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MANAGING NUTRITION TO IMPROVE THE M ETABOLIC
HeartH aAND REPrRODUCTION OF DAIrRY Cows

JOSINOORDHUIZEN

DVM, PbD, former Diplomate of the ECVPH and the ECBHM. School of
Agriculrurefand Veterinary Science, Charles Sturt University, Wagga Wagga, NSW,
Atistralia; VACQAxinternational consultancies, France

Introduction

Transition cow maflagementfs currently considered as the key factor for subsequent
adequate milk productivity, daigg/¢ow health and reproduction. Transition cow
management is a container @m. [ecomprises different aspects of farm management,
even including the nutritien*atithe end ofdactation and during the dry period, as
well as the cows” health statds'during the'latter periods, but most of all it comprises
the nutrition during about the dast’20 daysfantepartum and the first 30 days
postpartum, the health status of the €ows' during these weeks, and husbandry factors
such as housing and barn climate, as gvelh as cow @omfort elements. Transition
cow management should prepare the cow'infuch a“way ghat she would be able to
adequately counteract the different periods ofthightrisk Between calving and day 100
postpartum. In this context, risks refer to metabolic, othef'health and reproductive
disorders during the transition period. Inadequate tfansition map@gement leads to a
whole spectrum of subclinical and clinical health, reproduetion and mdilk production
disorders.

This paper addresses issues of transition cow management and the respeciive risk
periods after calving. These risk periods comprise health and fertility disorders.
Ultimately, management measures to better control and possibly ptevent disorders
in the period between calving and day 100 postpartum are discussed.

Transition cow management

The transition period is schematically described in Figure 1. This Figure illustrates
the different physiological and pathophysiological processes, major events in this
period, and the respective relevant hazards. The transition period comprises 20 days
close-up, the calving event, and the first 30 days in milk. The ultimate objective of



The different domains and factors, as listed in Table 1, point to the complexity of
transition cow management which is possibly the explanation for the phenomenon
that some farmers are very successful in this management while others are not.
Several of these domains and factors have ‘read out’ parameters in the field. Body
condition score is one example; at end of lactation 3.0 to 3.5, in the dry period 3.5
to 3,0. Others are rumen fill score (RF), faeces consistency score (FC), undigested
fi aeces (UF) (Zaaijer & Noordhuizen, 2003). Feed bunk space should be 75
; for high yielding cows even 90 cm. Total width of available drinking
barn or pasture should be 450 cm for 100 cows, and may be double in
seasons, and troughs must be well positioned throughout the barn

@ nation frequency in the herd should be > 75% of the cows (if

feeding pattern in cows is influenced mostly by time of
feeding, a QdOby Esh-ups or milking (DeVries, 2011). Giving smaller but
Table 1. Overview o ins and factors ts per domain which may impact on the extent of feed

intake reduction before ion (adapted after Interact AgriManagement, 2004, in
Noordhuizen, 2012)

Domain

Dry period management

Feeding
Fibre content in gras
Other feed (by)produc

Feeding management Feeding according to stan {
Freshness and quality of ratiol &
.. A

Rations based on forage analysis

Total Mixed Ration (TMR) mixing an

Supply of feed over the day ¢

Speed of increase in concentrates supply a rmon o

Feed bunk space per cow and heifer

Animal density (< or > 100%) and presence of cow groups @
Claw and leg health Presence of infectious & non-infectious claw lesions @ o

Presence of hock lesions

Cow comfort Barn ventilation conditions o !

(si\ag

Barn light regimen applied

Conditions and surface of exercise area behind feed rack
Cubicle design and maintenance, including bedding
Competition for cubicles, feeding places, escape
Drinking water troughs (bam/pasture) number, position
Water quality (chemical; micro-biological)

Water cleanness

Water distribution system (adults one; youngstock one)

4 Managing nutrition to improve the metabolic health and reproduction of dairy cows
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PuysioLoGgicaL ROLE oF CARNITINE IN ENERGY
METABOLISM, POSSIBLE INTERPLAY WITH
ISFLAMMATION AND POTENTIAL BENEFITS FOR
%) Cows
£
Loh nim GmbH, Heinz-Lohmann-StrafSe 4, 27472 Cuxhaven,

Introductnon% i ?
Carnitine is a naturally oﬁg S b&e. It was detected in 1905 as an ingredient
t

in muscle. In contrast to er, form plays an essential and crucial role
in energy metabolism of human a i anisms The function of shuttling
long chain fatty acids into the mitoc
citric acid cycle is well known and i ure. However, the crucial role

the acetyl-CoA/CoA ratio in the mitocho
metabolism, as well as the link to inflamma ar

Qdered Carnitine is
defined by many scientists as conditionally essentialgihe of this chapter is to
elucidate the physiological role of carnitine, the possm@-l lay£ flammation,
and potential benefits for dairy cows. % é

Endogenous biosynthesis

onsequences for energy

The chemical structure of L-carnitine is similar to that of amino acids.
biosynthesis is performed in the liver and kidney. The first metabolite is tri
(TML). Although lysine and methionine deliver the backbone of this sou
nutritional supply of these amino acids has no impact on the biosynthesis of carnitine.
The precursor TML must be provided from body protein following degradation
within the scope of protein turnover. Endogenous biosynthesis starts with release
of TML from lysosomal protein breakdown (Vaz and Wanders, 2002). Certain
physiological conditions (Table 1) may lead to insufficient biosynthesis of carnitine
especially under anabolic conditions due to reduced protein degradation. This in

13
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Figure 1. Fun carn ransport of mitochondrial long chain fatty acid oxidation and
regulation of the drial&CoA/ CoA ratio (Vaz and Wanders, 2002).

