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ABSTRACT WHO WE ARE "y FUTURE WORK °¥

+ The NANP Modeling Committee advances reproducible animal Supporting a better food supply

nutrition modeling by supporting model development, evaluation, From Modeling Resources to

benchmarking, and transparent software stewardship across livestock « The NANP provides data and resources that support animal development to create Training and Implementation
animal systems. a thriving, profitable food supply and healthier population.

» Using harmonized NANP databases and interoperable R/Python
workflows, the committee promotes standardized data use,
provenance tracking, and reproducible model parameterization and
validation.

Expand cross-species datasets for model
testing and benchmarking

 The NANP provides research-based data, software, and educational resources to Standardize reporting for reproducible
support nutrition research in beef, dairy, swine, and poultry systems. ’

« Recent efforts include a formal process for documenting and model-ready data

correcting technical issues in national nutrition modeling resources, as -
well as exploration of Al-enabled knowledge synthesis through Why does NANP matter

retrieval-augmented generation. . . .
2 9 « Accessible nutrition data help researchers, producers, and policymakers make

Integrate sustainability and Al-enabled
modeling workflows

» Collectively, these activities strengthen reproducibility, accountability, informed decisions that improve animal performance, profitability, and Strengthen transparent model
and decision support in animal nutrition research and practice. competitiveness. deployment, versioning, and evaluation
o guidance
NANP AT A GLANCE 3 Who Is involved? A o Develop a modular Modeling Training
\g » Led by 31 scientists from 22 institutions with expertise across animal species and Course & Certificate from past NANP
production systems. The team works with research, government, academic, and workshops

500K+ Observations on animal performance

2 metabolism Industry partners to meet stakeholder needs and promote NANP data and tools. Host the 2027 ASAS-NANP Pre-symposium

Modeling Workshop

LM+ Feed ingredient records archived
VISION TASKS
| - MORE INFO
300+ Modeling & statistics resources
30+ Peer-reviewed publications

- .. : lobal :
»  Workshops reached ~750 participants from Advanced Data Economic & 300+ oy it National

o : Predictive Integration Research Modeling Trainin Nutrient

h : : g o s R
five continents Technologies & Analysis Efficiency Resources Revisions anima In Utrltlan.arg
o . . Focus on improving Facilitate effective Decrease industry Providing updated, Reaching 750+ Directly supporting
° Materia IS VI ewed 31000 + times and utilizing the best sharing and dependence on accurate modeis and participants acroes 5 NASEMyrevisions for .
available tools and management of singular, expensive, software reviews for continents through beef, dairy, swine, US D A The NANP iIs su PPO rted th roug h NRSP-9 by

. Led by 31 SCientiStS 2Cross 22 inStitUtiOnS Wlth platforms. comdpE:;e;(g;tsrftlon ande::)t()a?irr-rl\netr?tnss.we modern research. specwgfﬁghrg;)selmg and poultry. — —— aglnnovation, State Ag ricultural Experiment

Stations, NRCS, and USDA-NIFA Hatch Funds.

diverse species expertise
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NUTRITION MODELING COMMITTEE

MISSONS

 The function of this group Is to serve the animal nutrition research community

by iImproving the use of predictive technologies and tools, to best utilize

O
X
.
N
\ -
i d

avallable platforms, and to work with researchers to effectively share, combine,

Luis O. Tedeschi Todd R. Callaway Edgar O. Oviedo-Rondon Aline Remus
Chair University of Georgia North Carolina State University Agriculture and Agri-Food Canada manage, manipulate, and analyze models and modeling information.
Texas A&M University Ruminant N.utrition., Morjogastric and Poultry Nutrition Swine Precision Feeding and Nutrition
Ruminant Nutrition Ruminant Microbiology eooviedo@ncsu.edu aline.remus@agr.gc.ca
luis.tedeschi@tamu.edu todd.callaway@uga.edu

OBJECTIVES

« Coordinate with the NRC to support model development and maintenance.

