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Structure of amino acids
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ABEEH

Structure of amino acids

EHPH—ExRERMPLRT IR D

“Some elements in proteins are essential constituents of the diet” (William Rose, 1932)

AR EEE Essential 2 WIS ERR Semi-essential JEAMEREE Non-essential

R Lys ptERR CkBESE) Cys (from Met) fRERR Arg
ET Met ERER CRERBEE) Tyr(from Phe) AR Ala
a8 Thr 22 Z 8 Ser
BEE Trp HEE Gly
#HFL Val & Pro
SR lle AR Glu
=& Leu AEFEL Gin
KNS B Phe RITZ R Asp
HE® His K Z Bz Asn
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% of protein

SHHE R EELHR

Amino acid composition of proteins
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Ideal protein (Mitchell et al., 1964)

FrE R EER AR RIS BREIEKIERE -

All essential amino acids are equally limiting for performance:
Z:ﬁgﬁk,—‘z_ no deficiency
Kﬁgﬁ% no excess

BEELENMREREHI TRIX

Usually expressed relative to Lys: Law of the minimum
RIS R TR R IR M R Con i, 150
Lys is typically the first-limiting amino acid in the diet
FREEMRREEE (/T = BR)ZM , NEMREERFEEZEERT
T B AR BIRIZEAL (FRAE)

The Lys requirement (g/kg diet) changes during growth, but the requirements of other amino acids change
proportionally to Lys (assumption)

(ERGE . BMERRFTICENESEEGIW DB/ BEEL =65%)
Simple to use: only 1 value for each amino acid to remember (e.g., Thr:Lys = 65%)
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Expressing amino acid values and requirements

EEEEUN EFTHEL

nutrient intake nutrient output

LL

gmBEt  RRDW

nutrient absorption  endogenous secretions
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Endogenous losses increase with increasing amino acid intake

w 3.5
B 30 R

~3 25 Indigestible
g
ég s 2.0 e

£ EREPIRM:

Mﬂ % 1.5 Specific endogenous
& <
N o 1.0
(o]

BhRIRE

Basal endogenous

0.5
0.0

4 5 6
RERIBAN | 5o/K
Amino acid intake, g/d
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Expressing amino acid values and requirements

h=1\li> LB
L—_H‘;I' @%Tﬁblﬁ'ﬂﬁﬂ’] ileal indigestible
':;iet CI:‘.I'/_LEP\]I}? TEL\QE specific endogenous losses

l Eﬁﬂj |j\:| ,},ﬁ TE}’mﬁE basal endogenous losses
NS LS >

stappardizeidite aligéepeitie SID)

N

EIRIRMERAE
=M EZHARR SR ERUMERN—38D
INERG R RGP EEEN D

Basal endogenous losses are:
part of the feed value in an AID system
part of the requirement in an SID system
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The apparent ileal digestibility increases with increasing amino acid intake
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The standardized ileal digestibility is corrected for basal endogenous losses

100 - sle
90 - IR
standardized digestibility
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e 70 -
M 2 60 |
> 2 50 -
AL 3 B .
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Expressing amino acid values and requirements

- mEmlbs 00000 IE R Thr
RBEEREEE] R | 0ElE] R
Content g/kg AID, % SID, % Content, g/kg AID, % SID, %
=24 27.8 17.7
Soybean meal
Ex 2.4 70 80 3.0 74 83
Corn
INZZ 3.1 74 81 3.2 75 83
Wheat
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Expressing amino acid values and requirements

RREIRZECER :

Apparent ileal digestibility (AID):

=M BT HAEREARAT IR

AID values are not additive

SRR ERE RN HRER—ED
(0 - ZEERG A R EER )

Basal endogenous losses are part of the AID amino acid value (i.e., the value is lower)
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Expressing amino acid values and requirements

PERIBDEER

Standardized ileal digestibility (SID):

tRERIRTRACERIRE 7 Bt AIRE

SID values are corrected for basal endogenous losses

tERIZBAERZE R INAY

SID values are additive

=it NRIERC R ERI A B R B R E R ER a0
(Bl - BRELES)

Basal endogenous losses are part of the SID amino acid requirement (i.e., the requirement is higher)

