progeny) of the
controlled products in the year in
question, from their mothers, of
their parents and also of all animals
that have already been tracked in
previous vintages.

The DEPh ® in addition to being a
tool that allows you to predict the
genetic value of an animal, as well
as the DEPs, arrogant players
value, producing consistently
superior progenies, while
penalizing those that have non-standard progenies, variation.
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The DEPs are expressed in relation to a genetic basis (a term of comparison). The
genetic basis used in PAINT is movable, that is, it is the average of the population
analyzed. Already the DEPhs are expressed in relation to a specific target value, as
shown in the table below. The target of each feature has been set in order to be
representative of the average population phenotypic or objective sought in the selection.
In this way, the DEPh facilitates interpretation and use by the creator.

The goal of PAINT is to translate the information generated by providing subsidies to
increase the productivity and economic return, the program evaluates 17 features
coming up with increased production efficiency, as reported in the following section.

Features for the evaluation of production efficiency include:

Birth weight : expressed in kg. The smaller your value, the greater the ease of giving
birth, avoiding problems, mainly in heifers. The choice of breeders with DEP's low or
negative for this trait should keep the PN stabilized in flocks that present growing
trend of birth weight.

Weight gain from birth to weaning adjusted to 205 days (GND): expressed in kg.
Positive value reflects the transmission capacity of greater growth potential from birth
to weaning.

Visual Scores of conformation, precocity and muscularity (CPM): aim to describe
the animal biotype, allowing select more productive animals. Higher values determine
higher prevalence of feature.

Weaning and yearling Conformation (Cd and Cs): indicates the total weight of the
substrate produced by the animal (size of the skeleton in a three-dimensional view of
the body). The size of the skeleton (body structure) is defined by the evaluation of
length, depth, as well as arching ribs. It is necessary that the creator set the size
suitable for your production system. In General, large animals are recommended when
it has high nutritional levels; smaller animals are easier to withstand periods of nutritional
restriction.

Evaluation of
production
efficiency

Table 2. Target values for table DEPh.

Feature  Acronym  Unit  Target  
Gestation period PG days 294 
Birth weight PN Kg 30 
Gain from birth to Weaning GND Kg 200 
Weaning forming CD Score 3 
Precocity weaning PD Score 3 
Weaning musculature MD Score 3 
Navel weaning UD Score 3 
Won Post Weaning GPD Kg 200 
Conformation to the Yearling CS Score 3 
Precocity to the Yearling PS Score 3 
The Yearling musculature Ms Score 3 
Navel to the Yearling $ Score 3 
The Yearling temperament TS Score 2 
Perimeter Adjusted for Age Pei cm 28 
Perimeter Adjusted for Age and weight PEip cm 28 
Gain of the birth to the Yearling GNS Kg 400 
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Weaning and yearling Precocity (Pd and Ps): indicates the capacity or speed of the
animal termination. Is evaluated for the potential to deposit fat coverage required
uniformly on the carcass. Get animals with minimum coverage and fat in homogeneous
substrate may represent one of the biggest challenges to breeders and herds selectors.
Higher values of DEPs are desirable.

Weaning and yearling Muscularity (Md and Ms): muscle tissue is the main
component of the carcass. The score should reflect the total amount of muscle mass
in animals, evaluated mainly by the volumes of the forearm, palette, back-loin and
butt. Deps high identify animals with higher income of casting, so desirable.

Visual Scores of navel/foreskin and temperament (Ud, Us and Ts): Visual scores
of navel/foreskin, obtained at weaning (Ud) and the yearling (Us), and the temperament
(Ts), the yearling, unlike the scale used to evaluate the characteristics CPM, are
assigned on a scale of 1 to 5.

Visual Scores of temperament to the yearling (Ts): visual score of temperament
(Ts) obtained in the yearling is done on a scale of 1 to 5 (not used 3 score). The score
reflects the intensity of temperament, and higher values indicate undesirable
temperament. Players with smaller DEPs tend to produce products with more docile
temperament.

245 days adjusted Gain after weaning (GPD): expressed in kg. Indicates the potential
for weight gain and growth between weaning and yearling adjusted to a period of 245
days. Deps high are desirable to get a higher final weight.

Weight gain between birth and the yearling adjusted to 450 days (GNS): expressed
in kg. Indicates the potential for growth and weight gain between birth and the yearling,
adjusted for an age end of 450 days. Calculated by the sum of the DEPs to GND and
GPD. Deps high are recommended when you want to increment the characteristic
final weight.

GNS = GND + GP

Scrotal perimeter adjusted for age (PEi): expressed in cm. DEPs high are indicative
of sexual precocity and growth rate. Therefore, these characteristics are desirable.

Scrotal perimeter adjusted for age and weight (PEip): expressed in cm. Highlights
the sexual precocity, reducing the effect of different rates of body development between
breeders and accentuating differences in sexual precocity among their offspring. Deps
high are desirable

After the genetic evaluation and generated the DEP's and DEPh, to the citdas above,
the data is made available in the form of reports, being by means of these tools that
the Stockman, along with the technical team of the PAINT, going on to perform all the
work of selection and improvement of his flock, making possible the development of
genes linked to productive and reproductive features, resulting in increased productive
efficiency of their animals. The report is available, the animals are "ranked" and divided
in Deca, where each portion of this, represents 10% of the herd or characteristic,
being a more practical vision animal's location, within the herd, for the content or
feature.
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The reports available are the following:

Weaning report: Report after the evaluation of weaning, the entire crop of farm,
whose main index calculated for each animal is the Weaning Index (IDESM), in addition
to containing the genetic values, to the relevant characteristics and prioritization of
animals, depending on the IDESM. This index is harmonic, because it penalizes DEPhs
unbalanced animals by applying restrictions and functions that will be detailed in the
next item. The weights and the characteristics that make up the index may be submitted
via the formula:

IDESM = 10/5.5 * (2 * GND + Cd + Pd + Md-0.5 * Ud)

where, GND: gain from birth to weaning; CD: weaning Conformation; PD: weaning
Precocity; MD: weaning Muscularity; UD: Navel to weaning.

The IDESM, contemplates the composition of housing low self-heating features, in
addition to performing, being an index that goes beyond a measureof of maternal
ability, being an index which expresses the direct effect, maternal effect, in addition to
the functionality and quality of housing. The weaning report is the first information
about the yield by vigencia, where is possible to analyze the genetic potential of the
crop, use of bulls used and if necessary, it is possible to perform strategic disposal,
depending on the animal's genetic performance until weaning.

Yearling report: Report prepared after the assessment of yearling of the crop in
viegncia. Includes the values of genetic evaluation of weaning and yearling. All of
these values are used in the composition of a new index, the index PAINT (IPAINT).
This index is also harmonic, because it penalizes animals with DEPhs unbalanced
and bonifica those with harmony with regard to different features. The weights and the
characteristics that make up the index may be submitted via the formula:

IPAINT = 10/17 * (2 * r (GND) + r (Cd) + Pd + Md-0.5 * Ud + 4 * r (GPD) + r (Cs) +
PS + Ms-0.5 * Ud-Ts + PEi + 2 * PEip)

where: r (GND): maximum value between the DEPhs standardized for CPMd;
(constraint applied if GND > Max (Cd, Pd, Md)) r (Cd): minimum value among the
DEPhs standardized for CPMd; r (GPD): maximum value between the DEPhs
standardized for CPMs; (constraint applied if GPD > Max (Cs, Ps, Ms)) r (Cs): minimum
value among the DEPhs standardized for CPMs;

NOTE: in addition to these restrictions, the values of standardized -1 below the DEPh
are high squared and have the signal maintained in order to penalize even more
unbalanced animals.

The IPAINT is the main index of the program, i.e., it is from him that the animals are
sorted, because it includes complete information of all the animal history, within the
program. Animals of high IPAINT, are more compatible with your production system,
showing best composition of casting, performance and phenotypic measures above
average, so these animals are able to reduce your production cycle, add value, increase
your profitability and productivity.

Cows report: Report intended only the cows of the flock, available on the website of
CRV Lagoa, partner access through login and password, it displays the reports of
cows of his flock.

The report of cows are presented in 3 different layouts (simple, intermediate and
advanced), where in each layout is no greater amount of information about the cow,
but the three layouts feature the IDESM and besides IPAINT with filter options that
facilitate the selection of animals.

Produced reports
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When accessing the proof of a given cow, the user has the option to generate a chart
for the best visualization of genetic values represented, in addition to contemplate a
table that shows how many products the female features with the evaluation program.
See the following illustration:

With the use of cows, it is possible to identify in the herd which are less productive
cows at each stage of production, weaning or yearling, from the analysis of the IDESM
and IPAINT respectively. Based on this information, it is possible the cattleman discard
the cows with greater reliability, with the objective of increasing its production rates
within your system.

Figure 4. Models of cow's report.
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CEIP (special certificate for identification and production): CEIP is a document granted
by the Ministry of agriculture, livestock and food supply (ministerial Decree No 267/95
and SDR No. 22/95 - registration No. 11) and is awarded the genetically superior
animals within their respective crops. Only animal genetic improvement programs
with technical project duly registered by the MAP can send the CEIP.

In the CEIP certificate are set out in the animal's identifying information, genealogy,
birdhouse, registration with the MAP and, mainly, the genetic information of the animal
that received it, that way the CEIP is a certificate of genetic superiority and functionality,
because the animals are deserving of certification, in addition to possessing state-of-
the-art genetics within the program evaluated, does not have serious defects that will
harm their reproductive life.

Animals receiving the CEIP become certified as breeding or improvement cows, i.e.,
animals that actually have economically desirable characteristics and that are able to
transmit them to their children, promoting, therefore, improvements in the herd in
which they are used.

At the end of each harvest, with the full genetic evaluation, the 20% best animals
(young bulls and heifers), i.e. 20% of the animals that present greater IPAINT, are
candidates for CEIP.

For the animal receive the CEIP, besides the great genetic potential, is performed at
CEIP review review, whose objective is to identify the functionality of the animal and
verify any possible serious defect, which can be transmitted to their progeny. The final
evaluation is assigned 1 to 5 notes for race, Aplomb and harmony, the score is for the
animal and not your contemporary group.

The parameters analyzed on race and aplomb, are the same ones analyzed in the
cows. Harmony, refers to the proportionality of the carcass in relation to conformation,
precocity and muscularity.

Figure 5. Illustrative image of the CEIP.
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Not receive the CEIP animals that get note 1:00 pm any of the requirements of the
review of CEIP. The animals receive approved brand of PAINT (symbol of positive
infinity on the right) and the special certificate of identification and production (CEIP),
this certificate guarantee to them, such as the tax benefits granted to registered animals.

The bulls failed on review assessment CEIP, are intended for slaughter, on the other
hand, deprecated in the same evaluation cows, if not race problem (Note 1), must
remain in the herd, since it is the best genetics of the herd, but presents some functional
problems that are corrected in mating directed.

The two main tools for promotion of genetic improvement in a herd are: the disposal of
lower animals and mating of superiors and who have remained in the herd.

The partners the PAINT have a important tool for targeting the use of artificial
insemination, a program that simulates the mating of each cow of the herd (through
their DEPhs) with the players available in the market or farm stock. The information of
the genetic assessments and classification of cows and the bulls are combined in the
form of average index, increasing the genetic index (IPAINT) and correcting the
phenotypes of the cow, producing animals, each genetically superior harvest and
corrected phenotypically. Based on these indexes and in the guidelines, constraints
and objectives of each flock, the program indicates the best matings, beyond the
control of inbreeding.

All these options can be considered simultaneously by applying restrictions. The
restrictions imposed on the mating aim at obtaining animals harmonics and productive,
without which the disqualification for receiving the CEIP and diminishing the commercial
value.

The mating program aimed also allows you to control the intensity of use of each bull
on the property.

Based on genetic evaluation, the 200 best young bulls of the crop are the progeny test
candidates. At the end of each harvest, along with the review of CEIP is identified the
Candidates the Followers, namely test animals that have high genetic potential,
functionality and harmony of housing above the average of all the animals of the crop.
For the young bull participate in progeny test minimum note Breed, Aplomb and
harmony must be 4.

If the young bull falls within the above-mentioned requirements, is collected genetic
material, performing genomics review, with the objective of increasing the accuracy of
the characteristics evaluated.

The objective of the testing of progeny is boost the genetic progress of partners PAINT,
from the use of young bulls of high accuracy, identified in the program. From the
results around 20 animals are chosen, for semen collection and distribution between
partners PAINT. After evaluation of its production in the field, the end of Bull progeny
test, becomes a bull proven (genetically superior) and joins the battery of bulls of the
CRV Lagoa, where their genetic material will be used with greater intensity, boosting
the progress and profitability of Brazilian livestock.

Matings

Further tests
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DeLaval S.A, Regidor Gustavo Binder 1192, Osorno, Chile

In the last years researchers and farmers have put more attention on creating a
comfortable environment for dairy cows and their replacements. Observation and
experience show that cows housed in a comfortable environment produce more milk
and generally live healthier, longer lives.

Cows should have it all - good management, plenty of quality feed and water, fresh
air, adequate daylight periods, a soft, clean resting surface and good floors.

All equipment and animal housing systems must be designed, built, maintained and
managed with focus in animal welfare. To judge the level of cow comfort, it is important
to know how a cow acts naturally, and for that is necessary to check daily time budget
(eating, lying, resting, social interactions, ruminating, drinking, milking and travel time).
Social interactions are part of natural herd behaviour but is very important to have
good space per animal to prevent negative interaction and also to offer the opportunity
for the cow to self-groom using swinging cow brush so we can have healthier and
more productive cows. Cows should behave naturally and stand or lie down easily.
They need to stand up to walk, to eat, to drink or to be milking and lay down to rest and
ruminate. Therefore ensuring a cow is comfortable during this process can have a
significant effect on health and productivity.

To help ensure good feed intake, it is crucial that animals are comfortable while eating.
Feed intake is increased when the cow has a comfortable eating position at the manger.
The quality of floors, in terms of shape, hardness, friction and hygiene is of great
importance for the health of cow feet and legs. Standing a long time in a waiting area
and long walking distances on concrete floors, can all contribute to excessive wear
and overburdening of the hooves. Installing rubber floor coverage in the alleys, milking
parlour and the waiting area improve the daily routine and hoof health.

Water is essential for life and animal welfare. When good water supply is provided,
cows drink more, eat more and thus produce more milk. Ventilation of any dairy housing
structure, whether it is a newborn calf barn or a lactating cow barn, is very important.
Dairy cows need a constant source of fresh, clean air to achieve their production
potential. High moisture levels, manure gases, pathogens and dust concentrations
present in poorly ventilated structures, create an adverse environment for animals.
Heat stress will decrease milk production, feed conversion rate and fertility (decrease
pregnancy rates and lower birth weight in calves). Today the cow cooling system is
crucial for modern farms. Long daylight periods (16 hours of daylight) have a very
positive influence on milk yield, fertility and herd health. Today with the knowledge
and new technologies, we have the clear opportunity to improve animal welfare and
productivity in dairy herds.
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1EMR EEIG, 4 rue des Champs Elysées, 5590, Ciney, Belgium and
France Conseil Elevage, 42 rue de Chateaudun, 75009 Paris, France

2EMR EEIG and Association Wallone de l'Elevage,
4 rue des Champs Elysées, 5590, Ciney, Belgium

3EMR EEIG and Association Wallone de l'Elevage,
4 rue des Champs Elysées, 5590, Ciney, Belgium
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Heinrich-Baumann-Strasse 1-3, 70190, Stuttgart, Germany

Milk Recording Organization from European Countries (Belgium, Germany, UK, Ireland,
Luxembourg, France and Austria) worked together with research teams through an
European project called OptiMIR. The goal of OptiMIR was to use the MIR spectral
data from the milk recording in mathematical models to provide the decision making
tools (energy balance, acidosis, ketosis,…). The Milk Recording Organizations involved
in OptiMIR decide to create an European Economic Interest Grouping called "European
Milk Recording" or EMR to go further in their collaboration.

EMR represents 5.7 millions of recorded cows.

The purpose of the grouping is to facilitate or develop the economic activities of its
members. The main activities of EMR are today to:

• Maintain continued the spectral data standardization.

• Host and maintain the transnational database.

• Regularly upgrade the OptiMIR models.

• Disseminate standardization service and OptiMIR models in other countries.

• Develop new research and development.

• Represent its members to manufacturers (robots, sensors,…) and to European
Institutions.

Keywords: European Milk Recording, Optimir, Milk Recording Organization

Milk Recording Organization from European Countries (Belgium, Germany, UK, Ireland,
Luxembourg, France and Austria) worked together with research teams through an
European project called OptiMIR. The goal of OptiMIR was to use the MIR spectral
data from the milk recording in mathematical models to provide the decision making

Abstract

Introduction
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tools (energy balance, acidosis, ketosis,…). The Milk Recording Organizations involved
in OptiMIR decide to create an European Economic Interest Grouping called
"EUROPEAN MILK RECORDING" or EMR to go further in their collaboration.

EMR members represent 7 European countries, 5.625.000 recorded dairy cows in
around 80.000 farms (see Figure 1).

Following rules are the main EMR rules:

EMR members and
EMR rules

Figure 1. EMR members representing seven European countries

• All members abstain from competing with another member.

• Financial contribution : 50% of the cost is shared equally between members and
50% according to the number of recorded cows.

• Voting : same rule as financial contribution.

• Unanimous decision (100% of the votes) of the members is required in order to:

§ Modify EMR formation contract and main internal rules.

§ Admit new member.

§ Validate budget.

• Any other decision requires a two thirds (66%) majority of the votes cast.

Figure in Table 1 gives the weight of each country involved in EMR.
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A board is appointed by the members. It is composed of the chairman (C Lecomte
FCEL) and two vice-chairmen (C Bertozzi AWE and F Gollé-Leidreiter LKV-BW) and
the manager (X Massart Awe).

A scientific committee is established within the grouping, composed of experts
appointed and removed by the EMR members acting collectively. Its role is advisory:

• To strengthen the collaboration initiated through OptiMIR between research and
field organizations.

• To provide the grouping's members with scientific knowledge, state-of-the-arts,
and R&D abilities.

• To support transnational collaboration between research teams from different
bodies.

CRA-W (Centre wallon de Recherches agronomiques, Belgium), ULg - GxABT
(Université de Liège Gembloux Agro-Bio Tech,Belgium), IDELE (Institut de l'Elevage,
France), TEAGASC (Teagasc, Agriculture and Food Development Authority, Irland),
ITW (Universität Bonn, Institut für Tierwissenschaften, Germany), SRUC (Scotland's
Rural College, UK), BOKU (Universität für Bodenkultur Wien, Austria), ZUCHTDATA
(ZuchtData EDV-Dienstleistungen GmbH, Austria) and QUALITAS (Qualitas AG,
Swiss) are member of the scientific committee.

Table 1. EMR members and their weight in terms of number of cows
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EMR: An European economic interest group

EMR goal is to pool and coordinate resources and means, and carry out together
activities of common interest in the service of dairy farmers like for instance:

• To exchange on existing tools and solutions.

• To maintain the spectral data standardization and improve the ring test procedure.

• To host and maintain the OptiMIR transnational database.

• To regularly upgrade the OptiMIR algorithms through agreements or contracts
with public, academic or private research companies (BHB, Acetone, Citrate, Fatty
Acid, Ketosis…).

• To facilitate supports between members.

• To facilitate new investigations and developments of new MIR algorithms.

EMR developed a standardization service called SIMILAR (for Standardization of
Infrared MILk Analytical Responses) standardization service enables to standardize
milk mid infrared (MIR) spectra directly at the source, across milk labs, brands and
models of spectrometers.

It fills the gap between the opportunity of predicting a wide range of new phenotypes
from the milk

and the possibility to implement them on a routine basis in the labs. CRA-W is the
technical operator of the EMR standardization service which is based on the modelling
of EMR virtual Master apparatus. EMR delivers the standardization service to its
members and also to company which are not members. A total of 91 FT-MIR apparatus
are currently in EMR's standardization network.

EMR is working on new indicators and tools based on MIR: Energy Balance, Immunity
Indicator, Mastitis Predictions, Lameness….

EMR proposes to robot's and sensor's manufacturers to organize with each of them a
meeting to make the state-of-the-art of current on-going issues, prepare together the
positive conditions for future local collaborations in a win-win situation, especially
regarding data exchanges. The goal is to promote the ICAR data exchange working
group job. Meetings are planned end of 2O16 and beginning of 2017.

For contact and more information, EMR has a web site: www.milkrecording.eu/

EMR goal and
activities

Contact
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Genomic selection was implemented in France in 2009 for 3 French dairy cattle breeds
and was then extended to 3 beef and 5 extra dairy cattle breeds. It was also
implemented in the Lacaune dairy sheep breed in 2015, and will start in 2017 for the
2 main goat breeds and 3 other dairy sheep breeds. Major genes information will be
used in meat sheep in the near future.

For each species and breed, the genomic methodology has been adapted to account
for the specificities regarding genomic evaluation: size of the reference population,
linkage disequilibrium, multi-breed evaluations, addition of foreign genetic and genomic
information, cost and benefits compared across species.

A strong partnership between Research and Development organizations and industry
made it possible to implement this technology in large populations as well as in small
ones. This was facilitated through sharing of technological expertise and fast innovation
transfer down to farm level.

Genomic tools allow selection for new traits that can be included in breeding goals.
Use of genomic information is not limited to genomic evaluation: other new services of
interest for breeders were developed, such as the determination of the animal status
for specific major genes or genetic defects.

Keywords: genomic selection, ruminant, dairy, meat

Considering its size (550,000 km2), France presents a large landscape diversity and
has managed to maintain a large panel of ruminant species and breeds adapted to
these landscape specificities: 3 national dairy cattle breeds (Holstein (HOL),
Montbéliarde (MON), Normande (NOR)) and 5 regional ones are nowadays under

Abstract

Introduction
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selection in France. The same can be found in dairy sheep mainly represented by the
Lacaune breed (used for production of Roquefort cheese), followed by Manech (Red
Faced and Black Faced), Basco-Béarnaise and Corsican breeds. The number of goat
breeds is also large with 2 major breeds: Saanen and Alpine.

Meat breeds are also well represented in France with in cattle, 3 national (Charolaise
(CHA), Limousine (LIM) and Blonde d'Aquitaine (BLA)) and 6 regional (Aubrac (AUB),
Bazadaise (BAZ), Gasconne (GAS), Parthenaise (PAR), Rouge des prés (ROU) and
Salers (SAL)) beef breeds. France is also one of the European leaders in sheep meat
production relying on more than 20 specialized or hardy breeds.

France has managed to implement or will soon implement genomic selection for a
large number of these breeds, thanks to a collaborative organization at national level.

The French genetic organization was originally built through the 1966 Livestock Law.
This legislation defined the general framework for animal breeding operations (animal
identification, performance recording, breed association, semen production, semen
distribution, extension). It also designated the French National Institute for Agricultural
Research (INRA) as the center operating the central database gathering all pedigree
and phenotype data and running genetic evaluations and the French Livestock Institute
(Idele) for EBV delivery. This legislation was updated in 2006 by suppressing most
monopolistic situations but confirming the roles of INRA and Idele and creating an
inter-professional association for genetic improvement of all ruminants (France
Génétique Elevage - FGE), in charge of the coordination of the overall national system
for all ruminants. FGE represents France at the International Committee of Animal
Recording (ICAR). A common R&D effort is carried out by two joint private-public
structures (UMT 3G and UMT GGPR) bringing together INRA, Idele and the French
Federation of breeding companies (Allice).

Developments of genomic evaluation first focused on the 3 national dairy cattle breeds
(HOL, MON, NOR) because of their favorable characteristics: a large number of progeny
tested bulls, a high proportion of AI, the high cost of progeny test, a reduced genetic
population size, a relatively low genotyping cost compared with the value of breeding
animals… Moreover, the major breed (HOL) is used internationally and participates to
Interbull international evaluations. This international status helped to build up a
consortium with other countries to exchange genotypes and therefore increase
reference population size: the Eurogenomics consortium gathered 7 organizations
from 8 countries (initially - in 2009- Denmark, Finland, France, Germany, the
Netherlands, the Flanders part of Belgium and Sweden, and later Spain and Poland).
A similar international initiative for genotype exchange took also place later in the
Brown Swiss breed through the Intergenomics consortium. Reference population sizes
and expected reliability for candidates are presented in Table 1.

The French
genetic
organization

The dairy cattle
pioneers: 20 years
of collective
investments
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The current approach (an extension of Boichard et al., 2012) consists in a genomic
evaluation which combines the advantages of QTL-detection and genomic selection
(GS): for each trait, a QTL detection is first applied using a Bayesian method (Bayes Cπ).
Haplotypes of 4 markers are then defined for each of the 3000 main QTL. It is expected
that haplotypes trace better the transmission of QTL between generations. A residual
polygenic component is added to estimate the sum of the remaining (tiny) QTL, through
a genomic relationship matrix based on about 8000 SNP of the low density chip. In
practice, a completely equivalent model is used where haplotype and SNP effects are
estimated together.

Official genomic selection started in 2009 for HOL, MON and NOR breeds, in 2013 for
BSW and in 2016 for regional breeds (ABO, TAR, VOS). Genomic evaluations of
females became official in 2011. National evaluations are run 6 times per year (including
haplotype and SNP effects re- estimation) and weekly for all animals with new genotype
(without haplotype and SNP effects re- estimation). Since 2013, most genotypes are
obtained with the EuroG10k chip and imputed to the 50k chip. Nevertheless, all AI
bulls are (re)genotyped with the 50k chip to maintain a high imputation accuracy.

Genomic selection was quickly implemented in the 3 national dairy cattle breeds and
quickly had large impacts on selection schemes of these breeds. No new young bull
entered progeny test after 2010. With GS, GEBV of any genotyped animal are available
at the latest 3 months after birth with already high reliability for all kinds of traits (between
0.6 and 0.7 for production or functional traits). Bulls are selected and used on a large
scale as soon as they reach sexual maturity. Regular genetic evaluations are also
performed, so EBV of these bulls based on progeny performances are still available
(and compared with initial GEBV) but with a much higher reliability, because of the
much larger number of progeny per bull.

Dairy breeders quickly adopted this technology: since 2011, the number of genotyped
calves increased by more than 25% per year, reaching 140,000 in 2016. Breeders
also quickly changed their practices and now mainly use young genomic bulls: in
2015, 68%, 67% and 90% of the AI corresponded to young bulls with no daughter
information yet, in HOL, MON, and NOR, respectively.

Relying on similar levels of reliability across all traits, breed organizations can now
apply more balanced selection between production and functional traits in their selection
goals: e.g., from 2001 to 2012, the economic weights for fertility and udder health
increased respectively from 13% to 22% and from 13% to 18% in the Holstein total

Table 1. Size of the male and female reference populations in dairy cattle breeds in 2016 and
range of (trait dependent) expected reliability for young genotyped animals.

Breed Number of bulls  Number of cows 
Expected reliability 

for young candidates 
Holstein and red 33 000  [0.55-0.70] 
Brown swiss 6 000  [0.45-0.70] 
Montbeliarde 2 800 31 000 [0.55-0.70] 
Normande 2 400 16 000 [0.55-0.65] 
Abondance 350 1 900 [0.35-0.55] 
Tarentaise 300 1 300 [0.30-0.50] 
Vosgienne  60 1 100  [0.20-0.50] 

 

National genomic
selection of dairy

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

cattle

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Practical implications
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merit index, whereas the one for milk production decreased from 50% to 35%. GS
also induced the use of a larger panel of bulls, in particular sires of sons, for a better
maintenance of genetic diversity. In the Montbeliarde breed, the proportion of AI done
with the 5 most used bulls each year decreased from 32% to 14% between 2007 and
2015.

The general situation of beef cattle breeds was less favorable than the main dairy
breeds one: first, large reference populations are more difficult to constitute due to the
low use of AI bulls in beef herds and the limited amount of information (own performance
or offspring ones) available for most of the natural service bulls. To circumvent these
difficulties, a research project was set up between 2010 and 2014 to study a multi-
breed genomic evaluation with the use of high-density chip (including around 777,000
SNPs). However, only very few QTLs were found to be common across beef breeds
and no benefit was found to develop multi-breed GS (Gunia et al., 2014). Nevertheless,
the animals genotyped in the context of this research program constituted valuable
initial within breed reference populations, allowing within breed GS implementation.

Table 2 presents the size of the reference population available in December 2016 for
the groups of traits evaluated. Genomic evaluations for some beef cattle traits predict
breeding values for both direct and maternal genetic effects. Reference populations
for the latter effects are constituted by genotyped dams and genotyped grandsires,
and are therefore smaller than reference populations for direct genetic effects. The
current reference populations are rather large for direct genetic effects for birth and
weaning traits, but they are more limited for maternal effects and for carcass traits,
especially if we focus on the reference animals with accurate phenotypes (in brackets
in Table 2).

Eventually, a gain in reliability through genomic evaluation exists but is quite limited at
the moment: e.g., +0.10 for birth traits of young Charolais calves or +0.06 for Growth
Total Merit Index.

The genomic evaluation method used for beef cattle is a two-step approach. The
direct genomic breeding values are estimated using the Bayes-C methodology. Then
polygenic and genomic results are blended following the method of VanRaden et al.
(2009). Genomic evaluations became official in 2015 for the 3 main French cattle
breeds (Tribout et al., 2016). It is performed twice a year with complete marker effects
re-estimation, and weekly without re-estimation.

Implementation of
genomic selection
in beef cattle
breeds

Table 2. Size of beef cattle reference population (between brackets: number of animals with
deregressed EBV reliability greater than 0.7)) (December 2016)

Type of 
genetic effect Traits Charolaise Limousine 

Blonde 
d'Aquitaine 

 Birth 16 571 (1816) 7 047 (2 766) 6 791 (1 319) 
Direct Weaning 15064 (1376) 6 302 (2 373) 4 193 (770) 
 Carcass 2 336 (426) 1 756 (233) 786 (138) 
Maternal Birth 6250 (598) 3 385 (1003) 3 255 (258) 

 Weaning 5081 (383) 2 458 (370) 2 327 (188) 
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The situation is even less favourable for small ruminants, due to a high genotyping
cost compared to the animal value, a limited potential gain in generation interval which
is already short and AI specificities (use of fresh semen and AI demand highly
concentrated in time). Different cases can be distinguished between dairy and meat
sheep, or goats.

Genomic developments in sheep occurred up to now mainly in the largest dairy breed,
the Lacaune breed. The OvineSNP50 Illumina chip has been available since 2009. A
Single Step GBLUP (with phantom parent groups) approach was tested to take into
account all information available (Baloche et al., 2014): reliability gains obtained varied
between 0.10 and 0.20 depending on the trait.

A specific experimental study was then set up in 2011 to balance pros and cons of GS
in Lacaune breed: in the classic progeny test process, a one-third selection intensity
was applied on half of the ram candidates based on genomic results and a comparison
of Total Merit Index (TMI) was performed after the 2 years of progeny testing: TMI of
rams selected based on GS results was found higher than classical TMI by +0.5 TMI
standard deviation (Barillet et al., 2014). In addition, an economic study showed that
applying this one-third extra selection intensity led to 15% extra genetic gain without
extra cost, the genotyping cost being balanced by the reduction in the number of rams
kept in AI center (Buisson et al., 2014). Following these results, progeny test was
ended in 2015 in Lacaune breed and replaced by GS. Extension of GS to other dairy
sheep breeds is foreseen in 2017. Because they are well related, a multi-breed
evaluation may circumvent smaller reference population sizes (Legarra et al., 2014).
The size of the reference populations (progeny-tested rams that have been genotyped
so far) is near 5,500 for the Lacaune, 2,100 for the Red Faced Manech, 600 for the
Basco- Béarnaise, 500 for the Black Faced Manech and 225 for the Corsican breed.

With limited AI use and progeny testing and no expected positive profitability, no GS
is planned in the close future for meat sheep breeds. However, genotyping can be
used for new services of interest for breeders, such as determination of the animal's
status on specific major genes or genetic defects (e.g., hyperprolificacy), or for
parentage verification and assignment. Research is going on to include major genes
in genetic evaluation.

In French dairy goats, 825 bucks (471 Alpine and 354 Saanen) and 1945 females
have been genotyped with the Illumina goat SNP50 Bead-Chip available since 2011.
The study of the reference populations structure showed that linkage disequilibrium
and inbreeding levels and relationship between reference and candidate populations
of the two breeds were not ideal to maximize genomic evaluation accuracy (Carillier
et al., 2014). Two-step genomic evaluations did not improve accuracy compared to
classical evaluations for milk production traits, udder type traits and somatic cells
score.

When using single step GBLUP based on female performances, the prediction quality
using multi- breed or within-breed model was similar. Genomic breeding value accuracy
of candidates exceeds parent average accuracy from 10% for protein yield in Alpine
breed to 14% for protein content in Saanen breed. Clearly, single step GBLUP provides
opportunities for efficient genomic selection in French goats. Its routine implementation
is planned for 2018. Accuracy could be slightly improved by integrating major genes
such as the αs1-casein (Carillier et al., 2016).

Genomic selection has generated a considerable technological revolution during these
last years in France. It started with the national dairy cattle breeds and was quickly
extended to other breeds or species: it has already had a huge impact on the

Developments and
implementation of
genomic selection
for small
ruminants

Conclusion
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organization of breeding schemes, with the end of progeny test and the fast and steady
increase of the use of young "genomic" bulls for higher genetic gain on a variety of
traits. All these quick developments were made possible by the existing efficient
collective partnership between industry partners and national Research and
Development organizations. GS is now in place in 11 cattle and 1 sheep breeds. In
the very near future, it will be extended to 4 extra sheep breeds and 2 goat breeds.

However, it is not the end of the story yet! It is even only the beginning of the genomic
revolution: organizational reforms, maintenance and enlargement reference population,
integration of new phenotypes, use of sequence information… are all new exciting
challenges to come.
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The International Genotype Exchange Platform "GenoEx" is being developed at the
Interbull Centre, with financial support from Interbull, SLU and ICAR. The first service
to be provided through this platform will be the Parentage SNP Exchange
(GenoEx-PSE) service. GenoEx-PSE will be provided to eligible users through the
Interbull Centre.

Key words: SNP parentage analysis, parentage verification, parentage discovery,
GenoEx-PSE, ICAR Accreditation for DNA Data Interpretation Centres.

Worldwide, breed associations and other organizations in charge of parentage
verification have been sharing blood types and/or microsatellite profiles as a process
for maintaining herdbook integrity for decades. This exchange of material internationally
has been manual and bilateral, requiring constant interaction with foreign counterparts
and manual handling. These organizations have also been adopting new technologies
into their work for decades. Now, Single Nucleotide Polymorphisms (SNP) technology
is being adopted by these organizations, and there are new opportunities to streamline
and automate the exchange of SNP useful for parentage analysis.

Now, ICAR introduces two new SNP-based services:

• ICAR Accreditation of DNA Data Interpretation Centres, which will be offered through
Service ICAR with the technical infrastructure at the Interbull Centre, and;

• the Genotype Exchange Parentage SNP Exchange (GenoEx-PSE) service, to be
offered through the Interbull Centre.

*Note: In collaboration with the GenoEx-PSE Implementation Task Force and the
GenoEx-PSE Expert Group

Abstract

Background
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The main purpose of GenoEx-PSE is to provide a service for exchanging standardized
sets of SNP for genotyped animals to facilitate and streamline parentage analysis
activities carried out by organizations that are already responsible and/or active in
parentage integrity. To accomplish this, a Genotype Exchange Parentage SNP
Exchange (GenoEx-PSE) database for the storage and exchange of SNP data is
being built at the Interbull Centre. The concept proposed is one of a "bucket" of
genotypes with only parentage SNP with only authorized parties contributing to and
extracting from that "bucket".  The service does not include parentage analysis in its
own right, nor does it seek to enable new entrants to gain easy access to parentage
SNP. As such, the database and associated services are not a replacement for national
authorities or historic providers of parentage verification.

The GenoEx-PSE database and service are developed on the basis of a number of
underlying principles:

1. GenoEx-PSE is a tool to facilitate only the exchange of SNP useful for parentage
analysis. It is not a replacement for existing service providers.

2. GenoEx-PSE does not include the possibility for the Interbull Centre to carry out
parentage analysis. Any such new service in the future would require approval
from ICAR as well as Interbull and/or Interbeef.

3. All Service Users can access all SNP genotypes up to the level of service that they
have signed up for.

4. The SNP information exchanged via GenoEx-PSE must only be used for parentage
analysis. Other uses, including the estimation of genomic predictions, are absolutely
forbidden.

5. GenoEx-PSE is entirely a voluntary initiative allowing various countries to enter
when comfortable.

GenoEx-PSE provides a much-needed international platform for genomic information
exchange. Countries with national genomic evaluations already have the genotypes
for most dams and sires in order to carry out parentage analysis. They may miss the
genotypes for some sires, which they now can acquire through GenoEx-PSE. The
exchange of SNP genotypes is expected to lead to a quicker transition away from
global "standard" of microsatellite profiles. This may motivate more breed associations
to participate in the service, and will reduce the costs due to elimination of genotyping
duplication for AI and breeders involved in the import and export of genetic material.
AI bull owners will have more accurate identity of daughters in countries importing
semen.

As a cooperative effort that would involve only those organizations interested in
benefiting from the proposed service, it does not prevent other organizations from
continuing to develop their own strategies and infrastructure; there is no intention to
replace or compete with national organizations. On the contrary, GenoEx-PSE was
conceived to offer supplementary tools for the national expertise to develop their own
programs more efficiently.

The GenoEx-PSE database for the storage and exchange of SNP data is being built
at the Interbull Centre. The implementation is taking place under the guidance of the
ICAR-appointed Task Force and Expert Group which both have wide representation

A general
description of
GenoEx-PSE

Benefits of
participation

Implementation
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from the genomics field that is covered by ICAR. The GenoEx-PSE Implementation
Task Force, is responsible for developing GenoEx-PSE policies and business rules,
and is supported by the GenoEx-PSE Expert Group. In addition to defining the list of
SNP to be initially included in the GenoEx-PSE service, the Expert Group has also
recommended file formats for the uploading and downloading of data into the GenoEx-
PSE database to be established and maintained by the Interbull Centre.

The GenoEx-PSE Implementation Task Force is led by Toine Roozen, who started as
the Director of the Interbull Centre in September 2015, and includes Sophie Mattalia
and Brian Van Doormaal (Interbull Steering Committee members), Suzanne Harding
(Chair of the ICAR Parentage Recording Working Group), Wim van Haeringen (Chair
of the ICAR Genetic Analysis Working Group), Matthew Shaffer, Chair of the ICAR
Breed Associations Working Group) and Andrew Cromie (Chair of the ICAR Interbeef
Working Group), with administrative support from Elena Couto (Service-ICAR).

The GenoEx-PSE Expert Group is chaired by Brian Van Doormaal, with Hossein Jorjani,
(Interbull Centre) as secretary. The Expert Group furthermore includes the following
members: Matthew McClure, Irish Cattle Breeding Federation (Parentage Recording
WG); George Wiggans, Animal Genomics and Improvement Laboratory (Parentage
Recording WG); Louise Marguin, Institut de l'Élevage, France (nominated by Interbull
Steering Committee); Romy Morrin- O'Donnell, Weatherbys DNA Laboratory (Genetic
Analysis WG); Tom Lawlor, Holstein USA (Breed Association WG (Dairy)), Johnny
Mackay, Aberdeen Angus Cattle Society (Breed Association WG and Interbeef).

The main purpose of GenoEx-PSE is to provide a service for exchanging standardized
sets of SNP for genotyped animals to facilitate and streamline parentage analysis. A
total of 1855 (later reduced to 1534) SNP have been recommended by the Expert
Group for this exchange service, according to three standardized sets of SNP:

Group A: Parentage verification

• 200 SNP recommended by ISAG for parentage verification;

• Consists of 100 core SNP plus 100 extra SNP.

Group B: Parentage discovery

• 200 ISAG SNP (Group A);

• Plus 675 (later modified to 354) other SNP (total 875, reduced to 554) based on
research in USA, Ireland and Australia.

Group C: Microsatellite imputation

• Additional 980 SNP deemed most useful for imputation to microsatellite SNP profiles
to allow for parentage verification on that basis.

Table 1 provides the number of SNP within each group, by chromosome. A complete,
most recent list of the SNP included in each group will be made available through the
GenoEx service website.

Task Force and
Expert Group
membership

Technical aspects
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Two files for each upload and download will be required. The first file contains
information related to the group of animals with a SNP genotype to be transferred.
This file includes details on the Service User, Source Country, Animal ID, Lab, Sample
ID and fields associated with the full genotype (i.e.: LD, MD, HD) from which the
parentage SNP were taken. Only 1 record is permitted per Animal ID. The second file
includes information related to the actual SNP genotypes for the animals in the first
file, and includes details on Animal ID, SNP Name, Allele 1 and 2 results. The SNP
results can be provided in either AB or TOP format.

GenoEx-PSE will "time stamp" all data transfers by each Service User: Therefore 1)
uploads only need to involve new animals but may also include more complete SNP
genotypes, and 2) downloads may be either (a) all new genotypes for males and/or
females, or (b) based on an animal request list.

Table 1. County of SNPs by chromosome for GenoEx-PSE eschange and service.

Group A Group B Group C 

Chromosome 
ISAG-
core 

ISAG-
ex tra 

Added for 
discovery 

Added for MS 
Imputat ion Tota l 

1 7 4 40 70 121 

2  3 6 42 80 131 
3  7 1 32 110 150 

4  2 7 22 0 31 

5  6 3 33 90 132 

6  3 5 17 0 25 
7  5 6 26 0 37 

8  5 1 31 0 37 

9  0 6 19 110 135 

10 5 4 24 0 33 
11 4 6 27 0 37 

12 2 3 21 0 26 

13 4 2 30 0 36 

14 4 1 20 0 25 
15 3 4 14 40 61 

16 1 4 21 80 106 

17 4 5 24 0 33 

18 4 3 23 40 70 
19 4 4 27 80 115 

20 2 3 16 120 141 

21 2 6 25 80 113 

22 3 4 20 0 27 
23 2 2 16 80 100 

24 3 1 24 0 28 

25 2 2 18 0 22 

26 3 1 17 0 21 
27 3 3 14 0 20 

28 4 2 16 0 22 

29 3 1 16 0 20 
Total 100 100 675 980 1,855 

 

Data exchange

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

formats
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Access to the GenoEx-PSE Service will be granted only to the organizations described
below:

1. Organizations officially in charge of parentage certification at the national level, or
otherwise traditionally providing parentage certificates.  The list of such authorized
organizations by country shall be compiled and maintained by ICAR. The number
of such organizations in each country depends, among other things, on the number
of breeds, and the rules governing the pedigree (herdbook) or non-pedigree (non-
herdbook) animals in any specific country.

2. Organizations that, in their capacity as the official body in charge of genetic/genomic
evaluation services in each of the ICAR member countries, and are under contract
with one or more organizations identified in 1 above for providing parentage
certification services. In such cases, each authorized organization identified in 1
above must inform ICAR of the contractual arrangement. ICAR shall compile and
maintain the list of the contracted service provider associated with each authorized
organization by country.

3. Laboratories that are accredited by ICAR/ISAG for providing parentage verification
services and are under contract with one or more organizations identified in 1
above for providing parentage certification services. In such cases, each authorized
organization identified in 1 above must inform ICAR of the contractual arrangement,
which therefore would allow the designated laboratory access only to SNP
parentage data from GenoEx-PSE required to perform parentage certification
services for the population of animals limited to that authorized organization.

Policies are established to handle changes in Service Users as some enter and some
leave. ICAR will document and publish a list of Service Users but will not be involved
in any eligibility disputes at the national level.

Only organizations with a signed agreement can upload and download data: Each
Service User has designated "population(s)" of animals under its responsibility, normally
defined by country/region, breed(s), herdbook or not, etc. The Service User will define
the level of service desired: Parentage Verification, Parentage Discovery, or
Microsatellite Imputation.

Service user rights:

1. Access to GenoEx-PSE for uploading and downloading of its own data.

2. Access to GenoEx-PSE for downloading the SNP genotypes required to perform
parentage analysis services for animals under its responsibility, which will primarily
be males in A.I. but may include other males and potential dams.  The groups of
SNP included in the genotypes for downloading must be consistent with the groups
of SNP uploaded, depending on whether the parentage services are restricted to
parentage verification or also include parentage discovery and the use of
microsatellite marker information.

Service user obligations:

1. Agree to use the data only for parentage analysis and other uses, especially for
genomic predictions, are strictly prohibited.

GenoEx-PSE
service eligibility

Service user rights
and obligations

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Service user rights

Service user

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

obligations



76

Performance recording for developing countries

GenoEx-PSE: Internat. Genotype Exchange Platform

2. Must routinely (minimum 3X/year) upload all genotypes for "targeted" animals to
access desired genotypes for same group of SNP.

3. "Targeted" animals to be routinely uploaded:

a. AI sires and their dams

b. Foreign-born sires with daughters born in your country

c. Parents of animals born by embryo transfer (ET)

d. Other special cases as needed.

4. Shall report to the authorized organization in the animal's country of birth, any
pedigree conflicts identified via GenoEx-PSE.

5. Follow ICAR rules and regulations related to the GenoEx-PSE services.

a. Interbull maintains a GenoEx-PSE Code of Practise

6. No SNP data accessed via GenoEx-PSE may not be forwarded, shared or
exchanged with any third party organization.

7. Follow ICAR accreditation rules and policies.

ICAR already has accreditation procedures for laboratories processing DNA into
genotypes. In conjunction with the GenoEx-PSE, a new ICAR accreditation service
will be introduced: Accreditation for DNA Data Interpretation Centres.

It is proposed that this accreditation, which can be applied for through Service-ICAR,
includes an initial application and competency test, followed by an accreditation renewal
(through a renewed test) every two or three years. The accreditation will initially only
be available for parentage verification and parentage discovery, with the intention to
introduce accreditation for microsatellite imputation at a later stage.

Each authorized Service User for GenoEx-PSE will be required to achieve accreditation
as a DNA Data Interpretation Centre for the appropriate level of parentage analysis
service it wishes to provide, which may be:

1. Only SNP-based parentage verification.

2. SNP-based parentage verification and discovery, or also include

3. Microsatellite imputation and parentage verification.

Depending on the level of ICAR accreditation obtained, the GenoEx-PSE Service
User would upload and download the appropriate groups of SNP as outlined above.

In order to make use of the GenoEx-PSE service, each organization with GenoEx-
PSE service eligibility is required to sign a service agreement and pay a service fee to
the Interbull Centre.

GenoEx-PSE signatories

The current, draft, version of the GenoEx-PSE Service Agreement has three signatories,
namely:

ICAR accreditation
for DNA data
interpretation
centres

Legal and
financial aspects
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• Service ICAR, as the legal subsidiary of ICAR responsible for its various services;

• Interbull Centre , as the entity responsible for delivering the service and is legally
part of the Swedish University of Agricultural Sciences (SLU);

• Service User , which is normally the Authorized Service User unless a Contracted
Service Provider is designated

Feedback received on this draft version raised questions on the need for 3 parties to
sign such agreement, as a two-party agreement would provide clearer understanding
of responsibilities. Hence alternative, 2-party agreements, are being reviewed, including
agreements between the GenoEx-PSE Service User and Service ICAR/ICAR; and,
alternatively, between the GenoEx-PSE Service User and the Interbull Centre.

Service fees

GenoEx-PSE Service Fee : The Interbull Steering Committee is responsible for
establishing a non-for-profit fee structure associated with the GenoEx-PSE services
and has the right to modify such fees as needed from time to time in the future. The
Interbull SC recommends an introductory flat rate annual fee of 1000 Euro per GenoEx-
PSE Service User.

The general aim of the established fees is that the Interbull Centre shall cover its
costs associated with the development and maintenance of the GenoEx-PSE database
as well as the provision of any related services. This fee will be reviewed over time.

Fees for ICAR Accreditation for DNA Interpretation Centres : ICAR has set an
administration fee of 300 Euro per application for ICAR Accreditation for DNA
Interpretation Centres. Accreditation will be valid for up to two or three years. The
administration fee is payable upon application and at each renewal. In order to
encourage the use of GenoEx-PSE, the Interbull Centre will initially not charge an
additional fee for conducting the data analysis for the accreditation on behalf of Service
ICAR. This will be reviewed once the services have been established

The Interbull Centre is grateful for the financial support from Interbull, SLU and ICAR
for establishing the International Genotype Exchange Platform "GenoEx" at the Interbull
Centre, and for the support and advice on issues of technical, scientific, policy and
business rules from the members of the Interbull Steering Committee, the GenoEx-
PSE Implementation Task Force and the GenoEx-PSE Expert Group.

J. W. Dürr, H. Jorjani & R. Reents . "International Genotype Exchange
Platform (GENOEX)." Proc. ICAR/Interbull Conference, Berlin, Germany, May
19-23, 2014. 10p.

Acknowledgements

List of references





79

ICAR Technical Series no. 21
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German Holstein

R. Reents, Z. Liu, H. Alkhoder, D. Segelke, K. Stock, E. Pasman, S. Rensing and
F. Reinhardt

IT Solutions for Animal Production (VIT), Heinrich-Schröder-Weg 1,
D-27283 Verden, Germany

Genomic evaluation for German Holstein is currently based on a reference population
of more than 34,000 Holstein bulls. In order to achieve an even higher accuracy of
genomic prediction and implement genomic selection timely also for new traits, routine
genotyping of young heifers or lactating cows has started in Germany to set up a
female genomic reference population. In 2016 a large-scale genotyping project,
KuhVision, was initiated by German breeding organisations with the aim of obtaining
100,000 reference cows within three years. In addition to the traits routinely collected
through milk recording or type classification programmes, a set of new traits are being
added to the conventional and genomic evaluations: mastitis for udder health, retained
placenta and infertility/cycle disturbances representing reproduction, ketosis, milk fever
and left-displaced abomasum for metabolism, and several claw health traits. The setup
of the KuhVision project was based on the experiences gained from two basic research
projects. Data recording and genetic evaluation for the novel traits have been
established within the research project GKUHplus. First experiences with a cow
reference population come from the research project Kuh-L. Approximately 20,000
Holstein heifers or cows born in 2011 to 2013 were genotyped in 56 large commercial
dairy herds for the project Kuh-L. All female animals from these herds were chosen
for the genotyping, without any pre-selection. In order to assess the impact of adding
reference cows to the current EuroGenomics bull reference population, genomic
validation was conducted for three reference populations: the current across country
bull reference population, the cow reference population, and the mixed set of the
reference bulls and cows. Accuracy and bias of genomic prediction were compared
among the three reference population scenarios. A total of 442 daughter-proven
national bulls born between 2010 and 2012 were selected as validation animals in the
validation study. As expected, validation accuracy was highest for the mixed reference
population and lowest for the cow reference population. Despite the low number of
reference cows, the cow reference population has reached a reasonably high accuracy
and relatively low bias in genomic prediction for some selected traits, compared to the
results of the bull reference population. Validation accuracy, observed correlation
squared between candidate genomic proofs GEBV and conventional deregressed
daughter EBV, was for the cow reference population lower, on average 0.14 for all the
evaluated traits, than for the bull reference population. Regression coefficients of
deregressed conventional proofs on the candidate GEBV of the validation bulls deviated
more from 1 for the cow reference population with the limited number of reference

Abstract
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cows, than for the bull or mixed reference populations. It is expected that the accuracy
of genomic prediction will improve and the prediction bias will be reduced, when more
genotyped cows are added to the reference population.

Keywords: genomic evaluation, female reference population, genomic validation

Since 2010, genomic evaluation and selection has been routinely conducted for German
Holstein breeds (Liu et al., 2011). Up to now, a bull genomic reference population,
comprising more than 34,000 Holstein bulls of EuroGenomics Consortium, is used for
estimating SNP marker effects and calculating direct genomic values for all genotyped
animals (Alkhoder et al., 2014). As a result of higher selection intensity on genomic AI
bulls, more than 1:30 ratio of selected and genotyped male candidates for German
Holstein, bias in conventional genetic evaluation of bulls caused by the strong genomic
pre-selection is expected (Schaeffer, 2014). In order to avoid the negative impact of
genomic pre-selection on EBV of daughter proven bulls, large-scale non-selective
genotyping of female animals may be helpful to maintain and further improve the
accuracy of genomic prediction.

Using phenotypic records of female animals for genomic evaluation enables us also
to explore non-additive genetic effects for breeding and mating. Accounting for
dominance effects of SNP markers can potentially increase the accuracy of genomic
prediction (Toro and Varona, 2010). To achieve an even higher accuracy of genomic
prediction and implement genomic selection timely also for new traits, young heifers
or lactating cows were genotyped in Germany within the framework of the research
project, Kuh-L, founded by the German federal government and breeding organisations.
Approximately 20,000 Holstein heifers or cows born in 2011 to 2013 were genotyped
from 56 large commercial dairy hers.

Genomic evaluation is performed routinely for more than 40 traits that are collected
through milk recording or type classification programmes. Via the research project
GKUHplus, founded by German Federal Ministry of Agriculture (BMEL), data recording
and conventional genetic evaluation have been established for a set of novel traits:
claw health traits, mastitis for udder health, retained placenta and infertility/cycle
disturbances representing reproduction, ketosis, milk fever and left-displaced
abomasum for metabolism.

In 2016 German breeding organisations decided to launch a project, KuhVision, of
large-scale whole-herd genotyping of female animals with the aim of obtaining
100,000 reference cows within three years. Both the regular traits and the new health
traits are collected in the herds selected for the project KuhVision.

Adding genotyped cows into the current bull reference population is expected to
increase accuracy of genomic prediction. The objectives of this study were to access
the accuracy and bias of genomic prediction for German Holstein by adding the
reference cows into the current EuroGenomics bull reference population.

A genomic validation study was conducted to investigate the effect of adding reference
cows to the current EuroGenomics bull reference population. Genotype and phenotype
data were taken from the official genomic evaluation in August 2016 for German

Introduction

Materials and
methods
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Holstein. Conventional EBV were deregressed for all bulls included in the August
2016 MACE evaluation and all cows from the German national conventional evaluation.
Effective daughter or data contributions were calculated for the bulls or cows,
respectively. Three types of genomic reference population were investigated: bulls,
cows, and combined reference populations. For the genomic validation study, 442
youngest German own daughter-proven bulls of the Holstein breeds were selected,
born in 2010 and 2012. The complete genomic reference populations, except the cow
reference population, were truncated by birth years of bulls to create smaller reference
populations for the genomic validation. The truncated genomic reference populations
for the validation study were shown in Table 1 for the three types of reference population.

The validation bulls were selected in such a way that they had no daughters in the
cow reference population to avoid an overestimated accuracy of genomic prediction.
For the mixed reference population, EDC of a reference bull was modified if some of
his daughters were also included in the same reference population to avoid double
counting phenotype information of the genotyped daughters. By doing so, the reference
bull would represent only his non-genotyped daughters in the mixed set of reference
bulls and cows.

For the research project GKUHplus a list of new health traits were collected and
analysed. Conventional evaluation was developed using the cow data. SNP effects
were estimated with deregressed national EBV of bulls or cows. No MACE evaluations
were available for German Holstein for all the health traits.

Based on the truncated reference populations, SNP effects were estimated for all the
regular traits and the new health traits in Table 2. As no conventional MACE was
available for the new health traits for German Holstein, foreign bulls were not included
in the reference populations of the new traits. Routine genomic evaluation was
conducted separately for each of the three reference populations. The current genomic
evaluation model that has been optimised for the bull reference population was also
applied to the cow and mixed reference populations. Genomic breeding values (GEBV)
of the validation bulls, treated as candidates without phenotypes in the validation,
were compared to their deregressed breeding values (DRP) from the conventional
evaluation. The genomic validation was performed using Interbull’s software GEBVTest.
As a measure of prediction accuracy, observed correlation squared between candidate
GEBV and conventional DRP was compared between the scenarios of the three types
of reference population. Regression coefficient of DRP on GEBV was used as a
measure of the bias of genomic prediction.

Accuracy of genomic prediction using the three reference populations was shown in
Figure 1 for selected traits: milk (MIL), fat (FAT), protein yield (PRO), somatic cell
scores (SCS), days open cow (INT), Stature (STA), udder depth (UDE), or body

Tab le 1 . Truncated  genomic reference popula tions for the genomic 
validation. 
 

Genomic refe rence popula tion Number of refe rence animals 
EuroGenomics bulls 31,428 
Nationa l cows from the  project Kuh-L   18,722 
Mixed set of the bulls and cows  50,150 

 

Results and
discussion

Comparison of
accuracy and bias of

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

genomic prediction
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condition score (BCS). It can be seen that the mixed bull and cow reference population
has always higher accuracy of genomic prediction than the separated reference
populations comprising bulls or cows only. Due to the extremely high number of
daughters represented by the reference bulls, > 40 million cows worldwide, the bull
reference population has significantly higher prediction accuracy than the cow reference
population with 18,722 training cows for all the traits. Comparing the validation
correlation squared between the bull and mixed reference populations, we can see
that even for the low heritability fertility trait INT a small increase in the validation R2

was observed, caused by adding the cows to the bull reference population. Because
the fertility data of the cows had much lower reliability than data of the other traits, the
increase in R2 was lowest for the fertility trait among all the selected traits. No decrease
in validation accuracy was ever seen for any evaluated traits in German Holstein,
suggesting that adding cows into the current bull reference populations always resulted
in more accurate genomic prediction for German Holstein.

As a measure of bias in genomic prediction, regression coefficients of conventional
DRP on candidate GEBV of the validation bulls were shown in Figure 2 for the three
reference populations. The bull reference population used for routine genomic
evaluation gave unbiased genomic prediction, with the regression coefficients close
to 1, because the current routine genomic model has been optimised for the bull
reference population. It is obvious that the cow reference population led to either
rather high GEBV variance with regression coefficient <1 or very low GEBV variance
with regression coefficient >1 for some of the selected traits. One reason for the
regression coefficients deviating from 1 is that the genomic model optimised for the
bull reference population was applied to the cow reference population without special
modification in the genomic evaluation system. Regression coefficients of the mixed
reference population are closer to those of the bull than the cow reference population,
also being around 1.

Table 2 shows estimated genetic parameters of the new health traits collected from
the project GKUHplus. As lacking of MACE evaluation for all the new traits, no routine
genomic validation was done for the new health traits yet, based on the national cow
or bull phenotype data. For conventional genetic evaluation, following parameter
estimates were used (Table 2).

Figure 1. Observed correlations squared (x100) of genomic validation for the three
reference populations.

Genetic parameters
of the new health

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

traits
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As a result of the much smaller reference population size, accuracy of genomic
prediction for the new traits would be much lower than the routinely evaluated traits
based on the EuroGenomics bull reference population. A conventional bull MACE
evaluation for the new health traits would increase the accuracy of genomic prediction
significantly.

In 2016 German breeding organisations launched a large-scale whole-herd female
genotyping project KuhVision. The aims of this project were to:

1. Set up a female reference population with 100,000 reference cows within three
years.

2. Maintain and increase reliability of genomic evaluation, and

3. Record health data as basis for genetic or genomic evaluations.

A complex sample logistic using labelled ear tags was set up to establish an easy and
practical system for the farmer. Beside the generated genotype data, phenotype data
including health traits are stored in a central data base at VIT. By February 2017,

Figure 2. Regression coefficients of genomic validation for the three reference
populations.

