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FOREWORD

On behalf of both the Organising Committee and the Scientific Committee, | am pleased to
welcome you in Tartu, Estonia, to participate at the XllI International Congress of the International

Society for Animal Hygiene (ISAH).

The ISAH (www.isah-soc.org) was founded in 1970 and has today members from 48 countries
throughout the world. ISAH can be considered as a group of scientists contributing to efficient,
sustainable animal farming with healthy animals, providing wholesome food in a sound
environment.

Veterinarians and non-veterinary academic scientists (animal science, agricultural economics,
engineers, microbiologists, public health professionals, epidemiologists etc., etc) and respective
professionals in animal husbandry, who work and/or do research and education in the field of
animal hygiene, can apply for a membership of ISAH, and are most welcome to attend ISAH
congresses.

The first ISAH congress was held in Budapest in 1973. The last ISAH main congress took
place in Warsaw, Poland in 2005 and the last in-between symposium in Saint-Malo, France in
2004.

Starting from Warsaw congress in 2005, the ISAH, considering the need for a more flexible and
frequent exchange of scientific and practical knowledge, organizes its congresses every second
year.

The present, XlII ISAH congress in Tartu, Estonia, in June 17-21, 2007 is organised under the
device "Animal health, animal welfare and biosecurity”.

The scientific programme, trying to follow the scope of the ISAH and receive the feedback from
modern animal husbandry and food production, concentrates with more profoundness on the
following subjects: interaction between the environment and health and welfare of individual animal
and herds; managing animal health in large dairy units; ensuring animal welfare during
transportation and slaughter; economical implications considering animals’ health; possibilities of
precision livestock farming in maintaining good health and welfare of animals; measures for
prevention the development and spread of diseases and pathogens in animals including those
posing risk to human health (zoonoses); food safety relevant infections and contaminations such
as residues in food derived from animals; influence of the animal production on the environment
and public health.

The Proceedings from the XlII ISAH Congress are herewith presented. The papers on lectures
from invited speakers, oral and poster presentations from 11 parallel sessions are included in this
excellent compilation. In general, the printed contribution to the ISAH-2007 congress illustrates
clearly the broad scientific field of the ISAH and related to it activities.

I hereby would like to express my most sincere gratitude in the address of ISAH-2007
organising and scientific committees. Special thanks go to Frens Conference Services for their
excellent organizational and technical contribution and to AS Triip for their outstanding printing job
of these proceedings. We also appreciate different companies and organisations for their
considerable financial support which gave us the opportunity to keep the registration fees
affordable.

Finally, we thank all participants, contributors, chairpersons, organisational and technical
assistants for your considerable efforts — you made the ISAH-2007 in Tartu real success.

We wish you all interesting and pleasant congress and enjoyable stay in Tartu.

A. Aland
Editor
Chairman of the ISAH-2007 Organising Committee
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ABSTRACT

Large dairy farms commonly differ from small-holder or medium-sized farms in the sense that
they need to be well-structured and organized, and should be considered as enterprises. The
entrepreneur-like dairy farmers show other characteristics than average dairy farmers. They also
have other demands regarding the veterinary services on their farm. The “sick cow approach” is
no longer valid. If veterinary practitioners like to play a substantial role like consultant-coach on
these large farms, they have to invest in new knowledge, skills and technologies which are
currently not part of European curricula. Among the investment domains are herd health &
production management (HHPM) services focussing on reducing costs and/or increasing income
through operational management advice, farm economics, marketing & communication.

In addition, new programmes of quality risk control based on the HACCP (hazard analysis
critical control points) concept and principles emerge as a consequence of new EU regulations
like the General Food Law and the Hygiene Directives. In these programmes, quality comprises
both the product (milk) and the production process, while animal health, animal welfare, and food
safety/public health are exponents of such production process.

Both HHPM and HACCP are addressed in this paper. Moreover, as a practical link between
the two programmes SWOT (strengths—weaknesses—opportunities—threats) assessment sheets and
GDF (good dairy farming) guidelines are presented. It is concluded that HPM and HACCP can be
rather easily integrated on the dairy farm, and that the veterinary practitioner is best positioned to
play a pivotal role, provided that he/she is well prepared and willing to invest in the new skills
and knowledge presented. Then, a sustainable, new veterinary market segment lays ahead.

INTRODUCTION

Over the past decades we have seen a shift from small-holder mixed farms to more larger, mono-
species, intensive dairy enterprises. New technologies-like for cattle housing, feed harvesting and
feed mixing, milking — were introduced to meet the demands of increasing the milk production
and labour productivity, necessary to cope with the smaller economic margins and to earn an
income (Brand et al., 1996). At the same time it became clear that in order to manage large dairy
enterprises, new skills and knowledge were paramount. Among these features are: [1] executing
proper entreprencurship, [2] set up an adequate organisation structure on the farm, including
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assignment of responsibilities and tasks, and performance evaluation, [3] prioritising animal
health and nutrition, and [4] design performance evaluation and risk analysis schemes.

The veterinary practitioner in this setting has to acquire new knowledge and skills too; the
classical “sick cow” approach is no longer acceptable to the entrepreneur-like dairy farmer
because diseases losses may be high and because the farmer is much more interested in disease
prevention. The practitioner should turn into a consultant-coach for the entrepreneur-like dairy
farmers to retain added value to these farmers (van Egmond et al., 2006). One way to perform this
new task is to get experienced in herd health & production management services (HHPM)
supporting the operational management. HHPM is founded on broad clinical monitoring of
animals and their environment, searching for pending hazards and risk conditions, and evaluating
herd performance data as well as the personnel.

A SWOT assessment is another crucial tool within HHPM. From available generic risk factor
lists, a specific farm area like claw health or udder health is scored using area-specific SWOT
sheets. At the end of such scoring, a spider-gram can be drawn showing the weak and the strong
points of the farm. These results may trigger further action like interventions, further problem
analysis or sampling for laboratory investigations.

Furthermore, because “quality” has become a leading issue in the EU, and hence in dairy
farming, the practitioner should invest in skills and knowledge related to quality risk control.
Quality must be considered in its broadest sense: from product safety (milk; meat) to animal
health, animal welfare, public health. It has been stated earlier that the HACCP-like approach is
the quality control concept best applicable to dairy farms as compared to ISO-9000-series and
Good Dairy Farming guidelines, both for its farm-specificity and its merger with quality
assurance systems further down in the food chain (Noordhuizen & Welpelo, 1996).

In this paper the forenamed programmes, services and concepts are addressed in a practical
manner. Examples are given when appropriate. At the end it is concluded that veterinary
practitioners could play a paramount role, once they are willing to invest for the future. When
HHPM and HACCP are integrated, both farmers and practitioners can benefit.

Herd Health & Production Management, HHPM, services

HHPM have been developed from single area (fertility) schemes to more holistic farm
management approaches. However, still many farmers drop out because veterinarians tend to stick
to their technical skills too much, instead of adding e.g. data or problem analysis protocols,
biosecurity guidelines, or risk analysis schemes to their HHPM product.

HHPM must be structured and needs planning ahead; the ‘product’ must be transparent
and clear to the farmer, it must be founded on farmer’s demands and priorities.

A SWOT assessment of the various farming areas will assist in determining the areas for
improvement and prioritize them according to the farmer’s wishes. Through www.vacqa-
international.com you can get access to a website with, for example, such SWOT sheets for on-
farm use. The SWOT assessment sheets function as follows (Cannas et al., 2006):

Suppose you like to assess claw health problems. First of all, diagnoses have to be set
(pictures provided in the website). Then the SWOT takes you along several clusters of items to be
scored. Among these clusters are: Clinical Monitoring; Housing, Climate; Management,; Other
health disorders. The items within each cluster can be scored, commonly from 1-3-5 ranging
from good-moderate—poor. Several of the items refer to risk conditions contributing to claw
disorders, others refer to adjacent farming areas (e.g. lameness ~ oestrus expression ~
reproductive performance ~feed intake ~milk production). Scoring is conducted for a sample of
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cows in each of 4 lactation stages or as a group/herd average without lactation stage. At the end
of the assessment the results are presented in a spider-gram and a histogram with colours from
green (okay) to yellow( moderate; needs attention) to red (poor; immediate action required),
while the items for improvement are listed for further interpretation and advice/intervention.
Spider-grams can be used for evaluation of trends once a new assessment has been conducted
both within farms as well as between farms. The data can be saved, and exported to PDF or
printed.

Figure 1 shows an example of a screen of the VACQA-International website for the area of udder
health

Currently SWOT assessment sheets are available in the areas claw health, udder health, herd
fertility, milk production & nutrition, and calf rearing (4 periods). New SWOT sheets on Welfare
& Cow Comfort, and on Public Health respectively are to be issued before the end of 2007.
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Figure 1. An example of the SWOT sheets from the VACQA-International website; the area of
udder health monitoring

Once the hazards have been determined, the HHPM product contents can be designed.

Broad clinical monitoring is the basis for each HHPM; it regards animals/herd, their environment
and the management, and the data of the herd/farm. Monitoring is a rapid, cheap, and sufficiently
reliable tool to track down deviations in performance, to assess potential hazards and risk factors,
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to detect trends in performance, and to evaluate the effects of advice or intervention given earlier.
Monitoring results trigger further action like problem analysis, expert consultation, risk analysis
schemes, development of biosecurity assurance plans, design of specific working instructions, etc.
Farm visits, every 1, 2 or 4 weeks, depending on herd size, are pivotal in HHPM because the
forenamed monitoring is conducted during such visits; the discussion with the farmer and farm
workers about the results is crucial for proper understanding and follow up.
Farm visits have 3 components:
[1] preparation while checking the latest events, the earlier advice given, and the state of
herd performance;
[2] the execution of the visit and the monitoring, including the interventions and the
discussion with the farmer and farm workers;
[3] the follow-up, comprising problem analysis, expert consultation, reporting. A written
report of a farm visit is an essential element of HHPM. The same applies to the written
reports regarding the problem analysis.

These 3 components are also the parts that need to be paid for in a commercial setting. Commonly
only the [2] and [3] are the most relevant ones. Follow-up can comprise up to 2 to 3 hours after a
farm visit.

Preventive actions, after routine monitoring and farm visits the third primary component of
HHPM, are mainly focussed on tailor-made vaccination programmes, risk analysis schemes,
biosecurity assurance plans, and, finally, quality risk management programmes. It must be stated
here that investments in cattle welfare economically pays off. Adjustments contributing to
optimising cow comfort (with the areas of housing; climate; feed & feeding; health; behaviour)
result in less health disorders and better milk production (Noordhuizen & Lievaart, 2005).

Quality Risk Management programmes

As stated above, “quality” in this context must be considered broadly. For the EU it has become a

major drive to consumer protection (EC 178-2002; EC 852/853/854-2004). The European

Commission has suggested to farmers to implement a HACCP-like programme to demonstrate the

status of public health, animal health, animal welfare of their herd as well as of their products

(milk; meat) to third parties (consumers; retailers; authorities). Earlier benchmarking also pointed

to the HACCP concept as best applicable to dairy farms (Cullor, 1995; Noordhuizen & Welpelo,

1996) because of its simplicity, farm-specificity, low labour input and low documentation

demands, low costs, and its basis in risk identification and risk management during the production

process. The latter items have been named above under HHPM already.
Applying the HACCP-concept on dairy farms implies the following 7 principles (adapted after

Cullor, 1997):

o A detailed description of the production process on the farm with all its steps in the format of
flow charts and diagrams (which should be done anyway on large farms for organisational
purposes!) by the HACCP-team which comprises the owner, the manager, the chief
veterinarian, the nutritionist, the farm-economist.

o Identification of major hazards (diseases) and their associated risk factors in the areas of
animal health, animal welfare and public health/food safety. (This is usually done in a more
qualitative and generic way during HHPM services, but must be done here in a much more
formal and structured way!)
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e Definition of critical control points (CCP) and points of particular attention (POPA) to control
the risks of concern throughout the production process.(POPAs fail to meet all the formal
criteria as set for CCPs but still are considered relevant for risk reduction)

e The setting of standards and their tolerance level (physical entities) and targets (for biological
entities) around each CCP and POPA.

e Design of a monitoring system involving CCPs and POPAs, frequency of monitoring, method
of monitoring, the related record, and person responsible for it (this item too is somehow
addressed in HHPM but again is formalised here).

e Definition of corrective and preventive measures at each CCP and POPA (is commonly
addressed in HHPM once a [pending] problem has been detected).

e Verification of the proper functioning of the HACCP-like plan through internal reviews and
screenings, and by external audits; the provision of necessary records.

These 7 principles are to be translated into the 12 steps of developing a tailor-made hence farm-

specific HACCP-like plan. These 12 steps are addressed during the conference workshop to show

its feasibility and practicality. Parts and examples from the handbook on a HACCP-like plan will
be shown also. Fig. 2 on the next page shows an outline of a dairy farm production process flow
chart; Fig. 3 shows a part of the HACCP-like handbook.

A crucial element in the HACCP-like approach is the fact that we need to structure and
formalise what we —maybe- have not yet done so far in HHPM.

In order to determine whether an identified risk on a dairy farm is an actual risk or not, we can
follow one of 3 possible routes:

e conduct a qualitative risk weighing in the HACCP-team on the basis of its probability of
occurrence X expected impact (R=P*I) (Lievaart et al., 2005)

e apply methods of adaptive conjoint analysis (from marketing sciences to assess
experts’opinions on a certain issue) yielding a ranking of risk factors in a semi-quantitative
way (van Schaik et al., 1998)

e apply formal, quantitative observational-analytic epidemiological studies yielding odds ratios
or relative risks (Noordhuizen et al., 2000).

A CCP can only be defined as such if formal criteria are met; these are that the CCP is associated
with the hazard of concern; that it is measurable or observable; that standards/tolerances are
known; that corrective measures are available; that these corrective measures restore full control
of the process again after a breakdown. POPAs usually are lacking the third and the last criterion;
the main reason is that animals are biological, not physical, entities, and that, hence, biological
variation exists (e.g. sero-titres distributions).

In animal husbandry, standards and tolerances known for physical processes are not very
common. An example however is the temperature of the water for cleaning the milking machine
(80°C +-2°C) which is a true CCP. Therefore, in dairy farms we will have much more POPAs,
which at least can be supportive to reduce the risk. Moreover, items like breed

or houses can be risk factors for e.g. lameness, but a farmer will not accept our “advice” to
replace them.
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Item no. CCP/  Standard Monitoring Instruction Corrective Records
POPA Tolerance  How Freq.  Who (prevention) measures
T, POPA Use only Check  Atuse Farmer “Use of drugs”  Use proper drugs “Drug
proper drug label Evaluate other drugs  Record”
Consult the vet RY
T, POPA No residues Check At Farmer
drugs (R) delivery “Use of drugs”  Respect the with-
“Drug delivery” drawal periods (RY
T; POPA Dosage
in DAP. Check  Atuse Farmer  “Useofdrugs” Adjustdosage R
syringe
T, CCP  CowlID Visual  Atdrug Farmer  “Use of drugs” Mark the cow RY
No tolerance use

T= cow treatment step in the process; POPA= point of particular attention; CCP= critical control point; DAP= drug
advisory plan of the veterinarian for the herd. R = records. R, = Records regarding treatments

Figure 3. Example of a part from the HACCP-like handbook, regarding the process component of
cow treatment (T} , 3 4 refer to items in the handbook)

An on-site monitoring scheme involves the CCPs and the POPAs. Its function is fully comparable
to that used in HHPM, but under HACCP it is —again- much more structured and formalised.

The HACCP records, needed to prove to third parties (authorities; retailers; consumers) that
the quality risk management plan is in place and adequately functioning, comprise components
like a Daily Events & Calamity Log; Intervention Sheets; Herd Treatment Advisory Plan e.g. for
mastitis; a Good Medicine Application code of practice; Performance Records; Quality Control
Sheet; Laboratory Examination Sheets.

Several of these records will already show up in a properly designed and functioning HHPM
service. They are also available at www.vacqa-international.com.

This website comprises many templates of a HACCP-like handbook (about 100 pages) and
provides examples of hazards & risks lists; flow charts and diagrams; CCP & POPA lists;
monitoring schemes; intervention schemes. These templates can be used for adaptation to the
regional and local (farm) situation. Risk factor lists are generic examples.

It must be stated that the application of quality risk management according to the HACCP
concept would be senseless if not the proper attitude and mentality has first been adopted by both
the farmer/owner and the veterinarian as well as the farm workers. A way to properly deal with
such adoption refers to the marketing of “protocols” of Good Dairy Farming codes of practice
(GDF) and working instructions associated with these protocols. GDF codes are guidelines and
address different farming areas like Hygiene, Feed Harvesting, Feeding Management, Milk
harvesting, Colostrum Management.

GDF guidelines largely encompass the more generic types of risk factors which are hence not
specific for a certain disorder. The veterinary practitioner is well-positioned to design such
guidelines, market them and start training and coaching in implementing these on the farm with
the manager and the farm workers. When these type of working instruction are adopted on the
farm, the foundation is built to expand to HACCP-like applications.

On the www.vacqa-international.com website different examples of such GDF guidelines can
be found too. They can be adapted to the particularities of the local (farm) situation. By the end of
2007 a book on the various applications of HACCP with many field examples will be issued by
Wageningen Academic Publishers.
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DISCUSSION AND CONCLUSIONS

Applying HHPM to large dairy farms means more than involving veterinary technology alone. If
we like to keep these enterprises as our client, we have to enter other domains (van Egmond et
al.,20006).

The first domain is that of the farm organisation: How is it set up as a business? Are there
different farm units being distinguished for better management? And if so, are tasks and
responsibilities defined for farm workers? How is performance being evaluated? etc

Next domain is the marketing and business administration. We need to be able to follow the
entrepreneur in his ways of thinking. A particular element of this domain is communication in its
broadest sense (oral and written communication; raising the proper questions; adequate listening;
conflict handling; investing in contact moments; moderating discussions; properly convincing
people).

The third domain is —next to adequate veterinary-zootechnical knowledge and skills — animal
health economics. A veterinary coach-consultant must be able to deal with disease loss estimation
and cost-benefit assessments of advisory programmes or interventions. A specific area in this
domain is “behavioural economics”, the irrationality in decision-making processes based on
issues like perceptions, emotions, vision on the outside world, social standing, pleasure in his
enterprise. Again, the practitioner should be able to follow the entrepreneur and recognise the
signs of such behaviour in order to discuss at the same “wave length” as the farmer/manager.

If the practitioner detects during a self-evaluation session several blanc spots in his
professional profile, related to the forenamed domains, he better invest first in acquiring such
knowledge or skills before jumping too quickly and too deep into HACCP-like applications. A
client is lost more rapidly than won. Different courses on these subjects are given, most probably
by branches other than veterinary.....

From the preceding paragraphs it is clear that HHPM and HHCP-like applications can be
easily integrated. They both have the same client, the farmer; the scope of quality risk
management through HACCP is wider and more at the tactical/strategic level, while HHPM is at
the operational management level. HACCP is also much more structured and formalised than
HHPM. When conducting HHPM and/or HACCP it must be absolutely clear to everyone that
clinical intervention activities (like claw trimming; calf dehorning; treating endometritis) must be
strictly separated from coaching-consulting activities. The farmer should not be confused and his
concentration must be focussed on the work under hand; on the other hand, the practitioner should
not loose too much time being distracted by such clinical work while coaching/consulting. For the
same reason, the veterinarian should leave his mobile phone in his car, not being tempted to
denigrate the farmer!

The main reason for integrating HHPM and HACCP — for example in a developmental
pathway — is that quality control on dairy farms must be conducted in a “bottom up” sense instead
of a top-down approach. The latter will never lead to full adoption by the farmer unless being
forced by e.g. authorities or retailers. By integrating the two, the benefits for the farmer are much
bigger.

SWOT assessment tools and Good Dairy Farming codes of practice as proposed here are the
practical links between the two types of services.

The contemporary veterinary practitioner can play a paramount role in these new services if
he/she is willing to invest in new knowledge, technology and skills first. Then, a new large market
segment lays ahead, while his/her pleasure in new activities will increase.
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THE GROWING ROLE OF ANIMAL HYGIENE FOR PRODUCING FOOD
OF ANIMAL ORIGIN

Blaha, T.

Field Station for Epidemiology, University of Veterinary Medicine Hannover,
GermanyPresident of ISAH

THE CHANGES

It is striking that the changes in food production (especially in the production of food of animal
origin) in the last 15 years have by far exceeded the changes that took place in the period of time
from the turn of the 19™ until 1990. It has been mostly speculated that the reason for that is the
endless sequence of real and perceived food crises such as the BSE episode, the sudden
Salmonella Enteritis emergence, and many other so called food scandals like dioxin in feed and
food, resistance in bacterial pathogens and so on. I dare to argue that the underlying “problem” of
the changed attitude of consumers and the society towards food is a very positive one: in many
parts of the world, food production exceeded the demand for food. Figure 1 shows a very
simplified graph demonstrating the effects of the relationship between population growth and
food production. The solid line in Figure 1 symbolizes the population growth over time; the
dotted line symbolizes the growth of food production. Due to a more rapid growth of the
population than the growth of the food production, there has been until recently always a need for
more food — wars and a rapid urbanisation (fewer farmers have to produce food for more urban
people) have even widened the gap between the two lines until we decided to purposefully
intensify food production (first arrow). As the Figure 1 shows (second arrow), it has been only for
a very short period of time that food is being produced in a way that almost everybody
(unfortunately only in the developed countries) has access to an abundant food supply.

— — Population 7

Increase

= Food production

Time
Figure 1. The theoretical relationship between population growth and the increase of food
production
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In contrast to many a modern “consumerist” I think that intensifying food production has been
one of the great achievements of mankind — although it has to be admitted that, as so often, this
achievement has its price: we have to learn how to produce food in a way that supplies
everybody with abundant, wholesome, nutritious and safe food AND to simultaneously
maintain our recourses, protect our environment and keep animals for food production
under conditions that allow them a decent life fulfilling their needs for animal well being — in
other words, the task is: building up an efficient and yet sustainable animal production for a
socially acceptable food supply feeding the world.

These changes have both an impact on the market that are mainly due to the growing free
global trade with feed, animals, and raw material for food and food itself, and an impact on the
legal framework that are responding to the growing demands of the society.

The market has started to look not any more only for the lowest price, but also for superior
quality, traceability, guarantees for safe products and for ethical values such as “environmentally
sound”, “sustainable production”, and “animal friendly”.

The legal framework for the new conditions under which food production is expected to take
place has started to change with the new definition of the principles for food safety by the Codex
Alimentarius in 2000. Accordingly, the rules of the World Organization for Animal Health (O.L.E.
— since recently also responsible for food safety and animal welfare), the rules of the World Trade
Organization (WTO) and of the Agreement on Sanitary and Phytosanitary Measures (SPS) reflect
the new expectations as well as the legal framework for feed and food safety in the now 27 EU-
member states, which is summarised in the Reg. (EC) 178/2002.

The major new principles of the paradigm shift that is reflected in this new regulatory framework
are:
— strengthening of the responsibility of the producers for safe products and state of the art
production procedures
— process optimisation rather than end product inspections
— risk-oriented safety procedures (e.g. HACCP) and risk-oriented controls and inspections
— setting targets rather than prescribing every detailed procedure
— the “third eye principle” (auditing and certification)
— public-private partnerships (self controls, neutral controls and governmental control of the
control)
— the primary production (feed production, animal husbandry) has to be part of the food
safety system along the food chain.

THE CONSEQUENCES

These changes have, of course, quite drastic consequences, which mainly put pressure on the
farming community that has never been exposed to such a speed of change in the past. It is by far
not any more sufficient to produce “as much as possible at as low as possible costs”. Agricultural
production becomes more and more market-oriented. The probably most drastic change for the
farmers is the fact that, with abundant food available and with the possibility for food processors
and retailers to buy any raw material and any food from everywhere, the need of national self-
sufficiency is gradually decreasing. In other words: affluent societies that buy food from all over
the world lose their willingness to pay farmers for overproduction and/or for products that do not
meet the demands of the market. There is also a decreasing willingness of the government to “fix



ISAH-2007 Tartu, Estonia 17

all the problems” that farmers may run into (contagious animal diseases, improper production
processes leading to economic losses and suboptimal products).

To maintain a sound livestock production as basis for a competitive production and supply of

food of animal origin, the following major tasks must be fulfilled:

1.

2.

3.

eradication of contagious (notifiable) diseases and protection of the national livestock against
the introduction of foreign and emerging diseases;

controlling and minimising the multitude of endemic (multi-factorial) diseases impairing
animal performance and animal welfare;

controlling, minimising or eradicating zoonotic pathogens and chemical and physical risks to
human health at herd level (pre-harvest food safety);

optimising the husbandry and animal care conditions to ensure animal well being. (including
transport and stunning before slaughter);

. protecting the environment against adverse effects stemming from animal husbandry

(emissions, improper waste management, ground water pollution);
assuring the compliance with the necessary measures to be taken (internal and external audits,
certification and traceability) to tackle all these tasks.

ANIMAL HYGIENE’S CONTRIBUTION TO ANIMAL HEALTH

“Animal Hygiene” is the discipline of veterinary medicine that is not focussing at animal disease,
but on animal health. In the last decades, especially in the framework of the International Society
for Animal Hygiene (ISAH), the scope of “animal hygiene” has been broadened from “just”
animal disease prevention to:

— animal health in the widest possible sense (freedom from disease, freedom from suffering

and pain, freedom from pathogens harmful to animals and humans);

— food safety at herd level (no microbiological, chemical or physical contamination of meat,

milk and eggs, and minimisation of bacterial resistance);

— environmental protection in all areas that are affected by animal production (waste

management, protection of soil and ground water and minimisation of emissions from
animal husbandry).

Figure 2 shows a graph that tries to illustrate that animal health is not a “Yes” or “No” issue, but a
quantitative criterion that can be classified as ““Low” or “High”, which makes it possible to
define improvements.
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Figure 2. Improvements of animal health over time and the major tools of the animal health
management

In the light of this definition, animal hygiene is involved in all “new” challenges that the farming
community is increasingly facing.

1. Biosecurity

Apart from complying with the international regulations for the trade with animals and animal
products, and the national regulations on the protection of the national livestock (monitoring,
surveillance and early warning systems), a set of precautionary measure have to be taken at farm
level. First of all, there is a need to maintain at all times the awareness of farmers and
veterinarians, that any symptom of disease might be a symptom of a contagious (notifiable)
disease. It must be stressed that the “first line of defence” against the tread of outbreaks of
contagious diseases is the farmer and the field veterinarian, not the state veterinarian, who can
only take actions if somebody indicates a suspicion of disease. It has been experienced in the last
decades that statistical sampling for monitoring for antibodies and/or causative agents of
contagious diseases are rather providing a false sense of security — the targeted diagnostic
clarification of any clinically suspicious case is in all events more likely to early detect an
outbreak. If such targeted diagnostic measures are part of the daily considerations of the farmer
and the consulting veterinarian, a major condition of animal hygiene, i.e. preventive veterinary
medicine is fulfilled.

Additionally, of course, animal hygiene is teaching the basic rules of biosecurity such as
shower-in, changing of boots and overalls, restriction of visitors, quarantine and isolation mea-
sures for animal replacements etc.

2. Endemic diseases

If epidemic diseases are eradicated and “kept out” of our herds and flocks, the impact of animal
specific pathogens (that often only together with adverse factors develop disease) must be
minimised. GAP (Good Agricultural Practices — good stockmanship and good husbandry) and
GVP (Good Veterinary Practices) need to be implemented. Only if the animal and people flow is
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oriented towards a constant reduction of infection chains within the herd or flock and along the
animal production chain from breeding up to slaughter, and only if the living conditions of the
animals (ventilation, cleaning and disinfection, care and proper feeding and watering) are
constantly being optimised, there is the chance to maintain and even improve the health of the
animals. Appropriate vaccinations of the animals and the prudent use of antibiotics (no
prophylactic use, and in case of disease: as much as necessary and as little as possible) are major
components of GVP.

3. Pre-harvest food safety

After having brought the “classical” food safety risks (tuberculosis, brucellosis, trichinellosis)
under control, more and more “new” food safety risks emerge that cannot be controlled by the
traditional meat inspection, which depends on inspecting the carcass. Risks such as Salmonella,
Campylobacter, Listeria, residues and toxins, do not result in clinical disease (which could be
detected in the flock or herds), and they do not cause any pathological-anatomical lesion (which
could be detected at the slaughter line). And, even if they could be detected at the slaughter line
(e.g. bacteriology or any other analytical test), they cannot be removed from the carcass. The only
way to deal with these risks to human health is to prevent their entering the flock or herds of
animals. Observing the basic hygienic requirements (shower-in, change of boots and overalls,
rodent and pest control, cleaning and disinfection between production cycles, vaccinating where
appropriate, compliance with withdrawal times and prudent use of antibiotics) are the major
preventive measures for reducing the at-herd-level food safety risks. Additional monitoring and
surveillance systems to identify higher risk flocks herds and to implement measures in these high-
risk flocks and herds for mitigating the risks in question, will contribute further to reasonable and
effective pre-harvest food safety programmes.

4. Good Agricultural Practices (GAP)

Apart from disease prevention, the animals deserve a decent life and any prevention from
suffering and pain. The animals physiological needs need to be met and the species-specific
behaviours need to be taken into consideration to guarantee. It goes without saying that the
husbandry system is having the highest impact on the degree of the “animal friendliness” of the
rearing conditions. However, whereas in recent decades the husbandry system has been almost
exclusively made responsible for the well being of food animals (e.g. poultry batteries vs. free-
range, sow crates vs. sow group housing etc.), it has become increasingly obvious that the
intensity and quality of the animal care (the degree of stockmanship) can even override the
positive or negative effects of certain husbandry systems. Optimal feeding, water supply,
veterinary care and intensive observation of the animals and taking care of their needs are at least
as important as the husbandry system.

5. Environmental protection and waste management

Sustainable production methods for food of animal origin ask for minimisation of adverse
emissions from any livestock production facility and for a responsible waste management.
Appropriate feeding strategies (e.g. phytase supplementation), reducing emissions from waste
storages (e.g. covering of slurry tanks), and emission reduction by using filtering systems (e.g.
biofilters), are as important as a responsible use of veterinary drugs and disinfectants that
potentially contaminate animal wastes.
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6. Traceability

Any market-oriented food production is only competitive and providing trust, if the production
procedures are completely transparent. The major precondition for transparency is a seamless
system for tracking and tracing back and forth along the production chain from “plough to plate”.
Modern identification, data recording and information systems provide more and more
possibilities for a transparent production flow. Third party auditing and certification procedures
will “produce” as much trust for consumers and markets as the guarantee that recall actions are
possible in case of any failure in the production chain. Fully integrated, corporate production
systems such as certain poultry, egg, milk and pork production chains have already started to
implement their own data recording, tracing and information system. However, first independent
tracing and tracking systems provided by third party companies start to be offered in the market
such as the software system “ScoringAg” (Scoring System, Inc., USA), which can be used by
groups of producers that have a steady product and information flow without being fully
integrated in corporate terms.

Figure 3 shows the theoretical change of the animal care management systems over time from
curing single diseased animals to the sustainable production of high quality food.
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High 1 Focus on
Food

Production

Chain

7 Standardization and
i Certification of Herd

onsumer i Health for Food Safety

oncerns with Focus on Herd & Food Quality
ood Safety & or Flock
ood Quality i Tracing and Tracking
Increasing Herd
Focus on Single Health for Productivity |
Animals :
Treating Diseases
Low

""" 1900 1950 1990 2000

Figure 3. The changing animal care systems over time

Implementing all components of “Animal Hygiene” as integral parts of Good Agricultural
Practices and Good Veterinary Practices into the daily production procedures in livestock
and into the veterinary service, the production of food of animal origin will continue to change
from single animal care actions for curing diseased animals by therapeutic efforts to flock and
heard health improvements for maximising the economic output of the livestock operations on to
a transparent and socially acceptable production of wholesome, healthy and safe food
produced under sustainable production conditions.
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ANIMAL HEALTH, ANIMAL WELFARE, BIOSECURITY AND
ENVIRONMENTAL PROTECTION AS MAJOR COMPONENTS
OF SUSTAINABLE ANIMAL PRODUCTION

Kofer, J.