T ERI B ERIN R BT

SID is the preferred mode of expression
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Estimating amino acid requirements (NRC, 2012)

— \7 /:t\\ e — 4{ —_—
HilHRP Tl EiRiR=
Basal diet deficient in the test amino acid
WHNREERE/DBEANIKEEE
At least 4 graded levels of the test amino acid

RN REERI N S A A TRZ

Adequate levels of nutrients other than the test amino acid

R KANARE] | LEYIRINER

Adequate duration of the experiment in relation to the response criterion

& SR B SRR 3 T RERR AN R AL
Adequate statistical model to describe the response of the animal to the amino acid supply
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Knowledge of the limiting factors

FNEER € > HtRFIER

test AA is limiting some other factor is limiting
[

[z

Response

= 23 AN
REBESE
Amino acid content
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Daily gain, g/d
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NRC (2012 ) PREEFTESMNINIS

Amino acid dose-response studies considered by the NRC (2012)

Growing pigs Gestating sows Lactating sows

AR Lys 42 4

ES Met 19 - -
EZ B+t E= e Met + Cys 13 2 2
FEE Thr 13 4 3
BEE Trp 19 3 2
L Val 7 1 2
S=E lle 11 1 -
=& Leu 1 ; _
KRER Phe - - -
ARRRE TR Phe + Tyr - - -
ZHE S His 1 ; )
R Arg 1 - :
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Factorial calculation of requirements for growing pigs

iR

resources

=z
I Ao

products

Concept and application of ideal protein for pigs
CAMPUS Jaap van Milgen & Jean-Yves Dourmad
Chinese Swine Industry Symposium, October 30-31, 2014

AGRO



trEZ RIS

Factorial calculation of requirements for growing pigs
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Standardized ileal digestible Q&
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Factorial calculation of requirements for growing pigs

GNEE] 50

Body weight, kg

BT ,

DM intake, kg/d

BRI 150

Protein deposition, g/d

MERER D IAERAE D 6.96

Lys content in body protein, %

e NE R -
Minimum oxidation of Lys, %

SRR ERE 28 4
Maintenance Lys requirement, mg/(kg BW°75)/d

ERliRIRE MRS 313

Basal endogenous losses, mg/kg DM intake
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Body weight gain and protein deposition change in a similar way during growth ...

NEE |, /K
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Feed intake, g/d
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. but protein deposition and feed intake vary differently

EEEE:I)I:*/\

protein deposition

RER

feed intake

ARRHEE

Amino acid requirement

(c]]e]
CAMPUS

357

The bottom Iine

Tl JE AR IX Lo 2% |

We have to construct these curves!
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Growing pigs, gestating and lactating sows
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Factorial approach to determine amino acid
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Analysis of nutrient utilization
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= Growing pig profile
Animal profile

|NRC2

7 (o] =] (@ R @] [&)

Famm conditions | Ad libitum feed intake and growth

Model-parametars

Ad libitum intake

Unit | NE (MJid)

-

Equaticn

| Gamma (maintenance) ~ |

@ Parameters Feed intake
a 380083 50k

b 0013773 100kg

GGrowth potential

Mean PD (g/d) 120.00

Precocity (/d) 0.01 000
Maintenance

BW PDmax (kg)

@ Response curve

>
>

)
(=]
L

(=]

Reference simulation

Feed sequence plan | Bi-phase standard

Feed raticning plan |ﬁd libituim

Simulation results

Graph type

| Drynamic view

Body welgnht (Kg)

| — Ad libitum

= Feed raticning plan

Feed usage (wastage) ; PO
2238 (0%) : 120

2236 (0%) . 120

Backfat
214

21.4

Lean meat
BT

Ed T




_E_ Growing pig profile

Animal profie a %
[nRe2 v (] =) ?‘:ﬁﬁﬁ?

