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Objectives of Study | The objective of my study tour is to find out more about nutritional
Tour solutions to increase cattle health. Ensuring animal health will reduce

antibiotic usage because a healthy animal does not need antibiotics.

Countries Visited

France, Norway, The Netherlands, The USA, UK, Spain and
Switzerland

Messages

We should not concentrate on nutritional solutions to simply replace
antibiotics, many increase cattle immunity and health and therefore make
them less likely to need antibiotics.

Probiotics, prebiotics, essential oils, plant extracts, plant fibres,
bacteriophages and using the quorum sensing theory have potential
positive effects on cattle health however, none of these are a ‘silver bullet’
solution.

Many of the nutritional solutions are not as effective nor as cost effective
compared to antibiotics. This means that it is difficult to secure the
investment needed to improve, refine and optimise their function in cattle.

Animal health is an interconnected relationship between genetics, farm
management, vaccination and nutrition and a holistic view must be taken
to pick the area to make the most difference on-farm.

| feel positive for the future as there are many different companies working
on nutritional solutions to improve animal health. We are not there just yet,
but the momentum of work is increasing, and solutions will come.




Executive Summary

Antibiotic resistance occurs when bacteria are no longer susceptible to an antibiotic that would
normally have an activity against them and is a significant health concern for humans and animals. As
healthy animals do not need antibiotic treatment, keeping them healthy is an important strategy to
prevent the development of antibiotic resistance. The aim of this work was to define the practical role
of nutritional management and products on farm and document those which have a health benefit.
Visits were made to farms, companies and universities in the USA, The Netherlands, Norway, England,
France, The Netherlands, Switzerland and Spain, examining practical nutritional practices to support
cattle health and decrease the use of antibiotics, and experience how farmers have developed their
farm business using these solutions. Bacteriophages and some essential oils have an antibacterial
activity, but have limitations compared to antibiotics. Probiotics, prebiotics, essential oils, plant
extracts, plant fibres, and quorum sensing increase cattle immunity and health, thereby helping cattle
resist a bacterial challenge that would normally cause disease. However, many of the nutritional
products are not as effective as antibiotics, while being more expensive and needing further
investment to improve their activity. When placing these products on farm, it is important to consider
genetics, farm management, vaccination, and nutrition to pick the best solution to make the largest
difference. There is a growing consumer interest in the health and welfare of food producing animals
and these products may be in increasing demand in the future.
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Personal Introduction

| grew up on a 100-cow, dairy and suckler cattle farm in County
Fermanagh, Northern Ireland, where my father and brother continue to
farm. | graduated as a veterinary surgeon from University College Dublin in
2002 and worked in mixed practice in Northern Ireland. At the start of my
career, the majority of my workload was emergency work. However, as |
really enjoyed building a working relationship with farmers and improving
their farm profitability, this developed over the course my career to
routine farm visits including dairy herd health and disease prevention

work.

During these routine farm visits, | would often arrange joint visits with the cattle nutritionist so we
could work together to achieve a better outcome for farmers. This fueled my interest in animal
nutrition and after 10 years in practice, | gave up this work to concentrate on a PhD researching
dairy cow nutrition and immunology.

Since completing that in 2017, | have been working as Technical Manager for Trouw Nutrition Ireland
where | manage a team that provides veterinary and nutritional support to feed mills and farmers in
Northern Ireland and the Republic of Ireland.

| live in Moira, County Armagh with my wife, Joleen, who is a small animal veterinary surgeon and a
wonderful mother to our two young girls, Tilly and Daisy.
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Background to my Study

Antibiotics are substances that control bacterial activity, either by inhibiting their growth, termed
bacteriostatic, or killing them altogether, termed bactericidal (Walsh, 2003). Due to their antibacterial
function, antibiotics are used in human medicine to treat and prevent infections and diseases that
have a bacterial aetiology. Although difficult to quantify due to other advances in medicine, antibiotics
have contributed to an increase in average human life expectancy, up to 29.2 years as in the example
of the US between 1900 and 1999 (CDC, 1999).

Antibiotics are also used in livestock production to treat and prevent disease, ensuring the health and
welfare of animals, while also controlling zoonotic diseases and ensuring safe food for humans. An
additional use of antibiotics are as growth promoters, when low subtherapeutic doses are continually
supplemented in animal feed to enhance health and improve feed conversion efficiency and growth
rates. Although this growth promotion effect of antibiotics was documented as far back as 1953 (Jukes
and Williams, 1953), the exact mechanism of action is still unclear. Some suggestions include a
modification of intestinal flora which decrease pathogenic bacteria, while others suggest it is due to a
decrease in the loss of the feed nutritive value due to microbial fermentation (Corpet, 2000). Despite
these theories, it is notable that the effect of antibiotic growth promotion is more noticeable in
animals housed in unhygienic environments (Prescott and Baggot, 1993), which suggests antibiotics
mitigate the losses due to disease build up during poor management. The practice of using antibiotic
growth promoters in animals, was banned by the European Union in 2006, and the United States in
2017, due to the concern that this practice may lead to the development of antibiotic resistance and
that the resistant bacteria could transfer to humans (Hughes and Heritage, 2004, Martin et al., 2015).

