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Application Grazed grassland in Ireland and the UK use substantial amounts of nitrogen fertiliser. Changing fertiliser type
and rate can reduce nitrous oxide emissions while maintaining grass yields and nitrogen recovery.

Introduction Fertiliser nitrogen (N) is a cornerstone input in many intensive agricultural systems including those prevalent
in Irish temperate grassland. However, N fertiliser is associated with environmental loss of the potent greenhouse gas
nitrous oxide (N,O). Agriculture faces the challenging EU target of reducing greenhouse gas emissions by 30% by 2030
while also remaining economically competitive. The objective of the study was to investigate the effect of N fertiliser form
and the use of N stabilisers on yield, N uptake, N,O and ammonia (NH;) emissions.

Material and methods Five N fertiliser formulations; 1. calcium ammonium nitrate (CAN), 2. urea, 3. urea+tNBPT (urease
inhibitor), 4. urea+DCD (nitrification inhibitor) and 5. urea+NBPT+DCD were evaluated for agronomic and environmental
loss parameters on three Irish grassland soils over 2 years. The study followed a randomised block design with 6 replicates
per treatment. Emissons were measured using static chambers (N,O) and wind tunnels (NH3). Data were analysed using
Proc Glimmix (SAS) and the factors in the model were site-year, fertilizer N type and their interactions as fixed effects
with block as a random.

Results Emissions of the greenhouse gas N,O were highest (P<0.05) and most variable for CAN which had an emission
factor (EF) of 1.49%. Emissions for the urea treatments were lower at all site-years, mean EFs were 0.25, 0.4, 0.11 and
0.11% for urea, urea+NBPT, urea+tNBPT+DCD and urea+DCD, respectively. N,O emissions from urea fertilisers were
less variable than CAN with the coefficient of variation ranging for urea based treatments 14-38% compared to 61% for
CAN. Thus urea based fertilisers reduced N,O emissions by 58-87% (Harty et al. 2016). All fertiliser options gave similar
grass dry matter annual yields across the sites and years, with the exception of urea+DCD which had significantly lower
yield than the other treatments at three site-years (Forrestal et al. 2017, Harty et al 2017). Urea and ureatDCD had
significantly lower apparent fertiliser N recovery efficiency than CAN and urea+NBPT which were consistently equal. The
urea+NBPT treatment had significantly lower NH; emissions compared with urea; on average 78.5% lower (Forrestal et al.
2016). Urea stabilised with NBPT matched the yield performance and NH; emissions of CAN while having similar N,O
emissions to straight urea.

Conclusion Fertiliser formulation including the use of N stabilisers can help farmers meet agronomic and environmental
goals without reducing the N rates that underpin production. The use of NBPT with urea does not substantially increase
NHj; emissions. Urea with NBPT matches the grass yield and N fertiliser recovery of CAN on Irish grassland soils while
reducing N,O emissions and not increasing NH; emissions.
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Application Climate change brings extreme events like drought, landslide, flood and anticipated more constraint to
profitable livestock production causing huge economical loss in the livestock sector of the country. Deaths of livestock and
damage to farms and farm infrastructure is causing a huge loss, small livestock holders are highly venerable to such
climatic hazards. So to cope with these uncertain climatic hazards livestock insurance is the one of the best strategies.

Introduction Nepal has a very diverse and fragile topography; it is the 20™ topmost disaster prone country in the world. It
is ranked on 4" place with regard to vulnerability to climate change, and 30™ for flood related calmatives (MOHA, 2015).
Livestock rearing is a major source of income, food and nutrition, manure for the farmers of Nepal. Studies on livestock
and climate change revealed that climate change adversely affects the animal health and livestock production. An increase
in extreme climate events, such as droughts and floods, is anticipated more constraint to profitable livestock production
(Christensen et al., 2007). Every year farmers bear large economical loss due to climatic hazards. In the year 2013 (1,535
animals) and in year 2014(5282) were killed by climatic hazards. (MOHA, 2015). Recent flood in the August, 2017 in terai
of Nepal the livestock sector has incurred a loss of around Rs. 1 Billion due to deaths of livestock and damage to farms and
other infrastructure (MoLD, 2017). This uncertainty in the weather and weather related hazards is causing huge economical
loss to the livestock farmers so livestock insurance is the best way to reduce the economic loss of the livestock holders.

Material and methods The study place includes three districts of Nepal. Jhapa from terai, Dolakha from the mountain and
Kaski from the hilly region of Nepal. These Districts were selected purposively as livestock rearing is major source of
income for the livelihood of the people. From each district 100 households were selected using purposive simple random
sampling technique. A total of 300 households were used for the survey. The primary data was collected through household
survey using pretested semi structured questionnaire via face to face interview during July 2016 to February 2017. The
questionnaire survey was focused on perception of the climate change, major effect on livestock due to changing climate
and possible adaptation measures, knowledge about livestock insurance policies, constrains of insurance and livestock
insurance a way to mitigate with changing climate were assessed. All quantitative data were entered in the Statistical
Package for Social Science (SPSS 16 version). Microsoft Word, Microsoft Excel, and SPSS were used for data processing,
analysis, and interpretation of information.

Results A perception of the change in climate was done by questioner survey. Change in the temperature, rainfall pattern,
intensity of the rainfall, drought, flood, pest infection and hailstone are the major climate change issue people have noticed.
62% of the respondent has observed the change in climate. Disease and pest infection, drought, flood and hailstone are the
major factors affecting livestock in these districts. Occurrence of calamities are seen more in the mountain and hill nearly
68.0% of total respondents perceived the increase in temperature, rainfall intensity, climatic calamities like flood,
landslide, hailstone, disease and pest as compared to last five years. 47% of farmer has insured their livestock in Kaski
district, 33% in Jhapa and 20 % in Dolakha district. Beside the proper vaccination, deworming, management and feeding of
animals people are insuring their livestock assets due to uncertain in the climatic pattern and its consequences.

Conclusion Deaths of livestock and damage to farms and farm infrastructure is causing the farmers a huge loss, small
livestock holders are highly venerable to such climatic hazards. So to cope with these uncertain climatic hazards livestock
insurance is the one of the best strategies. All though lack of knowledge of livestock insurance, lack of the interest of the
insurance company to work in the remote area is also the major constrains. Combining data of climate and weather,
livestock supply, and insurance market can be use to formulate a well suited livestock index insurance by the government
to prevent the economical loss of the livestock holders.
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Application Changes in pasture quality impact the productivity of ruminant animals that rely on grass as a main component
of their diet. Understanding these changes is essential for farmers and will enable them to adjust their management

practices appropriately.

Introduction Climate change will have significant effects throughout Europe. Some areas, particularly in the north-east,
will become considerably wetter (+W), while southern Europe will become drier (-W). All areas are predicted to
experience increased temperatures (+T), as well as heightened atmospheric CO, concentrations (+C) (EEA 2017). The
objectives of this research are to quantify the effects of these changes on the quality of pastures across different European
regions and for different plant functional groups (PFGs). This is done by means of a meta-analysis of previous studies.

Material and methods Studies for the meta-analysis were selected through a systematic review of the available literature,
including the Web of Science database, grey literature, bibliographies of key review articles and other meta-analyses. To be
included a study must: (i) be conducted in Europe or else in laboratory conditions representative of European weather
conditions; (ii) include a common European forage species; (iii) consider the effect of +C, +T, +W and/or —W on plant
nutritional quality (e.g. carbon/nitrogen (C/N) ratio, N concentration, sugar and starch content); (iv) provide the mean,
standard deviation (or equivalent) and sample size. 144 studies were selected as being relevant; the average +C was
284+79ppm (mean + sd), +T: 3.2+1.7°C, +W: 117£96% more water than control treatments, -W: 79+26% less water than
control treatments. The effect size used was the natural logarithm of the response ratio (result under test conditions/result
under control conditions). Fixed effects models were implemented in WinBUGS, which employs a Bayesian methodology
using Markov Chain Monte Carlo simulations. Results were grouped where region/PFG was not found to have a significant
effect or there was insufficient data for a division. There are no results for the northern region under —W as this is not an
expected consequence of climate change. Analyses were only performed where data from at least five studies was

available.

Results Plant N concentration is a measure of protein concentration; it generally decreased for all treatments (Table 1) with
the exception of +W, where there was a mean increase of 10.5%. Under +T conditions, graminoids showed the smallest
decrease in N concentration (-4.2%) and forbs the greatest (-18.0%), with shrubs and legumes in-between. There was no
significant effect between PFGs for +C, +W or —W. C/N ratios under +C tended to increase, the lowest increase was for
legumes (7.7%), followed by forbs (19.5%) and then graminoids (25.9%); no data was available for shrubs. There was
insufficient data to divide the results for the other climatic changes or for other quality measures by PFG.

Table 1 Percentage change in N concentration, C/N ratio, soluble sugar content and starch content under +C, +T and -W
conditions for different European regions. Values are mean + standard deviation.

N concentration C/N ratio Soluble sugars Starch
+C +T -W +C +T +C -W +C
Alpine -8.2+4.0 -16.2+6.1  1.4+5.7
Atlantic -21.5+£3.2 -2.6£7.9  19.0+2.8 1345.0
Continental ~ -13.2+2.6  -10.5£1.8  -10.3£6.0 18.6+3.6 11.943.3 17.4+10.5 7 39.6+14.1
Southern -2.1+4.8 -20.0£6.9  33.2+12.1
Northern 7.0£6.6 N/A No data N/A

Conclusion While northern Europe may experience a slight improvement in the protein (N) concentration of its pastures,
other regions will see reductions, particularly when conditions are warm and dry. On the other hand, non-structural
carbohydrates (sugars and starch) will increase, providing more energy for grazing livestock. It seems likely that irrigation
will become increasing necessary in drier areas, to counteract the negative effects of reduced water availability, particularly
as droughts become more frequent; alternatively sheep and goat production may have to move to other areas. It is also
probable that livestock will require more concentrate feed in the future, to mitigate the loss of protein. With different PFGs
responding in different ways, it is also very likely that there will be changes in pasture species composition.

Acknowledgements Funding was from the Horizon2020 SFS-01¢-2015 project entitled “Innovation of sustainable sheep
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Application Timing of N fertiliser application based on weather and soil moisture may help reduce N,O emissions from
grassland swards.

Introduction Nitrous oxide from fertilised grassland pastures are an important source of anthropogenic greenhouse gas
(GHG) emissions. Numerous factors have been shown to influence N,O emissions from soil, such as; moisture content,
temperature, organic matter, and fertiliser source and rate (Liang et al. 2016). Mixed species swards are known to enhance
sustainability indicators like invertebrate abundance and diversity. However, N fertiliser use and sward legume content
interactions under differing environmental conditions are complex. Niklaus et al. (2016) found that species richness
reduced N,O emissions over time except from plots with increasing legume content when fertiliser was added. The aim of
the present study was to investigate the effect of grassland sward diversity on N,O fluxes following fertiliser N application
under two contrasting soil moisture regimes.

Material and methods This study used plots from a multispecies trial (Smartgrass) established in September 2013 at UCD
Lyons Research Farm on a silty loam Gleysol. The experiment was a Simplex design with each plot (2 m x 4 m) containing
a mix of three plant functional groups (grasses, legumes and herbs) at varying ratios. The plot mixes are represented as; G:
L: H, in the results below. The plots were maintained at 90 kg N ha™ yr' but had not been fertilised since the end of the
growing season in 2016. Plots continued to be harvested monthly during 2017. In July 2017 eight plots were selected for
study. Two static chamber collars were deployed in each plot. The area within and around one of the static chambers in
each plot was wetted to increase the soil moisture content. Soil moisture contents were monitored throughout the
experiment using a Theta probe. Rewetting was carried out if the soil moisture content of the wet half of the plot was
within 5% of the dry (ambient) half of the plot. A liquid urea fertiliser was applied to the base and surrounding area of the
chambers at a rate of 40 kg N ha™ on 11/07/2017. Gas sampling took place once prior to fertiliser application. Following
fertiliser application, gas sampling took place 4 times per week in the first 2 weeks, then twice per week for the following 2
weeks and once per week for the following month. Three sampling times were used to estimate fluxes; 0, 30 and 60
minutes. N,O concentrations were measured using a Bruker Scion 456GC with a 63Ni electron capture detector (ECD).
Daily N,O fluxes were calculated using the following equation: (AC/At) x (M x P)/(R x T)) x (V/A) and then extrapolated
to units of g N;O-N ha™' d' (De Klein and Harvey, 2012). Daily fluxes were used to estimate the cumulative N,O emissions
from each sward type over the 8-week sampling period.

Results N,O fluxes ranged from -3.11 to 86.86 g N,O-N ha™' d”'. The mean overall N;O-N loss from dry and wet soil
conditions was 0.99 and 1.87 kg N,O-N ha™ d”', respectively. The largest flux occurred after heavy rainfall from the 14G:
7.2L: OH sward under wet soil conditions. Figure 1 shows cumulative N,O-N loss as a percentage of fertiliser N applied,
for all the sward and soil condition treatments.

Figure 1 N,O-N loss from different sward types and soil conditions as a percentage of nitrogen rate applied.

Conclusion Greater N,O loss occurred from wet soil than dry soil conditions across all sward types. N fertiliser timing
based on forecasted weather and antecedent soil conditions could help reduce N,O losses.
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Application Development of novel dairy farm efficiency benchmarking metrics to help solve practical farm management
problems. Focus on the identification of cost-saving and profit-making opportunities for farmers.

Introduction There is an ever-increasing need to develop metrics able to capture the numerous socio-economic and
environmental dimensions of (dairy) farming and thus help achieve ‘sustainable intensification’ of UK agriculture.
Measurement and monitoring of farm performance is typically effected via benchmarking to identify best-practice
management for a given farming system, to guide farmers on how to produce more sustainably (Fraser and Cordina, 1999).
‘Conventional’ benchmarking based on average values or ratios may mislead when performance and profitability are
determined by interrelated multifactorial processes (Cooper et al., 2007). By contrast, the benchmarking method Data
Envelopment Analysis (DEA; Cooper et al., 2007), accounts for several processes simultaneously, identifies benchmarks
for each farm and indicates the adjustments that this farm should make to its resource use and production (‘good’ and
‘bad’) to reach its benchmarks. Dairy studies have shown that DEA is a flexible and holistic tool to suit particular
objectives for the benefit of both business management and the public good (Soteriades ef al., 2015), yet little effort has
been placed on moving the method from agricultural research to farm management. This study lays the groundwork for
DEA assessments tailored to fulfil the needs of farm management.

Material and methods DEA constructs a best-practice frontier (Figure 1: a simple, single-input, single output case)
consisting of the best performers (i.e. the efficient farms) in the sample (farms A, B, C, D, E, F) and all other farms (G) are
benchmarked against it. Farm G is inefficient as it could be producing more output using less input relative to one or more
. efficient farms. To become efficient, farm G needs to eliminate
Best-practice frontier E its input and output inefficiencies to reach a point on the
D frontier. DEA detects the magnitudes of these inefficiencies in
o] each input and output and then aggregates them into a single
overall ‘score’, between 0 and 100%, which gives the farm
Output inefficiency ~ advisor a convenient overview of the farm’s performance.
However, the inefficiencies may also be ‘priced’ to demonstrate
G to the farmer the financial benefits of operating efficiently. The
A Input inefficiency single-input single-output case can be easily extended to
multiple inputs and outputs (Soteriades et al., 2015). Detailed
data for 675 UK dairy farms were selected from the database of
Kingshay Farming & Conservation Ltd., covering the year
2014-2015. Six inputs and three outputs were considered for the
o ; P 3 7 5 s 5 s s DEA exercise. Inputs: cows in herd (numbers); forage area (ha);
Inout replacements (numbers); purchased feed (kg dry matter);
Figure 1 A single-input single-output case somatic cell count (SCC; ‘000s/mL); and bacterial count (BC;
‘000s/mL). Outputs: milk yield (L); butterfat yield (kg); and
protein yield (kg). DEA-derived inefficiencies for SCC, BC and butterfat and protein yields were used to estimate the
financial benefits (better milk price) that a farm could gain by eliminating them. The ‘new’ milk price was calculated with

AHDB Dairy’s Milk Price Calculator.

6

Output

Results The ‘new’ milk price for the farm exhibiting the highest SCC and BC inefficiencies in the sample could have
increased from 20.43ppL to 29.55ppL, had this farmer concentrated on reducing SCC, BC and on increasing butterfat and
protein yields. Similarly, another farm in the sample could be improving its margin over purchased feed per cow by
£725/year just by using purchased feed more efficiently.

Conclusion The examples demonstrated that DEA can help farmers substantially improve economic performance, as well
as to monitor overall performance. This exercise can be extended to guide other priorities such as the improvement of farm
environmental performance, the monitoring of efficiency over time or the benchmarking of farms between and within
specific farm types. As uptake of smart farming technologies expand there is an increasing opportunity to add value by
processing data into meaningful decision support using tools such as DEA.
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Application This review identified new activity data from national sources (e.g., Teagasc national farm survey), which can
be used to update the static input variables (e.g., grazing season length) of livestock methane emission factors. This new
data, if adopted, should increase the Irish inventories capacity to capture the mitigation efforts of the livestock sector.

Introduction The Irish national greenhouse gas (GHG) inventory uses default tier 1 emission factors and country specific
methods (tier 2) to estimate livestock’s enteric fermentation and manure methane emissions. Tier 2 methods were
developed in 2006, for cattle, from an extensive farm facilities survey conducted by Hyde et al. (2008) and from the
research of O’Mara (2006) on cattle methane emissions. The tier 2 emission factors developed significantly improved the
national accuracy of measuring Irish livestock methane emissions, but did increase national inventory data requirements.
The tier 1 approach only required collecting data on the national population of animals in a livestock category, but for the
tier 2 methods significantly more information is required to characterise the livestock herd. This information can be
difficult to update e.g., milk fed to dairy calves. The goals of this research were twofold; first to evaluate the current
activity data used to estimate livestock methane emission factors, and second to identify what new data, if any, is available
to update these emission factors.

Material and methods The activity data used to estimate livestock methane emission factors in 2015 was reviewed. The
review considered all input data variables required to compute livestock methane i.e., livestock populations, body weights,
birth and mortality rates, parturition dates, farm feeding practices, housing periods, milk and meat production, age at
slaughter, and farm facilities (e.g., animal waste management systems). Inventory input variables were evaluated in terms
of their age and origin (e.g., national statistics or expert opinion). Following this initial review, we then assessed what
livestock data was available to populate the national greenhouse gas (GHG) inventory. This assessment first considered
current suppliers of inventory data, namely the Central Statistics Office (CSO) and the Department of Agriculture, Food
and the Marine (DAFM). We then evaluated new data source options i.e., the Teagasc national farm survey (NFS), Bord
Bia’s Origin Green sustainability surveys (SDAS and SBLAS), and the Irish Cattle Breeding Federation (ICBF).
Additionally, we compared how current and new data sources collected and verified farm data.

Results Our review of the livestock methane section of the 2015 Irish national inventory revealed that the activity data used
for several important input variables (e.g., milk composition) have not changed for over 10 years. Generally, these input
variables were estimated in 2015 using 2003 national statistics from the CSO and the DAFM, even though this statistical
data is available from the same organisations for the year 2015 and prior years. Therefore, we recommended that the
inventory should use, where possible, national data from the correct year for key livestock variables (e.g., milk composition
and livestock slaughter weights). The inventory review also found that some key livestock inventory inputs (e.g., cow body
weight and housing dates) are still based on the expert opinion of O’Mara (2006). This information is largely not collected
by current inventory data sources, but is collected in the Teagasc NFS, Bord Bia sustainability survey and by the ICBF.
This activity data is verified by the Teagasc NFS and current data sources using farm records, livestock passports and via
farm inspections. For other data sources (Bord Bia and ICBF), data from farm diaries are typically used e.g., length of the
grazing season. This is consistent with the expert opinion approach the inventory currently uses for such variables.

Conclusion New activity data was identified to regularly review and update several additional input variables of the
livestock methane section of the national GHG inventory. This new livestock data has the potential to improve the accuracy
of methane emission estimates and to increase the capacity of the inventory to capture the mitigation efforts of the livestock
sector.

Acknowledgements The authors express their gratitude to the Irish Environmental Protection Agency (EPA) for providing
the funding required for this review study.
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Application Vachelia karroo (V. karroo) leaf meal in the diets of goats provide suitable alternative to mitigate methane
emission.

Introduction A major problem facing the world is the emission of greenhouse gases. It has been identified that animal
production is one of the main sources of methane (CH,4) emissions because it has 21 times the global warming potential of
carbon-dioxide (Broucek, 2014). Tannins, as feed supplements or as tanninferous plants have been hypothesized to reduce
CH, emission in ruminants (Patra et al., 2006). However, there is neither extensive nor conclusive data on tanninferous V.
karroo leaf meal inclusion levels for optimal reduction in CH,4 production and emission in Boer bucks. The aim of the
present study was to determine the effect of tanninferous V. karroo leaf meal inclusion levels on CH, emission and
productivity of yearling male Boer goats.

Material and methods The study was conducted at the University of Limpopo Experimental farm in August, 2016. Fresh
leaves of V. karroo were harvested at the farm in June, 2016. Avena sativa grass hay was used as a basal diet. The grass is
well grazed during summer and is suitable for hay making. Twenty-four yearling Boer bucks with an average initial live
weight of 23 + 2 kg were allocated, in a completely randomized design, to four dietary treatments containing V. karroo leaf
meal inclusion levels of 10, 15, 20 or 30% of the total diet. These inclusions include low and high tannin-levels as indicated
in the literature. The goats were fed ad libitum, allowing a 15% refusal of each diet. The experimental lasted for 21 days.
The live weight of goats was measured using an electronic weighing scale when the experiment commenced. Feed intake
was measured throughout the study period. Methane emissions were measured using a hand-held methane detector
according to Chagunda et al. (2009a). The laser beam of the methane detector was pointed at a distance of 1 m away from
the goat and onto the nasal area to detect the CH4 gas. Measurements were taken on individual goats with a minimum
radius of 6m away from any other animal. The measurements were taken at 10:00 hrs (2 hours after feeding) when the
goats were ruminating. The measurements for each goat were taken within a period of 60 seconds daily and repeated for 5
consecutive days. Methane produced was then read as parts per million-metre (ppm-m). The effects of V. karroo leaf meal
inclusions levels on diet intake and CH, emission of yearling Boer bucks were subjected to analysis of covariance
(ANCOVA) using SAS (2008). Where the covariates showed no significant effect, the data was analysed with ANOVA in
a completely randomized design at 5 % level of probability with diet as a fixed factor (SAS, 2008). Where significant
treatment effects were detected, means were separated by Fisher’s least significant difference (LSD).

Results Vachelia karroo leaf meal inclusion level had no effect (P > 0.05) on diet intake and body weight of goats.
However, V. karroo leaf meal reduced (P < 0.05) methane production and emission in Boer bucks.

Table 1 Effect of Vachelia karroo inclusion level on dry matter intake, body weight and methane emissions in Boer bucks

Diet
Variable VK[() VK15 VK20 VK30
DMI (g/d) 264+40.223 337+40.451 370+40.602 288+40.247
BW (kg) 23.3843.534 22.88+2.511 24.3342.821 23.27+2.576
CH,4 emission (ppm-m)
Before 22.00+5.686 23.00+5.686 21.67*+4.163 23.00% +2.603
After 13.80°+1.963 13.07° £1.009 13.33%+0.982 12.40°+0.757

% Means with different letters in the same column are significantly different (P < 0.05)

Conclusion Vachelia karroo leaf meal reduced enteric methane emissions in Boer bucks. This indicates that tannins in the
leaf meal were enough to inhibit methanogens.

Acknowledgements The authors gratefully acknowledge funding from National Research Foundation.
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Application Nitrous oxide emission factors from grazing cattle excreta were, on average, lower than the IPCC default.
Magnitude of emissions were strongly affected by environmental and soil conditions, but not by manipulation of urine
composition.

Introduction Cattle excreta deposited at pasture are a large source of a potent greenhouse gas, nitrous oxide (N,O).
Currently, Ireland uses the IPCC default emission factor (EF) of 2% to estimate excreta-derived N,O however there is a
large uncertainty around this figure. The aims of this study were to (1) quantify N,O emissions and EFs from excreta
deposited to pasture by grazing animals, (2) assess impact of environmental drivers on emissions and potential of using
soil-specific manipulation of grazing timing as a N,O mitigation tool and (3) assess potential mitigation of N,O emissions
from urine patches by manipulating urine composition.

Material and methods Two experiments were conducted. In the first experiment which was a randomised split-plot design
with five replicates real ruminant urine and dung were applied to three pasture soils in spring, summer and autumn. Nitrous
oxide was measured with a manual static chamber method for 365 days following treatment application. In the second
experiment which was a randomised block design with six replicates urine with incremental additions of minor constituents
hippuric acid (HA) and/or benzoic acid (BA) was applied to pasture and N,O measured using the same method for 66 days.

Results The average N,O emission factor was 0.31% and 1.18% for cattle dung and urine, respectively. N,O loss was
driven by rainfall, temperature and soil moisture, with highest N,O EFs during late grazing and from the imperfectly-
drained soil (Table 1). However, manipulation of ruminant urine by adding HA and/or BA was found to have no effect on

N,O.

Table 1 N,O emission factors as affected by soil type, grazing season and type of excreta
Soil type Grazing Dung SEM  Urine SEM

season

. Early 0.03 004 032 0.09
X)Zl;dramed Sandy ¢\ mer  0.02 0.03 031 0.14
Late 0.13 0.04 03 0.09
‘ Early 0.06 0.06  0.65 0.26
g/;iierfggﬁdramed Summer  0.16 0.06 034 0.06
Y Late 0.24 0.06 1.16 0.10
Hoserfoetlv-drained. EAY 0.15 018  1.12 0.26
S‘:I‘I’;r ic(fafin ramed g mer 054 022 163 039
Y Late 148 021 481 097
Average 031 0.16 1.18 0.48

Conclusion The N,O EFs found in this study were lower than the current default values used in Ireland. Adopting these
new, country-specific EFs will lead to reduction in N,O inventory. Manipulation of minor constituents in urine composition
had no effect on N,O however other urine manipulations might prove successful.
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Application Bovine adapted isolates of S. aureus from different lineages caused a different disease outcome in dairy cows.
This finding may influence the detection of mastitis (somatic cell count; SCC) as well as treatment decisions.

Introduction S. aureus is the most frequent cause of clinical and subclinical bovine mastitis in Ireland. Four bovine-
adapted lineages (CC71, CC97, CC151 and ST136) were identified among a collection of Irish S. aureus mastitis isolates
(Budd, et al., 2015). In vitro studies found differences in a variety of virulence traits between isolates of these lineages,
including differences in biofilm formation, host cell internalisation, immune gene induction and cytokine secretion by
infected bovine mammary epithelial cells (bMEC) (Budd, ef al., 2016). The objective of this study was to assess the ability
of isolates of S. aureus from different lineages to cause infection in vivo.

Material and methods All procedures were approved by the UCD Animal Ethics Committee and conducted under licence.
One isolate each of CC97 and CC151, that differed in ability to cause an immune response in bMEC, were selected on the
basis of in vitro experiments. Fourteen first-lactation Holstein Friesian cows were purchased from 2 farms. Animals were
low SCC (composite SCC < 50 000 cells/ml) and free of intramammary infection. In mid-lactation animals were assigned
to treatment group blocked by source farm and inoculated into the left hind quarter of the mammary gland, 7 with 173 c.f.u.
of the CC97 isolate (Group 1) and 7 with 583 c.f.u. of the CC151 isolate (Group 2). The contralateral quarter of each cow
was inoculated with PBS. Clinical signs of infection (temperature, milk appearance and yield) were monitored for 30 days.
Blood and milk samples were taken to determine bacterial counts in milk, somatic cell count, white blood cell populations
and cytokines. Data was log transformed when required and analysed with repeated measures ANOVA using SAS PROC
MIXED® to compare the mean responses of Group 1 and Group 2. The model fitted for each variable included effects for
group, time, source farm, initial SCC, initial value of the variable, group by time and any other significant interaction.

Results Differences in disease presentation between groups were observed, with two animals from Group 2 developing
clinical mastitis and requiring antibiotic treatment, while one animal from Group 1 did not develop an infection for the
duration of the study and another cleared the infection within 10 days. Fever (temperature > 39.5[1C) was observed in 3
animals from Group 2 and in none from Group 1. Significant differences in SCC and bacterial load between groups were
observed during the infection (Fig. 1). Milk yield was significantly lower in Group 2 infected animals (P < 0.05) with a
significant group by time interaction which largely reflected a greater difference in milk yields on days 2 to 6. Data is also
being collected on cytokines and chemokines secreted locally and systemically during the course of infection.
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Figure 1 SCC (A) and bacterial load (B) in Group 1 and Group 2 infected animals.

Conclusion The results of this study demonstrate that a S. aureus isolate from lineage CC151 caused more severe, clinical
mastitis than an isolate from lineage CC97 which resulted in mild, subclinical mastitis. Diversity between isolates of S.
aureus may therefore influence the clinical presentation of mastitis, which in turn may influence disease detection and
treatment needs.

Acknowledgements We wish to thank Margaret Murray and Jim Flynn (Teagasc) for technical support. Grant support
from the Department of Agriculture, Food and the Marine of Ireland (14/S/802) is gratefully acknowledged.
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Application Selective dry cow therapy (SDCT) involves administering antimicrobials only to those cows that show signs
of infection at dry-off. Results from this study indicate that SDCT is possible in low SCC herds which regularly record
individual animal SCC.

Introduction Irish dairy herds generally employ blanket dry cow therapy as a preventative measure of mastitis control,
administering antimicrobials to all quarters of all cows at drying off. Given recent concerns over antimicrobial resistance,
blanket dry cow therapy may come under scrutiny as an unnecessary use of antimicrobials. Selective dry cow therapy
offers an alternative, more directed use of antimicrobials to only those cows that require antimicrobials at dry-off to cure
existing infections. The aim of this study was to quantify the impact of treating cows with teat seal only at dry off on
subsequent SCC and udder infection.

Material and methods This research was conducted at 3 Teagasc Animal and Grassland Research & Innovation research
herds; at the Clonakilty research herd between 2015 and 2017, inclusive, and repeated at the Moorepark and Curtins
research herds in 2017. Prior to dry-off, weekly milk recording data was used to identify cows which had not exceeded
200,000 somatic cells at any point in lactation and which had no clinical case of mastitis during lactation. Cows which met
these criteria were eligible for the study. Eligible cows were randomly assigned one of two treatments; 1) antibiotic plus
teat seal (AB&TS), or 2) teat seal only (TS). Weekly records of individual animal SCC were available. Somatic cell count
was analysed as 1) average across lactation, 2) minimum animal SCC across lactation, 3) maximum animal SCC across
lactation, and 4) test-day SCC. Analyses were conducted using records from 1) the first 3 weeks of lactation, 2) the first
120 days of lactation.

Somatic cell count was log-transformed to base 10 prior to analysis. The effect of treatment was quantified using a
repeatability model accounting for concurrent experiment treatment level, breed (proportion of Holstein, Jersey, or
Norwegian Red), heterosis, recombination, month of calving, parity (n=4; 1, 2, 3, 4+), year (n=3), and previous average
daily milk yield. For SCC traits with a single lactation value (ie average, minimum and maximum SCC) animal was
repeated across years of the study. Animal was repeated across lactation week when the dependent variable was test-day
SCC. The likelihood of having an SCC reading >200,000 was quantified using logistic regression adjusted for the same
fixed effects as the linear model.

Results Cows eligible for the experiment comprised 36%, 46%, and 56% of the Moorepark, Curtins and Clonakilty herds,
respectively (n = 364 cow lactations). The SCC of TS cows was greater than those cows that received AB&TS (Table 1).
Teat seal only cows were 2.9 times more likely to have an SCC reading >200,000 within the first 120 days of lactation.
However, the majority of cows (>80%) in both treatments maintained SCC <200,000. All herds (with the exception of one
recording) maintained a bulk tank SCC <200,000 throughout the study indicating that using TS only did not impact at the
herd level.

Altering the threshold for selection by assigning cows to TS only which never exceeded 100,000 SCC in the previous
lactation did not impact on results. In those analyses TS only cows still had higher SCC across lactation and a higher
proportion of quarters infected with bacteria than the cows given both AB&TS.

Table 1 Minimum, maximum and test-day SCC of cows administered TS only or AB&TS within 3 weeks or 120 DIM

Test day SCC Minimum SCC Maximum SCC
3weeks 120DIM 3 weeks 120DIM 3 weeks 120 DIM
TS 46,132 36,669 29,799 10,673 69,406 160,066

TS&AB 37,437 30,123 25,096 9,557 54,051 105,730
p-value 0.0387 0.0003 0.0392 0.129 0.0344 0.004

Conclusion Administering TS only to cows which have not had high SCC throughout lactation may offer a viable method
to reduce on-farm anti-microbial use while not impacting on herd-level SCC.
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Application Cows that develop endometritis have perturbed fertility and spend less time at peak lactation. Thus,
identifying these at-risk cows early postpartum is critical.

Introduction Endometritis is a major economic problem in the dairy industry which reduces fertility and productivity of
dairy cows. The global incidence ranges from 6.25% to 75%, and is particularly in high yielding dairy cows as reported by
Foldi et al. (2006), Gilbert et al. (2005), Salilew-Wondim et al. (2016), Crowe and Williams (2012). Postpartum uterine
infection and inflammation perturb fertility through lengthening the calving interval, increasing the number of services per
conception and reducing calving rate. Moreover, cows with endometritis spend less time at peak lactation. While uterine
inflammation is a physiological event, sustained inflammation beyond 21 days postpartum (DPP) reduces profitability.
Here, we hypothesize that the inflammatory signature of cervico-vaginal mucus (CVM) reflects endometrial inflammation
and may provide a useful source of biomarkers to prognose clinical endometritis in dairy cows.

Material and methods CVM was collected from 20 dairy cows (10 with clinical endometritis and 10 healthy) using gloved
hand at 7 and by Metricheck at 21 DPP. Cytological smears were prepared from CVM and stained with Diff Quick.
Polymorphonuclear (PMN), mononuclear leukocyte and epithelial cells were counted, total protein levels were estimated
using BCA assay and levels of IL-1p, IL-6, IL-8, serum amyloid A (SAA), haptoglobin (Hp) and C5b were analysed by
ELISA in CVM. Statistical analyses were performed using GraphPad® Prism 5. Assuming non-normality with
D’ Agostino-Pearson omnibus test, animal groups were compared with Mann-Whitney test and a Wilcoxon paired test was
used to compare the results within the group between 7 and 21 DPP. Results are presented as mean + standard error of
mean (SEM) and were considered statistically significant at P-value < 0.05.

Results PMN numbers were consistently high 7 and 21 DPP in CVM from all animals, but were greater in cows with
clinical endometritis compared with healthy cows 21 DPP. In contrast, epithelial cell percentages were greater in healthy
cows than in cows with clinical endometritis 21 DPP. Total protein levels decreased significantly in CVM from healthy
cows and were lower than in cows with clinical endometritis 21 DPP. All inflammatory biomarkers except C5b, remained
high in cows with clinical endometritis from 7 to 21 DPP, indicating sustained and chronic endometrial inflammation.
IL1B, IL-6, IL-8 and Hp levels were higher in CVM from cows with clinical endometritis compared to healthy cows 21
DPP. Interestingly IL-1B levels were raised in affected cows but not in healthy ones 7 DPP suggesting that early
measurement of IL-1 levels might provide a useful predictive marker of clinical endometritis. In contrast, SAA and C5b
levels were increased in healthy cows 21 DPP, compared to affected cows suggesting that these acute phase proteins might
have an anti-inflammatory role.

Conclusion This study shows that CVM is informative if used to measure cytokines, chemokines, acute phase proteins and
complement components to monitor uterine inflammation postpartum. While elevated IL-1f levels 7 DPP are a key
characteristic feature of the trajectory associated with subsequent disease, SAA and C5b may prevent endometritis through
mediating tissue remodelling, and resolving inflammation.
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Application These studies demonstrate for the first time that the embryonated chicken egg (ECE) model is a suitable in
vivo small animal model to study Schmallenberg virus (SBV). Furthermore, these results are consistent with the clinical-
pathological findings of natural SBV and Akabane virus (AKAV) infection in ruminants.

Introduction Schmallenberg virus (SBV) is a Simbu serogroup Orthobunyavirus that emerged for the first time in north-
western Europe during 2011. The virus is now sero-endemic in Europe (Collins et al., 2017a) with recent re-emergence
(Collins et al., 2017b). Both SBV and Akabane virus (AKAYV) have similar epidemiology, pathogenesis and clinical signs.
In vivo research studies on teratogenic viruses in ruminants are expensive and can require a long time to complete. These
challenges can be mitigated by using small animal models such as embryonated chicken eggs (ECE). Hence, the aims of
this research were to investigate if chicken embryos are susceptible to experimental SBV infection and, if so, to what extent
and to compare the pathogenicity and teratogenicity of SBV and AKAYV infection in an ECE model.

Material and methods The study design and methodology, including the age at which embryos were inoculated and virus
inoculum doses used, were derived from previous studies which investigated the pathogenicity of Simbu serogroup
Orthobunyaviruses in ECE models (McPhee et al., 1984). Two studies were conducted. In Study A, 0.2ml of undiluted cell
culture-grown SBV (10°* TCIDs¢/0.2 ml) was inoculated into the yolk sac of chicken embryos at 6 days (n = 43) and 8
days (n = 41) of incubation.In Study B, groups of approximately 40 embryos were infected with SBV (n = 178) or AKAV
(n = 177) at virus doses ranging between 10*° and 10*° TCIDs,/0.2 ml at 7 days of incubation. Control embryos in both
studies were inoculated with 0.2ml of sterile phosphate buffered saline (PBS). Chicken embryos were incubated at 37°C
until day 19 of incubation. when they were euthanised and submitted for necropsy examination. Embryos that died between
day 7 and day 18 of incubation were also necropsied. Sterile plain swabs of brain tissue were collected from a sub-sample
of 19 day old ECEs (both virus-inoculated and control embryos) at necropsy and tested for either SBV or AKAV RNA
using quantitative real-time reverse transcription PCR (qQRT-PCR). Chi-square statistical tests were used to compare the
proportion of deaths, stunted growth, congenital defects and PCR-positive results between groups of embryos. Fisher’s
exact test was used when expected frequency values were below 5.

Results Mortality was greater in embryos inoculated with SBV at 8-days (76%) compared to 6-days (47%), (P < 0.01). The
prevalence of stunted growth (6-days: 37%; 8-days: 51%) and musculoskeletal malformations (6-days: 42%; 8-days: 41%),
(arthrogryposis, skeletal muscle atrophy, contracted toes, distorted and twisted legs) did not differ between days (P > 0.05),
however, the prevalence of these findings was significantly higher in virus infected embryos compared to controls.
Mortality was greater in embryos inoculated with SBV (31%) compared to AKAV (19%), (P < 0.05), suggesting that SBV
was more embryo-lethal. However, embryos infected with AKAV had a significantly higher prevalence of stunted growth
(SBV: 46%; AKAV: 76%; P < 0.05) and musculoskeletal malformations (SBV: 18%; AKAV: 42%; P < 0.01), suggesting
that AKAV was more teratogenic in this model.

Conclusion These studies demonstrate that SBV chicken embryos infected with SBV demonstrated gross abnormalities
consistent with congenital Schmallenberg disease as reported in ruminants. When SBV and AKAV were compared, SBV
appeared to be more embryo-lethal. However, a significantly higher proportion of embryos infected with AKAV had
stunted growth and congenital defects. There was no statistical difference in the prevalence of stunted growth or congenital
malformations between embryos inoculated at 6 days or 8 days of incubation.
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Application Fluorosis is prevalent in livestock along the Rift Valley, resulting in reduced productivity and increased levels
of fluoride in animal products such as meat and milk. Binding fluoride ions within the GI tract may reduce its absorption
and retention in the body.

Introduction Fluoride concentrations in water along the East African Rift Valley are in excess of the recommended
concentration for regular human consumption (Olaka ef al., 2016). Naturally occurring fluoride is found in water, soils,
crops and animals leading to dental and skeletal fluorosis. Fluorosis severely affects animal productivity and has
implications for people and their consumption of animal products. This study examined the occurrence of fluorosis in
ruminants along the Rift Valley and the means by which fluoride absorption from the animal’s gut can be mitigated, thus
reducing the impact on animal production, welfare and human consumption.

Material and methods Locations within Kenya and Tanzania were chosen as the main study sites along the Rift Valley.
Four-hundred and eighty-seven questionnaires were conducted by the research team on households in the Nakuru and
Arumeru regions in Kenya and Tanzania, respectively. Questionnaires included details on numbers of livestock owned,
slaughtered and sold per household and the predominant water source provided for the animals. Additionally, dental
fluorosis surveys were performed on ruminants. All animals were handled to the required animal welfare standards
according to the Home Office competency licence required for scientific investigations within the U.K. Once restrained, the
animal’s lower lip was pulled down and the eight front teeth were scored according to Dean’s Dental Fluorosis Index. The
Chi’ statistical test was used to analyse the data collected for dental fluorosis. Fur and hoof clippings were sampled along
with urine, faeces and milk to determine fluoride concentration in order to understand its level of retention within the body
and its prevalence in the food chain.

Results All animals observed exhibited signs of dental fluorosis (Fig. 2), with scores of 1 (very mild) and 2 (mild) most
predominant (Fig. 1). In Tanzania, questionnaire data revealed that river water was the most common water source for
livestock, whilst in Kenya boreholes were used more often. In vitro trials to screen a number of additives for their ability to
complex fluoride in rumen fluid are being carried out.
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Figure 2 Photos of dental fluorosis
Figure 1 Percentage of Dean’s dental fluorosis scores in each region in ruminants

Conclusion Significant levels of dental fluorosis are found within ruminant livestock along the East African Rift Valley.
Whether the animals are ingesting fluoride predominantly from water, feed or milk is not yet known, but it is likely to be a
combination of these. Further analysis of animal tissue samples is being conducted to determine fluoride retention within

the body. Solutions to this problem involving additives that form complexes with fluoride within the rumen are being
tested.
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Application Economic models can help demonstrate whether preventative treatment for a livestock disease is a cost-
effective strategy in relation to the treatment choices of a neighbouring farm (Nixon ef al., 2017).

Introduction Infectious diseases in livestock cause losses of millions of pounds per year. Using prophylaxis to target
individual diseases can reduce disease incidence (Hosie & Clark 2007). However, this can also lead to unnecessary costs
for a farmer (Nixon et al., 2017). Therefore, the relative costs and risks of a disease should be examined before making
prophylaxis decisions, as demonstrated by Nixon ef al. (2017) in a game theory model of sheep scab.