» |[dentify the requirements to build a comprehensive cross-species feed database.

 Develop a database of observed data for model testing.

Peter R. Ferket Timothy J. Hackmann Heidi A. Rossow Mike VandeHaar  Develop guidelines for data reporting In publications to better serve nutrient
North Carolina State University University of California, Davis University of California, Davis Michigan State University
Poultry Nutrition Ruminant Nutrition Ruminant Nutrition Management Dairy Nutrition response mOdel deveIOpment’
pferket@ncsu.edu tjhackmann@ucdavis.edu heidi.rossow@gmail.com mikevh@msu.edu

* Provide guidance for future development of nutrient availability models.

» |[dentify methods to allow the use of a commmon software platform across species.

* Provide guidance regarding the deployment of open vs locked model code.v

Mark D. Hanigan Hector M. Menendez llI Sarah H. White-Springer
Virginia Tech University South Dakota State University Texas A&M University
Dairy Nutrition Ruminant Grazing Systems Equine and Livestock Nutrition, Skeletal
mhanigan@vt.edu hector.menendez@sdstate.edu Muscle Physiology

shwhite@tamu.edu




Science based. Data driven. Future focused.

National Animal Nutrition Program (NANP): Harmonized Databases, Reproducible Modeling,

NATIONAL

ANIMAL

and Artificial Intelligence-Enabled Knowledge Synthesis for Animal Nutrition Research

Mingyung Lee', Jordan M. Adams!, Heidi A. Rossow?, Todd R. Callaway?, Peter R. Ferket4, Timothy J. Hackmann?, Mark D. Hanigan®,

NUTRITION
PROGRAM

Hector M. Menendez’, Edgar O. Oviedo-Rondon8, Aline Remus?, Mike VandeHaar©, Sarah H. White-Springer!, and Luis O. Tedeschi™*

Department of Animal Science, Texas A&M University, 2School of Veterinary Medicine, University of California, Davis; *Department of Animal and Dairy Science, University of Georgia; “Department of Poultry Science, North Carolina State University; °Department of Animal Science, University of

California, Davis; °Department of Dairy Science, Virginia Tech University, “Department of Animal Science, South Dakota State University; 8Department of Poultry Science, North Carolina State University; ?Agriculture and Agri-Food Canada; °Department of Animal Science, Michigan State University

BEEF CATTLE COMMITTEE

Focus

 Growth Prediction:

Model nutrient needs to optimize gain across diverse
production environments.

- Resource Management:

Evaluate alternative feeds and byproducts to improve
diet cost and sustainabillity.

- Production Efficiency:

Reduce reliance on labor-intensive trials through robust
predictive analytics.

Impact Areas

- Refining Requirements:

NANP modeling resources strengthen the
evidence base for nutrient requirement work
and practical diet formulation for beef systems.

- Climate-Smart Agriculture:

Models support sustainability
assessments (e.g., emissions and
mitigation scenarios) to guide climate- g
smart practices. Ao

DAIRY CATTLE COMMITTEE (77

Impact Areas

- Modernizing Standard:

NANP data and modeling resources are central
to the revision of NASEM nutrient requirements,
replacing outdated prediction equations for fiber,
fat, and protein digestibility.

g%

-
at -

Focus

- Nutrient Efficiency:

Refine predictions for protein and fatty acid digestion to
maximize milk component synthesis.

- Sustainable Systems:

Evaluate byproduct inclusion to lower feed costs while
mMinimizing nitrogen and methane emissions.

- Precision Management:

Leverage machine learning and robust datasets to predict
performance across diverse management scenarios.

« Climate-Smart Solutions:

Integrated models quantify the

environmental footprint of dairy rations,
guiding strategies for water quality
protection and greenhouse gas
mitigation.

SWINE & POULTRY COMMITTEE -

Focus

- Digestion Kinetics:

Move beyond static values to model dynamic nutrient
digestion for precise feed evaluation.