Tab le 2. Estimated genetic parameters of the  health traits from pro ject GKUHplus  
 

 No. 
records 

Lactat ion 
incidences, % h 2 

Index  
we ight % 

Index 
h 2 

Ear ly mastitis (-10 to 50  days in milk) 220,167 18.3 0.04  60  
Late mastitis (afte r 50 days in mi lk)  195,516 33.3 0.10  40  

0.10 

Retained p lacenta (* u te rine  di sorders) 224,091 12.2 0.04  50  
Sterility / ovary cycle disturbances 208,549 24.8 0.04  50  0.04 

Ketosis 211,022 3.3 0.02  25   
Milk fever 210,044 4.7 0.03  25  0.04 
Left-displaced abomasum 196,292 2.5 0.03  50   
In te rdigi ta l hyperplasia 129,269 8.2 0.15  10   
Lamin iti s 137,269 13.5 0.06  15   
White line disease 134,737 11.9 0.09  15  0.08 
Claw u lcers 124,473 19.4 0.09  15   
Digital phlegmona 119,180 15.9 0.07  15   
Digital dermatitis (Mortella ro’s disease) 135,196 25.8 0.06  30   

 

The female
genotyping project

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

KuhVision
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more than 500 farms contribute to the project and over 110,000 ear tags have already
been sent out to the participating farms. A newly designed web portal was established
to create a genomic herd management tool for the farmer. In addition to the estimated
genomic breeding values, the farmer receives also detailed information of genetic
characteristics. Furthermore, the portal allows the farmer to benchmark his genetic
herd level in comparison to the other participating herds.

Large-scale genotyping of female animals for German Holstein breeds is expected to
further increase the accuracy of genomic prediction currently based on a EuroGenomics
bull reference population. A total of 18,722 reference cows, genotyped within the
framework of the research project Kuh-L, were used to evaluate the impact of adding
cows to the current bull reference population. Three types of genomic reference
populations were compared in accuracy and bias of genomic prediction: the across-
country EuroGenomics bull reference population, the national cow reference population,
and a mixed set of the reference bulls and cows. With regard to the prediction accuracy,
adding the cows to reference population led to an increase for all evaluated traits,
even for fertility traits with very low heritability. The increase in accuracy is expected
to be higher when more genotyped cows will be included to the current bull reference
population. As far as the prediction bias concerned, adding cows to reference population
led to over- or under-estimation for some traits for the cow reference population
scenario, though the prediction bias changed little for the mixed reference population,
in comparison to the current bull reference population. A routine genomic evaluation
system is being developed for the new health traits. Routine genetic and genomic
evaluation services will be provided soon to the dairy cattle breeders.

We kindly thank the German Ministry of Sciences (BMBF) for founding the project
Kuh-L, the German Ministry of Agriculture (BMEL) for founding the project GKUHplus,
and the German breeding organisations for founding the project KuhVision.
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Temperature and humidity levels above a certain threshold decrease milk production
in dairy cows, and there is genetic variation associated with the amount of lost
production. To enable selection for improved heat tolerance, we first developed genomic
estimated breeding values (GEBV) for heat tolerance (HT) in Holstein dairy cattle,
then validated the GEBV using groups of animals with extreme GEBV for heat tolerance
and climate controlled chambers. In our study, HT was defined as the rate of decline
in production under heat stress. To develop HT GEBV, we merged herd recording
data from cows with daily temperature and humidity measurements from weather
stations closest to the tested herds, for test days between 2003 and 2013. Daily mean
values of temperature humidity index averaged for the day of test and the four previous
days (THI) was used as the measure of heat stress. Tolerance to heat stress was
estimated for each cow using a random regression model, and the slope solutions for
cows from this model were used to define the daughter trait deviations (DTD) of their
sires, which were genotyped. Genomic best linear unbiased prediction (GBLUP) was
used to calculate GEBV for heat tolerance, for milk, fat and protein yields. To validate
the GEBV for heat tolerance, GEBV were calculated for 390 primiparious Holstein
heifers, and 24 extreme predicted heat tolerant and 24 extreme predicted heat
susceptible heifers were selected for the trial. The 48 cows were randomly assigned
to controlled-climate chambers for a 4 day heat challenge. The predicted heat tolerant
group had significantly less decline in milk production (P<0.05), and lower core
temperature (both rectal and intra-vaginal, P<0.05) during the simulated 4 day heat
wave event, than the predicted heat susceptible group. The results of the validation
study suggest the GEBV for heat tolerance developed here will enable selection for
cattle with better tolerant to heat stress events, the frequency and duration of which
are increasing in many dairying regions. We are also in the progress of developing an
implementation plan for heat tolerance breeding value, which will be briefly discussed
herein.

Keywords: genomic, heat tolerance, dairy cattle
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The impact of heat stress on dairy cows is a growing concern for the dairy industry
worldwide, including some regions in Australia. Milk production in dairy cows is reduced
when ambient temperature and humidity increases above a critical level, due to lower
feed intake and direct effects of heat stress on the secretory function of the udder
(Silanikove, 1992). The magnitude of the decline depends on the level of severity and
duration of heat stress events. In addition, heat stress is also known to reduce
conception rates (Hansen and Aréchiga, 1999) and increase the incidence of health
problems in dairy cows (Kadzere et al., 2002).

Mitigating the impacts of heat stress is one of the greatest challenges of the dairy
industry. This is because the frequency and duration of heat stress events will continue
to increase in the next few decades (Nidumolu et al., 2014). Furthermore, the current
practice of selection for higher yield animals may have inadvertently made cows more
susceptible to heat stress, because these high yield animals have greater metabolic
activity and produces more body heat than those with lower yields (West, 1994).

Strategies for management of heat stress include physical protection, nutritional
management and genetic improvement (Beede and Collier, 1986). While various efforts
have been made at herd management level in providing suitable environment for cows
(i.e. shades and cooling devices), or extensive research in nutritional management for
lactating cows in hot climates (Beede and Collier, 1986, West, 1998), genetic
improvement for heat tolerance has not been practised in the dairy industry. It is,
however, widely recognised that there is genetic variation associated performance of
dairy cows under heat stress conditions, making the selection of this trait possible
(Bohmanova et al., 2008).

Genomic selection offers many advantages compared to traditional breeding and
probably is a well suited technology to breed for heat tolerance. It enables young bulls
and heifers to be selected on their heat tolerance breeding values (HT GEBV) in
combination with other traits. Furthermore, most dairy bulls have genotypes and
therefore the marginal cost of an additional GEBV for heat tolerance is minimal. Using
genomic selection, genetic gain for heat tolerance can be accelerated.

In this paper, we describe how the HT GEBV for Holstein dairy cattle in Australia was
developed and validated. In the development stage, we used herd-test day records of
production traits to merge with weather data and derive the rate of decline of production
for cows under heat stress conditions. The daughter-trait deviations (DTD) for sires
were then calculated and used as pseudo-phenotypes to be fitted in a genomic best
linear unbiased prediction (GBLUP) model. Validation was undertaken using cross as
well as empirical validations. The cross validation involved the use of 435 sires which
had the phenotypes but were not included in the reference set in the GBLUP model. In
the experiments for empirical validation, genomically predicted heat tolerant and heat
susceptible cows were challenged with heat stress in climate controlled chambers,
and the differences in milk production and some physiological parameters were
recorded and reported. We also briefly describe the implementation plan for this
important trait.

Hourly dry bulb temperature and relative humidity were obtained from the Bureau of
Meteorology (Melbourne, Australia) from 2003 to 2013. The temperature-humidity index
(THI) were calculated following Yousef (1985). We used the average THI of a herd-
test day and 1, 2, 3, and 4 days before the test day as an environmental heat load
corresponding to the test day (Hayes et al., 2003). This averaged THI is referred to as
THI hereafter.

Introduction

Materials and
methods

Development of HT

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

GEBV
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Herd-test day records in the first, second and third lactations for milk, fat and protein
yields from 2003-2013 were extracted from the database of DataGene (previous
Australian Dairy Herd Improvement Scheme, ADHIS). After filtering, the final dataset
included production records of 366,835 cows from 1,762 herds and 8,586 sires. These
records were merged with the THI data for each test day from the nearest weather
station to the herd (Nguyen et al., 2016).

All statistical analyses were detailed in Nguyen et al. (2016). Briefly, a random
regression model was used to fit the production data in order to derive the decline in
milk, fat and protein yields for cows (i.e. cow slope) when THI rises beyond the threshold
of 60. DTD were then calculated for sires (sire slope). To estimate the HT GEBV, a
GBLUP model was used to fit the sire slopes. A genomic relationship matrix among
animals resulting from 632,003 SNP was used for this purpose. The prediction equation
was derived from a reference population of 2,300 sires and 2,189 cows.

We first cross validated the HT GEBV using a population of 435 sires. These sires
were born in or after 2005, and were not included in the reference set. We calculated
the expected accuracies of HT GEBV by dividing the correlation between the predicted
HT GEBV with the slope of these 435 sires to the proportion of variance of sire slope
explained by SNP obtained from the GBLUP model.

Secondly, we genotyped 400 primiparous Holstein heifers using the same set of SNP,
and predicted their HT GEBV using the prediction equation derived above. Among
these, we selected 24 highest predicted heat tolerant and 24 highest predicted heat
susceptible heifers for a heat challenge trial. The experiments were conducted for 26
consecutive days, including a 7 day baseline in ambient conditions, a 4 day heat
challenge in controlled climate chamber, followed up by a 14 day recovery period in
ambient conditions. Daily temperatures and relative humidity inside the chambers
were cycled to approximate diurnal patterns and ranged from 23.3 to 31.6°C (26.3°C
mean) and from 42.2 to 71.2% relative humidity (55.2% mean), (THI = 78.6 to 89.8,
82.5 mean). Measurements of milk yields, rectal temperature, vaginal temperature,
respiration rate and panting scores were recorded. A detailed description of the
experiment is presented in Garner et al. (2016).

In order to increase the rate of genetic gain, it is important to improve the reliability of
genomic prediction. One option is to expand the reference populations by adding
more genotyped cows. We used the genotyped cows from the Genomic Information
Nucleus Herds (Ginfo) for this purpose (Pryce et al., 2016). In order to implement heat
tolerance breeding value under the DataGene evaluation system, we estimated the
effects of the SNP in the lower density SNP (50K) instead of those in high density
SNP data (800K).

We re-estimated heat tolerance GEBV following the methods of Nguyen et al. (2016)
with several changes:

1. the herd-test records and climate data used by Nguyen et al. (2016) were extended
to Aug 2016.

2. The distance between herds and weather stations were measured using the GPS
coordinates of each herd instead of its postcode centroid, where possible.

Validation of the HT

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

GEBV

Development of the

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

implementation plan



88

Performance recording for developing countries

Genomic breeding values for heat tolerance

3. The sizes of reference populations 11,853 cows and 2,236 sires.

4. We used genotypes of 46,726 SNPs which are currently used by the DataGene for
genomic evaluation.

Following consultation with industry, heat tolerance will be expressed as the decline in
the Australian Selection Index (ASI) per unit increase in the temperature-humidity
index (THI), on the scale of 100 mean and 5 units = 1 standard deviation (i.e. as for
type traits), with better heat tolerance having GEBV greater than 100. The ASI weights
protein, fat and milk according to their marginal economic value.

The Australian genomic breeding value for HT (HT ABVg) is a direct genomic breeding
value (DGV). That is a genomic only breeding value. The HT ABVg were calculated
as follows:

• Calculate DGV for decline in milk (DGVHT_milk), fat (DGVHT_fat) and protein (DGVHT_prot)
yields with heat stress for genotyped animals using the SNP effects resulting from
back solving the solutions of the GBLUP model.

• Calculate DGV for decline in ASI with heat stress as:

DGVHT_ASI = EWm * DGVHT_milk + EWf * DGVHT_fat + EWprot * DGVHT_prot

where DGVHT_ASI  is the decline of ASI per unit increase in THI; EWm=-0.10,
EWf=1.79, EWp=6.92 are the economic weight of milk, fat and protein yield
respectively, which are currently used in ASI (Byrne et al., 2016).

• Express heat tolerance in percentage (mean= 100, standard deviation = 5)

HT ABVg = 100 + 5 * [DGVHT_ASI - mean(DGVHT_ASI)] / sd(DGVHT_ASI)

Expression in percentage has the advantage that it is free of THI units and effectively
becomes a ranking.

Heritabilities of heat tolerance in relation to milk, fat and protein were 0.19, 0.17 and
0.17, respectively. The proportion of variance of DTD for decline in milk, fat, and protein
yields with increasing THI in the first parity explained by SNP relative to phenotypic
variance were 0.41, 0.33, and 0.32. Correlations between DTD for decline in milk and
decline in protein with increasing THI were high (0.86), followed by that between fat
and protein (0.56).

Correlations between HT GEBV and DTD of 435 validation sires in relation to decline
in milk, fat and protein yields were 0.31, 0.33 and 0.35, respectively. The corresponding
reliabilities of HT GEBV were 0.19, 0.31 and 0.26. These reliabilities were moderate
and comparable to dry matter feed intake (reliabilities of 0.16 - 0.25, de Haas et al.,
2012). Improvement of prediction accuracies is possible by including more genotyped
cows in the reference population (Pryce et al., 2013). In Australia, there are
approximately 20,000 cows with high quality phenotype records being genotyped as
part of the Genomic Information Nucleus (Ginfo) (Pryce et al., 2016). The inclusion of
these animals in the national reference populations resulted in increased prediction
accuracies for many traits (Pryce et al., 2016). For heat tolerance, adding Ginfo cows
into the reference population have increased the reliabilities of HT GEBV to 0.42, 0.44
and 0.40 for in relation to milk, fat and protein, respectively.

Results and
discussion
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In the heat challenge validation experiment, the predicted heat tolerant group had
significantly less decline in milk production (P<0.05, Figure 1a), and lower core
temperature (both rectal and intra-vaginal, P<0.05, Figure 1b) during the simulated 4
day heat wave event, than the predicted heat susceptible group. The results indicate
that heat tolerance GEBV can be reliably used to distinguish heat tolerant and heat
susceptible animals.

Figure 2 shows the distributions of HT ABVg which ranged from 81 to 116. Under this
expression, a bull with a breeding value of 105 is one that has genetics leading to half
standard deviation less decline in ASI in heat stress conditions (his daughters will be
more heat tolerant and show less decline in ASI with heat stress than the average
bull). A bull with an ABVg of 95 has genetics that lead to one standard deviation more
decline in ASI in heat stress conditions (his daughters will be less heat tolerant and
show more decline in ASI with heat stress than the average bull).

Figure 1. a) Changes from the baseline in mean daily milk yield for the predicted heat
tolerant and heat susceptible cows; b) Intravaginal temperature for the predicted heat
tolerant (HT) and heat susceptible (HS) cows over the four day heat challenge (**P <
0.01 and ***P < 0.001, bars are standard errors).

Genetic trends show a slight decline in heat tolerance over time (Figure 3). This is
expected given the correlation of heat tolerance with milk production (correlation
between HT GEBV on milk yield and ABV of milk yield was -0.85) (Nguyen et al.,
2016). Between 1990 and 2011, HT ABVg declines at the rate of 0.3% per year. This
indicates that herds in a warmer climate should take steps to prevent a further decline
in heat tolerance. The best way to achieve this is to have heat tolerance included in
the current selection indices such as the Balanced Performance Index so that heat
tolerance can be selected jointly with other economic drives.
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We have described the steps towards the implementation of a new breeding value for
Holstein cattle in Australia - the heat tolerance breeding value. This is a genomic only
breeding value, which was derived from a very large dataset by merging the herd test
production records with weather data, and a large population of genotyped cows and
bulls. The breeding value was validated by using both cross and empirical validations.
Although the mean reliability of this new trait is moderate, it is expected that this will
improve as the reference populations is extended. The heat tolerance breeding value
is expected to be released in the near future. As part of the DairyBio program, we will
investigate the impacts of heat stress on health and fertility traits. We will also take
steps to derive conventional breeding values for heat tolerance.

Figure 2. Distribution of ABVg for heat tolerance in 2,740 Holstein bulls.

Figure 3. Genetic trend of HT ABVg in 2,665 Holstein bulls born in and after 1990.

Conclusions
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Ketosis screening in the frame of DHI testing -
Usability and experience from around the globe

D. Schwarz

FOSS Analytical A/S, Foss Alle 1, 3400 Hilleroed, Denmark

The objective of this study was to describe the usage of FOSS's ketosis screening
tool in dairy herd improvement (DHI) laboratories around the world and further
summarise their experience on the usability of the tool for dairy farmers.

Ketosis is a costly metabolic disorder which usually occurs in dairy cows during the
early lactation period when energy demands for milk production exceed energy intake.
This negative energy balance results in the cow using her body fat as an energy
source, leading to an excessive accumulation of ketone bodies (i.e. acetone (Ac), β-
hydroxybutyrate (BHB)) in blood as the fat is broken down faster than the liver can
process it.

FOSS has developed a calibration for predicting milk BHB and Ac in regular DHI
samples using Fourier transform infrared (FTIR) technology. Given the low
concentrations of the ketone bodies in milk, the entire range of the milk spectra is
considered by the calibration (i.e., indirect calibration). The developed calibration for
measuring ketone bodies in milk indicated adequate correlations with chemical method
results and was proven to be valuable for screening cows for ketosis on herd level.

FOSS's ketosis screening tool is currently routinely used in the following countries:
Belgium, Canada, Denmark, Germany, Holland, France, Japan, Poland, Spain, US.
Beyond that, the tool is currently under evaluation in numerous other countries.

Two keys to success in offering ketosis screening have been identified:

1. The establishment of a quality assurance programme for BHB (and Ac).

2. The communication of results from ketosis screening back to milk recording clients.

The performance of the BHB and Ac prediction models can be assured doing regular
tests involving a chemical method. Milk samples to use can either be routinely available
DHI samples or pilot samples with known BHB and Ac values. The predicted milk
BHB and/or Ac values are utilised differently among users (i.e. DHI
laboratories/organisations). While in some countries merely BHB values are used,
milk BHB and/or Ac information are incorporated in decision trees in others. In general,
the communication of the ketosis screening tool based on DHI samples and its
interrelation with blood BHB testing is also crucial in this context.

Data from different countries revealed clearly negative implications on the performance
(e.g. milk yield) of dairy cows that were identified with a high risk for ketosis. Further,
the prevalence of associated diseases such as mastitis, clinical ketosis, and displaced
abomasum was higher in high risk cows compared to low risk cows. The data further

Abstract
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provided evidence that the prevalence of ketosis could be reduced due to the availability
of the ketosis screening tool and associated measures that dairy farmers and advisors
could take based upon it.

In conclusion, ketosis screening in the frame of DHI testing is a valuable tool that can
be offered to dairy farmers. It clearly elevates awareness and allows to manage an
otherwise undetected problem on dairy farms.

Keywords: ketosis, dairy herd improvement testing, FTIR, animal health.

Ketosis or hyperketonemia is one of the most frequent metabolic disorders in high-
producing dairy cattle, occurring typically in the first two months after calving. It is
caused by a severe negative energy balance, where energy demands for milk
production and body maintenance exceed energy intake. To compensate, cattle
mobilise their body fat. Free fatty acids thus released from adipose tissue can then be
used as an energy source or incorporated into milk fat. Hyperketonemia arises when
the rate of release of fatty acids exceeds the ability of the liver to process intermediates
of fatty acid oxidation, resulting in an accumulation of ketone bodies (i.e. acetone
(Ac), β-hydroxybutyrate (BHB) and acetoacetate (AcAc)). Hyperketo-nemia negatively
affects milk yield, reproductive performance, and increases the risk of subsequent
diseases such as clinical ketosis, displaced abomasum, metritis, and lameness (e.g.,
Koeck et al., 2014; Opsina et al., 2010; Duffield et al., 2009). The costs per case of
ketosis has been estimated to be $289 (McArt et al., 2015).

In the absence of clinical signs in cases of subclinical ketosis (Andersson, 1988),
diagnosis of this common type of hyperketonemia depends solely on the measurement
of ketone body concentrations in blood, milk, or urine. The gold-standard test is
measurement of the blood BHB concentration by laboratory methods (Oetzel, 2004).
For on-farm testing, electronic hand-held blood BHB meters with high accuracy and
time-related benefits have been evaluated (Iwersen et al., 2009). However, one of the
drawbacks of such hand-held blood BHB meters is the additional farm labour resources
required to systematically test all animals at risk for hyperketonemia.

Implementing a ketosis surveillance programme using monthly available milk recording
samples in the frame of Dairy Herd Improvement (DHI) offers a more practical and
less labour-intensive approach. Fourier transform infra red (FTIR) spectrometry
(Hansen, 1999; de Roos et al., 2007) is nowadays a common applied technique for
analysis of milk recording samples on fat, protein, and lactose in milk and more recently
other minor components such as urea, BHB, and Ac. For milk Ac and milk BHB, the
correlation coefficients between the FTIR predictions and the results obtained with
segmented flow analysis (Skalar, the Netherlands) were around 0.80 (de Roos et al.,
2007) for log-transformed values. Studies from Canada and the Netherlands showed
that using milk BHB and Ac measured in regular DHI samples, ketosis could be detected
with a good sensitivity (69 and 87%) and a very high specificity of 95% (de Roos et al.,
2007; Denis-Robichaud et al., 2014). Hence, milk Ac and milk BHB are valuable
parameters for screening herds on the occurrence of subclinical ketosis (de Roos et
al., 2007; Denis-Robichaud et al., 2014).

The objective of this study was to compile an overview on the latest global experience
on the application of ketosis screening as a new tool offered by DHI organisations.

Introduction
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Both BHB and acetone occur at low concentrations in milk and thus are below the
detection limit of direct calibrations on FTIR technology. Instead, FOSS developed an
indirect calibration that considers various information from the milk spectra (Figure 1)
and correlates very well (r= 0.80, de Roos et al., 2007) with milk BHB values determined
using a wet-chemistry method. The BHB prediction model includes, among others, fat
(also fatty acid) and protein information as well as signals in the so called fingerprint
area (Figure 1).

FOSS's
calibrations for
ketosis screening

Figure 1. Full spectra of a random milk sample acquired using a MilkoScan FT+ (FTIR spectroscopy, FOSS).
The signals of fat (dark blue), protein (grey), BHB (orange) and the fingerprint area (light blue) are highlighted.

 

The experience from users of the ketosis screening calibration from around the world
has shown that a) quality assurance programmes and b) communication of results
were keys to success in establishing a ketosis screening services for their milk testing
clients.

Quality assurance (QA) programmes for BHB and Ac have recently been established
in Canada and France to ensure and reaffirm proper performance of the ketosis
screening calibrations. Another purpose of the QA programmes is harmonisation of
results generated in all laboratories offering ketosis screening services across these
countries each. In Canada, each of the laboratories sends 100 randomly selected
routinely available DHI samples to a selected laboratory. The selected laboratory
analyses all samples received and shares results (i.e. only BHB) within the laboratory

Establishing
ketosis screening
services

Quality Assurance
Programmes
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network. Instruments would be adjusted according the results measured in the selected
laboratory. The frequency of the QA test is once per month. The selected laboratory
changes from month to month so that all laboratories within the network play this role.
To involve a wet-chemistry method in the test, Valacta analyses the 100 selected milk
samples, which they share within the network each month, on a Skalar instrument
(Skalar Analytical BV, the Netherlands).

In France, Cecalait sends out 10 reference samples for BHB (0.05-0.25 mmol/l) and 5
samples for Ac (0.10-0.20 mmol/l) once per month to all laboratories offering ketosis
screening services. The BHB and Ac reference values are determined with a wet-
chemistry method. Participating laboratories adjust their own instruments according
to the reference samples.

Within the International Dairy Federation (IDF) an Action Team called "New applications
of IR spectroscopy" (i.e., S03b) is currently working on a guideline regarding quality
assurance practices with new parameters such as BHB and Ac.

In general, ketosis screening offered via DHI testing is a screening tool and with monthly
testing intervals not all cows at risk can be captured. The BHB (and Ac) should be
combined with other information (e.g. cow-related) to allow correct estimation of the
metabolic status of dairy cows.

Two main models are used today (Figure 2). The combination of milk BHB results with
cow-related data such as DIM (days in milk) enables an estimation of ketosis on herd-
level (e.g., KETOLAB; Valacta, Sainte-Anne-de-Bellevue, Quebec, Canada). Reasons
for the occurrence of ketosis in a herd (e.g., surplus of energy in dry cow ration or
shortage of energy in transition cow ration) can be identified working with the herd-
level tool. This, in turn, helps to manage ketosis within a herd. Individual cows, however,
can be classified as "high-risk" for ketosis and should be tested further using cow-site
tests before treatment decisions are made.

Another approach is to combine BHB (and Ac) results with cow-related data as well as
other parameters such as fat in an algorithm (e.g., KetoMonitor; AgSource, Madison,
Wisconsin, US). The combination of the various information allows to classify individual
cows as being predicted to have ketosis.

Results

Figure 2. Schematic overview on communication models of BHB (and acetone) results
used in practise.
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Given that ketosis is defined as an excess of circulating ketone bodies without clinical
sign of ketosis (Andersson, 1988) and the gold standard test is based on blood BHB
(Oetzel, 2004), the correlation between ketone bodies in blood and milk has been
investigated in various studies and correlation coefficients for BHB of 0.66 to 0.89
were described (e.g. Denis-Robichaud et al., 2014; Enjalbert et al., 2001). However,
BHB can actually be used by the mammary gland for fatty acid synthesis and
acetoacetate can be converted to butyrate (Dodds et al., 1981), which results in
evidently lower concentrations of ketone bodies in milk compared to blood.

Ketosis screening based on the prediction of ketone bodies in DHI samples using
FTIR technology has been used in practise for several years. The association between
milk BHB results and dairy cow performance was described in a large data set (498,310
test days) from Canada (Santschi et al., 2016). The performance of dairy cows was
analysed depending on the risk for ketosis (milk BHB <0.15 mmol/l: negative; milk
BHB 0.15-0.19 mmol/l: suspect; milk BHB >0.20 mmol/l: positive). In the following
only test-day milk yield and test-day somatic cell count are described (Figure 3). For
further details and the effect of ketosis on other dairy cow performance indicators see
Santschi et al. (2016).

The test-day milk yield was significantly (P <0.05) lower in ketosis-positive cows
compared to negative and suspect cows (Figure 3a). In terms of cows in their 3rd or
higher parity a significant drop could be seen for suspect cows as well. The association
between ketosis and mastitis was investigated by comparing test-day SCC results of
cows in the three different ketosis categories (Figure 3b). SCC results were significantly
(P <0.05) higher in suspect cows compared to negative cows. Furthermore, SCC
results of positive cows were significantly higher compared to both negative and suspect
cows.

The data clearly demonstrates the negative impact of ketosis measured based on
milk BHB on test-day milk yield and thus the overall performance of dairy cows and
test-day SCC and thus mastitis. The association between ketosis and other diseases
such as displaced abomasum has been studied elsewhere (Koeck et al., 2014).

Furthermore, an overview conducted on the experience working with ketosis screening
through DHI samples (Schwarz et al., 2015) showed a reduction in the prevalence of
ketosis of approximately 10% in Canada and France. This positive development was
mainly explainable by the availability of data on subclinical ketosis and thus a measure
to manage the metabolic disorder.

Figure 3. Interrelation between milk BHB values and test day milk yield (a) and test day SCC (b). Results are
categorised according to parity (dark blue: parity 1; light blue: parity 2; grey: parity 3+). Different letters indicate
significant differences (P <0.05).
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In conclusion, ketosis screening in the frame of DHI testing is a simple, practical,
rapid, inexpensive, and valuable tool that can be offered to dairy farmers. The
experience from some countries, where ketosis screening is offered through DHI testing,
has shown that the keys to success in the establishment of the service were the use of
a quality assurance programme as well as proper and clear communication of test
results to dairy farmers. After working with the tool for several years, evidence of
success of ketosis screening has been documented for various countries. It is a
screening tool that clearly elevates awareness and allows to manage an otherwise
undetected problem on dairy farms.
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Interpretation of results from milk samples tested for
mastitis bacteria with Mastit 4 PCR from DNA

Diagnostic

J. Katholm and A. Pedersen

DNA Diagnostic, Voldbjergvej 14, 8240, Risskov, Denmark

The use of Real-time PCR tests to identify mastitis pathogens are growing, as they
are faster and more sensitive than conventional bacteriological culturing, especially
for Mycoplasma detection. Since 2014 a quantitative real-time PCR test kit (Mastit 4,
DNA Diagnostic) has been commercially available. The objective of this study was to
investigate the correlation between Ct values of the Mastit 4 PCR test kit for and
bacterial colony forming units (CFU) in fresh milk samples for the 11 bacteria that can
be detected by the Mastit 4 BDF, PCR test kit.

For each bacteria six different isolates were tested. Tenfold dilutions were made of an
overnight culture of the bacteria using fresh quarter milk initially tested negative for all
the studied bacteria. Culture was performed according to NMC guidelines. For each
isolate CFU/ml in the initial samples were calculated from the duplicate plates of diluted
samples containing between 10 and 300 colonies, and thereby the CFU/ in all the
different 10-fold dilutions was calculated. All dilutions of the bacteria spiked milk
samples, were tested by qPCR in the DNA Diagnostic laboratory with the Mastit 4 test
using the M4BDF kit. The expected bacterial count and pathogen was blinded to the
laboratory.

The dilution curves for S. aureus, CNS, Strep. agalactiae, Strep. dysgalactiae, Strep.
uberis, Lactococcus lactis ssp lactis, E. coli, Klebsiella, Prototheca, Mycoplasma bovis,
and Mycoplasma species were produced.

Dilutions with a concentration of less than 1 CFU /0.5 ml have been excluded, since
the expected number for bacteria would be less than one in the examined sample
volume.

The correlation line shows an exponential relation between the Ct-value and the CFU.
This was expected since the Ct value is an expression of the multiplication of bacterial
DNA in the PCR-process.

The correlation lines gives a very good impression of the CFU/1/2 ml that can be
expected for a measurement of a Ct-value for the different bacteria. It also gives a
good impression of the Ct-value that can be expected at the detection limit of
100 CFU/ml for culture. This will correspond to a Ct value of 27-28 for Streptococci
and Ct-value 34 for S. aureus.

For S. aureus, CNS, Mycoplasma bovis and Mycoplasma species a concentration of
1 CFU/0.5 ml results in a Ct-value close to 40 whereas the corresponding Ct-value for
the three streptococcal species at 1 CFU/ 0.5 ml lies between 33-36. As a consequence
results for streptococci with a Ct value 33 to 40 indicate a concentration of less than

Abstract
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1 CFU/0.5 ml. Therefore true positive samples with a bacterial concentration of less
than 1 CFU/0.5 ml cannot be expected to test positive in repeated tests of the same
sample. The proportion of samples with this low bacterial concentration will affect the
apparent sensitivity of the test.

Keywords: Katholm, Mastit 4, PCR, CFU, Mycoplasma bovis, bacteria

The use of Real-time PCR tests to identify mastitis pathogens are growing, as they
are faster and more sensitive than conventional bacteriological culturing, especially
for Mycoplasma detection. Since 2014 a quantitative real-time PCR test kit (Mastit 4,
DNA Diagnostic) has been commercially available. In Denmark the qPCR test is mainly
used as a tool for selective dry cow therapy to test DHI samples from cows prior to
dry-off for subclinical intramammary infections or biannualy test of bulk tank milk
samples from all Danish dairy herds for Streptococcus agalactiae as a part of the
national surveillance program.

Rattenborg et al. (2014) compared the Mastit 4 A with the Pathoproof complete 16 kit
and found the agreement between the two tests to be high to moderate for Strep.
agalactiae and moderate for S. aureus and Strep. uberis. Bennedsgaard et al. (2015)
also presented correlation curves for five of the bacteria tested in this study. They also
tested the correlation for culture and PCR in natural infections and found that they in
all results except one showed Ct-values below the curve of the dilution experiment.
This might indicate the presence of DNA from dead bacteria or that the bacteria in
natural infections are more difficult to culture (intracellular S. aureus).

The objective of this study was to investigate the correlation between Ct values of the
Mastit 4 PCR test kit for and bacterial colony forming units (CFU) in fresh milk samples
for the 11 bacteria that can be detected by the Mastit 4 BDF, PCR test kit.

Of all bacteria isolates tenfold dilutions were made of an overnight culture using fresh
quarter milk initially tested negative for all the studied bacteria. From S. aureus we
tested 2 isolates, CNS 3 isolates, Strep. agalactiae 3 isolates, Strep. dysgalactiae 3
isolates , Strep. uberis 3 isolates, isolates, Lactococcus lactis ssp lactis 1 isolate,  E.
coli 3 isolates, Klebsiella 1 isolate Prototheca 3 isolates, Mycoplasma bovis 3 isolates,
and Mycoplasma species 3 isolates

Culture was performed according to NMC guidelines. For each isolate CFU/ml in the
initial samples were calculated from the duplicate plates of diluted samples containing
between 10 and 300 colonies, and thereby the CFU/ in all the different 10-fold dilutions
was calculated. All dilutions of bacteria spiked milk samples, were tested by qPCR in
the DNA Diagnostic laboratory with the Mastit 4 test using the M4BDF kit standard
protocol. The expected bacterial count and pathogen was blinded to the laboratory.

The dilution curves for S. aureus, CNS, Strep. agalactiae, Strep. dysgalactiae, Strep.
uberis, Lactococcus lactis ssp lactis, E. coli, Klebsiella, Prototheca, Mycoplasma bovis,
and Mycoplasma species.were made by plotting in Excel.

Dilutions with a concentration of less than 1 CFU /0.5 ml have been excluded, since
the expected number for bacteria would be less than one in the examined sample
volume.
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Figure 1a-κ. Correlation of CFU/ml (log scale) and Ct values for
dilutions of samples spiked with S. aureus, CNS, Strep. agalactiae,
Strep. dysgalactiae, Strep. uberis, Lactococcus lactis ssp lactis, E.
coli, Klebsiella, Prototheca, Mycoplasma bovis, and Mycoplasma
species.
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The correlation line shows an exponential relation between the Ct-value and the CFU.
This was expected since the Ct value is an expression of the multiplication of bacterial
DNA in the PCR-process. Correlation figures and lines is shown in figure 1 a - k for S.
aureus, CNS, Strep. agalactiae, Strep. dysgalactiae, Strep. uberis, Lactococcus lactis
ssp lactis, E. coli, Klebsiella, Prototheca, Mycoplasma bovis, and Mycoplasma species.

The correlation lines gives a very good impression of the CFU/½ ml that can be expected
for a measurement of a Ct-value for the different bacteria. It also gives a good
impression of the Ct-value that can be expected at the detection limit of 100 CFU/ml
for culture. This will correspond to a Ct value of 27-28 for streptococci and Ct-value
34 for S. aureus.

For S. aureus, CNS, Mycoplasma bovis and Mycoplasma species a concentration of
1 CFU/0.5 ml results in a Ct-value close to 40 whereas the corresponding Ct-value for
the three streptococcal species at 1 CFU/ 0.5 ml lies between 33-36. As a consequence
results for streptococci with a Ct value 33 to 40 indicate a concentration of less than 1
CFU/0.5 ml. Therefore true positive samples with a bacterial concentration of less
than 15 CFU/0.5 ml cannot be expected to test positive in repeated tests of the same
sample. The proportion of samples with this low bacterial concentration will affect the
apparent sensitivity of the test.

Thanks to Prof, Dr. med. vet. habil. Volker Krömker and PhD. Student Nicole Wente
from Hochschule Hannover,  University of Applied Sciences and Arts, Hannover, for
the culturing and CFU measurements of all bacteria isolates.

Bennedsgaard T. W., L. Svennesen, and I. C. Klaas , 2014. Test
characteristics of the qPCR test Mastit 4 to identify major pathogens in spiked and
originally infected milk samples. Proceeding NMC 55rd Annual Meeting, Glendale,
Arizona, USA, January 31 - February 2: 180-181.

E. Rattenborg, C. O. Paulrud, S.K.S. Jensen, and J. Katholm . 2015
Poster: Bulk tank milk surveillance for contagious mastitis pathogens. Comparison
of two commercial real time PCR test kits. Proceeding NMC 54rd Annual Meeting,
Memphis, Tennessee, USA, February 1-3: 215-216.
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Differential somatic cell count - A new biomarker for
mastitis screening

D. Schwarz

FOSS Analytical A/S, Foss Alle 1, 3400 Hilleroed, Denmark

Currently, programmes for monitoring udder health in the frame of dairy herd
improvement (DHI) testing are based on the analysis of somatic cell counts (SCC).
However, mastitis remains the most prevalent and costly disease in the dairy cattle
industry worldwide. Approximately 70 to 80% of the losses are caused by the subclinical
form of the disease. Besides causing substantial economic damages, mastitis adversely
affects dairy cow welfare. Hence, new biomarkers, that allow a more accurate
monitoring and detection of mastitis, in particular of the subclinical form, are needed.
The objective of this study was to describe FOSS's new biomarker for mastitis screening
- Differential Somatic Cell Count (DSCC) - the technology behind it (i.e. Fossomatic™
7 DC), and possible practical applications in the frame of DHI testing.

The SCC is a well-established, robust and quantitative parameter in the diagnosis of
mastitis, but does not differentiate between the different types of cells in milk. DSCC,
however, refers to the differentiation of immune cells occurring in milk into lymphocytes,
macrophages, and polymorphonuclear neutrophils (PMN). These three cell populations
play a vital role in inflammatory responses within the mammary gland. While
lymphocytes and macrophages primarily regulate the immune response, the main
task of PMN is to defend against invading bacteria at the beginning of a mastitis.

SCC are low in milk of cows with healthy udders and consist predominantly of
macrophages. In the event of an infection (i.e. mastitis) the SCC increases evidently
and the composition of cells changes significantly to up to 95% PMN. Hence, both the
SCC and the DSCC are clearly different in milk of cows that are udder healthy compared
to those being affected by mastitis.

FOSS has developed a new patented method for simultaneous determination of both
SCC and DSCC. With the new Fossomatic 7 DC determination of the two parameters
at measurement throughputs of up to 600 samples per hour is possible. For this, the
basic measuring principle of the Fossomatic FC has been rethought and extended.
As a result, the key elements of the new Fossomatic for measuring SCC and DSCC
are: new chemistry, new incubation unit and new measuring module.

FOSS's new DSCC parameter represents the combined proportion of PMN and
lymphocytes in percent. The percentage of Macrophages is 100 - DSCC.

The new technology has been tested extensively. High accuracy (r = 0.8391) for DSCC
measured on the new technology compared to fluorescence microscopy was found.
Furthermore, SCC determined with the new technology highly correlated to Fossomatic
FC (r = 0.9937).

Abstract
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DSCC certainly has the potential to further improve mastitis management in the frame
of DHI testing. Specifically, improved microbiological testing through a) better selection
of samples to be tested and b) better interpretation of test results could be possible.
Secondly, additionally available DSCC information could be used to develop enhanced
selective dry cow treatment and thus help to further reduce the administration of
antibiotics in the dairy industry.

To summarise, in addition to SCC, DSCC provides more information about the actual
udder health status of dairy cows and thus clearly has the potential to be a valuable
tool allowing improved mastitis screening in the frame of DHI testing. This could help
to reduce the prevalence of mastitis and eventually lead to reduced administration of
antibiotics.

Keywords: mastitis, udder health, SCC, DSCC, dairy herd improvement testing, milk
quality

Somatic cell count (SCC) represents the total number of cells occurring in milk and is
the key indicator used for detection and management of mastitis in dairy herds around
the globe. Although the udder health situation of dairy cows has been improved
significantly over the last 40 years (e.g. Sampimon et al., 2005), mastitis still causes
tremendous economic losses to the dairy industry (e.g. Seegers et al., 2003). The
challenge is that mastitis is a very complex disease influenced by multiple factors
such as the environment and the keeping and feeding of cows. In addition,
mastitis-causing pathogens are constantly evolving and thus require altered mastitis
management programmes. Apart from that, dairy cows have changed and are
producing evidently more milk today, which requires a different type of dairy cow
management.

Given that cells in milk mainly consist of lymphocytes, macrophages, and
polymorphonuclear neutrophils (PMN), researchers found out that besides the
determination of the total SCC, differentiation of cells is beneficial for a more precise
description of the actual udder health status of dairy cows (Pillai et al., 2001; Rivas et
al., 2001; Pilla et al., 2013). The three main cell populations occurring in milk play a
vital role in inflammatory responses within the mammary gland (Sordillo et al., 1997;
Oviedo-Boyso et al., 2007). Briefly, lymphocytes regulate the induction and suppression
of immune responses. Macrophages recognize invading mastitis pathogens and initiate
the immune response by starting a massive influx of PMN. Beyond that, macrophages
ingest bacteria, cellular debris, and accumulated milk components and carry out tissue
repair. PMN cells defend against invading bacteria at the beginning of mastitis.

During mastitis both the total SCC and composition of the immune cells change
evidently. Milk from healthy mammary glands is low in SCC that consist mainly of
macrophages and lymphocytes (Lee et al., 1980; Schwarz et al., 2011a, b; Pilla et al.,
2012). However, SCC increases significantly and PMN are the predominant milk cell
population in the presence of infection (Paape et al., 2002).

This study is sought to describe FOSS's new biomarker for mastitis screening -
Differential Somatic Cell Count (DSCC) - the technology behind it, as well as possible
practical applications in the frame of DHI testing.

Introduction
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The SCC as well as the DSCC determined in cow-composite samples change evidently
depending on the udder health status of a dairy cow: SCC is low (e.g. 30,000 cells/ml)
in a cow without mastitis and the cells predominantly consist of macrophages having
a surveillance function (grey phase, Figure 1). In the event of a bacterial infection (red
cross, Figure 1) macrophages detect the bacteria and initiate an immune response by
recruiting high numbers of PMN into the mammary gland (orange phase, Figure 1).
As a result, the SCC increases significantly and PMN phagocytising bacteria dominate.
Once the bacteria have been eliminated the SCC starts to decrease and another shift
in DSCC to predominantly macrophages occurs (blue phase, Figure 1). The main
task of macrophages in that phase is to carry out tissue repair and removal of cell
debris. Eventually, SCC returns to a normal level and macrophages with surveillance
function predominate again (grey phase, Figure 1). Lymphocytes occur with consistently
low proportions during the different phases and seem to play a minor role only.

The process described is schematic and, in nature, influenced by various factors such
as mastitis-causing pathogen and the general condition of the cow and thus her immune
system. Hence, the extend of the SCC increase and the duration of the individual
phases can vary evidently.

The new CombiFoss™ 7 DC is the 7th generation of FOSS's high-throughput milk
analysers. It seamlessly integrates MilkoScan™ 7 RM and Fossomatic™ 7 DC to test
raw milk for up to 19 parameters, including DSCC, simultaneously in just 6 seconds.

FOSS has developed a new patented method for simultaneous determination of both
SCC and a novel parameter - DSCC. The newly developed Fossomatic 7 DC
determines the two parameters at measurement throughputs of up to 600 samples
per hour. For this, the basic measuring principle of the current Fossomatic model has
been rethought and extended. As a result, the key elements of the new Fossomatic
for measuring SCC and DSCC are: new chemistry, new incubation unit and new
measuring module.

The Concept
behind DSCC

Figure 1. Schematic diagram for the development of SCC and the composition of milk
cells during the course of mastitis.

 

The CombiFoss™
7 DC - New
Technology
allowing DSCC
measurement
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The new chemistry is based on the fluorescence dye acridine orange (Fossomatic DC
dye). Characteristics of milk cells are well-described in the literature (e.g. Lee et al.,
1980) and utilised when applying acridine orange because cell nuclei as well as
compartments are stained.

The new incubation unit is added to the instrument to ensure proper and standardised
incubation of the cells with Fossomatic 7 DC reagents. Each samples remains for
exactly one minute at 40 ?C in the incubation unit.

The new measuring module is the heart of the Fossomatic 7 DC. While a long-lasting
laser is used as light source, three detectors receive fluorescence and morphology
information of each cell passing through the laser. Fluorescence signals are measured
in two fluorescence channels, FL1 and FL2. Morphology characteristics, specifically
the granularity, of each cell are captured on the side scatter (SSC) detector.

The combination of the described key elements enables the Fossomatic 7 DC to
measure SCC and DSCC simultaneously as follows: A defined volume of a milk sample
is analysed allowing to calculate the number of cells per millilitre. Somatic cells can be
identified, separated from the milk background (e.g. bacteria, fat globules, etc.), in the
FL1 vs. FL2 dot plot (Figure 2 A). In addition, SSC information is used for a more
precise determination of SCC. The somatic cells identified in figure 2 A will be further
investigated in a second FL1 vs. FL2 dot plot with different scales to differentiate
between macrophages and a group containing lymphocytes and PMN (Figure 2 B).
The DSCC parameter represents the group of lymphocytes and PMN in percent. The
percentage of macrophages is 100 - DSCC.

Figure 2. Schematic diagram of SCC and DSCC determination with the new
Fossomatic™ 7 DC. A: Separation between background (grey dots) and milk cell
(dark blue dots) fluorescence information and determination of SCC (orange box). B:
Only somatic cells from figure 1 A (orange box) are used for determination of DSCC
by differentiating macrophages (grey dots) from lymphocytes and PMN (orange dots).
FL = fluorescence emission
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The objective of developing a new method applicable for routine analysis of DHI
samples was to meet high requirements on specificity, accuracy, reliability, repeatability,
robustness, as well as allowing high sample throughput.

In the absence of a reference method for DSCC, FOSS developed an internal reference
method using fluorescence microscopy. Comparing DSCC results of 113 routinely
available DHI samples analysed with the DSCC method on a flow cytometer and a
fluorescence microscope revealed a high correlation coefficient of r = 0.8391 (Figure 3).

In a next step, the accuracy of the new method was tested in a cell sorting trial on
routinely available DHI samples. Somatic cells were sorted from the two different
groups (Figure 2 B), respectively, and differentiated using the fluorescence microscope
method subsequently. A high proportion of 83% of cells in the DSCC gate (orange
dots, Figure 2 B) could be confirmed as lymphocytes or PMN under the microscope.

While a correct differentiation of the cells was confirmed in above experiments, the
correct determination of SCC was proven comparing SCC results from 640 routinely
available DHI samples measured with the new FOSS DSCC method and the
Fossomatic FC. This experiment revealed that all cells occurring in milk were stained
and considered correctly (Figure 4, r = 0.9937).

The method repeatability was determined by analysis of routinely available
cow-composite samples, run in five replicas, and found to be good (standard deviation
of 2%).

The robustness of the method was tested towards a range of sample-specific factors.
To obtain reliable DSCC values, the age of the milk samples should not exceed four
days. Bronopol has been used as preservative during development of the methods.
However, reduced stability of DSCC was observed in samples preserved with azidiol.

Given that only a defined volume of 50 microliter of milk actually gets tested per sample,
the number of cells available to determine DSCC clearly depends on the SCC. To
obtain sufficient statistics for the output (SCC and DSCC), the performance range for
the method was defined to be 50,000 to 1,500,000 cells/ml.

Accuracy of the
new FOSS DSCC
method

Figure 3. DSCC results of 113 routinely available DHI samples analysed with the
FOSS DSCC method on both a flow cytometer and fluorescence microscope.
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In combination with the total SCC, DSCC provides a more detailed picture of the
actual inflammatory status of the mammary gland. In turn, this opens up the possibility
to develop new tools which can help dairy farmers to further improve mastitis
management. Various research projects on DSCC are on-going and thus the validation
of practical applications is in progress.

Microbiological testing is a critical component of mastitis control programmes (e.g.
NMC) and essential for the establishment of targeted mastitis control actions. Traditional
culture methods (e.g. using blood agar) or newly introduced PCR (polymerase chain
reaction) methods are commonly used. However, costs per test are relatively high
and thus tools helping to select milk samples/dairy cows for microbiological testing
are needed. While SCC is often used in this context today, combining SCC and DSCC
information could lead to further improvement.

Secondly, the interpretation of results from microbiological testing could be further
improved having SCC and DSCC information. For instance, microbiologically-positive
results detected in low SCC samples are often interpreted as contamination (e.g.
Kelton and Godkin, 2014). In the future, however, DSCC information could make it
possible to distinguish between contamination (i.e. low DSCC, meaning no indication
of inflammatory response) and intramammary infection (i.e. high DSCC values, meaning
on-going inflammatory response).

Figure 4. SCC results for 640 routinely available DHI samples analysed with the new
FOSS DSCC method and on the Fossomatic FC.
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Antimicrobial resistance is a growing public health threat. In the dairy industry, prudent
use of antibiotics is under critical discussion around the globe. Selective dry cow
treatment (SDCT), meaning administration of antibiotics only to cows with
intramammary infections (instead of blanket dry cow treatment), was demonstrated
as a measure to evidently reduce consumption of antibiotics (e.g. van Werven, 2014;
Scheerpenzel et al., 2014).

Today SDCT is typically performed based on SCC results. Adding DSCC information
in this context clearly has the potential to further fine-tune the identification of cows
with a need for antibiotic treatment vs. those without.

In conclusion, the new Fossomatic 7 DC is the first instrument that enables standardised
and routine analysis of two parameters, SCC and DSCC, simultaneously using
individual cow milk samples (i.e. DHI samples) at low cost. The new instrument allows
specific, reliable, and repeatable determination of SCC and DSCC at a speed of up to
600 samples per hour. Besides the well-established SCC, DSCC indicates the
combined proportion of PMN and lymphocytes occurring in milk. Hence, a more detailed
picture of the actual inflammatory status of the mammary gland can be provided. In
turn, this opens up the possibility to develop new tools for enhanced mastitis
management allowing to further tackle mastitis.
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Daily automatic milk recording is now commercially available from several systems,
but not for milk components. Generally, farmers and national genetic evaluation systems
in the United States rely on the DHIA to determine individual milk composition. The
DHIA provides monthly or less frequent analyses of individual cows' milk for fat and
protein content and SCC. Milk components vary from milking to milking depending on
time between milkings, DIM, season, and the cow's age, parity, and health (Quist et
al., 2008; Pavel and Gavan, 2011). Recently, real-time analysis of milk components
per cow per milking has become more widely available, primarily through
implementation of automatic milking systems (Rotz et al., 2003). The AfiLab recording
system (Afimilk, Kibbutz Afikim, Israel) is a real-time individual cow milk analyzer that
is implemented per parlor stall. Each unit uses near-infrared spectroscopy for inline
milk analysis (Tsenkova et al., 1999). The advantages of near-infrared spectroscopy
over other systems are that they are quick and give nondestructive inline measurements
(Schmilovitch et al., 2000). Accuracy may be reduced, however (Tsenkova et al.,
2000). The AfiLab recording system provides observations of milk fat, protein, and
lactose components, in addition to the amount of blood.

Kaniyamattam and De Vries (2014) compared AfiLab analyzer results for fat, protein,
and lactose concentration in 450 cows from the University of Florida Dairy Unit with
results collected on 23 DHIA test days in 2010 and 2011, measured with the Bentley
2000 analyzer (Bentley Instruments Inc., Chaska, MN), which uses mid-infrared
spectrum light. The authors concluded that AfiLab slightly overestimated low Bentley
components and underestimated high Bentley components. However, the accuracy
of the Bentley analyzer is affected by instrument factors, the quality of the reference
chemistry, characteristics of the calibration sample set, and individual milk sample
composition factors (Kaylegian et al., 2006). Because neither method can be considered
a "gold standard," we do not know how either system actually compares to the true
values. All that could be determined with certainty in the Kaniyamattam and De Vries
(2014) study was the similarity between the 2 methods. They conclude, "Given the
day-to-day variation in milk components, especially fat, the milk components measured
in just 1 milking per month may not be very representative of the milk produced during
that entire month … The combination of much more frequently but less accurately
analyzed milk components, such as averaging all daily observations obtained per
milking over a period for a cow, may give a more representative measure of a cow's
longer-term milk composition than a DHIA sample taken once per month."

Introduction
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When a new analysis method cannot be compared with a gold standard method,
other alternatives for evaluation must be considered (e.g., Kaniyamattam and De Vries,
2014). One option is to compare heritabilities for the new and standard methods;
another is to compare the ability of the 2 methods to predict complete lactation
production from truncated lactation records. The question of systematic biases should
also be addressed: is the new system biased for certain cows, or for other factors,
such as stage of lactation, parity, or season? Answering these questions requires
much larger samples than that of Kaniyamattam and De Vries (2014). The primary
objective of this study was to test their hypothesis that much more frequent, but less
accurate analysis of milk components may give a more representative measure of a
cow's total lactation production. The secondary objective was to determine whether
systematic biases exist in the daily analysis system.

We analyzed daily records for milk production and fat and protein concentration
collected from January 2014 to January 2016 from 47 large kibbutz (communal) herds
distributed throughout the country (n = 37,486 cows). All of these farms use NOA, a
comprehensive program for dairy herd management developed and maintained by
the Israeli Cattle Breeders' Association (ICBA), that addresses all aspects of dairy
farming. Herd management was typical for kibbutz herds in Israel (Ginsberg, 2015).
All cows were daughters of Israeli Holstein cows. Almost 96% were daughters of
Israeli progeny-tested bulls; 3.7% were progeny of foreign Holstein bulls, and the
remaining 0.3% were daughters of foreign bulls from other breeds or bulls bred on-
farm. Almost all cows were milked 3 times daily. Milk production and fat and protein
concentration were recorded for each milking. Calibration of the automatic recording
units against the standard ICBA milk recording system was done at least once for
each 6-month period, and at least 7 cows were used to calibrate each unit. Daily milk
production was the sum of production for the 3 milkings, beginning with the morning
milking of each day. Daily fat and protein percentage was computed as the means of
the 3 milking records weighted by the production for each milking. Records were
included in the analysis if (1) DIM >4 and <306, (2) percentage fat >1.0 and <8, (3)
percentage protein >1.0 and <7, and (4) daily milk production >5 and <80 kg. Only
records that met all 4 criteria were retained.

The ICBA was awarded the International Committee for Animal Recording (ICAR)
Certificate of Quality in 2012 for dairy cattle identification, production recording in
dairy cattle, and genetic evaluation in dairy cattle. Daily fat and protein concentration
records are not ICAR-certified. Standard recording in Israel is probably more accurate
than in most other countries, because each month on the test day the milk inspector
collects samples from 2 of 3 milkings. The most common strategy is alternate a.m./
p.m. sampling, the main method used in the United States (Bucek et al., 2015). Visits
in Israel are arranged so that a different milking is missed in each consecutive visit.
With respect to milk production for farms with the daily recording system, the daily
records from 3 daily milkings were summed, beginning with the first one observed by
the inspector. Thus, for the ICBA record system, the "daily" milk production can start
with the morning, afternoon, or night milking. Samples were collected from each cow
for fat, protein, and SCC analysis from the 2 milkings during the inspector's visit and
mixed in proportion to the milk produced by the cow in each of the 2 milkings, although
the accuracy of this procedure is approximate at best. The inclusion criteria for the
automatically recorded daily records were also applied to the ICBA records. Milk

Materials and
methods

Farms, cows, and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

daily records

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

ICBA data recording
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components were analyzed in the Central Milk Laboratory of the ICBA in Caesarea
using a CombiFoss (Foss, Hillerød, Denmark) and a Bentley FTS/FCM (Bentley
Instruments, Inc., Chaska, MN). The Bentley FTS/FCM is made up of 2 separate
modules: a flow cytometer and a Fourier transform spectrometer. The Fourier transform
spectrometer simultaneously measures milk composition, including fat, protein, lactose,
and urea, using Fourier transform infrared spectroscopy to capture the complete infrared
absorption spectrum of the milk sample for component analysis. Collecting the complete
spectrum allows the calibration to be based on all spectral characteristics of each
particular component. The CombiFoss includes the MilkoScan FT+ and the Fossomatic
FC. The MilkoScan FT+ estimates the concentration of urea, fat, protein, fatty acids,
and lactose, based on Fourier transform infrared spectroscopy analysis. It works with
the mid-infrared region of the spectrum from 3 to 10 µm, corresponding to 1,000 to
5,000 cm-1. The CombiFoss analyzes slightly more samples per day than the Bentley
FTS/ FCM. The ICBA laboratory also has 2 additional less efficient Foss machines for
backup. Overall, about 30% of the samples were analyzed using the Bentley machine,
and the remainder using the 3 Foss machines. For both automatic daily and monthly
records, fat production at each date was computed as fat percentage × milk production/
100. Similarly, protein production at each date was computed as protein percentage ×
milk production/100. All data were stored in the ICBA central computer, which calculated
total lactation milk, fat, and protein production for all milk-recorded cows.

Lactation Computation for Daily Records . Milk, fat, and protein production up to
305 DIM were computed from the automatic daily records for first and second parities
provided the following conditions were met: (1) first record in the lactation <10 d after
parturition, (2) last record >255 d after parturition, and (3) period between consecutive
records <30 d. The second criterion was applied under the assumption that 255 d was
likely to be the minimum lactation length for cows that were not culled. This
corresponded with the expected lactation for a cow with 45 d open. The third condition
was required because for 32 of 14,048 complete lactations, records were missing for
extended periods due to technical problems. Milk, fat, and protein production up to the
first record per lactation was assumed equal to the first valid daily record.

After the first record, the production per each interval was computed as the mean of
the 2 records bordering the number of days between intervals for all records <305
DIM. Lactations with last records <305 DIM were not extended beyond the last valid
record.

Lactation Computation for Monthly Records . First- and second-parity lactations
that met the following criteria were computed from the monthly data: (1) first lactation
record <65 DIM, (2) last lactation record >255 DIM, and (3) interval between consecutive
records <75 d.

Up to 120 DIM, milk, fat, and protein production were computed as the integral of the
standard lactation curve for the 3 traits, as described by Bar-Anan et al. (1984). From
120 DIM to the last record before 305 DIM, production was computed as the mean of
the 2 records bordering the interval times between records. If the last valid record was
<305 DIM, then production from the last record to the end of the lactation, or 305 DIM
(whichever was lower), was assumed equal to production at the last record. Only the
ICBA records were extended, assuming that automatic daily records should have
captured production up to the end of the lactation. If a valid record >305 DIM was
available, then production up to 305 DIM was computed, assuming that the lactation
curve was linear between the last record before 305 DIM and the first record after 305
DIM.

Computation of total

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

lactation production
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A total of 77,581 first-parity and 58,723 second-parity valid records were available for
the same days for both daily and monthly recording methods (Table 1). Correlations
for milk, fat, and protein production, and fat and protein percentage were computed
for these records. Only valid lactations computed by both systems were included in
the analysis. First- and second-parity daily and monthly lactation curves were computed
as the mean production on each day from 5 through 305 DIM. The number of daily
and monthly records and cows used to compute the lactation curves are given in
Table 1. A total of 7,953 first-parity and 6,051 second-parity valid lactation records
were available. We computed means and correlations between daily and monthly
first- and second-parity lactation production for milk, fat, and protein production, and
for fat and protein percentage.