Department of Veterinary Medicine, Austrian Agency for Health and Food Safety,
Spargelfeldstrafe 191, A-1226 Vienna

SUMMARY

European consumers are becoming increasingly concerned with safety and animal welfare in food
production. They want to know more about breeding methods, fattening procedures and animal
husbandry, prevention and eradication of severe animal diseases, meat inspection, and recently
also about the sustainability of animal production in general. EU member states are obliged to
improve the health status of farm animals, to reduce the human health risk from the consumption
of food of animal origin and to guarantee free intra-Community trade. When Austria joined the
EU on 1 January 1995, this obligation led to a considerable extension of the scope of tasks to be
performed by the veterinary service and to the implementation of new methods in food production
and monitoring.

Animal health

The EU has put in place a large number of directives, decisions and regulations to ensure and
monitor the health status of farm animals and has established common rules for the control of
epidemic and endemic diseases as well as additional guarantees and surveillance programmes.
Food animal production systems vary in different regions of the world. In countries practising
intensive animal production, thousands of animals are kept in confinement in large operations. In
other countries, like Austria, production is less intensive (with the exception of poultry pro-
duction), largely pasture based and often small in scale. All EU member states have established
veterinary service systems for implementing “herd health programmes” to improve animal health
based on process optimisation. Farmers are at the beginning of the food production chain and
therefore have a great responsibility in safeguarding animal health and the quality of animal
products. Improvement of animal health is also a great challenge for veterinarians. In Austria, we
set up the “Animal Health Service” (AHS) in the 1990s, with farmers and veterinarians working
together to increase the productivity of the farms, to improve the quality of food of animal origin
and to establish a quality assurance system. The AHS, in cooperation with the Austrian
Veterinarian Association, has defined specific rules of cooperation between veterinarians and
farmers. Regular veterinary audits are undertaken by private veterinary surgeons who are
members of the Animal Health Service.

Animal welfare

The EU has already taken various practical steps to secure real improvements in animal welfare in
order to respect the basic five freedoms: freedom from discomfort, from hunger and thirst, from
fear and distress, from pain, injury and disease, and freedom to express natural behaviour. The
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European Union has already put in place welfare standards for animals kept for farming purposes,
such as laying hens, calves and pigs. The Community Action Plan (CAP) on the protection and
welfare of animals, adopted in January 2006, also responds to the principles of the Amsterdam
Treaty. Recent CAP reform measures have introduced the principle of cross-compliance with
various standards for beneficiaries of direct payments, including animal welfare standards, from
2007. The “Integration of animal welfare in the food quality chain: from public concern to
improved welfare and transparent quality” is of great importance. In January 2007, a new
regulation on the welfare of animals during transport came into force. Banning of long distance
transport of live animals for slaughter or further fattening would be a sensible step because
animals would not be subjected to long periods in transit. The protection of animals from
avoidable suffering, pain or damage during transport to the slaughter facility as well as the topics
of stunning and exsanguination is currently at the centre of hot public debate.

Biosecurity

Biosecurity is the prevention of disease-causing agents entering or leaving any place where farm
animals are present. Biosecurity measures are of special importance in the case of an outbreak of
an exotic notifiable disease such as Foot and Mouth Disease (FMD), Classical Swine Fever
(CSF), Avian Influenza or infections with Bluetongue virus in ruminants. The main risk factors
responsible for spreading disease include farm-to-farm movement of infected livestock, contact
with animals and their excrements, clothes, boots, vehicles and equipment. Disease can also be
spread by other means, such as wildlife, other vectors or airborne transmission. Implementing
biosecurity measures as Standard Operating Procedures (SOPs) helps ensure that those people
working with farm animals or coming into contact with them do not spread disease.

Environmental protection

Protection of the environment requires activity on many different fronts — from limiting global
environmental threats (such as global warming, or greenhouse gases), to safeguarding individuals
from the effects of poor air quality or toxic chemicals. Actions to protect the environment also
provide benefits in improved energy efficiency and more efficient use of resources, such as re-
use, recycling and recovery of waste. From the veterinary point of view, the safe utilisation of
animal by-products (i.e., products of animal origin that are not intended for human consumption)
such as animal carcasses, catering waste, butcher and slaughterhouse waste, blood, pet animals
etc. is of special importance. The collection and decontamination of fallen stock in rendering
plants according to Regulation 1774/2002/EU is also of great significance in terms of biosecurity.
Animal by-products can be processed not only in conventional rendering plants but also in a wide
range of other technical and biological processes, as for example in approved biogas or
composting plants throughout the EU.

Sustainable development

A widely used international definition of sustainable development is: “development which meets
the needs of the present without compromising the ability of future generations to meet their own
needs”. At the beginning of the 21* century the public is becoming more and more aware that the
current model of development is unsustainable and that our way of life is placing an increasing
burden on the planet. Global energy demand could double as a result of population growth in the
next fifty years, global water use has more than tripled since 1950, and production, distribution
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and consumption of food is responsible for approximately 25% of total greenhouse gas emissions.
It is in our long-term best interests as veterinarians to play an active part in contributing to a more
sustainable development in the production of food of animal origin. So let’s make a start in this
direction in our everyday work “along the food chain” and thus pave the way towards sustainable
animal production.
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BACKGROUND

Following several disease outbreaks and food contamination scandals in Europe in recent years,
the Commission adopted the White Paper on Food Safety in 2000. This White Paper contains a
number of recommendations aimed at increasing food safety, improve the traceability of food
products and regain consumer confidence in the food industry. To this end a package of proposals
for new legislation on food and feed has been prepared with the following characteristics:
responsibility for food safety lies with the establishment operator, while the competent authority
of the Member State verifies correct implementation of the new rules. Production should be based
on good hygienic practice and HACCP principles and products are subject to microbiological
criteria and temperature limits. The proposals deal with a variety of food types and cover the
entire food chain (“from stable to table™).

General Food Law

The general food law (Regulation (EC) No. 178/2002") lays down guiding principles and
establishes common definitions. Furthermore, the Regulation puts the overall responsibility for
producing safe food on the food business operator. It requires the food business operator to have a
system in place enabling them to identify the immediate supplier(s) and immediate customer(s) of
their products in order to ensure traceability. Other issues that are covered within this Regulation
are the principles of risk analysis, the precautionary principle and withdrawal of food from the
market by the food business operator if safety is at stake. Finally, it lays down the principles and
requirements for the rapid alert system for food and feed and for the establishment of a European
Food Safety Authority.

Hygiene package

The “hygiene package” consists of a total of five legislative parts, of which four were adopted in
April 2004, and provided the Member States and the stakeholders with a preparatory period of 18
months before becoming applicable with effect from 1 January 2006. The package consists of the
following parts:
e Regulation (EC) No 852/2004 on the hygiene of foodstuffs’
. Regulgtion (EC) No 853/2004 laying down specific hygiene rules for food of animal
origin

"OJL31,1.2.2002,p. 1
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e Regulation (EC) No 854/2004 laying down specific rules for the organisation of official
controls on products of animal origin intended for human consumption*

e Council Directive 2002/99/EC?, which deals with animal health issues

e Directive 2004/41/EC®, which repeals the old legislation, a total of 17 Directives.

Regulation (EC) No 852/2004

The Regulation lays down general hygiene requirements to be respected by food businesses at all
stages of the food chain including primary production. The Regulation does not apply to small
quantities of primary products supplied directly by the producer to the final consumer or to local
retail establishments directly supplying the final consumer.

The Regulation requires all food business operators to put in place, implement and maintain a
permanent procedure based on Hazard Analysis and Critical Control Point (HACCP) principles
with the exception of those involved in primary production. Food hygiene is the result of the
implementation by food businesses of prerequisite requirements (such as concerning
infrastructure and equipment, pest control, water quality, personal hygiene, etc.) and procedures
based on the HACCP principles. The prerequisite requirements provide the foundation for
effective HACCP implementation and should be in place before a HACCP based procedure is
established. The prerequisite requirements to be respected are laid down in an annex of the
Regulation. The Regulation allows the HACCP based procedures to be implemented with
flexibility so as to ensure that they can be applied in all situations. Guides to good practice for
hygiene and for the application of the HACCP principles developed by the food business sectors
themselves, either at national or at Community level, should help businesses to implement
HACCP-based procedures tailored to the characteristics of their production.

In addition, the Regulation requires food businesses to be registered with the competent
authority, this being a simple procedure whereby the competent authority is informed about the
address of the establishment and the activity carried out.

Regulation (EC) No 853/2004

The Regulation lays down the hygiene requirements to be respected by food businesses handling
food of animal origin such as meat, live bivalve molluscs, fishery products, raw milk and dairy
products, eggs and egg products, frogs’ legs and snails, collagen and gelatine at all stages of the
food chain. The Regulation does not apply to retail, which for food hygiene purposes means all
activities involving direct sale or supply of food of animal origin to the final consumer. In such
cases Regulation (EC) 852/2004 will apply. Establishments (except those carrying out only
primary production, transport operations, the storage of products not requiring temperature
controlled storage conditions or most retail operations) handling products for which the
Regulation lays down requirements in an annex, must be approved. Approval procedures involve
an on-site visit by the competent authority to verify if the establishment fulfils all the
requirements concerning infrastructure, equipment and hygiene.

4 0J L 226, 25.6.2004, p. 83
S0J L 18,23.1.2003, p. 11
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Regulation (EC) No 854/2004

The Regulation deals, among other things, with the official controls of animals sent for slaughter,
official controls with regard to fresh meat, fishery products, raw milk and dairy products and with
procedures concerning imports. Modern meat inspection should be based on risk assessment and
should prevent cross contamination in the slaughter hall. In addition, meat inspection can be
improved by imposing stricter hygiene measures at the farm level and by requiring the farm
operator to send relevant management and health information to the slaughterhouse for those
animals that are to be slaughtered in the next 24 hours, called food chain information. These
principles have been introduced in the Regulation.

Regulation (EC) No 882/2004 (Official feed and food controls)’

The Regulation on Official Feed and Food Controls is the result of a review of the existing
Community rules on the subject, which were adopted separately for the animal feed sector, the
food sector and the veterinary sector. It covers the entire range of activities covered by feed and
food law, including animal health and animal welfare. It applies with effect from 1 January 2006,
except for the provision on financing of official controls which applies with effect from 1 January
2007.

As a consequence of the new rules, the Member States have to reorganise their official
controls systems so as to integrate controls at all stages of production and in all the concerned
sectors, using the ‘farm to fork™ principles. They have to submit and annually update a general
control plan for the implementation of feed and food legislation and to report annually on the
implementation of that plan. National control plans and reports shall take into account guidelines
drawn up by the Commission (as mentioned under point 9).

There will also be an evolution of the Community approach to controls. At present,
Community controls in the Member States and in third countries are organised largely on a
sectoral basis and are related to the mandates the Commission has in different sectoral legislation.
By means of this Regulation the Community approach to controls will evolve. The Food and
Veterinary Office’s role will be essentially based on audit with the main purpose to verify the
efficiency of the control systems in the Member States and auditing the compliance or
equivalence of third country legislation and control systems with EU rules. The requirement for
all Member States to submit a multi-annual control plan will facilitate the carrying out of these
audits. Account will also be taken of Member States’ own audits and of their annual reports.

The Regulation provides for a set of general rules applicable to the official controls of all feed
and food at any stage of production, processing and distribution, whether produced within the EU,
exported to or imported from third countries. In addition to these rules, there are other specific
control measures which are important in order to maintain a high level of protection and therefore
must be kept in place. This is, for example, the case for the specific veterinary control rules on
imports of animals and food of animal origin or for the specific controls rules for organic
products.

"0J L 191, 28.5.2004, p. 1
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Implementing measures
8.1. Implementing measures

A wide range of implementing measures has been adopted on the basis of the hygiene package as
foreseen in Article 12 of Regulation (EC) 852/2004, Articles 9 and 11 of Regulation (EC)
853/2004 and Articles 16 and 18 of Regulation (EC) 854/2004.

The measures laid down in Commission Regulation (EC) 2074/2005% include provisions
concerning food chain information, fishery products, recognised testing methods for detecting
marine biotoxins, calcium content of mechanically separated meat, lists of establishments, model
heath certificates for a number of products (frogs’ legs, snails, gelatine and collagen), a derogation
for foods with traditional characteristics and a number of amendments to Regulations (EC) No
853/2004 and (EC) No 854/2004.

8.2. Transitional arrangements

The principle of granting transitional arrangements was agreed by the European Parliament and
the Council through Article 12 of Regulation (EC) No 852/2004, Article 9 of Regulation (EC) No
853/2004 and Article 16 of Regulation (EC) No 854/2004. Transitional arrangements in respect of
certain new provisions have been taken to permit a smooth change-over from the old to the new
regime.

The measures laid down in Commission Regulation (EC) 2076/2005° include provisions
concerning stocks of food of animal origin, placing of food of animal origin on national markets,
materials bearing pre-printed health or identification marks, marking equipment, health import
conditions, food chain information, composition criteria for minced meat, use of clean water, raw
milk and dairy products, eggs and egg products, training of slaughterhouse staff, certification of
establishments, accreditation of laboratories carrying out official controls and some amendments
to Regulations (EC) No 853/2004 and (EC) No 854/2004.

8.3. Examination of meat for Trichinella parasites

The adoption of Directive 2004/41/EC on 21 April 2004 by the European Parliament and the
Council resulted in the repeal of Council Directive 77/96/EEC, which specified in detail the
examination for Trichinella of carcases of swine, horses and other susceptible species.
Commission Regulation (EC) 2075/2005' has retained many elements from the previous
legislation such as the sampling procedure, the various examination techniques in the laboratory
and the derogations granted. However, at the same time the Commission Regulation has
introduced a number of new elements to increase food safety for the consumer and facilitate the
sampling procedure for those establishments where the parasite has not been encountered for a
long time. The new elements are the following:
e A larger amount of sample has to be collected and examined from those animal species that
pose the greatest risk for infecting humans, mainly horses and wild boar;
e Freezing is no longer allowed to replace the examination of horsemeat (because in this host
certain Trichinella species such as T. spiralis, T. pseudospiralis and T. britovi can survive
freezing temperatures);

8 0J L 338,22.12.2005, p. 27
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e The use of the trichinoscopic method for examining meat samples is no longer allowed,
because it fails to detect T. pseudospiralis. A transitional arrangement for four years will give
the competent authority the possibility to switch to a more reliable examination method. A
number of additional requirements have to be applied whenever the trichinoscopic method is
used;

e The most important regulatory change is the introduction of Trichinella-free holdings or
category of holdings or regions having a negligible prevalence. The competent authority can
recognise a holding as free from Trichinella following an on-site inspection. Animals coming
from a Trichinella-free holding are exempted from examination for Trichinella. The
derogation applies only to fattening pigs. Inspection procedures can be very much simplified
when the competent authority decides to recognise a category of holdings as free from
Trichinella. Finally, the draft Regulation provides the possibility for a Member State to
declare a region as having a negligible prevalence for Trichinella. Third countries will be able
to apply the derogation of declaring a holding as free from Trichinella as well.

8.4. Regulation on microbiological criteria for foodstuffs

Previously existing microbiological criteria were reviewed taking into account recent
developments in food microbiology and scientific advice from the European Food Safety
Authority (EFSA). Commission Regulation (EC) No 2073/2005'" revised these criteria and
introduced additional ones. The main objectives of the Commission Regulation are to ensure a
high level of consumer protection with regard to food safety and to harmonise the microbiological
criteria in the Member States. In particular, the target of the Commission Regulation is to reduce
the number of Sa/monella and Listeria cases in humans. A main component of the Regulation is
to set two different types of criteria for foodstuffs, which need to be complied with by the food
business operator:

e A food safety criterion defining safety of a product or a batch applicable to products placed

on the market
e A process hygiene criterion indicating the correct functioning of the manufacturing
process.

Microbiological criteria have been laid down for certain micro-organisms which are common
causes of foodborne diseases in humans, such as Salmonella, Listeria, E. coli, toxins produced by
Staphylococci bacteria and histamine. If food safety criteria are exceeded, the batch has to be
withdrawn from the market. Food safety criteria have been set for the following combinations of
food category/micro-organism:

o A Listeria criterion for all ready-to-eat foods

e A Salmonella criterion for certain ready-to-eat foods, minced meat, meat preparations and
meat products
A criterion for staphylococcal toxins in certain types of cheeses and milk powder
An Enterobacteriaceae criterion for dried infant formulae
An E. coli criterion in live bivalve molluscs
A histamine criterion for fishery products

TOJ L 338, 22.12.2005, p. 1.
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In addition, the Commission Regulation includes process hygiene criteria, such as
Enterobacteriaceae and Salmonella in carcases of slaughtered animals, Staphylococci in certain
types of cheese, E. coli in pre-cut fruit and vegetables.
Guidance documents
A number of guidance documents have been prepared to assist the food business operators and the
competent authorities of the Member States with the implementation of the Hygiene Regulations
(those with an * have been placed on the DG SANCO internet site):
e Guidance document on Regulation (EC) No 852/2004*
¢ Guidance document on Regulation (EC) No 853/2004*
e Guidance document on the implementation of HACCP and facilitation of the
implementation of the HACCP principles in certain food businesses™
e Guidance document on community guides to good practice*
¢ Guidance document on import requirements*
e Guidance document on the preparation of multi-annual control plans as laid down in
Regulation (EC) No 882/2004 (will be published as a Commission Decision)
e Guidance document laying down criteria for the conduct of audits (published as
Commission Decision 2006/677/EC'?)
e Guidance document on official controls, under Regulation (EC) No 882/2004, concerning
microbiological sampling and testing of foodstuffs*.

Future aspects

10.1. Treatment to remove surface contamination

Article 3(2) of Regulation (EC) No 853/2004 provides a legal basis to permit a substance other
than potable water to remove surface contamination from products of animal origin. Such a legal
basis did not exist in the previous legislation (Directive 64/433 for red meat, Directive 71/118 for
poultry meat, other Directives used to cross reference to the first mentioned), but is available now
that Regulation (EC) No 853/2004 is applicable.

With the adoption of the hygiene package and the introduction of the HACCP principles in the
entire food chain, establishments are obliged to improve their hygiene and processing procedures.
Under such circumstances the use of substances to remove surface contamination of food of
animal origin can be reconsidered. It is essential that a fully integrated control programme is
applied throughout the entire food chain including on-farm, during transport and in the processing
plant. Treatment to remove surface contamination might constitute a useful element in further
reducing the number of pathogens, especially with regard to Salmonella and Campylobacter,
provided an integrated control strategy is applied throughout the entire food chain. A draft
Commission Regulation has been prepared to allow the use of a number of approved substances
for the removal of surface contamination from poultry meat. The draft Commission Regulation is
still under discussion.

20J L 278, 10.10.2006, p. 15.
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10.2. Risk-based meat inspection

Meat inspection has focused traditionally on the detection of the major zoonotic diseases
occurring in domestic animals, such as tuberculosis, trichinellosis, cysticercosis, etc. In order to
detect these diseases it was necessary to palpate and incise various parts of each slaughtered
animal. However, these discases have either been largely eradicated from herds kept under
modern management conditions or do not occur in the majority of the very young and generally
healthy animals slaughtered nowadays. Moreover, it has been shown that meat inspection is in
some specific cases not the most sensitive way to detect infestation (e.g. in the case of
cysticercosis). Furthermore, micro-organisms that are of increasing zoonotic importance in
modern animal husbandry systems, like Salmonella and Campylobacter, are readily transmitted
from one carcase to the next by the various manipulations required to be performed during the
traditional meat inspection procedures. Taking all these factors into account, a detailed visual
inspection without any incision or palpation of slaughter animals might be sufficient to ensure
food safety. However, under those circumstances it will be necessary to take efficient preventive
measures during the rearing of the animals and to provide sufficient information to the
slaughterhouse on the life history of the animals. A draft Commission Regulation has been
prepared, which lays down detailed requirements for risk-based meat inspection of fattening pigs
and young ruminants.
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THREATS AND NEW TRENDS IN PREVENTING EPIZOOTIC DISEASES
IN LIVESTOCK AND POULTRY IN THE EUROPEAN UNION

Vannier, P.

AFSSA — B.P. 53—22440 PLOUFRAGAN France

INTRODUCTION

Important changes occurred in the European Union (EU) in the recent past years. The enlargement
of the EU to 27 Member States (MS) does not facilitate the conditions of management of the
livestock health status and increase the risk of introduction of a major epizootic agent; indeed, the
length of the new borders of the EU, the increase of the trade flow associated with the increase of
the number of MSs induce more difficulties to implement efficient control measures for the
prevention of the onset of epizootic diseases.

I) RECENT CHANGES LEADING TO AN INCREASE THREAT FOR (RE)
APPEARANCE OF EPIZOOTIC DISEASES

Numerous factors have to be taken into account to assess the risk for the emergence of an
epizootic disease.

1) Legal and illegal movements of live animals and products of animal origin

Although it is not possible to establish, in absolute terms, the extent to which the current controls
on declared imports have prevented the introduction of animal diseases in the Community, there
is a consensus that the overall EU procedures and requirements for declared commercial imports
from third countries have been effective and that without the current import controls, there would
have been more outbreaks of serious animal diseases (Evaluation Report, 2006). Nevertheless,
undeclared and fraudulent trade has been identified as an important and largely unaddressed issue.

The recent Foot and Mouth disease epizooty in UK en 2001 seems to be related to the illegal use

of swill in a pig farm coming from an Asian restaurant. The subtype of the virus isolated allows

assuming that an illegal import of food from animal origin could have been the cause of the

introduction of the virus (Gibbens et al, 2001).

— In regard to the highly pathogenic avian Influenza virus (HPAI) H5N1, the legal or
informal trade of live domestic birds and, may be; of poultry products is certainly a
major factor of introducing a virus when appropriate measures were not taken. The ban
of any import in E.U. seems to have been efficient.

— illegal trade is certainly a key route of introduction of the HSNI1 virus in countries none
previously infected. The International Herald Tribune (14/04/06: Promed 136) reported that in
Italy, police seized avian poultry products introduced illegally. Tons of poultry products
coming form China were also seized by the Dutch customs. For many experts, the origin of the
African epizooty is related to the import of infected chickens in one flock in Nigeria. The
epizooty was limited to poultry farms and did not affect wild birds.
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It is obvious that, in the framework of the Word Trade Organisation (WTO), the flow of imported
items (food, live animals) increased in the EU these last decades. Meat and animal products
originating from infected animals imported illegally probably pose a greater risk to EU than
imports from countries with and established and regulated meat trade with EU.

Specifically, there is an increasing trade-driven movement of livestock commodities from
FMD-endemic areas in Asia. The supply demand gradient for livestock commodities in these
regions seems to gravitate towards either Europe or countries in EU neighbouring regions (North
Africa, Middle East). For example, commercial exports of pork and beef by respectively China
and India cover the Eurasian zone, including countries which are close to the EU including pork
meat to Moldova (4,000 tons in 2004), Ukraine (8,000 tons), Albania (3,500 tons) and beef from
India to Georgia (12,600 tons in 2004) and Turkey (2,300 tons) (EFSA opinion AHAW Panel,
2000).

With possible further trade liberalisation as a result of the current Doha Round of WTO trade

negotiations, the prospect for increased trade volumes in meat and meat products may bring more
challenges to safeguarding animal health status within the EU.
Thus, there will be a continuing tension between trade policy objectives and animal health
objectives which will increase the need for a more risk based approach to border inspections
as well as for shifting responsibility and improving risk management at third country level.
(Evaluation Report, 2006)

2) Evolution of human behaviour and food consumption

Human populations are moving more and more in the framework of migrations resulting from
high levels of poverty in third countries and from wars, but also from tourism and easier travelling
conditions. When immigrants are well integrated in one E.U. MS, relatives visit them frequently
from their country of origin and take with them traditional food to offer to their family. These
cultural and cooking specificities create risks as it induces often illegal even marginal introduction
of unexpected hazards. There is a steady flow of small quantities (about 5 kg on average) of
animal product being brought in by 1% to 5% of travellers from Asia or Africa. As far as FMD-
endemic areas, largest numbers of passengers enter the EU on flights from the far East and from
the Middle East and Near East (EFSA opinion, 2006). Assuming only 1% of the travellers bring
in an average of 5 kg of animal product given the millions of travellers originating from these
areas, this may amount to some 2,000 tons of animal product per year.

3) Wild fauna

Several infectious diseases have emerged in the last few decades:

— The Highly Pathogenic Avian Influenza Virus H5N1 is spreading all around the world since
1996. From the recent events occurred in the world and in the E.U., it can be assumed that 3
routes are responsible of the introduction of the A.lL virus in a naive country; among these
three routes (including legal and illegal trade), the wild birds following migratory or non
migratory routes as, obviously, it happened inside the E.U was the route of introduction of the
virus. The aquatic wild birds seem to play a major role in this introduction of the virus. Aquatic
wild birds are obviously healthy carriers even if several key points have to be elucidated such as
species involved, duration of virus persistence and excretion.
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— Nipah virus

From 1998 to 1999, a new highly contagious respiratory and neurological disease of pigs was
reported on the Malaysian peninsula. There was a simultaneous epidemic of viral encephalitis
among employees on affected pig farms and abattoirs. A novel paramyxovirus, distinct from
Hendra virus was isolated from both porcine and human victims and named Nipah virus (Bengis
et al, 2004). Evidence from virological and serological techniques implicated fruit bats of the
genus Pteropus as the natural host and reservoir of the virus.

— West Nile Virus (WNYV) infection

Since 1999, WNV has emerged from North America presenting a threat to human and equine
health as well as the health of certain wild bird populations—WNV a well known flavivirus of
Europe, Western Asia and Africa, which is maintained in a wide species range of wild birds and
birds feeding mosquitoes. Between 20022003, the WNV infection was detected in more than
4,000 horses in USA, of which some 20% developed neurological disease (Bengis et al, 2004).

— Classical Swine Fever (CSF)

In several MSs of the EU, wild boars appear as the reservoir of the CSF virus in spite of the
eradication of the infection in the domestic pig population in most of the EU MSs. The
transmission of the virus between wild boars and pigs can occur through direct contacts between
these animals, the wild boars being attracted by sows in oestrus when no double fences were put
in place to prevent these direct contacts (Artois et al, 2006). But, it seems highly likely that in
numerous cases, illegal distribution of swill from wild boar waste could be done to domestic pigs.

4) The climatic changes and the global warming

— Example of the Blue-Tongue (BT)
In 1998, the BT virus (Orbivirus from the family of Reoviridae) appeared again in Western
Europe after several decades of absence. The recent epizooty differs from the previous transitory
appearance of the BT viruses. Indeed, the BT is now present since 9 years in the Mediterranean
basin. 8 serotypes of the BTV have been implicated in the different epizooties observed in the
South of the EU. The last introductions (including BTV8 with a probable subsaharian origin)
came from the south: South Africa (BTVS) and the East (via Turkey). The main vector is a midge
named Culicoides imicola which is found more and more in northern countries (Toussaint et al,
2006). The global climatic changes and, more specifically, the climatic warming, have an
influence on the adaptation and the increase capacity of vectors increasing the risk of appearance
of new vector borne diseases.

The same applies to other diseases such as water borne diseases or parasites (AFSSA Report,
2005).

5) Evolution of the farming structure and of the herds management

For the last 3 decades, under the social pressure, the demand from consumers and economical
factors, in several types of production (poultry, pigs, goats...), two models of farming are often
opposed with a certain confusion of risk factors associated with the onset and the spreading of
infectious diseases.
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Recent events with HPAI H5NI1, epizooty highlighted the increased risk of contamination
related to outdoors farming allowing more frequent contacts with wild birds. It is obvious
particularly in Asia, when aquatic domestic and wild birds are sharing the same pools.

Indeed, it is therefore likely that high levels of infection in clinically normal domestic ducks
were an important factor that contributed to the epidemic, owing the widespread “seeding” of the
virus in countries such as Thailand, Vietnam and Southern China, where ducks are commonly
present on farms and range freely on ponds and rice paddies. (Sims et al., 2005)

Always, in regard to HPAI H5N1, at the opposite of the previous model, the industrial indoors
farming allows, in an easier way, to implement efficient bio-security measures for preventing
contamination. It is obvious that such a situation could protect against HPAI the industrial sector
in Thailand where efficient bio-safety measures were put in place.

But, if the protection measures fail with a delayed detection of the first outbreak, it is obvious
that the high number of animals present at the same place, combined with a high density of farms,
favour a quick spreading of highly contagious viruses with a multiplication of outbreaks. Such
factors were involved in the HPATI H7N7 epizooty which occurred in Netherlands in 2003.

Conclusion

The previous examples show that the EU is faced to new challenges and new threats. For
preventing the introduction of a pathogen or the emergence of known or new hazards, the
implementation of a set of measures and tools adapted to these new challenges and risks will be
absolutely necessary.

II) CONDITIONS FOR PREVENTION OF THE ONSET OF AN EPIZOOTY

1) Preventive measures

These measures will depend on the epidemiological situation of the infectious agent to be
controlled: enzootic or absence

— Movements of the animals and trade

Several recommendations which are all essential for the future of the animal health status have
been elaborated by the consortium in the framework of the evaluation of the CAHP: Community
Animal Health Policy (Evaluation report, 2006):

To reduce the movement of live animals within the Community
To increase and reinforce the Border Inspection Posts Controls (BIPs)

An approach based on three pillars appears to be more appropriate than the present ones
involving: greater emphasis on risk analysis and profiling risk based border controls;
strengthening cooperation between custom authorities and veterinary services; harmonising the
operation of BiPs across the Community.

— Bio-security

This is a key issue for the future. Whatever the type of farming, it is essential to improve the
implementation of bio-security measures in all the farms and to sensitise the farmers about the
importance of their implementation. For outdoors and indoors herds, it is essential to prevent any
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introduction of agents through passive vectors: boots, straw, wheels, trucks, clothes). For outdoors
herds, it is essential to implement systems allowing preventing any contact with wild birds and
wild fauna: nets, double fence, winter “gardens”... It seems also essential to impose a minimum
distance between two different herds to limit the airborne transmission.

— The vaccines

A new generation of vaccines has appeared allowing to differentiate vaccinated from infected
animals (D.I.V.A.). These vaccines with companion diagnosis tests can be used to control: Foot
and Mouth Disease (FMD), Classical Swine Fever (CSF), Aujeszky's disease (AD), Avian
Influenza, Infectious Bovine Rhinotracheitis (IBR), (Vannier et al, 2007).

In spite of the major progress these marker vaccines are inducing, it would be a mistake to
consider that their use could simply replace sanitary prophylactic measures. Indeed, past
experience is very useful to assess the limits and the advantages of the use of these marker
vaccines, which could be a powerful tool in a set of measures to control and eradicate a
contagious disease. However, the use of such vaccines has to be adapted to the epidemiological
situation, the contagiousness of the disease concerned and to the presence or absence of
conditions with the capacity to control the spread of infection. To control a disease, the key point
is to detect clinically unapparent infected animals (healthy carriers) which can infect in-contact
susceptible animals. When vaccination is used, the critical stage of alert induced by the
appearance of clinical signs is removed or suppressed. For this reason, such vaccines have to be as
efficient as possible not only to protect vaccinated animals against clinical signs, but also to
prevent, as far as possible, the excretion of the virus by vaccinated and subsequently infected
animals. Moreover, the sensitivity of the diagnostic kits should be as high as possible to reduce to
the greatest possible extent, the probability of false negative results; indeed, in such a strategy, the
epidemiological consequences of false positive results are less significant than false negative
results as positive results are generally confirmed, in a second, complimentary phase, by a
reference laboratory using another diagnosis tool.

The longest experience about the use of marker vaccines has been accumulated in relation to
the control and eradication of Aujeszky’s disease. In this case, the use of deleted marker vaccines
has represented a considerable advance in programmes to control Aujeszky’s disease in several
countries.

