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Feed formulation is based on “values” and “requirements”
WA AR EHFE" N Eaa

TABLE 17-1 Continued

Ingredient: Soybean Meal, Dehulled, Expelled -
AAFCO #: 84.71, AAFCO 2010, p. 392 [F# : EREESTH
Aino Acids, % BEER%
Proximate Components, % M
Ir{EleH 93 % Total &E({H Digestibility k=
3 n | SD oA ] N sD AID SID
Fini& Dry matter | 95.57 | 4 1.56 | Essential i n | SD X n SD
HEO Crude protein | 45.13 | 4 3.60 cr 4513 4 | 360 81| 3| 420 89| 3 0.55
THATHE Crude fiber | 330 | 1 Arg | 302 4| 04 90| 3| 3.07 951 3] 039
SEXEE Ether extract | 6.64 | 2 1.10 His | 214| 4] 015 86 | 3| 3.39 90 | 3 1.49
B ke Acid ether extract Vel 190] 4] 033 851 3] 3.94 89| 3 1.81
"5 iy Ash [624 |1 AN ke’ 321] 4] 051 85| 3] 3.35 88| 3 1.77
. _ tys| 2791 4] 022 86 | 3| 4.05 90 | 3 2.45
BRMES YA  Carbohydrate Components, % Met | 0.60] 4] 007 80| 3| 7.82 85| 3| 4.84
75 Lactose _ Phe | 2.15] 4] 031 86| 3| 3.52 80| 3 2.51
;5353 Sucrose The| 1.73] 4] 0.4 76| 3| 3.62 84| 3| 182
ok Raffinose § Trp| 0.69] 2] 0.04 8711 89 1
IKGE Stachyose val | 2.0l 4| 036 833 400 88| 3 1.49 NRC, 2012
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Feed formulation is based on “values” and “requirements”

R L ET“ERE" N SR 2"

Retamed nutrients

Maintenance#tis

7t 7 LR

Efficiency&(&

Daily nutrient aind energy requirements
HHEH»MeeE7R Z(g/d 5tMJ/d)

Feed intakeX X 2=

Dietary nutrient and energy requirements

HRPEFNEE(% A BRERMI/kg HR)
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F16-1A BHREFRHE TEREORTS. BIaERSES(90%THE)

TABLE 16-1A  Dietary Calcium, Phosphorus, and Amino Acid Requirements of Growing Pigs When Allowed Feed Ad

Libitum (90% dry matter}*

Hd.‘h(hm:l':'n'lgllll Range (hg)  (REETEE ( kg)

Ttem 57 7-11 1 1=25 2550 50-75 75-100 100-135
NE content of the diet (kealfkg)® 2448 2448 2412 RAT75 2475 2475 2475
Effective DE content of diet (keal/kg)® 3,542 3542 3490 JAa02 a0z 3402 3402
Effective ME content of diet (kealfkg)” 3,400 3,400 3,350 3.300 3,300 1.200 3,300
Estimated effective ME imake (kealfday) 904 1,592 3043 4,959 6,989 8,265 92,196
Estimated feed intake + wastage (a/day)” 280 493 G53 1,582 2210 2636 2933
ody weight gain (g/day) 210 i35 585 758 900 917 867
Body protein deposition (g/day) - - 128 147 141 122

Calcium and phosphorus (%) FEHIER (%)
Total calcium .85 080 0.70 0.66 0.59 0.52 .46
STTD phosphorus? 045 040 033 0.31 0.27 0.24 0.2]
ATTD phosphorus™ 0.41 0.36 0.29 0.26 0.23 021 0.8
Total phosphorus’ 0.7 (.63 0.60 0.56 0.52 047 043
Amino acids** SEES

Srandardized ileal digestible basis (%) otEElEREIEEY
Arginine (L6 0.6] 0.50 0.45 0.39 0,33 0.28
Histidine 0.52 46 042 0.34 0.29 0.25 0.21
Isoleucine 0.77 [LX 0.63 0.5l 045 039 (L33
Leucine 1.50 1.35 1.23 0.99 0.85 0.74 (.62
Lysine 1.50 1.35 1.23 0.98 0.85 0.73 .61
Methionine 043 039 0.36 0.28 0.24 0.21 0.18
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Accounting for changes in nutrient requirements,during growth

