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ﬁﬁi&&t&.ﬁ Feed efficiency concepts

¢ AR AR A B

efficiency contributes greatly to overall farm success

Optimizing feed

- RIEIESEERERMNTS | EEEERRER (BB ) PRI— P RKEY(E0.265

jTU One point in feed conversion (feed:gain) is worth about $0.26 per pig at today’s feed prices (US)
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RIS Feed efficiency concepts
R AR R R A R T

Optimizing feed efficiency contributes greatly to overall
farm success

o TIRBIERE— IR ERINRA
Feed conversion is a very complex subject

- NEH

NBEE | ARCHERE

FILCIRER | 15T HIE

2RI

Failure to understand the subject can lead to costly management
mistakes
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tﬁjﬁﬂ&ﬂ.ﬁ Feed efficiency concepts

o« HIERIERA KRS IR 3

Optimizing feed efficiency contributes greatly to overall farm success
o« [EARBERE— M IFEERINE-—R

Feed conversion is a very complex subject

o EARBEANMEA— M FENEIERTT,
Feed conversion must not be a management target used in isolation.
— EHGIERERERET |, YRR EEEIE CRFIE @
It must be considered in the context of other performance and financial
outcomes

lOWA STATE UNIVERSITY
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HRRES VS A RN
Feed efficiency is influenced by many factors
« (AFI4ERE Feed composition

— BEE. ’ﬁ%ﬁvﬁi&& S Energy, amino acid concentration, nutrient balance
- HiheFZ=ZAIRS= Gross deficiencies of other nutrients

— (ARMINT : ##E. $U%. B8 Feed processing: grinding, pelleting, enzymes
— TEEhAsIn Feed additives

IRFISEIZE Environmental factors
— BJE Temperature
— {#E (ZImEX ) Health (huge),
— XBINUR Access to feed
¥& Pig
- ARKIEE. ERREERLL. YIEFRE. BT
Growth rate, protein:lipid ratio, starting and final weight, mortality
|OWA STATE UNIVERSITY
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mﬁsﬁﬁmﬁ Feed restriction and feed efficiency

Percent of ad lib

100 93 86 79 72 P-B
P-value

KE, Ib 264.7 262.1 261.6 262.3 264.5 0.1074
Final wt., Ib
18, Ib/d 2.23 2.03 1.68 1.72 1.45 <0.0001
Gain, Ib/d
IApERE, %F& 58.2 55.0 51.9 51.2 49.6 0.0058
Carcass fat, % DM
[BEERR, %FE 34.4 35.8 39.8 41.8 43.7 0.0011

Carcass protein, %DM

APPI IED SWINE NUTRITION



Bﬁtﬂstﬂﬁﬂﬁ Feed restriction and feed efficiency
I . S

P-value
ZE Final wt., Ib 264.7 262.1 261.6 262.3 264.5 0.1074
& Gain, Ib/d 2.23 2.03 1.68 1.72 1.45 <0.0001
BREFERE, %THE 58.2 55.0 51.9 51.2 49.6 0.0058
Carcass fat, % DM
REEAR, %FE 34.4 35.8 39.8 41.8 43.7 0.0011
Carcass protein, %DM
RER/EBRE 1.72 1.58 1.36 1.25 1.16 0.0004
Lipid:protein ratio
RiEaEF A, Mcalld 8.24 7.61 7.04 6.43 5.84 0.001

ME intake, Mcal/d
lowA STATE UNIVERSITY
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tﬁj—%ﬁﬁﬁ*%ed restriction and feed efficiency

Percent of ad lib

100 93 86 79 72 P-value

ZKEFinal wt., b 264.7 262.1 261.6 262.3 264.5 0.1074
#EGain, Ib/d 2.23 2.03 1.68 1.72 1.45 <0.0001
IAfAgRs, Y%TFE 58.2 55.0 51.9 51.2 49.6 0.0058
Carcass fat, % DM
AEERR, %FHECarcass 34.4 35.8 39.8 41.8 43.7 0.0011
protein, %DM

