The effects of amino acids and their ratios to lysine, and
net energy concentration on growth performance,
carcass composition and feed cost of finishing pigs fed

low protein diets

(REQBRPRERS S, aBRSMIAMRLL , RERAESENEIE
SIS IEREFN IR H R RISZ I

Evonik Nutrition & Care GmbH, Germany
October 25, 2018

Dr. John Htoo
Director Global Technical Support (Swine)
| ) ; : '}

: m*r..-";'r;"

@ evonix




Outline K¢

= I[ntroduction
-1H

» Effects of amino acids and their ratios to lysine on performance of finishing pigs

- AElE, aRRSHMARILFIEREERKEEIRD

= Effects of net energy concentrations on performance and carcass traits of finishing pigs
« FEEI B IERE E I EREFIIRE mERAY R
= Effects of low CP, AA-supplemented diets on performance and carcass traits of finishing pigs

- A= EERAYEER BR SIS EGEFIRE mERR R IR

= Effects of low CP, AA-supplementedrdiets on feed cost and N excretion of finishing pigs

- (ARSI EEEAEER BRI S IEE A AT HER AT

= Conclusion and implication
- GieSRE

2 Outline



Introduction: current challenges of commercial pig production
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Consequences: increased regulation toward minimizing N/P pollution

St : I ERER SR ERK

o EU: 20% reduction EREE:HE20%

GHG emission target (2020 vs. 1990) RESISHEMBNRE (2020vs.1990 )
o
o Germany: 40% (1,252 mil. ton CO,e) © #EE:40%(12{25200/3FE—FA1tiX)

New fertilizer ordinance (2017) FACHE1(2017)
o France: 12% reduction from agri. o EERALFHFL2%.
Ny .
GHG emissions (2028 vs. 1990) SRV 2028vs.1990)
Solutions to mitigate pollution ERSRAIBERTR
0 Low CP-AA diets o HRNMAEERIEERBR

(minimize N output; improve efficiency) (FHEPERIRAR | IRREE )

o IRMNECRYEk & LRI ITRIRY ( BHRi |
DDGS...)

o =EED (5Fh)

0 Increased use of alternative / local
feedstuffs (insect meal, DDGS,...)

0 Genetic potentials (breeding) o B, ISR | ASAETTEREES & -
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o Enzymes, probiotics, prebiotics, or acids MetAMING' [ o T § 1
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Genetic trends for backfat, loin and FCR at 100 kg (1980-2010)*#
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Genetic Trends for Backfat at 100kg
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Through improved breeding, i.e. continuous selection for lean gain, today’s modern pigs are much leaner (less fat) and grow faster compared with pigs of 15 years ago (CCSI, 2010). 


Meeting the animal’s nutrient requirements

i

SENYINESSR

For optimum g

pig’s diet must contain adequate quantities of all nutrients, including AA.

7973%%?1*8’]%&&55 : %EI’JL]#EEIJM\EEAEE@ZEEG%“BE’J*?%§ AIESER,

Animal‘s requirement

PRI K

Supply via feed
TSRAMR

Key nutrients KEESFF |

Lys

- Water 7K 5
« Amino acids FELS R

- Energy: BEER
carbohydrates and lipids
B SHFIRESE DI
e Minerals: # ¥&
macro and micro EETTEMHETE
s Vitamins: #4s=

fat soluble and water soluble

RRE IEFIKETE

Introduction

* body protein synthesis
NI ERRS R
* Maintenance (<3%)
#EFF (<3% )

e first limiting AA
F—IRGIMRER

e most studied AA in pigs
RSB R & 2RV R EER
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Importance of adequate dietary energy on performance and feed cost
FERBREEEXEIK TN RIS R

Energy is the most expensive portion of the feed, and it can affect feed intake, nutrient utilization, and
performance.

REERAMTHERRNED , FEESFMXEE. FoFBERIERNMS

Finishing pigs (70 kg to slaughter BW), consume 50% of the feed in weaned-to-slaughter pork
production, affecting the profitability.

BIEEE 7Okg§Ut|:.'1‘iEl’JI3ﬂEx : L—_J7|‘—|-E|’J HFES LI SR HA=2 kT ERAN50% , XIFGEERABIEm,

Among the energy systems, NE considers heat lost associated with metabolism.

EREERFT , FRERFE R T EFMFAEERETRERIAE.

Published data on the optimal NE levels or SID Lys:NE ratios in pig diets are scarce.

T R IO S o o7 LA B 5 S O LR R .

Optimal dietary levels of AA and energy should be |nd|V|duaIIy evaluated (Cline et al., 2016).

RIZE P R R S B K ATRERKE (ClineZEA, 2016).
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Reliable estimates on the requirement of Lys are needed to assure optimal pig performance.


Review of SID lysine requirements for 80-125 kg finishing pigs (n=5)
80-125 2 S IEELliatR &l HA IR BRI T EE AR 45 (n=5)

kg 12 ADG ADFI G:F % diet mg/g ADG

HifE HRX\|EE HERERL H Hi =
55-116 G 850 2730 0.31 0.73b 23.5 Cline et al. 2000
78-103 G 916 2545 0.36 0.72 20.0 Main et al. 2008
84-110 G 980 2540 0.39 0.89 23.0 Shelton et al. 2011
95-122 B 1095 3508 0.31 0.63b 20.3 Arouca et al. 2007
95-125 B 1081 2940 0.37 0.74 20.6 Santos et al. 2011a
80-125 0.74 Average EH(E
80-125 NRC, 2012

aB = barrows, G = qilts.
aB = LY G =/
bSID Lys was calculated from total Lys content assuming 88% digestibility.

“RIIFtNER BRI RH SRR ESE | HPRIRBETER88%.

