Revista Brasileirade Zootecnia

© 2009 Sociedade Brasileira de Zootecnia

ISSN 1516-3598 (impresso) R. Bras. Zootec., v.38, p.226-237, 2009 (supl. especial)
ISSN 1806-9290 (on-line)

www.sbz.org.br

Applying precision feeding techniques in growing-finishing pig operations
Ccandido Pomar?, Luciano Hauschild12, Guo-HuaZhangl:3, Jesus Pomar?, Paolo Alberto Lovatto?

1 Agriculture et Agroalimentaire Canada Sherbrooke, QC, JIM 1Z3, Canada.
2 Universidade Federal de Santa Maria Santa Maria, RS 97119-900 Brazil.

3 Northwest A&F University Yangling, Shaanxi Province 712100, P.R. China.
4 Universidat de Lleida 25198 Lleida, Spain.

ABSTRACT- Thehigh cost of feed i ngredients, the use of non-renewabl e sources of phosphate and the dramatic increase
in the environmental load resulting from the excessive land application of manure are major challenges for the livestock
industry. Precision feeding is proposed as an essential approach to improve the utilization of dietary nitrogen, phosphorus
and other nutrients and thus reduce feeding costs and nutrient excretion. Precision feeding requires accurate knowledge of the
nutritional value of feedstuffs and animal nutrient requirements, the formulation of dietsin accordance with environmental
constraints, and the gradual adjustment of the dietary nutrient supply to match the requirements of the animals. After the
nutritional potential of feed ingredients hasbeen precisely determined and has been improved by the addition of enzymes (e.g.
phytases) or feed treatments, the addition of environmental objectives to the traditional feed formulation algorithms can
promote the sustainability of the swine industry by reducing nutrient excretion in swine operations with small increases in
feeding costs. Increasing the number of feeding phases can also contribute to significant reductionsin nutrient excretion and
feeding costs. However, the use of precision feeding techniquesin which pigs are fed individually with daily tailored diets can
further improvetheefficiency withwhich pigsutilizedietary nutrients. Precision feedinginvol vesthe use of feeding techniques
that allow the provision of theright amount of feed with the right composition at the right time to each pigin the herd. Using
thisapproach, it has been estimated that feeding costs can be reduced by more than 4.6%, and nitrogen and phosphorus excretion
can both bereduced by more than 38%. Moreover, theintegration of precision feeding techniquesinto large-group production
systems can provide real -time of f-farm monitoring of feed and animals for optimal slaughter and production strategies, thus
improving the environmental sustainability of pork production, animal well-being and meat-product quality.
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Técnicas de alimentacado de precisdo em operacdes de suinos em
crescimento-terminacéo

RESUMO - O custo elevado das matérias-primas, o uso de recursos ndo renovaveis de fosfatos e o aumento da poluigdo
ambiental resultante do excesso de aplicagao de dejetos no meio ambiente tém sido considerado um dos principais problemas
na producdo animal. A alimentagdo de precisdo é proposta como uma abordagem essencial para melhorar a utilizagdo do
nitrogénio, fésforo e outros nutrientes oriundos dadietaereduzir assim o custo dadietae aexcre¢do de nutrientes. A alimentagéo
de precisédo requer um conhecimento do valor nutricional dosingredientes, exigéncia nutricional dos animais, formulacéo das
dietas de acordo com as restri¢cbes ambientais e do adequado ajuste da oferta de nutrientes com a exigéncia dos animais. O
conhecimento do potencial nutricional dos ingredientes de forma precisa e a melhora pela adi¢&o de enzimas (ex.: fitase) ou
por tratamento (ex: térmico) associado ao uso de objetivos ambientais na formulagéo das dietas no método tradicional pode
contribuir para o desenvolvimento de sistemas de produgéo de suinos sustentaveis devido reduzirem a excregdo de nutrientes
com pouco aumento no custo das dietas. O aumento do nimero de fases pode também contribuir na redugdo da excregéo de
nutrientes e custo das dietas. Entretanto, o uso de técnicas de precisdo no qual os animais sdo alimentados de forma
individualizadacom dietasformuladas diariamente pode, al ém disso, mel horar aeficiénciade utilizagdo dos nutrientesdasdietas
pelossuinos. A alimentagédo de precisdo compreende o uso de técnicas que permitem o fornecimento daquantidade e composi ¢éo
nutricional precisado alimento diariamente e para cada suino de umapopul agdo.Tem sido estimado que ao utilizar esse sistema
poderesultar em umaredugao de 4,6% no custo de alimentagdo e de aproximadamente 38% naexcregao de nitrogénio efdsforo.
Além disso, aintegracéo de técnicas de alimentagao precisaem sistemas de produgdo de grande porte permite o monitoramento
emtempo real do alimento e do animal quando setratade atingir 6timas condi¢Ges de abate e estratégias de producéo, melhorando
assim a sustentabilidade da produgéo suina, bem estar animal e qualidade da carne.