First, these vaccines have made mass vaccination possible, whilst retaining the means for
serological detection of infection. This has enabled vaccinated herds which subsequently become
infected to be pinpointed so that the necessary measures can be applied to prevent the field virus
from spreading further.

Second, it has become possible to implement sanitary measures in a gradual manner in
vaccinated, infected herds, by culling the infected sows at varying speeds, as required. These
infected sows were detected through serological screening using the ELISA technique, which
enabled vaccinated pigs to be distinguished from those that have been vaccinated and then
subsequently infected.

This means that vaccination has a combined effect which allows a programme of prophylactic
treatment to be carried out in total safety. Mass vaccination, conducted several years in
succession, limits the quantity of virus shed into the air by the infected pigs, thereby considerably
reducing the probability and scale of the air-borne spread of contagion between herds (100, 142).
Furthermore, systematic vaccination avoids economic losses due to a poorly controlled infection.
Consequently, after several years of vaccination in a country or region, the prevalence of infection
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gradually diminishes by introducing sanitation measures into the infected herds and continually
culling the oldest infected sows; also, the incidence of infection remains very low and is kept
under control. However, the cost of vaccination must be taken into account when calculating the
total cost of a prophylactic treatment. Where the prevalence of infection in a given territory is
high, or there is a high density of pig herds, mass vaccination with effective deleted vaccines is
the only means of reducing prevalence; however, although these measures are necessary, they are
not in themselves sufficient to eradicate the infection. Identification, screening and culling of the
infected breeding animals appear to be essential to successful eradication whilst continuing to
systematically vaccinate the animals at least 2 years after elimination of the last infected pig. In
the latter case, it is advisable to control the movements of piglets, pigs for consumption and
breeding animals as much as possible.

At the opposite, and independently of the performances of the vaccines and the companion
kits (which are key issues to determine the use of such tools), other examples show that the use of
marker vaccines would not have changed in depth the control of the situation. Following the
serious Classical Swine Fever epizootic that hit several European countries in 1997, many people
believe that the use of these new generation serological marker vaccines could prevent a further
animal health catastrophe. An analysis of the situation that existed when the first CSF outbreaks
appeared in the Netherlands revealed that more than 22 herds were already infected when the
primary outbreak was identified in the region of Venhorst on 4 February 1997. The situation
rapidly became dramatic for the region because farmers had already sold piglets before the
veterinary administration could isolate the infected zone. This led to a rapid spread of the
infection in the south of the country.

Under such circumstances, the use of a serological marker vaccine would not radically alter
the basic nature of the problem, as it does not obviate the need for intervention on potentially
infected animals, to identify them, to take a sample of serum before any animals are transported,
in other words, to strictly control the movement of pigs. Indeed, at the start of an epizootic, the
success of control measures depends on their being rapidly implemented after the appearance of
the first outbreak and before extensive, undetected spread has occurred. Vaccination is no
substitute for basic measures to control contagious diseases

At the start of an epizootic, in regions with a high density of pig herds, ring or zonal
vaccination can also be envisaged in order to prevent the virus from replicating too rapidly and to
limit the cost of preventive slaughter. However, in this case, transmission of the virus must be
limited and control measures must be properly applied and effective.

Such an approach is particularly pertinent for highly contagious diseases such as Foot and
Mouth Disease in those circumstances under which the airborne transmission is one of the main
epidemiological factors for spreading of the virus. So, if the first outbreaks appear in an area with
a high density of susceptible herds, under epidemiological conditions that favour airborne spread,
a ring vaccination, decided on the basis of the results of models and assessment to determine the
risks and directions of spreading, could be useful to try to limit the speed and the extent of the
dissemination of the virus. However, due to the ability of vaccination to mask the appearance of
clinical signs without preventing infection, vaccinated herds, even with a serological monitoring
programme, represent a greater risk for undetected spread than unvaccinated herds, where
monitoring can be based on clinical inspection alone.

A successful programme can be based on vaccination, but should also include sanitary
measures. Furthermore, when vaccination is part of a control programme, it should be
implemented only for a certain period of time. Most of the time, when the prevalence of the
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infection decreased significantly and when the epidemiological unit is correctly protected from
outside introduction of the agent, vaccination should be replaced by sanitary measures.

Oral vaccination of wild fauna proved to be very effective against rabies as it lead to the
eradication of rabies in fox population in the Western Europe (Brochier et al, 1996). More
contrasted results were obtained on wild boars for Classical Swine Fever. Improvement of the
tools seems to be necessary.

2) Early warming system: detection and prophylactic measures

The detection of the first outbreak in the first few hours after the infection of the herd by newly
introduced agent is the key element determining the control (or not) of the spreading of the
infection.

A set of tools and measures is needed to fulfil such a requirement which request considerable

means as well an organisation in a country as a structure of the state services which are not found

in developing countries.

So, different requirements have to be fulfilled such as:

e active and passive surveillance in the wild fauna, if it is involved in the risk of contamination
of the livestock as it is the case for HPAI,

e an appropriate information and sensitisation of the farmers and the veterinarians,

o the existence of an efficient network of field veterinarians owing to an early warning of
competent authorities in case of a suspicion of an outbreak,

e the existence of a system allowing a rapid compensation of the losses of the farmers in case of
an outbreak,

e an early notification of an outbreak,

e the existence of an efficient and competent network of diagnosis laboratories including an
easy and quick transportation of samples from the field to the laboratories,

e the existence of structured veterinarian official services associated with an organized state
having a real power of decision with the tools of action to implement effective control of
measures including stamping out, control of movements, and assessment of the efficiency of
the measures decided...

These conditions are essential to allow an effective control of the spreading of an infection. The

onset of an epizooty or the quick disappearance of the infection will depend on the precocity of

the detection of the first outbreak (Index case) and on the quickness and the strength of the
measures taken by the competent authority.

GENERAL CONCLUSION

Thanks to the knowledge acquired from the past and the onset of modern vaccinal and diagnosis
tools, a set of measures can be implemented to prevent or to react when a highly contagious agent,
mainly virus, is introduced in the EU. For most of the known agents, these tools and adapted
measures appear as sufficiently efficient to allow a quick eradication of the infection. But, in the
past, in spite of the existence of efficient tools, dramatic epizooties occurred and can be
considered as a failure of this apparatus. Causes of this failure are described in this text. Causes of
the adverse events occurring in the EU should be systematically analysed to allow implementing
appropriate measures to prevent their reoccurrence.
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NEW TRENDS IN ANIMAL WELFARE
Webster, J.

School of Veterinary Science, University of Bristol, Langford, Bristol, BS40 5DU, UK

ABSTRACT

Animal Hygiene is, in the words of the organisers of this congress, “a unique scientific
interdisciplinary sphere where health and welfare of animals and humans are closely intertwined,
and the skills of the discipline are in service of sustainable animal production, public health and
biosecurity.” Animal Welfare is, of course, one of the important intertwined disciplines. This is an
excellent definition, so far as it goes, but it does not go far enough. Animal Welfare must be
viewed not only as a science, but also as a set of values. Moreover, it is not enough simply to
consider these subjects as topics for scientific study and moral debate. Right thought alone is not
enough. We who are professionally involved have also a scientific and moral obligation to right
action: a responsible commitment to promote the health and welfare of our fellow humans and the
other sentient animals whom we choose to eat.

An essay on “New Trends in Animal Welfare” must not, therefore, restrict itself to a review of
welfare science. It must also examine the ethical and sociological principles that determine the
attitudes of society (producers and consumers) to animal welfare, and explore how the welfare of
the food animals may be ensured and improved in ways that are compatible with the other
intertwined needs of society for biosecurity, freedom of choice and food at a fair price. This paper
will briefly touch on three themes, which are central to the mission of the large, multidisciplinary,
multinational ‘Welfare Quality’ programme currently funded by the European Commission under
FP6.

e Animal welfare science: What is welfare? — What is sentience? — What is suffering? —

How can we assess good and bad welfare in a sentient animal?

e Ethics and values: What determines human attitudes to animal welfare? — What should

determine human attitudes to animal welfare

e Animal welfare promotion: Welfare monitoring on-farm. — animal welfare promotion

through legislation and “politics by other means’ — the ‘Virtuous Bicycle’.

SENTIENCE, WELFARE AND WELLBEING

The most useful definition of welfare, in my opinion, is a personal modification of that of Fraser
and Broom (1990), namely “a state of body and mind as the sentient animal attempts to cope with
its environment”. The two critical words in this definition are sentient and coping. This definition
covers the full spectrum of welfare from pain to pleasure. We need therefore a separate definition
to define good welfare, or wellbeing. Here, my simple definition of wellbeing is ‘fit and happy”
or “fit and feeling good” for those uncomfortable with the word happy (Webster 2005). This too
is a state of body and mind. For the body it implies sustained health; for the mind it implies, at
least, an absence of suffering from such things as pain, fear and exhaustion. Ideally it should
embrace a sense of positive wellbeing (feeling good) achieved by such things as comfort,
companionship and security.
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It is also necessary to have a clear understanding of the word sentience, not least because
sheep and other farm animals have been formally recognised by the European Community as
sentient creatures, (without ever defining what they mean by the word). My definition of
sentience is “feelings that matter” (Webster 2005). Briefly, the concept of sentience derives from
the way such animals interpret stimuli and sensations, act upon them and review their actions.
Consciously perceived stimuli from the external and internal environment are interpreted
primarily in an emotional way (“Does this make me feel good, bad or indifferent”). This
emotional interpretation may or may not be reinforced by cognition (reason). The emotional (and
also, perhaps rational) interpretation of sensation may motivate the animal to action designed to
make it feel good, or avoid feeling bad. Alternatively it may deem the information as unimportant
and do nothing. The sentient animal will then review the consequences of its action. If it was
effective, it will feel better and it will gain the assurance that it knows what to do next time. If its
action fails, either because the stress was too great, or because it was constrained in such a way
that it was unable to do what it felt necessary in order to cope, then it is likely to feel worse and be
more anxious for the future. Thus a sentient animal leads a considered life; its mood and
understanding are modified in the light of experience.
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Figure 1. Sentience: An emotional view of the environment
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STRESS AND SUFFERING

It is necessary to make a clear distinction between stress and suffering as experienced by a
sentient animal. When welfare is defined as “a state of body and mind as the sentient animal
attempts to cope with its environment”, suffering may be defined as its state of body and mind
when it fails to cope (or has extreme difficulty in coping with) its environment. When an animal is
acutely exposed to a physical or emotional challenge it first experiences a general, non-specific,
alarm response involving the hypothalamus/pituitary/adrenal (HPA) axis, which then proceeds to
a phase of adaptation. It the stress is moderate, then adaptation may be effective and, in some
case, complete. In short, the animal ‘copes’. When the challenge is more intense or more
prolonged, the animal may achieve partial adaptation but at some continuing metabolic and
emotional cost. If this stress is too intense or prolonged and the cost is too great the animal may
proceed to a state of physical and/or mental exhaustion. The definition of suffering therefore
becomes a state of body and mind where an animal cannot cope (or has difficulty in coping) with
physical stress and unpleasant feelings. Extensively reared grazing animals may experience
physical suffering through failure to cope with chronic malnutrition and climatic stress a
challenging environment. Intensively reared pigs and poultry in crowded barren environments
may suffer the emotional consequences of their inability to perform actions necessary to meet
their behavioural needs. Fig 2 illustrates the consequences of failing to cope with fearful stimuli.
Fear is an adaptive response, essential to survival. Failure to cope with fear may lead to chronic
abnormal states such as anxiety or learned helplessness. Suffering, in a sentient animal, is usually
a learnt experience. The message for producers and legislators is that some stress in animals is
unavoidable. What we must seek to avoid is suffering. Many potential causes of suffering through
cruel acts and omissions should be self-evident. Other may be less obvious to a human mind and
need the help of animal welfare science to help us understand how sentient animals feel as they
seek to meet their physiological and behavioural needs. Thus the aim of welfare science should be
to identify and quantify the physiological and emotional challenges to farm animals and devise
ways to reduce these challenges and/or help then animals to cope.
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TRENDS IN ANIMAL WELFARE SCIENCE

Strictly speaking, animal welfare science is not a discipline as such, but the (large) area of overlap
between three distinct disciplines: physiology, ethology, and veterinary science (Fig. 3). It follows
therefore that a review of new trends in welfare science should highlight new and relevant
approaches within these disciplines (and also draw attention to approaches that have become stale
and derivative). There is not scope within this paper for a proper review. I shall only pick out
some highlights and lowlights.

The science of ethology began with the study of the normal behaviour of animals (the
ethogram), first in their natural environment, and then in the presence of environment challenges
or environmental restrictions that challenged their ability to cope. This provided convincing
evidence that many intensive farming systems were profoundly unnatural and could lead to severe
distortions of natural behaviour such as stereotypes. I suggest however that this approach is
nearing its “sell-by date”, partly because papers are becoming increasingly derivative but mainly
because observations of animal behaviour do not directly address the more important question,
which is “how do animals feel?”” Much more valuable, in my opinion, is the study of motivation
in relation to animal fitness and animal welfare as pioneered by Marian Dawkins (1990). For a
recent review of just how far this science has travelled I recommend the review by Kirkden and
Pajor (2006). This work addresses the very nature of sentience, pleasure and suffering since it
reveals the feelings that matter, measures how much they matter and points to how things may be
improved.

The most important (and thoroughly studied) area of overlap between physiology and welfare
science is the study of stress. As indicated earlier, the response of animals under stress can be
divided into three phases; alarm, adaptation and exhaustion. Much (too much) attention has been
directed at trying to quantify the intensity of the alarm reaction by measuring elements of the
HPA axis, (e.g. cortisol). There are two critical limitations to this approach. First, the alarm
response is non-specific, and does not necessarily distinguish between unpleasant distress and
pleasant excitement. Secondly, stress does not equate with suffering and most suffering arises
from the cost of adaptation (or exhaustion) after the alarm phase is over. I strongly advise
therefore that future studies in stress physiology should concentrate on stress-specific ways of
measuring the costs of adaptation, e.g.:

e Physiological costs: increased metabolic rate, loss of body condition, immuno-suppression,

exhaustion

e Psychological costs: anxiety, learned helplessness, chronic pain, malaise

The overlap between veterinary and welfare sciences occurs when veterinary science addresses
problems of animal health that clearly give rise to a great deal of suffering, where the overall
magnitude of the problem is a function of its severity and duration in each individual and its
prevalence in the population. By these criteria, lameness is the most severe ‘veterinary’ welfare
problem in most farm species (broiler chickens, dairy cattle, sows, sheep). Lameness in broilers is
most prevalent in fast growing strains and could be greatly reduced through effective government
action to prohibit the sale of the most susceptible strains. In dairy cattle the risk factors are
multiple and vary greatly from farm to farm. The most effective approach to investigation and
resolution of lameness in dairy cattle is through properly planned investigations carried out not in
the laboratory but in the field, with the farm itself being the primary source of input variables.
Such experiments are likely to require the active participation of 60 or more farmers and their
veterinarians, and this can present a whole new range of problems.
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One final point: Welfare science is a “fuzzy” science. Single questions, however elegant and
precise, can never yield complete answers. Neither can any of the single disciplines, ethology,
physiology, or veterinary science, yield complete answers when studied in isolation. Welfare
science should be approached using the old sailor’s technique of triangulation, seeking an
approximate fix on the point of interest from at least three directions, in order to minimise the
‘triangle of uncertainty’.

ETHICS AND VALUES

This argument starts from two fundamental principles.
e We humans have a moral right to rear other species for the production of food.
e Most of the animals that we farm for food are sentient creatures with the capacity to
experience well-being and suffering.

Our aim must be to seek an ethical compromise between these two things. Mepham (1996) has
devised an “Ethical Matrix”, which identifies the concerned parties whose interests command
respect in relation to a specific issue, then applies the ethical principles of beneficence, autonomy
and justice to each of the affected interest groups. Here, the interest groups are humans,
(consumers and producers), farm animals and the living environment. Humans are the ‘moral
agents’, who bear the responsibility for right action; farm animals and the environment are the
‘patients’, profoundly affected by the moral quality of our decisions but unable to contribute to
them. Table 1 summarises the rights of all parties worthy of respect, and the responsibilities,
which are borne by the moral agents only. Consumers have a right to healthy, wholesome food,
and the right to freedom of choice, whether this be governed by price, convenience, taste,
appearance, animal welfare or any combination of these and other factors. These rights bring the
responsibility to respect the rights of the animals we use for food. In many cases these
responsibilities need to be enshrined in legislation, since we all need the help of the state to keep
us good (viz. speed limits for motorists).

Farmers have the right to earn a fare living from the rearing of animals in a manner that is
efficient, healthy and does not compromise their welfare. These rights should not be eroded by
unfair competition, especially when this is imposed be competition elsewhere in the food supply
chain. With these rights comes the responsibility to promote animal health and welfare through
good husbandry. The simple application of utilitarian ethics should acknowledge that food
animals have the right to good health and welfare whether on farm, in transit or at the point of
slaughter. A more sympathetic concern for the autonomy of each individual animal should give
respect to freedom of choice, best achieved through environmental enrichment. Justice for the
farm animals requires that they should experience “a life worth living”.

Any moral view of the production of food from animals should also embrace a proper respect
for the living environment. In this regard, farms should not be viewed simply as food factories,
but as one of the most powerful forces for good or bad in relation to environmental quality.
Farmers who own the land now are the stewards of the land for all of us, for ever. We are justified
in criticising them if they destroy the habitat of wildlife or pollute the rivers. However we cannot
expect them to sustain and enrich the quality of the living environment simply on the money that
we (the consumers) pay them for producing food as a commodity. If we wish to ‘save the planet’
then we must all make our contribution. As always, we shall need some help from legislation.
One of the more promising new trends in this regard is the evolution of the EC Common
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Agriculture Policy (CAP) to encourage and reward Environmental Stewardship Schemes, which
recognise the need of society to contribute, through taxation, to the cost of sustaining the quality
of the living countryside.

Table 1. Application of the ethical matrix to identify rights and responsibilities in relation to the
farming of animals for food

Wellbeing Autonomy Justice
Human society Healthy, wholesome, tasty Freedom of choice Respect for animals
(Consumers) food, fairly priced enshrined in legislation
Producers Financial success Free competition Good husbandry for
animals and the land
Farm animals Wellbeing on farm, in transport | Environmental “A life worth living”
and preslaughter enrichment
Living environment | Conservation and sustainability | Biodiversity Respect for the
environment and its
stewards

RIGHT ACTION: PROMOTION OF ANIMAL WELFARE

The drive towards improved welfare for the farm animals should be driven by four engines for
change, all operating together.
o Increased international awareness of the nature of animal sentience and the responsibilities
that this entails.
e Realistic, practical, step-by-step, strategies for improving animal welfare consistent with
efficient, economic production of safe food from healthy animals.
e Legislation to encourage and enforce improvements to farm animal welfare.
e Increased consumer demand for ‘added value’ foods, where animal welfare is an essential
and proven area of added value.

The first action, increasing awareness, is perhaps the most important of all. Too many people, in
too many regions of the world, are simply not aware of the nature of sentience and suffering in
farm animals. Once they are, their attitudes should improve (if only a bit). Welfare charities like
CIWF, RSPCA and WSPA have demonstrated that they are the most effective media for
spreading this awareness. The second action, the development of effective strategies for
improving farm animal welfare, depends on continued progress in our understanding of what it
takes to keep farm animals fit and happy. and the application and marketing of these principles
through the coupled virtuous cycles of quality assurance and quality control (Fig. 4).
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WELFARE-BASED QUALITY ASSURANCE

Wherever shoppers for food are offered a choice and have a reasonable income, they demand
quality. They can set their own standards for qualities such as appearance, taste and price.
However they have to take other things on trust, such as source, food safety, and production
standards which, of course, include animal welfare. This has generated a plethora of farm
assurance schemes ranging (in U.K.) from the ‘Little Red Tractor’ to organic standards set by the
Soil Association and ‘Freedom Food’ welfare standards set by RSPCA. The intention is that both
consumers and producers should benefit from a system that adds value based on the quality of the
production methods. Organic food standards (which include a proper concern for animal welfare)
have been conspicuously successful. As a general rule however, it is probably unrealistic to
expect that animal welfare, considered in isolation, will be sufficient to attract affluent, choosy
consumers looking for added value. It is more likely to succeed when incorporated into a package
that incorporates other selling points such as local, sustainable and fair trade. The notable
exception to this general rule is free-range egg production according to the ‘Freedom Foods’
standards that now make up about half of total egg sales in many U.K. Supermarkets.

The most important question for professionals and indeed the animals is ‘Do these welfare-
assurance schemes deliver what they claim to deliver?’ Do they:

o Ensure good standards of animal welfare?

e Ensure better standards of animal welfare than on unassured farms?
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e Address specific welfare problems as they occur?
e Incorporate a protocol for regular review and upgrading of standards?

At present, the answer to all these questions is either ‘No’ or ‘Don’t know’. Most current
standards are based on measures of the resources and records necessary to promote good
husbandry. This is good in so far as it goes but it fails to address the most important questions
‘Are the animals fit and how do they feel?” At Bristol, my colleagues David Main, Becky Whay
and I have developed animal-based protocols for the direct assessment of animal welfare
outcomes (see Main et al. 2003, Webster et al., 2004, Whay et al. 2003a, b). To summarise our
published and unpublished work very briefly I can say that the welfare of the free-range hens in
our study, in general, looked good but dairy cows had their problems, especially lameness
whether or not the farms were accredited to Freedom Foods or Organic standards. The need to
incorporate direct, animal-based measures of welfare into Quality Assurance schemes has been
recognised and taken up by the FP6 ‘Welfare Quality’ programme.

One of the main problems with Farm Assurance schemes is that they can simply become
pieces of paper to be filed away between inspections. A scheme for Farm Animal Health and
Welfare only becomes effective if it is part of a dynamic strategy to ensure and improve
standards. This is illustrated in Fig. 4. The accreditation body sets husbandry and welfare
standards acceptable to both producers and consumers/retailers. The sequence of events for the
producer is as follows. S/he first carries out a self-assessment of the enterprise to check on
compliance with standards and identify any problems. An independent monitor then assesses the
unit using a protocol looking mainly at welfare outcomes. Farmer, monitor and veterinary surgeon
then address any immediate problems and devise a living strategy for health and welfare. The
effectiveness of this strategy is reviewed after an appropriate time (e.g. one year or less if there
are problems that need to be resolved quickly). The effectiveness of the strategy then feeds back
to the farmer for further self-assessment and to the accreditation body who can bench-mark the
farm against approved standards and provide real assurance to the public as to what is being done.
This sets in motion a virtuous cycle of review, action, improvement and further review.

Any welfare-assurance scheme will, of course, only work if the public is aware of it, value its
standards and trust the assurances that it provides. It is necessary therefore also to set in motion a
second virtuous cycle of information transfer between the accreditation authority and the public
that sets out clearly the quality standards and provides honest evidence to indicate how well the
scheme is working. Simultaneous rotation of both wheel s creates a ‘Virtuous Bicycle’ which can
bring benefits to all concerned parties; consumers, producers, and the animals themselves.
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SUMMARY

There is uncertainty about to what extent and on which way ranch operation can and should be
applied in order to guarantee cattle health and welfare during the climatic conditions in Sweden.
An account for the current knowledge is compiled from a comprehensive literature review and
own experiences from systematically performed herd studies. As conclusion recommendations are
presented for animal management and for design and management of pastures and buildings.

Keywords: beef cattle; range husbandry; cattle health; calf mortality; weather resistance

INTRODUCTION

Beef cattle herds are kept extensively outdoors all the year round in parts of Canada, the US and
some European countries where the climate during winter might put a great strain on the animals.
There is uncertainty about to what extent and on which way ranch operation can and should be
applied in order to guarantee cattle health and welfare during the climatic conditions in Sweden.
The aim with this paper is to give an answer to these questions.

METHODS

The study consists of a thorough and comprehensive literature review, an account of own
experiences from systematically performed herd studies and herd investigations in Sweden and
elaboration of recommendations based on thus obtained knowledge.

RESULTS AND DISCUSSION

Cattle physiology and behaviour of importance at range management.

The thermoneutral zone refers to the temperature interval within which the animal's heat
production is independent of the temperature in its environment. When the environmental
temperature is lower than the thermoneutral zone the lower critical temperature (LCT) is attained.
Then the animal must increase its heat production in order to maintain constant body temperature.
Ruminants then must redistribute their energy to heat regulation (Senft and Rittenhouse, 1985).
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Similarly, when the environmental temperature exceeds the upper critical temperature the animal
must decrease its heat production. LCT is partly depending on the animal's insulation, coat,
subcutaneous fat etc., and partly on the animal's heat production in the thermoneutral zone.

Webster (1974) states LCT for an adult beef cow to be —13°C at cloudy and calm weather and
—3°C at cloudy weather and wind velocity of 4,5 m/s provided that the animals have dry lying
area. LCT for beef cattle with summer coat, or wet winter coat, is estimated to be 15°C, with
autumn coat 7.2°C, with winter coat 0°C and with thick winter coat —7.8°C (Wagner 1988).

Cattle undergo habituation on cold dependant upon how long time the exposition has lasted.
Cattle must be exposed to cold during at least one week before the habituation process will start
(Christopherson and Young 1986). Habituation does not occur after a short exposure to cold or by
intermittent exposures during short periods (Kennedy et al 2005).

Cattle habituate to cold from summer to winter through growth of coat and establishing of a
subcutaneous fat layer whereby the insulation increases, thus making it possible to maintain the
body temperature unchanged. Experimental studies in climate chambers have shown that cattle
shiver when exposed to — 20°C in September but not in December which indicates that the coat
has adapted to cold during the autumn (Gonyou et al 1979).

Acute cold stress is met with shivering, muscle trembling with a frequency of 10 per second,
whereby heat energy is released (Andersson & Jonasson 1993).

There are examples of adaptation to cold through genetic selection. Ice bear is an example
within the family bears, and arctic fox within the family foxes.

Also within species differences exist. The coat structure differs between Aberdeen Angus and
Hereford. However, the two coat types have the same insulation capacity (Gilbert & Bailey 1991).

Experimental studies of dry respectively wet coat show that wet coat substantially increases
the heat loss (e.g. Hillman et al 1989; Jiang et al 2005). While the heat losses from a dry coat are
negligible those from a wet can amount to 200-300 W/m2 (Cena & Monteith 1975). Studies of
the insulating capacity of reindeer coat at different coat humidity and different wind velocities
show that the impact by humidity from mist or easy rains did not change the insulating capacity.
However, heavy rains significantly reduce the insulating capacity of the coat through evaporation
and by heat-conducting water replacing the insulating layer of air in the coat (Cuyler & ritsland
1999, 2004).

New-born calves are noticeably tolerant towards cold at dry and calm weather provided they
are given dry bedded lying areas (Ekesbo 1963; Radostits et al 1999). Calves kept in hutches cope
with temperatures between —8°C and —30°C on condition that the straw bedding is dry (Rawson et
al 1988, 1989a, b).

Adult cattle with experience of being kept outdoors the year around seek shelter to a greater
extent than younger against adverse weather conditions (Beaver & Olson 1997). This seem to be
an at least partly acquired behaviour explaining the observation that only cattle which have learnt
to use sheds seek shelter in those against adverse weather (Ekesbo 2006). Preference tests show
that cattle prefer sheds to forests during winter and to lie on straw bedding to the bare ground
(Wassmuth et al 1999). Cattle offered free choice between resting and seeking shelter outdoors or
in sheds with dry straw bedding choose in winter the shed and in the summer to lie down outdoors
(Krohn et al 1992).

Adult cattle on pasture rest lying 10, 1-11, 6 hours per day, calves longer (Krohn &
Munksgaard 1993; Albright & Arave 1997; Phillips 2002). Experimental studies show that cattle
are inclined to invest a lot of work in order to get possibility to lie down (Jensen et al 2005).
Preference tests show that cattle offered wet lying areas have substantially shorter resting period
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than if offered dry lying areas (Keys et al 1976). At cold and wet weather cattle also seek for dry
lying areas (Wassmuth et al 1999).

Comparison between different bedding materials shows that cattle prefer straw before other
materials (Jensen et al 1988). Straw as bedding gives better protection against cold than e.g. wood
shavings (Rawson et al 1989a).

Impact on cattle health and behaviour by range keeping.

Epidemiological studies of cattle kept indoors respectively outdoors show that animals kept
outdoors in general have better health (Ekesbo 1966; Bendixen et al 1986a; Wassmuth et al 1999;
Wassmuth 2003). When individual herds are compared this general rule is not valid since specific
injuries or diseases might exist caused by environmental or management conditions in the single
herd.

Regional hypothermia, frostbite, with ensuing necrosis can affect ears, tail and feet of calves
(Radostits et al 1999). At pronounced hypothermia the blood flow to peripheral organ such as ears
and tail is reduced, the cells rupture and gangrene arises. Eventually the frost bitten tissue will be
rejected (Robertshaw 2004). Frostbites on ears, tails and hind legs in new-born calves exposed to
cold are described from Canada (Radostits et al 1999) and from Sweden in dairy calves sucked by
other calves (Ekesbo 1963). Calves sucking other calves do not seem to occur among calves in
ranch cattle herds (Lidfors 1994).

The mortality from birth to weaning varies in different studies from 10.3% to 3.3% (Patterson
1987; Allen & Liénard 1992; Alves et al 1989; Busato et al 1997a; 1997b; Dutil et al 1999 ;
USDA 2006; Swedish Dairy association 2006). In a comparison between different breeds in
Sweden it varies for calves after heifers between 1.2% and 5.2% and for calves after cows
between 1.9% and 7.1% (Swedish Dairy association, 2006).

The most common cause of deaths of new-born calves is complications after difficult calving
(Azzam 1993; Kasari 1994; Wikse 1994; Ganaba et alder. 1995; Dutil et alder. 1999). In a study
of more than 5000 calvings the mortality after difficult calving was 20, 4% and after normal
calving 5, 0% (Laster & Gregory 1973). The differences in mortality depend upon the breed and
age of the cow (Ekesbo 1966; Lindhé 1968; Bendixen et al 1986b; Swedish Dairy association,
2006) but also upon the sex of the calf.

The is a clear connection between increased calf mortality and the combination rains,
temperature at or under 0°C and wind (Ekesbo 1972; 1973; Martin et al 1975a, b, c).

Muddy and soak surfaces, e.g. around watering-troughs, feeding places and passages
constitute risks for hoof diseases (Monrad et al 1983; Manske 2002; Step & Smith 2006).

Covering permanent feeding places with straw has been tried in order to protect the pasture
surface against poaching and facilitate gathering of the manure. However, it requires 3, 5 kg straw
per grown animal and day (Wassmuth et al 1999).

Impact on feed consumption and growth in adult cattle by weather protection or lack of
weather protection;

The requirement of pasture land per animal at Swedish ranch operations is calculated to vary
between 1.5 and 3 hectares (Ekesbo 1991).

Thyroxines are secreted when animals during longer time have been exposed to cold. This
increases their appetite and feed requirement (Westra and Christopherson, 1976; Young, 1981).
However, the time grazing per day decreases with falling temperature (Malechek & Smith 1976;
Christopherson 1983; Adam's et al 1986; Dunn et al 1988; Beverlin et al 1989; Prescott et al
1994). If not supplementary feeding is given in winter when grazing time per day will be reduced,
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or when the feed supply is insufficient, the animals therefore must use their energy reserves for
maintaining heat balance.

Cattle without sufficient protection against unfavourable weather show increased feed
consumption and decreased daily growth (Hoffman & Self 1970; Cunnings et al 1972; Leu et al
1977). Cattle with access to sheds show better daily growth in winter time than those provided
only with wind shields (Hoffman & Self 1970; Milligan & Christison 1974; Leu et al 1977).
However the quality of the laying area, dry and thereby heat insulating or moist and thereby heat-
conducting, has a greater influence on the ability to maintain growth during unfavourable weather
than shelter from wind or low temperature (Christopherson 1981; Mossberg 1992).