Lysine requirements for finishing pigs
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Review of SID lysine requirements for 80-125 kg finishing pigs by regressions
1823534 3380- 1252 FriE B3 blistn & nliB IR IR B R ENHAFT 25

BW Sex Breed? Optimal performance Optimal SID Lys Model Response Reference ) ADG (% of max. response)
: e N TR (AEAERIHE%.) :
55116 G nia 850 2730 031 | 073 235 QBL ADG Cline et al. 2000 o,
78103 G PIC 916 2545 036 | 0.72 200  ANOVA ADG, G:FF Main et al. 2008 4 A s .
84110 G  PIC 980 2540 039 | 0.89 230 BL ADG Shelton et al. 2011 ¢ .
95122 B  PIC 1095 3508 031 | 0.63' 203 Q ADG, GF  Arouca et al. 2007
95125 B  PIC 1081 2940 037 074 206 QBL ADG Santos et al. 20112 90 1 ——ADG
80-115 0.74 215 0.749% pverage R o Cline et al. 2000
ine etal.
ADG (% of max. response) —4—Main et al. 2008
£ = o /
100 - :Izig E:tﬂaﬂg ( *ﬂﬁk{gﬂglét{g é ) + 80 - —+— Shelton et al. 2011
a A i -
‘ . T . y =96.6 -129.8 (0.78 —x)2 : —i—Arouca etal. 2006
- SID Lys =0.78%
\ 90 - ADG —4+— Santos et al. 2011
' s —4—Cline et al. 2000 70 ! . . v | . .
‘ —+—Main etal. 2008 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2
- y=96.7 —51.2 (0.70 = *) : —_
80 - :  SID Lys =0.70% “ —+—Shelton etal. 2011 sDLys (%) [EfZFRERLEIEER
. —a— Arouca et al. 2006 -
Lit. average (table) 0.74 %
- —4— Santos et al. 2011
70 . - . . . ‘ . Regression (BL, QBL) 0.74 %

05 0.6 0.7 0.8 09 1.0 1.1 1.2
sID Lys (%) [B]fZfnERT BV ERSER

NRC, 2012 0.67%

Lysine requirements for finishing pigs




|deal (optimal) AA ratio concept by
B8R ( =1ERY ) AEERLLHIEEE: W

“A perfect pattern of AA in the diet without any excesses or deficiencies”.

‘ BiRhRENSERENRE—SBAZS—tA D |, g2,
* Lys: set at 100% (other AA as % of Lys) Hi&ER : iIREMK100% ( i@ EERLUMSRERFAHEXE%FRED )
« should be based on digestible (SID) AA M LAEGt~ER B S EES I EM
« applied by swine industry EJ#FE3E VSRR FEEY

v’ Introduced by ARC (1981) RKFARFERS (1981) 3|

The optimum dietary amino acid pattern for growing pigs Ideal Amino Acid Pattern for 10-Kilogram Pigs'

1. Experiments by amino acid deletion

BY T.C. WANG AND M. F. FULLER T. K. Chung? and D. H. Baker
Rowett Research Institute, Bucksburn, Aberdeen AB295B

Department of Animal Sciences, University of Illinois, Urbana 61801

(Received 16 August 1988 — Accepred 20 January 1959) J. Anim. Sci. 19902. 70:3102-3111
FRESENHRRERET] 10~ ER 2RI
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First and next limiting amino acids in pigs
EAVE— M T —MREIEREER

The synergy: 1% phase 2" phase 39 phase 4" phase
. Lysine Lysine Lysine Lysine
Uiz HEER HEER HEBR Lysine #EER
Progress of " B
nut%tional Threonine Threonine Threonine Threonines> St
concepts: AR HER R
%'_?A%Xl)_'u/_'\ﬂg Methionine Methionine
HE : principle of the “ ng-ltd firrlitin amino acid” >
T IREIMRER" HRE
) = Protein synthesis is “all or nothing”.

EHRAIGH “18E0"

= First limiting AA = AA with lowest amount relative

Liebig’s requirement, and limits PD.
barrel FIREMRERARERPEARZN—F , FESF
At e PR AT T H RAYFI =R

= Lys is the first limiting AA in typical pig diets (before Thr, Met
and Trp, Val and lle)
EEZrEARTRRRES IREITEER (EHaE
HalkR  aalk  AERHES2RZAE)

. Effects of amino acids and their ratios to lysine on performance of finishing pigs



Roles of threonine
HRAELAMER

KRN A =
(HEER  AFE10%) ,& BEE : BEMII30%
Thr Immunoglobulins Mucins in epithelium
=l (Thr: 10% in milk) (Thr : 30% of AA) Lien, 1997

= second- or third-limiting AA
B /=RAIMERERR
*= mucosal proteins and mucins
RIRERI LMK ER
" immune system

RIRRGE

12

Bowland, 1996
Absorbed Thr

IR Y YT EER
40%

Dietary Thr

Small intestine
N

Simm \”_ -l —

H

Yl
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BB _60% | REGHAIRKRYAER AR

JPD V7B 20 B sl 4 I KT | FE

§ F¥RehH SR — =1 H 25 BN L 4 [ K7 7
% Utilization of dietary Thr in the first pass by the PDV* of pigs

* Portal-drained viscera
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Optimal Thr:Lys ratio estzmates of finishing pigs

Stoll et al., 1998
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Reliable estimates on the requirement or optimal ratio of Val and in AGP-free diets are needed to assure optimal pig performance.


Effect of dietary SID Thr:Lys ratio on performance of 73- to 96-kg pigs fed AGP-free diets under commercial

facility (Xie et al.,

95};|,¢§’4=-l;:451

2013)

"f'JE*EFPSID?J"\ FXI73-96 2 Fr A mad& SIS T RERISZ IR

#Corn-soybean meal, wheat bran (AGP-free) based diets (SID Lys = 0.61%; CP = 10.5%); 5 rep (6 barrows) / trt.
i HRNER-ER-ZH5E ( TREREKEHN ) ( BipnEEHzE20.61% ; #H5EH10.5% )

¥ ADG, g/d f3 FCR, g/g
13 . - |
Curvilinear-plateau )
g 990 y = 898.6 — 0.07 (85.7 — x)2 4 320
i o =096 %
900 - 310
4
Curvilinear-plateau
850 - 3.00 - 2.93 +0.0003 (75 — X
2 =0.91 .
8001 | caneas ) 290  Beakpontfrie ¥ i s
=092 292+001(70.7-x) :
: r2=0.94 : :
750 . ¥ —Y . 2.80 . ¥ ¥ . .
51.0 61.0 71.0 81.0_ ‘ 91.0 51.0 61.0 71.0 810 - 91_;9_/_
Dietary SID Thr:Lys, % [EIFAFRER B RER STRARBRAILLZR  Dietary SID Thrilys, %@% /\Eﬁ'&ﬁ fggg_z—a
v Average optimal SID Thr:Lys for ADG and FCR was at least 71%. i
13 EFMERENTY A SEERNEER | BFREr S S BR R SRt = EE D AT1%