Palavraschave: custosde producéo, exigéncianutricional, excrecdo de nutrientes, formulagéo dietas, variabilidade animal
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Introduction

Inindustrial and semi-industrial swineproduction areas,
feed costsrepresent morethan 60% of thecostsof production.
In growing-finishing pig production systems, feeding
programs are proposed to maximize population responses
at minimal feed costs. However, nutrient requirementsvary
greatly betweenthe pigsof agiven population (Brossard et
al., 2007; Pomar, 2007) and for each pig over timefollowing
individual patterns. In order to maximize the desired
population response, which is usually body weight gain,
population requirements are associated with those of the
most demanding pigs, with the result that most of the pigs
receive more nutrientsthan they need and the efficiency of
dietary nutrient utilizationisreduced (Jeandit Bailleul etal .,
2000). Thisisbecause, for most nutrients, underfed pigswill
exhibit reduced growth performance and overfed oneswill
exhibit near optimal performance. Given that unutilized
nutrientsareexcreted viatheurineor feces, feeding pigsto
maximize population responses is associated with high
feeding costs and high levels of nutrient excretion.

Reducing feed costs, the excretion of excess nutrients
such as nitrogen (N) and phosphorus (P), and the use of
non-renewableresourcesisessential to the devel opment of
sustai nabl epig production systems(Honeyman, 1996; Rotz,
2004; Jondreville& Dourmad, 2005). Theexcretion of N and
Pisaffected mainly by theamount of N and Pingested, the
metabolic availability of those nutrients, and the balance
between dietary nutrient supply and the animals’
requirements (Jongbloed & Lenis, 1992). If feeding costs
andnutrient excretionaretobeminimized, itisessential that
the composition of the available feed ingredients, their
nutritional potential and the animals’ requirements be
properly characterized and that the supply of dietary
nutrientsbeaccurately adjusted to match therequirements
of the animals. For the feeding of a population, however,
optimal feed composition is difficult to estimate, as the
response of the population to rising concentrations of
nutrientsis affected by many factors, including genetics,
gender andtheenvironment aswell asthevariability between
theindividual sof the populationto befed. Optimal nutrient
concentrations should be estimated, given that feeds are
provided to heterogeneous populations over long periods
(Leclercq & Beaumont, 2000; Pomaret a., 2003).

Precision farming or precision agriculture is an
agricultural concept that relies on the existence of in-field
variability. This concept is about doing theright thing, in
theright place, intheright way, at theright time. Precision
feeding isbased on thefact that animalswithin aherd differ

from each other in terms of age, weight and production
potential and therefore each have different nutrient
requirements. Precisionfeedinginvol vesthe useof feeding
techniquesthat all ow theright amount of feed withtheright
composition to be provided at theright timeto each pigin
the herd. In growing-finishing pig facilities, precision
feeding may be a powerful approach to reducing feeding
costs and improving nutrient efficiency by reducing
excesses of the most economically and environmentally
detrimental nutrients without jeopardizing animal
performance. The essential elementsfor precision feeding
in livestock production systems include 1) the proper
evaluation of the nutritional potential of feed ingredients,
2) the precisedetermination of nutrient requirements, 3) the
formulation of balanced dietsthat limit theamount of excess
nutrients, and 4) the concomitant adjustment of the dietary
supply and concentration of nutrientsto matchtheeval uated
requirements of each pig in the herd. The objective of this
paper isto describetheimplementation of precisionfeeding
techniques in growing-finishing pig facilities by briefly
describing each of these elements and the potential
improvement in the utilization efficiency of dietary protein
and P. We will especially focus on the use of new toolsto
automatically feed daily tailored dietsto group-raised pigs
andthepotential of thisapproachinfutureswineproduction
systems.

Evaluationof thenutritional potential of feedingredients

Energy, amino acids, minerals, vitamins and water are
essential nutrient constituents of feed that need to be
supplied to producing animals for body maintenance,
growth, reproduction and lactation. Body growth results
from the synthesis of muscle, adipose tissue, bone, hair,
skin and other body components and depends on an
adequate supply of dietary nutrients. Growing pigs must be
providedwiththeseessential nutrientsinadequateamounts
and in forms that are palatable and efficiently utilized for
optimal growth.

Determination of the nutritive value of dietary
ingredientsfor livestock isadifficult and tedioustask. Not
long ago, total chemical nutrient content was used to
characterizethe nutritional potential of dietary ingredients
inlivestock feeds. Animal digestion and metabolism studies
revealed the principles of nutrient sources and the
relationship between chemical composition and absorbed
nutrient value (Johnson, 2007). Over time, new technologies
for nutrition research havebeen devel oped to moreprecisely
quantify the nutrient fractions of feed ingredientsthat are
available to the animals' metabolism for maintenance and
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production purposes. The progression of the
characterization of the nutritional potential of feed

ingredients and animal requirements from a total to a
digestiblebasis, andthentoanavailableor netbasis, allows

