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Wolves

Rabbits
Sunlight Rain
Grass
Soil
Tree

Data is the set of individual facts, figures, sensory impressions, etc. that is regarded as
essentially meaningless, although it is the raw material from which meaning is
derived.

Sunlight

Rain

Wolves

INFORMATION

Information is data which has undergone some kind of organization. Datasets may be
divided into categories according to some criteria; individual data items may be linked
together according to some salient feature.
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Rabbits eat Grass...
Soil feeds Grass...
Grass needs Rain...

Wolves eat
Rabbits...

KNOWLEDGE

Knowledge is the information that has been internalized by the person such that they
might put it to use. An important feature of knowledge is that, whereas information
and data may reside in texts, objects, and events, knowledge acquisition, ownership,
and transfer can only be effected by human agents.

principles

s
Sunlight - Tree
S R
Wolves &—} Rabbits @’Gmss Rain
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Number

Time

WISDOM

Wisdom is the possession of knowledge such that one is able not only to observe
patterns of information within data and make intelligent connections between
different patterns, but also to feel the principles (i.e., structure) which underlie the
patterns themselves. Wisdom allows one to see these various patterns in their
contexts and to be able to remain independent of immersion in that context oneself.
The observer may transpose patterns to different contexts but keeping the same
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DIKW x Real World Problems

Why do? Applted
Reflected upon
Embedded with
values & beliefs

—

<- understanding

decision*makirig
Compared
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How? Contextualized
Action-informed

Consequences
Conversations
T — INFORMATION
Data with analyzed relationships )
Who? Connected and connections Evaluation
What? Categorized » j Research
Where? Calculated Observation
How many? Corrected Feedback
When? Condensed
Why is? T

https://www.climate-eval.org/blog/answer-42-data-information-and-knowledge

The Elephant in the Room...

» Simulation modeling is a
potentially valuable
approach to facilitate
agricultural research, but it
is consistently underutilized,
most likely because its
potential users are (1) not
aware of its capabilities,
and (2) believe that model
development is complex
and difficult (Tedeschi and Fox, 2018)
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Modeling

* What level of detail?
» Descriptive vs. Predictive
* Empirical vs. Mechanistic
» Deterministic vs. Stochastic
« Static vs. Dynamic
» Continuous vs. Discrete

» Spatially homogeneous vs.
heterogeneous

* Basic vs. Applied

* Problem- vs. System-driven
» Data- vs. Concept-driven
» Teleonomic vs. Teleologic

* Objectives (ald

* Appraise feed
and nutritive

 Describe
nutrients/substrates in
organs/tissues and th
relationships with ani
physiological stage

» Determine feed
requirement to meet
animal production

* Estimate animal
performance given ration
composition and intake

Ruminant Models
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Intestinal Digestibility Rumen Fermentation
Energy and Protein Pool R T Y PLLTTTRY) :
%\ v
Maintenance Pregnancy Lactation Growth Reserves

Different Schools of Thoughts
= Many Models

* American models
» Applied: NRC, CNCPS, LRNS, BR-Corte, RNS
* Research: Baldwin’s Molly

* British models
* Applied: AFRC, CSIRO, FiM, Bioparamilk, Ruminant
« Research: France and Thornley, lllius and Gordon, AusBeef

* French models
* Applied: InRation
* Research: INRA

» Dutch and Scandinavian models
* Applied: NorFor, DVE/OEB
« Research: Dijkstra’s, Karoline
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Chronological Evolution of Mod

* 1940s: National Research Council (NRC)

* 1960s: Agriculture Research Council (ARC)
* 1970s: Rostock, INRA, Dutch

* 1980s: Beef/Dairy NRC

* 1990s: CSIRO, AFRC, CNCPS, Molly

« 2000s: AusBeef, FiM, Ruminant, BioParamilk
* 2010s: Karoline, Cowpoll, LRNS, SRNS, RNS

Z (Cte2) )
1965 e
1970 FEm——
EZn - D
@ >
1e) )
Em o «»
(e
(T ) ——T ey
[ 1085 ] ;
—
o NG “m ' «»
{ 1ey) ) -
DN @D
2 = 5 — B
| o P = &=
o0 TR o
&
(D
5 (_(k2) )
- e
f_‘
Revised from
[ >2020 | Fox (2018)

National Animal Nutrition Program
(https://animalnutrition.org)

