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® o Summary

Sustainable precision fivestock farming is a way forward in a world in
which pig production will increasingly be affected by many external factors.
These include surging demands for meat and struggling supplies of feed raw
materials, compounded by globalisation of trade and competition for natural
resources. Simultaneously there is growing concern about food and its impact
on health., and the impact of preduction methods on animal welfare and
planetary resources. Throughout, producers are facing reduced profit margins.
Sustainable precision livestock farming integrates the technological approach
of precision livestock farming with the social and ecological aspecls related
with consumer and societal demands. Oplimization of productivity and
efficiency within the constraints of the concepl are important cbjectives, as
well as maximization of the profit for all stakehoiders. Animal feed plays a
crucial role as it is the biggest cost factor in pig production and atl a critical
junction in the chain. Several indicators demoenstrate that further optimization
of animal feeding is potentially still possible. The genetic polential is only
partially utilized, the utilization of most nutrients appears io be low and there is
& huge variation in performance among farms and, within farms, among pigs.
New science and technologies seem to offer many opportunities for innovaltion
in animal feeding. Key drivers for future innovation are basically (genjomics,
microsysterm- and nanotechnoloegy and information & communication
technology (!CT). These mainstream technologies are the foundation of many
application technologies of relevance for animal feeding. However, technology
access and acceptance by consumers and society needs to be managed in a
proper way.

In summary, the fulure of animal feeding wili be dependent on the specific
objectives defined when applying the concept! of swsfainable precision
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livestock farming. The latter may become & ‘licence to produce’ for operators
in the pork chain, will maximize profits and is required for ‘feeding the future’.

g Introduction

The livestock sector, including pig production, is highly dynamic, Howsver,
dynamics seem to differ worldwide. in developing economies, the livestack
sector is evalving in response to rapidly increasing demand for livestock
products due to the human population growth, higher prosperity and
urbanization. In daveloped economies, demand for animal products is
stagnating, while many production systems are improving their efficiency and
environmental sustainability. In the future, production will increasingly be
affected by globalisation of the trade in feed commodities and livestock
products, competition for natural fesources, particularly land and water,
competition between feed, food and biofuel. and by the need to operate in 2
carbon-gonstrained economy.  Moreover, livestock production will be
mereasingly affected by consumer and societal concerns and legislation.
There is considerable uncertainty as to how these factors will play ocut in
different regions of the world in the coming decades (Thornton, 2010).
A way forward in the development of profitable modern pig production will be
the concept of sustainable precision livestock farming (Den Hartog, 2009).
This concept aims 1o integrate the technological approach of precision
livestock farming with the social and acoiogical aspects related with consumer
and societa! demands. Optimization of productivity and efficiency plays a
crucial role, as well as maximization of the profit for all stakeholders in the
pork chain. In this paper, the necessity for and rationale behind the concept
wili be discussed, with a special focus on animai feading.

= Animal Feeding at a Critical Junction

Animal feeding is at a critical junction i the pork chain, i.e. betwesn crop
cultivation and meat processing. Surging demands and struggling suppiies
result in stressed surroundings in which animai feed operators and farmers
need to balance their activities continuously, taking inlo account animal
requirements as well as customer, consumer and societal demands, As
animal feed contributes to mere than 0% of the total costs in pig production,
and profils in the sector are usually under pressure, aptimizing feed and
feeding pregrammes have received and will receive much attention in order to
maximize efficiency and optimize productivity.
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g Surging Demands

The glchat livestock sector, including pig production, is chgracterszeid by Ei
dichotomy between developing and developed ecconomies, Tola mea
production increased between 1980 and 2010, _from 45 .to about 270 'rmlhon
tonnes. Much of this growth was concentrateg in countries that experienced
rapid economic growth, particularly in East Asia, an'd revoiyed around poultry
and pigs. As a result, global growth in consumption of igvestock proguctsf,
including pork, per capita has markedly oulpaced growth in cc:nsumpttonl o
other major food commedity groups. In developed econcmies, on the other
hand, production and consumption of livestock preducts are now growing cnly
slowly or stagnaling, although at high !evgls (FAO,. 2009a). In such marke_ts
surging demands are more related to guality, both in lerms of product quality
and safety, and production systems.