for the formulation of diets with nutrient levels that are

closer to the animals’ requirements without the use of

excessive safety margins. The advantages and limitations
of different eval uation methodswerepresentedin previous
studiesfor energy (Noblet et al., 2003), amino acids (Stein

etal., 2007) and P (Jondrevilleand Dourmad, 2005). However,

although the careful assessment of the bioavailability of

eachdietary nutrientiscritical for evaluating thenutritional

value of feed ingredients for pigs and for estimating the
animals’ requirements, challengesremaintobeovercomein

the future, namely the use of bioavailability estimation

methods that are accurate and easy to usein practice, that

yieldvaluesthat areadditiveinmixturesof feedingredients,

and that take into account the need for consistency in the
basesused for expressing bioavailability infeedingredients

andrequirementsinanimals(Steinetal., 2007). Additionally,

the nutritional value of feed ingredientsis not based only

on the nutrient composition of theingredients but also on

the metabolic fate of these nutrientsin the animal (Noblet

and van Milgen, 2004). Grinding, heat treatment and the
addition of enzymes are also important factorsthat should

be taken into account when assessing the potential of

nutritious foods. The precise evaluation of the nutritional

potential of feed ingredients is required for livestock
precision feeding.

Precise estimation of nutrient requirements

For specific nutrients (e.g. essential amino acids), and
when all other nutrients are provided at adequate levels,
nutrient requirementsaredefined astheamountsof nutrients
needed for specified production purposes, which in farm
animalsareproductionoutputssuchasgrowthrate, protein
deposition, milk yield, etc. (Fuller, 2004). Depending onthe
production purpose and the nutrient, the required nutrient
amount can be considered the minimum amount that, when
all other nutrientsaregiven at adequatelevels, will prevent
signs of deficiency and allow the animal to perform its
needed functionsinanormal manner (L essister & Edwards,
1982). Infarmanimals, nutrient requirementsareaffected by
factors related to the animal (e.g. genetic potential, age,
weight and sex), the feed (e.g. nutrient composition,
digestibility and anti-nutritional factors) and the
environment (e.g. temperatureand spaceallowance) (Nobl et
& Quiniou, 1999). When appliedto pig popul ations, nutrient
requirementsaredefined astheamount of nutrientsneeded
for specified production purposes such as optimal growth

rate and protein deposition. Furthermore, this definition
should be considered in the context of feeds provided to
heterogeneous populations over long periods (Leclercq &
Beaumont, 2000; Pomar et a., 2003).

In practice, two methods are used to estimate the
nutrient requirementsof domesticgrowinganimals: empirical
andfactorial. Intheempirical method, nutrient requirements
arethosethat either maximizeor minimizeoneor several sets
of performance parameters (e.g. growth rate) during a
determined period. In the factorial method, however, daily
requirements are estimated as the sum of the requirements
for maintenance and production (Fuller & Chamberlain,
1982). Theserequirementsareestimated for each nutrient or
its precursor and take into account the efficiency with
which each nutrient is used for each metabolic function
(van Milgen & Noblet, 2003). Ultimately, both methods of
estimating nutrient requirements are based on experimental
results from the study of the relationship between nutrient
intake and animal response. In the empirical method, this
relationship is used to estimate the optimal response to
varying nutrient levels of apopulation of animals showing
some degree of heterogeneity. In contrast, the factorial
method estimates, for aunique animal at one specificgrowing
state, therequirementsat zero productionandthoseallowing
maximal growth. Thus, whenthefactorial methodisusedto
estimatetherequirementsof agiven population, the chosen
individual should be the best representative of the
population. Theempirical method estimatesoptimal nutrient
allowances from a population perspective, whereas the
factorial method addresses the needs of one reference
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Figure 1 - Cumulative distribution of requirements estimated by
the factorial method (E%) and effect of different
lysine-to—net energy (Lys:NE) ratios on weight gain
estimated by the empirical method (%) for a live-
weight interval from 24 to 54 kg (L. Hauschild et al .,
unpublished results).
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animal during avery short period, normally oneday (Pomar,
2007). Therelationship between the empirical and factorial
methodsisdifficulttoestablish (Figure 1) andisaffected by
many factors related to the animal, the growth state and
population heterogeneity.

M echanistic mathematical models that implement the
factorial approach are proposed because of the compl exity
of animal responses and the numerous factors modulating
themandthustheoptimal level of nutrientsthat will optimize
production systems (NRC, 1998; van Milgen et al., 2008;
van Milgen et al., 2009). These models must, however, be
properly calibratedto allow accurate estimatesof thenutrient
amounts that will maximize animal growth while minimizing
nutrient excessesand excretion. Animportant feature of the
modeling approach is the enhancement of the concept of
nutrient requirements by a description of the animal
responses to nutrient intake. These models can take into
account the interactions between nutrients and the animal
and thus contrast with conventional systems with fixed,
tabulated “values-needs.” However, such models are
challenged with complex problems, as follows:

Animals may follow different consumption and
growth paths from the ones observed in the reference
population of pigsevenif they havesimilar geneticsandare
raisedinequivalent farmsandunder apparently equivalent
environmental and health conditions;

Animalsareraisedinheterogeneousgroupsinterms
of genetics, sex, healthiness or husbandry practices; and

Animalsarefedinheterogeneousgroupsaccording
to phase-feeding programs of varying length.

