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Professor Michael Lee 
of the University of 
Bristol and Rothamsted 
Research, who is principal 
investigator with the 
project, began the day 
by introducing its aims. 
Mycotoxins are fungal 
metabolites, most 
commonly produced 
from Fusarium and 
Aspergillus, which are 
found on cereals and 
conserved forage. 
Traditionally, these were 
predominantly an issue 
for monogastric livestock 
(pigs and poultry), which 
are fed cereals and grains 

and lack the ability to 
detoxify them. However, 
it is now understood 
that mycotoxicosis is 
responsible for a number 
of issues in cattle too. 
Mycotoxins tend to be 
detoxified by rumen 
bacteria and protozoa, 
but if the pH of the rumen 
drops (Sub-acute Ruminal 
Acidosis (SARA)), the 
microflora are incapable 
of carrying out the 
detoxification process.

Prof. Lee went on 
to explain the aims 
of the Bovmycotox 

project, which include 
the production of a 
simple diagnostic test 
for mycotoxicosis. “At 
present, mycotoxicosis is 
phenomenally difficult 
to diagnose”, said Prof. 
Lee. “We want to improve 
the understanding of the 
disease and veterinary 
advice. It is a significant 
disease, with many 
impacts, including a drop 
in yield and dry matter 

“At present, 
mycotoxicosis is 
phenomenally 
difficult to 
diagnose”

RBS 
News

Healthy Silage Event
By Gemma Eales, Technical Specialist

On the 13th September the Bovmycotox project hosted an event for 
farmers and advisers at Duchy College, looking at healthy silage 
and bovine mycotoxicosis. The Bovmycotox project is funded by the 
Biotechnology and Biological Sciences Research Council (BBSRC) and is a 
joint collaboration between academics at the Universities of Bristol and 
Nottingham, Imperial College London, Rothamsted Research and Duchy 
College, and industry partners, Mole Valley Farmers, Micron Bio-Systems 
and AB Vista. The long-term aim of the project is to develop a rapid 
diagnostic tool for bovine mycotoxicosis.

Figure 1: Mycotoxicosis is 
a significant disease, with 
many impacts. Image 
courtesy of Prof. Lee
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intake. It can be confused 
with other ailments, such 
as SARA and at present 
the best advice is to add 
a mycotoxin binder if you 
see mould in the forage, 
and hope things improve. 
There is therefore a real 
need to isolate a unique 
identifier, which can be 
used to develop a simple 
diagnostic test”.

Prof. Lee reported that 
the project was making 
good progress; it had 
initially proven difficult 
to get the Fusarium 
mould to produce 
mycotoxins under 
laboratory conditions, 
but this was achieved 
and a metabolite has 
been identified.  Work 
on developing this 
into a diagnostic tool is 
ongoing.

Professor Mike Wilkinson 
from the University of 
Nottingham then spoke 
and explained that 
healthy silage has low 
levels of undesirable 
bacteria (Enterobacteria, 
Listeria and Clostridia), 
yeasts and moulds, 
mycotoxins, nitrate, 
amines and ammonia 
and aerobically spoiled 
material. His talk also 
included crucial aspects 
of safety around silos. 
An in-depth report on 
Prof. Wilkinson’s talk will 
appear in full in the next 
issue of the Rural Business 
School Newsletter.

The third speaker of the 
morning was Liz Mee, 
Technical Manager from 

Micron Bio-Systems, 
one of Bovmycotox’s 
commercial partners. 
The talk focussed on 
pre-harvest mycotoxin 
production and began 
with an overview of 
moulds, which are found 
everywhere. Mould 
spores are transported 
through the air by wind 
and exist on the surface 
of the plant and require a 
specific set of conditions 
to establish and grow. 
She then gave a rundown 
of the important toxin 
forming moulds, which 
include Apergillus, which 
produces Aflatoxin B1, 
B2, G1 and G2, Fusarium, 
which produces (amongst 
others), deoxynivalenol 
(DON), zearalenone (ZON) 
and fumonisin B1 and 
B2, Penicillium, which 
produces ochratoxin A, 
patulin and citrinin and 
Claviceps purpurea, which 
produces ergot alkaloids.