July 8, 2018



2018 ASN-ASAS Pre-Conference, Vancouver, BC,

Canada

American Models

History

1908 - Inception of protein requirements by Henry P. Armsby (C
the Committee on Organization of the American Society of A
(Forbes, 1924)

1910 - Armsby presented “A Scheme for Cooperative Experi
Optimum Protein Supply of Fattening Cattle” (Christensen,

1917 - Armsby formulated “Cooperative Experiments upon the Protein

Requirements for the Growth of Cattle” and sponsored by the National
Research Council with the participation of several stations from 1918 t
(Christensen, 1932) "

1924 - A report by the Subcommittee on Animal Nutrition, chaired by Dr.
B. Forbes provided the guidelines for future experimentation on protein
requirements of cattle (Forbes, 1924)

1929 - A detailed report by the Subcommittee on Animal Nutrition, chaire:
by Dr. H. H. Mitchell provided the guidelines for minimum protein
requirements of cattle (Mitchell, 1929)
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National Research Council (NR

* 1945 - Recommended nutrient allowances for ¢
* 1956 — Nutrient requirements of dairy cattle
* 1958 — Nutrient requirements of beef cattle
* Serve as the basis for most applied models used in the U
* Beef NRC (1996, 2000) introduced “levels of solution™

* Two methods to compute EE (comparative slaughter,
respiration chambers)

500

250 ® Beef NRC Stochastic Modeling o

@ Dairy NRC
400 Nutrition Modeling
<
350
300
Feed Characterization -
250 (CHO and Protein) =~
200 : ;
Metabolism trials,
150 Digestible Net Energy
100 Protein MP = MCP + RUP
50
° | J [ L o ®
0
1940 1950 1960 1970 1980 1990 2000 2010 2020

Evolution of NRC’s “Knowledge”
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USDA United States Department Of Agriculture
= Agricultural Research Service

Calorimetry Chambers in
Beltsville, MD

Feedlot at UC, Davis, CA

Comparative Slaughter Technique
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Animals more
adapted to the
environment,

thus, less energy
required for
maintenance

Indirect calorimetry x
comparative slaughter

Indirect
Calorimetry

AnimaI-s fed in Comparative
groups in pens, Slaughter

greater physical
activity, less RE

>

MEI

kg of IC > kg of CS

Chalupa and Boston (2003)

Cornell Net Carbohydrate and P
System—Based Nutrition Models

* 1980
* Net protein (Fox et al., 1981) and rumen (Van Soest et
* Requirements (Fox and Black, 1984)
 Protein supply (Sniffen et al., 1987)
* Environment adjustments (Fox et al., 1988)
* 1991 (version 1)

» Cornell Net Carbohydrate and Protein System (CNCPS) never
released to the public

» 1993 (version 2)
* Fox et al. (1990) — Search Ag. report
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CNCPS-based Models Evolutio

* 1994 (version 3)

» Excel spreadsheet

» Beef NRC (1996) is based on this version
* 2000 (version 4)

» Microsoft Visual Basic 6.0

» Dairy NRC (2001) has some components
* 2003 (version 5)

» Microsoft Visual Basic .NET

* Fox et al. (2004)

* CPM Dairy

Chalupa and Boston (2003)

CNCPS-based Models Evolutio

« 2004

* Cannas et al. (2004)

* CNCPS Sheep (CNCPS-S)
« 2005

* Small Ruminant Nutrition System (SRNS)
« sheep and goats

. 2016 1 UTRITION SYSTENY
» Tedeschi and Fox (2016, 2018)

* Ruminant Nutrition System (RNS)
« cattle (beef and dairy), sheep, and goats

Masy) far

Tedeschi and Fox (2018)
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P eg

o

Intake

Ju Digestible

£ —7 Metabolizable

Ruminant Nutrition Syste
(RNS)

Level of Solution 1 (Empirical)