Preference tests show that cattle in winter choose resting in sheds with dry straw bedding but
in summer choose resting outdoors (Krohn et al 1992).

Animal management. Design and management of pastures and animal enclosures;

Calvings in ranch operations are, for economic reasons, often planned to late winter, early spring,
from the month of March. However, this requires rigorous monitoring of the pregnant animals,
especially the heifers. Increased risks for calf mortality at calvings early in the year is an
important argument for calvings to take place during the hot season (Olson et al 1981a, 1981b;
Josey et al 1987; Wittum et al 1990), also in countries milder climates than in north Europe
(Rowan 1992).

At the same time as it is well known that cattle prefer to choose secluded and sheltered places
for calving studies in Finland show that calving cows more often than not calving cows choose to
stay in sheds (Lidfors et al 1994).

Problems with animal losses and inappropriate designed sheds gave rise to experimental wind
tunnel studies in Canada aiming at learning how to design sheds in order to give optimum shelter
against wind and precipitation (Theakston 1960, 1962; Theakston & Underwood 1961). Also later
has these questions been dealt with (Charles 1991).

A cattle herd outdoors does not seek shelter in a shed which one day will be placed in their
pasture. Sheds are not included in cattle’s’ evolutionary world of conception. Therefore they must
learn that sheds give shelter to adverse weather. To do so a shed should be provided with plenty
of straw as bedding. After some time, other bedding materials might be used, e.g. sawdust or
wood shavings. However preference tests show that cows prefer straw as bedding before others
(Jensen et al 1988). In order to have the animals in future to use the shed the bedding must be
carefully looked after and, when necessary, new bedding material supplied thus avoiding the
laying area to be moist and wet.

CONCLUSIONS

Based on literature and own studies and investigations in different herds during several years the
following conclusions are drawn regarding what to observe in order to avoid health and hygiene
problem in cattle ranch operations under the climatic and other conditions in Sweden and
comparable countries.

The calving period should be limited to about two months in order to avoid to great age
differences between the calves. Separate not too large enclosures for calving facilitate the
supervision of the animals at calving, especially if calving occurs early in the year. However, if
too many animals are crowded together the pasture surface will be destroyed by poaching and the
animals will not get enough secluded areas for calving. In larger herds heifers should have calving
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enclosure separated from the cows’. If calving occurs early in the year sheds, preferably open
front sheds, with dry bedding for shelter should be available for calving animals.

For animal welfare reasons and in order to minimize the calf mortality difficult deliveries must
be given immediate professional assistance. For this specific premises with efficient heating
devices must be available as well as suitable transport vehicles to get even lying animal there.

It is in most cases sheds with dry bedding area are required during the cold season in order to
give protection against adverse weather. The depth of open front sheds should be not less than 12
m in order to give enough protection. If there is forest around the shed 8m depth might be enough.
The free height on the open side should not exceed 4 m. Some breeds, in the first place Highland
Cattle, but in certain cases also Hereford and Aberdeen Angus, can manage without sheds if
mature spruce forest offers dry laying areas and protection against adverse weather. Only mature
coniferous forest is robust enough to stand up to the wear of the animals hoofs. The number
animal per area may not exceed 1 per hectares in these cases. In order to give protection against
adverse weather in general a forest depth about least 200 m is required.

It should not be underestimated that too many animals in relation to available land area are a
risk factor at ranch operations.

The ground on the feeding places must be protected against poaching and manure
accumulation when supplementary feed is given. If there is not substantially frost in the ground,
the feeding places must therefore be changed daily irrespective of feed is given on the ground or
at movable feeding mangers. Permanent feeding places, a deviation from the ranch operation idea,
requires concrete or similar surfaces in front of the manger which make it possible to scrape and
carry away the manure.

Close to watering places the ground should be well drained and suitably designed in order to
prevent hoof damages and diseases.
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SUMMARY

Effects on claw lesions and lameness of rubber vs. mastic-asphalt flooring in solid alleys, scrapers
vs. no scrapers on top of slatted concrete alleys, and feed stalls vs. no feed stalls were studied in a
2-yr 2x2 factorial experiment, using 183 Swedish Holstein cows in a research cubicle herd. Most
cows were scored as mildly lame at least once, but at the majority of weekly scorings cows were
non-lame. Scrapers, as well as rubber comparing with mastic asphalt, reduced the risk of
lameness. We found no effects on the risk of claw lesions at the end of the study.

Keywords: claw lesion; dairy cattle; feed stall; lameness; locomotion; mastic asphalt flooring;
rubber flooring; scrapers

INTRODUCTION

Concrete is a common material in alleys for loose-housed dairy cattle, presumably due to its
durability, low cost and ease of cleaning. However, alley flooring design affects cow behaviour
and the risk of claw lesions and lameness. For instance, dairy cattle are able to distinguish
walking surfaces differing in traction (Phillips and Morris, 2002) and rubber flooring in front of
the feed bunk increases the time cows spend standing in concrete alleys (Fregonesi et al., 2004).
Unfortunately, concrete walking surfaces have a negative effect on locomotion (Telezhenko and
Bergsten, 2005) and may increase the risk of claw disease and lameness (e.g. Bergsten and Frank,
1996), comparing with more yielding surfaces such as rubber and mastic asphalt. Mastic asphalt is
made of acid-resistant bituminous compounds and fine siliceous sand, particle size <0.5 mm
(BINAB, NCC Roads AB, Stockholm, Sweden), with a relatively high coefficient of friction.
Scrapers of various types are commonly used to clean solid loose-housing alleys. They have also
been installed on top of slatted flooring to improve cleanliness further and reduce ammonia
emission. Theoretically, scrapers would decrease the risk of infectious claw disease in cows on
slatted alleys but, to our knowledge, such an effect has not been studied previously.

Cattle often displace each other while feeding by butting with their heads. Bouissou (1970)
tested different partitions between dominant and subordinate cows and found that partitions
separating the heads and bodies of the cows increased the feeding time of subordinate individuals.
However, studied animals were horned and the results cannot be extrapolated to larger and
socially more complex cow groups. Kongaard (1983) suggested that cows might feel more
protected when there is a physical barrier between the animals during feeding. In practice, feed
stalls are used to reduce social stress and the consequences of agonistic behaviour at the feed-
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bunk, thus presumably securing feed intake and milk production, but also to improve standing
comfort, foot cleanliness and claw health. DeVries and von Keyserlingk (2006) showed that feed
stalls reduce competition at the manger and improve access to feed, especially in subordinate
cows. However, we found no previous scientific study of the influence of feed stalls on claw
health.

The objective of the present experiment was to study the effect of solid rubber vs. mastic-
asphalt flooring in alleys, of scrapers on top of slatted concrete flooring in alleys, and of feed
stalls, on claw lesions and lameness in dairy cows housed in cubicle systems.

MATERIAL AND METHODS

The study was conducted as a double 2x2 factorial experiment during two consecutive housing
seasons (2002-2004) at a university dairy farm in southern Sweden. Claw lesions were observed
in 75 (year ) and 115 (year 2) cows of the Swedish Holstein breed, parity 1-5; 30 of the cows
participated both years. Locomotion was observed in 96 (year /) and 121 (year 2) cows; 34 of the
cows contributed both years. Seventy-two (year /) and 92 (year 2) cows were observed for both
lesions and locomotion.

All cows were loose-housed in a cubicle system with four equally-sized pens, each subjected
to a separate treatment but otherwise identical. In each pen there were 21 cubicles in two rows
parallel to the manger, and one computer-controlled concentrate feeding station along the outer
wall. The cubicles measured 1.2 x 2.4 m and were equipped with cubicle partitions (Solid,
DeLaval, Tumba, Sweden) and 30-mm polymeric mats (Cow Mat CM30L, DeLaval). They were
littered with sawdust, providing new litter material twice a week. Alleys between cubicle rows
were 2.2 m wide. In each pen there were four water bowls, placed in the cross passages between
alleys. The cows were milked twice daily in a 2x9 herringbone parlour. The holding area had
solid concrete floor and a mechanical crowd gate, and room for a maximum of 50 cows. The cows
walked approximately 30 to 50 m on slatted concrete from their pens to the milking centre. The
cows were fed concentrates (grain, soya and supplements) partly in feeding stations, and partly
together with roughage (grass-clover silage) in a mix given ad /ibitum at the manger twice daily.
Additional hay was fed during a 60-d period in the spring of 2003, when several cows exhibited
loose faeces. All cows were grazed daily from beginning of May to beginning of September
between the two housing seasons. Claw trimming was performed at the beginning and end of the
observation period (in September-January and in January-May). Trimming was done by a third
author or a professional claw-trimmer using an electrical grinder and a hydraulic trimming chute.

In year 1, the alley floor was newly installed slatted concrete (single 125-mm concrete beams
divided by 40-mm slots) and the treatments were: scrapers (Delta Master DM II automatic
hydraulic scrapers with rubber blades, DeLaval, installed on top of the slats) and feed stalls, no
scrapers but feed stalls, scrapers but no feed stalls, and neither scrapers on the slats nor feed stalls.
In year 2, the alley floor was solid and the treatments were: rubber mat flooring (KURA-P,
Gummiwerk Kraiburg Elastik GmbH, Tittmoning, Germany) and feed stalls, 25 mm mastic
asphalt flooring and feed stalls, rubber mats but no feed stalls, and mastic asphalt but no feed
stalls. To render a comparison between years possible, a fifth treatment (23 cows) in year 2 had
concrete slats (4 years old) without scrapers or feed stalls. If present, there were 20 feed stalls per
pen, measuring 0.8 x 1.6 (2003-2004) to 1.7 (2002-2003) m, equipped with a standard hard
rubber mat (Gummimattan Marianne Larson AB, Gothenburg, Sweden). The alley behind feed
stalls was 2.2 to 2.3 m wide, and the alley along the manger without feed stalls was 3.9 m wide.
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Treatments were expressed by three dichotomous variables representing scrapers (No; Yes) in
year 1, type of solid flooring (Mastic asphalt,; Rubber mats) in year 2 and feed stalls (No; Yes) in
both years. Cow group (1 group per pen each year) was expressed by a categorical variable. The
cows were allocated to treatments (18—23 cows in each pen) in early autumn each year by blocked
randomization in order of expected calving (every fourth cow going into a given pen, random
order of pens) within parity (primiparous and multiparous), and introduced 4 to 90 d before
calving; however, 62 cows that calved before the observation period (<113 d) were allocated in
order of observed calving. No cows changed pen during the housing season.

Claw-lesions were recorded in connection with claw trimming at the beginning and end of
observations, originally scored on 4-level ordinal or dichotomous scales. One trained recorder
performed all examinations. All feet were immobilized at a convenient height and the trimming
area was well lit-up to facilitate the assessment of lesions. Clinical diseases and therapeutic
measures were recorded successively. Claw-lesion records at second trimming were recoded into
four binary outcome traits with a sufficient number of cases and non-cases, representing heel-horn
erosion, haemorrhage in the sole or white line (including sole ulcer), dermatitis, and separation in
the white line or double sole (0 for score 0 and as / for scores >0). Lameness data were collected
at 31 and 34 weekly sampling occasions, from September to May. At each occasion, all cows
were scored once for lameness by one of three persons (year /, n=1375, 435 and 315 records, and
year 2, n=1618, 557 and 79 records, respectively) as the animals walked a 30-m alley (slatted
concrete with 125-mm slats and 40-mm slots) from the milking parlour to the cubicle area and
while they were standing in front of the manger. Lameness score 0 denoted normal (level-back)
posture; cows with score / stood with a level-back posture but walked with an arched back; cows
with score 2 both stood and walked with an arched-back posture (Sprecher et al., 1997, modified).
Lameness score was transformed into a binary trait representing lameness status by changing
records with scores >/ to 1.

Analyses were done using generalized linear mixed models in the GLIMMIX procedure of
SAS 9 (SAS for Windows, SAS Institute Inc., Cary, NC, USA), assuming a binomial distribution
and including group as a random effect. Lesion traits were modeled at the foot level, specifying
repeated measures within cow by a compound-symmetry correlation structure (different years
within cow assumed independent). Only cows that were exposed for treatment until at least 85
days after calving were used, excluding 104 cows year / and 16 cows year 2; cows were exposed
for between 107 and 245 days (median 190 days) before lesion assessment at second trimming. In
total, 648 observations in 141 cows were used. Lameness was analysed by two different
strategies. First, lameness status at each occasion was modeled as separate observations,
specifying a first-order auto-regressive correlation structure for repetitions within cow, assuming
observations to be decreasingly correlated over time within cow (different years within cow
assumed independent). In total, 4359 observations in 168 cows were used. By the second
analytical strategy, the portion of observation time lame was modelled. A binary outcome trait
was coded as / if the percentage of occasions scored as lame was >50%, otherwise as 0. In this
model, different years in the same cow were assumed independent. Totally 193 observations in
167 cows were used.

Tested fixed-effect predictors at the group level represented year (/; 2) and studied treatments
(scrapers [year /] or solid flooring type [year 2], and feed stalls). Cow-level predictors
represented parity, calving season, days in milk at the start of the observation period, days in milk
at lesion scoring, days in milk at lameness scoring. Foot-level predictors of lesions represented
pair of feet (hind; fronf) and lesion status at first trimming regarding the same type of lesion (0;
1). Occasion-level predictors of lameness (1% strategy) tested represented days in trial, days since
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last claw trimming, and rater. The final models were built by a manual stepwise procedure,
starting with full models. Predictors representing year, either scrapers or solid flooring type
(nested within year) and feed stalls were forced into all models; among remaining predictors, only
those associating statistically significantly with the outcome (Type 3 P<0.05) or confounding a
treatment effect were retained in the models. Thereafter, biologically plausible 1%-order
interactions were tested and included if statistically significant (Type 3 P<0.05). Differences
between predicted population margins (least-squares means) of treatments and interacting factors
were computed, and corresponding odds ratios and their 95% confidence intervals were
calculated.

RESULTS

Most prevalent lesions were haemorrhage of the sole (67 and 84%), haemorrhage of the white line
(43 and 62%), dermatitis (24 and 32%), and white-line separation (21 and 23% of cows affected
in one or more feet at the end of the observation period in year / and 2, respectively). The
prevalence of most lesions was higher in year 2 than in year /; there were however only two cases
of sole ulcer, in year /. There was no need for any emergency treatments of claw diseases during
the study. Most of the cows (58% in year I and 70% in year 2) were scored as mildly lame at least
once, but the majority of scorings (55% in year / and 65% in year 2) were 0. Forty-eight percent
of the cows were lame >50% of the scoring occasions in year /, and 39% in year 2. Comparing
the scoring of lameness between study years under similar housing conditions, there were 273
observations (54%) scored as 0, 200 (39%) as I and 35 (6.9%) as 2 in the treatment without
scrapers or feed stalls in year /, while there were 400 observations (71%) scored as 0, 139 (25%)
as / and 22 (3.9%) as 2 in the fifth treatment in year 2.

Feed stalls increased the odds of haemorrhage by 1.8 in hind feet (P=0.032); otherwise, there
were no significant associations between treatments and risk of claw diseases. The correlation
between lesion records in two different feet of the same cow was estimated to be from 0.054
(separation) to 0.19 (haemorrhage). The proportions of the total variation in lesions residing at the
group and cow levels were 0.6% and 26%, respectively, for the model of heel erosion, 2.2% and
14% for haemorrhage, 4.4% and 14% for dermatitis, and 0.5% and 18% for separation (estimated
from empty variance-component models, without fixed effects).

In cows with access to feed stalls, comparing with no feed stalls, the odds of lameness at
weekly scorings were 60% lower in second parity (P=0.002), but 40% higher in older cows
(P=0.02); in first parity, the odds were marginally significantly higher (OR=1.6, P=0.05). In cows
of third or higher parity kept on slatted concrete with scrapers, comparing with no scrapers, the
odds of lameness at weekly scorings were 55% lower (P<0.0001), but no effect of scrapers was
found in younger cows. Likewise, in cows of third or higher parity kept on solid rubber flooring,
the odds of lameness were 61% lower (P=0.01) than on solid mastic asphalt, while no effect of
type of solid flooring was seen in younger cows. There was no significant association between
treatments and risk of lameness at >50% of the scorings. No significant association between time
exposed to treatments and lameness was found. The correlation between to consecutive weekly
lameness recordings in a cow was estimated to be 0.48. In the model of weekly recordings, the
proportions of the total variation of lameness residing at the group and cow levels were estimated
to 0.26% and 62%, respectively; in the model of lameness at least half the time, 0% resided at the
group level.
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DISCUSSION

In the present study, the prevalence and severity of claw lesions were very low. Only a few sole
ulcers and abscesses were found and there was no need for emergent lesion treatment during the
study, although over 100 cows were observed during two years. Possible explanations are
extremely good management of the animals, excellent cow comfort through mattresses, very good
alley hygiene, and balanced diets for an average production level. Thus, given the circumstances,
it was no surprise that significant differences in the risks of lesions between treatments could not
be detected in the present study. In the same animal material, Telezhenko et al. (2006) showed
that feed stalls on an abrasive floor (mastic asphalt) reduced the weight-bearing area of the sole
and thus resulted in a high contact pressure, which might explain the found effect of feed stalls on
haemorrhages in the present study. Furthermore, comparisons of claw health between floorings
with different abrasiveness might be biased due to different rates of claw horn growth and wear
(Telezhenko et al., 2005). Vokey et al. (2001) and Vanegas et al. (2006) revealed positive effects
on claw disease and-or lameness of solid rubber alley flooring, comparing with solid concrete.
Danish (Thysen, 1987) and Swedish (Hultgren and Bergsten, 2001) studies have shown that
slatted flooring can result in a significantly lower risk of interdigital dermatitis and heel horn
erosion than solid flooring.

The scoring system used was based on both direct symptoms of lameness with altered weight
bearing and the cows’ signs of discomfort when walking, expressed by the arched back. The latter
mechanism is very sensitive, i.e. non-lame cows can arch their backs when walking on
uncomfortable flooring, like the slatted flooring used here. A majority of animals arched their
back when walking, while a minority of animals arched their back while standing. No animals
showed any lameness expressed as altered weight bearing. These results are in accordance with
the low prevalence of claw lesions. Claw lesions cause most but not all lameness (Murray et al.,
1996), and lesions are not necessarily expressed as lameness (Manske et al., 2002).

Although lameness scores were low, animals kept on slatted flooring with scrapers had
significantly lower scores than those without scrapers. However, infectious lesions — such as
dermatitis and heel horn erosion — were not influenced significantly by type of flooring, which
may indicate that locomotion scoring was more sensitive. We also found that solid rubber flooring
(in contrast to solid mastic asphalt) decreased the risk of lameness in dairy cattle of parity 3 or
higher. This is in accordance with Telezhenko and Bergsten (2005), who found the gait of animals
with a high locomotion score to be impaired on hard floors. It was expected that feed stalls with
rubber mats would decrease the risk of lameness; however, the increased risk in cows of third or
higher parities seems less logical.

We included a fifth treatment in year 2 (slatted floor without scrapers or feed stalls) to be able
to make comparisons between years. However, this slatted floor was older and considerably more
worn than that used in year /, which made such direct comparisons difficult. The proportion of
cows scored as lame differed considerably between the two treatments (29 and 46%,
respectively).
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CONCLUSIONS

No association could be shown between scrapers on top of a concrete slatted floor (comparing
with slats without scrapers), a solid rubber floor (comparing with solid mastic asphalt) or feed
stalls (comparing with no feed stalls), and the risk of heel-horn erosion, sole or white-line
haemorrhage, claw dermatitis, or separation in the white line or sole horn of dairy cattle. Scrapers
on top of a concrete slatted floor (comparing with slats without scrapers) and a solid rubber floor
(comparing with solid mastic asphalt) decrease the risk of lameness in dairy cattle of parity three
or higher — as judged by posture scoring while standing and walking. Feed stalls seem to decrease
the risk of lameness in cows of second parity, but not in older cows.
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THE FEEDING BEHAVIOUR OF DIARY COWS AND THEIR WELFARE
Iveti¢, A. and Grubic, G.
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SUMMARY

In an intensive production, whole system of feeding is organized around of milking procedure.
Diary cows in such circumstance modificated their natural feeding activities in the level which
farmers allowed them to express, and their instincts in the cases of feeling hungry and for free
grazing are changeable in the way of expressing. In that sense, the aim of this study was to show
that feeding behaviour of diary cows is under strong influence of breeders. Farmers, with applied
technique of feeding can create certain activities of diary cows during the feeding. When the
ration of feed is not proper and when feed distribution is not regular, diary cows react with
anxiety and frustration. In such cases, welfare of breeding animals is at risk.

Keywords: feeding, behaviour, video recording, sequentional analyses, diary cows, hunger,
welfare

ORIGINAL ASPECTS OF THE RESEARCH

System of breeding of diary cows is very important because it has influence directly on the level
of feed consumption and milk production. In that reason, feeding behaviour of diary cows can
help us to understand why different practice of breeding the same species of cattle have different
milk production.

In natural environment cows can always behave according to their instinct of grazing animal
and voluntary will when they want take the feed. This instinct is a part of motivational power of
natural behaviour of cows. Diary cows in intensive industrial systems are completely deprived of
these congenital activities and they have to modify feeding behaviour to special demands of
farmers. In such cases, when they feel hungry, animals have to reduce instincts for grazing,
because the only that they can do is to wait the feed from farmers. This motivation of waiting for
eating in the case of chronic frustration is a special kind of stress feeding and can produce serious
digestive disorders.

In this work, basic hypothesis were: that there is a difference between feeding activities in the
different systems of breeding; that some activities are repression by the farmer and that this
repression has influence on feeding. According to this, the basic hypothesis in this work was that
it is possible to create welfare of diary cows in the aspect of feeding behaviour with regular
distribution of feed, always the same time-table and with correct amounts of feeds.
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OBJECTIVE OF THE WORK AND METHOD

Research was done in two farms of dairy cows which are different in the way of breeding, free
and tied, during three months of examination in the summer period. In the farm with free system
of breeding, feeding was one time daily, and in the farm with tied system, feeding was two times
daily. The work consisted of video recording of feeding in the following categories: high pregnant
heifers, lactating cows and dry cows. Periods of recording with video camera started 15 minutes
before feeding and lasted 45 minutes during the feeding. Every category of animals was recorded
in several repetitions, by the recommendation of Blackshaw (examination, duration, number and
kind of activities). This kind of behaviour measuring is “limited recording of behaviour”; it
considers continual observation of the certain activities only. With this method video record could
be divided on individual sequences. Each sequence represent particular pattern of activities. The
Beckeman’s method was used to define: function of sequence (transport the new information from
breeder to the cows), and kind of interaction (giving-taking the feed). The used method of
sequentional analyses gives the possibilities of creating the schemes of activities of which feeding
behaviour consist. The chart 1 shows model of video recording feeding behaviour of diary cows
which is used in this work.

Continual observing behavior of living being by the method of sequentional analysis can be
applied when the researcher wants to keep some aspects of natural appearance in the time
function. Also, video record offers more repeating and can give more reliable measuring of
activities. That way, the error of human components decreases to minimum. Using the
sequentional analyses as a method give the possibilities to express activities of behaviour in the
numerical data. This data are finally statistically analyzed with analyses of variance and Tuckey's
honest significant difference test.

waiting feeding after feeding

—> —

Chart 1. Model of sequentional analyses of feeding behaviour used in this work

We record a large number of activities and because of that we choose by three activities in every
sequence. In the sequence of waiting this was activities: standing, watching and mooing. In the
sequence of feeding we choose activities: taking the feed, selection and defending from stable fly.
In the third sequence this was activities of searching for more feed, rumination and lying. The
way how we defined observed activities was that every one be in the function of representing the
sequence.

EXPERIMENTAL DATA AND RESULTS

In this research we made interactions of feeding activities of dairy cows between two
experimental farms. The first exam category was high pregnant heifers. Common behaviour
characteristic of on the both farms was in the sequence of waiting the ration, where all observed
head were standing and watching, expecting the entrance of feed-dispenser. This activity indicates
on already created feeding behaviour with farmers training because the high pregnant heifers were
learned to the feeding schedule. Maybe the farmers were not quite conscious about the fact that



ISAH-2007 Tartu, Estonia 67

they on this way created new feeding activities. In captivity systems which are unnatural
environment for diary cows, such activities are good example of response in adapt behaviour,
because the only allowed activities when they feel hungry (natural this would be grazing) is to
stand ready in expecting with a head turning around left and right, watching the entrance in stable.
One of visual excitement is seeing feed-dispenser and hearing excitement is the sound of same
machine. On both excitement observed animals reacted with anxiety. Moo activity of high
pregnant heifers in the sequence of waiting had a statistically important interaction between two
farms.

The same pattern in the sequence of waiting represents the source of stress and frustration. In
the case where farmers did not give to the observed high pregnant heifers the meal in the learned
time for feeding, they reacted with moo, roaring and with anxiety. This reaction was the same in
the examination categories of lactating cows and dry cows, as well. We assume that feeling of
hungriness physiological reinforced the fear and make specific feeding stress. In both farms,
during the examination period this was very often (only 5% recording diary cows were feeding in
the learned time).

Interesting difference was in the number of activities in high pregnant heifers in defending
from the bites of stable flies. High pregnant heifers in the farm with free system had less activity
then the same group in the farm with tied system of breeding. This trend during the observation
was the same at the lactating cows and dried cows. Cow that was bitten by stable flies stop eating,
take of her head from feed-bunk, swing with tail or turn her head left-right drive away the insect
and then again return for feeding. On the next stable fly bite cow again stop to eat with the same
reaction.

Activity of selection of feed during the last feeding sequence had a statistically very important
interaction between examination farms in the all category of observed diary cows (high pregnant
heifers, lactating cows, dry cows). In the way of expressing this activity was gradually increased.
In the first part of feeding, from the moment of giving the feed to 15 minutes of consumption,
between the high pregnant heifers on the different farms is obtain statistically important
interaction. After that, in the same feeding sequence, but in the last part of video recording the
consumption, from 15 to 30 minutes, in the categories of lactating cows, dried cows and high
pregnant heifers, is obtained statistically very important interaction.

We recorded the next pattern of feeding behaviour in the second and third sequences. In the
beginning of feeding, cows were concentrate on consumption with choosing the meal activities
(pushing with snout), but how the amount was decrease the level of selection for better feeding
place get increased. Feeding behavior of diary cows in the farm with tied system in the sequence
after feed, (when they eat all feed), was consist from activities of licking the empty crab and
licking the feeding alley. In farm with free system, in the feeding sequence diary cows (all
category) of breeding were choose the feed with activities of mutual struggle who get increased
how the amount of feed decreased. These activities, in two ways, can indicate to the feeding
practice. First, when the amount of feed is not sufficient, cows in free system of breeding express
competition fight with strong mutual head pushing or with completely body struggle. Stronger
animal will secure for herself more feed then the weak one (who produce more milk than
dominate in herd). Second, diary cows in tied system of breeding in such cases can develop
stereotype activities such as licking the empty feed-bunk and feed alley or licking another animal.
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CONCLUSION

Practical implication of the work

Motivation for feeding behaviour consists from hunger feeling and apetative behaviour that
eliminate this unpleasant feeling. Feel hunger is subjective and each animal experience
subjectively but with mutual physiological mechanism and neurology regulation of feeling hungry
and satiety. The ways how diary cows express their feeding behaviour are different in the
different systems of breeding. Application of sequental analyses offer possibilities to estimate
behaviour activities between animals and represent one of the paths for define welfare of the diary
COWS.

Expressed activities in examined diary cows, in the farm with tied system and farm with free
system of breeding, in the sequences of waiting, feeding and after feeding indicated that: before
feed distribution cattle were anxious, that when the meal is given diary cows concentrate on
taking the feed, and how the amount of feed is decrease they again express anxiety. Method of
sequental analyses with video recording can help in feeding behaviour observation.

In this research we made: etograms of feeding activities of diary cows, their interaction
between different sequences and their interaction between two experimental farms. It was obtain
very small number of statistical high important interaction between two farms and this are:
activity of cows moo show high pregnant heifers and activity of feed selection in the sequence of
feeding at high pregnant heifers, lactating cows and diary cows. The others observed activities did
not give interaction between different systems of industrial breeding.

These results can show that feeding behaviour of dairy cows is strongly influenced by breeder.
Farmer, with amount of feed offered and with the way of distribution can make particular good or
bad activities of feeding behaviour and on that way he has influence on welfare of dairy cows.
Definition by Broom that “welfare of one individual is her state in the her ability to adjust to the
environment” clearly show to us how important role of breeder is and his influence on welfare of
dairy cows by proper feeding which can help animals to avoid stress of captivity.

REFERENCES

Bakeman R. and Deckner D. F., 2000. Analysis of Behavioral Streams. University of Barcelona and Geogia
State University

Blackshaw J. K., 2003. Notes on some topics in applied animal behaviour. Animal Behaviour, University of
Queensland

Encyclopedia of farm animal behaviour, 2004. United States Department of Agriculture, Agriculture
Research Service, Southern Plain area, Livestock Issues Research Unit, Multimedia Division, version
3.0.1. Fraser. A.F. and Broom, D.M., 1990. Farm Animal Behaviour and Welfare. Bailliere Tindall, 3re
ed., London



ISAH-2007 Tartu, Estonia 69
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ABSTRACT

Claw disorders cause 90% of lameness in dairy cattle. Factors that have been associated with claw
lesions are individual factors like stage of lactation, parity, weight and genetics. Herd factors
involved are housing, environment, management and nutrition.

Infectious claw lesions like dermatitis and heel horn erosions are mainly influenced by the
environment. Laminitis or claw horn disruption has largely been attributed to feeding regimens
and especially rations high in rapidly fermentable carbohydrates have been focused on.

In this study the trial was performed on dairy farm located in Tabriz (Iran). The target
population of this study consisted of 200 dairy cattle. Hooves were evaluated for incidence of
hoof disease. Heel erosions, hemorrhages and digital dermatitis were the most prevalent hoof
problems. A total of 41% of hooves were determined to be Unhealthy.

Overgrowth of the horn is a result of environmental factors exacerbated by predisposing
disease factors. Functional hoof trimming restores the normal shape of the claw, the angle of the
toe and equalizes the weight distribution between the two claws.

INTRODUCTION

Lameness and claw-health are of increasing importance in herd-health management. Lameness is
an increasing problem, comparing recent studies on the prevalence of lameness in dairy cows (6).
According to the 2002 National Animal Health Monitoring Systems (NAHMS) survey, 16% of
cattle are culled due to lameness. However, this survey may underestimate this number as cows
culled for low production (19%) or reproductive failure (27%) may actually have been lame.
Lameness has been shown to reduce milk production (3) and fertility (7). Infectious claw lesions
like dermatitis and heel horn erosions are mainly influenced by the environment. Laminitis or
claw horn disruption has largely been attributed to feeding regimens and especially rations high in
rapidly fermentable carbohydrates have been focused on. Epidemiological research on claw
disorders in dairy cattle indicates that the main infectious claw diseases resulting in hoof lesions
and lameness are digital and interdigital dermatitis (6). Since the use of antibiotics in footbaths is
banned, many farmers are advised to use chemical disinfectants in footbaths like Copper Sulphate,
Zinc Sulphate, formalin and their combinations for the prevention and treatment of (infectious)
claw-problems. But, some of the contributing factors are nutrition, hygiene, cow comfort (freestall
management), walking surfaces, time spent standing on concrete, hoof health, and claw trimming.
The objective of this study was to determine the incidence of claw lesions in of dairy cattle in
Tabriz area in Iran.