Following Weller and Ezra (2004), before estimation of variance components and
extension factors, first-parity lactation records were adjusted for the effects of calving
month and age, days open, and pregnancy status (open or pregnant). The effects of

Table 1. Number of records and levels of effects included in each analysis.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Statistical analysis

Analysis Method 1 Parity  E ffec t 
Number of  

levels 
Corre lations be tween dail y records Both  1 Records 77 ,581 
  2  58 ,723 
Lactation  curves and correla tions 
between lacta tions 

Month ly 1 Records 77 ,632 

  2  58 ,756 
 Dail y 1  2,381,083 
  2  1,797,545 
 Both  1 Cows 7 ,953 
  2  6 ,051 
Fixed effects on lactations Both  1 Cows 7 ,892 
   Calving month 12 
   Ca lving age 10 
   Pregnancy sta tus 2 
   Herds 44 
REML (co)variance components 
comple te  lactations 

Both  1 Cows with records 7 ,892 

   Ancestors 14 ,659 
   Groups 2 
   Herds 44 
Extension factors fo r partial 
lactations 

Month ly 1 Records 46 ,964 

   Cows 7 ,892 
   Calving month 12 
   Ca lving age 10 
   Herds 44 
 Dail y 1 Records 69 ,352 
   Cows 7 ,866 
   Calving month 12 
   Ca lving age 10 
   Herds 44 
REML (co)variance components fo r 
partia l lacta tions 

Dail y 1 Cows with records 7 ,866 

   Ancestors 14 ,622 
   Groups 2 
   Herds 44 
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these factors were computed using PROC GLM in SAS (version 9.2; SAS Institute
Inc., Cary, NC). Milk, fat, and protein production, and fat and protein percentage,
either daily or monthly, were analyzed separately. The analysis model was:

Yijklmn = µ + Hj + Ck + Al + Pm + a × SDO + b × DO + c × DO2 + eijklmn [1]

where Yijklmn was lactation record n for trait i, from herd j, with calving month k, calving
age 1, and preg- nancy status m; µ was the intercept; Hj was the effect of herd j; Ck

was the effect of calving month k; Al was the effect of calving age 1; Pm was the effect
of pregnancy status m (open or pregnant); SDO was the square root of days open;
DO was days open; DO2 was the square of days open; a, b, and c were regression
coefficients; and eijklmn was the residual. This is similar to the model used for routine
genetic evaluation of production traits in Israel (Weller and Ezra, 2004). All effects
were assumed fixed, except for the residual. In Israel, all cows that are inseminated
are checked for pregnancy ~45 d after the last insemination of the lactation. We
computed days open as described by Weller et al. (1985), and all3 DO terms were
required to accurately describe the effect of days open on production traits. For cows
that were not pregnant, DO = 0, and the expected increase in production was included
in the Pm effect. Cows with calving age <21 mo and >30 mo were excluded. Of 7,953
cows with valid first-parity lactation records, 7,892 cows were included in the general
linear model and REML analyses. The number of levels of effects included in the
model are given in Table 1. All effects included in the models for all traits were significant
(P < 0.001).

Variance and covariance components were computed for daily and monthly first-parity
adjusted lactations using MTC software (http://nce.ads.uga.edu/~ignacy/ numpub/mtc/
), including all 10 traits. The MTC program uses a REML algorithm to compute variance
and covariance components based on the multi-trait individual animal model (e.g.,
Weller and Ezra, 2004). All animals with records must have records for all traits included
in the analysis. The relationship matrix included all known parents and grandparents
of cows with records. In addition to the 7,892 cows with records, the relationship
matrix included 14,659 ancestors, for a total of 22,551 animals. Two groups were
defined for individuals with parents that were not included in the relationship matrix: 1
for males and 1 for females. In addition to the additive genetic and group effects, the
analysis model included a fixed herd effect. The number of levels of all effects included
in the model are also given in Table 1. Heritabilities for each trait were computed as
the additive genetic effect divided by the sum of the additive genetic and residual
effects. Genetic and environmental correlations were computed for all pairs of traits.

Variance and covariance components were also computed using AIREMLF90 (http:/
/nce.ads.uga. edu/wiki/doku.php?id=application_programs). We ran a separate
analysis for each trait computed from daily and monthly records, because convergence
was not obtained when all traits were run jointly. Thus, covariance components were
estimated only between the daily and monthly lactation records for each trait. The
AIREMLF90 program, in addition to estimates of the variance and covariance
components, computes SE and the inverse of the average information matrix.
Approximate SE for the heritabilities and the genetic correlations were derived using
the algorithm of Klei (2008). Heritabilities in all cases were similar to the estimates
derived by MTC.

To compare the ability of the 2 methods to predict future lactation production from
truncated lactation records, we computed extension factors for partial lactations as
follows. The complete adjusted lactations computed from the automatic daily records
for milk, fat, and protein production were truncated after each complete month in milk
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up to the ninth month. The truncation point for each month in milk was the first valid
daily record after each complete month in milk. Thus, up to 9 partial lactation records
were generated from each complete lactation record.

To obtain approximately equal DIM for the corresponding cohort of truncated monthly
records, monthly records were truncated at the first valid record obtained after 15 d
before each complete month in milk. That is, the truncation points were at the first
record after 15, 45, and 75 DIM, and so on. The numbers of truncated records generated
for the monthly and daily adjusted lactations are given in Table 1. Fewer truncated
records were generated for the monthly records, because in some cases more than 1
mo had elapsed between consecutive records, resulting in a "missing" truncated record
for a specific month in milk.

As proposed by Weller (1988), we computed extension factors using PROC GLM in
SAS (version 9.2; SAS Institute, Inc.) with remaining lactation production after the
truncation point as the dependent variable. The analysis model for each trait for both
monthly and daily adjusted lactation was:

Yijklm = µ + Hj + a × DR + b × DR × Ck + c × DR × Al + d × DR2

+ f × LR × DR + g × LR2 × DR + n × DR × DIM + o × DR ×
DIM2 + p × DR × DP + q × DR × DP2 + eijklm

[2]

where Yijklm was the remaining production in the lactation; DR was days remaining in
the lactation; LR was the last valid daily record before truncation; DIM was DIM at the
truncation point; DP was days pregnant at the truncation date; a, b, c, d, f, g, n, o, p,
and q were regression coefficients and the other terms were as defined for equation
[1]. Various models were tested, but results are presented only for the model of equation
[2], because all factors included in equation [2] were significant (P < 0.001) in the daily
analyses. Cows that were pregnant for <30 d at the truncation point were assumed to
be open; for these cows, DP = 0. We computed DR as 305 - DIM. If DP >0, then DR =
210 - DP, assuming that pregnant cows would be dried off 210 d after conception. If
DR + DIM >305, then DR = 305 - DIM. The lactations computed from daily records
were also analyzed using a model that included the effects of LR and the daily record
before LR, and with models that included mean production 1 week, 2 weeks, and 1
month before the truncation point, instead of LR.

We compared models based on their coefficients of determination and root mean
square errors. We also computed means and standard deviations (SD) by months in
milk at truncation to estimate accuracy and precision. Finally, we computed correlations
between complete lactation yields and predicted yields as production before truncation
+ predicted production after the truncation point, as computed using the effects in
equation [2]. We also computed variance and covariance components between daily
complete and predicted lactations using MTC. Only predicted lactations based on
months 1 to 8 were included, because some lactations were completed before 9 mo in
milk. The model included the same effects as for complete lactations. The number of
cows, ancestors, herds, and groups are given in Table 1. Variance components were
not computed for the monthly records, because as noted previously, truncated records
were not generated for all months in milk for all cows, and MTC requires valid records
for all traits for all individuals with records.
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Means, SD, and correlations between daily milk, fat, and protein, and fat percentage
and protein percentage, computed from the monthly and daily recording in first and
second parities are given in Table 2. As expected, means and SD were very similar
for milk, and correlations were >0.95, because both methods were based on the same
individual milking records. The only difference was that for automatic daily recording
the "day" always began with the morning milking, but for the ICBA (monthly) records
the "day" began with the first milking attended by the inspector. Differences between
means were very small for all traits, but this was partially a function of how often the
meters were calibrated, and what samples were used for calibration. Despite the small
absolute values, all differences were significant (P < 0.01) because of the huge sample
sizes. Overall, the SD for the 2 methods were quite similar. The greatest difference
was for fat percentage, where differences were 0.09 and 0.1% in parities 1 and 2,
respectively. All correlations were slightly higher in second parity. The correlations for
fat and protein production were higher than for fat and protein percentage. However,
the correlation for protein percentage was lower than for fat percentage, but the
correlation for protein production was higher than for fat production. This was likely

Results and
discussion

Table 2. Means ± SD1 and correlations between daily milk, fat, and protein, and fat and protein
percentage from monthly and daily records in first and second parities

Parity  Trait Monthly Daily Correlation 2 
1 (77,581 records) Milk (kg/d) 35.11 ± 6.09 34.98 ± 6 .15 0.95 
 Fat (kg/d) 1.25 ± 0.23 1.24 ± 0 .21 0.67 
 Protein (kg/d) 1.13 ± 0.18 1.14 ± 0 .20 0.83 
 Fat (%) 3.62 ± 0.58 3.57 ± 0 .49 0.62 
 Pro tein (%) 3.25 ± 0.26 3.26 ± 0 .24 0.42 
2 (58,723 records) Milk (kg/d) 41.45 ± 8.78 41.24 ± 8 .81 0.96 
 Fat (kg/d) 1.45 ± 0.32 1.44 ± 0 .29 0.72 
 Protein (kg/d) 1.34 ± 0.24 1.33 ± 0 .28 0.87 
 Fat (%) 3.55 ± 0.64 3.54 ± 0 .54 0.62 
 Pro tein (%) 3.26 ± 0.31 3.24 ± 0 .25 0.48 
1All differences be tween the means of the 2 methods were significant, P < 0.01. 
2
All standard erro rs of the correlations were <0.01. 

because protein percentage had a lower SD than fat percentage. Liu et al. (2000)
found for German Holsteins that correlations between the a.m. and p.m. records of
the same cows were 0.59 for fat percentage, but >0.8 for the other 4 traits.

Means, SD, and correlations between 305-d milk, fat, and protein production, and fat
percentage and protein percentage, computed from the monthly and daily recording
in first and second parities are given in Table 3. As expected milk, fat, and protein
production were higher in second parity, but fat percentage was slightly lower. All
differences in the means between the 2 methods were significant (P < 0.001), except
for first-parity milk and protein yield. Monthly mean fat production and percentage
were higher than the corresponding daily means in both parities. The SD for complete
lactation production were slightly lower for the daily results for all traits, except protein
production.

All correlations between lactations were higher than the correlations between records
for daily production. Correlations for first and second parity were very similar for all
traits. As found for the daily records, correlations were higher for fat and protein
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production, than for fat and protein percentage. Correlations for fat and protein
production were 0.77 and ~0.9 in both lactations. With respect to most commercial
selection indices, these are the actual traits of interest (Miglior et al., 2005).

Mean first- and second-parity lactation curves for milk, fat, and protein production by
monthly test days and daily records are shown in Figures 1, 2, and 3. As expected for
milk production, the curves for the 2 methods are very similar for both parities, except
that the monthly curves display more random variation because of the lower number
of records for each date. Similar to all previous analyses (e.g., De Boer et al., 1989),
second-parity milk production peaks earlier and higher than first parity. Fat production
in first parity reaches a maximum level at ~75 DIM and remains stable until 305 DIM.
In second parity, maximum production is obtained at ~25 DIM and declines linearly
until 305 DIM. For both parities, the graphs based on the monthly records were higher
before 125 DIM, but very similar for both methods from 125 through 305 DIM. The
maximum difference was 0.1 kg for first parity and 0.18 kg for second parity. The
graphs based on the monthly records for protein were quite similar to the corresponding

Table 3. Means ± SD1 and correlations between 305-d milk, fat, and protein, and fat and protein
percentages from monthly and daily records in first and second parities

Figure 1. Mean first- and second-parity lactation curves for milk production by monthly
and daily records. First-parity monthly records, light solid line; first-parity daily records,
dashed line; second-parity monthly records, heavy solid line; second-parity daily
records, dotted line

Parity Trait Monthly Daily Correlation 2 
1 (7,953 cows) Milk (kg) 10,472 ± 1,303 10,440 ± 1,293 0.97 
 Fat (kg) 376 ± 49 369 ± 47 0.77 
 Protein (kg) 339 ± 39 340 ± 41 0.90 
 Fat (%) 3.61 ± 0.39 3.55 ± 0.30 0.67 
 Protein (%) 3.24 ± 0.16 3.26 ± 0.14 0.56 
2 (6,051 cows) Milk (kg) 12,432 ± 1,599 12,301 ± 1,556 0.97 

 Fat (kg) 439 ± 63 429 ± 59 0.77 
 Protein (kg) 402 ± 47 397 ± 50 0.89 
 Fat (%) 3.55 ± 0.42 3.50 ± 0.33 0.65 
 Protein (%) 3.24 ± 0.17 3.23 ± 0.15 0.57 
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graphs for milk. In both parities, the daily records overestimated protein production in
the early part of the lactation and underestimated production after 150 DIM. The
maximum difference was 0.08 kg for both parities.

Mean first-parity lactation curves for fat and protein percentage by monthly and daily
records are given in Figure 4, and the corresponding curves for second parity are
given in Figure 5. Corresponding to the graphs for fat and protein production, the daily
results underestimated fat percentage in the early part of the lactation, but were very
similar to the monthly results after 125 DIM. The maximum difference at the beginning
of the lactation was 0.4% for first parity and 0.6% for second parity. Considering the
entire lactation, we observed only a slight decrease in the means of fat percentage for
individual daily records or total lactation production (Tables 2 and 3).

Figure 2. Mean first- and second-parity lactation curves for fat production by monthly
and daily records. First-parity monthly records, light solid line; first-parity daily records,
dashed line; second-parity monthly records, heavy solid line; second-parity daily
records, dotted line

Figure 3. Mean first- and second-parity lactation curves for protein production by
monthly and daily records. First-parity monthly records, light solid line; first-parity daily
records, dashed line; second-parity monthly records, heavy solid line; second-parity
daily records, dotted line
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The daily results overestimated protein percentage in the first part of the lactation, but
underestimated it after 150 DIM. Over the entire lactation, these 2 biases almost
canceled out, and lactation means for both protein yield and percentage were almost
equal for both methods. The maximum difference at the beginning of the lactation was
0.3% for first parity and 0.4% for second parity. These results can be partially explained
by the finding of Kaniyamattam and De Vries (2014) that "AfiLab slightly overestimated
low Bentley components and underestimated high Bentley components." With respect
to protein, the daily records overestimated protein percentage during the first part of
the lactation when protein was low, and underestimated protein percentage in the
later part of the lactation when percentage was higher. Fat percentage was lowest at
~50 DIM in both parities, but at this point, the daily results were lowest relative to the
monthly records. Heritabilities and genetic and environmental correlations among 7,892
first-parity adjusted records for 305-d milk, fat, and protein production and fat and

Figure 4. Mean first-parity lactation curves for fat and protein percentage by monthly
and daily records. Fat percentage monthly records, heavy solid line; fat percentage
daily records, dotted line; protein percentage monthly records, light solid line; protein
percentage daily records, dashed line

Figure 5. Mean second-parity lactation curves for fat and protein percentage by monthly
and daily records. Fat percentage monthly records, heavy solid line; fat percentage
daily records, dotted line; protein percentage monthly records, light solid line; protein
percentage daily records, dashed line
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Table 4. Heritabilities (± SE; bold on diagonal), genetic (± SE; above the diagonal), and environmental (below the diagonal) correlations among 7,866 first-
parity 305-d milk, fat, and protein, and fat and protein percentages from monthly and daily records1

  Milk Fat Protein Fat percentage Protein percentage 
Trait Method Monthly Daily Monthly Daily Monthly Daily Monthly Daily Monthly Daily 
Milk Monthly 0.33 1.00 0.27 0.53 0.85 0.90 -0.71 -0.52 -0.64 -0.42 
  ±0.06 ±0.001         
 Daily 0.96 0.35 0.26 0.52 0.85 0.91 -0.71 -0.53 -0.63 -0.41 
   ±0.03         
Fat Monthly 0.55 0.51 0.23 0.59 0.33 0.26 0.49 0.31 -0.02 -0.05 
    ±0.04 ±0.01       
 Daily 0.68 0.71 0.70 0.31 0.63 0.44 -0.04 0.45 -0.07 -0.26 
     ±0.02       
Protein Monthly 0.91 0.86 0.64 0.73 0.27 0.86 -0.53 -0.27 -0.14 -0.15 
      ±0.05 ±0.002     
 Daily 0.89 0.93 0.54 0.67 0.87 0.32 -0.62 -0.51 -0.44 0.00 
       ±0.03     
Fat (%) Monthly -0.48 -0.48 0.46 0.02 -0.29 -0.38 0.48 0.70 0.56 0.35 
        ±0.07 ±0.002   
 Daily -0.37 -0.38 0.26 0.38 -0.17 -0.34 0.66 0.57 0.59 0.17 
         ±0.05   
Protein (%) Monthly -0.51 -0.52 0.01 -0.12 -0.11 -0.34 0.55 0.53 0.55 0.56 
          ±0.08 ±0.002 
 Daily -0.29 -0.30 0.01 -0.20 -0.09 0.07 0.32 0.13 0.52 0.46 
           ±0.05 
1
Heritabilities and correlations were estimated using the MTC program (http://nce.ads.uga.edu/~ignacy/numpub/mtc/); standard errors of heritabilities and genetic 

correlations were estimated using the AIREMLF90 program (http://nce.ads.uga.edu/wiki/doku.php?id=application_programs). 
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protein percentage computed from monthly and daily records are given in Table 4.
The approximate SE of the heritabilities and genetic correlation estimates are also
given. Heritabilities were ~0.3 for the production traits, and ~0.5 for the percentage
traits. In general, the results were similar to previous sire and individual animal model
results for this and other commercial diary populations. Weller and Ezra (2004) found
firstparity heritabilities of 0.39, 0.42, and 0.34 for milk, fat, and protein production,
respectively, in the Israeli Holstein population. Chauhan and Hayes (1991), analyzing
the US Holstein population with a sire model, found first-parity heritabilities for milk,
fat, protein, and percentages of fat and protein of 0.29, 0.31, 0.25, 0.65, and 0.61,
respectively. The genetic correlations of milk with yields of fat and protein, and
percentages of fat and protein and correlations of fat yield with fat percentage were
0.45, 0.79, -0.49, -0.54, and 0.56, respectively.

Heritabilities for all traits except protein percentage were higher for lactations computed
from daily records, corresponding to our basic hypothesis that more frequent records
would yield a more representative measure of a cow's longer-term milk composition.
The greatest difference was for fat production, at 8%. However, based on the estimated
SE of the heritabilities, none of the differences was statistically significant at even the
5% level. The SE ranged from 0.025 to 0.076; they were generally higher for lactations
computed from the monthly records, and higher for the concentration traits, than for
the production traits.

As expected, both the genetic and environmental correlations for milk between the
2 methods were almost equal to unity, because, as explained previously, the same
records were used for both methods. The lowest genetic correlation between the
2 methods was for protein percentage, at 0.56. Considering each method separately,
genetic and environmental correlations among the 3 production traits were higher for
the lactations computed from daily records, but lower for the percentage traits. Genetic
and environmental correlations between fat and protein percentage were ~0.5 for the
monthly records, but <0.2 for the daily records. The genetic correlation of only 0.27
between milk and fat for the monthly lactations in the present study was low compared

Table 5. Coefficient of determination and root mean square errors (MSE) for production as a
function of the number of days before the truncation date used to predict future production1.

Method Number of days Trait R2 Root MSE 
Monthly 1 d Milk 0.939 631.8 
  Fat 0.927 24.2 
  Protein 0.944 19.3 
Daily 1 d Milk 0.961 565.7 
  Fat 0.956 20.8 
  Protein 0.959 18.8 
 2 d Milk 0.963 547.3 
  Fat 0.960 19.9 
  Protein 0.961 18.2 
 1 wk Milk 0.965 532.5 
  Fat 0.963 19.0 
  Protein 0.964 17.6 
 2 wk Milk 0.965 532.3 
  Fat 0.963 19.0 
  Protein 0.964 17.5 
 1 mo Milk 0.964 545.4 
  Fat 0.962 19.1 
  Protein 0.963 17.7 

1
Only records on or before the truncation date were used to predict lactation production after the 

truncation date. 
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with the value of 0.45 in Chauhan and Hayes (1991), but Weller and Ezra (2015)
found a correlation of 0.31 for the Israeli population on a somewhat selected sample
of animals.

The coefficient of determination and root mean squared errors for future production
as a function of the number of days before the truncation date used to predict future
production are given in Table 5. For lactations computed from test days, only the last
testday record before truncation was used. As noted previously, for the analyses based
on daily records, all effects included in equation [2] were significant (P < 0.001); for
the analyses based on the test-day records, all factors were significant, except for
DR × DIM2 for milk and protein. Coefficients of determination were lower and root
mean squared errors were higher for lactations computed from test-day data, compared
with the daily records. For the lactations computed from daily records, differences in
the coefficients of determination among the 5 alternatives tested were generally small.
Coefficients of determination were greatest and root mean squared errors were least
if the mean production from the last 2 wk before the truncation date was used to
estimate future production, although results for 1 wk before the truncation date were
very similar. Further daily results are therefore presented only for the alternative of
prediction based on the mean of the last 2 wk before truncation.

Means and SD of predicted first-parity lactation based on truncation dates of the partial
lactations for both monthly and daily records are given in Table 6. For all 3 traits, in
both methods actual production was underestimated with truncation after 1 mo in
milk, and overestimated with truncation after 2 mo in milk. In both cases, biases were
smaller for lactations computed from daily records. With truncation at >2 mo in milk,
all differences between predicted and actual production were <1% of the mean by
both methods. As expected, SD increased with months in milk before truncation. Up
to truncation at 2 mo, SD were lower for lactations estimated from test-day records.
Thus, for up to 2 mo in milk, precision was higher for monthly test-day predictors, but
accuracy was lower. Surprisingly, at 9 mo, SD were greater than for the complete
lactation in all cases, except for milk by daily recording.

Phenotypic correlations among complete and extended 7,892 first-parity lactations
for milk, fat, and protein production computed from test-day records based on the last
test date before truncation for each month in milk are given in Table 7. Correlations
were similar for all 3 traits and increased from ~0.7 for the first record after 15 DIM to
~0.96 for the first record after 255 DIM. Phenotypic and genetic correlations among

Table 6. Means ± SD of predicted first-parity lactation (kg), based on truncation dates of the partial lactations
computed from monthly and daily records.

 Milk Fat Protein 
Months in milk 
at truncation Monthly Daily Monthly Daily Monthly Daily 

1 10,566 ± 779 10,625 ± 930 377.1 ± 31.0 373.3 ± 37.9 342.2 ± 24.5 345.5 ± 28.8  
2 11,010 ± 927 10,824 ± 1,033 391.4 ± 35.6 377.1 ± 37.2 354.9 ± 27.9 350.9 ± 31.6  
3 10,663 ± 1,061 10,720 ± 1,070 380.3 ± 39.2 375.0 ± 37.9 345.0 ± 31.3 348.2 ± 32.9  
4 10,628 ± 1,034 10,653 ± 1,082 378.9 ± 38.9 374.0 ± 38.9 343.6 ± 30.2 346.4 ± 33.5  
5 10,773 ± 1,111 10,627 ± 1,099 383.0 ± 42.0 373.3 ± 40.2 348.1 ± 32.5 345.5 ± 34.4  
6 10,805 ± 1,136 10,673 ± 1,121 384.9 ± 43.2 374.1 ± 41.7 348.9 ± 33.4 346.7 ± 35.4  
7 10,788 ± 1,194 10,743 ± 1,155 383.7 ± 45.4 375.4 ± 43.3 348.6 ± 35.1 348.7 ± 36.7  
8 10,750 ± 1,206 10,741 ± 1,204 383.2 ± 46.1 375.3 ± 45.0 347.1 ± 36.2 348.7 ± 38.4  
9 10,817 ± 1,271 10,719 ± 1,211 384.4 ± 49.4 376.2 ± 46.5 349.9 ± 38.2 348.5 ± 39.7  
Complete 10,763 ± 1,258 10,698 ± 1,237 383.4 ± 47.8 374.7 ± 45.6 347.9 ± 37.6 347.5 ± 39.2  
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complete and extended 7,866 first-parity lactations for milk, fat, and protein production
based on the daily means of 14-d production before truncation date are given in Table
8. The daily phenotypic correlations were higher than the monthly correlations for all 3
traits at all 9 truncation points. The daily genetic correlations were higher than the
phenotypic correlations for all 3 traits at all truncation points. With only 30 DIM, genetic
correlations ranged from 0.73 to 0.79 for the 3 traits.

Increasing the frequency of sampling reduces random error, but does not correct for
systematic biases. The ICAR guidelines (ICAR, 2016) were constructed to ensure
sufficient quality of data collection for genetic selection-that is, recording of a single
measurement per month. The accuracy tolerance addressed only the added error of
the milk sampling procedure to the required accuracy of the inline device. To date,
ICAR has not set guidelines for the required accuracy of daily recording systems.

Kaniyamattam and De Vries (2014) have also raised the possibility of systematic biases
among cows. If this was the case, then heritabilities should be lower for lactations
computed from daily records. If a specific cow is biased upward, there is no reason to
assume that the cow's relatives would also have the same bias. Of course, merely
demonstrating that one method has higher heritability does not prove that the records
are more accurate. Similarly, bias among cows should also adversely affect the ability
to predict future production from a partial lactation. In our results, heritabilities were
higher for lactations computed from daily records for all traits, except for protein
percentage, but none of the differences were significant (P < 0.05). Partial lactations
computed from daily records predicted future lactation more accurately than
corresponding partial lactations computed from monthly records. With respect to
predicting future lactation production from partial lactations, both methods were biased
if the partial lactation was <90 DIM; predicted lactations computed from monthly records
were more biased, but precision was greater, as indicated by the SD of the predictions.

Table 7. Phenotypic correlations among 7,892 complete and extended first-parity lactations for milk, fat, and
protein production from test day records based on the last prior monthly test date for each month in milk.

 Mean DIM at truncation 
Trait 37.4 60.0 94.1 121.0 153.2 181.4 212.7 241.5 266.5 
Milk 0.69 0.76 0.78 0.88 0.91 0.93 0.95 0.95 0.96 
Fat 0.67 0.75 0.79 0.87 0.91 0.93 0.95 0.95 0.96 
Protein 0.70 0.76 0.78 0.87 0.90 0.92 0.94 0.94 0.95 

 

Table 8. Phenotypic and genetic correlations among 7,866 complete and extended first-parity lactations from
daily records for milk, fat, and protein production based on the daily means of 14 d of production before truncation
date

   Mean DIM at truncation 
Trait Heritability Correlation 30 60 90 120 150 180 210 240 270 
Milk 0.36 Phenotypic 0.74 0.84 0.88 0.91 0.93 0.95 0.96 0.96 0.97 
  Genetic 0.74 0.91 0.95 0.97 0.98 0.98 0.98 0.98 - 
Fat 0.33 Phenotypic 0.77 0.84 0.89 0.92 0.94 0.95 0.96 0.96 0.97 
  Genetic 0.79 0.91 0.94 0.98 0.98 0.98 0.97 0.98 - 
Protein 0.32 Phenotypic 0.72 0.83 0.87 0.90 0.93 0.94 0.95 0.95 0.96 
  Genetic 0.73 0.92 0.94 0.97 0.98 0.97 0.97 0.97 - 

 



127

ICAR Technical Series no. 21

Weller and Ezra

Over the last 2 decades, several countries have replaced lactation models with monthly
test-day models for routine genetic evaluation of milk production traits (e.g., Stanton
et al., 1992). That is, the dependent variable is production on each monthly test day
rather than total lactation production. The main advantages of these models are their
ability to more correctly weight complete versus incomplete lactations. With 10 test
days per lactation, the number of records in a monthly test-day model is approximately
10 times the number of records in a lactation model. However, if daily records are
available, then the number of records included in a "daily production" model would be
~300 times that of a lactation model. If daily recording becomes widespread, monthly
test-day models would no likely longer be appropriate, and new methods must be
developed to accurately weight partial versus complete lactations for genetic evaluation.

Even if daily records are slightly less accurate for computing total lactation production,
this method can still be preferred if it results in a significant cost reduction (i.e., fewer
milk inspectors). It is unlikely that the DHIA sample collection system could be
completely eliminated for 2 reasons: the daily recording system still must be calibrated
several times during the lactation, based on a more accurate method of estimation;
and the daily recording system at present does not estimate SCC, which is an
economically important trait in all modern selection indices (Miglior et al., 2005). This
study is clearly not the "last word" on evaluating the daily recording system. Evaluations
of larger samples over a longer period will yield more accurate information and allow
for comparison across different lactations of the same cows. Further study is also
required to determine the optimal interval between calibrations for AfiLab meters.

The main objective of the present study was to test the hypothesis that a combination
of more frequently but less accurately analyzed milk components should give a more
representative measure of a cow's longerterm milk composition than a DHIA sample
taken once per month. Although our hypothesis was apparently validated based on
the heritability estimates and the ability of partial lactations to predict future production,
systematic biases with respect to stage of lactation in both parities was troubling. The
lactation curves for fat percentage from daily records were lower with low DIM, but
almost equal to the monthly records after 125 DIM. Automatic daily recording
overestimated protein percentage before 150 DIM and underestimated protein
percentage in the second half of the lactation. Further study is required to compare
results of individual cows in multiple lactations, and to determine the optimal interval
between calibrations for AfiLab meters.

This research was supported by a grant from the Israel Dairy Board. We thank Ignacy
Misztal (University of Georgia, Athens) for use of MTC, Kristen L. Parker Gaddis
(Beltsville Agricultural Research Center, Agricultural Research Service, USDA,
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Delta Instruments, St. Albans Cooperative Creamery, Cornell University and Miner
Institute research collaboration on milk production efficiency has enabled the
development of the first generation mid-FTIR herd management tools. A set of predictive
fatty acids (FA) models has been developed to provide farmers with early warnings on
nutritional and health problems of dairy cows before these become severe.

The first tool is a set of milk FA models grouped according to their chain length and
relation to biosynthetic origin within the cow. Fatty acids from C4 (i.e., 4 carbon) to
C14, known as de novo FA, are synthesized in the udder from volatile FA produced in
the rumen. C18 and higher are preformed FA mobilized from the adipose tissue or
transferred directly from the diet. The C16:0 and C16:1 are mixed origin FA that can
be synthesized de novo or may be pre-formed FA.

Farmers will be enabled with information they can use to effectively monitor and improve
milk composition (i.e., fat and protein percent) and production volume of the herd
(bulk tank milk testing), as well as with early warnings on gastrointestinal diseases of
the early transition period (i.e., lactation weeks 1 to 6) cows (individual cow milk testing).

The second tool concerns a milk based blood non-esterified fatty acids (NEFA)
prediction. Negative energy balance stimulates the mobilization of energy from fat
stores and causes blood NEFA levels to rise. High NEFA levels in the blood signal
that the body is in a severe negative energy status and there is an increased risk of
metabolic diseases (e.g., ketosis, displaced abomasum, etc.) during the transition
period.

The milk based blood NEFA prediction tool will provide farmers with information about
the severity of the negative energy balance status of a transition cow and metabolic
(clinical and subclinical ketosis) diseases. These early warnings on the health issues
of a transition cow may allow preventive measures to avoid these conditions from
becoming severe, while improving the transition process from pregnancy to lactation.

Keywords: Herd management tools, de novo fatty acids, milk based predicted blood
NEFA, displaced abomasum, clinical and subclinical ketosis.
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Delta Instruments, St. Albans Cooperative Creamery, Cornell University and Miner
Institute research collaboration on milk production efficiency has enabled the
development of the first generation mid-FTIR herd management tools. A set of partial
least squares (PLS) chemometric predictive models for mid-FTIR spectra of milk have
been developed to measure groups of fatty acids (FA) as they relate to the biosynthetic
origin of the milk FA. In addition, a (PLS) prediction model to predict the level of
non-esterified fatty acids (NEFA) in cow's blood based on the mid-FTIR milk spectra
of individual cow milk samples has been developed.

The first tool consists of a set of milk FA models grouped according to their chain
length and relationship to biosynthetic origin of milk fatty acids within the cow, and
have a good potential to be correlated with biology, metabolism and feeding of dairy
cows. Fatty acids from C4 (i.e., 4 carbon) to C14, known as de novo FA, are synthesized
in the udder from volatile FA produced in the rumen. The C18 and higher are preformed
FA mobilized from the adipose tissue or transferred directly from the diet (Woolpert et
al., 2016). The C16:0 and C16:1 are mixed origin FA that can be synthesized de novo
or may be pre-formed FA.

To develop the specific milk based mid-FTIR prediction models, spectra of modified
milk calibration samples, bulk tank milks, and individual cow milks were used in
combination with chemical reference chemistry. A variety of FA and groups of FA
were measured producing results from infrared in grams of FA per 100 g of milk:
C16:0; C18:0; C18:0 cis9, cis12; C18:1 trans 11. total FA; de novo (C4:0 to C14:0),
mixed origin (C16:0, C16:1, C17:0), preformed (C18:0 and longer); total fatty acids,
total unsaturated FA, total cis FA; total trans FA; monounsaturated FA; and
polyunsaturated FA.

Two fat concentration independent measures of FA structure were also done on each
sample: mean FA chain length (expressed as mean carbon number per FA) and mean
FA unsaturation (expressed as double bonds per FA). The measure of total FA (not
fat) in g/100 g of milk is used as a new basis for a more accurate measurement of total
fat content in the milk (Wojciechowski and Barbano, 2016). This approach eliminates
most of the weakness of traditional measures of fatty by IR using the Fat A (C=O stretch)
and fat B (C-H stretch) because it compensates sample by sample for differences in
FA compositions when trying to estimate the total fat content of the milk in comparison
to ether extraction (Kaylegian et al., 2009 a,b). The relative proportion of the total FA
in milk that are represented by an individual or group of FA can be expressed on a
relative basis as a percentage of total FA in the sample. Thus, it is possible to produce
a simulated gas chromatograph FA analysis of milk fat (using PLS models for individual
fatty acids) directly from the same (IR spectra) of milk on the IR for fat, protein and
lactose concentration.

The validation of IR FA results was done with split sample analysis to compare IR and
GLC FA estimates on samples though out the study. Delta Instruments' LactoScope
FTIR provided measurements of milk components and FA composition, while the
reference testing for FA composition was done with gas liquid chromatography
(Woolpert et al., 2016, Wojciechowski and Barbano, 2016). The calibration adjustment
of the fat, true protein, anhydrous lactose and all FA measures on the LactoScope
FTIR is done once a month using a set of 14 modified milks described by Kaylegian et
al. (2006 a,b) that had reference values in (g FA per 100 g of milk) for each of the
individual or groups of FA measured. The set of calibration samples was produced
monthly at Cornell University, and was used to check the calibration during the month
(Wojciechowski et al., 2016).

Introduction

Materials and
methods

De novo fatty acid
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This set of models has been developed (Wojciechowski and Barbano, 2016, Woolpert
et al., 2016) based on individual herd bulk tank milks from various regions of the US,
and individual cow milks, and modified milk calibration samples (Kaylegian et al.,
2006). These models were used to test bulk tank milks from 430 farms located in
Northeast USA that were sampled and tested 3 to 20 times per month, using mid-
FTIR to measure fat, true protein, anhydrous lactose and FA composition. Fatty acid
data were organized and analyzed by breed: Jersey and Holstein. A wide range of
farm management practices and with range of herd sizes were represented in this
study. There was an overall breed difference in FA composition as well as a large
amount of variation within each breed. Fatty acid composition within farm from day-to-
day was fairly consistent, and when a major change in FA composition within a farm
was observed, it was usually owed to a major change in feeding that shifted the FA
composition.

The most interesting parameters in FA data that were correlated with the concentration
of fat and true protein in the bulk milk were the groups of FA - de novo, mixed, and
preformed FA. There is a positive correlation of bulk tank fat and true protein test
when de novo FA concentration in milk was higher for both Holstein and Jersey breeds.
The correlation for de novo FA is stronger with fat than for true protein (Barbano et al.,
2014). Increased output per day of de novo FA may reflect better rumen fermentation
with higher production of rumen volatile fatty acids and higher production of rumen
microbial biomass that provides essential amino acids to support milk protein synthesis.

Given the relationships observed in the data collected from the 430 farms (Barbano et
al., 2015), a sub-population of high de novo and low de novo farms was selected in
2014 and then again in 2015 to determine the differences in feeding and management
practices between the high and the low de novo herds, the relationship to bulk tank
milk composition, and differences in milk payment. In both years, the high de novo
farms had higher fat and protein test in bulk tank milk than the low de novo farms.

The study carried out in 2014 evaluated the relationship between management practices
and milk de novo FA content for lower producing smaller dairy farms containing a
variety of breeds. A population of 44 high de novo (HDN) and low de novo (LDN) were
selected based on a history of high de novo (HDN) and low de novo (LDN) FA in bulk
tank milk. Management practices were assessed during a visit to each farm, and total
mixed ration samples were collected and analyzed for chemical composition. At a
farm level, there were no differences in days in milk. This research indicated that
overcrowded freestalls, reduced feeding frequency, and greater dietary ether extract
content were associated with lower de novo FA synthesis and reduced milk fat and
true protein yields per cow per day (Woolpert et al., 2016).

The second study was carried out to better understand the relationship between cow
comfort indicators and peNDF with de novo FA concentration for high producing
Holstein dairy farms. Similar to the previous study, a population of 19 HDN and 20 LDN
farms was selected and evaluated based on management and facility design previously
shown to affect cow comfort, on physical and chemical characteristics of the diet,
forage quality, and on the ration formulation obtained from the farm's nutritionist. There
were no detected differences in farm size, time away from the pen for milking, days in
milk, or body condition score between the HDN and LDN. No differences between
HDN and LDN farms in milk, fat, or true protein yield were detected; however, milk fat
and protein content and de novo fatty acid yield per day were higher for HDN farms,
as was gross income per unit of milk sold. The results of this study indicated that cow
comfort indicators such as feeding management and stocking density, as well as

Research and main

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

findings



134

Performance recording for developing countries

HMT for nutritional and health issues

physical characteristics of the diet, are related to de novo FA concentration in bulk
tank milk of Holstein dairy farms and total production of fat and protein per cow per
day (Woolpert et al., 2016).

The concentration of NEFA in the blood of lactating cows is used as an index of how
much fat is being mobilized by a dairy cow from adipose tissue at the beginning of the
lactation. When blood NEFA and blood beta hydroxybutryate (BHB) are too high,
cows are susceptible to a range of metabolic health issues, such as displaced
abomasum, ketosis, retained placenta, and others (Ospina et al., 2010; McArt et al.,
2012). These metabolic health issues are highly responsible for substantial financial
losses due to decreased milk yield, poor reproduction, increased susceptibility to
immunosuppression and culling rate (Ingvartsen 2006; McArt et al., 2012),

There are no NEFA in milk, so a model to predict blood NEFA from a milk sample uses
differences in the milk spectra that are correlated with changes in blood NEFA. The
final PLS model had 9 factor, used the following ranges (300 to 2800, 1800 to 1700,
1585 to 1000 cm-1) with a standard cross validation of 172 µEq/L. Validation milk and
blood sample pairs (n=53) were collected from Holstein cows from a different herd.
The mean value for the blood reference test was 713 µEq/L of serum and the mean
value for the milk based blood NEFA prediction was 703 µEq/L of serum with a standard
deviation of the difference (SDD) of 218 µEq/L for the 53 validation samples (Barbano
et al., 2015).

Barbano et al. (2015) were the first to report and validate a blood NEFA prediction
model based on the analysis of milk samples from individual cows. A group of 60
individual Holstein cows from the dairy herd at Miner Institute were monitored for the
first three weeks of lactation. Cows were milked 3 times per day. Within more or less
one milking of the time of blood collection, a milk sample was analyzed using the
LactoScope FTIR. A WAKO NEFA HR test kit was used as an in vitro enzymatic
colorimetric method for the quantification of NEFA in blood serum, and these values
were used as a reference values for development of a PLS regression model to predict
blood NEFA from the mid-IR milk spectra.

There was a considerable cow-to-cow variation in level and the temporal patterns of
change in the relative proportions of the de novo, mixed, and preformed milk FA that
seem to reflect real-time cows-to-cow differences in energy balance and metabolic
health status of individual cows. Generally, healthy cows at 7 days in lactation that do
not have excessively high blood NEFA will have a relatively high percentage of total
FA that are de novo FA (20% or higher), and with increasing days in milk, the de novo
value as a proportion of total FA should be in the range of 27-30% of total FA when the
cow reaches positive energy balance. Generally, the mixed origin FA as percentage
of total FA will increase with days in milk and the preformed FA will decrease. Blood
NEFA measured on blood is a snapshot of the NEFA concentration at that precise
instant in time, while blood NEFA predicted from milk represents a time average for
the total time between milkings.

Blood NEFA
predicted values in

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

milk model

Research and main

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

findings



135

ICAR Technical Series no. 21

Beukema et al.

The first generation herd management tools for mid-infrared are useful in supporting
farm management decisions that have the potential to improve the economic
performance and sustainability of the dairy farm. The FTIR milk analysis is rapid, uses
no reagents, and can simultaneously perform the measurement of the major
components in milk, milk fatty acid composition, milk fatty acid structure, and the other
metrics (i.e., estimated blood NEFA) related to the risk for nutritional and metabolic
diseases.

Farm managers will be enabled with information they can use to improve feed efficiency
and the transition from pregnancy to lactation of a dairy cow. The de novo FA model
set used has been specifically developed to help the farm managers to increase the
total fat, true protein and bulk tank milk yield of their herds, rising their revenues and
profitability of the farm. At the individual cow level, the de novo FA set will give early
warnings on the high risks of displaced abomasum for lactating cows within 12 days in
milk. The blood NEFA predicted values in milk model has been specifically develop
for the early warning on the metabolic diseases of clinical and subclinical ketosis for
lactating cows with up to 60 days in milk.

The authors would like to thank the staff at Cornell University, Miner Institute, and the
St. Albans Creamery Cooperative for their invaluable contribution that has made
possible the creation of the first generation herd management tools.

Barbano, D.M., C. Melilli, and T.R. Overton . 2014. Advance use of FTIR
spectra of milk for feeding and health management. Proc. Cornell Animal Nutrition
Conference, Cornell University, Ithaca, NY. pp 105-113.

Barbano, D.M., P. Cree, T. R. Overton, H. M. Dann, and R. J. Grant . 2015.
Prediction of blood nonesterified fatty acid (NEFA) by FTIR analysis of individual
cow milk samples. J Dairy Sci. 2015;98: (Suppl 1):553.

Ingvartsen, K.L . 2006. Feeding and management-related diseases in the
transition cow: physiological adaptations around calving and strategies to reduce
feeding related diseases. Animal Feed Science and Technology, Vol.126, No.3-4,
pp. 175-213.

Kaylegian, K. E., G. E. Houghton, J. M. Lynch, J. R. Fleming, and D.
M. Barbano . 2006. Calibration of infrared milk analyzers: modified milk versus
producer milk. J Dairy Sci. 89:2817-2832.

Kaylegian K.E., J. M. Lynch, J. R. Fleming, and D. M. Barbano . 2009a.
Influence of Fatty Acid Chain Length and Unsaturation on Mid-Infrared Milk
Analysis. J Dairy Sci. 92:2485-2501.

Kaylegian K.E., D. A. Dwyer, J. M. Lynch, D.E. Bauman, J. R. Fleming,
and D. M. Barbano . 2009b. Impact of fatty acid composition on the accuracy of
mid-infrared fat analysis of farm milks. J Dairy Sci. 92:2502-2513.

McArt, J.A., D.V. Nydam, and G.R. Oetzel . 2012. Epidemiology of
subclinical ketosis in early lactation dairy cattle. J. Dairy Sci. 95:5056-5066.

Conclusions

Acknowledgements

List of references



136

Performance recording for developing countries

HMT for nutritional and health issues

Ospina, P.A., D.V. Nydam, T. Stokol, and T.R. Overton . 2010. Evaluation
of nonesterified fatty acids and beta-hydroxybutyrate in transition dairy cattle in the
northeastern United States: Critical thresholds for prediction of clinical diseases. J.
Dairy Sci. 93:546-554.

Woolpert, M.E., C. Melilli, K.W. Cothanch, H.M. Dann, R.J. Grant, L.E.
Chase, and D.M. Barbano . 2015. Effect of nutrition and management practices on
de novo fatty acid synthesis in northeastern US dairy herds. J. Dairy Sci. 98:(Suppl.
2) 212.

Woolpert, M. E., H.M. Dann, K.W. Cotanch, C. Melilli, L.E. Chase,
R.J. Grant, D.M. Barbano . 2016. Management, nutrition, and lactation performance
are related to bulk tank milk de novo fatty acid concentration on northeastern US
dairy farms. J. Dairy Sci. 99: 8486-8497.

Woolpert, M.E. 2016. Management practices and communication strategies
to improve milk fat and protein content on dairy farm. M.S. Thesis, University of
Vermont, Burlington, VT.

Wojciechowski, K, L. and D. M. Barbano . 2016 Prediction of fatty acid
chain length and unsaturation of milk fat by mid-infrared milk analysis. J Dairy Sci.
99: 8561- 8570

Wojciechowski, K, L., C. Melilli, and D. M. Barbano . 2016. A proficiency
test system to improve performance of milk analysis methods and produce
reference values for component calibration samples for infrared milk analysis. J
Dairy Sci. 99: 6808-6827.



137

ICAR Technical Series no. 21

Report on mare's milk analysis

B. Luštrek 1, M. Simcic 1, A. Kaic 2 and K. Potocnik 1

1University of Ljubljana, Biotechnical Faculty, Department of Animal Science,
Jamnikarjeva 101, SI-1000 Ljubljana, Slovenia

2University of Zagreb, Faculty of Agriculture, Department of Animal Science and
Technology, Svetošimunska 25, 10000 Zagreb, Croatia

The objective of the study was to estimate factors affecting mare's milk composition
with the emphasis on the effect of different milk sampling. Milk samples, belonged to
indigenous breed of the Slovenian draft horse (SDH), were collected on the farm
registered for mare's milk production. Milk samples were collected during 8 test days
(TD) from 3 routinely machine milked SDH mares in the age of 6 - 7 years with the
estimated body weight from 600 to 656 kg in the 49 to 241 days of lactation. Two
types (A and B) of samples were taken during 3 consecutive milking on the each TD.
The A samples represented first jets of the milk while the B samples represented milk
from each single consecutive milking per TD. The average milk yield per milking was
1.55 l. The average contents for B samples were: fat content (FC) 1.04%, protein
content (PC) 1.75%, lactose content (LC) 6.74%, urea content (UC) 30.87 mg/dl, and
somatic cell count (SCC) 3.02 x 10³/ml. The analysis of variance showed that sample
significantly affected FC, UC, and SCC; mare significantly affected MY, FC, PC, UC,
and SCC; stage of lactation affected MY, PC, LC, UC, and SCC; and consecutive
milking affected FC and PC. From the perspective of growing interest for mare's milk
production, the safety and quality of mare's milk should be provided. This could be
fulfilled by determination of the guidelines for breeders and standards for mare's milk
recording in the near future.

Keywords: Milk composition, milk sample, first jets, routine milking, Slovenian draft
horse.

The number of discovered studies on mare's milk is relatively low and comparable
results are hard to find. Therefore, the results of these studies are more thoroughly
reviewed. During the review, we have noticed some inconsistencies described in the
mare's milk experiment designs which could affected the final conclusions on the
mare's milk traits. The most notable was the fact that different authors used different
type of milk samples. This phenomenon was already noticed when Oftedal et al. (1983)
suggested that incomplete mammary evacuation during milking could strongly bias
the mare's milk composition, especially fat and total solid content.

The complete udder emptying is important as the fat content varies in a significant
way and might be 2-3 times higher at the end of milking than at the beginning (Doreau
and Boulot, 1989a; 1989b). Udder emptying in mares is related to the oxytocin release
which is associated with numerous other factors. Any additional factor that differ among

Abstract

Introduction
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experiments may affect the milk sample and consequently the milk composition
(Bellomo et al., 2005; Doreau and Boulot, 1989a; Doreau and Boulot, 1989b; Doreau
and Martin-Rosset, 2002; Caroprese et al., 2007; Salimei and Fantuz, 2012). According
to our best knowledge, there is no research reports on the effect of milk sampling on
the mare's milk composition.

Slovenian draft horse (SDH) is an indigenous Slovenian horse breed, mainly bred for
meat production. With the estimated purebred population size of 3000 animals in 2015,
it is the most numerous horse breed in Slovenia (DAD-IS, 2016). Considering the
numerousness of the breed, growing economic importance as well as breeders and
consumers interest for mare's milk production, there is a great opportunity for additional
value for rearing of the SDH breed. With the expansion of the mare's milk production
in the future, the need for assuring milk's safety and quality will emerge. Therefore,
the specific food safety guidelines and standards for mare's milk production and
recording processes have to be defined.

The aim of the study was to determine factors affecting mare's milk composition (fat
content, protein content, lactose content, urea content, and somatic cell count) with
the special emphasis on the effect of different milk sampling.

Milk samples were collected on the farm registered for mare's milk production. Samples
were obtained during 8 test days (TD), from three routinely machine milked SDH
mares, in the age of 6 - 7 years with the estimated body weight from 600 to 656 kg.
The mares were in 49 to 241 days of lactation (DL). Before the milking (on the average
2.93 h) foals were weaned from the mares but they remained in contact throughout
the day until the end of the last consecutive milking (in the meantime suckling was not
possible). Within seven TD mares were milked 3 times per day and at one TD (third)
just 2 times per day. At each consecutive milking two types of samples (A and B; < 50
ml) were obtained from each mare. Teats were cleaned and disinfected prior to the
milking. The A samples (N = 69) represented the first jets of the milk taken by hand,
while the B samples (N = 68) represented the samples of the milk from completely
machine milked udder. The machine milking started immediately after taking the first
jets of milk (A sample) and lasted until there was no more visible milk flow. After each
milking, milk yield (MY) was measured and B sample was obtained. Samples were
immediately cooled at 4 °C, and at the end of each TD frozen at -18 °C until the
analysis were conducted.

The contents of fat (FC), protein (PC), lactose (LC) and somatic cell count (SCC) were
determined in 137 samples. SCC was determined using fluoro-opto-electronic cell-
counting method. FC, PC and LC were determined using infrared spectrometer and
the gained values were corrected with the mare's milk density factor (1.035).

The analysis of variance was performed using the MIXED procedure of the statistical
package SAS/STAT. Statistical model described milk sample and consecutive milking
as fixed effects, days of lactation as independent variable and mare as additive genetic
effect (Model 1). The SCC was natural log-transformed to normalize the distribution.

yijk  = µ + T1  +  Mj + b ( xijk - x ) + aijk  +   eijk Model 1

where yijk - dependent variable (fat content, protein content, lactose content, urea
content, somatic cell count, milk yield);  T1 - milk sample; i= A, B;  Mj - consecutive
milking; j = 1, 2, 3; b - linear regression coefficient;  xijk - days of lactation; k = 1,…137;
x - average days of lactation (145);  aijk - mare as random effect; eijk - residual

Materials and
methods
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The milk composition of Slovenian draft horse differed between the types of samples.
The A samples contained significantly lower FC (0.32%) and UC (28.28 mg/dl), and
higher SCC (4.2 x 10³/ml) than B samples (Table 1). FC in the B samples was similar
to the FC in the milk of Croatian Coldblood horse (Cagalj et al., 2014). Caroprese et
al. (2007) also found that machine milking of mares resulted in a significantly larger
FC (P < 0.01) which is in the agreement with the result of this study.

The analysis of variance showed significant effects of mare, stage of lactation,
consecutive milking and milk sample. Mare and stage of lactation had the largest
effect on the observed mare's milk components. Mare significantly affected MY, FC,
PC, UC and SCC. Stage of lactation significantly affected MY, PC, LC, UC and SCC.
Consecutive milking significantly affected FC and PC, and milk sample showed
significant effect on the FC, UC, and SCC (Table 1).

In the agreement with Caroprese et al. (2007), results from this study showed that
with the advance of the stage of lactation MY, PC and SCC decreased, whereas LC
and UC increased. FC increased and PC decreased with the consecutive milking. In
the reviewed literature, Bellomo et al. (2005) found that the consecutive milking affected
MY, what was not found in the present study.

Table 1. Least square means (LSM), standard errors (SE) and p-values of the mare's milk yield and its
composition

Results and
discussion

Type of sample P - values 
A B 

Traits N LSM ± SE 
Mare 

Stage of 
lactation 

Consecutive 
milk ing Sample 

MY  68   < 0.001 < 0.001 NS  
FC 137 0.32? ± 0.034 1.04? ± 0.034 0.001 NS < 0.001 < 0.001 
PC 137 1.77 ± 0.016 1.75 ± 0.016 < 0.001 < 0.001 0.024 NS 
LC 137 6.74 ± 0.005 6.74 ± 0.005 NS < 0.001 NS NS 
UC 137 28.28? ± 0.544 30.87? ± 0.548 < 0.001 < 0.001 NS 0.001 
SCC 137 4.2? ± 0.098 3.02? ± 0.098 < 0.001 0.035 NS < 0.001 

FC: Fat Content (%); PC: Protein Content (%); LC: Lactose Content (%); UC: Urea Content (mg/dl),  
SCC: Somatic Cell Count (10³/ml); N: Number of samples; NS: Non-significant (P > 0.05). 
a ,b

 Means within a row with di fferent superscripts differ (P < 0.05). 

The type of mare's milk sample had a significant effect on fat content, urea content
and somatic cell count. This could have a major influence on some differences found
in studies when comparing their results of mare's milk composition analyses.

In the circumstances of increased consumption, larger amounts of mare's milk are
produced. It would be necessary to establish standards for mare's milk safety and
quality and assure long-term consumer satisfaction. Results of this study indicated
that standardisation of methods for mare milk recording and analysing should be
determined.

Bellomo F., Bianchi B., D'Emilio F. P., 2005. Experimental milking tests on
Murgese mares for the design of ad hoc milking plants. Veterinaria Italiana, 41(3):
211-221.
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Latin America accounts for very significant proportions of the world beef production
and exports, being a very relevant beef supplier for the increasing food demands.
Data presented here focused in the main South American beef producer/exporter
countries: Argentina, Brazil, Colombia and Uruguay. Genetic evaluations are in place
in these countries for the main beef breeds. Given the complexity of climates and
production environments a large number of Bos taurus and Bos indicus breeds and
composites are used. In the temperate regions (Argentina, Uruguay and south of
Brazil), Hereford, Angus, Bradford, Brangus and Limusin breed are the main breeds
under genetic evaluation. Bos indicus breeds and composited dominates the tropical
areas. Brahman and Nellore are key in these areas, but in Brazil other relevant breeds
such as Guzera,Tabapua,Canchim, Sindi & Indubrasil and Senepol are also under
genetic evaluations. More than 40 traits are being evaluated across countries and
breeds. Traits such as birth, weaning and yearling (final) weights are included in all
breeds and countries. Eye muscle area and subcutaneous fat depth (measured by
ultrasound) are the most common carcass traits, whilst marbling or intramuscular fat
percentage is less frequent, as well as predictions of percentage of saleable/edible
meat and conformation or muscularity visually assed in the live animals. Female
reproductive traits related to precocity and reproductive efficiency are evaluated mainly
in Bos indicus breeds. These traits are less common in the genetic evaluations of Bos
taurus breeds, in which scrotal circumference is the most frequent selection criteria.
Feed efficiency is only being evaluated in Hereford in Uruguay and Nellore in Brazil,
although other breeds in Argentina and Brazil are planning to include it in the short
term. In most the breeds and countries, breeding programmes are carried out by
breeding societies or groups of breeders in collaboration with national universities,
research institutes or specialised companies. Genomic breeding values are available
in Hereford in Argentina and Uruguay, developed in the context of the Hereford Pan-
American evaluation and in one of the Brazilian Nellore breeding programmes (ANCP).
Training populations are being implemented in other breeds such as Angus (Argentina,
Uruguay) and Hereford and Bradford in Brazil.

Keywords: genetic evaluations, bos indicus, bos taurus, selection criteria, genomic
selection
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The world population is expected to continue to grow in the next decades, with an
increase of around 30% by 2050 (UN, 2015). The challenge for the future is the need
of increasing agriculture production but with minimum negative impact on the
environment. Genetic improvement has proved to be an effective tool for increasing
animal production, in parallel with a reduction of the environmental load per unit of
product, even without the inclusion of "environmental traits" in the breeding goals
(Wall et al., 2013).

Livestock production is an important source of high quality and balance proteins and
micro nutrients such as iron, zinc, and vitamins B-12 and A, playing therefore key role
in food security (Reynolds et al., 2015). In general, the production base is moving
from developed to developing countries. In the case of beef, South America is a very
relevant world supplier and the livestock sector represents a major contributor to the
economy of the different countries. This region accounts for 24 % and 32% of the
world beef production and exports, respectively, according with the data provided by
FAO (www.fao.org/faostat). Argentina, Brazil, Colombia and Uruguay are the main
contributors to South America beef production and contribution to the international
trade (FAO, www.fao.org/faostat).

Beef cattle production systems in South America have a great diversity of environmental
and management conditions, with a variety of zebu and taurine breeds and composites.
Different production systems have been developed to cater for differences in
environment, technological levels and resources. The extensive grazing system
dominates in the region of South America and nearly all cow-calf operations are
managed in that system.

This study provides an overview of the current beef cattle genetic evaluation systems
in South America, based on the information of Argentina, Brazil, Colombia and Uruguay,
as the main beef producer and exporter countries. The main breeds and traits included
in the actual genetic evaluation are described and future developments are also
discussed.

Table 1 shows the relevance in South America of Argentina, Brazil, Colombia and
Uruguay as beef producers and exporters. These four counties accounts for 71% of
South America area and 86%-90% of cattle stock, beef production and exports.

Information on genetic evaluations was collected by a survey that was distributed to
the responsible of the genetic evaluations and animal breeders in Argentina, Brazil,
Colombia and Uruguay. This was complemented by information publically available.
The latest was the main source in the case of Colombia.

The questionnaire had 12 questions organised into four sections entitled as:

1. Recording systems and genetic evaluation.

2. Evaluated beef cattle breeds.

3. Traits under evaluation.

4. Institutions and stakeholders and a fifth final section with additional questions on
current and future developments in breeding goals, selection indices and genomic
selection.

Introduction

Material and
methods
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Table 2 presents the breeds evaluated in each country and the number of genetic
evaluations being run for each breed. Several breeds are evaluated in all the countries.
The exception is Colombia where only information on the genetic evaluation of
Brahmans (ASOCEBU, www.asocebu.com/index.php/genetica-y-mejoramiento) was
available for this study, which may have underestimated of the number of initiatives in
that country.