Material and methods Data from the literature were used (Nixon et al. 2017) to estimate cost and risk parameters for a
deterministic game theory model, which recommends the optimum sheep scab prophylaxis strategy for a farmer in relation
to the strategy of their neighbour. Two prophylaxis treatments were included; injection of long-acting macrocyclic lactones
(MLs) and organophosphate dipping. As regional costs and risks differ, the model was run separately for upland farms
(northern England, Scotland, Wales) and lowland farms (rest of England). One-at-a-time sensitivity analyses were used on
the baseline scab risk parameter (intervals of 0.005, range 0-50%), overall prevention cost and the cost of prophylactic
treatment product alone (intervals of £0.05, range £0-£2) to identify when the optimum strategy would change.

Results The average cost of sheep scab per year is £35.12 in an upland flock (range £35.01-£35.36) per ewe and her lambs
and £40.84 in a lowland flock (range £40.63- £41.02) (Table 3, Nixon ef al. 2017). Under current costs and risks it is only
cost-effective to use prophylaxis in the uplands of Great Britain and only when dipping, regardless of the prophylaxis
choices of a neighbour (Figure 2, Nixon et al. 2017). However, under different costs and risk of scab, it can become cost-
effective to use prophylaxis (Table 1).

Table 1 Current costs and risk of sheep scab in upland and lowland farms in Great Britain and the values at which it
becomes cost-effective to use prophylaxis (either injection of long-acting macrocyclic lactones or an organophosphate dip)
(Adapted from Tables 1 & 2 and Figures 3 & 4 in Nixon et al.(2017)

*At the range of treatment costs examined (£0-£2), the optimum strategy to not use preventative treatment was unaffected.

Model environment Current Risk of scab at Current cost of Cost at Current cost  Cost at
risk of which it aggregate which it of treatment ~ which it
sheep becomes cost- prevention costs for  becomes product for ~ becomes
scab effective touse  sheep scab (per ewe profitable to  sheep scab profitable to
prophylaxis and her lambs) use (per ewe and  use
prophylaxis  her lambs prophylaxis
Lowland inject 5.2% >=16% £1.82 <=£0.45 £1.42 n/a*
Lowland dip 5.2% >=10.5% £1.36 <=£0.70 £0.39 n/a*
Upland inject 13.9%  >=20.5% £1.77 <£1.25 £1.37 <=£0.85
Upland dip 13.9% >=13% £1.34 <£1.45 £0.39 <=£0.50

Conclusion The case study of Nixon ef al. (2017) suggests that under current costs and risks of sheep scab, treating
preventatively is only cost-effective in the uplands of Great Britain and when using an OP dip. However, in areas where
scab prevalence is higher than average, preventative treatment could be profitable. In other areas, subsidies and penalties
would need to be introduced if eradication of scab is desired. Economic game theory models could be developed to answer
similar treatment questions about other livestock diseases.
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Application Results from the current study could aid in the implementation of non-invasive and user friendly technologies
which could be used to automatically detect high somatic cell count (SCC) in dairy cows.

Introduction An elevation in SCC in the milk of a cow is a common method of detecting infection in the mammary gland
and the impact on farm profit is well recognised (Geary et al., 2011). Currently, only parlours which use separate milk lines
for each teat cup have the capability to automatically measure the SCC of each quarter on a daily basis. Therefore
alternative methods are required to gather udder health data on farms. Infrared thermography (IRT) is a non-invasive
technology which can estimate the temperature of an object and has been used in research to detect disease (Polat ef al.,
2010). The objective of the present study was to investigate the use of a plethora of descriptive temperature parameters
(DTPs) from udder IRT to detect high SCC in dairy cows on a daily basis.

Material and methods To quantify the relationship between udder skin surface temperature (USST) and SCC over time,
data was recorded daily on the same 14 Holstein-Friesian cows, at evening (15:00 to 16:00) milking over a two-month
period. All udders were shaven before and half way through the experimental period. Thermal images were captured each
day by the same operator using a FLIR T430sc thermal camera (FLIR SYSTEMS Inc., Stockholm, Sweden). Thereafter
milk samples were taken from each quarter to be analysed for SCC. The distance the animals walked to the parlour every
day, the number of days since the animal was shaved, as well as environmental factors (ambient temperature, relative
humidity, wind speed and rainfall) was also recorded. Image analysis and temperature extraction was undertaken using the
procedures outlined by Byrne et al. (2017). Several DTPs were generated including but not limited to; minimum, average
and maximum USST. To quantify the association between environmental factors and the DTPs, a stepwise selection of the
environmental factors using a multiple regression model in PROC REG (SAS Institute, 2010) was performed on each DTP
as the dependent variable. To investigate the usefulness of each DTP as a predictor of SCC, a stepwise selection using a
linear regression model in PROC REG (SAS Institute, 2010) was undertaken for each individual DTP on an individual cow
level. For all calculations, SCC was transformed using the natural log. As part of further analysis, environmental factors
were used to predict USST across time using linear mixed model polynomials in PROC MIXED (SAS Institute, 2010),
where quarter nested within cow was included as a random effect. To predict healthy USST on a single day (day 0) for each
cow, data from only 5 days previous were used. Similar techniques were used to predict SCC.

Results The DTPs with the greatest proportion of total variation accounted for by environmental factors were: average
(53%) and maximum USST (50%). None of the DTPs had a significant relationship with the SCC of every animal in the
experiment (P<0.05). The DTPs accounted for a small proportion of the variation in SCC (<24%), however, every
regression co-efficient was not positive. The maximum USST was chosen for further analysis as it was one of the DTPs
significantly associated with the SCC of the most cows (10/14). Animal activity and hair on the udder did not have a
significant effect (P<0.01) on maximum USST. With ambient temperature as the only independent variable, a root mean
square error of 0.23°C and a coefficient of determination of 0.72 were achieved when predicting maximum USST. The use
of maximum USST did not improve the root mean square error or coefficient of determination value of the prediction of
SCC.

Conclusion This current study demonstrates that maximum USST can be predicted with a root mean square error of 0.23°C
using a single environmental factor (ambient temperature), however, USST could not be used to directly predict SCC in the
present study. As some of the variation of SCC can be accounted for by USST, future studies may implement the maximum
USST prediction model presented in this current study on a larger longitudinal dataset to attempt to relate deviations in
temperature with large increases in SCC.
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Application This study identified the importance of how research, advisory and education centres in Teagasc need to work
together to ensure all stakeholders (students, farmers, industry) are reaping the rewards as such of all the work carried out.

Introduction There is a feeling that good research can be often lowered by poor communication of the findings to the
clients (Sulaiman, et al., 2012). This transferring of research findings to suitable end users is important and should not be
underestimated (Department of Agriculture, Food and the Marine, 2011). Extension workers alone are not sufficient tools
to disseminate agricultural information (Lawallro, et al., 2014). This study sought to evaluate the communication methods
used to disseminate the findings of a dairy research farm for extension purposes. The study was carried out from Ballyhaise
Agricultural College, Co. Cavan.

Material and methods A cross-sectional research design was applied for this study using both quantitative and qualitative
approaches. Quantitative research was carried out on a sample of 100 dairy farmers who were suppliers of Lakeland Dairies
and LacPatrick at the time, to investigate their access and usage of the Ballyhaise research findings. The farmers were
chosen from a list of suppliers provided by both Lakeland Dairies and LacPatrick which included a mixture of scale and
production levels. The lists were cross-referenced with a Teagasc client list to ensure that both Teagasc clients and non-
clients were included in the study. A cross-sectional survey design was used which involved the collection of data from a
number of sources at a single point in time and also allowed the research to look at numerous things at once.

A survey was carried out with the Advanced Certificate in Dairy Herd Management students in Ballyhaise in order to
identify if they were benefiting from the research farm and identify what communication methods would be best suited to
them. This survey was also administered to the Advanced Certificate in Dairy Herd Management students in all of the other
agricultural colleges which provided this course. This included colleges which do not have a research farm in order to
establish if they were at a disadvantage compared to the students in a college with a research farm.

Semi-structured interviews of dairy advisors based in counties Cavan and Monaghan were carried out to discuss the
findings from the farmer survey. The aim of these interviews was to get an insight into the advisors views and opinions
regarding the dissemination of the findings of the Ballyhaise dairy research farm to farmers. It was also hoped that the
interviews would help identify the needs of dairy advisors in relation to the dissemination of these findings.

Semi-structured interviews were also carried out on dairy teachers from each of the colleges that participated in the student
survey. The aim of these interviews was to get an insight into the teacher’s views and opinions regarding the dissemination
of dairy research findings to students and how the teachers could be aided in the dissemination of these findings.

Potential dissemination methods which were identified in the Literature Review and Surveys were trialled to assess their
effectiveness in disseminating information from the Ballyhaise Dairy Research Farm. These were Twitter and YouTube.

Results This study found that current communication methods such as discussion group meetings and open days were
being used to disseminate the findings of dairy research farms. The study identified the following methods which could be
used on a more frequent basis; email, text message, smartphone app, Twitter and YouTube videos. The study also found
that farmers realise the relevance of Ballyhaise to them but are not aware of research being conducted. Results indicate that
students on research farms do not have a greater understanding of research results in comparison to those who are not.
Results highlight the requirements and support that advisers and teachers will need if they are to successfully disseminate
research findings to farmers and students.

Conclusion This study encourages the dissemination of research findings in the agricultural industry as a whole, not just
within Teagasc.
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Application The crushing process of rapeseed involves a step of hydrothermal treatment needed to remove solvent from
the meal. This treatment can alter the protein and amino acids digestibility, in particular the lysine digestibility.

Introduction Rapeseed meal represents a possible alternative for partial substitution of soya meal in monogastric feed
(Kozlowski and Jeroch, 2014). In order to enhance the nutritional value of rapeseed meal for poultry, the effect of
hydrothermal treatments should be better understood and controlled. The aim of this study was to assess the effect of
toasting time and inclusion rate on the digestibility of energy, protein and amino acids of rapeseed meal.

Material and methods The rapeseed meal samples were prepared at OLEAD, the French technological platform for
protein and oilseed crops. A batch of rapeseed was cold pressed and submitted to solvent extraction to obtain a rapeseed
cake. The cake was then submitted to desolventization through continuous indirect steam pressure. Toasting was performed
with direct steam addition, at a temperature of 100-110 °C, during 120 minutes and sampling every 20 minutes.

A control diet was formulated with a base containing wheat, corn, soybean meal, soy oil and a premix. Fourteen
experimental diets were formulated from seven processed rapeseed meals (toasting time of 0, 20, 40, 60, 80, 100, 120
minutes) incorporated at two inclusion rates (15 and 30 %) with the base and premix. Digestibility was evaluated with
growing broilers (Ross PM3) according the method of Bourdillon et al. (1990). From hatching to day 17, the broilers were
fed a common standard diet. Then they were divided in 15 groups of 8 birds with similar weight and placed in individual
cages. An adaptation period with experimental diets lasts from d17 to d22 follow up by a balance period of three days with
total collect of excreta. Rapeseed meals and diets were evaluated for dry matter, gross energy and crude protein. Freeze-
dried and ground excreta were evaluated for gross energy and crude protein. Amino acids determinations were performed
on rapeseed meals, diets and 3 pools of excreta for the control diet and experimental treatment.

Apparent metabolisable energy corrected for nitrogen retention (AMEn) and the digestibility coefficients of protein and
amino acids were calculated by the substitution method with the control diet.

Results The energy and protein digestibility of rapeseed meal samples are lower when measured with a 30 % inclusion
rate. Mean AMEn values are 2254 and 1803 kcal’kg DM at inclusion rates of 15 and 30 % respectively. Mean protein
digestibility coefficients are 71.6 and 67.6 % at inclusion rates of 15 and 30 % respectively. The toasting time has a
negative effect on AMEn values of rapeseed meal from 40 min for samples included at 15 % and from 20 min of process
for samples included at 30 % in experimental diets. Significant and negative correlations are observed between toasting
time and protein digestibility coefficients (R? = 0.83 and R? = 0.77 for 15 and 30 % inclusion rates respectively).

Toasting decreased the lysine content of rapeseed meal from 2.3 to 2.0 % DM. The digestibility of all amino acids is
decreased except for tryptophan. The digestibility of lysine and cysteine are particularly sensitive to toasting, coefficients
decreased from 83.5 to 70.9 % for lysine and from 81.1 to 47.9 % for cysteine from 0 to 120 minutes of toasting.

Table 1 Energy and protein digestibility of rapeseed meal samples

Inclusion rate (%) 15 30

Toasting time (min) 0 20 40 60 80 100 120 |0 20 40 60 80 100 120
AMEn (kcal’kg DM) 2356 2468 2175 2246 2236 2273 2022|1964 1774 1741 1864 1769 1838 1673
Protein digestibility (%) | 73.0 73.6 71.6 72.5 70.6 70.5 69.4 |70.6 679 687 68.0 657 672 650

Conclusion The 30 % inclusion rate of rapeseed meal leads to an under estimation of energy and protein digestibility. The
duration of toasting has a negative effect on energy, protein and amino acids digestibility and seems to increase the
variability of in vivo measurements.
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Application The exogenous enzymes that most consistently improved gain to feed (G:F) of grow-finisher pigs were
mannanase and multi-enzyme complexes (C). Enzyme supplementation was most likely to be efficacious when used with
corn-based diets. The G:F response to enzyme supplementation was influenced by dietary energy level.

Introduction Supplementing feed with exogenous enzymes has been suggested as a strategy to improve feed efficiency in
grower-finisher pigs. Many studies have tested the effect of dietary enzyme supplementation; however, the ability of
exogenous enzymes to improve feed efficiency is not always consistent. A systematic review and a meta-analysis were
conducted to determine which exogenous enzymes are most consistent in improving feed efficiency and to investigate the
effect of diet formulation on the response to in-feed enzyme supplementation in grower-finisher pigs.

Material and methods A systematic literature review was conducted using the on-line database “Web of Science™”

using
the keywords “enzyme name”, “growth” and “pig”. The enzymes included in the literature search were xylanase (X),
xylanase+f-glucanase (XB), mannanase (M) protease (P), cellulase (CEL) and a-galactosidase (Gal). A database including
the G:F of the experimental control group (G:F) and the G:F of the enzyme-supplemented group (G:Fey,y) together with
dietary composition from each selected study was prepared. The metafor package in R (R Core Team, 2015) was used to
conduct the meta-analysis (Viechtbauer, 2010) and generate forest plots. Mean difference (MD) was the size estimate effect
used in the meta-analysis and was calculated by subtracting the mean G:F of the control group from the supplemented
group (MD= G:F,,y, — G:F,,) and tested in a mixed model with enzyme type, ingredient composition and dietary energy

level following similar methodology to Bougouin et al. (2014).

Results Gain to feed was improved in 56, remained un-changed in 47 and deteriorated in 12 of the studies, in response to
enzyme supplementation. Gain to feed was improved when M (+1.19 g gain/100 g feed, P<0.001) or C (+2.21 g gain/100 g
feed, P<0.001) were supplemented in the diet. Overall, enzyme supplementation increased G:F when supplemented to corn
(+1.21 g gain/100 g feed, P<0.001) or wheat (+1.22 g gain/100 g feed, P<0.001) based diets but no response to enzyme
supplementation was observed when supplemented to barley, rye or sorghum diets (P>0.10). Diets with corn as the main
cereal source were more likely to have increased G:F due to X, XB, M and P supplementation whereas G:F increased only
in wheat based diets supplemented with M and XB (Figure 1). The most consistent improvement in G:F with multi-
enzyme cocktail supplementation was found when M (P<0.01) and/or CEL (P<0.05) were included in the complex. The
G:F in response to enzyme supplementation was influenced by dietary energy and protein level (P<0.01). When enzymes
were supplemented to diets formulated below energy recommendations (Blas et al., 2013), the G:F response was increased
compared to diets formulated above these recommendations (+1.57 vs. +0.91 g gain/100 g feed, P<0.001).

Corn Wheat Barley Rye Sorghum Other

g/100g)

/
\
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Figure 1 Effect of cereal source on G:F mean difference when enzymes were supplemented to grow-finisher diets.

Conclusion The most consistent improvement in G:F in grower-finisher pigs resulted from M and C supplementation. The
response to supplementation was influenced by the ingredient composition and energy density of the diet.
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Application There have been growing concerns about greenhouse gas (GHG) emissions arising from intensive swine
production. Nutritional manipulation has been explored to reduce such emissions without affecting growth performance.

Introduction The growth in the world’s population is expected to increase the demand for animal products including pork,
consequently increase GHG emissions, including methane (CH,4), carbon dioxide (CO,), nitrous oxide (N,O) and hydrogen
sulphide (H,S). To combat the issue of global warming, one of the mitigation strategies that can reduce GHG emissions in
swine production is feed management. This study was carried out to evaluate the effects of dietary crude protein (CP) levels
and phytase inclusion on growth and manure gaseous emissions in growing pigs.

Material and methods Six groups of five Large White pigs, individually housed, were randomly allocated to one of six
dietary treatments with three dietary CP levels (14, 16 and 18 %) each with or without phytase of 5000u activity in a 3x2
factorial arrangement. Initial body weight averaged 17.8040.10kg. Crystalline L-lysine, DL-methionine, L-threonine and L-
tryptophan were included in the diets to meet amino acid requirements (NRC, 2012). Pigs were fed twice daily (morning
and evening) and water was provided ad libitum with automatic drinkers for an 8 week growth trial, in which average daily
weight gain (DWG), average daily feed intake (DFI) and feed conversion ratio (DFI/DWG) were determined. Fresh faecal
and urine samples were taken from 4 random pigs per treatment for three consecutive days using same pigs at the end of
week 8. Samples were stored in the freezer and later mixed to make slurry for each pig with a 40:60 faeces:urine ratio
(Marszalek et al., 2014). Twenty four, 500 ml bottles fitted with one litre Tedlar bags were filled with 250 mls of slurry
samples. The samples were incubated at 37°C for 30 days, after which gas emissions (CHy, CO,, residual nitrogen (RN3)
and H,S) were measured using Geotech Biogas 5000. Data were analysed in a 3x2 factorial arrangement with n=5 for
growth performance and n=4 for gas emissions (GenStat 12.1). Treatment means were separated using Tukeys test at P <
0.05.

Results Table 1 shows that DWG increased with increased CP level, whilst dietary treatments did not affect DFI. However,
FCR was reduced with increased levels of CP and with phytase supplementation. CP and phytase interacted on methane
emission (P<0.001): methane production increased with increased dietary CP, though at a smaller magnitude in the
presence of phytase. Furthermore, phytase reduced slurry CO,, RN, and H,S production, whilst increasing dietary protein
level increased RN, and H,S production without impacting on CO, production.

Table 1 Crude protein levels and phytase effects on average daily weight gain (DWG), daily feed intake (DFI) feed
conversion ratio (FCR), and slurry emission of CH,, CO,, residual nitrogen (RN,) and H,S

Phytase (P) No Yes P-values

CP 14 16 18 14 16 18 s.e.d. CP P CPxP
DWG (g) 452 636™ 698" 543 508"  738% 25 0.001 0245 0.148
DFI (g) 1430 1623 1632 1548 1562 1627 106 0.175 0.779  0.491
FCR 3.19°  2.56™  2.34% 2.88" 2.2 220 0.10 0.001  0.044 0.055
CH, (%) 0.28™ 1.03* 4.08 0.13° 023 143 0.41 0.001  0.001 0.001
CO, (%) 189 188 182 145 147 143 1.82 0.927 0.001 0972
RN, (%) 33.5¢ 50.0*  56.5° 273 3589 4209 3.70 0.001  0.001 0.257
H.S (ppm)  50.5° 555"  117.4° 35.0°  51.8° 64.3 16.53 0.002 0.021 0.116

Conclusion Increasing protein levels increased DWG and reduced FCR, but also increased CH,, RN, and H,S emissions.
Ongoing modelling activities on total slurry production per unit DWG are expected to inform the impact of increase CP
levels on emission intensity. Meanwhile, phytase supplementation improved FCR and reduced gas emissions, supporting
the view that the use of phytase in swine production can assist to reduce the environmental footprint of pork production.
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Application The addition of exogenous enzyme (B-xylanase and B-glucanase) to wheat grain naturally contaminated with
mycotoxins will improve growth performance and nutrient digestibility in young pigs.

Introduction Wheat is one of the major feed ingredients included in swine diets but also one of the most variable in
composition. Environmental conditions under which wheat is grown can exacerbate these differences, affecting factors
such as starch content, cell wall carbohydrates (Longstaff and McNab, 1986) and mycotoxin levels (Edwards, 2004). A
large proportion of the variation in feeding value of cereal is due to the difference in non-starch polysaccharides (NSP)
which can lead to increase digesta viscosity and reduced nutrient digestibility. Pigs do not produce sufficient endogenous
enzymes that efficiently degrade NSP due to the structure of their gastrointestinal tract. Also, swine are among the most
sensitive species to mycotoxins with negative effects on feed intake, weight gain and faecal consistency being reported in
pigs. With the ban on antibiotic growth promoters (AGP) in animal diets the need to provide pigs with good quality
mycotoxin free grain is of vital importance. As an alternative to AGP the inclusion of exogenous enzyme may help to
overcome the negative effect of feeding poor quality grains. The objective of the present study was to examine the effect of
feeding a wheat based diet varying in quality, achieved through different agronomical conditions, with or without the
supplementation of a B-glucanase and B-xylanase enzyme mix on young pigs.

Material and methods The experiment was designed as a 3 x 2 factorial design and approved under University College
Dublin Animal Ethics Committee (AREC-13-56-O’Doherty). Ninety-six (11.6 kg SD 0.97) pigs were assigned to one of
the six dietary treatments: (T1) low quality wheat diet, (T2) low quality wheat diet and an enzyme supplement, (T3)
medium quality wheat diet, (T4) medium quality wheat diet and an enzyme supplement, (T5) high quality wheat diet and
(T6) high quality wheat diet and an enzyme supplement. The parameter categories assessed included growth performance,
nutrient digestibility and faecal consistency. To obtain wheat (cv. JB Diego) grain of different levels of chemical
composition (starch, fibre, protein etc.) (low, medium and high), two blocks (A and B) of wheat were established and
harvested in the 2014 season. To return wheat grain of high quality (high starch and low fibre), Block A had a relatively
early sowing date (25™ October 2013) and followed the recommended winter wheat husbandry practices. Block B (low
starch and high fibre) had a delayed sowing date (15" November 2013) and subsequently, delayed husbandry practices and
harvest date. The medium quality wheat grain was made up of a 50% mixture of high and a 50% mixture of the low quality
grain. The inclusion rate of wheat was 500 g/kg. The diets were formulated to contain similar levels of net energy (10.4
MJ/kg) and standardised ileal digestible lysine (12 g/kg). Celite (300 mg/kg) was added to the feed during the milling
process in order to measure the coefficient of apparent total tract digestibility (CATTD) of nutrients using the acid
insoluble ash technique.

Results The low quality wheat grain had a lower hectolitre weight compared to the medium and high quality wheat (66.4
vs. 70.2 vs. 73.8 g/kg hL respectively). The level of zearalenone (0.249 vs. 0.142 vs. 0.036 mg/kg), aflatoxin (0.004 vs.
0.004 vs. 0.003 mg/kg) and ochratoxin (0.30 vs. 0.17 vs. 0.005 mg/kg) present in the low quality wheat grain were greater
than that in the medium and high quality wheat grain, respectively. Pigs offered the low quality wheat diet had a lower
average daily gain (ADG) (0.54 vs. 0.65 vs. 0.66 kg/day, SEM 0.012, P<0.001), a lower gain to feed (G:F) ratio (0.46 vs.
0.57 vs. 0.58 kg/kg, SEM 0.011, P<0.01) and a higher faecal score (3.0 vs. 2.8 vs. 2.7, SEM 0.045, P<0.001) compared to
the medium and high quality wheat, respectively. The low quality wheat diet also had a reduced CATTD (P<0.05) of
nitrogen (N) (0.72 vs. 0.76 vs. 0.77 SEM 0.008) and gross energy (GE) (0.76 vs. 0.79 vs. 0.79, SEM 0.007) compared with
pigs offered the medium and high quality wheat diet, respectively. The addition of an enzyme improved the G:F ratio (0.55
vs 0.53 kg/kg, SEM 0.008) and faecal score (2.8 vs. 2.9, SEM 0.04, P<0.05) compared to the diets without enzymes.

Conclusion In conclusion, this study reports that the higher level of mycotoxins present in the low quality wheat reduced
ADG and the CATTD of nutrients in pigs offered this diet. The inclusion of a B-glucanase and B-xylanase enzyme mixed
improved G:F ratio and faecal scores.

Acknowledgements This work was funded by the Irish Government under the National Development Plan 2007-2013
through the Department of Agriculture, Food and the Marine Research Stimulus Fund; 11/S/122: Feed Evaluation for
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Application It may be optimal to assess the feed components of broiler diets to create a bespoke enzyme supplementation
protocol to magnify the feed-enzyme response.

Introduction Exogenous fibrolytic enzymes are added to livestock feed to degrade non-starch polysaccharides (NSP) thus
improving their digestion and nutrient release. Arabinoxylans (AX) are the primary cell wall polysaccharides in plants
composed of pentose sugar xylose along with some arabinose. Major feed ingredients in broiler diets include maize, and
wheat which vary in their structures and NSP content (Knudsen, 1997). Fibrolytic enzymes can alleviate anti-nutritive
factors in feeds, which may allow farmers to use cereals that are currently unpopular in the industry, which is why barley
and oats were also selected. An increased understanding of exogenous enzymes’ effects on individual cereals is necessary
to maximise the economic benefits and the magnitude and frequency of feed-enzyme responses. The aim of this study was
to identify the quantity of xylose released from four individual cereals following 72 hour in vitro incubation with a range of
commercially available fibrolytic enzymes in a solution and temperature analogous to that found in broiler gut.

Material and methods The total xylose contents of the four cereals (barley, maize, oats and wheat) was determined by
total hydrolysis of their non-cellulosic polysaccharides with Trifluroacetic acid as outlined in the method by Fry (1988).
The concentration of xylose was determined using High-Performance Anion-Exchange Chromatography Coupled with
Pulsed Electrochemical Detection (HPAEC-PAD) fitted with a CarboPac PA20 Column (Dionex, Thermo Scientific).

For the second part of the experiment, the same four cereals were ground to a 300 micron powder and were subjected to a
in vitro incubation with four treatments, control, (no exogenous enzymes added), and three commercial enzyme products.
The enzymes were administered at the manufacturer’s suggested dosage (40-100g/tonne). Enzyme A contained
predominantly xylanase activity (160,000 BXU/g). Enzyme B contained predominantly B-glucanase activity (700,000
BU/g) with endo cellulose (165,000 ECU/g) as well as endo- xylanase (190,000 BXU/g). Enzyme C contained
predominantly mannase (1,000,000 MNU/g) with B-glucanase (300,000 BU/g) as well as endo- xylanase (200,000 BXU/g).
All the cereals were mixed in 50mM sodium citrate buffer (pH 5.2) at Smg/ml and one of the four treatments, then
incubated at 40.7°C in a shaking incubator for 72 hours, as this has been identified as the maximum transient time, due to
feed storage in the crop of poultry (Duke et al, 1968), following which xylose concentration was determined as described
above. Data was analysed using one and two way ANOVA with P<0.05 taken as being statistically significant.

Results All of the four cereals analysed had similar amounts of xylose present within the whole grains, Barley had the most
at 5.22 + 0.17g/100g, Maize had 4.46 + 0.14g/100g, Oats had the lowest level, at 3.54 + 0.06g/100g and Wheat had the
second lowest at 3.75 + 0.22g/100g. There was a significant Cereal x Enzyme interaction (P<0.001) in the gut simulation,
indicating that the different enzymes had different substrate specificities (Table 1). Surprisingly, there was no release of
xylose from the maize sample. For Oats, enzymes A and C released similar small amounts of xylose, but enzyme B did not
release any. For barley, all enzymes released some xylose, but enzyme A worked better than enzyme C and B. The greatest
release of xylose was seen with a combination of Wheat and enzyme A, where 37.8% of the available xylose was released.
Enzyme C also released a similar amount of xylose from Wheat, but enzyme B released about the same as the Control.

Table 1 The percentage release of xylose after 72h in-vitro after various enzyme treatments

Control Enzyme Enzyme Enzyme Effect of Conclusion  Supplementation  with  fibrolytic

A B C Cereal x enzymes in vitro releases varying levels of xylose

Enzyme dependant on the type of cereal and the blend of

Barley 3.1 11 6.5 87 enzymes used. It can be suggested that the optimum
Maize 0 0 0 0 enzymes for releasing xylose from cereals, which
Oats 0 6 0 51 impact gut health as well as feed digestibility and
Wheat 6.8 378 83 323 animal growth, will differ in composition based on

SED=19 cereal choice.
P <0.001 Enzyme efficacy could also be affected by the
- species and age of the animal used.
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Application The inclusion of a B-glucanase and B-xylanase enzyme mix to barley based diets, with different chemical
composition, achieved through different agronomic conditions will improve overall pig performance.

Introduction Cereal grains such as barley and wheat vary in nutrient composition due to different cultivars and agronomic
conditions which may in turn affect nutrient digestibility and growth performance in animals (Balls ef al., 2013). Adverse
agronomic conditions may influence the composition of barley, resulting in a predicted high quality barley grain turning
into a lower quality barley grain with greater fibre content and lower digestible energy and net energy content. Non-starch
polysaccharides (NSP) such as beta-glucans are present in barley grains which have the potential to limit animal
performance. The addition of an enzyme preparation can effectively degrade viscous NSP in the diet leading to an
enhanced nutrient utilisation and are likely to increase the availability of free nutrients such as glucose and amino acids.

Material and methods The experiment was designed as a 2 x 2 factorial and approved under University College Dublin
Animal Ethics Committee (AREC-13-56-O’Doherty). Ninety-six pigs (44.7 kg (SD 4.88)) were assigned to one of four
dietary treatments; (T1) low quality barley diet, (T2) low quality barley diet containing an enzyme supplement, (T3) high
quality barley diet and (T4) high quality barley diet containing an enzyme supplement. The pigs were grouped in mixed
gender (50:50) groups of 12 in 8 pens and the pens were equipped with single space computerised electronic feeders. To
obtain barley (cv. Sebastian) grain of different levels of quality, two blocks (A and B) of barley were established and
harvested in the 2014 season. To yield a high quality barley grain, Block A had an early sowing date (3™ April 2014) and
subsequently followed the recommended barley husbandry practices. Block B had a delayed sowing date (16™ April 2014)
and subsequently delayed husbandry practices and harvest date. The inclusion of barley was 500 g/kg. The diets were
formulated to contain similar levels of net energy (9.25 MJ/kg) and standard ileal digestible lysine (8.5 g/kg). Celite (500
mg/kg) was added to the diet in order to measure the coefficient of apparent total tract digestibility (CATTD) using the acid
insoluble ash technique. Following slaughter the entire digestive tract of 8 pigs per treatment were removed by blunt
dissection. Tissue section (lcm?) from the duodenum and ileum were collected and stored in RNAlater. Total RNA
extraction for the duodenum and ileum; cDNA synthesis; and quantitative real-time PCR were performed as described by
Vigors et al., (2016). The mRNA expression profiles of cluster of differentiation (CD36), peptide transporter 1
(PEPT1/SLC15A1) and sodium-glucose linked transporter 1 (SGLT1/SLC5A1) were analysed. Data was analysed as mixed
procedures of SAS (SAS version 9.4).

Results There was an interaction between barley type and enzyme supplementation on average daily gain (ADG) and
average daily feed intake (ADFI) (P<0.05). Pigs offered the low quality barley diet supplemented with enzymes had an
increase in both ADG and ADFI compared to the low quality barley diet. However, there was no response to enzyme
inclusion in the high quality barley diet. There was a barley X enzyme interaction on the CATTD of gross energy (GE)
(P<0.05). Pigs offered the low quality barley diet with enzymes had a higher CATTD of GE compared to the low quality
barley diet. However, the increase in the high quality barley diet with enzyme supplementation was not as great as with the
low quality barley diet. There was a barley X enzyme interaction observed for CD36 in the duodenum and
PEPTI/SLCI1541 and SGLTI/SLC5A41 in the ileum (P<0.05). Pigs offered the high quality barley diet with enzymes
upregulated the gene expression of CD36, PEPTI and SGLTI compared to the high quality diet. However the low quality
barley diet with enzymes down regulated the gene expression of CD36, PEPTIand SGLTI compared to the low quality
barley diet.

Conclusion The feeding of a low quality barley diet supplemented with a B-glucanase and PB-xylanase enzyme mix
improved ADG, ADFI and nutrient digestibility as well as modifying the gene expression of CD36, PEPTI and SGLT! in
finisher pigs.
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survival
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Application Providing energy supplementation orally (2 ml, 3 h after birth) did not improve survival, temperature, blood
glucose content or weight gain of small piglets (<1.1 kg birthweight).

Introduction Neonatal piglets have low energy reserves and high energetic requirements (i.e. for thermoregulation, to
establish the teat order), and thus must ingest colostrum soon after birth to acquire energy and immunoglobulins. While a
normal birth-weight piglet can sustain 15h of heat production with its body reserves, a small piglet (e.g. <1.1 kg birth
weight) can only do so for 3h (Mellor and Cockburn, 1986), which places them at higher risk of hypothermia and mortality.
Providing supplemental energy to small piglets at birth should help them to spare their body reserves and improve their
survival. We investigated the effects of supplementing with different energetic products on pre-weaning survival, 24h
weight, blood glucose concentration and piglet body temperature 1h after supplementation.

Material and methods This work was granted ecthical approval by Teagasc Animal Ethic Committee (TEAC133-2016)
and authorised by the Irish Health Product Regulatory Authority (AE19132/P051). Piglets were weighed at birth and, 3h
later, those under 1.1 kg were either orally dosed with 2 ml of coconut oil (O, 74 KJ/2ml, n=107 piglets), 2 ml of energetic
commercial product (Energyn®, INVESA; E, 71 KJ/2ml , n=101 piglets), or 2 ml of distilled water (W, 0 KJ/2ml , n=100
piglets), or sham-dosed (Control, C, n=97 piglets). Just before treatment, piglets were weighed, an ear vein was punctured
to collect and measure blood glucose concentration (subsample: O=45 piglets, E=38 piglets, W=49 piglets, C=44 piglets)
and rectal temperature was measured. Rectal temperature was also measured 1h post-treatment, and weight and blood
glucose were measured 24h post-treatment. Survival was recorded for the 24h period post-treatment and until weaning.
Data were analysed using Generalised Linear Mixed Models in SAS.

Results Survival was similar between treatments at 24h post-supplementation and weaning (Table 1). Piglets had similar
absolute values of and gains in weight, rectal temperature and blood glucose concentrations (Table 1). However, O piglets
had a greater 24h increase in blood glucose concentration, compared to all other treatments (F; ;33=4.37, P<0.05). Weights
tended to differ between treatments at 24h post-supplementation, with W piglets the heaviest (F; 335=4.49, P<0.05).

Table 1 Treatment effects on piglet (mean£S.E.) survival, bodyweight, rectal temperature and blood glucose concentrations

Variable Coconut 0il  Energy Water Control F-value P-value
Survival (%)
24h 89.2(£4.0) 872(x50) 84.8(£5.0) 90.9 (£4.0) 0.6 0.71
Pre-weaning 73.9(=5.0) 70.5(x5.0) 75.0(£5.0) 78.5(x5.0) 0.53 0.66
Body weight (g)
24h 950 (+20) 940 (+20) 960 (+20) 940 (£ 20) 2.19 0.09
Gain 24h 31x7) 20 (x=7) 38 (£8) 36 (£7) 1.46 0.23
Rectal temp. (°C)
1h 37.7(x0.1) 37.7(x0.1) 37.7(x0.1) 37.7(x0.1) 0.18 0.91
Gain 1h 0.6 (£0.1) 0.4 (£0.1) 0.5 (£0.1) 0.4 (=0.1) 0.63 0.60
Glucose conc. (mmol/L)
24h 3.78(£0.26) 3.49(£0.28) 3.62(£0.28) 3.52(+0.28) 0.34 0.80
Gain 24h 1.16 (£ 0.48) 0.13(£0.56) -0.25(x047) 021(x0.5) 1.7 0.17

Conclusion Oral supplementation with different energy sources after birth did not improve the growth, survival, rectal
temperature or blood glucose concentration of small piglets. However, coconut oil increased blood glucose concentration of
supplemented piglets to a larger extent than other treatments. This difference was not detectable when piglets given the
commercial product were compared to all other treatments, suggesting that there might be a difference in energy uptake
between coconut oil and the commercial product.
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Application Rabbits fed diets supplemented with varying levels of Saccharomyces cerevisiae (SC) had lower Nitrogen (N)
balance than those fed the basal diet. Dietary supplementation with SC improved N absorption and may reduce faecal
odour and NH; emission.

Introduction Saccharomyces cerevisiae (SC), a probiotic, has demonstrated to be a valuable and qualitative growth
promoter for feeding livestock. Han ef al. (2001) reviewed several studies, evaluating the use of feed additives and found
that dietary supplementation with probiotics may indirectly lead to a reduction in environmental pollutants from animal
manure, by improving feed efficiency and nutrient absorption. Therefore, the present study was undertaken to investigate
Nitrogen (N) utilization of weaned rabbits fed diets supplemented with varying levels of SC.

Material and methods Forty-eight weaned heterogeneous breeds of rabbits in equal number of males and females, aged
between 5 - 6 weeks with average initial live weight of 614.5 + 57.72 g were procured from a rabbit farm. They were
randomly allocated to four groups according to average body weight and sex, with twelve rabbits per group. Group SCO
received a control diet without supplementation of SC, and groups SC2, SC4 and SC6 received the control diet
supplemented with SC at the rate of 20, 40, and 60 g per kg for 8 weeks (corresponding to 0, 2, 4 and 6 x10° colony-
forming unit/kg, respectively). A commercial baker’s yeast, Vahine® (Avignon, Monteux, France), containing SC was
used for the dietary supplementation. Proximate analysis of the basal mixture (control diet; SC0) which contained maize,
soybean, maize offal, brewer’s dried grain, groundnut cake, blood meal, rice offal and bone meal as main ingredients,
showed that it contained 16.0% crude protein, 14.1% crude fibre (CF), 3.9% ether extract, and 10.2% ash/kg feed. The diets
were not pelleted and were offered with clean fresh water ad libitum. Rabbits were individually housed in metabolism
cages, which can separate urine from faeces. Feed and faeces samples were analyzed for dry matter (DM), CF, N, crude fat
and energy according to the procedure of Yang (1993). Urine samples were analyzed for N according to the procedure of
Yang (1993). Data obtained were analyzed using the General Linear Model of SAS (2006) and Duncan New Multiple
Range Test of same package was used to test for significant differences among means.

Results Rabbits in SC2 absorbed the least N (1.16 g/day), while those in SC4 and SC6 absorbed the most (1.37 g/day and
1.33 g/day) followed by rabbits in SCO (1.25 g/day). N balance in the control group was significantly higher than those in
the SC supplemented groups (P <0.0001).

Table 1 Nitrogen (N) utilization of weaned rabbits fed diets supplemented with varying levels of SC
Dietary treatments

SCO SC2 SC4 SC6 s.e.m P-value
N intake (g/day) 1.69° 1.61° 1.85° 1.87° 0.03 <0.001
Faecal N (g/day) 0.44 0.45 0.53 0.50 0.02 NS
Urinary N (g/day) 0.59° 0.84° 0.97° 0.97° 0.04 <0.001
N absorbed (g/day) 1.25% 1.16° 1.33° 1.37° 0.02 <0.001
N balance (g/day) 0.66° 0.32° 0.35° 0.39° 0.04 <0.001
NB as % of N- intake ~ 38.95" 19.80°  18.86" 20.90°  2.18 <0.001

Conclusion The lower N balance in the SC-supplemented groups could be due to dietary probiotics ability to reduce urease
activity in the gut. These results suggests that dietary supplementation of rabbits diets with baker’s yeast (SC) may reduce
faecal odour and NH; emission.
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Application Cross-fostering should be kept to a minimum and should only be performed early during lactation to avoid
negative effects on pig welfare and performance. Late cross-fostering should be avoided at all costs.

Introduction Cross-fostering (CF) is a management technique widely used on pig farms to reduce pre-weaning mortality
and within litter body weight (BW) variation. CF can be stressful for sows and piglets and should be kept to a minimum.
Although no negative consequences on performance of CF up to 5 days after farrowing are reported (van Erp-Van Der
Kooij et al., 2003); piglets should be CF between 12-24 h after farrowing (early CF) as the teat order is not established at
this time (Heim ef al., 2012). In practice, CF continues through lactation such that piglets may be subjected to late CF (i.e.
CF > 7 days after farrowing). In such cases it is usually the smallest piglets that are the most likely animals to be CF in the
belief that this will help them to ‘catch up’ and achieve better weaning weights. The objective of this study was to
investigate the possible implications of late CF on pig mortality, growth performance, carcass traits and welfare.

Material and methods The study had ethical approval from the Teagasc Animal Ethics Committee (TAEC 40/2013). Pigs
(n =1,016) born within one week were classified as either 1) non-CF (NCF) or according to the week they were CF as 2)
CF during the first (CFW1) and 3) second or third (CFW2+) weeks of lactation. Pigs were individually weighed and
inspected for the presence of tail, ear and body lesions at weaning (7.03 + 1.61kg) and at the end of the first (4 weeks post-
weaning; 12.9+3.03 kg) and second (8 weeks post-weaning; 31.9 £ 5.50 kg) weaner and grower (12 weeks post-weaning;
66.3 £ 9.12 kg) stages. Average daily gain (ADG) was calculated for each stage. Mortality was recorded through to
slaughter (20 weeks post-weaning; c. 115 kg). At slaughter cold carcass weight, muscle depth and fat thickness were
recorded. Differences were detected between CF treatment for sow parity, birth weight and number of piglets born alive
and therefore, a nested case control design was used whereby pigs were matched for these parameters. All data were
analysed in R v3.4. Each pig was considered the experimental unit. Growth performance and carcass traits were analysed
using linear mixed model equations in the /me4 package. Welfare traits were analysed using binomial logistic regression
using the g/m function with a binomial distribution from the stats package.