Digestible Lys, g/kg diet

A B ERS, gkgH R
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! excess @
5 : % essia
- // Two diets _FhH#
& excessiBs
Pl Multi-phase diet
ZHMEBHER
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There is variation among pigs in nutrient reguirements

AR BEREARTEE H(]ZiE:l‘l'
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Predicting the response of pigs to the nutrient supply
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Empirical modeling of growth

4 KNERIRE
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Empirical modeling of growth

4 KNERIRE

500
o 400
.
HEH“ BUD-.
g
L
D 200+
2
- F¢ed intake as a driving force for growth
T e =
2 X REEE KNI
I:I'
u‘..'IJ 1»‘.]:00 EDIDD 3000
Cumulative feed intake 21X &2 &£, kg Schulin-Zeuthen ef al., 2008
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The transformation of feed into a’pig

TR R RN A

m Protein mLipid mCarbohydrate & Fiber mAsh

20 - BHE BE HKESY GiE Ko
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Nutritional modeling of growth

A KIEFHRE

Awninr, Prod, 1974, 190 33)-23]

MODEL RESPONSES OF THE GROWING PIG TO THE DIETARY « iz -~ =
INTAKE OF ENERGY AND PROTEIN B RGN BRGEESHSRREA
R =4ERY R PnEf Tl
C. T. Wwrremore aND R, H. FawceaT

School of Agriculture, University of Edinburgh,
West Mains Road, Edinburgh EHO 3G

e

A simple model is dc:;crihl::n: L::ih::?inuhicﬂ the prediction/of the\\} & A& T RS ﬁf‘l‘f_&iﬁ TEREE
magnitude and direction of the responses of growing pigs to diffeteat SEHRRFERMNSRINAEH TR, XMEE
energy and protein intakes. The model c:;lcu1:lle~11dai'ly Iivc-wciﬁhl BT O A S e R s L RS
energy into protein, lipid and ash in the body of the griswing pig. . RS SN EhOES, Eh 5

ZAIn [Tom [Ne Conversion o
Values were also determined for the energy and protein de.mues the

composition of the body and the efficiency of feed canversion. The ESENETE. VAR nER S EEE, XiME

model was formulated with factors drawn from published findings

and validated by comparison with independent feeding trials. e T A EViEREINEERS R TAEE LS
[ERYEREHS FRIELL,
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Concepts used in nutritional growth models

B4 K2 HBINEES

nutrient intake

EFEA

lipid ash protein water

deposition deposition === s i === deposition
J /% TR K453 inER
e
.
body weight gain
ks
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Protein deposition depends on proteifiiintake
SERMRBURTEAEA

Upper limit to protein deposition

120 - E R _EPR(PDmax)
=
= 100 -
a1
i 80 -
5
=T 60 - ross efficiency of protein utilization
3O EHFAFBE
2 40 -
*)
£ 20
8
E D [ [ [ [ 1
0 100 200 300 400 500
Protein intake &z G A, g/d e v i
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Protein deposition also depends on energy intake
SERMRBUR T REEHRA

Upper limit to protein deposition

120 - FERINAR EPR(PDmax)
=
= 100 -
{1
w80 -
C
L 60 -
%‘ L) Minimum lipid-to-protein deposition ratio
9 = 40 - i 1 2B ETUR B L
S
E 20 A
:}'_3
E D I I I T 1
= 0 10 20 30 40 50
DE i“tﬂkeﬁﬂiﬁﬁﬁ)\; MJ/d Whittemore & Fawcett, 1574
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Protein and lipid deposition depend on en&rgy intake

= A MAEBTARBUR T-REE 534\

120 - - 300

% 100 - 250C
o T,
= 60 - 200
s ]
2 w60 ~ 1500
= & )
o D o
& 40 - 1008
T 30
£ 20 - 50 =
g =
2 0 — . - . 0 X
1.0 1'% 0) 20 25 3.0 359 @
Feeding level (multiples of maintenance) o