Different mathematical model shave been developedto
simulate the growth of a pig that, in standard production
conditions, can be considered the best representative of
the population. These models simulate growth or estimate
the requirements of a given nutrient based on the
information collected from similar populations. This
informationisusedto set, apriori, themodel parametersthat
will characterize the best representative of that population
andwill remai nunchanged during thesimulation. Therefore,
model users have to be very careful to identify any
differences that may exist between the reference and the
target populationsaswell asany changesintheevolution
of thistarget population during growth.

One often-forgotten aspect of animal production is
that, in agiven environment, the response of a population
to nutrient intake depends on theresponse of each indivi-
dual animal withinthepopulation. Itisdifficulttotranslate
individual animal responses into average population
responses, because individual and population responses
differ in form and magnitude (Pomar, 1995; Pomar et al.,

2003; Wellock et al., 2004), and because these differences
increase with the heterogeneity of the populations (Pomar
etal., 2003). Thissuggeststhat popul ation variability needs
to be addressed in the interpretation of population
responses, along with the underlying biological
mechanisms, in order to identify general laws governing
animal responsesand determinethe optimal nutrient levels
required for optimal growth (Leclercq & Beaumont, 2000).
In this context, we need to review and identify the type of
mathematical models that should be developed and the
level of aggregation of thesemodels, sothat wecan simulate
the response of groups of animals in order to optimize
nutrient levelsfor livestock management. New approaches
are being proposed today to characterize the individual
pigs within a population, with consideration given to the
relationships between model parameters (Brossard et al.,
2006). Oncethoserelationships(i.e. thevariance-covariance
matrix) havebeen established, thisinformation can beused
to generate virtual populations of animals based on the
average pig profile of the population. Then, the random
variation between these model parametersmay be added to
other model parameters to simulate the population. This
approach helpswith findingthebest timeto changethediet
from economic and environmental perspectives, with
identifying the optimal slaughter strategy, and with
determining theinput of nutrientsthat optimizesafactor of
production for the population (van Milgen et al., 2009).
These methods optimize population responses when pigs
arefed auniquefeed during given periods and assumethat
actual population performance is the same as that of the
reference population. In this context, therefore, low-
performing pigs would be fed diets with higher nutrient
concentrations than they need for optimal growth and, at
the same time, some highly demanding pigs would be
underfed.

Formulation of balanced feeds that reduce nutrient
excretion

Formulating a complete feed in an animal production
systeminvolvesdeterminingamix of ingredientsthat meets
specific nutrient requirements in accordance with the
production objectives (Patienceet al., 1995). Animportant
stepindiet formulation consistsof determining theamount
of nutrientsthat eachingredient will supply totheanimal’s
metabolism as well as the amount needed by the animal to
reach the desired production level. Linear programming is
without a doubt the most widely used approach for diet
formulation (Patienceet al., 1995) and invol vesdetermining
thelevel of incorporation of the availableingredientsthat,
by respecting a series of linear constraints, will minimize
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(or maximize) an objective function, typically the cost of
the mix. From a nutritional standpoint, all formulation
methods assume that thereis no ideal diet relative to the
ingredients used. The ingredients are therefore selected
on the basis of their availability, composition and cost
(Patienceetal ., 1995; NRC, 1998; Sauvant etal ., 2004). Two
complete feeds are considered equivalent if they satisfy
all the imposed constraints.

Theleast-cost feed formul ation methodsgeneral ly used
by the industry try to minimize the cost of the feed mix,
without taking into account the environmental
consequences of excess nutrients (Patience et al ., 1995)
and animal responses (Sauvant, 1994). Thus, afeed formula
may be nutritionally adequate and economically optimal
but may still provide significant amounts of excess and
unavailable nutrients. Unfortunately, reducing excess
nutrientsin feed is often considered acomplex and costly
task that adversely affects competitiveness. Feed
formulation designed to minimize excess nutrients and
unavailable fractions is, however, an essential step in
reducing nutrient excretion (LeBellego & Noblet, 2002). To
solve this problem, a multi-objective optimization method
based onthetraditional | east-cost formulation programwas
developed toreducefeed cost and total N (Jean dit Bailleul
etal., 2001) and P (Pomar et al., 2007a) content in pig feeds.
In the traditional feed formulation method, the objective
function isdefined in order to minimizethe cost of thefinal
formula, as follows:

minimize C=§ i CiX,

where C istheingredient mix cost per unit weight (e.g. $/t),
¢ representsthe price per unit weight of the ithingredient,
and x; representsthe amount of theith ingredientinthediet.
Themain characteristicsof thismodel arethe consequences
of thelinear natureof theobjectivefunctionand constraints,
requiring verification of thefollowing assumptions (Wilton
et al., 1974):

Additivity - thevalueof theobjectivefunctionisthe
sum of the contributions of each ingredient and, similarly,
the nutritional contribution of ablend of ingredientsisthe
sum of the nutrient contribution of each ingredient;

Proportionality - the changeinthe contribution of an
ingredientinablend changesthenutritional valueand cost
of the blend in proportion to the change; and

Divisibility - theincorporation of aningredientin a
mixture is divisible indefinitely.