Optimal Thr:Lys ratio estimates of finishing pigs



Effect of dietary SID Thr:Lys ratio on performance of 90- to 118-kg gilts fed AGP-free diets* (Ma et al.,
2015a)
TinERE R (EHA BRABSIDT:#iX490-118 2 Y v E K EERISZ N
#*Corn-wheat bran (AGP-free) based diets (SID Lys = 0.51%; CP = 9.5%); 6 rep (3 giits) / trt.
HARAEK-Z5E ( TIREREKEHR ) ( BiaimERLECEEER0.51% ; #HEH9.5% )

ADG, g/d FCR, g/g
3} Break point (=
9 10001y =985-132(B1.1-x) sl 4.20
= r2 = 0.99 : L4 - y Bt
i%ﬂ . d 4.00 -
= _ ==
950 - :
: . 3.80 -
» Curvilinear-plateau = -4%
: y=9825-1.01 (63.& Curvilinear-plateau
' 12=0.99 160 - 3.36 + 0.003 (69.2 — X)
900 - : ' ?=0.96
240 - Break pomt@ L J
' 3.37+0.075(62.8-x) :
P 2=0.95 ; ; R
850 . —+ ¥ . . 320 . — ¥ . .
50.0 55.0 60.0 65.0 70.0 _ 7{5.0 - gg._ﬂ 50.0 55.0 60.0 65.0 70.0 _75.0 80.0
Dietary SID Thr:Lys, % BIRZTRERLBAHRER SERRERAILLZR  Dietary SID ThriLys, % Iﬁlﬁégﬁx a] % %@“ﬁ
RERBLHILL

v Average optimal SID Thr:Lys for ADG and FCR was at least 67%.
N SIRERENIIHIESEMEREAE | Bt ErL AU O REAMRERAI LN EE D67 %

Optimal Thr:Lys ratio estimates of finishing pigs



Review of optimal SID Thr:Lys ratios for 80-115 kg growing pigs (n=4)

80-115 KB RIESIDH- AR S5

15

Optimal SID Thr:Lys

o osex o ¥S o UNLS 0 ABY  SEEGIREREE Reference
wE R B S EEHIERLLE

MR >0 70) i 0
kg 23] Bl T AT mEE (%) 5|F
65-100 M 0.61 5410 72 (-) 69 Ettle et al, 2004
72-104 B 0.61 56 to 77 ) 71 Xie et al., 2014
90-118 G 0.51 54 to 78 (-) 67 Ma et al, 2015a
95-125 B 0.81 58to 73 (+) 65 Santos et al., 2010
80-115 Average FH14
75-125 64 NRC, 2012

aB = barrows, G = gilts, M = mixed-sex. 2B = @3, G = /©NPIE, M = [BEF
bAB = Antibiotics: (-) refers to without AB and (+) means AB was added in the diet.

PAB=114£% ; (-) BRERIMESE ( +) BERERFIIARESR
Optimal Thr:Lys ratio estimates of finishing pigs



Roles of sulfur amino acids (Met and Cys)

aSnasl (HEai+FHal ) BER

Met
BRI
= second- or third-limiting AA
58 Z 5 5 = PRI =EER

= can supply Cys AJLUE(LRFEDTRER
Cys
S o8l

= synthesis of compounds important for
Immune response, i.e. glutathione,
taurine and acute phase proteins
(Litvak et al., 2012).

58S RENEBXEIIRIE
F2H5 , NABHRL |, a3,
EH(Litvak et al., 2012),

16

Oxidation Sulfate

Methionine

4 = REY

f;'-: EE%E& \ ........... > Methylanon

\ﬂ (S-Adenosylmethionine,
ﬁ”#ﬂfsﬁ@”“’ S-Adenosylhomocysteine)

Homocysteine
228 Serine

SRR
S-IR B

"l Cystathionine B-synthesase, CBS
K HO BEREE-B- S

Cystathionine
\|s t W/

i i Transsulfuration
I Cystathionine y-lyase, CGL HHR{ER
VA= i
e Es Cysteine

—/

Glutathione

2]t (urine)  (body / urine) ~(Dody
FRERER B BHHAK

(FR&) (HUR/ERAR ) (HUR)

Optimal SAA:Lys ratio estimates of finishing pigs



Effect of dietary SID Met+Cys:Lys ratio on performance of 96- to 120-kg pigs fed AGP-free diets under commercial
facility (Ma et al., 2016)
ZZMERERKEHT BEPSIDESHAEE: HMAEEXT6-120 2 FrAIE@ M K EEERIF D
#Corn-wheat bran (AGP-free) based diets (SID Lys = 0.51%; CP = 8.8%); 6 rep (3 gilts) / trt.
EARNER-Z5HE ( TREREKEHA ) (EpFETBAHEER0.51% ; ¥HEHS8.8% )
sz ADG (g/d)

13
H
i

2]

17

930 -
925 -
900 -
879 -
890 -
825 -
800 -
775 -

750

*t 4.00
Y = 893.1- 0.694 * (60.93— X)2 23
r2 = 0.954 1,
b 73
¢ T 3.80 A
3.60 -
Curvilinear-plateau 340 -
| ' 3.20
45 50 99 60 - ﬁYE{’, "
. . . MEABA TR
Dietary SID SAA:Lys ratio, %Eﬁ&%ﬂ%ﬁﬁﬁ&*ﬂ’ﬂtbﬁ

v Average optimal SID Met+
BIREHERFY HIGEFEr

Nntivnal CAATvic raatin octivmntoc nffAnichinma ninc

Cys:Lys for ADG and FCR was 62%. L 2
=, B S e RS BRI E (B H62%

Y =3.38 + 0.002 * (602.5- x)?
r2=0.847

Curvilinear-plateau 562.5%

50 55 60 65 . .. 10
Dietary SID SAA:Lys ratio, % gﬂﬁg‘g@gﬁ%

1L
- EERAYLER



Review of optimal SID SAA:Lys ratios for 80-115 kg growing pigs (n=4)
80-115 A KB RIESIDE AR AR S5

BE S s e lem AP°  BSsmmERTAGammEE Reforence

kg 23] (SID, %) mMER (%) 5IF

53-105 M 0.48 44 to 69 (-) 61 Roth et al., 2000
84-110 B 0.94 54 to 66 (+) 60 Pena et al., 2008
95-125 B 0.75 57 to 73 (+) 57 Santos et al. 2011b
96-120 G 0.51 48 to 68 (-) 62 Ma et al., 2016
80-115 Average P14{HE
75-125 58 NRC, 2012

2B = barrows, G = gilts, M = mixed-sex. 2B = @34, G = /\&I&, M = jBEF
bAB = Antibiotics: (-) refers to without AB and (+) means AB was added in the diet.