Modulation of Acetyl-CoA ratio
A shuttle can work repeated! %\t b sted. Hence, the shuttle function

carnitine.supplementation. Nevertheless,
ﬁ pp

of carnitine cannot explain the ne

research in humans and animals ha th ith increasing performance or

energy deprivation, the excretion of acet itin ine and milk is increased.
In humans renal excretion of carnitine este ses fhenasting or performing
endurance sports. These results can be explai the r function, i.e. the

modulation of the acetyl-CoA/CoA ratio (Luppa, ).

Ly

Activated acetic acid at the end of the 3-oxidation conde OX?ate to form
citric acid and to fuel the citric acid cycle. Under certain o!ic ns and

diseases, e.g. malnutrition, fasting, diabetes mellitus (Flanag mo ioe,
Willcox and Garret, 2010) this metabolic pathway can be overstrainedsdue cess
of fatty acids stemming from the diet or mobilized body fat, lead surplus
of acetyl-CoA. Most of the CoA in the mitochondria is fixed then to ¢ tivated
fatty acids and thus not available for other metabolic functions. The enzyme te

dehydrogenase (PDH) in particular plays a crucial role here. This enzyme catdlyzes

the reaction of pyruvate and its precursors, glucose and glucoplastic substances, with
fatty acids. The activity of the PDH depends on free CoA (Luppa, 2004).

If sufficient free carnitine is available in the mitochondrial matrix, carnitine again
replaces the CoA in the surplus acetyl-CoA. CoA is released and acetyl-carnitine
removed from the mitochondrial matrix in return with free carnitine from the

F. Menn 15
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CONSIDERATIONS FOR FEEDING STARCH TO HiGH-
YIELDING Dairy Cows

YNOLDS*, D. J. HUMPHRIES*, A. M. VAN VUURENH,

@ A;t, AND A. BANNINK+.

zry Reseﬂrc/a University of Reading, P.O. Box 237, Earley Gate,

7‘W/ﬂge en U c/e Research, P.O. Box 338, 6700 AH Wageningen, the
Net/;erla?

FAnimal Nutr 10m\Gro ningen University, P.O. Box 338, 6700 AH
Wageningen, the N. zm s

Introduction +
There has long been interest in t% entlﬁeﬁts and risks of feeding starch to

lactating dairy cows (e.g. Henders 54; Armsby, 1922) and there

have been numerous reviews publis he u on of starch by ruminants

for production (e.g. Waldo, 1973; O Q ocek and Tamminga,

1991; Huntington, 1997; Firkins ez al., 200 pre blication for the 31

University of Nottingham Feed Manufacture ferevﬁe effects of feeding
nd'm

starch to lactating dairy cows on nutrient availabi WOduCtion and
&site o igesti

composition were reviewed, including the effects o
within the digestive tract (Reynolds ez al., 1997). In rece the
to be research into effects of starch type and site of starch %
and metabolism of lactating dairy cows (e.g. Reynolds, 2006

concern over the potential negative effects of sub-acute ruminal aci

future demand for food for a growing human population, and the e eedmg

starch to ruminants. Our objective is to revisit key points raised in th %mus

reviews in light of more recent research, the sustained increase in milk
nutrient requirements of lactating dairy cows, and concerns regarding the fature
role of ruminants in sustainable food production systems.

Why feed starch to dairy cows?

Dairy farmers are paid for the amount and quality of the milk they sell, which
has been incentive for increasing milk yield per cow through genetic selection and

27



Table 1. Effect of silage quality and supplementing steam-flaked maize (SFM) starch on
ruminal pH and ruminal NDF kinetics

Grass silage quality

Early maturity Late maturity
(394 g NDF/kg DM) (464 g NDF/kg DM)
ltemn Control SFM Control SFM
Starch intake, kg/d’ 0.1 3.6 0.1 3.2
e ruminal pH? 6.2 59 6.2 6.2
‘ 5.8 53 7.0 6.0
pool size, kg’ 3.7 4.5 4.6 4.8
inal degradation rate, /hr’ 0.058 0.039 0.058 0.038

6.4
6.2
6.0
5.8 +
5.6 ~
54 +
5.2 +

5.0 T T T
07:30 09:30 11:30 13:30
Time of d

Ruminal pH

& 21:30

Figure 4. Ruminal pH in high (H) and low (L) yielding dai at si i es of the same
diet (D. J. Humphries, unpublished observations).

These differences in ruminal pH between cows were associat h diff%in
ruminal propionate concentration (Figure 5) and may relate to diffe s in intake
pattern, milk yield, VFA absorption, and rate of digesta passage. It ap

tsome
degree of SARA may be ‘normal’ in early lactation cows with high levels o and
milk yield that are compensated for by adequate rumination, saliva produc
VEFA absorption. However, cows exhibiting variability in their day to day patterns
of ruminal pH may be more of a concern. For example, continuous monitoring of
ruminal pH using rumen bolus technology in a group of cows fed the same diet in
early lactation found that individual cows within the group with higher DMI and
milk yield had more regular patterns of ruminal pH decline and recovery from day

to day, whilst cows with lower milk yields had more erratic patterns of DMI and

C. K. Reynoldsetal. 39
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NITROGEN EFFICIENCY AND AMINO AcCID
REQUIREMENTS IN DAIRY CATTLE

A. MPVAN VUURENY, J. DIJKSTRA', C. K. REYNOLDS! AND
S. LBM@SQUETS

*Wageningén UR Livestock Research, Wageningen, the Netherlands; "Animal
Nutrition Group@Wageningen University, the Netherlands; * University of Reading,
Schaol of Agriciilre, Policy and Development, Earley Gate, Reading, RG6 6AR,
UK * INRAGLIMRI348 Pegase, 35590 Saint-Gilles, France