In addition to these assumptions, linear programming
requires certainty that implies that the coefficients are
known and constant. However, it is important to verify
these assumptionswhen sel ecting amethod for estimating

theavailability of nutrients. For example, theapparentileal
digestibility of amino acidsdoesnot satisfy theadditivity
constraint, because the animal response to increasing
levels of an amino acid is not necessarily linear (Stein et
al., 2007). lleal digestibility values were standardized to
circumvent theselimitations(Jondreville& Dourmad, 2005;
Stein et al., 2007).

We saw that, in the traditional |east-cost formulation
method, ¢ represents the price per unit weight of the ith
ingredient. This value can be modified to incorporate an
additional cost, namely that associated withtheamountsof
N or Pthat are estimated to bein excessor unavailable. The
objective function will be then written for N and P,
respectively, as follows:

G=p+an; and G=p+br,

where p; is the cost of ingredient i per unit weight, n ;
and r, ; are, respectively, theamounts of N and P resulting
from the M ingredient, and a and b are the unit costs
associated with the excess or unavailable N and P,
respectively. This additional feed cost represents the
environmental feed costs and should be viewed in thefeed
formul ation context asan approximation of N and Pexcretion.
Thus, the values of a and b can be viewed as a tax on
excretion, an excretion treatment cost or an additional
transport cost. With this formulation, we optimize the
formula by taking into account two or three objectives.

With the goal of evaluating this method, feeds for
growing (20-65 kg live weight) and finishing (65-105 kg
live weight) pigs formulated with two balanced protein
levels (90 and 130 g/kg) and two available Plevels (3.2 and
2.6 g/kg) wereevaluated intwo economic contexts (France
and Quebec) over a12 month period (June 2002—May 2003).
Microbial phytasewasadded tothefeedsat ratesof 0, 250,
500 and 750 phytase units. All feed formulas contained the
required available P and other nutrients. Theincreaseina
reduced total P by reducing the excess and unavailable P
fractionsinfeedformulas. During the period studied, excess
and unavailable P decreased by 5% or morefor anincrease
infeed cost of about 1.5% in France and 1% in Quebec. For
some months, however, the economically optimal solution
was close to a solution that produces substantially less
excess and unavailable P at a slightly higher cost. For
example, in nearly half of the months, areduction of 10% or
more was achieved in Quebec for the same 1% increase in
ingredient costs (Figure 2). The reduction in excess and
unavailable Pwith increasing & occurred independently of
the addition of microbial phytase. The combined effect of
microbial phytase incorporation and the proposed feed
formulation method on the reduction of excess and
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Figure 2 - Relationship between the variation in excess and
unavailable P and feeding costs from June 2002 to
May 2003 in the French economic context (from
Pomar et al., 2007).

unavailable P is almost additive. In contrast, because
these criteria are generally in opposition, increasing one
criterionwill frequently decreasetheother. Thecost of the
feed therefore increases when the economical solutionis
forced to further reduce the consumption of excess or
unavailable dietary N or P. Thus, the combined use of
these two techniques can promote the sustainability of
the swine industry by contributing to the reduction of P
excretion in swine operations with small increases in
feeding cost. The proposed method can be applied to
minerals other than P or to other livestock production
systemsin which mineral excretion can be estimated from
feed composition. Similar results were obtained with N
(JeanditBailleul etal., 2001), andthisfindingisinagreement
with other studies (Chapoutot & Pressenda, 2005).
Formulating balanced diets that minimize excess and
unavailable nutrients is part of the precision feeding
approach. More detailsabout integrating 4and adinto the
calculation of the objective function are given elsewhere
(Jean dit Bailleul et al., 2001; Beaudoin et al., 2002; Pomar
et al., 2007a; Dubeau et a., 2008).