Results All pigs (n = 1,016) were used to investigate the effect of treatment on the risk of mortality. 106 pigs died during
the lactation period and 24, 3 and 14 pigs died during the nursery, growing and finishing stages, respectively. CF pigs were
at higher risk of death regardless of treatment (P < 0.05; Table 1) with similar odds for the risk of death in CFW1 and
CFW2+ pigs compared with NCF pigs. Using the nested case-control design, growth performance did not differ between
treatments (P > 0.05); however, CFW2+ carcasses were 4.9 kg lighter and had 3 mm less muscle depth (P < 0.05)
compared with NCF and CFW1 pigs. There were no differences between treatments in the presence of tail and body lesions
(P > 0.05) but ear lesions were more likely in CFW1 compared to NCF and more likely in CFW1 compared to CFW2+ (P
< 0.05; Table 1) pigs.

Table 1 Odds ratios (OR) + 95% confidence intervals (CI) for the risk of mortality and ear lesions in 1,016 pigs followed
from birth to slaughter in one commercial farm according to the lactation week when they were cross-fostered (CF)

Mortality from birth to Mortality from birth to

Ear lesions

weaning slaughter
95% CI 95% CI 95% CI
OR Lower Upper OR Lower Upper OR Lower Upper
NCF vs. CFW1 2.06°  1.12 3.62 2.06° 1.23 3.35 2.19* 1.29 3.78
NCF vs. CFW2+ 2.99* 1.85 4.76 243 1.57 3.70 0.90 0.52 1.56
CFWI1 vs. CFW2+ 1.45 0.77 2.82 1.18 0.67 2.10 0.41° 0.22 0.76

*Different from reference category; P < 0.05

Conclusion Rather than reducing pre-weaning mortality, CF increased the risk of death at all stages of the production cycle
irrespective of when it was performed. Moreover, early CF had a negative impact on ear lesions which are associated with
poor welfare and late CF was associated with lower carcass weight. Neither treatment improved pig performance relative to
non-CF pigs although the underlying reasons are not yet understood.
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Application Pigs born to L-carnitine supplemented gilts had increased muscle depth and a heavier cold carcass weight at
slaughter (142 days old). Inclusion of 40% sugar beet pulp does not increase gilt lactation feed intake.

Introduction Advances in genetic selection for increased sow prolificacy has resulted in a reduction in piglet birthweight
and increased piglet mortality. Therefore, strategies to increase piglet weight and robustness at birth are of increasing
importance. Gilts tend to give birth to lighter piglets and their progeny have lower pre-weaning growth rates than piglets
from multiparous sows (Carney-Hinkle et al. 2013). Previous research found that supplementing gestating sows with L-
carnitine (L-car) increased piglet birthweight and lifetime growth (Birkenfeld ef al. 2006 and Ramanau et al. 2008);
however there is little information regarding L-car supplementation to gilts. Furthermore, due to a lower gut capacity in
gilts, lactation feed intakes are low relative to that of multiparous sows. Increasing fibre level with sugar beet pulp (SBP)
during gestation may increase gut capacity at parturition, thereby facilitating higher voluntary feed intake during lactation.
It was hypothesised that L-car combined with a high SBP diet could benefit piglets in gilt litters by increasing birthweight
and consequently improve lifetime piglet growth. Furthermore, feeding high levels of SBP in the diet will increase lactation
feed intake. To test this hypothesis, we conducted a 2 x 2 factorial experiment with two factors for fibre (0% SBP and 40%
SBP) and two factors for L-car (Og/day and 0.125g/day).

Material and methods Eighty four pregnant gilts (4 batches, ~21 gilts each) were used. At d38 of gestation, gilts were
blocked within batch by live-weight and back-fat depth (P2), and randomly assigned to one of four dietary treatments until
parturition; Control (~90%Barley; ~ 9%Soya; 0g/d L-car), High SBP (~48%Barley; ~ 9%Soya; 40% SBP), Control + L-car
(0.125g L-car/d), and High SBP + L-car (0.125g/d L-car). Gilt live-weight and P2 were recorded on d90 and d108 of
gestation and at weaning. Daily feed intake of gilts was recorded throughout gestation and lactation. Gilts were saliva
sampled every 3 weeks between d90 and d108 of gestation and samples analysed for cortisol concentration. At farrowing,
total number of piglets born alive and born dead was recorded. A blood sample was taken from the left ear vein of piglets at
24h post-partum and glucose concentration was determined. Piglets were individually weighed at birth, 24h, d6, d13 and
d26 of lactation. Post-weaning, all pigs were grouped by gilt treatment (12-14 pigs/pen), offered the same sequence of diets
and managed identically to slaughter (d142). Pigs were weighed on d75, d108 and d142 and daily feed intake of pigs was
recorded. Data were analysed using the mixed models procedure in SAS (v.9.4) using a 2 x 2 factorial arrangement. The
model included fibre, L-car and interaction terms as main effects, replicate as a fixed effect and block as the random effect.

Results There was no fibre by L-car interaction for any variable of interest, therefore only the main effects are presented
here. Gilt P2 was unaffected by treatment (P>0.05). Gilt weight was unaffected by L-car, but gilts fed high SBP were
heavier on days 90 and108 of gestation (P<0.05). Lactation feed intakes were similar for all treatments. Cortisol levels were
numerically higher for gilts fed high SBP compared to those fed low SBP (0.53 u/dL vs. 0.47 u/dL+ 0.04; P=0.18).
Numbers born were similar for all treatments. Piglet birthweight was unaffected by treatment. Males were born heavier
than females (1.2kg vs.1.1kg + 0.02; P<0.05). Glucose concentration was unaffected by treatment. All piglet pre-weaning
weights were unaffected by treatment, however, piglets from gilts fed L-car were lighter at weaning compared with piglets
from gilts that were not fed L-car (6.8kg vs. 7.3kg + 0.1; P<0.05). Similarly, piglets from L-car supplemented gilts had
lower ADG from d6 to weaning than piglets of non L-car supplemented gilts (229g/day vs. 255g/day= 0.007; P<0.05).
Post-weaning, pigs from L-car fed gilts had higher ADG than pigs of non L-car fed gilts (618.1g/day vs. 594.8g/day+ 6.62;
P<0.01) up to d75. At slaughter, pigs from high SBP fed gilts and L-car supplemented gilts had a heavier carcass cold
weight (86.6kg vs. 85.3kg+ 0.4; P<0.05) and higher muscle depth (51.2mm vs. 50.5mm= 0.2; P<0.05) on average, than
pigs from control gilts.

Conclusion Although our results do not support our original hypothesis, the inclusion of L-car in gilt gestation diets
resulted in an increase in the carcass weight of progeny at slaughter. Furthermore, carcass muscle depth was increased in
progeny due to L-Car supplementation. Increasing fibre level by including 40% SBP in a gilt gestation diet did not result in
increased lactation feed intake and/or increased piglet growth to weaning.
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Application The European commission has banned inclusion of pharmacological levels of zinc in piglet diets by 2022.
This study demonstrated that a eubiotic acid and essential oil blend can replace 3g/kg zinc oxide in commercial pig diets.

Introduction Zinc in the form of zinc oxide is routinely prescribed at 3g/kg in the weaning diet for two weeks post-
weaning to help control scours and enteric disorders at this time. Recently this use has been linked to environmental
pollution and antibiotic resistance in some bacteria, (FEEDAP, 2017; Yazdankhah et al. 2014). The reduced maximum
content (0.15g/kg) of zinc oxide allowed in pig diets will come into legislation before 2022. This is expected to result in
high economic losses of up to €1,080 million/year for the EU pig industry. The aim of the study was to evaluate a
commercially available eubiotic acid and essential oil blend in replacement for therapeutic zinc oxide in an E. coli
challenge study.

Material and methods Thirty six piglets (genetics; PIC (Yorkshire x Landrace) x Duroc)) were allocated to treatment
diets at weaning (21 days) for a duration of 28 days and balanced for litter origin, gender and start weight in a random
block design (2 pigs per pen, 6 replicates). All diets met or exceeded the nutrient requirements as recommended by NRC
(2012) for weaning pigs and were fed in a mash form. Treatments were; Control (CON), basal diet no additive; Genex
Weaner a eubiotic blend (EUB) (Anpario plc, Worksop, UK) included at 4g/kg; Zinc oxide (ZnO) commercially available
included at 3g/kg. Eight days post weaning (29 days of age), piglets were orally challenged with 6 mL (6.1 x 10’ cfu/mL)
ETEC (E. coli, strain K88+) according to the method outlined in Owusu-Asiedu et al. (2003). Animals had access to feed
and water ad libitum. Body weight and feed intake were measured weekly and all data were evaluated using ANOVA and
Tukey’s t-test for pairwise differences using JMP Pro software (JMP.inc).

Results The EUB group had the highest daily live weight gain over the 28 day period as shown in Figure 1, with an
increase (p<0.05) of 73g/day compared to the CON group. A significant (p<<0.05) improvement of 2.11kg in final body
weight after 28 days (figure 2) was achieved in the EUB group compared to the CON group. No difference was seen
between EUB and ZnO groups in terms of final body weight and daily live weight gain. Feed conversion efficiency did not
differ significantly between treatments. The E.coli challenge demonstrated the expected effect and was effective in
reducing performance of piglets compared to unchallenged individuals on the same unit.
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Figure 1 Overall daily live weight gain from day 0-28 Figure 2 Final body weight day 28

Conclusion The eubiotic, included in feed at 4g/kg, has been shown to be an effective replacement for therapeutic levels of
zinc oxide in piglet weaning diets without compromising growth performance or efficiency. Using costs prevailing at the
time of the study the eubiotic treatment provided an economical benefit over the control and zinc oxide treatment.
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Application Increasing the quantity of Nannochloropsis spp as a replacement to soybean in the diet of weaner rabbit
reduced the feed efficiency of both sexes.

Introduction Human consumption of rabbit meat has been utilised as a solution to inadequate protein intake in some
regions. Rabbit (Oryctolagus cuniculus) has great advantages over other livestock because of its prolificacy and short
gestation period, ability to attain market size within six months and the ability to utilize forages and fibrous agricultural by-
products (Kagya-Agyemang et al., 2013). However due to high cost of feed, there is the need to explore the use of non-
conventional feed sources that have the capacity to yield the same output as conventional feedstuffs and perhaps at a lower
cost. An example of the non-conventional feedstuff is algal biomass (Nannochloropsis spp.).

Material and methods The experiment was carried out at Federal University of Agriculture, Abeokuta, Nigeria. Fifty-four
weaner rabbits (twenty-seven for each sex) of mixed breeds were purchased from reputable farms and were acclimatized
for two weeks before they were distributed to three treatment groups per sex resulting in six groups of nine rabbits each.
Nannochloropsis spp (algal biomass) was used to replace soybean at 0, 2, or4% to produce three different diets which
each sex of the animals was subjected to. Feed was given ad /ibitum and adequate fresh water was supplied daily. The
feeding trial lasted for nine weeks. Data on growth performance which included feed intake, weight and feed efficiency
were taken on weekly basis and data gathered were subjected to a two-way ANOVA (with initial weight as a covariate)
using the Minitab 16 statistical package. Means were also separated using the Tukey test.

Results Sex influenced only feed intake and feed efficiency while feeding Nannochloropsis influenced all of the other
variables measured except daily feed intake (Table 1).The interaction effect of replacing soybean with Nannochloropsis spp
is presented in the Table2. The results showed that weight gain and resultant effect on final weights were not (P>0.05)
affected by the replacement level. However, the results on the gender and diet interaction showed that daily feed intake of
the males was similar across the groups while the feed intake values recorded for the females increased as the level of
replacement increased. The feed efficiency reduced as the inclusion level of Nannochloropsis spp increased.

Table 1 Main effect of sex and Nannochloropsis on growth performance of weaner rabbits

Sex Nannochloropsis (%)
Parameter Male Female SEM 0 2 4 SEM
Final weight (g) 1527 1445 2539 1552°  1495™ 1411° 31.05
Weight gain (g) 7749 6932 2539  799.9° 7432™ 658.9° 31.05
Daily Weight gain (g) 12.30 11.02  1.06 12.69° 11.80® 10.46° 1.80
Daily Feed intake (g)  67.92° 82.59° 1.75 73.95 7416  77.65 2.14
Feed Efficiency 0.18°  0.13*  0.04 0.17°  0.16® 0.13* 0.07

Table 2 Interaction effect of sex and Nannochloropsis inclusion on growth performance of weaner rabbits

Male Female
Parameter 0 2 4 0 2 4 SEM
Final weight (g) 1616 1529 1436 1487 1462 1386  48.12
Weight gain (g) 8642 7767  683.7 7356  709.8 6342 48.12
Daily Weight gain (g) 13.72  12.33  10.85 11.67 1127 1007 226
Daily Feed intake (g) 67.73% 66.85° 69.16™ 80.18" 81.46™ 86.13* 3.32
Feed Efficiency 0.20°  0.18" 0.16™ 0.14*  0.14°  0.12° 0.07

Conclusion The present results do not conclusively recommend Nannochloropsis biomass as a viable replacement for
soybean in rabbit diets. Further studies are definitely needed to validate these preliminary outcomes.
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Application Galacto-oligosaccharides (GOS) appear to modify rainbow trout body composition by increasing lipid content.
These findings require further investigation before applications can be considered for improving production characteristics.

Introduction Prebiotic and probiotic supplements play an evolving role in animal feeds as growth and health promoters,
particularly as restrictions tighten on routine antibiotic use, as the issue of antimicrobial resistance persists (PEW, 2017).
Prebiotics are substrates that are selectively utilised by host microorganisms conferring a health benefit (Gibson et al.,
2017). Galacto-oligosaccharides, manufactured by the enzyme catalysed transgalactosylation of lactose, are oligosacharides
with prebiotic properties that consist of galactose units linked by B(1—n) bonds, where usually n = 3, 4 or 6, ending in a
B(1—4) linked terminal glucose. There are currently only a limited number of studies published regarding the use of GOS
for dietary inclusion in salmonid fish species (O.mykiss and S.salar). The aim of the present study was to evaluate the
effects of gradient levels of dietary GOS inclusion on body composition of rainbow trout (O.mykiss), in balanced feed
formulations.

Material and methods One thousand and two hundred juvenile rainbow trout (19.53+0.75g) were randomly allocated to
one of four iso-nitrogenous and iso-calorific dietary treatments: 0.00 % GOS (Control), 0.88 % GOS, 1.75 % GOS and 3.50
% GOS in a 12-week experimental study. Fish were arranged between 12 tanks (three replicate tanks per treatment group),
each containing 100 fish at the start of the trial period. All tanks were weighed on a communal biomass basis each week
and numbers were reduced via a uniform cropping regime across all tanks, to relieve the rising stocking density as fish
weight increased by week. Body composition and condition factor were measured via sampling of fish at week 12. Six fish
per treatment were measured via fork length and weighed for condition factor (Phelps et al., 2013). Whole body moisture
and dry matter values were achieved via drying for 24 hours at 105°C. Whole body crude protein, crude energy and lipid
content values were measured via LECO FP-528 Nitrogen analyser, bomb calorimetry (Parr Instrument Company, USA)
and Soxtec (FOSS Ltd) respectively in technical triplicates. Data was analysed as a dose response design by ANOVA with
orthogonal polynomial contrasts for linear, quadratic and deviations using GenStat (18" edition).

Results At sampling fish were in the body weight range of 50 — 116 g. Condition factor was not significantly influenced by
dietary GOS inclusion. Changes in body composition are detailed in Table 1. Increasing dietary GOS supplementation
resulted in a linear increase in whole-body lipid (p<<0.001) and gross energy content (p<<0.001). There was a linear decrease
(p=0.002) in moisture content, while whole-body ash content decreased in a linear (p=0.002) and quadratic (p<0.001)
manner.

Table 1 Effects of increasing dietary GOS on the body composition (as is) and condition factor of rainbow trout (O. mykiss)

Diet Control OGSOSSO 0, ?%SO 0, g}(S)OS" v, SEM  p-value CL CQ CD
Moisture (%) 67.11 63.17 64.18 61.10 0.0112  0.006 0.002 0512 0.1
Crude Protein (%) 15.20 15.61 15.86 15.75 0.005 0.746 0.42 0.457 0.977
Lipid (%) 11.79 12.55 13.01 13.69 0.003 <.001 <001 0.33 0.84
Ash (%) 1.98 1.89 1.84 1.88 0.0002  <.001 0.002 <001 0.973
Total 96.1 93.2 94.9 924

Gross Energy (MJ/kg)  8.20 8.51 8.70 9.06 0.0989  <.001 <001 0445 0.742
Condition factor 1.52 1.48 1.45 1.47 0.0265 0.231 0.177 0.118 0.871

CL = p-value linear contrast; CQ = p-value quadratic contrast; CD = p-value deviations contrast

Conclusion Significant alterations in whole body composition were observed with increasing dietary inclusion of GOS.
This was principally increased body lipid percentage, resulting in greater gross energy content. Further investigation is
needed to assess the effects of GOS on growth performance and gut health to help explain these results.
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Application The results of this study provide an insight into the toxicity of Cu-NPs in aquatic organisms. It may help
policy makers to suggest preventive measures against the potential toxicity of nanoparticles (NPs) in aquatic organisms.

Introduction Metal oxide NPs such as copper (Cu) have gained significant attention due to their negative ecological
effects (Nations et al., 2011). A wide range of NPs is being used as biosensor immobilizers for their greater sensitivity and
specificity. Due to their low preparation cost and prospective applications, Cu-NPs are intensively used in the industry.
Besides, Cu-NPs are also used as one of the main constituents of fungicides, algaecide and herbicides. However, they can
cause histological alterations and oxidative DNA damage in the living organisms at the cellular level. The use of
engineered NPs can result in their release into aquatic environments causing unexpected hazards for aquatic
organisms. Therefore, this study assessed the toxicological impacts of Cu-NPs on the kidneys of Cprinus (C) carpio.

Material and methods A fish husbandry system was established prior to the start of experiments to support the health of
fish by maintaining the water quality and environment of stock aquariums. Cyprinus carpio (C. carpio) of similar weight
(40-45g) were procured from a Fish Seed Hatchery, transported in plastic containers with continuous aeration to the
laboratory of GC University Faisalabad, Pakistan after approval of the local Ethics Committee of the GC University
Faisalabad, on Animal Experimentation. The fish were acclimatized in the tank with 100 L capacity for two weeks prior to
the experiment. Un-chlorinated tap water was used and the physicochemical parameters of water were determined by a
multi parameter apparatus (HI 9828, HANNA INSTRUMENTS). During the acclimatization period, water temperature was
maintained at 25°C, while dissolved oxygen and pH were 6.6-7.6 mg/l, and 6.9-7.5, respectively. During the
acclimatization period, the fish were fed with a commercial fish feed. After acclimatization, C. carpio from aquaria were
randomly transferred into twelve aerated experimental glass aquaria (10 fish/ aquarium) with the same physicochemical
parameters as in the acclimatization period and acclimated for 48 hours prior to the experiment. The fish were exposed in
triplicate to 0 (Control) or 0.5 or 1 or 1.5 mg/l Cu as Cu-NPs for 14 days. During this study, water in the aquaria was
changed daily and freshly prepared solution was added to maintain the concentration of Cu-NPs at a constant level. At the
end of the experiment fish from each aquarium were immediately anesthetized into a 200 ppm solution of clove powder
and kidneys were collected for histological analysis. Kidney tissues were fixed in freshly prepared Bouin's fixative (15:5:1,
saturated picric acid, formalin, and glacial acetic acid) for 12-14 h at room temperature. The fixed tissues were processed
by a standard procedure using hematoxylin-eosin. The slides were observed under a light microscope (Nikon Eclipse E200
POL) fitted with a camera and photographed.

Results The results revealed that the Cu-NPs induced alterations in the kidneys of C.carpio in a dose dependent manner.
The histological (h) alterations were quantified by using a five graded examination scheme: no h alterations (normal
histological structure); mild h alterations; moderate h alterations; severe h alterations and very severe h alterations.The
alterations in kidneys, including necrosis and tubular degeneration (NTD), hypertrophy of tubules (HT), reduced lumen
(RL), abnormal glomerulus (AG), shrinked glomerulus (SG), swollen tubules (ST), complete degeneration (CD) and
degenerative tubules (DT) were increased with the increase in the dose of Cu-NP exposure.
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Figure 1 Microphotograph of C. carpio kidney in control and treated groups showing histological alteration (H&E, X400)

Conclusion It is concluded that Cu-NPs were toxic to the fish as indicated by nephrotoxicity in C. carpio. Thus, it is
suggested that the bioavailability of metal NPs by aquatic pollution and subsequent accumulation in fish tissues might
constitute a substantial risk to human health and to the environment.
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Application There is wide variability in ileal digestibility of dry matter (DM) and amino acids. Therefore, using average
values for digestibility co-efficients may result in inaccurate diet formulation if this variability is unaccounted for.

Introduction There is a lack of information available on the variability and extent of digestible amino acid content of
rapeseed meal (RSM) and diet formulations are based on average “book” values for digestible amino acid content. There is
often wide variation in these book values and they have been derived under different methodologies including prediction
from total amino acid content. Ravindran ef al. (2005) highlighted the need for a database of apparent ileal amino acid
digestibility coefficients to ensure accurate formulation and subsequent optimal performance. This study was part of a
large-scale project on RSM use in pig and broiler diets and the aim of this part was to investigate the variability in apparent
and standardised ileal digestibility (AID and SID) of RSM for broilers. An additional aim was to ascertain the usefulness of
using broiler digestibility co-efficients as a model to predict AID and SID in pigs.

Material and methods This work was approved by the AFBI Animal Welfare Ethical Review Body. A total of 92 RSM
samples were collected from crushing plants in Hull and Liverpool (Cargill Plc., Weybridge, UK). Each RSM was
formulated into separate test diets and was included at 500g/kg, mixed with; (g/kg) maize starch (300), dextrose (100), soya
oil (60), titanium dioxide (3) and other ingredients (37). An N-free maize starch (450g/kg)/dextrose (420g/kg) diet was
formulated to determine basal endogenous losses. The diets were offered to 15 batches of 64 male broilers (Ross 308) in
individual metabolism cages over 15 experimental trials. Each batch contained two controls (the N-free diet and RSM3) in
order to compare results between batches. Therefore, there were eight diets offered to eight birds in each batch. This
resulted in eight replicates per RSM sample (and 120 replicates for N-free and RSM3 diets). All birds were offered
standard starter diet ad libitum from 7-18d. At 18d, birds which were allocated to RSM diets were offered standard starter
diet and the appropriate RSM treatment diet on a 50:50 mix until 21d. From 21-28d, birds were offered the appropriate
RSM treatment diet. Birds allocated to the N-free diet were offered the diet from 25-28d. At 28d, the birds were humanely
killed and the contents of the ileum collected to determine AID of DM and amino acids. Basal endogenous losses were
determined and used to calculate SID. The minimum, mean and maximum digestibility values were determined and
standard deviations for each parameter calculated. Linear regression analysis was conducted to correlate broiler
digestibility co-efficients with pig digestibility co-efficients (Magowan ef al. 2017).

Results There were wide ranges in AID and SID values within the sample set for DM and essential amino acids (Table 1).
For example, AID and SID for lysine ranged from 0.486 to 0.905 and 0.733 to 1.104 respectively. The standard deviation
values for all parameters reflect the wide variability within the sample set. The majority of the relationships between broiler
and pig AID and SID values were non-significant. There were significant but poor (P<0.05) relationships observed between
broiler and pig AID of DM (R?=0.06) and methionine (R*=0.40).

Table 1 The range and standard deviation in AID and SID of DM and essential amino acids of RSM (n=92) in broilers

Apparent ileal digestibility Standardised ileal digestibility
Minimum  Mean Maximum Standard Minimum Mean Maximum Standard
deviation deviation

Dry matter 0.387 0.654 0.873 0.076 * * * *
Arginine 0.395 0.794 0.946 0.076 0.604 0.942 1.098 0.070
Histidine 0.524 0.739 0.749 0.041 0.539 0.755 0.766 0.042
Isoleucine 0.474 0.699 0.847 0.068 0.700 0.919 1.049 0.067
Leucine 0.436 0.734 0.893 0.085 0.629 0.922 1.085 0.084
Lysine 0.486 0.677 0.905 0.072 0.733 0.930 1.104 0.062
Methionine 0.458 0.769 0.956 0.112 0.547 0.948 1.121 0.127
Phenylalanine  0.422 0.734 0.838 0.083 0.631 0.921 1.051 0.085
Threonine 0.415 0.624 0.792 0.075 0.685 0.922 1.086 0.074
Valine 0.447 0.678 0.823 0.070 0.684 0.923 1.063 0.072

Conclusion AID and SID of RSM in broilers is highly variable within a large sample set. This indicates that using average
book values for AID and SID to include RSM into broiler diets will result inaccurate formulation. This highlights the need
to develop a means to predict AID and SID of individual RSM samples. Additionally, broiler AID of methionine may have
potential to be used as a model to predict AID of methionine in pigs but the relationships are quite weak.

Acknowledgements The authors acknowledge funding from DAERA and ABVista and also Cargill and Technlogy Crops
for sample collection.

References
Ravindran, V., Hew, L. L., Ravindran, G. and Bryden, W. L. 2005. Animal Science 81, 85-97.
Magowan, E., Ball, M. E. E. and Graham, H. 2017. Advances in Animal Biosciences 8 (1), 46.

https://doi.org/10.1017/52040470018000031 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470018000031

032

The use of near infra-red reflectance spectroscopy to predict ileal digestibility of essential amino

acids in rapeseed meal for pigs and broilers

MEEBall', E Magowanl, T Windscheffel?, R Garcia®, H Graham®*

IAgri—Food and Biosciences Institute, Hillsborough, UK, 2 Cargill UK, Surrey, UK, 3 dunir, Towcester, UK, *AB Vista,
Marlborough, UK

elizabeth.ball@afbini.gov.uk

Application Near infra-red reflectance spectroscopy has potential to predict ileal digestibility of essential amino acids in
rapeseed meal for pigs and broilers, resulting in more accurate diet formulation and greater inclusion of rapeseed meal in
non-ruminant diets.

Introduction The inclusion of rapeseed meal (RSM) in diets for broilers and pigs has received much attention as RSM is
viewed as an attractive home-grown partial alternative to soyabean meal for both species. However, there is wide
variability in terms of apparent and standardised ileal digestibility (AID and SID) of amino acids (Magowan et al 2017,
Ball et al 2018). To ensure accurate formulation and optimal use of RSM in non-ruminant diets, a means to predict RSM
AID and SID of amino acids is necessary. Near infra-red reflectance spectroscopy (NIRS) can predict the nutritive value of
wheat for broilers (Ball et al 2017) and the aim of this study was to develop NIRS equations to predict AID and SID of
amino acids in RSM for pigs and broilers.

Material and methods This work was approved by the AFBI Animal Welfare Ethical Review Body. A total of 92 RSM
samples were collected, formulated into pig and broiler diets and offered to post-valve T-cannulated pigs and broilers
(according to Magowan et al 2017 and Ball et a/ 2018). The RSM samples were scanned in duplicate using a NIRSystems
6500 spectrophotometer (Foss, Hillered, Denmark) over the wavelength range 400-2498nm with readings taken at 2nm
gaps. The scans were analysed using the Foss Chemometrics software Win ISI4. The mathematical treatment of standard
normal variate and detrend, first derivative, gap of 4 and smooth of 4 was applied. Modified partial least squares regression
was performed on the data set on the range 400 nm — 2500nm and NIRS calibration and cross-validation statistics
generated to predict digestibility co-efficients and compared with determined values obtained through pig and broiler trials.
Definitions: SECV=standard error of cross validation, SECV as % of mean=indication of accuracy of calibration, with
values of less than 5% being acceptable and RPD calibration=ratio of prediction to deviation (SD/SECV) with values of
>1.5 indicating that calibration has potential to accurately predict.

Results The relationship between determined and predicted values for AID of DM and essential amino acids in pigs were
reasonably robust with R*>0.6. SEC and SECV were low and SECV as % of mean was below 5% apart from isoleucine,
leucine, lysine, threonine and valine. However, RPD values for isoleucine, lysine, methionine and valine AID were greater
than 1.5, indicating that while these calibrations are poor, they can distinguish between high and low values in the dataset.
In general, the relationship between determined and predicted SID assessed in terms of R* was quite robust, with all
essential amino acid SID R* values being greater than 0.6. Also, SEC and SECV as % of mean were low for SID of
arginine, methionine, phenylalanine and theronine. The calibration predictions for pig SID of isoleucine, lysine and
threonine (RPD calibration >1.5) were able to distinguish between high and low values in the dataset. The majority of
relationships between determined and predicted broiler AID (as assessed by R?) were reasonably strong (R>>0.6), apart
from the relationship between determined and predicted histidine AID (R*=0.26). Contradictorily, SECV as % of the mean
was only below 5% for histidine AID (3.1%). The highest RPD calibration values were observed for the prediction of AID
of phenylalanine and arginine (1.86 and 1.54 respectively). The relationships between determined and predicted SID of
amino acids in broilers were reasonably robust in terms of R* values. The lowest R* were observed for histidine and
methionine SID (R?=0.30 and 0.35, respectively). Very few SID predictions resulted in SECV as % of mean of less than
5% (arginine, 5.0% and histidine, 3.2%) and only two RPD calibration values were >1.5 (SID of leucine and phenylanine).

Conclusion The relationships between determined and predicted digestibility co-efficients were reasonably strong and in
many cases the errors associated with prediction for cross-validation (SECV) were low and as a % of the mean, less than
5%. However, a low error value does not necessarily indicate a strong prediction equation, and RPD is regarded as the
criterion for judging the strength of prediction. RPD values for several digestibility parameters were above 1.5 which
indicates that the prediction equation can distinguish between high and low values in a dataset and may be of some value.
Therefore, the digestibility co-efficients with RPD values of above 1.5 should be considered for further development. For
pigs, this would include SID of isoleucine, lysine and threonine. For broilers, this would include AID of arginine and
phenylalanine and SID of leucine and phenylalanine. These results suggest that NIRS has the potential to predict amino
acid digestibility and they are a useful basis to further develop prediction equations.
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Application Functional SNPs in the promoter regions of differentially expressed genes involved in the control of the fatty
acid profile in lamb muscle will be useful in selective breeding programmes to enhance the benefits of lamb meat for
human health.

Introduction The fatty acid (FA) profile of lamb muscle influences taste, flavour and quality of cooked and cured meat
products (Wood et al., 2008). Polyunsaturated fatty acids (PUFAs) are associated with reduced (LDL) cholesterol and
blood triacylglycerols, hypertension and diabetes in addition to having positive effects on inflammation and auto-immune
function (Galli et al., 1994; Zhang et al, 2009). Thus, increasing the ratio of PUFA to saturated fatty acids (SFA) in the diet
is generally considered beneficial for human health and wellbeing. The objective of this study was to identify differentially
expressed (DE) genes in M. longissimus thoracis et lumborum (LTL), using a divergent full-sibling model for ovine fatty
acid profile. This will help highlight specific genes with the view to performing SNP discovery in the promoter region.

Material and methods Twin lambs (64 pairs) were used, were sired by rams from 1 of 3 terminal-sire breeds (Charollais
(n = 20), Suffolk (n = 21) and Texel (n = 23)), and were slaughtered at normal commercial finish. Samples (2 g) of LTL
muscle were collected within 15 min post-mortem and stored in RNAlater (Ambion Inc., Austin, TX) for subsequent RNA
extraction. Quantity and quality of total RNA were assessed using the NanoDrop ND-1000 spectrophotometer (Thermo
Fisher Scientific, MA, USA). All RNA samples with A8 ratios >2.0 were used for further analysis. Fatty acids in LTL
muscle (1 g) were quantified by gas chromatography (Clarus 580, PerkinElmer, MA, USA) and using a capillary column
(Zebron ZB-5MS). The total SFA and PUFA were corrected for both intramuscular fat and slaughter date. Principal
component analysis (Proc PRINCOMP; SAS 2012) of within-litter differences for SFA and PUFA was used to identify the
most divergent sib pairs, i.e., having high PUFA and low SFA or the converse. Lambs with high PUFA were classified as
HIGH while those with low PUFA were classified as LOW. The 8 most divergent pairs were used to evaluate the
association between PUFA:SFA status and the level of gene expression. The genes evaluated were chosen from a panel of
63 whose expression levels had been quantified using gene-specific primers and qPCR; the software package gbase”
(Biogazelle, Belgium) was used to calculate normalized relative quantities (NRQ) of each gene. The genes chosen (n= 10)
had exhibited significantly increased within-litter variation in expression level, based on the CV, with an experiment-wise
error rate of 0.05. The NRQ for the HIGH and LOW groups were compared (Proc GLM; SAS 2012).

5.0 5

Results The mean NRQ expression levels differed 45 m High Ollow
significantly between HIGH and LOW animals for 5 4.0 4
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FAMI134B and TG) and at P < 0.05 for LDLR 3.0 -
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response pathways with poor fertility
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Application We found differences in many pathways associated with viral responses in white blood cells (WBC) obtained
soon after calving from cows with subsequent good and poor fertility. Eradicating viral diseases should benefit fertility.

Introduction Poor fertility is a major concern to the dairy industry. There are known associations with negative energy
balance and/or uterine inflammation (metrits/endometritis) in early lactation. The latter has mainly been attributed to
bacterial infections. There are also a number of endemic viral diseases of cattle such as BVDV, BHV and BRSV. These are
known to reduce performance but their specific roles in fertility remain uncertain. The aim of this study was to compare the
transcriptomic profiles of WBC from Holstein Friesian cows with differing fertility related phenotypes.

Material and methods Animals were recruited from 3 experimental farms in UK (AFBI Northern Ireland), Denmark
(Aarhus University) and Ireland (University College Dublin). Blood samples were taken at 14 days in milk (DIM) and
WBC from 48 animals were processed for total RNA-Seq using [llumina NextSeq 500 platform. Libraries were sequenced
at 75 nt length single end reads to reach average 30 million reads/sample. Fastq raw files were quality controlled and
mapped on Bos taurus UMD3.1.1 (Ensemble87 gene tracks). Phenotype data relevant to fertility included calving ease,
body condition score (BCS) at calving, BCS and circulating IGF1 at 14 and 35 DIM, change in BCS and IGF1, total milk
yield 0-50 DIM (TMY) and fertility (days to first service (DFS) and conception categorised as in calf by <100, 100-200 or
>200 DIM (ICB). Component analysis was performed in R. Residuals were calculated based on REML prediction of
phenotypes with herd and diet (nested within)as random effects. K-mean clustering over centre scaled phenotypes produced
three significantly discriminant fertility clusters. Differentially expressed genes (DEG) between clusters were identified
using DESeq2(1). Gene Set Enrichment Analysis (GSEA) and Mammalian Phenotype Ontology (MPO) were retrieved
from MGI using EnrichR package (Chen et al., 2013).

Results The three clusters contained 17, 22 and 9 cows, respectively. Cluster 1 had a high BCS at calving, a high TMY and
intermediate fertility. Cluster 2 calved with a low BCS which remained low, produced a medium TMY and had the worst
fertility. Cluster 3 had the best fertility with the lowest DFS and ICB scores. These cows had a medium BCS at calving,
high IGF1 at 14 DIM, a high BCS gain but the lowest TMY. GSEA of the WBC collected at 14 DIM identified 18
pathways which were differentially expressed between these three clusters with an adjusted P<0.003. The top pathway
(adjusted P=5.4E-09) was MP:0002418, increased susceptibility to viral infection. Other significant pathways included
MP:0008576, decreased circulating interferon-beta level; MP:0008563, decreased interferon-alpha secretion; MP:002376,
abnormal dendritic cell physiology; MP:0002451, abnormal macrophage physiology and MP:0005348, increased T cell
proliferation. Direct comparison between the good and poor fertility clusters produced 64 and 6 DEG which were
significantly down- or up-regulated respectively in the less fertile cows. This list included at least 22 down-regulated genes
known to be directly or indirectly regulated by interferons (DDX58, DHX58, GBP5, HERCS5, HERCG6, IFI44L, IF16, IFIH]I,
IFIT1, IFIT2, IFIT3, IFITS5, IRF7, ISG15, MX1, MX2, OAS1X, OAS2, RSAD2, SAMDY, UBA7, USP25). Seven genes had
known function in ubiquitination including ISGylation, a process which modifies proteins and targets them for destruction
(ISG15, DTX3L, ENSBTAG00000016661, HERC5, HERC6, UBA7, USP25). Other down-regulated genes known to
influence immune function included ADAR, CD274, CMPK2, DCK, DUSP4, EIF2AK2, GBP5, MARCKSLI1, MB21D],
PGLYRPI, PTX3 and TEC. Amongst these, the encoded proteins act as follows. CD274 is an immune inhibitory receptor
ligand. CMPK2 regulates terminal differentiation of monocytes. PTX is induced by inflammatory cytokines and involved
in regulating inflammation, complement activation and angiogenesis and TEC is an integral component of T cell signalling
with a distinct role in T cell activation. Up-regulated genes included LTF, which encodes a major iron-binding protein in
milk and body secretions with antimicrobial activity and MARCO, a class A scavenger receptor which binds both Gram-
negative and Gram-positive bacteria.

Conclusion This analysis provides clear evidence that cows which go on to suffer poor fertility later in lactation exhibit
major differences in immune function early postpartum. While some of the identified genes play known roles in pathways
involved in dealing with bacterial infections, the majority are of greater importance in viral infections. This suggests that in
order to improve fertility in dairy cows, greater emphasis needs to be given to reduce the spread of viral disease.
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Application Identification of molecular mechanisms common to key tissues with relevance to energy partitioning and meat
quality would enhance potential to improve efficiency, quality and reduce the ecological footprint from pork production.

Introduction Feed efficiency (FE) is a measure of an animal’s efficiency in relation to energy conversion from feed into
economically important tissue and it is linked to a suite of systemic physiological changes, with muscle, liver and adipose
tissue of relevance due to their significance in energy partitioning [1]. The objective of this study was to identify common
biological processes occurring in FE-divergent muscle, liver and adipose tissue.

Material and methods RNA-sequencing libraries were prepared from muscle, adipose and liver of 16 divergent
commercial line Maxgro x (Landrace x Large White) pigs (8 high/low FE). Following RNA sequencing with Illumina
HiSeq2500, paired-end reads were mapped to the reference Sscrofal0.2 [2] using TopHat (2.1.0). Read counts were
assigned to gene features using HTSeq 0.6.1 [3]. Identification of differentially expressed (DE) genes at the p<0.05 level in
relation to FE was performed using DESeq2 package (3.4.0). Fixed effects for the analysis of DE genes in liver included
RFT groups and slaughter dates, while for muscle and adipose included RFI groups and sows. Common DE genes were
identified using Venny [4]. Functional analysis of shared DE genes was carried out in Ingenuity Pathways analysis.

Results 811 genes were DE in adipose, 1022 in muscle and 2739 in liver. 24 genes were commonly DE across all three
tissues, while 69 were common to adipose and muscle and 194 and 178 were common to liver and muscle/adipose
respectively (Figure 1). Most significant molecular and cellular functions in the three-way commonly differentially
expressed genes can be seen in Table 2..Commonly differentially regulated genes in all three tissues included DPP4,
SLC2A44 which have functions in carbohydrate metabolism and ABCAS8, LMNB2, TYROBP, with functions in lipid
metabolism, while a number of behaviour-related genes including CHLI, PRKGI, SOQSTMI1, TNFRSFIB, were also
perturbed in all three tissues.
Table 1 Molecular and cellular functions of commonly

Muscle Adipose differentially expressed genes in liver, muscle and

adipose of FE-divergent pigs

Categories p-Value Genes
Carbohydrate 6.39E-06 3
Metabolism
Metabolic Disease 0.0000119 5
Cardiovascular System 0.0000553 4
Development and
Function
) Tissue Morphology 0.0000553 4
Behaviour 0.000106 8

Figure 1 Numbers of commonly differentially
expressed genes in liver, muscle and adipose in
relation to FE

Inflammatory Response  0.000126 7

Conclusion Metabolic functions, in particular carbohydrate and lipid metabolism, tissue morphology and behaviour were
perturbed in a systemic fashion in pigs divergent in feed efficiency.
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Application Identification of differentially expressed genes/pathways in key metabolic tissues between inefficient and
efficient pigs provides a greater understanding of the molecular events influencing feed efficiency. In addition, these genes
are targets for the identification of functional SNPs that can assist breeding organisations to select more efficient animals.

Introduction By characterizing molecular changes in tissues known to influence feed efficiency, potential functionally
important markers of the trait can be identified to select more feed efficient animals. Previously, changes in the expression
of intestinal nutrient transporters have been identified in pigs utilized in the current study (Vigors et al., 2016). Liver and
muscle are key tissues involved in influencing feed efficiency due to their fundamental importance in energy metabolism.
The objective was to examine liver and muscle transcriptomic differences using RNA-sequencing to better understand the
molecular mechanisms influencing feed efficiency and to identify a list of candidate biomarkers for RFI prediction.

Material and methods Two trials were conducted to identify pigs that were divergent in feed efficiency with pigs selected
from two separate sources. In trial 1, male pigs (LW x LR x PIC337 boars (PIC Genetics)) (92 d.o., BW 41.35 kg (SD =
4.36)) were fed a standard finishing diet for a 43-day recording period prior to slaughter, to evaluate feed intake and growth
and to calculate residual feed intake (RFI). When pigs were 146 d.o., animals designated high RFI (HRFI) (n=12) and low
RFI (LRFI) (n=12) (average weight 93.26 kg, SEM 2.37 kg) were slaughtered to collect liver and muscle tissue. In trial 2,
male pigs (LW x LR x Maxgro boars (Hermitage Genetics)) (63 d.o., BW 29.4 kg (SD = 2.03)) were evaluated as described
above. When pigs were 115 d.o, animals (85 kg, SEM 2.8 kg), HRFI; (n=8) and LRFI; (n=8) were slaughtered and tissue
samples were collected. Library preparation and RNA-sequencing were performed based on Illumina protocol. Differential
expression analysis was conducted using the DESeq2 package of R. Common differentially expressed genes between liver
and muscle were identified by Venny (Venny 2.1) and submitted for functional annotation clustering using DAVID.

Results In liver tissue, 484 genes were overexpressed and 477 genes were under-expressed in the HRFI group compared to
the LRFI group. In muscle tissue, 6047 genes were overexpressed and 6371 were under-expressed in the HRFI compared to
the LRFI group. Following functional annotation clustering, the GO terms protein targeting to membrane and extracellular
matrix organization were identified as being upregulated in HRFI vs LRFI animals (Tablel), while the GO terms type [
interferon signalling pathway and defence response were identified as downregulated in the HRFI vs LRFI animals. Genes
with the largest fold changes between RFI groups in liver included PKIB, EPB42, SLC22A42, and TGM7, while in muscle
included SLC01A42, S100G, HRG and PCK2. These genes are potential targets for functional SNP identification as genetic
markers of feed efficiency.