PAB=fEXRK ; (-) BEWRERINESE (+ ) ERERFIMARER

Optimal SAA:Lys ratio estimates of finishing pigs



Roles of tryptophan

BRERIER

Trp
B

= fourth-limiting AA

HIURSIMRER

" immune response
FIENE

= serotonin

il

19

Bk BliH4RI66%
(BIE{LAY )  66% of digested!
® Tryptophan

(digested)

"Heger et al. (2002)

Body protein Ry
deposition (PD) H-MZISEEEEIJI}-L RS

95%

YEEEXR Melatonin

IDO ( REiig ) RERERIBRET

MEYVES TEERERIEE AR
IDO {lmmune cells) is induced by

cytokine interferon-y during immune
""""""""""""""""" stimulation <

IDO; ﬁ‘-‘f‘fﬂiﬂ’@(

Immune proteins, e.g. haptoglobin, are

high in Trp
BRER , MIREH  EheEaRNSERS

Optimal Trp:Lys ratio estimates of finishing pigs

BRR-2,
/Me 2,3-dioxygenase l Trp 2

; immune cells)

é DO
13|52 2,3- SN E

(TDO;

REER-3

— I =
3-Hydroxy kynurenine

Eo

3-Xpn&adEEs TDO;RFAE

, 3-dioxygenase

liver)

APRER

—» Kynurenic acid

e B R

Kynurenine 3-hydroxylase

- » Xanthurenic acid

HEFRER

ynureninse

S N

Quinolinic acid

> CO,

“| K

Niacin (Vit. B.)




Effect of dietary SID Trp:Lys ratio on performance of 89- to 121-kg pigs fed AGP-free diets under research
facility (Ma et al., 2015) FiERERREFBIEPSIDE:#fiX189- 1212 FrAdr M £ HEEAIRZND

#Corn-wheat bran (AGP-free) based diets (SID Lys = 0.51%; CP = 9.6%); 6 rep (3 gilts) / trt.

AR NER-ZEHE ( TNEREREHR ) ( SID#EER0.51% ; ¥HEH9.6% )

sz ADG (g/d) _ FCR(g/g)
[a
£ 10007  y=9767-412%(17.5-x32 * <t 4.00
Elﬂ 975 =093 % Y =3.27 +0.015 * (18.3— X)
- =3.27 +0.015 * (18.3- x)?
= ¢ % 3.80 - r2=0.90
] : 4 2R
950 -
975 | 3.60 -
900 - 3.40 - Curvilinear-plateau
875 | Curvilinear-plateau 4 ¢
3.20 -
830 - ‘
825 . . — % . 3.00 . . . S
10 12 14 16 18 ﬁ 12 14 16 18 20
%hé%%%éﬂ . 2 T
Dietary SID Trp:Lys ratlo % B S EAHI L =R Dietary SID Trp:Lys ratio, % s E%ﬁ%@&&l’]tbfi
v Average optimal SID Trp:Lys for ADG and FCR was 18%. X
2 BIR1E& iE’JSIZi’]EIi*EW ﬂﬂiﬁ%z BIfztnER B B RERF IR ER AL R I(E/918%

Optimal Trp:Lys ratio estimates of finishing pigs



Review of optimal SID Trp:Lys ratios for 80-125 kg growing pigs (n=10)
80-125 A ERBRIESIDE HMPAR DS

21

BW/{FE Sex2 ﬁﬁ%%éﬁ‘é g L%/ms ABP Op%?}?&g%l%%?ﬁﬁ%ys Reference

kg 321 5] %*,(]—S;;E’E}? = MER (%) ik

55-110 G 0.55 15 to 24 (-) 19 Van der Aar et al. 2012
66-124 M 0.78 15t0 19.5 (-) 195 Salyer et al. 2013
67-96 B 0.61 13.1t0 26.2 (-) 29 Xie et al. 2014
80-105 B 0.52 11.5t0 23.1 (-) 19 Guzik et al. 2005
80-115 G 0.56 12.3t0 22.9 (-) 20 Eder et al. 2003
89-114 B 0.55 10.9t0 21.8 -) 15 Kendall et al. 2007
91-123 B 0.55 13.0to 23.5 (+) 20 Kendall et al. 2007
99-123 B 0.55 13.0to 21.0 -) 17 Kendall et al. 2007
89-121 G 0.51 12 t0.24 (-) 18 Ma et al. 2015b
107-125 G 0.75 14.5 t0 24.5 (-) 19.8 Goncalves et al. 2015
80-125 Average SEI(E
75-125 18 NRC, 2012

2B = barrows, G = gilts, M = mixed-sex. 2B = @3, G = /N\&IE&, M = JBEF
bAB = Antibiotics: (-) refers to without AB and (+) means AB was added in the diet.

PAB=HEER ; (-) BEWRERINES (+ ) EXRERBRFIMARER

Optimal Trp:Lys ratio estimates of finishing pigs



Roles of branched-chain amino acids (Val, lle and Leu)
XERETEAER (SR , RRABENSAE ) S
=R Bl Gak

Val lle ‘Branched-chain amino acids

RS RESH Leu> (e >
= are 51 and 6t limiting AA %E%/\BE%M&%EE’& o-fiK—ER a-ketoglutarate % I

B8 Glutamate Reversible transamination
i XEo-ERER
Branched-chain a- keto acids

a-keto a-keto a-keto
isocaproate ﬁ-methylvalarata |sovalerate
o RRAER SRR CREERARR, ,,