Around 1895 and 2007, developing economies had overtaken develpped
economies in terms of consumption and production of Ameat, respectively.
Most of the increase in meat production and consumption has been frgm
monogastrics, poultry meat production has been the fastest-growing
subsector, followed by pork production. increases from Iargeband small
ruminants have been much more modestl. The re?sulli‘has bt_aen major changes
in the composition of meat output globhally, with significant differences betwaen
regions and countries (FAO, 2009a). Pork accounts for over éfO percent of
global meat supplies, in part because of high levels of produgtlon and rapid
growth in China, where more than half of world's pork production takes place
(FAO, 2010}

By 2050, the world's population will reach 9.1' bélléon,_% percen} higher lhan
today. Nearly all of this populalion increase will occur in dgvgiopmg countries.
Urbanization will continue at an accelerated pace and _wﬂl increase from 4‘9
percent today to about 70 percent of the world's population. inqome levels will
be many multiples of what they are now. In order t_o feed this larger, more
urban and richer population, food production must increase by 70 percent.
Annual cereal production will need to rise to about 3 _ball;on tonnes from_ 2,1
bitlion today and annual meat production will need Ato rise by over 200 million
fonnes to reach 470 million tonnes. The growth in the futunﬁe demands.of
livestock products will be almost exclusively seen in developing economies
(FAQ, 2009b).

it is expected that the number of pigs in the next decadg will increase
sighificantly but fevel off by 2020 and even may go down in the decades
afterwards. In contrast, the number of poultry, and to much lesser extent large
and small ruminants, will grow steadily until at least 2050 {(Rosegrant, et al.,
2009).
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= Struggling Supplies

Basic food and feed commodity prices have shown a decline in the period
from the early 1850s till about early 1990s. The trend lines since then have
been steady, although there continue to be fluctuating patlerns (Sarris, 2000).
However, the food crisis of 2007-2008 shook up the sector and forced
policymakers o review the drivers of agriculturat commodily prices and the
ieng-term  demand and supply potentials of food worldwide. Not only
internationally traded food and feed commadity prices for particularly oilseeds,
cereals and meat were spiky; but the prices of crude oil, metais and fertilizer
also increased manyfold from 2003 o 2008

Several drivers that affected the food crisis of 2007-2008 have been analysed
by many authors and think tanks around the world. They include:

®  growing worldwide demand for basic food commodities due to fast and

sustained economic and population growth in emerging economies,
especially China and India,

& rising demand for cereals (corn in the U.SA}, sugar cane (Brazil) and
rapeseed oil {(in Europe) for biofuel production,

e rising energy prices and strategic geopdiitical concerns about the strong
dependence of the economy on the oligopolistic fossil energy markel,

¢ adverse weather conditions and rising temperatures attributed to global
warming/climate change,

¢ a sharp decline in global food and feed commodity stocks, exacerbated
by bad harvests in many regions around the globe, slowing rates of
increases in farm productivity and under-investments in agricuitural
production and infrastructure over the past decade,

¢ negative effects of the financial crisis and economic downturn on the
macroeconomy and stabifity of commodity markets and prices, and

# lack of investment in agriculture to improve productivity, especially in
developing economies (Rabobani, 2010)

it may be expected that volatility in food and feed commodity prices and even
struggling supplies due to scarcity will continue in the coming years and, as a

becauss of trade barriers often caused by a lack of harmonized legislation and
the greal dependency on global sourcing. It should not be forgotien that
producing the additional food needed to feed all beople and livestock in 2050
will require a 9 percent expansion of arable land, a 14 percent increase in
cropping intensity and a 77 percent increase in yields (FAC, 2008h),
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s Meeting Consumer and Societal Expectations

In developed markets, consumer and societal_ expectahons are Z&;Ttr;%mig
rapidly. Prosperily, changing lifestyles and medlla attention ha}ze {;e e
i ased awareness and concerns, and new altitudes towards food ( o d
sncf? 2004; Perez, et al, 2009). These include both profjuct quality an
etfat” and !product!ien systems. Governmenis are s’ncreasmg!y deveiop}ng
o ti?:ike/a‘s in these areas, many of which resulf in the more sirlmgent regu!atx‘on
p? ig production and a subsequent reconfiguration of existing productpn
Oatfe?ns. Even in the absence of regulations aﬂd standards, char‘sgesf s[n
Ez}onsumer preferences for meat products due to hfestyle' ch»anges,‘fo?d s:‘;fgcsg
concerns, health perceptions, and other reasons, will increasingly
production decisions in the future.