70 ISAH-2007 Tartu, Estonia

MATERIAL AND METHOD

The trial was performed on a dairy farm located in Tabriz area, in Iran. The target population of
this study consisted of 200 dairy cows, Holstein breed that were milked twice a day. The housing
consisted of free stalls, cleaned every two days and concrete floors. The foot bath solution used
prior to the trial consisted of 12 kilograms of copper sulfate diluted in 50Gal of water and it was
located in the alley at the exit of the parlor, preceded by a wash bath containing fresh water, the
cows walked through the foot bath solution once a day in the week. Weather during the trial had
the average sunny days. Hooves were evaluated for incidence of hoof disease. In the cases,
hooves affected by Heel Erosion, Hemorrhages, Digital dermatitis, Foot rot, White line disease
and Ulcers were trimmed and management. In this cases, were walked through the foot bath
solution twice days in the week for 1 month.

RESULTS

Heel erosions, hemorrhages and digital dermatitis were the most prevalent hoof problems. A total
of 41% of hooves were determined to be unhealthy. These results are summarized in the table 1.

Table 1. Initial Examination.

Disease Number %
Heel Erosion 35 17.5
Hemorrhages 20 10.0
Digital dermatitis 13 6.5
Foot rot 1 0.5
White line disease 2 1.0
Ulcer 11 5.5
Healthy hooves 118 59.0
Total 200 100

In affected cases, after 1 month, the hooves were examined again. Only, a total of 20.5% of
hooves were determined to be unhealthy and 79.5% of hooves were determined to be healthy.
After functional hoof trimming, 50% of unhealthy hooves were treatment after 1 month. These
results are summarized in the table 2.

Table 2. Examination after 1 month.

Disease Number %
Heel Erosion 25 12.5
Hemorrhages 3 1.5
Digital dermatitis 10 5
Foot rot 1 0.5
White line disease 0 0
Ulcer 2 1
Healthy hooves 159 79.5
Total 200 100
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DISCUSSION

Sub solar hemorrhaging, White line disease, and sole ulcers are primary indicators of a previous
laminitis. While a nutrition factor like rumen acidosis seems to be a key in the development of
laminitis, different observations suggest that additional factors must be involved (2). In a 1989/90
survey, around 20% of healthy dairy cows had their claws trimmed to prevent lameness (5).
Around 36% of the cows’ claws were trimmed by farmers, 31% by contractors, 23% by veterinary
practitioners and 10% by students and others. In a study of 15 dairy farms, Mill and Ward (1994)
found that only 20% of farmers had their cows’ feet trimmed regularly (4). It is recommended that
foot trimming is carried out at least once a year after housing, or preferably twice a year before
and after housing (1). In a 1980 survey of farmers in England and Wales, 2% of farms were found
to have footbaths (8). Around 56% of the footbaths had been installed to cure rather than prevent
lameness. Most farmers used 1.6% to 4% formaldehyde. Frequency of use of the footbaths ranged
from once a day to less than once a fortnight. It is recommended that dairy cows are walked
through a footbath containing 2% formaldehyde (5% formalin) or 5% copper sulphate once a
week and no more than twice a week (1). Twice daily cleaning of cubicles and passageways of
cattle houses to reduce faecal contamination will help to prevent foot lameness. However, the
benefits of this expenditure of time are not specific to lameness. Changes to housing, milking
parlour, yard and race design, floors and roadways, and bedding may reduce the incidence of
lameness. No data are available on improvements made to housing, yards and roadways with the
specific intention of preventing cases of lameness. In this study, foot bath and trimming helped
control a range of hoof problems when used in a well maintained foot bath. Overgrowth of the
horn is a result of environmental factors exacerbated by predisposing disease factors (2).
Functional hoof trimming restores the normal shape of the claw, the angle of the toe and equalizes
the weight distribution between the two claws.
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SUMMARY

Three designs of wood-chip out-wintering pad (OWP) (sheltered, unsheltered and OWP with
silage provided on top of the woodchips) were compared to indoor cubicle accommodation with
regard to cow cleanliness, somatic cell score (SCS) and mastitis incidence. Cows on OWPs were
accommodated at a stocking density of 14.52m” per head. Although sheltered cows were cleaner
than cows on the unsheltered OWPs, there was no difference in SCS or mastitis incidence
between treatments. Accommodating animals on OWPs at this stocking density during the winter
poses no greater threat to udder health than housing indoors in cubicles.

Keywords: dairy cow, animal hygiene, mastitis, somatic cell count

INTRODUCTION

Mastitis is one of the main production diseases of dairy cows. The disease leads to reduced milk
production (Rajala-Schult, 1999), increased costs due to prevention and treatment (Kaneene and
Scott-Hurd, 1990), and may ultimately result in the culling of animals (Grohn, et al., 2005).
Unhygienic accommodation systems have a negative impact on udder health (Bartlett et al.,
1992), so in developing alternative accommodation systems it is important to consider the
potential for maintaining a clean environment. Outwintering pads (OWP’s) are a low cost winter
accommodation system for cattle that may be a suitable alternative to indoor cubicle housing for
dairy cows in Ireland. They consist of a woodchip lying area, with or without shelter, which has a
drainage system underneath. Grass silage can either be conserved on top of the woodchips to
facilitate self-feeding, or fed from an adjacent concrete feed face. Under optimum management
conditions the woodchips are replaced when they become soiled. OWPs pose no threat to the
health and welfare of beef cattle (Hickey et al, 2002). However, previous work showed that
housing spring calving dairy cows on an OWP at a high stocking density (6m® woodchip
area/head) during the winter leads to higher dirt scores while on the OWP, and reduced udder
health three weeks post-calving compared to cows in cubicles or on an OWP with a lower
stocking density (12m” woodchip area/head) (O’Driscoll et al., 2006). Results from the latter were
confounded by the fact that cows accommodated at the high stocking density had shelter, while
cows at the low stocking density did not. The objective of this study was to compare three OWP
options for spring calving dairy cows that incorporate various design features (concrete feed face
vs. self-feeding on the woodchips; sheltered vs. unsheltered) with traditional indoor cubicle
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housing. Stocking density was the same on all OWP’s. The measures chosen for analysis were
dirtiness scores, incidence of mastitis, and somatic cell scores (SCS).

MATERIALS AND METHODS

Animals and treatments

Ninety six pregnant dairy cows (Bos Taurus) (40 primiparous and 56 multiparous) were blocked
according to breed [Holstein-Friesian or Norwegian Red], parity (1.56 + 1.785), expected calving
date (ECD) (22 Feb 2006 + 20.1 days) and body condition score (3.09 + 0.29) into 8 groups.
Animals were randomly assigned to one of the following treatments; (i) indoor cubicles (IC), (ii)
an unsheltered OWP with a concrete feed face (UP), (iii) a sheltered OWP with a concrete feed
face (SP) and an unsheltered OWP with a self feed silage pit (SF) in two replicates. Multiparous
and primiparous animals were assigned to treatment on 17 November 2005, and 5 December
2005, respectively.

Indoors the cubicles were bedded with rubber mats and provided at a ratio of 1:1. They were of
a “‘Super Dutch Comfort” design (O'Connell, et al., 1991) and were manually cleaned and treated
with lime each day. Animals on UP and SP were allocated 12m? woodchip space allowance per
head and a concrete feed face allowance of 2.52m” per head (40cm per cow). SF cows had a
woodchip space allowance of 14.52m” per head. IC cows were also fed silage from a concrete
feed face with 40cm per cow. The feed face of IC, UP and SP was cleaned 6 times daily by an
automatic scraper. The feed faces in each SF replicate were 13.5m in length. In order to prevent
spoilage of the silage, it was necessary for 26 animals to feed from these areas. For this reason 14
‘filler’ cows were allocated to each of the SF replicates. OWPs were scored weekly for
cleanliness using a subjective 4 point scoring scale (1=fresh woodchip, 4=extremely soiled
woodchip), and managed so that each animal had a clean lying area of 2.2m?*/head.

All multiparous cows were dried off by 17 November 2005. The mean calving date was 21
February 2006. Approximately 3 days pre-calving (3.2 £+ 5.51 days) animals were removed to a
straw bedded calving shed. Cows remained with the calf until the next milking, after which they
returned to a separate straw bedded shed for one night. Thereafter, cows that calved between 24"
January and 13" February 2006 (n=40) were kept on a separate unsheltered OWP by night and
were at pasture by day, until 14™ February, when they were kept at pasture both day and night.
Cows that calved from 14" February onwards were at pasture by day and night. As cows calved
and were turned out to pasture the stocking density in each treatment was maintained by adjusting
an electric wire (UP, SP and SF) or metal gate (IC) accordingly. Cows were re-randomised and
accommodated on either an unsheltered OWP (n=36) or at pasture (n=60) from 18 April which
was the start of the breeding season, for 6 weeks after which they all returned to pasture until the
following November. All cows were dried off by 19 December 2006.

Grass silage was offered ad-/ibitum daily in the morning at 0.1kg above requirement in order
to ensure animals were not restricted. Fresh water was available from self-filling troughs in each
treatment. While at pasture animals were managed as a single herd. Pasture consisted primarily of
perennial ryegrass (Loilum penne). (Animals that were accommodated on UP during the breeding
season were offered freshly cut grass ad-libitum each morning).
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Animal dirtiness scoring

Animals were scored for dirtiness at the beginning of the experiment, and subsequently
approximately every 2.5 weeks (17 £3.3 days) until 30 January. Only animals that had not yet
calved and were still in their treatment groups were scored. The animal was scored on the left side
of the body, which was subdivided into 5 areas; front leg, rear leg, hind quarter, belly and udder,
and each section scored using a scale from 1 (clean) to 4 (completely soiled) in half score
increments. The sum of these scores constituted the overall dirtiness score for each animal (max =
20, min = 5). The scoring system was tested for inter and intra observer repeatability prior to the
experiment.

Somatic cell count (§CC)

Cows were milked twice daily for the entire lactation, at approximately 07:00 and 15:30. Milk
yield was measured at each milking for every cow using electronic milk meters. Clusters removed
automatically once milk flow fell below 0.2kg/min. Individual cow milk samples were taken
approx. every other week (15.4 + 5.84 days) at one morning milking, and SCC determined using
the Bentley 300 (Bentley Instruments Incorporated, USA). The last sample to be included in the
analysis was taken on 1 November 2006. On average 14.4 + 3.48 samples were taken per animal.

Clinical mastitis (CM)

Clinical mastitis was assessed daily by the stock people over the period from assignment to winter
accommodation, and the following inter-calving period. The udder was observed for redness,
soreness, and/or inflammation as indicators of CM. On identification of a case of CM a sample of
milk from the affected quarter was taken aseptically and analysed for bacteriology. These
recorded cases are referred to as CM, and are based solely on the herdsman’s interpretation of CM
(Pryce et. al., 1999).

Quarter milk samples (QMS)

Quarter milk samples were taken at drying off (30 November 2005), approx. 3 weeks post partum
(18.3 + 3.52 days), and on 14 June 2006. All samples were analysed for bacteriology as well as
SCC quantification. Quarter milk samples were also collected 1.8 = 1.29 days post calving, and
assayed for California Mastitis Test (CMT) and bacteriology. On each QMS test day all milk
samples were collected aseptically from all udder quarters into individual sterile plastic containers
after drawing of foremilk. Clinical mastitis was diagnosed at each QMS test day when
macroscopic changes in the milk or udder were observed. Subclinical mastitis was diagnosed at
each QMS examination when SCC > 500,000, CMT > 2, and no macroscopic changes were
evident.

Statistical analysis

All data were analysed using the Statistical Analyses System (SAS, V9.1). The animal was
considered the experimental unit. Data was tested for normality prior to analysis. A log2
transformation of SCC to SCS was used to normalize the data distribution. Dirt scores were
analyzed using repeated measures, with inspection day as the repeated variable using the MIXED
procedure. Treatment and inspection day were considered fixed effects. Replicate was considered
a random effect. The interaction between treatment and inspection date was also examined.
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Lactation average SCS was calculated as the mean of all SCS test day records for each cow within
the lactation. Average SCS was also calculated for three stages of lactation: 6 to 60 days in milk
(DIM) (early), 61 to 220 DIM (mid), and 221 to 305 DIM (late). Lactation average SCS was
analysed using ANOVA with a mixed model. Replicate was included as a random effect. Cow
was nested within replicate and treatment. Treatment, whether the animal was accommodated on
treatment while lactating, accommodation during the breeding season, lactation number and breed
were treated as fixed effects. Average SCS for each stage of lactation was also analysed using a
similar model. Residuals were examined to verify normality and homogeneity of variances.
Differences in the incidence of CM, SCM, and the incidence of pathogens detected in QMS were
analyzed using Fishers exact probability test.

RESULTS

On January 20™ 2006 there was less than the recommended clean lying area per cow in all
treatments so all OWP’s were cleaned and the woodchips were replaced. Treatment had an effect
on animal hygiene, SF cows having the highest dirtiness scores overall (9.8+0.27, meants.e.) and
SP cows the lowest (8.3£0.27; P < 0.001). There was no difference between SF and UP or
between IC and SP (P>0.05, data not shown). There was no difference in dirtiness scores between
treatments at the initial exam (8.3+0.27; P>0.05), or at the final exam (post cleaning) (9.1+.0.18)
(Figure 1.). Dirt scores in IC remained at a level similar to the initial exam over the course of the
experiment (P>0.05). Cows in SP had numerically the lowest score at the initial exam, and a score
similar to IC on all other occasions. However, dirtiness scores in UP and SF increased from the
start of the experiment until the OWPs were cleaned.

13 4
12 4

10 4

Animal dirt score

22 Nov 05 5-Dec-05 22-Dec-05 9-Jan-06 30-Jan-06

Date
— ¢ —UP ---m--- SP —a—IC SF

Figure 1. Effect of treatment on the dirtiness scores of cows at five inspections

There was no effect of treatment on average SCS over the entire lactation, or in stages 1, 2 or 3 of
lactation (P>0.05, data not shown). There was only 1 case of CM during the dry period, and this
occurred in SF. There was no difference in the number of animals displaying symptoms of CM at
calving or during the lactation period. There was no difference in the number of animals on each
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treatment diagnosed with SCM at drying-off, at calving, at the three week post partum exam, or
on 14 June, or in the number of animals that had pathogens isolated from QMS on any test day
(P>0.05, data not shown).

DISCUSSION

Initial animal dirtiness score assessment was conducted as cows were assigned to winter
accommodation treatment, and so were typical of dirtiness scores of cows at pasture (all animals
were managed at pasture prior to the experiment). In this experiment the dirtiness scores of
animals that were sheltered from the weather did not change significantly from the initial
inspection for the majority of the accommodation period, regardless of whether they were indoors
in cubicles, or outdoors on a sheltered OWP. In contrast, animals on both unsheltered OWPs had
higher dirtiness scores than at the beginning of the trial at all but the last inspection, which
occurred after the OWP’s were cleaned. In comparison to the unsheltered pad where cows were
fed from a concrete feed face that was cleaned regularly, the feeding area of the second
unsheltered OWP with the self-feed silage was much dirtier as it was not possible to remove
soiled material on a regular basis in this system. Nevertheless, there was no difference in animal
dirtiness scores between both unsheltered pad designs. This is probably due to cows in the self-
feed system selecting areas away from the feed face area to lie down. Although previous work
found no effect of shelter on animal hygiene (Hickey et al., 2002) cattle in that experiment were
only sheltered by windbreaks and not overhead from rain. Thus moisture is an important factor
determining animal cleanliness probably because moist faecal matter attaches to an animals coat
more easily than dry matter.

In a similar experiment (O’Driscoll et al., 2006) animals that were accommodated on a
sheltered OWP at a high stocking density (6m® woodchip area/head), had much higher dirtiness
scores than animals accommodated on an unsheltered OWP at a lower stocking density. This
suggests that a high stocking density in sheltered OWPs negates any positive effects of shelter on
animal cleanliness. One reason why animals at the high stocking density had high dirt scores is
that a high stocking density not only increases the number of animals per area woodchip, but also
results in a higher manure load on the woodchip area. Although in a sheltered OWP manure may
not be as moist as on an uncovered OWP, a greater volume of manure may result in a thick fecal
layer building up more quickly, and probably more contact between the animals’ coats and
manure when they lie down. Findings from this study, however, clearly demonstrate that overhead
shelter in itself does not result in high animal dirtiness scores

Furthermore, O’Driscoll et al. (2006) reported that the combined incidence of clinical and sub
clinical mastitis was higher in the sheltered OWP than in either the unsheltered OWP or indoors
in cubicles (P < 0.05). Infectious agents were also isolated in that experiment from more animals
in the sheltered OWP than in the other two treatments three weeks post calving. Intra-mammary
environmental pathogens are significantly associated with udder hygiene scores (Schreiner and
Ruegg, 2003) so it is likely that dirty conditions led to these udder health problems. The lower
stocking density in the sheltered OWP in this experiment resulted in superior animal hygiene, and
this is reflected in the lack of difference in incidence of mastitis, sub-clinical mastitis, and the
presence of intra mammary pathogens between treatments.

After cleaning of the OWPs and application of fresh woodchip, animal dirtiness scores on the
uncovered OWPs returned to a level similar to that recorded indoors in cubicles and in the
sheltered OWP. This may have important management applications. Assessment of animal
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hygiene by the stockperson during the dry period, and subsequent removal of dirty animals to
clean accommodation, or replacement of bedding, may improve animal hygiene during the dry
period. There is evidence that intra-mammary infections that occur during the dry period can
cause clinical disease post-calving (Green et al., 2002), and thus these management practices may
reduce the risk of developing intra mammary infection during the following lactation.

Results from this study indicate that dairy cow hygiene is affected by the cleanliness of
bedding, and also by the presence of shelter from weather. However, although animals on both
uncovered OWPs had higher dirtiness scores than animals in the other accommodations, this did
not affect SCS or mastitis incidence post-calving. Therefore management of the OWP’s was
sufficient so that milk quality and animal health was not compromised when compared to animals
accommodated in traditional indoor cubicles during their dry period. These findings have
important implications for the management of dry cows.
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ABSTRACT

The aim of this study was to investigate whether digital dermatitis (DD) and sole ulcer (SU) in
high producing dairy cows were associated with behavioural changes, other health problems, milk
production and milk composition. The study was carried out on a research dairy farm with about
300 milking cows of Swedish Red and Swedish Holstein breed. Lactating cows were kept in a
cubicle system with scraped alleys and were mostly in their first and second lactation. Clinical
examination of the claws of all cows was made at claw trimming. Cows scored for mild or
medium degree of DD or SU were listed, and ten cows suffering from each claw disorder were
selected for the study. For each diseased cow a paired healthy control cow was selected blocked
on breed, age, parity and lactation stage. General clinical examination of each cow used in the
study was performed before the first observation period started. A second clinical examination of
the claws was performed between the second and third observation period. Behavioural
observations were made on paired cows (one with DD or SU and one healthy cow) during four
periods with the 0—1 sampling method. Control milking results were collected monthly from
February to April and milk production records once per six days. For statistical analyses
Generalised Linear Models (Proc GENMOD) in SAS Version 9.1 were used.

The study showed that cows with DD were lying significantly less than healthy cows during
period one (p<0.05) but not during the other periods. Cows with SU were lying down
significantly less than healthy cows during the first period (p<0.01). Cows with SU walked
significantly more than healthy cows during period one (p<0.05) and they walked significantly
less than healthy cows during period three (p<0.001). Healthy cows stood and ruminated
significantly less during period one than cows with SU (p<0.05) and DD (p<0.05). During the
second period healthy cows had a tendency to stand and ruminate less than cows with DD
(p=0.0731).

During the study cows with DD sent significantly less (»p<0.05) and cows with SU received
significantly less social licking than healthy cows (p<0.01). During the study cows with SU sent
significantly less butting and pushing than healthy cows (p<0.01) and also received significantly
less butting and pushing (p<0.01).

In period one and two cows with DD produced significantly less kg of energy corrected milk
(ECM) than healthy cows (p<0.05). They had a tendency to produce less ECM than healthy cows
during the fourth period (p=0.0731). Cows with SU had a tendency to produce less ECM than
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healthy cows during the second period (P=0.0561). Cows with SU had a tendency to have higher
milk fat percentage during the third period (p=0.0954). In period two and three cows with SU had
significantly higher somatic cell count than healthy cows (p<0.05, p<0.01) and cows with DD had
a tendency to have lower cell count than healthy cows in period four (p=0.0543).

It was concluded that DD and SU have an influence on behaviour and milk yield in high
producing dairy cows. The study emphasizes the benefit of early detection and treatment of claw
diseases as well as the importance of prevention measures in order to minimize the influence on
behaviour and production.
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THE VIRTUAL FARM

Tuovinen, V.!, Kauppinen, R. ! Manninen, U.%, Mononen, J.’, Martiskainen, P.’ and
Saloniemi, H.*

" Savonia University of Applied Sciences, > FarmiMalli Ltd., * University of Kuopio,
* University of Helsinki

SUMMARY

The Virtual Farm is an internet based computer program designed to create 3D-models of farms
with animals in it. It will be the outcome of a big cooperative effort, lasting for several years. The
completion of this ambitious project requires combining existing knowledge and future research.

The key Finnish players in the Virtual Farm cooperation are Savonia University of Applied
Sciences, University of Kuopio, University of Helsinki, FarmiMalli Ltd., and some private
companies. Other domestic and foreign universities and companies are welcomed to participate in
further development of the idea. This paper includes the outline of the Virtual Farm idea.

Keywords: virtual farm, three dimensional, ethogram, computers

THREE STEPS TO THE VIRTUAL FARM

1. Drawing the farm with the Virtual Farm Designer

The Farm Designer is a computer program (www.farmdesigner.com), which can be accessed
easily with any internet browser (Figure 1). It is possible to design a farm building by simply
dragging the walls, windows, doors and other facilities to the desired place with a mouse. The
results can be seen immediately three-dimensionally. There is a possibility of “flying” inside and
outside the building and looking closely at details. The program has been developed by
FarmiMalli Ltd.

In the latest version of the Farm Designer, the same drawing can be manipulated from
different locations simultaneously. This allows for the the farmer and building designer to plan
the farm together on the internet, seeing the drawing in three dimensions, and being able to move
walls and facilities to their desired places.

A demo of the program showing a barn of 50 cows (without the actual animals) is available on
the internet (http://www.annemanni.fi/index.php?id=442). After installing the program
“Barn.exe”, it is possible to move both inside and outside the barn by following the instructions
on the screen.

2. Modelling virtual animals

The second step is to model virtual cows and other animals. To model animals information about
how the animals look and move, their daily activities, their behavioural patterns and their location
is needed.
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Animating an animal starts by creating a skeleton with all joints in place. Muscles and skin
can then be added to the skeleton.

Cows and other animals can be made to look very realistic by using special animation
techniques, but the difficulty is to make them move like real animals. This is achieved by using a
combination of a an ethogram — a list of descriptions of the behavioural patterns of a species — and
animation. This process has been started at University of Kuopio, Finland with behavioural
studies done to compile an ethogram of cattle. With the aid of a literature review and observations
of animals, almost a hundred different behavioural patterns of cattle were titled, described,
photographed and will further be video-recorded. Using the video ethogram, the animated cows
can be made to move and perform different behaviours accurately and as lifelike as possible.

Information of the location of cows in a barn will come from a project called “Very Intelligent
Cow Barn” run by University of Kuopio. In the project, the exact location of all cows in a real
barn is received every second. Location of the real cows will be transferred to be the location of
the animated animals. Now, with the help of the cattle ethogram and the location information it is
possible to make the virtual cows move correctly in the right places.

The 3D model of virtual animals will help tremendously in the functional design process of
new farm buildings. The coming building with cows (or pigs, horses, sheep etc.) moving in it can
be visualised before anything has been built.

3. Simulation

Simulation, the third and final step of the process, is the most challenging. This is where
international cooperation is needed. The aim is to simulate different occurrences (fire, mastitis
epidemics, hoof trimming, fertility problems, etc.) in the virtual farm. It is theoretically possible
to create an endless amount of simulations; if a way to make the virtual animals react to them in a
certain way can be found.

There are still plenty of uncertainties about the simulation process, for which there are
currently no solutions. The goal is to create “intelligent” virtual animals, so that information of
research work could be included into the behavioural patterns of the virtual animals.

Interested research groups and enterprises are warmly welcomed to discuss with the authors
about possible cooperation at this stage.
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Figure 1. The Farm Designer is an internet based program designed to create 3D models of farms.
It is possible to move freely inside and outside of the building and look at details. The 3D farm is
the first step towards the Virtual Farm Project. Once finished, it will feature virtual animals that
look and move in an authentic manner and react to the changes in the environment.

LINKS

The Farm Designer, http://www.farmdesigner.com

The Farm Designer Demo, http://www.annemanni.fi/index.php?id=442

Martiskainen P., Mononen J., Tuomisto L. and Tuovinen V. 2005. Naudan etogrammi. Eldinterveyden-
huollon kehittdmishanke Pohjois-Savossa / ELKE julkaisee. http://www.elke.fi/naudanetogrammi/
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SUMMARY

A series of microclimate measurements were performed in different kinds of cow houses in
Estonia and Finland. The number of animals in the structures varied from 30 to 600.
Measurements were made in summer and winter conditions with ambient temperatures from —
30°C to + 30°C. The results showed that there were differences in microclimate depending on
design of structures, outside temperature, wind and ventilation rates. The recommended values for
microclimate in the cow structures were mainly within the recommendations.

Keywords: microclimate, ventilation, cold, uninsulated, semi-insulated barns, cow houses

INTRODUCTION

Due to the lower investment, capital and construction costs, cold un-insulated and semi-insulated
cow structures have been of interest in recent times. The building cost for the framework and
walls are estimated to be about 15% lower in semi-insulated and 35% lower in non-insulated
cubicles than in fully-insulated free stalls structures (Jeppsson et al., 2006). In the last 15 years
about 310 semi-insulated structures have been built in Finland consisting of about 15 to 40 animal
units (Brénnids, 2005). Presently, Estonia has over 60 large semi-insulated structures housing
between 300—1000 animal units each (Kivinen et al., 2006), and about 90 new or renovated
uninsulated cowshed between 2002 and 2006 (Pajumégi, 2007).

Table 1. Nationally acceptable concentrations in dairy animal structures (MMM) and the harmful
concentrations limits to humans in Finland (MSAH, 2005)

Gases Limits in animal Exposure limits to humans

structures (ppm) (ppm) (mg/ m°)
Carbon dioxide, CO, 3000 5000 (8 hrs) 9100 (8 hrs)
Ammonia, NH; 10 20 (8 hrs), 50 (15 mins) 14 (8 hrs), 36 (15 mins)

Hydrogen sulphide, H,S 0,5 10 (8 hrs), 15 (15 mins) 14 (8 hrs), 21 (15 mins)
Carbon monoxide, CO 5 30 (8 hrs), 75 (15 mins) 35 (8 hrs), 87 (15 mins)
Organic dust 10 mg/m’ — 5 (8 hrs), 10 (15 mins)

Estonia and Finland experience weather conditions ranging from —35 °C to +35 °C. This varying
weather prevailing in the winter and in the summer makes it difficult to ensure suitable diurnal
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microclimatic conditions for the animals in dairy buildings. Poor microclimate in animal
structures and high gaseous concentrations can increase the occurrence and severity of certain
endemic diseases (Amon et al., 2001). Several authors have shown that gaseous concentrations
are often too in high animal structures (Zhang et al. 2005). The European Directive 2001/81/EC
on National Emission Ceilings, sets upper limits for the total amount of emissions from each
Member State for the total emissions of gases like Sulphur Dioxide (SO,), Nitrogen Oxides
(NOy), Volatile Organic Compounds (VOCs) and Ammonia (NH3). However, the directive leaves
it largely to the Member States to decide which measures to take in order to comply. In Finland
the building regulation of the Ministry of Agriculture and Forestry (MMM-RMO C2.2, Table 1)
specifies some recommended microclimatic conditions in livestock structures. In addition, the
Ministry of Social Affairs and Health in Finland (MSAH 2005, Table 1) and Labour Inspectorate
Estonia under the Ministry of Social Affairs have exposure limits for indoor air conditions for
workers. In Estonia some guidelines for cow protection in cow structures can be found (RTL, 124,
179. 2002). For workers, indoor microclimatic standards like EVS 839:2003 that deal with indoor
air quality for humans and EVS 845:2004 for ventilation are also available. Typically, where
recommendations are unavailable, animal structure designers try to go according to the
recommendations given by the CIGR commission.  For relative humidity (RH) in animal
structures, CIGR (1984) recommends maximum and minimum values as a function of indoor
temperature, for example, a RH of 50-90% at 0°C followed by a steady decrease of RH to a
tolerable range of 40—-60% at 30°C. In Finland, the MMM-RMO C2.2 recommends an optimum
RH of 50 to 80% and optimum temperature conditions for dairy cows to be between 5-15°C.
Lower and upper critical temperatures were proposed to be —15°C to —25°C and 23 to 27°C
respectively.

The objective of this research paper was to find out the microclimate conditions of different
types of cow structures during varying climate conditions. It will also assess whether these
microclimatic conditions meet national recommendations.

MATERIALS AND METHODS

A series of microclimate measurements were performed in different kinds of cow structures in
Estonia and Finland. The number of animals in the structures varied from 30 to 600. The
measurements included both summer and winter conditions and the ambient temperatures from —
30°C to 30°C. The buildings included uninsulated and insulated structures. Three different types
of measurement systems were used. A stationary multiple-sensor measuring station (Fig. 1) and
wireless measurement system, both for long period measurements, and a mobile multiple-sensor
measurement system for short period measurements. Typical sensor locations of a stationary
measurement system are as shown in Fig. 1. A set of temperature, radiative heat, heat flux,
relative humidity, ammonia, carbon dioxide, hydrogen sulphide and air velocity sensors were
places at 0.5, 1 and 1.5 m heights inside the measuring and data logging station. The stationary
measurements were completed with more precise and periodical gas and ventilation
measurements. Gas measurements were performed with a Fourier Transform Infrared
Spectrometry (FTIR) multi gas analyzer. Measurement of air velocity was done using multiple
hot-wire and 3-dimentional ultrasonic anemometers (Fig. 1). These measurements were done in
one day and continuous measurements in 1-4 months.
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Figure 1. Measurement set-up and location of sensors for microclimate studies (left). Velocity
profile in cowshed (right).

Carbon dioxide balances were employed in the estimation of emissions. The calculations were
made based on the conservation of mass and energy in the building, under steady-state conditions.
The ventilation flow through the animal structure, ¢, in m® h™' the gaseous emissions E, were
estimated according to Eq. (1), where C,,,, is the production of CO, in m’h’!, C, and C,,, is the
are the CO, concentrations in the indoor and outdoor air in ppm. AC, is the difference between the
inside and outside gaseous concentrations of the individual gases in ppm.

q — Cprod
! C[n - Cout (1)
E, =4,AC,
RESULTS AND DISCUSSION

The intermittent and continuous measurements provided information about typical gas
concentrations and microclimates in dairy structures under moderate to extreme winter and
summer conditions. All the cow structures except F5 and F6 had natural ventilation (table 2). The
differences in cowshed structural designs and manure handling methods contributed to the
ventilation and microclimate. Ventilations rates were very variable and airflow velocities were
between 0.1 and 0.7 m/s at 1m in the centre of the cow structures (table 2).
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Figure 3. Spatial variation in microclimatic conditions in dairy barn (winter, Estonia)

Table 2. Microclimate in cow structures in Finland and Estonia. Notation: the place coding is as
follows E=Estonia, F=Finland, 1-7=site number, W=winter, S=summer. V is ventilation; Vol is
volume of cow structure.