Given the complexity of climates and production environments in the large territory
cover by the countries included in this study, 22 Bos taurus and Bos indicus breeds
and composites with genetic evaluations in place. In the temperate regions (Argentina,

Percentage of the total in South America 
Country Area Cattle stock  Meat production Beef exports 
Argentina 16% 15% 18% 7% 
Brazil 48% 60% 59% 68% 
Colombia 6% 6% 6% 1% 
Uruguay 1% 3% 4% 12% 

Source: FAO (www.fao.org/faostat). 

Table 1 Cattle stock and beef production and exports by country as percentage the total in
South America.

Results and
discussion

Country 
Breed Argentina  Brazil  Colombia  Uruguay  

Angus  1  1   1  

Bosmara  1     
Braford  1  2   1  

Brahman  1  3  1   
Brangus  1  2    
Canchin   1    
Caracu   1    
Charolais   1    
Devon   1    
GIR   1    
Guzera   3    
Hereford  1  2   1  
Indubrasi l   1    
Limousin  1  1   1  

Montana   1    
Murray Grey  1     
Nelore   9    
Santa Gertrudis   1    
Senepol   1    
Shorthorn  1     
Sindi  1    
Tabapuã   2    
Total  9  35  1  4  

 

Beef cattle breeds
with genetic

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

evaluation

Table 2. Number of genetic evaluations per breed and country.
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Uruguay and south of Brazil), Hereford, Angus, Bradford, Brangus and Limusin breed
are the main breeds with genetic evaluation. Bos indicus breeds and composited
dominates the tropical areas, although they are also present in Uruguay and south of
Brazil. Brahman and Nellore are crucial in these areas, but in Brazil genetic evaluations
are carried out for other relevant breeds such as Guzera, Tabapua, Canchim, Sindi,
Indubrasil and Senepol.

The breeds with genetic evaluation implemented are consistent with the most important
breeds in the commercial sector. On one hand, beef cattle commercial population in
Uruguay, which is a country with temperate climate, is mainly purebred Hereford and
Aberdeen Angus. On the other hand, around 80% of the Brazilian herd has Bos indicus
contribution, with only less than 7,000 purebred Zebu animals have been imported
from India in 19th (beginning in 1870) and 20th century (Santiago, 1987).

Fries and Ferraz (2006), in a review about Brazilian genetic improvement programmes,
pointed out that during the last 50 years there was an unprecedented growth in the
cattle population and important increases in production and productivity in spite of the
restrictive economic context. Imported genetic technologies also contributed heavily,
although after initial import most technologies were adapted for local use. Genetic
evaluation was one of the technologies that was also promoted by Brazilian Ministry
of Agriculture by the program ''CEIP - Certificado Especial de Identifição e Produção”.
It assures that the best 20-30% of animals controlled by approved genetic evaluation
programmes pay the same taxes as breeders association registered animals

Table 2 shows that in Argentina, Colombia and Uruguay genetic evaluations per breed
are run by only one organization. However, many relevant breeds in Brazil have genetic
evaluations that are run by different organization and estimations of genetic merit are
not comparable among evaluations. Nellore, which is the predominant beef cattle
breed in Brazil, is the one with the largest number of genetic evaluations, but this is
also the case for Braford, Brahman, Brangus, Guzera and Hereford. The large variability
of production system and ecosystems in Brazil is one important factor that explains
the numerous genetic evaluations, which also respond to differences in breeding
objectives and breeding programmes.

Figure 1 show the evolution of the number of genetic evaluations by five-year period.
Genetic evaluation started in the region in the early 1980s, with an important proportion
of the genetic evaluation of the main breeds in each country already implemented by
mid-1990s. This is the case of Angus and Brangus in Argentina, Nellore in Brazil,
Brahman in Colombia and Angus and Hereford in Uruguay. Later, the less numerous
breeds and new breeds started being evaluated, and the numbers keep growing.
Nowadays, genetic merits are computed using BLUP multi trait analysis, including
direct and maternal effects.

The majority are national genetic evaluations and run by national organizations,
although there are few exceptions. The Hereford Pan-American Genetic Evaluation is
an international evaluation run in Australia by the Breedplan, in which Argentina and
Uruguay participate. Another exception is the evaluation of the Argentina Bosmara in
South Africa. A different situation is observed in Brangus where an international
(regional) genetic evaluation is carried out by the University of Buenos Aires (Argentina)
and includes data coming from herds in Bolivia, Paraguay, Uruguay and Brazil.

Table 3 shows the different institutions leading the genetic evaluations of beef cattle
breeds in the four countries and the number of breeds that are evaluated. In Argentina
and Uruguay academic institutions led the national genetic evaluations but in all cases

Implementation of
genetic evaluations

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

and stakeholders
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they are collaborative initiatives with breeders associations. In Brazil, there are several
private companies associated with groups of breeders but which work also in
partnership with academic institutions.

The institutional framework and role of the different stakeholders found in this study
are in agreement with the main conclusions presented by FAO (2015) for Latin America,
where breeders associations and individual livestock keepers are strongly involved in
the performance and pedigree recorded data and definitions of breeding goal whilst
research institute lead the genetic evaluations.

Forty-five traits and selection indices were reported. All genetic evaluations across
breeds and countries estimate breeding values for live-weight traits, being weaning
weight the trait present in all genetic evaluations. Usually direct and maternal
components are estimated. The other live weight traits more frequent are yearling
weigh and birth weight.

Scrotal circumference is another trait recorded in most the genetic evaluations systems
as indicator of male fertility and reproduction ability of the female progeny. Although it
is less common the incorporation of female reproductive traits, due to the late puberty
of Bos Indicus breeds, it is more frequent to find traits such as age at first calving,
days to calving, age at second parity, cow productivity and stayability in the genetic
evaluations of Bos indicus purebred and composites in Brazil. Female reproductive
traits are considered to be included in the genetic evaluations of Bos taurus in the
near future in Argentina and Uruguay. Work is being done to set the phenotypic
databases to have the relevant traits available. In addition, the number of follicles
assessed by ultrasound is being investigated as possible new selection criterion for
female reproductive performance.

Figure 1. Evolution of genetic evaluations of beef cattle breeds implemented in
Argentina, Brazil, Colombia and Uruguay.

Current and future
selection criteria and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

indices
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Organizations  Argentina Brazil Colombia Uruguay 

INTA-Caste lar 
1
 2    

UBA – Facultad de Agronomía 
2
 4    

South-Africa 1    
Breedplan  2   1 
INIA, Breeders, UDELAR 3     3 

ANCP 
4
  4   

CFM 
5
  1   

Compania de melhoramento  6  1   
DeltaGen Nelore7  1   
Geneplus-Embrapa 

8
  10   

PampaPlus
9
   2   

Nelore Qua litas10  1   
Promebo 

11
  6   

PAINT
12

  1   

PMGZ 
13

  7   
Programa Montana14  1   
Asocebu

15
   1  

1
Instituto Nacional de Tecnología Agropecuaria (INTA), Castelar, http://inta.gob.ar/un idades/201000 

2Facultad de Agronomía –  Universidad de Buenos Aires (UBA), 
www.agro .uba.ar/catedras/mejoramiento_genetico_animal 

3Instituto Nacional de Investigación Agropecuaria (INIA), Universidad de la República (UDELAR) 
www.geneticabovina.com.uy/index.php?ing 
4Associação Nacional de Criadores e Pesquisadores (ANCP), www.ancp.org.br/ 
5
CFM Agro – pecuaria, http://agrocfm.com.br / 

6Compania de  melhoramento, www.ciademelhoramento.com.br/ 
7
DeltaGen Nelore, www.deltagen.com.br 

8
Geneplus-Embrapa; http://geneplus.cnpgc.embrapa.br/ 

9PampaPlus, www.abhb.com.br/melhoramento-genetico/pampap lus/  
10

Ne lore Qualitas, http://www.nelorequalitas.com.br/ 
11Programa de Melhoramento de Bovinos de Carne (Promebo)  
12

PAINT, http://www.crvlagoa.com.br/paint.asp 
13Programa de Melhoramento Genético de Zebuinos (PMGZ),www.abcz.org.br/Home/Secao/163-

PMGZ-CORTE 
14 Programa Montana, http://www.compostomontana.com.br/empresa/ 
15

Asociación Colombiana de  Criadores de Ganado Cebú (ASOCEBU), 
www.asocebu.com/index.php/genetica-y-mejoramiento 

Country  Breed  Traits  Comments 
Implemented 

Argentina  Hereford1  In genetic evaluation Tra ining popu lation: 600 animals 
Uruguay  Hereford

1
  In genetic evaluation  Training population: 2000 animals 

Brazil Nellore  In genetic evaluation  ANCP, with Zoetis 
Ongoing work 

Argentina Angus  In genetic evaluation With Geneseek 
Argentina  Bradford Brangus  In genetic evaluation SNP panel ARBOS1 

Brazil  Hereford Bradford  Genetic resistance to ticks EMBRAPA 
Uruguay Angus In genetic evaluation  

Uruguay  Hereford  Feed efficiency; carcass quality 
and meat quality 

Collaboration among Uruguayan public and 
private institutions 

1
Panamerican Genetic Evaluation. 

Table 3. Number of breeds evaluated per organization in the four countries.

Table 4 Genomic selection of beef cattle in South America
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In terms of carcass/meat quality, it is quite frequent the assessment of carcass traits
by ultrasound, mainly by eye muscle area and subcutaneous fat depth measurements.
Assessment of marbling by ultrasound is less common because it not relevant in the
trade systems and marbling levels tend to be low at extensive or pasture-based finishing
systems.

In addition to the estimation of genetic merit for individual traits, selection indices are
also available for breeders. Most of the indices are focused on the cow-calf systems
such as those published in Hereford, Limusin and Brahman in Uruguay, Argentina y
Colombia, respectively. Argentina has also developed terminal sire indices for several
breeds but for one specific breeding company. In Brazil, an accumulated productivity
index is available for Nelore, Guzera, Tabapua and Brahman.

Although selection indices are published in some breeds and countries, there are not
very frequent in the breeding programmes and it is one of the areas that need further
developments. Examples are the ongoing work for new selection indices in Hereford
in Uruguay and Argentina, and in the context of several of the genetic evaluations run
for Nellore in Brazil. It was also raised that the inclusion of new traits will imply the
redefinition of the selection indices.

Feed efficiency is one of the new traits being implemented in the genetic evaluation
systems, usually in combination with genomics. This is the case of the Hereford breed
in Uruguay, where estimations of genetic merit were published in 2016, and Nellore
evaluated by the Instituto de Zootecnia in Brazil.

Genomic breeding values are currently available in Hereford in Argentina and Uruguay,
which were developed in the context of the Hereford Pan-American genetic evaluation,
and in one of the Brazilian Nellore breeding programmes (Nellore Brazil breeding
program, ANCP). Table 4 summarises the initiatives already implemented and those
that are being developed.

Training populations are being implemented in other breeds such as Angus (Argentina,
Uruguay), Braford and Brangus in Argentina, and Hereford and Bradford in Brazil. In
many cases these populations are related to the traits in the genetic evaluations.
However, training populations for difficult and expensive to measure specific
characteristics are also being developed. It is the case of the genetic resistance to
ticks that is developed in Brazil for Hereford and Bradford breeds by EMBRAPA. The
Uruguayan Hereford breed is also building training populations for feed efficiency and
carcass and meat quality traits, in collaboration with several private and public
institutions and led by INIA (Navajas et al, 2014).

The initiatives in South America also include the development of high density SNP
panels, such as a chip informative for Braford and Brangus (ARBOS1), derived from
BOS1, developed in Argentina in collaboration with Affymetrix. In Brazil, the Nellore
Brazil breeding program (ANCP) began in 2009 a partnership with Pfizer (now Zoetis)
to include the genomic information (Clarifide Nellore) in the genetic evaluation of Nellore,
in the context of Nellore Brazil Breeding Program. The third version of Clarifide is
currently commercially available, which is a specific SNP array (upgraded to 28k) for
Nellore cattle. Recently, Neogen-Geneseek has developed other specific SNPs array
for beef and dairy zebu cattle, such as GGP-HD indicus 74k, GGP-LD 30k and Zchip
30k.

Genomic selection
and training

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

populations
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In addition, research and development of methodology is ongoing in Argentina for the
inclusion of genomic information in genetic evaluation using identity-by-descent
approach (Cantent, 2015). In Uruguay, INIA is working on developing the genomic
evaluation using GBLUP for feed efficiency based on an international training population
with Canada.

Genetic evaluation of beef cattle breeds in South America verified a significant progress
since 1980, when several genetic evaluation programmes were established in the
region. Estimation of genetic merit for several economically relevant traits started being
published and focused/oriented mating systems started to be used, with impact on the
marketing of genetics. Although genetic evaluations is a technology integrated by the
beef cattle industry, there is room to increase the impact of animal selection given that
the percentage of bull replacements selected based on estimation of genetic merits is
still low.

Nowadays, estimations for growth, reproductive and carcass quality traits are available
for the most important Bos indicus and Bos taurus beef breeds in South America.
Although available in some breeds and countries, selections indices and the inclusion
of reproductive traits in Bos Taurus breeds are some of the most important areas
being developed. The genetic evaluation of feed efficiency traits is also starting and
new initiatives are in place, in combination with genomics. Training populations for
genomic selection are built in Argentina, Brazil and Uruguay for the main breeds but
there are no initiatives for the integration of these populations so far. In general, regional
collaborations remain underdeveloped.

In most the breeds and countries, breeding programmes are carried out by breeding
societies or groups of breeders in collaboration with national universities, research
institutes or specialised companies. This has provided a strong context for the
implementation of breeding programmes, the introduction of new methodologies and
traits and the uptake of the technology.

Cantet, RJC 2015. Will models of genetic evaluation and genomic selection
'converge'? Journal of Animal Breeding and Genetics 132:339, doi: 10.1111/
jbg.12184

FAO. 2015. The Second Report on the State of the World's Animal Genetic
Resources for Food and Agriculture, edited by B.D. Scherf & D. Pilling. FAO
Commission on Genetic Resources for Food and Agriculture Assessments. Rome
(available at www.fao.org/3/a-i4787e/index.html).
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Updated guidelines for the recording, evaluation, and
genetic improvement of udder health in dairy cattle
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Dairy cattle require healthy, functional udders to produce high-quality food for human
consumption. Consumers also expect their food to be produced in a manner that
safeguards animal health and welfare. Clinical and subclinical mastitis are the most
frequent and costly diseases associated with dairy production, implying that effective
mastitis control and improvement programs are very important. A successful recording
scheme for udder health includes the collection of information on animals, such as
veterinary diagnoses and other observations about udder health, as well as udder
conformation, milking speed, and culling data. Additional data are generated through
milk analysis, including findings from bacteriological examination of milk samples,
udder health indicators like somatic cell count (SCC), electric conductivity, and milk
mid-infrared spectral data. Farm-level data include bulk tank SCC and information
about the environment in which the cow is housed and milked. The current Guidelines
for Recording, Evaluation, and Genetic Improvement of Udder Health (Section 7.3 in
the June 2016 edition of the ICAR Guidelines) include recommendations for collection
and use of some, but not all, of this information. This report describes current best
practices with regard to udder health that should be applied to dairy cattle populations
for the improvement of health, welfare, and profitability, and will continue to evolve as
the technology available for monitoring cow performance changes and more precise
phenotypes become available for lower costs. The goal of providing dairy farmers
with useful tools for making management and breeding decisions remains unchanged.

Keywords: clinical mastitis, recording guidelines, somatic cell count, udder health.

Abstract
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A healthy udder is free from mastitis, an inflammatory response typically caused by
microorganisms. Mastitis is the most costly disease of dairy cattle because of its high
incidence and physiological effects on, e.g., milk production (Halasa et al., 2007).
Genetic selection for highly productive dairy cows has been very successful; however,
udder health has declined in many breeds because of its unfavorable correlations
with production (Ødegård et al., 2003). Decreased udder health increases veterinary
and health care costs, results in higher rates of involuntary culling, decreases revenue,
and harms animal welfare. Accordingly, genetic selection for improved udder health is
an important part of dairy cattle breeding programs (Schutz, 1994; Heringstad et al.,
2003).

Improvement schemes for udder health require recording of direct and/or indirect
indicators of mastitis (ICAR, 2014). Subclinical mastitis is typically derived from
individual somatic cell counts (SCC). Other indirect traits for recording mastitis include
milkability (milking speed), electrical conductivity, and udder conformation traits (e.g.,
udder depth, fore udder attachment, teat length). The revised guidelines include
recommendations for direct measurements of clinical mastitis, as well as several indirect
indicators of clinical and subclinical mastitis (Table 1).

Mastitis is an inflammation of the mammary gland, typically caused by infectious
microorganisms. Clinical mastitis results in altered milk composition, and often is
accompanied by a painful, red, swollen udder (e.g., Bramley et al., 1996). In subclinical
infections there is no change in the appearance of the milk or udder but milk composition
is altered. Subclinical mastitis is most commonly detected based on elevated SCC,
but electrical conductivity of the milk, N-acetyl-ß-D-glucosaminidase (NAG-ase) enzyme
levels, and cytokine levels are sometimes used, as well.

Introduction

Udder health
phenotypes

Table 1. Direct and indirect measures of udder health included in the revised guidelines. 
 

Type Measure 1 Reference Type Measure Reference 
Direct Clin ical 

mastitis 
Bramley et al. (1996) Indirect Changes in 

SCC patterns 
De Haas et 
a l. (2008) 

 Subclinica l 
mastitis 

Bramley et al. (1996)  Di fferential 
SCC 

Schwarz et 
a l. (2011) 

Indirect SCC Schukken et al. (2003)  Electrical 
conductivity 

Norberg et 
a l. (2004) 

 Milkability Sewalem et al. (2011)   Lactoferrin 
content 

Soyeurt et 
a l. (2012) 

 Udder 
conformation 

Nash et al ., (2002)  Pathogen-
specifi c 
mastitis 

Haugaard et 
a l. (2012) 

1 The indirect measures listed in italics were added to the revised guidelines. 

Clinical and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

subclinical mastitis
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The use of pathogen specific mastitis information for genetic evaluation was analysed
by Haugaard et al. (2012). Their study shows that mastitis caused by different pathogens
can be considered as partly different traits. The availability for breeding purposes is a
challenge as the findings are not always comparable across laboratories. The
knowledge of pathogen specific mastitis is a valuable information especially for herd
management and treatment.

Somatic cell count is an appropriate indicator of udder health for use in genetic
improvement programs because:

1. SCC is routinely collected in most milk recording systems, providing accurate,
complete, and standardized observations;

2. SCC shows genetic variation and has a moderate to high genetic correlation with
clinical mastitis;

3. It reflects the incidence of subclinical intramammary infections. Somatic cells are
present in milk in response to tissue damage and/or clinical and subclinical
inflammations.

 These cell numbers increase in milk as the cow's immune system works to repair
damaged tissues and combat mastitis-causing microorganisms. As the degree of
damage or the severity of infection increases, so does the level of white blood cells.
Industry standards for bulk tank SCC are <400,000 in the EU and <750,000 in the
United States (Norman et al., 2011). Herds that can maintain a herd SCC <100,000
commonly have very low infection rates.

Changes in the pattern of test-day SCC may provide information about infection status
that is not captured by a single value. de Haas et al. (2008) showed that it is possible
to distinguish between environmental and contagious mastitis based on patterns of
SCC change from one test day to another. "Low-high-low" patterns were indicative of
environmental mastitis, while "low-high-high" patterns were symptomatic of contagious
mastitis. The inclusion of several SCC traits in a selection objective is more effective
in reducing liability to both clinical and subclinical mastitis than use of only SCC.

While SCC quantifies the total amount of leukocytes and epithelial cells present in a
milk sample, it does not distinguish between different cell types. However, animals
with higher leukocyte levels are more like to have infections of the mammary gland
than animals with high concentrations of epithelial cells (e.g., Schwarz et al., 2011).
Research shows that while SCC and flow cytometric measurement of
polymorphonuclear cells had similar sensitivity for detection of subclinical mastitis,
flow cytometry had much greater specificity.

The amount of time cows spend in the milking parlor is of increasing importance,
particularly as automated (robotic) milking systems continue to grow in popularity.
While it was difficult to collect large datasets on milking speed in the past, those data
are now routinely collected by milking systems and stored in on-farm computer systems.
While several countries currently run genetic evaluations for milking speed, there is
opportunity for considerable growth in the number of bulls evaluated now that data
are more plentiful.

Bacteriological milk

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

sample results

Somatic cell count

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

and related traits

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Milking speed
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The electrical conductivity of milk is measured routinely by most modern milking
systems, and cows with mastitis produce milk with increased concentrations of Na+
and Cl-, which result in increased milk conductivity (Norberg et al., 2004). Conductivity
measurements at each milking can be compared to with previous measurements to
identify changes that are consistent with subclinical mastitis. Real-time measurements
are valuable because they permit more precise identification of infected animals than
monthly milk testing.

The increasing availability of instruments in milk testing laboratories equipped with
mid-infrared spectroscopy modules (MIR) makes it likely that lactoferrin content and
other milk components can be used to construct more accurate predictors of mastitis
status from individual milk samples. Lactoferrin is an iron-binding glycoprotein secreted
by mammary epithelial cells and naturally present in milk which is involved in host
defense mechanisms and the inflammatory process (Soyeurt et al., 2012), and milk
lactoferrin and somatic cell score (SCS) correctly distinguished between mastitis and
non-mastitis samples 92% to 95% of the time when used together. A number of other
milk components that are linked to subclinical mastitis also can be predicted using
MIR, including urea, lactose, and citrate (Pyörälä (2003); Soyeurt et al., 2009; Brandt
et al. (2010); Grelet et al., 2016).

Optimized herd management is important for financially successful farming. Data on
udder health can be described on an individual animal as well as a cohort basis to
identify individuals that are performing above or below expectations. Summaries of
the udder health of different age-group cohorts in the herd permit benchmarking of
one farm against its contemporaries. This is important when milk pricing schemes
include differential payment based on milk quality because high-SCC milk is of lower
quality than low-SCC milk.

National monitoring programs may be developed to meet the demands of authorities,
consumers, and producers. The latter may particularly benefit from increased consumer
confidence in safe and responsible food production. For farmers, optimized health
management in their herds has become crucial for improving sustainability and overall
profitability of dairy production. A routine assessment of udder health will ensure that
a complete picture of the health of the herd is available for monitoring cow health.
Good udder health is also important for the reduction of use of antimicrobials in dairy
cattle.

Udder health data is also needed for genetic evaluations, both within country and
across countries. Breeding values for udder health traits of marketed bulls should be
published routinely. Countries using total merit indices (TMI) should consider including
an udder health sub-index in their TMI. The udder health index itself could include

Electrical

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

conductivity

Milk components
predictable using
mid-infrared

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

spectroscopy

Uses of udder
health data

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Herd management

Monitoring

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

population health

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Genetic evaluation
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estimated breeding values for both direct and indirect predictors of udder health. A
combination information maximizes the accuracy of selection for resistance to clinical
and subclinical mastitis.

The udder health guidelines will continue to evolve as the technology available for
monitoring cow performance changes and more precise phenotypes become available
for lower costs, while the overall goal of providing dairy farmers with useful tools for
making management and breeding decisions remains unchanged.
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Several countries have recently started to record claw health status at claw trimming
on a routine basis, and large amounts of information are now available for genetic
evaluation and for herd management. In 2015, the ICAR Claw Health Atlas with
description of 27 claw disorders was published in order to harmonize and standardize
data recording from claw trimming and contribute to collection of comparable high
quality data within and across countries. To further enhance international collaboration
on improving claw health, guidelines and recommendations for validation and use of
claw health data are valuable. The objective of this contribution is to present the work
of the ICAR WGFT and international claw health experts on data validation and
strategies to improve data quality and utilization of claw health data for herd
management and monitoring. The data validation process depends on the purpose of
use as well as the information sources e.g. herd management analysis requires a less
strict editing process than benchmarks for monitoring claw health based on phenotypic
information. The origin of the data (type of data, documentation, and recording system)
has an impact on the frequency of disorders. Incidence rates based on veterinary
diagnoses on claw disorders are normally much lower than key figures based on claw
trimming data. Monitoring of data quality according to its origin and use is essential to
debug appropriately the data flow without having to delete unnecessarily large amounts
of useful information. Several editing criteria at different levels are discussed: at trimmer
or veterinarian level, at farm level, at animal level and at record level. These include
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simple plausibility checks like correct animal-ID, correct codes of diagnoses etc..
Validation at herd level checks whether data documentation and recording can be
assumed reliable for a certain herd and time period. Measures to ensure and improve
data quality are described as well. One simple measure is to provide fast feedback
(e.g. herd management reports) to the farmer to foster the use of the data by technicians
and farmers. By this, mistakes in data recording can be discovered and corrected. If
valuable tools for improved herd management are available the motivation for recording
these data will increase. A useful benchmarking report should be straightforward and
concise, supported by clear and informative charts. Incidence and prevalence rates
are key parameters that can be used to monitor claw health and for comparisons
within farm over time and between farms. A major challenge in calculation of these
key parameters is to correctly define the reference animals (i.e. control animals).
Another important issue is the proper definition of a case, how to distinguish between
already existing cases and new lesions. Guidelines and recommendations on data
validation, benchmarks for monitoring of claw health and best practices for herd
management reports will enhance quality and use of claw trimming data.

Key words: claw disorders, data validation, benchmarking.

Claw disorders have become a big concern for dairy farmers around the world because
of their high incidence, severity and repetitiveness. Lameness compromises seriously
farm profitability and animal welfare. The recording of claw health data during regular
claw trimming has been identified as a valuable source of information for herd claw
health management. It also provides data for genetic evaluations aimed at controlling
and reducing claw disorders. The ICAR Claw Health Atlas, which in order to standardize
and harmonize terminology and data recording from claw trimming describes 27 claw
disorders (Egger-Danner et al. 2015), was published in 2015 and has so far been
translated to 17 languages. The aim of the ICAR claw health atlas was to contribute to
collection of comparable high quality data within and across countries. Recently, claw
health recording systems have been established in several countries (Canada,
Denmark, Finland, France, Germany, Norway, Spain, Sweden, United Kingdom, The
Netherlands, etc.) and large amounts of claw health data are now available. In a
meeting in Vienna in May 2016, the ICAR Working Group for Functional Traits (ICAR
WGFT) and claw health experts discussed data validation and benchmarking of claw
health data, including measures and techniques used to ensure and improve data
accuracy, and types of feedback generated based on claw data for herd management
and claw health monitoring.

The aim of this contribution is to present the work of the ICAR WGFT and international
claw health experts on data validation and claw data can be used to generate a quick
and useful feedback for farmers, trimmers, veterinarians and technicians.

The validation of data is based on a comparison between collected data and valid
references. The challenge of validation is to choose appropriate criteria and adequate
levels in order to extract the reliable information from raw data. There are two main
steps in data validation process: data screening and data verification.

Introduction

Data validation
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Data screening consists of a series of basic checks on integrity, format and
completeness. For instance, checks can be made on ID plausibility for animals, herds
and diagnosis codes, which are necessary to avoid suspect values. Other checks can
be on the plausibility of dates, verifying dates of birth, calving and diagnosis in order to
eliminate typing errors. Data screening is usually implemented as data filters, routines
or algorithms applied when entering data (included as default in pc-tablet applications
or when new data is uploaded to the central database) or manually when new data is
added to an existing claw database.

Data verification consists of checking the correctness of data. It depends on the purpose
of use as well as on the sources of information. For instance, herd management analysis
requires as much data as possible. Therefore, this type of validation is usually less
restrictive since it mainly checks the completeness of the data. If the data are used by
the farmer, a basic data check is done on farm. However, when it comes to data for
research and routine genetic evaluation, data validation needs to be more exhaustive
to use only information that can be assumed reliable. Data must also be checked for
representativeness when used to calculate benchmarks and to monitor claw health
based on phenotypic information. In addition, the origin of data (type of data,
documentation and recording systems) has an impact on the reference levels used to
check data quality. Depending on the recording system, claw health data are recorded
by trimmers, veterinarians and/or farmers. Indeed, a large proportion of data is usually
provided by trimmers who register claw data during routine, preventive visits, while
veterinarians register mainly the most severe cases. Thus, the majority of claw health
data are recorded either by claw trimmers or herd owners and not veterinarians.
Therefore, the data provided by trimmers or collected by farmers show a higher
incidence rate than the data supplied by veterinarian. The diagnoses of veterinarians
and claw trimmers, however, may be more accurate than those of farmers.  The routine
collection of information via claw trimmers may provide a much more reliable picture
on prevalence of claw disorders in dairy cattle. Several editing criteria have been
reported within each level of data:

In general, data on claw disorders are collected by hoof trimmers or veterinarians
during regular or emergency visits. A minimum number of records should be required
per trimmer to ensure continuity and representativeness of the collected data (Perez-
Cabal and Charfeddine, 2015). Besides, incidence rate for each disorder could be
calculated and compared with the overall incidence rate of other trimmers (in the
same area/country and time period) and checked whether it is within the range of e.g.
two standard deviations (to assure uniformity in recording and to detect under- or
over-reporting).

Routines for claw trimming vary, but trimming is often done once or twice a year for
each cow. Typically the farmer selects the cows to be trimmed, that is why a minimum
number of records per herd per year and a minimum percentage of present cows
trimmed per herd and year are required in order to avoid selection bias (e.g. Van der
Spek et al., 2013). Incidence rate for each disorder or at least for overall claw disorder
could be compiled within each herd and year. Depending on the use of data, a minimum
frequency could be required to avoid using data from herds that under-report, (mainly
used for genetic analysis and benchmarking calculation). Additional checks at herd-
trimming day are used to ensure that a minimum percentage of present cows are
trimmed and that there are a minimum number of animals without disorder per visit

Trimmer/veterinarian

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

data validation

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Herd level validation
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(e.g. van der Waaij et al., 2005). Because herd sizes, data structure and management
practices vary among countries the level of minimum incidence rate or number/
percentage trimmed cows  that are required need to  be defined accordingly to avoid
a massive elimination of useful data.

Checks at animal level are focused on verifying unique identification, age at calving,
sire of the cow and, parity status. Claw disorders are generally recorded for each
claw. Moreover in some recording protocols they differentiate between inner and outer
claw. In some countries, claw disorder trait is defined at claw level, while in others the
trait is defined at animal level and the score assigned to each animal is the highest
value in  case that the cow shows the same disorder in different claws.

A claw disorder record describes the status of the claw at given day. To validate a new
record, we need to answer to the question whether this record defines a new episode
with the same diagnosis or is a just a control of the same case. There is no simple
answer. The time intervals used to define the following diagnosis as a new disorder
event depend on the recovery period of each disorder, which depend on the kind of
disorder and the severity degree of the lesion. In the bibliography different intervals
have been reported, and they range from 7 to 28 days (Perez-Cabal and Charfeddine,
2015; Webber et al., 2013, ICAR recording Guidelines (2016)).  Furthermore, only
records taken within an interval period after calving are considered. Different intervals
have been reported and they range from 365 to 500 days after calving (Laursen et al.
2009; Buch et al. 2011; Chapinal et al. 2013). For genetic evaluation, a minimum
number of records by herd trimming day are required.

The claw health data can be used for herd management, to improve the herd claw
health status and to monitor population prevalence rate.  Claw health reports for farmers
can be used to monitor the evolution of each disorder within their herd. Benchmarking
has been proved to be a useful tool to compare performance and illustrate the need
for improvement (Bradley et al., 2013). Besides, it also helps to prove the potential
benefits that such improvement might offer, as well as means to motivate producers
to adopt preventive practices and to foster the documentation of claw data. The success
of any benchmarking process depends on the use of appropriate benchmarks.
Incidence and prevalence rates are key parameters that can be used to make
comparisons among and within herds over time (Dohoo et al., 2009).

Incidence rate is defined as the number of new cases of a specific claw disorder in a
specified time period divided by the sum of the time each animal was observed;
meanwhile prevalence rate is defined as a proportion of individuals affected by a
disorder at a particular time point or during a specified time period. So, prevalence
includes new and pre-existing cases whereas incidence includes new cases only.
Prevalence rate, being a fixed picture, is appropriate to show the magnitude of the
spread of a disorder within a given population at a certain point of time. Incidence rate
highlights the speed at which new cases of a disorder occur and is therefore more
applicable to herd management reports. Although incidence rate deals with "new cases",
it does not necessarily imply just the "first case" within an animal but whether it is the

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Animal validation

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Record validation

Benchmarking

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

analysis
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"first case" within the given time period. Incidence rates can for example be calculated
per period, such as year, season or lactation, by severity degree of the lesion, by
parity, age, or stage of lactation.

One of the challenges of a benchmarking process for claw disorders is to define properly
the reference animal. The concept of healthy animal used as reference level is not the
same for all disorders. For genetic evaluation purposes, traits are often scored as
present or not and each animal without a recorded disorder can be considered as a
non-affected animal. However, for herd management purpose, an animal showing a
certain disorder is not necessarily a lame cow, or a cow suffering from discomfort, or
a cow in need of immediate treatment. Thus, the concept of healthy animal should be
defined for each disorder and possibly also depending on its severity grade. There is
another challenge related to the calculation of incidence rate: how can we define the
denominator? By definition it should be equal to the number of cows at risk. However
the concept "cows at risk" is tricky because not all cows are trimmed and the inventory
of present and discarded cows is not very reliable in some countries, as we are hardly
dealing with a closed herd.

Another key point of any benchmarking process is to compare with the appropriate
benchmarking group and establish a target related to this group. This is why it is
important to define a comparable herd reference level (e.g. by herd size, production
level or geographic location).

Claw disorders are often recurrent in the same cow. Then, for herd management it is
important to define the concept of chronic case and new cases.

A useful benchmarking report should be straightforward and concise, supported by
clear and informative charts showing a still-photograph or a tendency of incidence or
prevalence rate as pie chart, bar chart and/or radial chart.

An efficient and systematic validation process for claw health data is essential in order
to ensure reliable data for herd management as well as genetic analysis. Claw health
data are more likely to be accurate as technicians involved in data collection and
farmers use them frequently and understand its value. Fast feedback is essential to
foster its use and therefore to improve data quality. Benchmarking the claw health
status of dairy herds offers a useful tool to compare herds and monitor improvement
within herds over time.
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Although herd management and, more recently, selection have mitigated partially the
deterioration of functional traits, these efforts are still hampered by the difficulties in
direct recording of sufficient relevant phenotypes. Recent advances in the use of mid-
infrared (MIR) spectroscopy, as the standardization of apparatuses, has led to the
highly portable deployment of developed prediction equations. Also milk MIR spectral
based predictions are considered promising tools for difficult or expensive-to-check
status traits, such as body energy. Recently intensive work on milk MIR based
biomarkers has been a major focus in several recent projects (e.g. GplusE project,
www.gpluse.eu). Important aspects are in this context the assessment of fertility and
welfare of dairy cows. The identification of impact of pregnancy stage on milk
composition of dairy cows using the MIR spectra could lead to the early identification
of lack of pregnancy, therefore support detection of in fertility, improving reproductive
efficiency and profitability on commercial dairy farms. Results from ongoing research
comparing direct use of MIR spectra to conventional milk yields showed that the
signature of gestation for certain MIR wavelengths were up to over 2 x stronger in the
first 90 days of pregnancy then traditional traits. One of the concerns regarding animal
welfare is heat stress as one of the most challenging environmental conditions. Even
in temperate climates, it has been shown to impact negatively feed intake, wider
performances and also well-being of dairy cows. Direct diagnosis of heat stress is
difficult; therefore the identification of novel milk-based biomarkers as thermal tolerance
indicators would allow elucidating physiological, metabolic and genetic basis. First
research results showed that amongst 45 milk biomarkers predicted by MIR signature
of heat stress were associated during 5 years to two relative acclimation time points
(summer and spring). Dairy cow reaction to acclimation conditions were modelled
with multivariate statistical models. Several fatty acids, milk metabolites and traditional
milk components showed sensitivity to heat stress conditions. The rationale why these
milk biomarkers were detected might be linked to the expected signatures of heat-
stress in milk through reduced intake, increased body reserve mobilisation, and changes
in ruminal metabolism of dairy cows.

Pregnancy is an important fertility trait to start and maintain the herd life. The growing
demand for nutrients for the development of the foetus during the gestation phase
leaves less nutrients and energy to be partitioned toward the production of milk
(Brotherstone et al., 2004). Pregnancy is therefore putting an internal stress for
producing cows causing a depression on milk, and major milk components (Penasa
et al., 2016).

Abstract

Introduction
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External stress due to warm climates depresses productivity, reproduction and welfare
of dairy cows where high-output breeds are the highly sensitive to the deleterious
effects of heat stress (Garner et al., 2016). Heat stress could be considered as one of
the major contributor to poor animal welfare.

Breeding for resilience to internal and external stress during the productive cycle while
maintaining balanced productive, fertility, health and welfare, and product quality traits,
is a powerful and cost effective tool to cope with disturbances due to those stressors
by producing permanent and cumulative change. Although the impacts of internal and
external stress on major milk components recorded routinely on large scale has been
widely investigated (e.g. Loker et al., 2009; Carabaño et al., 2016), knowledge on
their effects on the whole detailed milk composition is still limited. A better understanding
of the responses of minor and major milk components to those stressors will allow a
more integrated view on the complex physiological and behavioural mechanisms of
cow resilience traits to stress.

Infrared spectrometers are currently largely implemented in milk laboratories for routine
analysis of billions of milk recording samples around the world. Large-scale of milk-
biomarkers (e.g fatty acids, mineral content, protein fractions) are routinely and
accurately predicted from milk mid-infrared (MIR) spectra thanks to calibrations
equations. Gengler et al. (2016) indicated that many of those milk predictors were
identified as important indicators of several difficult or expensive-to-check and diagnosis
dairy cow status. Beyond their usefulness as predictors, raw MIR spectra
(wavenumbers) known with considerable phenotypic and genetic variations could be
better used as direct traits in genetic evaluation (Soyeurt et al., 2010; Wang et al.,
2016). Moreover, as next to both possibilities cited above, using directly MIR spectra
for early diagnosis of cow status is a research area to challenge. Once the response
of MIR to known internal or external factors is quantified, the effects of those factors
can be included in the current genetic models, thus making it possible to take into
account the resilience to expected disturbances.

Impacts of pregnancy stage on traditional milk components and on MIR spectra were
investigated recently by Laine et al. (2017). Study on the effects of temperature humidity
index (THI), as external factor, on protein fractions have been initiated under
experimental design and Mediterranean climate conditions (Bernabucci et al., 2015).
Using large scale data, Hammami et al. (2015) initiated also study on the impacts of
THI on predicted fatty acids from milk MIR data. To our knowledge, the response of
MIR spectra to THI has not yet been studied so far. The current studies were therefore
aimed to investigate the impacts of pregnancy (internal stress) and heat stress (external
stress) as linked to welfare, on MIR spectra wavenumbers while comparing their impacts
on predicted milk components.

Traditional milk recording data including herd-test day milk, fat, and protein yields in
the first lactation were extracted from the edited database used for genetic evaluation
of the Walloon Holstein population. Milk MIR spectra expressed in absorbance with
1,060 spectra points were available after routine milk samples analysis by MilkoScan
FT6000 spectrometers (FOSS, Hillerød, Denmark) at the milk laboratory Comité du
Lait (Battice, Belgium). For the pregnancy study, details on edited records used, MIR
spectra processing in addition to pregnancy status definition were detailed in Lainé et
al. (2017).

Concerning the heat stress study, stored spectral data were used for the prediction of

Material and
methods
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1. 17 fatty acids (FA): C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, C16:0, C17:0, C18:0,
C18:1 cis9, C18:2 cis9 t11, saturated (SFA), unsaturated (UFA), monounsaturated
(MUFA), polyunsaturated (PUFA), short chain (SCFA), medium chain (MCFA),
and long chain (LCFA).

2. 3 metabolites: b-HydroxyButyric acid (BHB), acetone, citrates. The predictive ability
of FA calibration equations was described in Soyeurt et al. (2011), and in Grelet et
al.(2016) for metabolites.

Daily meteorological records were extracted from the Belgian Crop Growth Monitoring
System consortium (Brussels, Belgium) from 2008 to 2014. Merging meteorological
data with test-day records and calculation of THI values were done as described in
Hammami et al. (2015). The final data set included 205,987 test day records with
312 traits (3 traditional production traits, 17 FA, 3 metabolites, and 289 wavenumbers)
collected from 29,467 primiparous Holstein cows. Each record was linked to THI value
of 3-day lag as reported by Hammami et al. (2015).

Statistical analyses used for studying the impact of pregnancy on milk MIR spectra
and traditional milk production traits were detailed in Lainé et al. (2017). Those used
in the investigation of milk MIR spectra, traditional and novel milk predictors response's
to the trajectory of THI, were similar to the models described in Hammami et al. (2015).
Briefly, random regression models were used to fit studied traits as function of
pregnancy stage (internal stress) and as function of THI (external stress) and to derive
the intercept and slope for each studied traits.

The ratio of slope (internal/external factor, σ²s) to intercept (general, σ²0) variances
from a reaction norm model can be used to determine the magnitude of genotype by
environment interaction (Kolmodin and Bijma, 2004). Larger ratio corresponds to higher
sensitivity of the genotype (trait) to the environment (internal/external factor), whereas
small ratio indicates limited response of genotype to the environment.

Figure 1 presents the relative proportion of the ratio slope-intercept ( s²s /s²0) variances
of specific MIR wavenumbers and milk conventional yields to the ratio of milk. In
general, the response of MIR regions to pregnancy stage (in the range of 30 to 120
days) was more pronounced that for traditional production traits. The largest ratios
with up to over 2 x stronger in the first 90 days of pregnancy then traditional traits were
observed around 2,927 cm-1 and around 2,858 cm-1. These wavenumbers are related
to the absorption of C-H linkages that are involved in fatty acids (Bittante and
Cecchinato, 2013). Impacts of pregnancy on MIR spectra are in concordance with
reported patterns of the effect of pregnancy on milk conventional yields (Loker et al.,
2009; Penesa et al., 2016). Thus, the signature of early pregnancy can be observed in
the detailed milk composition through the analysis of the MIR spectrum of bovine milk.
Linear combinations of absorbance value at sensitive wavenumbers may aid in
predictions of the pregnancy status.

Results and
discussion

Effect of pregnancy
stage on milk MIR
spectra and
traditional production

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

traits.
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Slope-to-intercept variance ratios for AG effects ( ²s / ²0) varied among the different
group of traits studied (Figure 2 ). For conventional yields, the response to THI is
more pronounced for milk than for fat and protein yields. Oleic acid (C18:1 cis-9),
MUFA, C18:2 cis9 t11, and LCFA had larger ratios than milk. The magnitude of impacts
of THI on most of the rest of FA traits was lower than the impacts on milk but still
similar to the response of fat and protein yields. These results corroborate with reported
trends of THI impacts on FA by Hammami et al. (2015).

The relative effect of THI on acetone was higher than on milk, fat, protein yields and
also on all FA traits. Impacts of THI on BHB was in the same magnitude as observed
for milk and UFA, whereas citrates are less impacted compared to the other metabolites,
FA, and conventional yields.

Effect of THI on milk
MIR spectra,
conventional milk
yields and novel milk

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

biomarkers.

Figure 1. Relative slope-to-intercept proportion between milk yield and other analysed
traits. Known factor was the stage of gestation.

Figure 2. Relative slope-to-intercept proportion between milk yield and other analysed
traits. Known factor was the trajectory of Temperature-Humidity Index (THI).
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Within the MIR spectrum of milk, the effect of THI varied among the wavenumbers.
Figure 2 shows that the relative effect on the wavenumber located around 2,927 cm-1

was the highest among all groups of traits in this study. The wavenumbers around
2,858 cm-1 had larger ratio than all conventional milk yields traits but still in the same
range as observed for MUFA. MIR spectrum region located between 2,800 and
3,000 cm-1 is related to FA in cow milk (Soyeurt et al., 2010). This fact and the highest
impacts of THI on FA compared to the rest of studied traits indicate that FA seems to
be more affected under heat stress conditions than the conventional milk yields. Those
traits are known to reflect body reserve mobilisation and expressing the equilibrium
between intake and mobilization under warm conditions.

When comparing our results with identified heat stress candidate biomarkers in milk
using LC-MS and 1H NMR spectroscopy (Tian et al., 2016), the fourth milk MIR
predicted biomarkers (acetone, BHB, oleic acid, linoleic acid) were also identified in
our study as the most sensitive milk biomarker to heat stress. Most of those biomarkers
were involved in pathways of carbohydrate, amino acid, and lipid metabolism (Tian et
al., 2016).

Results from both case studies showed that the response to internal and external
stress as known factors can be captured in the detailed milk composition through the
analysis of the MIR spectrum of bovine milk. Those first findings identified potential
MIR milk-based phenotypes that could be used in herd management and breeding for
resilience to stress. Further analyses are warranted to validate, but also to explore
more deeply the potential and the required modelling strategies to properly use the
potential of MIR spectra of bovine milk in this context for breeding and management.
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Metabolic stability or resistance to metabolic diseases can be improved by genetic
selection. Strategies include direct selection based on clinically observed traits, and
indirect selection using indicators or predictors of metabolic diseases. The most
prevalent metabolic diseases in dairy cattle, for which genetic parameters were
published included: ketosis, displaced abomasum, milk fever, and tetany. In this review
we present genetic parameters for these metabolic diseases, discuss possible indicator
traits, and give a status of genetic evaluation of metabolic diseases.

Keywords: metabolic disease, genetic parameters

Disturbances or dysfunction of metabolic processes can cause metabolic diseases.
The health key included in the ICAR guidelines for recording, evaluation and genetic
improvement of health traits in dairy cattle (ICAR, 2016) includes a total of 72 metabolic
conditions. The incidences of most of them are low, however, others (e.g., ketosis,
milk fever) are among the most frequent diseases affecting dairy cattle. Incidences of
clinical cases of metabolic diseases vary between studies but were mostly reported to
be below 10% of cows per year or parity/lactation (Pryce et al., 2016). Considerably
higher incidence rates were found for subclinical metabolic diseases. For example,
Ingvartsen (2006) reported an incidence of subclinical ketosis of 34%. Even if subclinical
cases per definition do not show signs of disease, subclinical metabolic conditions are
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often precursors for other diseases and reasons for reduced production and economic
losses. Therefore, prophylactic measures against clinical and subclinical cases should
be taken, including optimization of feeding and management and using additive genetic
variation in metabolic function, which allows improving metabolic stability or resistance
to metabolic diseases in dairy cattle by genetic selection. This can be direct selection
based on clinically observed traits, or indirect selection using predictors of metabolic
diseases. In this review we present genetic parameters, discuss possible indicator
traits, and give a status of genetic evaluation of metabolic diseases.

This review focuses on the most prevalent metabolic diseases in dairy cattle for which
genetic parameters were published: ketosis, displaced abomasum, milk fever, and
tetany. Ketosis is associated with negative energy balance and mobilization of body
fat, so risk of ketosis is particularly high in early lactation in high yielding cows. The
condition is characterized by accumulation of ketone bodies in blood, milk and other
body fluids. Reduced appetite leads to a vicious cycle of worsening negative energy
balance and ketosis. Displaced abomasum is usually associated with stretching of the
abomasal attachments during gestation and increased space in the abdominal cavity
after calving. Due to reduced motility of the abomasum, it fills with gas and then
displaces, more often to the left than to the right upper abdomen. When displacement
is accompanied by torsion, gas accumulation increases and drives displacement further.
Milk fever or hypocalcemia is characterized by very low blood calcium. Clinical cases
have lower-than-normal body temperature and cows exhibit partial or complete
paralysis, typically occurring close to calving. Subclinical milk fever is diagnosed by
decreased serum calcium. Tetany or hypomagnesemia occurs if the amount of
magnesium is insufficient for maintenance of regular muscle function. Clinical signs
include changes in behavior, muscle spasms, convulsions, and paralysis. Tetany can
lead to sudden death.

Heritability estimates of clinical metabolic diseases were in line with heritability of
other health traits. In a review, Pryce et al., (2016) reported that threshold model
estimates of heritability were 0.02 to 0.16 for ketosis, 0.12 to 0.35 for displaced
abomasum, 0.07 to 0.18 for milk fever and 0.02 for tetany. Linear model estimates
were, as expected, in general lower: 0.01 to 0.39 for ketosis, 0.00 to 0.08 for displaced
abomasum, 0.01 to 0.08 for milk fever and 0.004 for tetany.

Genetic correlations among metabolic diseases were positive, indicating that selection
to improve one metabolic disease will result in positive indirect selection responses in
others. The genetic correlation estimates were slightly higher, from 0.45 to 0.79,
between ketosis and displaced abomasum (Zwald et al., 2004; Parker Gaddis et al.,
2014; Jamrozik et al., 2016a) than between ketosis and milk fever, which ranged from
0.19 to 0.45 (Heringstad et al., 2005; Ederer, 2014). Metabolic diseases have also
been found to be positively genetically correlated to other disease traits, such as mastitis
and metritis (e.g. Koeck et al., 2012). This implies that selection for general disease
resistance and robustness may be possible. There was a lack of consistency in genetic
correlation estimates between metabolic diseases and milk production traits. Limited

Traits

Heritability

Genetic
correlations
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numbers of studies, small datasets, large standard errors, and large ranges of estimates
make it difficult to draw conclusions. Better estimates of the genetic correlations to
milk production traits are needed to understand the consequences of selection.

Correlated selection responses for ketosis were reported from a selection experiment
with Norwegian Red, where selection for increased milk production resulted in
unfavorable indirect selection response for disease incidences (clinical mastitis and
ketosis), while direct selection for low clinical mastitis resulted in a favorable genetic
trend for ketosis as a correlated selection response (Heringstad et al., 2007).

A few countries have implemented routine genetic and genomic evaluation of metabolic
disorders based on direct health traits so far. In Norway, ketosis and milk fever have
been part of the sub-index "other diseases", which since 1978 has been included in
the total merit index of Norwegian Red (Heringstad and Østerås, 2013). Favorable
genetic trends for ketosis in the Norwegian Red population (Heringstad et al., 2007)
illustrates that genetic improvement for metabolic diseases is possible. Also Denmark,
Finland and Sweden include breeding values for metabolic diseases in "other diseases",
a sub-index of the Nordic Total Merit (NAV, 2016). Since 2010, Austria (and Germany)
have routine genetic evaluation of milk fever and preliminary evaluation for other
metabolic diseases in Fleckvieh (Fuerst et al., 2010), and Brown Swiss since 2013.
For German Holsteins, the prototype of genetic evaluations for health traits includes
ketosis, milk fever and left-displaced abomasum. In Canada, genetic evaluations for
metabolic diseases (clinical and subclinical ketosis and displaced abomasum) for
Holsteins, Ayrshires and Jerseys will be implemented in December 2016 (Jamrozik et
al., 2016b). Based on the current research activity it is likely that conventional and
also genomic breeding values for metabolic diseases will become available in many
other countries and populations within the next decade.

Direct selection requires large-scale recording of disease traits. Alternatively, indicators
of metabolic diseases can provide information to be used in genetic evaluation.

Challenges related to disease recording and under-reporting, and difficulties in
diagnosis of subclinical cases of metabolic disorders have resulted in an increasing
interest in predictors. These can be sensor data or results of milk or blood tests, such
as ß-Hydroxybutyrate (BHB), changes in body condition score (BCS), changes in
body weight or predictors based on data from routine milk recording (e.g., milk mid-
infrared spectral data, MIR). Predictors can be used for genetic evaluation, as well as
for diagnosis of subclinical cases, risk assessment and herd management.

Increased automation and use of advanced sensors provide new opportunities and
solutions. Advanced management systems combining data from multiple sources to
predict risk and detect possible health problems, such as metabolic diseases, are
developing. However, reliabilities are often not yet convincing, implying the need for
further research.

Many of the metabolic diseases are associated with negative energy balance in early
lactation. BCS is a subjective measure of an animal's body reserves, and BCS changes
can be used to quantify mobilization of body reserves. Automated weighing and
automated scoring of BCS (camera) are examples of new technology that can provide
frequent and objective measures of new phenotypes and enable new strategies for
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assessment of e.g. energy balance. Moderate genetic correlations have been estimated
between digestive / metabolic diseases and both BCS (Dechow et al., 2004; Jamrozik
et al., 2016a) and body weight change (Frigo et al., 2010).

MIR analyses of milk samples can be used for evaluation of subclinical disease. This
has the potential to substantially increase the available phenotype information for
subclinical disease, as MIR is established and used in standard analysis for milk
recording. MIR has been found useful for screening purposes (healthy cows vs. cows
at risk), but so far prediction accuracy is insufficient for ketosis parameters (e.g., de
Roos et al., 2007; Grelet et al., 2016b). MIR can also be used to predict energy balance
(McParland et al., 2014).

Concentration of BHB in blood is the gold standard diagnosis of ketosis. However,
because blood sampling is expensive and not practical for routine recording purposes,
alternative predictors have been explored, including fat-to-protein ratio and milk fatty
acid profiles. The potential of using MIR for prediction of BHB and acetone in milk
have also been investigated in several studies (Gengler et al., 2016; Grelet et al.,
2016a,b).

Direct selection to reduce metabolic diseases is possible. However, lack of recording
of direct disease traits is a challenge. Several potential indicator traits have been
suggested for predicting metabolic diseases, and more applications for indirect traits
for metabolic stability are expected with the continuous increase of automated data
recording. New phenotypes, including better tools for diagnosis of subclinical cases,
may support more efficient selection against metabolic diseases.
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A study of 7 health information systems aimed to analyze the consistency of events
recorded by farmers, in order to use them for genetic evaluations or for new herd
management tools. From 2007 to 2012, these software were used by 18 303 cattle
farmers. The diseases recorded are more or less detailed according to the tools. A
classification is proposed using ICAR recommendations and separating curative and
preventive treatments. The herds recording events regularly and with information on
diversified diseases were selected, assuming that they record information exhaustively.
15.6 % of herds met these requirements; they represented 56.3 % of the events. The
results of annual and monthly prevalence, calculated on 16 types of diseases and on
9 categories of animals are consistent with those previously reported in the literature.
For AI bulls with daughters present in at least 2 tools, the proportion of each disease
among those recorded per progeny was compared between tools. Ratios were quite
homogeneous, which is a good sign regarding the consistency of the records among
tools. These results show that harmonization of health records is possible. The health
events could be used to develop new genetic evaluations on health traits or new
references used for benchmarking.

Keywords: health recording systems, diseases, classification, prevalence.

The development of genomics brings new perspectives for selection and herd
management. A reference population of few tens of thousands of animals genotyped
and phenotyped enables the development a genomic evaluations. Genetic trend is
expected to increase, thanks to the reduction in generation interval, particularly for
low heritability traits such as those related to animal health. In this context, phenotyping
new traits becomes strategic (Boichard et al., 2015). Many countries have taken this
opportunity to implement the recording of health events, either by veterinaries

Abstract

Introduction



178

Performance recording for developing countries

French health recording systems

(Frandsen, 2013), or by farmers (Egger-Danner et al., 2012, Koeck et al., 2015). Such
data are used both for genetic evaluations and for herd management, in order to
encourage the collect information.

In France, farmers must record all the veterinary treatments (regulation of 5 June
2000). They are also encouraged to record health events. Recording can be done by
many forms: paper, software, web application… IT solutions are proposed by collective
organizations (milk recording or animal health support organizations) located in several
French areas, by veterinarians groups or by independent suppliers.

In order to look for potential uses of such data in genomic evaluations, France Génétique
Elevage conducted a study of health events recorded in the information systems of
collective organizations. This paper presents an overview of the study and the prospects
of this work.

The study of each tool was performed in 2 steps:

1. a presentation of the general characteristics of the information systems,

2. a description of the data recorded.

Eight collective organizations described the use of their software and the data recorded
in their information system (number of farms equipped, compulsory data, reference
list of diseases, valorizations proposed and actions to encourage farmers to record
health data…).

These information systems aim first at recording treatments of cattle animals for
regulation reasons. As it was not possible to ask each farmer the authorization for
using these sensitive data, and even if only events (not the treatments) were used for
the study, the animal and herd identities had to be re-numbered within tool, in order to
ensure the farmer's anonymity. Only the animal sire's identity with health data was
transmitted without re-numbering.

Health events not corresponding to diseases were deleted (eg. dehorning). The data
of 7 information systems among 8 could be analyzed, on a reference period from
2007 to 2012.

Definitions of health events were more or less detailed according to the tools. In order
to facilitate the comparison between tools, events were grouped according to 20 classes
defined by national experts in animal health. These classes were based on those
defined by ICAR (ICAR, 2012). 16 classes among 20 corresponded to curative events;
data corresponding to the 4 others (preventive treatments) were excluded from the
further analyses. Several diseases were included within the same class. For instance,
the class "metabolic and digestive disorders" includes acidosis, ketosis and milk fever.

9 animal categories were defined: 4 in dairy breeds (cows, heifers, calves less than 2
months old, bulls) and 5 in beef breeds (same 4 categories than for dairy cattle +
young bulls less than 9 months old).

Material and
methods

Questionnaire on
recording of health
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data

Analysis of volume
and relevant of
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The herds assumed to record health events exhaustively were identified using criteria
based on the diversity of disorders and the regularity of recording data. They should
have at least events in to 3 different classes of disorders recorded each year between
2009 and 2012.

The annual and monthly prevalence was calculated within class of disorders, category
of animals and period. Prevalence Pijk is calculated using the following formula:

Pijk = Nocijk / Ntotij

where Nocijk: number of animals of the category i, with at least one occurrence of
disease k during the period j

Ntotij: total number of animals of the category i present during period j

Moreover, a study of progeny of AI Holstein bulls was performed, in order to assess
the harmonization of recorded data between information systems. Only diseases related
to lactating cows could be analyzed. Selected bulls should have at least 500 daughters
with disorders recorded in at least 2 different information systems.

Unfortunately, the pedigree of animals without any disorder was not available in the
transmitted files, and this information could not be recovered using the national genetic
information system, since the animal IDs had been re-numbered. Therefore the
prevalence of disorders within progeny of bulls was not possible to calculate, and it
was replaced by the proportion (prop) of each disorder among those recorded for the
daughters of each bull:

With Ndijk: number of daughters of the bull i, with disorders j, recorded in tool k.

In this study, the category "dairy cows" was divided into 3 classes, according to parity
(1st, 2nd, 3rd and later).

Health events are recorded by farmers using web applications developed for herd
management purposes. The number of farms subscribing to applications for animal
health recording increased by 20% between 2009 and 2011, with a total of 37 300
farmers in 2011.

The way to record health events shows similarities between tools. Recording a disease
without treatment is always possible. Recording a treatment without the associated
disease is impossible for 3 tools. The date and name of the disease are always required
and all tools have a reference list of diseases. This list contains from 50 to 516 choices
depending on the tool, with a total of 898 different diseases among the 8 tools described
in the survey.

Enhance of data is made within herd, through historic and annual health reports. Only
one tool proposes a comparison with a reference group of herds. In order to strengthen
recording, these tools are connected with other applications (milk recording
organizations, veterinarians).