Progressiveadjustment of the nutrient supplytomatchthe
requirements of a group of animals

Inmost countries, growing pigsareallowedto consume
feed ad libitum from weaning until they reach market
weight. Thefactorsgoverning voluntary intakein growing
pigs are numerous and complex and correspond to long-,
medium- and short-term monitoring systems (Revell &
Williams, 1993). However, itisgenerally accepted that pigs
consume feed to meet their energy requirements for
maintenance and growth (Emmans, 1981; Tesset al., 1983;

Black et al., 1986). In this case, pigs consume a greater
amount of low-concentratefeeds (Pekas, 1983) whilelimiting
their consumption of energy-rich feeds (Roy et al., 2000).
However, thisability to adjust feed intake can be subject to
thelimitation of intake capacity (Black etal., 1986), although
this limitation decreases as the pigs get older and heavier
(Pomar & Matte, 1995). In all cases, however, energy
requirementsincreasefaster than therequirementsfor most
other nutrients, withtheresult that theoptimal concentration
of nutrients in diets for growing animals progressively
decreases over the growing period (NRC, 1998). After the
proper characterization of the nutritional potential of feed
ingredients, the proper estimation of population nutrient
requirements and the formulation of balanced diets, the
accurate adjustment of the nutritional content of the feed
to match these requirementsisrequired (Pomar & Barnett,
1994), and phase feeding is the most common technique.
Phase feeding invol vesfeeding anumber of successive
diets, each differing in its protein, energy or amino acid
balance in order to match the evolving nutritional
requirements of the growing pigs (Figure 3). It should be
expected that increasing the number of feeding phaseswill
reduce feeding costs, decrease nutrient excretion and
improve feed efficiency. The economic and environmental
benefits of this concomitant nutrient adjustment increase
with the increase in the number of feeding phases, as
simulated by Pomar & Barnett (1994) and Letourneau
Montminy et al. (2005) and asdemonstrated by Beerset al.
(1991, cited by van der Peet-Schwering et al ., 1999), Bourdon
etal. (1995), vander Peet-Schwering et al. (1996) and others.
However, increasing thenumber of feeding phasesincreases
the costs of feed storage and management. Pig production
using two- and three-phase feeding systems are still the
most popular (van der Peet-Schwering et al ., 1999; Pigeon,
2001). The development of feeding systems that allow

=—Daily
3phases
~——l10phases

Nutrient requirements (g/MJ)

Time or weight

Figure 3 - Nutrient concentrationinfeedsservedtopigsaccording
to adaily, three-phase or 10-phase feeding system.
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Figure 4 - Exampleof level of incorporation of theinitial (A) and
final (B) premixesin blend feeding systems.

blend f eedingand theautomatic distribution of two premixes
that, combinedinvariableratios, could meet therequirements
of pigsthroughout their growing period (Feddeset al ., 2000;
Figure 4) makes this technique promising again, because it
allowsfor significant reductionsin nutrient excretion without
increased feeding costs (L etourneau Montminy et al., 2005).
Such premixescanbecompletedietsformulatedto satisfy the
requirements of pigs at the beginning and end of their
growing period (Bourdon et a., 1995). Feeding with two
premixesmay al so beapromising optionfor feed companies,
because it means that only two feeds need to be prepared,
with only the proportions changing between feeding phases
and farms. However, because the needs for the various
nutrients do not evolve in the same manner during growth,
the preparation of these premixes becomes a non-linear
problem that requires more complex resolution algorithms.
L etourneau Montminy et al. (2005) partly solved thisproblem
by modifying the formulation algorithm to prepare the two
premixes simultaneously and by identifying the optimal
proportion of thesetwo premixesover theentiregrowingand
finishing period. Mathematical models are also excellent
tools and can virtually evaluate the impact of different
phase-feeding strategies.

Theeffect of feeding apopulation of pigsusing athree-
phase (3P) or daily multiphase (DP) system on growth
performance, body composition, and N and Pexcretionwas
studiedinarecent study with eight penscontaining 10 pigs
each (Pomar et al., 2007b). Two premixes were formulated
with a modified formulation algorithm (Letourneau
Montminy et al., 2005) and blended for the two feeding
groups using an automatic feeding system developed
especially for thisproject (Performixx RoboticInc., Coaticook,
QC, Canada). All pigs in the same pen received the same
feed. The 3P pigs received the same blend in the same

feeding phase, each of which lasted 28 d, whereas the DP
pigsreceived adaily adjusted blend during the 84 d of the
experiment. Individual feed intake was measured daily, the
pigs were weighed at least every 2 wk, and backfat and
muscle depth measurements were taken on Days 0, 28, 56
and 84 of the experiment. Body fat (BF), body lean (BL),
bone mineral content (BMC) and bone mineral density
(BMD) were measured in the overall pig body using adual -
energy X ray absorptiometry (DXA) densitometer (DPX-L,
Lunar Corp., Madison, WI, USA) at the beginning and end
of the experiment. The DP pigs tended (P = 0.0756) to
consumemorefeed (+3.7%) thanthe 3P pigsbut only during
the first feeding phase. The DP pigs consumed 7.3% less
protein (P = 0.0052; Figure 5) but a similar amount of total
P. For the entire growing period, the DP pigs tended
(P =0.0780) to gain more weight (+2.4%) than the 3P pigs,
mainly because of faster growth (P = 0.0190) during thefirst
feeding period. At the end of the study, the total body
protein mass of the two groups of pigswas similar, but the
DP pigs had 8% more body lipids (P = 0.0369) than the 3P
pigs (Figure 6). Daily multiphase feeding reduced N
excretion by 12% (P = 0.0047), whereas P excretion was

3501 -& Three-phase feeding

-*-Daily multiphase feeding

IN) )
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Figure 5 - Averageweekly proteinintakeof pigsfed accordingto
the three-phase or daily multiphase feeding system.

kg
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Figure 6 - Body proteinand lipid retentionin pigsfed according
to athree-phase or daily multiphase feeding system.
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reduced by less than 2% (P > 0.05). Because the DP pigs
retained 8% lessP (P = 0.036) and thetotal P contentsof the
premixesdid not differ much, thereduction of Pexcretion by
the daily multiphase feeding system was limited.