Num- | Vol

Place |Cowshed ber of |(m®) x| Tin | Tow | Vir | Vow | RHiy | RHow | COmin | NHzin | CHuin |V (m/h)

type Cows | 10* [(°O)| (°C) |(m/s)[(m/s)| (%) | (%) | (ppm) | (ppm) | (ppm) | x 10°
EIW |semi-insulted | 480 | 45 | -1 -2 02| 23] 91| 74 |522 1.1 17 |616
EIS 460 | 45 | 28] 27 06| 25| 39| 38 |[454 1.6] 8 |700
E2W | semi-insulted | 500 | 66 1| -3 01| 1.7] 89 | 72 775 1.6 34 |233
E2S 500 | 66 | 27| 28 03] 0.1] 46 | 40 | 751 97| 40 |[262
E3W |semi-insulted | 500 | 53 2] 0 0.1] 04] 87| 90 [1171 33| 64 [ 116
E3S 500 | 53 | 29| 30 03] 04| 44 | 37 [375 30 9 —
E4W |semi-insulted | 600 | 64 o] 4 0.1] 42] 8 | 85 | 854 32| 40 [233
E4S 600 | 64 | 28] 29 06| 25| 47| 47 |412 170 14 [783
E5S | semi-insulted | 500 | 53 | 30| 32 0.7] 1.0] 38| 28 [397 26| 11 [2865
FIW |uninsulated 55 | 24 [-17] 11 0.1] 3.8] 84 | 83 856 02| 39 20

F2W | semi-insulted | 50 25 1| -1 03] 32| 82 68 | 1225 154 42 11
F3W | semi-insulted | 95 10 41 -12 0.1 14| 84 85 1678 7.0 ] 116 13
FAW | semi-insulted | 80 11 3| -12 0.1] 1.6 84 85 1678 3.5] 58 11

fully-
F5W |insulated 70 5 8| -8 0.1] 0.1| 73 74 | 1622 34110 10
fully-
F6W | insulated 60 10 12 1 03] 0.7 75 80 | 1545 8.0 | 86 9
F6S 60 10 19] 18 1.0 02| 54 | 47 | 757 2.6 | 20 26
F7W | uninsulated 50 6 6 3 0.1] 29| 91 86 | 550 1.3 17 55

F7S | uninsulated 50 6 29| 26 02| 27| 45| 41 634 471 18 35
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There were high spatial variability in microclimatic conditions recorded in both Finnish and
Estonian cow structures. Fig. 4 and 5 show the typical diurnal variability. The results showed that
there are diurnal differences in microclimate depending on outside temperature, wind and
ventilation rates (Table 2, and Fig. 4 and 5). The ventilation rate was mainly affected by the
ventilation opening sizes of the buildings (natural ventilation) which in turn contributed to the
microclimate.

The recommended values for microclimate in cow structures were exceeded when the
ventilation was inadequate (Table 2, and Fig. 4 and 5). The most eminent problems were related
to high moisture content (RH) and freezing of moisture or water during cold weather (Fig. 4 and
5). In some cases, temperatures in the uninsulated cow structures were below the lower critical
temperatures (Fig. 4 and 5). In the summer period, there were days when the recorded temperature
went above the upper critical temperatures (Fig. 4 and 5). Carbon dioxide concentrations were in
the range of the recommended levels in all cases. In some cases, methane concentrations were
more than 10 times the recommended levels (table 2). Ammonia emissions were mostly below 10
ppm-vol in both Finnish and Estonian cow structures.
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Figure 5. Winter (left) and summer (right) microclimatic conditions in a cow structure in Estonia
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CONCLUSIONS

With proper ventilation rate the microclimate can be kept within recommended values. Winter
conditions present especially moisture problems and freezing of moisture, water and manure.
Normally there was only one or two measured gas or value, which was outside the
recommendation.

The basis of the microclimate recommendations were difficult explain, they seemed to be
derived mainly from human exposure limits.
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INFLUENCE OF MILK FEEDING METHODS
ON THE WELFARE OF DAIRY CALVES

Lidfors, L.
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P. O. Box 234, SE-532 23 Skara, Sweden

SUMMARY

Problems occur in raising dairy calves during the milk feeding period due to the occurrence of
abnormal behaviours and health problems. Offering calves an artificial teat to suck the milk from,
with a low flow of milk and access to the teat at all times reduces cross-sucking between calves.
In computer controlled milk feeding systems calves may perform cross-sucking and often have
reduced health. Calves suckling the dam restrictively or ad libitum or foster cows show no signs
of cross-sucking. Calves can be raised with a good welfare if they are housed and milk fed
according to their behavioural needs.

Keywords: cattle, dairy calves, suckling, milk feeding, behaviour, cross-sucking

OBJECTIVE OF REVIEW

The objective of this paper is to highlight problems with current milk feeding methods to dairy
calves, and to suggest developments of the milk feeding system to dairy calves in order to avoid
abnormal behaviours and health problems. This will be done by presenting research results and
developmental work done primarily in Sweden in collaboration with Denmark, Norway, Finland
and Mexico.

THE PROBLEM

Dairy calves are in most countries removed from the dam shortly after birth and raised in single or
group pens during the milk period. There are many different ways of feeding milk to calves, but
one common method is to provide restricted amounts of whole milk or milk substitute in open
buckets or troughs to the calves at two meals per day. They usually receive a restricted amount
per calf of 2-3 1. /meal. The milk is usually finished within one minute and thereafter calves start
sucking on different parts of the body of each other, so called cross-sucking (Fig. 1a), or they suck
on the bucket or other fittings of the pen (Lidfors, 1993). This abnormal sucking is most intense
during the first six minutes, where after it declines until 15 minutes after the milk meal when it
has almost stopped (Lidfors, 1993; Lidfors, 1994). If calves are kept in single pens they can only
reach to suck on the mouths and ears of neighbouring calves. If they are raised in group pens they
can also suck under the belly of pen mates. When they suck on the navel of others it can lead to
oedema and navel infection. Dybkjaer (1988) reported that hair loss and inflammation of sucked
body parts can occur.



90 ISAH-2007 Tartu, Estonia

When heifer calves are being sucked under the belly it may be the undeveloped teats that are
sucked. This behaviour is called intersucking, and has been defined by one animal touching the
udder region of a group member with its mouth and trying to get hold of the teat with the
intention of sucking milk (Keil and Langhans, 2001). Milk sucking, milk theft or galactophagia
are other synonyms for intersucking, which are usually used for cows that also succeed in
swallowing milk from the teat of another cow (Lidfors and Isberg, 2003). In a questionnaire
answered by telephone interview of 230 Swedish farmers there was a significant relationship
between calves sucking under the belly of other calves and heifers intersucking P<0.001), heifers
intersucking and cows intersucking (p<0.05) and cows intersucking and cows sucking on
themselves (p<0.01) (Lidfors and Isberg, 2003).

Intersucking in heifers may be a risk factor in relation to teat injuries and secretion of a milky
substance (Von Burmeister et al., 1981), and farmers have reported heifers to start producing milk
as a response of intense intersucking. Some researchers have pointed out that if calves are fed
milk from cows with mastitis and if they then suck on the teats of other heifer calves there is a
risk that the bacteria is stored in the teats and udder until the day the heifer starts producing milk
(Barto et al., 1982; Robertson et al., 1990).

Figure 1. Cross-sucking calves when housed in pairs (A: photo Jenny Loberg), and computer
controlled milk feeding system to dairy calves (B: photo Per Peetz Nielsen)
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RAISING CALVES ON THE DAM OR FOSTER COWS

Calves may be left with their mother, and on organic farms in Sweden there is a rule stating that
calves should be left with the dam for at least the first four days (KRAV-rules, 2006). Some
farmers find ways of letting the calves suck for longer times, and then it is often done by letting
the calves suck twice or three times per day, in a restricted suckling method (Hartman, 1994,
Anderberg, 2001). Restricted suckling is often done in countries where Bos indicus or crosses
between Bos taurus and Bos indicus cows are milked, because the cow releases the milk better if
she has her calf next to her, and the calf is allowed to suckle the residual milk which would
otherwise be left in the udder. This milk may also be valuable for the calf as it is higher in fat
percentage and gives the calf a higher MJ (Gratte, 2005).

One of the problems with restricted suckling is that if calves are allowed to suckle directly
after milking some dairy cows keep their milk in the udder during milking and then release it to
the calf when it suckle (Hartman, 1994; Froberg et al., 2005). However, the calf is not able to
drink all the milk in the udder, and thus leave some teats un-suckled (Jung, 1994; Gratte, 2005).
In order to get the cows to release the milk farmers may then have to give the cow an injection
with oxytocin, which may cause negative effects on milk let-down if used too frequently.

Alternatively, dairy calves may be raised by a foster cow, i.e. a cow which nurses alien calves.
A study showed that most dairy cows of the Swedish Holstein and Swedish Red breed accepted
four alien calves when they were presented to them at four different times during the lactation
(Loberg and Lidfors, 2001). However, accepting to be nursed is not the same as adopting the
calves as if they were her own calves, and a study on this showed that some cows adopts all
calves whereas more cows adopt only one or two of the alien calves (Nielsen et al., 2007). At
weaning and separation from the foster calves the foster cows may react negatively and vocalise,
try to get back to the calves (Loberg et al., 2007a), and not releasing milk to the milk machine
(Hernandez, 2005). The use of a weaning plate on the muzzle of the calves so that they were
weaned from milk before they were separated from the foster cow lead to a significantly smaller
reaction at separation both in the foster cow and her calves (Loberg et al., 2007a, b).

RAISING CALVES ON COMPUTER CONTROLLED MILK FEEDERS

New animal welfare regulations and increased herd size within the Nordic countries has lead to
that a larger number of calves are housed in groups today. Within EU calves above 8 weeks must
be group housed (Council Directive 97/2/EC, 1997), and on organic farms calves must be group
housed already from 1 week of age (Council Regulation 1804/1999/EC, 1999). Group housing of
young calves has beneficial effects on their development of movements, play and social skills
(Jensen et al., 1999). In order to facilitate milk feeding to calves in large groups and to let them
suck in connection to milk intake computer controlled milk feeding systems have been developed
by different companies (Fig. 1b). However, there are some problems with this system. First of all
it is usually based on having 20-30 calves in the same pen, and if the farm is small calves usually
varies in age thus making it impossible to have an “all-in-all-out system” where pens can be
cleaned between groups of calves.

Grouping of unfamiliar cattle has been found to increase aggression, social stress, locomotion
behaviour and to have negative effects on feed intake and milk yield (reviewed by Bee and
Faerevik, 2003). An investigation of the social preferences of calves showed that pre-weaned
calves established social preference already after 3 weeks of grouping, and that calves separated
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during a Y-maze test spent more time with a familiar calf (Feerevik et al., 2006). During a
separation test calves showed fewer sign of separation stress when separated together with a
familiar calf compared to with an unfamiliar calf, or alone (Ferevik et al., 2006).

In large groups there are larger risks of getting health problems. In a study on 136 dairy farms
with a total number of 3081 calves in Sweden it was found that cases of diarrhoea were
significantly more severe in calves housed in large group pens (more than 10 calves) than in
individually housed calves (Svensson et al., 2003). There was a tendency that cases of diarrhoea
was more severe in calves housed in large groups than in calves housed in small groups (less than
10 calves) (Svensson et al., 2003). In a recent study it was found that diseased calves were
drinking as much milk as healthy calves, but that they reduced the number of times they visited
the automatic milk feeders to check if they would get milk, so called unrewarded visits (Svensson
and Jensen, 2007). The research project will continue and aims at finding reliable ways of using
the data that comes out from the computer controlled milk feeding system to detect sick calves at
an early stage.

Another problem with this system is that calves must drink milk one by one, and the
synchronised behaviour typical of cattle can not be performed. A number of studies have been
done to study the effects of number of calves per feeder and number of milk portions on use of the
feeder and social behaviour (Jensen, 2004), on the effect of milk allowance and weaning type
(Jensen, 2006), on the effects of milk feeding method and group size on feeding behaviour and
cross-sucking (Jensen and Budde, 2006), and on how the age at introduction to the group affects
dairy calves’ use of a computer-controlled milk feeder (Jensen, 2007). In a recently published
study we found that calves that got a high milk allowance (9,2 L./day) used less time in the milk
feeder than calves that got a low milk allowance (4,8 L./day), because they had fewer visits where
they were not given any milk (Nielsen et al., 2007b). A gradual weaning of milk during 14 days
lead to a reduced number of visits without getting milk, and a larger intake of concentrate during
the first week after weaning compared to calves abruptly weaned (Nielsen et al., 2007). It was
also found that the abruptly weaned calves performed more cross-sucking both during and after
weaning than the gradually weaned calves (Nielsen et al., 2007).

The flow of milk in the teats of the computer controlled milk feeders were reduced in one
study in combination with a large or small meal. The data is currently under evaluation, but the
hypothesis is that if calves can drink the milk slower and get a larger meal size they would not
cross-suck as much on each other and they would not visit the milk feeder so frequently to check
if they will get milk again.

RAISING CALVES ON ARTIFICIAL TEATS IN SMALL GROUPS

In a study where the milk was delivered slowly into an open bucket during 10 minutes the
reduced milk intake lead to that calves spent the entire time licking the milk and they performed
less cross-suck during and after milk intake(Loberg and Lidfors, 2001). When the same calves
were allowed to suck on a teat floating in the milk of the open bucket they also cross-sucked less
(Loberg and Lidfors, 2001). The combination of low milk flow and the possibility to suck gave
the lowest amount of cross-sucking (Loberg and Lidfors, 2001). When calves are fed milk in teat-
buckets cross-sucking may be reduced, but if the teat-buckets are removed immediately after the
milk is finished they start cross-sucking (Jung and Lidfors, 2001). Putting up barriers between
calves during milk intake is an effective way of reducing cross-sucking (Jensen et al., 2007). The



ISAH-2007 Tartu, Estonia 93

larger amount of milk calves are fed at a meal the less cross-sucking is performed after finishing
the milk (Jung and Lidfors, 2001).

THE FUTURE

In order to reduce cross-sucking calves should be able to suck the milk, have large enough meals
that cause satiety and having ad libitum access to concentrate, silage and hay so that they have
something to chew on if hungry. This also leads to a development of their rumen function. In
small groups calves can more easily be kept with a small age difference, which reduces
competition and health problems.

CONCLUSIONS

It is concluded that calves can be raised with a good welfare if they are housed and milk fed
according to their behavioural needs.
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USING COPPER SULPHATE, PERACETIC ACID OR A COMBINATION
OF BOTH IN FOOT BATH FOR THE CONTROL OF DIGITAL DERMATITIS
AND HEEL HORN EROSION IN DAIRY COWS
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ABSTRACT

Footbath for dairy cows should be a complement but not a substitute to optimal hygienic
precautions in the management system. The aim was to test the effectiveness of different methods
and different disinfectants in a dairy herd with serious infectious claw diseases.

A foot-bath with two longitudinal Hoofmat™ equipped compartments was used in two
experiments. Firstly, 7% copper sulphate solution (left) and 15 litres of water (right) was used
twice daily for 112 cows after milking. Secondly a combination of both copper sulphate and
peracetic acid in water solution (DeLaval) was similarly tested on 240 cows. In a third experiment
101 cows walked twice daily through a passage where foam containing peracetic acid and
hydrogen peroxide (Kovex®, Ecolab) was spread, while 66 cows were used as untreated controls.
All infectious related claw lesions were recorded at the beginning and at the end of the study, or
when cows were leaving or entering the milking herd during the up to four months observation-
period. The analysis was performed at the foot level, adjusting for cow-level clustering.

Almost all cows were affected by heel-horn erosion, digital dermatitis were seen in every fifth
cow and interdigital hyperplasia in every tenth cow at the start of the study. Foot bath with pure
copper sulphate had a positive effect on all studied traits, decreasing the odds of having heel-horn
erosion and either heel-horn erosion or digital dermatitis at the end of the study period by 4 times,
and decreasing the odds of having digital dermatitis by 10 times, increasing the odds of
improvement of heel-horn erosion and either heel-horn erosion or digital dermatitis by approx. 2.5
times, and the odds of no deterioration of the same type of lesions by between 6 and 7 times.
Using the combination of Copper sulphate and peracetic acid gave a reduction of heel horn
erosion to half but had no effect on digital dermatitis. The study provides no evidence of an effect
of a foam bath containing peracetic acid and hydrogen peroxide during 56—113 days of exposure
on heel-horn erosion, digital dermatitis or interdigital hyperplasia. It is likely that the effect of
copper sulphate is dose dependant. However, copper sulphate is though disputable as being a
heavy metal with environmental accumulation and the disposal should be restricted to copper
deficient soils. It is urgent to find alternative and effective disinfectants to antibiotics and
otherwise undesirable products.
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ABOUT DEVELOPMENT OF THE MODEL OF INFLUENCE OF
BIOLOGICALLY ACTIVE SUBSTANCES ON THE RESISTANCE
AND EFFICIENCY OF BULLS
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SUMMARY

The influence of biologically active substances (BAS) on the resistance and efficiency of bulls of
black and white breed in different age groups has been researched. It has been used the vegetable
origin preparations and substances that were formed as a result of microwave hyperemia of bulls
testicles. It has been stated that the efficiency of the use of biologically active preparations
depends on the age of animal and the level of its body.

The model of influence of BAS has been developed and incomplete square-law equation of
regression has been offered. The hypothesis on the formation of tissue auto stimulators under the
influence of microwave hyperemia of testicles has been confirmed. The suggested methods of
interior parameters in bulls provide the increasing in resistance and efficiency at 10—15%.

Keywords: biologically active substances, resistance, microwave, testicle, hyperemia, bulls,
model regression

INTRODUCTION

BAS are widely used in practice of animal industries. They allow to reduce negative influence of
infringements of conditions of the maintenance and feeding on growth and development of
animals [1]. The efficiency and resistance of animals can be increased by their help. BAS very
often have a wholesome effect on the offspring [2, 3]. The importance of their role in the
removing process of radionecleids from animal and human body [4] can scarcely be exaggerated.

Practically in all scientific works of this tendency the effect mechanism of BAS is examined
and the optimal preparation doses is determined, but as a rule the investigations are carried out on
animals of only one definite sex age group and during one or several stages of body development.

The complication of effect mechanism of BAS on the animal body is mentioned in all
scientific works.

OBJECTIVE

To study the influence of BAS on the resistance and efficiency of bulls of black and white breed
the research was carried out on animals, aged 6—8 months.
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Fitostimulators “Agroperon” (an extract of wheat grass creeping), “Humosvit” (made on the
basis of ecologically pure land and sea flora) and tissue auto stimulators produced under the effect
of microwave hyperemia of bull testicles have been used in the experiment.

This scientific work has been directed to study the peculiarity of the effect mechanism of BAS
in animals of different age.

MATERIALS AND METHODS

To carry out the investigation the animals were divided into two groups: group 1 — bulls of 6
months age, group 2 — bulls of 8 month age. Inside each of the above mentioned groups there
were four subgroups that were formed according to the scheme of complete two-factor
experiment. Bulls of control subgroups were not given any treatment. They were used and
considered in all three experiments and due to that the number of subgroups was reduced to eight.

This experiment lasted 170 days (the preparatory period lasted 14 days and the basic period —
156). The estimation of productivity was made by calculations of an absolute daily average gain
weight. Natural resistance was determined by the account humoral and cellular factors of
protection.

The investigations according to the control of hypothesis about formation of tissue auto
stimulators under the influence of microwave hyperemia of testicles in bulls [5] were marked out
in the separate group. For testicles heating the experimental setup NG-1 developed at the A. Ya.
Usikov Institute of Radiophysics and Electronics of National Academy of Sciences of Ukraine
(Kharkov, Ukraine) were used.

This setup consisted of the source of microwave irradiation at frequency of 2,45 GHz and the
microstriped-microslitted applicator. Exposition time was determined by the timer and the
radiation power is controlled by the indicator. The applicator has metal case that was divided into
two hermetic cavities. The cavity from the slit side was filled with the water and the bottom
border of this cavity was covered by thin rubber diaphragm which is virtually an applicator
aperture. Water bolus of about 9 mm in thickness assured matching of the radiator with the object.
For personnel protection the outer surface of the applicator was covered by an absorbent [6].

The preparation doses for the animals of both age groups were identical and determined
according to the advices of their application. The radiation sitting lasted 90 seconds. The
applicator touched with the scrotum skin and the total capacity, absorbed into the tissues, was
about 15 W.

All the animals were in the same conditions (they were kept in the same house) and the
feeding regime was maintained according to the technology that was formed on the farm. The
microclimate parameters in the animal house have been controlled: temperature, humidity and air
movement speed, the concentration of noxious gases (once a month). For a period of the whole
experiment the microclimate parameters have met the standard requirements.

Before the beginning of the experiment body measurements and weighing of bulls have been
made. Before the beginning of the basic period the subgroups have been formed finally: each
group had five bulls (according to the results of preparatory weighing).

There was no significant difference in live weight of bulls in each subgroup, within the age
groups, and there wasn't maximum departure from the average value in the group more than 7,5%.
There was the same within the subgroups.
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RESULTS

The highest gain weight under the influence of fitostimulators was observed in younger bulls
having the lowest live weight. It was 10-15% higher than in bulls of control subgroup, but the
above values in bulls of older age slightly exceeded the values of the control subgroup.

Changes in the live weight for younger bulls, testicles of which were subjected to irradiation,
correspond to the changes of that in bulls of younger subgroups that received fitostimulators, but
the value was a little less in its absolute amount.

Value of gain live weight in bulls of older age with the maximum live weight, testicles of
which were subjected to irradiation exceeded the values of the control subgroup at 15-17%.

Conformity analysis of distribution of live weight in bulls with normal law was carried out
before the beginning of statistical treatments of results according to age groups.

The consent criterion x> was used for examination. The checking results are given in table 1.

Table 1. The checking results of law of live weight distribution of bulls.

Group Date
2005-11-04 | 2005-12-24 | 2006-01-24 | 2006-02-24 | 2006-03-24 | 2006-04-24
6 months B D C D B B
q=30% q9=1% q=10% q=1% q=30% q=30%
8 months B A A A B B
q=30% q=70% q=70% q=80% q=30% q=30%

Notes: A — The law of distribution coincides with the normal one, even as well as possible; B — The law of
distribution doesn’t contradict the normal one; C — The law of distribution differs from the normal one
considerably; D — The law of distribution differs from the normal one very distinctly; q — The level of
importance, %.

At the beginning of the experiment the law of distribution corresponds to the normal one for the
bulls of both groups. Then it becomes very distinctly from the normal law for the bull of younger
age group (6 months) and by the end of the experiment it conforms to the normal law again.

The law of distribution of live weight in bulls of older group (8 months) begins to change by
the end of the experiment. The most important changes are in the subgroup which was influenced
by microwave hyperemia — there is sudden increasing of live weight in the most developed bulls
in this subgroup.

The change character of the law of distribution is shown in picture 1. In this picture the
distribution diagrams of live weight of bulls are shown. The selective dispersion values, defined
in suitable time moment are given along the abscissa axis and conventional sings of bulls are
shown in table 2. The same symbols were used for the designation of bulls which had the same
live weight at the beginning of the experiment.
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Table 2. Conventional signs of bulls

Subgroup MH-6 H-6 WGC-6 K-6
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Note: Subgroup designation: letters (MH — effect of microwave hyperemia, H — preparation “Humosvit”,
WGC - an extract of wheat grass creeping, K — control); figures — age of bulls at the beginning of
experiment, months.

The average values of gain live weight of bulls in the control subgroup are given in table 3. To
determine the trustworthiness of difference in the average values of gain live weight in each
subgroups, taking into account of the distribution law, has been used the criterion by White or (T
— criterion). The important differences among the average values of live weight of bulls in each
subgroup haven’t been stated for the period of the whole experiment.
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Picture 1. The diagram of distribution of live weight of bulls

Comparative change quantities of average values of bull gain live weight in the experimental
subgroups with respect of animals of control subgroups are given in table 3. The levels of
importance for these differences were also given there.
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Table 3. Comparative changes of average values of gain live weight

Subgroup, Animal The period of the experiment

designation number, Value of change, %

head 2005-11-04 | 2005-12-24 | 2006-01-24 | 2006-02-24 | 2006-03-24
2005-12-24 | 2006-01-24 | 2006-02-24 | 2006-03-24 | 2006-04-24

MH-6 5 -8 +3 +2 +6 +5
H-6 5 +10 +8 +5 —6 +2
WGC-6 5 +13 +7 -3 —-4 =2

K-6 — average
values of gain live

weight, g. 5 760 760 750 740 720
MH-8 5 -3 +9 +15 +15 +14
H-8 5 +10 +6 +1 +2 +5
WGC-8 5 +15 +7 =5 -3 0
K-8 — average

values of gain live

weight, g. 5 730 730 740 740 730

Notes: Level of importance q = 5% — bold and color; The important differences haven’t — italic.

In each group of bulls by the formation of subgroups the animals which live weight was
practically the same, have been selected. These animals were distributed among the subgroups
evenly and as a result it was found that each group received three heads (in table 2 they are
marked off by special symbol).

Incomplete square — law equations of regression for three factors which of them were on two
levels have been determined according to the results of investigations (indices values of these
animals have been used).

The first factor x; — research preparation. The second factor x; — age of animal. The third
factor x; — level of animal development (value of live weight of bull at the beginning of the
experiment). The low level of the factor: parameters of bulls with the minimum live weight, and
upper one: parameters of bulls with the maximum live weight (from selected three animals which
have been distributed among the subgroups).

As a result of statistical treatment (at the level of importance at 5%) for the gain live weight of
bulls the following equations have been received:

y=750—8x;— 17x; + 8x;3 + 8x;x; for the preparation “Agroperon”;
Yy =766+ 24x;— 17x; — 8x; — 24x;x;3 for the preparation “Humosvit”;
y=774 +32x; + 16x;x, + 16x; for the tissue preparations formed as a result of

microwave hyperemia effect.

The value control of the gain live weight of bulls defined by these formulae and determined
during this experiment for the animals with average value of live weight has been shown that the
divergence wasn’t more than 2,5%.

Cellular and humoral parameter of resistance, an albuminous spectrum blood serum
corresponded to the character of live weight change.
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CONCLUSION

From our point of view, the results of this experiment confirm beneficial influence of BAS on the
efficiency and resistance of bulls very well. The results of table 3 and the equations of regression
are evidence of these. But the presence of important effect of interaction in the equations shows,
that the using effectiveness of researched BAS will greatly depend on the age of animals and the
level of their development.

The changes of the law of distribution of bull live weight in the younger group take place as a
result of influence of BAS — the gain live weight of bulls which were backward in their
development in the past, but which were give “Agroperon” and “Humosvit” increases very
rapidly. The important changes were not registered in the subgroup MH because at age of 6
months the formation of sexual system in bulls was not completed.

As soon as the influence of preparations has finished, the law of distribution became normal
again — the bulls returned to the conditions where the gain live weight became to depend on the
great amount of factors again, each of them has an insignificant influence. From our point of
view, it confirms by the character of changes of bull gain live weight of the subgroups WGC
(taking “Agroperon” — the preparation influencing on the protein metabolism). The changes in
this subgroup began earlier, proceeded more rapidly and stopped earlier.

From our point of view, the changes in bulls of the older group can be explained by the
influence of tissue preparations formed by the influence of microwave hyperemia. The maximum
effect was observed in the most developed bulls which sexual system was completely formed.
Vegetable preparations have had a positive influence which was observed in the “leveling” of the
law of distribution of live weight — the gain live weight in bulls of experimental group was more
than in bulls of control group though the important distinctions haven’t been determined.

The fact is that the difference of live weight values of bulls of the same age, which was by the
group formation, explains the difference of the development levels, is a consequence of
Chirvinski-Maligonov’s law. The growth has a staged uneven character and at the same time it
has the conformity to natural law of continuous growth as an interactive process.

The normalization of metabolism processes is one of the displays of influence of BAS on the
objects, especially by the long term use. The overwhelming majority of animals were enveloped
by this process in this case [3]. The influence was non-permanent in this experiment and the effect
was observed for a period of several months. In case of microwave hyperemia application the
positive effect began to affect by the end of this experiment. At first even the lowering of gain live
weight in the subgroups MH was observed.

We think that the substances presented in the preparation composition or formed after
microwave hyperemia “started up” the mechanism regulating the animal growth or influenced on
the organs controlling by this process. It’s coordinated with conceptions of modern genetics about
the mechanism of “gene engaging” very well.

It’s necessary to mention that by the using of BAS for increasing of animal efficiency, it’s
necessary to form the groups of definite development levels preliminarily and to correlate with the
preparation using according to age of animals and their development level.



ISAH-2007 Tartu, Estonia 103

REFERENCES

1. Medvedski V.A., 1998. Using of biologically stimulators to increase the efficiency and resistance of pigs:
abstract of thesis, dissertation of Doctor of agricultural sciences:16.00.08/ BeINIIZH.-Zhodino.—36.

2. Soljanik A.V., Soljanik V.V., Soljanik T.V., 2002. Using of biologically active substances for the
increasing of the efficiency and resistance of sows. Monograph, Mn.: Bestprint, —176 p.

3. Koval M.N., 1983. Microelements for the increasing of the cow efficiency / Means of the efficiency
increasing of the farm animals.—Minsk, P. 50-55.

4. Nikitenko A.M., Kozak M.V., Malina V.V., Tkathenko T.P., 2001. Ionization radiation and correction of
natural resistance of cattle youngsters.—L., “Piramida”.

5. V.V.Botsman, V.I.Symonenko, N.V.Cherny, L.A.Egorova, V.K.Ivanov, A.O.Silin, 2003. Problems of the
use of microwave hypothermia for inactivation of reproductive function of young boars./ Visnyk
Kharkivs'kogo derzh. tekhn. un-t. s.-g.: Kharkiv,.— Vyp. 19.-V.1.-P.157-162.

6. V.Ivanov, A.Silin, A.Vasilev, V.Botsman, 2003. The plant for research of microwave applicators near-
field distribution in dissipative media./ Visnyk Kharkivs'kogo derzh. tekhn. un-t. s.-g.: Kharkiv,.— Vyp.
19.-V.1.-P. 163-168.



104 ISAH-2007 Tartu, Estonia

BEHAVIOUR OF DAIRY COWS IN THE WAITING AREA
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SUMMARY

The objective of the current study was to investigate dairy cows’ behaviour in the waiting area
(WA) of the milking parlour (MP). Some cows have to wait for milking up to five hours per day,
which may considerably influence their welfare.

The experiments were carried out at three large uninsulated loose housing cowsheds. In the
WA less than 2% of cows were engaged in grooming, vocalization, mounting, licking and
conflict; up to 8% of cows showed exploring behaviour. The percentage of ruminating, grooming
and exploring cows in the WA increased, whereas the percentage of vocalizing, licking and
conflict activities decreased. The cows of the last milking groups can be considered the lowest
rank in the feeding group; their possibilities to behave normally are most limited.

Keywords: dairy cow, behaviour, waiting area, loose housing, large cowshed, milking order

OBJECTIVE

Nowadays uninsulated loose housing cowsheds with automatic systems are gaining popularity in
the whole world because of low building cost and the environment that safeguards the animal
welfare. The loose housing of dairy cattle has developed rapidly in Estonia since the 1990s
(Veermée et al., 2001). The first large uninsulated cowshed was introduced in 2002, now about
30% of the cattle are kept in uninsulated cowsheds with more than 300 dairy cows. However,
some concern has been expressed over the systems in which the cows are housed throughout the
year, as the behavioural restriction implicit in these systems is associated with poor welfare
(Haskell et al., 2003). The current study focused on the cows’ possibilities to behave naturally in
the WA.

MATERIAL AND METHODS

The experiments were carried out at three large uninsulated loose housing cowsheds. Cowshed 1
was introduced in 2003. In 2004 there were 519 dairy cows with milk production of 6374 kg.
Cows (Estonian Holstein) were in 4 feeding groups and milked in 2*¥12 DeLaval tandem milking
parlour two times per day. The size of the waiting area was 171.5 m”.

Cowshed II was introduced in 2002. In 2004 there were 561 dairy cows with milk production
of 7916 kg. Cows (Estonian Holstein and Estonian Red) were in two feeding groups and milked
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in 2*220 Strankgo tandem milking parlour three times per day. The size of the waiting area was
196 m”.

Cowshed III was introduced in 2004. There were 357 dairy cows (Estonian Holstein and
Estonian Red) in 6 feeding groups with milk production of 7675 kg. Cows were milked in 2*12
DeLaval tandem milking parlour three times per day. The size of the waiting area was 140 m*.

Cow groups were defined as follows (figure 1)

Feeding group — a group of cows in the WA before the start of milking. This group has fixed
size and is kept separately according to the feeding-management system in the cowshed.