Moulds produce 
chemical compounds 
called metabolites 
during their lifecycle, 
and there have been 
500 fungal metabolites 

identified in animal feed. 
However, not all of these 
are mycotoxins. Some 
of these metabolites 
are antibiotics, which 
are toxic to bacteria; 
some metabolites are 
phytotoxins, which are 
toxic to plants and some 
are mycotoxins, which 
are toxic to vertebrate 
animals. 

Micron Bio-Systems 
carry out the Mycocheck 
analysis, which 
detects and quantifies 
mycotoxins in feeds and 
samples are studied from 
across the world. A range 
of pre-harvest mould 
growths were outlined in 
the presentation, starting 
with Aspergillus. Initial 

Aspergillus colonisation 
and growth require high 
temperatures of above 
25oC and low rainfall and 
are not usually a major 
concern for farmers in the 
UK.

Ms Mee then went on to 
discuss DON and ZON, 
produced by Fusarium 
spp, most commonly 
F. graminearum and F. 
culmorum. Production 
arises in environmental 
conditions that are wet 
and relatively cooler, 
between 15 and 25oC. 
Production occurs during 
ear emergence and from 
flowering onwards. 

Professor Michael Lee

“We want to 
improve the 
understanding of 
the disease and 
veterinary advice. 
It is a significant 
disease, with 
many impacts”
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Heavy rainfall during the 
plant’s flowering period is 
particularly conducive to 
DON and ZON formation, 
as well as continual 
heavy rain throughout 
its growth. ZON also 
proliferates where harvest 
conditions are wet.

Fusarium spp. also 
produce fumonisin 
mycotoxins in warm 
(20-35oC) conditions with 
low to moderate water 
availability. As with DON 
and ZON, they occur 
around ear emergence 
and from flowering 
onwards, but unlike DON 
and ZON, fumonisins tend 
to be produced in warmer 
and drier conditions, 
especially in tropical and 
Mediterranean climates. 
Their production is 
stimulated by an increase 
in temperature rather 
than an increase in 
moisture.

A range of other 
mycotoxin producing 
species was also then 
discussed, each requiring 
a specific set of climatic 
conditions, with the 
key message that the 
weather is always right 
for mycotoxins! The most 
common mycotoxins in 
temperate climes such as 
the UK are DON and ZON, 
although fumonisins and 
T2 can be produced in 
warm and dry summers. 
“It is still difficult to 
predict and model pre-
harvest contamination 
levels”, said Ms Mee, “You 
need to be prepared and 
analyse for mycotoxins if 

you have any concerns”, 
she cautioned.

Liz Mee went on to 
stress the importance 
of accurate sampling 
techniques when 
taking silage samples 
for testing. Mycotoxins 
are not distributed 
evenly throughout the 
clamp; instead they form 
hotspots. It is therefore 
important to take nine 
small sub-samples, which 
you combine to make one 
full sample. These nine 
sub-samples should be 
taken from the clamp face 
in a “W” shape, and taken 
from 15-20cm behind the 
face (or alternatively take 
them immediately after a 
block has been removed). 
The sub-samples should 
be mixed together in a 
bucket for 20 seconds. A 
similar approach should 
be taken with sampling 
TMR, taking a number 
of smaller sub-samples 

from different areas and 
combining them. All 
samples should obviously 
be carefully labelled.

The speaker concluded 
her talk by looking 
at in-feed mycotoxin 
solutions, which act to 
“bind” the mycotoxin, 
either by adsorption 
or transformation and 
degradation. Adsorption 
is usually achieved 
by the addition of 
clay minerals, such as 
bentonites, sepiolites 
or diatomaceous earth 
(a porous deposit made 
up of fossilised algae). 
Binding efficiency 
varies, and adsorption 
is most efficient at 
binding aflatoxins, 
then fumonisins and 
ergot alkaloids, with 
DON, ZON and T2 being 
the least efficiently 
adsorbed. The use of 
cheap binders should 
be avoided, as they 

may be contaminated. 
Adsorption can also 
be achieved through 
the addition of organic 
binders, such as yeast, 
which has a 70% binding 
efficiency for ZON.