Famm conditions | Ad bitum feed intake and growth

M Reference simulation
Ad libitum intake \ Feed sequence plan ’Eli-phase standard
-]

Unit NE (Mdi
n ’ (Mid) Feed rationing plan [,ﬁd fbitum

Equaticn ’ Gamma (maintenance) ~ l

Simulation results

i@ Parameters i7) Feed intake

a S.QD-DE% ! i Tl

b 0.0137 %

GGrowth potential
Mean PD (g/d)

Precocity (/d)

| Body weight (ko) v

Maintenance

BW PDmax (kg)
\ Body weight (kg)

| = Ad libitum =— Feed rationing plan|

& J--L-d--L_J_ L1

—_

| @ Response curve

Feed usage (wastage) F:G PO LD Backfat Lean meat
2238 (0%) 235 120 236 214 AT
2238 (0%) 2485 236 21.4 547




Cbserved data

UnE’ Age (d)

Cumulative feed usage (kg)| Body weight (kg)| Backfat thickness (mm) | Lean meat (%)

75 0.0 20.0
2 150 130.0 75.0
3 230 350.0 140.0
—_———————A . . --‘---H_"“-a_ -
=] =
CERERARSHIELE
... by providing observed feed intake and body weight data
| =8 Insert | | - Delete |
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SN Simulation results for growing pigs

Performance | Feeds | Protein deposition | Amine acids | Energy | Minerals | Mineral balance

Graph type Y-axis X-axis
| Dynamic partitoning ¥ | Lysine - | Body weight (kg) -

| Total | | glkg feed -

Lysine (Dynamic partitioning) %ﬁ’g@ﬁ(gﬂ%ﬁ\:‘lﬁ )

Total

Excess

Deficiency
Unkalanced
Deposition
Minimum oxidation
Maintenance

Baszal endogenous
Indigestible

Feed wastage

Lysine {g/kg feed)

20 30 40 50 G0 7a &l 50 100 110 120
Body weight (kg)

MRC: animal profie "MRC2" - feed sequence plan "NRC" - feed rationing plan "NRC™

g2
BR=
A
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RINEL
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Dealing with variation among pigs: which pig do you want to feed?

Lys requirement, %

MEBREEE , %
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SN Simulation results for growing pigs

Performance | Feeds | Protein deposition | Amine acids | Energy | Minerals | Mineral balance
Graph type Y-axis X-axis

| Requirement and supply ~ | Lysine - | | Body weight (kg)

| Standardized digestile | oy -

Lysine (Requirement and supply)
Standardized digestible

| —— Reguirement (average animal} - Reguirement (population)

S

11

Lysine {0/kyg feed)

20 30 40 50 G0 Tl &l 50
Body weight (kg)

MRC: animal profile "NRC2" - feed sequence plan "MRC" - feed rationing plan "MRC"
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The latest in a series of National Research Council reports provides updated advice on the energy and nutrient
requirements of swine to help maintain an efficient, profitable, and environmentally conscious swine industry. Since 1944,

there have been 10 editions of the Nutrient Requirements of Swine, a publication that has guided nutritionists and other

professionals in developing and implementing feeding programs for swine. However, since the last report in the series in

Related Reports

1998, the swine industry has undergone considerable changes. This eleventh edition evaluates the mast recent scientific

literature to provide updated information, including a review of the value of corn and soybean-based byproducts from the ) .
Spurming Innovation

biofuel industry as food for swine, and revised and revamped nutrient tables. The report also includes updated and in Food and

expanded computer models to estimate energy, amino acid, calcium and phosphorus requirements for swine at different

life stages. A suite of additional resources (see below) is available to complement the report, including the computer
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NATIONAL RESEARCH COUNCIL Nutrient Requirements of Swine
OF THE NATIONAL ACADEMIES : .
Sk EREEERS Eleventh Revised Edition 2012

Step I: Select Nutrient Systems %#%}%Eﬁ-g
Eneragy [net eneray e} : 2012 —I_ 'ﬂ -LTH&

LN\
E’ﬁ Amino AcCIdS standardized ileal digestible (SID)

Phosphorus standardized total tract digestible (STTD)

Step ll: Evaluate Feeding Program

/v/\- — .
—f—V . -l':F'fE l";—l HT«‘ZH&—' Do you wish to evaluate a feeding prﬂgram‘?‘ No

{/\ 1:|:1E Llﬂuvﬁ‘j—ﬁ”%?