225 % dEE Fat supplements
tTDN, = dNFC + dCP + 225 < dEE Animal protein meals [7.7]
dNFC + dCP + 225 x dEE + dNDF Other feedstuffs
EED x EE Fat supplements
dEE = (10,0314 % (EE — 1))« (EE —1) Nonfat supplements, EE - 1 [7.8]
EE Nonfat supplements, EE - 1
dNFC = " 0.98 = [1!’30 —CP — Ash — EF} ) Animal protein meals (7.9]
0.98 x PAF x (100 — NDF, —(CP — IADIFP)— Ash — EE) Other feedstuffs
I , i
CPD>CP Animal protein meals
dCP = For T - Rt ek o Fornge-based feedstuffs [7.10]
CP (11— 0.004%(100% A mP/rP]} Concentrate-based feedstuffs

dNDF = 0.75x(NDF, — Lignin) » ll — x| L.-'ynm/,\'DF‘_ )3 [7.11]
NDF, = NDF — NDIP + IADIP [7.12]
1ADIP 0.7 = ADIP Forage-based feedstuffs 213
e " |04 ADIP Concentrate-based feedstuffs 7.13]
tTDN,, —1.4 Fat supplements
alDN, = {iTDN, —4.13 Animal protein meals [7.14)
tTDN,, -7 Other feedstuffs
Where ADIP is acid-detergent insoluble (crude) protein, % DM; aTDNy, is app total di i i at mai e level of intake, %
DM; CP is crude protein, % DM; CPD is CP digestibility, g/g; dCP is digestible crude protein, % DM; dEE is digestible ether extract, % DM; dNDF is
digestible neutral detergent fiber (NDF), % DM; dFC is digestible nonfiber carbohydi % DM; els th ierian number (i.e., Napier's constant,
2.718, for ial function), di EE Is ether extract, % DM; JADIP is indigestible acid- (crude) protein, % DM;
NDF is neutral detergent fiber, % DM; NDFy, is NDF corrected for NDIP and IADIP, % DM; NDIP is neutral-detergent insoluble [crude) protein, %
DM; PAF is processing adjustment factor, g/g: tTON is true total dig at e level of intake, % DM; and ¢ is a coefficient

to adjust the weights of lignin and NDF as an approximation to their volumes in using the surface law.
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Intake

Digestible

N Metabolizable
L

Ruminant Nutrition Syste
(RNS)

Level of Solution 2 (Mechanistic)

Mechanistic Modeling

* Nutrient fractionation
» Carbohydrate
* Protein
* Bacteria submodel
» Deficiency of N or Branched-Chain AA
* Ruminal degradation and passage fractional rates
* Ruminal pH submodel
* Intestinal digestibility
* Midgut (small intestine)
» Hindgut (large intestine)
* Fecal matter
* Digestibility and TDN
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Two Critical Concepts

Urinary Energy (UE)
Digestible Energy (DE)

Heat Production (HP)

|
f
|
|
|
|

. Basal Metabolism [H.E]
b. Valungary Activity (HE)
. Tissue [TE)

rptian (HE] b Milk [LE)
& The | Regulation (M) — €. Ovum {Egg) (OF)
. Heat of Fermentation (HE) d. Conceptus (YE)
& Waste Formation and Excretion [H_E] ®. Woal, Hair, Feathers (VE)
Energy Partitioning First Limiting Factor Concept

(Sprengel-Liebig Law of the Minimum)
Tedeschi and Fox (2018)

Determining Feed Carbohydrate

Tedeschi and Fox (2018)
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Non-structural carbohydrates
(NSC: cell contents)

Non-fiber carbohydrates (NFC)

Organic acids™

(OA) Sugars | Fructans | Starches

Pectic substances

Propionate
Butyrate
Other DA
Levan or

B-glucans

Carbohydrate Fractionation

Structural carbohydrates

(SC: cell wall)

Fiber carbohydrates (FC)

Hemicellulose Cellulose

Galactans

Lignin

1)

NDF

(==X

)
)

Fraction A¥!

Fraction B

Fraction C

AL [a2]as] Ad B1 [

l

B3

C

Sniffen et al. (1992); Tedeschi and Fox (2018)

Determining Feed

>

Protein "

Tedeschi and Fox (2018)

NDIN
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Protein Fractionation

Feed crude protein (CP)

Borate-phosphate buffer soluble CP ‘

Borate-phosphate buffer insoluble CP

Non-protein N Neutral detergent fiber (NDF) | NDF insoluble N

(NPN) Soluble true protein

Albumins
Globulins

i
]
=
-
=%
@
o

NH; + Amines

=
=
[
@
o
@
¢
c
o
=

soluble N (NDIN)

| ADF insoluble |

NDIN — ADIN
N (ADIN)

Glutelins
Prolamines

Extensins
Maillard’s
Tannin N

Fraction A

Fraction B Fraction C

Al | A2 B1

B2 B3 C

Sniffen et al. (1992); Tedeschi and Fox (2018)