 Stress Management:

Predict feed intake changes during heat and cold stress
to ensure consistent growth and welfare.

 Health & Safety:

Leverage nutritional data to reduce dependence on
antibiotics while maintaining performance.

Impact Areas

- Defining Standards:

NANP data and models are the backbone of the
NASEM nutrient requirement revisions for swine,
enabling nutritionists to fine-tune diets without
expensive singular experiments.

- Environmental Efficiency:

Modeling nitrogen and
phosphorus flows helps producers
Minimize nutrient excretion,
meeting strict environmental
regulations.
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NANP MODELING RESOURCES

Nutrients

PEER-REVIEWED PAPERS

Search Q
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NATIONAL .
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—— oA NANP Animal Nutrition RAG System SCIENTIFIC MODELING 2025
NUTRITION
PROCRAM i - i ipeli i - i ientific li Topical Reviews i i
Dairy Digestion (2018 175 ; 280 i Dt_ADF 192 % DM ) i ) We leverage Retrieval-Augmented Generation (RAG) pipelines powered by Large Language Models to deliver fast, context-aware answers from a curated library of scientific literature. s Lee M, D.H. Kim, 5. Seo, and L. O. Tedeschi. 2025. Development of
B Logout This work was supported by the U.S. Department of Agriculture, Natural Resources Conservation Service (USDA-NRCS) under Grant Agreement NR233A750008C011, titled "Increasing Awareness and Use of Livestock Feeding Management Modeling Books machine learning models for estimating metabolizable protein
Dairy Digestion (2019) 175 1 381 - Dt_ADF 18.7 % DM - - - E through the National Animal Nutrition Program (NANP)."
Growth Models for Ruminants supply from feed in lactating dairy cows. In Animals. 15 (5). doi:
o The views and conclusions contained herein are those of the authors and should not be interpreted as representing the official policies or endorsements of USDA-NRCS.
Dairy Digestion (2019 175 1 382 - Dt_ADF 17.6 % DM - - - rowth Models for Non-Ruminants .
Iy Lg { ) ! Growth Models for Non-Ruminants 103390;5””5'35068?
Welcome, NANPrag!
Lactation models . . . - Yyt
Dairy Digestion (2019) 175 1 383 - Dt_ADF 17 % DM - - - Model Settings actanenme * Miller, P. 5. 2025. The National Animal Nutrition Program: Digital -
Chatbot  Paper Summary Cestation Mogels . . . "
Choose LLM Model editable - perennial - accessible”, Open Access Government January
Dairy Digestion (2019) 176 1 384 - Di_ADF 287 % DM - - - ’ i
Grazing Models for Beef Cattle .
GPT OSS 2OB v Enter your research query'“ 9 @ 2[:}25.. pp464_465‘ d':'l10.5636?{'IDAG_D45_]-|?T5
Grazing Models for Dairy Cattle
Rows per page: 5 - 1-50f 100 > - 9 sEere :
LLM Temperature ® 2023