The best in-feed 
solution for DON 
is transformation/
degradation, which is 
where an enzyme or 
microbial organism is 
added, which act to break 
the mycotoxin down 
(degrade) into a smaller 
molecule. This smaller 
(transformed) molecule 
is now capable of being 
bound by, for example, 
a clay mineral. The 
approaches are therefore 
best used in combination.

Figure 2: Current stress 
challenges on the high-
yielding dairy cow. Image 
courtesy of AB Vista.
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The final speaker of the 
morning was Dr Jamie-
Leigh Douglas, Technical 
Support Manager for 
AB Vista, another of 
Bovmycotox’s commercial 
partners. Dr Douglas’ 
presentation focussed on 
why mycotoxins appear 
to be a fairly recent 
and growing problem. 
She began by looking 
at the modern dairy 
cow, which has been 
undergoing selection 
for desirable traits since 
domestication. The milk 
yield of the modern cow 
is significantly higher 
than its ancestors, and 
with this increase in yield 
comes a massive increase 
in energy demand and 
a need to mobilise body 
reserves to support this 
demand.

Cows are ruminants, 
designed to feed on 
grass or forage, but in 
order to meet the energy 
demands of high yielding 
dairy cows, their diets 
now include high-energy 
concentrates, with 
relatively little fibrous 
feed.  However, the 
rumen has not evolved 
alongside this change 
in diet and the rumen is 
built to deal with fibrous 
food, not concentrates. 

The rumen contains a 
delicate microbiome, 
which includes a range 
of microbes, including 
bacteria, protozoa, 
fungi and phages, 
working in synergy to 
generate the energy 
required for milk and 

meat production. These 
microbes are important 
for degrading a variety 
of feed components and 
transform plant material 
into both desirable and 
undesirable ruminant 
products. 

In addition, a healthy 
rumen has the ability 
to defend against 
mycotoxins, as the rumen 
microbiota has the 
ability to biotransform 
mycotoxins into less toxic 
or non-toxic metabolites. 
However, this works for 
low-levels of in-feed 
mycotoxins (the rumen 
can only deal with low 
levels) and not all types, 
with some mycotoxins 
remaining resistant to 
rumen breakdown.

In addition to coping 
with a high energy diet, 
the modern dairy cow 
also has to deal with a 
number of pressures and 
stresses, often coping 
with several challenges 
at once. These include 
lameness, overstocking 
and infections (Figure 2).

Dr Douglas then went 
on to discuss one of 
SARA in particular, which 
occurs when the rumen is 
below a pH of 5.8 for 3-4 

hours before recovery. 
The acidification of the 
rumen often occurs 
when cows are fed a high 
energy concentrate-
based diet with relatively 
little fibre. This reduced 
rumen pH negatively 
affects the balance of 
the rumen microbes, 
with protozoa and some 
bacteria particularly 
affected, thus reducing 
the cow’s natural defence 
against mycotoxins. 
There also appears to be 
a shift towards lactate 
acid producing bacteria, 
which compounds the 
acidification of the rumen 
and the removal of 
beneficial microbes.

If the acidification of 
the rumen is prolonged, 
or there is repeated 
exposure to SARA, the 

rumen wall itself can 
become damaged, which 
allows for the easier 
passage or mycotoxins 
into the bloodstream. 
The effect of SARA 
is amplified when 
combined with numerous 
other stressors the cow 
may be experiencing 
simultaneously, such 
as calving, lameness, 
mastitis etc., which 
all have a cumulative 
negative effect on the 
cow’s ability to cope with 
mycotoxin ingestion.

Dr Douglas explained that 
although mycotoxins are 
often present in low levels 
individually, there is an 
additive effect of different 
individual mycotoxins, 
which leads to a 

Dr Jamie-leigh Douglas

“The weather is 
always right for 
mycotoxins!.”
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synergistic larger effect, 
with increased toxicity, 
i.e. in combination, it is 
possible for numerous 
low-level mycotoxins to 
be more dangerous than 
high levels of just one 
mycotoxin. 