The main ecological issues associated with pig production %Qngerr; vi\iate\;}astzﬁrl
and air pollution, ciimate change, lapd an;! wator use,-and io weNs gi.ems !
pollution arises from the inappropriate disposal of pig mgnurte U rente =
manure, principally nitrogen and phosphorous, are a significan comp o
poliution from agriculture to surface wa'ter,_groun(dw'ater and ma{ingvm and
damaging ecosystems through eutrophxcat‘lon\ drinking waier tsu(;e:j ch and
degrading their recreational use. Water bodies can also be aﬂfeccfz yoregof c
effluents and pathogens contained in manure. Water pol%ut;on is T(O&ECD
iocal or regional concern, although cross-border pollution can occu .

2010},

Soil pollution due 1o pig farming is often the resull of the( use Qf copper a;\g
zinc in diet formulations. Althcugh most soil types are defncnem‘m coppetr z;”
zinc, land that has received repeated applicalions pf maﬂure.mlght evenju tg
acm;mulate excessive levels of these minerals, which are t_omc to many plan p
and some foraging animais. Unlike excess land_ application of nitrogen a{n
phosphorus, zinc and copper remain bound to soil and d(l) ﬁot migrate ?U?:zfg
i ‘ i i i fore, accumulation may oc

supplies excepl during scil erosion. There 3, ac M
Wil?pevenwally result in @ non-susiainable situation (Jongbioed and lLenis,
1992).

Air poliution includes odour, dust, ammanaAand'greenhouse gas etr;;nssngtn;
Cdour emission is the result of aﬂaerobaclmgcrobial fgrmentlatnpﬂ in the gm o
pigs and in the manure pits. Together wathldusi emission I't s & (:,ongswes
densely populated areas. High ltevels of air-borne ammonia m.tp:gas uses
adversely affect animal welfare and worker health. Mefeovgr_ i s been
deemed responsible for acid rain and.decreased biodiversily, and,
consequence, affected the public perception {Aneja, 2006).

Attention lo climate change is relatively new. The livestock'secto% Clirr?fnt!é
contributes about 18% of the anthropogenic global warming effect.
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estimated that intensive pig and poultry systems are responsible for about one
third of the total livestock contribution (FAQ, 2008). The greenhouse gasses
responsible include carbon dioxide, methane and nitrous oxide. Carbon
dicxide emissions are parly the result of iand use and land use change, e.g.
deforestation, required for crop cultivation. Ancther source is from fossil fuel
consumption used for the production and transportation of feed commodities
and livestock products. Methane emission is from enteric fermentation and
manure storage. Nitrous oxide is from manure, both during housing, storage
and application (Blonk and Ponsioen, 2009).
The list of concerns is growing steadily and ofien restricted 1o certain markets,
Animal welfare and viability of rural areas have received much atlention in
Europe and are nowadays part of the policies and regulations of the European
Union authorities. In the Netherlands, the discussion on multiple antibiotic
resistance, a major concern in public health care, has resulted in a
genllemen’s agreement for the voluntary reduction of the use of veterinary
antimicrobial agents in livestock sector up to S0% by 2013 {compared to 2009)
and & ban on the production of medicated pig feeds by 2011, Moreover, the
Dutch public debate on intensive livestock farming more or less prevents the
expansion of individual pig farms.

e Vowards Sustainable Precision Livestock Farming

Optimizing the productivity and efficiency of pig producticn, taking into account
alf customer, consumer and societal demands, is definitely vital for the future
of the sector. Continuous improvement by innovation is nothing new and many
steps have already been made in all parts of the chain. However, further steps
are required to realize relevant objeciives and to improve sustainability, in
terms of people, planet and profit.