Antibiotic resistance occurs when bacteria are no longer susceptible to an antibiotic that would
normally have an effective bacteriostatic or bactericidal activity against them (Walsh, 2003). The
development of antibiotic resistance can occur as a natural consequence of using antibiotics. This is
because in any population of bacteria some will be naturally resistant to antibiotics. Therefore using
antibiotics will kill or prevent the multiplication of susceptible bacteria, leaving those with natural
antibiotic resistance to survive, selecting for a pure population of antibiotic resistant bacteria
(Reygaert, 2018). In addition to natural resistance, antibiotic resistance can be genetically acquired
from other bacteria through various mechanisms that include plasmid-mediated transmission of
resistant genes (Reygaert, 2018). The misuse and overuse of antibiotics unnecessarily exposes bacteria
to antibiotics and accelerates the natural selection process, therefore it is important to use antibiotics
only when necessary. In addition, continually exposing bacteria to suboptimal doses of antibiotics,
such as growth promoters, allows bacteria to develop mechanisms to survive in the presence of
antibiotics and helps in the selection of resistance (Davies and Davies, 2010).

The World Health Organisation (WHO) describes antibiotic resistance is one of the most significant
threats to health and food security at present (WHO, 2020). The effects globally on human health
could be devastating due to the loss of ability to effectively treat and prevent many common bacterial
infections and diseases, resulting in longer duration of sickness and increased numbers of deaths
(Michael et al., 2014). It is estimated that antibiotic resistance already contributes to 700,000 deaths
annually worldwide, which could rise to 10 million per year by 2050 if there is no action to prevent the
development of antibiotic resistance (WHO, 2019b). Similarly, the loss of ability to treat common
infections in animals represents a significant health and welfare concern, increasing animal suffering
and deaths, along with loss in farm productivity (Bengtsson and Greko, 2014).
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Antibiotic resistance in animals is important to human health as there is increasing evidence that the
widespread use of antibiotics in agriculture may contribute to the development of resistance to
antibiotics used in human medicine (WHO, 2005). There is a concern that bacteria that are resistant
to antibiotics could potentially transfer resistance genes between animals, humans and the
environment (Landers et al., 2012). Simply, antibiotic resistant bacteria do not respect species barriers
and that is why the WHO talks about a holistic and multisector approach, called One Health. This is a
call for the human and animal health sectors to work together to try to prevent the development of
antibiotic resistance.

In the human health sector, the WHO recommends that health professionals minimize the usage of
antibiotics, choose the most appropriate antibiotic (often based on culture and sensitivity) and
prescribe the correct dose and duration of treatment (WHO, 2020). In the agriculture sector, the
recommendations fall into five focus areas

1. Promote good practice at all steps of food production and processing.

This WHO recommendation ensures that agricultural products do not carry zoonotic diseases and are
safe to eat, by reducing the risk of food poisoning. The basis of this is to conduct a hazard analysis and
identify critical control points in food manufacturing and processing (Mortlock et al., 1999) as
improper procedures have been associated with foodborne disease outbreaks in humans (Panisello et
al., 2000).

2. Antibiotics must be under veterinary control

In many countries, antibiotics are supplied without regulation, prescription or even professional
advice on usage (Auta et al., 2019, Garcia et al., 2020). For example, a survey of chicken farmers in
the Ningxia region in China found that the 59% were able to buy antibiotics without prescriptions and
62.5% did not record their usage (Xu, 2020). This WHO recommendation calls for government
regulation to enforce that antibiotics are only available through registered veterinarians so that they
correctly identify diseases that are caused by bacteria thereby, preventing antibiotics being used to
treat viral or parasitic diseases where they have no effect.

3. Do not use antibiotics for growth promotion or to prevent diseases in healthy animals

As the excessive use of antibiotics (Milanov et al., 2016) and the exposure of bacteria to repeated and
prolonged subtherapeutic concentrations of antibiotics (Avgustin, 2012) have been identified as
drivers to selection antibiotic resistant gene in animal production. Eliminating both these practices
would reduce selection pressure of antibiotic resistant bacteria, including Salmonella, Escherichia,
Campylobacter and Enterococcus genera (Avgustin, 2012).

4. Vaccinate animals to prevent diseases so they remain healthy

Although many diseases, such as bovine respiratory disease may have a viral aetiology, they are
frequently complicated by a secondary bacterial infection. Therefore, using vaccines preventatively
before risk periods of infectious disease can help reduce the need for antibiotics (Hoelzer et al., 2018).
For example, the introduction of circovirus vaccination on a Dutch sow finishing farms demonstrated
a decreased antibiotic use from 1.72 animal daily doses/kg/year to 0.56 animal daily doses/kg/year
(Raith et al., 2016).
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5. Improve biosecurity on farms and improve hygiene and animal welfare to prevent infections.