Fundamental Ruminal Dynamics

Fractional rate of
degradation (kd)

{1 absorbing 1 absorbing
q from S(n-1) ({: from Sn
o S

Q hwd o
Rate of intake Rate of degrading
(03] from St
Rate of escaping
from 51

Tedeschi and Fox (2018)

Fractional rate —
of absor)pﬁorl
(ka

© l o
3 A
Rate of Rate of

n-1) r|

Rate of escaping Rate of escaping

1 from S(n-1) ,, from Sn

o

Fractional rate of
escape (kp)

[_ 2
Rate of dzgrudmg Rate of degrading
fom S(n-1) &c from Sn
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Ruminal Degradation Rate
(single Feeding Event)

Substrate. %

Tedeschi and Fox (2018)

Bacteria Submodel

Required NFC bacteria N
Ammonia N (100%)
Deamination
A 4
Dietary &) Ammonia-N Ammaonia-N

mmonia-N & supply required

Energy spilling

FC bacteria growth
will be reduced

Russell et al. (1992); Tedeschi and Fox (2018)

National Animal Nutrition Program
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Deficiency of Ruminal N

Dietary non-

protein nitrogen

Degraded amino-

R led nitrogen
ecycled Oge N by NFC bacteria

Reduce FC and NFC
bacteria growth

Tedeschi et al. (2000); Tedeschi and Fox (2018)

FC bacteria
Gross Energy (GE) ammonia-N
requirement

Ruminal N Ruminally-degraded
balance<0 protein

Reduce CHO B3
degradation

Ruminal
BCAA
Metabolism

Feed BCAA ‘ | Saliva BCAA ‘

- Rumen

| Ruminal ‘—/ er
BCAA pool | /

"( val IQ’( Isobutyrate
4’{ Leu H Isovalerate l

*’{ lle H 2-methylbutyrate “
I I
@ @ @ Other
0 substrates

Bacteria

Tedeschi et al. (2000); Tedeschi and Fox (2018)

N A 4
BCAA and
BCVFA |
P scvrapool [€ .
Duodenum Plasma

5 Q|
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The Intricate flow of Nitrogen

D N
N

# Small Intestine N ——— Large Intestine N
3
N o~ " a4 <
Amino Acid N Microbial N |

\ K, a l
& /‘ Absorbed N
Ammonia N “Biood N"// Facl
-— \U . .
Milk N% ) R \\

Tissue N—®Scurf N——#N Losses

Lower Gut

The amount of N recycled in the gastrointestinal tract (GIT) is neither a supply (inflow) nor
a requirement (outflow) to the animal system; it is simply the amount of different forms of
N (e.g., urea, ammonia) that circulates among the different organs of the animal. It is an

abstraction of a transient N state that will eventually be allocated to a “rea
faeces, urine, scurf plus hair, milk or tissue)

In

N pool (e.g.,

Tedeschi and Fox (2018) after Nolan and Leng (1972) and Mazanov and Nolan (1976)

Meta-Regression to Predict UUA:

(-0.1113+0.966xexp(-0.0616xCP))x(1.192xCPxDMI-11.98)

= NRC (1985)
w Exemann and Tedeschi (2016)

Dry matter intake, kgid
—

Recycled N, g/d

10 Crude protein, % DM
3

Eisemann and Tedeschi (2016); Tedeschi and Fox (2018)
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Ruminant Nutrition Syste
(RNS)

Requirement

Animal Requirements

« Maintenance

* Computed using basal metabolism adjusted for differ:
cold/Hot stress, physical activity, urea cost

« Lactation

* Estimated from milk composition and milk yield obsérved for
dairy and predicted for beef

* Pregnancy

» Estimated from days pregnant
* Growth

» Adjusted for equivalent body weight at a known % EBF
* Body reserves

* Fluxes of fat and protein in the body

National Animal Nutrition Program
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Ransom Leland Baldwin
Univ. of California, Davis
National Acad. Sci.