Results

General
characteristics of the

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

information systems
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Seven tools transmitted 10.384.788 health events from 25.736 cattle farmers. 18.303
cattle farmers recorded 6.938.477 health events for 1.613.353 bovine animals (76.4%
dairy breeds) over the period 2007-2012. In 2012, the herds and the animals of the
study represented 5.8 % of the French cattle herds and 2.8 % of the bovines in France
(Institut de l'Elevage, 2012). The curative health events represented 59.2% of the
data.

2.528 herds with "exhaustive" records were selected. They represented 15.6% of the
total number of herds and 56.3% of the recorded diseases. 80.5% of animals were
dairy cattle, with 65 cows per herd. The farmers recorded each year 282 health events
from 9 different categories on average (against 129 health events for all the herds
without selection). In 2012, the main diseases were mastitis (22.2%), digestive disorders
(15.9%), respiratory diseases (13.5%), general infectious diseases (7.0%), post-partum
diseases (5.5%) locomotory disorders (4.6%).

The annual prevalence are stable over four studied years. They are presented in table
1 for 3 categories of dairy animals in 2012. The profiles of monthly prevalence are
also rather stable over years and consistent with our expectations (e.g.: figure 1 for
dairy cows in 2012).

Analysis of the
recorded health

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

events

Categories of animals and number Dairy cows Dairy heifers Dairy calves 
Types of diseases 143 278 119 228 21 428 
Mastitis 29.1   
Digestive disorders 9.1 8.0 39.4 
Post-partum diseases 9.1   
Locomotory disorders 7.1 0.6 1.0 
General infectious diseases 4.3 4.5 2.2 
Respirato ry diseases 5.4 8.6 23.7 
Reproductive disorders 4.5 1.2  
Metabolic diseases 3.6 0.3 0.4 
Skin diseases 2.7 1.7 1.1 
Others neonatal diseases   4.8 

 

Table 1. Results of annual prevalence (%) in 2012.

Figure 1. Evolution of monthly prevalence (%) in 2012 for dairy cows



181

ICAR Technical Series no. 21

Bourrigan et al.

45 AI Hosltein bulls had more than 500 daughters with records in at least 2 information
systems. For each tool, the proportion of mastitis among all recorded diseases was
calculated, and it was compared to the same proportion calculated with the 6 other
tools together. We observed a good consistency between the proportions obtained
with each tool when compared to the proportion calculated with the 6 other ones
together. An illustration is shown on figure 2 with one given tool (R² = 75%). The other
diseases presented a poorer consistency (e.g. figure 2 for locomotory disorders, R² =
41%). However, it remains acceptable, regarding to the low heritability of these traits,
to the low frequency of these disorders and to the fact that these tools are located in
different regions with heterogeneous management systems.

The classes of diseases used in the 7 tools are very heterogeneous, which does not
facilitate a common valorization. However, a grouping of the diseases is possible.

The relevance of the prevalences calculated in this study is difficult to assess, since
very few references are available in France. A study of Fourichon (2001) on 200
Holstein and Normande herds indicates a prevalence of 44.1% for clinical mastitis,
17.3% for post-partum diseases, 10.9% for locomotory disorders, 9.7% for metabolic
diseases, 5.1% for digestive disorders and 2.6% for respiratory disorders. The regions
and breeds covered by our study are more diversified, herd management has probably
changed within the last decade as well as the genetic level of animals. However the
results of annual prevalence are globally consistant with our results, at least for the
most important post-partum diseases.

The criteria used to select herds with "exhaustive" records may be improved. However
the consistency of monthly prevalences between tools, the big diversity of health events
recorded in the selected herds show their relevance.

Finaly, the study of consistency of records between tools using data from progeny of
AI common bulls would have been more relevant, if a prevalence could have been
calculated instead of a proportion among diseases. However, first results are
encouraging; such records could probably be used for genetic evaluations, and
interesting references (e.g. monthy prevalences within breed and parity) could be
developped by pooling these data.

Figure 2. Proportion of mastitis (left figure) and of locomotory disorders (right figure) among all recorded diseases
within bull progeny: comparison of results of the tool X with the 6 other tools (dairy cows in 3rd lactation and more)
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The study shows that health data recorded by farmers could be used for genetic
evaluations or advices. The current valorizations are made within each tool and they
are limited by the volume of relevant data. A better valorization would be possible by
grouping events of different tools, according to the classification proposed by ICAR. It
would motivate the farmers to improve the recording of health events.

This study raised two crucial points:

• a clear and common communication involving all the actors is necessary, as it was
mentioned in other experiences (Blériot & Thomas, 2013, Egger-Danner et al.,
2012),

• health data are very sensitive. Farmers should be able to indicate via their IT
application whether they accept (or not) that their data are used for a given collective
valorization.
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Breeding goals are revised worldwide according to the needs of farmers but also
considering requirements from the consumers. Recently, farmers in Austria expressed
their demand for further developments in the areas of metabolism, claw health and
feed efficiency. The core challenge is to define desirable and measurable phenotypes
for these traits which are easy and simple to record, but are heritable and repeatable
as well. Within the Austrian project "Efficient Cow" various novel traits (direct and
indirect) for measuring health, metabolism and efficiency were recorded on about 170
farms and about 5,500 cows. These novel traits include body weight, different body
measurements, feeding information, body condition and lameness scores, as well as
data from veterinarians, hoof trimmers and farmer observations on health. Based on
these on-farm data, indicators for feed efficiency as well as genetic parameters for the
various novel traits and their correlations to the traits in the total merit index are derived.
Experience from recording of these novel traits during the project showed that a general
recording will only be possible, if the management impact of these traits generates
enough monetary advantage for the farmer to pay off the recording efforts. So these
traits have to be measured without disturbance of the workflow and due to safety
reasons without direct contact between the technician and the animal itself. In Austria
weighing equipment is installed only in a very small number of dairy farms. Hence the
direct weight of heifers and cows is usually not available to such an extent that a
population wide breeding value estimation may be established. On the other hand,
lameness and body condition are more or less common tools in herd management.
Implementing them within a genetic evaluation scheme seems promising and possible.
The challenge is to provide easy tools for farmers to record these traits and to use this
information in management and as an early warning system as well as for breeding
value estimation. Modern data capture and reporting tools like apps for the smartphone
or web interfaces will be part of the answer. In addition to that viable indicators have to
be developed, to provide the information necessary for these traits out of recording
routine with as little additional cost as possible (e.g. MIR). The outline will focus on on-
farm recording of novel traits like body condition score, body weight as well as lameness
and discuss their genetic potential based on data from Austrian farms.

Keywords: body weight, lameness score, body condition score, novel traits, genetic
analysis
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Breeding and management need to find answers for new questions in milk and beef
production. Increasing consumer concerns for healthy products from healthy cows as
well as environmental awareness is being observed. Breeding values for udder health
and fertility based on veterinarian diagnoses are available for Fleckvieh (dual purpose
Simmental) since 2010 and for Brown Swiss since 2012 (Fuerst et al., 2011). A survey
among Austrian farmers expressed their need for including further trait complexes like
efficiency, metabolism and claw health in Austrian dairy breeds (Steininger et al.,
2012). To achieve genetic improvement phenotypes describing these traits need to
be available. To get insight into these new trait complexes, the project "Efficient Cow"
was started in Austria in 2012. Due to lack of possibilities to record sufficient data on
station for estimation of heritabilities and genetic correlations between these traits
and those in the total merit index, novel phenotypes have been recorded on 167 farms
and around 5,500 cows in Austria covering the breeds Fleckvieh (Simmental), Brown
Swiss and Holstein Friesian. The interest of the participating farmers was to get answers
about efficiency, e.g. carbon footprint of milk production, and get knowledge about
new possible management tools like lameness score or body condition score. In addition
the impact of body weight on production efficiency as well as leg and claw health was
of interest. Beside information on genetic parameters of these novel traits, evaluation
of body weight and feed efficiency or the relationship of efficiency and health are
project aims. A further project aim is modelling the effect of different milk production
systems on greenhouse gas emission based on individual animals under Austrian
circumstances. One focus of the project is the analysis of the potential to use auxiliary
traits based on on-farm recording for efficiency, claw health and metabolism.

Body weight . In Austria standard housing systems for dairy cows are without equipment
for weighing routinely. During the observation period of the project "Efficient Cow", all
cows were weighed at each time of milk recording. In total 29,763 body weights for
Fleckvieh (dual purpose Simmental) were recorded.

Conformation and other body measures . Under the assumption that weighting is
not routinely applicable, cows across the lactation were linearly scored according to
the different breed specific systems. Various body measures (waist length, chest length
and muscularity) were assessed at each time of milk recording. Some other additional
body measurements were recorded three times during the observation study of one
year (e.g. pelvis width).

Lameness and claw health . Lameness was recorded by trained staff from the milk
recording organisations using the scoring system (Sprecher et al., 1997) with 1 = not
lame to 5 = severely lame. During the whole project period, information from claw
trimming was recorded on the participating farms as well. Within the health monitoring
in Austria veterinarian diagnoses are recorded routinely. The same is true for culling
data. Based on the specific lactation of a cow an overall lactation lameness score
(LSC) was calculated taking the frequency of different severity cases into account.
The score ranges between 0 and 4 (Burgstaller et al., 2016).

Body condition score . At the same time as body weight, body condition score (BCS)
was recorded by trained staff at each milk recording.

Metabolic disorders . Metabolic disorders are a matter of growing concern. Beside
veterinarian diagnoses, indicator traits are of interest, especially for subclinical ketosis
cases. All cows around day 7 and 14 after calving were tested with the ELANCO milk
test which is based on the determination of ß-hydroxybutyrate (BHB) concentrations.
If the limit of 100 µmol/l BHB is used, almost 44% of the cows were positively tested,
if the limit was 200 µmol/l 13.8 % of the cows were affected. Additionally the BCS and
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fat-protein-ratio (F:P) at the first test-day after calving (BCS1 and F:P1) and the
difference in BCS between the first and second test-day after calving (BCS1DIFF)
was assessed.

Feeding information and feed efficiency . Feeding information was recorded on
animal basis at each milk recording (Ledinek et al., 2016). Feed intake was estimated
using the model of Gruber et al. (2004). Dairy cow rations and forage analyses were
included. Dry matter intake (DMI) and energy intake (INEL) was calculated for each
day of milk recording for each cow.

Feed efficiency was calculated as energy corrected milk (ECM) related to metabolic
body weight (ECM_LWx), ECM related to feed intake (ECM_DMI) and lactation energy
related to energy intake (LE_INEL).

Body weight, BCS and lameness (Koeck et al., 2016a). Heritabilities of body weight
and BCS were moderate with estimates of 0.44 and 0.22, respectively. For lameness
a lower heritability of 0.07 was found. Body weight was moderately correlated with
BCS, with an estimate of 0.39. A moderate genetic correlation of 0.57 was also found
between body weight and lameness, indicating that animals that are heavier are more
prone to lameness. The genetic correlation estimate between BCS and lameness
was close to zero.

Claw health and metabolism (Egger-Danner et al., 2016; Fuerst-Waltl et al., 2016).
Genetic parameters for claw health and metabolism traits are given in Table 1. The
heritability of claw diagnoses was 0.025. The respective value based on claw trimming
data was 0.042. The heritability of LSC was 0.095. The genetic correlations between
veterinarian diagnoses, claw trimming data and LSC were in the range of 0.6 to 0.8.
These results confirm the usability of various data sources for genetic improvement of
claw health. As a management tool a monthly lameness scoring is very promising. It
provides sufficient information for early detection of cows with claw injuries, even
before the milk performance is affected and the BCS changes unintentionally. The
scoring itself is very quick and easy, some routine given.

The heritability of the milk ketotest was 0.05. The genetic correlation to BCS1 was -
0.45. The correlation between milk ketotest and BCS1DIFF was -0.238. The heritability
of BCS1 was 0.16. As a management tool BCS is already very common and has the
advantage that a classification of dry cows is possible. When using modern smart-
phones, apps may support the farmer to do the scoring in a right manner.

Trait No Obs. Mean h 2 (se) Comment 

Claw diagnoses (0/1) 6,427 0.016 0.025 (0.021) 0.568 genetic correlation to LSC; 0.827 to 
claw trimming; 0,99 to culling 

LSC (0-4) 2,963 0.994 0.095 (0.092)  
Claw trimming (0/1) 2,451 0.51 0.042 (0.013)  

Subclin ical ketosis (0-2) 1,805 0.56 0.051 (0.026) -0.451 genetic correlation to BCS1 and  
-0.238 to BSC1DIFF; 0 .162 to F:P1 

BCS1 2,491 3.331 0.161 (0.040)  
BCS1DIFF 2,169 -0 .147 0.042 (0.026)  
F:P1 7,187 1.281 0.138 (0.026)  

 

Table 1. Information on traits, number of observations (No Obs.), mean, heritability (h2) and standard errors
(se) and comments on genetic correlations to other relevant traits for selected possible auxiliary traits for claw
health and metabolism in Austrian Fleckvieh (Egger-Danner et al. 2016; Fuerst-Waltl et al. 2016).

Genetic
parameters for
Fleckvieh
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The heritability of F:P1 was 0.138, the genetic correlation to subclinical ketosis based
on the milk ketotest was rather low with an estimate of 0.162. In general, the BHB-test
based on blood is more promising, but could not be implemented in the study due to
costs. For practical application routine systems for screening subclinical ketosis are
promising for use in genetic analysis

Efficiency traits (Koeck et al., 2016b).Genetic parameters for efficiency traits are shown
in Table 2.

Heritabilities of efficiency traits were moderate and ranged from 0.11 for LE_INEL to
0.43 for body weight. A slightly negative genetic correlation of -0.22 was obtained
between ECM and body weight. Moderate to high genetic correlations in the range of
0.67 to 0.89 were found between ECM and the other efficiency traits. A genetic
correlation near 1 was found between DMI and INEL. Also ECM_BWx, ECM_DMI and
LE_INEL are highly correlated, with genetic correlation estimates ranging from 0.96 to
0.99. The heritabilities for body weight and DMI are in the expected range. The
relationship of feed and energy efficiency to body weight was shown to be non-linear
(Report "Project Efficient Cow" 2016). This will probably be the reason for the negative
genetic correlation between ECM and body weight. The results show that DMI, INEL
and body weight are still valuable additional traits covering more on efficiency than
based on ECM only.

To record feed intake on individual animal basis and the nutritional value is depending
on the feeding system. The intake of concentrate per animal might be predictable for
feeding systems with transponder, but this approach is not commonly applicable. Taking
into account the effort to get data on DMI or INEL, the use of body weight would be a
valuable additional information already. Detailed information on metabolism (body
weight change, ...) would help to estimate efficiency much more precise.

The results of the project give an idea about the use of different novel traits recorded
on-farm. The genetic potential is expressed by their heritabilities and genetic correlations
to other traits of interest in the breeding goal. For routine implementation of novel
traits, the ease and costs of recording as well as the use for management purposes
are of importance as well. The first and most important step is to show the famer the
use of those traits within his management tool box. If a management use and therefore
an impact on the farmers´ income is possible, motivating for recording the traits is very
simple. In addition to that costs of recording are essential. In an environment, where
public funding for even such modern traits like carbon footprint might disappear, the
economic effects of management tools must outweigh the costs of recording; otherwise

Table 2. Heritabilities (in bold on the diagonal), standard errors (in brackets) and genetic correlations (above the
diagonal) for efficiency traits in Austrian Fleckvieh (Koeck et al. 2016b).

 ECM BW DMI INEL ECM_BWx ECM_DMI LE_INEL 
ECM 0.13 -0.22 (0.10) 0.66 (0.06) 0.72 (0.06) 0.88 (0.02) 0.89 (0.02) 0.89 (0.03) 
BW  0.43 0.50 (0.07) 0.40 (0.08) -0.66 (0.06) -0.57 (0.08) -0.56 (0.08) 
DMI   0.18 0.99 (0.01) 0.27 (0.10) 0.24 (0.10) 0.23 (0.11) 
INEL    0.13 0.37 (0.10) 0.33 (0.10) 0.32 (0.11) 
ECM_BWx     0.18 0.97 (0.01) 0.96 (0.01) 
ECM_DMI      0.13 0.99 (0.01) 
LE_INEL       0.11 

 

Lessons learnt
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in the future breeding values of these novel traits will only be available if documentation
and recording of these traits will be paid. Therefore the use of auxiliary traits which are
also utilized for management purposes or are available more or less automatically are
key questions also for genetics. To get the mentioned data into the database for
benchmarking and breeding value estimation a convenient data capture tool is a basic
requirement. As the management use is often timely very near to surveying the traits
an app for the smartphone or a tablet is the first choice. As providing some help for
BCS or lameness scoring is easily possible to get standardised information, these
electronic tools are really favourable. Information on body weight out of management
systems, which include the scale and use a reliable identification system to connect it
with the cows ID, would be valuable for observation of the animal but also as an
auxiliary information for estimation of efficiency. Studies of Pfeiffer et al., 2016 and
Fuerst (2016) show that conformation data from linear scoring could be used as auxiliary
traits for body weight. To increase the predictability it is important to include muscularity.
On the other hand a routine data capture out of the milk sample as mid-infrared spectra
is a field of future investigation. The big advantage is to get information for each
sampled cow. Additional data available from automation and/or other sources (labs,
...) are a chance to generate added value also for genetics.

The results based on the data from the Austrian project "Efficienct Cow" show that it is
possible to record various novel traits on farm and to achieve sufficient variation to
use them for genetic evaluation. Recording of body weight at each milk recording was
easier than assumed with appropriate farmers' interest, logistic and infrastructure. To
capture mobilisation by body weight change, more frequent information than at milk
recording would be valuable. The recording of lameness for management is also
providing valuable auxiliary information for breeding for improved claw health. If various
data sources are available, it is best to combine this information into an index. Ketosis
is hardly covered by veterinarian diagnoses as very often subclinical cases do not
involve a veterinarian. Therefore information on subclinical ketosis either by BHB-
tests, BCS, MIR-analyses or as auxiliary information from F:P are of interest. The
results also show that the information on body weight is valuable for estimation of
feed efficiency.

We gratefully acknowledge funding by the Federal Ministry of Agriculture, Forestry,
Environment and Water Management (BMLFUW) in Austria, the Federal States of
Austria and the Federation of Austrian Cattle Breeders (Project 100681, Efficient Cow)
and COMET-project ADDA ("Advancement of Dairying in Austria"). Further we wish
to thank all project partners for their support.
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Automation of French dairy farms and use of sensors for herd management has been
growing rapidly in recent years. Precision Dairy Farming tools used by farmers often
require the use of mobile devices (smartphone, tablet, mobile phone and laptop),
internet access (fixed or mobile) or mobile phone network to: receive alerts, manage
their tools remotely or to use business applications. Indeed, Precision Dairy Farming
creates new connectivity needs for these farms. A survey containing 53 questions
was e-mailed to 4.000 dairy farmers. 772 farmers responded to the survey. After a
descriptive analysis, responses were processed by a multiple factor analysis (MFA)
followed by a hierarchical clustering. Then a typology of farmers was established
according to their individual characteristics, level of equipment, practices and their
evolution prospects. 67% of these farms were equipped with at least 1 connected
tool: AMS, automatic feeder or sensors. Over 1/3 of the farmers planned to invest in a
new connected tool in the future months, mainly for labour or personal life comfort
reasons. Concerning computer and telecom equipment, 88% had a desktop computer,
47% a laptop, 61% a conventional mobile phone, 50% a smartphone and 25% a
tablet .65% of the farmers estimated that a mobile internet access was important for
their profession, but among those already equipped with a smartphone, 46% were
unsatisfied of the mobile internet network, 29% were unsatisfied by the mobile phone
network and 35% were unsatisfied with their fixed internet network. The analysis
revealed 5 farmers profiles from the "not concerned by farm connectivity" to the
"technophiles with huge needs".

Keywords: technologies, smartphone, connectivity.

Precision Dairy Farming (PDF) has been emerging in the last few years. The
development of PDF is mostly pushed by the availability of new technologies in
microelectronics, computer sciences, telecommunications, and nanotechnologies
(Allain et al., 2014). But it also meets the farmers' needs to increase efficiency and
productivity of their farms. PDF is used to manage feeding, animal health and
reproduction. PDF tools used by farmers often require the use of mobile devices
(smartphone, tablet, mobile phone and laptop), internet access (fixed or mobile) or
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mobile phone network to: receive alerts, manage their tools remotely or to use business
applications. Indeed, Precision Dairy Farming creates new connectivity needs for these
farms.

Therefore, the aim of this study was to assess the connectivity landscape of the French
dairy farms.

An e-mail survey was carried out in January 2015 among 4.000 dairy farmers from
Western and Center of France (see Figure 1). Among the 4.000 farmers contacted,
772 answered to the survey.

The survey contained 53 questions about:

• Farm and farmers characteristics.

• The connected equipment on farm.

• The farmers satisfaction about connectivity on farm.

After a descriptive analysis, responses were processed by a multiple factor analysis
(MFA) followed by a hierarchical clustering. Then a typology of farmers was established
according to their individual characteristics, level of equipment, practices and their
evolution prospects.

Material and
methods

Figure 1. Distribution of the sample of farmers surveyed.
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The main farms and farmers characteristics are presented in Table 1 below. The
majority of the farmers surveyed were between 35 and 49 years old and had a farm >
100 ha, with 60 to 99 dairy cows.

Results - Farms
and farmers
characteristics

Table 1. Farms and farmers characteristics.

Farmer age (years old) Herd size (da iry cows) Farm  size (ha) 
< 35 35 to 49 ?  50 < 60 60  to 99 > 100 < 80 80 to 99 > 100 

Sample 
distribution 

18 % 50% 32% 39% 47% 14% 36% 20% 44% 
 

Among the 772 dairy farmers surveyed, 67% of them were equipped with at least one
connected device. This rate was 87% in herds with 100 cows or more. The distribution
of the connected equipment is presented in Figure 2 below. The most frequent
technologies were automatic concentrate feeders (28%), heat detection sensors (19%),
calving detection sensors (18%), cameras (16%), electronic milk meters (13%) and
milking robots (13%).

Among the farmers non-equipped with on-farm new technologies, 38% of them
expected to invest in a short term. The main technologies mentioned were cameras
(32%), heat detection sensors (24%) and milking robots (21%).

The main reasons mentioned for investing in new technologies were: to improve the
labour comfort (75%), to improve technical results (63%), to improve personal life
comfort (62%), to improve economic results (50%).

Concerning computer and telecom equipment, 88% had a desktop computer, 47% a
laptop, 61% a conventional mobile phone, 50% a smartphone and 25% a touch pad.

The on-farm

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

connected equipment

Figure 2. Equipment rate with new technologies on farm.
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65% of the farmers estimated that a mobile internet access was important for their
profession. But among those already equipped with a smartphone, 46% were
unsatisfied or very unsatisfied by the mobile internet network and 35% were unsatisfied
or very unsatisfied by their fixed internet network (see Figure 2). Concerning the mobile
phone networks, 29% were unsatisfied or very unsatisfied.

The main reasons mentioned for their dissatisfaction about connectivity, were: the
difficulties to use professional website or to make declarations on line, the delayed
alerts they receive from their monitoring technologies, the inability to control their
technologies remotely (milking robots for instance).

The satisfaction

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

about connectivity

Figure 3. Satisfaction about connectivity on farm.

These results are consistent with a recent study (Agrinautes, 2016) showing that 33%
of the farmers don't have access to 3G or 4G network in their barns, 39% of them don't
have access to 3G or 4G network in their field and 64.5% of them have access to a
fixed internet network with a flow rate < 2 mbps.

A typology of farmers was established according to their individual characteristics,
level of equipment, practices and their evolution prospects (see Figure 4). The analysis
distinguished 5 very different profiles. The two first profiles represented the farmers
not really concerned by new technologies and connectivity. They were mostly using
fixed internet, and had rather small farms with a low equipment rate with on farm
connected devices. The three other profiles were all concerned by connectivity but
with very different features. The first profile was represented by very technophile farmers
with big and equipped farms. These farmers generally studied more than 2 years and
expected to invest in new technologies in a near future. They were therefore very
demanding regarding connectivity access. At the opposite, a profile of young farmers
with small grazing herds. They were not very equipped with on farm technologies, but
were using mobile devices like smartphones to manage their farm system with

Who are the

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

connected farmers?
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professional applications and expected to invest in new technologies in the future.
Between these two profiles, a group of farmers was represented by big farms, very
equipped but with no investment expectations.

This typology showed the strong diversity of the connected farmers and of the
connectivity needs.

Figure 4. Typology of the connected farmers.

The connectivity issues on farm can occur at different levels and have different
consequences. The Figure 5 below shows the consequences of connectivity problems
at different step of the data collection on a system used to monitor heat detection. If
the connectivity issue occurs in the data transmission process between the sensors
and the reception base, the main risk is to create gaps in the data set. This could have
an important impact on decision making. If the connectivity issue occurs between the

Discussion - The
consequences of
connectivity
issues

Figure 5. Consequences of connectivity issues on an on-farm monitoring system.
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reception base and the cloud or the computer/the smartphone, then information or the
alerts can be delayed. This will negatively impact the decision making process but
also the relevance of the service (AI). Finally, if the farmer does not have access to a
satisfying mobile phone or internet network, then he will not have access to the
information or will not be able to process a remote control on the system.

The mobile operator Orange offers several solutions to improve farm connectivity. A
farm is a complex system, with barns, fields, stables, and various materials that may
cause difficulties for connectivity. In general, the problem of fixed internet access is
quite easy to solve, but if the goal is to extend the network on the farm, it can be more
difficult. There are solutions (Figure 6), but they are mostly not used on the field because
not known. At the barn level it is possible using femtocells or WIFI networks. At the
bigger level, small cells and WIFI-bridge networks can be used. For sites that are far
away from the farm, solutions based on satellites or internet of things networks (SigFox
or LoRa) should be preferred.

The solutions to

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

improve connectivity

Figure 6. Existing solutions to extend the mobile internet network on farm (from
M. Herman, Orange).

This study highlighted the strong penetration of PDF in the French dairy farms. To be
useful and efficient, PDF goes together with sufficient connectivity access.
Unfortunately, the analysis is clear, this access is not satisfying and impacts the farmers
but also their partners, like milk recording organizations, advisers, AI companies etc.
who also need connectivity to perform their services. Solutions to improve connectivity
on farm does exist, but they need to be better known. Furthermore, the novelty is that
the farmers and their partners can also be important stakeholders of this connectivity
improvement by purchasing new and low cost technologies (e.g Femtocells) or by
using new available networks (e.g LoRa, SigFox).

Conclusion
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Online tools for the optimization of herd management -
recent developments for Austrian dairy farmers

M. Koblmüller 1, M. Mayerhofer 2, W. Obritzhauser 3, M. Wöckinger 4, K. Zottl 5,
R. Weissensteiner2 2, B. Fuerst-Waltl 6, F. Steininger 2, C. Firth 3 and C. Egger-Danner 2

1LfL Upper Austria, Auf der Gugl 3, 4021 Linz, Austria
2ZuchtData EDV-Dienstleistungen GmbH, Dresdner Str. 89, 1200 Vienna, Austria
3University of Veterinary Medicine Vienna, Veterinärplatz 1, 1210 Vienna, Austria

4Chamber of Agriculture Upper Austria, Auf der Gugl 3, 4012 Linz, Austria
5LKV Österreich, Dresdner Str. 89, 1200 Vienna, Austria

6University of Natural Resources and Life Sciences Vienna (BOKU),
Gregor Mendel-Str.33, 1180 Vienna, Austria

Continuing price pressures on milk, as well as consumer demands for quality products
from healthy animals, result in increasing interest in novel traits for breeding programs
but also for optimization of herd management to reduce costs. To facilitate improved
herd management, easier access and compatibility of various data sources on farm
and from external databases are of high priority for Austrian farmers. Recent research
projects have focused on extended services for farmers to generate added value by
linking a variety of external data sources. This includes extended health and treatment
data, findings from laboratories, milk quality information from dairies, as well as feeding
information. These new online services will be based upon the cattle database (RDV)
jointly owned by the Austrian and German performance recording organizations. At
present, data on animal identification, milk recording, insemination, genetic evaluation,
genomic tests for hereditary defects, slaughterhouse reports, veterinary diagnoses
etc. are already directly available. Online services within the cattle database, "RDV-
Portal", to date, include herd management and fodder ration optimization, a mating
planner, support for marketing, an "App" for data recording, as well as the recent
addition of special tools on health management for farmers and veterinarians.

A voluntary system of recording diagnoses was set up previously; the system has
now been extended to monitor medicinal products used at animal level within the
Austrian "Electronic Herdbook" project. The main aim of this initiative is to facilitate
the electronic documentation of antibiotic treatments, as required by law since 2015.
Another focus is on standardization and data exchange, as well as the elaboration of
online tools for benchmarking. Within the ADDA (Advancement in Dairying in Austria)
project, academic researchers, with representatives from performance recording,
breeding and animal health organizations, the federal chambers of veterinarians and
agriculture, as well as dairies and the Austrian Marketing Agency cooperate with respect
to udder health. Strategies to reduce the use of antimicrobials, as well as an online
tool for the economic evaluation of measures to improve udder health, are part of this
project. Within EIP (European Innovation Partnership), an online calculator for various
efficiency measures at animal and farm level is currently being developed.
Improvements focusing on animal health are being developed together with farmers,

Abstract
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veterinarians and experts from a variety of stakeholders. Once individual farmers have
signed the relevant data protection agreements, their respective veterinarians and
advisors can also be permitted access to the platform.

Further plans include the improvement of data exchange between data on farm (e.g.
using sensors), the generation of added value by using MIR and improved data
exchange in further areas.

Keywords: online service, herd management, health management, data exchange.

In 1998, the Austrian cattle breeding and Bavarian milk recording organizations
developed a cattle database called "Rinderdatenverbund" (RDV) to manage the IT
requirements for milk recording and breeding. Additional partners included the milk
recording organizations from the German federal states of Baden-Württemberg (since
2003), Schleswig-Holstein (since 2008) and North Rhine Westphalia (since 2015). At
present, RDV is the largest data base in Europe with more than 64,000 farms having
direct access to the system, covering 2.5 million live cows and data from more than
100 million animals in total. Within the "RDV" system, data on animal identification,
performance recording, insemination, genetic evaluation, genomic tests for hereditary
defects, slaughterhouse reports, veterinary diagnoses etc. are already directly available.
Online services within the cattle database, "RDV-Portal", to date, include herd
management and fodder ration optimization, a mating planner, support for marketing,
a mailbox tool to document reports and information from the organizations, an "App"

Introduction

Figure 1. Overview of various data already available within RDV (routine=dark grey;
ongoing projects with a focus on Austria=white with red; future=white with grey)
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for data recording by the farmers, as well as the recent addition of special tools on
health management for farmers and veterinarians. Figure 1 gives an overview of the
data already available within RDV and the various services offered.

To assess stakeholder needs with respect to further developments, workshops with
farmers and stakeholder representatives, as well as surveys, were conducted. A survey
in 2012 concerning further developments of breeding goals supported the current
emphasis on functional traits with a focus on direct health traits, but also showed that
there is a need for complexes such as feed efficiency or claw health (Egger-Danner et
al., 2014). Continuing price pressures on milk, as well as consumer demands for
quality products from healthy animals, have resulted in increasing interest in novel
traits for breeding programs but primarily for the optimization of herd management in
order to reduce costs.

In 2015, two surveys were developed to gather feedback from farmers and veterinarians
about the use of available herd management tools, as well as the status of
documentation and recording of relevant data at the time. In total, 9,961 dairy farmers
with performance recording contracts and 1,022 contracted veterinarians of Austrian
Veterinary Health Service member farms were contacted. The response rate was
19.1 % in farmers and 20.8 % in veterinarians. Currently, a large proportion of external
information to be used for herd management is received on paper or in electronic pdf
format and is therefore not processable. Hence, both farmers and veterinarians require
the integration of different data in platforms for data exchange or internet platforms.
Both groups showed the highest level of interest in bacteriological milk analyses and
other laboratory data.

When asked to suggest necessary developments, more than 66% of veterinarians
requested measures which would enable them to download raw data preferably from
one central IT solution. Farmers have the highest level of interest (78.1 %) in the
better integration of data from existing external systems (e.g. feeding, tank milk,
laboratory, treatment data) in order to avoid multiple data entry. The combination of
data from a variety of sources could support both veterinarians and farmers in their
day-to-day work. However, it is vital to pay particular attention to the security of these
data (Fuerst-Waltl et al., 2016).

Recent research projects focus on extended services for farmers to generate added
value by linking a variety of external data sources. This includes extended health and
treatment data, findings from laboratories, milk quality information from dairies and
feeding information. These new online services will be integrated in the current
database. Within the Comet K-Project ADDA - Advancement of Dairying in Austria -
the basis for an "integrated data management tool" is being further developed.

Within the ADDA project are the previously mentioned assessment of needs of the
stakeholders, harmonization of data (e.g. laboratory results) and documentation of
diagnoses from bacteriological milk samples, as well as treatment data. A key question
for success is the development of a data security concept with clarification of the
various aspects of the joint use of data. Linking of data is only beneficial if added value
to the farmer can be achieved. Some area of focus is to evaluate potential added
value of the integration of bacteriological milk samples with respect to genetic and
herd management aspects, the storage and use of treatment data for prevention and

What do farmers
need?

Integrated data
management
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easier fulfilling of legal documentation requirements, as well as focusing on linking of
data from commercial dairies/milk buyers with data from performance recording. Based
on these results and circumstances, a technical and organizational concept for
implantation will be elaborated.

An important factor for the future success of this joint integrated data management
tool, is the participatory elaboration with the representatives from different stakeholders
and partners. The project has, therefore, been set up and run in conjunction with
representatives from the performance and breeding organizations, animal health
services, commercial dairies/milk buyers, representatives from the chambers of
agriculture and veterinarians, and laboratories, as well as the University of Natural
Resources and Life Sciences Vienna and University of Veterinary Medicine Vienna.
In this way, synergies of expertise and the needs of the various stakeholders are
combined and met.

In collaboration with the ADDA project, special management tools are in the process
of being developed, partly within separate projects. These separate projects should
support herd management by integrating data from external platforms e.g. connecting
individual data from milk recording organizations and herd data from dairies/milk buyers
should bring more benefit to the farmers.

In 2006, a nationwide health monitoring system for cattle was established in Austria
(Egger-Danner et al., 2012). In the meantime, it has become part of routine performance
recording and has been followed by similar health monitoring systems in Baden-
Wurttemberg and Bavaria. Beside the implementation of a routine genetic evaluation
for direct health traits for Fleckvieh (Austrian Simmental) and Brown Swiss in Austria
and Germany (Fuerst and Egger-Danner, 2014), additional tools to support herd health
management have been developed (Egger-Danner et al., 2010; Golle-Leidreither et
al., 2014).

The routine recording of veterinarian diagnoses and the integration of these data into
various herd management tools (reports, online tool) are already offered in routine
applications currently available. Within the projects, ADDA and Electronic Herdbook,
bacteriological culture data from laboratories in Austria have been standardized and
are being submitted electronically for pilot farms into the RDV. Based on this additional
information, benchmarks and reports are being prepared at present.

Due to legislation surveillance systems on antimicrobial consumption in veterinary
medicine have recently been put in place.

A voluntary system of recording diagnoses was set up previously; in the RDV in Austria
the system has now been extended to monitor medicinal products used at animal
level within the Austrian "Electronic Herdbook" project. The main aim of this initiative
is to facilitate the electronic documentation of antibiotic treatments, as required by law
since 2015. One precondition of implementation is a standardized list of
pharmaceuticals, which has been prepared together with information on units and
active ingredients by the Austrian medical authority. The experiences gained by the
farmers and veterinarians (255 farmers and 18 veterinary practices within a pilot study
within ADDA) will be used to design and implement a recording system for drug use in
dairy farms according to the needs of farmers and veterinary practitioners. In addition
to making it easier to fulfil the legal documentation requirements , the provision of

Extended herd
health
management
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different herd health management tools contributes to increased food safety, and should
also result in improved monitoring of herd health and health data availability for genetic
evaluation.

In order to obtain more information regarding efficiency at both animal and farm level,
various data parameters regarding efficiency were collected within the "Efficient Cow"
project on 169 farms in Austria representing different breeds and different production
conditions (Steininger et al., 2015). Within EIP (European Innovation Partnership), an
online calculator for various economic efficiency measures at animal and farm level is
currently being developed. This includes measures on improved health management,
aspects of feed efficiency as well as the evaluation of the impact of further management
measures. This project should support herd management and breeding towards
economy, sustainability, efficiency of resources and climate protection.

Recent improvements focusing on animal health are being developed together with
farmers, veterinarians and experts from a variety of stakeholders. Once individual
farmers have signed the relevant data protection agreements, their respective
veterinarians and advisors can also be permitted access to the platform.

Sophisticated tools based on the linking various data sources can only be implemented
as routine procedures if safe data exchange is guaranteed. A new approach to data
communication has been taken with the development of the "DLQ data portal" and the
provision of the portal framework by the DLQ (Onken et al., 2016) which is being
implementedroutinely in Austria. Within the ADDA project, other data exchange
possibilities (such as AgriOpenLink) are being evaluated as well.

Further plans include the improvement of data exchange between data on farm (e.g.
using sensors) and milking systems including their IT systems, the generation of added
value by using MIR and improved data exchange in further areas.

Further increase in automation on farm by using automatic milking or feeding systems
etc., , the use of different sensors for monitoring or obtaining more detailed information
from former standard procedures e.g. MIR by advances in technology as well as IT
infrastructure, will offer further opportunities to improve herd management and breeding.
Linkage and integration of various types of data together with data mining approaches
offer many possibilities to develop new benchmarks. A key challenge is the data
communication between different systems. Advances such as ISO BUS comparable
to those found in other sectors (e.g. plant production) would be very beneficial to the
dairy cattle sector, particularly the farmers, allowing them easier access to data and
benchmarks.

Efficiency
calculator

Data exchange
platform

Outlook
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Comparison of records from in-line milk meters and
conventional herd testing for management and genetic

evaluation of dairy cows

G.P.S. Anderson, I.L. Zhang, A.M. Winkelman & B.L. Harris

Livestock Improvement Corporation, Private Bag 3016, Hamilton 3240, New Zealand

In-line milk meters allow us to derive milk volume, fat and protein yield for each cow at
every milking, but produce less precise measurements than meters used for monthly
herd testing. As the use of in-line milk meters increases, it is important to quantify how
the data from in-line meters compares to the more precise, but less frequent, data
obtained from herd test meters, when used for genetic evaluation and farm
management decisions such as culling poor producers.

A simulation study was used to compare in-line and herd-test meters. The study used
simulated daily production records on a population of cows. The herd-test record was
the production record. The in-line milk meter reading was the production record with
adjustments that mimicked the inaccuracies associated with the in-line meter.The
structure (ancestry and herd) of the cow population was based on 100 randomly
selected New Zealand (NZ) dairy herds (total of 27,071 cows).

The milk, fat and protein genotypes (i.e. true BVs) and phenotypes of each cow were
simulated using the ancestry information and the genetic, permanent and temporary
variances that are used in the New Zealand national genetic evaluation. Each lactation
was 268 days (spanning 3 to 270 days in milk as is used in NZ). A cow had up to six
lactations.

Parameters for in-line meter error (meter imprecision and cow-specific bias) were
estimated from a dataset of 64 herd tests and corresponding in-line milk meter records
for the herd at the Livestock Improvement Corporation Innovation Farm. Using these
estimations as a baseline, high and low levels for these parameters were determined;
given three possible values for meter imprecision, and four for cow-specific bias
(including zero), 12 scenarios were developed: one for each possible combination of
parameter values.

Estimated BVs (EBVs) and estimated production values (EPVs) for cows were obtained
using the random regression test-day model that is used in the NZ national genetic
evaluation. The phenotype within each analysis was either the in-line meter record
(weekly averages across lactation) or the herd test record (one, two, four, seven or
ten herd tests per lactation). The simulation was replicated 100 times.

The purpose of this study was to compare the EBVs from the different simulations to
the TBVs to compare the precision of in-line and herd-test meters.

The correlation between the true values and those estimated using conventional herd
test data ((EBVs and EPVs) increased as the number of herd tests per lactation
increased. The correlation between the true values and estimated ILMM values
decreased as the proportion of cow-specific bias increased; in the scenarios where
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no cow-specific bias was added, the ILMM correlations were greater than that obtained
from ten herd tests per lactation, regardless of the total extra error variance. For the
Holstein-Friesian breed, the correlations between true and estimated BVs, across all
traits, ranged from 0.52 to 0.68; the correlations for the PVs ranged from 0.67 to 0.98.

It was concluded that a process for certification of ILMMs would need to differ from
that for herd test meters, and that there is a need to understand the benefits and
limitations of ILMMs as adoption of the technology increases.

Keywords: in-line milk meters, genetic evaluation, simulation.

Data from herd testing and animal recording are essential inputs for modern genetic
improvement programs for dairy cattle. Herd testing provides phenotypic records that
are used in statistical models to calculate economic indices for the animals. The indices
are used to identify genetically superior animals for breeding as well as low-value
cows for culling. Herd testing provides the phenotypic measures for production traits
(milk volume, fat and protein content) and udder health (somatic cell count) for individual
cows. In New Zealand, and most other dairying countries, herd testing is undertaken
by herd testing organisations who visit farms between 3-12 times per annum. Herd
testing samples are obtained at each visit using ICAR, or nationally certified, herd
testing devices.

The milk volume is measured by the herd testing device or by weight of a subsample;
the fat and protein content is measured from a subsample using FTIR laboratory
analysis. With the advancements in optical technology, decreasing costs of
manufacturing and improved miniaturisation, it has become feasible to buy in-line milk
meters (ILMMs) that can be installed at each milking bail within the milking parlour.
The ILMMs can provide estimates of daily milk volume as well as fat and protein
content for each cow. There has been little quantification of the precision of the
phenotypes obtained from ILMMs relative to conventional herd testing. Measurements
from ILMMs are assumed to be less precise than those from herd testing. However,
the lack of precision may be offset by an increase in measurement frequency. The
objective of this study was to compare the accuracy of estimating the genetic and
productive merit of cows based on either high-frequency (daily), lower-precision ILMM
measurements or low-frequency, high-precision conventional herd testing
measurements.

Data for the analysis of ILMM precision were obtained from the LIC Innovation research
Farm. The farm is a typical seasonal-calving farm in New Zealand, with all the cows
calving in a 10-week period starting mid-July. The farm milks 350 crossbred Holstein
Friesian-Jersey cows through a 30-bail rotary system. Every bail within the rotary was
equipped with a YieldSense® ILMM. Estimates of milk volume, fat percentage and
protein percentage were collected from the ILMMs from 29th September 2014 until
the herd was dried off on 22nd May 2015. During this period, 64 conventional herd
tests were performed. Two blocks of 20 consecutive tests were undertaken, coinciding
with the peak of lactation and 3rd quarter of lactation. The remainder of the herd tests
were approximately evenly dispersed throughout the season. The data from the ILMM

Introduction

Methods and
materials

Estimation of in-line
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meters were calibrated so that the five-day ILMM average matched the five-day bulk
tank average for each trait. A similar approach was used by Kaniyamattam and De
Vries (2014). Data outliers were removed from the ILMM and the herd test data using
a two-step process. First, measurements outside upper and lower limits from the ICAR
guidelines were removed. Second, outliers were identified by examining the deviation
for each data point from the cow's lactation curve estimated via a spline.

Data points with abnormally large deviations were removed. Kaniyamattam and De
Vries (2014) discussed the potential for bias to be introduced into ILMMs over time.
To remove meter bias from the ILMM data, we estimated the bias for each meter
using a linear mixed model with Loess weights over a ten day window. The data used
in the analysis were the measurements corrected for the meter bias using estimates
from the Loess analysis. Following outlier removal, the percentage traits were converted
to yield traits using the milk volume information. AM and PM yields for all traits were
combined to create 24-hour yields that were used for the remainder of the analyses.

Linear mixed models were used to calculate the precision of the ILMM measurements
relative to conventional herd test measurements. The model regressed yield based
on ILMM measurements on yield based on herd test measurements. The model also
contained the fixed effects for age, days in milk and breed and random effects for cow
and error. The random effect for cow was included to obtain the amount of bias in the
results that could be attributed to the particular cow. The analysis was done separately
for milk, fat and protein yield.

A stochastic simulation study was undertaken to compare dairy cow performance
assessed using either low-precision, high frequency records (ILMM) or high precision,
low frequency records (conventional herd testing). The traits modelled were milk, fat
and protein yield. The structure of the simulation was based on 100 randomly selected
herds from the Waikato region of New Zealand that had 95%, or greater, ancestry
recorded. This allowed the use of actual pedigree data in the simulation. For the 27,071
currently milking cows within the 100 herds, daily lactation records were simulated
using genetic and phenotype (co)variances and the solutions for lactation shape, hybrid
vigour and breed from the national test-day model genetic evaluation (Harris et al.,
2007).

This resulted in daily phenotype records within each 270-day lactation (records from 3
to 270 days in milk), up to a maximum of six lactations. ILMM records were simulated
using three levels (low, medium and high) of extra temporary and four levels (zero,
low, medium and high) of extra cow-specific variance that was added to each phenotypic
record. The herd testing scenarios consisted of 1, 2, 4, 7, or 10 evenly-spaced herd
tests across the season.

The herd testing scenarios used daily phenotype records on the day of the herd test
as the herd test record. One hundred replicates of each scenario were generated.
The animals were evaluated using the model and parameters from the NZ national
test-day model genetic evaluation (Harris et al., 2007). For computational efficiency, a
7-day average of the ILMM daily records was used as input to the statistical model.
Breeding values (BV) and production values (PV) were estimated for all animals in the
pedigree. A PV is a measure of a cow's lifetime performance that includes genetic,
permanent environmental, breed and heterosis effects (Harris et al., 1996).

Quantification of
measurement
precision and
frequency on cow
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The total ILMM error variances from the mixed model analysis, relative to the
corresponding herd testing error variances, are given in Table 1. For example, the
ILMM variance for milk yield has approximately 80% more variation than the herd test
results. The ILMM variances for both fat and protein have over twice the corresponding
variance found in the herd test results. Table 1 also contains estimates of the proportion
of total error variance that is cow specific for each trait. The cow-specific proportion of
variance is approximately one quarter of the total error variance for milk volume and
approximately one half that variance for fat and protein yield. The (co)variance structure
of the cow-specific proportion of variance appears to behave like the cow permanent
environment effect; however, the exact structure is unknown.

The effect of phenotype precision (i.e. ILMM versus conventional herd testing) on
genetic and productive evaluation of cows was assessed by comparing the accuracy
of the BVs and PVs, where accuracy is defined as the correlation between the true
and estimated values. True BVs/PVs were obtained from the simulated data; estimated
BVs/PVs were obtained from the output of the test-day model analysis. For each cow,
a BV/PV was obtained by summing within lactation and averaging across lactation.
The results for the 6989 Friesian cows that were in the simulation study will be
presented; the other breeds showed similar trends.

As expected, the accuracies of BVs and PVs based on herd testing phenotypes
increased as the number of herd tests increased from 1 to 10 herd tests within a
lactation. The correlations ranged from 0.57 to 0.68 (BVs) and 0.80 to 0.95 (PVs)
across the three traits. The correlations obtained from the simulation model were
consistent with those obtained using selection index theory.

When there was no cow-specific error, the accuracies of BVs and PVs estimated
using ILMM records were higher than those obtained from 10 conventional herd tests.
The accuracies of the BVs and PVs decreased as the cow-specific proportion of the
extra error variance increased. For the highest level of cow-specific variance, the
accuracies ranged from 0.52 to 0.59 (BVs) and 0.67 to 0.77 (PVs) across the traits.
Table 2 shows the number of conventional herds tests that would be needed to achieve
the level of BV accuracy that was obtained in each ILMM scenario (i.e. three levels of
extra error variance and three levels of cow-specific variance for each trait). Table 3
contains the results for PV accuracy. The accuracies of the BVs and PVs based on
ILMM phenotypes were affected by both the level of extra error variance and the level
of the cow-specific proportion of that variance. When the level of cow-specific variance
was low, the accuracies of the BVs and PVs were equivalent to those obtained from

Table 1. Inline-milk-meter measurement relative error variance1.

 Total error variance 1 Cow specific proportion 

Milk Yield 1.695 0.233 

Fat Yield 2.125 0.527 

Protein Yield 2.1426 0.469 
1Amount of error variance relative to a single herd test variance. 

Results

In-line milk meter

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

accuracy

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Simulation results
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4 or more conventional herd tests (low or medium extra error variance) or 10 or more
conventional herd tests (high extra error variance). Increased cow-specific variance
was associated with a marked decrease in the accuracy of the estimates.

A cow's lactation yield cannot be accurately predicted using a milk sample from a
single day of her lactation. The accuracy of the prediction increases as the number of
samples increases. The results from the simulation study found that approximately 4
herd tests, taken at roughly 60-day intervals, are required to achieve an accuracy of
0.9 or greater of estimating a cow's lactation performance. The results are in agreement
with previously published work. Berry et al. (2005) found that 8-weekly herd tests
were almost as accurate (correlation >=0.98) as 4-weekly tests for predicting 305-day
lactation yield. Bryant (2015) has shown that 4 herd tests are required to estimate
270-day yields with a coefficient of determination greater than 0.9 (accuracy of 0.95).

The simulation results also indicate that the use of records from ILMM that have little
or low levels of cow-specific variance can match or outperform the accuracy of
4 conventional herd tests for BV and PV estimation. However, as the level of
cow-specific variance increases, the accuracy of the ILMM, relative to herd testing,
decreases. The (co)variance structure of the cow-specific variance will have a major
impact on the results. The greater the co-variances among more distant test-days in
time, the greater the impact.

The YieldSense® ILMM tested on the Innovation Farm has performance characteristics
similar to the medium extra error variance and medium cow-specific variance proportion
simulation scenario. For management decisions, such as the culling of low-value cows,
full lactation data from the YieldSense® ILMM is equivalent to approximately
4 conventional herd tests. Four herd tests are the average number undertaken in
New Zealand herds. For BV estimation, the ILMM exceeds the accuracy of 10 herd

Table 2. Equivalence1 between the herd test and ILMM breeding value (BV) accuracy for medium extra
error variance and three levels of cow-specific variance for the three traits.

Cow-specific variance proportion of extra error variance  
Milk yield  Fat yield  Protein yield  

 

Low Med High Low Med High Low Med High 
Low > 10 >10 7 > 10 7 4 > 10 10 4 
Medium 10 2 1 10 2 < 1 10 2 1 

Extra 
error 
variance High 7 1 1 4 < 1 < 1 4 1 < 1 
1
Number of conventiona l herd tests that give the same accuracy. 

Table 3. Equivalence1 between the herd test and ILMM production value (PV) accuracy for medium
extra error variance and three levels of cow-specific variance for the three traits.

Cow-specific variance proportion of extra error variance 
Milk yield Fat yield Protein yield 

 

Low Med High Low Med High Low Med High 
Low >10 >10 7 >10 >10 7 >10 >10 7 
Medium >10 4 2 >10 4 1 >10 4 1 

Extra 
error 
variance High 7 1 1 4 1 <1 7 1 <1 
1
Number of conventional herd tests that give the same accuracy 

Discussion
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tests for milk volume. However, the accuracy is equivalent to only 2 herd tests for
protein and fat yield. This could be a conservative result because high co-variances
among more distant test-days in time were simulated for the cow-specific variance.

The adoption of ILMM by farmers provides challenges to industry organisations such
ICAR and national herd testing certification bodies. Because the nature of the data
collected from ILMMs differs considerably that collected by herd test meters, certification
procedures must also differ. Specifically, the bench testing procedures used for
conventional herd test meters will be insufficient for ILMMs. The output from ILMMs
must undergoes a series of processes, including calibration, outlier detection, and
meter bias removal which are dependent on data from the entire milking platform, and
may require repeat measurements on individual cows. Additionally, given the evidence
of considerable cow-specific effects on the ILMM readings, the certification process
will likely require tests of bias across different cows and breeds and a range of milk
compositions. The testing and certification of ILMMs is far more complex than that of
herd test meters.

Accurate measures of lactation performance are important for decision making on
farm and for providing phenotypes for genetic evaluation systems. ILMMs are being
adopted by farmers to provide lactation performance information and reduce or remove
the need for conventional herd testing. The many aspects of ILMM accuracy need to
be understood. Knowledge of the benefits and limitations of ILMMs is essential in
order to make an informed decision on whether to adopt this technology. The technology
used in the ILMMs will continue to improve and the devices will likely become cheaper
in the future increasing the need for testing and certification as the entry point for
adoption lowers.

The authors wish to thank Rob Orchard, Lorna McNaughton, Gemma Worth and the
LIC Innovation Farm staff for their useful contributions to this study.
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Recording grazing time of dairy cows in AMS farms
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The Lifecorder+® is a uniaxial neck mounted activitymeter. It was first tested to assess
grazing time in two French experimental AMS farms (20 cows equipped in Derval
farm, 14 cows equipped in Trévarez farm) in 2014. The Lifecorder+ raw signal (from 0
to 9) was converted into a grazing yes/no information over a certain threshold. The
results show a high correlation of grazing time between the visual observations of
activity and the information from the sensor (R2 = 0.93 in Derval and 0.82 in Trévarez)
with a mean prediction error of 18 min (9%) in Derval and of 29 min (20%) in Trévarez.
Lifecorder+® appears to be a possible cheap, easy and precise tool to record grazing
time at pasture. Then, experiments were conducted during spring 2015 on those two
experimental AMS farms to assess grazing behaviours in two different grazing systems.
In a system with feed supplementation (Derval), daily intake time decreases together
with the decline of grass quantity and quality and an increase in the amount of
supplementation. Grazing time is about 43% of the access time to pasture (319/775
minutes respectively). In a 100% grazing system (Trévarez), where daily pasture
allowance is constant, daily grazing time is about 9 hours. It is longer when grass
quality improves. The cows' hierarchy of access to the AMS is a predominant feeding
behaviour factor. "Dominant" animals have longer grazing time and higher animal
performances (milk production, milking frequency) compared to "dominated" animals.
The use of grazing time data could be of interest in addition to other decision support
tools already used by farmers (pasture probe, grazing calendars) to better combine
AMS and grazing.

Keywords: grazing time, accelerometer, lifecorder+.

The increasing number of automatic milking systems (AMS) in France and in Europe
has resulted in a reduction of grazed grass in the diet of dairy cows. To improve the
competitiveness of the European dairy farming by combining grazing and AMS, the
European project Autograssmilk (www.autograssmilk.eu) aimed to enhance the use
of new technologies to succeed in this association. Recently, Ueda et al. (2011) and
Delagarde and Lamberton (2015) showed that a human activitymeter named
Lifecorder+® could be used to assess cows grazing time.

Abstract

Introduction
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Therefore, it was decided to check the possibility to use this sensor to record grazing
behaviour in two systems combining AMS and grazing, one with supplementation and
the other one in full grazing.

The Kenz Lifecorder+® (LC+; Suzuken Co. Ltd., Nagoya, Japan), a device for monitoring
uniaxial acceleration, has recently been developed as a commercially available tool
for the management of and research on human health.

The LC+ not only provides a step count per minute and estimates energy expenditure,
but also records the intensity of physical activity at 4-s intervals. The raw data are
summarized into 2-min average activity levels ranging from 0 to 9.

To assess grazing time on dairy cows, the sensors were mounted on neck collars on
cows from 2 AMS experimental farms (20 cows equipped in Derval farm, 14 cows
equipped in Trévarez farm) at spring 2014. The data from the sensors were then
converted into grazing time by an Excel tool when the activity level was exceeding a
certain threshold (configurable - different threshold were tested in Derval farm).
Intra-meals intervals (<=4 min) are included in grazing time and inter-meals parasite
activities (<=4 min) are excluded from grazing time (see figure 1, Rook and Huckle,
1995). The sensor data when the cows are in the barns are also excluded. After
treatment, the data from the sensors were compared with visual observations as
reference: trained observers recorded activities with a scanning every 10 min in the
pastures. The recorded activities were the following: grazing / ruminating and standing
/ lying / walking. 1 observation session was performed in Derval and 12 observation
sessions were performed in Trévarez on 7 days. Finally, 20 recordings were available
for Derval farm (121 h of cumulated observation time in pasture) and 91 for Trévarez
farm (336 h of cumulated observation time in pasture).

Material and
methods

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Sensor evaluation

Figure 1: Example of conversion of the LC+ signal (grey line) into grazing
information (black line) and comparison to observed behaviours (colored
stripes) for cow 3.439 in Derval farm.



213

ICAR Technical Series no. 21

Allain et al.

The accuracy of the LC+ device was studied by calculating the coefficient of
determination of the regression between observed and predicted (LC+) grazing time
and the mean prediction error (MPE) which is the square root of the mean squared
prediction error (MSPE).

To assess grazing behaviour on dairy cows, the sensors were mounted during 2 months
on neck collars on cows from 2 AMS experimental farms in France (23 out of 67 cows
equipped in Derval farm, 14 out of 46 cows equipped in Trévarez farm).

In Derval farm, the grazing system is simplified (3 paddocks of 8, 10 and 10 ha) with
buffer feed supplementation. In Trévarez farm, a rotational 100% grazing system with
3 paddocks per day is applied. The grazing organisations on the 2 farms are presented
in figures 2 and 3. The cows equipped with the LC+ were chosen to be representative
of the herd in terms of production level, parity and lactation stage.

The data from the sensors were converted into grazing time by the previously mentioned
Excel tool when the activity level was exceeding a certain threshold. In Derval farm,
an electronic identification system at the entrance and the exit of the barn was used to
calculate the time spent by cows in the pastures.

Finally, 1,323 recordings were available for Derval and 518 for Trévarez. A typology
of animals according to their grazing behavior was achieved through the SPAD 8.2.10®

software. A principal components analysis (PCA) was used to calculate the correlations
between quantitative variables and similarities between individuals. Hierarchical
ascending classifications (HAC) followed by descriptions of the classes were achieved
to make groups of individuals with common features. Animal characteristics of the
different classes of cows were tested by an ANOVA (proc GLM) with the SAS 9.4®

software. The values presented in the table 1 are adjusted averages.

The results of the comparison between measured and observed grazing time are
presented in Table 1. The average grazing times observed were 196 min in Derval
farm (65 h of cumulated time) and 147 min in Trévarez farm (222 h of cumulated
time).

The results show a high correlation of grazing time between the visual observations of
grazing activity and the information from the sensor. In Derval farm, the best correlation
was found when the activity level of 0.3 was used as threshold (R2 = 0.93). In this
case, the average bias was 3 min (1.5% of the observed grazing time) and the mean
prediction error (MPE) was 18 min (9%). In Trévarez farm, with a threshold of 0.3, the
R² of the correlation was 0.82, the average bias was 6 min (4.1 %) and the MPE was
29 min (20%). The positive biases were mostly related to walking in the pathways that
sometimes generated a signal on the LC+ sensors (see Figure 1). In Derval farm, the
correlations were lower and the MPE higher with higher thresholds (0.5, 0.7 or 1).