ﬁuﬁj(ilz (ﬁﬁm% ﬁEE H{'%ﬁ ) wvan Milgen et al., 2008
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Key concept in these models
PRl VPR

Weight gain is determined by protein deposition (PD) and lipid
deposition (LD)

There is an upper limit to PD (PDmax)

There is energy partitioning rule between PD and LD
Protein quality affects PD

IBRE R EHIUA (PD) ffsBUNAR (LD)RE
FHTRA 1 _LR(PDmax)
EATRNERTREBGFEEE M E

How do these change during growth?
FK AR P a2 {?
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The response of the pig changes oveér.fime
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The response of the pig changes over.fime

RN HE BRI N B 15 2240

T

Protein depositionii B, g/id
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wan Milgen et al., 2006
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Models have been used to develop decisionnsupport tools
S HA T ALK TR

inraporc.inra.fr

"+, ScienceDirect SO IR

Aninal Feod Science and Tochnology
143 200 3573048

www.glseviercom locae anifoodsal

InraPorc: A model and decision support tool
for the nutrition of growing pigs™

Jaap van Milgen™*, Alain Valancogne, Serge Dubois,
Jean-Yves Dourmad, Bernard Seve, Jean Noblet

M:l;ﬂdm.ldwmﬁndm __
et z glml FEED
a
BESCE AN
." ScienceDirect NG D
Animal Feod Scionce assd Technology
143 (2008) 372- 386 _JBLN

www.lsevieroom lovale anifircdsc

InraPorc: A model and decision support
tool for the nutrition of sows™

Jean-Yves Dourmad *, Michel Etienne. Alain Nalancogne.
Serge Dubois, Jaap van Milgen_ dean Nablet
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In simulation modeling, pigs follow a phenotypic trajectory ...
HEPER T, BEILERREEE. ..

Feed intakex k8= Weight gainj&s

2 Samulation results for growing pigs - o * 2 Samulation results fapghown g pgs - o *
Perfoimance Feads [Probein deposiion Amino acds Energy Minersls  Minaral balance FPeriosimance  Faads Pmuﬂneﬂﬁwm Aming sods  Energy Minersis  Mineral balance
Gragh type Ve Keaes GRSt () Y g
Dyriamic view w ~ Body weight (k) w D yew X7 - By weight - Body weigh (i) ~
F Fesdiniks g} v Weight gain (3) v
% Performance (Dynamic view) B Performance (Dynamic view)
1gn - - : : =T :
E&zs . < ™
'a.,!-.l:-: "E 500
—a7s]- ~ e
g 1 :
3 2% T =
225 i 750 -
i zm 00
¥ ;‘ as0 -
[
150- &0 -
125 ssp -
1.00 y 00
0rs - - - - - - — f 450 - - - - - .
" 40 0 &0 0 &0 100 110 ) &0 s &0 ] 20 %0 100 10 12
o SRS i LY,
Early (normal CP): animal profle “Standard growi (sary)” - feed sequence plan e $tindard - feed rafioning plan “ad ibdun Early (mormal CPY: animal profle “Standard growh (eamy]” - feed sequence plan "By ™ rationing plas “Ad Eodum®
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... allowing to analyze results in differen{ ways

L ATFHAARR G SER
Nutrient utilization =555 H

B Simulation results for growing pigs — O x
Performance Feads Prolsin deposfion  AMIN0 8008  Epargy  Minerals  Mineral balance
Graph type Y-mas gk <o 5>
\Dynamicparitoning V| Lysine v vt )})
[Total g kg feed ¥
Lysine (Dynamic partitioning) ﬁ‘ﬁ_ﬁ ¢ ﬂl?&‘ﬂ]ﬂ )
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W Deficiency RBE
B Unbalsnced =
[ Depasiion 7
L Minimum oxidation
B Mantenance i
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B Feed wasiage EHnER

& ( o/kgd
Lysind Bl oot

0’ VMNP0 e0 70 80 80 100 110
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: Optimizationyof pig production through precision livestock feeding
I N?A Al Jaapvan idilgen