ER/EHREELipid:protein ratio 1.72 1.58 1.36 1.25 1.16 0.0004
RiTEER A, Mcal/d 8.24 7.61 7.04 6.43 5.84 0.001
ME intake, Mcal/d
AR E Feed conversion 2.50 2.50 2.50 2.44 2.63 0.045

OV A ST A T E U N IV E R S T Y e 2 2002
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Bﬂﬁlsﬁﬁmx Feed restriction and feed efficiency

Percent of ad lib

P-value

REFinal wt., Ib 264.7 262.1 261.6 262.3 264.5 0.1074
¥ E Gain, Ib/d 2.23 2.03 1.68 1.72 1.45 <0.0001
IABghE, %TF& 58.2 55.0 51.9 51.2 49.6 0.0058
Carcass fat, % DM
REEERR, %FECarcass 34.4 35.8 39.8 41.8 43.7 0.0011
protein, %DM

EpU/FEHBRLELipid:protein ratio 1.72 1.58 1.36 1.25 1.16 0.0004
KiEER A, Mcal/d 8.24 7.61 7.04 6.43 5.84 0.001
ME intake, Mcal/d
AR E Feed conversion 2.50 2.50 2.50 2.44 2.63 0.045
X% Days to market 95.5 102.3 123.4 120.8 144.3

IOWA SIAITE UNIVERSITY Patience, 2002
APPI IED SWINE NUTRITION e [l GYAVAYE)



ENNIREZANEoESRGRERA

How daily energy intake is divided between maintenance and gain

THEE Functions P ER Gain RigeEF A, Mcal/d
ME intake, Mcal/d

#:FF Maintenance - 2.52 (34%)
EAR (BERW) B=E 138 g/d (16%) 1.46 (20%)
Protein (lean) gain

FEfpiEE Fat gain 267 g/d (31%) 3.36 (46%)
&1t Total 862 g/d 7.3 (100%)

BIRES AT HRPEERIHEES.31 McalfiSIDHFI=E20.85% . HEIREANT0KkgE A,
ARLIZEI0g (SHIE LTI HILE= 8409/d), &5 X HFE2.20kg @, TARIER N
258 (BRREBESHIE BIEELLRASNARELE8285:1)

Assume the diet contains 3.31 Mcal ME/kg and 0.85% SID lysine. The pig weighs about 70 kg, is gaining

about 900 g/d (total growout ADG = 840 g/d) and is eating 2.20 kg of feed/day, giving a feed conversion of
2.58 (total feeder to finish growout FC is 2.85:1).

IOWA STATE UNIVERSITY
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FZRBEEHEIE | JMERBTR

National Program on Swine Feed Efficiency: Overall objective :
REEELEPHY
=7

MrinsEFFIal RIS ] |, FEIFER, E_,miFDé,?éE’JEH?%
e IR A YRS R E
Increase nutrient utilization
and feed efficiency
in pork production,

thereby strengthening the competitiveness of the pork industry and reducing its
demand on grains and proteins, through focused and integrated initiatives in
research and extension.

lOWA STATE UNIVERSITY
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EWE*ZI_? Specific objectives

1.

lOWA STATE UNIVERSITY

THEE R (EEARSREARER P ErEREsRrvER ) EAEENERM
HFR FEIEEEI To quantify the performance of pigs selected for increased feed
efficiency under corn-soybean diets when fed lower quality by-product ingredients
(higher fiber, lower fat).

THEIESERIERNRIIT/H, EEMSBENERIEES ], To evaluate the ability of
pigs selected for increased efficiency to cope with behavioral, physiological and
Immunological stressors.

H—EFHRITWIIENTE | LIS ERUEHREFIEENZEE SIS,  To develop

industry-ready tools to easily and effectively identify and select more efficient pigs.

REFREEXNEARRERIINE R LU INERYIFFERERESRBIIAR - To
increase pork producers’ awareness of the factors influencing feed efficiency and
strategies available to achieve improvement.

FRIRIER. BRutsChEE AFIERR LIRS EEREERITHTRRAR.  To ensure the
rapid and effective implementation of new technologies to improve feed efficiency both
nationally and internationally.