Introduction

For more than 40 yedrs, piotein‘nufrition and metabolism in livestock animals
has been a major subject'for résearch. The beneficial effect of dietary protein on
livestock performance and thie€ relatively highaalue of protein-rich ingredients were
main reasons to assess the optimuin dictar§” piotein level. Scientists have long been
aware of the high manure nitrogen @N)excretion.and relatively low N use efficiency
of livestock and the impact of manure N'onithe enyiréament. In more recent years,
public concerns over the impact of land tSe éanges'or feed protein production in
combination with predicted increase in the demand for animal protein have become
another stimulus to assess the optimum dietary proteirflevel balancing animal
performance and the ecological footprint of livestogk productiont

Although ruminants are less efficient in feed protein us€ thdn monogaseric livestock,
the human edible protein efficiency is substantially highef than for'monegastrics
and is usually greater than 1.0, indicating that ruminants addftolthe totaldhtiman
food supply (Dijkstra ez al., 2013b). This protein gain by ruminangs,resulésfrom
the nature of plant proteins consumed by ruminants. Plant protein§ for ruminants
are often embedded in high-fibre forages (e.g. grass, clover) and high-fibre, inedible
residues of the food industry (e.g. expellers, brewer’s grains, gluten feeds) ghatare
not potential foods for humans.

However, competition for arable land between crop and forage production may affect
the overall sustainability of cattle operations. Although high-producing dairy cattle
have a relatively high protein use efficiency by diluting maintenance requirements over
more milk (Dijkstra ez a/., 2013b), the required production of highly-digestible home-
grown forages to enable high levels of milk production typically requires high levels

49



Table 1. Maximal net contributions of glucose precursors (excluding amino acids other than
alanine) removed to glucose released (% of total) by the liver of transition dairy cows (Reynolds
et al., 2003)

Average day relative to calving

ltem -19 -9 11 21 33 83 SEM
Propionate 56.2 43.5 556.8 49.0 57.6 66.4 7.0
La tate 18.5 22.7 21.1 16.9 156.6 8.0 2.7
3.1 2.3 5.5 3.0 1.5 1.7 0.6
2.3 3.0 3.6 2.4 1.5 0.4 0.7

Tr\gl cerol -0.2 1.5 0.2 0.0 0.1 0.1 0.5
tyrat 1.7 1.4 1.3 1.1 1.4 1.6 0.5
rate { 2.8 2.4 3.3 2.3 2.8 3.0 0.6

683.4 76.8 88.9 4.7 80.5 81.8 7.5

ced cling of glucose and lactate between peripheral tissues
oldé

suggestug
and the livi

uptake of AA by the mammary gland can be
CSI abl plus of AA and minimize excretion of urinary

tim uptake by the mammary gland have been
% AA supplied to the mammary gland;
lab# y and AA for the mammary gland

and asynchrony between availabl ie the activity of anabolic pathways
in mammary cells (Arriola Apelo eéZOl{1 Iting in suboptimal uptake or

cellular utilisation of AA. o 0

Amino acid profile

A shortage of one or more EAA in relation to the i AA ;nc&r requirements

Thus, the que
optimized to avoi
N. Various reasons o

postulated, such as a su
suboptimal synchronisatio

has been postulated for many years as a limit for m prot nthesis and
appears the main driver for including rumen-protect consi s first-
limiting, especially when reducing dietary CP content (e.g:

ic

This theory is often presented as a barrel made of staves with di t lengt@
represent supply of an AA relative to the ideal profile (see Cant ef 03),

the ideal AA profile refers to the AA profile of milk protein. Methio
are considered to be the first limiting AA for milk production and a larg;
studies on the effect of supplementing these AA, protected from rumen ferm
have been reported. A recent meta-analysis of effects of rumen-protected methionine
(RPM) included 36 studies (Patton, 2010). Adding RPM to rations of dairy cows
overall resulted in an increase in true milk protein content of 0.7 g/kg of milk and
an increase in true milk protein yield of 27 g/d. These and other responses to RPM
were not influenced by supply of lysine or by other dietary factors (levels of NDF
and CP, and energy balance); but of considerable interest is the observation that

A.M. van Vuuren etal. 55



MANIPULATING RUMEN FERMENTATION TO IMPROVE
ErricIENCY AND REDUCE ENVIRONMENTAL IMPACT

C]J NEWBOLD, GABRIEL DE LA FUENTE, ALEJANDRO
EL E, KENTON HART, ERIC PINLOCHE, TOBY WILKINSON,
R ANAND EVA RAMOS-MORALES

ologital Environmental and Rural Sciences, Aberystwyth University,
Abe o, SY23 3DD. United Kingdom

‘0
O %
Introduction

Microbial fermentatlo ys a central role in the ability of ruminants to
utilize fibrous substrates, T ru entation also has potential deleterious
environmental consequence ads to the emission of greenhouse
gases and breakdown of dletar to excessive N excretion in faeces
and urine. Given the importance of ion, it is perhaps not surprising
that a great deal of effort has been dev nves &methods for manipulating

this complex ecosystem.

Some thirteen years ago a paper was presente < Feed Conference
on “Developments in rumen fermentation-The scie 1 ew (New, old Stewart and
Wallace, 2001); given the passing of time and adva ‘ area it seems

appropriate to revisit the topic and specifically to con51

* Targets for manipulation: i.e. what are the main dr ter Itered
outputs that are informing research in the area? b @

* Approaches to manipulation: i.e. what are the promment ches to
manipulation that are being investigated?