These results confirm, with a lower accuracy, the good results obtained by Delagarde
and Lamberton (2015) with the same sensor but with a threshold of 0.5. In a previous
study, Ueda et al. (2011) observed that the best results were obtained with a threshold
of 1. The differences between these studies concerning the best threshold can probably
be explained by environmental effects and especially the position of the neck collar.
This involves that the use of the LC+ sensor to record grazing time needs an adjustment
to each farm situation.

Grazing behaviour

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

assessment

Results and
discussion

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Sensor evaluation
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Table 2 shows the descriptive statistics in the 2 experimental farms. In a full grazing
system (Trévarez farm), cows spent 533 minutes grazing per day in average. In a
system where they are supplemented with maize silage (Derval Farm), the pasture
access is limited and they spent only 319 minutes grazing. The difference between
the 2 systems was also observed for the number of meals (6.8 vs. 5.3) and the meals
duration (84 vs. 64 min). The ratio between the grazing time and the access time to
pasture was quite similar in the two systems (37 % vs. 43%) and close from the one
observed by Kaufman et al. (2009). In both farms, the results showed a great individual
and temporal variability among the data. In a simplified rotational grazing system
(Derval), grazing time decreased when there was a decline of grass quantity and

Table 1. Results of the comparison between observed and measured grazing time.

MPE 

Farm  N Threshold  

Obs. 
grazing 

time 
(min)  

LC+ 
grazing 

time 
(min)  

Ave. bias 
a (min)  R² b

 min % obs 
Derval 20 0.3 196 199 3 0.93 18 9 
  0.5  188 -8 0.84 27 14 
  0.7  177 -19 0.75 37 19 
  1  162 -34 0.69 49 25 
Trévarez 91 0.3 147 153 6 0.82 29 20 
All data 111 0.3 155 161 5 0.84 27 17 
a
 average bias = observed – LC+ grazing time, 

b
 R² : coefficient of determination of the regression,  

c MPE : mean prediction error in min and % of the observed grazing time. 
 

Grazing behaviour

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

assessment

Table 2. Descriptive statistics and groups’ comparison in Derval and Trévarez farms.

1. Fischer test. 
2. a,b,c = Tukey test, significantly different at threshold of 5%. 
3. In Derval, cows are allowed to graze at 21h, after they have been milked by the AMS. This parameter gives 

an idea of the cow dominance. 
4. In Trévarez, animals are in full grazing so AT=1440 min. 
5. There are 3 paddock changes per day. The access time to the 1st one gives an idea of the cow dominance. 

 Derval farm (n=1,323)  
Groups A  B  C D Herd ave. (SD)  P (1) 
Number of animals 6 4 8 5 23  
Grazing Time (min) 360 a (2) 365 a 294 ab 274b 320 (102) <0.001 
# of meals 5.6 

a
 5.7 

a
 5.2 

b
 4.8 

b
 5.3 (1.8) 0.0064 

Meals Duration (min) 69 a 69 a 60 b 59 b 64 (23) 0.0003 
Access Time (min) 817

 a
 776

 a
 801

 a
 686

 b
 775 (237) 0,001 

Grazing Time/Access Time (%) 44 
a
 47 

a
 37 

b
 40 

b
 43 (14) <0.001 

Exit time (3) 0h45 a 2h00 b 0h50 a 3h00 b 1h20 <0.001 
Yield (kg/cow/day) 30.0 

a
 21.2 

b
 29.4 

ab
 24.8 

ab
 27.1 0.047 

Milking Frequency (milk./day/cow) 2.03 1.84 1.96 1.77 1.92 0.16 
 Trévarez farm (n=518) 

Groups A  B C Herd ave. (SD)  P 
Number of animals 4 5 5 14  
Grazing Time (min) 565 

a
 525 

b
 508 

b
 530 (79) <0.001 

# of meals 7.2 6.9 6.3 6.8 (1.8) 0.16 
Meals Duration (min) 82 81 85 84 (22) 0.64 
Grazing Time/Access Time (%) 

(4)
 39 

a
 36 

b
 35 

b
 37 (6) 0.0004 

Access time 1st paddock (5) 8h a 9h45 b 8h20 a 8h45 0.018 
Yield (kg/cow/day) 21.1 

a
 13.9 

b
 18.9 

a
 17.7 0.045 

Milking Frequency (milk./day/cow) 2.01 
a
 1.57 

b
 1.77 

ab
 1.77 0.023 
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quality and an increase in the amount of maize silage delivered. In a rotational grazing
system (Trévarez), where pasture allowance remains at the same level every day,
grazing time is longer when grass quality is better.

Results of the CPA and the HAC are also presented in table 2 with the comparison
between the different groups of animals. In both farms, we observed that feeding
behaviours enabled to bring out the place of animals in the herd social order. "Dominant"
animals, which have the first access to the AMS and therefore to the pastures, have
longer grazing time and higher performances (groups A and C in Derval and group A
in Trévarez) compared to "dominated" animals (groups D in Derval and B in Trévarez).
The other groups (B and D in Derval and C in Trévarez) are intermediary. Figure 2
and 3 shows the grazing kinetics of the different groups. In Derval, we can see that
the "dominant" animals have a significant meal at night and a consequent one when
the sun is rising up. The "dominated" cows are penalized by their late access to pasture
and are not able to compensate at the sunrise and in the afternoon. In Trévarez, the
graph in figure 3 shows that the "dominated" animals have a late access to the first
paddock and often do not go to the 3rd one. Consequently they have to graze the
left-overs of the 2nd paddock.

Figure 2. Grazing organisation and grazing behaviours of the cow groups in Derval.

Figure 3. Grazing organisation and grazing behaviours of the cow groups in Trévarez.
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The use of grazing time data could be of interest in addition to other decision support
tools already used by farmers (pasture probe, grazing calendars) to better combine
AMS and grazing. In order to maximize grass ingestion, several recommendations
can be provided. First of all, forage supplementation must be calibrated to the grazing
allowance and not the opposite. Then, the access to AMS, therefore to pasture, could
be regulated according to the animals' social hierarchy in order to give an advantage
to "dominated" cows.
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The ICAR Dairy Cattle Milk Recording Working Group has finished revising the ICAR
Guidelines for dairy cattle milk recording. The work has taken three years with input
from many specialists inside and outside the working group. This part of the ICAR
Guidelines concerns the core process of many member organisations, defining how
observations are made on the farm and how data are collected, analysed and reported
back to the farmer.

ICAR members operate in a huge variety of situations, ranging from almost automatic
recording systems to places with no roads and electricity. Therefore, the new guidelines
only demand standards that can be followed everywhere, and recommend more
advanced options. They also forbid some practices while permitting some other
practices as tolerated but not recommended.

The new guidelines are designed to form a chronological whole, starting from enrolment
in milk recording, and ending on reporting and quality maintenance procedures. A lot
of work has been done in defining practices and figures, e.g. sampling schemes and
herd average yields. This work is also behind the decision not to include a separate
subsection for robotic milking - a milking robot is just a special kind of milking equipment,
and not the object of milk recording.

The ICAR Guidelines are available at: /www.icar.org/wp-content/uploads/2016/03/
Guidelines-Edition-2016.pdf

Keywords: milk recording, dairy cattle, data capture, yield calculation, reporting,
recording methods, quality maintenance.

Abstract
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The ICAR Guidelines on Dairy Cattle Milk Recording have recently been updated
several times by adding items to the existing general structure as they arise. In 2013,
the Dairy Cattle Milk Recording Working Group decided it was time to rewrite the
whole text, placing special emphasis on the new technologies and on the consistency
of the text. The subsections were also changed to create a more logically chronological
text. The work is now complete, and after several checks inside and outside the working
group, the text is now being presented for approval.

The introduction to this section of the Guidelines defines what is meant by milk recording
and what is not included in these guidelines (recording devices, ID devices, milk
analysis).

The ICAR Guidelines are available at: /www.icar.org/wp-content/uploads/2016/03/
Guidelines-Edition-2016.pdf

This is the main subsection that covers practical aspects of milk recording on the
farm. It begins with authorisation to record and ends with transport of milk samples.
Most of the text is new but any new standards are usually written in the form of
recommendations. The paragraph about the cows to be recorded is more specific
than before and states explicitly that cows can only be excluded from milk recording if
they are never milked on the same farm again. The old guidelines on missing results
and abnormal intervals are also included in this subsection.

This subsection also presents standards for the identification of the recorded cow,
herd, and sample vials. New technologies have brought many sample identification
methods that are taken into account here. Different options for combining the milk
weights with the sample are also presented, depending on the sampling scheme.
Most of the text here is new.

We also have here a new part that contains a list of traits that have to be recorded in
official milk recording, and traits that are recommended for recording. The list is quite
basic and should not come with too many surprises for any of the member organisations.

Also, this subsection deals with the symbols used for expressing the milk recording
method carried out in the herd. The standardisation of sampling schemes is a novelty
in this subsection, presented in Table 1.

Introduction

Recording

 Milkings  
Sampling 
scheme Sampled Recorded Description of the method 

P 2 2 Proportional sample 
E 2 2 Equal sample from each milking 
M 2 2 Separate samples 
Z 1 >2  
T 1 1 Al ternate milking 
C 1 1 Always the same milking 
I Continuous 

analyser, no 
sampling 

  

 

Table 1. New proposed sampling schemes
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After that, standards are set for data files obtained from electronic milk meters in
different milking systems. The basic data set includes cow ID, milking time stamp, milk
weight and sampling stamp, while certain other pieces of data are recommended. The
daily yields must be calculated by the Milk Recording Organisation, not by the
equipment.

The last part of the subsection is for systems where both milk weights and constituents
are monitored constantly and automatically. Though no such systems are yet ICAR
approved, it probably is just a matter of time when the Milk Recording Organisations
will have to make decisions on how to use this kind of data. This subsection is designed
to help in establishing sufficient demands on the system and receiving sufficient data
quality.

This subsection sets standards mainly on the type of data necessary to include in the
records and on the minimum necessary checks to ensure that clearly erroneous data
do not enter the database. Recommendations are also given on data capture speed.

The scope of this subsection has been changed from the old, more lactation-based
approach towards 24-hour yield calculations and periodic yields of any chosen length.
With the present technologies in developed dairy countries, calculating the 24-hour
yields is increasingly complex, especially in robots but also with stationary parlour
meters and one-milking recording. The exact calculation methods have been presented
in an appendix.

This subsection also sets the standard for approving a new yield calculation method.
Approval should always be sought from the ICAR Secretariat.

This is a new subsection about reports, data files, statistics and calculated key figures.
It strongly recommends preparing reports for the farmer after every recording, as well
as having a clear policy on who has access to the data. In this subsection, we have
also defined some key figures with alternative ways to calculate them. One example
is the average yield of a herd, and since it can be calculated in many ways, it is
important to distinguish between them.

This subsection suggests ways to evaluate data quality. The proposed tools are bulk
tank comparison, supervised or repeated recording, and automatic evaluation of
recording data. Examples are provided on how the results of these three can be used
in practical milk recording.

Database

Yield calculations

Reporting

Quality control
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Milk recording guidelines 2016: new standards

The new guidelines have been designed to accommodate the new realities faced by
dairy farms all over the world. Different levels of technology are catered for so that
milk recording can be effectively carried out anywhere, from a small hand-milking
herd through robotic milking units up to parlours where the flow of incoming cows
almost never stops. The Dairy Cattle Milk Recording Working Group wishes to thank
all parties for their collaboration and strongly recommends that the new Guidelines be
studied and applied.

Conclusion
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In the European Union there is a strong increase in labelling systems for branding
agricultural products and of course heavy competition in the food market. This has led
to some demand-driven changes in agricultural production in general and in the cattle
and dairy business in particular. About a decade ago it was sufficient for milk sold to
fulfil quality standards defined by law for dairy sales. Since the termination of the
European Quota scheme, production and competition have significantly increased.
Nowadays each food company seeks to establish a unique selling preposition by
defining and monitoring production conditions on farms and throughout the whole
process - from the stable to the supermarket shelf.

For milk recording and breeding organisations this leads to new business challenges.
Being a service provider within the food sector, we now face customers who have
contracts for defined feeding schemes such as GMO-free production. These either
prohibit the use of some animal feed or the farmer must fulfil special housing or animal
welfare conditions to sell their products, hopefully at a better price.

All ICAR members are focused on providing the best services to their customers in
terms of data collection and processing for breeding and management purposes. In
the past this helped our farmers to gain competitive advantages over their neighbours.
Now it is not enough to simply provide somatic cell counts of cows or to tell farmers
how to keep herds in best udder health to produce and sell high quality milk or how to
use the best estimated breeding values for herd-selection decisions.

Food quality and labelling schemes require a clear basic documentation on farm
conditions and a plan-of-action where imbalances occur. Both areas are very common
among recording organisations. It is therefore of the utmost importance to develop
new services and to provide benchmarks for common occurrences in the form of

Abstract
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udder health, fertility, animal welfare and production efficiency. The challenge we face
is to discuss our knowledge with the food industry and with consumers who are looking
to buy high quality products originating in the sheds of our farmer customers. In this
context we are in fact confronted with a very different kind of question: one that is
much more focused on animal welfare and health, the way farmers care about their
herds and impacts on food quality.

It is time for milk recording organisations and ICAR to be more visible and, consequently,
more recognised within the food industry. But there is an even stronger need for
agricultural organisations to start defining some kind of best practice for dairy and
beef production based on experience and knowledge gathered over generations. This
applies to ICAR and its bodies and provides some sustainable answers to breeding
and selection issues. But the data volume and quality levels required can only be
maintained going forward provided farmer income is ensured through the best possible
management support from recording organisations.

Keywords: Quality management in food industry, labelling schemes, milk recording as
management support

The milk market has changed very much during the last decade, especially in the
European Union. The decision to terminate the milk quota scheme was taken in 2008
and took effect during the recording year of 2016. This increased the volatility of milk
prices and forced the whole industry to establish special unique selling prepositions
either by moving directly to reduce production costs or, as in the case of Austria, by
trying to find different arguments towards an increase in domestic milk consumption.
Since the first dairies decided to sell only milk from cows fed with not genetically
modified food, it has not taken long until GMO-free production to become a kind of
baseline for Austrian dairy farmers.

As a further step for providing clear checks of origin for the whole production process,
"hay milk" (a new brand of milk and dairy products) was introduced into a highly
saturated market and soon generated additional income through market diversification.
In early 2016, due to decreasing milk prices and driven by the food retailers, a discussion
started about how to declare feeding systems as well as rearing systems such as
loose running and pasturing.

On the other hand, recording has always been a part of the quality management on
farm. Information about somatic cell counts as parameter for udder health for each
single cow is used to make decisions on separating milk and of course for culling
cows. For this to improve income our farmer customers use recording results. Indeed,
by using recording results effectively farmers have greatly improved feeding and even
rearing conditions. Therefore, in Austria the next move on implementing a kind of
quality management system came in 2011 with the launch of the voluntary single-cow
based quality scheme "QS Milk" for recorded herds being part of the so called AMA
Gütesiegel - the national quality labelling system. The main part of this system was to
shift from providing information about high somatic cell counts for each single cow to
implementing a documentation system and specific actions taken to improve of keep
the high level of udder health and omitting milk with to high SCC from human
consumption.

Introduction
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In 2015 a new programme started with a focus on measuring some kind of animal
welfare by recording high somatic cell counts, the frequency of milk fever and retained
placentas and documenting steps to avoid it. In tandem with the start of this quality
scheme a discussion started in the dairy industry into how to provide additional animal
welfare parameters and use it in communication with retailers and consumers.

From 2009 under the national Austrian quality label strong connections began to be
established with farms as GMO-free feeding increased. In 2011 recording started with
the voluntary quality management module QS milk. Austria is a special example of
how to provide a very strong link between recorded herds and commercial milk
production as 85% to 90% of whole dairy milk originating in recorded herds. Therefore,
the possibility of obtaining about 40% of the recording costs back through taking part
in the QS milk programme was a great incentive for farmers, too.

For milk recording organisations it changed the way business was run. The switch
from informing the farmer about imbalances in udder health to the requirement of
documentation was challenging. But it provided clarity for employees, too. If one of
the cows exceeded the benchmark, then a discussion had to take place about udder
health, somatic cells and any steps to improve the situation. On the organisational
level we faced for the first time an external annual evaluation of our own quality
management and had to find ways of improving our systems in addition to the ICAR
Certificate of Quality. Otherwise we would not have been able to pass on the financial
benefits to our customers.

From 2011 to 2014 the focus was on milk quality and udder health. Therefore single
benchmarks were applied to somatic cell counts and the requirement for documentation
of improvements. The results of the five-year QS milk scheme are obvious in:

• Six percent decrease in average SCC across all breeds.

• Ten percent decrease in single recordings above the benchmark of 400,000 cells.

• Improved awareness of related health traits and breeding values.

• Better visibility of MROs in the dairy production process and recognition within the
industry as a whole.

• Implementation of a new and structured quality management system for milk
recording - clearly based on the ICAR Guidelines.

As this programme is part of the European Rural Development scheme, Austrian
MROs are obliged to issue improvements after 5 years. The re-launched module known
as "QS Kuh" (Cow Quality Scheme) started in 2015. Emphasis is now being placed on
addressing various animal welfare issues.

• The aim for udder health, as measured in SCC, is to implement an early warning
system that would continue the decrease in SCC. The documentation of steps has
more or less remained unchanged. But the welfare argument is that every
inflammation of the udder causes pain to the cow and affects the quality of the
milk. Any attempt to reduce this improves animal welfare and the quality of milk for
human consumption.

The Austrian
showcase - AMA
Gütesiegel
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• New traits are now in place for calving: frequency of milk fever and retained
placentas. For each single recorded birth, if a benchmark of 20% is exceeded the
farmer must then outline the actions that will be taken to improve the situation
either through preventive measures, improving the mineral supply or giving special
consideration in mating by using the specific available breeding values.

The aim of reducing the frequency of birthing difficulties and mastitis involve:

• Improving the animal welfare of cows through less inflammation and illness.

• Reducing the necessary use of drugs (esp. antibiotics) and therefore lessening
the risk of residues being found in the food chain.

• Reducing additional care for ill cows, which in turn improves quality of life for farmers.

• Using the recorded traits for breeding values to maintain sustainable improvements.

Management system tools for achieving these aims are:

• After calving, a report is quickly provided. This allows paternal breeding values on

calving ease and milk fever for mating to be taken into account for long-term •
An early warning is then given at the drying off stage of the cow, giving the farmer
time to prepare the animal for the next birth using optimised feeding and any
necessary mineral prophylaxis.

In the starting phase (2015) about 85% of the milk-recorded herds rook part in the
scheme, regionally almost 100%. This confirms the aims are adhering to the farmers'
animal-rearing objectives. Of course financial incentives have a noticeable impact on
participation, too.

After the first year conditions are reported, even where improvements on the animal
level are not expected to be visible yet. But as the challenging year of milk prices and
increased pressure on organisations showed, finding answers to questions asked of
food safety systems is very useful for MROs and further improves visibility within the
industry.

The QS Kuh scheme shows that an extended approach for quality works, surely not
only under the special circumstances of milk recording in Austria. For our customers
breeding is always part of the answer to challenges, which means health and fitness
traits are recorded and breeding values must be available within a manageable time.

The self-image of our farmers is about taking care of animals and to earn a living.
Therefore any efforts are taken to improve health, especially udder health. The main
reasons can be economic, in terms of less payment for milk with higher SCC. But the
factor of less workload with healthier cows has to be taken into consideration, too.
Farmers take pride in being able to keep their herds to the best standards possible.

Improving feeding to meet the genetic level of performance is very challenging.
Evaluations for metabolism and feeding are in high demand from our customers, e.g.
traditional evaluations such as fat/protein ratios or additional benchmarks, e.g. from
infra-red spectra.

Recording as
quality
benchmarking for
the production
process
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Implementing management use of traits such as feeding evaluation or early warning
systems, e.g. for milk fever, necessitates honest recording of those traits and will in
future be the key to new breeding values. The management use of these traits impacts
on incomes much earlier as a potential use of breeding values in the mating process.

In recorded herds a lot of information is available for different management and breeding
use. Our customers are constantly searching for new management tools to improve
the performance of their herds. On the other hand, in Europe critical discussions about
performance figures occured, which necessitate new recording and breeding measures
as a way of delivering the right answers for our society of consumers. For this a
welfare quality approach seems to be useful (EFSA, 2012).

Looking at the 11 OIE principles of animal welfare some answers easily can be provided
directly from recording results with only little additional efforts necessary as discussed
below. This is even more promising as the EFSA sees animal-based measures under
herd-monitoring and surveillance programmes appropriate, where changes are
documented over time. This is exactly the case in recording, as the draft report of the
animal welfare recording WG of ICAR shows (Berry et.al, 2014).

Our farmer customers have the most useful tool for improving production and product
quality at their disposal in the form of recording results. Developing our services to
these needs will help to ensure the future of recording and breeding, delivering higher
incomes for our customers, better production processes and of course better products
for consumers.

We, as organisations, can support our customers in providing on-demand
documentation as a means of improving quality and off-setting imbalances. For
additional benefit, these efforts must be streamlined into supplying quality labelling
that is recognised within the dairy and beef industry and at the supermarket.

Given that any recorded herd provides management information in terms of figures
and allows conclusions to be drawn with regard to feeding, watering and housing
conditions, it is obvious that our customers have more than basic figures to measure
animal welfare.

Especially in regions such as Central Europe with a surplus supply of human food the
industry is looking for ways of developing unique selling prepositions for its products.
As products such as beef and milk originate from farms (many of them recorded),
these newly formulated promotional messages and quality schemes are sometimes
very challenging for farmers as they conflict with traditional breeding practice.

Recording fitness, health and quality traits and transforming them into breeding values
will at least partly form a way of innovatively responding to challenges of breeding and
changing markets. But over the short-term, interpreting recording results through the
employment of quality schemes is a necessary step towards reducing overall inspection
times on farms.

Integrating the reports and results of the recording business into quality schemes
helps our customers earn their living. To this end a kind of supra-national labelling
scheme will support all recording organisations looking to move into this field of

Next step for
integrated
evaluation - animal
care and recording

Conclusions and
future steps
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Table 1. The OIE principles of animal welfare and possible figures from milk recording.

The 11 OIE princ iples of animal welfare Possible figures from the recording system 
1.  Genetic selection should always take into 

account the heal th and welfare of animals. 
Fi tness (calving ease) and health traits (mastitis) shall be 
recorded and evaluated in breeding values. 
But first of all the management use of the records will 
secure if necessary improve the si tuation of the animal. 
The recording database can provide both the actual 
status and benchmarks for (positive) developments. 

2. Animals chosen for in troduction into new 
environments should be suited to the local 
climate and able to adapt to local diseases, 
parasites and nutrition.  

Are recording results an appropriate measure for the 
adaption? For nutrition for sure , for parasites and 
diseases the answer depends on the symptoms and their 
impact on the animal’s performance like fertility or 
longevity.  

3. The physical environment, includ ing  the 
substrate  (walking surface, resting surface, etc.), 
should be  suited to the species so as to minimise 
risk of inju ry and transmission o f diseases or 
parasites to an imals.  

Again recording  of traits like lameness or claw health 
migh t be a useful step to improve the situa tion. Many 
Organisations do already use lameness and claw health 
data which give benchmarks for the walking surface as 
wel l as for metabolism. The importance of cleanliness 
and hygienic state of the resting surface can easily be 
communicated in the reports of milk recording, for 
example if an increased somatic cell count occurs. 

4. The physical environment should allow 
comfortable resting, safe and comfortable 
movement including normal postural changes, 
and the opportunity to perform types of natural 
behaviour that animals are motivated to perform.  

Th is is a clear management need. But a cow not able to 
move safely and comfortably will, for example, show less 
noticeable heat behaviour. Therefore  any consideration 
of this principle may have impact on  fertility figures. 

5. Social grouping of animals should be managed 
to allow positive socia l behaviour and minimise 
injury, distress and chronic fear.  

To  identify factors with regard to  animal behaviour 
recordable traits have to be identified and if possible 
implemented.  

6. For housed animals, air quality, temperature and 
humidity should support good animal health and 
not cause adverse effects. Where extreme 
conditions occur, animals should not be 
prevented  from using the ir na tural methods of 
thermoregula tion.  

Performance is only possible under good conditions, 
knowing that in summer and vice versa in winter the 
weather has impact on housing conditions. Construction 
and advisory services must take the needs of the 
animals into account. Seasonal figures of recorded traits 
and performance variations in combination with summer 
heat can help to  implement external support for animal 
thermoregulation. 

7. Animals should have access to sufficient feed 
and water appropriate to their age and needs in 
order to main tain normal health and productivity 
and to prevent prolonged hunger, thirst, 
malnutrition and dehydration.  

For dairy cows any unusual change in milk performance 
might be  an indicator of poor water or feed access or 
quality. Adding body condition scores to the recorded 
tra its leads to more sophisticated monito ring. 

8. Diseases and parasi tes should be prevented and 
controlled as much as possible through good 
management practices. Animals wi th serious 
health problems should be isolated and treated 
promptly or killed humanely if treatment is not 
feasible or recovery is unlikely.  

Recording and reporting  of health traits for monitoring. 
Veterinary and advisory services are to be included to 
improve the situation. 

9. Where painful procedures cannot be avoided, 
the resulting  pain should be managed to the 
extent that ava ilable methods allow.  

Advisory and veterinary services in combination with 
responsible breeding aims. 

10. The handling of animals should foster a positive 
relationship between humans and animals and 
should not cause injury, panic, lasting fear or 
avoidable stress.  

Recording of behaviour traits for temperament and 
docility might improve monitoring. 

11. Owners and handlers should have sufficient skill 
and knowledge to ensure that animals are 
treated in accordance with these principles.  

In terpretative assistance on reports and any interactive 
tools such as web platforms and smartphone apps will 
help to improve knowledge and skills (mainly in advisory 
services). 
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business. Referring to a broadly accepted interpretation of the principles of animal
welfare, for example, provides new possibilities for both our customers and our
organisations.

Indeed with the ICAR family representing this supra-national level, this step will clearly
improve the visibility of ICAR and its bodies throughout the entire food industry.
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During the last twenty years the proportion of automatic milking systems (AMS) in
Germany growth to nearly ten percent. The huge amount of data out of AMS is a
treasure but also a challenge in data processing for milk recording. For the comparability
of daily milk yield and lactation yield between AMS and conventional milk recording in
Germany a national guideline for a standard method was adopted in 2003. This
guideline includes not only the calculation rules but also the data format in which the
data for the data processing must be provided by the manufacturers.

In contrast to conventional milk recording the daily milk yield is not used to calculate a
lactation yield. To calculate the lactation yield the sum of all milkings between testdays
are used. Ideally at the end of lactation the calculated lactation yield is close to the
true performance of the cow. The disadvantage of this method is the huge amount of
data which has to be stored. The solution is to divide the interval between two testdays
into two equal sections and to calculate for each of them an average (sum of milk in
the period divided by time). So only two more averages have to be stored in the
database per testday.

For the comparability of daily milk yield with other farms and milking systems it is
necessary to calculate a 24-hour-equivalent. Therefor in Germany we calculate an
average on the basis of all milkings within 48 hour outgoing from the last recorded
sample or milking at the testday per cow.

Researches have shown that for a representative comparison of ingredients all milking
must be examined over a period of 24 hours. Out of this (multiple) samples a weighted
(by amount of milk) average is calculated. A major problem of this method is, that the
sample taking reduce the number of milkings per day.

To check the quality of data, there are various possibilities. A view parameters which
could be stored are: Sum and average milkings per day and at testday, average and
standard deviation of time between two milkings (herd and individual cow), first and
last individual milking which was delivered, number of failed milkings, milk-production-
rate per minute (milkings > 70 g /minute have to be summarized with the following
milking of the cow), etc.

Automatic milking systems deliver a huge amount of information for the internal farm
management. Some manufacturers offer the possibility to compare the own
management characteristics with other farms. Here the question arises why these
farms should use the services of milk recording organizations in the future. Only for
milk recording organizations it is possible to deliver benchmarks (which are regardless
from manufacturer) and give the farmer the opportunity to compare his own results in
milk yield, healthtraits and fertility with an average or an average of the best farms.

Abstract
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To understand the development of data processing for AMS, it is necessary to have
some knowledge about the structure of milk recording (DHI) in Germany. In Germany
there are 12 regionale DHI organizations active. In september 2015 49.500 farms and
3,750,000 cows have been organized in the german DHI organizations, these are
87.5 % of all dairy cows in Germany. While the south part of germany (Bavaria and
Baden-Wuerttemberg) is dominated by simmental breed the northwest and east part
of Germany is dominated by holstein breed. Another important point to know is that
the herdstructure vary from region to region. In september 2015 the average herdsize
in the south was 50 cows in the northwest 85 cows and in the east part of Germany
300 cows. In the east part the most farms are cooperations while in the other regions
the farms are mostly family driven.

The DLQ (German Association for Performance and quality Testing) is the german
umbrella organization for the DHI organizations. Under the roof of DLQ the DHI
organizations develop national guidlines and recommendations.

VIT (IT-Solutions for Animal Production) is a non profit organization, owned bei DHI,
AI and herdbook organizations. VIT offers data processing services for 8 of 12 DHI
organizations in Germany (mostly situated in the northwest and east part of Germany)
and in Luxembourg. In september 2015 14,700 farms with 1,80,000 cows are member
of these organizations.

During the mid 90s the first AMS (automatic milking systems) have been installed on
farms in Germany. At that time the herdaverage in the south and northwest part of
Germany was between 30 and 45 cows. The technology of AMS was very interesting
for family driven farms which wanted to grow further on. The pioneers which installed
this technology first were open for innovation and - because of the growing farms -
they needed more flexibility for the daily work. Not to forget the request for more
leisure time.

The progress in automatic milking technology, lower costs for AMS and the problem
to require good staff for milking are reasons for the upcoming interest for this technology
also in bigger herds since the last 10 years and therefore especially in the east part of
Germany.

Over the last 10 years the amount of farms with AMS increased from 1% to nearly 10
% in Germany. Also the number of AMS per farm increased from 1.1 to 1.9 (with a
range from 1 AMS to 22 AMS per farm) during that time.

In 1997 the first farmers required for milk recording with AMS. All parties (DHI
organizations and farmers) were clear that the results of daily milk yield and milk
content should be comparable to conventional milking herds. The first examinations
revealed that the calculation of daily milk yield was different from manufacturer to
manufacturer. To be independent from changes in the calculation method for daily
milk yield of the manufacturers it was necessary to create a standardized method

Introduction

Introduction and
extent of AMS in
Germany
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based on the single milkings. Because of the variation in time between single milkings
the development of a regression model (like for example alternated milking in
conventional milking herds) was not a real solution. This also applies to the milk
ingredients (fat, protein, urea and cell count). Although at that time there were not
enough data for an evaluation. Another requirement of the AMS pioneers was the use
of all single milkings (stored in the software of the AMS) during a lactation to calculate
the "true lactation yield" of a cow.

To meet the requirements of farmers it was necessary that the manufactures data
recording system collect each milking and its corresponding milk yield. This has also
to include milking which have been aborted. Ideally, all milkings over the whole recording
period (from last testday to the current testday) are collected and used to compute
lactation yield. Also one interface with mandatory information like

• Farm Id.

• Kind of farm Id.

• Offical identification number of the animal on national or regional level.

• Date of milking session of the individual animal.

• Time of milking session of the individual animal.

• Individual milk weight given by the animal during this session.

• Sample bottle number (conditional, only if if sample is taken out of this milking
session of the individual animal).

• Box number for sample bottle (conditional, only if sample is taken out of this milking
session of the animal).

had to be created and ends up in the national DLQ guidline 1.8 "Milk recording in
AMS". This guidline includes the exact definition of the interface and the description of
the german standard method to calculate a 24h milk yield and test day results for
ingredients and the definition how to calculate lactation yield if the milkings of a recording
period are collected.

Until today the german standard method for AMS provides that all milkings during a
period of 24 hours have to be sampled at the testday. German researches have shown
that for a representative comparison of ingredients all milking must be examined.
Depending on the intervall of time between two milkings an average of 2.6 - 2.9 sample
per animal have to be analyzed per testday. All samples are used to compute a weighted
average of milk ingredients. The higher accuracy to determine the ingredients justified
the higher costs for analyzing. A major problem of this method is, that the sample
taking reduce the total number of milkings of the herd per day.

Calculation of fat % at testday

(9.9 MYkg x 5.92 Fat% + 14.1 MYkg x 4.92 Fat% + 17.4 MYkg x 4.53 Fat%) / (9.9
MYkg + 14.1 MYkg + 17.4 MYkg) =  5.00 % / MYkg

The same method is used for protein, urea, somatic cell count and lactose.

To calculate the daily milk yield for each cow all milkings during 48 hours, backwards
from the last sample of the cow at the testday are needed.

Calculation of fat

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

percentage at testday
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Calculation of testday milk yield

Milking No 1 is the last sample at testday of the cow. Milkings No 1 - 4 are full integrated
in the intervall of 48 hours ( = 2880 minutes). Milking No 5 is only partly integrated in
the intervall of 48 hours (in this example 755 minutes). For that reason the milk yield of
that milking is also used partly.

18.3 MYkg / 899 min TBM x 755 min = 15.4 MYkg

The total amount of milk for this cow during 48 hours is 56.0 kg+ 15.4 kg = 71,4 kg or
35,7 kg milk at testday.

In Germany the testday interval method (TIM) is used to calculate the lactation yield
but another requirement of the AMS pioneers in Germany were to calculate a "true
lactation yield" by summing up all single milkings per cow during the lactation. This
seems to be easy but the problem is the completeness of data during the testday
period.

There are several reasons why the data of a testday period are incomplete:

• out of the AMS only 10, 20 or 30 days of data are exported, but the period between
testdays is longer.

• cows leave the AMS during testday period (for treatment f.e.), milked convetional
during that time and come back into the system again.

• Data loss.

Table 1. Individual milkings and analyzes and an example to calculate contents at test day.

No. Date Time TBM MYkg Fat% Protein% 
1 2016/09 /13 01:35 351 9.9 5.92 3.07 
2 2016/09 /12 19:44 533 14.1 4.92 3.18 
3 2016/09 /12 10:51 684 17.4 4.53 3.17 
4 2016/09 /11 23:27 557 14.6   
5 2016/09 /11 14:10 899 18.3   

 TBM = Time between milkings (milking intervall) 
 MYkg = Mi lk yield (kg) at single milking 

Table 2. Example to calculate the daily milk yield.

No. Date Time TBM MYkg Ó TBM Ó MYkg 

Minutes 
remaining from 
2880 (48 hours) 

1 2016/09/13 01:35 351 9.9 351 9.9 2,529 
2 2016/09/12 19:44 533 14.1 884 24.0 1,996 
3 2016/09/12 10:51 684 17.4 1,568 41.4 1312 
4 2016/09/11 23:27 557 14.6 2,125 56.0 755 
5 2016/09/11 14:10 899 18.3    

 TBM = Time between milkings (milking intervall) 
 MYkg = Milk yield (kg) at single milking 

Calculation of

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

testday milk yield
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Another problem was the huge amount of data that had to be stored for data processing.
Depending on the average number of milkings per day during a testday period there
are 90 to 100 milkings reported - per cow.

Both problems (incomplete data on the one hand side and the huge amount of data
on the the other hand) were solved by dividing the interval between two testdays into
two equal sections and calculate for each of them an average (sum of milk in the
period divided by sum of time between milkings) of milk yield. The DLQ guideline 1.8
"Milk recording in AMS" recommends a minimum of 96 hours of milking time in the
section of testday interval. TIM (testday interval method) uses the calculated average
for the whole section. So only two more averages have to be stored in the database
per testday. Ideally this method provides the same result then summing up (and storing)
all milkings from calving until dry off.

During data processing it is indispensable to check the data, for example:

• Milk amount per minute, to summarize interrupted or uncomplete milkings.

• Time between two milkings by cow (less then 24 hours) and in the herd (less than
6 hours) to identify a leak in data storage.

• Number of sample per testday and time between first and last sample at testday.

• Average number of sample per cow.

• Average milk per milking.

This key figures are important and also presented by the AMS to optimize the
herdmanagement. Here the question arises why these farms should use the services
of milk recording organizations in the future. Some manufacturers offer the possibility
to compare the own management characteristics with other farms. Only for milk
recording organizations it is possible to deliver benchmarks which are regardless from
manufacturers. This is the opportunity for the farmer to compare his own results in
milk yield, healthtraits and fertility with an average of farms or an average of the best
farms.
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Management of Milk Recording Organisations - Current Problems and Future
Challenges is an official project between the ICAR Dairy Cattle Milk Recording Working
Group, invited organisations and experts. The Dairy Cattle Milk Recording Working
Group is responsible for Section 2 of the ICAR Guidelines, which covers all aspects
related to cattle milk recording, from sample-taking to the delivery of samples to the
laboratory and from data processing to plausibility checks and other services. The
project focuses on practical aspects of management and organisation among milk
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recording organisations, ICAR members and non-member organisations. Data and
expertise have been obtained from 41 organisations with a variety of needs and which
have undergone different cultural and historical developments. The gathered data will
be valuable for comparing and identifying the most common managerial practices.

In line with the Dairy Cattle Milk Recording Working Group's strategy, one of the main
tasks will be to resolve several specific aspects of milk recording, including
methodological and technical aspects and current practical managerial and
organisational problems. Outcomes from this project will (a) provide recommendations
relevant to management, (b) summarise the main trends in management among milk
recording organisations, (c) evaluate managerial practices and (d) attempt to find
solutions to potential issues. It is a priority of the Dairy Cattle Milk Recording Working
Group to strengthen its associations with milk recording organisations in order to better
address their requirements. This collaboration is essential and beneficial for both parties.
One of the main goals is to give the opportunity to benchmark practices within particular
organisations in order to assess the main trends and approaches used for all principal
areas related to ICAR across all continents and to recommend practical solutions for
the future.

The group's new project focuses on general principles of management and organisation
within MROs, strategy, operative management and many other MRO-related areas.
The project also embraces new ideas from around the world with regard to creating
strategies and organising and managing business. The main areas covered by the
project are: organisational structure, internal and external ownership and quality
management of milk recording businesses. External quality management practices
can be a prospective way of expanding the activities of milk recording organisations.
Other important topics include fee structures, conditions affecting subsidies, advisory
services, strategies of MROs, future visions, cost cutting, mergers and take-overs,
evaluation of employees, selective tax aspects within agriculture, MRO productivity,
modern approaches to people management (remote work), data safety, essential
innovations, MRO activities in the foreign and domestic market, policies on data sharing,
the need for research, SWOT analysis and other issues.

Based on analysis of managerial practices, a general evaluation will be carried out
along with practical recommendations for the future. These results should help to
shed new light on practical day-to-day and strategic management of milk recording
organisations by comparing standard practices throughout the world. Ensuring the
comprehensive knowledge of all methodological aspects is a key area affecting milk
recording organisations. It is a key prerequisite for establishing reliable market status
in order to survive in the current turbulent economic climate. State-of-the-art equipment
must also be introduced to milk recording management and organisations as well as
having the appropriate organisational structure. A possible benefit is to benchmark
world trends in management and organisation, to use these results for improving
organisation and management and to support profitability during unstable market
conditions. The Dairy Cattle Milk Recording Working Group would like to thank all of
the participants for their support and for providing data for this research.

Keywords: management of milk recording organisations, Dairy Cattle Milk Recording
Working Group

Acknowledgements: Supported by the projects no. QJ 1510139



238

Performance recording for developing countries

Management of milk recording organisations

The survey is an official project of the ICAR Dairy Cattle Milk Recording Working
Group and summarises the current trends affecting the management and organisation
of milk recording organisations. These include strategies, financial management,
ownership, human sources, fee and pricing policies, subsidies and support for milk
recording organisations, advisory services, research and development, consolidation,
data safety policy, expansion to international markets, services, costs, quality
management, SWOT analysis and other relevant areas. It is crucial to benchmark the
variety of methods used in respective countries and to appraise the future requirements
of customers and organisations involved in milk recording. This in turn will allow the
DCMRWG to plan in accordance with the needs of milk recording organisations and
customers.

In line with the group's strategy, one of the main tasks will be to resolve several specific
aspects of milk recording, including methodological and technical aspects and current
practical managerial and organisational problems. Outcomes from this project will (a)
provide recommendations relevant to management, (b) summarise the main trends in
management among milk recording organisations, (c) evaluate managerial practices
and (d) help to find solutions to potential issues.

Data were obtained from 41 organisations from Europe, North America, South America,
Africa and Asia. Table 1 shows the organisations, countries and responsible persons
that provided raw data for the analysis. The questionnaire was carried out in 2015 and
comprises 51 questions. SurveyMonkey software was used to collect data.

68% of organisations represented their entire country while 32% only partially
represented their country. Basic information about the project is shown in Table 2.

The number of milk recording organisations represented varied greatly from country
to country. 32% of countries had only one milk recording organisation, 41% had 2-10,
12% of had 11-20, 6% had 21-40 and 9% had more than 40.

The hierarchical structure is most commonly used followed by matrix and strategic
business units (Table 3). The following comments were made:

• Most organisations use a matrix organisational structure - a central office with
regional offices

• We use a similar structure for our controlling organisation with local organisations
running central operations. It is a slightly different model compared to traditional
hierarchical organisations

• This is a reply from an umbrella organisation where members are mostly hierarchical
structured:

For the definition of organisational structure we used the following definition (Table 3):

• Hierarchical - only one organisational level (e.g. CEO, managers, assistants, etc.).
Each manager is directly responsible for his/her subordinate and cooperation of
such organisations

Introduction

Materials and
methods

Organisational
structure and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

ownership
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Table 1. Organisations (countries) that provided raw data a long with relevant contacts. 
 

Organisation Country Respondent 
Executive Agency for Selection and Reproduction in Animal Breeding BGR V. Nikolov 
Polish Federation of Cattle Breeders and Dairy Farmers POL D. Radzio 
TINE SA NOR T. Roalkvam 
NorthStar Cooperative USA K. Haase 
Innovative Agricultural Services ROU C. Popa 
CONVIS soc.coop. LUX A. Braun 
AgSource  Cooperative Services USA A. Coburn 
ProAgria Group FIN J. Kyntä jä 
Czech Moravian Breeders´ Corporation, Inc. CZE P. Bucek 
LPT Ltd. (ÁT Kft) HUN J. Kótiné Seenger 
Progressive Genetics IRL L. Feeney 
CRV NLD L. van Keulen 
South  Afri can Std Book and Animal Improvement Association ZAF J. van der  

Westhuizen 
CONAFE (Spanish Holstein Confederation) ESP S. Alday 
Association nationale des éleveurs de bovins Maroc  MAR N. Belkadi 
Växa Sverige SWE Nils-Erik Larsson 
Agriculture Data Centre LVA E. Galvanovska 
Eesti Põl lumajandusloomade Jõudluskontrolli As EST A. Pentjärv 
German Association for Performance and Qual ity Testing GER F. Onken 
CanWest DHI CAN N. Petreny 
BAIF Development Research Foundation, Central Research station, 
Urulikanchan 

IND R. L. Bhagat 

Agricultural faculty of Novi Sad SRB M. Pecinar 
ASR: Association of Swiss Cattle Breeders CHE E. Barras 
RJA&HS JEY D. Hambrook 
Association Wallonne de l’Elevage asbl BEL X. Massart 
Lancaster Dairy Herd Improvement Association USA J. High 
Israel Cattle Breeders Association ISR Y. Lavon 
France Conseil Elevage FRA C. Lecomte 
Cattle  Information Services UK S. Harding 
State Animal Breeding Supervision Service under the Ministry of 
Agriculture 

LTU D.Laureckai të-
Tumelienë 

National Milk Records PLC GBR T. Craven 
The Icelandic Agricultural Advisory Centre ISL G. Johannesson 
Munster AI IRL M. O'Keeffe 
RYK DNK U. Lauritsen 
QMMS Ltd GBR A. Bradley 
LKV Lower Austria AUT K. Zottl 
Associação Paranaense de Criadores de B ovinos da Raça Holandesa BRA J. A. Horst 
ACHA ARG L. Chazo 
Cooprinsem CHL A. Alocil la 
Instituto Nacional para el Mejoramiento y Control Lechero URY F. Sotelo 
Asosimmental - Simbrah Colombia COL F. Rapaioli 

 

Table 2. Extent of the project. 
 

Indicator Number 
Number of organisations to complete the survey 41 
Continents North America, South America, Europe, Asia and 

Africa 
All dairy cows  44,045,330 
Recorded dairy cows  20,599,077 
Recorded dairy cows covered by your organisation 16,511,197 
Number of recording organisations  394 
Number of laboratories  198 
Number of AI organisations More than 250 
Number of breeding organisations More than 238 
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• Matrix organisational structure - classical vertical line structure, combining
horizontally ad-hoc teams responsible for specialist projects. Project-oriented
organisations. Project teams are assigned to different leaders and roles. Teams
are created from members in different departments

• Strategic Business Units - decisions are delegated to departments

• Other, please specify

Most of the organisations in milk recording operate without the government of another
public body ownership. The share of such organisation was more than 70%. 17% of
organisations listed government ownership and 7% listed another type of public body
ownership. Milk recording organisations generally operate independently of government
and other types of public body ownership (Table 4).

Most milk recording organisations own their laboratories, but the share of these
organisations was less than 50%. The share of organisations that do not own
laboratories is also relevant (37%). 17% recorded different types of ownership. Each
approach comes with its advantages and possible disadvantages. For example, if the
laboratory is owned by the milk recording organisation operations are less problematic.
However, if money is needed for investment in ISO, customers, there are further
responsibilities, including issues related to expensive charges, day-to-day activities,
logistics, etc. If the laboratory is not owned by the MRO, supervision of the external
laboratory brings flexibility in terms of decision-making, etc. Comments on different
types of ownership were as follows: the organisation is a supervised body, milk
processing plants run milk analysis, some laboratories are independent and some
belong to milk recording organisations and regional government, combination of
ownership of some laboratories with services from external laboratories (sometimes
due to reasons of geography). We ran 2 milk recording projects - for one the project
sponsor provided the funding for creating the facility and for the other we received
help from another agency. Some local milk recording organisations have own
laboratories and some use service from milk processing plants (Table 5).

Table 3. How is your organisation structured? 
 

Organisational structure 
Number of 

organisations Share in % 
Hierarchical 26 63 
Matrix 8 20 
Strategic business unites 4 10 
Other, please specify 3 7 
Number of responses 41 100 

 

Table 4. Is there any public ownership (government) of your organisation? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
Yes, government 7 17 
Yes, another public body 3 7 
No 31 76 
Number of responses 41 100 
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Table 5 Does your milk recording organisation own a milk analysis laboratory(ies)? 
 

Response 
Number of 

organisations 
Share of organisations 

in % 
Yes 19 46 
No 15 37 
We use a different approach  
(please provide a brief description) 7 17 
Number o f responses 41 100 

 

The economic conditions, pressure on the market, decrease of number of cows in
some countries, decrease of subsidies and other factors will lead to possible mergers
and take overs of milk recording organisations. Almost 30% of milk recording
organisations involved in the project noticed trends of mergers/take overs. It means
that the consolidation of milk recording is a relevant process in some countries. This
trend is expected to continue in the future (Table 6).

The main reasons for acceding to a merger or take-over must be interpreted very
carefully because there are specific conditions in particular countries and also the
situation before mergers is different among countries. Most common answers were
optimisation of processes and economy of scale followed by critical mass for
investments and synergy, common activities, avoiding decreases in cows and other
reasons. In any case it is very important to implement cost-cutting measures. 52% of
organisations mentioned 1 or 2 reasons for mergers or take-overs, 12% of organisations
3 reasons and 36% more than 3 reasons (Table 7).

Most organisations report total numbers of employees at intervals of 51-200, less
than 50 and 201-1,000. The smallest share of organisations reported more than 1,000
employees. Analysis shows that more than 50% of organisations had less than 50 or
between 51-200 employees. The share of organisations for the higher interval was
lower (Table 8).

Consolidation of milk
recording
organisations,

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

mergers/take-overs

Table 6. Is there a  trend in milk recording mergers/take-overs, including milk analysis 
labs and data processing centres? 
 

Response Number of organisations Share in % 
Yes 11 29 
No 27 71 
Number o f responses 38 100 

 
 
Table 7. In the event of acceding  to a merger or take-over, what wou ld be the main 
reasons for doing so? 
 

Response Number of organisations 
Optimisation of processes 18 
Synergy 12 
Common activities 11 
Avoid decrease in cows 3 
Economy of scale 18 
Critical  mass for investments 12 
Other 1 

 

Employees and
working hours for

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

milk recording



242

Performance recording for developing countries

Management of milk recording organisations

Table 8. How many employees in your organisation are working in milk recording? 
 

How many employees (for all activities, 
total number of employees) are there 

in your organisation? 

How many employees in your 
organisation are working in milk 

recording? 

Response 
Number of 

organisations 
Share of 

organisations in % 
Number of 

organisations 
Share of 

organisations in % 
Less 50 13 32 21 51 
51-200 14 34 13 32 
201-1000 9 22 4 10 
More than 
1000 5 12 3 7 
Number of 
responses 41 100 41 100 

 
 
Table 9. What percentage of your organisation’s working hours is devoted to milk recording? 
 
Response  (interval in %) Number of organisations Share in % 
Less than 25 16 39 
26-50 9 22 
51-75 10 24 
More than 75 6 15 
Number of responses 41 100 

 

Most organisations reported a percentage of working hours devoted to milk recording
in intervals of less than 25% (39% organisations), followed by intervals of 51-70%
(24% organisations), and 26-50% (22% of organisations). The smallest share was at
an interval of more than 75%. Therefore, activities other than milk-recording are more
important for MROs. From the other comments: some organisations ensure services
for small and fragmented farms, for organisations with method A it is labour intensive
to travel to farms. One organisation reported a 100% involvement only in milk recording.

Most organisations use 1 to 3 combinations of fee scheme. Only two reported more
than 3 combinations. The most common option mentioned was a monthly fixed fee or
fee per recording and additional fees for extra services. Annual fixed fee per cow,
annual fixed fee per herd and variable payments expressed for real costs are a less
common option used by milk recording organisations (Table 10).

Table 11 shows the minimum payment for milk recording and the number of
organisations that used each option. It is common that organisations use a combination
of more than one option. Some organisations reported other options: any activity in
connection with selection - herd-book keeping, estimation of breeding values, part
selection for breeding, selection of bulls, all lab analyses - including casein, lactose,
urea, SCC, BHB and acetone are included in the MR fee. Some reports are included
in the fee while others are additionally ordered and paid. MR fees vary depending on
the owner of the MR equipment (samplers, or calibrated milk meters), animal health
and pathogen diagnostics. Some organisations use web services including apps.
Funding is also available for vaccinations, e.g. Brucellosis.

Fee scheme in milk
recording and its

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

construction
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Table 10. What fee scheme do you have in place for milk-recording services? 
 

Fee scheme Number of organisations 
Annual fixed fee per cow 10 
Annual fixed fee per herd 9 
Monthly fixed fee or fee per recording 26 
Additional fees for extra services 21 
Variable payments expressed for real costs 9 

 
 
 
Table 11. Please tick the options included in the minimum payment for recording. 
 

Response Number of organisations 
Basic milk analysis 38 
Data processing 36 
Sample  transport 35 
Repor ts/outcomes for farmers 32 
Supervision 28 
Travel costs for technicians 28 
Web service for farmers 25 
Milk-recording by technician 24 
Recording and sampling equipment 22 
Data capture by technician 21 
Interpretation of reports with the farmer 16 
Apps fo r mobile devices 10 
Animal  identification system 10 
Advisory services 6 
Other 6 
Animal  identification equipment 3 

 

Table 12. Please tick additional payment options provided by your organisation. 
 
Response Number of organisations 
Additional milk analysis 23 
Advisory services 21 
Interpretation of reports with the farmer 15 
Milk-recording by technician 14 
Web service for farmers 13 
Apps for mobile devices 13 
Recording and sampling equipment 13 
Repor ts/outcomes for farmers 11 
Data capture by technician 11 
Animal  identification equipment 10 
Animal  identification system 9 
Other options 9 
Data processing 7 
Travel costs for technicians 7 
Sample transport 5 

 
 
 
Table 13. Does your pricing vary according to herd size? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
No, it does not vary 14 34 
Yes, the price per cow decreases with herd size 24 59 
Yes, the price per cow increases with herd size 3 7 
Number of responses 41 100 
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Table 12 shows the situation for additional payments. The following responses were
given: feeding advisory is additionally ordered and paid, advisory protocol, disease
testing, parentage verification whenever the bull calf is procured for breeding purposes,
health testing, genomic testing. pregnancy checking, milk fridge and electronic scales
calibration service, pregnancy and Johne's testing, providing equipment for leases
(milk meters and AMS samplers), by now no service payments, lameness report,
pregnancy test and control diseases, grade registration.

There is high variability in herd sizes among organisations, which has a significant
impact on milk recording costs, particularly fixed costs. Almost 60% of organisations
adopt a policy whereby the price for milk recording decreases with larger herd sizes.
34% of organisations indicated price did not depend on herd size. The pricing policy
whereby price increases according to larger herd sizes was less common (Table 13).

Subsidies play an important role for milk recording organisations. Conditions vary
among countries and the share of farmers who pay different prices for the service also
varies (Table 14). Possible additional financial sources are shown in Table 15.

Table 14. How were milk recording services paid for in 2015 (or 2014)? Please enter the share 
in %. 
 
Interval (milk recording services paid 
by the farmer in %) 

Number of 
organisations 

Share of 
organisations in % 

Less than 20 4 10 
21-40 6 15 
41-60 4 10 
61-99 10 25 
100 16 40 
Number of responses 40 100 

 
 
 
Table 15. Addi tional sources of possible financial sources for milk recording. 
 
Possible financial sources for milk 
recording (do not include farmer payment 
for milk recording) 

The share of financial sources in 
interval in different organisations in the 

project 
Payments from AI - business 0-40 
Payments from breeding organisations 0-33 
Payments from the dairy industry 0-60 
Public Sources 0-40 
Government 0-100 

 

Analysis of the involvement of milk recording organisations abroad revealed interesting
figures (Table 16).  Three organisations in the project offered these services and 5
marked specific cases for international activities (Table 17):

• Data processing.

• We do not offer any DH recording services in foreign countries. But we offer extra
services in foreign countries, e.g. feed analysis.

• Raw milk analysis of the bulk milk of farms in foreign countries in accordance with
the quality and payment regulation on behalf of German dairy factories.

Scope of
internationalisation
in cattle milk

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

recording
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• In Ireland we have a payment lab in partnership with Progressive Genetics where
we also run herd improvement samples.

• Occasional services other than milk recording.

The involvement of foreign organisations on the market in each milk recording
organisation was also analysed. Only 3 organisations reported that foreign organisations
were involved. Most operate without the involvement of foreign milk recording
organisations on the national market.

There is a significant trend for MROs planning on expanding abroad. 7 organisations
are planning to expand abroad and/or form alliances with foreign companies in the
future - a potential option for sustainable business.

Part of the research also examined evaluation processes (How often do you evaluate
your processes/management structure?). This question should again be subjected to
close scrutiny. The most common answers were: in the event of changing situations,
in the event of introducing new services and at regular intervals every number of
years. Under 'other' the following comments were given: twice yearly, umbrella
organisation (N/A) or differences between organisations (Table 19).

Table 16. Do you offer your services to farmers in foreign countries (sample-taking, 
laboratory delivery, laboratory and data processing)? 
 

Response 
Number of 

organisations 
Share of organisations in 

% 
Yes 3 8 
No 28 78 
Other (specific case of 
yes or  other specific 
cases) 5 14 
Number of responses 36 100 

 

Table 17. Do any foreign milk recording organisations offer services to farmers in your 
area? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
Yes 3 9 
No 32 91 
Number of responses 35 100 

 
 
 
Table 18. Are you planning to expand abroad and/or form alliances with foreign 
companies in the future? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
Yes 7 21 
No 27 79 
Number of responses 34 100 

 

Evaluation of
processes and
employees in milk
recording

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

organisations
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The common standard for evaluating employees is to do so annually. Only some
respondents evaluated employees less than once a year or more than once a year
(Table 20).

One of the key parts in the questionnaire was the evaluation of future milk recording
strategies among milk recording organisations. The most frequent answers (more
than 20) concerned electronic-based reporting, new online services, improving fertility
services, feeding and health management, cost cutting, advisory services, employing
cutting-edge technology and new benchmarks. Most of the organisations combined a
mix of different strategies, as shown in Table 21. Under 'other' the following options
were recorded: all services aimed at an increasing the profitability of farmers, new
health tests through Antel Bio, increasing access to data more quickly for all customers,
higher level of automation using any technology that supports this and to expand
abroad, milk recording services in neighbouring countries.

The table 22 summarises the areas where milk recording organisations have introduced
new services and the main trends in development over the last couple of years. Such
areas included computerisation, software, automatic data transfer, herd management,
genomic selection and new traits, services and new data not always connected with
traditional milk recording. The table also includes other areas where new services
have been introduced. The DCMRWG will analyse these trends together with future
strategies and other responses in the questionnaire and establish a set of responses
to these requirements (Table 22).

The most common response is to ensure basic requirements and the implementation
of relevant advisory services. Almost 80% of organisations offer advisory services
while the share of organisations without advisory services was just over 20%. Advisory
services are a prospective way of maintaining sustainable services (Table 23).

Table 19. How often do you evaluate your processes/management structure? 
 
Response Number of organisations 
According to requirements 25 
In the event of changing situations 14 
In the event of introducing new services 11 
At regular intervals every number of years 10 
Any comments 3 

 
 
Table 20. Are employee evaluations carried out? 
 

Response 
Number of 

organisations 
Share of organisations in 

% 
Annually 31 89 
Less than once a year 2 6 
More than once a year 2 5 
Number of responses 35 100 

 

Future milk recording
strategy and
introducing new

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

services

New advisory
services and
research

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

requirements
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Table 21. What is your future milk recording strategy? 
 

Response 
Number of 

organisations 
Electronic reporting 30 
New online services 28 
Improving the service for fertility, feeding and health management 27 
Improving the service by the use of milk analysis spectra 26 
Cost-cutting 23 
Advisory services 22 
Employ cutting-edge technology 21 
New benchmarks 21 
New traits 20 
New summaries 16 
New business areas (including options outside milk recording) 15 
Higher level of automation in laboratories 12 
Quality assurance system for the food chain 9 
Other options 5 
Higher level of automation using TRU TEST EMM 2 

 
 
Table 22. In which areas have you introduced new services within the last 6 years (since 
2010)? 
 
Response Number of organisations 
Computerisation, software, automatic data transfer 26 
Herd management 22 
Genomic selection 20 
New traits, services, new data, not always connected with 
tradi tional milk recording 19 

Health traits: new modern sophisticated indicators 18 
Feeding 17 
Milk quality 15 
Animal  welfare 13 
Quality assurance 10 
Other (please specify) 3 

 
 
Table 23. Do you offer advisory services? 
 
Response Number of organisations Share of organisations in % 
Yes 30 77 
No 9 23 
Number of responses 39 100 

 

Advisory services are routinely employed among milk recording organisations
(Table 24). The most common are fertility and pregnancy checks following by herd
management, feeding, health traits, technical milking parlours, meters and other
services. Other responses (others in Table 24) and comments included:

• Professional conferences, technical training sessions for partners, farmer vets is a
dairy issue, company issues a monthly professional magazine for our partners (for
free).