APPI IED SWINE NUTRITION



W22 B A EObserved FI
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gﬂ E ? ggExpected Fl I
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RFI over 8 generatlons

« RIRFEERFI=-241g/d
Y HFEEADFI = -376 g/d
o TARHEEWERFCR = -0.22

o« EIEBF =-2.5mm

o BRFLEFILEA = +1.5 mm

- YIYHIEEADG =-79 g/d

IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION

Young & Dekkers (2012)



1. ESGEARER MESNERFIRFRETERIRKEGER
RER TERIERESHRR[NE ?

Are pigs that are selected for low RFIl on higher energy
diets Stl“ su erlor when fed Iower ener diets?
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mfe (HE ) fifk&E (LE ) BRNRANSFAR

Ingredient

and nutrient composition of higher (HE) and lower (LE) energy diets

JE & Hngredient (%) i HEHigh Energy {&BELower Energy

5 {05514 K K Corn, yellow dent
= #146.5 %Soybean meal 46.5%

K5 J%Soybean hulls

F 2K Bz Corn bran

XK Wheat middlings
L-#Z BRL-Lysine

DL-Z5 Z(FZDL-Methionine

L- IR R
L-Threonine

L-45 2 L-Tryptophan
iz — & %5 Monocalcium Phos.

143 Limestone

B #hsalt

#E4E TR FVitamin Premix
W4 5 PR B Mineral Premix

AN PFPPILIEL) DVWINE INUIRITION

80.18

16.72

0.25
0.01

0.05
1.06

0.93
0.50
0.15

0.15

42.34

7.99

20.00
7.00
20.00
0.25
0.01
0.06

0.71

0.83
0.50
0.15

0.15

‘é‘ﬁlegh — 1&ﬁhl-ower —

F2DM, %

RUTREME, Mcal/kg
1$HENE, Mcal/kg
HEFCP, %

Tk R £ 4ENDF, %

LA 4ECrude Fiber, %
FLHg i Crude Fat, %

S #Phos % total

7] % F ##Phos %, available

W B Lysine %, SID

e

732 MR Threonine %, SID

E & [ Methionine %, SID

3.32

2.47

14.7

9.4

2.6

3.6

0.56

0.28

0.80

0.50

0.23

2.87

2.03

13.8

25.9

10.5

3.5

0.55

0.28

0.70

0.44

0.20




an R A BRXFE) H R BRI M Effect of line
and diet on average daily feed intake, kg/day

LRFI: ERIAR AR A
HRFI: SR SRR 8 2
2.5 N
HE: =] e D
LE: fiRE
2.0
15 HE
1.0
0.5
0.0

IOWA STATE UNIVERSITY
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Mauch et al. (2014)



i R A HRXNFH HEE R Effect of line

and diet on average daily gain, kg/day

0.8 ’ A LRFI: RFIRFKE=
b HRFI: §FRI&XE=
HE: =8¢

0.6 LE: {ik8E C

0.5

0.4
0.3
0.2
0.1

0.0

lowA STATE UNIVERSITY
APPI IED SWINE NUTRITION Mauch et al. (2014)




5 R A EDROH AR AR AR, kg B kg bR}
Effect of line and diet on feed efficiency, kg gain/kg feed

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

IOWA STATE UNIVERSITY

A . LRFI: ERIRRRE
HRFI: S RIRRRE
HE: =88

C LE: f®&e c

APPI IED SWINE NUTRITION Mauch et al. (2014)



¢&EE Conclusion #1

. FL__“]TKI%%E IR N ERFIGRERIEE!E
R{Lee HIRAT A< IEsEn] se A~ B B I,

Pigs selected for low RFI on a higher energy diet may
not be superior when fed a lower energy diet

lOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



2. (RRFIMAEECTERER ?