As with the initial article this review is by design a personalised view 1nfo%
the opinions and knowledge of the contributors and is not designed, nor should it
be viewed, as a complete review of the subject area.
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Da1ry CALF AND HEIFER REARING FOR OPTIMUM
LiFETIME PERFORMANCE

ALEX BACH

Departuient of Ruminant Production, IRTA, 08140 Caldes de Montbui, Spain and
ICGREA, 08007 Barcelona, Spain

Introduction

Feeding methdds and manageément practices applied to today’s dairy replacements
will influence the gerformange (and economic returns) of dairy herds in 2016 and
onwards. Due to thisrelatively lon® time lag, most producers and dairy consultants
tend devote less-than-@esirdble efforts and attention to calf and heifer rearing. In
contrast to the situation imlactdring céws,gwhere management is typically based on
records of milk yield, milk composition, feed intake, body condition, etc., heifers are
managed based on “feeling” rathef'than beingfbased on methodical data collection
and record keeping. This chapter willreview sevefal nutritional aspects aimed at
improving performance of calves and heiférs, minimizig@health disorders, and setting
the stage to achieve first calving at 23-24"mefiths offage with a body weight (BW)
above 650 kg (before calving), which shouldstesalt in“optimum milk production
and longevity.

Setting the stage for the future

Nowadays, it is clear that nutrient supply and hormonal signals atspecificdvindows
during development (both pre- and early post-natal) may exert pérmianent chianges
in the metabolism of humans (Fall, 2011), as well as changes in%performance,
body composition, and metabolic function of the offspring of livestoek” (Wu ez
al., 2006) through processes generically referred to as foetal programmiingzand
metabolic imprinting. Thus, it is likely that today’s cow, with high milk yield but
also reproductive and metabolic challenges, is not only a consequence of genetic
selection, but also the result of the way her dam was fed and the way she was fed
early after birth as a calf and later as a heifer (Bach, 2012).

The first weeks of life seem to have long-lasting consequences on the physiological
function of neonates. The pioneering work of McCance (1962) illustrated that

79



is decreased) improves calf performance and diminishes BRD incidence. In beef
production systems, evidence exists that the health status and origin of calves being
commingled seems to be important in determining BRD incidence (Step ez al.,
2008), and, thus, grouping calves according to origin and BRD history may diminish
morbidity after grouping. In fact, Bach ez a/. (2011) showed that that forming groups
of animals with a BRD history should minimize the incidence of respiratory cases
in‘these groups of calves formed by animals without a history of respiratory disease.
Takifig measures to minimize BRD incidence will not only have a short-term impact
on growgi*and economic returns (i.e., less drug expenses), but will also have long-
term retugn.Bach (2011) described a negative linear relationship between productive
life and the'number of BRD episodes that a cow experienced as a heifer (Figure 4).

850 55 T
=

800 %0 %
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2 45 ©
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= o
g 700 - 35 =
3 130 2
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650- o5 &

< 5

8

6004 , , : , 20 £

0 1 2 B >4
Number of BRD processes

Figure 4. Accumulated productive life (days in milk (DIM); black bars) and productive life (as a
percentage of productive days out of those recorded as alive; white bafs) of,cows as afféeted by the
number of bovine respiratory disease (BRD) episodes experienced beforefirsg€alving Adapted from
Bach (2011).

Nourishing and managing heifers

Once target age and BW at first calving have been set, the rate of growth at different
stages of development should be defined. Assuming a calf is weaned at 63 d of age
weighing 92 kg, for her to reach 650 kg (after calving) at 23 months of age she needs
to grow at an average of 870 g/d. Because BW accretion is more efficient early in life
than in later stages of growth, it makes economic sense to aim for fast growth rates
before breeding. The recommendation is that heifers should be bred at 400 d of life

A.Bach 87
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REcCeENT DEVELOPMENTS IN FEED ENZYME
TECHNOLOGY

HV SEY O’NEILL, M.R. BEDFORD AND N. WALKER
{?fng}’m’zmtg Marlborough Business Park, Marlborough, Wiltshire,

0

Introdﬁ

Over the last enzyme use has developed far beyond the use of
carbohydrases to t vis 51ty More targeted application is now possible with
a better understand s both in degrading phytate and non-starch
polysaccharides (NSP) e hen applying enzymes in diets containing
novel ingredients and has 1ca1 sed the potential return on investment.
It has also allowed the recen m ’16 use of NSP enzymes in high-fibre
ruminant diets.

Advances in the use of phytasqoon- mants

Many hundreds of trials show the efhicacy of \? oducts at standard
doses in releasing phosphorus and allowing redu inorga i

non-ruminant diets. Certainly the long held unde

release from the plant storage form of phosphorous, ph m t years,
the concept of superdoses of phytase has arisen. This invo c ion of
phytate not only as a source of phosphorus, but also as an anti-n t.Int rd

the target is almost complete de-phytinisation of the diet (as o[@
destruction, which is the outcome with standard usage). In cereal wheat
and maize, phytate is likely to be present at around 0.7%, and in by-p Q uch
as rice bran, as much as 5% (Selle ez a/., 2007). Phytate, or IP-6, is conm@
anti-nutrient as it interferes with gastric protein digestion through co-ordirfation
with both pepsin and dietary proteins and thus provokes a compensatory increase
in HCl and pepsin. This is not only a loss of potential net energy of gain but irritates
the stomach and stimulates additional secretion of protective mucin and therefore
increases endogenous loss. Phytate also sequesters valuable nutrients such as minerals,
which are then excreted.