September 21, 1935, Meriden, CT
November 30, 2007

Education:

University of Connecticut
Michigan State University (1963)

Baldwin’s Molly

A fundamental Biochemical Model

Evolution of Molly (1971 — 1987)

* Baldwin and Smith (1971) Modeling energetic transactions in the cow

* Reichl and Baldwin (1975) Representing microbial fermentation in the rumen
* Koong et al. (1975) Model of fetal growth

* Baldwin et al. (1976) Metabolic flux in the adipose tissue

* Baldwin et al. (1977) Integrated ruminal digestion and fermentation model

* Murphy et al. (1982) Estimating ruminal fermentation parameters

* Waghorn and Baldwin (1984) Model of metabolic flux in the mammary glands
* di Marco et al. (1987) Representing hyperplastic and hypertrophic growth

« Oltjen et al. (1986) Beef animal growth model

* Baldwin et al. (1987a,b,c) Molly cow model

National Animal Nutrition Program
(https://animalnutrition.org)

July 8, 2018

22



2018 ASN-ASAS Pre-Conference, Vancouver, BC, July 8, 2018
Canada

Evolution of Molly (1988 — 2015)

* Argyle and Baldwin (1988) Modeling water kinetics and pH in the rumen
* Freetly et al. (1993) Model of liver metabolism in the lactating cow

* Boston and Hanigan (2000) Nonlinear optimization of diets with Molly

* Hanigan et al. (2007) Redefinition of mammary cells and activity in Molly
* Hanigan et al. (2009) Representing gestational metabolism in Molly

* Gregorini et al. (2013) Representing diurnal grazing patterns in Molly

* Hanigan et al. (2013) Revised digestive parameter estimates for Molly

* Ghimire et al. (2014) Thermodynamic effects on volatile fatty acid production in
Molly

e Gregorini et al. (2015) Improved representation of ruminal digesta outflow in
Molly

Baldwin (1995)

* “This is a long-term goal that will require the
availability of advanced dynamic, mechanistic
models of ruminant digestion and metabolism...”

Environment

Health
Digestion
Absorption
Metabolism
. Reproduction Genetics
Nutrients .
Nutrients

i
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Mechanistic Modeling

V :Vmax X[S]
K +[S]

Level  Description of Level & .
. . a
i+1 herd of animals 5
i animal 5 GLC-1- ¢
@

i-1 organs 5 .
. . o 3
-2 tissues 8 . 14
. 3 2 GLC-2-14c o
i-3 cells o - ° .

1

0

0 4 8 12 16

Glucose Concentration (mM)

Dietary inputs
Chemical Physical
£
£ g & I3 2 s 2 gc
=] 2 2 s 2 = o 2c 2 3
2§ 3_ 9z 5 : £ 58f ts 32 35 3% § fit ;
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Molly Animal submodel

Propi N N Butyric
Amino acids ro:olzmc Glucose Acetic acid Fatty acids ::Y;
104 i22‘4 67 \ 551 187 ia»o
HU Pt
opioni H 202 :Bulvricl
" ” 1 s i
Amm:;cds, L_-:ni Pr j Co,qﬁ:q- Am::“’ 149 .:nd. Bz:
00375 (150) |32 67 (19 0406 (327:0) 8o
[
“ Urea 'Lu:tct:
. in fat - —~——NADPH
01 87 co; L Lt : Fatty acids, co;
- F
Protein in ’ / y27 P 096 (5000)
leanp:ndv T actate NADPH,, NADPH;
50 86 " ] in ! COo, 1-64 /
viscera, W 621 0;
[ .
83 so| 08| [eem] “°7"" ] T":'V'“'Vf‘“ ro
—L ] orage, Ts
Protein in Glucose 750 (75.0) Co;
viscera, Gl . 218
Pv
s 0044 (150) {._—___
L=
17 (ilvwol.
T Triose o, 10, O \
NADPH,, phosphmﬁm"m: o= y
CO; 1in v!sceu
L-- L- 2 07 J
Protein, Lactose, Triacylglyceride,
Pm Lm Tm

Animal Efficiencies...
(Baldwin et al., 1980)

* Maximum observed efficiencies are sometimes quite
comparable to theoretical efficiencies. On the other h
observed efficiencies considerably below theoretical Iso
observed. This variation in observed efficiencies rais (o}
important questions:

(1) Could we learn to identify animals that are capable of
attaining maximum efficiencies and based on genetic selectio
improve the average efficiency of animal production?

(2) If we knew exactly what types of unfortunate metabolic
decisions the less efficient animals were making, could we
manipulate the metabolism of those animals such that their
efficiencies would approach those of the best animals?