0.50 Explain the nutritional characteristics of ruminants Farm Systerns Models I: Dairy
Farm Systems Models II: Beef * Brennan, J, H. M. Menendez, I, K. Ehlert, and L. O. Tedeschi. 2023.
Performance Data Current model in use: gpt- ; ; _ _ . . . . . .
Search Q i > Retrieved Context Chunks (Click to Expand) Farm Systems Models Ii: Methane ASAS-NANP symposium: mathematical modeling in animal
0ss:20
- - Aguaculture Modelling et : : : R .
Subject ID Site Sample  Day Sample  Time Sample Var Value > Source Papers (Click to Expand) Y odelling nutrition—Making sense of big data and machine learning: how
Other Publications of the NANP Modeling Committee open-source code can advance training of animal scientists. J. Anim.
Dairy Fat Digestion )
266 1 1007 - Animal - - An_BwW 722 kg Growth - - Nutritional characteristics of ruminants : : .
(2019) Advanced Retrievers MODEL EVALUATION METHODS Sci. 101:skad317. doi: 10.1093/jas/skad317 '
Dairy Fat Digestion _ 1. Digestive specialization Residuals Analve . . .
2019) 266 1 1007 - Animal - - An_LactiDays | 1825 d Performance - - s Feicuals Anases » Kaniyamattam, K., and L. O. Tedeschi. 2023. ASAS-NANP symposium:
o Ruminants possess a four-compartment stomach (rumen, reticulum, omasum, abomasum) that allows them to ferment fibrous plant material before it reaches the true stomach. Reassessment of biases in predicted nitrogen flows to the dusdenum by NRC 2001 , ) , , . .
Dairy Fat Digestion Total fract mathematical modeling in animal nutrition: Agent-based modeling
(2019) 266 1 1007 B Total tract . B Fd_TDFA_FA n3 % digestibility 113 B Knowledge Graphs @ o Therumen hosts a diverse microbial community (bacteria, protozoa, fungi) that breaks down cellulose and hemicellulose into volatile fatty acids (VFAs) - acetate, propionate, and butyrate - which are the primary energy Diagnostic tests as residual analysis
Dt ot Diasstion ® sources for the animal. - _ _ for livestock systems: the mechanics of development and
" ¢ 266 1 1007 - Animal - - In_DM 278 kg/d Intake - - 2. Fiber-centric diet Residuals and influence in regression o . . . .
(2ms) ® application. J. Anim. Sci. 101:skad321. doi: 10.1093/jas/skad321 [
i inact . - . . . N . . Sensitivity Analyses
Dairy Fat Digestion o Ruminants can utilize high-fiber feeds (forage, silage, hay) that are largely indigestible by non-ruminants Y 4
266 1 1007 - Milk - - Milk_Fat_Milk 3.29 % Milk Composition - - ’ ’ ’ ) e Mup B ; _
Mialication of Bioohueical rocale: e e amd methodolocies: A review unoz-Tamayo, R, and L. O. Tedeschi. 2023. ASAS-NANP
@09 Apply retrievers o The physical structure of the feed (particle size, density, and moisture) influences rumen motility, fermentation patterns, and passage rate. valigation of biophysical models: issues and methodologies: A review Y