97



Murphy ez al. (2005) and others have shown that xylanase can improve gastric
digestion of nutrients and used microscopy to visualise the breakdown of cell wall
material, iz vivo, with the use on an enzyme (Le ez al., 2013). Itis suggested that the
enzyme works directly to degrade the cell wall, releasing the contents for digestion
by the animal. However, scanning electron micrographs taken during work by the
authors (Masey O’Neill ez al., 2014) clearly shows the release of starch granules from
rface of maize particles but only little evidence of systematic breakdown of
endg$perm cell wall material with the use of a xylanase in an 7z vitro system (Figure
s that the enzyme has been more effective in de-anchoring starch from the
ial than breaking down cell wall material per se. This is a novel finding
%est that there may be some xylan component involved in holding
nule ace within an endosperm cell. Thus it appears the ‘de-caging
nlikel ain the mode of action fully, particularly since the gastric

phase co&@s, p ly pH, limit the ability of the enzyme to act directly.

xylanase (Econase

Figure 1. Ground maize incubated with a solution including excluding
XT, AB Vista Feed Ingredients, Marlborough, Wiltshire, U uce
al., 2014

Fi asey O’Neill ez
Following a large body of work in allied industries, the bre %

enzymes are quite clear and can be identified. Accepting that the de-ca d
viscosity reduction effects cannot alone explain the effects of €s, it is
suggested that there may be a prebiotic route by which the products o nzyme
degradation may themselves exert a beneficial effect. Courtin ez al. (20 wed
that feeding wheat bran xylo-oligosaccharides, derived in vitro using a e,
to broilers resulted in the same performance effect as feeding a xylanase directly.
Furthermore, in various species the fermentation of such fibre may exert systemic,
hormonal effects on the gastric phase. For example, Goodlad ez 4/. (1987) suggested
that increased colonic fermentation in rats induced the release of Peptide YY (PYY),
which leads to increased gastric retention time. Presumably, this leads to increased
gastric digestion of nutrients such as protein, not only through longer exposure to

ym
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ENABLING THE EXPLOITATION OF INSECTS AS A
SUSTAINABLE SOURCE OF PROTEIN FOR ANIMAL
FEeD AND HUMAN NUTRITION

FEI'CHES, E.C'., KENIS, M?,, CHARLTON, A.J'., BRUGGEMAN, G°.,
MUYS, B, SMITH, R°., MELZER, G°., WAKEFIELD, M.E.!

! The Féod.and Environment Research Agency, York, UK; 2 Cabi, Delémont,
Switzerland; > Nutrition Sciences N.V., Drongen, Belgium; * University of Leuven,
Leuven, Belgium; > Minefow, Communications Lid, Andover, UK; ¢ Eutema, Vienna,
Austria

Introduction

A growing global populationsanda risefin/per-capita meat consumption is placing
increasing pressure on the need todngreasegproduction of protein from sustainable
sources. World population is expeefedyto reach 9.6 billion by 2050, whilst the
demand for meat, driven by an emergingsglobal'middle class is projected to grow
by 73% from the level in 2010 (FAO, 2011),Protein}is'an important component
of animal feed. Currently more than 80% 6f protein safirces,required for livestock
rearing in the EU, such as soya and fishmeal, ar€importeddrom non-EU countries.
This is problematic, as it can lead to market flucwiations and ptice rises in final
products. Sustainable production of these protein sotirce§ is alsd'a matger of debate.
The UK alone currently imports approximately 2.5 million tennes‘of soya per year,
the majority of which is destined for animal feed, principallydos pigs and poultry.
Insects offer a promising alternative to conventional protein sodrees for animal feed.
PROteINSECT is an international and multidisciplinary EU fundedyprojeet that
aims to facilitate exploitation of insects as an alternative protein sougee for animal
feed. Incorporation of insects into animal feed could help to reduce the dependency
of the EU upon external protein sources to feed its livestock. However, dheresare
several areas of research that need to be undertaken before use of insect protein
can be achieved at commercial levels. In addition, changes to the legislation that
regulates animal feed in the EU would be needed before insect protein in animal
feed is permitted. The research undertaken within the PROteINSECT project will
advance knowledge in these key areas.
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Figure 4. Potential for safety risksgfi the insect’production chain

(17 compounds), polychlorinated biphenyls (R€Bs) (25 compounds), polycyclic
aromatic hydrocarbons (PAHs) (28 compounds), geterinary medicines (68 EU
regulated compounds and a further 492 compounds including those known to be used
worldwide) and mycotoxins. Microbiological Tisks, suchas potential for persistence
of Salmonella spp, Campylobacter, Listeria monoéyrogenes and Hepatitis E, will be
evaluated. Initial studies on nine samples of larvaciof different'fly Species using a
recently developed and validated loop mediated isothérmal"amplificagion (LAMP)
assay have all been shown to be negative for Salmonella species. Allergenieityis also a
potential problem for insect protein. Allergenicity may occur indnimals €onsuming
feed in which insect protein is incorporated or in humans who subsequently constme
fish or meat derived from these animals. There is little published information on
insect allergens, but potentially allergenic proteins include tropomyosint This is the
main allergen found in shellfish and the protein sequence is similar to that feund in
insects. PROteINSECT will examine the potential for allergenicity of protein from
larvae of the fly species used in the project. Downstream analysis of meat derived
from insect reared animals will also be undertaken in relation to safety and quality
(e.g. taints).

Much of the work to date on insect protein in animal feed has made little or no
attempt to process the insect material produced. In PROteINSECT processing
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UsING ANIMAL-ORIENTED INDICATORS AND
BENCHMARKING FOR CONTINUOUSLY IMPROVING
ANiMAaL HEarLTH AND WELFARE

THOMAS BLAHA

University ofsVeterinary Medicine Hannover, Field Station for Epidemiology,
Bues¢héler Str. 9 D=49456 Bakum, Germany

Societal changes

The intensification pf agriculture as basis for feeding the human population has
been regarded as progiéss for centiirids, since the fewer people of a population are
needed to produce the ne€essaty food £6r all people, the more human resources are
available for industrial and"eultwral pregress., This platitude has been true as long
as the food supply has been staying behind ghedemand for plenty and high-quality
food for everybody, but this socictaldonsensus is almost abruptly changing, when
there is an oversupply of food, even ifithisis only‘perceived by the affluent parts of
the population in question: agricultureandgespecially producing food from and
with animals is increasingly questioned and criticized.