“Virtually all mycotoxins 
compromise the immune 
system in some way, 
decreasing the resistance 
to challenge from other 
diseases”, said Dr Douglas. 
“Mycotoxins are hidden 
thieves and are likely 
to be responsible for 
numerous undiagnosed 
health issues”. Mycotoxins 
act to reduce animal 
performance in many 
areas, and mycotoxicosis 
can present an animal 
with numerous symptoms 
(Figure 3), or just as an 
animal performing sub-
optimally. “Mycotoxins 
kill profit, not animals”, 
she added. The impact 
mycotoxins have 
on the health and 
performance of the 
herd, along with the 
difficulty in diagnosing 
mycotoxicosis, is 
testament to the need for 

a simple diagnostic tool, 
which the Bovmycotox 
project is hoping to 
provide.

The importance of a 
holistic view of herd 
health was highlighted, 
with Dr Douglas 
explaining that if every 
area of stress on the dairy 
cow was improved by 
just 1%, the aggregation 
of marginal gains 
would result in a huge 
improvement in herd 
health, production and 
profit. The overwhelming 
stress mycotoxins place 
on animals therefore 
makes them a clear 
target for improvement. 
“The economic impact 
of lowered productivity, 
reduced weight gain, 
reduced feed efficiency 
and interference 
in reproduction is 

greater than that of 
immediate mortality 
and effective measures 
for the detoxification 
of mycotoxins are 
essential for the 
improved production and 
productivity of livestock” 
Dr Douglas concluded.

Following a question and 
answer session, the group 
moved on to a farm walk, 
led by Farms Director 

for the College, James 
Coumbe. 

A full report on the farm 
walk follows this article 
on page 9.

For more information
For more information on  the Bovmycotox  
project, or to see copies of the speakers’ 
presentations, please visit the project website: 
www.bovmycotox.co.uk. Look out for a full report 
on Professor Wilkinson’s presentation in the next 
edition.

Figure 3: Mycotoxicosis 
can present with a range 
of symptoms, with 
different mycotoxins 
having different indicators. 
Image courtesy of Micron 
Bio-Systems.

“Mycotoxins are 
hidden thieves 
and are likely to 
be responsible 
for numerous 
undiagnosed 
health issues”
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The walk began by 
looking at the maize, 
which has this year all 
been grown under plastic. 
Mr Coumbe explained 
that the College was 
trialling some early 
varieties, with a cover 
crop afterwards, in 
order to try and reduce 
soil run-off, which was 
exacerbated with the later 
maturing varieties. 

A lively debate regarding 
the difficulties of growing 
maize and the associated 
run-off then ensued. It 
is harder to establish a 
following crop or cover 
crop after late maturing 
maize that grows quickly 
enough to provide run-off 

preventing ground cover.

Prof. Wilkinson 
suggested that a well-
timed undersowing of 
ryegrass (timed so as 
to not compete with 
maize) has been shown 
to help stabilise the soil. 
Strip-tilling, where the 
area around remains 
uncultivated was also 
suggested, and is 
used in Switzerland to 
prevent run-off. Other 
methods to slow down 
the momentum of water 
leaving the fields were 
discussed, including 
rough cultivated strips, 
placed closer together 
where the land is steep, 
which are repaired in the 

winter and checked post-
harvest and pre-spring, 
with any new strips 
added above the old. It 
was also suggested that 
if yields are below 9,000 
litres and the land you 
have doesn’t naturally 
lend itself to growing 
maize, it might be best 
to switch from growing 
maize to wholecrop silage 
instead. 

A discussion then 
followed regarding 
the advantages and 
disadvantages of growing 
maize and wholecrop, 
in terms of nutrition, 
environmental impact, 
finances and operational 
considerations.