For the future of animal feeding the concent of sustainable precision livestock
farming will become important. Precision livestock farming is seen as a way
forward in & world in which there is growing concern about foad and its impact
on heatth and animal welfare and in which producers are facing reduced profit
margins. I covers the life cycle management of animals, exploiting muitiple
dentification and associate sensory and location technologies to optimize
feading and applying contro! to achieve objective yield factors, improved
animai health and optimized usage of resources with respect to such factors.
Moreover, traceability and information managemenl is an integral part of the
concept (BrightAnimal, 2010). With respect to animal feading It aims to
integrate relevant factors dealing with feed, animal, microbiota, farms and their
interactions,  Susfainable precision livestock farming  integrates  the
technological approach of precision livestock farming with the social and
ecological aspects related tc consumer and sccietal demands. Optimization of

fe Fuiure of Animad Feading: Towards Sustainable Precision Livestock Farraing 7
LM

. - T i lays a crucial role, as well as
ctivity and efficiency within the constram’{s D i
gi;)fi‘;izaﬁgn of the profit for all stakeholders in the pork chain (Den Hartog,

2009).

¢ Potential for Improvement
ici in pi | i d tremendously in
wity and efficiency in pig production have increased
1:’r(:’{ljus,citdezades. In the Netherlands, the number of piglets Fassed per sow per
o raéncreased by more than B5%, the feed conversion ratio pf fatt'en}ng plgsr
'yearoved by 20% and the nitrogen, phosphorous and ammonia emassgns pel
‘r?;r;tare decreased by 50% in the period between TETtSh and ng{iiwt;vz;ad
imization © e pro
indi rs demonstrate that further optllmnza . an
:fgggx;y in pig production is potentially still possible. The genettlcgsile;:iiae:riz
i il ifizati t nutrients appears to
artially ufilized, the ulilization of mos Ars
?hnei)r/e%s a hL\{ge variation in performance among farms and within farmf/aémljg\%
igs (Den Hartog, 2009}, In pigs, the productivity is on average 30—40hn tetus
?hg%r genetic potential, because of suboptimal comdlgnong, and her:;lj:gesaammé
i i in fattening pigs 1s on ave
tion of nitrogen and phosphorous in ‘
578?:&?14% respectively. Other nutrients seem to have even loweroretent;orésé
ie. Cu and ‘Zn netween 2-7% K, Na, Mg and Cl between 10-15%. an
57% (Den Hartog and Sijtsma, 2008).

In addition {o the nitrogen and phosphorous footpr{igﬁ,@i?e cart;gonnleoézznttt?;
i house gas emissions, .
the pork chain, expressed as green _ R et farming
ntial for improvement. Under Dulch circumstar , fee : ‘
Fc)g::ribute to abiut 61% and 37% of the {otal QHG emissions in th;ao pigt
roduction chain up to the staughierhouse, re_spect:vely {Kool, ¢§ al., 2(:j fgéd
Es, estimated that by optimizing crop cultivation, feed gOﬂzposm{;r; Egl; e
ici i isti i the potential for reduction m
efficiency with existing techmques;. . abot
i f improved manure manage
%. The latter can be even higher in case o \ ’
;\{I)thncmgh a lot has already been done in that area% met{?ante e:?g r;g;;aiuscgggs
) . . e o
issions from pig manure still contribute significanly ; rbo
%rzgsr::gt ie. aboﬂtgm% and 11%, raspectively. A Iower reduction potgri]t;al zg,
foreseer!i for the carbon footprint in industrial processmgﬂof feed mattetr:? SG?G
feed as these activiies contribute only to about 2% of the tota

emissions (Blonk and Ponsioen, 2009).

s Key Drivers for Innovation

Science and technology will offer opportunities for further 'mnova;{f;_m a%lg
production. Key drivers are basically (gen)_omms. mllchSE/ICT) e
nanotechnology and information and communication techno ?gy HOT) Ioeee
mainslream lechnologies are the foundation of many application tec g
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and are characterized by different dynamics., Developments are radical in
nutrigenomics and microsystem- and nanotechnology, and continuous in ICT.