Tablel Gene ontology terms overrepresented among differentially expressed genes in liver and muscle

Term Count P value

GO terms overrepresented among DEGs with higher expression in the HRFI group vs LRFI

GO0:0006612~protein targeting to membrane 10 0.025945
G0:0030198~extracellular matrix organization 12 0.054506
GO terms overrepresented among DEGs with lower expression in the HRFI group vs LRFI

G0:0060337~type I interferon signalling pathway 10 2.91E-05
GO0:0006952~defense response 32 9.10E-04

Conclusion In conclusion, genes involved in protein metabolism and extracellular matrix organization were upregulated in
the HRFI group while the LRFI group had upregulation of terms involved in immunity. This study provides new
knowledge on the genes influencing RFI in pigs and identifies genes for functional SNP identification.
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Application Feeding pigs a diet containing a yeast feed additive resulted in reduced faecal cytochrome b (CYTB) genomic
DNA (gDNA) levels. There was a trend for a positive correlation between CYTB gDNA and Feed Conversion Ratio
(FCR).

Introduction We previously showed xylanase inclusion in weaner pig diets reduced the levels of pig CYTB gDNA in the
faeces, but measures of animal performance were not available (Slinger ef al., 2017). Dietary yeast affects gut morphology
and animal performance (Muthusamy et al., 2011). The present study assessed whether a yeast enriched protein concentrate
(YPC) influenced CYTB gDNA content in pig faeces and whether there was a relationship with FCR.

Material and methods Newly weaned piglets (n=180) ((Large White x Landrace) x Pietrain) (8.37kg £1.10) were assigned
to one of four dietary treatment groups (n=9 pens per treatment, 5 animals per pen). The four diets differed only in yeast
enriched protein concentrate from the bio-cethanol industry (YPC) (AB Agri) content: 0% (control), 2.5%, 5% and 7.5%
(w/w). Feed intake and pig weight data was collected and used to calculate FCR. A single faecal sample was collected from
each pen on days 14 and 28 of the 36 day trial. DNA was extracted using a modified phenol-chloroform method, where
30mg of faeces was homogenised in 600pl of Nuclei Lysis Solution (Promega) using a hand-held homogeniser, prior to a 2
step phenol-chloroform clean-up, followed by an RNase A (Promega) treatment step and a further phenol-chloroform
clean-up step with final ethanol precipitation. SYBR Green (Roche) quantitative PCR (qPCR) was carried out on a
LightCycler® 480 (Roche) instrument to assess the DNA composition of the faeces. Pig genomic DNA was detected using
primers designed specifically for the pig cytochrome b (CYTB) gene, while bacterial DNA was detected using published
16S primers (Mieszkin et al., 2009). PCR products were verified by Sanger Sequencing (Source BioScience, Nottingham,
UK). All data was analysed using Genstat 17" Edition, with significance at P<0.05. Two-way (diet x day of trial) ANOVA
was carried out on the DNA data and one-way (diet) ANOVA on the FCR data. The linear relationship between pig faecal
CYTB gDNA content and the recorded FCR for both time points was assessed by Pearson’s correlation.

Results There was no interaction between diet and day of trial on the pig CYTB gDNA content in their faeces, but there
was a significant (P<0.05) effect of diet with no effect (P>0.05) of day (Fig 1). There was a significant (P<0.001) effect of
diet on FCR at wean-day 14 (data not shown), but no effect (P>0.05) of diet on FCR for days 14-28. There was a trend
(P=0.093) for a positive correlation (r=0.2839) between pig CYTB gDNA (at day 14) and FCR (wean-day 14) (Fig 2), but
no significant correlation (P=0.393) at the later time point (data not shown).
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Figure 1: Effect of diet on pig faecal CYTB DNA contents at 14 and Figure 2: The correlation between animal FCR and the
28 days of treatment. Error bars are + SEM, n=9 per diet group. amount of host DNA in their faeces.

Conclusion Diet significantly affected the levels of pig CYTB gDNA in the faeces, but there was no effect of day. The
effect appears more prominent at day 14, which is when the effect on FCR was also observed. The observed trend for a
positive correlation between pig faecal CYTB gDNA content (day 14) and FCR (wean-day 14) indicates that the pig faecal
CYTB gDNA content might potentially be a non-invasive marker of gut cell turnover, which reflects FCR.
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Application This study provides an insight into the molecular control of compensatory growth (CG) in cattle. This data
will contribute to identifying DNA based biomarkers to select for cattle with a greater ability to undergo CG.

Introduction Compensatory growth is defined as a physiological process whereby an animal has the potential following a
period of restricted feed intake to undergo accelerated growth upon re-alimentation (Hornick et al., 2000). This naturally
occurring phenomenon is commonly utilised in animal production settings to provide a means of reducing input costs
through a reduction in overwintering feed costs (Keogh et al., 2015). However, although widely utilised, the biochemical
mechanisms controlling this phenomenon are yet to be elucidated fully. The gastrointestinal tract, in particular the reticulo-
rumen has been shown to be responsive to both dietary restriction and subsequent CG (Keogh et al., 2015). Therefore, the
objective of this study was to perform gene network analysis of rumen papillac gene expression data of cattle undergoing
CG in order to reveal more information on the interactions between genes governing the expression of CG in this organ.

Material and methods This study utilised rumen papillae tissue collected as part of a research programme designed to
examine the physiological control of CG in growing beef cattle (Keogh et al., 2015). Briefly, 30 Holstein-Friesian bulls
(mean live-weight 370+35 kg) were assigned to one of two groups: (i) restricted feed allowance for 125 days (RES; n=15)
followed by ad libitum access to feed for 55 days or (ii) ad libitum access to feed throughout the trial (ADLIB; n=15). The
first 125 days of the trial were denoted as Period 1 and the subsequent 55 days, Period 2. Target growth rates for RES and
ADLIB were 0.6 kg day™ and in excess of 1.5 kg day' during Period 1, respectively. Following completion of Period 2 all
animals were slaughtered and rumen papillae samples collected from all animals. RNA isolation, cDNA library preparation,
RNAsequencing and bioinformatics analysis were performed as per Keogh et al. (2017). The weighted gene co-expression
network analysis (WGCNA) software package (Langfelder and Horvath, 2008) was used to identify modules of co-
expressed genes, which were then correlated with traits associated with the expression of CG. Traits included average daily
gain (ADG), CG-index, feed conversion ratio (FCR) and dry matter intake (DMI). RNAseq read count data were filtered
for lowly expressed genes, normalised and then Log2 transformed in R. Networks of co-expressed genes were constructed
using WGCNA within R. Unsigned, weighted correlation network construction and module detection was performed using
the automatic one-step function, blockwise Modules. The resulting modules of co-expressed genes were assigned colour
names by the software. Relationships between modules of co-expressed genes and trait data were then calculated by
Pearson correlation. Modules with statistically significant (P < 0.05) correlations were selected for further analysis as
potentially biologically interesting modules associated with the expression of CG. Gene ontology analysis was then
performed on genes from each module identified as significantly correlated with trait data. The Database for Annotation,
Visualization and Integrated Discovery (DAVID) was used for functional annotation of co-expressed genes within
modules. Gene ontology terms were considered significant if the adjusted p-value was less than 0.05. The top hub genes of
significant co-expressed modules were then visualized using Cytoscape software.

Results Cattle that underwent CG displayed accelerated growth, growing at 1.8 times the rate of their ADLIB counterparts
in Period 2. WGCNA identified one module of co-expressed genes which was positively correlated with CG-index (r = 0.7,
P = 0.02). Functional annotation of co-expressed genes in this module revealed biological processes involved in ATP
binding, proteasome core complex, receptor binding and mitochondrial inner membrane as well as pathways involved in
metabolism, cell adhesion molecules and endocytosis.

Conclusion Genes involved in metabolism, cellular interactions and energy production were significantly associated with
CG. As the rumen is a highly metabolic organ, co-expression of genes involved in metabolism and cellular function during
re-alimentation implies changes in the metabolic rate and cellular turnover in animals undergoing CG. This study provides
an insight into the molecular mechanisms regulating the CG phenomenon in cattle. Additionally significantly co-expressed
genes may represent potential biomarkers for the selection of CG in cattle.
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Application Probiotic and prebiotic manipulation of the porcine gut core microbiota could have impacts on microbial short
chain fatty acids (SCFAs) fermentation, affecting positively host health and performances.

Introduction Porcine core microbiota (CM) is a bacterial community present in the porcine gut microbiota, suggested to be
independent of diet or breed (Holman et al., 2017). It could therefore represent an optimal and standardised probiotic target
allowing modifications of microbiota-derived SCFA patterns, with benefits for host health and performance. Considering
both in vitro and in vivo limitations, we developed a mathematical CM model to uncover, in silico, its possible role through
comparison with the whole microbiota SCFA pattern found in literature, and to explore, in silico, the possibility of using
CM genera and/or their substrates in the context of probiotic/prebiotic intervention.

Material and methods The porcine CM identified by a meta-analysis study (Holman et al., 2017), is composed of up to 20
genera, depending on the CM gut location. To develop our CM mathematical model, we modelled each genus as a bacterial
unit (BU), summarising their species and pathways complexity, and modelling each BU as if it were a singular
microorganism. The BU models were first validated comparing their output with experimental data from the study on
which the BU stoichiometry is based. Where no cultural information was found, the stoichiometry assumption was based
either on the theoretical description of the genus or on the phylogenetically closest genus with known data. Therefore, it is
assumed that merging the BU models in a CM model, the latter output might be as similar as possible to a culture
composed of the same genera. The mathematical formulation of the model consists of a system of ordinary differential
equations (ODEs) based on a previous model (Kettle et al., 2015), characterising different kinds of substrates related to the
different type of bacterial growth. The environment modelled is an in vitro fermenter, either batch or continuous culture,
since we did not include any biotic factors in the system of ODEs. The model was solved using the microPop package in R
(Kettle ef al., 2017). The major SCFA and lactate concentrations from the model are compared with three different studies,
which used faecal, caecal or colonic inoculum in either batch or continuous culture (Lin et al., 2011; Tanner et al., 2014,
Ding et al., 2015). In each case, the model simulated the conditions described in the study, through the modification of the
starting concentration value of inoculum and substrates. The model was also used to simulate the effect of probiotic and
prebiotic approaches targeting each BU and their substrates. In this case, probiotic/prebiotic simulations were compared
with the output of a model simulating the non-enhanced CM under the same experimental conditions.

Results The modelled SCFA pattern shows a great similarity to w0

experimental data not used for developing the model. This -

indicates that the CM is largely responsible for the SCFA pattern

produced by the whole microbiota. The small differences in acetate z

and butyrate production may indicate that CM provides acetate to

the non-CM bacteria (Figure 1). The probiotic simulation showed

that not all the BU enhancements had an appreciable effect on the Acte  Ppomle  Buvme  Lace To

SCFA pattern, whereas the prebiotic simulations showed, an

. . SCFA . ith all th b d Figure 1. SCFA production from a mixture of resistant starch 4.32 g/l),

Increasing concentratlon, with all the substrates used as a non-starch polysaccharides (7 g/l), protein (15 g/l) and sugars (2 g/l) in

prebiotic (data not ShOWIl) Thus. we simulated a therapy vitro by porcine faecal microbiota (Tanner et al., 2014) and in silico by
a X R . ’ . porcine faecal core microbiota

combining Faecalibacterium BU, Treponema BU and resistant

starch, in a continuous culture.

Conclusion Although a validation through in vitro/in vivo

experimentation is necessary, our modelling data showed that the CM forms the basis of microbial SCFA production
despite the limited number of CM genera, and it could provide acetate, used by the non-CM genera (e.g. producing
butyrate). Furthermore, the model shows that a possible CM genera/substrate enhancing therapy could increase the total
SCFA concentration with a five-fold increase in butyrate concentration.
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Application This study provides new knowledge on the differences in immune function in pigs that are divergent in feed
efficiency.

Introduction Improving feed efficiency is a key goal of the pig industry. However, our understanding of the ability of
more efficient animals to respond to an infection is not fully elucidated. Previously, Vigors et al. (2016) identified a
differential immune response in colonic tissue between pigs divergent in feed efficiency following an ex-vivo
lipopolysaccharide (LPS) challenge. However, that study was limited to small number of inflammatory cytokine genes.
Therefore, the objective of this study was to examine the gene expression profile of a range of targets involved in epithelial
nutrient transport and immune function such as volatile fatty acid transporters, tight junction proteins, pattern recognition
receptors and cytokines in: a) the basal unchallenged colonic tissue; and (b) following an ex-vivo LPS challenge of colonic
tissue.

Material and methods Two trials were conducted to identify pigs that were divergent in feed efficiency with pigs selected
from two separate sources. In trial 1, male pigs (LW x LR x PIC337 boars (PIC Genetics)) (92 d.o., BW 41.35 kg (SD =
4.36)) were fed a standard finishing diet for a 43-day recording period prior to slaughter, to evaluate feed intake and growth
to calculate residual feed intake (RFI). When pigs were 146 d.o., animals designated high RFI (HRFI) (n=12) and low RFI
(LRFI) (n=12) (average weight 93.26 kg, SEM 2.37 kg) were slaughtered to collect colonic tissue. In trial 2, male pigs (LW
x LR x Maxgro boars (Hermitage Genetics)) (63 d.o., BW 29.4 kg (SD = 2.03)) were evaluated as described above. When
pigs were 115 d.o, animals (85 kg, SEM 2.8 kg), HRFI; (n=8) and LRFI; (n=8) were slaughtered and two colonic tissue
samples were collected. The two tissue sections were placed in 1ml of Dulbecco’s modified Eagle’s medium, one in the
presence of bacterial LPS (Escherichia coli strain) at a concentration of 10 pg /ml while the other sample was used as a
control. A custom nCounter panel was designed, which was capable of measuring 56 genes of interest as well as 15 internal
reference genes. Gene expression analysis was performed on unchallenged tissue samples from both trial 1 (6 HRFI & 6
LRFI) and trial 2 (6 HRFI & 6 LRFI). The tissue samples from trial 1 and 2 were analysed together as a complete
randomized design experiment with RFI and trial as main effects. Gene expression analysis was performed on the LPS
challenged tissue samples from trial 2 (6 HRFI & 6 LRFI). Tissue samples from trial 2 were analysed as 2 x 2 factorial
experiment with the statistical model including the effects of RFI and challenge (Unchallenged or LPS) and their associated
two-way interactions.

Results In the unchallenged colonic tissue, the LRFI group had increased expression of TNF-o, IL-8, IL-10, AP1 and
AOAH (P<0.05) compared to the HRFI group. In the LPS challenged tissue the LRFI group had higher expression of
GPR43, JAK2, NFAM, TLR1, TLR7, TLRS8 (P<0.05) compared to the HRFI group. An interaction between RFI group and
LPS was observed with the HRFI group having a greater increase in expression of both /L-8 and IL-17 compared to the
LRFI group following the LPS challenge (P<0.05).

Table 1 Differentially expressed genes in unchallenged colonic tissue

Gene High Low Std Err P value Gene High Low Std Err P value
TNF-o 50.2917  74.3758  5.40145  0.0048 AOAH 294.028 402.813 349091 0.0389
ILS 1013.47 1584.9 105.97 0.001 API 3010.02  3846.04 286.56 0.0474
IL10 12.3317  16.5708  1.41369  0.0461 STAT2 2207.13  2471.13  94.0913  0.0605

Conclusion Differences in the colonic tissue of HRFI versus LRFI pigs was identified in both the basal state and in colon
challenged with LPS. These changes predominantly related to genes regulating cytokine function with changes in TNF-a
regulated genes of particular interest due to its role in both the immune response and appetite regulation.
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Application Supplementing bedding with excreta from mature birds acts as a probiotic and alters the gut microbiome of
growing chicks, although this does not affect bird growth.

Introduction The gut microbiome of broilers is influenced by numerous factors including bedding and environment:
colonisation of the gastrointestinal tract begins at hatch where birds ingest bacteria and the microbiome develops in a
successional manner. Variations in gut microbes exist due to differences in nutrient composition, the use of additives; such
as antimicrobials, and management factors such as bedding type (Torok et al.,, 2009). Reusing bedding means that young
birds are exposed to a complex ‘soup’ of microbes at an early age and therefore the development of the gut microbiome
may be altered (Cressman et al, 2010, Wang et al.,, 2016). It is hypothesised that reusing bedding can influence the
development of a stable microbial population: this study investigated the effects of supplementing bedding with poultry
excreta on the growth performance and caecal microbiome composition of broiler chickens.

Material and methods 168 male day old Ross 308 broiler chicks were randomly allocated to one of two treatment groups:
fresh wood shavings (Fresh) or fresh wood shavings supplemented with excreta from healthy adult birds (Supplemented; 50
g per 1 x 0.5 m pen). Birds were housed in one of two brooding pens according to their treatment for the first 15 days of the
experiment, after which they were moved to one of 12 (n=6 per treatment) pens (14 birds/pen) for the remainder of the
study. All birds were fed the same wheat-based diet: starter days 1-15, grower/finisher days 15 onwards. At days 1, 15 and
22, birds and feed were weighed for the calculation of FCR. At days 15 and 22, one bird per pen was randomly selected,
sacrificed and samples of caecal digesta were taken. DNA was extracted and the microbiome was profiled through 16S
rRNA sequencing on the Illumina platform. Data were also collected at days 29 and 35 but are not presented here. The
effects of bedding on the relative abundance of bacterial phyla was investigated through Linear Discriminant Analysis
Effect Size and effects on alpha diversity and performance were analysed through ANOVA where significance was denoted
as P<0.05.

Results No differences in performance data were identified (Table 1).

Table 1 Effects of bedding on bird performance.

Fresh Supplemented SEM P-value
Liveweight day 15 (g) 439 427 6.0 0.351
Liveweight day 22 (g) 876 874 10.3 0.929
Average daily feed intake/bird 15-22 (g) 91.1 95.5 3.56 0.544
FCR day 15-22 1.49 1.52 0.03 0.699

A number of bacterial taxa were differentially represented within each treatment group at day 15 (P<0.05), including an
increase in Lachnospiraceae and decrease in Clostridiaceae in birds on supplemented bedding. Alpha diversity was also
significantly heightened in samples from birds on supplemented bedding (P<0.001). Conversely no differences were
identified at day 22 (P>0.05). It was observed that day 15 supplemented samples were more similar to fresh samples taken
at day 22 with no statistically significant differences in either taxa abundance or alpha diversity.

Conclusion These results suggest that the supplementation of bedding with excreta from healthy adult birds accelerates the
development of a stable, adult microbial population, however this did not affect bird performance.
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Application Post-weaning disorders, symptomized by diarrhoea, weight loss and mortality, accounts for huge economic
losses to the pig industry. This study identifies a combination of casein hydrolysate and yeast B-glucan that checks post-
weaning diarrhoea with no negative effects on growth.

Introduction Nutritional strategies have been employed to overcome post-weaning disorders and improve growth and
health of pigs, especially after the restricted usage of antibiotics and zinc. In one of our previous studies, post-weaning
diarrhoea was reduced by supplementing piglet feed with a combination of a 5 kDa fraction of casein hydrolysate (5K) with
yeast B-glucan (BG) (Mukhopadhya ef al., 2016). However, commercial production of 5K involves higher costs compared
to the casein hydrolysate. Hence, the objective for this study was to investigate the effects of supplementing post-weaned
piglets diet with two casein hydrolysates; whole hydrolysate (EH) or the previously used 5K fraction alone or in
combination with yeast f-glucan (BG) on diarrhoea scores and growth of piglets, immediately post-weaning.

Material and methods In a complete randomised 2x3 factorial design, 144 newly weaned piglets [progeny of Meatline
boars x (Large White x Landrace) sow)], 28 d old, with BW 7.3 + 0.2 kg were blocked on the basis of sex, body weight
and litter of origin and assigned to one of the following dietary groups: 1) control diet (CD); 2) CD + 0.25 g/kg BG; 3) CD
+0.25 g/kg 5K; 4) CD + 0.25 g/kg BG + 0.25 g/kg 5K; 5) CD + 0.25 g/kg EH and 6) CD + 0.25 g/kg BG + 0.25 g/kg EH .
The CD was formulated to contain 210 g/kg of crude protein, 15 MJ/kg of digestible energy (DE) and 15.5 g/kg of total
lysine. Piglets (3/pen) were housed on fully slatted floors (1.68 x 1.22 m) at an ambient controlled environmental
temperature (30°C) with ad libitum access to feed and water. The animals were weighed at the start of the trial (d 0) and on
d 10 and all feed were weighed back on d 10 to calculate feed intake. Faecal consistencies based on visual observations
were scored twice daily using a scoring system, which assigns scores ranging from 1 to describe hard, firm faeces to 5
which describes watery, mucous-like faeces (severe diarrhoea) (normal scores between 2 and 3). The faecal scores were
checked for normality using PROC Univariate and analysed by repeated-measures analysis using the PROC MIXED
procedure of SAS using the pen as an experimental unit. The growth parameters were analysed as a 3x2 factorial design
using the PROC GLM procedure of SAS using the pen as an experimental unit. Data presented are expressed as least-
squares means with their standard errors of the mean (SEM).

Results The inclusion of BG and casein hydrolysates significantly decreased faecal scores (Table 1). Addition of casein
hydrolysates in presence of BG significantly lowered faecal scores compared to inclusion of BG or casein hydrolysates
alone. Weights on d 10, average daily gain (ADG), average daily feed intake (ADFI) and gain:feed ratio (G:F) are also
presented in Table 1. The inclusion of BG or casein hydrolysates had no significant effect of the measured parameters apart
from ADFI.

Table 1 Effect of diet supplementation on overall faecal scores, ADG, ADFI and G:F in post weaning piglets

BG No Yes Significance

Casein 0 EH 5K 0 EH 5K SEM BG casein BG x casein Time
hydrolysate hydrolysate hydrolysate

Faecal score 350 322 293 299 267 281 0062 0.00] 0.00] 0.0008 0.001
Weight (kg) 896 858 896 922 936 88 0262 ns ns ns na
ADG (g/day) 169 130 165 191 196 150 16 ns ns ns na
ADFI (g/day) 299 247 275 306 277 270 27 ns 0.001 ns na
G:F 0.58 040 058 0.6 0.68 0.53 0.088 ns ns ns na

ns = not significant; na = not analysed

Conclusion In conclusion, the low cost EH in combination with BG was associated with reduction of faecal scores and
maintenance of growth of the newly weaned piglet throughout the experimental period. These results warrant in-depth
analysis of the gastrointestinal tract morphology and the gut microbial composition to understand the observed effects.
Acknowledgements Enterprise Ireland; Project entitled: Food for Health Ireland (Grant Number CC200800001)
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Application Network analysis is a promising method to predict species-species interactions and microbial gene abundances
in rumen ecosystems occupied mostly by uncharacterized microorganisms. The results improve our understanding of the
main methanogens associated with methane emissions and their main functional genes and can be used to improve the
prediction of methane emissions to be used for breeding and nutritional intervention.

Introduction Previous shotgun metagenomic analyses of ruminal digesta identified some microbial information within the
microbial communities and their functional genes that might be useful as biomarkers to select cattle that emit less CHy4
(Wallace et al., 2015, Roehe et al. 2016 and Auffret et al. 2017). However, identification and validation of robust
biomarkers are needed and the biological mechanisms underlying CH, emissions should be uncovered.

Material and methods This study was performed using data of 50 animals from 3 independent experiments (Rooke et al.
2014, Duthie et al., 2016, 2017), balanced for breed (Aberdeen Angus, Charolais, Limousin and Luing) and fed with
different diets (forage or concentrate). Methane emissions were measured individually during 48 h in respiration chambers
(Rooke et al. 2014). Total DNA was extracted from post-mortem rumen digesta samples to perform metagenomics
analysis. Functional microbial genes were identified based on the KEGG genes database. For phylogenetic analysis, the
genomic reads were aligned to the Kraken database (Wood and Salzberg, 2014). Data were expressed as relative
abundances of microbes or genes within individual. A network analysis (Miru, Kajeka Ltd, Edinburgh UK) was performed
using 200 microbial genera (MG) and 56 microbial functional genes (MFQG), all highly correlated to CH4 emissions. This
study focused on Methanobrevibacter as main methane producer (Auffret ef al. 2017). Partial least square analysis (PLS,
Version 9.1 for Windows, SAS Institute Inc., Cary, NC, USA) was used (diet as fixed effect) to identify the functional
genes most correlated with microbial populations variability.

Results A Network analysis (R = 0.75) including 200 MG and 56 MFG grouped Methanobrevibacter, Methanothermus,
Methanosphaera and Methanotorris in a single cluster with almost all the functional genes considered (52/56). Most of the
genes (35/52) were associated with Methanobrevibacter explaining 91.4% of the variation in Methanobrevibacter
abundance. Moreover, the PLS analysis also helped to identify which genes (n=35) are mostly associated (VIP) with
Methanobrevibacter as indicator of it’s most important metabolic functions. In general, the MGF with high VIP value
(Table 1) were genes mostly involved in the hydrogenotrophic methanogenic pathway. More importantly a gene (K01079)
associated with amino acid metabolism was identified with the highest VIP value. Finally, a lack of connection with other
clusters containing bacteria, fungi, protists and other archaea was observed.

Table 1 PLS results identifying the main functional genes explaining Methanobrevibacter abundance variability.

Factor VIP' Coefficient Microbial gene function

K01079 1.21 0.09 phosphoserine phosphatase

K00584 1.20 0.08 tetrahydromethanopterin S-methyltransferase subunit H
K00399 1.18 0.08 methyl-coenzyme M reductase alpha subunit

K00201 1.17 0.07 formylmethanofuran dehydrogenase subunit B

K14128 1.15 0.06 F420-non-reducing hydrogenase subunit G

K00123 1.08 0.04 formate dehydrogenase, alpha subunit

'VIP: Variable Importance in Projection.

Conclusion This study improves our understanding of microbial community variability and their main metabolic functions
associated with ruminal methane production. The knowledge is used to identify robust biomarkers associated with methane
emissions from cattle.
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Application Selection of animals with improved feed efficiency has the potential to maximise nutrient utilisation from feed
and reduce feed costs in tandem with decreasing agricultural GHG emissions.

Introduction The rumen microbial community affords ruminants the ability to digest cellulose rich feed stuff and to
convert such material to meat and milk. Phenotypic performance is dependent on a combination of its genotype, inherent
microbiome and the chemical composition and quantity of feed offered. Residual feed intake (RFI) is widely used and a
highly accepted measure of feed efficiency in cattle (Herd and Arthur, 2009). Shabat et al. (2016) previously found rumen
microbiome genes and species could accurately predict an animals feed efficiency phenotype. The objective in this study
was to explore the effect of RFI phenotype on the archaeal and bacterial populations present in the rumen of young
Simmental bulls offered a finishing diet.

Material and methods Residual feed intake was calculated for each animal as the difference between actual dry matter
intake (DMI) and expected DMI for a combination of four cohorts of Simmental bulls (n=87) over four years. All animals
were managed similarly from birth and offered ad libitum concentrate and 3kg of grass silage daily during the finishing
period. Animals were slaughtered at a mean bodyweight + SD of 580.26 + 74.09 kg. Liquid and solid rumen digesta were
collected immediately after slaughter. The volatile fatty acids (VFA) concentration of rumen fluid was measured using gas
chromatography. Rumen solid and liquid samples from cattle for the top (mean RFI= 0.85) and bottom (mean RFI=-0.76)
sextiles were subjected to microbiomic analysis (n=60). Six samples were mislaid leaving n=54. DNA was extracted using
the repeated bead beating and column purification method (Yu and Morrison, 2004). /6S DNA libraries were constructed
following extraction of DNA from rumen digesta and sequenced on the Illumina MiSeq platform. Four samples were
removed from the analysis due to low sequence output (n=49). A combination of de novo and reference based operational
taxonomic unit (OTU) identification was carried out, clustering sequences at 97% similarity and aligning a representative
sequence from each clustered OTU to the Greengenes database (version gg 13 8). A non-parametric statistical analysis
between treatment groups was conducted with R. Diversity metrics were calculated using PRIMER7. Spearman’s
correlation analysis was conducted hmisc package R Studio (v3.1).

Results No difference in alpha or beta diversity was observed [,
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positive correlation observed between the OTUs identified as  Figure 1. a) Scatterplot of relative abundance of Fibrobacter
Selenomonas ruminatium and Fibrobacter succinogenes in both  versus RFI in rumen solid and liquid digesta. b) Boxplot
solid and liquid digesta (P<0.001). OTUs assigned to the phlya of  illustrating the relative abundance of Fibrobacter in rumen
Tenericutes and Cyanobacteria may also potentially influence  solid and liquid digesta of LRFI and HRFI bulls

feed efficiency phenotype(P<0.05).

Conclusion This study suggests that RFI phenotype does not affect the overall diversity of the bacterial or archaeal
communities present in the rumen. However, we provide evidence that certain bacterial genera and bacterial and archaeal
OTUs may influence the phenotypic expression of RFI potentially through their role in ruminal degradation of complex
plant polysaccharides.
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C L Elliott>', J E Edwards®, T J Wilkinson*, G G Allison®, K McCaffreyz, M B Scott’, P Rees Stevens?,

A H Kingston-Smith?, S A Huws'

'Queens University Belfast, UK, *Aberystwyth University, UK, *Wageningen University, The Netherlands, *University of
Edinburgh, UK

celliott24@qub.ac.uk

Application Understanding bacterial colonisation of fresh forages in the rumen will allow the development of novel
techniques to increase the efficiency of nutrient utilisation in ruminants, increasing animal productivity.

Introduction The growing population and increasing demand for meat and milk will require changes to animal production
to maintain food security. A key problem is that the breakdown of plant matter in ruminant animals by is not very efficient
as much energy is lost as waste, some of this waste being damaging to the environment. An increase in efficiency of
digestion is a possible solution both increasing the meat and milk produced while minimising environmental impact. As
much of ruminant nutrition comes from rumen microbes, understanding interactions of the rumen microbiome with the
forage is paramount. Bacterial colonisation of perennial ryegrass has been previously investigated but other forages which
would be present in a grazing situation have not been extensively studied. In this experiment we investigated bacterial
colonisation of perennial ryegrass (PRG) red clover (RC) and birds foot trefoil (BFT) and plant chemical changes over a 24
h period.

Material and methods Lolium perenne cv. AberDart (PRG), Lotus corniculatus cv. Maitland (BFT) and Trifolium
pratense cv. Milvus (RC) were grown from scarified seed in a greenhouse maintained at a 20/ 10°C day/ night cycle with a
minimum 10h photoperiod. BFT and RC were harvested after 16 weeks by removing the leaves and cutting them in half
and PRG was harvested following 6 weeks’ growth by cutting into 3cm lengths. The harvested plant matter was incubated
in anaerobic incubation buffer (135mL at 39°C; Van Soest, 1967) and rumen fluid inoculum (15 mL, strained through two
layers of muslin and held under CO, at 39°C; rumen fluid was taken from 3 cannulated cows, and pooled). Samples were
taken for each forage at 0, 1, 2, 3, 4, 6, 8, 12, 24 hours and the experiment was repeated 3 times (n=9). Attached bacteria
were isolated through overnight incubation in glutaraldehyde (3% v/v in PBS) at 4°C followed by centrifugation (10,000 x
g, 10 mins) and freeze drying of the pellet. DNA was extracted from the pelleted attached bacteria at each time point using
the BIO101 FastDNA® SPIN Kit for soil (Qbiogene, Cambridge, UK). 16S rDNAPCR using 799F2 and 1177R primers,
coupled with adaptors, was conducted followed by ion torrent sequencing. Operational taxonomic units at 97% identity
were produced by removing the low quality sequences and sequencing errors using the CD-HIT-OUT pipeline and
classified against the Greengenes database using MOTHUR. PICRUSt analysis was used to predict the metabolic function
of the attached bacteria. Chemical analysis of ground plant matter was performed using Fourier transform infrared
spectroscopy (FT-IR). Plant degradation for each plant sample was also evaluated at each time point

Results Analysis of bacterial colonisation identified that in all forages there was a dramatic change in genera and
abundance at around 4-6 hours. This change was associated with the change from primary colonisation where microbes
attach to the surface of plant matter, to secondary colonisation where microbes form stable colonies encompassed in
biofilms. On the genus level, the main initial primary colonisers were Prevotella, Pseudobutyrivibrio, Ruminococcus,
Olsenella, Butyrivibrio and Anaeroplasma on all forages. Pseudobutyrivibrio and Anaerolasmaon was then more prevalent
during secondary colonisation timepoints on all forages. For PRG the change was around 4 h which is in line with previous
data from Huws et a/ (2016). However, in BFT and RC this change occurs later at around 6 h. The FT-IR data showed a
similar trend in the forages indicating a change in plant chemistry around 4 h in PRG and a change around 6 h in BFT and
RC most likely due to a change in polysaccharide content. PICRUSt analysis of the data showed there was a reduction in
lipid and amino acid metabolism in the later time points (8 h onwards) compared with the early time points (1-4 h) which is
likely due to a reduction in the availability of nutrients.

Conclusion This study demonstrates that the attached bacteria on PRG, BFT and RC were similar in composition and
abundance but temporal differences were observed at different incubation times between the forages. This indicates that
fundamental differences in plant chemistry have a major role in the functional breakdown of plant matter even though the
colonising bacteria follow similar successions.
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Application The inclusion of an isoflavonoid-rich extract from liquorice in the diet could potentially improve the
efficiency of the feed utilization by ruminants.

Introduction Since the ban of antibiotics as growth promoting feed additives by the European Union in 2006, plant
extracts and plant secondary metabolites have been considered as alternatives to manipulate rumen fermentation (Hart et
al., 2008). Flavonoids have recently gained interest because of their wide range of biological activities, particularly
antimicrobial properties (Oskoueian et al. 2013). In this study, we tested an extract of liquorice, rich in prenylated
isoflavonoids, and particularly glabridin, for its long-term effect on rumen fermentation and methanogenesis.

Material and methods The Rumen Simulation Technique (Czerkawski and Breckenridge 1977) was used to study the
effect of a control diet alone or supplemented with liquorice extract (Licogen powder, Fitness R Us Ltd, Kiryat Shmona,
Israel) at 1 g/L or 2 g/L. A single incubation period using 12 vessels inoculated with rumen fluid from four different sheep
(four replicates) was carried out. The experiment lasted for 16 days, using the first 12 days for adaptation and the last 4 for
sampling. Fermentation gases were collected in gas-tight bags to measure total gas and methane production. Daily
production of ammonia and VFA were determined in the overflow flasks. Data were analysed statistically by randomized
block ANOVA, with individual sheep as a blocking term.

Results When liquorice was added at 1 g/L no negative effects on fermentation were observed, although ammonia
production decreased (-51%; P<0.001). The addition of 2 g/L, however, had a strong effect decreasing total VFA
concentration (P=0.014), shifting fermentation towards propionate (P=0.012) at the expense of acetate (P=0.003), as well as
dramatically decreasing ammonia production (-77%; P<0.001). Although total gas production was not affected by the
inclusion of 2 g/L liquorice in the diet, methane production decreased (P<0.05) by 35% (Table 1).

Table 1 Effect of supplementing a control diet (C) with liquorice extract (L1 and L2, 1 and 2 g/L, respectively) on
fermentation products and methanogenesis in the Rumen Simulation Technique

Diets C L1 L2 SED P
Fermentation products (mmol/d)

Total VFA 33.7° 34.1° 28.5° 1.056 0.003
Acetate 17.2° 17.0° 12.8° 0.795 0.003
Propionate 3.55° 4.06" 4.94° 0.313 0.012
Butyrate 8.08 7.95 7.56 0.333 0.332
BCVFA 3.51° 3.74° 0.482*  0.213 <0.001
Ammonia 1.37° 0.674° 0315  0.106 <0.001
Gas emissions

Total gas (L/d) 1.2 1.23 13 0.069 0.384
Methane (mmol/d) 4.67° 435° 3.06 0.445 0.024
Methane (mmol/g DOM) 0.510°  0.492° 0374  0.043 0.039
**Means with different superscript differ (P<0.05). BCVFA: branched chain volatile fatty acids. DOM: digestible organic
matter.

Conclusion Liquorice extract could potentially be used in ruminant diets to increase the efficiency of nitrogen utilization.
The effects observed on rumen fermentation could be attributed to the high content of isoflavonoids, although the
contribution of other phytochemicals cannot be ruled out.
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Application Next generation sequencing (NGS) showed diet differences in microbial populations associated with methane
emissions.

Introduction Diet manipulation has previously been shown to be an effective methane mitigation strategy, whilst NGS has
enabled a more rapid and detailed description of the rumen microbiota. Poulsen et al. (2013) showed reductions in methane
emissions in response to rapeseed oil supplementation and Thermoplasmata (methylotrophic archaea, such as
Thermoplasmata) produced more methane than hydrogenotrophic archaea (Methanobacteriales). The aim of this study was
to assess effects of dietary lipid and nitrate supplementation on the rumen microbiota.

Material and methods Rumen samples from 79 finishing steers were collected through a naso-gastric tube at the end of a
56 d feed efficiency measurement period and stored frozen prior to analysis. Diets were: control (C; total mixed ration
based diet, n=20), and 3 diets in which rapeseed meal was replaced with nitrate (N; 18 g nitrate/kg DM as calcium nitrate,
n=20), oil (O; increased by 12 g/kg DM using maize distillers dark grains, n=20), and NO (a combination of nitrate and oil,
n=19). Methane emissions were measured in respiration chambers (2d) after the feed efficiency measurement period.
Frozen rumen samples were crushed in liquid nitrogen, libraries prepared by amplification of the 16S rRNA gene (V4
region) and sequenced using an Illumina MiSeq. Demultiplexed sequences underwent quality control and taxonomic
profiles were generated. Principal component analysis was carried out (Unscrambler X, Camo, Norway) using genus level
information. Diet effects on relative abundances (RA) of genera were estimated using ANOVA (Benjamini-Hochberg false
discovery rate) in the STAMP statistical package (kiwi.cs.dal.ca/Software/STAMP). RAs for each treatment group were
subsequently compared to C, with particular interest in taxa associated with methane emissions.

Results In total, 184 taxa were recorded at the genus level. Comparison of PC-1 vs. PC-2 showed a slight grouping of O
was observed, PC-1 vs. PC-3 showed two groupings (i) C, N, NO and (ii)) O — data not shown here. 80 genera were
significantly different (P<0.05) between N and C dietary treatments, 53 between NO and C and 16 between O and C.
VadinCA11 (Thermoplasmata) increased in C diet relative to others (N & O P<0.001; NO P=0.015). Relative to C,
methane (expressed as g/d or g/lkg DMI) was significantly reduced by the addition of nitrate. Whilst a numerical reduction
was observed for the addition of oil, these were non significant (Duthie et al., 2017). When assessing taxa associated with
methane emissions (Table 1), Methanobacteriales (Methanosphera and Methanobrevibacter) were reduced for the N diet
(P=0.008; P=0.04) and NO (P=0.351; P=0.164), but increased for the O diet (P=0.054; P=0.18). The increase in
Thermoplasmata for the C dietary treatment is probably explained by the presence of trimethylamine precursors in the
rapeseed meal of the C dietary treatment.

Table 1 Differences in mean RA (s.d.) of taxa associated with methane emissions between dietary treatments and C

Taxonomy C N NO (0]

Mean RA (s.d.) Mean RA (s.d.) Mean RA (s.d.) Mean RA (s.d.)
VadinCA1l 0.62 (0.16) 0.30 (0.12) 0.42 (0.19) 0.23 (0.14)
Methanosphera 0.09 (0.06) 0.03 (0.03) 0.07 (0.05) 0.16 (0.08)
Methanobrevibacter 6.43 (3.27) 3.91 (2.09) 5.14 (2.24) 9.87 (5.75)
VadinCA11 P <0.001 0.015 P <0.001
Methanosphera 0.008 0.351 0.054
Methanobrevibacter 0.04 0.164 0.18

Conclusion Taxa associated with methane production within the N dietary treatment were significantly reduced relative to
C dietary treatment. It is likely that the addition of oil did not have a large effect on methane emissions due to reductions in
Thermoplasmata being counteracted by increases in Methanobacteriales.
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Application Despite being essentially barley-based, the rations fed to cattle in beef finisher units in Scotland are diverse
and there is wide inter-farm variation in parameters relating to acidosis. The proportion of fine particles in the TMR is at
least as important a driver of metabolic adaptations as the amount of barley in the ration.

Introduction Beef cattle are often grown and finished for slaughter on diets that are rich in cereal grains. Sub-acute
ruminal acidosis (SARA) is an inflammatory syndrome arising from high dietary challenge with soluble carbohydrates that
is prevalent in dairy and beef cattle fed on high concentrate rations. Some farms are more susceptible to acidosis than
others, and within herds some animals are more prone to acidosis than others. The objectives of this study were to 1)
characterise the pathological features of the reticulorumen in cattle from divergently managed intensive beef finishing
farms, and 2) attempt to relate differences in the severity or nature of these response variables to specific dietary or
management practices.

Material and methods At the time of slaughter, we obtained samples from 19-20 animals from each of six beef finishing
units (119 animals), with diverse feeding practices, which had been classified as being high-risk (three farms) or low-risk
(three farms) for SARA on the basis of the proportion of cereal starch and neutral detergent fibre (NDF) in the ration. We
measured the concentrations of histamine, lactate and other volatile fatty acids (VFA), lipopolysaccharide (LPS) in ruminal
fluid, LPS and VFAs in caecal fluid, and we took samples of the ventral blind sac of the rumen for histopathology,
immunohistopathology and gene expression. Subjective assessments were also made of the presence of lesions on the
reticuloruminal wall and the colour of the lining of the reticuloruminal wall.