T
? BCKA dehyd rogenase
“&hk CO

Leu

=R

= regulation of muscles ﬁroteln synthesis

EENEBRS

» signaling through activation of mTOR decarboxylation  FATIAEIEALBIE

X 2
\ \\ : : E = : : E 2 b >

it HEM TORE SBETE (IR RE4HH Ty AT
A EIREREEEH (mammalian target of rapamycin,mTOR)

zem/  salEm \ i
(Leu) (le)
A | CoA Propionyl CoA )
Ac%i%;é@%e?ate Acetyl CoA Propionyl CoA
& A PRINBREA BB A ST :

22 Optimal BCAA:Lys ratio estimates of finishing pigs



Effect of dietary SID Val:Lys ratio on performance of 71 to 92 kg and 94 to 119 kg pigs fed AGP-free diets under
research facility (Liu et al., 2015) FinEEREKEHBRPSIDER:#%I71-92 2 f194-119 2 RS sasE A I IEsERY =2 I
#Corn-whgat bran (AGP-free)J_based diets (SID Lys = 0.71; 0.57%; CP = 9.2; 8.3%); 6 rep (5; 3 pigs) / trt.
i AMRATR-ZEE ( TInERERKEHT ) ( BigiRERLECEEER0.71% ; 0.57% ; ¥EH9.2% ; 8.3% )

s G:F G:F
= 0.275 - iE’ 0.275 .
£ 0 Breakpoint = 68% g "<V  Breakpoint=68%
5 y = 0.259 — 0.001 (68.1 — x) £ y=0.265-0.001(68.1-x) -~ 4 .
ﬂél:—ﬁl' r-=0.97 7S *SI' r2=1.00 —
tt
0.250 0.250
71-92 kg 2?;19 k9
Igs
Curvilinear-plateau = 70% : P'9 Curvilinear-plateau= 70%
0.225 - y = 0.258 — 0.0001 (70.0 — x)? i 0.225 - y = 0.263 — 0.0001 (70.0 — x)2
r2=0.97 r’=0.96
0.200 | | . . 0200 | | ' |
55 60 65 70 o 75 55 80 85 70 75
Dietary SID Val:Lys ratio (%) [EBAI/ERTHLER= Dietarv SID Val:Lvs ratio (%) EIABAVE R BAERR
B SRR HILL yoIDValLysrato (%) ge Smemmesory e

v Average optimal SID Val:Lys for G:F _of‘fini§hinghp/lgs was 69%. .
ol B S RO B R LU R TS B B S T RO A (E969%

Optimal Val:Lys ratio estimates of finishing pigs
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Review of optimal SID Val:Lys and lle:Lys ratios for 80-125 kg pigs
80-125 KB RESIDER- iR SIDR = HMRH T S8

Lys Leu:Lys Optimal ratio
a b <t =
BW {25 Sex SDBC WEE = 2= Reference
IRETFIR (SID, %)
1 I:Il INTS = » ) 0
kg Gl 1 S - . SR
SID Val:Lys, %
SID4:Hfi
71-92 M 0 0.61 128 70 Liu et al., 2015
94-119 M 0 0.51 141 70 Liu et al., 2015
75-125 65 NRC, 2012
SID lle:Lys, %
SIDS =1k
97-122 M 0 0.52 148 53 Fu et al., 2005
90-120 B 3.9 0.52 238 60 Fu et al., 2005
75-125 53 NRC, 2012

aB = barrows, M = mixed-sex; P'SDBC = spray-dried blood cells.
B=FL¥E , M=]EEf ; "SDBC=MET)EMMEK
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Summary on SID Lys and optimal AA:Lys ratios for 80-115 kg pigs 5 )7

80-115 2 Fr RS R IERISIDINE B R SID S A B INE AL S 45 <\
BW (5= SID Lys SID Lys Thr:Lys SAA:Lys Trp:Lys Val:Lys lle:Lys Leu:Lys

SID§fiEs  SIDHf=ES Hoit SH=m - &8 a0 : i Bl =:#
kg ;)/E(;;:F nTg%gEﬁz% SID,%  SID,%  SID,%  SID, % SID.% gip o

=H
Literature - 24 21.5 68 61 19 70 53-60 107
ik

Evonik 0.72 70 65 19 68 55-60 100

= Lysine requirement has increased over the years for today’s high lean pigs.
fEEIAESEREFRENNSEREEBIEEEEIN  ENHMRUERAIF KBS,

» These values could be used for applying the “Ideal Protein” concept for AGP-free feed
formulation.

XEFIREATLIGES "ERERR" ESNAELREREREHAAERES .

Effects of amino acids and their ratios to lysine on performance of finishing pigs
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Effects of NE and SID Lgs concentrations on performance and carcass traits of 60-100 kg finishing pigs
(Htoo and Morales, 2017) ESAEsE
"REEEFEBRET EAIRFERT60- 1002 A S IBE 1< 1 EEFN AR S R A2

=y S8 Ingredients Finisher
o 288 pigs (PIC GP1050; initial BW 59.2 + 0.44 kq) \,

2883L%% ( PIC GPLO50;J#AKEES9.2 + 0.44 kg ) =X 66.55
o Duration; 45days iR3&ATiE : 45K E1is) Soybean meal 11.06
o 6 replicates (3 barrows and 3 gilts/pen)/ treatment . .7y Vheat bran 20.00
FMMBEAES ( SEENE=HINSE ) 7R AN =Y 7 N DCP, CaCo,, salt, L 03

o 6 diets based on corn, SBM, wheat bran EitARIYNEK-SH-ZE48 iyl premix '
« 2 x 3 factorial design 2x3 ZFZiGiT B ESF N N L-Lys.HCI 0.263
BIRY-S¢=1i7 DL-Met 0.071
SIDLys,% NE,MJ/kg NE, Mcal/kg BtV L-Thr 0.110

EIBtRETESE #E8 M)/kg #EE Mcal/kg L-BER (R o 0.011
m m 2o NE (MU/kg) 9.40
w =] CP, % 14.12
_i)\ m N D) iiE=tizd SID Lys, % 0.70
é Shi SEC17] SID Met, % 0.26
>/5)—'>/ N, NDEEETEE S elizd SID Met + Cys, % 0.47
m ¢ Syt SID Thr, % 0.50
f *Analyzed values. N [p)=t=rig SID Trp, % 0.14
A ] SpL=2=x=F"4 SID lle, % 0.43
N IsViiEstiz] Total Lys, % 0.84 (0.85%)

« Corn was increased to increase NE replacing wheat bran FERBRELF KRS F6EE [Pl Ge, vu/kg 16.39*