National Animal Nutrition Program
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British Models

Agricultural Research Council (ARC)
Ag. & Food Research Council (AFRC)

* ARC (1965, 1980) and technical reviews on energy
AFRC, 1987, 1990), rotemﬂ( FRC, 1987, 1992), mineral
AFRC, 1988, 1991), and intake (AFRC, 1991)

* Efficiency of use of energy/nutrients is a function of
feed metabolizability (gqm = ME/GE)

* MCP = f(Fermentable ME, Level of feeding)
* Address the kd/kp relationship

* No recycled N

National Animal Nutrition Program
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Feed into Milk (FiM, 2004)

* Why FiM?
* Concerns about energy standards for high yielding cows
* Dissatisfaction with parts of MP model
* Inadequate prediction of voluntary feed intake
* “Pressure” from industry

* MCP

* Y,p = ATP of degraded DM from soluble, concentrate,
and forage particles (ATPy)

* MCP = f (Yxrp)

MPm = 4.1 x BW®75 + 0.3 x BW® + 30 x DMI — 0.5
x (DMTP/0.8 — DMTP) + 2.34 x DMI,

S RUVINANT
NUTRITION

for Ruminants

R ———————.
) INRA Feeding Systam /

French Models

Institut National de la Recherche Agronomique (INRA)
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Supply

* INRA assumes 2 NE values
* UFL =» lactation: 1 UFL = NE content of 1 kg barley for
milk
* UFV =» Meat: 1 UFV = NE content of 1 kg barley for
meat

* Protein supply based on PDI system:

* PDIE is energy
first-limiting MP

* PFIN is protein
first-limiting MP PDIA = CP x [1.11 % (1 —a)] X b,

PDIMN = CP x [1.11x (1 —a)] x 0.9 x 0.8 x 0.8,

PDIE = PDIA + PDIME,
PDIN = PDIA+ PDIMN,

PDIME = FOM x 0.145 x 0.8 x 0.8.

Ruminants

Australian Models

Commonwealth Scientific and Industrial Research Organization
(CSIRO)
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Supply

* Factorial approach for
protein, based on the
ARC (1965, 1980) and
AFRC (1993)

* RDP and UDP based on
the “abc” system

RDP =a+b x (1-exp(—cxt)),
eRDP =a+ b xc/(c+ kp),

UDP = b x kp/(c+ kp) +d,

* Broderick (1994)

UDP = ADIP + (NDIP — ADIP) % (kp/(kp + ©)),

Table 2.1. Estimates of effective degradability of protein in socco at three fractional outflow rates
per h from the rumen (K), in several UK and Australian feeds

0.02 0.05 0.08
071 051 0.4
0.90 0.84 0.80
0.71 052 0.43
0.86 0.78 0.7,
0.81 0.70 0.6
0.88 080 0.74
0.88 07 0.69
0.76 0.57 0.46
095 093 092
0.85 072 0.64
0.75 0.54 0.42
0.90 085 0.81
093 0.90 laﬁ_l
[Cwheat” 093 "0.90 087

Microbial Crude

* MCP depends on
fermentable ME (FME)

* MCP adjusted for
latitude and day of the
year and for tropical
pastures, the efficiency
of synthesis is
discounted by 1 unit

Protein

MCP = FME x (7 + 6 x (1 — exp(—0.35 x L))).

MCP = FME x (7 + 6 x (1 — exp(—0.35 x L))) % (1.0 + 0.1
® (A% sin(0.0172 x £)/40)),

MCP = FME % (6 + 6 % (1 — exp(—0.35 x L)),

& MCP/M) of FME

0 S0 100 150 200 250 300 350
Days of the Year
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Requirements

* Maintenance:

Endogenous N losses uses EUP =161 x In (BW) — 42.2.
different equation than ARC
(1965, 1980) because of

unrealistic results for poor-quality EFP = 15.2 x DMI.
pastures. For Bos indicus, further
discounts EUP by 20%. Dermal Dermal loss = 0.11 x BW?75,

loss is the same as ARC (1980)
* Pregnancy: Same as ARC (1980)
¢ Lactation: Same as ARC (1980)

* Growth:

* Based on breed, degree of
maturity, and level of nutrition, or
using BCS

b—4xR ]

CPg:EWGX[(Z].Z*‘}XR)*m.