As & consequence, future implementation in pig production will follow the
same dynamics,

With respect to sustainable precision livestock farming, and more precisely
animal feeding, several application technologies have already shown thelr

added value or have the potential o become the breakthrough technologies in
innovation.

s (Genjomics

Recombinant DNA Technelogy

Some of the “-omics’ technologies, such as gencmics, have already been
applied successfully in plant breeding. Genstic engineering based on such
technologies has led to the rapid spread of genetically modified crops with
specific agronomic traits, usuaily ieading to higher productivity {yield per
hectare). To date, the broadest application of GMO technology is patent-
protected focd crops which are resistant to commerciai herbicides or are able
e produce pesticidal proteins from within the piant, or stacked trait seeds,
which do both. Most of the transgenic varieties grown leday are known as first
generation transgenics. because the tfransgenic trait provides benefits 1o Crop
farmers. Plants of the second generation may directly benefit the feed
procucers and pig farmers with nutritional enhancement, enzyme activity,
immune enhancers or even natural antimicrobial substances. Currently, there
is 10 such transgenic variety on the market {ISAAA, 2009).

Fermentation

Another application of the ‘omics’ technologies is in industrial fermentation.
Industrial  fermentation is  the intentional use of fermentation by
microorganisms, such as bacleria and fungi, to make products useful for
humans or animals. Fermented products or those derived from fermentation
have several applications in animal feeding. Amino acids and enzymes are
well known; both are crucial for optimization of pig performance. However,
fermentation can also be used o Upgrade raw materials. Digestibility of
nutrients in general can be improved and the amino acid profile adapied
closer to ideal patierns. In addition, biclogically aciive compounds are often

formed, which may have a positive impact o the health status of pigs {Niba,
etal., 2009),
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warker Technelogy

currently, -omics’ technologies are alsc Ibeing sua;cessfully applied ig animal
preeding. The tools of molecular genetics are likely o have considerable
impact in the future. For example, DNA-based tests for genes or mgrkers
affecting traits that are difficult to measure. such as meat quality and disease
resistance, will be particutarly useful. This will offer opportungties as there_;_s a
continuing trend in which pig breeding focuses on other attributes in addition
1o production and productivity, such as prod_uct qualltyﬁ increasing animat
welfare, disease resislance and reducing environmental impact (Leakey, et
al., 2009).

Nutrigenomics

The nutritional requirements of farm animals with respgci to energy, protgm,
minerals and vitamins have a long research history. Initially, Q1rect er!d points
of animal performance, such as feed intake, bedy weight gamf feed
conversion ratia, digestibilily and health status have b(_aen used as indicalors.
More recently, indicators on cell and tissue level were snt_roduoed. As a rasull,
amino acid catabolism, and immune, oxidative and intestinal health st_atus can
be measured nowadays. Nutrigenomic technologies, such as genomics (DN_A
level), transcriptomics {gene activity at mRNA Ie\'fel)g proteomics {protein
level). metabolomics (metabolite level} and epigenetics (pher_wotype and gene
expression level caused by mechanisms other than changes in the ur_wcierlym_g
DNA sequence) enable to refine such measureme_n@s; in p_amcular in
combination with bioinformatics and systems bioipgy. Biomformatlcs plays an
important role in meaningful integration and mt_erpretahon of data, and
systems biclogy in mathematical modeliing (Hendr‘aks‘ 2009). Th_e end result
will be & precise determination of the nutrient requirement of a pig under the
specific conditions, e.g. production phase, health sftatus, farm management,
and environment and social interaction. Alternatively, nutrigenomics also
studies how feeds (nuirients, additives or cther ccmpounds} affect genes _and
gene expression. Nutrigenetics, another nutrigenomic technology, visualizes
how genetic differences between individuals can affect the response 1o
nufrients/compounds in the feeds (Smils et al, 2009). By using Alhese
technigues, # will no longer be necessary to look at elextreme nutritional
treatments, induced deficiencies, or long-term preduction responses (o
understand the basic effects of diets.