Instigating a high biosecurity protocol helps to prevent the introduction of disease onto farms, while
good hygiene and welfare keeps the disease challenge at lower levels. For example, German pig farms
that had higher visitor and staff hygiene regulations and a better cleaning and disinfection procedure
had lower antimicrobial usage than those with a poorer visitor and staff hygiene regulations, and
poorer cleaning and disinfection procedures (Raasch et al., 2018). Therefore, improving biosecurity
and hygiene can support farm practices that help ensure animals stay healthy and a more prudent use
of antibiotics.

Examining these widely accepted WHO principles to help prevent the development of antibiotic
resistance: -

e The first recommendation is based on food plant and processor hygiene to ensure the
production of food that is safe and free from harmful contaminants. Rather than help prevent
the development of antibiotic resistance in animals, the recommendation aims to reduce the
development of antibiotic resistance in humans by ensuring food does not cause disease,
hence reducing the usage of antibiotics in humans.

e Recommendations two and three focus on limiting antibiotic usage so they are used prudently
in food production animals. Antibiotics do have a place, but ensuring they are only used when
appropriate, reduce unnecessary antibiotic usage and therefore the reduce the risk of
antibiotic resistance developing.

e Recommendations four and five focus on keeping animals healthy through increasing
vaccination and improving biosecurity and hygiene through good farm management to keep
animals healthy.

Keeping animals healthy is an important strategy in the fight against antibiotic resistance as healthy
animals do not need antibiotic treatment and the recommendations in the WHO (2020) report quite
rightly identify vaccination and management as important methods to achieve this. However, there is
no mention of any other strategy to keep animals healthy either in this report or the British Veterinary
Association (BVA) policy for veterinarians (BVA, 2019, WHO, 2020). Despite this, the RONAFA review
published by the European Medicines Agency (EMA) and European Food Safety Authority (EFSA)
highlights the need to consider alternatives to antibiotics to improve animal health (EFSA, 2017). These
include nutritional solutions such as improving feed quality and the use of nutritional additives, for
example probiotics and prebiotics (EFSA, 2017) and optimizing nutrition to enhance immunity (NRC,
1999). Indeed, in a review by Tang et al. (2017), the potential for non-antibiotic alternates for disease
prevention and the need for additional research is stressed. Therefore, there is a need to explore the
links between nutrition and health, a statement which is also made in the UK’s national action plan to
tackle antimicrobial resistance (HMGovernment, 2019)

With nutrition, there have been studies and summaries to explore the links between nutrition and
health in humans and animals, but these tend to be in specific contexts. For example, the effects of
nutrition including vitamins, trace minerals, amino acids and fatty acids have been reviewed in context
to the recent COVID pandemic (Calder, 2020). With production animal nutrition, Sordillo (2016)
reviewed the linkages between immunity and disease susceptibility in transition cows, which is a
period that dairy cows are known to be faced with a number of hormonal, metabolic and management
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challenges leading to increased levels of disease. However, the links between nutrition and health
outside specific challenges have been less well explored, with some studies in pigs (Pluske et al., 2018)
and poultry (Kogut, 2009), but less evidence in ruminants. Therefore, this needs more investigation,
to which this travel scholarship explores the role of functional nutrition in cattle health. Could novel
solutions reduce the need to use antimicrobials in food producing animals, particularly ruminants?
Could new feed technologies and solutions that show promise in laboratory work have practical
applications to increase animal health?

This report discusses findings from farm and university visits to The USA, Norway, England, The
Netherlands, France, Switzerland and Spain, detailing examples of good and poor practice, new
nutritional technologies that have potential to support cattle health, how management and nutrition
could be intrinsically linked and how farmers develop their farm business based around the story of
high health.

It is hoped that the outcome of this project will result in practical solutions that improve animal health
and welfare, making a difference for famers and food producers. The aim is to increase animal health,
reduce antibiotic usage, and increase food animal welfare, all resulting in safer, high quality food and
increased consumer confidence in UK animal products.
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My study Tour

The initial data gathering stage took place from November 2018 until March 2019 to collate a database
of potential contacts detailing their name, organization or association, and country. This involved
internet searches limited to universities, commercial nutrition companies and farm businesses using
the keywords animal nutrition, dietary management, animal health and antibiotic resistance. In
addition, during the Nuffield Farming Scholarship Trust Conference in November 2018 and the
Contemporary Scholars Conference in March 2019, attendees were asked if they had farming and
nutritional contacts who are working in the study area.