symposium: Mathematical modeling in animal nutrition: the power

Measurement in medicine: the ana yals "Jlr method comparison studies

of identifiability analysis for dynamic modeling in animal science - a

Assessment of the adequacy of mathematical models

- RAG (Retrieval-Augmented Generation) Chatbot
v Learn from animal nutrition-related papers to answer
user gquestions

practitioner approach. J. Anim. Sci. 101:skad320. doi:

- Database (500k+)
v' NRC dairy (2001) / NASEM dairy (2021) data
v" NRC beef (2000) / NASEM beef (2016) data
v' Microbial data / Broiler data / USDA Beltsville chamber

10.1093/jas/skad320 &'

lesting ecological models: the meaning of validation

+ Tedeschi, L. O, H. M. Menendez, lll, and A. Rermus. 2023. ASAS-NANP

MODEL FITTING METHODS SYMPOSIUM: Mathematical modeling_in animal nutrition: Training

A multivariate nonlinear mixed effect methed for analyzing energy partitioning in growing pigs

the future generation in data and predictive analytics for sustainable

The use of Mixed models in the analysis of animal experiments with repeated measures data

development. A summary of the 2021 and 2022 symposia. J. Anim.

MCMC methods for multi-response generalized linear mixed models: the MCMCglmm R package . . .
Sci. 101:skad318. doi: 10.1093/jas/skad318 [4
Bayesian model choice via Markov chain Monte Carlo methods
Bayesian model averaging for linear regression models 2022
. - .
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T DM (kg) 750 Magnesium (Mg), 750 ormulate - Model Outp uts -
a i . - P e . o e e o » — o A e o by g 1 H
() Overview - Repositories M im Projects W, Packages A People @ ’ DE (uoa) e s diet: Snapshot e Design of Experiments: Statistical Principles of Research Design and Analysis * Menendez, H. M., llI, J. R. Brennan, C. Gaillard, K. Ehlert, J. Quintana,
Quick start tips Diet Formulator Information elect the an CP (g) 540.00
1. Pick the cattle group, body weight, and DMI setup first = depending on th T E 6 ES Choose feeds to use i Enter kg % DM: Anolied Linear Statistical Models . . . .
' e 22 oo o - o oM pplied Linear Statistical Models S. Neethirajan, A. Remus, M. Jacobs, . A. M. A, Teixeira, B. L. Turner, et
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Popular repositories o . EXPERIMENTAL ANALYSES al. 2022. ASAS-NANP SYMPOSIUM: MATHEMATICAL MODELING IN
e s o " .
oo (. R srppeits byrparesingtia S Chlonde (0 4000 mg sidebar Designing and analyzing quantitative factorial experiments. ANIMAL NUTRITION: Opportunities and challenges of confined and
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This repository contains materials for the ADSA NANP Modeling Worksho B 126.9 g/d 120.4 g/d 60 200 1300 Statistical Methods for Meta-Analysis : : : : : ; 3
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- Models (GitHub)
v ASAS & ADSA NANP modeling pre-symposium

materials

v' Basic modeling & statistical analysis code example

CP+EE+Ash+NDF+CB1 = 88.2 %DM
Sugars (CA) = 11.8 %DM
Hemicellulose = 15.8 %DM
Methane (CH4) = 126.9 g/d

- R Shiny based Software (user tool)
v Diet formulator for beef & horse / NASEM dairy (2021) model

v' Methane emission calculator / Microbe decoder

v Agent-based swine nutrition system

ME Requirements for
Activity/Genotype Adjustment

00

Meta-regression in Stata evaluation and a ready-to-use modeling exercise. J. Anim. Sci. 99

(2):1-8. doi: 10.1093/jas/skab020 '

Maximum likelihood approaches to variance component estimation and to related problems

- Article & book for modeling (100+)
- Peer-reviewed publications used NANP resource (30+)
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FUTURE WORK O

Future Priorities Modeling Training Course ASAS-NANP Pre-symposium
NANP Modeling Committee & Certificate (coming soon) Modeling Workshop (annual)

« Bulilt from past NANP modeling workshops,
this upcoming certificate course will offer
modular training in nutrition modeling, model
3 evaluation, reproducible workflows, data
synthesis, and emerging Al-enabled applications.

Expand Observed Data

Broaden performance and metabolism datasets to
strengthen model testing and benchmarking across species.

\
Standardize Study Reporting . Modules: Ilr__..- } / ’a ..ﬁ'|
Improve model-ready data, interoperability, and , ; ;
reproducibility through consistent nutrition study reporting. '|) INntroduction to Nutrition Modeling el iy
/ 2) Types and Classification of Models AMERICAN SOCIETY OF ANIMAL SCIENCE
A 3) Building and Structuring Models
Integrate Sustainability 4) Parameter Estimation and Model Inputs 2027 ASAS-CSAS
Add modules for nutrient efficiency, methane emissions, 5) Model Evaluation, Validation, and Selection °
manure flows, and feed-related environmental impacts. 6) Com puting Tools for Modelers Annual Meetlng
ol 7) Data Synthesis and Meta-analysis
, , , i 8) Emerging Applications in Animal Science - June 27, 2027 / Sacramento, CA
Improve Feed & Diet Libraries Modeling (Sacramento Convention Center)
Enhance feed and diet libraries across feeding systems
with processing and management metadata. v Model development and bench marking
/ v' Reproducible R/Python workflows
" v Emerging modeling techniques

Transparent Deployment & Evaluation

Provide versioning, standardized metrics, use cases,
and training materials for model deployment and evaluation.

v' Cross-species nutrition modeling applications

o
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