Results The farm of origin was the dominant effect on the measured variables, almost all variables differing significantly
among farms. The animals on the high risk diets had lower concentrations of short-chain fatty acids (SCFAs) and higher
concentrations of lactate and LPS in the reticuloruminal fluid. The diameters of the strata granulosum, corneum and of the
vasculature of the papillae were increased on the high-risk farms, as was the expression of the gene TLR4 in the ruminal
epithelium, while the expression of IFN-y and IL-1f was lower, as were the counts of CD3+ and MHCII+ cells. As the
proportion of barley in the ration increased, so did the concentration of reticuloruminal and caecal lactate, reticuloruminal
histamine, LPS and the thickness of the strata corneum and granulosum, while there was a reduction in the total SCFA
concentration in the reticulorumen the expression of [FN-y and count of MHCII+ cells in the ruminal epithelium.
Increasing the proportion of fines in the ration had mostly similar effects to increasing the proportion of barley, but in
several cases, the effect was stronger and there was also an increase in the expression of NHE3 gene in ruminal epithelium.
NHE3 expression was positively associated with the concentration of LPS in reticuloruminal fluid (» = 0.30, p < 0.05), and
with the level of fines in the ration. /FN-y expression decreased as barley and fines in the ration increased. The levels of
expression of the genes in the epithelium correlated moderately or highly with each other. They were not strongly
correlated with the thickness of the stratum granulosum, nor with the density of CD3+ nor MHCII+ cells, nor lactate
concentration in reticuloruminal or caecal fluid. Of the dependent variables measured in this study, LPS and lactate
concentrations are likely the best indicators of pathology, however without any independent marker for performance or
health it was not possible to determine de novo thresholds at which LPS or lactate concentrations indicate pathology. A
previously proposed threshold of 5 mmol/l of lactate above which an animal is considered to be suffering from acute
acidosis seems reasonable and would have been exceeded by 4% of the animals in this study.

Conclusion Farm to farm variation in rations and practices was wide and the effects of individual farm factors on animal
physiology dominated any other factors that were measured. The proportion of fines in concentrate-based total-mixed
rations is a strong driver of the reticuloruminal SCFA, lactate and histamine concentrations. It follows that as much care is
required with presentation of the concentrate diet as with its formulation.

Acknowledgements This project was funded by BBSRC and industry partners Harbro, AB Vista, Chr Hansen and QMS.
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Application Maintaining a bacterial community which closely resembles that of the host animal in in vitro models of
rumen fermentation is important to ensure meaningful results are obtained where the aim is to manipulate this community.

Introduction /n vitro models of the rumen are commonly used to study the effect of feed, treatments and manipulations on
fermentation parameters and more recently the microbial composition. Currently, there is no general consensus on the
amount of rumen fluid to add to the model (Yafiez-Ruiz ef al 2016). Previous work in our lab has shown a rapid decline in
alpha diversity with a 1:9 ratio of rumen fluid to buffer. Using in vitro rumen models to study treatment effects on the
microbiota requires the microbiota to remain as similar to the host animal as possible throughout the fermentation. The aim
of this work was to determine the effect of rumen fluid to buffer ratio on fermentation parameters and the stability of the
bacterial population over time in an in vitro batch culture model of the rumen.

Material and methods Rumen fluid was collected from a Charolais cross steer at time of slaughter, raised on the North
Wyke Farm Platform (NWFP, Devon, UK) on permanent pasture. Rumen fluid was used to inoculate the in vitro model in
three different ratios 1:2, 1:4 and 1:9 with Mould’s buffer (Mould et al. 2005) to a total volume of 50 ml. Fresh grass
collected from the animal’s permanent pasture immediately prior to slaughter was used as the substrate (0.5 g DM). The in
vitro fermentation was run for 48 hours with sampling at 0, 6, 12, 18, 24, 36 and 48 hours. Bottles containing only grass
and buffer were included to measure fermentation by the grass-associated bacteria and no-substrate bottles were included as
blanks. Each treatment at each time point was tested in triplicate (n=15 per time point). /n vitro dry matter digestibility
(IVDMD), gas volume produced (GV, ml) and volatile fatty acid production (VFA, mM) were measured and microbial
pellets were collected for bacterial community analysis by 16S rRNA sequencing of the V1-V3 region on the MiSeq V3
platform (Illumina). All measures were standardised per gram DM added and blank corrected where appropriate. General
linear models with ratio and time as factors were performed with Tukey’s post-hoc test (IBM SPSS Statistics 21).
Sequencing reads were processed in the software Mothur with PERMANOVA and alpha diversity measures (Chaol,
Shannon, Simpson) performed in R.

Results IVDMD showed a significant interaction between ratio and time (P < 0.001; Table 1). The 1:2 and 1:4 ratios
differed prior to 18 hours only. No difference was seen between the three ratios containing rumen fluid from 36 hours
onwards. At 48 hours, bottles with rumen fluid added showed no difference to the grass + buffer controls. Gas volume
again showed a significant interaction between ratio and time (P < 0.001) with the most concentrated ratio (1:2) giving the
greatest total gas volume produced compared to the 1:4 and 1:9 ratios (89.7 vs 83.1 vs 71.5 ml respectively). An interaction
was also seen for total VFA production (P < 0.001). The 1:9 dilution showed the highest total VFA production at both 36
hours (38.2 vs 36.6 vs 50.8 mM; as above) and 48 hours (33.3 vs 48.3 vs 61.9 mM; as above) whilst 1:2 showed higher
VFA production at 6 hours. Analysis of the sequencing reads is underway.

Table 1 The effect of rumen fluid to buffer ratio on IVDMD

Time (hours) p value

6 12 18 24 36 48 SEM Time Ratio Time*Ratio
1:2 0.5832" 0.6153* 0.6383" 0.6471" 0.6757* 0.6913
1:4 0.4937°  0.5655" 0.6333* 0.6364* 0.6900° 0.6891

1:9 04582° 04813° 0.5409° 0.5865° 06371° 06215 012 <0001 <0.001  <0.001

Grass 0.3543°  0.3521¢  0.3524° 0.3529° 0.4749" 0.6228
+b< different subscript denotes significant differences within a column

Conclusion The use of the highest ratio (1:2) is not required for in vitro fermentation of fresh grass, 1:4 would suffice for
fermentations longer than 12 hours resulting in a lower requirement of rumen fluid. Fermentations should not run for longer
than 36 hours, as at 48 hours, DM digestibility in bottles containing only grass and buffer was the same as those containing
rumen fluid. Sequencing results will determine which ratio, if any, ensures the bacterial community remains stable and
similar to that of the original rumen fluid inoculum throughout the fermentation to study rumen microbiota using the
model.
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Application Increased bioavailability of nano copper oxide (CuO) compared to conventional CuO could reduce the dose
required to maintain the copper (Cu) status of ruminants and reduce excess Cu excretion into the environment.

Introduction In ruminants the apparent absorption of Cu is low, with between 0.02 and 0.07 of Cu from sources such as
CuO being absorbed (Parkins et al., 1994), resulting in high levels of excretion into the environment. Similarly, the
absorption of Zn is low at approximately 0.25, with the fractional rate of absorption increasing at lower dietary Zn
concentrations (Suttle, 2010). Improving the bioavailability of trace minerals could reduce the dose required and
subsequently decrease the amount excreted into the environment (Swain ef al., 2016). It is has been shown that supplying
trace minerals as nanoparticles improves their bioavailability compared to conventional sources, mainly because of their
small particle size and functional coating. For example Rajendran ef al., (2013) reported a significant increase in plasma
Zn concentrations in cows receiving nano-Zn compared to ZnO with an associated improvement in milk yield. However,
there is a general lack of information on the bioavailability of nanoparticle trace elements on the minerals status,
performance and health in ruminants. The objectives of the study were to establish the bioavailability of nanoparticle trace
elements compared to conventional sources in growing lambs, and to determine their effect on performance and health.

Material and methods Fifty, six month old, castrated Welsh Mountain lambs were used. For blood metabolites the
coefficient of variation is approximately 11% therefore 10 replicates/treatment were required to detect a 10% difference.
Lambs were gradually introduced to a pelleted diet over a period of 3 weeks. Lambs were stratified and blocked according
to liveweight and allocated to one of four treatments: O; 8 mg Cu/kg DM as CuO and 40 mg Zn/kg DM as ZnO, NH; 8 mg
Cu/kg DM as nano-CuO and 40 mg Zn/kg DM as nano-ZnO, NL; 4 mg Cu/kg DM as nano-Cu and 20 mg Zn/kg DM as
nano-ZnO or S; 8 mg Cu/kg DM as CuSO,and 40 mg Zn/kg DM ZnSOy, or an initial slaughter group. Lambs were housed
in individual, sawdust bedded pens and fed at 90 - 95% of ad libitum intake. Feed refusals were collected daily at 7.30 h.
Water was continuously available. Blood samples were collected weekly at approximately 11.00 h by jugular venepuncture
and stored at -20°C for subsequent analysis by ICP-MS, and every three weeks for determination of ceruloplasmin (Cp), y-
glutamyl transferase (GGT), superoxide dismutase (SOD) and alkaline phosphatase (ALP) using a Cobas Mira Plus
Autoanalyser (ABX Diagnostics, Bedfordshire, UK). All sheep were slaughtered at a commercial abattoir either at the
beginning of the study (initial slaughter group n=10) or at the end of the 9" study week (n=10 per treatment). Liver and
kidneys were collected at slaughter for subsequent analysis. Data was analysed by repeated measures analysis of variance
using Genstat 17 as a randomised block design using data recorded in week 0 as a covariate where appropriate.

600
Results There was no effect of form or level of Cu and Zn
supplementation on feed refusals or live weight gain (P>0.05),
with a mean value of 90 g/d. Plasma activity of GGT was high
(55-61 U/) for all lambs at the start of the study and declined

through the study except for those supplemented with CuSQ,, =0

which remained high. Hepatic Cu concentration was increased 3,

(P<0.05) in lambs supplemented with CuSO4 compared to CuO 5,

(Figure 1), and there was a trend (P=0.11) for lambs =5 I
supplemented with nano-Cu to have a higher hepatic Cu 100 . - - .

concentration than lambs supplemented with CuO. Plasma ALP il S
activity increased (P<0.001) for all lambs from week 0 to week .
9 (mean values 157 U/l and 401 U/l respectively) but there was ~ Figure 1 Effect of form and level of Cu and Zn

no effect (P >0.05) of form or level of Cu and Zn supplement on liver copper concentration (mg/kg
supplementation. DM) in growing lambs. Error bars indicate the SEM

Liver copper concentration mg/kg DM

Treatment group

Conclusion Nano CuO may have a greater bioavailability than conventional CuO, but variability between individual lambs
was higher than expected therefore a greater number of replicates per treatment may be required to reach full statistical
significance. Suppling trace mineral as nanoparticles did not have any effect on performance or health.
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Application Supplementing ewes with Co from 7 weeks pre joining until mid-pregnancy has no effect on their
performance or that of their progeny where pasture meets the cobalt requirement.

Introduction The number of lambs reared per ewe joined is a key determinant of profitability on sheep farms. Mean
weaning rate on Irish sheep farms is 1.3 lambs per ewe joined (National Farm Survey) and has been relatively constant for
the last 30 years. Cobalt deficiency has been identified as a major issue in some sheep flocks in Ireland. A previous study at
Athenry reported increased performance of lambs post weaning due to Co supplementation. (Keady et al.,2017).
Reproductive performance may be restricted when an animal is deficient in a particular mineral (NRC, 2007). As there is a
paucity of experimental data, the aim of the current study was to evaluate the effects of supplementation with Co, and
method of administration, from pre joining to mid-pregnancy on ewe performance and the performance of their progeny.

Material and methods Three hundred and fifty ewes (Belclare, BelclarexSuffolk and >75% Suffolk) (mean initial live
weight 74.4kg [SD 9.71]) were allocated at random within genotype to 1 of 3 treatments from 7 weeks pre joining to 6
weeks prior to lambing. The 3 treatments were as follows: no supplementation (control), Co via drench (drench) or Co via
bolus (bolus). The concentration of Co in the drench was 2.1 mg/ml as cobalt sulphate heptahydrate (CoSO4 (H20);); 15 ml
were administered to the ewes at 14-day intervals equivalent to 2.25mg/day. The bolus also contained CoSO,4 (H20); with
an expected release rate of 0.6 mg/d and efficacy of 5 to 6 months, and was administered at the start of the study. The ewes
were managed as one group in a rotational grazing system until housing in December. Ewes were synchronised using
progesterone impregnated sponges and joined with Charollais rams. At housing, ewes were shorn and offered grass silage
ad libitum. Concentrate (containing standard mineral and vitamin levels) was offered in late pregnancy, the level offered
depending on scanned litter size. Post lambing, ewes rearing singles or twins, and their lambs, were turned out to pasture,
without concentrate supplementation, and were managed in a rotational-grazing system. Ewes rearing triplets received 0.5
kg concentrate daily for the first 5 weeks post-lambing while their lambs were supplemented with concentrate (up to max
of 300 g daily) until weaning (14 weeks of age). Samples of herbage were taken from each paddock pre-grazing and a
representative sample of silage offered was collected once weekly for mineral analysis. The data were analysed as a
randomised study using Proc MIXED of SAS to fit a model with fixed effects for treatment, breed and ewe age and ewe as
a random term for lamb growth traits.

Results The mean Co concentration of the herbage from 7 weeks pre joining to housing was 0.10 mg/kg DM. The effects
of supplementation with Co and method of Co administration on ewe and lamb performance are presented in Table 1.
Neither Co supplementation or method of administration had an effect (P>0.05) on litter size, number of lambs reared/ewe
joined, ewe BW, ewe BCS, lamb weight at birth or weaning, or on lamb mortality

Table 1 The effects of cobalt supplementation and method of administration on ewe and lamb performance

Treatment Contrast
Control (C) Drench (D) Bolus(B) s.e DvB CvD+B

Ewe BW (kg) -mid pregnancy  74.7 75.2 76.1 0.47 NS NS

- lambing 75.3 76.5 76.5 0.55 NS NS

BCS - mid pregnancy 3.3 34 34 0.04 NS NS

-lambing 3.3 33 34 0.05 NS NS

Litter size 2.02 1.94 2.00 0.068 NS NS

Lambs reared/ewe joined 1.79 1.67 1.64 0.080 NS NS

Lamb BW - birth 5.1 5.1 5.1 0.08 NS NS
(kg)

- weaning 33.0 325 32.7 1.23 NS NS

Lamb mortality (%) 10.1 11.6 14.6 0.25 NS NS

Conclusion Supplementation with Co, either via drench or bolus, had no effect on ewe reproductive performance or the
performance of progeny up to weaning.
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Application Supra-nutritional levels of vitamin E supplementation may increase lamb birth and weaning weight by
increasing placental size and efficiency.

Introduction Lamb mortality is over 15% in the UK, which represents a major loss to the sheep production sector. The
addition of high level of vitamin E to ewe’s diets in late pregnancy has been shown to improve lamb birth weight and
neonatal lamb vigour (Capper et al., 2005). However, these responses are inconsistent (Rooke, et al., 2009). In the UK,
concentrate feed for pregnant and lactating ewes typically contains 100-150 mg/kg vitamin E, which is lower than the
(NRC, 2007) requirements. Responses in terms of lamb birth weight and survival have mainly been reported using
concentrates containing >500 mg/kg vitamin E (Merrell, 1998). Work with growing lambs suggests that naturally occurring
vitamin E in forages may be more readily available that synthetic o tocopherol acetate added to concentrates. (Kasapidou,
et al., 2009). The objective of the current experiment was to investigate the effect of source and level of vitamin
supplementation on ewe and lamb performance during late pregnancy and early lactation.

Materials and methods At day 103 of pregnancy (week -6) 44 twin bearing Suffolk x Mule ewes with a mean live weight
(LW) of 77 kg and body condition score (BCS) of 2.9 were allocated by parity, LW and BCS to either a grass silage (GS)
or straw (S) based diet supplemented with either a low (L, 2.8 mg/kg LW) or high (H, 9.0 mg/kg DM) vitamin E
concentrate to provide 4 treatments; GSL, GSH, SL and SH. Forages were offered ad-libitum with concentrates being fed
to provide a rising plane of nutrition to meet the metabolisable energy (ME) and metabolisable protein (MP) requirements
of twin bearing ewes during late pregnancy and producing 3.0 litres of milk during early lactation (AFRC, 1993). Ewe LW,
CS were recorded weekly, with litter weight being recorded 12 h post-lambing. Lamb weights were recorded weekly.
Following parturition, the placenta was collected, washed and weighed, and the number of placentomes recorded as
described by (Dwyer, et al., 2005). Ewes were group housed between weeks +4 and +8 post-lambing and the performance
was monitored within each treatment. The data were analysed by ANOVA as a 2 x 2 factorial design using Genstat17.

Results Pre-partum, ewes offered GS had a higher LW gain, and tended to have a lower BCS loss than those offered S. In
addition, they had a higher placental weight. However, forage source had no effect on litter weight. Post-partum, lambs
from ewes offered S were heavier at week +8. Ewes offered high vitamin E (H) had a higher placental weight, cotyledon
weight, litter weight and were heavier at week +8 than those offered low vitamin E (L).

Table 1 Effect of forage type and vitamin E supplementation on ewe and lamb performance

SED Probability
SL SH GSL GSH Forage Vit. E Int.

Pre-p Forage DMI (kg) 0.68 0.67 1.18 1.17 0.080 <.001 0.859 0.971
Pre-p. LW change (kg) 9.64 11.14 13.43 12.73 1.245 0.005 0.654 0.221
Pre-p. CS change 0.05 -0.16 0.13 0.11 0.131 0.066 0.225 0.344
Post-p LW change (kg) 648  -5.67 -3.78 -7.14 2.110 0.684 0.403 0.178
Post-p CS change -0.26  0.01 0.01 -0.23 0.157 0.960 0.797 0.029
Placenta weight (kg) 0.70°  091° 0.90° 0.90° 0.063 0.041 0.027 0.022
Cotyledons weight (kg) 021*  0.30° 0.23* 0.22° 0.024 0.190 0.027 0.007
Litter birth Weight (kg) 9.74 10.99 9.81 9.90 0.473 0.135 0.056 0.095
Week +8 litter Weight (kg)  42.31  43.61 38.30 40.77 1.09 <.001 0.023 0.455

Conclusion Forage effects on ewe performance probably reflect differences in energy and/or energy substrate supply.
Supra-nutritional levels of vitamin E supplementation increased litter birth weight and week +8 weight by increasing
placental size and efficiency.
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Application Pre-lambing metabolic profiles of Lleyn and Scottish Blackface (BF) twin-bearing ewes suggested that Lleyn
ewes are as capable of producing twins in a hill environment as BF flockmates, although they probably consume more feed.

Introduction Introducing a prolific lowland/upland sheep breed (e.g. Lleyn) into a hill environment, or long-term genetic
selection of an established hill sheep breed, e.g. Scottish Blackface, are contrasting options to improve the reproductive
capability and productivity of hill sheep enterprises (Zhou et al, 2017). However, grazing provides inadequate nutritional
supply in hill sheep farming systems (Robinson et al, 2002), especially during winter and early spring. Consequently, twin-
bearing and multiple- bearing ewes might encounter metabolic disorders, such as twin lamb disease, if energy and protein
requirements cannot be met through diet and a safe level of maternal body tissue mobilisation. Pre-lambing metabolic
profiling is a recommended method for determining the nutritional status of late-pregnancy ewes (Russel, 1984), as it
examines plasma concentrations of B-hydroxybutyrate (BOHB), albumin, urea nitrogen (N), copper (Cu) and magnesium
(Mg). The aim of this study was to investigate pre-lambing metabolic status of unimproved Scottish Blackface (UBF),
genetically improved Scottish Blackface (IBF; Conington et al/, 2006) and Lleyn twin-bearing ewes farmed together.

Material and methods In this experiment, conducted at SRUC’s Hill & Mountain Research Centre (56°N, 4°W), the three
genotypes of ewes were managed together in either a predominantly “Hill Grazing” or a “Park Grazing” system, each with
different criteria for using grazing resources and feed supplements. The ewes were mated with rams of their own genotype
category, and ultrasound-scanned in mid-February. Two supplementary winter feeding levels, high or low, were applied in
two periods (1% = early January to scanning; 2" = scanning to lambing in April). Initial allocation to feeding level was on
the basis of actual liveweight change versus a target liveweight change which took account of pre-mating liveweight and
body condition score (CS); after scanning, the foetuses carried was also considered. Blood samples were taken from twenty
healthy 3- to 5-year-old twin-bearing ewes (based on scanning results) of each genotype on 21% March 2017, to assess pre-
lambing metabolic status, using the Dairy Herd Health and Productivity Service. Only data from ewes that gave birth to
twins and lambed 25 to 46 days post-sampling (UBF = 19, IBF = 18, Lleyn = 17) were analysed statistically, using a
Generalized Linear Model (GenStat 16; VSNi). Terms used in the Maximal Model for each metabolite were genotype, age,
CS, 2™ feeding level, system, days from sampling to lambing, and litter weight. Terms used in the final model were based
on suggestions from stepwise regressions.

Results For all 3 genotypes, assayed metabolites were within recommended ovine reference ranges (Table 1). BOHB and
Cu concentrations did not differ among the 3 genotypes. Lleyn twin-bearing ewes had lower albumin concentrations, but
higher urea N concentrations than their counterpart UBF and IBF ewes. Mg concentrations differed among the 3 genotypes.

Table 1 Metabolite concentration (least squares mean =+ standard error) values for twin-bearing ewes of 3 genotypes

Plasma metabolite Reference range UBF IBF Lleyn P value
BOHB (mmol/l)  <1.0 0.83+0.07* 0.78 £ 0.06" 0.64 £0.07° 0.17
Albumin (g/1) 25-35 3246+0.51° 31.93+045° 29.86+0.50°  0.003
Urea N (mmol/l) 3-8 3.03+0.14* 3.06£0.14° 4.05+0.14° <0.001
Cu (pmol/l) 9.4-18.8 13.45+£0.66"  13.50+£0.59" 13.46+0.64°  0.998
Mg (mmol/l) 0.7-1.3 0.89 + 0.02* 0.96 +0.02° 1.06 +0.02° <0.001

Conclusion Twin-bearing Lleyn ewes were as competent as BF flockmates in coping with foetal nutrient demands in this
hill environment. Lleyn ewes had sufficient energy (BOHB concentration) and protein (albumin and urea N concentrations)
supply in late pregnancy and they probably consumed more feed than BF counterparts, as suggested by their higher Mg
concentrations. These results are consistent with the findings from springtime 2015 for the same flock (Zhou et al, 2016).
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Application Fluctuations in pasture copper and its antagonists can used as a predictor for copper status in grazed sheep. In
conjunction with housing patterns, routine pasture analysis can be used to find a targeted approach to trace mineral
supplementation strategy.

Introduction The presence of antagonists, dietary elements which bind to copper inhibiting its availability; specifically,
sulphur in combination with either iron or molybdenum in pasture can contribute to a low copper status and can induce the
clinical signs associated with copper deficiency (Gould & Kendall, 2011). Extensively grazed sheep rely primarily on
pasture to meet their mineral requirements. Pasture analysis of mineral content is not routine and supplementation for
copper is often non-targeted and can lead to imbalance or accumulation. Previous work has shown that finishing lambs are
more likely to be of marginal-low copper than high status (Clarkson et al., 2017). Low copper status can cause a range of
clinical signs including reduced fertility, loss of wool condition, depressed immune function and neonatal ataxia
‘swayback’. The aim of this study was to monitor grazed pasture across two grazing seasons to establish seasonal patterns
to predict supplementation requirements.

Material and methods Grass samples (n=240) from 13, predominantly perennial ryegrass, fields on a Leicestershire farm
were collected by pinch sampling to mimic grazing each month sheep were at pasture during 2015 and 2016. Samples were
freeze dried, ground and mixed prior to microwave wet-acid digestion and elemental analysis using ICP-ms. At monthly
intervals, where routine handling allowed, 4 sheep from each of the fields being grazed were sampled through jugular
venepuncture into lithium heparin and clot activator vacuum tubes for blood analysis of plasma Cu, caeruloplasmin and
superoxide dismutase activity. Sampled sheep received no mineral supplementation during the monitoring period.
Microsoft Excel (v15.0) was used to calculate means and standard error and plot graphed data.

Results Pasture copper was found to be adequate both years; decreasing during summer and rising late autumn. Iron was
lowest during the summer in both seasons with a marked increase during autumn-winter. Molybdenum was consistent year
to year; highest during spring. Sulphur rose around May and declined in the autumn. Sheep were found to be of low blood
copper status throughout the summer and autumn from the majority of fields, despite adequate copper concentration in the

pasture.
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Figure 1 Mean pasture concentration of copper, iron, molybdenum and sulphur across 2015-16. Bars denote standard error
of the mean, grey areas show requirement ranges for sheep (S 2-3 g/kg DM, Cu 5-8 mg/kg DM, Fe 30-50 mg/kg DM, Mo
no defined requirement <0.5 mg/kg DM).

Conclusion Consistent molybdenum >0.5 mg/kg DM, alongside rising sulphur may contribute to low blood copper during
the summer. Through the autumn, blood copper status remains lowered as a result of increasing pasture iron. Intra-ruminal
interactions between elements give greater effects than the pasture copper composition, resulting in decreased copper status
and increasing the risk of copper responsive problems. To counteract this, copper supplementation was suggested from
summer until winter housing. Sheep were set out to pasture in the spring after iron concentrations began to decline.
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Application Breed has an important effect on copper metabolism of sheep and high dietary iron levels reduce the copper
status of sheep.

Introduction Copper (Cu) is an important trace element required in the structure of over 300 proteins. Copper deficiency
impairs the function of Cu containing enzymes, and subsequently affects vital physiological processes in the body (Suttle,
2010). Copper deficiency is common in sheep grazing pastures low in Cu or mainly high in iron (Fe) or molybdenum (Mo)
and sulphur (S). Where existence of one or two of these three elements (Fe, Mo, and S) together in a high concentration in
sheep diet will inhibit Cu absorption or metabolism. Breed variation can also affect Cu metabolism and may contribute to
this issue (Fry et al., 2013). Therefore an experiment was conducted to investigate the effects of breed and Fe
supplementation on Cu metabolism and performance of Scottish Blackfaces and Texel lambs.

Material and methods Thirty-six wethers (18 Texel crossbred (T) and 18 Scottish Blackface (SB)); with live-weight (LW)
of 25.6 £ 1.99 kg, were used in a 2 x 2 factorial design experiment. Lambs were blocked by LW and breed and then
randomly assigned to one of two dietary treatments (9 lambs per treatment). Dietary treatments were: 1) SB given no Fe
supplemental diet (SB-), 2) SB given Fe supplemented diet (SB+), 3) T given no Fe supplemental diet (T-), and 4) T given
Fe supplemented diet (T+). Low Fe diets were not supplemented with Fe (basal Fe and Cu was 258 and 8.3 mg/kg DM,
respectively) and high Fe diets were supplemented with 800 mg Fe/kg DM (total Fe was 1151 mg/kg DM). Lambs were
housed individually throughout the trial period, and fed a diet based on nutritionally improved straw and barley. The
formulated basal diet was iso-nitrogenic and iso-energetic fed at restricted level to gain 200 g/day (AFRC, 1993) over 6
weeks period. Live weight was recorded weekly and jugular blood samples were taken fortnightly to monitor plasma Cu
levels. Plasma samples collected were analysed for Cu and Fe by ICP-MS. The data was analysed by ANOVA as a2 x 2
factorial design using GenStat 17" edition.

Results There was no effect of diet x breed interaction on LW, daily gain, or feed conversion ratio of lambs. Supplemental
Fe or breed of sheep had no effects (P>0.05) on performance attributes. Repeated measure analysis showed a significant
time X Fe interaction and time x Fe interaction on plasma Cu concentration (P<0.05), but there was no Fe X breed
interaction or time x Fe x breed interaction on plasma Cu concentration. Due to differences in the plasma Cu concentration
between the breeds, week 0 was used as a covariate for plasma mineral ANOVA. There was no Fe x breed interaction on
plasma Cu concentration at any weekly time point throughout the study (Table 1). The lambs that received supplemental Fe
diet had a lower plasma Cu concentration from week 2 to 6 compared with those receiving no supplemental Fe. Scottish
Blackface lambs had a higher plasma Cu compared with T at week 2, and a trend at week 4 and 6. There was no time x Fe,
time x breed or time X Fe X breed interaction on plasma Fe concentration. There was also no Fe x breed interaction on
plasma Fe concentration at any weekly time points throughout the study. Plasma Fe concentration was higher in the lambs
given Fe supplements at week 2, 4, and 6 (P<0.05) compared with those given no Fe. Texel lambs had a lower plasma Fe
concentrations (P<0.05) compared with SB at week 4 but not in the following week.

Table 1 Effect of iron supplementation and breed on plasma copper concentration of growing lambs (umol/l)

Week Treatments s.e.d. P-value
SB- SB+ T- T+ Fe Breed Fe x Breed
0 17.11 17.30 14.93 15.49 1.105 - - -
2 17.11 15.37 15.57 13.89 0.958 0.01 0.045 0.96
4 14.59 12.32 12.86 11.65 0.840 0.004 0.07 0.36
6 16.25 13.50 14.07 13.07 0.838 0.002 0.05 0.13

SB-: Scottish Blackface given no Fe supplemental diet, SB+: Scottish Blackface given Fe supplemental diet. T-: Texel
given no Fe supplemental diet, T+: Texel given Fe supplemental diet.

Conclusion High dietary Fe significantly reduces plasma Cu concentrations. Scottish Blackface had numerically higher
plasma Cu concentration than Texels throughout the study.
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Application Whilst 69% of Irish sheep producers supplement their flocks with minerals and vitamins, most
supplementation decisions are undertaken in the absence of veterinary advice or laboratory results.

Introduction Mineral supplementation is routinely practiced on many Irish sheep farms. The aim of this paper is to present
results of a survey undertaken to establish (a) the mineral supplementation practices on sheep farms and (b) the knowledge
and opinions of farmers in relation to supplementation strategies and deficiencies.

Material and methods The survey was undertaken with sheep farmers participating in the Teagasc National Farm Survey
(NFS). The NFS is operated as part of the Farm Accountancy Data Network of the EU and is the Irish equivalent of the UK
Farm Business Survey. The NFS collects data on farm gross output, costs and income from a statistically representative
random sample of approximately 1,000 (dairy, beef, sheep, tillage and mixed) farms each year, representing a farming
population of approximately 100,000 farms. A supplementary survey on current on-farm practice, farmer knowledge and
opinions in relation to mineral supplementation strategies and deficiencies on sheep farms was conducted in conjunction
with the regular 2016 NFS. A total of 184 respondents who farmed sheep completed the additional survey. These are
representative of 18,284 Irish sheep farms. The surveys were completed on farm by a team of trained NFS recorders. The
survey contained 22 questions. The questions were predominantly “closed-ended”, some “open-ended” questions were also
included. On completion of data collection the dataset was cleaned and screened for anomalies. Any anomalies were
checked and corrected. Descriptive statistics were compiled and preliminary analysis conducted using Microsoft Excel.

Results Of the 184 survey responses, 177 (96%) were usable. The mean farm size, sheep forage area, average number of
ewes, stocking rate and number of lambs reared per ewe joined was 67 (8-1,117) ha, 22 (1-351) ha, 123 (64-1,298) ewes, 7
(0.2-20) ewes/ha and 1.32 (0.2-2.05), respectively. Fifty six percent of respondents offered concentrates to their sheep as a
source of mineral supplementation alone, while 69% supplemented with minerals/vitamins in addition to concentrate feed.
Thirty one percent of sheep farmers surveyed did not supplement any additional minerals or vitamins to their sheep.

The main reason for not supplementing (among the 67% who provided a reason) was that no mineral or vitamin deficiency
problems have been identified (74%). Twenty three percent of farmers who do not currently supplement with minerals and
vitamins supplemented previously. The main reason for discontinuing mineral supplementation was no perceived
requirement for mineral supplementation. Only 22% of those who do not currently supplement would consider
supplementing in the future, and would do so mainly if additional mineral supplementation was required and flock health
issues became a problem. Ten percent of respondents would consider supplementing in the future if better information on
requirements and timing of supplementation became available. A lack of performance would also cause 10% of
respondents to supplement.

Twenty two percent of those who currently supplement their flock with minerals and vitamins supplement based on results
from laboratory analysis (soil, herbage, blood or tissue analysis). Blood (10%) and soil (9%) results are the most common
form of laboratory analysis on which the decision to supplement is based. Thirteen percent of those who supplement do so
based on veterinary advice, with 30% of those saying this veterinary advice was based on the results of samples sent for
laboratory analysis.

Sixty five percent said their decision to supplement was based on a reason other than laboratory analysis or veterinary
advice, with only 32% specifying the reason. Of those specifying the reason for supplementation, 51% said their decision to
supplement was due to tradition/previous experience. Live weight gain (32%) and fertility (14%) were identified as the
main health/production problems associated with mineral/vitamin deficiencies. Generic mineral and vitamin products are
the most commonly used, followed by cobalt only products. Mineral buckets are the most common method of
supplementing ewes while oral drenching is the most common method of supplementing lambs. Ease of use and labour
requirements was ranked by 36% of respondents as the most important factor influencing their choice of supplementation
method. Ease of use and labour requirements was also identified by 24% of survey respondents as the second most
important factor with cost identified as the third most important factor. Selenium was ranked the most important trace
mineral for sheep production.

Conclusion Sixty nine percent of Irish sheep farmers supplement their flocks with minerals and vitamins. The main reasons
for supplementing are to improve lamb performance and ewe fertility. Drenching is the favoured method of
supplementation for lambs while buckets are the preferred method for ewes.
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Application Target growth rates from birth to weaning for lambs born and reared as singles, twins and triplets in a grass-
based production system are 330, 270 and 280 g/d, respectively.

Introduction In mid-season prime lamb production litter size and standard of grassland management are the main factors
affecting efficiency (Keady and Hanrahan 2006). Keady et al. (2009) reported lamb carcass output of up to 501 kg/ha for a
grass based system involving winter housing, prolific ewes (litter size 2.34; lambs reared per ewe joined 1.86) and access to
concentrate by lambs from 8 weeks of age. The aim of the current paper is to present the effect of birth and rearing type on
the performance, over a 12-year period, of lambs on a grass-based system up to weaning at 14 weeks of age.

Material and methods A total of 7964 lambs (989 singles, 4462 twins, 2151 triplets, 312 quads, 50 quintuplets) were
produced in a rotational-grazing system, at Athenry, between 2006 and 2017. Their dams (Hill-cross, Lowland-cross and
Belclare; overall litter size 1.98) were on various studies, predominantly examining the effects of nutrition during mid and
late gestation. Ewes were joined with rams (Charollais, Suffolk, Texel) in October, for lambing in March, and were shorn
and housed in mid-December and offered grass silage. Concentrate was offered during late gestation; level varied
according to litter size. Ewes were put to pasture within a few days of lambing. Ewes rearing singles and twins, and their
lambs received no concentrate at pasture. Ewes rearing triplets were offered 0.5 kg concentrate daily for 5 weeks post
lambing and their lambs had access to concentrate (maximum of 300 g daily) until weaning at 14 weeks old. Sward height,
measured in each paddock pre- and post-grazing, was used to manage rotational grazing. Analysis of growth employed
Proc MIXED (SAS) to fit a linear model with season, dam and dam (season) as random terms; birth and rearing type, dam
age and sex were fixed.

Results The effect of birth and rearing type on lamb mortality and performance are presented in Table 1. As birth type
increased birth weight declined (P < 0.001). The proportion of lambs born dead doubled for each increase in birth type from
2 to 4. Lamb daily gain and weaning weight declined as birth type increased. Relative to those born and reared as twins,
lambs born and reared as triplets were lighter at birth (P < 0.001) but had a higher daily gain (ADG) to weaning (P < 0.01),
thus having a similar weight at weaning. The annual estimates of mean weaning weight (twin born reared basis) are
presented in Figure 1. The horizontal line (overall mean) shows that the annual mean was within 0.7 kg (2.5%) of the
overall mean in 9 of 12 years. Results on sward height are in Figure 2; pre grazing height averaged 5.4, 7.4 and 7.9 cm in
April, May and June, respectively; post-grazing height increased from 3.5 cm in April to 4.6 in May and 5.1 ¢cm in June.

Table 1 Effect of birth and rearing type on lamb mortality and performance

Birth-rearing type (S = single, T = twin, Tr = triplet, Q = Quad or quintuplet)

S-S T-S T-T Tr-S Tr-T Tr-Tr - Q-T
Birth weight (kg) 5.59° 4.54° 3.71¢ 3.15¢
Mortality (%) -deadborn 6.6 4.0 8.4 16.3
- total 11.8 9.9 19.1 31.1
ADG (g/d) 0-5 weeks 386" 338" 302° 313° 286° 275° - 273%
0-14 weeks  330° 301° 2714 292° 266 279° - 2559
Weaning weight (kg) 38.0° 34.0° 31.2° 32.5¢ 29.9° 31.0° - 28.5°

abedel) feans (growth traits), within rows, without a superscript in common are significantly different (P < 0.05)
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Figure 1 Weaning weight over 12 seasons Figure 2 Mean pre- and post-grazing sward height

Conclusion High levels of lamb performance are achievable consistently from rotationally-grazed grass-based systems
managed using sward height.
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Application Variation in stocking rate and prolificacy potential has a significant effect on profit. Increasing the number of
lambs weaned per hectare along with increased grass growth and utilization, increased farm net profit.

Introduction Stocking rate and ewe prolificacy are key drivers of flock productivity and output across both Irish and
international sheep production systems (Keady and Hanrahan, 2006; Ho ef al., 2014). Stocking rate and ewe prolificacy
have a major effect on profit with greater numbers of lambs weaned per hectare resulting in greater profit (Teagasc, 2017).
Research to date has assessed the effect of stocking rate and ewe prolificacy on flock performance and lamb output (Earle
et al., 2016); however, the economic effect was not assessed. The objective of this study was to assess the profitability of
Irish grass based sheep production at varying stocking rate and ewe prolificacy levels using a bio-economic model.

Material and methods The Teagasc Lamb Production Model (Bohan et al., 2016), a bio-economic computer simulation
model that simulates sheep production systems, was used to simulate six stocking rate and prolificacy scenarios. The six
scenarios simulated included three different stocking rates (10, 12 and 14 ewes/ha) at two different prolificacy levels (1.5
and 1.8 lambs weaned per ewe joined). All input data was obtained from the Sheep Research Demonstration Flock,
Athenry, Co Galway, Ireland (Earle et al., 2016). Each scenario was simulated on a 20ha farm with a self-replacing March
lambing flock. Flock size ranged from 213 to 299 ewes joined to the ram. Grass growth was increased in line with stocking
rate and prolificacy ranging from 10,071 kg DM/ha to 14,374 kg DM/ha. Grass utilisation was 80%, 85% and 90% for 10,
12 and 14 ewes/ha, respectively. A final scenario was modelled to investigate the effect of grass growth on stocking rate
and prolificacy potential whereby grass growth was maintained at the level achieved by the lowest output system (i.e.
10,071 kg DM/ha) while stocking rate and prolificacy were increased, with the additional energy requirements of the flock
being supplied in the form of concentrate supplementation. Risk analysis was conducted using the @Risk programme to
assess the effect of variation in key input variables (lamb and ewe mortality, grass growth, fertiliser and concentrate costs,
lamb and mutton price) on the profitability of each scenario investigated.

Results Results from the bio-economic model showed that the number of lambs weaned per hectare increased as stocking
rate and ewe prolificacy increased, and ranged from 16 to 27 lambs/ha. Increasing the number of lambs weaned per hectare
reduced the individual lamb growth rate, however, total carcass produced per hectare increased from 272 to 474 kg/ha.
Lamb sales increased from €1,299/ha to €2,219/ha, with variable costs rising from €774/ha to €1,224/ha. The average cost
of producing a lamb at low prolificacy was €75 but decreased to €65 per lamb at high prolificacy. This translated into an
average net profit of €22/lamb and €31/lamb at the low and high prolificacy potentials, respectively. As the number of
lambs weaned per hectare increased from 16 lambs/ha to 27 lambs/ha net profit increased from €361/ha to €802/ha. The
greatest net profit was achieved when weaning 1.8 lambs per ewe at 14 ewes/ha, with €2,219/ha in lamb sales, a gross
margin of €1,210/ha and a net profit of €802/ha. Increasing prolificacy increased net profit on average by €336/ha, while
stocking rate increased net profit on average by €84/ha and €19/ha for an increase from 10 to 12 ewes/ha and from 12 to 14
ewes/ha, receptively. In general the bio economic model showed that increasing the number of lambs weaned per hectare
increased net profit per hectare but the greatest increase in profitability per hectare was achieved at the higher prolificacy
level. Increasing the number of lambs weaned without increasing grass growth and utilization was economically
counterproductive. Across all stocking rates, the high prolificacy scenarios were more profitable and had a greater
capability to cope with fluctuations in key variables.

Conclusion The bio-economic model demonstrated that the number of lambs weaned per hectare, along with increased
grass production and utilization, increases net profit. Increasing the number of lambs weaned per hectare reduces the cost of
production per lamb and in-turn increases net profit per lamb. Increasing the number of lambs weaned per hectare without
increasing grass growth and utilization is economically counterproductive.
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Application Incorporating herbs into the swards of grazing sheep will reduce the requirement for chemical anthelmintic
administration and reduce days to slaughter

Introduction Some of the main challenges facing sheep farmers in the future are profitability and sustainable control of
internal parasites (Sykes, 1994). Grazing multispecies swards (containing herbs and legumes; MSS) has been shown to
improve lamb performance (Kemp et al., 2010) and MSS have the potential for increased biomass production at lower
inputs of nitrogen (Jing ef al., 2017), thus increasing system profitability. In addition, herb containing mixtures have shown
potential to reduce intestinal parasites (Marley et al., 2003). The objective of this study was to investigate the impact of
PRG only versus MSS swards and non-herb containing versus herb containing swards on lamb performance from birth to
slaughter in terms of average daily gain (ADG) and faecal egg count (FEC).

Material and methods Four farmlets were established; PRG receiving 163 kg N per hectare per year (N/ha/y) (PRG); PRG
and white clover sward at 90 kg N/ha/y (PRGWC); six species sward (two grasses, two legumes, two herbs) at 90 kg
N/hal/y (6S) and a nine species sward (three grasses, three legumes, three herbs) at 90 kg N/ha/y (9S). Each farmlet was
stocked with 30 twin-rearing ewes at a stocking rate of 12.5 ewes/ha from turnout after lambing until lambs were
slaughtered under rotational grazing management. Lambs were weighed and FEC was measured fortnightly. Lambs were
weaned at 14 weeks and were drafted for slaughter at 45 kg live weight. Lambs received anthelmintics as group parasite
burden reached a predetermined threshold for FEC and the days between each anthelmintic treatment and the number of
treatments administered were recorded. Orthogonal contrasts were analysed between the non-herb containing swards and
herb containing swards and between PRG only and MSS (more than one species) using SAS 9.4.