Effects of net energy concentrations on performance and carcass traits of finishing pigs



Effects of NE and SID Lys concentrations on ADG and ADFI of 60-100 kg finishing pigs (Htoo and
Morales, 2017) r#EEFISIDEiFEEYT60-10022 B IERFIIRIZSEHFEIIARB =M

950 2300 -
P (Lys): 0.004 P (Lys x NE) =0.38 P (NE): 0.20 P(Lys): 0.13 P (Lys x NE) =0.63 P (NE): 0.76
A
900 892 2200
¥ ’ ¥ 2128
15 § 854 3 2103
= o 80 g 852100 2065
V) o7 W
a4 Xa
< I 2007
B g E 2000
==K
750 1900
0.70 0.70 9.40
700 1800
SID Lys (%) NE (MJ/kg) SID Lys (%) NE (MJ/kg)
SIDEREER $Ee SIDEHE R 1$He
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Effects of NE and SID Lys concentrations on G:F and grow-out days to slaughter of 60-100 kg
finishing pigs (Htoo and Morales, 2017)

rREEFNSIDHi=ERYT60-100 2 FriY S ACE IR EFEH LI B =X RIS

0.500 - 60 -
P (Lys): 0.048 P (Lys x NE) =0.49 P (NE): 0.67 P (Lys}: 0.01 P (Lys x NE) = 0.98 P NE) = 0.62
A §' A
0.46
" 0.451 @ 56.6
0.450 - X
= 0.436 JE5 553 g 55.2
= : 043 = O 55 B
=0 0.418 x zH 53.8
H & 5
E, 0400 - -
B
- 2
/N O
f__T_ w50
o]
0350 - ~
>
A
0.70 9.00 0.70 9.40
0.300 45
SID Lys (%) NE (MJ/kg) SID Lys (%) NE (MJ/kg)
SIDFHEES i SIDFHEER i
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Hot carcass yield (%)

Effects of NE and SID Lys concentrations on hot carcass yield and lean % of 60-100 kg finishing

pigs (Htoo and Morales, 2017)
;ﬁ EHISIDEREESRT60- 1002 A0 B AR A SR 2 YRR S2 I

85

80

75

70

65

29

70.0 -
P (Lys): 0.27 P (Lys x NE) = 0.90 P (NE) = 0.045 P(Lys): 0.14 P{Lys x NE) = 0.79 PNE) =0.77
65.0
b 635 63 635 633 633
770  76.8 770 772 76 Gb -
X
w
5 § 60.0
>_?;:T_< -
55.0
0.70 9.40 0.70 9.40
50.0
SID Lys (%) NE (MJ/kg) SID Lys (%) NE (MJ/kg)
SID#E RS i SIDFHEER iFEE
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Effects of NE and SID Lys concentrations on backfat thickness and energy utilization efficiency of
60-100 kg finishing pigs (Htoo and Morales, 2017)

/REEFISIDFZELYT60-100 2 Fri B IEE S IEEE s S5 AZERI R0
16.0 -
P (Lys): 0.20 P (Lys x NE) = 0.66 P (NE) = 0.95
E 14.0 . .. . ..
- 13.2 133 134 134 A greater Lys supply improves energy utilization efficiency
7]
;ﬁ 0 fEEHRER S EMEINEEF ARSIRS
=
=2 120 o e
; :: SID%’J%H& 1FHEE P-1B
x:,f SID Lys (%) NE (MJ/kg) P-values
1)
@ 100 070 0.80 940 975 1010 Lys NE 'l;lyESX
0.70 9.40 NE,
- MJ/kg 243 221 230 224 241 006 0.452 053
SID Lys (%) NE-(MJ/kg) _gain
SIDIEER BBE REE/15EE

v Performance and carcass yield of 60-100 kg pigs maximized at 0.80 % SID Lys and 9.75 MJ/kg NE.
73(E60-100 2 FTHB BB RIFRVERIEREFIIRIRE | [IFRPSIDFMEELN A 0.80 % , 1$8E(E799.75 MJ/kg

30

Effects of net energy concentrations on performance and carcass traits of finishing pigs




Review of optimal dietary net energy concentration of finishing pigs
B IBiE BiRRERFREEERAR SR

BW SID |:y§ \NE QET!:@I ADG iEF%% Cailrcass Bacbk fat Lean EIOp\t. I>JE Reference
K& SD#EE  FRE T g BEE Wy PR BE BREX RESEE
kg % MJkg g/d g/d 9/g kg mm % MJ/kg kcallkg 5|
0.66 9.87 2400% 760! 0.32 65.7 19.0 57.3% 9.87 2359 Chenet
0.66 10.13 2370 760 0.32t 65.6 19.5 55.6 al., 2011
69-95 0.67 1046 2330 710 0.3 66.3 21.9 55.4
0.67 10.79 2280 720 0.32 65.9 20.5 53.7
0.67 11.05 2240 680 0.31 65.3 20 53.0
0.69 9.41 2420 810 0.33 12.4 20.2 48.1
0.67 9.62 2360 810 0.34 12.2 20.3 47.9
62 - 101 0.66 9.83 2360 8702 0.372 78.1 17.7 49 9.83 2349
0.68 10.04 2330 @ 860 0.37 76.3 17.42 49.42
0.69 10.25 2370 = 820 0.35 74.7 19.8 48.1

t) Tendency (0.05<P<0.10); %) Average value; D Linear effect (P<0.05); 2 Quadratic effect (P<0.05); ® Linear and quadratic effects (P<0.05).
) #44(0.05 < P < 0.10);0) FIHE ; DE MM (P < 0.05);2 IR XM (P < 0.05);3) £k 14 A1 — ¥ %% . (P<0.05)
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Review of optimal dietary net energy concentration of finishing pigs (Contin.)
B IBiE BiRRENFREERAR S