Are pigs that are selected for low RFI more susceptible
to illness?

lOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



3 i R R EHIR (PRRS)RE X Fi H i%iﬂﬁﬁﬁﬂrﬁ]

Effect of line and PRRS challenge on average dail

AE\%K‘ ‘%* ;/ilﬂiil/\ﬁé KEF%/\: P=0.04
Challenge Status*RFI Line: P = 0.04

60 - P=0.20 P=0.10
= Low RFI: X XK E &
" High RFI: & # & XA &
] 40 - Low RFI
< High RFI
i 30 -
B
oI 20 -
RSy
B 10 -
O _

Jr R GL2H JR L2l
Non-Challenged Challenged

IOWA STATE UNIVERSITY
APPI IED SWINE NUTRITION Dunkelberaer et al. (2013)




?E{ZISﬁ*ﬁAnti body analysis

- RBeEE5R4. 7THILIKIMEH+m

Serum samples on days 4, 7, and 11 post-infection

- BERSWR G RRIRMINE | PRRSIFERFFIEIQC

PRRS ELISA assay: PRRSV-specific IgG
— MAGPIX T3 MAGPIX Assay: ¥R Total antibody
o &R . DA MNIIGIYERIR RERIBETERIRZ ETARTE
CHIBELR
Results: both assays indicate greater increase

lOWA STATE UNIVERSITY

In antibody production from day 7 to 11

for the Low RFI line
« ELISAIX{3IE: P <0.001
« MAGPIXiZ(3&: P = 0.007

APPI IED SWINE NUTRITION



*_Ei.ﬁ Conclusion #2

- EIIREEEHR NS ERFIGmAIETERRITEE

AT ERKMRERIBEAE B,
Pigs selected for low RFI on a higher energy diet may not
be superior when fed a lower energy diet

 (RRFIMAEHRRIEE ZEERMER.
Pigs selected for low RFI do not appear to be more
susceptible to infectious disease

IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



3. (RRFIMABVEIRN NSRBI ?

Are pigs that are selected for low RFI more susceptible

—_ 1o physiological stress?

IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



S _FIRERREEEEIS ACTH challenge

«  REBAFAEIRES0.2 IVNREE(RS LIRRRZETAE Challenged .M. with 0.2 1U/kg

BW of exogenous porcine ACTH
e f1£-30, -15, -1, 30, 45, 60 #0 90 #PAT , 1ELER

EEE &S Serial blood samples collected at -30, -15, -

Rz U
Tﬁl%halamus

1, 3_0, 45, 60, and 90 min HWE (0-90)

\Eq‘%t ] [ | ¢ Post-challenge (0 to 90) >
ﬁ{%ﬁu NS YD (15 o E#& (-30=-1) | 1
ﬁée or ( - w0 Baseline I I
pituitary ié I | geh S (-30to-1
+ 1 e | O TN (04s5) [E]R (45-90)
= | Adrenal A ZIR E ! Rgst%o:;e | Clearance
BREz °omeX 5 B : I Time >
JﬁOWA STATE UNIVERSITY Jenki t al. (2013)
enkKins et al.

APPI IED SWINE NUTRITION



*_Ei . {E'EJ:E&EEE&&EIJE& Results: ACTH challenge

00 SE 800 -
600 | | . m—L.ow-RFI To0 -
g }_i = 500 1 B ﬁ”%ﬁé@% - _y 500 1
=k & ?Edc-u 1 - g 54 E s00 -
= 70 F 00w ~ <Jﬁ§m_
BE 5 200 1 = @Er E 300 -
100 = 200 -
o . 100 -
_'!-U' 13 o 15 30 4"§j\%¢|ﬁ'j gﬂ' o -
MEinwtes L HJ.gh_\; _ L_D_“___r _
Figure 1. Cortizol concentrations over entire challenge. Figure 3. _-'h.ﬁigi%é}%%nge Hﬁ?\c&ﬁm;
B 1. BEPRAIRRE KR E &3, RIAZ B A 2R E

EFERNENFRRBEEMAKESEE LRI FUARRAB F1ESKREER
NEETHE. SRRXBEXNNHNAESR, EEHSKE . Divergent

selection for RFI resulted in altered pre-and post ACTH induced cortisol response. High RFI
tended to be more responsive to this stress challenge, but recovered equally.