Individual feeding strategies for precision feeding

One of the limitations of group feeding isthat all pigs
are fed a unique feed during relatively long periods.
Determining the optimal composition of thiscompletefeed
iscomplex, and when popul ation responses are optimized,
most of thepigsinthepopulationwill receivemorenutrients
than they need, and a small portion of the population will
befed aboverequirements(Figure 1). Nutrient requirements
within a pig population vary greatly (Figure 7), and this
variation is affected by many factors such as genetic
variation (e.g. sows are inseminated with mixed semen),
management (e.g. groups are formed with pigs born on
different days and/or raised in different locations) and
health. Feeding pigs individually according to genetics,
gender and actual feed intake and growth patternscan help
simplify theestimation of nutrient requirementsand reduce
excess nutrients.

Agricultureand Agri-Food Canadaand the University
of Lleida, Spain in collaboration with other national and
international institutions is developing a new automatic
and intelligent precision feeder (AIPF; patent pending)
based on precision feeding techniques to optimize swine
production systems from animal, economic and
environmental perspectives (Figure 8). This feeder
automatically provides daily tailored feeds to each pig in
the population, estimating its nutrient requirements each
day based on individual feed intake and body weight
measurements. The new fully automated and intelligent
feeder will integrate state-of -the-art scientific knowledgein

1.60

Lysine req. g/MJ NE

0.20

Experimental day

Figure 7 - Estimation of individual daily lysinerequirements(in
g/mJ net energy [NE]) in growing-finishing pigs.

feed formulation, pig growth modelling, theevaluation of P
utilization, the prediction of the environmental load of the
produced slurry, and so on. However, thisautomatic feeder
needsto precisely determinethenutrient amountsthat each
pig requires every day to satisfy its requirements and
optimize growth. Unfortunately, actual nutrient
requirementsthat areestimated by either thefactorial or the
empirical method may not be adapted to estimating the
individual daily requirements of pigs. Thus, new research
projects are under way to lay the foundation for a new
method for calibrating the AIPF mathematical model
developed to estimate the daily nutrient requirements of
individual pigs. Individual lysinerequirementsarecurrently
under evaluation. Thus, an experimental AlPF prototype
has been used to feed 120 pigs assigned to two equal
treatment groups, each with 10 pigs per treatment. Both
experimental groupswerefedfor 28 dstartingat 27.89+ 4.03
and 68.09 + 6.1 kg body weight, respectively, according
to six dietary treatments consisting of different levels of
lysine estimated at 110, 100 (control), 90, 80, 70 and 60%
of the calculated equirements. Optimal dietary lysine
concentration was estimated daily based on the expected
feedintakeand body weight gain using adapted popul ation
models. Thus, every day, the AIPF analyzed past feed
intake and growth data and estimated the expected feed
intake, total body weight and weight gain for theday. Daily
lysine requirements (g/d) were estimated for each pig, and
thepigswerethenfed accordingtotheserequirementsand
the assigned dietary treatment. The amount of nutrients
other than lysine was similar across the treatments. The
required concentrations of lysine and other nutrientswere
obtained by mixing four experimental premixes formulated
specially for this trial. The pigs were fed ad libitum and
loggedingroupsof 60, and they had constant accesstofour
automatic feeders.

Preliminary results (G.H. Zhang, unpublished data)
indicated that the method used to estimate daily lysine
requirements is appropriate, given that the pigs’ average
daily gain increased linearly (P < 0.0001) between 60 to
110% of the requirements, but a plateau seemed to appear
after the 100% lysine level (Figure 9). Feed intake was not
affected (P > 0.05) by the treatments. Similar results were
obtained with the heavier group.