Bacterial nutrigencmics may offer opportunities in micrqbkota management,
Microorganisms do play an imporant role as partnfa{s in pg exnglence as
might be Hlustrated by the fact that the number of microorganisms ;s‘usuablly
10 times higher than the number of body cells, They not or}iy prqude DIQS'WE{h
vitamins K and B12 that their own genome cannot synthesize, microorganisms
are also involved in the differentiation of the gut and its assomatecﬁ immune
system. They can regulate the transcription of host genes involved in several
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important intestinal functions. Furthermore, gut bacteria feed on dietary
nutrients, and on products excreted by the host. As was indicated by the
positive effects of antibiotic growth-promoters on animal production resulls in
the past, gut bacteria are not to be underrated as competitive consumers of
feed ingredients. In addition, they can also digest compounds tha! are
resistant to mammatian digestive enzymes. Digestion-resistant carbohydrates
not only provide energy to bacteria in the large intestine of pigs, but by their
degradation products, in particular organic acids, also to the host. Moreover,
butyric acid, one of the organic acids from bacterial fermentation, stimulates
gut epithelial cell proiiferation and healing. Intestinal microorganisms are
indispensable physiological pariners for proper functioning of the host,
However, the benefit for the host can turn into = disadvantage, when
pathogens severely damage host cells due to their abiiity to interfere with the
host's gene expression or physiology. Nevertheless, for the host the benefits
of bacterial colonization by far outwsigh possible disadvantages. Evidently,
pigs and other mammals have co-evolved with bacteria so that their bodies do
not develop properly without them. In addition, the intestinal microbiota in s
totality is viewed as the first line of defence tc pathogens, because of its
competition with invading pathogens for space, celiular receptors and
nutrients and their role in balancing the immune syslem {Smits et ai., 2000},
Although many aspects need to be exploited, bacterial nutrigenomics is seen
as a breakthrough technology.

All these powerful (geriomics tools will undoubtedly revolutionize the way we
feed pigs and manage pig production systems. Nevertheless the real
breakthrough will be middie and fong term (Fekele and Brown, 2007: Brown
and van der Cuderaa, 2007, Hendriks, 2009, Smits et al., 2009).

s Microsystem and Nanotechnology

Biosensors

With respect to microsystem technology in relation to sustainable brecision
livestack farming, bicsensor technology in particular may offer opportunities, A
biosensor is an analytical device that converts a biclogical response into an
electrical signal. The term ‘biosensor is often used 1o cover sensor devices
used in order to determine the concertration of substances and other
parameters of biclogical interest even whsre they do not uillise a biological
system dirgctly. The main requirements for a biosensor approach to be
valuable in ferms of research and commercial  applications are the
identification of a target molecule, avadability of a suitable biological
recognition siement, and the potential for disposable portable detection
systems to be preferred to sensitive laboratory-based techniques in some
situations. Although it is already a mulli billion dollar business, to date
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The Future of Anima
The !

ial

lications in pig farming are limited. Nevertheless, {tjhe?a ar?nmpaérgci?:ﬁti:;
@ i i i tvpes in pig production. i,

i s of hiosensors of various typ p
app%{fgart;r?g of macro- and micronutrients, additives, pathogens, coniaﬂ;_laantts
i ic metabolites in- and outside the animai_ may offer the possi ility to
and tt?;e performance in a well controlled environment. Moreover, it is 8

e
ggwerfué tool in research (Luong, et al, 2008).

Nanotechnology |
otechnology refers to an extremely dynam‘tg flgld of regearc: jnc;ﬁf
gjsglication associated with particles ofh1w’s{)‘0 nrlr: mes;;zscéi?aer S;;i?/sgsaigand
icles of this size hav
i mlOlergufrii)éSSg?cf itpiznsﬁlfh peculiarities that nanotechnology seeks {0
ChemFCBNZﬂoptechnéiogy is a highly diverse field and includes exiensions of
BXQOILEE nal device physics, compietely new approaches based up%:
CO;;iEEaOr self-assembly and the deveiopment of new materials wi
T

nanoscale dimensions.

some food and nutrition products containing n_ano;gale ad(iitivseesiﬁr:dil;?igg
i i otechnology is in widespreac u
commercially available, and nan nolo ot ol o1 2008)
i i d agrichemicat applicalion sys : . A
B o | iied to various areas
Il see nanotechnology app _
The next few decades may well . e b
i j d, multipurpose sensors a
in animal management. Nanosized, i . O o vanany
the physiclogical status
developed that can report on th ‘ A e
i livery methods using na
can be expected in drug de anotubes and ore
i isely targeled. Nanopariicles may _
nanoparticles that can be'precus ele nopa e by pigs,
i icient utilization of nu {
affect nuirient uptake and mduce‘more e e o
i | waste management inv :
One possible approach 1o anima ' e O b
articles lo manure tc enhance biogas p _ °
giagr:;?ers or to reduce odours (Scott, 2006). There are, however, co;z:i;:;tial
uncertainties concerning the possible human health andd eﬂved mene
impacis of nanoparticles and these risks will have 1o he address y

assessment and regulation (Speiser, 2008).