• Breeding and selection advice.

• Technical milking parlours test all equipment. Relief service supplies are provided
including the cleaning of cowsheds, dairies, barns, etc. Växa Sverige also carry
out concrete reparations of cowsheds, dairies, cubicles, feeding areas.
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• Consultation on EU regulation and legislation in animal breeding, correct data
collection and input in milk recording.

• Herd Management Programme.

• Economy, environment.

• Johne's disease.

• We do not offer advisory services beyond basic milk recording and data collection.
When we do it is only by experts in the field and at full expenses to the farmer.

• Data analysis software for vets/consultants.

MROs mostly offer more than 1 advisory for their customers. Research shows that 1
option was used by 10% of organisations, 2 options by 20% of organisations, 3 options
by 25% of organisations, 4 options by 25% of organisations, 5 options by 15% of
organisations and 6 options by 5% of organisations.

The DCMRWG will analyse interest in the research requirements of milk recording
organisations (Table 25). The table shows the survey responses, most of which favour
research into 24-hour calculation, new traits, in-line analysis, sampling, plausibility
checks among other responses. All research priorities are the subject of on-going
discussion within the DCMRWG. Appropriate outcomes will be available in Chile.

Under 'other' (other in Table 25) the following responses were recorded:

• Using milk analysis spectra in farm management

• The appropriate resources have already been given to 24-hour calculation compared
to other areas

• The factoring parameters set for Holsteins used by recording organisations do not
work for the Jersey breed

Table 24. In which field do you offer advisory services? 
 

In which field do you offer 
advisory services? 

Yes,  
it is offered 

Paid  
by basic fee 

Additional 
payment 

Feeding 13 5 11 
Herd management 16 8 13 
Health traits 12 6 11 
Technical milking parlours, 
meters 

7 3 8 

Fertility and pregnancy check 18 4 16 
Others 4 2 7 

 

Table 25. Which areas do you think need additional research? 
 
Response Number of milk recording organisations 
In-line analysis 15 
Sampling 15 
24-hour calculation 30 
New traits 25 
Plausibil ity checks 11 
Other 4 
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• New technology in combination with recording methods

The survey analysed the interest in daily milk recording. More than 50% of organisations
(of the 21 organisations) recorded no interest (Table 26). Of the organisations to show
interest, 7 supported the concept in general, 11 supported it in relation to milking
robots, 8 for electronic milk meters and 4 supplied other options/comments. Some
interested organisations marked more than one option (e.g. only in the case of milking
robots, milking robots and electronic milk meters, etc.).

Customer requirements necessitate different approaches. The table summarises
responses to the question below: more than 50% deemed it useful for customers,
34% adapted it for additional services, 5% marked YES and 7% marked NO (Table 27).

The research shows that more than 50% of organisations worked without direct subsidy
or financial support (53%). Marginally less (47%) registered some financial support,
as shown in Table 28. Other selected indicators related to subsidies or public sources
are given in Tables 29 and 30.

In some countries farmers receive public funding for recording fees. These options
are given in Table 31.

Selected indicators
related to subsidies
and other financial

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

sources/trends

Table 26. Are you planning to introduce daily milk recording or are you interested in 
doing so in the future? 
 

Response 
Number of milk recording 

organisations 
Yes in general 7 
Yes for mi lking robots 11 
Yes for electronic meters in milking parlours 8 
We are not planning to do so in the near future 21 
Other options or comments 4 

 

Table 27. If a group of farmers were to request different services, would you change your 
services? 
 

Response 
Number of 

organisations Share of organisations in % 
No 3 7 
We would  adapt additional 
services 14 34 
We would  assess whether it 
would  be useful for our 
customers 22 54 
Yes 2 5 
Number o f responses 41 100 
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Table 28. Do you receive direct subsidies or financial support for any part of the 
recording process? 
 

Response 
Number of 

organisations 
Share  of 

organisations in % 
No, al l services are paid for by the 
customer. 21 53 
Yes, some services receive financial 
support from government or public 
funds 19 47 
Number o f responses 40 100 

 
 
 
Table 29. Where financial support from government/pub lic funds/industry is received, 
are these funds likely to change? 
 

Response 
Number of 

organisations Share of organisations in % 
Likely to decrease 12 44 
Likely to increase 3 11 
Likely to remain unchanged 12 45 
Number o f responses 27 100 

 
 
 
Table 30. If there are any, do public payments diffe r in accordance with herd size? 
 

Response 
Number of 

organisations 
Share  of 

organisations in % 
Yes 7 25 
No 17 61 
Other 4 14 
Number o f responses 28 100 

 
 
 
Table 31. Do farmers receive any public refunds for recording  fees? 
 

Response Number of organisations 
No 30 
Quality assurance payments 6 
AI refunds (e.g. lower price for semen) 4 
AI refunds for testing sires 3 
Other 7 

 

Other options for Table 31 include:

• Small and medium-size enterprises do not pay 100% of the MR fee. They benefit
from governmental subsidies. Better milk prices depend on the respective dairy
plant or cooperative - it is not a rule that MR farms give better prices for their
products.

• Some municipalities give money for milk recording.

• A special system in Hungary finances official breeding, performance recording
and data collecting activities under the framework of the Hungarian breeding
structure. The amount of the normal milk recording fee for the farmer could be
reduced by 2.53 Euros per cow annually in any given year. Criteria: data should be
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sent to the central database and used to maintain the national breeding programme
(e.g. lactation calculation and breeding value estimation). The money is transferred
through the Breed Associations (Herd Books) to the service provider to reduce
milk recording fees, and not directly to farmers.

• On providing complete lactation records by particular animal farmers Rs.1000
incentives from project funding are awarded.

• Direct subsidies per cattle.

• Some farmers may receive recording fees paid for by their milk buyer.

• Some municipalities give very little support to farmers covered in the milk recording
system.

Data protection is a crucial area for MROs. Most organisations use secure access to
protect data. Other methods such as data protection declaration and standardised
destruction of printouts are less common. One organisation operated a system of
individual authorisation of data sharing with specific industry entities. Other
organisations recorded more than one option, as shown in Table 32.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Data safety policy

Table 32. How do you keep your data safety policy on track? 
 

Response Number of organisations  
Data protection declaration 15 
Secured access to protected data 30 
Standard ised destruction of printouts 9 
Others 1 

 

Milk recording data are shared with other organisations and bodies in our industry, the
most important of which are veterinarians followed by AI companies, ministries of
agriculture, feed advisory bodies, governments, commercial companies among others.
Only one organisation did not share data. Most organisations share data with more
than one body. Other options given in Table 33 include:

• Universities as well as farmers are direct data owners and where data is identified
the necessary agreements are drawn up

• AI/milk recording/health/advisory services are all parts of Växa Sverige. Some
independent advisors and veterinarians gain access to customer data. The Swedish
University of Agriculture is permitted access to data as per separate project
agreements

• Breeding organisations by contract

• With data release declaration (i.e. feed advisory bodies and vets) the MRO statute
is ensured (i.e. genetic evaluation, ministry...)

• Breed associations (records for pedigrees) and research all fall under the
appropriate confidentiality agreements

• Sponsored project data are shared as per MOU

• Research bodies
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Table 33. Do you share data with other bodies? 
 

Response Number of organisations 
No, we do not share data 1 
Veterinarians 24 
Feed advisory bodies 15 
Commercial companies 11 
Government 14 
Genetic evaluation 32 
Ministry of agriculture 16 
AI 22 
Other 9 

 

• Sharing is only permitted upon the consent of the farmer

• We provide data to bodies upon the request of the farmer

Based on the representative sample of organisations (countries) it is expected that
interest in milk recording will either increase or remain the same (81%). On the other
hand, 17% of organisations expect a decrease in interest with one organisation marking
another option (Table 34).

Economic conditions are crucial for dairy cattle milk recording. Some countries employ
tax or insurance incentives for farmers. The share of these incentives is relatively low
with 15% of organisations reporting the use of tax incentives and 18% health insurance
incentives (Tables 35 and 36).

In the current economic climate there is market pressure to cut costs and ensure
flexibility for employees of milk recording organisations. According to the survey 56%
of organisations used remote work for some positions, 12% planned to and 32% did
not (Table 37). Other details are shown in Table 38.

A prospective way for milk recording organisations to improve sustainable business
and expand services is to evaluate food chain quality. More than 40% of organisations
do so (Table 39).

Monitoring interest in

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

milk recording

Taxes and insurance
incentives for

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

farmers

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Remote work

Evaluating the food

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

chain quality
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Table 34. Have you observed a change of interest in milk recording? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
Decrease 6 17 
Increase 18 50 
No 11 31 
Other, non-specified response 1 2 
Number of responses 36 100 

 
 
 
Table 35. Are any special tax incentives for farmers used? 
 

Response Number of organisations 
Share of 

organisations in % 
Yes 6 15 
No 34 85 
Number of responses 40 100 

 
 
 
Table 36. Are there any special incentives for farmers’ health insurance? 
 

Response Number of organisations 
Share of 

organisations in % 
Yes 7 18 
No 33 82 
Number of responses 40 100 

 

Table 37. Is remote work a regular part of your organisational activities? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
We work remotely in some positions 23 56 
We plan to increase the share of 
remote work in the future 5 12 
No 13 32 
Number of responses 41 100 

 
 
Table 38. If you do work remotely, which positions are catered for? What benefits have you 
seen? 
 

Indicator Managers Specialists Technicians 
All 

positions 
Reduction in costs 9 5 9 4 
Higher productivity 11 9 9 6 
Higher satisfaction of employees 10 9 8 6 
Better life/work balance 10 8 7 6 
Other 0 1 2 1 

 
 
Table 39. Does your mi lk recording organisation evaluate food chain quality? 
 

Response 
Number of 

organisations 
Share of 

organisations in % 
Yes 16 41 
No 23 59 
Number of responses 39 100 
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As an industrial standard, the ICAR Certificate of Quality has been awarded to more
than half of the organisations. Some are ISO-certified with ISO accreditation common
among milk laboratories. Other accreditations include NDHIA standards and audits,
own guidelines (other accreditations include NDHIA Uniform Operating procedures
and auditing by Quality Certification Services in the US), UK- based CIS for all recording
purposes, assurance qualifications, milk meter technical assistance and calibration
laboratories - LST EN ISO/IEC17025:2005.

The survey examines the opinions of milk recording CEOs and managers on how to
combat reductions to financial resources and cut costs. These results are summarised
in Table 40 and Table 41. All indicators and results must be interpreted with respect to
the different economic conditions for each MRO. Each case is specific and unified
solution is not often viable. Only general recommendations are given for the problems
covered in Tables 40 and 41. All potential processes must be analysed by milk recording
organisations on an individual basis.

Based on the response to the question below, the most common answer given was to
redesign pricing policies, redesign all processes or close less profitable services
(Table 40).

Table 41 shows the cost-cutting options preferred. The most common include: automatic
or remote data capture, reduction of overhead costs, technician routes, travel
optimisation and increasing farmer involvement in the recording and sampling
processes (Method C or B). Options marked other were less common. Many
organisations combined one or all of the above measures. Other options included:
reducing/eliminating milk recording costs for small farms, method B, umbrella
organisation (N/A), improvements continuously sought.

The analysis shows that for more than half of the organisations milk recording is their
most important business (Table 42). The share of organisations for which milk recording
is not their main business was less than 50%. However, for organisations reporting
milk recording as their main business they were also involved in other activities, e.g.
herdbooks, type conformation, advisory services, national breeding programmes,
quality management, laboratories, field work, cooperation with AI stations, etc. For
organisations not reporting milk recording as their main business, other activities listed
were advisory services, identification and registration, BVE, type classification, data
processing and database and other livestock animals (e.g. beef cattle, sheep, goats,
horses, etc.). Only one organisation reported that milk recording consisted of 50% of
its activities.

The survey summarises the position of milk recording organisations and outlines their
main responsibilities:

• Data management.

• Milk recording.

• Advisory services.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Quality assurance

Opinions for cutting
costs and reductions
to financial

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

resources

Importance of milk
recording as a

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

business

Position of milk
recording

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

organisations
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Table 40. If your sources of financing were to decrease how would this issue be resolved? 
 
Response Number of organisations 
Consolidation 11 
Merger or take-over 5 
Reduce the number of local branches 6 
Rapidly cut staff 10 
Rapidly close less profitable services 12 
Redesign pricing policy 26 
Selling of property (buildings, etc.) 2 
Redesign all processes 19 
Enter new fields of business (specify) 6 

 
 
Table 41. Which type of cost-cutting option would you prefer? 
 

Response 
Number of 

organisations 
Increase farmer involvement in the recording and 
sampling process (Method C or B) 16 
Encourage longer recording intervals 8 
Encourage longer sampling intervals (some recordings 
are non-sampled) 8 
In-line sensors 4 
Automatic or remote data capture 21 
Cooperation in data processing 9 
Reduce overhead costs 20 
Technician routes, travel optimisation 20 
Other 3 

 
 
Table 42. Is milk recording the most important business for your organisation? 
 
Response Number of organisations Share of organisations in % 
Yes 23 56 
No  17 41 
Other  1 3 
Number of responses 41 100 

 

• Identification.

• Artificial insemination.

• Information products.

• Animal breeding.

• Herd management.

• Cattle breeding.

• Other.

Table 43 shows a selection of responses with regard to mission statements and general
principles for customers and employees.

Principles for
customers and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

employees
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Table 43. A selection of responses with regard to mission statements and general principles for customers and 
employees 
 

Mission statement and general principles for customers and employees 
1. Honesty 2. Efficiency 3. Reliability 
Increase the MR population and service more farmers.  
Develop advisory services. 
Increase producer profitability through integrated services. 
Deliver quality, efficient and accurate analysis and provide valuable information and innovative solutions to 
improve decision-making and the profitability of members and customers. 
Support the sustainable business of customers, ensure state-of-the-art facilities and continuously keep pace 
with global innovation. 
Provide value for customers. 
Play a significant role in genetic improvement. 
Pursue a competitive advantage for our customers in the global marketplace. Provide herd management 
products and services, maximise sustainable net income and prioritise excellence in customer service, 
product and service innovation, quality staff and fiscal responsibility. 
Improve the use of obtained data in order to increase customer profitability and competence. 
Involve all leading cattle organisations in order to improve standards of service, accuracy and value 
throughout all dairy herd management information practices. 
Commit to providing innovative and effective solutions for customers, thereby improving customer productivity 
and profitability. 
Provide data and information for farm management. 
Deliver a cost-effective service focused on ‘adding value’. 
Serve as the core data processor for dairy farmers. 
Other 

 

A. Possibilities

1. Services

- New services

- Advisory

- Whole process

2. Expansion

- Expansion

- Lack of competition

- Abolition of milk quota

- Data from various sources

- Unified national lab

- New health traits

3. Tailor-made outcomes

4. Members - customer relationships

SWOT analysis

B. Threats

1. Milk price

- Imports of dairy products

2. Sensors

3. Competition

- DHIA, MROs

- Foreign competitors

- MR

4. Founding and politics

- Agriculture policy

- Founding

5. Regulation, legislation

6. Climate

7. Genomics

8. Decreasing market

9 Hostile politics (public)

- Environment
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C. Weakness

1. Finance (daily work)

- Founding, fee structure, external
sources, decreasing customers,
selling service

2. Staff (daily work)

- Recruiting, payment, training and
managing, age

3. Grown structures

- Difficult to merge

4. Equipment

- IT system, Lab., meters, reliability of
disease, testing

5. Supervision, limited control abilities

6. More diverse, demand from customers

7. Interactive communication

D. Strength

1. Staff

- Dedication

- Experience

- Efficiency

2. Unification

- Work flow, data processing,
experience, software

3. Customers

- Quick reporting,
comprehensive, interactive
reports, herd management,
well perceived in the
community, breeders support,
accuracy, quality checks.
Market share.

- Innovations

4. Organisation

- Integrity

- Knowledge

- Competencies

5. Labs

6. Fianance

7. Synergy

8. Health

9. Research and development

10. International ties

The project summarises selected aspects of management among milk recording
organisations. The main trends and key results are:

• All international territories including Europe, North America, South America, Asia
and Africa are covered, comprising 41 organisations in total.

• Different ownership schemes and milk recording laboratories are used.

• The most common organisational structure among milk recording organisations is
hierarchical.

• Most milk recording organisations operate privately.

• There is a trend for mergers and take-overs among milk recording organisations.

Conclusions
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• It is most common to levy a monthly fee for milk recording services, which are also
linked to the amount of cows registered in databases.

• It is most common to levy a monthly fee for milk recording services.

• 40% of organisations report that fees are paid by farmers, while external financial
sources play an important role for other organisations.

• There is a growing trend towards the internalisation of milk recording activities.

• Future strategies mostly include electronic reporting, new online services, improving
fertility services, feeding and health management, cost-cutting, advisory services,
the use of cutting-edge technology and new benchmarks (more than 20 responses).

• 77% of milk recording organisations are involved in advisory services.

• MROs see the need for research, especially in 24-hour calculation, new traits, in-
line analysis and sampling.

• 53% of organisations do not receive direct subsidies or financial support for any
part of the milk recording process, while most organisations do not expect public
financial sources to increase.

• Tax and insurance incentives for farmers are not the norm.

• Remote work is being increasingly prioritised.

Supported by the projects no. QJ 1510139

The DCMRWG wish to thank all of the participating organisations and experts listed in
table 1. Based on the needs outlined in the survey, the results will be further analysed
and used to improve ICAR Guidelines Section 2.1.
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Since the late 2000s, mid infrared (MIR) spectra acquired from milk recording analysis
have been used routinely to phenotype new traits through prediction equations. These
equations have been developed from a reference data set including milk samples
analyzed both by MIR spectrometry and a reference method. When routinely applied
on milk recording MIR spectra, these equations provide high-throughput phenotypes
for traits that usually require long and costly analysis process. The Livestock Institute,
with other French research partners, contributed to several national and European
research and development programs focused on this methodology since 2008.

Within PhénoFinlait and Favacal programs, 26 fatty acids (FA) or FA groups, four
major caseins and calcium content were estimated with a good reliability (R²>0.80
and Sy,x<10%). This large scale milk physicochemical characterization with MIR
spectroscopy paves the way for population variability studies and milk composition
modification through management and genetics to meet end-users needs. Indeed,
milk nutritional properties are strongly influenced by FA composition as well as by
proteins, especially lysine, tryptophan and sulfur amino acid-rich proteins. Calcium is
also an important health benefit of milk. Knowledge of fine milk composition is a
prerequisite for milk technological properties improvement for butter and cheese
production, as well as organoleptic qualities of dairy products. In this sense, current
FROM'MIR program aims to use MIR spectra to predict cheese making properties of
milk.

Furthermore, milk appears more and more as a biomarker source of physiological
status and feeding management of the cows. In EC-funded OptiMIR project, MIR
spectra were used to predict animal metabolic and physiological traits such as
pregnancy status, energy balance, acidosis, methane emissions and ketosis with
different accuracy levels. As a matter of fact, a model to discriminate high and low risk
of ketosis was developed by using MIR spectra with 84.5% sensitivity and 84.2%
specificity. At the same time, the national AcID project allowed substantial progress to

Abstract
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be made in the characterization of ruminal acidosis from MIR-estimated milk FA. Finally,
the feasibility of estimating nitrogen waste of cows by using MIR-estimated milk urea
has been studied in the national UREA project.

Several models have also been developed specifically for sheep and goats. Many
similar projects are currently on-going in different European countries targeting udder
health or milk quality.

On the basis of these new references, many applications for animal breeding and
dairy herd improvement offer future prospects to improve milk quality and optimize
milk production from farms to milk processing industries. Other projects are beginning
or expected in the future to characterize novel traits such as feed efficiency.

Keywords: mid-infrared spectrometry, milk recording, dairy cows

Milk is a complex product that is valued in several kinds of ways for human nutrition.
Consumers pay more and more attention to health, nutrition, animal welfare and
environmental issues. In view of this fact, milk is an important turning point in improving
competitiveness and adaptability of the dairy sector. To face these issues, scientific
and technical actors focus on technological advances in order to better characterize
milk composition.

Since the late 2000s, the wide use of mid infrared (MIR) spectrometry in milk analysis
laboratories and the huge increase of spectral data storage and processing capacities
have helped to provide low-cost determination of several milk components in routine.
The great advantage of this method is the possibility of quantifying a lot of milk
components from a single milk sample, without any additional cost. Pioneering work
of the University Faculty of Agricultural Sciences of Gembloux (FUSAGx) in Belgium
(Soyeurt et al., 2006) have paved the way for processing data of light absorbance in
the MIR to phenotype new components. The principle of this methodology is presented
in figure 1.

Introduction

Figure 1. Steps to phenotype a trait by using MIR spectrometry.
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By applying the calibration equations on the thousands of spectra collected by the
milk recording organizations (MROs) each day, this method provides high-throughput
phenotypes for numerous milk components. These components can be interesting in
terms of human nutrition and dairy processing, or informative on the physiological
status or the management of the animals. Opportunities are thus offered to consultancy
service and genetic selection.

Many European countries (Belgium, Italy, Sweden, and Denmark) provide their
knowledge on this methodology (De Marchi et al., 2014). In France, the Livestock
Institute has been involved in several research and development projects since 2008
with the objective of adding value to MIR spectra to phenotype novel traits relative to
milk components, animal status or technological properties of the milk. This
communication aims to review the current state of these completed or underway works.

MIR spectrometry gives a good estimation of 52 FA (individual, groups or ratios),
eight groups or individual proteins and one mineral.

Fatty acids (FA), proteins and minerals content have been estimated by MIR
spectrometry in the framework of three national projects called PhénoFinlait, AcID
and Facaval. The precision of these equations has been calculated following ISO
8196-2 / IDF 128-2 guidelines (ISO-IDF, 2009). Table 1 presents a summary of the
results. The precision depends on the type of component (saturated FA > unsaturated
FA; caseins > whey proteins) and the concentration level (sums > individuals) (Ferrand-
Calmels et al., 2014).

Milk is a complex source of nutrients. It contains carbohydrates and lipids that are
source of energy. Even if milk FA profile is often criticized, some FA are specific of
ruminant milk and have interesting nutritional properties. E.g., myristic acid regulates
some proteins activity, short chain FA play a role in adiposity and cardiovascular
diseases prevention, omega 3 FA has an important influence on cerebral development
and CLA has anticancer properties. Milk is also rich in high nutritional quality proteins.
This quality is due to their composition in essential amino acids, and to their digestibility.

Using MIR
spectrometry to
improve milk and
dairy products
quality

Table 1. Precision of the equations developed in PhénoFinlait, AcID and Facaval projects.

 Very good precis ion 
(R²>0.90 & Sy,x <5%) 

Good precision (R²>0.80 
& S y,x<10%) 

Correct precision 
(R²>0.70 & S y,x<15%) 

Fatty acids 
(PhénoFinlait 
and AcID) 

- Short chain FA 
( individual and sums) 

- - Sums of saturated, 
monounsaturated, short 
chain, medium chain, 
even FA 

- Medium chain FA 
- C18:1 c9 
- Sum of long chain FA 
- Elongation index 
- - Even to odd FA ratio 

- Odd FA 
- Long chain FA 
- Unsaturated FA 
- Trans FA 
- Omega 3, 6 and 7 FA 
- - Spreadabil ity index 

Proteins  
(PhénoFinlait) 

- Sum of caseins, 
- - â-casein 

- ás1-casein,  
- ás2-casein,  
- - ê-casein 

- Sum of á-lactalbumin + 
â-lactoglobulin, 

- - â-lactoglobul in 
Minerals  
(Favacal) 

 - -Total calcium  

Possible use Use in routine, any 
appl ications 

Analytic use, quanti tative 
values 

Screening, high or low 
levels 

 

A way to improve
nutritional quality of
milk and dairy

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

products
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Calcium is also an important health benefit of milk. The prediction equations above-
mentioned provide a physicochemical characterization of these components on a large
scale. That gives useful information to predict the nutritional quality of the milk. What's
more, dairy products composition reflect the milk composition (Lucas et al., 2006).
This, predicting dairy products quality in routine is possible thanks to these equations.

Knowledge of FA and protein profiles provide tools to improve technological properties
of the milk. Indeed, the length and the unsaturation level of the carbon chains determine
the quality of butter production process, and casein proportion correlate with coagulation
ability and cheese yield. In the French Franche-Comté region, an on-going project
called FROM'MIR aims to phenotype cheese making abilities of the milk by using MIR
spectrometry. The objective is to define a "cheese making ability profile" taking into
account coagulation, acidification, and yield properties, and to classify the milk samples
with a unique MIR analysis. FA profile knowledge provides also a useful information
relative to organoleptic qualities of dairy products because short chain FA are
responsible of the taste of rancid. Thanks to these equations, MIR spectrometry provide
tools for dairy processors to improve butter and cheese production process and
organoleptic qualities of the products.

Societal concerns about the livestock industry have been changing across the decades.
Nowadays health, welfare, and the respect of environment are at the heart of the
debates. The husbandry practices should provide inputs for the animals to express
their potential production, without suffering of any metabolic troubles and while at the
same time protecting the environment. MIR spectrometry could be a non-invasive
way to detect some biomarkers (molecules that indicate a particular status when present
in milk) of some diagnosis of interest in relation to nutritional and sanitary events.

Metabolic troubles are multifactorial and lead to change milk composition. Thus,
measuring the content of some biomarkers can be useful to detect metabolic troubles.
That was the objective of the project called "AcID" that aimed to diagnose ruminal
acidosis by using MIR-estimated milk FA. If relationship between some FA, especially
odd ones, and fermentation deviations is established, the estimation of those FA by
using MIR spectrometry is not precise enough.

As milk composition is a direct reflection of ruminal fermentations, mammary
biosynthesis and direct transfers from blood, using the whole MIR spectrum appears
as a more sensitive way to detect metabolic troubles and physiological events in general
terms than using individual MIR-estimated components. That was the main thread of
EC-funded OptiMIR program to predict ketosis risk. The whole MIR spectra have been
linked with a qualitative "ketosis risk" trait by Partial Least Square regression. This
model discriminated high risk of ketosis and low risk of ketosis was developed by
using MIR spectra with a sensitivity of 84.5% and a specificity of 84.2% (Gele et al.,
2015).

A way to optimize
butter and cheese

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

productions

MIR spectrometry:
a tool to diagnose
husbandry
practices

MIR spectrometry to
prevent metabolic

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

troubles



263

ICAR Technical Series no. 21

Gelé et al.

Dairy production is known to generate an important amount of enteric methane.
Methane production is combined to variations of FA contents (Weill et al., 2009) and
probably some other components. First works showed that enteric methane rejects
can be quantified by using the whole spectrum (Dehareng et al., 2012). These results
have been confirmed in the framework of OptiMIR (Vanlierde et al., 2014).

Finally, the feasibility of estimating nitrogen waste of cows by using MIR-estimated
milk urea has been studied in the national UREA program. An equation allowing the
estimation of milk urea by MIR spectrometry already exists. Existing models to predict
this excretion take into account hard-to-collect feeding management data. Some
existing studies showed that milk urea could be an indicator of nitrogen feeding of
dairy cows (Faverdin and Vérité, 1998). Thus, the aim of this project is to determine if
this equation brings additional information to existing models to predict excretion of
nitrogen.

MIR spectra provide appropriate tools to phenotype the cows to be selected on novel
traits. Indeed, advances in the genomic field allow the genetic determinism of traits to
be analyzed. Implementing high-throughput phenotyping programs is a key challenge
in this context. PhénoFinlait has been one of the first program of this type (Hoquette et
al., 2011) and using MIR spectrometry provides the implementation of new ones for a
lot of other novel traits.

MIR spectrometry also gives the possibility to use huge spectral databases produced
by MROs in order to produce references about novel traits (fine milk composition,
technological properties of milk, physiological status of the cows…) in many systems.
These data pave the way to develop and/or enrich decision support tools to optimize
production processes from the farms to transformation workshops. Finally, the
appropriation of these tools and the definition of collective objectives within dairy actors
are the absolute key to enhance this new knowledge.
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French milk recording schemes have been regularly adapted to technological and
economical changes over the last 30 years. On a technological point of view, farmers'
needs have changed over time and according to their equipment, from conventional
milking parlours to milk meters, robots or in-line analyzers. On an economical point of
view, two opposite directions can be observed. Some farmers want to reduce milk
recording costs at their maximum, by reducing frequency by limiting sampling periods
and / or by recording performances by themselves, whereas some others prefer to
maintain a high quality standard by increasing milk recording frequency, or they prefer
to invest on precision herd management through milking robots or in-line analyzer.

In this context, milk recording organizations have to face to heterogeneous farmers'
requests. This is why flexibility is crucial to maintain a large number of dairy cattle
farms participating to milk recording, and a wide reference population for genetic
evaluations. Therefore statistical methods are needed to interpret the performances
recorded through new milking designs adapted to farmers' expectations, in order to
provide reliable results that will be used both for genetics and for herd management.

Keywords: milk recording scheme, phenotype, automatic milking system, robots.

In France the context of dairy cattle milk recording has evolved over the last 30 years.
Between 2000 and 2015, the average number of cows per herd increased from 40 to
57; the number of dairy farms equipped with automatic milking systems or with milking
parlours milk meters increased from 80 to 3 300 and from 700 to 1 900 respectively
(Figure 1).

During the same period, milk recording organizations has collaborated with Institut de
l'Elevage (French livestock institute) to develop new designs. These changes were
implemented to answer the breeder's demand of cost-efficient schemes: records made
by breeder, more flexible schemes, alternated schemes…

Several alternatives were studied. In all cases, the implementation of these new milking
schemes was conditioned by a verification of the unbiasedness and of the accuracy of
the results on a daily and on a lactation scale, in order to ensure the quality of the
performances used for technical support to dairy farms, and for the genetic evaluations.

Abstract

Introduction
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Several studies led to changes of official milk recording designs used in France:

• 2003, implementation of CZ scheme: the responsibility for recording is shared
between the milk recording organization and the breeder (C); samples are taken at
one milking, alternatively during the morning and the evening milking (Leclerc &
Delacroix, 2004, Leclerc et al., 2004).

• 2005, implementation of B scheme: the breeder is responsible for recording
performances, after a training organized by the milk recording organization;
indicators are calculated at each performance recording in order to check the quality
of data.

• 2005, adaptation of milk recording for robots (with automatic milking systems): the
milk recording organization (AR scheme) or the breeder (BR scheme) is responsible
for recording performances. The reference 24-hour milk yield is calculated using
all milk records within 48 hours. In order to estimate daily contents (fat and protein,
somatic cell count), samples are taken at each milking during a period from 12 to
24h, except if the milking interval is less than 4 hours. A new simplification was
introduced in 2012 by requiring two samples within a period of 12 to 24 hours only.
This minimum number of 2 samples ensures reliable daily fat and protein yields
and contents (Leclerc et al., 2012, Bourrigan, 2013).

• 2005: first collect of information on clinical mastitis (recorded by breeders).

• 2010, implementation of A8 scheme.

Figure 1. Number of herds equipped with robots (with automatic milking sampling)
and milking parlours milk meters in France: evolution from 2000 to 2015.

Changes of
schemes



267

ICAR Technical Series no. 21

Mattalia et al.

• 2011: improvement of the method used to estimate daily yield and contents with
alternated schemes (AT and CZ). The adjustments proposed by Liu et al., (2000)
were adapted to the French situation for AT scheme (Bourrigan, 2011). The
methodology was extended to CZ by using milk yield of the milking preceding the
sample as additional covariable (Bourrigan et al, 2010).

• 2016: implementation of A9 scheme.

The repartition of recorded dairy cows according to milking schemes between 2000
and 2015 (Table 1) shows significant trends:

• A schemes decreased by 30% (and increasing of A7, A8 methods) in favour to B
schemes.

• Alternated schemes increased and reached 20% of the total number of recorded
cows in 2015.

• Robots (AR and BR) represent 9% the total number of recorded cows.

• B scheme has increased since 2005.

These adaptations were made in accordance with ICAR guidelines. They preserved a
large participation of French farmers to milk recording, with about 2 600 000 dairy
recorded cows (penetration rate of 70% in 2015). In France, the percentage of cows
in AT scheme was increased by 12% since 2000, the B scheme allows more flexibility
in their work organization and a reduction of costs, A8 and A9 led to a reduction in the
frequency of yearly records.

On field impact of
changes of
schemes

Table 1. Repartition of recorded dairy cows according to milking schemes between 2000 and 
2015 
 

Percent of  dairy cows recorded according to milk ing scheme 1 
Years A AT - BT B AR - BR CZ - BZ 

2000 91.5% 8.5% 0.0% 0.0% 0.0% 

2005 85.5% 13.7% 0.3% 0.2% 0.3% 

2010 69.5% 19.0% 4.9% 3.8% 2.7% 

2015 61.5% 20.4% 6.4% 9.1% 2.6% 
1Defin ition of 8 milking schemes of milk recording used in France:  
A: supervised 24 hours milking. 
AT : supervised alternative milking. 
BT: unsupervised alternative mi lking. 
B: unsupervised 24 hours milking. 
AR: supervised 24 hours robot milking (with automatic mi lking sampling). 
BR : unsupervised 24 hours robot milking (wi th automatic milking sampling). 
CZ : supervised/unsupervised 24 hours with sampl ing on only one milking (the supervised one). 
BZ : unsupervised 24 hours with sampling on only one milking. 

Discussion
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Currently, milk recording has been faced to new challenges. On one hand, milk
recording may be threatened by new technologies: genomic evaluations (since
performances are not necessary anymore to get breeding values), new farm sensors
providing information potentially in competition with those given by milk recording
organizations (e.g. robots equipped of an in-line analyzer). On the other hand these
new technologies bring new opportunities to milk recording organizations: new
phenotypes can be obtained through sensors, MIR spectra etc. and these new
information can be used both for herd management and for genomic evaluations.
Moreover, phenotypes are still needed to update and to improve reference populations
used in genomics. This is why efforts must be maintained to adapt performance
recording to these new challenges. Otherwise part of the farmers may be less interested
by performance recording, which may have many consequences: the recorded
population may be less representative of the whole herds, milk recording organizations
may have less access to these commercial herds to collect new phenotypes…

Demands are more and more heterogeneous: more flexibility, lower cost for some
breeders, while some others prefer to maintain high quality standard of recording and
even to improve it by using more data, such as all records from robots and electronic
milk meters instead of performances recorded on a regular basis.

This is why milk recording schemes have been studied on in France, and this in several
directions:

• Robots with automatic milking sampling: Leclerc et al. (2012) showed that the use
of a single unadjusted sample would have a too large impact on the accuracy of
daily contents and yields to be acceptable. This is why a study on the possibility of
contents' adjustments from single samples started in 2016, with the aim of proposing
a new scheme in 2017 for robots.

• Sensors in-line analyzers for breeders equipped of robots or milking parlours milk
meters: these new devices can provide at each milking milk contents (fat %, protein
%, SCC) and other data for herd monitoring. In 2016, in collaboration with milk
recording organization and manufacturers, Institut de l'Elevage started a large study
to assess the possibility of using data from in-line analyzers for official milk recording.
The first step of the project will be to estimate accuracy and biases for contents,
with a reference based on 24 hours.

• Requirements needed to qualify lactations: the current French system is a
combination between recording intervals (maximum delay between 2 records,
average interval…) and information on the animal (non-recording, milk weights
without sample…). The aim is to limit the requirements to the recommendations of
ICAR.

• Schemes with one sample: a study is scheduled for 2017 in order to look for a
scheme with samples taken during one milking constantly mornings or evenings
(instead of mornings and evening alternatively as it is the case with AT of CZ).
Contents would be adjusted using Liu's approach.

These issues are not a French specificity. Studies should be encouraged worldwide
and ICAR can play a major role in facilitating the exchanges of experiences between
countries and in providing new recommendations integrating these innovations.
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In January 2015, the Finnish milk recording system was reformed. Herd owners were
given a larger choice of sampling interval options, services to help with data capture
were launched, and a new system of evaluating data quality was introduced. One and
a half year later, we see significant improvements in data quality and capture delay. In
this presentation, the results of the first year and half will be discussed.

Keywords: milk recording, intervals, data quality, capture delay.

Milk recording has been run in Finland since 1898, with prior greater reforms in 1968
and 2003. With the recent changes in herd size and farm technologies, it became
clear by 2012 that another reform was necessary. After a customer survey, the following
goals were set for the project:

1. New service model and technologies in use by 2015

2. 90% of all cows in milk recording, less than 10% unofficial data

3. Reports reformed by the end of 2015, new key figures take advantage of farm
technology

4. Use of pre-coded vials possible for all herds by the end of 2014

5. Faster data capture (within 5 days) during 2015

6. Better work efficiency in milk recording

Milk recording was reorganised within the existing structures. Jobs in recording and
jobs in feeding advisory services were differentiated, and a lot of the recording work is
now done through remote access and in the internet. The pricing system was reformed
and made more transparent, and the minimal price for DIY milk recording was lowered.
The practical recording in the whole country is now carried out by 35-40 people.
Sampling services were made more widely available, as well as remote extracting of
recording data from the robot or parlour computer. A lot of attention was given to
timely reporting of the data to the database.

Abstract

Background

What was done?
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Variety in recording intervals and a vacation month from milk recording was allowed.
Now the farmer can choose between intervals of 2, 4, 6 or 8 weeks for both recording
and sampling. This was done in response to criticism due to lack of flexibility.

Data Quality Points (DQP) were introduced to give immediate response on data quality
to the farmers (Wahlroos et al. 2014). The points take into account recording and
sampling intervals, milk meter testing, and comparisons to dairy delivered milk, and
the farmer now receives feedback on these issues after each reported recording. The
old way of data quality assessment was largely seen as difficult and too far behind.

Milk recording reports were also reformed to make them more relevant to large herd
owners and to include data quality follow-up, though the customer survey did not
really show this as a problem area.

Due to changes in the organisation of work, as well as growing herd size, the use of
technicians for milk recording has doubled since the beginning of the project (Table 1).

The number of herds who have changed recording intervals from the formerly standard
4-weekly milk weights and 8-weekly sampling is not very high but there is a clear shift
towards more frequent sampling and, on the other hand, less frequent milk weighing.
The herds with more frequent intervals tend to be the larger ones, while smaller herds
have more often opted for less frequent recording (Table 2).

Only 3% of all herds took advantage of the new possibility for recording vacation in
2015.

Data capture delay has halved after the reform, though it is still far from the five-day
target set in the beginning. Recording day data is largely reported by the farmers so
the only way to shorten it is to offer services that makes it exciting to send the data in
immediately. Shorter delay results in more up-to-date records in all advisory reports
and services, including breeding evaluation.

In the first half of 2014, there were several months with slightly over 30 days' average
reporting delay, while summer 2016 has seen a steady figure of approximately 12
days from recording to data capture. At the same time, the share of recordings reported
with a delay greater than 5 days was 65 % in 2014 and has come down to 42 %. The
traditional recommendation in Finland was to report milk weights every two months
when samples were taken.

Unofficial records have come down from approximately 20% in 2014 to less than 10%
during 2016. The records are now considered unofficial if the data quality points are
below 0. The average data quality points in September 2016 were 6.4 compared to
3.9 in September 2014 (Figure 1).

The project target on milk recording membership has not, however, been reached.
The reasons behind this are manifold, starting from the European milk crisis that has
been ongoing since the beginning of the project. Some robotic herd owners have also
been critical of the change from the monthly milk-sum method to short, 24-hour
recordings. Despite the crisis and this criticism, the share of herds in milk recording
has not fallen substantially.

Results
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Table 1. Person responsible for practical sampling and recording in Finnish 
dairy herds, September 2016. 
 

Responsibility  Cows recorded (%) Herd size 
Technician only (A) 1.9 100.6 
Mixed responsibility (C)  5.0 70.2 
Farmer only (B) 93.1 40.5 

 
 
 
Table 2. The chosen recording and sampling intervals in recorded Finnish 
dairy herds, September 2016. 
 

Cows recorded Cows sampled 
Interval Percentage Herd size Percentage Herd size 
2 weeks 2.8 77.6 0.1 55.3 
4 weeks 90.6 41.7 11.3 62.7 
6 weeks 0.5 43.1 0.5 43.8 
8 weeks 6.1 34.6 88.1 40.0 

 
 
 
Table 3. Milk recording membership in Finland. 
 

Time Recorded cows as share of all cows (%) 
September 2013 83.7 
September 2014 84.4 
September 2015 83.9 
September 2016 83.6 

 

Figure 1. Reporting delay and the share of unofficial records in Finland by month in
2014-2016.
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During and after the reform, a lot of movement in a better direction has been observed.
With data quality, the target has been reached, and the reporting delays have improved
a lot. Greater flexibility has not been used very much but is expected to result in better
customer satisfaction. A new customer satisfaction survey is planned in 2017.

Wahlroos, H., J. Kyntäjä & S. Nokka, 2014, Data quality points - an
immediate and motivating  supervisory tool, Proceedings of the 38th ICAR Biennial
Session, Berlin.
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Estimation of dispersion parameters for test-day milk
traits of the Bovec sheep in Slovenia

M. Simcic, M. Stepec, J. Krsnik and K. Potocnik

University of Ljubljana, Biotechnical Faculty, Department of Animal Science,
Ljubljana, Slovenia

The objective of this study was to estimate genetic and environmental dispersion
parameters for daily milk (DMY), daily fat (DFY) and daily protein (DPY) yields as well
as fat (FC), protein (PC) and lactose (LC) contents using test-day records of the
indigenous Bovec dairy sheep. Milk is processed into Bovec cheese with a protected
designation of origin. Data were taken from the Central Database for Small Ruminants
and included 79,470 test-day records of 4,837 ewes from 51 flocks that were recorded
according to ICAR regulations by the AT4 method in the years 2001 to 2016. The
suckling period was about 40 days, followed by a milking period of about 154 days.
The average DMY was 1,003 g with 6.64% FC, 5.61% PC and 4.50% LC. The pedigree
file included 6,078 animals. For 73.5% of these animals, both parents were known.
Single-trait repeatability test-day animal models were used for DMY, DFY and DPY,
while single-trait test-day animal models were used for FC, PC, and LC estimations.
The fixed part of the model for all traits included breed, stage of lactation (months),
parity and litter size. The random part of the models for all traits contained the additive
genetic effect of the animal and the effect of flock-year-season, while the models for
DMY, DFY and DPY additionally contained the effect of permanent environment over
lactations. Variance components for random effects were estimated using the Residual
Maximum Likelihood method as was implemented in the VCE-6 program. Heritability
estimates for test-day milk traits were 0.13 (DMY), 0.10 (DFY), 0.12 (DPY), 0.18 (FC),
0.25 (PC) and 0.24 (LC). The flock-year-season effect explained more phenotypic
variance for DMY (0.27), DFY (0.25) and DPY (0.28) than for FC (0.09), PC (0.09)
and LC (0.10). The largest part of the phenotypic variance of FC (0.74), PC (0.67) and
LC (0.66) remained in the residual. Identical and lower variance ratios (0.05) were
explained by the permanent environment effect over lactations for DMY, DFY and
DPY. The provided dispersion parameters are actually used in the breeding value
prediction, which has been applied for milk traits of the Bovec sheep for more than ten
years.

Keywords: sheep, milk, test-day, genetic parameters

The Bovec sheep is an indigenous Slovenian dairy sheep breed. It originates from the
upper Soca valley in the northwest of Slovenia. The breeding area has stayed the
same till today. The breeding program and a herd book were established in 2005. The
population size in 2015 counted 3,300 animals and according to the national rules,
the breed endangerment status is "at risk".

Abstract
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The body weight of ewes is around 50 kg, while the height at the withers is around 65
cm. The colour of the rough fleece is white, brown or black. The sheep are hornless
with short ears (Sivec, 2009).

Flocks are kept under traditional extensive conditions. During winter time sheep are
stabled, while during the vegetation period they are grazed. Milk production starts
after weaning around the Easter holidays when the lambs are sold to the
slaughterhouses. At the beginning of the milking period, the ewes have access to the
pastures near the stables. Later on when the vegetation has increased, they are moved
on to all-day mountain grazing. They are grazed from the lowland to the highland
pastures where vegetation starts. After the period of grazing in the highland pastures,
they are slowly grazed back to the lowlands. In the highland pastures, ewes are milked
in the traditional way in Alpine dairy cottages. All milked milk is processed into the
artisanal Bovec cheese with a protected designation of origin (Kompan et al., 1996).

Milk recording according to the AT4 method was introduced in the year 2003. In 2015,
the milk yield per lactation was on average 191 kg with 6.4% of fat content and 5.3%
of protein content.

The objective of this study was to estimate genetic and environmental dispersion
parameters for the following milk performance traits: daily milk (DMY), daily fat (DFY)
and daily protein (DPY) yields as well as fat (FC), protein (PC) and lactose (LC) contents
using test-day records of the Bovec sheep ewes.

The data used for this study were taken from the Central Database for Small Ruminants
in Slovenia. A total of 79,470 test-day records of 4,837 ewes from 51 flocks were
collected between 2001 and 2016. Test-day records were taken at intervals of four
weeks according to the official ICAR guidelines for the AT4 method. The records
covered the first to the seventh lactation.

The pedigree file included 6,078 animals. The ewes descended from 423 sires and
634 dams. For 73.5% of the ewes, both parents were known. All flocks used natural
service sires. There were no artificial inseminations. Nearly all lambings occurred
between late winter and spring time.

Means and standard deviations of milk performance traits are given in Table 1. At the
end of the lactation period milk yields decreased and in a few milk records very high
fat and protein contents could be observed. The suckling period was about 40 days

Tab le 1. Descriptive statistics for daily milk performance tra its fo r 79,470 test-day records. 
 

Tra it 
Number of  test-

day  records Mean Standard dev ia tion 
Daily mi lk yield  –  DMY (g) 79,470 1003 603.0 
Daily fat yield – DFY (g) 78,890 62.23 33.62 
Daily p rotein  yield  –  DP Y (g) 78,918 53.39 29.08 
Fat conten t - FC (%) 78,890 6.64 1.57  
Pro tein content -  PC (%) 78,918 5.61 0.99  
Lactose content - LC (%) 78,838 4.50 0.45  

 

Material and
methods
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followed by a milking period of about 154 days. The average daily milk yield (DMY)
was 1,003 g with 6.64% fat content (FC), 5.61% protein content (PC) and 4.50%
lactose content (LC).

Variance components for random effects were estimated using the Residual Maximum
Likelihood method as was implemented in the VCE-6 program (Groeneveld et al.,
2010). Single-trait repeatability test-day animal models were used for DMY, DFY and
DPY (1), while single-trait test-day animal models were used for FC, PC, and LC
estimations (2).

yijklmnop = µ + Si + Pj + Lk + hysm + peno + ao + eijklmnop (1)

yijklmno = µ + Si + Pj + Lk + hysm + an + eijklmno (2)

yijklmnop and  yijklmno represent the vectors for all included traits (DMY, DFY, DPY, FC,
PC, LC) at the test day. µ is the estimated mean, Si is the fixed effect of lactation stage
(i = 1 to 8), Pj is the fixed effect of parity (j = 1 to 5; 1 = 1st, 2 = 2nd, 3 = 3rd, 4 = 4th and
5th, 5 = 6th and 7th), and Lk is the fixed effect of litter size (k = 1 to 4). The random part
of the models for all traits contained the additive genetic effect of the animal ( ao; an),
the effect of flock-year-season (hysm) and the residual effect (eijklmnop eijklmno), while the
models for DMY, DFY and DPY additionally contained the effect of permanent
environment over lactations (peno). The fixed effects used in the models were significant
in preliminary analyses applying the procedure MIXED in the package SAS/STAT
version 8.02 (SAS Institute Inc., 2001).

The estimated heritabilities (h2) for the test-day milk traits were between 0.10 and
0.25 (Table 2). On average, heritabilities for yield traits (DMY, DFY, DPY) were lower
(0.10 - 0.13) compared to content traits (FC, PC, LC) where heritabilities were from
0.17 to 0.23. The flock-year-season effect explained more phenotypic variance for
DMY (0.27), DFY (0.25) and DPY (0.28) than for FC (0.09), PC (0.09) and LC (0.10).
Identical and lower variance ratios (0.05) were explained by the permanent environment
effect over lactations for DMY, DFY and DPY. The largest part of the phenotypic
variance of FC (0.74), PC (0.67) and LC (0.66) remained in the residual.

The estimated heritabilities for test-day milk traits in this study were compared to the
results from previous studies that were based on other breeds. Similar heritabilities
for daily milk yield (0.15; 0.15), daily protein yield (0.15; 0.13) and protein content
(0.20; 0.15) were reported by Hamann et al. (2004) in the well-known East Friesian
dairy sheep and by Špehar et al. (2012) in the Istrian sheep breed from Croatia. On
the other hand, Hamann et al. (2004) found a higher heritability for daily fat yield
(0.15) and a lower heritability (0.09) for fat content. Reasons for the lower estimated
heritabilities in Bovec sheep, East Friesian sheep (Hamann et al., 2004) and Istrian
sheep (Špehar et al., 2012) could be the small flocks and the absence of artificial
insemination. Likewise, an explanation for the lower heritabilities of Bovec sheep milk
traits could be in the narrow genetic base of the breed in the years before the
establishment of the breeding program and financial support. With 3,300 animals today,
the population of Bovec sheep breed is at risk of extinction. Compared to cosmopolitan
dairy sheep breeds like the Lacaune sheep in France, the population size of the Bovec
sheep is very low.

Results and
discussion
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Different environmental and especially management conditions among the flocks of
Bovec sheep could have influenced the increased variance of the residuals, which is
typical for field data (Hamann et al., 2004).

The provided dispersion parameters are actually used in the breeding value prediction,
which has been applied for milk traits of the Bovec sheep for more than ten years.
Heritabilities for milk traits were in an expected range. Similar results are reported in
the literature for small populations and populations consisting of small flocks. Since
the small population of the Bovec sheep is also kept in small flocks, these results are
comparable. According to the endangerment status of the Bovec breed, the most
important task besides the preservation of the genetic potential for milk production is
to prevent matings between related animals of this important indigenous breed.

Groeneveld E., Kovac M., Mielenz N. 2010. VCE User's Guide and
Reference Manual Version 6.0. ftp://ftp.tzv.fal.de/pub/vce6/doc/vce6-manual-3.1-
A4.pdf (15 Jan. 2015)

Hamann H., Horstick A., Wessels A., Distl O. 2004. Estimation of genetic
parameters for test day milk production, somatic cell score and litter size at birth in
East Friesian ewes. Livestock Production Science. 87: 153-160.

Kompan D., Erjavec E., Kastelic D., Kavcic S., Kermauner A., Rogelj I.,
Vidrih T. 1996. Reja drobnice (Small ruminants rearing). Ljubljana, CZD Kmecki
glas: 309 p.

SAS Institute Inc. 2001. The SAS System for Windows, Release 8.02. Cary,
NC, SAS Institute Inc.

Sivec D. 2009. Morphological measurements and characteristics of Bovec
sheep. Graduation Thesis. Ljubljana, Biotechnical faculty: 35 p.

Tab le 2 . Heritabilities (h
2
) and var iances for flock-year-season (ó

2
fys) effect, for the 

permanent environmental effect of the  an imal (ó
2
perm) and fo r the residuals for the  test-

day milk trai ts (ó
2
e). 

 
Tra it h 2 ó

2
fys  ó

2
perm ó

2
e 

Daily mi lk yield  –  DMY 0.13  0.27 0 .05 0.54 
Daily fat yield – DFY 0.10  0.25 0 .05 0.60 
Daily p rotein  yield  –  DP Y 0.12  0.28 0 .05 0.55 
Fat conten t - FC 0.17  0.09  0.74 
Pro tein content -  PC 0.25  0.09  0.67 
Lactose content - LC 0.23  0.10  0.66 
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The genetic selection of sheep for a better resistance to gastro-intestinal nematodes
is a challenge for sustainable production on pastures, especially to face the increasing
resistance to anthelmintic treatments and to limit these treatments in order to mitigate
the chemical releases on the environment. A strategy of phenotyping resistance to
parasites has been elaborated in sheep in the veterinary school of Toulouse in France,
based on an original experimental design. Young rams are experimentally infected
twice with a given dose of larvae of the nematode Haemonchus contortus. Measures
of fecal egg counts and hematocrit level 30 days after infection respectively assess
the resistance to parasites and control the resilience to infestation. So far, few French
sheep breeding programs have experimented this design of phenotyping. In this study,
we considered 450 AI rams of the Breed Society of the Blond-Faced Manech dairy
sheep breed, phenotyped for parasitism resistance from 2008 to 2015. We firstly aim
at describing the experimental protocol and underlining the main results, interests
and limits of the phenotyping. Then, the genetic valorization of the phenotypes is
presented, through the estimation of genetic parameters and the genetic evaluation
proposed to the Breed Society. Finally, strategies and perspectives to include selection
for resistance to parasites in the breeding program are considered, especially as
genomic selection will offer greater selection efficiency in the upcoming years.

Keywords: gastro-intestinal parasites, genetic resistance, phenotyping, genetic
parameters, genetic evaluation, sheep

Gastrointestinal parasites infections are a major health problem for small ruminants
grazing on pastures, especially in sheep raised in oceanic climatic conditions, as it is
the case for the dairy sheep Blond-Faced Manech, which will be studied in this
communication. The economic concern is mainly due to the decrease in production,
undesired culling and cost of anthelmintics treatments. The increasing resistance to
anthelmintics molecules has lead in numerous flocks to a lack of effect of any treatment,
especially when most of them are prohibited during the lactation. The environment
issue is also of high concern with the ecotoxicity of the chemical residues resulting in
pollution of soil and destruction of the entomofauna. Several alternatives to systematic

Abstract

Introduction
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treatments have been explored, such as selective treatments, supplementation with
condensed tannins or grazing on pastures with tanniferous plants. Genetic selection
is also among these promising and sustainable methods to reduce parasitic pressure
and increase resistance of the sheep.

The gastrointestinal nematodes (GIN) are internal parasites present in sheep, with
different stages of development in their life cycle. The parasitic phases happen inside
the host (the sheep), which eats third stage larvae. This larvae mature and develop
into adult worms inside the sheep. Adult female worms in the sheep lay eggs in the
abomasum or the small intestine. The eggs are then spread in the outdoor environment
through the feces and hatch into first-stage larvae which give different stages of larvae
in the pastures. Third-stage larvae (L3) migrate on to the herbage and are ingested by
grazing sheep. The most frequent GIN in the area of the Blond-Faced Manech breed
are Haemonchus contortus, Teladorsagia circumcincta and Trichostrongylus
colubriformis.

The Blond-Faced Manech is a dairy sheep breed reared mainly outdoor on pastures,
in the French Basque country, in the Pyrenean Mountains of south-western France. It
is a rainy and mountainous area, favorable to GIN. The total population of the breed
reached 280,000 ewes in 2015 (Arranz, personal communication). An efficient breeding
program is conducted by the CDEO breed organization, based on a selection nucleus
representing 28% of the whole population and on the progeny-test of 150 rams by
artificial insemination each year. The traits included in the selection criterion are so far
milk yield (MY), fat (FC) and protein (PC) content and somatic cell score (SCS). As
resistance to anthelmintics is spreading in the Pyrenean area, the CDEO decided to
experiment a genetic selection for resistance to parasites, in collaboration with the
veterinary school of Toulouse (ENVT), INRA and the French Livestock Institute (IDELE).

The more common indicator for resistance to parasites is the Fecal Egg Count (FEC),
expressed in eggs per gram of feces, from a coproscopy (Jacquiet et al, 2011). FEC is
therefore commonly considered as the reference method to assess the host resistance.
It measures the capacity of the sheep to decrease the establishment, the development,
the fecundity and the fitness of the worms. In case of hematophagous parasites, such
as Haemonchus contortus, the packed cell volume (PCV) may also be measured,
with two benefits. It first allows to verify the fitness of the sheep after an infestation.
But it also assesses the resilience of the sheep, i.e. its ability to maintain its performance
while subjected to a parasitic challenge. As a drawback, individual FEC is costly and
time-consuming, requiring a sample of feces, a specific preparation of the feces on
the lab and finally a count of the eggs on microscope.

Many countries and breeds, especially in Australia, New Zealand, UK, Uruguay (Morris
et al., 2010; Ciappesoni et al., 2010; Woolaston et al., 2001) measure resistance to
parasites in situation of natural infestations on pastures. But these measures are
dependent on meteorological conditions. That is why, in France, an original design
has been set up, consisting in experimental infestations applicable to young rams
gathered in breeding or AI centers. These rams are genetically important because
they are the future sires of the breed.

The figure 1 summarizes the main phases of the experimental protocol of infestation,
conceived in the years 2000 by Gruner for experimental purposes (Gruner et al, 2004a)
and improved by Jacquiet for selection purposes (Jacquiet et al, 2015). It is based on
two successive infestations of a given and known dose of L3 of Haemonchus contortus
(hematophagous GIN). At time 0, rams are given 3500 L3. 30 days later, feces are
collected for FEC. A blood sample is also collected to measure PCV, which is compared

How to measure
resistance to
gastro-intestinal
parasite in sheep?
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to PCV before infection. Rams are then drenched. 15 days later, a second infection
with 5000 L3 occurs, with the same set of measures: FEC 30 days after, difference of
PCV between after and before second infection.

This protocol has been set up for many years and adapted to each breed and to the
age of the rams (this protocol is also applied in INRA experimental flocks and in some
meat sheep breed such as the Romane, BMC or Charmoise breeds whose rams are
infected earlier in their life, at the age of 4 months), especially regarding the dose of
L3. In the case of the Blond-Faced Manech, the infestation occurs when the rams are
in lay-off, about 7 months before their first use as service rams. Rams are 2 or 3 years
old. The rams had previously entered the breeding center at the age of 2 months, they
are raised inside, progeny-tested at the age of either 8-month-old or 20-month-old. At
the time of the experimentation, they have never known the pasture and are therefore
naïve regarding parasites.

Many studies have assessed the relevance of such an experimental infestation. The
main results are the following: there is a high correlation (~0.8-0.9) between resistance
in experimental infestation and resistance in natural infestation (Gruner at al. 2004b).
The correlation between resistance to Haemonchus contortus vs other species of
GIN is high and near to 1 (Gruner et al., 2004a). The correlation between resistance
of young rams in breeding center and resistance of offspring on pastures is currently
being assessed, through on-going on-farm experiments using divergent lines of rams:
the first results are encouraging. Finally, the resilience (PCV) allows to check that
rams have no pathologic effects. The AI center also verified that the infestation did not
decrease the semen production during the AI period 7 months after the second
infestation.

On the whole, 5 experimental infestations were performed from 2008 and 2015 in the
CDEO AI center. 451 Blond-Faced Manech rams, mainly aged 2 or 3, were phenotyped.
The main measures obtained from the infestations are:

Figure 1. Protocol of experimental infestation (from Jacquiet et al., 2015)
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• FEC1 = FEC at first infestation.

• FEC2 = FEC at second infestation.

• diffPCV1 = PCV1f - PCV1i (PCV just 30 days after first infestation minus PCV just
before first infestation).