To make the 10-week travel scholarship achievable while being as productive as possible, the list of
potential contacts were refined and reduced to the countries with the most contacts and technologies
deemed to be novel and promising, resulting in a list of eight countries. Then there was a second data
gathering stage on the selected countries to build on the list of potential contacts. This involved
internet searches using a wider set of keywords, animal nutrition, feeding, feeding management, diet,
dietary management, animal health, prevent disease, antibiotic resistance, antimicrobial resistance,
AMR, cattle, cows, calves, pigs and poultry. The contacts searched were also widened to include
research organisations, universities, government organisations, international animal nutrition
companies, local animal feed suppliers, food processors and manufacturers, and farm businesses.

From this larger list of potential contacts, an initial email was sent outlining the purpose of the Nuffield
Farming Scholarship, the study topic being investigated, how this relates to their area of interest and
then the aim to meet up in-person and discuss the topic. If no response was received, this was followed
up by two more emails and one phone call.

This resulted in a list of people interested in discussing their work and the visits were conducted during
a time that best suited the most people. Visits were made to universities, government organisations,
international animal nutrition companies, local feed suppliers, biotechnology companies and farm
businesses. The date of travel and country visited is described in Table 1. The COVID-19 pandemic in
March 2020 mean that travels to Switzerland and Spain were cancelled and these interviews took
place by video conferencing.

Table 1: Date and country visited during the study

Date Country

May and June 2019 The USA (Texas, Kentucky, Tennessee and Pennsylvania)
August 2019 The Netherlands

September 2019 Norway

October 2019 England

October 2019 France

February 2020 The Netherlands

March 2020 Switzerland

April 2020 Spain

During the travel scholarship, detailed interviews were conducted with participants. There were no
set questions as this may have guided answers and stilted the flow of conversation. In addition,
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it was deemed important to capture the passion and drive of the interviewees. Therefore, open
guestions were asked such as

How important is antibiotic resistance to you and your work?

Who is the driving force behind this work? (to differentiate between government, consumer
or personal drive)

What nutritional products/management changes are you working on to help reduce the use
of antibiotics

Are they fully developed and how successful are they?

How do you see these solutions that show promise in laboratory work having practical
applications to increase animal health?

How do you see your solution being used in the ruminant sector?

How do you implement your unique product or management technique?

What is the market demand for you product/service?

What is the national and local consumer interest in antibiotic resistance and your solutions?
How much of a value do you think farmers and consumers place on your solutions?
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The role of nutrition in animal health

Antibiotic use in beef feedlot production in Texas

The scholarship started in the USA with a visit to the Wrangler Feedyard, a commercial research
station for Cactus Feeders in Texas who finish 1.2 million cattle per year. Although the use of
antibiotics as growth promoters have been banned in the USA in 2017, they are still used in large
guantities in feedlot beef production as confirmed by visits Cactus feeders and Texas A&M university.
Most of the beef production in the USA use what is termed the ‘big three’ feed additives, which are: -

1. Beta agonists, used to increase feed efficiency. This is an increase in the rate of weight gain
without any additional feed intake (Johnson et al., 2014). Beta agonists are banned from use
in food producing animals in the European Union by EC Directive 96/22/EC, as the maximum
safety residue level for human consumption is not known (Woodward, 2009).

2. Monensin (Rumensin®), a monovalent carboxylic polyether ionophore antibiotic used to
increase weight gain and improve feed efficiency through changes the rumen bacterial
population towards those that favour the production of propionate, a more efficient source

of energy for cattle, compared to the other volatile fatty acids, acetate and butyrate (Schelling,
1984, Abrar et al., 2015).

3. Tylosin antibiotic (Tylan®), an in-feed antibiotic used to reduce the incidence and severity of
liver abscesses (Nagaraja and Chengappa, 1998).

Figure 1: Hormones, ionophones and antibiotics are supplied and used in large quantities in the Texas
feedlot industry. Photo: Author’s own.
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During the visit, the need to use antibiotics to reduce liver abscesses was questioned, particularly
considering that the main cause of liver abscesses is rumen acidosis due to a high starch/low fibre diet
(Nagaraja and Lechtenberg, 2007). Wrangler feedlot have conducted an internal study (no reference
available), comparing a standard diet which includes Tylosin antibiotic with a higher fibre/lower starch
diet. Although there was no control, there was no difference in the incidence of liver abscesses
between treatments. However, cattle on the high fibre/lower starch treatment grew slower and took
longer to reach slaughter weight, with a mean loss in income of $28 per head compared to the
treatment using Tylosin. As Cactus Feeders finish 1.2 million cattle per year, the use of in-feed Tylosin
returns $33.6 million and is considered an essential additive throughout the entire six-month finishing
period.