BW SID Eys \NE SEFFQI ADG GF C?rcass Back fat Lean Op:[. I}I\E Reference
NES] SIDHER:  /RAE g BEE ANt BEEE  EE ERR REREE
kg % MJ/Kg g/d g/d g/ kg mm % MJ/kg kcallkg  5|H
63 - 99 0.75¢ 983 2471 853>  (0.352 Zhang et
0779  10.04 2433 903* 037 1004 2400 al, 2011
0.79¢ 9.83 2512 9182  0.37b
60-100 0.70 9.40 2167 8462 0.41 83.3 13.3 63.6 Htoo and
0.70 0.75 2048 879%  0.45 83.3 133  63.3 2"001?'63’
070  10.10 2169 837" 0.4 83.0 13.1 63.6
0.80 940 2039 878  0.45 81.8 13.4 63.3
0.80 9.75 2022 8992 . 0.46 82.7 13.5 63.2 9.75 2330
0.80  10.10 1961 8992  0.47 81.8 13.7 63.1
60-100 1518 Average 9.9 2366

NRC, 2012

10.38 2480

v Energy need for body fat deposition is 1.7 times greater than for protein deposition (Ewan, 2001).
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Lowering dietary CP level improves energy utilization efficiency
(REHBRYULIESEEFIAZE

Noblet et al. (1994) Bage Le Bellego et al. (2001)
Gross Energy (100 %)

ZERE 1.35 e _
DE:GE 82% =P Fecal Energy (18%) REEEBAE
sl o 1.30 ME intake =2.33 MJ/day/kg BW©-60

Digestible Energy (82%)

e j‘? Methane (0.3%) A5
M 1.20
Meta ol?zable Energy (78.7%)
PIEEE 77
=P Heat [ 0 1.15
NE:ME 74% \ - Heat prod. (20.5%) 2\,

i
Heat production (MJ/day/kg BW 0-60)

=
o
[

Nelt Erl?grgy (58.2%)
1%@%@%%%&59‘@%‘6'—5&@1@@tlﬁE

Efficiency of metabolic utilizationo for NE

-

!A
H
(=)

+ 7 kd/g CP intake

Protein, Fiber. Starch Fat

EHR, G4 ik g BE A 1.00 | ' ' ' - - - '
20 22 24 26 28 30 32 34 36
NE:ME, % 60 82 90 Protein intake (g/day/kg BW 6% FEHHRBANE

Increased fat deposition can be prevented by balancing the same SID Lys:NE.

N B & aiptrE R BB A E BERY LB RT LA LE RS RARYITTAR,
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Effect of reducing CP on performance and carcass of 69-97 kg pigs (Chen et al., 2011)

PEEERYT69-97 22 Frad¥& S TEREFNAR A oo SR RS2 IR

16.0 Corn, SBM EK, 5%f 10.46 0.70 Adeq. - 4.4 (5.3)
12.0 Corn, SBM EK, T%f 10.46 0.67 Adeq. 4 5.6 (6.5)
11.2 Corn, SBM, WB* %k gk 10.13 (97%) 0.66 Adeg. 4 5.9 (6.8)
11.9 Corn, SBM, WB* %k g5 9.83 (94%) 0.66 Adeg. 4 5.5 (6.5)
*Wheat bran (12.5%); ** total Lys:Lys ratio in parenthesis. gk (12.5% ) *ESBHEN SRR SHAERAILLER,
NE, MJ/kg 1$8E 10.46 10.46 10.13 9.83
CP,% #$HEH 16.03 12.00 11.22 11.91
Feed intake, kg/d XBE 2.34 2.33 2.37 2.40
ADG, kg/d ¥HHHIEE 0.75 0.71 0.76 0.76
G:F, g/g AL 0.32 0.30 0.32 0.32
Gain:NE intake, kg/Mcal
N AN e M
Dressing, % B 69.4 70.5 69.3 69.5
Carcass Iean % Hﬂ{ZISF NER 56.0 55.4 55.6 57.3
Total fat, % SHEAHEE 25.4 26.2 25.4 24.8

E—1T8E LA FEARRTERES (P<0.05)
Effects of low CE, AA-supplemented diets on feed cost and N excretion of finishing pigs

ab Within a row, values with different letters are different (P < 0.05).
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Review: effects of feeding low CP, AA-supplemented diets on the performance and carcass traits of

finishing pigs B4 : FINSEEHEEABRNSIEEE K EEHIRE &R0
BW Dietary CP % Energy Lys LP performance(relative to HP)'
(5= BRIEEA% HEE HEE ERTRESES . AREEEERNEREEE Reference
HP  LP SID. % ADG, g , R,  Dres% BF,cm SR
kg mEa wEa /9 EEEE RIS e BEX R
69-95 160 12.0 10.5NE  0.67 40 +0.16  +1.10 +0.80 Chenetal., 2011
11.2 10.1 NE 0.66 +10 +0.00 -0.10 0.00
11.9 9.9 NE 0.66 +10 +0.04 +0.10 -0.60
68-95 16.2 13.7 13.6 ME 0.75 +11  +0.07 +0.00 +0.48% Rodrigues et al., 2012
70-100 18.0 135 13.5 ME 0.81 -36 -0.01 +0.93 -0.46  Vidal et al., 2010
83-173 12.0 9.8 13.2 ME 0.652 +21  +0.03 +0.60 +0.30 Galassi et al., 2010
75-120 12.6 9.1 11.3 NE 0.642 o) -0.15 -1.30 Knowles et al., 1998
77-108 15.2 12.1 11.1 NE 0.752 -50 +0.12 +0.20
85-119 134 9.7 13.9 ME 0.54 -50  +0.20 +1.70 Dean et al., 2007
13.3 9.5 13.8 ME 0.54 +60  -0.03 +1.20
v Increase in backfat thickness of may be due to more efficient energy utilization W|th low CP diet.
RS R ELS R IR | (B i T HER L ARt oA o A RS A
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Excess dietary of CP is the main cause for N pollution (Leek et al., 2005)

E*EFF"JEEIQ.?&?JEEEI , EoliERSFENERRE
‘&t

80 kg pigs 80/\EE(J§£
15.2% CP (wheat-SBM-4 AA diet)

20.6% CP (wheat-SBM diet) >\ )
HEH15.2% ()NE-SHH-AFRERE HR)

W.G%@(/J VE-EHHEHIR)
| 79 g/d T e

% 'Nintake / - 57 g/d

; FIBA \i %} N mtake
N retamed (100%) - %ﬁo)\
retalned (100%)

FR N'in urine N in urine
67% R& R
(33% ° (54%) (41% 59% i‘fx
m N in feces o @ - (46%)
e 36/0 less N tp t in feces

0
(13%) 64%

less N output

13.2% CP (Wwheat-SBM-4 AA diet)
*315513 2% (/J%-E*El-ﬁrh’ﬁ%@afiﬁ*w

/

" 5I\CI)'g/tdk
/? INtaKe
- % ﬁ SN

retalned (100%)

e DTN 5] N in urine
(62%) 38% R&

in feces

#E

(13%)

Leek et al. (2005)

B> 64% 49 i

_———

= Partial replacing of protein sources with AA improves N utilization. BEEELES
= 1%-point CP reduction results about 9% reduction in N output. [E{E1 %H9FEEE HALIPE(EI%EIEHE .