Results Treatment comparisons were previously presented (Grace et al., 2016) and are not discussed here. Orthogonal
contrasts to investigate the impact of PRG only versus MSS and non-herb versus herb containing swards are presented in
Table 1. Lamb weaning weight was higher in the MSS than the PRG only swards (P<0.001) and was higher in higher in
herb containing swards compared to the non-herb containing swards. The MSS swards had reduced days to slaughter
compared to the PRG only sward (P<0.001) due to differences in the ADG from birth to slaughter (P<0.01). In addition, the
lambs grazing the PRG required more anthelmintic treatments than the lambs grazing the MSS (P<0.0001) and the lambs
grazing the non-herb containing swards compared to the herb containing swards required more anthelmintic treatments
(P<0.0001).

Table 1 The effect of sward treatment on the average daily gain (ADG; g/day), weaning weight (kg), days to slaughter,
days between anthelmintic treatment and no of anthelmintic treatments administered

Parameter PRG PRGWC  6S 9S SEM PRGvMSS Non-herb v herb
ADG 0 to 6 weeks 292 305 339 321 0.7 <0.0001 <0.0001

ADG 0 to weaning 264 272 273 265 0.7 <0.0001 <0.0001
Weaning weight 30.6 31.9 32,6 317 0.57  0.0009 0.0237

ADG from birth to slaughter 236 249 254 251 0.6 0.001 0.0164

Days to slaughter 175 162 164 164 3.9 0.0002 0.0827

Days from treatment 1 to 2 37.9 42.9 51.1 61 24 <0.0001 <0.0001

No. of doses 2.6 2.1 1.4 1.5 0.07  <0.0001 <0.0001

Conclusion Lambs grazing more diverse swards compared to PRG only had improved performance and a reduced
requirement for chemical anthelmintics.
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Application The regression of weaning weight on birth weight is 2.9 kg/kg and this factor can be used to predict the impact
on weaning weight of any management intervention that changes lamb birth weight.

Introduction In mid-season prime lamb production Keady and Hanrahan (2006) concluded that increasing litter size, and
thus the number of lambs reared per ewe joined, is the most important determinant of production efficiency. As mean flock
litter size increases, the incidence of triplets and higher multiples increases. For example, in flocks with mean litter sizes of
1.8, 2.0 and 2.2 the expected incidence of triplets is 8%, 15% and 25%, respectively. Consequently, an issue that faces
producers with prolific flocks is how to cope with litters with > 3 lambs. In some flocks one lamb from each set of triplets
is either cross-fostered to single-bearing ewes, sold for cross-fostering, or artificially reared. Results from previous studies
have shown that each 1 kg increase in the birth weight of lambs reared in a rotationally-grazed grass-based system
increased weaning weight by 3.35 (Keady et al 2007), 3.16 (Keady and Hanrahan 2009a) and 3.41 kg (Keady and
Hanrahan 2009b), respectively. The aim of the work reported here was to evaluate the effect of birth type and birth weight
on the performance of lambs that were artificially reared.

Material and methods A total of 467 crossbred lambs (sired by Suffolk, Texel or Charollais rams; 5 singles, 114 twins,
277 triplets, 59 quadruplets, 12 quintuplets), which were born to ewes managed on a grass based system (rotational
grazing) of prime lamb production at the Athenry Research Farm between 2006 and 2017, were removed from their dams,
usually in their first days of life, and placed in an artificial rearing unit. Lambs had access to milk replacer offered ad
libitum until approximately 7 weeks of age. Concentrate was introduced within 2 weeks of birth and offered ad libitum until
lambs were drafted for slaughter. Lambs remained indoors, in slatted pens. Mean carcass weight and age at slaughter
werel9.5 kg and 151days, respectively. Data on growth were analysed using Proc MIXED (SAS) with year, dam and
dam(season) as random terms and sex, birth type and dam age fixed.

Results The effect of birth type on lamb mortality and performance to 14 weeks of age are presented in Table 1. Lamb
birth weight declined (P < 0.001) as birth type increased. As birth type increased from 2 to >4 mortality at 7 and 14 weeks
of age increased (P < 0.001) and live weight at weaning (P < 0.001) declined. Birth weight of lambs that survived to
weaning did not differ (P > 0.05) from those that failed to survive (+0.02 and +0.02 kg for twins and triplets, respectively).
An analysis of the relationship between birth weight and weaning weight, adjusting for birth type, sex and dam age, yielded
a significant linear relationship (P<0.001); the regression of weaning weight on birth weight was 2.94 (s.e. 0.446) kg/kg.
Corresponding estimates based on the differences between means for twins and triplets, and between triplets and
quadruplets were 2.65 (s.e. 0.68) and 3.99 (s.e. 1.82), respectively, yielding a weighted average of 2.81 (s.e. 0.638) kg/kg.

Table 1 Effect of birth and rearing type on mortality and performance of artificially-reared lambs
Litter size

Single Twin Triplet Quad/Quintuplet
Birth weight (kg) 5.887(0.359)  4.55°(0.082) 3.45°(0.055) 2.79%(0.121)
Mortality (%)  -at 7 weeks 20.0 9.6 12.6 16.9
-at 14 weeks  20.0 14.0 17.0 29.6
ADG (g/d)  0-7 weeks 170 (37.7) 219 (10.4) 232 (8.4) 211 (12.6)
0-14 weeks 229" (43.6) 305%(10.4)  274°(8.8) 252°(13.5)
Weaning weight (kg) 28.5"°(3.13)  32.5°(0.70)  29.5°(0.48)  27.8°(1.03)

®Means (growth traits), within rows, without a common superscript are significantly different (P < 0.05)

Conclusion In artificial rearing systems, lamb mortality increases as birth type increases. Each 1 kg increase in birth weight
increases weaning weight by 2.9 kg and the response is similar regardless of birth type. The consistency between the
present estimates for the regression of weaning weight on birth weight and those from previous studies indicates that this
factor can be used to predict the effect on weaning weight of any management intervention that changes birth weight.
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Application This study provides a quantitative estimate of the impact of key management practices such as weighing
lambs between birth and weaning, vaccinating against Clostridial diseases and abortive agents, and worming ewes during
quarantine on number of lambs sold per ewe per year.

Introduction Despite the size of the UK sheep breeding flock and the importance of sheep farming for the development of
rural areas of the country, there is currently little quantitative evidence on the impact of different husbandry practices on
flock productivity. Research in the past decades has shown the impact of single flock management decisions on flock
production (Guyer & Dyer, 1954; Penning et al.,, 1995), but no study has so far assessed the combined effect of several
flock management practices on flock outputs. This study aimed at identifying flock husbandry practices associated with
flock productivity using abattoir data as a proxy for flock production.

Material and methods A survey was developed with questions on husbandry practices (culling, vaccination, quarantine,
worming, body condition scoring, lambing management, contact with a veterinarian and medicines usage), flock size and
farm characteristics. From June to August 2016, sheep farms that supply lamb deadweight to a major retailer via two meat
processors, were visited by independent assessors who completed the survey by interviewing the farmer about management
practices applied during the previous year. Abattoir data (number of lambs sold per month per farm) relative to those farms
was provided by the processors. Data was inserted in an Excel spreadsheet and analysed using STATA software. The
outcome variables of interest were number of lambs sold per ewe per year, and number of lambs sold per grassland hectare
per year. After checking data for errors, a descriptive analysis of results was performed, followed by univariable and
multivariable regression modelling.

Results In total, data from 746 farms was collected. Farms purchasing store lambs were excluded from the analysis (n=78).
Industry reference values were used to identify and exclude any extreme outliers or erroneous data (n=19). Final sample
size used for analysis was 649 farms, located in Wales (n=395), England (n=186) and Scotland (n=68). Husbandry
practices significantly associated with number of lambs sold per ewe in multivariable analysis (p<0.05) included
vaccinating against agents causing abortion and clostridial disease, worming ewes with derquantel + abamectin (Startect) or
monepantel (Zolvix) during quarantine, weighing lambs between birth and weaning, selecting ewes for culling based on
body condition criteria, keeping records of ewes to be culled, and treating lame ewes with best practice (n= 565, 12 = 31%)).
Lowland farms and flocks managed by farmers who indicated that they had a good knowledge on the financial performance
of their flock, had higher flock productivity. While no significant effect of lower ages at weaning (less than 17 weeks) was
seen in terms of number of lambs sold per ewe, a significant association was observed with regards to number of lambs
sold per hectare.

Conclusion This is the first study in the UK linking abattoir derived data to flock husbandry practices in order to identify
management decisions associated with higher number of lambs sold per hectare per year. Results suggest association
between biosecurity and disease control practices with greater flock efficiencies. Further research is needed to explore other
factors influencing flock productivity, possibly related with grassland and genetics management, and to farmer managerial
attitudes.
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Application Increasing ewe prolificacy potential in combination with stocking rate greatly improves the efficiency of lamb
output on a per hectare basis from grass based production systems

Introduction Ewe prolificacy potential (PP; predicted number of lambs born ewe™ year™) and stocking rate (SR; ewes ha™)
are two of the most influential factors affecting lamb output (Keady ez al., 2009) and the efficiency at which feed resources
are utilised in grass-based lamb production systems (Young et al., 2010). Previous studies have tended to focus on
efficiency at an individual animal level rather than on overall system efficiency. The objective of this study was to
investigate the effect of ewe PP, SR, and their interaction on lamb live weight gain and lamb output at the system level.

Material and methods The study was a 2 x 3 factorial design, consisting of two differing ewe PP (medium prolificacy
(MP) — Suffolk-sired crossbred ewes -weaning rate 1.5 lambs ewe and high prolificacy (HP) — Belclare-sired crossbred
ewes- weaning rate 1.8 lambs ewe™') and three SR: low (LSR; 10 ewes ha), medium (MSR; 12 ewes ha™) and high (HSR:
14 ewes ha'). The study was carried out over three production years. Each treatment was managed in a 5-paddock
rotational system for the duration of the study. Lamb average daily gains (ADG; g day-1) were recorded from birth to
finishing. The effect of ewe PP, SR, and their interaction on lamb ADG ha™ and lamb output were analysed using a linear
mixed model in PROC GLM (SAS, 2012) with ewe PP, SR, year, and the interaction between ewe PP and SR included as
fixed effects.

Results High PP ewes produced a higher number of lambs born ewe™ (+0.20 lambs; P<0.001) and hectare™ (+ 1.5 lambs;
P<0.05) and weaned an extra 0.18 lambs ewe™' (P<0.01) and 2.01 lambs hectare™ (P<0.01). Stocking rate had no effect on
the number of lambs born or weaned per ewe (P>0.05). However, the number of lambs born and weaned differed on a
hectare™ basis with the lowest number reported at the LSR, intermediate at the MSR, and highest at the HSR (P<0.001). .
The HP treatment achieved a 0.45 kg higher lifetime (birth to slaughter) lamb ADG ha” compared to the MP treatment
(P<0.001; Fig. 1). Total lifetime lamb ADG ha" was lowest at the LSR, intermediate at the MSR, and highest at the HSR
(P<0.001). Total lamb live weight output per ha™ also increased with increased prolificacy potential and stocking rate as
shown in Figure 2.
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Figure 1 Effect of ewe prolificacy potential and stocking Figure 2 Effect of ewe prolificacy potential and
rate on lifetime daily lamb live weight (kg) gain ha™ stocking rate on total lamb live weight (kg) output ha™

Conclusion Results from this study demonstrate to potential to increase the level of lamb production and output ha™ within
grass based systems by increasing ewe PP and SR.
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Application The determination of adequate levels of inclusion of rumen protected fat (RPF) and Forage:Concentrate ratio
(F:C) that improves the milk chemical composition and fatty acid (FA) profile is useful in the nutritional management of
dairy sheep at farm level.

Introduction Sheep products have received attention due to the possibility of being enriched with fatty acids potentially
beneficial to health, especially vaccenic acid (VA), and a-linolenic acid (ALA, C18: 3, n3). The improvement of the
nutritional characteristics of sheep milk, mainly in relation to the profile of FA, has led to research towards the study of
factors that affect its chemical composition, which also determines the yield and quality of the dairy products derived from
it. Nutritional management has the greatest impact in determining FA profile in milk. The objectives of the present study
were (1) to analyze the effect of F:C in sheep rations on milk yield production, fat content and conjugated linoleic acid
(CLA); and (2) to quantify the overall effect of rumen protected fat supplementation in dairy sheep on milk production, fat,
protein and CLA content in milk.

Material and methods Two separate meta-analyses were performed to analyze the main nutritional factors (F:C and fat
supplementation) that affect milk production and composition in dairy sheep. A total of 55 trials that focused on addition of
protected fats and 20 trials focused in F:C rations were analyzed. The method proposed by Hedges (1981) was used to
calculate the effect size. The estimation of fixed and random effects was calculated as Dersimonian and Laird (1986).
Between studies heterogeneity was quantified using the I° statistic: for response variables that showed substantial
heterogeneity (I* > 50 %) were constructed mixed-effect models through the inclusion of one or more explanatory variables
that could be sources of heterogeneity, follow the methodology previously described Appuhamy ef al. (2013). A meta-
regression analysis was used to explore the sources of heterogeneity of responses such as fat content and composition. All
analysis were conducted in R statistical software (R Core Team, 2016) using the ‘meta’ package version 4.6-0 (Schwarzer,
2016).

Results Compared to sheep fed high-concentrate diets (HC; concentrate content > 55% of DM), those fed high-forage diets
(HF; forage content > 60% of DM) had 0.087 L/d lower milk yield and 0.8 g/100 g milk protein content. However, fat
content and CLA (Fig. 1) concentrations were greater in dairy sheep fed HF (0.32 g/100g and 2.28 mg/g, respectively). The
trials that tested RFP averaged an inclusion level of 96.5 £ 60.8 g of DMI. The addition of RPF in sheep diets had a
positive effect size on fat (0.22 g/100g), and CLA concentrations (3.98 mg/g) in milk, but protein concentration was
reduced (P <0.001). The heterogeneity was higher to 50% (I> > 88%) in all the analysed variables; the inclusion level of
RPF was significant (P <0.001) in the meta-regression with an increase in fat and CLA content as it was increased the RPF
inclusion level.

Conclusion We conclude that greater availability of unsaturated fatty acids in forage based rations can explain the greater
level of fat and CLA content in milk; also, the addition to RPF showed significant effects on milk production and
composition, where milk yield, fat and CLA content increased and protein content decreased.

Forage Concentrate Mosc dilecerce Figure 1 Forest plot of the
Study Total Mean SD Total Mean SD MD 95%-C1 W(fixed) W{random) N
_ milk CLA content (mg/g
Antongiovanni etal. 2004 4 3.86 41860721 4 582 4.1860721 —t 196 [7.76; 384]  0.1% 29% \
Valvo el al. 2005 10 253 03376463 10 1.33 0.3376463 120 [0.90; 150] 33.2% 7.3% methylated fatty ac1d) for
Atti et al. 2006 25 7.30 29344931 25 240 2.9344931 —— 490 [3.27; 653) 1.1% 6.5% .
At et al. 2006 25 10.30 29344931 25 240 29344931 — 790 [6.27; 953] 1.1% 6.5% the studies focused on
Tsiplakou et al. 2008 20 960 12649111 20 7.20 12649111 - 240 [162 318] 4.7% 7.1% .
Tsiplakou et al. 2008 20 880 12016655 20 6.40 1.2016655 - 240 [1.66; 314] 52% 7.1% comparing forage-based VS.
Tsiplakou et al. 2008 20 10.00 11700427 20 6.40 1.1700427 - 360 [287, 433] 55% 7.1% . .
Tsiplakou el al. 2008 20 9.00 1.0119289 20 6.40 1.0119289 - 260 [1.97; 323] T.4% 7.2% concentrate-based rations in
Hervas et al. 2009 30 13.70 25174392 30 8.10 2.5174392 - 560 [4.33, 687 1.8% 6.8% .
Gomez-Cortes 2009 30 12.08 0.8210725 30 7.20 0.8210725 4.88 [4.46; 530] 16.8% 7.2% dalry Sheep.
Mieriita et al. 2009 12 079 0.7617913 12 2.34 0.7617913 - <155 [2.16;-0.94]  7.8% 7.2%
Mieriita et al. 2009 12 1.22 0.7617913 12 2.77 0.7617913 - =1.55 [-2.16; -0.94] 7.8% 7.2%
Martini et al. 2010 20 10.00 34785054 20 8.20 3.4785054 s 1.80 [-0.36; 396]  0.6% 6.0%
Gomez-Cortes 2011 10 6.70 1.3640015 10 550 1.3640015 .- 120 [0.00; 240]  2.0% 6.8%
Joy etal. 2014 20 760 12649111 20 8.60 1.2649111 - -1.00 [-1.78; -0.22] 4.7% 7.1%
Fixed effect model 278 278 ' 183 [1.66; 201)  100% =
Random effects model - 2.28 [1.01; 3.55) - 100%
- 8 %, q 753, p<0.0001
-5 0 5
Less CLA More CLA
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Application To reduce neonatal mortality, preventive recommendations should focus on best practices during pregnancy
and at birth, in particular on the two potentially preventable causes of death (infection and dystocia).

Introduction Causes of lamb mortality may be defined as ultimate (initiating) or proximate (final), the former (e.g.
traumatic lambing assistance) meaning the precipitating cause and the latter the terminal cause (e.g. major complex
polytrauma). Only by identifying the preventable and non-preventable ultimate causes of mortality can farmers, vets and
advisors reduce lamb mortality. The objective of the current study was to determine the ultimate causes of neonatal lamb
mortality in mid-season, grass-based systems of prime lamb production.

Material and methods The population at risk for this observational study was 3 flocks (1,100 ewes and 1,855 full term
lambs) lambing at the Teagasc Research Centre, Athenry in spring 2017. Flock 1 consisted of three ewe genotypes;
Belclare, Suffolk x Belclare and >75% Suffolk. Flock 2 consisted of 4 ewe genotypes; Belclare x Suffolk, Belclare x Texel,
Suffolk x Cheviot and Suffolk x Texel. The ewes in these two flocks were joined with Charolais rams. Flock 3 consisted of
purebred Belclare, Suffolk or Texel ewes from New Zealand or Ireland. The three flocks were housed in early December
and lambed indoors. Flocks 1 and 3 were shorn in December and Flock 2 was shorn in May. All ewes were offered grass
silage ad-libitum during the housing period. Concentrates were offered according to silage feed value and expected litter
size during the final 6 weeks of gestation. Ewes were turned out to pasture within 3 days of lambing. All full-term foetuses
and lambs which died within a week of birth (n=172) were submitted for necropsy examination to the National Veterinary
Laboratory Service. All lambs (dead or alive) were tagged and weighed at birth. A recording form containing the dam,
lamb, lambing and mortality details was submitted with each carcass. A time-of-death was assigned to each lamb based on
the submission form details and the results of the necropsy; Oh (stillborn; did not breath), Day 1 (breathed and died within
24h) and Day 2 to 7. Where a cause of death could be assigned these were aggregated into 5 main groups (accident,
congenital defect, dystocia, infection and other) and the remaining cases were categorised as

diagnosis not reached (DNR). Cause of death was analysed as a multinomial variable using logistic regression with time-of-
death category as the explanatory variable. The analysis was fitted using the Logistic procedure in SAS 9.4.

Results The mean neonatal lamb mortality rate was 9.3% (8.8-9.6% by flock). As the mortality rate did not differ between
flocks, the overall dataset was analysed. In total, 113, 22 and 37 lambs died at Oh, Dayl and Days 2-7, respectively.
Infection was the main cause of mortality, accounting for 37.7% of deaths. Lambs dying between Days 2-7 were more
likely to die due to infection (P < 0.05) than lambs that were stillborn or lambs that died in Day 1 (Table 1). Dystocia was
the second most common cause of mortality. Lambs dying at birth and in Day 1 were more likely (P<0.05) to die due to
dystocia than those dying between Days 2-7. Infection and dystocia combined accounted for 52.8% of all neonatal lamb
mortality. Accidents were the third most common cause of mortality and they occurred equally in all three time-of-death
groups. The cause of mortality was not diagnosed for 28.5% of lambs; these were predominantly stillborn.

Table 1 Ultimate causes of neonatal (0-7days) mortality in 172 lambs (% of lambs that died)

Cause of death Time of death

Oh Day 1 Day 2-7 Total
Accident L7 2.9° 3.5° 8.1
Congenital defect 1.2° 0.6" 1.2° 3
Dystocia 11° 3.5° 0.6" 15.1
Infection 16.8° 5.2% 15.7° 37.7
Other 1.7° 4.1° 1.7*° 7.5
Diagnosis not reached (DNR)  19.2* 5.2 4.1° 28.5
Total 51.6 21.5 26.8 100

Conclusion The majority of neonatal losses occurred at birth. Infection and dystocia were the most common causes of
death overall. These causes of death are potentially preventable. The high DNR rate, particularly in stillbirths, requires
further research.

Acknowledgements The authors acknowledge the Teagasc Walsh Fellowship scheme, the Regional Veterinary
Laboratories and the technical and farm staff at Athenry for their assistance.
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Application In late maturing bulls and steers finished at pasture, shear force and collagen profile, which are indicators of
tenderness, are unaffected by concentrate supplementation but shear force is lower and fat content is higher in steers.

Introduction Current beef production systems in Ireland mainly involve steers slaughtered at 24 months or more. Higher
feed efficiency and growth rate of bulls compared to steers has led to a shift towards production of beef from bulls
O’Riordan et al. (2011). Furthermore, reduction of production costs is being explored through the inclusion of a grazing
period before slaughter Mezgebo et al. (2017). There is little information comparing steer and bull beef when animals are
raised to a similar age at pasture. Therefore, the objective of the study was to compare indicators of tenderness such as
Warmer-Bratzler shear force (WBSF), collagen profile (i.e. soluble collagen, insoluble collagen, total collagen), as well as
the intramuscular fat (IMF) content of beef from bulls and steers on pasture based production systems and slaughtered at
the same age.

Material and methods Late maturing (Charolais and Limousin crossbred) bulls (n=30) and steers (n=30) were finished for
120 days on either pasture only (P) or pasture with 40% barley-based concentrate on a dry matter basis (PC). Treatments
were balanced for breed. The animals were slaughtered at 19 months of age and Longissimus thoracis et lumborum was
harvested 48h post slaughter. A sample for collagen and IMF analysis was removed before aging while the sample for
WBSF measurement was collected after a 14-day aging period; both were stored at -20 °C until required for analysis.
Collagen was analysed using the method of Kolar (1990) and WBSF was measured according to the procedure of
Shackelford et al. (1994). The IMF content was measured using a bench-top nuclear magnetic resonance instrument
(AOAC, 2000). Data was subjected to analysis of variance using the Proc mixed procedure of SAS 9.4 with production
system, gender and interaction term as fixed effects.

Results The main effects of production system (P vs PC) and gender (bulls vs steers) are shown in Table 1. Collagen
characteristics were not affected by production system or gender while WBSF and IMF were affected by gender and there

was an interaction between production system and gender for WBSF.

Tablel Production system and gender effects on collagen, WBSF and IMF

Pasture + concentrate  Pasture P-Values

Bulls Steers Bulls Steers SEM PS Gender  PS*Gende
Soluble collagen (mg/g)  0.48 0.52 0.50 0.43 0.02 n.s n.s n.s
Insoluble collagen (mg/g) 4.37 4.42 4.61 4.43 0.12 n.s n.s n.s
Total collagen (mg/g) 4.85 4.93 5.12 4.86 0.13 n.s n.s n.s
Soluble collagen (%) 9.79 10.42 9.79 8.95 0.26 n.s n.s n.s
WBSF (N) 46.0 31.6 39.5 33.9 1.28 n.s <.0001  0.03
IMF (g/kg) 2.10 12.9 1.90 8.2 0.90 n.s <.0001 ns

Conclusion Finishing bulls on grass results in beef that is leaner with higher shear force values compared to steer beef from
similar production systems. The supplementation of bulls at pasture with 40% barley based concentrate does not decrease
shear force or increase fat content in bulls slaughtered at 19 months of age.
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Application Visible — Near Infrared Spectroscopy (VisNIRS) is a rapid and non-destructive technology that has potential
to predict beef quality in the factory setting. This technology may potentially be utilized by breeding societies to facilitate
the improvement of beef eating quality by genetic selection.

Introduction Eating satisfaction, sensory characteristics and nutritional content are key factors that influence consumers in
regard to the purchase of fresh meat (Grunert, et al., 2004). Analysis of beef sensory traits by way of a trained sensory
panel is time consuming, expensive and destructive of the sample (Prevolnic, ef al., 2004). VisNIRS has been proposed as a
rapid, non-destructive technique with the potential to predict sensory performance of beef. The aim of this study was to
assess the relevance of VisNIR spectra for the prediction of beef sensory traits using chemometric modelling approaches.

Material and methods Crossbred beef bulls and steers (18+4 month old, n= 209) finished under controlled feeding and
environmental conditions were slaughtered in 12 batches in a commercial plant by electrical stunning followed by
exsanguination. ASD Labspec 5000 (ASD Inc., Boulder Colorado, USA) VisNIR spectrometer fitted with a high-intensity
contact probe with a 10 mm spot size was used to collect spectra between 350-2500 nm with 1 nm intervals, using the
Indico Pro program (ASD Inc.). Spectra were collected in triplicate, for each given scan 20 spectra were collected
consecutively and averaged to reduce the noise effect, then saved in reflectance mode - log (1/R). VisNIR spectra were
recorded on the cut surface of the LTL muscle at 24 h post mortem, immediately after cutting and after 1h blooming (25 h
PM). This was repeated at 48 h and 49 h, respectively. Steaks with a thickness of 2.54cm were removed from the L7L at 48
h post-mortem (PM), vacuum packaged, aged for 14 days at 4°C and frozen at -20°C. Sensory analysis of beef steaks was
assessed using twelve trained panellists at Teagasc Ashtown following a modified version of the American Meat Science
Association Research Guidelines for Cookery, Sensory Evaluation and Instrumental Tenderness Measurements of Meat
(2™ Edition, Version 1, March 2015). Samples were cooked on a clamshell grill to an internal temperature of 70°C then
served to a twelve member trained sensory panel to assess eleven sensory traits, on a 0-100 line scale. The Unscrambler X
version 10.3 (CAMO ASA, Oslo, Norway) was used for PLSR model calibration. Chemometric models were constructed
with spectra from four different time points and five different wavelength ranges (full, 350-2500nm; clipped, 450-2300nm;
visible, 450-779nm; near-NIR, 780-1099nm; NIR, 1100-2300nm) and using three different mathematical pre-treatments:
no treatment, Savitzky-Golay smoothing (SG) and Standard Normal Variate (SNV).

Results R2Cal predictions for prediction of eleven beef sensory traits are shown in Table 1. Coefficients of determination
obtained for tenderness and juiciness are moderate (R?Cal <0.25). However, predictions for textural traits such as chewy,
stringy, crumbly and fatty/greasy mouthfeel are somewhat higher (R*Cal 0.37-0.54). R?Cal values for flavour and after
effect traits such as blood/metallic/iron flavour, beefy after effect, blood/metallic after effect and fatty/ greasy after effect
ranged from 0.36-0.46.

Table 1 Prediction of trained panel sensory scores on beef samples using VisNIRS measurements

Tender Juicy Chewy Stringy Crumbly F/Gmf Beefy flav BM/I Beefy BM  F/G

flav a.e a.e a.e
n 160 205 166 166 209 209 205 205 160 205 205
R2Cal 0.25 0.15 0.38 0.37 0.54 0.53 0.25 0.36 0.38 0.36 0.46
Time (PM) 49 24 48 48 25 25 24 24 49 24 24
Math treatment None SNV  None None None SNV SNV None SNV  None None
Range (nm) Full Full Vis Vis Full Full Vis NN NN NN Full

n, number of samples; R?Cal, coefficient of determination of calibration; F/G mf, fatty/greasy mouthfeel; B/M/I flav,
blood/metallic/iron flavour; Beefy a.e, beefy after effect; B/M a.e, blood/metallic after effect; F/G a.e, fatty/greasy after
effect; SNV, standard normal variate.

Conclusion The results of this experiment indicate that VisNIRS has potential to predict beef sensory scores, with many
traits related to texture well-predicted.
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Application The biofortification of vitamin D; is a more effective strategy to produce vitamin D enriched beef, and has
potential of being a food based strategy for increasing human vitamin D dietary intake.

Introduction Vitamin D deficiency and associated health risks are very much to the forefront of public health policy,
particularly in Europe and northern latitudes (Cashman et al., 2015). Consequently, there is a definite need for innovatively
designed natural food based vitamin D-enhancement strategies which cover a range of stable food sources. Beef is among
the few dietary staple foods that contains, naturally occurring vitamin D. Recently, there has been a growing interest in the
bio-addition approach as a means for increasing vitamin D intake through biofortification of livestock feeds. Although,
there is limited research investigating the biofortification of beef animal diets with vitamin D; and vitamin D, sources at
allowable EU vitamin D levels. The use of supplemental vitamin D prior to slaughter in beef animals may also have
additional benefits of improving meat tenderness. Therefore, the objective of this study was to assess the effects of addition
of synthetic vitamin D; and vitamin D, as well as UVB-exposed mushroom derived vitamin D, to the diets fed to beef
heifers on beef total vitamin D activity as well as on meat quality.

Material and methods Thirty continental (Charolais + Limousin cross) heifers were blocked (on the basis of live weight
and age) and randomly allocated to 3 dietary treatments (1) basal diet + 4000 IU vitamin Ds/kg of feed (Vit D3); (2) basal
diet + 4000 IU vitamin Dy/kg of feed (Vit D2); (3) basal diet + 4000 IU vitamin D,-enriched mushrooms (Mushroom D).
Experimental design was a randomised complete block. Dietary treatments were offered for the final 28 days of an 80 day
finishing period. The basal diet consisted of a standard ad-/ibitum finishing regime of concentrates and forage (straw)
offered at a ratio of 90:10. Animal growth was recorded weekly and individual dry matter intakes were recorded using
Calan, Broadbent controlled feeding system. Longissimus thoracis (LT) muscles were excised 10 days post slaughter for
vitamin Dj analysis carried out by High Performance Liquid Chromatography. LT warner bratzler shear force (WBSF)
analysis was carried out according to Wheeler et al. (1996) with minor modifications. Sensory analysis of cooked LT steaks
was performed in duplicate by a total of 40 naive assessors over two analysis days as described by O’Sullivan ef al. (2003).
Data were analysed using the MIXED procedure of SAS (SAS, version 9.4). The experimental model included fixed effects
of treatment and pen, with block included as a random effect.

Results Heifers offered the Vit D; enriched diet exhibited the highest serum 25-OH-D (P < 0.001), compared to Vit D, and
Mushroom D,, with no significant (P > 0.05) between these latter two groups. Consequently, heifers offered the Vit D; had
the highest (P < 0.05) LT total vitamin D activity compared to either of the two vitamin D, supplementation sources
(Figure 1). Additionally, LT total vitamin D activity did not differ (P > 0.05) between the Vit D, and the Mushroom D,
treatment groups. Dietary treatment did not alter (P > 0.05) WBSF values. Mean sensory scores of parameters including
appearance, odour, texture, flavour, overall accept and off flavour were not affected (P>0.05) by dietary treatments offered.
Similarly, dietary treatment had no effect (P > 0.10) on animal performance parameters or any carcass related variables
including, carcass weight, kill out %, carcass conformation and fat score.

Treatment (P < 0.05)
a

N

Vit Dy Vit Dy, Mushroom D,
Dietary treatments

Figure 1 Effect of dietary treatment on total LT vitamin D activity.

Total vitamin D (pig/100g)
=R =g=N=] o
[=R NI IR

Conclusion Vitamin D; supplementation of cattle diets is a more effective source to increase total beef vitamin D content
compared to natural or synthetic vitamin D, sources. Irrespective of vitamin D source no negative alterations to any sensory
or meat quality parameters is an important finding from a consumer acceptance viewpoint.
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Application If fodder beet is cheaper, it can replace barley in cattle rations without deleterious effects on growth, meat
colour or shelf-life.

Introduction Grass silage is the main winter forage fed on Irish cattle farms, and is most commonly supplemented with
cereal grain to achieve growth targets for finishing cattle. Fodder beet roots can be an economically viable alternative to
cereal grains on some farms (Finneran, 2012). If there are differences in the appearance or quality characteristics of beef
due to the use of fodder beet, the ability of beef producers to service existing markets could be compromised. The
objective of this experiment was to establish selected beef quality responses to fortifying grass silage with increasing
amounts of barley or fodder beet.

Material and methods Continental crossbred steers (48) were blocked by liveweight (515 (19.4) kg mean (s.d.)) and
randomly allocated from within block to eight dietary treatments. The treatments were: grass silage ad libitum fortified with
barley (830 g rolled barley, 100 g soyabean meal, 50 g molasses and 20 g mineral + vitamin premix per kg) at 2.5, 5.0 or
7.5 kg per head daily or with fodder beet (930 g fodder beet roots, 64 g soyabean meal and 6 g mineral + vitamin premix
per kg) at equivalent dry matter (DM) inputs as for barley. Barley and fodder beet were also offered ad libitum with 1.5 kg
grass silage DM. Animals were individually fed the experimental rations for 112 days after which selected carcass and
meat variables were measured. Muscle shelf-life was determined by aerobic display in a refrigerated, illuminated cabinet
for 16 days. The data were subjected to regression analysis with a model that had block, type and level of supplement and
their interaction as effects. Linear and quadratic response patterns were tested.

Results Grass silage had a DM digestibility of 676g/kg and was well preserved (pH 3.8; lactic, acetic, propionic and
butyric acids of 124, 24, 2 and 1 g/kg DM; ethanol of 9 g/kg DM; ammonia-N of 76 g/kg N). The crude protein
concentration of the barley and fodder beet-based supplement was 139 and 127 g/kg DM, respectively. While barley
permitted a higher intake of silage DM than fodder beet, type of supplement did not affect animal performance or meat
quality (Table 1). Increasing the supplement allowance linearly affected most variables examined (Table 1). Fodder beet
tended (P<0.1) to cause greater lipid oxidation in muscle than barley at higher levels of inclusion (data not shown) but the
level of oxidation within the length of aerobic display is unlikely to be of commercial importance.

Table 1 Intake, growth and meat quality attributes

Type of supplement  Level of supplement’ Significance
Barley  Fodder 2.03 4.05 6.06 AL sed Type Level

Silage DM intake (kg/d) 4.07 3.60 576 4.72 340 148 0380 * L*
Total DM intake (kg/d) 9.14 8.93 7.79 8.77 9.48 10.10 0.407 ns L*
Liveweight gain (g/d) 1005 1047 802 949 1043 1312 1575 ns L*
Carcass gain (g/d) 704 699 559 657 668 922 122.3 ns L*
Fat yellowness 16.2 15.9 159 164 164 156 056 ns L*Q*
Muscle pH 5.49 5.48 550 548 547 550 0.019 ns ns
Muscle lightness 355 35.6 345 362 354 360 1.18 ns L*
Muscle redness (day 16> 6.9 6.0 58 7.1 6.7 6.2 1.39 ns ns
Lipid oxidation (day 16)>* 0.55 0.58 0.56 0.53 049 0.69 0.125 ns L*, Q*

'kg DM/d or ad libitum, “Of aerobic display, *Thiobarbituric acid reactive substances (mg/kg)

Conclusion When balanced for protein and minerals both barley grain and fodder beet roots supported similar performance
by finishing steers across a range of rates of input, with little effect on carcass fat colour or meat shelf-life..
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Application The results of this study showed that physiological markers of stress reflect differences in post mortem carcass
pH decline and ultimate pH, which is a contributor to meat quality at commercial level.

Introduction Environmental factors such as gender and age at slaughter for beef cattle finishing systems are predetermined
by the producer. Finishing male dairy calves at a younger age as bulls compared to the traditional 24 month old steer
production system has the potential to increase beef output per hectare. Although bulls are typically slaughtered at a
younger age than steers, many studies have reported that bulls were more susceptible to pre-slaughter stress. Relationships
have been observed between animal temperament and stress (King et al., 2006). Additionally, cattle with a nervous
disposition have been reported to have a greater incidence of dark cutting beef and greater Warner-Bratzler shear force
values than their contemporaries (Falkenberg et al., 2005). Consequently, the objective of this study was to investigate
whether differences in physiological markers of stress and post-mortem carcass pH exist among Holstein-Friesian (HF)
bulls and steers slaughtered under varying production systems.

Material and methods Data were available from 46 HF animals; 17 bulls slaughtered at 15 months (15MO), 15 bulls
slaughtered at 19 months (19MO) and 14 steers slaughtered at 24 months (24MO). On the morning of slaughter, animals
were loaded at 0430 and transported a distance of 63 km to the abattoir. Blood samples were collected from the animals in
the lairage 1 hour pre-slaughter which was stored in ice for approximately 2 hours and were subsequently stored at 4°C for
8 hours. Samples were collected for plasma concentrations of cortisol, creatine kinase, lactate, haptoglobin and glucose. pH
decline was monitored for six consecutive hours post-slaughter on the M. longissimus thoracic at the 10" rib. Prior to
deboning, ultimate pH was recorded again at the 10™ rib. The effect of production system on physiological markers of
stress, carcass pH decline and ultimate pH were analysed using mixed models ANOVA (Mixed procedure of SAS, v9.4).

Results Plasma concentrations of cortisol were greater (P<0.001) for 15MO than 19MO or 24MO (Table 1). Creatine
kinase concentrations were similar for all treatment groups. Haptoglobin concentrations were greatest (P<0.001) for 19MO,
lowest for 24MO and intermediate for I5SMO. Glucose concentrations were greatest (P<0.001) for 24MO, intermediate for
15MO and lowest for I9MO. The concentration of lactate was greatest for I15SMO, lowest for 24MO and intermediate for
19MO (P<0.001). Ultimate pH was greater (P<0.001) for 15MO than either 19MO or 24MO. Decline in pH was greatest
for 24MO, lowest for 15MO and intermediate for 19MO (P<0.001).

Table 1 Effect of production system on physiological markers of stress and carcass pH

15MO 19MO 24MO S.€. P-value
Cortisol (ng) 26.2° 13.8 13.5° 42 <0.05
Creatine kinase (U/L) 422 392 295 52.4 0.2677
Haptoglobin (Hgb 0.67° 0.84° 0.36° 0.034 <0.001
binding capacity/L)
Glucose (mmol/L) 5.41° 5.02° 5.53¢ 0.122 <0.05
Lactate (U/L) 4.15° 2.52° 1.12° 0.38 <0.001
pH decline 0.47° 0.56" 0.82¢ 0.04 <0.001
Ultimate pH (0-14) 5.73" 5.53° 551° 0.046 <0.001

Conclusion Results from this study show that bulls slaughtered at 15 months of age, i.e. the specified bull production
system for male dairy calves for the UK market, had higher levels of cortisol concentrations at slaughter and had a slower
pH decline than 19MO and 24MO. Although bulls slaughtered at 15 months had a greater ultimate pH, results from this
study showed that ultimate pH was within normal ranges (5.4 to 5.8) for all production systems.
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Application For lambs grazed on pasture, a shorter pre-slaughter period on a barley/maize cereal-based concentrate results
in lower intramuscular fat (IMF) and a fatty acid composition that is more favourable from a human health perspective.

Introduction Nutritionally favourable polyunsaturated fatty acid:saturated fatty acid (PUFA:SFA) and n-6:n-3 PUFA
ratios in lamb arise from feeding pasture in comparison to cereal concentrates (Scerra et al., 2011). Where pasture is not
available throughout the year, pre-slaughter supplementation with cereal concentrate can eliminate the effects of pasture on
the intramuscular fatty acids (IMFA) (Scerra et al., 2011; Aurousseau et al., 2007). The objective of this study was to
determine the effect, on the IMFA composition, of duration of finishing lambs on a concentrate ration following grazing at
pasture.

Material and methods Thirty-three male lambs grazing at pasture from birth were allocated to a barley/maize-based
concentrate and individually fed for one of three finishing durations prior to slaughter (36, 54 or 72 days). At 24 h after
slaughter the M. longissimus thoracis et lumborum (LTL) was aged for 8 days under vacuum and stored at -20°C for the
quantification of total IMFA (Brunton et al., 2015). All data, except for the PUFA:SFA ratio, were normalized using a Box-
Cox transformation prior to analysis using the PROC MIXED procedure of SAS (v9.4), where feeding duration was
considered as the main effect. Multiple comparisons of the means were performed following Bonferroni adjustment. Back-
transformed data are presented in the results.

Results A short pre-slaughter period (36 days) on the concentrate diet, or a longer grazing period on pasture, resulted in a
lower IMF content (indicated by total fatty acid content in Table 1) and a higher content of n-3 PUFA and PUFA:SFA
ratio, and a lower n-6 PUFA:n-3 PUFA ratio.

Table 1 Fatty acid composition (least square mean + standard error of the mean (SEM)) of LTL of lambs fed concentrate
diet for different pre-slaughter durations

Fatty acids Duration (Days) SEM P-values
(mg/100g muscle) 36 54 72

C18:2n6cis 69.9° 86.1° 92.6 5.13 0.014
C18:2¢9t11 11.0 10.2 75 1.77 0.362
C18:3n3 20.4° 17.7° 12.6° 1.52 0.002
C20:4n6 28.1° 29.1° 34.5° 1.06 0.001
C20:5n3 15.1° 13.0° 8.9° 1.10 <0.001
C22:5n3 17.0° 15.2° 13.1° 0.70 <0.001
C22:6n3 5.16° 456" 3.43° 0.333 0.002
Total SFA 796 1082 1069 100.8 0.078
Total MUFA 806" 1084° 1147° 84.3 0.004
Total PUFA 171 181 178.4 8.90 0.790
PUFA:SFA ratio 0.23° 0.18% 0.17° 0.014 0.020
n-6 fatty acids 112° 129% 139° 6.6 0.024
n-3 fatty acids 57.7° 50.5° 38.1° 2.88 <0.001
n-6:n-3 ratio 1.97° 2.59° 3.68° 0.119 <0.001
Total fatty acids 1728° 2301° 2348? 187.6 0.009

¢ Mean values bearing different superscripts are significantly different (P < 0.05).

Conclusion An IMFA composition more favourable to human nutrition can be achieved by a combined long grazing time
at pasture and a short pre-slaughter duration on a cereal-concentrate.
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Application This study has increased our knowledge on the genes that drive the increases in the n3/n6 fatty acid (FA) ratio
in the M. longissimus thoracis et lumborum of grass-fed cattle compared to concentrate fed animals.