Waiting group — a group of cows in the WA during milking. The size of the waiting group
decreases in the course of milking while subsequent milking group passes the MP.

Milking group — a group of cows on either left or right side of the MP during one milking
round.

Milking round — milking of left and right milking groups on the MP (order number).

In every cowshed observations were carried out on the waiting area during three milking. In
total 266 milking groups and 3522 dairy cows were observed (cowshed I 121 milking groups and
1388 cows; cowshed II 54 milking groups and 1062 cows, cowshed III 91 milking groups and
1072 cows).
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Figure 1. Feeding, milking and waiting group cows

Cows’ activities (falling down, grooming themselves, licking other cows, mounting, vocalizing,
exploration, conflict), stockperson’s activities — talking to animals (vocal) and touching and the
usage of cows’ mover (push) were registered continuously. The number of ruminating cows was
registered every 10 minutes.

Behavioural data were calculated per “waiting group” — “the number of cows” in the waiting
area per time interval between milking rounds (average for left and right side of MP). Cows’
activities were characterized by the number of occurrences per group (%) and per animal in the
WA; rumination was characterized by % of animals. Statistical analysis was carried out using the
EXCEL.
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RESULTS AND DISCUSSION

No of cows in the WA in time decreases according to the MP size, whereas the waiting time
increases (figure 2).
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Figure 2. A. The number of cows in the WA (cowshed I); B. Cows’ waiting time in the WA
(cowshed I)

The percentage of ruminating cows in the waiting group in the WA increased in all cowsheds as
milking proceeded. However, about 1/3 of all cows were ruminating in cowsheds I and II; in
cowshed III 52.8% of cows were ruminating (figure 3).
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Figure 3. A. Total number and number of ruminating cows in the WA (cowshed I); B. Percentage
of ruminating cows in the WA (cowshed I)

The activity of cows in the WA was low in all cowsheds. Less than 2% of all the cows were
engaged in different activities, except for exploration behaviour (figure 4).
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Figure 4. Cows’ activities in the waiting area per all cows

The number of conflicts was the highest in cowshed I, where 1.4% of the cows of the second
waiting group were engaged in conflicts. There were also lickings (subdominant cows’ behaviour
toward dominant cows) in the first groups (figure 5B). No lickings and conflicts were observed in
the last group. Mounting and vocalization activities also had a decreasing tendency. Cows in the
last groups performed more exploration and grooming activities (figure 5A). During the
observation period only some falling down incidences were observed in cowshed III, where the
cows had been only one month.
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Figure 5. A. Increasing activities in the WA; B. Decreasing activities in the WA

A prominent feature of the social system of dairy cattle is the consistent order of entry into the
milking parlour (Rathore, 1982). Cows with low dominance values are forced to spend more time
waiting for milking. At the same time, cows’ motivation to be milked is not very high. Individual
cows may find milking either positively or negatively reinforcing, but overall, the motivation to
be milked is weak. Food is significantly more rewarding than milking (Prescott et al, 1998). Geri
and Hama (2003) compared the behaviour of Holstein-Friesian cows when entering the milking
parlour and at the feeding trough. There was no correlation between the entrance order to the
milking parlour and the dominance order at the feeding trough. The younger cows were dominant
when entering the milking parlour, and the older, heavier cows at the feeding trough.

The time that the cows spend lying as opposed to standing is of interest both from the cow’s
and the dairy farmer’s point of view (Osterman and Redbo, 2001). High producing dairy cows
spend about 40-50% of the day lying down and adequate rest is necessary to ensure high
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production. Preferred lying time for cattle is 10 hours per day. Belonging to the first milking
rounds gave certain priorities to the cows: less standing time in the WA and after returning to the
cowshed unlimited access to the feeding table and stalls.

In contemporary large loose housing cowsheds WA is the area, where the cows’ possibilities
for normal behaviour are the most limited: locomotion activity is strongly restricted and
behaviour is controlled by dominance order. Cows in the WA have no possibilities to lie down or
eat. Limited space per cows inhibits locomotion and social activity. Dairy cows are close together,
there are no possibilities for low ranking cows to withdraw from aggression or to leave the area.

The cows’ possibilities for normal behaviour in WA were limited in all cowsheds (figure 4).
The most prevalent activity was rumination (figure 2). Only healthy and unstressed cattle will
ruminate normally (Lidfors, 1996). In current study up to 52% of cows were ruminating in the
WA of cowshed III, where the feeding group size was the smallest, waiting time the shortest and
space for one cow the biggest. In cowsheds I and II only 1/3 of cows found the WA comfortable
enough to perform ruminating activity there. Low percentage of ruminating cows in the WA
indicated uncomfortable environment.

It is impossible to distinguish between the cows from different milking groups in the WA.
Therefore the results of observations represent “substructed” image: what changes in cows’ group
behaviour can be found after the each milking group had left the WA, and which activities are
representative for the last waiting groups. Despite of some increase in space per cow (2...3 —
4...5 m?), the cows’ activity remained low. The same tendencies in activity pattern were found in
all cowsheds. It appeared that the cows’ social activity decreased: the number of conflicts and
lickings dropped, there were no lickings and conflicts in the last waiting groups. The same trend
was followed in mounting and vocalization activities (except mounting activity in cowshed II). At
the same time exploring and grooming activities increased. The last WA cows that regularly had
to wait for milking for several hours per day were calm and patient in their behaviour, exploring
and self-grooming activities were dominant. They were not more reluctant to milking.

From the point of welfare waiting area is a critical part of technology at large loose housing
cowsheds. It is functioning as a “sorting unit”, where “problem” cows are sorted into last milking
groups. Cows, which are more or less voluntarily in the last milking groups, can be considered as
the lowest rank in the group; their normal behaviour possibilities are the most limited and
therefore it is reasonable to focus welfare evaluation on this group on animals.

CONCLUSIONS

In the waiting area less than 2% of cows were engaged in grooming, vocalization, mounting,
licking and conflict; up to 8% of cows were engaged with exploring behaviour. The percentage of
cows’ ruminating, grooming and exploring activities in the WA increased in connection with the
decrease of waiting group size whereas the percentage of vocalization, mounting, licking and
conflict activities decreased.

Cows, which are more or less voluntarily in the last milking groups, have fewer possibilities to
behave normally, therefore it is reasonable to focus on these cows in welfare evaluations.
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THE BACTERIAL FLORA IN THE TEAT DUCT OF EWES
CAN PROTECT AGAINST AND CAN CAUSE MASTITIS

Fragkou, I.A., Mavrogianni, V.S., Cripps, P.J., Gougoulis, D.A. and Fthenakis, G.C.

Veterinary Faculty, University of Thessaly, 43100 Karditsa, Greece

ABSTRACT

Objective. We carried out two experiments to study effects of bacterial flora into ovine teat duct
to pathogenesis of mastitis. 1st experiment. 32 ewes were allocated into group A (ewes with
coagulase-negative staphylococci [+++ growth] in the teat duct), B (ewes with coagulase-negative
staphylococci [+ growth] in the teat duct) or C (ewes with Bacillus spp. in the teat duct) and
subdivided into Al, Bl, Cl (n=4; challenged by deposition of 1.250 cfu of Mannheimia
haemolytica into the teat duct) or A2, B2, C2 (n=4; used as uninoculated controls); group D (n=8)
had ewes with no bacteria in the teat duct, challenged also with M. haemolytica. There were less
bacteriological isolations of flora (p=0.018) and challenge (p<0.05) organisms from A1 than from
A2 and D ewes; pathological findings in Al (summed up lesion score: 27/64) ewes were less
severe than in D (summed up score: 36/64) ewes (p=0.038). No such findings were evident with B
or C ewes (p>0.4).2nd experiment. Ewes (groups E and F, n=6) with coagulase-negative
staphylococci (+ growth) in the teat duct, were used; ewes (group G, n=6) with no bacteria in the
teat duct, were included. Teat chapping was applied in E and G ewes. All E ewes developed acute
clinical mastitis within 24 h after chapping, although no challenge had been carried out; there
were more bacteriological isolations of flora from E than from F or G ewes (p<0.001);
pathological findings in E (summed up lesion score: 28/32) were more severe than in F (summed
up lesion score: 3/32) or G (summed up lesion score: 14/32) ewes. Conclusions. We conclude that
staphylococcal flora present in high numbers within the teat duct of ewes, provides some
protection against invading bacteria. In case of decreased defence mechanisms in the teat, that
flora can invade the mammary parenchyma and cause clinical mastitis. Acknowledgments. The
project is co-funded by the European Social Fund & National Resources — EPEAEK II-
PYTHAGORAS.

INTRODUCTION

The significance of the ovine teat as a defence mechanism against intramammary infections has
been established [20]. Clinically healthy teats provided a substantial protection against
Mannheimia haemolytica intramammary infection. Deposition of either of two isolates of M.
haemolytica into the teat duct did not result to clinical mastitis, although an inflammatory reaction
had been elicited. During that study, we observed lymphoid nodules at the border between teat
duct — teat cistern; we postulated that these structures might play a protective role, as in
histological sections from teats inoculated with the bacteria; they were hyperplastic with germinal
activity. Apart from that, the bacterial flora residing into the teat duct of healthy ewes may also
contribute to the protective role of the teat. In field studies, isolation of bacteria from clinically
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healthy sheep teats was associated with observations of lymphoid nodules with germinal activity
[23].

Coagulase-negative staphylococci are the principal organisms present as bacterial flora into
sheep teats [10]. As staphylococci are confirmed aetiological agents of ovine mastitis [8], one
may suggest that perhaps and under certain circumstances, flora organisms can also cause
mastitis.

However, the above hypotheses have not been tested experimentally. The objective of the
work presented in this paper was to investigate the role of the bacterial flora in the teat duct of
ewes. Initially, we explored possible interactions between teat duct bacterial flora and invading
microorganisms; subsequently, we studied whether teat lesions may predispose ewes to clinical
mastitis caused by teat duct bacterial flora.

MATERIALS AND METHODS
Experimental design

— Overview

Two experiments were performed during this study. They were carried out under a licence for
experimental procedures obtained from the Greek Ministry of Agriculture. In the first experiment,
clinically healthy sheep teats with bacterial flora (coagulase-negative staphylococci or Bacillus
spp.) into the duct were inoculated with an isolate of M. haemolytica (strain VSMOSL). This strain
had been isolated in Greece and was found to cause mastitis in ewes when inoculated directly into
the gland cistern, whilst deposition into the duct or the cistern of clinically healthy teats resulted
to subclinical mastitis [20]. The identity of the organism was initially established by means of
conventional bacteriological techniques [6]. In the second experiment, clinically healthy sheep
teats with bacterial flora (coagulase-negative staphylococci) into the duct were subjected to skin
chapping lesions; no challenge was performed.

— Deposition of M. haemolytica into bacteriologically positive sheep teat ducts: Experiment I

Twenty-four, 3- to S5-years-old, Karagouniko-breed lactating ewes were included in the
experiment. For selection of the ewes three, 2-day interval, examinations and samplings were
carried out. Initially, a thorough clinical examination was carried out; special attention was paid to
their mammary glands and teats, which were examined as described before [9, 20]. A sterile
plastic fine catheter 2 mm long was inserted into the teat and moved from left to right, in order to
sample the mucosa [21]. Then, mammary secretion samples (10 to 15 mL) were obtained.
Selection of animals was based on concurrent presence of the following criteria at all three
samplings: (i) clinically healthy mammary glands and teats; (ii) no bacterial isolation from
mammary secretion; (iii) secretion CMT negative with minimal number of leucocytes in Giemsa-
stained secretion films; (iv) bacterial isolation from teat catheter of one teat (left or right) in pure
culture; (v) no bacterial isolation from teat catheter of the other teat. Allocation of animals into
groups was carried out as follows; group A (n=8): isolation of coagulase-negative Staphylococcus
sp. in heavy growth (+++), group B (n=8): isolation of coagulase-negative Staphylococcus sp. in
mild growth (+), group C (n=8): isolation of Bacillus spp. in heavy growth (+++). Of the eight
ewes allocated into each group, 4 (subgroups Al, B1, C1) were challenged and 4 (subgroups A2,
B2, C2) were used as uninfected positive controls. Additionally, a group D (n=8) was also
included in the experiment. Lambs of these ewes were weaned 18 days after lambing. No bacteria
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were isolated from any teat catheter or mammary secretion samples obtained. These were used as
inoculated negative controls. After selection, all animals were hand-milked thrice daily. Ewes
were examined again and samples were collected as above, on the day of inoculation (D0), which
was carried out as described by Mavrogianni et al. [20]. Ewes in Al, B1, Cl and D were
challenged 2 mm deep into the teat by means of a sterile plastic fine catheter (Abbocath; Abbott
Laboratories Inc., Abbott Park, IL, USA) 20 G. In the other teat of these ewes, 0.2 mL of sterile
PBS was injected 2 mm deep into the teat. In ewes of subgroups A2, B2 and C2, 0.2 mL of sterile
PBS was injected 2 mm deep into both teats. Ultimately, the teats of the ewes into each group
were naturally infected (NI) and/or challenged (CH) as follows; subgroup Al, B1, CI: one teat
NI+/CH+, the other teat NI-/CH-; subgroup A2, B2, C2: one teat NI+/CH-, the other teat
NI-/CH-; group D: one teat NI-/CH+, the other teat NI-/CH-.

— Artificial skin chapping on sheep teats with bacteriologically positive duct: Experiment I1
Twelve, 3- to 5-years-old, Karagouniko-breed lactating ewes were included in the experiment.
For selection, the same procedures and criteria as in Experiment I were applied. Allocation of
animals into groups was carried out as follows; group E (n=6): isolation of coagulase-negative
staphylococci in mild growth, group F (n=6): isolation of coagulase-negative staphylococci in
mild growth. Additionally, a group G (n=6) containing ewes with no bacteria in the teat duct was
included in the experiment; their selection was carried out as above and they were used as
negative controls. After selection, the animals were hand-milked thrice daily. Then, the lower 3.0
to 3.5 cm of both teats of group E ewes or one teat of group G ewes were immersed into a 1 N
solution of NaOH for 1 min; the procedure was repeated on the following day (D-1 and DO0). The
resulting chapping was scored according to the standards described by Fox et al. [7] and
Mavrogianni et al. [22]. Ultimately, the teats of the ewes into each group were naturally infected
(NI) and/or chapped (CP) as follows; group E: one teat NI+/CP+, the other teat NI-/CP+; group
F: one teat NI+/CP-, the other teat NI-/CP-; group G: one teat NI-/CP+, the other teat NI-/CP-.

Post-inoculation/chapping examinations

After challenge or chapping, detailed clinical examination of the mammary glands and teats was
carried out daily. Teat catheter samples and mammary secretion samples were collected. All
samples were cultured onto Columbia blood agar; the media were incubated aerobically at 37 °C
for up to 72 h. The CMT was carried out in secretion samples, as described before [11]. Secretion
films were stained by the Giemsa method. Ewes were euthanized on sequential time-points.
Dissection of the mammary glands and the teats started immediately; it was carried out as
described before [20]. Scrapings from each of the two sites sampled in each teat, as well as
parenchyma samples were examined by conventional bacteriological techniques [6]. Identification
of staphylococci was carried by means of API-Staph SYSTEM quick identification strips
(BioMerieux, Marcy-1'-Etoile, France) Conventional histopathological techniques were employed.

Data management and analysis

A scoring system previously developed and described [22] was used and numerical values were
assigned for the pathological findings in the experimental animals. A separate score (0—4 scale)
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was given for macroscopic and for histological findings in the teat and the mammary gland; these
were then added to a 0—16 scale to produce a pathology score for the findings in each ewe.

Statistical analyses were performed in Minitab 14 (Minitab Inc., State College, PA, USA) and
Epi-Info 6 (CDC, Atlanta, GA, USA). For analysis, the proportion of positive bacteriological and
CMT results between the different groups / subgroups has been compared by using the Chi-square
test or the Fisher Exact Test, as appropriate. Total pathology scores were compared using the
Friedman Test using each day’s total score as the unit and with group as “Treatment” and day
number as “Block”. Exact binomial Confidence Intervals (CI) for proportions were calculated.
Statistical tests were 2-Sided.

RESULTS

Pre-inoculation/pre-chapping examinations

The mammary glands and the teats of all ewes were clinically healthy before challenge. The teats
were soft with no external abnormalities. All selection criteria were fulfilled in the animals used.
In Experiment I and Experiment II, bacteria recovered from teat duct catheter samples met the
allocation criteria. In Experiment 111, no bacteria were isolated from the mammary secretion or the
teat duct catheter samples obtained.

Post-inoculation/post-chapping clinical, bacteriological and cytological findings

— Deposition of M. haemolytica into bacteriologically positive sheep teat ducts: Experiment I
None of the ewes in subgroup Al, Bl or C1 developed clinical mastitis. From the NI+/CH+ side,
M. haemolytica was isolated: in total, from 16/32, 24/32, 25/32 samples from Al, B1, C1 ewes,
respectively; additionally, the initial bacterial flora was also isolated from duct, but not from
secretion, samples: in total, from 10/32, 14/32, 15/32 samples. The CMT increased (>*“1”). None
of the ewes in subgroup A2, B2 or C2 developed clinical or subclinical mastitis. From the
NI+/CH- side, only the initial bacterial flora was isolated from duct, but not from secretion,
samples: in total, from 16/32 samples from ewes of each subgroup. The CMT remained negative
(<“1”). None of the ewes in group D developed clinical mastitis. From the NI-/CH+ side, M.
haemolytica was isolated: in total, from 49/64 samples. The CMT increased (>“1”). No clinical
signs were observed in any of the NI-/CH- sides (A, B, C, D ewes). No bacteria were recovered
these. The CMT was negative. Details in Table 1.

— Atrtificial skin chapping on sheep teats with bacteriologically positive duct: Experiment II

All ewes in group E developed systemic and mammary signs. The teats became chapped to score
“2” to “3”. Staphylococcus spp., same species as originally (before chapping) recovered from the
teat duct catheter sample, were isolated in pure culture: in total, from 71/72 samples. The CMT
increased (> “2”). Control teats (NI-/CP+) of ewes of group E remained chapped to a score “2” to
“3”; no clinical findings characteristic of mastitis were observed. No bacteria were recovered. The
CMT was mildly positive (score “1”). None of the ewes in group F developed clinical or
subclinical mastitis. From the NI+/CP- side, only the initial bacterial flora was isolated from duct,
but not from secretion, samples: in total, from 36/72 samples. The CMT remained negative
(<“1”). The chapped teats of ewes of group G were scored “2” to “3”. No mastitis was observed.
From the NI-/CP+ side, no bacteria were recovered from any duct or secretion samples: from 0/72
samples. The CMT was positive (score “1”’). No clinical signs were observed in any of the
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NI-/CP- sides (F, G ewes). No bacteria were recovered. The CMT was negative. Details are in
Table 1.

Table 1. Cumulative bacteriological findings and CMT results in samples after challenge of ewes
during the three Experiments.

Experiment I: subgroups
Al | a2 | BIL | B | ¢ [ c2 ] D
Bacterial isolation
D-F* 10/16° 16/16 14/16 16/16 15/16 16/16 0/32
D-Mh* 10/16 0/16 14/16 0/16 15/16 0/16 29/32
S-F* 0/16 0/16 0/16 0/16 0/16 0/16 0/32
S-Mh* 6/16 0/16 10/16 0/16 10/16 0/16 20/32
CMT results
Positive 1416 | o016 | 14116 | o016 | 14/16 | 016 | 2832
Experiment II: groups
E | F | G
Bacterial isolation
D-F* 36/36 36/36 0/36
S-F* 35/36 0/36 0/36
CMT results
Positive | 36/36 | 0/36 | 32/36

* D-F = teat duct — flora, D-Mh = teat duct — M. haemolytica, S-F = secretion — flora, S-Mh = secretion —
M. haemolytica, D-Ss = teat duct — S. simulans, S-Ss = secretion — S. Simulans
® n/m = positive results out of total animals sampled

Pathological Findings

— Deposition of M. haemolytica into bacteriologically positive sheep teat ducts: Experiment I
Post-mortem bacterial isolations were as follows. From the NI+/CH+ side of A1, B1 and C1 ewes,
M. haemolytica was isolated: from 4/12, 10/12, 9/12 sites sampled, respectively (p=0.024); the
initial bacterial flora was also isolated: from 3/12, 8/12, 8/12 sites sampled, respectively
(»=0.062). From the NI+/CH- side of A2, B2 and C2 ewes, only the initial bacterial flora was
isolated: from 7/12, 8/12, 7/12 sites sampled, respectively (p=0.89). From the NI-/CH+ side of D
ewes, M. haemolytica was isolated in pure culture: from 15/24 sites sampled (0.625, 95% C.I.:
0.41-0.81). Statistical comparisons revealed that for Al vs D, p=0.044, whilst for B1 or C1 vs D,
p>0.4. No bacteria were isolated from the contralateral side (NI-/CH-) of these ewes. The total
pathology scores summed over all days were 27, 33 and 35 for NI+/CH+ side of Al, Bl and C1
ewes (p=0.041), respectively (maximum possible: 64). The total pathology scores summed over
all days were 8, 8 and 6 (p=0.37) for NI+/CH- side of A2, B2 and C2 ewes, respectively
(maximum possible: 64). The median total pathology score summed over all days was 36 for NI-
/CH+ side of D ewes (maximum possible: 64). Statistical comparisons revealed that for Al vs D,
p=0.038, whilst for B1 or C1 vs D, p>0.6.
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— Atrtificial skin chapping on sheep teats with bacteriologically positive duct: Experiment II
Post-mortem bacterial isolations were as follows. From the NI+/CP+ side of E ewes,
Staphylococcus sp. same species as originally recovered from the teat duct catheter sample, were
consistently isolated in pure culture from the teat duct, teat cistern and mammary parenchyma:
from 18/18 sites sampled; no bacteria were isolated from the contralateral side (NI-/CP-). From
the NI+/CP- side of F ewes, Staphylococcus sp. same species as originally recovered from the teat
duct catheter, were consistently isolated in pure culture from the teat duct: from 6/18 sites
sampled; no bacteria were isolated from the other side (NI-/CP-). No bacteria were recovered
either from the NI-/CP+ side of group G ewes: from 0/18 sites sampled or from their other side
(NI-/CP-). The median total pathology score summed over all days was 28 for NI+/CP+ side of
group E ewes (maximum possible: 32). The median total pathology score summed over all days
was 3 for NI+/CP- side of group F ewes (maximum possible: 32). The median total pathology
score summed over all days was 14 for NI-/CP+ side of group G ewes (maximum possible: 32).
The median total pathology score summed over all days was 14 for NI-/CP+ side of group E ewes
(maximum possible: 32). The median total pathology score summed over all days was 0 for NI-
/CP- side of ewes of groups G and G (maximum possible: 32).

DISCUSSION

Previous experimental studies on ovine mastitis have established the protective role of the teat
against intramammary infections; Mavrogianni et al. [20] studied the effects of the inoculation of
M. haemolytica in different sites of healthy, bacteriologically negative teats. The results of that
study showed that the ovine teat acted as a barrier against bacteria. During that study, we also
suggested that the bacterial flora present in the teat duct of healthy ewes [10] might act
competitively against invading bacteria and thus provide one of the defence mechanisms active in
the teat.

In the present work, we inoculated bacteriologically positive teats with a M. haemolytica
isolate, in order to study possible interactions between the bacterial flora and a confirmed mastitis
causal agent [1, 2]. Ewes in subgroup Al and D developed subclinical mastitis. However,
recoveries of the challenge organism from the former animals were significantly fewer than from
controls, thus suggesting an effect on the challenge strain; furthermore, the severity of the
mammary lesions was significantly smaller in Al than in D ewes. Adherence of M. haemolytica
on mammary epithelial cells is required for its multiplication and leucotoxin production [32];
based on the present findings, one may postulate that the bacterial flora inhibited that process. No
such bacteriological and pathological differences were seen in B1 and C1 ewes; this suggests that
the protective effect of bacterial flora was exercised preferentially and only by staphylococcal
species present in large numbers within the teat duct.

Bacterial competition is the situation where two bacterial populations compete for
multiplication and survival, usually resulting in cell population reduction or impeded growth rate
than if the two populations were separated [14]. This was evident in subgroup Al, where a
distinct protective effect of the flora was recorded. Both the flora populations and the challenge,
invading organism were subsequently recovered from a reduced number of samples than from
respective controls. This type of relationship between bacteria occurs when two species compete
to occupy a particular site [18, 31]. Rainard and Poutrel [27] have also reported that new
infections were less frequent in glands already harbouring a pathogen. All these findings further
support the above hypothesis.
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Production of antagonistic substances by bacterial flora and competition for necessary
nutritional substances between flora and invading organisms [30] are also contributing
mechanisms. The direct toxic effects of certain bacterial species against other ones invading the
host have also been considered, as flora populations can secure their domination over invading
pathogens by producing antibacterial substances [4, 15]. Staphylococcal strains isolated from
cows' teat orifice or mammary secretion, have been found to produce bacteriocins and reduce in
vitro growth of other pathogens [5, 25].

However, when the microbial equilibrium is disrupted for any reason, it is possible that
pathogenicity of the flora strains would increase, leading to disease. Mayrand and Grenier [24]
studied bacterial interactions and found that once the intra-bacterial balance was broken,
pathological changes were initiated. Under those circumstances, the flora would contribute to
development of disease either by facilitating an invader to fully expressing its pathogenicity or
even by participating in the infectious process itself in order to establish the pathological findings.
The findings of Experiment II clearly indicate that under certain circumstances, the resident
bacterial flora can become pathogenic. Ewes in group E rapidly developed acute clinical mastitis
without bacterial challenge; the disease was caused by the bacterial flora organisms, which
multiplied and ascended to the mammary parenchyma. Lesions observed during this study were
typical of staphylococcal mastitis [8]. In this case, the “trigger factor” that led to the equilibrium
shift was the teat chapping.

In a recent paper, Mavrogianni et al. [22] provided evidence that teat chapping predisposed
ewes to mastitis in cases of new bacterial infections. Chapped teats are considered an increased
risk for mastitis [26, 28]. During cold weather, increased incidence of chapped teats has been
reported [7]. In ewes, Leyshon [17] has reported that mastitis was more prevalent in cold weather;
this could have been the consequence of chapped teats.

In damaged tissues there is reduced responsiveness and defective chemotaxis of neutrophils
[3], which cannot withstand the low pH and high temperature in chapped tissues [12, 16].
Additionally, the reduced hydration of chapped skin alters skin microflora, consequently
decreasing resistance to bacterial colonization. We thus believe that in these circumstances,
depletion of cellular defences consequently to chapping, resulted in shifting of the balance and
allowed bacterial invasion and mastitis. One may also suggest that exposure to trauma may cause
degranulation and lysis of mast cells, which are active during acute stages of inflammation [13],
consequently reducing the defence abilities of the teat.

Perhaps under field conditions and on a longer-term basis, any factors affecting the immune
status of the animals, would affect the equilibrium of flora organisms within the teat, thus
resulting to mastitis.

In the past, presence of bacterial flora within a mammary gland has been advocated as a means
of preventing mastitis in cows [19]. From that viewpoint, preservation of a protective teat duct
flora would be useful for prevention of the disease. Nevertheless, an intramammary infection with
a microorganism, even in small doses, might result in increased somatic cell counts, tissue
damage and adverse production effects [29]. On the other hand also, teats harbouring bacteria can
be a source of infection for the mammary gland. Any impediment of the defence mechanisms
(local or systemic) may shift the balance and allow the bacteria to multiply, invade the mammary
gland and cause mastitis.
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EFFECTS OF LAMB SUCKING ON THE BACTERIAL FLORA OF TEAT
DUCT AND MAMMARY GLAND OF EWES

Gougoulis, D.A., Kyriazakis, 1., Tzora, A., Taitzoglou, I.A., Skoufos, J. and Fthenakis, G.C.

Veterinary Faculty, University of Thessaly, 43100 Karditsa, Greece

ABSTRACT

Objective. We determined differences in bacterial flora populations of teat duct and mammary
gland of ewes before and after sucking by lambs; we also evaluated factors potentially affecting
these differences. Methods. We collected samples of teat duct material (by means of fine [20 G],
plastic, sterile 2 mm-long catheters) and mammary secretion from 11 ewes immediately before (<
40 s) and immediately after (<30 s) sucking by their lambs, as well as 120 min later. We
processed samples by conventional bacteriological techniques. We compared changes in infection
by means of Sign Test. Results. We isolated bacteria from 3.5% duct and 1.5% secretion samples
before sucking; respective figures after it were 10.6% and 2.0%, and 120 min later 6.8% and
1.5%. We saw differences among duct material samples collected before and after sucking, in 40
cases: from 6 bacteria were isolated only before, from 34 only after (p<0.001); respective results
for secretion were 4 cases. We saw differences among duct material samples collected after
suckling and 120 min later, in 12 cases: 8 and 4 (p=0.375), respectively; no changes were for
secretion samples. We found neither difference among ewes with single or twin lambs, nor among
stages of lactation. Mostly, we isolated staphylococci: 70% of isolates before suckling, 80% of
isolates after it, 91% of isolates 120 min later; we also isolated two Mannheimia haemolytica
strains immediately after sucking. Conclusion. Sucking predisposes to entrance of bacteria into
the teat duct; however, increased teat duct infections did not result to respective mammary
infections. Subsequently, teats overcame the infections. M. haemolytica isolated directly after
suckling indicates lambs as source of infection.

INTRODUCTION

It has been repeatedly in studies of ovine mastitis, that sucking by lambs is associated with
transfer of microorganisms into the teat duct [12, 19, 22]. There are three different sources of
bacteria, which might enter into the teat duct, namely the lamb (mouth, nasopharynx), the ewe
(udder skin) or the environment (bedding). These organisms may subsequently ascent to the
mammary gland and cause mastitis. The objectives of this investigation were i) to determine
differences in bacterial flora populations of teat duct and mammary gland of ewes before and after
sucking and ii) to evaluate factors that potentially affect them.
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MATERIALS AND METHODS

Sampling schedules

Eleven multiparous Karagouniko-breed lactating ewes were included in this study within 5 days
after lambing and housed separately throughout. Ewes were selected among animals with no
history of mastitis; the California Mastitis Test (CMT) was performed in mammary secretion
samples from both glands of these ewes, with five degrees of reaction scores (“negative”, “trace”,
“17, “27, “3”) as detailed by Fthenakis [9]. Teat duct material and mammary secretion samples
were obtained and processed as detailed below. From the ewes selected, seven suckled a single
lamb and four suckled twins. Standard husbandry conditions applied throughout the study. The
work was carried out under a license for experimental procedures issued by the Greek Ministry of
Agriculture, based on EU guidelines. Paired-samples were obtained from both mammary glands
of each ewe. Samples were obtained on three occasions weekly, for six weeks (2nd to 7th of
lactation). Lambs were separated from their dams for 60 (+3) min; during that time no feed, milk
or water were provided. Samples (“A”) were collected and within 30 s lambs joined their dams;
they immediately (<7 s) started sucking, whilst ewes were restrained in the standing position.
Then new samples (“B”) were collected, by following a different schedule on each of the
sampling occasions. For collection of samples “B;” (1st sampling occasion of each week), natural
termination (i.e., by the lamb or the ewe, without human interference) of a sucking bout was
allowed. For collection of samples “B,” (2nd sampling occasion of each week), lambs were
removed from their dam 3 min (£2 s) after joining her. For collection of samples “B;” (3rd
sampling occasion of each week), lambs were removed from their dam 1 min (£2 s) after joining
her. In all cases, samples were obtained within 30 s. All lambs were observed, to confirm that
both teats of the dam had been sucked (including ewes with a single lamb). Finally, further
samples (“C”) were collected 120 (£5) min after collection of “B;” samples.