This very rough pattern of agricultural development.and thechange of its societal
acceptance can be exemplified by the relatively shoréperiod fromW¥orld War IT until
today. Regarding the area of agriculture and food supplys thige phasesfofithe post-war
development can be differentiated: “Shortage”, “Risks” dandf*Guilt”.

Shortage: During the war and particularly afterwards, the shortage of fdod was
ubiquitous and agriculture was almost everywhere characterized, byga smallsscale
structure. The need for food was enormous and aggravated by the growing utbanization
and industrialization that started in the 1950s. In the “West”, farmers befiefited from
the demand and a process of “growing or vanishing” started the intensificasion
of agriculture: efficient farms grew, less efficient farms died away. In the “East”,
totalitarian regimes decided to become politically and economically independent
of the “West”, which resulted in an agricultural development that was designed to
guarantee self-sufficiency, at least in the area of food. The Eastern communistic states
developed in the early 1970s huge agriculturally used fields for crop production and
likewise huge units for food animals (e.g. in East Germany sow units up to 5,000 sows
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Recorded by the official veterinarian in the ante-mortem inspection:

e number of lame animals (broken bones, arthritis)
* number of unthrifty and cachectic animals

* number of animals with injuries (acute = transport, and chronic = negligence
at farm level)

mber of animals that are not fit for being slaughtered (only due to disease is
caningful)

@/ the official veterinarian in the post-mortem inspection:
berof aiimals with lesions due to cannibalism (tails, ears)

r of als with lesions due to animal cruelty (welts, bruises)

ani hat are not fit for consumption due to disease

ec isted would change for poultry (food lesions, feather
sits rkey (food lesions, breast blisters, bone deformities

eg c?aws, poor body condition etc.)
ipl f&hmarking pig herds using the criteria listed
above plus mortality rate iotic Treatment Index (the ATI = number
of treated animals multiplie days tment divided by all animals in the
herd or flock). Assigning points t crit?a

the health or welfare impairment wi vide ortunity to calculate for each
herd or flock an index that semi-quanti

ly m the quality of the animal
health and welfare status. As an example, of finishing pigs could

Herds with an HHW/| medh@ower than
the last quartile indicat improvem

It is obviou
pecking signs,
etc.) and cattle (

Figure 2 demonstrates the

according to the severity of each of

(targeted consultancy)

No. of herds

» HHWI

low —— » medum ——— high
Figure 2. Benchmarking pig herds by measuring their animal health and welfare status by calculating

their Herd-Health-Welfare-Index (HHW1) using the same criteria and point system in each of the
benchmarked herds.
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MOoRE Pi1Gs BorN PErR Sow PER YEAR — FEEDING
AND MANAGEMENT OF THE BOTTOM 20% OF THE
Rie, PoPULATION

TE %CKI AND IAN WELLOCK?

mﬂry Diets
Thereisa curreQ

in a greater emphasi re pigs per sow per year. This is mainly being
driven by an increase i an have negative effect on birth and weaning

weights as well as subsequ erf e. This paper will look at the implications
that litter size has on birth '@ts and subsequent pig performance.
ma

?\ng pork output per sow per year and this is resulting
in
i e

In addition it will review som ? itional and management practices
that can be used to assist weaning a n1 performance. It is not within
the scope of this paper to do a deta1 isgwhole topic but rather focus
on some key elements of improving the (erformance

Increasing litter size

In most key markets there has been a large increase in t born alive
per litter and in Denmark they are now targeting 35 pigs er year
In the USA there has been a mean litter size increase of 1. ﬁ)

2005 with the top ten percent of the market increasing litter size by almost igs
born live (Figure 1). This drive for greater litter size improves financ n as the

Indeed a combination of greater pigs weaned per sow and heavier slaughte ts
make the 4 tonne per sow target already achievable in some of the top units it the
USA. This increased litter size can however come at a cost with smaller birthweights
leading to an increased level of mortality (pre-weaning and lifetime) as well as poorer
growth performance post-weaning. Management and nutritional practices that can
assist the small piglet performance have become more important in maximizing
pork output per sow.

pork marketed per sow per year increases while the cost per weaned pi %ced.
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Figure 6. Impac fee varlatlon in pig weight at 28 days post-weaning (Personal

Communication: Al
One of the aforement é kondueted at Harper Adams University.
In this study pigs were fe dar V or specialised creep pre-weaning after

which all pigs were fed a common‘feed e to slaughter. The results showed
that pigs that had been fed the specialist ¢ pre-weaning had an extra 4.3 kg at
slaughter (Figure 7). This series of s importance that creep feeding
can have on pre-weaning and lifetime pé\\anc

by the percentage of small
pigs are reduced and that different creep fe erformance differently.

=}

A 929
100 88.3

80 -
60 -

40 -

Slaughter weight (kg)

20 A

4 27 34 41 48 62 97 112 125 133
Days

m Specialist Creep ® Std Creep

Figure 7. The effect of feeding a specialist creep on lifetime performance. (Creep was fed until weaning at
27 d after which all pigs were fed the same feed programme) (Personal Communication: Almond, 2013)
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FERMENTED PRODUCTS AND DIETS FOR PIGS

HANNE MARIBO, ANNI @YAN PEDERSEN AND THOMAS
ERBY BRUUN

@ (Q Centre, DAFC, Axeltorv 3, 1609 Copenhagen V, Denmark

imum conditions should increase the content of
microorganism diet, jparticularly the content of lactic acid bacteria. If the

fermentation is succ (}may ffect the microbiological balance in the gut and
also reduce the level o ver, results have shown that if the total diet

is fermented, productivit as f e is reduced (Pedersen, 2001; Pedersen
et al., 2002b; 2002¢). Ferme a bean meal to which inoculums are
added also showed a negatlve Vlty (Pedersen and Lybye, 2012).
Therefore, it is not recommended men dlets or soya bean meal, but
fermenting the grain (wheat and/or b crea utlhzatlon as digestibility

of energy improves (Pedersen ez al., 20
Pedersen ez al., 2010; Pedersen and Cambe,
grain increases during fermentation (Pedersen & al., 01