-~

T==" CClENCE & IMPACT Chinese Swine Industry Symposium, October 20-21, 2016



= INRA

T== SCIENCE & IMPACT

What-if scenarios{iREIH=

Sﬂ Comparison of growing pig simulations
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Definition of precision livestock farming
RESBIEX

“Management of livestock production systems using the principles and technology
of process engineering” (Wathes et al., 2008)

ETUETEFNREBES AN RELE RGBT =EE(Wathes et al., 2008)

1. Continuousmonitoring ofthe process

response or outcome RV SPREE D) SRR SSRESEES AN

2. Mathematical model predicting the 2. TR ARNMESERNBFRE
process outcomefrom inputs 3. IEHAR S
3. Thedesiredoutcome ' -
4. EHEARYH

4. A mechanism to controlinputs

,,1 How do | feed a pig so that it will
: attain 110 kg at 6 months of age?

| WA RS L AT HRAR
M0 7

A Optimizati oo pig production through precision livestock feeding
I N?A camPus  Jaapvanidiigen
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Precision livestock feeding and farming. Why?
BB

The number ofanimals per farm and perfarmeris increasing

A needto become moreefficient with feed resources thatareless or notin competitionwith
otheruses

A possibility to make better use of biological variation among animals
A rapid developmentin monitoringtechnologies
New methods for data analysis (e.g., real-time, big data)

RSP RKRIARKEIIEEIZN

X T iR ER RN AES, EESEMHRERFELEEFES
X =B A YR 7 Al REA SEAFFI

B HEARRE R R

BE M ERRF A W SER TR, XEHEE)

.._
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General concepts of precision livestock farming

o aBORE AL

Inputsig A Outputsii it}
(e.q., type and/or quantity of feed H (e.q. feed intake, weight gam room
heating, ventilation) (fmiaEElFhtEFn / temperature, air quality) (M
HBE. fEeE. BNEmE) B. BE. ER. TSRE)
A ———————
: [ Datacollection {': f Sensors ]
Vo mmss S s
| WV |
I Ay N |
: Predictionmodel |
U maem
I |
| y____ |
: ng;ger f} __ Desiredoutput
N ), R pYiaiiE

Wathes et al., 2008
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Individual feeding increases the efficiency of nutrient utilization (simulation study)

TMACRAEN TEFAAE BT

1.60

1.40
1.20
1.00
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0.20 T T T T T T T T

Lysine requirement i & 88 752 &, g/MJ NE

Experimental dayifis <&
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Individual feeding increases the efficiency of nutrient utilization (simulation study)

ML EFRSEFRFAE B

_ J3-phase feeding individual feeding
= kBT i ATES

Feed intake3X &£ kg/d 248 &) 2.49
Weight gainig s g/d 0.97 0.97
Feed cost/ADG, $/kg 1.02 0.97
AR AP RIS &

Nitrogen intake 58 & A kg 5.69 4.29
Nitrogen retention&@;n# kg = ;f)/ 2.08 2.08
Nitrogen excretion@ HE i kg 3.61 2.21
Nitrogen efficiency & | FZ % 37 48

Pomaretal., 2010
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Monitoring feed intake and weight gain in-real time
L RN ENIEE

R Optimizationyof pig production through precision livestock feeding
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Monitoring feed intake and weight gain at the INRA facilities
K HAINRAZFZIHRUMX S HIRE

Feeding area Weighingand sorting
XEK MREEM 43 K

Resting area

:" *hER

Animal identification by RFID BT EEnRRE AR R
Accessto the feedingarea through the weighing station BEUHREHAEEK
Automatic feeders distribute small portions offeed © a@EhibeleE S e IMATRIRL
Possibility to mix up to 4 diet GRESIUFEHE

AGRO Dpti‘nizaﬁ opof pig production through precision livestock feeding
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Monitoring feed intake and weight gain at the INRA facilities

K AINRAZ & LR IR NX R EAISE
Restmg areaﬁ%E

. #

=

Weighing/sorting
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Daily feed intake is variable