Collection and processing of samples

Before sampling, a thorough clinical examination was carried out on the ewes, with special
attention paid to their mammary glands and teats [8, 19]. A thorough disinfection with povidone
iodine scrub solution was carried out in the teat apex and the lower (1 cm) part of the teat skin. A
sterile, plastic, 20 G catheter (Abbocath®; Abbott Laboratories Inc., Abbott Park, USA) was used
for sampling material from the teat duct. The catheter stylet was taken out and the plastic catheter
was cut with a sterile blade to a length of 2 mm. In order to ensure accurate and consistent cutting
of the catheter at the desired length, a sterilized ruler was always placed beside the catheter. The
whole procedure was carried out under aseptic conditions. The catheter was held by the
investigator from the cannula hub; it was inserted into the teat, rolled around the internal teat wall,
in order to sample the mucosa, and then withdrawn. Description and validation details of the
method were presented by Mavrogianni and others [16]. Subsequently, secretion samples were
obtained. The first two squirts were drawn onto the palm of the gloved hand of the investigator
and examined for the presence of abnormalities; then, 10 to 15 ml were carefully collected into a
sterile container. These procedures were carried out in all samplings. Standard procedures for
sampling and processing of samples previously described in detail [8, 19] have been used during
the study. Duct material collected on the tip of the catheter and mammary secretion samples were
plated onto Columbia 5% blood agar; the media were incubated aerobically at 37 °C for up to 72
h. Throughout this study, all bacteria isolated were identified by using conventional techniques [2,
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5]; for staphylococcal identification, the “API-Staph SYSTEM” quick identification strips were
also used (BioMerieux S.A., Marcy-I'-Etoile, France).

Data management and statistical analysis

The model described in a previous experimental work using paired-samples [18] was employed.
Analysis of results was carried out by comparing changes in infection status between “A” and “B”
samples and between “B;” and “C” samples. Duct material and secretion samples were assessed
separately. Statistical significance was assessed by the Sign Test, which allowed for the readings
to be paired. Furthermore, comparisons were performed between ewes suckling single or twin
lambs, as well as between “B,”, B,” and “B;” samples. Finally, changes between stages of
lactation (Stage I: 2nd and 3rd week of lactation, Stage II: 4th and 5th week, Stage I1I: 6th and 7th
week) were evaluated. Analysis of Variance for proportions over time was employed. Data were
modelled in Minitab 14 (Minitab Inc., State College, PA, USA). The critical probability was set at
p = 0.05, on a 2-sided null hypothesis of no difference.

RESULTS

Clinical findings

None of the ewes included in the study had a history of mastitis. No bacteria were isolated from
any duct material or mammary secretion samples obtained from the ewes before inclusion into the
study. All CMT results were negative. Neither changes in mammary secretion, nor mammary
abnormalities were detected in ewes sampled during the study. In all cases, lambs started sucking
immediately (<7 s) after joining their dam. Both teats of the ewes were sucked. In total, 924 duct
material and 924 secretion samples were collected during the study. These were as follows: 396
“A” samples (252 from ewes with a single, 144 from ewes with twins) and 132 each of “B,”,
“B,”, “B;” or “C” samples (in each of these, 84 from ewes with a single, 48 from ewes with
twins).

Effects of suckling on bacterial isolations

Among “A” samples, 14/396 (3.5%) duct material and 6/396 (1.5%) secretion were
bacteriologically positive. Among “B” samples, 42/396 (10.6%) duct material and 8/396 (2.0%)
secretion were bacteriologically positive. Among “C” samples, 9/132 (6.8%) duct material and
2/132 (1.5%) secretion were bacteriologically positive (Table 1).

After suckling, there was a significant increase by 200% (from 14 to 42) in infected teat ducts
(p< 0.001). No effect was found on mammary secretion: from 6 infected samples to 8 (p=0.590).
In 40 (10.1%) cases, there was a change of bacteriological status of duct material samples in-
between suckling; in 6 cases a positive sample became negative, whilst in 34 cases a negative
sample became positive. Changes concerned 12/132 “A” to “B,”, 15/132 “A” to “B,” and 13/132
“A” to “B;” pairs of samples (p>0.540). Changes were observed in 22/252 pairs from ewes with
singles and 18/144 from ewes with twins (p=0.346). They were observed in 12/132 pairs from
Stage I of lactation, in 12/132 from Stage II and in 16/132 from Stage III (p>0.420). In 4 (1.0%)
cases, there was a change of bacteriological status of secretion samples in-between suckling; in 1
case a positive sample became negative, whilst in 3 cases a negative sample became positive.
Subsequently (120 min after suckling), there was a decrease by 31% (from 13 to 9) of infected
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teat ducts (p=0.375). No change was recorded in mammary secretion; 2 infected samples on both
occasions (p=1.000). In 12 (9.1%) cases, there was a change of bacteriological status of duct
material samples during the 120 min after suckling; in 8 cases a positive sample became negative,
whilst in 4 cases a negative sample became positive. Changes were observed in 7/84 paired-
samples from ewes with singles and 5/48 from ewes with twins (p=0.700). Changes concerned
3/44 pairs from Stage I of lactation, 5/44 from Stage II and 4/44 from Stage III (p>0.460).

Table 1. Bacteriological status of samples from ewes before and after suckling of lambs,
classified according to number of suckling lambs or to stage of lactation

Ewe.s with Ewes' with Stage I Stage 11 Stage III Total
a single twins

“A” Samples (before suckling)

Duct samples 5/252° 9/144 3/132 5/132 6/132 14/396
Milk samples 3/252 3/144 3/132 2/132 1/132 6/396
“B” Samples (after suckling)

Duct samples 21/252 21/144 13/132 13/132 16/132 42/396
Milk samples 4/252 4/252 3/132 3/132 2/132 8/396
“C” Samples (120 min later)

Duct samples 5/84 4/48 2/44 3/44 4/44 9/132
Milk samples 1/84 1/48 2/44 0/44 0/44 2/132

* Stage I: 2nd and 3rd week of lactation, Stage II: 4th and 5th week, Stage III: 6th and 7th week.
® n/m = bacteriologically positive results out of total samples.

Bacterial identity

Bacteria were always isolated in pure culture. The majority of isolates were coagulase-negative
staphylococci (Staphylococcus epidermidis, S. simulans, S. xylosus, S. chromogenes, S. sciuri, S.
caprae, S. schleiferi). These organisms accounted for 52/65 (80%) and 11/16 (69%) of the total
isolates obtained from duct material and secretion samples, respectively. Other organisms isolated
were: streptococci, Escherichia coli, Bacillus spp., Mannheimia haemolytica, Arcanobacterium
pyogenes, Klebsiella sp. and S. aureus (Table 2).

Both M. haemolytica strains were isolated from duct material samples obtained after suckling
(a “B,” and a “B;” sample) from two different ewes; both strains were isolated during the 3rd
week of lactation. There were no significant differences in the proportion of staphylococci
recovered before suckling (70% of total isolates), after suckling (80% of total isolates) or 120 min
later (91% of total isolates) (p>0.290). Of the 16 bacteriologically positive secretion samples
obtained during the study, in 11 (69%) the same organisms as those from the respective duct
material sample, were isolated.
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Table 2. Frequency of isolation of each bacterial species from duct material or mammary
secretion samples collected from ewes

“A” samples Bi B, B; “C” samples Total
samples samples samples samples
D* S D S D S D S D S D S
Coagulaseve 1m| 3|10 1 |13|3|10]2 8 2 | 52 | 11
staphylococci

Streptococci 1 2 0 1 0 1 0 0 0 0 1 4
E. coli 1 0 0 0 1 0 1 0 1 0 4 0
Bacillus spp. 0 0 1 0 2 0 0 0 0 0 3 0
M. haemolytica 0 0 0 0 1 0 1 0 0 0 2 0
A. pyogenes 0 1 1 0 0 0 0 0 0 0 1 1
Klebsiella sp. 1 0 0 0 0 0 0 0 0 0 1 0
S. aureus 0 0 1 0 0 0 0 0 0 0 1 0
Total 14 6 13 2 17 4 12 2 9 2 65 16

*D: duct material samples, S: secretion samples.

DISCUSSION

The experimental model

In previous studies of ovine mastitis, it has been confirmed that the teat is the portal of entry of
the causal agents, the most important of which are Staphylococcus spp. and M. haemolytica,
together accounting for over 80% of isolates [4]. Staphylococci are considered to originate from
milkers' hands or from the skin of the udder [3, 15]). Scott and Jones [22] and Jones and Watkins
[12] proposed that M. haemolytica originated from the tonsils of the sucking lambs; however, the
hypothesis has never been confirmed. In cows, it has been established that improper milking
technique predisposes animals to mastitis. As the teat canal dilates, bacteria can invade into the
teat. Its orifice may remain open for up to two hours after completion of milking [14, 26], thus
facilitating invasion of bacteria into the teat and subsequent ascent to the mammary gland. Similar
findings have been presented in dairy ewes after hand-milking [18]. To the best of our knowledge,
the possible role of lamb sucking in transferring bacteria into the teat has not been studied. The
experimental model that we used, i.e. paired-samples immediately before and immediately after
suckling, minimized the time in-between sampling/suckling/sampling. Thus, it ensured that
bacterial isolations reflected true dynamics of infection throughout.

Dynamics of infection

We found significantly increased teat duct infections after suckling, but no strong evidence of
increased intramammary infections. Infection of the teat occurred as soon as 1 min after initiation
of suckling. However, there were no significant differences among the three procedures evaluated
(“By”, “B,”, B3”). We should also consider the possibility that some bacteria enter into the teat,
but are subsequently withdrawn during the same sucking. In a previous experimental study [19],
deposition of pathogenic organisms into the duct of clinically healthy ewes did not result to
clinical mastitis; thus the protective role of the intrinsic defenses of the teat was confirmed. In the
sequel to that work [17], the same procedure was carried out to teats with natural or
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experimentally inflicted lesions and severe clinical mastitis developed soon after challenge. We
attributed this to increased colonization of damaged teat skin and to physicochemical changes
hindering the normal defensive process of the mammary gland. In the current study, the bacteria
entering into the teat duct after suckling provided a “natural” means of inoculation of the teat
duct, which resisted invasion upwards into the parenchyma. In the teat of cows, various defense
mechanisms have been described, e.g. the keratin lining in the teat duct, as well as leucocytes and
non-specific antibacterial proteins in the teat cistern [20, 21]. The present findings provide field
corroboration of the protective role of the healthy teats of ewes, especially after application of a
challenge factor (i.e., suckling). It is noteworthy that although there were further challenges to the
teats, as lambs sucked many times during the 120 min interval (“B;” to “C” sample), there was
still a reduction in infected teat ducts. This suggests that the majority of bacteria would be
exterminated within the healthy teats. This defense mechanism aims at reducing bacterial
populations within the teat, thus minimizing possible risk of mastitis. In fact, even natural resident
flora within the teat duct may cause clinical mastitis, if teat lesions would subsequently be
developed [7]. No differences were observed among ewes suckling a single lamb or twins or
among periods of lactation. This is not surprising, because when suckling (i.e., in-between
samples “A” and “B”) every teat was exposed to challenge: in ewes with twins, each lamb sucked
one teat; in ewes with a single lamb, this sucked both teats. Therefore, teats had equal
opportunities for infection, and thus, no significant difference were observed. As mentioned
above, sampling procedure, and therefore duration of sucking by lambs, did not appear to have an
effect. Therefore, challenge opportunities, corresponding to frequency of suckling, appear to be
more important for transmission of bacteria and predisposing to mastitis.

Transmission of staphylococci and of M. haemolytica

Staphylococci, which entered into the teat duct, might have originated from the skin of the teat or
from the lips of the lambs themselves. In fact, Laukova and Marounek [13] have isolated
coagulase-negative staphylococci form the upper alimentary tract of lambs, whilst Vautor and
others [24] reported nasal carriage of staphylococci in sheep. Staphylococci have been
traditionally considered an important mastitis pathogen in dairy ewes, likely originating from the
hands of milkers. In an extensive field survey carried out in suckling ewes in Great Britain [10,
11], these bacteria were the primary causal agents of subclinical mastitis, as well as being isolated
from cases of clinical mastitis. The present findings confirm that these organisms can be
transferred to the mammary gland during suckling and explain their involvement in mastitis in
meat-producing breeds of sheep, where no hands touch the teat. M. haemolytica was recovered
from teat duct material only after suckling. The organism had not been isolated from those sites,
seconds before initiation of suckling. This is clear evidence that the organism was transmitted
from the lambs to the teat ducts. Given that Al-Sultan and Aitken [1] have reported tonsilar
carriage of M. haemolytica in up to 100% of healthy lambs, the most probable source of the
organism would be the upper respiratory tract of the lambs. This finding confirms the initial
hypothesis previously presented by Scott and Jones [22] and Jones and Watkins [12]. We
postulate that as the lower part of the teat comes into contact with the pharynx of the lamb [23],
the organism is attached thereon, subsequently entering into the duct; perhaps the tongue of the
lamb may “push” the bacteria upwards into the duct. Isolation of the organism after short (1 min)
suckling activity indicates the speed by which the whole process can take place. Vilela and others
[25] have documented M. haemolytica's requirement for attachment on the mammary cells, in
order to exhibit its pathogenicity. Perhaps the same sucking activity by the lamb can subsequently
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remove from the teat bacterial cells not yet attached onto mammary epithelial cells. Although
suckling ewes are frequently exposed to challenge by the organism, incidence risk of clinical
mastitis associated with it, has been estimated around 5% [10]. Hence, one may suggest that
differences in pathogenicity factors among the various strains are responsible for development of
mastitis only in some ewes. Additionally of course, inefficiency of teat defense mechanisms
would further contribute.

CONCLUDING REMARKS

The results provide clear evidence that suckling increases the risk of infection of the teat duct of
ewes. Nevertheless, teats were able to withstand and minimize the infection within the next two
hours. The results also show that M. haemolytica may be transmitted during suckling activity.
Maintenance of healthy teats, e.g. free from bites or viral lesions, is important for effective
defence mechanisms and consequently, for prevention of mastitis.
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SUMMARY

The objective was to evaluate the effect of the addition of molasses and bovine feces in the
chemical composition and energetic value of corn and Sudan grass silage. Six treatments were
evaluated, containing different percentages of molasses and bovine feces. There was only an
increase in crude protein content (P<0.05) in corn silage as a result of bovine feces addition. In
both forages occurred an increase in net energy of maintenance and in net energy of gain.
Treatment consisted of 25% of bovine feces addition improved crude protein and both energies in
corn silage. On the contrary, for Sudan grass silage 20% of bovine feces and 5% of molasses
addition gave the best result for the same variables.

Keywords: chemical composition, energetic value, corn grass, Sudan grass, silage, molasses,
bovine faeces

INTRODUCTION

Corn is the main crop in Sinaloa, according to SAGARPA (2007) during the last two cycles,
20052006 and 2006—2007 have been sown more than 400, 000 ha, with a total annual production
of at least 4.5 000 000 t in irrigated lands, Sudan grass is the second important grass in Sinaloa. In
the case of corn, it has a high energetic value but low protein content and Sudan grass has less
quality and is less palatable, and as result of their extensive production in this State, there exist a
lot of products to offer to cattle. Therefore, one alternative is to silage the whole plant (plant and
young ear or spike) (FEDNA, 2004). This State has several dozen of thousands of milk and meat
producing cattle which must be fed and at the same time they produce annually thousand of tons
of feces that can be either considered either as an environmental problem or as a by-product to
produce solid and liquid composts and in many cases during the last decades to feed cattle, of
course with some restrictions (Smith and Wheeler 1979; Uicab-Brito and Sandoval, 2003). The
feeding value of a forage product is defined as the capacity to improve animal production (meat,
milk, eggs, etc) as result of nutrients availability and its intake by animals (Beever et al., 2000). A
way to improve the energetic and protein value of silage is to add no only feces but other products
such as molasses, being this a sugar cane by-product (Bhattacharya y Fontenot, 1966; Calvert y
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King, 1977; Smith and Wheeler, 1979; Cobos et al., 1988). Having all this into account, the
objectives of this research were.

OBJECTIVES

To evaluate the effect of molasses and bovine feces addition to corn and Sudan grass silage on
chemical composition and energetic value.

MATERIALS AND METHODS

This research was carried out at the Nutrition and Animal Bromatology Laboratory at the Faculty
of Agronomy, Universidad Autonoma de Sinaloa, Mexico. Six silages (treatments) were
evaluated (Table 1) and prepared according to Archila et al. (1991). Samples were oven dried at
60°C for 48 h and then analyzed its chemical components such as: Crude Protein (CP),
Hemicellulose (HEMI), Cell Content (CC), Acid Detergent Fiber (ADF), and Neutral Detergent
Fiber (NDF) (Goering y Van Soest, 1970; AOAC, 1975). The Energetic Composition or
Digestible Energy (DE, Mcal kg ' ), Net Energy of maintenance (NEm), Net Energy of gain
(NEg), Net Energy of lactation (NEI), and Total Digestible Nutrients (TDN %) were also
estimated (Jurgens, 1988; Undersander et al., 1993). The statistic analysis consisted of analysis of
variance and mean comparisons (P<0.05) in a randomize complete block design (SAS version 9.2,
2004).

Table 1. Treatments, ingredients and proportion of each one.

Treatments Ingredients Proportion (%)

1 Silage corn 100:00

2 Silage corn + bovine feces 85:15

3 Silage corn + bovine feces 75:25

4 Silage Sudan grass 100:00

5 Sudan grass + bovine feces 80:20

6 Silage Sudan grass + bovine feces + molasses 75:20:05
RESULTS AND DISCUSION

Chemical composition of treatments is shown in Table 2 where can be seen a great deal of
variation among treatments; with the exception of Dry Matter (statistic analysis not shown).
Treatment of corn silage (1-3) had the lowest results for ADF and NDF; CP was higher in
treatments containing Sudan silage (4-6), the smallest value in this variable and in Dry Matter
was for treatment with only silage corn (1). Such results are also shown for ADF and HEMI for
this treatment. Sudan silage alone had consistently high results for most of variables, but at the
same time the lowest for Hemicellulose. NDF was high in the three treatments containing Sudan
silage even with the addition of molasses.
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Table 2. Chemical composition of treatments.

Treatments DM (%) CP (%) NDF (%) ADF (%) HEMI (%) | CC (%)
1 91.25 9.60° 55.83° 40.49° 14.00° 49.05°
2 92.42 12.10° 57.34° 46.31° 10.20® 47.00°
3 93.67 13.00° 50.17% 47.34° 2.65° 53.00°
4 93.19 14.95° 74.687 59.66° 14.00° 30.407
5 94.58 15.45° 65.50° 60.74° 450" 38.05°
6 93.73 14.40° 64.65° 49.55° 14.15° 39.40°
Cv* — 2.24 1.41 2.16 16.41 1.91

* Coeficient of variation

DM (%) =Dry Matter

CP (%) = Crude Protein

NDF (%) = Neutral Detergen Fiber
FDA (%) = Acid Detergen Fiber
HEMI (%) = Hemicellulose

CC (%) = Cell Content

Table 3 presents energetic values, where all six showed a more statistically consistent increase in
Sudan containing treatments. Variables Net Energy of maintenance, Net Energy of gain as Mcal
kg ' of dry matter were high in treatment 3, on the contrary, the Net Energy of lactation was high
for corn silage alone. In this Table can be seen that with the addition of molasses to Sudan silage,
there was as slight increase for most of variables when compared with treatments containing only
Sudan silage. The lowest Digestible Energy was in this treatment again. Surprisingly corn silage
alone had the best results for TDN, showing that it can be in some cases a good food without the
addition of other ingredients when feeding cattle. Results in this Table show that corn silage itself
or combined with different proportions of bovine feces is a better food for cattle compared with
treatments containing Sudan silage even with the addition of molasses, although this ingredient
slightly improved some variables. Nutritional value of silaged products is estimated by analyzing
its chemical composition (Bogdan, 1997). It is necessary to consider that when using animal feces
added to different plant forages easily fermentable there is an increase in crude protein but also in
ashes and ADF contents, raising its buffer capacity which has a negative effect over fermentation
(Al-Rokayan et al., 1998; Rasool et al., 1998; Fontenot y Jurubescu, 1980). The addition of
ingredients easily fermentable such as molasses (4-6%) helps to increase fermentation of products
during silage process. This results agree with those found by Tjandraatmadja et al. (1994) which
evaluated in laboratory conditions plastic vacuum sealed bags containing 500 g of silage that were
maintained in dark and controlled environment conditions the effect of adding 4 to 8% of
molasses to panicum (Panicum maximum cv. Hamil), Pangola grass (Digitaria decumbens) and
setaria (Setaria sphacelata cv. Kazungula) silages, concluding that even the lowest doses (4%)
was adequate for the preservation of this three grass silage.
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Table 3. Energetic composition of treatments.

Treatment DE NE, NE, NE,; TDN (%)
1 12.48° 1.51° 0.95° 1.28° 57.24*
2 12.28° 1.47° 0.90° 1.12° 50.76°
3 12.25° 1.67° 1.13° 1.09° 49.61°
4 11.84° 0.99¢ 0.34° 0.76° 35.89°
5 11.80° 1.25° 0.64° 0.73° 34.69°
6 12.17° 1.27° 0.67° 1.03° 47.15°
Cv* 0.30 1.75 3.66 2.98 2.66

*Coeficient of variation

DE = Digestible Energy (Mcal kg™ DM)

NE,, = Net Energy of maintenance (Mcal kg™' DM)
NE, = Net Energy of gain (Mcal kg™ DM)

NE, = Net Energy of lactation (Mcal kg™' DM)
TDN (%) = Total Digestible Nutrients

CONCLUSIONS

In general there was a great variation among treatments although in most cases those with corn
silage had better results and some times similar to treatment of Sudan silage added with molasses.
Corn itself gave good values for variables such as ADF and NDF. The addition of bovine feces
increased Crude Protein and NEm and NEg but at the same time the ADF. Sudan itself was no
good for most of variables but a better result occurred when bovine feces or molasses were added,
improving the energetic value.
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SUMMARY

The objective was to identificate; determine intake preference and tree density of six of the most
important forage species of trees present in Culiacan, Sinaloa, Mexico with potential to ruminant
feeding. The species selected were those the cattle regularly eats in extensive pasturing
conditions, among them are mauto (Lysiloma divaricata), vinolo (Acacia cochliacantha), ebano
(Caesalpinia sclerocarpa), amapa (Tabebuia spp.) guacima (Guazuma ulmifolia) and palo pinto
(Pithecellobium mangense). Acacia cochliacantha presented the highest tree density and intake
preference, although Pithecellobium mangense had low tree density, showed a second place for
intake preference. The other species were considered of intermediate importance.

Keywords: forage trees, intake preference, tree density, ruminants feeding.

INTRODUCTION

Cattle activity in the agriculture based on rain regime in the central part of Sinaloa State has
topographic problems, scarce tree covering and serious erosion problems, besides the incorrect
utilization of new technologies such a ploughing the land the use of products to control weeds and
pests. As a result, ruminant feeding is bad because of the low quality of forages (mainly
Graminae) commonly used during the long period without rain which often last from seven to
eight months a year and the reduce diversity of foods available, most of them of poor quality. The
wrong cattle manage practices utilized for many years have affected forage productivity and
increased erosion. In this State most of time different kind of grain species are cultivated, being a
great part annual and not always tolerant to dryness, partly because of the characteristics of
radical systems, compare to the one some trees found in this area, many of them leguminous from
which cows feed and that help to move nutriments from lower to upper strata of the soil (Araya et
al., 1994). When using a forage plant, mainly if it is not native, an integral study most be made,
including its vegetative and reproductive development, radical system and nutritional value
because its presence may change the structure, bromatologic composition, number and
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characteristics of flora and soil. (Minson, 1990). These changes affect the forage utilization during
the growing and flowering season, besides the weather conditions could also change forage
quality (Van Soest, 1982; Jung, 1989) and these conditions are extreme in Sinaloa where
temperature have raised up to 50°C during the last few years. Given that bromatologic
composition is highly dependent on the species and conditions where it grows, it is possible to
know almost certainly chemical season variations of forest trees products (Buxton y Fales, 1994),
because will be possible to determine nutrient quality and therefore its management program to
optimize their use. For example, the high crude protein content in forage trees may supplement
cattle rations, decreasing the level of commercial protein concentrates, therefore lowering the cost
of ruminants feeding. Barajas er al. (1992) began in the South of Sinaloa the studies of in situ
degradation of some dependent of rain grasses (known as “temporaleros” grasses). In this State,
since 1998 researches of the in situ digestibility of rations components or complete rations began
at the Faculty of Agronomy, Universidad Autonoma de Sinaloa, Mexico from which some results
have improved its knowledge and use by cattle owners (Guerra et al., 1999; Guerra et al., 2005).
This has continued and recently began the study of lowland forages trees which are important for
cattle in some areas during the dry season, for this reason it is important to begin and continue this
research.

OBJECTIVES

The objectives were to know the main tree species use as forage, characterize and determine its
ruminal utilization and potential intake and possible addition to rations or partial substitution.
With this long term research we also hope to give information to small cattlemen of
“temporaleras” areas to improve their cattle feeding, weight gain and consequent productivity and
also income through the use of leaves and other parts of forage trees found in central Sinaloa
State, finally reducing the areas occupied by foreign grasses.

MATERIAL AND METHODS

This research takes place in the central area of Sinaloa, Mexico, 107° 23” and 24° 55’ North and
about 88 m above sea level and means temperature of 25.1°C, being the minimum mean during
January (19.3°C) and the maximum in July (30.3°C). The climate is defined as BS1 (h”) w (e),
warm semidry and extreme, with an annual rain average of 724.4 mm, being the maximum rain
during August and the lowest in January (Kdppen modified by Garcia, 1987). In order to identify
the forage trees eaten by ruminant cattle, three ways were utilized, a) a poll for cattlemen,
regarding tree or bush species eaten by cattle, b) direct observation of cattle feeding at the lowland
losing leaves forest in central Sinaloa to determine feeding frequency and species preference and
¢) by reading scientific information about the species already reported for other sites. According
to Scheaffer y Mendenhall (1987) a randomized stratified sampling was used to identify in situ
representative trees species for their later identification by specialists. Monthly samplings were
taken using the sampling technique proposed by Shinozaki et al. (1964) which includes taking,
identifying and weighting leaves and pods of the chosen trees. Samples were oven dried to
constant weight (about 48 h) at 60°C. The optimum sampling size per species used was according
to Scheaffer and Mendenhall, (1987) to estimate dry matter production. After drying, samples
were finely grounded (Willey # 4) passed through a 1mm mesh, and put in glass tars for later
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analysis of variables Apparent Dry Matter (at 60°C for about 48 h), Residual Dry Matter at 105°C
for about 24 h, Crude Protein (Kjelhdal method), Ashes (AOAC, 1975), Neutral Detergent Fiber
and Acid Detergent Fiber (Goering y Van Soest, 1970), Hemicelullose, Cell Content, Organic
Matter and the Energetic Characterization were also evaluated (Undersander et al., 1993), besides
Green Matter Production (kg ha '), Bromatologic Composition, Leave Area, Potential Intake and
Ruminal Degradation of Green and Dry Matter and Protein Content. Analyses were performed at
the Nutrition and Animal Bromatology Laboratory at the Facultad de Agronomia of the
Universidad Autonoma de Sinaloa. The in situ degradability of Green Matter was carried out at la
Posta Zootecnica of the Faculty of Agronomy, by using four Cebu cattle males 130 kg weight
fistulated and with a rumen cannula to which an adaptation diet was given for ten days, giving 1.5
kg of commercial concentrate and alfalfa ad libitum. The in situ degradability was determined by
using nylon bags, five replicates by plant species and by sampling month. Bags were taken out of
animals at intervals of 0, 12, 24, 36 and 48 h (Orskov et al., 1980; Orskov y Mc Donald, 1979).
From the Neutral Detergent Fiber the Dry Matter Potential Intake and Protein Content were
estimated (Pioneer, 1990; Schroeder, 1996; Thiex, 2001). Analysis of variance and later media
compassion (Tukey < 0.5) were made for variables evaluated (SAS version 9.2, 2004) using a
randomize complete block design.

RESULTS AND DISCUSION

Preliminary results of this research are here presented, but continue and probably will last two or
three more years. The most important forage plants were determined through the polls applied to
the most experienced cattle owners and the direct observation of animals feeding on them. Species
identified as eaten by ruminants were Mauto (Lysiloma sp), Vinolo (Acacia sp), Ebano (Lysiloma
sp), Amapa (Tabebuia sp), Guazima (Guazuma sp) and Palo pinto (Pithecellobium mangense).
Seven monthly samplings were made, each at the end of every month, from May through
November 2006. Because of changes of structure and morphological and composition of trees it is
necessary to perform a long term research including climate variables (Minson, 1990). Additional
information related to different uses of forage species by people and cattle is presented in Table 1.
There and as a result of in situ observations we conclude that Vinolo (Acacia sp) is the main
forage species followed by Palo Pinto (Pithecellobium mangense), Guazima (Guazuma sp),
Ebano (Lysiloma sp), Mauto (Lysiloma sp) and Amapa (Tabebuia sp). For density, it was found
that the previous order slightly changed, although being Vinolo (4cacia sp) again the first, ad then
Mauto (Lysiloma sp) Guazima (Guazuma sp), Amapa, Palo Pinto (Pithecellobium mangense) and
finally Ebano (Lysiloma sp). Given that in general results of bromatologic composition are highly
dependent on species studied, soil, climate and other conditions were they grow, it is possible to
know almost certainly the season variation in its chemical composition, what may help to
determinate nutritive quality and the manage programs to improve this quality and availability for
cattle feeding. One advantage of high crude protein contents of forage trees would help to add or
lower the proportion of commercial concentrates, decreasing its cost.
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Table 1. Chraracteristics and utilization and density of the most important forage trees found in
the studied area in Culiacan, Sinaloa, México.

Collected Common | Scientific name Type of |Use Intake | Density (per
material name plant sampling area)
Leave and Vinolo Acacia farnesiana Tree Lumber 1 1
pods Acacia cochliacantha

Humb. & Bonpl. ex Willd.
Leave, pods | Amapa Tabebuia palmeri Tree Furniture, |5 4
and fruits lumber
Leave, pods | Mauto Lysiloma divaricata Tree Fence 5 2
and fruits
Leave and Palo pinto |- Tree Fence 2 5
pods lumber
Leave, pods |Guasima | Guazuma ulmifolia Tree Medicinal |3 3
nd fruits
Leave, pods | Ebano Lysiloma sp Tree Lumber 4 6
and fruits

CONCLUSIONS

Up to date the advances may permit to state that Vinolo trees is the most consumed forage tree by
cattle in the central area of Sinaloa, having at the same time the greatest density per hectare.
Although Palo pinto was the second most preferred specie, its importance according to tree
density was very low. The rest of species showed intermediate importance. It is necessary to end
the analysis of data collected and continue with similar and extended experiments the next years.
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SUMMARY

Associations of first-lactation milk production with calthood rearing conditions and health were
studied in 2,060 dairy heifers in 107 Swedish herds. Milk production at first test-day after calving
(median 27.1 range 7.9-48.0 kg) and during first 305 days of lactation (median 8006; range
3,764—12,136 kg) were modelled. High age at calving was associated with higher production,
indicating that high prepubertal weight gain can be compatible with high milk production. Calf-
hood diarrhoea and fatness at 1% service was associated with a low production. The results
indicate that accustoming heifers to large amounts of concentrates before calving is beneficial.

Keywords: dairy cattle, diarrhoea, management, milk production, prepubertal weight gain,
rearing, replacement heifer

INTRODUCTION

Feeding and management of the lactating cow influence her milk production. A high milk yield
has also been associated with a successful rearing of the replacement heifer. First-lactation milk
production is affected by body weight at calving (Carson et al., 2002), and by age at calving (e.g.
Moore et al., 1991). In several studies, high feeding regimes and hence high daily weight gains
after sexual maturity and during pregnancy have resulted in higher body weights at calving and
increased milk production (Little and Harrison, 1981; Foldager and Sejrsen, 1991). However, at
an early calving, accelerated postpubertal growth was found to be associated with lower firs