When Wrangler feedlot were asked for an opinion on using two different in-feed antibiotics
continuously in finishing cattle, it was responded with the strong view that other countries, such as
Thailand and China, use more antibiotics in food producing animals therefore, this practice was not
considered bad. They also had the view that as Monensin is not used in human medicine, using it
presents a lower risk to the development of antibiotic resistance in humans. This is not correct as
antibiotic resistance can be transferred between bacteria of different species by a variety of
mechanisms (Reygaert, 2018).
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Figure 2: Antibiotics, including those expired, are available for anyone to purchase without a
prescription. Photo: Author’s own.

During a visit to a Texan agricultural shop, the low cost and convenience of antibiotics was
demonstrated as systemic and intramammary antibiotics were freely available for purchase without
a prescription. This included Critically Important Antibiotics (CIA) as defined by the World Health
Organisation (WHO, 2019a), as they are essential in the treatment of human diseases and therefore it
is vitally important to maintain their efficacy. The risk of antibiotic resistance developing in CIA would
be disastrous for human health. In addition, there was a clearance table for antibiotics near or past
the expiry date. These antibiotics may have a reduced activity meaning if used, they deliver a
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suboptimal dose to cattle (Verma and Samanta, 2016). As exposing bacteria to a low concentration of
antibiotics has been identified as one of the major drivers of antibiotic resistance (Hughes and
Heritage, 2004), it is worrying that this route of selling antibiotics could drive antibiotic resistance.

Although the trip started with poor examples of antibiotic stewardship, it is important to document
the reality of beef production in Texas. Further studies could explore the reasons why farmers in
different parts of the world use antibiotics in production animals. For example, if antibiotics were a
higher priced, would this deter farmers in the USA from using them?

Probiotics and Prebiotics

In contrast to the strong view of Texan farmers that their production methods are best way to produce
food, farmers in Pennsylvania have the understanding that they are producing food for consumers
and therefore should meet their demands. This is because Pennsylvania dairy farmers supply milk into
the large population centres of New York, Washington, and Philadelphia where consumers have
concerns for the environment, health of cattle and the usage of antibiotics on farm. Therefore, along
with management changes such as misting sprays to keep cattle cool during the hot summers, they
also consider nutrition as an important tool to keep cattle healthy

In Pennsylvania farms, yeasts are one of the common
in-feed additives included in dairy cattle diets as a
probiotic. Several companies produce an active dry
yeast, which is a process to preserve whole yeast cells
through drying, so when used in-feed they reactivate
as live yeast. Yeasts alter the ruminal microbial
population, thereby changing the volatile fatty acids
produced (Putnam et al., 1997) with a metanalyses
showing an increase in milk yields and constituents
(Poppy et al., 2012). Despite the widespread usage of
yeast in dairy farms, the effects on health have been
less proven, with studies mainly focused on
maintaining milk yields during periods of heat stress
(Moallem et al., 2009) and maintaining rumen pH
(Chung et al., 2011).

Figure 3: Heat stress is common in Pennsylvania and yeast products have helped with a reduction in
heat stress associated mastitis. Photo: Author’s own.

Pennsylvania dairy farms also routinely use the polysaccharide prebiotics a-glucans and B-glucans,
which are derived from dried components of yeast cell wall. These have been shown to interact with

immune cells and bind bacteria to prevent them attaching in the gastrointestinal tract (Kogan and
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Kocher, 2007) with some improvements in the markers of mammary health (Zgbek et al., 2013). While
on a tour of farms in Pennsylvania with a farm nutritionist, there were many practical examples of
farms using yeast cell wall products to reduce the incidence of subclinical mastitis associated with heat
stress.

The visit to Pennsylvania demonstrated some practical nutritional solutions to prevent disease
however, farmers completely trust the nutritionist to formulate diets and include additives and there
were examples where the farmer did not understand the reason why additives were included in the
herd ration.

Bees, Honey, Pollen and Propolis
To investigate if nutritional solutions to support human health have potential applications in cattle, a
visit was made to a French Nuffield scholar studying insect farming in the West of France.

Unsurprisingly, the main product produced from bees is honey. Honey is widely known for its health
benefits as it contains antibacterial substances therefore, is regularly used to assist wound healing,
particularly in horses (Bischofberger et al., 2013, Carnwath et al., 2014). However, much of the health
properties of honey are due to pollen. Bees get covered in pollen as they collect nectar from plants
and use it as a source of amino acids and vitamins. Different pollen has different activities and honey
from bees that pollinate the Manuka bush, also known as the New Zealand tea tree bush, has been
shown to have a greater antimicrobial activity and an immune modulating effect (Dart et al., 2015).

Propolis is often referred to as bee glue as it is created
"= from resins and tree saps, which bees mix along with
| their saliva and use it to seal cracks in the hive.
Propolis is made into ointments that can be used on
wounds due to the natural antibacterial properties.