The College Farm is in 
a high bTB area, and 
the problem of badgers 
damaging maize plants 
was discussed in light of 
the evidence given earlier 
in the day regarding 
increased mycotoxin 
burdens in ears that 
had sustained physical 
damage. A possible 
solution to mitigate the 
problem was to look for 
varieties that didn’t have 
ears positioned low on 
the plant.

The tour then moved on 
to look at the high sugar 
grassland trials being run 
as part of the Sustainable 
Intensification 
Partnership (SIP) project 
with Rothamsted 
Research, which is looking 
at interventions aimed at 
delivering sustainability. 
Prof. Lee explained that 
the trial at Duchy College 
was the dairy element of 
the beef and sheep trials 
that had taken place at 
Rothamsted North Wyke. 
The project compared 
an area of permanent 

Healthy Silage Event Farm Walk
By Gemma Eales, Technical Specialist

On the 13th September 2016 the Bovmycotox project hosted an event for farmers and advisers at 
Duchy College, looking at healthy silage and bovine mycotoxicosis. Following the morning speaker 
session (page 4), the group moved out for a farm walk around Duchy College Home Farm, led by 
Farms Director for the College, James Coumbe. 

James Coumbe (centre in 
green cap) discussing the 
high sugar grasses trial
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pasture with an area 
that had been reseeded 
with a high sugar grass 
monoculture in terms 
of milk yield and quality 
from the two systems, 
with the idea of seeing 
when the tipping point 
was for moving from 
permanent pasture 
to a reseed and what 
advantages (if any) there 
were for a reseed. 

The paddocks were 
grazed for three months 
and the results showed 
a slightly higher yield on 
the permanent pasture, 
but with a slightly higher 
fat content on the high 
sugar grass. Protein and 
lactose levels were very 
similar, but the somatic 
cell count was lower on 
the high sugar grass. 
From the results at 
present, it was concluded 
that any benefits of the 
high sugar grass were 
not enough to cover 
the financial cost of a 
reseed in the first year of 
establishment.

The tour concluded with 
a discussion with a talk by 
Dr Hannah Jones, Senior 
Research Fellow at the 
University of Reading and 
Visiting Research Fellow 
at the Rural Business 
School, about the Diverse 
Forages project. The 
project is looking at how 
to extend the grazing 
season by increasing the 
diversity of the sward, in 
particular looking at how 
to increase the biomass 
available at the shoulders 
of the season. Rather than 
a random mix of species, 
the project is looking 
to find the right diverse 

mixture for a particular 
set of conditions. That 
might include a degree 
of drought or water 
tolerance or the inclusion 
of plants with natural 
anthelmintic properties. 
Each plant species brings 
a different attribute to 
the grassland, which may 
help to reduce rainfall 
run-off and diffuse 
pollution.

Duchy College Home 
Farm is currently trialling 
four seed mixtures 
in a replicated and 
randomised block 
trial under scientific 
conditions. In addition, 
farmers are also 
trialling the mixtures 
and growing them in 
commercial conditions 
and their experiences and 
observations will be very 
important to the project. 
Some mixtures have 
just six species, with the 
most diverse containing 
18 different species. 
The project will run for 
five years and a key 
element of the trial is the 
management techniques 
required to maintain 
species diversity within 
the swards, as grazing the 
sward too low can result 
in a loss of diversity. An 
increase in sward diversity 
has an added benefit 
for wildlife, with bees in 
particular benefitting 
from more foraging 
opportunities early in the 
season. 

For more information
The Bovmycotox project is funded by the 
Biotechnology and Biological Sciences Research 
Council (BBSRC) and is a joint collaboration 
between academics at the Universities of Bristol 
and Nottingham, Imperial College London, 
Rothamsted Research and Duchy College, and 
industry partners, Mole Valley Farmers, Micron 
Bio-Systems and AB Vista. The long-term aim of 
the project is to develop a rapid diagnostic tool 
for bovine mycotoxicosis.

For more information on the Bovmycotox project, 
please visit the project website www.bovmycotox.
co.uk, call 0845 458 7485 or email rbs@duchy.
ac.uk. 

The farm walk included 
a lively debate on the 
difficulties in growing 
maize in the region