1CT

Farm automation and full system control

: o »
ICT consists of all technical means used to handle mformahg: :}vt?l ag;s
communication, including computer a_i;(':l ‘nett;vo;thg:fg;uiriham P
indispensible in the n,
necessary software. Although in ¢ chan, 101 Toe
i i i development of farm autom _
led and will lead into a revolutionary ent of | ation end 1!
for optimization of produ y @
m control. Both are necessary
Z?f?é?ency and can significantly reduce labour costs. Automated feading
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tsgst?;ns enabfe precision _feeding leading 1o less spoflage of nutrients. ang
gether with automated climate control will result in better animal health
welfare, and higher pig performance. P and

Near-infrared Spectroscopy

Anot?er application of ICT of relevance tor animal feeding is near-infrared
tsﬁp;cr;oos;opeyﬁ(f\'lli??)‘ O{;fer the past 30 years, NIRS has proved to be one of
icient and  advanced tools for continuous itori
: . monitori
;:g;;rgaytl;gn:f pfrocr:stsSand product guality in food and feed production [;;,g‘}ur?eannctE
0 in feed production are dominated b antita
assessments of macronutrients in both raw mater: v
_ aterials and end product i
can be done aimost without sam i it
: ple preparation or the need f isti
iaboratories, thereby saving time and r i ot aeated
ratories, educing costs. The devel
applications and the improvement of existin icati i ot e
i ’ g applications is going fast - mai
due to fmprovements in ICT. The ac i oments
mer . curacy of nutrient measurement
energy levels is increasing rapidly and ev i e
. : ‘ en the detection i
fr:q|crpnuir!ents, undes?rab!e substances and micraorganisms see[;js C:)rt&[;!g
beas;b!g Moreover, fingerprinting of raw materials and end products is
;_ecomsng a powerful feeq and'food safety tool. ICT enables the continuous in-
tgfaecrgija;sé?jner;t of nut;lents in feed production andg subsequent correction of
lion during the processing, resulting in highe i ifi i
2006, Woodcock, et al 2008). In cor’nbi i th remots et D2kt
, . “ . nation with remote internet a j
(REF;A){( the management of NIRS network will become even more effic;eanlilsaﬁ
g?]a ra zlon support, data stergge and operational knowledge can be focussed
one Jocation while the equipment is installed at any place in the world

Dynamic Predictive Modelling

{f(j;’t;s(;)r?go;rée(ia?is foré:iynamf'c predictive swina medeliing programs such as

. utreco Canada, 2010). Such tools not only si i

: : late nutrient

requiremenis but also simulate responses fo physi sooit]

feeding  behavicur), economical ronmantal charaas. ooih and

_ , and environmental chanae T

generation of predictive models focuses on it mization anom,
i ﬂ nutritional optimizati

solutions (e.g. requiremenis) are no ! i e oy

; 7 ‘ onger sfalic values solely bas

tt;cr);fsglc;e;l responses {e.g. maximizing lean gain) but can alsc be e{:preszgd?:?