Jenkins et al. (2013)



*_Ei.GConclusion #3

» {E7al

[EEab
TKI_J Hb

iNE

a higher energy diet may not be superior when fed a lower

EIKERE

energy diet

» {ERFIGEIEH

1N NIEBARRFIREE T

IRAFRE

i

OJEEAREB/LE., Pigs selected for low RFI on

FEEBESEERMEIRSS. Pigs selected

for low RFI do not appear to be more susceptible to infectious disease

» {[ERFIGAZIET

Pigs selected for low RFI do not appear to be more susceptible to

FARXT SETE IV A B R

physiological stress

IOWA STATE UNIVERSITY
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4. (RRFIGFREVITHN =S ENR ?

Are pigs that are selected for low RFI more susceptible
to behavioral stress?

IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION




HMEHG;
=

it

JuE: 1.50m
K*0.50m %

Materials and Methods

L g

E e 7

Sk

Novel Object

Human Approach 4.9m

N X 154 X 4243 X 152
S W _»~ 9] 3.31-4.95m? 1.66-3.30m? /' 0.01-1.65m?
—I%J— g R‘:’g § Zone 4 Zone 3 Zone 2 ) N
!_’\‘ g g% § 3.31 to 4.95 m? 1.66 to 3.30 m? 0.01 to 1.65 m? L) 3
Y ®_ & 1
Bl Scale

1.50 m long x Door

0.50 m wide 1

Jenkins e

al. (2013)



SR | ARTRIDEREE

Results: Human approach test

e RRSRAR 60 -
B Low-RFI
g BHSRAR 50 -
OHigh-
° 40 - High-RFI <ho
c <
= 30 - 2 30 -
c © :
ol 3 20 -
= =
101 =10 -
# #
¥ o0 - £, M | | |
4 3 2 1 o JE 5
XHzZone sLEf [ Head orientation

lOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION

Jenkins £, (2013)




SR FMERIENIE Results: Novel object test

60 -
B Low-RFI 60 -
el \"_‘7 =
SEIE N
S 40 - ¥
3 i
.g 30 - .% N
= 20 1 —
& = i
o l%' 20
= 10 - =
: W
* 0 . . . | & :
4 3 ) 1 Bl [ e 5 H
X Zone Front Side Back

LB aHead orientation

|IOWA STATE UNIVERSITY :
ApPI IED SWINE NUTRITION Jenkins et al. (2013)



¢ Conclusion #4

. £ %%ﬁgE*ETLEEﬁ1EERFIDD?%T (RINEMECEE B ARAY
M EER]BEAEF/LE., Pigs selected for low RFI on a

higher energy dlet may not be superior when fed a lower energy diet

o (KRFIGREBHKATEBRZEIERIEEEB, Pigs selected for

low RFI do not appear to be more susceptible to infectious disease

o {ERFIFRARIEFFARXTEIRN EIEEUR, Pigs selected for low RFI

do not appear to be more susceptible to physiological stress

2 1E\ERFIII?II§3%5E:§EXT jjﬂ:%&%@&,uw Pigs selected for low RFI

do not appear to be more susceptible to behavioural stress

I'l'l'

IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



5. (RRFIMRBEAI~RAORESEE ?

Do pigs that are selected for low RFI produce pork of
lower eating quality?

lOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



RF g S X A RIS
Impact of RFI line on measures of meat quality

R Trait RER&RAR | BRSXAE
LRFI HRF| P-value

pH, 48 h

KRR

Drip loss, %

ZELCook loss, %

HABIEColor score

A XEA/LMarbling

Score

BETESFirmness
score
IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION

5.65 5.64 0.61
(5.60, 5.59) t (5.59, 5.68)
1.34 1.60 <0.01
(1.18, 1.51) (1.42, 1.80)
15.73 16.44 0.10
(0.41)* (0.42)
2.0 2.3 <.0001 + 95 %E.%-lzﬁzﬂ
(0.2) (0.2) FROEIRE
1.3 1.4 <0.05 T 95%
(1.15, 1.39) (1.31, 1.58) Confidence
Interval
1.4 1.5 0.23 * Standard Error
(1.19, 1.56) (1.26, 1.66)