The bee’s ability to self-medicate the hive was talked
about during the visit. As a beehive can be a humid
environment, if there is a bacterial infection outbreak
in a hive, bees visit flowers whose pollen has
antibacterial properties to bring back to the hive. If
there is a fungal outbreak, they will bring back pollen
from flowers with an antifungal activity. Therefore,
future studies could explore the activity of different
pollens.

Although honey, pollen and propolis have health
benefits, the application in animal feed is limited as
the quantity produced is small and the human market

demands a higher price than the animal market.

Figure 4: Visiting the beehives in France. Photo: Author’s own.
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Essential oils

The study trip continued with the French company Phytosynthese. Following reports from small
French farmers that cattle eating certain plants and herbs were healthier, Phytosynthese was founded
in 1996 with an aim to develop and produce essential oils and plant extracts and to replace antibiotics.
Essential oils are volatile compounds obtained from aromatic plants, with different activities such an
antioxidant, prooxidant and cytotoxic effects (Bakkali et al., 2008, Amorati et al., 2013).

Phytosynthese initially investigate the activity of new products with bacterial inhibition studies. Once
this is proven, they conduct their own research to ensure the plant compounds are safe for animals
to consume and then carry out animal trials to confirm the health benefits, detail the active ingredient
and confirm the mode of action. Rather than single ingredients, they focus on combinations of plant
extracts and essential oils that work together in synergism, such as grape, chestnut, rosemary,
turmeric, citrus and cinnamon.

An important part of the manufacturing process is encapsulation, where they coat the final product
to:

e Preserve the active ingredients, because some ingredients are volatile

e Increase the palatability and acceptance in the feed because some of the essential oils have a
very potent smell

e Obtain a suitable sized particle that mixes well in the feed which enables them to get to the
site of action in the cattle. This is particularly important to bypass the rumen in cattle

Similar to the previous examples with yeast cell walls, essential oils are used in France to alleviate heat
stress in cattle and the associated high somatic cell count in milk. During visits to the Giraud and
Marendon family farms, they attribute a low milk somatic cell count over the last two years to the
inclusion of an in-feed product that through internal Phytosynthese studies have anti-inflammatory,
antioxidant, and immune modulating properties. This has reduced the somatic cell count enough to
enable them to produce milk in the bonus quality band during summer, a feat unheard with
neighbouring farmers at that time of year.

A relatively new focus for Phytosynthese is the promotion of animal health and welfare, a very
important concept to the French consumers. A visit to the supermarket demonstrated this with
shelves containing high welfare meat with the quality assurance marks ‘Label Rouge,” and ‘Blue Blanc
Coeur’, giving French farmers some differentiation within a crowded world market.
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Figure 5: The promotion of high welfare food in France, on street billboards and at the Sommet De
L’Elevage agriculture show. Photo: Author’s own.

Therefore, Phytosynthese have been developing essential oils with anti-inflammatory and antioxidant
functions to increase cattle health and welfare. These include

e An essential oil with antioxidant properties.

e Propolis from bees to modulate the immune function. Although this is a relatively high price
as discussed previously, the internal studies conducted by Phytosynthese reinforce the work
carried out by Slanzon et al. (2019) to reduce the incidence of calf diarrhoea and antibiotic
usage.

The Curat herd of pedigree Charlois cows in central France use this combination to modulate the
immune system and reduce the severity of pneumonia in calves. However, rather than selling beef to
the meat processor and the supermarket route, they supply and deliver a weekly meat package to
customers who work in Paris office blocks. These customers are extremely keen to know details about
their food, such as where it comes from, the breed of cattle, did they have any disease and is it natural
and sustainable. Food is important and although essential, it is not just a fuel, it is to be appreciated,
enjoyed and is an important part of everyday routine, hence the reason why French people spend a
long time at lunch and dinner. They care deeply about animal welfare and want to know the cattle
have lived a happy and healthy life. The Phytosynthese products are an important part of the
nutritional solutions in improving herd health and the natural and sustainable story that many French
consumers’ demand.
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Figure 6: Patrick Curat and his successful ‘Happy Farm’ business supplying meat direct to Paris
consumers. Photo: Author’s own.

In addition to the study trip to France, both Wrangler feedlot and Texas A&M research station have
conducted unpublished research on essential oils. Texas A&M concluded that essential oils do have
an effect to increase cattle health, but not as large an effect as the standard ‘big three’ feed additives.
Wrangler feedlot confirmed that essential oils do make a difference, but they have less of an economic
return when compared to the antibiotics.

Plant fibres

Phytaxis are a Swiss company who have been exploring the use of plant fibres to improve animal
health and reduce antibiotic usage. The idea to develop a cattle health product came from the human
studies that show dietary fibres, such as inulin and oligofructoses, stimulate the immune system
(Anderson et al., 2009). The first animal trials that Phytaxis carried out using in-feed plant fibres
produced some undesirable effects on the carcass fat quality. However, the process was refined and
Phytaxis have developed a patented process to extract polyphenols and a pure bioactive polymer from
structural fibre components (cellulose, hemicellulose or lignin) of two specific plants.