CPg = EWG x (d — f x BCS),

Sensitivity Analysis
for Metabolizable Protein
Requirement

National Animal Nutrition Program
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Monte Carlo Simulations - Growth

* Sensitivity analysis using . . .
Monte Carlo simulations Maintenance
* 5,000 iterations using

Latin Hypercube
sampling method

* Normal distribution for | I .
input variables i |
» BW of 350 + 30 kg ‘_
* ADG of 1.2 +0.12 kg/d o -~
* Correlation between BW wl

and
ADG using a Gompertz o | N
nonlinear function: - aed LX N~ |
0.5142 ' - £ -

Watabelzatin Prosen, gid

—— arhc (e, a0 —— CHROMNY —— WAACONN ———  CNCPE 004

Tedeschi et al. (2013)

MP Required for Growth
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» Sensitivity analysis using
Monte Carlo simulations

»5,000 iterations using
Latin Hypercube
sampling method

»Normal distribution for
input variables
» BW of 550 + 55
= MY of32+3.2
= Milk fat 3.7 £ 0.1%
= Milk protein 3.2 £ 0.04%

Correlation among inputs
based on Sieber et al.
(1988)

Tedeschi et al. (2013)

Monte Carlo Simulations - Milk

Maintenance

w2
@
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™
o In ,
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Model Inter-Comparison f
Milk Prediction

Databases

* Milk production
» 37 published studies

« Six regions: Africa, Asia, Europe, Latin America, Nort
and Oceania

» 173 data points
* Nutrition models

* Planned to compare up to 10 empirical and
mechanistic/dynamic models

« Molly, Dairy NRC (2001), LRNS L1 and L2

Tedeschi et al. (2014)
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Animal Information

Items Median Mean SD Range Quatrtiles
Min Max 25% 75%
Animals

SBW, kg 567 555 66.4 345 660 522 598
DMI, kg/d 19.1 19.1 35 9.1 275 17.3 22.1
DIM, days 100 114 64.7 30 265 60 150
MY, kg/d 26.3 26.4 8.3 7.6 45 19.7 327
Milk fat, % 3.7 3.7 0.5 2.3 5.0 34 4.1

Milk protein, % 3.0 3.1 0.3 2.4 3.9 2.9 3.3

Tedeschi et al. (2014)

Observed X Predicted: Empirical

{A) LRNS Level | i {C) NRC (2001)
R2=0.68 —i R2=0.69 /
Cb=0.96 . Cb=0.98 —— £
T ccC=0.81 s sl A5

“l ccc=0.79

&

yield [?"d]
L

Ohserved milk yield (kg/d)

Observed milk
¥

m T ) - -
Prodicted milk yield (ke/d) Prodicted milk vield (ke/d)

Tedeschi et al. (2014)
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R2=0.63
Cb=0.98
CcCCc=0.77

CHserved milk ¥ kld‘[kﬂd]

(B) LRNS Level 2

Tedeschi et al. (2014)

.., Dhserved milk ihld ike/d)

Observed X Predicted: Mechanistic

(D) Molly
R2=0.55
Cb=0.88 A
CCC=0.66 dies

-
Prodicted milk vield (kg'd)

Problems with Model Inter
Comparisons
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Areas that Need Research

E )

Tedeschi et al. (2017)

Lessons Learned from NASEM
and RNS (2018)

* Supply of Energy and Protein
« Efficiency of conversion of DE to ME
» Microbial crude protein (MCP)
* Ruminal recycled nitrogen

(

* Requirements for energy and Protein
* Energy requirement for grazing animals
* Energy required for cold or heat stress
* Metabolizable protein required for maintenance
» Retained protein

« Efficiency of conversion of metabolizable protein and amino
acids

E )
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Ferding 1.7 EN

Vermorel and Bickel (1980)

50 CONCENTRATE (%)

Efficiency of DE 2 ME?

NRC (1984, 1996, 2000)
* Fixed at 82%

NRC (2001)
e ME =1.01xDE - 0.45

Hales et al. (2012, 2013)
* Jersey steers, high-
concentrate diets =» 95%
* Galyean et al. (2016)

* 23 respiration calorimetry
studies

* ME =0.9611xDE - 0.299

Consistency and dependency
* DE > ME > NE
* Methane feedback?