Arkfeld et al. (2013)



(RRFIMFANEEFTAEEIRITRIRCIR

Impact of RFI line on proximate analysis of loins

MR Trait EFRREXEBELRFI | SFRRXBE P{EP-
HRFI value
%7K 4> Moisture 73.68 73.26 <0.0001
(0.07)* (0.07)
% BERELipid 1.30 1.70 <0.01
(1.01, 1.68)t (1.32, 2.20)
% FEHProtein 23.93 23.97 0.63
(0.10) (0.10)
T 95 BEEXIE

“FrEIRZE

T 95% Confidence Interval

* Standard E
lOWA STATE UNIVERSITY andard Error
AprPl IED SWINE NUTRITION Arkfeld et al. (2013)




(RRFImANBESRREFIERIRIN

Impact of RFI line on sensory traits of loins

LRFI HRFI P-value
9.80 9.34 <0.05

(0.16)* (0.16)
W Tenderness 9.11 9.18 0.84
Eencemess

(4.39, 5.49) (4.36, 5.48)

(0.12) (0.12)
ShROff flavor 0.39 0.34 0.42 >

T 95 BEEXIE

E48 5 4.75 4.73 0.87 Interval
(4.56, 4.95) (4.55, 4.93) TR

lOWA STATE UNIVERSITY Standard Error
A Arkfeld et al. (2013)
PPl IED SWINE NUTRITION




**iGConclusion #5
I(E %%%E*E_FLEEI’J{EERFIDD,?%T_"][IMEE SRR AR B

Pigs selected for low RFI on a higher energy diet may not
be superior when fed a lower energy diet

o {EERFIDD?%? F<EEEZEIEREERR, Pigs selected for low RFI do
not appear to be more susceptlble to infectious disease

o {EERFInn??%? FXTEIBRMNHE U, Pigs selected for low RFI do not

appear to be more susceptible to physiological stress
o {ERFISGEEBFRITIT AN ENERURL, Pigs selected for low RFI do not

appear to be more susceptlble to behavioural stress

. é*—b&z‘_‘ﬁ'ﬁlﬁ SHIBERRELETS E%ﬁ% , REFEIXEE
_ Pigs selected for improved feed efficiency were slightly
|nfer|or In some aspects of meat quality, but where those differences
exist, they are small.

IOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION




gtieConclusion #5
- IR T ORI e A E RO LRI T

o Pigs selected for low RFI on a higher energy diet may not be superior when
fed a lower energy diet

o [KRFIREZEBHKEEEZEIERIMENE. Pigs selected for low RFI do not

appear to be more susceptible to infectious disease

* 1&RF|%§%%$X§$¥E@%&E&@O Pigs selected for low RFI do not appear to

be more susceptible to physiological stress

o (KRFIBEBFHERITITHMNEIERUK, Pigs selected for low RFI do not appear to

be more susceptible to behavioural stress

- ATHNEREFBEERMESHIEERRELETERE  REFEXEER
1@;55{E/J\° Pigs selected for improved feed efficiency were slightly inferior in some
aspects of meat quality, but where those differences exist, they are small.

lOWA STATE UNIVERSITY

APPI IED SWINE NUTRITION



Eﬁmﬁ ( 33% ) Extension component (33%)

PR

o AR :
o = M TIRFE/R L At

Published by
Wageningen Academic

Publishers

To%, WAPSHHE
Available on
Amazon, WAP, etc.

IOWA STATE UNIVERSITY
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|+ | & www.swinefeedefficiency.com

Presentations Events

RFI Project Contact Us

Home Page

Our long term goal is to increase nutrient utilization and feed efficiency in the pig, to strengthen the competitiveness of the
pork industry and to reduce its demand on grains and proteins. We will use a truly multi-disciplinary approach in this
project, including nutrition, physiology, microbiology, behavior, immunolegy, quantitative genetics, swine genomics,
proteomics, transcriptomics, bicinformatics and statistics. Through this grant, we will develop new knowledge and new
tools to benefit our pork industries and agriculture in general.
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