Introduction Human health advantages associated with the consumption of beef reared on pasture have been proposed,
particularly relating to the supply of essential Fatty Acids (FA) (Daley, 2010). A comparison of the muscle transcriptome
and lipid profile of outdoor/pasture-fed and indoor/concentrate-fed cattle resulted in the identification of 26 differentially
expressed (DE) genes, the expression of which correlated most significantly with the n3/n6 FA ratios in the muscle
(Sweeney et al., 2016). The aim of this study was to further explore the panel of DE genes in the context of putative
regulators identified from in-silico analysis and literature searches and core enzymes essential for the synthesis of n/3 and
n/6 FA.

Material and methods The 26 DE genes were evaluated in Cytoscape™ (Shannon, 2003) in the context of putative
regulators (PPAR, C/EBP, SCREB and GATA) and also enzymes essential in the synthesis of n/3 and n/6 FA (FADS1 and
2 and ELOV2 and 5). Protein-Protein interaction data was imported from the Intact database (www.ebi.ac.uk/intact). The
application Network analyser ™ was used to generate topographical data which was then used to generate Figure 1.

Results Of the 26 DE genes, seven up-regulated it

(ABCAI, ACSL3, CCL14, EIF4EBP1, FABPS, FYN, sTRio i~  “GATAZ

KLF11) and six down-regulated (EMLI, MAP7DI, CEBPA

MSMOI, STK40, TULPI, TPCNI) genes were MAP7D1

connected to the network. The enzyme Fatty TPCpT {2

acid desaturase 2 (FADS2) was also present in this : “FARES )

network indirectly associated with the up-regulated EIF4ERPT L ~PRKAB

gene ACSL3. Of the DE genes FYN (up-regulated in - ~abeat

grass-fed animals) was  highlighted ~ within ~GATAZ = S

Cytoscape™ as a hubgene with extensive

connectivity (Degree=216). FYN was also connected -

via HSP 90-beta (a molecular chaperone with an ABCAT T ' PPARG | .-

ATP binding ability) to important regulators of fatty ) ; 2

acid metabolism; PPARy, SREBF1 and AMPK N, ‘ AR .

subunit (PRKAA?2) (Fig 1). i SRR T, NS5 e " PPARA,
; TULP?

Conclusion This analysis broadens the perspective

on the transcriptional changes observed in muscle

from cattle reared on grass and highlights FYN as a

hub gene connected to central regulators of FA s FYN

metabolism. ; i
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are excluded.
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Application Through better understanding of the causal relationship between whole-farm grassland management strategies
and meat quality, this study contributes to the formation of price premia for beef produced under grazing livestock systems.

Introduction Although it is widely acknowledged that the nutritional quality beef is affected by the amount of cereals used
in the feed ration, impacts of different pasture types are less understood. Using a whole-farm dataset from the North Wyke
Farm Platform (NWFP) linking grassland management, animal performance and meat quality, this study compares fatty
acid composition and vitamin E content of beef produced on three common pasture systems in the UK: permanent pasture
(PP); semi-organic white clover/ perennial ryegrass sward (WC) and high sugar perennial ryegrass monoculture (HS).

Material and methods At the NWFP, 30 Charolais x Hereford-Friesian steers are allocated annually to each of the three
NWEFP systems under the repeated measures design (Orr et al., 2016). Following finishing, muscle tissue (M. longissimus)
was collected from a subsample (n = 5 per system per year) of steers over two seasons (2016 and 2017). Fatty acid profiles
of meat were assessed using a simplified bimethylation extraction method (Lee et al., 2012), while forage fatty acid content
was determined using direct saponification (Demirel ef al., 2004). Both sets of extracts were measured using GC. Vitamin
E content of meat and forage was measured using HPLC following hexane extraction. Two-way ANOVA was carried out
using GenStat to investigate the effects of both the year and the treatment (system) on meat quality parameters.

Results In 2016, average daily gains for PP, WC and HS steers were 0.84, 0.72 and 0.70 kg/day, respectively. In 2017, WC
cattle grew faster (0.82) than PP (0.74) and HS (0.79). These rankings were consistent with the corresponding rankings for
cold carcass weights at slaughter. While no treatment effect was detected on vitamin E contents of pasture (p = 0.541), a
significant year effect was observed (p < 0.001), with PP recording the largest vitamin E values in 2016 and WC in 2017.
These results, however, did not completely translate into vitamin E content of meat (Table 1). Amongst key parameters
derived from fatty acid profiles of beef samples, long-chain PUFA (EPA and DHA) were more abundant in PP cattle than
WC and HS counterparts. In addition, n-6:n-3 ratios showed significant differences with regards to treatments, years and
their interactions, with the value for PP the lowest across two years. Finally, significantly higher levels of total fatty acid
contents were detected in the 2017 pasture samples compared to the 2016 samples (p = 0.018); this shift was also evident
from total fatty acid contents of beef under all systems, although the latter differences were not statistically significant.

Table 1 Vitamin E and fatty acid profiles of beef for each year and treatment. All values are reported as mg/kg fresh meat

2016 2017
P

PP wC HS PP wC HS SED P(trt) P (yr) (trtyr)
VitaminE~ 5.72 4.67 4.92 4.88 4.26 5.54 0283  <0.001 021 0.004
Total FA 2680 2385 2458 2781 2707 2666 446.5 0.812  0.423 0.940
C16:0 625 592 573 617 594 577 1150  0.850  0.992 0.996
C18:0 366 305 382 359 332 370 55.5 0328  0.942 0.864
C18:1 trans  58.5 40.8 55.1 68.5 48.7 65.6 14.43 0.166  0.267 0.990
Cl8:1cis-9 977 817 821 988 1025 960 180.3 0.766 0264 0.737
CLA c9t11  13.9 11.3 112 20.4 15.2 17.3 4.14 0396  0.030 0.901
EPA® +
DHA® 20.4 18.5 19.8 19.7 17.2 18.2 1.16 0.043  0.093 0.847
PUFA:SFA  0.075 0.085 0.075 0094 0102 008 00100 0202 0012 0.834
n-6:n-3 0.910 1.10 0.930 1.10 1.15 1.18 0.0330 <001 <001 <.001

*Eicosapentaenoic acid, "Docosahexaenoic acid

Conclusion Significant treatment effects on n-6:n-3 ratios found in this study are likely to have human health implications,
particularly when further comparisons are made with concentrate finished beef with higher levels of omega-6. As WC and
HS pastures were reseeded between 2013-2015, the present results may suggest that pasture establishment affects meat
quality in the first year post-reseeding.
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Application Minor differences in meat composition, tenderness and colour appearance lead to the conclusion that
castration of lambs in order to improve meat acceptability and marketability is of little advantage.

Introduction Castration of lambs has become less frequent in Ireland in recent years given the superior production
performance of ram lambs compared to wethers. There is, however, a perception regarding meat quality attributes of ram
lambs. This study was one of the first to examine instrumental meat quality attributes under Irish conditions and aimed to
assess the effect of sex on these instrumental attributes.

Material and methods A total of 200 spring born male lambs were assigned to a 2 x 2 factorial arrangement with two
breeds Scottish Blackface (SB) (n=100) and Texel cross Scottish Blackface (TXSB) (n=100) and two sexes (wether
(n=100) and ram (n=100)). Lambs were identified on commercial farms at birth and each alternate male lamb born alive
was castrated using a scrotal rubber ring within 48 h of birth. Lambs were purchased for the experiment at approximately 5
months of age and transported to the research centre. Lambs were individually housed on expanded metal feeding pens
(182 cm % 122 cm) for a 36 day indoor finishing period. Lambs were allowed a 12 day acclimatization period to adapt to a
95% concentrate diet. For the duration of the finishing period lambs were offered 100 g/day DM of silage and had access to
ad libitum concentrate. The concentrate used was a 60% cereal-based lamb ration with 15% crude protein and an energy
value of 1UFL/kg fresh weight. Following completion of the finishing period lambs were slaughtered and muscle pH and
temperature measurements were taken at 1, 3, 5 and 25h post slaughter. After 25h the M. Longissimus Thoracis et
Llumborum (LTL) was dissected form the carcass and cut into 2.5 cm steaks for further analysis. Samples were analysed
for meat colour, chemical composition, cooking loss and tenderness. Tenderness was determined using the Warner Bratzler
Shear Force (WBSF) method. Data diagnostics were carried out using the PROC UNIVARIATE of (SAS, version 9.4).
Data analysis was carried using the MIXED procedure. The model included fixed effects of breed, sex as well as
appropriate interactions with lamb considered as the random effect.

Results There were no interactions between breed and sex, therefore the main effects of breed and sex are presented.
Wether lambs carcasses had higher conformation score (P < 0.05) and higher fat cover (P < 0.001) than ram lambs. Scottish
Blackface lambs had higher carcass fat score (P < 0.001) and lower conformation score (P < 0.001) than TXSB lambs.
Scottish Blackface lambs had greater intramuscular fat (IMF) (P < 0.001), while TXSB lambs had greater cooking loss (P <
0.05). A tendency for lower WBSF values in SB (P < 0.10) and wether lambs (P < 0.10) compared to TXSB and ram
lambs, respectively. For colour measurements, Lightness (L*) and yellowness (b*) values were lower (P < 0.001) in SB
than TXSB lambs. Redness (a*) and B* were higher in ram lambs than in wether lambs.

Table 1 Carcass and meat quality attributes of Scottish Blackface (SB) and Texel cross Scottish Blackface (TXSB) ram and
wether lambs

Breed Sex P Value

SB TXSB Ram Wether SEM Breed Sex
Carcass Conformation' 2.63 3.38 2.92 3.10 0.068 <0.05 <0.05
Carcass fat score’ 3.77 3.27 3.07 391 0.077 <0.001 <0.001
Carcass weight, kg 20.71 25.74 23.14 23.31 0.20 <0.001 NS
Intramuscular fat 3.28 2.52 2.68 3.19 0.098 <0.001 NS
WBSF (N)? 34.15 37.20 37.10 34.20 1.530 <0.10 <0.10
Cooking loss (%) 27.55 30.35 29.21 28.69 0.624 <0.05 NS
Total Collagen (g/kg) 3.23 2.68 2.94 2.96 0.091 <0.05 NS
Colour measurement
L* 44.02 45.27 44.72 44.58 0.221 <0.001 NS
a* 19.29 19.77 18.14 20.13 0.250 NS <0.001
b* 6.74 7.05 6.73 7.06 0.129 <0.001 <0.001

'Carcass Conformation EUROP Scale transformed to 5, 4, 3, 2 and 1, respectively, 2 Carcass fat score=1 to 5 scale
(1=low fat cover, 5=excess fat tissue), > WBSF= Warner Bratzler Shear Force, Colour measurements: L* = lightness,
O(black) to 100 (white); a* = redness, +a (red) to —a (green); b* = yellowness, +b (yellow) to —b (blue)

Conclusion Differences were found in carcass and meat quality attributes between ram and wether lambs. However, both
sexes produced meat which would be deemed acceptable by consumers. Given superior production performance of ram
lambs shown by Claffey et al., (2017), coupled with the minimal differences in meat quality attributes reported in this study
there seems to be little advantage to castrating lambs to improve meat quality, though castration may still be required as a
management tool in some systems.
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Application The regulatory SNPs identified in the promoter region of four differentially expressed genes will enable
insight into the molecular mechanism of differential gene expression that is fundamental to variation in ovine carcass and
meat quality.

Introduction Improvement of the lamb carcass and meat quality will enhance the industry's capacity to meet consumer
needs. Genetic variation exists for a variety of meat quality traits including carcass fatness, conformation and intramuscular
fat content. Single nucleotide polymorphisms (SNPs) in the promoter region of genes have been associated with gene
expression and meat quality phenotypes (Sweeney et al., 2015). However, the traits that affect meat quality can be
measured only after slaughter and require expensive and time-consuming procedures. Therefore, the identification of
regulatory genetic polymorphisms robustly associated with carcass and meat quality traits will enhance genetic gain in the
breeding programme. The differentially expressed genes for fatness (LPL, MMPI and MSTN) examined were reported
earlier (Alam et al., 2017). The aim of this experiment was to identify SNPs in the promoter region of the previously
identified differentially expressed genes.

Material and methods From 64 pairs of twin lambs, eight pairs of the most divergent twins (High or Low) were selected
based on fatness. The promoter regions of the candidate genes (differentially expressed between twins) were sequenced in
forward and reverse directions. SNPs were identified by multiple sequence alignment, using Molecular Evolutionary
Genetics Analysis (MEGA) software.

Results The number of SNPs identified by in silico analysis in the genes and affected transcription factors are summarised
in Table 1. The in silico analysis of the promoter region of MSTN gene identified CCAAT/enhancer binding protein alpha
(C/EPBa) binding motif where the single nucleotide polymorphism changed C/EPBa motif into Mating-type M-specific
polypeptide Mc (mat1-Mc) motif. In the MMPI promoter, one SNP leads to the loss of the TFIID binding motif. The
transcription-factor binding motif for histone gene transcription factor (H4TF-1) is changed to the signal transducer and
activator of transcription 5 (STATS) motif due to the occurrence of one SNP in the motif.

Table 1 Summary of genes, number of SNPs identified and affected transcription factor

Gene (Gene ID) Product No. of SNPs No. of transcription factors  Transcription factor
length (bp) identified affected by SNP affected by SNPs

Myostatin (MSTN, 443449) 1182 6 1 CCAAT/enhancer

binding protein alpha

Matrix metallopeptidase 1 974 10 1 TFIID

(MMP1,101120355)

Low density lipoprotein receptor 1394 9 1 H4TF-1

(LDLR, 443535)

Lipoprotein lipase (LPL, 443408) 1029 6

Conclusion The identified novel regulatory polymorphisms in the cis-regulatory binding site of the promoter, especially
those affecting the transcription factor binding sites and those in the enhancer and repressor regions, have the potential to
contribute to our understanding of the underlying molecular mechanisms of differentially expressed genes. The association
study between novel SNPs and carcass and meat quality traits is in progress.
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Application Housed dairy cows offered either fresh grass or grass silage produce milk with lower concentrations of
vitamin D than grazing cows. This highlights the need to develop strategies to increase vitamin D concentrations in the
milk of housed cows.

Introduction Humans obtain Vitamin D through endogenous dermal synthesis upon exposure to UVB light, from naturally
occurring food sources, and from supplements and fortified food products. However, Vitamin D deficiency is well
recognised as a public health issue, with recent research (Cashman et al., 2016) suggesting that 40.4% of the EU population
is Vitamin D deficient. While oily fish and eggs represent good naturally occurring sources of Vitamin D, these are not
widely consumed. In addition, people living at more northerly latitudes have limited Vitamin D synthesis for a
considerable part of the year. Consequently, there is interest in increasing the Vitamin D content of more commonly
consumed foods, such as milk. This study investigates the effect of dairy cow management regime on Vitamin D
concentrations in milk.

Material and methods Three management strategies were examined in a 24-week (April — September), continuous design
experiment involving 114 Holstein Friesian dairy cows (38 cows/strategy), as follows: i. housed and offered grass silage
(Silage), ii. housed and offered fresh grass (Zero-grazing), iii. full-time grazing (Grazing). Concentrate feed levels were
common across all three treatments (8.0 and 6.0 kg/day for multiparous and primiparous cows, respectively). Cows within
the Silage and Zero-grazing treatments were housed in cubicle accommodation. These cows were offered either fresh silage
or fresh herbage once daily. Cows on treatment Grazing were managed within a rotational paddock grazing system, and
given access to fresh herbage daily. On two occasions during the experiments (6 July and 20 September) milk samples were
taken from all cows during two consecutive milkings, bulked in proportion to milk yield, and the samples subsequently
analysed for vitamin D3, vitamin D2, 25-hydroxyvitamin D3 (25-(OH)-D3) and 25-hydroxyvitamin D2 (25-(OH)-D2).
Data were analysed with linear mixed model methodology using the REML estimation method. A factorial arrangement of
management and date were fitted as fixed effects with cow fitted as a random effect.

Results Both management strategy and sampling date had a significant effect on vitamin D3, D2 and 25-(OH)-D3
concentrations (P<0.001). Compared to Silage and Zero grazing, milk from Grazing had higher mean concentrations of
vitamin D3 and its metabolite 25-(OH)-D3 on both sampling dates, and higher vitamin D2 concentrations on the first
sampling date. Management strategy x date interactions were observed for vitamins D3 and D2 (P<0.001) but not 25-(OH)-
D3. Concentrations of 25-(OH)-D2 were below the detection limit in all samples.

Table 1 Effect of management strategy on milk production and the Vitamin D content of milk during the two measurement

periods

Date Treatment SEM Significance

Zerograzing Silage  Grazing Management (M) Date (D) MxD

Vitamin D3 6July  0.037° 0.040°  0.203° 0.0094 <0.001 <0.001 <0.001
(ng/kg) 20Sep  0.041° 0.036*  0.088"
Vitamin 25-(OH) 6 July  0.058° 0.058"  0.094° 0.0036 <0.001 <0.001 NS
D3 (pg/kg) 20Sep  0.048° 0.049°  0.082°
Vitamin D2 6July  0.021® 0.022%° 0.046°  0.0024 <0.001 <0.001  <0.001
(ng/kg) 20Sep  0.026" 0.018"  0.018"
Values within each variable which do not share the same superscript are significantly different (p<<0.05) as determined
by Fishers LSD test.

Conclusion Housed cows, irrespective of diet, produced milk with lower concentrations of Vitamin D3 and 25-(OH)-D3
than grazing cows. With grazing cows, Vitamin D concentrations were significantly lower in September than July.
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Application Increasing stocking rate (SR) resulted in greater grass production and utilisation, and consequently, milk
production per hectare (ha). Furthermore, Jersey x Holstein-Friesian (JXHF) cows produced more milk solids (MS)
compared with Holstein-Friesian (HF) cows.

Introduction Successful grazing systems are dependent on achieving a balance between competing objectives of high
grass intake and milk production per cow, and increasing grazing intensity to maximise grass utilisation and milk
production per ha (McCarthy et al., 2014). A combination of cows capable of achieving high intakes of grazed grass and
SR capable of maximising grass utilisation are critical to overall systematic performance. The objective of the experiment
was to quantify the effect of SR and breed on milk production per ha within intensive grass-based production systems.

Material and methods A total of 533 lactation records from 246 high genetic merit spring calving dairy cow (68 HF and
71 JxHF, respectively) were available over a 4 year period. Cows from each breed were randomly assigned to one of three
SR treatments defined in terms of body weight (BW) per ha; low (LSR; 1,200 kg BW/ha), medium (MSR; 1,400 kg
BW/ha) and high (HSR; 1,600 kg BW/ha). Milk yield was recorded daily and milk constituents weekly. Body weight was
measured fortnightly. Different grazing intensities were imposed on each SR, with target post-grazing residual heights of
4.5-5.0, 4.0-4.5, and 3.5-4.0 cm for LSR, MSR, and HSR, respectively. The effect of SR, breed and their interactions on
milk production per cow and per ha, BW, and grazing characteristics were analysed using mixed models (PROC MIXED)
in SAS.

Results Milk and MS yield per cow was greatest for LSR (5,309 and 459 kg, respectively), intermediate for MSR (5,030
and 432 kg, respectively), and lowest for HSR (4,862 and 414 kg, respectively). Conversely, milk and MS yield per ha was
greatest for HSR (16,340 and 1,387 kg, respectively), intermediate for MSR (14,866 and 1,275 kg, respectively), and
lowest for LSR (12,934 and 1,126 kg, respectively). Milk production efficiency (MS per kg BW) decreased as SR
increased. Milk yield was greatest for HF cows (5,233 kg) compared with JxHF (4,900 kg), while MS was greater for JxHF
cows (439 kg) compared with HF cows (430 kg). Jersey x Holstein-Friesian had greater milk production efficiency
compared with their HF counterparts.

Holstein-Friesian Jersey x Holstein-Friesian Significance

LSR MSR HSR LSR MSR  HSR SEM. SR BR SR*BR
Per cow
Milk yield (kg) 5,531 5,158 5,011 5086 4902 4712  62.0 <0.001 <0.001 0.266
MS yield (kg) 458 425 408 459 433 419 4.9 0.034  <0.001 0.365
Per ha
Milk yield (kg) 13,170 14,920 16,257 12,698 14,812 16,153 184.0 <0.001 0.042  0.566
MS yield (kg) 1,097 1,226 1,346 1,155 1,324 1,429 15.6 <0.001 <0.001 0.408

MS yield (kg’kg BW)  0.90 0.82 0.80 0.95 0.88 0.85 0.030  <0.001 <0.001 0.859

Conclusion The greater productivity per ha demonstrated at higher SR resulted from increasing BW per ha, increased
grazing intensity, and higher grass utilisation. At similar BW per ha, JXHF cows produced more MS per cow, and
consequently, achieved greater milk production per ha.

Acknowledgements The authors acknowledge the financial support of the Dairy Research Levy.
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Application Cow genotype had a significant effect on total milk and milk solids yield and milk composition. Twenty-four
day submission rate, pregnancy rate to first service and six week in calf rate were significantly different amongst genotype.

Introduction Declining reproductive performance in the dairy herd has become an increasingly difficult issue in the past
few decades. As a result, there has been increased interest in crossbreeding, particularly in pasture-based milk production
systems (Buckley ef al., 2014). The aim of this study was to assess the milk production and fertility performance of three
genotypes within a spring calving milk production system; Holstein-Friesian (HF), Jersey x HF (JEX) and a three way
cross of Norwegian Red x Jersey x HF (3WAY).

Material and methods Data from 360 cows (120 in 2014, 2015 and 2016, respectively; 40 of each genotype each year)
was available for analysis. Cows were managed within one of four grazing treatments (tetraploid-only, diploid-only,
tetraploid-white clover and diploid-white clover), stocked at 2.75 cows/ha, with equal numbers of each genotype (n = 10)
across each grazing treatment. Within breed, cows were assigned to treatment based on calving date, parity and economic
breeding index (EBI). Milk yield was recorded daily and milk composition was analysed weekly by taking milk samples
from a consecutive evening and morning milking. Fertility performance was monitored by recording all artificial
inseminations and natural services throughout the breeding season and ultrasound scanning to determine pregnancy status
when the breeding season concluded. Milk data were analysed using Proc MIXED and fertility data using Proc LOGISTIC
in SAS (SAS 9.4). Cow genotype, grazing treatment, parity and year were included as fixed effects in the model.

Results The effect of cow genotype on milk production and fertility performance is presented in Table 1. Holstein-Friesian
had the greatest milk yield, JEX were intermediate and 3WAY lowest. Milk solids yield was similar for HF and JEX and
for HF and 3WAY, whereas JEX had a greater milk solids yield than 3WAY. Milk composition (fat and protein %) was
greater for JEX and 3WAY (4.76% and 3.79% and 4.71% and 3.80% for JEX and 3WAY, respectively compared with HF
(4.43% and 3.64%). The fertility performance amongst genotype was not significantly different in terms of overall in calf
rate. Twenty-four day submission rate was lower for JEX compared with HF and 3WAY. Differences also existed amongst
genotype for pregnancy rate to first service and six week in calf rate, with JEX having a greater pregnancy rate to first
service compared with HF and 3WAY and the JEX and HF having a greater six week in calf rate compared with 3SWAY
(Table 1).

Table 1 Cow genotype effect on milk production and fertility performance 2014-2016

HF JEX 3WAY SE P-value
Milk yield (kg) 5656° 5452° 5277 51.9 <0.0001
Milk solids (kg) 455° 466*° 448%° 4.0 0.009
24-day submission rate (%) 97.5% 91.6° 97.4* 0.040
Pregnancy to 1¥ service (%) 64.4° 78.2° 61.5° 0.008
Six week in calf rate (%) 88.1° 89.9 83.8" 0.041
In calf rate (%) 95.8 95.0 93.2 NS

Conclusion The similar performance of the HF and JEX in terms of milk solids yield and fertility was in contrast with
previous research (Prendiville et al., 2011) but indicates the suitability of both for spring calving pasture-based milk
production systems. And although the 3WAY had lower milk solids yield than JEX and lower fertility performance than
HF and JEX, their performance was adequate for this system.

Acknowledgements The authors acknowledge the Teagasc Walsh Fellowship and the Dairy Levy Research Fund for
financial support.
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Application Increased reliabilities for UK Limousin beef breeding values through the incorporation of international proofs
and the inclusion of overseas progeny information. The breeders benefit from the phenotypes recorded in other countries.

Introduction United Kingdom is an active member of the International Evaluations for beef and dairy cattle (Interbeef and
Interbull). In the Interbeef evaluations data from nine countries are used in order to calculate the Estimated Breeding
Values (EBVs) for weaning weight (AWW). Until now, none of the nine countries were using combined international and
national proofs in their breeding programmes. The aim of this project was to develop the mechanism of incorporating
international AWW EBYV into the national evaluation and evaluate its impact on the reliabilities of the EBVs of animals
widely used abroad.

Material and methods Three times per year UK send the pedigree and performance records for the Limousin beef breed,
which are used along with the data provided by Czech Republic, Denmark, Finland, France, Germany, Ireland, Sweden and
Switzerland. As a result of this international evaluation, 199,183 records return to the UK for national (180,194) and
foreign (18,989) Limousin animals. Currently international proofs are produced for one trait only (weaning weight), but
research to analyse more traits is ongoing. In the UK national evaluation, a multi-trait model is implemented and account is
taken of the genetic correlations of AWW with many other traits like birth weight, fat/muscle depth or calving ease. In
order to incorporate the international proofs for AWW, the impact on correlated traits should also be accounted for. Initially
combined EBVs for AWW were computed using the formula published by Mrode et al., (1996), then combined EBVs were
calculated for all the correlated with AWW traits, using the following formula:

U, 9ia  Gim .
Uy |_ [ 92a 9zm (gdd gdm)_l (Ud>
: : : Imda  Gmm U-r\n

U;L Ind  Gnm

where U; to U, are UK traits, correlated with AWW, g4 to g4 are the genetic covariances between direct AWW and
adequate trait, g, to g,, are the covariances between maternal AWW and adequate trait, 844, gng and g, are the direct
variance, covariance and maternal variance for AWW, respectively. Uy and U, are the differences of combined and UK
national EBVs for direct and maternal AWW.

The reliabilities (RD) for the combined EBV's were computed using Mrode et al., (1996) formula:

1 1

RD = A= Ukred T G=ITBreD)

The increases in the reliabilities of correlated traits with AWW were calculated as the difference between combined and
UK reliabilities for AWW multiplied by the square of the genetic correlation between the given trait and AWW.
International proofs both for the UK and foreign animals were rebased to the same base as for the UK national evaluation
before the combination procedure.

Results Correlations between obtained blended AWW EBVs and UK national EBVs are 0.89 and 0.68 for direct and
maternal AWW, respectively. This indicates undoubtedly that the international values resulted in re-ranking of animals.
Average increase of reliability for direct AWW is 0.13, with the change range from 0 up to 0.83. Very high change is
observed for the animals widely used abroad, with many progeny records overseas but with few or no progeny in the UK.
Results obtained for maternal AWW show the average increase of reliabilities of 0.13, with the range from 0 to 0.76.

The correlations of combined and UK national breeding values for the correlated with AWW traits ranges between 0.97
and 1.00, with reliability correlations 0.86 to 1.00 (lowest values are for strongly correlated with AWW 400-day weight).

Conclusion Until now, it was not possible to directly compare the results of the UK national evaluation with the
international proofs calculated by Interbeef. This method improves the reliabilities and allows a direct comparison between
UK and foreign animals.

Acknowledgements The authors gratefully acknowledge British Limousin Cattle Society for the use of the data.
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Application Using routinely collected milk samples as a proxy for blood offers a low-cost non-invasive approach to collect
valuable immune-associated data to help improve animal welfare and provide an indication of the animal’s health status.

Introduction Previous work highlighted that immune-associated (IA) traits measurable in blood are associated with health,
productivity and reproduction in dairy cows (Eckersall et al., 2006; Banos et al., 2013; Denholm et al., 2017). Similar
relationships have been observed in IA traits from milk (van Knegsel ef al., 2007; Ploegaert ef al., 2010; de Klerk et al.,
2015). Focusing on natural antibodies (NAb), haptoglobin (Hp) and tumour necrosis factor alpha (TNF-a), the present
study analysed longitudinal TA data in order to determine whether routinely collected milk samples could provide a less
invasive method of obtaining an immune profile relevant to dairy cow health and productivity, thus reducing the
requirement for blood sampling.

Material and methods Data were collected from 546 Holstein-Friesian dairy cows. All cows were from the experimental
Langhill herd based at the SRUC Dairy Research Centre, and were involved in an on-going selection experiment for
genetic line x feeding system study (Pollott and Coffey, 2008). Concurrent milk and serum samples were collected at 15
time points (5,354 total samples) between April 2013 and March 2015 and included summer and winter samplings. Whole
blood was collected into plain Vacutainers (BD) and allowed to coagulate before centrifugation at 2,000 x g for 10 min.
Milk was centrifuged at 3,000 x g for 30 minutes and the skimmed milk fraction was retained. All samples were stored at -
20°C prior to analysis and analysed with ELISA for natural antibodies binding keyhole limpet hemocyanin (NAby; ) and
lipopolysaccharide (NAbrps), Hp and TNF-a. Univariate and multivariate analyses were carried out using repeated
measures mixed linear animal models with a pedigree relationship matrix fitted to account for the genetic relationships
between animals.

Results Analyses revealed significant (P<0.01) positive phenotypic correlations between milk and serum measures of NAb
(0.59 <R <£0.75), Hp (R=0.37) and TNF-a (R=0.12). Milk and serum NAb were also found to have a strong genetic
correlation (0.77 < R < 0.94, P<0.01) and were both genetically correlated with cow lameness (0.66 and 0.79 for milk
NAbyg g and serum NAb;ps respectively) and other cellular immune measures such as %lymphocytes, %PBMC,
%neutrophils and %eosinophils. Clinical mastitis was found to be phenotypically correlated with both milk and serum Hp
(0.09 < R < 0.23). Serum Hp was also strongly genetically correlated with other cellular IA traits such as %NKp46"
(R=0.35) and %PBMC (R=-0.90). Similarly, genetic correlations were found to exist between serum TNF-a and %NKp46"
(R=0.22), %PBMC (R=0.41) and %lymphocytes (R=0.47). All milk and serum IA traits were repeatable (P<(0.05) within
animal ranging from 0.09 (serum Hp) to 0.47 (serum NAb;ps). Between-animal variation was highest in milk and serum
NAD (0.36 — 0.47) and significant estimates of heritability were also observed in milk and serum NAb (0.17 — 0.37).

Conclusion Outcomes from the present study suggest that A traits present in the milk of dairy cows are heritable,
repeatable and have the potential to describe IA profiles in the blood, especially in the case of NAb. The strong genetic
correlations found between the milk and serum NAb suggests there is potential for using NAb in the milk as a marker for
NADb in the blood. Furthermore, the relationships found between NAb, Hp and TNF-a with both health and cellular TA traits
are promising and warrant further study. Presently, milk samples are routinely collected for milk recording purposes, and
hence, offer a less invasive and cost-effective way to sample and collect valuable and informative IA trait data for use in a
variety of areas of predictive modelling.
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Application Identification of DNA based biomarkers for residual feed intake (RFI) and related traits could contribute to
genomic selection of feed efficient animals as well as aid in understanding the underlying biology of feed efficiency (FE).

Introduction FE is a measure of how well an animal converts feed to produce, i.e. milk or meat. FE is an economically
important trait as improvement in FE allows an animal to maintain production levels, while consuming less feed, thus
improving profitability. There are several metrics by which FE can be measured including RFI. RFI is independent of
production traits and thus an attractive measure of FE (Arthur and Herd, 2008). RFI is not widely adopted, as it is an
expensive trait to measure. The inclusion of genetic variants associated with RFI in the Irish national genomic selection
breeding programme would improve RFI in the national herd. This study aims to examine genome wide associations
between single nucleotide polymorphisms (SNPs) and RFI and its component traits in Irish beef cattle.

Material and methods 1,684 Irish animals were genotyped using the custom International Dairy and Beef (IDB) version
three SNP chip (Mullen et al., 2013). A further 338 animals were genotyped on the Illumina Bovine HD genotyping chip
and imputed to IDBv3 density using Flmpute version 2.2. All genotypic data was uploaded to Golden Helix version 8.7.1.
Data underwent QC analysis within the SNP Variation Suite environment and linkage disequilibrium (LD) pruning was
carried out. Genotypic data was then merged with collated phenotypic data on these animals which had undergone feeding
trials and for which RFI was calculated. Following merging of phenotypic and genotypic data files, 1,492 animals were
eligible for analysis (Aberdeen Angus n = 102, Belgian Blue n = 177, Charolais n = 387, Limousin n = 537, Simmental n =
289).

Genome-wide association studies (GWAS) for each trait of interest per breed were carried out using a mixed linear model.
This resulted in the generation of 5 sets of GWAS results for each of the three traits of interest, i.e., RFI, average daily gain
(ADG), and daily feed intake. Following GWAS, meta-analysis was carried out to analyse marker effects per trait across all
breeds using METAL (Willer et al., 2010). Ingenuity Pathway Analysis (IPA) was performed on SNPs reaching nominal
significance.

Results Markers that had P-values less than 5x10” were deemed to have genome wide association significance as per the
Wellcome Trust significance threshold. Most significant markers for each trait are represented in Table 1.

Table 1 Top 2 most significant SNPs for RFI or related traits

rsID P-value Trait Chromosome Megabase Nearest Gene
rs386023985 4.32x107" ADG 19 49 ERNI
rs135897656 5.83x10™" ADG 3119 CSF2RA
rs55617218 1.33x107 Feed intake 19 14 HNFIB
15109691080 2.61x10” Feed intake 16 MAP3K7CL
1543555985 8.28x10° RFI 8 69 GFRA2
rs41638273 1.08x10” RFI 26 SLC40A1

IPA identified pathways such as growth hormone signalling and cell cycle regulation as playing a role in the divergence of
RFI, ADG, and feed intake in this cohort.

Conclusion Following validation, the SNPs identified via association studies in this study may be included in the Irish
national breeding program as markers for RFI and related traits. The genes and pathways identified as implicated in the
divergence of the traits of interest will be further investigated to enhance our understanding of the biology underpinning FE
in beef cattle.

Acknowledgements This research is supported by a Dept. of Agriculture, Fisheries and the Marine FIRM/RSF/CoFoRD
Research Project Grant (# 13 S 519).

References

Arthur, J.P. and Herd, R. 2008. Revista Brasileira de Zootecnia 37, 269-279.

Mullen, M.P., McClure, M.C., Kearney, J.F., Waters, S.M., Weld, R., Flynn, P., Creevey, C.J., Cromie, A.R. and Berry,
D.P. 2013. Interbull, August 23-25 2013, Nantes, France. Bulletin No.47

Willer, C.J.,, Li, Y. and Abecasis, G.R. 2010. Bioinformatics 26, 2190-2191.

https://doi.org/10.1017/52040470018000031 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470018000031

081
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Application Development of an online course designed to upskill practicing vets in the field of genomics in animal
breeding, encapsulating years of research, delivering confidence in scientific evidence and at the acquisition of CPD points.

Introduction The increasing potential and applicability of genomics in livestock breeding (Womack, 2005; Haley & de
Koning, 2006; Goddard, 2012) has simultaneously highlighted the need for training to level the field with regards to
genomic knowledge across stakeholders, retain confidence in emerging technologies and optimise their use. Vets serve as a
fundamental, trustworthy interface with farmers. Through the Vetnomics course, practicing vets can revise and improve
their knowledge of genetics and genomics in animal breeding, complementing and developing the advice they can offer
farmers and keeping up in this fast moving area.

This project is in collaboration with partners including; XL Vet Training Services (who will ultimately package and deliver
the training modules), AHDB (contributing knowledge and experience from their key role in national genetic and genomic
evaluations) and Edinburgh Genetic Evaluation Services (EGENES; routinely handling UK-wide performance and pedigree
data for farmed animals and producing UK genomic breeding values). Despite the target audience being vets, their clients,
interested farmers and breeding companies could all derive benefit from accessing such a course and further improve
across-stakeholder communication. The overall aim of this project was to deliver a comprehensive overview of the field of
genomics, to complement veterinary training and satisfy their need to develop their progressive knowledge as obligatory
under the RCVS Code of Professional Conduct.

Material and methods Initially the course syllabus was derived drawing on years of expertise, experience and research in
the field of animal breeding from SRUC and EGENES. Lectures were subsequently planned, scripted, recorded and edited
using consistent lecture format and structure, regular definitions and further reading opportunities. Lectures were designed
to be stimulating, digestible and ultimately for delivery via the web. Despite the course forming a continuous guide through
genomics, each lecture serves as a stand-alone guide to each subject area facilitated by an initial overview of any essential
prior knowledge required to optimise its understanding. Lectures were delivered by experts in each area and filmed to
include the person speaking where appropriate. This novel presentation method utilises audio visual equipment provided
under an Agrimetrics UK grant.

Results Through a series of 17 core c. 40 minute lectures the constructed course guides the audience through the relevant
theory and extensive practicalities of genomics in livestock, with modules covering everything from good practices in the
process of tissue sampling to the value of big data, from the importance of phenotype recording to available breeding
values for previously difficult to measure traits. The course essentially lays the biological foundations for genetics, guides
the audience through relevant theory and provides strong emphasis on the application of genomics in practice across a
whole range of farmed species, elaborating on terminology likely experienced in the field, approaches to best interpret data
and maximise on the services offered to farmers. The key learning outcomes of this course are 1) To understand and give
confidence in the current applications of genomics in animal breeding, 2) To understand the information required in
utilising genomic information and how to get the most benefit from it in animal breeding and 3) To understand how best to
interpret genomic information and facilitate on farm management and breeding decisions.

Conclusion The Vetnomics course encompasses years of research from SRUC Animal breeding and Genomics and
EGENES and is dedicated to delivering a comprehensive guide through genomics to its target audience. The authors have
scheduled discussions with numerous vets and stakeholders to review course content and ensure revisions are implemented
prior to the course release. This release is scheduled early in 2018.

Acknowledgements This work was completed by SRUC with capital investment from Agrimetrics and SRUC. With
thanks to Abby Moran for her help with producing lectures and alongside colleagues for delivering lecture content.
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Application Validates the impact of Ireland’s dairy breeding objective, Economic Breeding Index (EBI), on improving
performance

Introduction Genetic selection of dairy cattle in Ireland is based on total merit selection using the EBI (Veerkamp et al.,
2002). Monitoring phenotypic trends in traits is prudent to ensure the continued suitability of a particular breeding
objective. The objective was to evaluate the milk production, body weight, body condition score and fertility performance
of two genotypes of Holstein-Friesian of divergent genetic merit based on EBI, across three pasture-based feeding
treatments.

Material and methods Two genotypes of Holstein-Friesian based on the Irish total merit index, EBI, were evaluated
across four years (2013-2016). In each year, 90 genotyped cows representative of the top 1% (ELITE; mean EBI €154;
Milk sub-index €37, Fertility sub-index €80, (ICBF, May 2017)and 45 cows representative of the mean nationally (NatAv;
mean EBI €51; Milk SI €17, Fertility SI €13, ICBF, May 2017) based on their genomic EBI proof were evaluated. In year 1
all animals were primiparous and by year 4 20% parity 1, 20% parity 2, 27% parity 3 and 33% parity 4 animals were
present in each genotype. Mean calving date was February 15 (16 d) and 18 (+18 d) for ELITE and NatAv cows,
respectively. By mid-March of each year, cows were randomly assigned to one of 3 feeding treatments feeding treatments
based on parity, calving date and pre-experimental yield of milk solids (mean of 2 weeks). Control (CTL), Low Grass
Allowance (LGA), and High Concentrate (HC) treatments, had target post-grazing residual sward heights (PGRSH) of 4.5-
5, 3.5-4, and 4.5-5cm respectively, and total concentrate allowances of 300, 300 and 1200kg per cow per lactation
respectively. Parity structure and calving date were maintained similar for each treatment group. Weekly milk production
was established from daily recording (morning and evening) while milk fat and protein concentrations were determined
weekly from one successive p.m. and a.m. milk samples. Bodyweight of each animal was recorded weekly using a
calibrated electronic scale (Dairymaster, Causeway,Co.Kerry). Body condition score (BCS) was measured fortnightly for
the first ten weeks of lactation, and monthly thereafter, on a 1 to 5 scale. Reproductive efficiency indicators investigated
included SR24; proportion of cows submitted in the first 24 days of the breeding season, PREG1; proportion of cows
pregnant to first service, PREG6W; proportion of cows pregnant in the first 6 weeks of the breeding season and
PREG12W; proportion of cows pregnant after the 12 week breeding season. All pregnancy variables are based on
ultrasonic imaging at day 150. Analysis of reproductive efficiency indicators, and mean BCS, body weight (BW) and milk
production variables was conducted using a repeated measures model in PROC GENMOD or PROC MIXED of SAS (SAS
Institute, 2017), respectively. Genotype, feeding treatment, calving day of year and parity were included as fixed effects.
Cow nested within genotype was included as a random effect while year was included as a repeated effect. Interactions
between genotype, feeding treatment and parity were also investigated.

Results Mean lactation length was 284 and 283 days in the Elite and NatAv, respectively. Milk volume (5384kg vs. 5601
kg) was lower (P<0.01) but milk fat (44.7g/kg vs. 42.0g/kg) was higher (P<0.01) and milk protein content (37.2g/kg vs.
35.4g/kg) was higher (P<0.001) with ELITE compared to NatAv. Milk solids (fat plus protein) yield tended to be higher
with ELITE cows (441 kg vs. 432 kg; P=0.06). Elite cows tended to be lighter (507kg vs. 515kg; P=0.08) and maintained
higher BCS (2.92 vs. 2.74; P<0.001) throughout lactation. Three week submission rate (92% vs. 86%; P<0.05), pregnancy
rate to first service (0.6 vs. 0.46; P<0.001), six-week in-calf rate (0.73 vs. 0.58; P<0.001) and 12-week in-calf rate (0.92 vs.
0.81; P<0.001) were higher for ELITE compared with NA. No genotype X feeding treatment interaction was observed for
any of the traits.

Conclusion The results provide confidence that genetic selection based on EBI delivers more productive (higher value
milk) and more fertile dairy cows. In addition the study provides leadership, that the decline in fertility evidenced in the
Holstein-Friesian population caused by aggressive selection for milk yield, may be reversed when appropriate selection
pressure on suitable fertility traits is applied, while simultaneously improving milk solids potential.
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Application Calves are born with a predetermined genetic potential. SNPs associated with enhanced immunity in beef and
dairy calves could be applied in a genomic selection breeding programme to breed for improved health traits in cattle.