• diffPCV2 = PCV2f - PCV2i (PCV just 30 days after second infestation minus PCV
just before second infestation).

Table 1 shows the average and standard deviation of the different phenotypes over
the entire dataset (451 rams).

Figure 2 illustrates how important is the phenotypic variability of the rams regarding to
the FEC (in this example: FEC at the second infestation in the 2014 design). For some
rams, no eggs were counted in the sample of feces. We can suppose that these rams
have succeeded in preventing worms from establishing, multiplying and developing,
whereas some others, with FEC exceeded 10,000 eggs par gram, are susceptible to
parasites.

Figure 1. Range of FEC in the second infestation of the 2014 protocol, including 132
rams

Table 1. Descriptive statistics on phenotypes of resistance and resilience analyzed in 
this study 
 

Traits  FEC1 FEC2 diffPCV1 diffPCV2 
Mean 2141 1641 3.40 1.00 
Standard deviation 2491 1787 3.75 3.15 
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Genetic parameters of resistance and resilience traits, as well as their standard errors,
were estimated using the restricted maximum likelihood estimation with the VCE
package.

The model used is the following:

Yijk = µ + Pi + Aj + Rk + eijk

Where Yijk is the dependent variable (FEC1, FEC2, diffPCV1 and diffPCV2), µ is the
population mean, Pi is the fixed effect of protocol i (representing the contemporary
group, one per year), Aj is the fixed effect of age j of the ram, Rk is the additive genetic
random value of the ram k and eijk is the random residual effect. The rams were
submitted to only one protocol in their lifetime. There were no repetition and therefore
no permanent environmental random effect.

For genetic analysis, the traits of resistance are the square root of FEC1 and FEC2.
The square root transformation must be performed because of positively skewed
distribution of the FEC. Such a transformation resulted is more symmetrical distributions.

All rams are born from known sires. There were on average 4.5 rams per sire, ranging
from 1 to 17.

Genetic correlation between resistance traits and other traits included in the selection
criterion of the Blond-Faced Manech were also estimated, using the same REML from
VCE package. The traits taken into account were milk yield (MY), fat (FC) and protein
(PC) content, and somatic cell score (SCS). The model for these traits were:

MYijklr = µ + HYi + Aj + Mk + Il + Rr + eijklr

FCijmr = µ + HYi + Aj + Cm + Rr + eijmr

PCijmr = µ + HYi + Aj + Cm + Rr + eijmr

SCSijkr = µ + HYi + Aj + Mk + Rr + eijkr

Where HYi is the fixed effect of flock x year i, Aj is the fixed effect of age at first lambing
j, Mk is the fixed effect of month at lambing k, Cm is the fixed effect of combination of
sampling m, Il is the fixed effect of interval between lambing and first test-day i, Rr is
the additive genetic random value of the ram r and eijklr, eijmr, eijkr, are the random
residual effect for respectively the trait MY, FC, PC, SCS. The edited file for MY, FC,
PC and SCS traits were constituted of 41,543 ewes in first lactation with performances
in years 2014-2016.

Table 2 gives the main genetic parameters among resistance and resilience traits.

Heritability of FEC is different from first and second infestation: it is low for first infestation
and moderate for second infestation. However, the genetic correlation is high and
positive between FEC at both infection. This suggests that measuring only the second
infestation could be relevant on a genetic point of view.

Heritability of resilience seems to be the same at both infestations, around 0.2. However,
the standard error is high, especially for the second infestation. Further results from
new experimental infestations in the next years should consolidate the results. The
negative correlation between diffPCV at both infestations is surprising and suggests

Genetic analysis
of resistance to
gastro-intestinal
parasites in sheep
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that the traits are not really the same. An interpretation could be that the first infestation
of naïve rams produces parasite-specific antibodies, whereas the second infestation
leads to acquisition of effective immune response with a genetic control different.

The genetic correlation between resistance and resilience at the first infestation is
high and positive. Whereas the same genetic correlation at the second infestation is
near to zero. This is in accordance with the fact that the resilience at the first and the
second infestation are not under the same genetic control.

Table 2. Genetic parameters of resistance and resilience tra its. 
 

 FEC1 FEC2 diffPVC1 diffPVC2 
FEC1 0.095 ± 0.052 +0.918 ± 0.072 +0.931 ± 0.096  
FEC2 +0.295 0.322 ± 0.069  -0.042 ± 0.234 
diffPVC1 +0.256  0.210 ± 0.072 -0.493 ± 0.255 
diffPVC2  +0.253 -0.004 0.230 ± 0.167 

Heritabilities on the diagonal; genetic correlations above the diagonal; phenotypic correlations 
below the diagonal. 

With respects to the difficulty to phenotype resistance to GIN as it is costly and time-
consuming, the previous results are interesting. As the heritability of resistance at the
second infestation is moderate and superior to the one at the first infestation and
given the genetic correlation between both measures, it should be cost-effective to
measure individuals at the second infestation only, even though the two successive
infestations of the protocol are necessary.

The genetic correlation between FEC at the second infestation and milk yield (which
is the main production criteria, weighing for 30% in the selection criteria) is slightly
unfavorable (+0.21). This means that an efficient selection on dairy potential selection
might have increased the susceptibility of the Manech breed to the infections of GIN.
The genetic correlation between FEC and milk components shows a slightly unfavorable
relationship with fat content (+0.21) and a slightly favorable relationship with protein
content (-0.19). Finally, the genetic correlation between FEC and somatic cell count
suggests a slightly unfavorable relationship (-0.18). Data are reported in Table 3.

We must be very careful with these results of correlations. They are based on a data
set of only 451 rams phenotyped for resistance to parasitism. The standard error
shows that they may be very near to zero. Nevertheless these results are consistent
with the lack of clear correlation between resistance to parasitism and production
traits, estimated mainly in sheep population specialized for meat and/or wool production

Genetic correlations
between resistance
traits and milk yield,
fat and protein
content, somatic cell

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

count

Table 3. Genetic correlations between resistance trait at the second infestation and milk yield 
(MY), fat (FC) and protein (PC) contents and somatic cell  score (SCC). 
 

 MY FC PC SCS 
FEC2 0.211 ± 0.121 +0.215 ± 0.130 -0.188 ± 0.110 -0.178 ± 0.116 
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(Bishop et al., 2007). In dairy sheep, few publications exist (Gutiérrez-Gil et al., 2010,
Sechi et al, 2009). In Gutiérrez-Gil et al. (2010) the genetic correlation reported between
FEC and MY ranged from -0.08 to -0.18 in situation of natural infestation of dairy
Churra ewes. Sechi et al. (2009) found a moderately favorable genetic correlation
between FEC and SCS in situation of natural infestation of dairy Sardinian x Lacaune
backcross Sarda ewes. In both cases, as in the current study in Manech breed, the
correlations are slight, either favorable or unfavorable, but basically circa zero.

A genetic variability of resistance to nematodes were exhibited in an experimental
and controlled challenge, rendering selection feasible. Unfavorable correlation between
resistance and milk yield suggests that resistance to GIN might be considered in the
selection, even though the reliability of the results prevents from drawing definitive
conclusion.

Phenotyping resistance to nematodes is laborious and expensive. Two ways to reduce
costs and work are currently assessed: concerning FEC measure, a more automatic
method based on quantitative real-time PCR from worm DNA is investigated; in addition,
it is useful to consider the decrease of number of individual FEC: measuring FEC2
only, which presents a moderate heritability, but a strong correlation with FEC1 is a
way to explore.

Two strategies of selection are to be considered in parallel: on the short-term, using
AI resistant rams should be useful for flocks presenting high level of resistance to
anthelmintics. On the long-term, a classical selection with selection pressure on rams
in breeding/AI center must be thought over. For these purposes, a genetic evaluation
has been performed for 2 years and EBVs have been provided to Blond-Faced Manech
breed society.

From an ICAR point of view, resistance to nematodes in sheep is a novel trait which
should be dealt with by the ICAR Guidelines on sheep. Recommendations to measure
this resistance and the associate traits such as resilience could be proposed both
under natural conditions and experimental conditions. The new ICAR working group
on sheep, goat and small camelid must be a relevant forum to achieve this task.

This work would not have been done without the financial support provided by Aquitaine
region (PSDR-INGEDICO program) and FGE (FENOPAR program).

We also thank the CDEO (breeding organization of Blond-Faced Manech) for providing
samples, as well as for their motivation and enthusiasm regarding difficult-to-measure
novel traits.

We finally address a special thanks to Philippe Jacquiet and his team from ENVT
(Veterinary School of Toulouse) who performed the infestation, the biological sampling
and the on-lab phenotyping.
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Standardized labelling for genetic trait coding

World Holstein Friesian Federation Registration Working Group

The World Holstein Friesian Federation registration working group reviews the recording
of Genetic Traits prevalent in the Holstein breed with emphasis on harmonization and
exchange of data. The term 'Genetic Trait' is used to describe a monogenetic inherited
trait, i.e., one that is simply inherited. Official Genetic traits are listed on the WHFF
website for easy reference for all international Holstein Associations and their respective
Herdbooks. When newly observed or previously unknown Genetic Traits are
discovered, they are reported to WHFF for the classification.

The full disclosure of named Genetic Traits in the Holstein population is very useful
information when making breeding decisions on the farm. It allows farmers to minimize
the impact of any associated problem by breeding around, through careful mating
decisions, to eliminate the harmful expression of the genetic trait.

It is recommended that Genetic Traits be reported on breed Herdbook official
documents and made available for data exchange. Harmonization of codes and
nomenclature is imperative for overall accuracy and international data exchange.

For the most part, genetic traits do not become 'Herdbook official' until the results of a
direct genetic test for the causal variant are available. Today, we are also able to
acquire genetic trait information from identified regions in the genome associated with
a genetic trait, by indirect testing (e.g. via haplotypes). Labelling of these test types
(direct and indirect) provides breeders with the information and opportunity to calculate
the risk with mating decisions.

WHFF Registration Working Group proposes the following standardized labelling for
genetic trait coding to indicate gene name and expression code.

Keywords: WHFF, World Holstein Friesian Federation, Genetic Traits, Recessives

In today's evolving world, the pace and productivity of animal sciences and discoveries
of new genetic traits and conditions continues at a rapid speed. Advances in genomic
understanding and laboratory testing methods are leading to frequent discoveries.
The importance of these discoveries can vary from a trait related to individual preference
(an animal's coat colour) to those with a significant impact on the health and welfare of
our dairy population (cholesterol deficiency being the latest).

Abstract

Introduction
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To make important breeding decisions, Holstein breeders must have available the
most current information. They need a trusted source that they can turn to for the
latest, up-to-date, genetic trait information. The World Holstein Friesian Federation
(WHFF) understands this concept and has been working, for a long time, towards
ensuring that all dairy breeders have the information they need. The WHFF works
with the research community, keeps track of new discoveries, evaluates its impact on
herd's health and coordinates a path forward so that the international breeding
community can quickly and effectively put useful breeding information into the hands
of our breeders. More formally, our goal is stated below.

The WHFF objectives are to improve and develop the Holstein breed in order to:

• Harmonize technical and administrative matters related to the improvement of the
Holstein breed.

• Represent the common interests of breeders worldwide in developing and promoting
the Holstein breed.

• Exchange information on important issues concerning the breed.

• Assist emerging herdbook organizations.

• Co-operate with animal science in general, as well as other recognized international
organizations involved in animal improvement (i. e. ICAR; Interbull).

Within the WHFF, the Registration Working Group (WG) is specifically assigned the
task to bring to the attention of the global community of Breed Associations and
Herdbooks, those scientific research discoveries of Genetic Traits that are pertinent
to the Holstein population. The term

'Genetic Trait' is used to describe a monogenetic inherited trait, i.e., one that is simply
inherited. An important role in this effort is an open exchange of data and a
harmonization of the terms involved in describing and communicating the results.

The WG actively seeks out new research findings and provides a coordinated response
on the dissemination of information on new genetic trait. The WG reviews the research
data, along with the description of the gene or its primary function. Ideally the labelling
of the new genetic trait is directly associated with its most notable characteristics.
Standardized labelling for a new genetic trait is most effective, when it's intuitively
associated with its name. In naming a new genetic condition, WHFF works most closely
with the researcher or country that discovers the new genetic trait.

The full disclosure of named Genetic Traits in the Holstein population is very useful
information when making breeding decisions on the farm. It allows the farmer to breed
for the characteristics he wants, as well as, to minimize the harmful impact of any
associated problem by breeding, through careful mating decisions and culling.

Objectives of the
World Holstein
Friesian
Federation (WHFF)

Registration
Working Group
(WG)

Why standadise?
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For the most part, genetic traits do not become 'Herd Book official' until the results of
a direct genetic trait test for the causal variant are available. Today, we are also able
to acquire genetic trait information from identified regions in the genome associated
with a genetic trait, by indirect testing (e.g. via haplotypes). Labelling of these test
types (direct and indirect) provides breeders with the information and opportunity to
calculate the risk with mating decisions.

For many years, WHFF has adopted two (2) Alpha characters assigned for the
monogenetic inherited trait. After the recommendation from their WG; WHFF proposes
expression codes for direct and indirect gene tests to facilitate the differentiation
between both testing types. The naming of 'indirect / haplotype discovered traits' relates
to the name of the genetic condition (as known) and, in some cases, may change
(e.g. missing haplotypes) when the specific phenotype or genetic information of the
trait is discovered. Previously labelled traits will not be renamed, e.g. HH1. As this
new area of research continues to expand we expect that the naming of traits will
continue to evolve.

Example of direct test coding

Coding of genetic
traits

Direct genetic trait test Indirect genetic t ra it testing 
Reliability: very close to 100%, 

excluding technical erro rs / issues 
are marker-based tests result from 

presence of mutated allele 

Reliability: very high, can be as high as 
98% risk of false positive results does 
not detect causal alle le itsel f; detects 

proxy of causal allele 

 

Direct Tests preceded by (2) 
Alpha character name of trait 

Indirect Tests preceded by (2) Alpha 
character name of trait 

F Tested Free 0 Tested Free/non-carrier. 
C Tested Carrier / 

Heterozygous 
1 Tested 

Carr ier/Heterozygous/Confirmed 
with pedigree info. 

S Tested / Homozygous 2 Tested True/Homozygous/Confirmed
on both sides of pedigree. 

3 Additional Characteristics e.g. 
suspect carrier origin could not 
be confi rmed from pedigree. 

4 Additional Characteristics 
e.g. suspect homozygous 
origin could not be confirmed 
from pedigree. 

 

5 As required should an additional 
characte ristic be identified. 

 

Cholesterol 
Deficiency 

CDF = tested  non-carrier / free  o f cholesterol deficiency 
CDC = tested  car rier of cholestero l deficiency (heterozygous)  
CDS = tested true carrie r o f cho lesterol de ficiency (homozygous) 
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When newly observed or previously unknown Genetic Traits are discovered, they
should be reported to WHFF for the classification. When WHFF is advised by industry
partners and/or laboratories of a newly discovered genetic trait, there will be a four
week time period before delivery of the standardize label for coding.

Official Genetic traits are listed on the WHFF website for easy reference for all
International Holstein Associations and their respective Herdbooks at: www.whff.info

For further information, please contact:
Suzanne Harding, WHFF Secretary General (worldholstein@gmail.com) and Linda
Markle, Chair of WHFF Registration WG (lmarkle@holstein.ca)

Reporting
procedure
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Conformation: what does it add to nowadays
breeding?

G. de Jong

CRV, P.O. Box 454, 6800 AL Arnhem, The Netherlands

Scoring cows on conformation has been successful as tool to define the right type of
cow. The development of linear traits also made it possible to use conformation traits
in mating programs and has given knowledge on the relationship between conformation
and functional traits. International harmonization of traits has helped to improve
exchange of data and genetic material. It also has improved the quality of conversion
of breeding values.  Therefore it is easier for the farmer to make a better selection
from the international offer of bulls.

Conformation traits always should be used in relation with production traits and
functional traits. Production and functional traits have a direct relation with farmers
income. Conformation should support these two trait groups and for commercial farmers
conformation is not a goal on itself. Body condition score and locomotion are good
examples of rather new conformation traits which fulfilled a need to support the breeding
of a more functional cow. The added value of conformation traits can be derived by
using the relationship between production traits and functional traits. From this
relationship it can be derived in which direction a conformation trait should be changed
for the population to get to a better performing cow.

For the near future focus should be for breed organizations on cooperation between
all organizations involved in breeding on determining the breeding goal and collection
of new data.

Keywords: conformation traits, harmonization, breeding goal, data collection.

Breed organizations for dairy cattle were founded 100 to 150 years ago by farmers.
Goal was to define and improve the breed of which they are milking the cows. When
defining the type of cows, of course, they were looking for the perfect cow. Actually a
cow which fits the farmer best and which produces more milk and has a good longevity.
At that time a lot was also based on what one could see from the outside: conformation,
type. Another reason breed organizations were founded was that it facilitated trade
between farmers and trade between countries.

To improve the trade breed organizations started to collect data. Of course pedigrees
were registered, but describing registered animals was also important as base to
decide which animals could improve the breed and which animal not. These description

Abstract

Introduction
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resulted at the end in giving scores for general characteristics like udder, feet and
legs, frame, development and an overall or final score. Later, during the 80's of last
century breed organizations started to score linear traits.

The advantages of using linear traits was that they were easier to score compared to
general characteristics. Linear traits describe a trait just in one dimension. For a linear
trait it holds that the whole scale of the trait is described with tall or short, wide or
narrow, deep or shallow, etcetera. Further the linear traits were perfect to use in a
mating program, to make in an easy way corrections for a cow. Linear traits made it
also easier that score could be understood or interpreted across countries. This as
the definitions are always simple. Further the linear traits are used in genetic evaluations
and due to the usage of the same of similar traits in different countries it facilitated
also the conversion of breeding values. But to improve the quality of the conversion of
breeding values, the traits scored in all the countries should be as similar as possible.
Therefore harmonization of traits across countries is important.

To facilitate the harmonization of conformation traits the ICAR working group on
Conformation has established a list with traits which could be scored in dairy and dual
purpose cattle. For all traits definitions are available and pictures show how a trait can
look like in a breed. This is done in such a way that it can be applied in all different
dairy and dual purpose breeds. The same has been done for beef cattle breeds and
goats.

The Holstein breed organizations have worked on the harmonization of linear type
traits since more than 25 years. The harmonization is also the base for the high
correlations which are estimated by Interbull for most conformation traits. For traits
like stature, rump angle, udder depth, teat placement, teat length, and rear teat
placement estimated genetic correlation between countries are in general higher than
correlation found for milk production traits. And looking over the years the correlations
have improved. Also for newly introduced traits like body condition score and
locomotion. So in that sense harmonization works.

Conformation traits are defined in such a way and are scored as they should help to
improve the quality of the cow. By improving the quality of the cow we want to get a
cow which functions better. This means actually for a farmer a cow which produces a
lot of milk, fat and protein without having problems. The latter means, good fertility, no
mastitis, good hoof health, no other diseases, resulting in a good longevity.

Using the scores for linear traits  we also can make the relationship between low,
medium or high score with longevity, somatic cell count or calving ease. It is possible
to show which kind of cow, with which score for the different traits will have a higher
chance to produce a fourth lactation. For example for chest width, as for other body
traits, it is known that cows with medium scores stay longer in the herd. But it is also
known that cows with more slope in their rump have less dystocia. And cows with
stronger fore udder attachment have lower somatic cell count. So conformation traits
help to look for a better cow by looking at the relationship between scores and the
performances for functional traits.

Harmonization

Relationship with
other traits
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Conformation has always been used to get a better cow. But at the same time the
breeding goal is broader than just conformation traits. Farmers have to deal with more
breeding values than just breeding values for conformation traits. The breeding goal
in general consists of production traits, longevity, fertility, udder health, calving traits
and conformation traits. And conformation traits have predictive value for most of
these traits.

Looking at a trait like protein yield, angularity has the highest genetic relationship:
more angular, more protein (correlation of 0.29, see table 1). Followed by udder depth
(deeper udder -> higher yield) and rear udder height (higher -> more yield). But when
a breeding value for protein yield would be computed from angularity, we would end
up with a maximum reliability of 9 percent!

For longevity moderate genetic relationship, correlation ranging from 0.20 to 0.25, is
found with locomotion, udder depth and rear udder height, with better locomotion,
more shallow udder and higher udder resulting in a longer herdlife. But at the same
time animals with breeding values indicating deeper bodies and wider chests have
genetically more risk to be culled than an average animal.

Looking at health traits, body condition scores has a rather good correlation (0.39)
with fertility when looking at genetic level. It is by far the best conformation trait which
gives an indication about fertility. And locomotion is a good predictor for the genetic

Table 1. Estimated genetic correlations between l inear conformation traits and protein yield and functional traits in 
the Netherlands and Flanders. Bold figures are correlation which are 0.25 or h igher or -0.25 of lower 

Trait 
Protein 

yield Longevity 
Fertility 
index SCC 

Udder 
health 

Claw 
health 

Maternal 
calving 

ease 

Stature 0.07 -0.18 -0.05 -0.03 -0.05 -0.20 0.11 

Chest width -0.03 -0.29 0.09 0.01  0.03 -0.04 -0.04 

Body depth 0.15 -0.36 -0.27 -0.20 -0.24 -0.25 -0.14 

Angularity 0.29 -0.32 -0.36 -0.22 -0.28 -0.21 -0.09 

Body condi tion score -0.24 -0.03 0.39 0.21  0.27 0.29 0.03 

Rump angle 0.05 0.06 0.07 -0.02 -0.02 0.21 0.29 

Rump width 0.11 -0.19 -0.08 -0.07 -0.10 -0.21 0.20 

Rear legs set rear view 0.00 0.12 0.03 0.06  0.06 0.47 0.11 

Real legs set side view 0.05 -0.11 -0.09 -0.09 -0.10 -0.29 -0.02 

Foot angle -0.06 0.05 0.08 0.08  0.09 0.17 -0.08 

Locomotion 0.07 0.25 0.06 0.08  0.08 0.78 0.17 

Fore udder attachment -0.22 0.15 0.16 0.26  0.31 0.16 0.05 

Front teat placement -0.05 0.02 -0.01 0.08  0.10 0.05 0.09 

Teat length 0.06 -0.12 -0.05 -0.03 -0.06 -0.09 -0.05 

Udder depth -0.28 0.22 0.21 0.32  0.38 0.10 0.13 

Rear udder heigth 0.20 0.22 -0.17 0.04  -0.01 0.16 0.06 

Udder support 0.03 0.09 -0.08 0.03  0.03 0.00 0.09 

Rear teat placement -0.01 -0.03 -0.05 -0.01 -0.01 0.00 0.07 

 

Breeding goal
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potential for an animal for claw health (correlation of 0.79). Both traits are rather new
in the list of linear traits, but were added as they give rather good information on
health traits.

Conformation helps to breed a better cow. But at the same time it holds that selection
on the trait itself is even more effective. And we know that for example in the Holstein
breed a trait like fertility and udder health needs attention. Those traits can only be
improved when breeding values for these trait are available and are used in the selection
process. In many countries these traits have been added to the breeding goal and
total merit index and the genetic trends in the population have improved.

One has to keep in mind that for getting the perfect cow for the farmer not conformation
counts, but those traits that generate income for the farmer. Traits like production,
health, fertility, longevity and efficiency are important traits to form the base for a good
income generated with cows easy to manage. To facilitate selection on all these traits
breed organization should cooperate with AI-organizations and other organizations
which help farmers to get better cows. Cooperation is not only needed in defining the
breeding goal but also in data collection. More data is generated by milk robots, from
NIR/MIR spectra, feed intake, methane measurements, sensors, etcetera. These new
data will lead to possibilities to select even more efficient for health and efficiency.

Scoring cows on conformation has been successful in defining the right type of cow.
The development of linear traits also made it possible to use mating programs and
has given knowledge on the relationship between conformation and functional traits.
International harmonization of traits has helped to improve exchange of data and
genetic material. It also has improved the quality of conversion of breeding values.
Therefore it is easier for the farmer to make a better selection from the international
offer of bulls.

Conformation always should be used in relation with production traits and functional
traits. Conformation should support these traits and for commercial farmers
conformation is not a goal on itself. Body condition score and locomotion are good
examples of rather new traits which fulfilled a need to support the breeding of a more
functional cow.

For the near future focus should be for breed organizations on cooperation between
all organizations involved in breeding on determining the breeding goal and collection
of new data.

Data

Conclusions
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Effects of genetic gains in the Irish beef maternal
replacement index on greenhouse gas emissions

C. Quinton 1, T. Byrne 1, F. Hely1, P. Amer 1 and A. Cromie 2

1AbacusBio Limited, 442 Moray Place, PO Box 5585, Dunedin 9058, New Zealand
2Irish Cattle Breeding Federation, Highfield House, Shinagh, Bandon, Co. Cork, Ireland

There is evidence globally that genetic gains in cattle production efficiency traits can
also drive improvements in greenhouse gas (GHG) emissions intensity (i.e. methane
or CO2 equivalent emissions per unit of product). In this study, we predicted
improvements in GHG emissions intensity expected from genetic progress in the Irish
Cattle Breeding Federation (ICBF) Beef Maternal Replacement Index due to the
proposed Beef Data and Genomics Programme (BDGP) and associated breeding
strategies.

Effects of each trait in the Maternal Replacement Index on gross GHG emissions (kg
CO2e/cow/year/trait unit) and GHG emissions intensity (kg CO2e/kg meat/cow/year/
trait unit) were modelled for age- and weight-constant slaughter systems. Carcass
weight and feed intake of the calf, along with calving interval, age at first calving, and
live weight of the cow influenced gross CO2e emissions though individual feed
consumption. GHG intensity was further influenced by weight, conformation and fat of
the calf carcass which affected kg meat produced per calf and per cow, as well as
survival and calving interval which affected system-wide numbers of animals.

Genetic trends in index traits were used to predict GHG reductions that could be
achieved through effective deployment of beef breeding programs. Genetic gain in
the Replacement Index was predicted to reduce GHG intensity on a system-wide
basis. Summed over changes in all index traits, GHG intensity was estimated to be
reduced by 0.009 kg CO2e/kg meat/year/euro index value. By combining the
Replacement Index with an Emissions Intensity Index created from the trait effects,
GHG emissions could be reduced by a further 16% with a trade-off of only 4% decrease
in Replacement Index euro progress.

Proposed breeding strategies integrated with the BDGP national initiative were
predicted to improve long-term industry profitability and GHG emissions intensities. In
a conservative scenario incorporating genomic selection on the Replacement Index,
an average trend of 5 Euros/year improvement in index value and corresponding
reductions of 229 kt CO2e after 5 years, and 1952 kt CO2e after 20 years were predicted.
An optimal scenario of maximum use of elite bulls by AI in pedigree herds that sell
large numbers of bulls for natural mating and with genomic selection led to faster
genetic progress of 9.5 Euros/year in index value and reductions of 350 kt CO2e after
5 years, and 3335 kt CO2e after 20 years.

Keywords: beef, greenhouse gas, selection, economic index, breeding program.
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Genetic gains on greenhouse gas emissions

There is evidence globally that genetic gains in cattle production efficiency traits can
also drive improvements in greenhouse gas (GHG) emissions intensity (i.e. CH4 or
CO2 equivalent emissions per unit of product) (Pickering et al., 2015). Generally,
increasing growth rate and numbers of animals in a system will increase overall feed
intake and resultant gross GHG. However, genetic and management improvements
also increase system-wide production efficiency, so that proportionally more product
is made per unit feed input. This comes from more efficient feed conversion into product
on an individual animal basis, plus improved reproductive and survival rates that improve
system-wide output of each breeding animal.

The objective of this study was to use international "best-practice" methodology to
predict improvements in GHG emissions intensity expected from genetic progress in
the Irish Cattle Breeding Federation (ICBF) Beef Indexes and Beef Data and Genomics
Programme (BDGP) breeding strategies.

The ICBF beef Maternal Replacement Index consists of calf traits calving difficulty,
gestation length, mortality, carcass weight, carcass conformation, carcass fat, feed
intake, and docility; plus cow traits cow survival, calving interval, age at first calving,
maternal weaning weight, maternal calving difficulty, cow live weight, heifer live weight,
cull cow carcass weight, and docility.

Effects of each trait on gross GHG emissions (kg CO2e/breeding cow/year) were
quantified based on how changes in these traits directly affect feed intake, assuming
0.583 kg CO2e/kg DM feed intake (Fennessy et al., 2015). Gross GHG effects
(kg change in CO

2
e / unit change in trait) were estimated for calf feed intake, based on

the above relationship between feed and CO2e; calving interval, based on the change
in number of calves produced per year and additional cow feed required to produce
those calves; age at first calving, based on additional feed required for maintenance
of a mature cow for each day of delay until first calving; and cow live weight and heifer
live weight, based on additional feed requirements of larger animals. Other traits in
the index were assumed to have no influence on gross GHG.

Effects of each trait on GHG emissions intensity (kg CO2e/kg meat /cow/year) were
quantified from the effects of trait changes on system-wide emissions intensity (EI =
Σe / Σy). The sum of all gross GHG emissions produced per breeding cow per year
(Σe) was estimated from number of slaughtered offspring, kg CO2e per slaughtered
offspring, number of replacement heifers reared, kg CO2e per replacement, and kg
CO2e per breeding cow; all as functions of genetic traits g. The sum of all meat produced
(Σy) per breeding cow per year was estimated from number of slaughtered offspring,
kg meat per slaughtered offspring, and kg meat per cull cow; all as functions of g.

System-wide change in EI per unit change in each index trait g (dEI/dg) was calculated
as the first partial derivative of EI with respect to g. Offspring meat output was influenced
by calf traits carcass weight, carcass conformation, and carcass fat. Cull cow meat
output was influenced by cow carcass weight. Number of replacement heifers required
was influenced by cow survival. Number of offspring per breeding cow was influenced
by calf mortality and cow calving interval. Other index traits were assumed to have no

Introduction

Methods

Effects of trait
changes on gross

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

GHG emissions

Effects of trait
changes on GHG

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

emissions intensity
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effect on EI. Annual change in EI (kg CO2e/kg meat/cow/year/trait unit) were calculated
by multiplying by the trait number of discounted genetic expressions per year (Amer et
al., 2001).

For each trait, the total yearly change in GHG intensity due to genetic gain in Maternal
Replacement Index value was calculated from annual change in EI multiplied by the
change in each trait achieved from index selection (trait unit/euro Maternal Replacement
Index value), as calculated by regression of ICBF bulls' proofs for each index trait on
their total index value. The sum of values for all traits was the total change in GHG
emission intensity due to genetic gain in index value (kg CO2e/kg meat/cow/year/euro
Replacement Index value).

Trait yearly effects on GHG intensity were also applied as index weights to form an EI
Index, so that by multiplying individual bulls' EBVs were by these weights, a total EI
Index value for each animal may be calculated. A Combined Replacement + EI Index
was also explored with a range of relative contributions of Replacement vs. EI by
calculating index values for groups of evaluated Irish bulls, and predicting effects on
genetic and economic change.

Industry-wide effects of BDGP breeding schemes were previously investigated (Hely
et al., 2016; Hely and Amer, 2016). Effects of BDGP breeding schemes on GHG
emissions intensity were evaluated by predicting change in Replacement Index and
EI Index over 20 years, applying selection with the Replacement Index, or with a
Combined Replacement + EI Index. Scenarios included increased usage of elite AI
sires, and genomics to improve accuracy.

Effects of index traits on gross GHG and annual emissions intensity for an age-constant
slaughter endpoint system are shown in Table 1. Calf feed intake, and cow calving
interval, age at first calving, and live weights influenced gross emissions though
individual feed consumption. On an age-constant slaughter basis, calf carcass weight
effect on gross GHG was assumed to be zero because feed intake is a separate index
trait, so the estimate was defined as effect of weight change at a fixed age independent
of feed intake. However, on a weight-constant slaughter basis with variable number of
days fed, faster growth reduced number of feeding days and resultant gross GHG
emission.

Trait effects on GHG intensity were influenced by gross GHG effects described above,
plus effects on kg meat produced per animal and system-wide number of animals.
Carcass weights, conformation and fat affected per animal kg meat produced. Number
of offspring per breeding cow was influenced by calf mortality and cow calving interval,
and number of replacements heifers required in the system was influenced by cow
survival. Therefore, the typical beef desired trait goals of increased survival, growth to
slaughter, carcass muscling (conformation), and decreased feed inputs, carcass fat,
calving interval, and age at maturity were all predicted to reduce system-wide GHG
intensity.

Effects of index
selection and BDGP

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

breeding strategies

Results and
discussion

Effects of
Replacement Index
on gross GHG and

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

emissions intensity
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Based on current genetic trends in index traits, genetic gain in the Replacement Index
was predicted to reduce GHG intensity on a system-wide basis. Combining effects
from responses in all traits in the Maternal Replacement Index, total GHG intensity
was estimated to be reduced by 0.009 kg CO2e/kg meat/year/euro index value in both
age- and weight-constant slaughter systems (Table 1).

Tab le 1. Effects of Replacement Index tra its on  gross GHG  emissions and system G HG emissions 
in tensity for an  age-constant slaughter system, and predicted  tra it-wise  responses in GHG emission 
in tensity due to genetic gain in the Replacement In dex. 
 

Part Trait (unit)  

Effect on 
Gross GHG 
(kg CO 2e / 
trait  unit) 

Effect on G HG 
intensity  (kg 
CO2e/kg meat 

/trait unit/year)  

Response in GHG 
intensity (kg CO 2e/kg 

meat /tra it 
unit/year/Euros index) 

Calf Mortali ty (%) 0 0 .14524 -0.0003297 
 Carcass weigh t (kg)1 0 -0 .02498 0.0005131 
 Carcass conformation  (score) 0 -0 .14829 0.0002507 
 Carcass fa t (score) 0 0 .10857 0.0001455 
 Feed in take (kg  DM) 0.583 0 .00107 0.0000005 
Cow Cow survival (%) 0 -0 .20715 -0.0039989 
 Calving interval (d) -1.232 0 .06428 -0.0018198 
 Age at first calving (d) 3.167 0 .01106 -0.0005025 
 Cow live weigh t (kg) 1.864 0 .02336 -0.0026804 
 Heifer live weight (kg) 5.483 0 .00383 -0.0004393 
 Cull cow carcass weight (kg) 0 -0 .00001 0.0000004 
    Total = -0.0088604 

1For weight-constant slaughter system, gross GHG = -8.844 kg CO2e/kg, GHG intensity = -0.01629 kg CO2e/kg 
meat/kg/year, response = 0.0003347 kg CO2e/kg meat/kg/year/Euros index. 

In addition to quantifying average GHG intensity reduction via selection, trait effects
on GHG intensity (Table 1) can be applied as index weights to form an EI Index. This
is a potential method to evaluate individual bulls for their genetic potential to reduce
EI, where low or negative EI index values are preferred. However, this EI Index is not
integrated with production economics and is therefore impractical for long-term genetic
improvement. Compared with the Replacement Index, this EI Index puts greater
emphasis on improving cow survival and reducing cow weight, and less emphasis on
milk production (maternal weaning weight). Therefore, some trade-off between
economic gain and EI reduction exist.

A Combined Replacement + EI Index can balance economic and GHG reduction goals.
By shifting the relative emphasis from Replacement toward EI, marked improvement
in EI progress could be obtained with little loss in euro progress. An optimal Combined
Replacement + EI Index was predicted to reduce GHG emissions by a further 16%
compared with Replacement only, with a trade-off of only 4% decrease in Replacement
Index euro progress.

Proposed breeding strategies integrated with the BDGP national initiative were
predicted to improve long-term industry profitability and GHG emissions intensities. In
a conservative scenario incorporating genomic selection on the Replacement Index,
an average trend of 5 Euros/year improvement in index value and corresponding
reductions of 229 kt CO2e after 5 years, and 1952 kt CO2e after 20 years were predicted.
An optimal scenario of maximum use of elite Replacement Index bulls by AI in pedigree

Industry-wide effects
of index selection
and BDGP breeding

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

strategies
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herds that sell large numbers of bulls for natural mating and with genomic selection
led to faster genetic progress of 9.5 Euros/year in index value and reductions of 350 kt
CO2e after 5 years, and 3335 kt CO2e after 20 years.
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Several studies conducted in the Limousine breed since the last 25 years lead to the
definition of two selection criteria for beef cattle temperament: a temperament score
given by the technician scoring type traits at weaning (COMP) and the number of
movements during weighing at weaning (REAC). These measures have been collected
on farm since end 2011. Data extracted from the national database were used to
estimate genetic parameters for Blonde d'Aquitaine, Charolaise, Limousine and
Parthenaise breeds. Parameter estimates were consistent across breeds, with
moderate heritability values and low genetic correlation estimated between COMP
and REAC. Both criteria should therefore be considered in genetic evaluation to assess
the different calf temperament components expressed in constrained condition and
on field test. Pilot genetic evaluation was performed in 2015 for the nine beef cattle
breeds undergoing selection in France. After 3 years of data recording, the number of
potential publishable bulls is limited for all breeds, but will increase in the next years.
Genetic evaluation of beef calf temperament has been officialised in France beginning
2016.

Keywords: temperament, docility, beef cattle, genetic evaluation.

Improvement of animal temperament becomes an important goal for beef cattle
breeders to facilitate herd management and animal handling, due to herd size increase
in conjunction with the trend towards less work on farm. Several studies conducted in
Limousine breed these last 25 years have led to the definition of two selection criteria
measurable on field that could be used to set up national on-farm genetic evaluation
of beef calf temperament. These two new traits have been collected on farm since
beginning 2011 for the 9 beef cattle breeds in selection in France. The aim of this
study was to estimate genetic parameters for these new selection criteria and to develop
a French on-farm genetic evaluation of beef calf temperament.

Abstract

Introduction
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To better assess animal reactivity during handling, a behavioral test, the so-called
"docility test", has been set up (Boivin at al., 1992) and used since 1990 in Limousine
progeny test station to discard worst breeding animals with regards to temperament
from the selection process (Sapa et al., 1997). This test relies on different measures
of time and animal reactivity while animal is constrained by a technician to stay with
him in a restricted area. It is commonly used in Limousine performance and progeny
test stations. The heritability of the docility global score was estimated to 0.14 on
males and 0.24 on females (Sapa et al., 1997). This test is however not applicable on
field.

Therefore, additional studies have been performed to define selection criteria adapted
to farm conditions. A research program ran up between 2007 and 2009 to define new
temperament traits measurable on commercial farm conditions: based on the docility
test results, 12 AI Limousine bulls were selected and used in 24 different herds to
produce and record at least 40 progeny per bull. In these herds, different selection
criteria of temperament were tested on calves at weighing or at type scoring. Benhajali
et al. (2009) estimated genetic parameters for these different traits: heritabilities were
estimated around 0.3 for measures recorded during weighing and around 0.17 for
temperament scores assessed on field conditions. Genetic correlations between these
two kinds of traits were very moderates (around 0.28 ± 0.28). Based on these results,
two selection criteria for calf temperament around weaning were proposed for genetic
evaluation: a temperament score given by a technician (COMP) during type scoring
on field and the number of calf movements in scale during weighing (REAC).

The two selected temperament measures are performed in two different contexts.
REAC is measured in constrained condition and consists in counting the number of
movements the animal does during the 10 first seconds of a weighing on scale (between
4 and 10 months of age). This count varies between 1 and 10 (10 corresponding to at
least 10 movements). COMP is measured with no physical constraint operating on the
animal: the technician attributes a temperament score to the animal in addition to the
other type trait scores given between 4 and 12 months of age. This score follows a 10
grade standardized scale (1: Come to the technician, 2: No movement, 3: walks, 4:
Walks quickly, 5: runs, 6: In Alert, 7: Attacks). For this measure, other information is
recorded by the technician: the distance between the animal and the technician
(DIAPCO), the measure condition (in box or on field) (SIAPCO) and the presence of
females with the calves during the measure (PREFEM).

Thanks to funding from France Génétique Elevage, a specific course was set up by
INRA and Institut de l'Elevage for training the technicians in charge of beef cattle
performance recording on farm. Then, temperament data collection started end 2011
and were uploaded in the National Genetic Database.

Definition of
on-farm
temperament
selection criteria

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Preliminary studies

Description of the
two on-farm
selection criteria for

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Data used for this study were extracted from the National database in September
2014, corresponding to 360 068 animals of the different French beef cattle breeds.
These animals were born between November 2011 and May 2014. Only 30% of them
had both REAC and COMP measures. Among animals with only one temperament
measure, 90% were measured only on COMP. This larger proportion of COMP records
can be observed in most of the beef cattle breeds except in Parthenaise (PAR) and
Bazadaise (BAZ) breeds whose more than 80% of the animals had both measures.
Genetic parameters were estimated for the 4 breeds with the larger number of data
available for the analysis (Figure 1): Limousine (LIM), Charolais (CHA), Blonde
d'Aquitaine (BLA) and Parthenaise (PAR) breeds.

Genetic parameter
estimation

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Data description

Figure 1. Number of COMP and REAC measures for French beef cattle breeds.

Figure 2 and 3 show COMP and REAC distributions: COMP one is very similar for the
4 considered breeds, with more than 70% of COMP records corresponding to scores
2 and 3 (No movement and walk). REAC distributions are more variable between
breeds, in particular when considering the first category "No movement".

Figure 3. REAC measure at weighing.
(NB: 10 corresponds to at least 10 movements)

Figure 2. COMP measure distribution
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To facilitate genetic parameter estimation and more particularly maternal genetic ones,
only performances from herds with at least 3 birth campaigns were kept. Twins, embryo
transfers, calves with unknown dam and contemporary groups with less than 5 and 3
performances respectively for COMP and REAC were also discarded from the analysis.
Table 1 describes data available for the 4 different breeds before and after editing.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Data editing

 
Breed BLA CHA LIM PAR BLA CHA LIM PAR

Total number of performances 33081 98174 140264 19477 17273 36362 47501 16825

Total number of herds 719 1325 1765 217 418 464 740 150

Number of performances after editing 14724 37484 67420 13096 8599 16846 15636 12297

Number of herds after editing 191 302 591 97 124 122 156 86

Number of performances                          
per herd-birth campaign

32 (27) 46 (31) 41 (31) 50 (28) 29 (23) 49 (28) 41 (31) 49 (31)

Performance mean 2.7 (1.1) 2.7 (0.9) 2.6 (0.9) 2.7 (0.9) 2.5 (1.9) 2.1 (1.8) 3.0 (2.0) 1.5 (1.7)

REACCOMP

Table 1. Data description before and after editing for genetic parameter estimation  (standard error between brackets).

Table 2. COMP and REAC genetic parameter estimates for BLA, CHA, LIM and PAR
breeds (standard errors between brackets - VC* Variation Coefficient)

 BLA CHA LIM PAR

h² 0.11 (0.03) 0.09 (0.01) 0.10 (0.01) 0.10 (0.02)

Genetic VC* 0.09 0.08 0.08 0.08

h² 0.16 (0.03) 0.13 (0.02) 0.17 (0.02) 0.12 (0.02)

Genetic VC* 0.17 0.19 0.17 0.19

0.33 (0.13) 0.43 (0.09) 0.39 (0.14) 0.32 (0.13)

COMP

REAC

REAC-COMP              
Genetic correlation 

Breed

Data were analyzed under a BLUP- Animal model including direct and maternal genetic
effects and a maternal permanent environment as random effects. Fixed effect definition
includes for both traits  animal age (in 6 or 8 classes of 30 days respectively for REAC
and COMP) and contemporary group defined by the combination of  herd, birth
campaign, calf sex, scoring technician, , date at recording.. For COMP, this model
included also PREFEM as a fixed effect and an interaction between DIAPCO and
SIAPCO. Genetic parameters were estimated by AIREML method and ASREML
software (Gilmour et al., 2002).

No significant variances were estimated for maternal genetic effect and permanent
environment effect whatever the temperament trait considered. Therefore, only direct
genetic effect was considered in the final animal model. Genetic parameters are given
in Table 2.

Genetic parameter

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Estimated heritabilities were moderate for both traits and very similar across breeds
with values between 0.09 and 0.11 for COMP and 0.12 and 0.17 for REAC. Genetic
variation coefficients (corresponding to the ratio between the genetic standard deviation
and the performance mean) showed that the four considered breeds have sufficient
genetic variability to ensure a possible selection for both traits. This "genetic evolvability"
is however larger for REAC than for COMP.

Genetic correlations between the two traits were estimated at very moderate values
(between 0.32 and 0.43 depending on the breed): COMP and REAC are therefore
two different biological traits, under the control of different gene pools. Genetic
improvement of these two temperament components can't rely on selection for only
one of the two traits.

A pilot genetic evaluation of COMP and REAC was performed for all French beef
cattle breeds under selection [Aubrac (AUB), BAZ, BLA, CHA, Gasconne (GAS), LIM,
PAR, Rouge des prés (ROU) and Salers (SAL)], based on genetic parameters
estimated in this study or standard heritabilities for the other breeds (0.10 for COMP
and 0.15 for REAC). Genetic values were standardized with regards to a reference
base (defined by all pure bred animal born the last 3 birth campaigns with all weaning
traits used in genetic evaluation) with 100 mean and 10 EBV units corresponding to
one standard genetic deviation.

Table 3 presents general statistics on genetic evaluation results for all bulls with at
least 0.5 reliability and 25 progeny with performance (common French official publication
rules). Numbers of bulls satisfying these publication rules were variable between breeds
(for COMP, between 1 for BAZ and 1023 for LIM; for REAC, between 3 for BAZ and
601 for LIM). These small numbers of publishable bulls are due to the limited number
of performances available in 2014 in the National database and the relatively low
heritabilities for both traits.

No significant genetic trend was estimated in any of the 4 breeds (Figure 4).

Pilot genetic

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

evaluation

Table 3. Results of the pilot genetic evaluation of COMP and REAC for bulls with at least 0.5 reliability and 25
progeny with performance (Mean, Standard Deviation (Std), Minimum (Min) et Maximum (Max)).

 

Mean Std Min Max Mean Std Min Max Mean Std Min Max Mean Std Min Max

AUB 35 101 6.3 81 116 0.62 0.11 0.5 0.84 21 100 7.7 89 115 0.61 0.07 0.5 0.74

BAZ 1 101 101 101 0.65 0.65 0.65 3 104 3.8 102 109 0.57 0.1 0.5 0.69

BLA 187 100 7.5 70 120 0.62 0.13 0.5 0.98 161 101 8.9 62 130 0.64 0.12 0.5 0.97

CHA 417 100 6.6 81 118 0.63 0.14 0.5 0.98 239 100 8 75 121 0.67 0.15 0.5 0.97

GAS 2 114 1.4 113 115 0.57 0.04 0.54 0.59 0

LIM 1023 101 7.8 72 130 0.58 0.09 0.5 0.98 601 100 7.2 74 125 0.62 0.09 0.5 0.98

PAR 177 100 7 78 117 0.62 0.12 0.5 0.96 165 100 8.2 80 124 0.63 0.12 0.5 0.95

ROU 69 100 6.3 87 115 0.63 0.12 0.5 0.93 24 101 7.1 83 113 0.61 0.12 0.5 0.85

SAL 90 101 8.5 75 126 0.6 0.1 0.5 0.91 83 99 10.8 59 123 0.59 0.08 0.5 0.83

COMP REAC
Breed Number 

of bulls

EBV CD Number 
of bulls

EBV CD
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Since first tests on animal reactivity measurement were set up in 1990 on Limousine
breed test stations to discard worst animals from breeding animal selection process,
several experimental studies have led to the implementation of the French on-farm
genetic evaluation of beef calf temperament for all the 9 beef breeds undergoing
selection in France. Since 2016, two new EBV's has been made available for beef
cattle breeders to select their breedstock on calf temperament to improve animal welfare
and labor conditions.

Benhajali H., Boivin X., Sapa J., Pellegrini P., Lajudie P, Boulesteix P.,
Neuts E., Phocas F., 2009. 3R, 16: 297

Boivin, X., Le Neindre, P., Chupin, J.M., Garel, J.P., Trillat, G., 1992. Appl.
Anim. Behav. Sci. 32: 313-323.

Gilmour A. R., Cullis B. R., Welham S. J., 2002. ASREML Reference
manual.

Sapa, J., Trillat, G., Longy, G., Le Neindre, P., Ménissier, F., 1997. 3R, 4:
203-206

Figure 4. COMP and REAC genetic trends for BLA, CHA, LIM et PAR breeds between
2005 and 2011 (sire with at least 0.3 reliability and 5 progeny with performance EBV
mean per year)

Conclusion
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Metabolic stability or resistance to metabolic diseases can be improved by genetic
selection. Strategies include direct selection based on clinically observed traits, and
indirect selection using indicators or predictors of metabolic diseases. The most
prevalent metabolic diseases in dairy cattle, for which genetic parameters were
published included: ketosis, displaced abomasum, milk fever, and tetany. In this review
we present genetic parameters for these metabolic diseases, discuss possible indicator
traits, and give a status of genetic evaluation of metabolic diseases.

Keywords: metabolic disease, genetic parameters.

Disturbances or dysfunction of metabolic processes can cause metabolic diseases.
The health key included in the ICAR guidelines for recording, evaluation and genetic
improvement of health traits in dairy cattle (ICAR, 2016) includes a total of 72 metabolic
conditions. The incidences of most of them are low, however, others (e.g., ketosis,
milk fever) are among the most frequent diseases affecting dairy cattle. Incidences of
clinical cases of metabolic diseases vary between studies but were mostly reported to
be below 10% of cows per year or parity/lactation (Pryce et al., 2016). Considerably
higher incidence rates were found for subclinical metabolic diseases. For example,
Ingvartsen (2006) reported an incidence of subclinical ketosis of 34%. Even if subclinical
cases per definition do not show signs of disease, subclinical metabolic conditions are
often precursors for other diseases and reasons for reduced production and economic
losses. Therefore, prophylactic measures against clinical and subclinical cases should

Abstract

Introduction
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be taken, including optimization  of  feeding  and  management  and using  additive
genetic variation  in  metabolic function, which allows improving metabolic stability or
resistance to metabolic diseases in dairy cattle by genetic selection. This can be direct
selection based on clinically observed traits, or indirect selection using predictors of
metabolic diseases. In this review we present genetic parameters, discuss possible
indicator traits, and give a status of genetic evaluation of metabolic diseases.

This review focuses on the most prevalent metabolic diseases in dairy cattle for which
genetic parameters were published: ketosis, displaced abomasum, milk fever, and
tetany. Ketosis is associated with negative energy balance and mobilization of body
fat, so risk of ketosis is particularly high in early lactation in high yielding cows. The
condition is characterized by accumulation of ketone bodies in blood, milk and other
body fluids. Reduced appetite leads to a vicious cycle of worsening negative energy
balance and ketosis. Displaced abomasum is usually associated with stretching of the
abomasal attachments during gestation and increased space in the abdominal cavity
after calving. Due to reduced motility of the abomasum, it fills with gas and then
displaces, more often to the left than to the right upper abdomen. When displacement
is accompanied by torsion, gas accumulation increases and drives displacement further.
Milk fever or hypocalcemia is characterized by very low blood calcium. Clinical cases
have lower-than- normal body temperature and cows exhibit partial or complete
paralysis, typically occurring close to calving. Subclinical milk fever is diagnosed by
decreased serum calcium. Tetany or hypomagnesemia occurs if the amount of
magnesium is insufficient for maintenance of regular muscle function. Clinical signs
include changes in behavior, muscle spasms, convulsions, and paralysis. Tetany can
lead to sudden death.

Heritability estimates of clinical metabolic diseases were in line with heritability of
other health traits. In a review, Pryce et al., (2016) reported that threshold model
estimates of heritability were 0.02 to 0.16 for ketosis, 0.12 to 0.35 for displaced
abomasum, 0.07 to 0.18 for milk fever and 0.02 for tetany. Linear model estimates
were, as expected, in general lower: 0.01 to 0.39 for ketosis, 0.00 to 0.08 for displaced
abomasum, 0.01 to 0.08 for milk fever and 0.004 for tetany.

Genetic correlations among metabolic diseases were positive, indicating that selection
to improve one metabolic disease will result in positive indirect selection responses in
others. The genetic correlation estimates were slightly higher, from 0.45 to 0.79,
between ketosis and displaced abomasum (Zwald et al., 2004; Parker Gaddis et al.,
2014; Jamrozik et al., 2016a) than between ketosis and milk fever, which ranged from
0.19 to 0.45 (Heringstad et al., 2005; Ederer, 2014). Metabolic diseases have also
been found to be positively genetically correlated to other disease traits, such as mastitis
and metritis (e.g. Koeck et al., 2012). This implies that selection for general disease
resistance and robustness may be possible. There was a lack of consistency in genetic
correlation estimates between metabolic diseases and milk production traits. Limited
numbers of studies, small datasets, large standard errors, and large ranges of estimates
make it difficult to draw conclusions. Better estimates of the genetic correlations to
milk production traits are needed to understand the consequences of selection.

Traits

Heritability

Genetic
correlations



309

ICAR Technical Series no. 21

Heringstad et al.

Correlated selection responses for ketosis were reported from a selection experiment
with Norwegian Red, where selection for increased milk production resulted in
unfavorable indirect selection response for disease incidences (clinical mastitis and
ketosis), while direct selection for low clinical mastitis resulted in a favorable genetic
trend for ketosis as a correlated selection response (Heringstad et al., 2007).

A few countries have implemented routine genetic and genomic evaluation of metabolic
disorders based on direct health traits so far. In Norway, ketosis and milk fever have
been part of the sub- index "other diseases", which since 1978 has been included in
the total merit index of Norwegian Red (Heringstad and Østerås, 2013). Favorable
genetic trends for ketosis in the Norwegian Red population (Heringstad et al., 2007)
illustrates that genetic improvement for metabolic diseases is possible. Also Denmark,
Finland and Sweden include breeding values for metabolic diseases in "other diseases",
a sub-index of the Nordic Total Merit (NAV, 2016). Since 2010, Austria (and Germany)
have routine genetic evaluation of milk fever and preliminary evaluation for other
metabolic diseases in Fleckvieh (Fuerst et al., 2010), and Brown Swiss since 2013.
For German Holsteins, the prototype of genetic evaluations for health traits includes
ketosis, milk fever and left-displaced abomasum. In Canada, genetic evaluations for
metabolic diseases (clinical and subclinical ketosis and displaced abomasum) for
Holsteins, Ayrshires and Jerseys will be implemented in December 2016 (Jamrozik et
al., 2016b). Based on the current research activity it is likely that conventional and
also genomic breeding values for metabolic diseases will become available in many
other countries and populations within the next decade.

Direct selection requires large-scale recording of disease traits. Alternatively, indicators
of metabolic diseases can provide information to be used in genetic evaluation.

Challenges related to disease recording and under-reporting, and difficulties in
diagnosis of subclinical cases of metabolic disorders have resulted in an increasing
interest in predictors. These can be sensor data or results of milk or blood tests, such
as ß-Hydroxybutyrate (BHB), changes in body condition score (BCS), changes in
body weight or predictors based on data from routine milk recording (e.g., milk mid-
infrared spectral data, MIR). Predictors can be used for genetic evaluation, as well as
for diagnosis of subclinical cases, risk assessment and herd management.

Increased automation and use of advanced sensors provide new opportunities and
solutions. Advanced management systems combining data from multiple sources to
predict risk and detect possible health problems, such as metabolic diseases, are
developing. However, reliabilities are often not yet convincing, implying the need for
further research.

Many of the metabolic diseases are associated with negative energy balance in early
lactation. BCS is a subjective measure of an animal's body reserves, and BCS changes
can be used to quantify mobilization of body reserves. Automated weighing and
automated scoring of BCS (camera) are examples of new technology that can provide
frequent and objective measures of new phenotypes and enable new strategies for

Genetic evaluation

Possible indicator
traits
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assessment of e.g. energy balance. Moderate genetic correlations have been estimated
between digestive / metabolic diseases and both BCS (Dechow et al., 2004; Jamrozik
et al., 2016a) and body weight change (Frigo et al., 2010).

MIR analyses of milk samples can be used for evaluation of subclinical disease. This
has the potential to substantially increase the available phenotype information for
subclinical disease, as MIR is established and used in standard analysis for milk
recording. MIR has been found useful for screening purposes (healthy cows vs. cows
at risk), but so far prediction accuracy is insufficient for ketosis parameters (e.g., de
Roos et al., 2007; Grelet et al., 2016b). MIR can also be used to predict energy balance
(McParland et al., 2014).

Concentration of BHB in blood is the gold standard diagnosis of ketosis. However,
because blood sampling is expensive and not practical for routine recording purposes,
alternative predictors have been explored, including fat-to-protein ratio and milk fatty
acid profiles. The potential of using MIR for prediction of BHB and acetone in milk
have also been investigated in several studies (Gengler et al., 2016; Grelet et al.,
2016a,b).

Direct selection to reduce metabolic diseases is possible. However, lack of recording
of direct disease traits is a challenge. Several potential indicator traits have been
suggested for predicting metabolic diseases, and more applications for indirect traits
for metabolic stability are expected with the continuous increase of automated data
recording. New phenotypes, including better tools for diagnosis of subclinical cases,
may support more efficient selection against metabolic diseases.
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ICAR and SOLID an EU Project for "Sustainable
organic and low input dairying"

C. Thomas et al.

ICAR, Via Savoia 78, 00198 Rome, Italy

Direct training methods can by definition only reach a small proportion of the potential
target audience. An European Union project SOLID has produced interactive e-learning
training and awareness materials that will be subsequently used for wider dissemination
of project outputs by the industry and also by educational institutions and by trainers.
Five web-based courses have been developed led by Service-ICAR:

1. Participatory research in organic and low-input farming systems. Authors:
Konstantinos Zaralis, Anja Vieweger, Susanne Padel (ORC), Julian Cook (Service-
ICAR) http://www.icar.org/solid/participatory_research/.

2. Life cycle assessment (LCA) of dairy chains. Authors: Marie Trydeman Knudsen,
Sanna Hietala, John E. Hermansen (AU), Julian Cook (S ICAR) http://www.icar.org/
solid/life_cycle_assessment/.

3. Dairy cattle genotypes for low-input and organic farming systems. Authors: Werner
Zollitsch, Lisa Baldinger, Marco Horn (BOKU) , Julian Cook (S ICAR) http://
www.icar.org/solid/genotypes/.

4. Novel and Underutilized Feeds for Low input and Organic Dairy Farms. Authors:
Marketta Rinne, Kaisa Kuoppala, David Yanez-Ruiz, Ignacio Martin-Garcia (MTT
and CSIC), Julian Cook (S ICAR) http://www.icar.org/solid/feeds/.

5. Profit in Low Input and Organic Dairying. Authors: Jolien Hamerlinck and Ludwig
Lawyers (ILVO), Julian Cook (S ICAR) http://www.icar.org/solid/profitability_1/ http:/
/www.icar.org/solid/profitability_2/.

Each course comprises of an introduction to explain the aims and the intended audience
together with a guide on how to navigate through the material. The courses are available
through the project website (www.solidairy.eu)

Keywords: SOLID EU Project, , organic and low-input farming systems, Participatory
research, Life cycle assessment.
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