The extract has multiple properties with internal trial work demonstrating polyphenol activity such as:

1. Antioxidant ability. In the plant, polyphenols and sugars are bound together to form dietary
fibre, which limits their biological activity. When the bonds are separated, polyphenols are
liberated to exert their antioxidant activity as described in the review by Gessner et al. (2017)

2. Anti-inflammatory effect on the immune system, as discussed by (Gessner et al., 2017).
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3. An improvement in intestinal health, either by improving the intestinal barrier integrity
(Sandoval-Ramirez et al., 2020) or through modulation of the gut microbiota ,which has been
demonstrated in humans (Cardona et al., 2013).

4. An ability to bind to mycotoxins in animal feed (Galvano et al., 2001).

The in-feed products made by Phytaxis are particularly targeted towards increasing young animals’
defences against harmful microorganisms, meaning that a bacterial challenge which would normally
result in disease are too low to be harmful. As this has an impact on the immune system, it is hoped
that there may be benefits not only with intestinal disease, but also other diseases such as pneumonia.

However, a reoccurring theme is that compared to antibiotics, these products are not as effective, yet
more expensive, while also needing further future investment to improve and refine their function.

Quorum Sensing

A meeting with academics from Utrecht University in The Netherlands brought on the discussion of
guorum sensing. As discussed in the review by Kalia (2013), bacteria produce small molecules, which
communicate with other bacteria. When the numbers of signalling molecules are low, this
communicates that bacteria numbers are low and they could be defeated by the animal’s defences
therefore, bacteria remain dormant to evade detection. When the number of signalling molecules are
higher, then the population of bacteria is larger. Once they reach a critical threshold, these signalling
molecules activate bacteria to change their function, come out of their dormant stage and switch on
various behaviours such as the production of biofilm to defend against the immune function.

Some companies, use this knowledge to produce natural plant substances to interfere with the
signalling molecules therefore, tricking the bacteria into thinking they are on their own and remain in
a dormant phase’ as described in the review by LaSarre and Federle (2013). Many of these companies
base their activity on garlic, clove and cinnamon to help prevent the bacteria from producing a biofilm
protective layer, leaving them susceptible to attack from the immune function.

Although a relatively new company, AHV has been having good on-farm success in The Netherlands
and Ireland.

Bacteriophages

Researchers in Barcelona, Nottingham and Loughborough universities are prominent in conducting
research with in-feed bacteriophage applications for animals. Bacteriophages are highly specialised
viruses that target and kill bacteria and are found abundantly and naturally occurring in the
environment (Ackermann, 2003).

De Paepe et al. (2014) describe the way bacteria work, to summarize they: -

e attach to bacteria
e inject their genetic code (DNA) into the bacteria
e this hijacks the internal workings of the bacteria

e the bacteria becomes a factory to produce new bacteriophages
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e the bacteriophages replicate in the cell

e numbers of new bacteriophages increase so much they rupture the bacteria and are released
into the surroundings

e the cycle continues with bacteriophages targeting new bacteria
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Figure 7: The mechanism through which bacteriophages kill bacteria. Source: OpenStax Microbiology

Bacteriophages operate in a targeted way toward specific bacterial species, leaving others untouched.
It was explained that this is important as it means there are no side effects. However, this specific
target can limit bacteriophage applications due to differences in regional strain variation of bacteria.
For example, a bacteriophage that has activity against a UK strain of Salmonella has been shown not
to have activity against a strain from Thailand, due to different surface receptors.

In animal research, bacteriophages have been applied to septicaemia in chickens and colostrum
deprived calves. This presents another difficulty as unlike antibiotics which can be delivered in-feed,
bacteriophages can be more difficult to get to the site of infection. Research has involved
encapsulating bacteriophages to enable them to survive the acid stomach for intestinal infections,
infusing into the blood for septicaemia, infusing into the mammary gland for mastitis and delivered
via an aerosol for pneumonia.

However, just as bacteria develop resistance to antibiotics, they can develop resistance to
bacteriophages, termed phage resistant mutants. Future work to address this is ongoing, such as
examining bacteriophages with new targets for example, the sex papillae of bacteria which renders
them unable to reproduce or against the toxin producing parts of bacteria making them harmless.

However, research has been difficult to fund as bacteriophage designs are easily reproduced and the
technology can be quickly adopted, meaning the research and development investment has limited
return. Additionally, the reoccurring paradigm with novel nutritional solutions is true for
bacteriophages. They offer great potential as an alternative to the use of antibiotics, but the cost of
research to develop them, produce them and deliver them to the site of infection does not have the
return in investment compared to the cost effectiveness of antibiotics.