SCONOMIC responses. The consequence of thi i
optimal nutritional, managem j one. DroceS&} S ey
e gement and marketing solutions can be identified

= specific farm conditions,

& genetics and health status,

= variable markel and ingredient prices,
*  processor-specific grading grids, and
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most importantly, producer-specific objectives (e.g. maximization of net
profit per vear or per place. minimize cost per kg of gain, minimize
feed:gain, or minimize nitrogen and phosphorous excretion} (France and
Kebreab, 2008},

#

« New Technology Access

Breakthroughs it lechnology will appear in many disciplines, in institutes,
universities and companies, all around the world. For implementation in pig
production it is of ulmost importance o have access to such technologies.
Researchers in pig production need o stay alert and should spend sufficient
time on nefworking in completely other disciplines and searching the internet.
An open innovation approach seems o be heipful. The central idea behind
open innovation is that in & world of widely distributed knowledge, companies
cannhot afford to rely entirely on their own research, but should instead buy or
licence processes or inventions {i.e. patents) from third parties. In addition,
internal inventions not being used in a firm's business, should be taken
oulside the company (e.g., through licensing, joint ventures, spin-offs).

s Acceptance of New Technelogies

Consumer trust and confidence is crucial for a successful implementation of
new science and technologies in pig production. Much can be learned from
the consumer reaction on the introduction of the first generation genetically
modified (GM) creps in Europe. Although the European Union has one of the
most stringent authorisation systems in the world and the European Food
Safety Authority applies sound scientific risk  assessments, consumer
acceptance is still fragile even many years after the authorisation of the first
GM event. GMO has therefore also become a political issue often resulting in
a delay in the approval procedure and local trade barriers for approved GM
feed commodities. In practice, import of fzed commodities with traces of non-
ElU-authorised but safe products has nearly become impossible. The
consequence for the European pig feed industry is that in 2009 it could not
make use of US soybeans, comn and derivatives. which resulted in severe

2CoNOMIC losses.

Managing consumer and socielal acceplance definitely needs openness and
transparency. Communication with  inlerested stakeholders, corporale
reporting and building relationships with citizens and organizations will be as
important as the implemeantation of new science and technologies.
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v Ceonclusions

Pig preduction has faced and will face many opportunities and challenges in
the near _future. The focus in lhe past was mainly on improving producgivét
and efﬁcnency. This has led to profound structural changes in the piy
production sector. These include: a move from smailholder mixed farmg
towards Igrge-soa!e specialized industrizl production systems, a shift in the
geographrc focus of demand and supply to the developing ecor;omées and an
increasing emphasis on global sourcing and marketing. X

Although improving productivity and efficiency remains an impartant objective

consumer and societal demands need to be taken into account as well Tma:

poncept of suslainable precision livestock farming will become imporﬁént it

Entegrates the technological approach of precision livestock farming with fhe

gg(ﬁ;&;l daﬂd ecological aspects asscciated with consumer and societal
nds.

Animaf feged plays an important role in the concept as it is the biggest cost
factor in Pig p‘mduct}on. Moreover, animal feeding is at a critical junction in the
pork chain, fe. between crop cultivation and meat processing. Surging
demands for animal products and struggling supplies of feed cor.nmoditées
have resulted and will result in stressed surroundings in which animal feed
operaiors need o balance their activities continuously. Several indicators
demonstratg that further optimization of the productivity and efficiency in pig
prp_ductsc}n is potentially still possible. The genetic potential is only partiall
utm_ze.d; the utilization of most nutrients appears to be low and there is a hu g
variation in performance among farms and within farms among pigs Negw
science and teqhnoiogées seem fo offer many opportunities for inﬂovatioﬁ Key
drivers are'basxcafly {genjomics, microsystem- and nanctechnology andAlCT
These m;mstregm technologies are the foundation of many app!icatéoﬁ
?ech.nologles which sometimes have afready been implemenled successfully
in pig prqduciion, including animal feeding. In the future, such technologies
will certainly offer opportunities for innovation in all barts of the chain
However, technology access and acceptance by consumers and saciei.
needs to be managed in a proper way. !

In conclusion, the future of animal feeding will be dependent on the i

quecilves defiﬁed when applying the concept ofp sustainable pfepc?g;gg
I;L"es_tock fa:‘“mmg The latter is a way forward in a world in which produr;tion
will m_cregasmg!y be affected by surging demands and struggling supplies
gicbalisation of trade, competition for natural resources and & gmws‘ngﬁ
concermn a%)out food and its impact on health, animal weifare and the planet
:jnd in which producers are facing reduced profit margins, it may become e;
Eacen_ce {0 produce’ for operators in the pork chain, will maximize profits and is
required for feeding the future’ (Nutreco, 20103,
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