Partial efficiency of use of ME
for maintenance (NEm-to-ME ratio)

Consistency and Dependency

(c)

m— NRC (1996, 2000)
— Galyean et al, (2016)

Tedeschi and Fox (2018)

Metabolizable energy, Mcallkg DM

a5
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Relationship between microbial CP and TDN intake
¥ = 75.75+0.082x (0?=21118.54,r7=0.5,P=7.878e-42,n=285)

=
5
2

500

Microbial Crude Protein (MCP), g/d

2500 5000 7500 10000
Intake of Total Digestible Nutrients (TDN), g/d

Source: Galyean and Tedeschi (2014)

12500

Studies
*] ®I13935®52
2 ®19936%53
3] ®20937®54
*4 921 ®33€55
*5 2293995
6 @23 940 @57
7 #2484 958
*8 #25042€59
@9 26943960
® 10827044861
® 1] @28 945 @62
& 12820046963
S 13830047964
@ 1493 043 ® 65
15832949 @66
& 1633 %50
* 17 %34 %51

Shrunk weight gain, kg/d -
10 _—

Retained protein, g/d

Shrunk body weight, kg T—
500

Tedeschi et al. (2017)

1 ARC (1980) and AFRC (1893) M CSIRO (2007)
[ NASEM (2016) @ Tedeschi and Fox (2016)
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Evaluation of Predicted RP

Comparative Slaughter Respiration Calorimetry
(A (8) M SV A
. e R R O e - e
m\ ¥4 0623-% + 47BN ¥« 0831 x4 2018 S KaE
= 44417 =038 0= 2266 ; 0« 14223 - 0883 n- 190 .
RMSEP = 48.61 CCC = 0,609 Cb~ 0988 pr 5 RMSER - 14354 COC 0529 Con1 - i
2
i ‘ Sruateed
y. 2 P
¢ PMM:.R? uln’:m”m‘:mw. Wm ““Pmﬂ? IIIIHI!m retained !:uuw. gid

A = Tedeschi and Fox (2016, 2018), B = Tedeschi et al. (2017)

Theoretical Retained Protein

EQl = RE = 5.686 RP + 9.367 RF;

Eq2 = EBF == EBW -

/. EBPFFM -> @.2201;
EBPFFM

Eq3 = FEBF - iEBF == | fEBW - feep ] ['E | e ] ; Caloric value:
e —— pr— * Garrett et al. (1959):
Eq4 = RF = fEBF - iEBF; * Protein = 5.686 Mcal/kg
EQS = RP = fEBP - iEBP; * Blaxter and Rook (1953):
EQ6 = EWG == FEBW - iEBW; * Fat=9.367 Mcal/kg

(«EQ6=SWG=:0. 8656 (FEBW-1EBW) ; x)
soll = Solve[{Eq3 /. EBPFFM > 0.2201, Eq4, EQ5, EQ6}, | ioiil--l ibhiicle (il 00

RF, {fEBF, iEBF, fEBW, iEBW, FEBP, iEBP}1[[1]]; * Garrett and Hinman (1969):
Eq7 = RF = Sol1[[1]11[[2]]; e Water = 73%
sol2 = Solve[{Eql, Eq7}, RP, {RF}]1[[1]] « Protein = 22%
Eq8 = RP = 5012[[1]][[2]] /. EWG - 8.956 SWG e Ash=5%

{RP - @. + @.254042 EWG - ©.02712@9 RE}

RP =@. - ©.9271209 RE + 0.242864 SWG

Tedeschi and Fox (2018)
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Efficiency gf amino acid use

Tedeschi and Fox (2018)

1.004

e
~
@

.50 |

0.25 |

(A)

NRC (1996, 2000):
EqSBW < 300: 0.834-0.00114 - EQSBW
EqSBW > 300: 0.492
CNCPS 5.x and LRNS 1.x (Fox et al., 2004b):

EqSBW <478: 0.834 -0.00114 - EQSBW
EqSBW > 478 0.289

Fitted:
0.112+2.271 . g 001887 EaSEW

100

200 300 400
Equivalent shrunk body weight, kg

Trials
®1e9 17
@20 10 e 18
®30 11819
e40 12021
58 13822
®6® 14 @23
e70 158 24
®38® 16

Amino acids
@ His
A Leu
W Lys
* Met

Learning

Looking forward..

* Research still needed
» There are too many gaps & these are different times

* Scripted programming (e.g., R, python, julia) |
» Easy dissemination (free of charge)
» High usability and adoptability (“easy” to learn)
* Integration and modification “on the fly”

« Artificial Inteligence, Machine Learning, Deep “layers™

* What to do with big data?
* May or may not help modeling
» We still need concepts to understand underlying mechanisms

National Animal Nutrition Program
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