Nutritional management

The Norwegian University of Life Sciences are conducting research in keeping the cow and calf
together for 6 weeks after calving. Although removing the calf at birth is best for calf health as it has
been shown to reduce incidence and severity of scour (Abuelo et al., 2019), this practice can be
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controversial with consumers. Therefore, the ‘SmartCare’ study is examining the provision of separate
cow and calf resting areas while restricting cow-calf contact to feeding times, on the health of the cow
and calf. This is a novel example of how nutritional management can potentially have benefits for calf
health.
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Figure 8: Smartcare, a project investigating cow-calf contact for the first 6 weeks after calving,
recognising consumer feelings on calf welfare. Photo: Author’s own.

When visiting veal farms in The Netherlands with a veterinarian, there were good examples of the
effects of nutritional management on calf heath. Ensuring the milk replacer powder is mixed at the
correct concentration and temperature, and excellent hygiene of the mixing plant and feed buckets
have been practically shown to be important. In addition, keeping calf feeding time consistent at 12-
hour intervals has practically lowered stress and disease in calves. This has been demonstrated during
daylight saving time change in spring and autumn, as compared to a sudden change in calf feeding
time, changing it by 15 minutes per day over four days reduces the incidence of pneumonia.

These examples are good to demonstrate that in addition to novel solutions, nutritional management
can bring benefits to herd health. While visiting the veal farms with the veterinarian and talking to
lecturers from Utrecht University, the interconnected relationship between genetics, farm
management, medicines and nutrition was discussed. Each of these have an important role to play
and to improve herd health is it essential to consider all areas.
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Feeding for Health — Combating Antimicrobial Resistance by Mark Little | 18
A Nuffield Farming Scholarships Trust report generously sponsored by The Thomas Henry Foundation



Conclusions and Recommendations

Antibiotic resistance is a serious threat to human and animal health therefore, it is imperative to
explore all solutions to halt its development. This Nuffield Farming Scholarship study trip explored the
role of nutritional management and solutions, and their potential to keep cattle healthy to reduce the
usage of antibiotics.

There are no nutritional additives that can directly replace antibiotics with regards antibacterial
activity. Essential oils have an antibacterial action, but they are not as effective as antibiotics. In
addition, bacteriophages need more research and development to improve their activity and enable
them to be delivered to the site of infection.

Many of the in-feed nutritional solutions increase cattle immunity and health, thereby helping cattle
resist a bacterial challenge that would normally cause disease. Probiotics, prebiotics, essential oils,
plant extracts, plant fibres, and quorum sensing have been shown to have positive effects on cattle
health however, none of these are a ‘silver bullet’ solution. It was also found that many of these are
not as effective at keeping cattle healthy as when antibiotics are used in this way, while being more
expensive than antibiotics and needing investment to improve their activity.

However, it is important to consider cattle health as an interconnected relationship between genetics,
farm management, vaccination and nutrition and to take a holistic view to choose the area to make
the most difference on-farm. For example, if farm management such as ventilation is poor, no
nutritional management or solution will solve the problem and hence will be considered to have failed.

For farmers, this study has demonstrated the successful use of nutritional products to increase herd
health and reduce disease. These products should not be considered as a replacement for antibiotics
and a good nutritionist can help with recommendations on how to place them to achieve the best on-
farm results. Although this is an investment in the herd, there is growing consumer interest in
purchasing food products that are from high health herds.

For the nutritionists and veterinary surgeons, there are many potential nutritional solutions however,
they do not replace good management. If these products are used on the correct farm and at the
correct time, particularly on farms already good at herd management, they can result in herd health
benefits. As farmers trust veterinary surgeons and nutritionists to make decisions, it is important to
give constructive holistic advice.

For researchers, it is important to continue to improve nutritional solutions to increase cattle health.
Antibiotics may not always be so cost effective and the future may really need your work.
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After my study tour

This study tour and report has fuelled my interest in further developing nutritional solutions in animal
health and welfare in the UK. What struck me most in my report conclusions was the relationship
between genetics, farm management, medicines and nutrition and | am passionate in continuing to
explore how best to drive this forward to find practical solutions for farmers. Therefore, rather than
the end of a project, this is only beginning.

At the start of this journey, one of my aspirations was to further link the veterinary and nutrition
industries. With this, | am exploring a new role combining veterinary medicines and nutritional
management to completely focus on preventative health. This will be a consultant type role ensuring
that farmers benefit from the most appropriate and practical advice for their herd health.

| have endeavoured to share my findings with as many people as possible. During the North of Ireland
Veterinary Association (NIVA) February meeting, | arranged for the four 2019 Nuffield scholar
veterinary surgeons to present their findings. This was a great opportunity to promote the Nuffield
Scholarship, communicating how this is open to veterinary surgeons, which resulted in many probing
questions for the scholars. In addition, | have arranged a further NIVA meeting for November 2021 on
the Smartcare project in Norway, to make sure veterinary surgeons are updated with the latest and
ground-breaking research that | encountered during my travels.
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