; Pedersen ez al., 2009;
ibility of phosphorus in

The reason for the reduced feed intake of fermente lete ot clear, but
the level of biogenic amines and organic acids increas ugh %tatlon and
may affect palatability of the feed. The pH value of the dle d never
be below 4.5. A pH below this is an indication of excesswe tlo diet
leading to production of compounds that affect feed intake. ’

When a complete feed is mixed in a tank, it should be fed to the p dlatcly

loss of synthetic amino acids; it is assumed that 8 hours in the pipes wi

total loss of synthetic lysine (Pedersen and Jensen, 2005). Consequently,

farmers are recommended to add more protein and synthetic amino acids to diets if
they have residuals in the pipes. Loss of amino acids through fermentation can be
avoided by adding formic acid (0.2%) or by using liquid feeding systems without
residuals in the pipelines.

to avoid loss of synthetic amino acids. However, residuals in the pipes gd to
ish

165



Fermenting grain

The optimum process is achieved if the grain is fermented in a separate tank. Grain
and heated water (approximately 20°C) are mixed and left for five days before being
fed to pigs in order to start the fermentation process. When diets are produced, 50%
of the fermented grain is used daily, and new grain and hot water should be added

o%day (Figure 1).

and heated water

Other feed components

Return

Mixing tank
m— v B

Figure 1. Liquid feeding system wi tat

Fermenting grain was investigated in tna nlshers and one with weaners
in different herds. The results demonst aned pigs fermented grain
reduces productivity (Pedersen ez al., 200 ly cesswe fermentation of
the complete diet the pipeline, but improves v1ty ﬁmshers (Pedersen
et al., 2002a; Pedersen, 2006;Pedersen and Cani 11)

Starch Polysaccharides (NSP), leading to a reduction in

increasing the content of lactic acid. The content of lactic cherm rain is
approximatelyl00 mmol per kg liquid feed. Fermenting grai ﬁ ion
in the use of grain by 2-3% in the diet as the energy value of fermented s
higher compared to unfermented grain. Digestibility of phosphorous inisalso
increased by fermentation.

Fermenting grain degrades the fibre that is 1nd1ges s plgs&'cularly Non

Fermentation of rape seed

The nutritional value does not improve when rapeseed cake is fermented — quite
the contrary. Weaner diets (from 9 kg) with fermented rapeseed cake must be
approximately 11% cheaper than diets with regular rapeseed cake or soyabean
meal. Fermented rape seed cake for weaners showed a reduction in productivity

166 Fermented products and diets for pigs
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HicHLIGHTS OF THE 2012 Swine NRC

N J. KERR - ON BEHALF OF THE SWINE NRC 2012
ITTEE

-National Laboratory for Agriculture and the Environment, Ames, 1A,

Intr cﬁ“eo

In conjunc th 1 Nutrition Series developed by the National Research
Council of th al ies, a committee at the end of 2009 was appointed
and initiated eff¢ ardsithe revision of the 1998 Swine NRC, beginning in
January 2010. It ha app?-\ ely 14 years prior to the last revision (10"
edition, NRC 1998) and§ lon é&:e the literature review included in 1998
revision. The committee rise

University Agricultural Center; Baton Ro
West Lafayette, Indiana; Corneli§'F. de
Gretchen M. Hill, Michigan State ity,
Research Service, U.S. Department of Aé
University of Kentucky, Lexington; Phillip

ity of Nebraska, Lincoln;
Jack Odle, North Carolina State University, tein, University of
Ilinois, Urbana-Champaign; and Nathalie L

inoi i ie L. tate Unlver31ty,
East Lansing.

yiwola Adeola, Purdue University,
University of Guelph. Ontario;

The committee was charged with a specific statement process
of the revision. The statement highlighted the need to: te ation
documenting amino acid (AA) needs for modern lean gen S, 1de:@&
knowledge relative to energy utilization especially related to nep

description of novel ingredients from the biofuel industry, estl CStlblC

of feed additives in swine diets, document effects of feed processing on
utilization, identify strategies to increase nutrient retention and thereb
nutrient excretion, consider (based on the current status of available information)
development of a computer model to estimate nutrient requirements; and expand/
refine feed composition tables. In addition, the committee was instructed to highlight
future research needs.

phosphorus requirements and concentrations in feed ingredients, rev 2 role
y réduce
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Figure 2. Relation *@dy phosphorus and whole-body nitrogen content in growing-
finishing pigs, NRC

Models were then use t 1si P and total Ca, with factorial estimates

of requirements for ST are provided in tables for starting,
growing-finishing, gestatmg a m alc1um requirements are based on
P deposition and assumed to be on n based on physiological state and

tissue needs.

A factorial approach similar to that us ro

estimate STTD P and total Ca requireme est

general, protein deposition in fetal (including %al
riv

tissues (including mammary) was the factor dri @onte t andyretention.

Models
A number of the key model elements (growing-finishing, gestat' lactation)

ishing pigs was used to
g and lactating sows. In
ilk, and maternal

s are
dynamic, mechanistic and deterministic. The models are dynamic because@es
in energy utilization and nutrient requirements are represented on a daily

This is in contrast to the NRC (1998) sow model in which only mean values across
entire gestation or lactation periods were considered. As a result, daily changes in
nutrient requirements can be assessed for the development of phase feeding programs
for specific groups of pigs, especially growing-finishing pigs and gestating sows.
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FEED PROCESSING TECHNOLOGY TO IMPROVE FEED
ErriciENCY IN P1GS AND POULTRY

CHARLES STARK, PH.D.