FENEAFEATLIERESRRIFIRZR,
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Effect of reducing dietary CP level on the cost of finisher pig diets (Vidal et al., 20

PR BRPERKFEISEREIARRFITZMm(Vidal FA, 2010)

Dietary CP, %

[ Ingredients, % 17.95 16.45 14.95 13.45
EK Corn 70.844 70.844 70.844 70.844
= Soybean meal 26.696 22.897 18.915 14.905
[=H Soy oil 0.263 0.263 0.263 0.263
FKEM  Corn starch 0.000 2.847 5.779 7.963
=2 Soy hulls 0.000 0.623 1.276 1.933
LBt L-Lys.HCI 0.00 0.120 0.246 0.372
L-0REE | L-Thr 0.00 0.002 0.068 0.134
DL-ZE= | DL-Met 0.00 0.009 0.054 0.099
L-B=E | L-Trp 0.00 0.00 0.007 0.030
L-GimBe  \ L-Val 0.00 0.00 0.00 0.018 /
Hith Others? 2.197 2.395 2.550 3.355
{RiBIEE ME (kcal/kg) 3230 3230 3230 3230
HEH CP, % 17.95 16.45 14.95 13.45
SID#EES SID Lys, % 0.81 0.81 0.81 0.81
SIDESE +£BEEE SID Met + Cys 0.54 0.54 0.54 0.54
SIDFEEL SID Thr, % 0.60 0.60 0.60 0.60
SIDE &L SID Trp, % 0.19 0.19 0.19 0.19
SIDEREER SID Val, % 0.76 0.76 0.76 0.76
A Cost ($/MT)® 239.09 231.28 225.6 221.59
RFERY Saving ($/MT 7.81 13.49 17.50

3.
=W

13.5 MJ/kg

3 Includes di-Ca-phosphate, limestone, salt
and min-vit premix, inert and antibiotics.

aEIEBHER S5 , B, B, HESETURH , 15
PRI SR.

b Based in ingredients prices (FeedInfo; July
2018) and L-Val price of 5.9 US$/kg.

biRfE201857 BIREHMNTERIIRIRER. | 4REERRY
N1&795.9 US$/kg.
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Effect of reducing dietary CP level on income over feed cost and N excretion (70-100 kg pigs; s

Vidal et al. 2010) BH{EEREEIFIFIHSHERRISZN(70-100 kgky¥: VidalZ , 2010) )
Dietary CP, % BRfEER ., %

17.95 16.45 14.95 13.45
Performance 4 4E8E
Final BW, kg K& 102.1 102.0 104.7 101.4
ADG, kg/dNs R itEs 1.05 1.04 1.12 1.02
ADFI, kg/d\s EYHXREE 3.13 2.82 3.09 3.01
FCRNS (k&= 3.01 2.72 2.76 2.99
Carcass traits HA{fgalk
Carcass yield, %NS B2 69.59 70.19 69.57 70.25
Lean meat, %NS IR 57.01 56.9 57.13 56.93
Backfat, mmNS  ESHZ 14.24 13.5 13.37 13.78
Feed cost/pig, $ (70-100 kq) tFkipka/sLiE 23.03 20.04 21.55 20.72
Feed cost/kg BW gain IEEERAN 0.72 0.63 0.62 0.66
Carcass value, $ (70-100 kg)2 IR{MNE 36.74 36.90 39.73 36.26
Income over feed cost/pig, $ FliE 13.71 16.86 18.18 15.53
N-balance s
N intake, kg/pig RN 2.77 2.28 2.28 2.01
N excretion, kg/pig® SHEH 1.85 1.60 1.35 1.10

N excretion, MT (1000 place®)
AR , M (FL5E )

NS The effect of dietary CP level was not significant (P<0.05); 2 Pig prices (57% lean meat; http://www.schweine.net, 24.04.2018).

BBased on 33% N retention in 80 kg pigs (Leek et al., 2005); 9%-pt less N output by 1% CP reduction; ¢ 2.8 rotations/year.

NSHIRRERKENEINES AT E(P<0.05) ; RN (57% BRI, http://www.schweine.net, 24.04.2018) ; P80kg3ERIEITA%33% (Leek
= A, 2005)BE1%0HEE LR/ DEEO%RISHER ; 2 SHELLE,

5.19 4.49 3.79 3.09




Conclusion and implication
HieSRE

B Lys requirement of today’s high lean finishing pigs has increased over time with
increases in lean gain capacity. fEERESEREFGENNEERESIEREEIFEIEN , 33X
FUERT R Qe h D S DA

B Optimal AA:Lys ratios are higher than previously assumed values which may be
affected by differences in health status associated with AGP ban. S &R EZAIAY
RAELLHIEFoaFhAYE  XaESHFIERIKZH BRPEAREREREETIGZE,

B Optimal dietary NE content (9.9 MJ/kg) for 60-100 kg high lean pigs is slightly

lower partly due to reduced energy need for pigs with less body fat.¥360-100kgS
{.; ﬁ%%%%*ﬁfé&ﬂﬂ‘% RERE9.9 MJ/kg , BETRITIE , XuJaEREDERIBIEL TII6EE
mm

B On average, 1%-unit dietary CP 4 » ~9% 4 N excretion.i@% , EHBEMEE1%A0EEH
, BHEHE#{E9%.

B Based on current raw materials'prices, lowering dietary CP and supplementing
with AA up to L-Val in finisher diets can be cost effective. ZEEHBIRIEFEMNES | Bt |
9b%b3§L-fEﬁ’ﬁE§ﬂEB§1EE%HE3%EI*EH?ImEm" EEFEE.

B Lowering dietary CP and balancmg with AA is effective in reducing N excretion.
PEEEREER | SF«&J RPN EE , SRBRR ZRHEE,
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