B=4: RFEVEERFTEENIEL

Step lll: Select Model for Estimating Nutrient Requirements

Growing-
Finishing Pigs

REH EREIER IEIREHE UEZRSY -

Starting Pigs Gestating Sows Lactating Sows




Enter Default

Inputs Calculate Results

Main Menu

Net energy (NE) content, kcalkg 233
Fermentable fiber content, % 1

Gender ¥
Gilts & barrows
Feed intake b
Feed intake / (feed intake + wastage) 1
Options

Uze observed intake as model input

For observed intake define mean intake OR define curve*
Actual mean intake or intake curve Curve

Actual NE intake + wastage curve, kcaliday versus BW
Curve type Polynomial

Actual NE intake + wastage =a + bx BW
+ cx BW + d x BW®

Graphs Report

Cptions Specify Pd curve; Polynomial function

Polynomial

Pd =a +bx BW + c x BW® + d x BW®
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The InraPorc and NRC models for growing pigs

B EAEERLL , (EEE ARSI

Conceptually very similar, but different approaches towards:

=i PR IMERR

basal endogenous losses

BEELHIA

efficiency of amino acid use

oYIBRY MR E

variation among animals

B ATD?

Does it matter?

g
#

10
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Model-derived Lys requirements for growing pigs
=|nraporc ===NRC

1

B 5

BE = 10

® e

Bt s

=

1

N5 o

O o
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=

< 20 40 60 80 100 120 140

g, T2

Body weight, kg
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Model-derived SID Thr:Lys requirements for growing pigs

L 68
£ 67
o
E 66
o
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= 63
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=
A 61
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=INRA
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Average ideal amino acid profile for growing pigs

SEEB InraPorc NRC
Amino acid

ET & Met 30 29
ERTRR Bt = Met + Cys 60 58
A& E Thr 65 (64-65) 64 (61-68)
B Trp 18 18
=R Val 70 66 (65-68)
F=aR lle 55 53
=5 Leu 100 101
XA EE Phe 50 61
RAZESHES S ES Phe + Tyr 95 95
HEF His 32 34
R Arg 42 46
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Model-derived amino acid requirements for sows

—

1R Gestation: liZLHA Lactation:
PR BHXER
Restrictively fed Ad libitum fed
fESLRR A HBE A 1< =S
Still growing during the first parities /4 Negative nutrient balance
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Recovery of body reserves after lactation Mobilization of body reserves
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Model-derived amino acid requirements for sows

thAZNE I AR R N ER-

Factorial and empirical approach with model inputs based on:

REE | RENEERE

Feed intake: restricted and ad libitum
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Conceptus growth litter size, birth weight

HAIEE

Maternal body weight gain

I8 - BIFREERE

Milk production: litter growth rate
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Mobilization of body reserves: backfat thickness, weight loss
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SN Simulation results for sows
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SN Simulation results for sows
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SN Simulation results for sows
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SN Simulation results for sows -
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SN Simulation results for sows
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The InraPorc and NRC models for sows

Bt EIEERIN |, B EEMANE

Conceptually very similar, but slightly different approaches towards:
2 :.H_jl
L= = .

protein pools

AR EIRS

basal endogenous losses

SR FER(BIN |, R ERRZERY)

efficiency of amino acid use (i.e., ideal amino acid profiles)

KIS ?

Does it matter?
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Model-derived Lys requirements for gestating sows
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Model-derived Lys requirements for gestating sows
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Average ideal amino acid profile for sows

FEER iz Gestation H¥, Lactation
Amino acid InraPorc InraPorc

E & Met 28 28 30 26
EEB+BLER Met + Cys 65 69 60 53
rEER Thr 72 76 66 63
BEE Trp 20 20 19 19
HE i Val 75 74 85 85
S=2m lle 65 55 60 55
=5 Leu 100 95 115 113
RS Phe 60 57 60 54
XHRER+EE S Phe + Tyr 100 98 115 112
HEES His 30 32 42 40
RER Arg - 53 - 56
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Conclusions
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The response of the animal to the amino acid supply changes during the different production stages
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Think “response” rather than “requirement”
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Von ko

There is variation among pigs in the response to the amino acid supply
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