Departuient of Grain Science and Industry, Department of Animal Sciences and
Industry, Kansas State University, USA

Introduction

Producing meat, milk, and eggs to feed 9 billion people by 2050 will be a challenge
for the feed and liveStock industries worldwide. This challenge will require feed mills
to evaluate new techmology thaggill process more by-products from the food and
bio-fuels industries intdanimfal feeds. While there have been significant technological
changes in feed mills over'the [dst 100%ecazs,, the core feed manufacturing processes
of grinding, batching/dosing} mixiag, and‘pelleting have withstood the test of time.

The objectives of pig and poultr§*feedmanufacturing are to grind cereal grains to
improve digestion, and to combine by-pseductdingredients from food processors,
renders, and bio-fuels industries to createa safe, high quality feed that optimizes
animal and bird performance. The adoptiont of new techdology in the feed industry
has occurred at a much slower rate as compareddtosshe foodfindustry. The greatest
opportunity for improvement may be in the arealof data management, specifically
the application of statistical process control (SPC) to ‘the feéd madutacwring process.
Feed mills continue to get larger with more processes beingmonitored and controlled
through the automation system. Koeleman (2014) stated, “Moreand mofe things are
measured in the feed mill (such as) temperature and moisture confent of raw nfaterials
before and after they go into the conditioner or extruder. But the challengéisthow
to deal with the data, otherwise it has no value.” The slower rate of adeption may
be due in part to the lower profit margins associated with commercial feed sales or
the fact, that within an integrated animal production system, the feed mill igfsimply
a cost center charged with delivering nutrients to animals.

Development of new technology or adaption of technology from other industries is
often driven by consumer demands and government regulations. Feed mills must
often compete for capital expenditures in large corporate environments, which is
difficult when the return associated with improved animal performance or increased
feed sales is sometimes difficult to measure.
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GiLT MANAGEMENT AND NUTRITION: AN OVERVIEW

LIA HOVING!, SIMON TIBBLE?AND PATRICIA BECKERS?
Species solution manager swine EMEA, Provimi B.V., Cargill; > Global Swine

utri anager, Provimi, Cargill; > Global Swine Technology leader, Cargill
Due to de pro productlon has increased dramatically over the past
decade. D , the number of piglets born alive has increased by 1
to 2 piglets pe n increase of 2.0 to 4.5 piglets weaned per sow per
year (Table 1). In, th levels put more and more pressure on the sow
as a producer of milk'a t sow feeding and management practices
need to keep evolving co tly, y to support optimal piglet growth, but

also to maximise sow long

Y,

Table 1. Increase in number of piglets bo and per sow per year over the past
decade for the United Kingdom, Ireland an therl. urce: Bpex, Aetagc, Agrovision
B.V.
Country 2003 2012 03 2012
Born alive/litter Bom ahve/lltter r V\/eaned/sovv/year
United Kingdom 10.9 11.9 23.6

Ireland 1.0 12.6 25.7
The Netherlands 11.6 18.9 %9
Besides optimal gestating and lactation feeding strategies, (n

of the replacement gilt has a large influence on sow productivity and |
gilts are the future sow herd, optimising gilt rearing, and also ma@nent of the
young pregnant gilt, are crucial for a long productive life.

This chapter describes management and nutritional factors related to replace%lt
rearing. The authors are aware that most studies are from the 1990s and early 2000s;
however, only a limited amount of research has been done with modern genetics.
Wherever possible, the literature will be related to practical recommendations while
taking into account recent trends in improving sow genetic potential.
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the benefit of a specific gilt developer programme, designed to meet the nutritional
requirements of the rearing gilt, compared to standard finisher and gestation sow
programmes. The trial comprised 100 gilts selected at 55 kg live weight, to determine
the effect of three gilt nutritional programmes on gilt performance (Table 4).

Table 4. Feeding programmes tested by Teagasc (Ireland)

Gilt developer* Finisher diet Gestating sow

Developer (restricted*) Finisher (ad lib) Finisher (ad lib)
Developer (restricted*) Finisher (ad lib) Gestating (restricted™)
Developer (ad lib) Finisher (ad lib) Gestating (ad lib)

re fortified with organic trace minerals, such as zinc, copper and manganese;
y; *** Gilts were slaughtered at 12 weeks of age.

ce parameters, as well as additional parameters such as

locomotor ormalities and bone density at 12 weeks, were recorded.
The gilt deve rog 51gn1ﬁcantly reduced lameness (Table 5), as well as
claw lesions, cl ' ace lesions on the cartilage of elbow joints.

Table 5. Gilts (%) aﬂected the trial period Teagasc (Ireland)

Period lopert Finisher diet Gestating sow

Day O 0

Wk 1-4 2.1

Wk 5-8 20.8

Wk 9-12 14.6
Vitamins and minerals

Next to reduced fertility, a major cause of culhng st t parities, representing
25% of total culled sows in a herd, is caused by tive (A s as defined
by lameness, osteochondrosis and claw health. This ¢ e asso with poor

mineral supplementation during the rearing period.

The 2012 NRC recommendations show that requirements f&laum @nd
phosphorus (P), in order to maximize bone strength and boneyashydes
replacement gilts, are 0.1 percentage units higher than requirements
wanted for finishers. Besides C and P, Vitamin D and magnesium (Mg
to optimize calcium metabolism and thereby support bone development
the direct effects on culling, lameness has indirect consequences on repro
performance since it negatively affects production and release of reproductive
hormones, apart from the obvious direct causes such as poor lactation, feed intake
and physiological changes associated with infection and inflammation.

Although there is limited research on the effect of vitamin and trace mineral
supplementation on gilt development, those associated with fertility and immunity

L. Hoving, S. Tibble and P. Beckers 205
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