Introduction Genome-wide association studies (GWAS) using single nucleotide polymorphism (SNP) markers provide a
powerful approach for mapping QTL of important health traits on the genome (Thompson-Crispi et al., 2014). Here, health
related data was collected for dairy and beef calves on commercial farms in Ireland over the first 6 months of life and
associated with SNP data using GWAS, to analyse genetic predisposal towards superior or inferior immunity.

Material and methods In total, 1,392 suckler (n = 111 farms) and 2,090 dairy (n = 84 farms) calves were born between
July 2014 — June 2016 and followed until 6 mo. of age. Blood samples collected from calves with associated morbidity and
mortality information were genotyped using the v3 IDB SNP chip (Mullen et al., 2013), which included 260 immune SNPs
added from literature (e.g. Fisher et al., 2011). A total of 2400 calves with appropriate genotyping data and phenotypic
records were carried forward for GWAS. Quality control was carried out whereby SNPs were removed from analysis if
they had a call rate of less than 0.80 or a minor allele frequency of less than 0.05. Animals were removed from analysis if
they had a call rate of less than 0.95. Following QC, 2,400 animals and 36,664 markers remained for analysis. Further
filtering resulted in 7 main breeds for analysis: Angus (n=273), Belgian Blue (n=63), Charolais (n=384), Holstein Fresian
(n=1,047), Hereford (n=112), Limousin (n=368) and Simmental (n=116). GWAS were carried out in Golden Helix using a
mixed linear model method, EMMAX with gender of calves defined as a co-variate. This mixed model can be summarised
as: y=Xp+Zu+e, where y is an n x 1 vector of the observed phenotypes (IgG serum concentration, BRIX reading, ZST
reading, Total protein, Pneumonia, Scour, All diseases, Other diseases, Navel infection, Joint illness), X is an n x f matrix
of fixed effects and P is a f x 1 vector which represents the coefficients of fixed effects, while Z is an n x t matrix relating
the random effect to the specified phenotype.

Table 1 SNPs associated with incidence of scour during the first 6 month of life

Calf Breed Gene Marker ch' Position P-Value Minor Allele Frequency
Aberdeen Angus CADM2 HAPMAPS58994-R529021251 1 32738897 5.78E-07 0.018315018
Belgian blue PARD3B ARS-BFGL-NGS-81996 2 119772030 4.66E-09 0.150793651
PAX3 UA-IFASA-5029 2 111206088 3.96E-07 0.095238095
No Info ARS-BFGL-NGS-108811 2 119668743 8.07E-07 0.214285714
CAB39 HAPMAP54936-R529013679 2 119387551 5.08E-06 0.222222222
No Info HAPMAP41038-BTA-62514 27 23957015 7.17E-06 0.182539683
Charolais LOC104976682 ARS-BFGL-NGS-86309 22 30988035 1.83E-06 0.122395833
Hereford No Info HAPMAP49389-BTA-96192 7 106170981 3.16E-07 0.03125
RORA ARS-BFGL-NGS-111546 10 49480741 1.45E-06 0.397321429
No Info ARS-BFGL-NGS-10713 7 76021523 4.05E-06 0.205357143
Simmental No Info HAPMAP41388-BTA-95947 8 3470459 5.10E-07 0.017241379
OLA1 HAPMAP33359-BTA-133718 2 22604508 1.73E-06 0.004310345
ADNCR BTA-24463-NO-RS 13 22021716 5.77E-06 0.012931034
No Info ARS-BFGL-NGS-115663 1 11743590 5.06E-06 0.034482759
LOC107131301 BTB-00871695 23 43535918 1.62E-05 0.081896552

A total of 413 significant SNPs were identified across the 7 breeds, at a cutoff value of P <= 5x10°, associated with overall
disease occurrence, scour, pneumonia, joint disease, navel infection, and total IgG level. Table 1 lists the SNPs associated
with incidence of scour during first 6 months of life. A polymorphism in the PAX3 gene was identified as being associated
with scour and pneumonia in Belgian Blue calves. A significant SNP in the CAB39 gene was also identified in Belgian
Blue calves to be associated with incidence of scour. This gene encodes a component of a complex that binds and activates
STK11/LKBI, a serine threonine kinase complex involved in B-cell differentiation.

Conclusion A large number of significant SNPs were identified across the 7 breeds. Although none of the research SNPs
added to the IDBv3 SNP chip by our group were identified as significant, a number of other research SNPs on the IDB chip
were identified as associated with health traits. An example includes a SNP in RBM26 that encodes an RNA binding
protein thought to play a role in innate immune response. These SNPs are particularly important for further mining for the
genetic basis of immune response development and health traits in cattle and used for trait prediction across the breeds to
identify possible genetic determinants of predisposal for disease traits such as pneumonia in beef and dairy cattle.
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Application Successful application of growth functions to sheep live-weight data will facilitate the development of animal
growth prediction tools for farmers.

Introduction In sheep production systems lamb days to slaughter is determined via age and growth rate while replacement
females must reach a target live-weight before mating. Animal growth is defined as the relationship between age and the
lifetime live-weight of an animal (Fitzhugh, 1976). Mathematical growth functions have the ability to condense the weight-
age relationship into biologically interpretable parameters. The objective of the current study was to compare alternative
growth functions fitted to sheep live-weight data with particular emphasis on the ability to predict future live-weight.

Material and methods A total of 831,031 live-weight records from 246,157 ovine animals in 4,497 Irish flocks between
the years of 2011 and 2017, inclusive, were obtained from the national database. Live-weight is recorded at specific time-
points including: birth, forty days and weaning as lambs and again as ewes, usually on an annual basis. Animals 550 days
of age were deemed to have reached their asymptotic live-weight; only animals with a minimum of five live-weight
records, including one within the first seven days of life and one after 550 days were retained for analysis. The final dataset
consisted of 47,525 live-weight records from 6,347 females in 289 sheep flocks. The growth functions of von Bertalanffy,
Gompertz, Richards, Logistic and Brody were fitted to the live-weight data of each animal individually. Each growth
function included a dependent variable (Y;) representing the observed weight of the animal at t days of age and three
predicted parameter estimates 4 ((kg) represents asymptotic mature weight), B (the constant of integration), K ((kg/d per kg
mature weight) represents the maturing rate), (and m (represents the point of inflection in relation to 4) for Richards). The
goodness to fit for each growth function to the data was quantified using the R* and the root mean square error (RMSE)
statistic. To test the accuracy of each model to predict future live-weight, live-weight data post 100 days of age in 25% of
the animals were masked. Three models were then used to predict the masked weights. The R* and the RMSE between the
predicted and actual weight of the masked live-weights were used to determine accuracy of prediction for each model.

Results Only animals that converged with biologically sensible parameters for each growth function were retained for the
goodness of fit calculations. Twenty-one animals failed to converge for the Richards function and were therefore omitted.
The population mean values (SD in parenthesis) of the model parameters varied by growth function; mean values for
parameter A ranged from 67.90-69.43kg (13.70-14.20kg) for the von Bertalanffy, Gompertz and Richards growth functions.
Mean parameter k values ranged from 6-10g/d per kg mature weight (2-6g/d per kg mature weight). Summary statistics of
the goodness to fit for each model to the live-weight data in the initial exploratory dataset are presented in Table 1. The
mean R? and RMSE values ranged from 0.83 to 0.98 and 3.33 kg to 9.76 kg, respectively. The Gompertz growth function
predicted the masked weights least accurately with an R* = 0.20. The Richards fixed effect model had the largest R?
between actual and predicted weights of 0.70 with an RMSE of 19.29kg. This indicated that it was the best model for the
prediction of futuristic live-weights.

Table 1 Growth functions for the exploratory dataset with corresponding R* and RMSE values

Function R’ RMSE (kg)
von Bertalanffy 0.98 3.33
Gompertz 0.97 3.60
Richards 0.89 9.76
Logistic 0.96 4.27
Brody 0.83 9.32

Conclusion Results show the prediction of sheep live-weight is extremely promising in striving to produce growth
prediction tools for farmers, with the Richards growth function having the highest accuracy at predicting futuristic live-
weight.
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Application High density genotyping revealed several regions of the sheep genome associated with either pneumonic
lesions or pleurisy in New Zealand (NZ) lambs, which included genes involved in the immune response.

Introduction Pneumonia is an important issue for sheep production in NZ and internationally, leading to reduced growth
rate and a predisposition to pleurisy (Alley, 2002). Previous work has established that the heritability of pneumonic lesions
at slaughter in NZ mixed breed progeny tested lambs is 0.07 + 0.02 (McRae et al., 2015). Genomics, through tools such as
genome-wide association studies, can also be used to further increase our understanding of the genetic mechanisms
underlying the host response to disease, and compare these mechanisms between breeds or species. Discovering regions of
the genome associated with susceptibility may also lead to development of new diagnostic tools and alternative treatments.
The objective of this study was to identify loci associated with pneumonic lesions and pleurisy in NZ progeny test flocks.

Material and methods The lungs from 7,994 progeny-test lambs were scored for presence and severity of pneumonic
lesions and pleurisy at slaughter using the methodology of McRae ef al., 2015. Before analysis both pneumonic lesion
score and pleurisy values were scaled by the incidence rate per contemporary group (flock, birth year, sex, weaning mob
and slaughter date). Data analysis models for both traits included contemporary group as a fixed effect. A subset of animals
(N = 3,488) were genotyped using the [llumina Ovine Infinium® HD SNP BeadChip (606,006 markers). The heritability of
lung lesion score and pleurisy were calculated using the genomic relationship matrix, and genome-wide association
analyses were conducted using Efficient Mixed-Model Association eXpedited (EMMAX) using identity-by-state (IBS) and
haplotype trend regression (HTR) with a three-SNP sliding window.

Results At slaughter, 31% of lambs had pneumonic lesions, with more than half of an individual lobe affected in 9% of
lambs. The incidence of pleurisy was 8%. Heritability estimates for pneumonic lesions and pleurisy were 0.16 (£ 0.03) and
0.05 (£ 0.02), respectively. Five SNPs were significantly associated with pneumonic lesions at the genome-wide level
(Table 1), and an additional 31 SNP were suggestively significant. Several SNPs that reached suggestive significance
(p<1.86x10°) were in regions that contained genes involved in processes including DNA repair and the innate immune
response including £YA4, ATADS5 and RFC4. Both EMMAX and HTR analyses of pleurisy data showed a significant peak
on chromosome 2 (Table 1), located downstream from the transcription factor SP3. SP3 activates or supresses the
expression of numerous genes, including several genes with known functions in the immune system.

Table 1 SNPs significantly (p <9.31x10®) associated with consolidated pneumonia score and pleurisy in NZ lambs

Phenotype HTR P-Value EMMAX P-value Chr  Position RSID

Pneumonia 4.75E-08 n.s. 3 197,825,391 rs424070250
6.45E-08 n.s. 6 77,843,695 rs399606595
1.63E-09 n.s. 8 7,733,798 rs429357466
7.65E-09 n.s. 8 7,743,164 rs400905064
3.36E-08 n.s. 13 8,848,881 rs417728121

Pleurisy 1.53E-08 3.10E-09 2 134,984,962 rs398681238
n.s. 2.32E-08 2 134,985,148 rs424471052
7.66E-08 n.s. 2 134,979,525 rs428634189

Conclusion At slaughter, a third of lambs examined showed evidence of pneumonic lesions in the lung. High density
genotyping revealed several regions associated with both pneumonic lesions and pleurisy in NZ lambs, which included
genes involved in the immune response. One region associated with pleurisy was identified using two independent
methods. These results support the hypothesis that the genomic basis of disease resistance is multifaceted, which is
consistent with the complex aetiology of the disease. Furthermore, the identification of SNPs associated with both
pneumonic lesions and pleurisy furthers our understanding of the genetic mechanisms underlying the host response to
respiratory disease in sheep.

Acknowledgements This work was supported by FarmIQ, AgResearch Core, and Beef and Lamb New Zealand Genetics
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Application The effect of BCS change on ewe performance differs between breeds and is influenced by ewe age, mating
body condition score (BCS) and progeny breed.

Introduction Monitoring changes in ewe body reserve status using body condition score allows for the subjective
assessment of individual animal and flock nutritional status without the need for sophisticated feed intake or blood
metabolite measurements. The effect of BCS and BCS change during the production cycle on flock performance has been
extensively discussed in the literature (Kenyon ef al., 2011). However, research results on the effect of ewe BCS on flock
performance are not always consistent (Kenyon et al., 2014). The objective of this study was to investigate if an interaction
exists between ewe BCS change and ewe breed and litter size. This aims to explain some of the inconsistencies reported in
the literature on the effect of ewe BCS on flock performance and provide information on the drivers of ewe BCS change
during the production cycle through multivariate regression analysis.

Material and methods Flock performance and BCS measurements were collected from two commercial and one research
flock comprising of approximately 1500 ewes in total. The data set was compiled over three production seasons from
October 2012 through to July 2015 and all flocks were involved in the Sheep Ireland Central Progeny Test programme.
Ewe BCS was assessed twice during year one of the study at mating and weaning (approximately day 100 post-partum) and
four times during the following two seasons; mating, mid-gestation (approximately day 85 of gestation), mid-lactation
(approximately day 40 of lactation) and weaning. Ewe BCS was assessed on a scale of one to five (Jefferies, 1961) in 0.1
interludes. All ewes were mated in October of each production year following oestrus synchronisation using intervaginal
progestogen pessaries followed by an intramuscular injection of 500 i.u. PMSG. All farms involved operate grass based
production systems whereby sheep grazed perennial ryegrass (Lolium perenne) based swards for approximately nine
months of the year. Ewes in each flock were housed and offered a grass silage based diet with concentrate supplementation
during the final two months of gestation and returned to grass within one week of parturition. Ewe litter size was recorded
at parturition. Belclare, Suffolk and Texel ewes used were crosses of their breed. The breed type ‘Terminal’ refers to the
combination of data from Charollais (176 ewes), Rouge (37 ewes) and Vendeen (211 ewes) ewes. These data were
analysed using a generalised least square means procedure in SAS version 9.4 following tests for the assumptions of
normality.

Results As indicated by a multivariate regression analysis year of study (P = 0.01), ewe breed (P = 0.01), ewe age (P =
0.01), litter size (P = 0.01), mating BCS (P = 0.01), farm (P = 0.02) and progeny breed (P = 0.02) all influenced the change
in ewe BCS from mating to weaning. Ewes with a litter size of 1 at parturition gained BCS from mating to mid-gestation
whereas ewes with a litter size of 2 or 3+ at parturition lost BCS during this period (P = 0.01). When all ewe breeds were
considered together, ewes with an average litter size of 2.0 and 2.5+ gained more BCS from weaning to mating than ewes
with and average litter size of 1 and 1.5 (P = 0.01). When these data were disaggregated by breed there was no difference in
BCS change from weaning to mating and average litter size for Belclare ewes (P = 0.74) but there were differences in
Suffolk (P = 0.02), Terminal (P = 0.01) and Texel (P = 0.03) ewes. The effect of BCS change on ewe performance differs
between breeds and between ewes of different ages. This was particularly evident in the interaction between ewe breed
type, litter size and BCS change from mating to weaning.

Conclusion In conclusion the farm, year of study, ewe breed, progeny breed, litter size, ewe age and mating BCS will all
influence the BCS change of the ewe from mating to weaning. The effect of BCS change on ewe performance differs
between ewe breed types and litter size. The increase in BCS from weaning to mating in ewes with an average litter size of
2.0 and 2.5+ may be a trigger for ewes from some breeds having a higher average litter size. However, the average litter
size of the maternal breed within the data set appeared unaffected by BCS change at this time. Further analysis is warranted
to investigate how the interaction between ewe breed and BCS change effects other flock performance parameters such as
weaning weights.

Acknowledgements The authors wish to acknowledge the Teagasc Walsh Fellowship programme for funding this project
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Application The present study found that adiponectin, leptin, resistin and ghrelin hormones are secreted biologically in
goat colostrum and milk. Further studies will assess their relationships with fat metabolism and immune system
development.

Introduction The importance of passive or humoral immunity, through absorption of colostral antibodies or
immunoglobulin is well recognised. White adipose tissue, considered a passive site of lipid storage, is reported to have a
role in metabolic and endocrine functions; secreting a range of hormones known as adipokines such as adiponectin, leptin,
ghrelin and resistin (Hussein et al., 2015). In addition, these major adipokines have been found in human milk and in some
livestock species (Guzel et al., 2017). There is a paucity of literature regarding hormones that may be associated with
energy metabolism in goats, thus the objective of this study was to measure the concentration of adiponectin, leptin, ghrelin
and resistin in goat colostrum and mature milk from seven different breeds.

Material and methods Seventy colostrum and milk samples were obtained from seven goat breeds (n=10 goats per breed);
(Majorera (MAJ), Palmera (PAL), Tinerfefia (TNF), Del Guadarrama (GU), Florida (FL), Payoya (PY) and Verata (VE)).
The goats’ diet was fed according to INRA recommendations and was balanced for energy and protein levels. Colostrum
samples (50 mL) were collected immediately post-partum (PP) and milk samples (50 mL) were collected on day 30 PP.
Each sample was divided into four aliquots. All aliquots were preserved by freezing at -20°C until analysis. Hormonal
concentrations were determined in skimmed colostrum and milk. Skimming was performed by centrifugation at 4600 rpm,
10 minutes, 4°C. Colostrum and milk hormone concentrations were measured using commercially available ELISA Kkits
(Leptin and adiponectin (Cusabio Biotech kits); Resistin and ghrelin (MyBioSource kits). Samples were analysed in
duplicate. Statistical analysis was performed using SAS, Version 9.4 (SAS Institute Inc., Cary, NC). The PROC MIXED
procedure of SAS with repeated measures was used to evaluate the concentration of hormones in colostrum and milk.

Results A breed effect was found for all hormones except milk ghrelin concentration (Table 1). Leptin concentration was
greater in milk, and in colostrum, for the GU and PY, respectively, with no differences between colostrum and milk
concentration for the other breeds. Adiponectin concentration was greater in colostrum than in milk for all breeds except
for the PY breed. Ghrelin concentrations were greater in colostrum than in milk for the PAL, TNF and VE breeds. Resistin
concentration was greater in milk than in colostrum for GU, PY and VE breeds.

Table 1 Leptin, adiponectin, ghrelin and resistin concentration in colostrum and milk (day 30 PP) from seven goat breeds'

Leptin (ng/ml) Adiponectin (pg/ml) Ghrelin (ng/ml) Resistin (ng/ml)
Breed C M SEM C M SEM C M SEM C M SEM
MAJ 0.83*  0.07° 029 73.80*° 11.06*° 820 0.10°  0.07 0.01 26.99® 23.68°  1.60
PAL 047  0.10° 0.14 82.20*° 11.02*° 259  0.10%*  0.06° 001 1836 24.68" 2.53
TNF 117 1.19° 0.07 175.71* 7.53%% 440 0.17%° 0.07° 0.0l 4127° 25.22™ 593
GU 098 120" 003 838 429 120 0.14® 016 0.0l 1677 26.23%%  2.00
FL 472°  1.10° 137 123.03%% 927" 2032 0.17® 0.3 0.05 38.77°  35.08° 3.18
PY 222% 111" 033 11.38° 9.29° 1.06 0.16® 0.14 001 1620% 23.10* 1.79
VE 0.42*  0.09° 0.12  79.63*° 975" 486  0.21%°  0.15° 001 10.78%* 34.63*™  4.00
SEM 0.78 0.03 12.30 0.89 0.02 0.03 3.94 2.57

"'n=10 goats per breed; C: Colostrum, M. Milk, SEM: Standard Error of Means, *"Lsmeans within a row (for each
hormone) with different superscripts differ significantly (P<0.05), ** Lsmeans within a column with different superscripts
differ significantly (P<0.05). The values are expressed as Lsmeans (SEM).

Conclusion These data confirm that adiponectin, leptin, ghrelin and resistin are present in goat colostrum and milk. The
function of these adipokines in colostrum will require further investigation as they may have important roles, such as
energy intake and immune system development, in the neonatal kid goat.
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Application The selection of elite genetics through the maternal genetic index will result in superior production including
lambing traits, while a comparison of the maternal genetic indexes used in Ireland and New Zealand will facilitate
validation of the Sheep Ireland €uro—star index.

Introduction Genetics are responsible for over 50% of production gains on farm. Although genetic gain is cumulative and
permanent, the progress in the maternal index reported to date in Ireland has been low (€0.28/lamb/year) compared to the
corresponding gains reported in New Zealand (€1.16/lamb/year) (Santos et al., 2015). Similar to SIL-ACE (New Zealand’s
national sheep index), the Sheep Ireland €uro-star indexes were introduced to aid farmers in selecting breeding animals, in
an attempt to assess the benefits of careful genetic selection in Ireland. However, to date Irish and New Zealand elite ewes
have not been compared in a common environment. Furthermore, the Irish replacement €uro-star index, used to select
maternal type ewes in Ireland, has not been validated. The aim of the present study is to evaluate the effects of maternal
genetic indexes on ewe maternal performance across three diverse strains, with specific focus given to lambing traits.

Material and methods The study began in October 2015 and will run for four years. Three groups of animals (n=60),
comprising of two main breeds (Texel and Suffolk), were assembled; representing high genetic merit New Zealand ewes
(NZ), high genetic merit Irish ewes (Elite Irish), and low genetic merit Irish ewes (Low Irish). In early October, ewes were
mated using artificial insemination. Within 2 hours after lambing ewes were scored for lambing difficulty using a 1 to 4
scale (where 1 = lambed without assistance and 4 = significant assistance was required) and mothering ability on a scale of
1 to 3 (where 1 = good and 3 = poor), depending on the attentiveness of the ewe to the lamb(s) and her willingness to
follow the lamb(s) immediately after birth. The number of times a ewe and her progeny required additional help after
lambing was recorded as the number of visits per ewe. The total number of lambs born alive was recorded in conjunction
with lamb birth-weight which was measured using a standard portable scale. Lamb mortality involved recording lambs that
died in the first month of life. Data was analysed using a linear mixed model in PROC MIXED (SAS Inst. Inc., Cary, NC,
USA) where breed (Texel or Suffolk), genetic strain (NZ/Elite Irish/Low Irish), sex, birth-type and year were included as
fixed effects. Ewe parity was included as the repeated effect and sire of the lamb was included as a random effect in the
model.

Results Lambing difficulty differed by strain with New Zealand ewes requiring less assistance at lambing compared to
Elite Irish and Low Irish ewes (P=0.03; Table 1). Relative to lambs born to Elite Irish ewes, lambs born to Low Irish ewes
had a greater predicted probability of dying (2.91 £+ 0.614; P=0.07) within one month of birth. There was no significant
effect of strain on lamb birth weight. To date, there has been no significant effect of strain on the number of lambs born per
ewe, mothering ability and the level of assistance required by the ewe in the immediate post-partum period.

gge‘ttment e I;:;Yand Ellgg h?s‘}lz SEM P value
Lambing Difficulty Score n=120 1.73 2.23° 2.20° 0.230 0.03
Birth Weight (kg) n=195 5.24 5.44 5.26 0.137 0.29
No. lambs born n=195 1.80 1.63 1.62 0.168 0.70
Mothering Ability n=115 1.40 1.46 1.30 0.119 0.14
No. of visits per ewe n=58 1.05 0.98 1.23 0.207 0.24

Table 1 The effect of ewe strain (New Zealand/Elite Irish/Low Irish) across a range of lambing performance traits
Conclusion Results to date demonstrate that NZ ewes require less assistance at lambing when compared to both groups of
Irish ewes, while greater lamb mortality was recorded in the lambs born to Low Irish ewes. However, as only two years of

data have been collected and analysed thus far, it is anticipated that differences may be detected as more data accumulates.
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Application Lamb birth weight, ewe age and lamb sex are key factors influencing the level of lamb mortality. There is a
large variation in the levels of mortality among the progeny of different sires within breeds

Introduction Globally, lamb mortality accounts for 15-20% of all lambs born, most of these deaths occur in the first day
post-partum (Nowak ef al., 2000; Nowak and Poindron, 2006), with birth trauma, hypothermia, starvation and infectious
disease (Dwyer ef al., 2016) key causations. Previous studies have indicated that traits linked to mortality rates are heritable
and as such are useful when included in estimated breeding values (Southey et al., 2001). Recently, data from a progeny
evaluation study on the Teagasc BETTER sheep farms has highlighted the potential influence of sire breed on lamb
mortality rates and the variation in mortality rates of progeny between sires of the same breed. The objective of this paper is
to identify the key factors within flock structure affecting lamb mortality rates and investigate the variation in lamb
mortality attributable to different sires.

Material and methods In October 2013 and 2015 approximately 1400 commercial cross bred ewes of mixed age and
breed were randomly divided into single sire mating groups across five farms and mated to pure bred Belclare, Suffolk and
Texel rams. All rams were performance recorded rams selected to be either rated as being in the top or bottom 20% for
terminal characteristics based on the Sheep Ireland Euro-Star Index (Pabiou et al., 2014). Rams were joined with ewes for
17 days before mating groups were collapsed to avoid issues arising from infertile or sub fertile rams. All lambs were born
indoors and lambs born alive or dead were recorded to their dam. Ewes and lambs were gathered again at seven weeks and
14 weeks (weaning) post-partum and lamb live weights were recorded. Lamb live weight and live weight gain were
adjusted to 49 and 100 days post-partum for all lambs based on live weight gain to the date of weighing. Lamb mortality
was defined as lambs recorded as born dead or recorded as dead up to 14 weeks post-partum. Performance data for the
three years was analysed using a generalised least square means procedure in SAS 9.4 with ewe as the experimental unit
and year of study treated as a repeated measure. A logistic regression analysis was carried out to generate P values for the
factors effecting lamb mortality. Descriptive data presented was calculated using frequency and means procedures.

Results A stepwise logistic regression indicated that lamb birth weight (P< 0.01), ewe age (P<0.01), lamb sex (P<0.02) and
sire breed (P<0.02) all influenced the level of lamb mortality recorded on the farms. Birth type had no effect on lamb
mortality in this model (P>0.10). As presented in Table 1 the level of mortality recorded varied within breed types. Sire
breed did not have a significant effect on progeny weaning weights with a mean weaning weight of 31.7 kg, 32.4 kg and
32.0 kg for the Belclare, Suffolk and Texel cross lambs respectively (P>0.51)

Table 1 Descriptive statistics for data used in analysis

No. rams used No. progeny recorded % Mortality Morality range (%)
Belclare 7 371 6.7 1.1-13.0
Suffolk 17 684 10.7 0.0-20.3
Texel 7 171 7.6 0.0-17.9

Conclusion The variation in lamb mortality appears to be greater within breed than between breeds. However, lamb birth
weight, ewe age and lamb sex all have a significant impact on lamb mortality.
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Application The results of the current study give us insight into what factors influence adoption of EID technology on
sheep farms and can be used to develop actions to enhance uptake. Considering the upcoming legislation on mandatory
EID of all cattle in the UK, these findings may also be useful to increase adoption of EID technologies among cattle
farmers.

Introduction The UK is one of the greatest producers of lamb meat worldwide. However, sheep farming has seen a decline
in profitability in past decades in the UK when compared to other livestock sectors. Increased recording of farm and flock
data could contribute to the identification of farm resources used less efficiently (Kaler & Green, 2013; Redman, 2016).
Technologies such as EID tools facilitate insertion and use of flock records, but anecdotal evidence suggests the uptake of
these tools by sheep farmers has not been significant (Morgan-Davies & Lambe, 2015). The aims of this study were to 1)
investigate uptake and sheep farmers opinions about use of EID recorded information for flock management in the UK, ii)
explore the association between farmers beliefs and other farmer and farm characteristics and EID adoption, and iii)
analyse the association between levels of lameness on sheep farms and use of EID technology.

Material and methods Commercial sheep farmers from England and Wales were sent a postal questionnaire in September
2015 (n=2000). Questionnaire included questions on farm and farmer characteristics, flock husbandry practices, flock
lameness levels, current use of EID tools and farmer’s beliefs on the technology. Husbandry practices and farmer’s
opinions associated with adoption of EID technology were explored. A descriptive analysis of the results was performed,
followed by exploratory factor analysis and multivariable logistic regression modelling, to identify farmer beliefs and
management practices significantly associated with adoption of EID technology. Analysis was performed using Stata 14
(Statacorp, USA).

Results 439 farmers replied to the questionnaire, generating a response rate of 22%. Among these, 87 had used EID
technology for recording flock information, 97 planned to adopt it in the future, and 222 farmers had neither adopted it nor
intended to do it in the future. Three factors representing farmer’s beliefs were identified via Exploratory Factor Analysis —
practicality, usefulness, and external pressure and negative feelings, and all three factors were significantly associated with
adoption/intention to adopt EID technology for flock management (p<0.05). Although technology cost was considered
important by both groups, adopters were significantly more likely than non-adopters to perceive EID as practical and useful
(p<0.05). In contrast, non-adopters were more likely than adopters to consider that ‘government pressurise farmers to adopt
technology’. Farmers with higher IT knowledge, using other technologies on farm and who intended to intensify flock
production in the future were significantly more likely to adopt EID technology (p<0.05). Moreover, flocks managed with
EID tools in the previous year had significantly lower flock lameness levels (p<0.05). Factors such type of farm (upland or
lowland), farmer age or flock size seem to be less relevant for adoption of EID technology.

Conclusion These findings provide insights on drivers and barriers of adoption of EID tools by sheep farmers. Enhancing
farmer’s familiarity with technologies and communicating evidence of the beneficial effects of use of EID recording
information on flock performance are likely to contribute to the uptake of this technology by sheep farmers.

Acknowledgements First author is supported by studentship from AHDB. Funding for this research has been provided by
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Application Lameness in sheep is a widespread problem in the UK sheep farming industry. We developed algorithms that
can successfully identify lame sheep using sensor data; this monitoring system to automatically detect lameness in sheep
has a huge potential to improve sheep health and welfare.

Introduction Lameness is a significant problem in the sheep industry, causing losses of around £80million/year. Lameness
is characterised by changes in behaviour especially in the stance and gait of the animal (Kaler et al., 2009). Recent
advances in bio-telemetry technology have made it possible to monitor and obtain a better understanding of the physiology
and behaviour of wild and farm animals, including sheep. Accelerometer and gyroscope based sensors can be used to
automatically detect changes associated with lameness in sheep. In the present study, we developed a machine learning
algorithm using accelerometer and gyroscope sensor data to detect and classify lameness in sheep.

Material and methods For this study, data was collected in October 2016 using a total of 19 sheep representing a range of
body condition, age and breed. Sheep were sprayed with coloured spray to facilitate identification. The locomotion score of
sheep were captured in two 2h sessions on each day. A custom-made wearable device based on the Intel® Quark™ was
attached to the existing electronic identification tag via a tape and lightweight plastic tie for data collection. The device had
a triaxial gyroscope and accelerometer. Data was segmented in consecutive windows of 7 seconds. Different machine
learning algorithms such as: random forest, neural network, support vector machine, linear regression and average
perceptron were used for the classification of different lameness scores in sheep. The different machine learning algorithms
were evaluated using 1 to 22 feature characteristics. A comparison of the performance of the different algorithms was
obtained using the overall accuracy, precision, recall, F-score, and specificity values. An individual sheep level prediction
of lameness was obtained using the ratio of windows where a sheep was classified as lame over the total number of
windows in a period of time.

Results The best performance for the classification of lameness at the window level was obtained by the random forest
algorithm with a precision ranging from 65% when using only one feature characteristic to 69% when using 7 features and
75% using all features. Recall for random forest algorithm ranges from 76% using 2 features to 79% using 8 features. The
maximum precision obtained by the rest of the algorithms was below 62%. However, other algorithms did show high recall
values up to 84% (i.e., averaged perceptron). The maximum F-score, which combines precision and recall metrics, was
obtained by the random forest algorithm. The algorithm could significantly differentiate between lame and non-lame sheep.

Conclusion The results from this study show that by using machine learning algorithms combining different features from
accelerometer and gyroscope based sensors, it is possible to accurately classify lameness in sheep. The evaluations of the
different algorithms show that random forest algorithm is better suited for this classification. Further work is needed with
respect to feature characterisation and importance.
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Application Cardiovascular function monitored during rest and stress may serve as a proxy for feed efficiency in cattle.

Introduction Assessment of cattle feed efficiency via physiological indicators of residual feed intake (RFI; kg DM/day)
(Pollak et al., 2012) has potential to aid in meeting increasing meat demand while lowering environmental footprint, from
both breeding and management perspectives. Further investigation of the relationship between cardiovascular function
against productive performance could advance its application as a proxy for RFI. Feed efficient (Low-RFI) cattle have been
shown to have lower heart rates (HR) during rest, but higher HR in response to acute stress (Munro et al., 2016). Thus,
objectives were to further assess the relationships of cardiovascular function and RFI in cattle as part of regular feedlot
husbandry practices, in an ongoing effort to determine the potential of cardiovascular measures in commercial settings.

Material and methods Beef cattle (Cohorts A to D) were housed in facilities equipped with feed intake recording systems
(Cohorts A, B and D; Insentec BV, Marknesse, The Netherlands and, Cohort C; GrowSafe Systems Ltd., Airdrie, Canada).
Feed intake was recorded over 115 + 23 days based on ad /ibitum access to total mixed rations. Productive performance
was measured, on 28 day intervals, including body weight (BW) and body composition via ultrasound (back and rump fat
thickness, rib eye area and marbling). Average daily dry matter intake (ADMI) was modelled across all cohorts using BW,
average daily gain, body composition measures and cohort using the GLM procedure. Residual feed intake was the residual
of the ADMI model calculated for each animal. Heart rate recording of the cohorts A and B began at 2200 h and stopped
the following day upon transportation and stunning in the abattoir, while recording of cohort C occurred overnight, from
1600 h to 0530 h. Heart rate was averaged on 5 second intervals (Polar RC3 GPS, Polar Electro, Kempele, Finland).
Average HR over the entire segment; overnight (HRovya, 2200 h and 0500 h), transport (HRrgra, initial 20 minutes of
transport; Cohort A and B only) and abattoir (HRag,. initial 10 minutes of abattoir arrival, Cohort A and B only), and
average of the highest (HRoyy, HR1ry, HRapy; BPM) and lowest (HRovr, HR1rr, HRapL; BPM) twenty percent of HR
were calculated for each animal within each segment. A frequency-domain analysis was completed separately on each HR
segment and recording. Area under the amplitude/frequency curve from 0.01 to 0.1 Hz was calculated as an indicator of
low-frequency (LF) power and sympathovagal balance (Ori et al., 1992) (overnight, LFqy; transport, LF1g; abattoir, LFp).
All modelling and statistical analyses were completed using the SAS software. Residuals for HR were determined by the
GLM procedure. Significant fixed effects and covariates were identified by the GLMSELECT procedure using the
backward and BIC options. The CORR procedure determined Pearson’s correlation of various traits. Partial R? was
determined using the REG procedure, summed across linear and quadratic effects to determine the portion of explained
variation in RFI attributed to each trait. Models, effects and correlations were deemed significant when P < 0.05.

Results Overnight and transport HR and LF traits were not correlated with IFp HR Gy
productive performance. Positive correlations were observed between HR spy ’

and DMI (0.34), and LF,g and DMI (0.29), but abattoir HR traits were not 14%
correlated with RFI. The heart rate model was able to explain a significant =~ HRyg,
amount of the variation in RFI (R*= 0.157). Transport HR traits explained the 6%
largest portion (39 %) of the variation in RFI accounted for by the heart rate  HR.5; o,
model, followed by abattoir (34 %) and overnight HR (27 %) traits (Fig. 1).
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Conclusion Resting HR has a positive relationship with RFI indicating a HR a1 14%
greater metabolic efficiency in feed efficient cattle, while changes in stress 12% HR 1z
severity and duration with abattoir and transport HR support a more specific 13%

energy conserving stress response. Cardiovascular measures have potential to
be developed as robust feed efficiency proxies for the bovine, without
hindrance to performance or health. Figure 1 Contribution of HR traits

towards explained variation in RFI
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Beef Test Station. overnight HR; dark grey, transport HR).
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Application The Beef Monitor system accurately monitored individual animal growth and predicted liveweight, cold
carcass weight, saleable meat yield and EUROP classifications through passive weighing and 3D imaging of live cattle.

Introduction Beef producers currently assess the performance of their cattle through visual assessment or by weighing
through a crush. This can lead to animals being retained on farm too long, thus not achieving the optimal market price and
increasing production cost to the farmer. Video imaging analysis (VIA) is increasingly used in abattoirs to grade carcases
and there is potential for 3d imaging to be used on farm to predict carcass characteristics of live animals. The Beef Monitor
(BM) system combines a water trough with a non-intrusive automated weighing system and 3D camera technology to track
growth and predict carcass characteristics of live animals. The objectives of this study were to validate the use of the BM
system and to develop artificial neural networks (ANNs) to predict liveweight and carcass characteristics from images of
live animals.

Material and methods To validate the accuracy of the weigh crate 39 steers were weighed weekly in a crush and these
weights were related to the average of all weights recorded on the same day for each beast by the BM crate. Seven BM
systems were installed on commercial and research farms in Scotland and a variety of breeds (steers and heifers) were
placed behind the system for 1-3 months pre-slaughter. Images and weights were passively collected from individual
animals at each visit to the trough. A further trial was conducted at the abattoir where live animals were weighed and 3D
images taken immediately pre-slaughter. Cold carcass weights (CCW) were provided by the abattoir, and saleable meat
yield (SMY), fat and conformation grades were determined by VIA of carcass images. ANNs were developed to predict
liveweight and carcass characteristics from 40 measurements obtained from the 3D image (heights, widths and lengths) and
20 calculated areas, volumes and ratios. ANN performance was assessed by regression for liveweight, CCW and SMY, and
prediction of the correct EUROP grade for fat and conformation.

Results The relationship between weights of 39 steers measured weekly in the crush and the average of weights measured
in the BM crate on the same days had an R? 0f 0.99 (n = 224, Figure 1).

Predictions for all animals, including sex and breed as factors gave the following R” values: Liveweight R* = 0.72 (n =
40930), CCW R*=0.91 (n = 1655) and SMY: R* = 0.80 (n = 1655, Figure 2).

Prediction of EUROP fat grade had 63% accuracy, and for EUROP conformation grade prediction accuracy was 69% (n =

1655).
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Figure 1 Relationship between weights Figure 2 Relationship between SMY
measured in a crush and the average weighed predicted by VIA of carcasses and SMY
in the BM crate for the same day. predicted by 3D imaging of live animals

Conclusion The BM system can provide accurate weights for individual animals on a daily basis without the need for
manual handling. 3D imaging of live cattle can be used to predict carcass characteristics on farm, presenting an opportunity
to improve the efficiency of beef production enterprises through marketing of animals at the optimal time.
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Application Automated behavioural monitoring systems have the capacity to improve the health and welfare of farm
animals. However such systems require an optimal set of parameters that can reduce energy requirements while
maintaining high levels of performance.

Introduction Recent advances in bio-telemetry and machine learning techniques have made possible to monitor and
classify different activity in wild and farm animals. A behavioural monitoring system can be potentially used to detect
changes in behaviour that are associated with health and welfare changes in farm animals. However, current systems are
limited by the processing power and memory on each device. Therefore, an optimisation on resources such as sampling
frequency, window size and sensor position can help to overcome the limitations. Currenrly, there are no studies in
precsion livestock technology that have evaluated these parameters simulatoneosly. Aim of this study was to
simultaneously evaluate the effect of sampling frequency, window size and sensor position in the performance of a sheep
behavioural classifier for lying, standing and walking.

Material and methods In this study data was collected for eight days in October 2016. A total of six sheep were selected
with range of body condition (ranging from 2.5 to 4), age (18 months to 4 years) and breed. The sheep’s locomotion were
captured in two 2h sessions on each day. Sensors were custom-made developed by Intel using the Intel® Quark™. The
device encompasses a triaxial gyroscope and accelerometer. Sensors were attached to sheep at two locations 1) the existing
electronic ear tag via a tape and lightweight plastic tie and 2) to neck collar using tape and lightweight plastic tie. Data was
collected using sampling frequencies of 8Hz, 16Hz and 32HZ and each sheep was used for multiple sampling frequencies.
Data was segmented using window sizes of 3s, 5s and 7s. For each time window a set of 44 feature characteristics. A
random forest algorithm with a 70% training set and 30% test set was used for the classification of lying, standing and
walking. The performance of the classifier was evaluated using metrics such as overall accuracy, precision, recall, F-score
and specificity. The performance of the classifier as a function of sensor position was assessed using a McNemar’s test.

Results The comparison of the performance of the classifier for the different factors shows that the best performance for
walking, standing and lying in sheep (accuracy 95%, F-score 93-97%) was obtained using a combination of 32Hz and 7s
for both ear and collar sensors. However, comparable results (accuracy 93%, F-score 89-94%) on the performance of the
classifier were obtained using a combination of 16Hz sampling frequency and 7s window. When comparing across the
different window sizes, the worst accuracies were obtained for 3s and the best for 7s. The activity with the highest
performance was lying. In general terms, the classification performance increased with increasing sampling frequency and
window sizes.

Conclusion The results of this study show that using a random forest algorithm it is possible to accurately (92-95%)
classify biologically relevant behaviours in sheep such as walking, standing and lying. Results using a 16Hz and 32Hz
sampling frequency were comparable, thus suggesting significant benefits in the power consumption using 16Hz sampling
frequency. There were no significant differences in accuracy of the classification between ear and collar. Therefore, an ear-
mounted sensor, which can be easily integrated to existing tag identifiers, can accurately classify behaviours in sheep.
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Application Wearable head masks that direct blue light at a single eye can suppress melatonin (MT) secretion in dairy
cows. In pasture-based spring-calving multiparous dairy cows, this suppression in melatonin increases milk production
during early lactation.

Introduction In confinement systems, providing dairy cows with a long-day photoperiod (18 hours light, 6 hours dark)
suppresses circulating MT concentrations and increases milk production (Dahl ef al., 2012). The research reported herein
had two objectives. First, we wanted to determine the minimum light intensity directed at a single eye required to suppress
circulating MT concentrations to those observed under indoor lighting systems in dairy cows. Second, we wanted to
examine the effect of blue light treatment on milk production in spring-calving pasture-based dairy cows.

Material and methods Study 1: Five non-lactating Holstein-Friesian cows were housed in metabolism stalls during
November 2015. Following a 14-day environmental conditioning period comprising 8 hours of light, 16 hours of dark
(LDS8:16), where mean (£ SD) white light intensity levels by day (08:00 — 16:00) at eye level were 237 + 68 Lux, cows
were exposed to each of the following light intensities for 8 additional hours (16:00 — 00:00) using a 5 x 5 Latin Square
design; <1 Lux; 70 Lux; 125 Lux; 175 Lux and 225 Lux. Light was administer