AXRELELN

o
o
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Feed intake ¥ I i, kg/d
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=
o
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Pigs can have different feed intake trajectories

¥R UAARRNXEE
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Experimental validation of precision feeding

A AE TR TR RIS 30 uE

N G T
= K BREHA &5 M AL EHA < W B AHA individual &

Diets and ingredients Blend of 2 diets Commercial Blend of 2 diets Blend of 2 diets
HiRESS BE2MHR Bl R ) RE2MBR BE2MHR
Feeding program 3-phase 3-phase Multiphase Multiphase
TRINREFF =MrE =PiEs ZHrE ZHrER
Duration of each phase 28d 284d 1d 1d

& By B ERT iE)

Feeding type fal k50 GroupZi{ Groupgi{R GroupEf{i Individual-}>{z
Requirementtarget at &

the start of the phase 80% " 80% 80% 100%

Bt B A GERNZE KRB F =

Andretta etal., 2014

— 1 I N?A R Optimizatinn of pig production through precision livestock feeding
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Individual feeding increases the efficiency of nutrient utilization (simulation study)

TR REEFAAE (W)

Commercial/, Aulti-phase | Multi-phase

group group group individual

—BrEEE | B {LEHK | SHBREHK | SHEBR MK
Feed intake Z &+, kg/d 3.05%, M) 730 3.072 3.05°
Weight gainig=, kg/d 1.11 1.07 1.11 1.10
Gain:feed FI%IEE 0.38 o, © 0.402 0.37° 0.37"
Protein depositionZE R #3, g/d 164 155 155 154
Lipid depositionf F5ia, g/d D {),;321’3 326 366 369

Andretta etal., 2014

Jaapvan itigen
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Individual feeding can reduce feed cost and nutrient excretion

MM AR AT BT RE AT S 7+ B HETH

J-phase Commercial | Multi-phase Multi-phase
group grougp group individual
=Btk | Bl % Wy B RHA % B B

Lys intakeFi S # 5 A, g/d 2382 ; 2355/13)) 19.7° 17.4¢
Nitrogen intake Z 35 A\, g/d 76.83 69.10 69.30 64.8°
Nitrogen excretionz HEtt, g/d 48.1§, )‘\_‘f 41.9° 4210 37 .0
Nitrogen efficiency& | FH =&, % ENNGE | 301" Soa 38.0°
Warm left carcass&f £ Ak kg 505 49.4 51.1 51.7
Loin areafR Bl Em#, cm? 5?.‘1 e | 54.3 hh.5

Andretta etal., 2014
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Other examples of real-time monitoring and precision livestock farming
SR IR E SR M E S5
Weight: weigh platform, scales, image
Body composition: image, ultrasound

Behavior:video, accelerometer
Health: infrared image, sound, feeding and drinking behavior

AE: RIS, WE. 2B

RHR: . BEK

fr8: {5A. RS

R L5hEHR. e XRMRKiTA

[Jioc] Daw | Com[Frame] via [ Tow [wisngi | Ham [
H'I 1807200 1 1 71 3Es e 11 -

Ak fﬁﬂj@
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Other examples of real-time monitoring and precision livestock farming

ST WP RO BBl O

Coments lists available al SeignceDirect
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Other examples of real-time monitoring and precision livestock farming
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Precision livestock farming ..:
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Is still inits infancy
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Requires to transform data into information, .
which needs to be integrated wmZHRIEESEILAER
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Accounts forthe needs ofindividual pigs

Can changethe design of pig production systems“\ Al TR RRT
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Who owns the data? Need for data .
integration WA XEREE? BIEEANTE
Perceptions ofthe farmer, the KE. ARGEZENIAEMAIE?

citizen/consumer?
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Precision livestock farming ..:
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Is precision livestock farming an engineer’s daydream or
nightmare, an animal’s friend or foe, and a farmer’s panacea
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EU funded 2 3

Research

project Partnen_’s
EU + China
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www.feed-a-gene.eu
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- Jhe Feed-a-Gene Project has received funding from the European Academic

Union's H2020 Programme under grant agreement no 633531.
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