TheAlPFisexpectedtosignificantly reducetheamount
of nutrientsprovided to the popul ationwithout significantly
affecting growth performance. Feeding costs and nutrient
excretion will be reduced proportionally. The potential
impact of feeding pigs with individually tailored diets on
feeding costs and nutrient intake and excretion is under
evaluation. Thus, pigsraised in apreviousstudy (Pomar et
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Figure 8 - The automatic and intelligent precision feeder for individual tailored feeding.

al., 2007b) were simulated individually and fed either the
experimental feed or atailored feed aswould be provided by
the Al PF. Feed cost ($/kg) wasestimated as0.3272 + 0.0791*

(lysine-to—net energy ratio), matching the cost of the most
common commercial pig feeds sold in Quebec from March
to June 2008 in relation to its lysine-to—net energy ratio
(N. Lafond, Aliments Breton Inc., Saint-Bernard, QC,
personal communication). Theimpact of reducing P intake
has not yet been incorporated into the feed cost
calculations. Asexpected, simulated proteinand Pretention
washot affected by thefeedingmethod (Table 1). However,
feeding pigswithdaily tailored dietsreduced N and Pintake
respectively by 25% and 29%, and the corresponding
excretionswere reduced both by morethan 38%. On average,
pigsfed daily tailored diets ate |ess of the most expensive
A diet, which contributed to the reduction in feed costs
(4.7%) and N and P excretion. It should be noted, however,
that withintheherd, somepigsreceived moreN and Pwhen
fedthedaily tailored dietsthanwhenfedinthethree-phase
feeding program. In fact, protein and P requirements were
established in this study to optimize population average
daily gain according to the empirical method. These
requirements provide nutrient levels 12% higher than the
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Figure 9 - Theeffect of lysineconcentration ontheaverage body
weight gain of pigsfed dietary lysine concentrations
ranging from 60to 110% of theestimated requirements.

requirement of theaveragepig population or thoserequired
by the pig in the 82% percentile of the population (Figure
7; Hauschild et al., unpublished results). Protein and
phosphorousrequirementsestimated in thisstudy did not
include any safety margin and therefore, the estimated N
and Preductionsareprobably underestimated. Phosphorus
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estimations have however be interpreted with caution
because actual modelssimulating Pretention seldom takes
into account the effect of Pintake in bone mineralisation.

The expected reduction in feeding costs and N and P
excretion which can be obtained when feeding pigs with
daily tailored dietswill meanly beaffected by thecomposition
of the reference diets. Feeds formulated with large safety
margins and large amounts of excess nutrientsfor optimal
response in heterogeneous populations (e.g. genetic
potential, sex and weight) promotetheexcretion of nutrients.
Inthese situations, it should be expected that theimpact of
feedingpigsindividually withdaily tailored dietswill reduce
feeding costsandimprovedietary nutrient efficiency more
than observed in the present study.

Moreresearchisneededto properly calibratethe A1 PF
and evaluate the practical feeding and nutrient
improvements and economic feasibility of this feeding
approach. Nonetheless, the precision feeding approach
described in this paper can be incorporated into large-
group (hog-sorting) growing-finishing production systems
and can thus enhance the competitiveness of the swine
industry by:

1 Feedingpigswithinaherd accordingtotheirindivi-
dual nutrient requirements, which are modulated by their
gender, genotype, growth rate, etc., and thus:

reducing feeding costs by reducing the expensive
excess supply of nutrients (protein, P, etc.),

reducing feed fabrication, storage, management and
shipping costs by using the same two or more premixeson
all farms, and

reducing the excretion of N, P and other polluting
constituents of manure and the amount of soil required for
manure application;

2 Managing feeds and animals using advanced
computerized technologies, and thus:

allowing real-time of f-farm monitoring of feedsand
animals, which is essential for optimal slaughter and
production strategies that improve overall industry
economicefficiency,

reducing labour requirements and coststhrough the
automatic monitoring and management of feedsand animals,
and

allowing the early identification of diseasesand the
precise application of individual treatments, resulting in
improved herd performanceand lower veterinary costs; and

3. Allowing easy application of treatments within the
herd, and thus:
producing value-added carcasses and meat,

facilitating the eval uation of new feedsand feed co-
products, and

facilitating the determination of nutrient
requirements.

The proposed precision farming system can help the
swineindustry target specific markets by:

automatically managing individual feed supplies
(voluntary or restricted feeding) and feed composition (e.g.
providing higher levels of P to future reproduction gilts,
limiting fatnessor enhancingitinmarket pigs, etc.) inorder
to manipul ate the growth rate and composition of each pig
in response to specific production goals or target markets;

allowing the early identification of diseasesand the
application of personalized treatments, thushel ping reduce
antibiotic use;

reducing therisk of water contaminationfrom swine
operations by improving N and P use efficiency;

reducing ammonia and methane emissions from
swine facilities, contributing to the reduction of odours,
and improving labour conditions and relationships with
neighbours; and

increasing nutrient use efficiency and improving
animal welfareand meat quality, thuscomplyingwith societal
standards in terms of environmental footprint,
environmental sustainability, animal well-being and high-
quality meat products, aswell asimproving theacceptability
of pork.

Pig production in Brazil has been in continuous
expansion from morethan ten yearswith largediversity in
farmsize, management systemsand feeding types. However,
even due to that diversity, Brazilian nutritional feeding
methods follow international patterns close to those
observed in North America and Europe. These Brazilian
production characteristics associated with new concepts
intheproduction of grains, astheprecision agriculture, can
befacilitiestoimplantation of AIPFinBrazil.
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