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Preface
The 10th Workshop on Modelling Nutrient Digestion and Utilization in Farm Animals (MODNUT), held in Alghero (Sardinia,
Italy), from 18 to 21 September 2022, highlighted relevant new research on animal modelling and featured invited speakers as well as
oral and poster presentations by attendees coming from all over the world. For the first time, the workshop was held both in presence
and online. In the last day of the MODNUT, there was a Satellite course on methodologies for modeling in nutrition.
This is the 10th edition of a workshop that started in 1979, when animal scientists and mathematical modelers around the world
proposed a workshop to discuss the integra-tion of different research fields and to present their most recent findings. This event was
then named the "Workshop on Modelling Nutrition Digestion and Utilization in Farm Animals" (MODNUT) and was held for the first
time in Hurley, in the United Kingdom. Since then, researchers from all over the world have gathered every 3-5 years to discuss the
application of modelling across multiple disciplines of animal nu-trition and feeding in farm animals. After the first workshop,
MODNUT has been held in different places around the world: California (1984; coordinated by Dr. Lee Baldwin and Tony Bywater),
New Zealand (1989; coordinated by Drs. Bruce Robson and Dennis Poppi), Denmark (1994; coordinated by Dr. Allan Danfaer),
South Africa (1999; coordinated by Dr. F. Richardson), the Netherlands (2004; coordinated by Drs. Jan Dijkstra, André Bannink, and
Walter Gerrits), France (2009; coordinated by Dr. Daniel Sauvant), Australia (2014; coordinated by Dr. Dennis Poppi), and Brazil
(2019; coordinated by Dr. Izabel A.M.A. Teixeira).
The MODNUT workshop has greatly evolved in terms of scope and modelling approach. The 2022 MODNUT program represented a
wide variety of animal species (e.g., poultry, swine, ruminants, and fish), levels of biological aggregation (cellular, molecular, and up
to production systems), and disciplines (e.g., nutrition, physiology, metabolism, animal growth, environmental impact, and health).
The workshop also included a Satellite course focusing on the modeling process and some of the methodologies useful to develop
nutritional models. Consequently, the workshop attracted a diverse audience of researchers. The organization was greatly supported
by the Kassiopea Group srl, especially by dr. Luisa Serra, and by the generous contributions of our sponsors, listed in the Sponsor
page.
These Proceedings will be followed by a Supplement issue of the journal Animal that will include several full papers based on the
research presented at the Workshop and at the Satellite Course.
Recently, we suffered the loss of Prof. Peter J. Van Soest and Prof. Daniel Sauvant, two of the greatest nutritional scientists of our
time. All the participants of the 10th MODNUT have recognized, with deep emotion, the huge contribution of Peter and Daniel to the
field of animal nutrition modeling and their human qualities.
Prof. Antonello Cannas and Prof. Alberto S. Atzori
Chair and Co-chair of the Organizing Committee
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F. Garcia-Launay, J.-Y. Dourmad, A. Cadéro, L. Cappelaere, M. Davoudkhani, A. Aubry, S. Espagnol, M.-P. Létourneau-Montminy,
A. Wilfart, A. Gohin, E. Darrigrand, F. Mahé, L. Brossard
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SESSION - Future perspectives
1. The past, present, and future of agriculture and life on earth: adaptive planning and robust pathways towards desirable
sustainable futures
E. Pruyt *
Center for Policy Exploration, Analysis, Simulation, Pisuissestraat 449, 2553BP The Hague, The Netherlands
*

Corresponding author: Erik Pruyt
E-mail: erik@peas.center

The agri-food system will have to change drastically over the next few decades to feed a growing human population on a planet with
shrinking planetary boundaries, turn agriculture from a major greenhouse gas source into a major carbon sink, stop biodiversity loss,
and – if possible – give back land to nature. Is this possible. If so, how?
How can we feed the world and simultaneously halt climate change, biodiversity loss, and nature loss? Is there an agri-food system that
allows us to do so? Or better: Are there alternative agri-food systems – sustainable agri-food systems – that can do so? If there are several,
which one do we prefer? And how do we end up in that desirable sustainable future? Just hoping we will end up there is unrealistic. We
need proper planning.
First, we need to know which sustainable futures are possible and decide which future to go for. Do we want our future agri-food system to
be more intensive or more extensive, more small scale or more large scale, more low-tech or more high-tech, more local or more global,
more circular or more open? Or maybe, a bit of all? Our agri-food system is standing at important cross-roads, and we need to make up our
mind where to go.
After making up our mind about where we want to go, we need to figure out how to get there. There are always multiple pathways to each
future/system. Transforming a system into a new system does not happen automatically nor without effort. We will need policies to structurally change the existing system, and we will need flanking policies to overcome hurdles, bottlenecks, and policy resistance.
In this talk, I will focus on the complexity of our (global and local) agri-food system, with special attention paid to husbandry and production of animal feed. I will simulate complex agri-food models under uncertainty to show what direction our current agri-food system might
evolve in. I will introduce deep uncertainty and adaptive planning under deep uncertainty and will show how alternative sustainable agrifood systems can (or cannot) be reached. I will identify robust pathways towards desirable sustainable futures. Finally, I will reflect on what
this systems perspective, these simulations under deep uncertainty, and these structural analyses mean for the attendants of the conference and the agri-food system at large.
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Field application models of animal nutrition represent knowledge has advanced to a level of understanding that can be reliably deployed
for diet formulation on farms. Historically these models were very empirical in nature being derived solely from observations of animal
production. However, in the last 30 years, the models have migrated to be more process-based allowing the use of lower level data in model
development and assessment. The protein system within the National Academies of Science, Engineering, and Medicine dairy model
(NASEM, 2021) is an example of that metamorphism, although considerable empiricism remains. Previously defined representations of
the processes of feed nitrogen degradation in the rumen, microbial growth, and intestinal digestion were revisited and refined using all
available data in the literature in meta analyses. Limitations that were identified included biased estimates of the rate of protein passage
and degradation using existing models of fiber particles and in situ derived degradation rates. The relationship between ruminal influx of
blood urea and microbial capture of that nitrogen was discussed, but not incorporated. It is clear that blood urea nitrogen enters the rumen,
and entry is proportional to blood concentrations, but it is not clear how much of that nitrogen is actually captured in microbial protein.
Another potential limitation are the assumptions that the amino acid (AA) composition of ruminally undegraded and intestinally absorbed
protein are the same as the native feed protein. Given that all properties of a protein are derived from the AA composition, it seems unlikely
that the ruminal loss of the more soluble proteins in a feed matrix would have the same composition as the less soluble and more resistant
proteins in the matrix. The same properties might be expected to affect the extent of digestion of individual AA. The isotope-based observations of Estes et al. (2018) and Huang et al. (2019) demonstrate that the combination of those assumptions is not true, but they do not
delineate which assumption is false. Post-absorptively, the representation of AA metabolism is more empirical being largely based on fractional conversion efficiencies to represent transfer from the absorbed AA supply to net protein deposition or use. In reality, these conversion efficiencies vary depending on a range of conditions including age, physiological state, and level of production. An improved
representation of milk protein synthesis was derived based on the underlying biological mechanisms controlling protein synthesis that
have been elicited over the past 25 years. That basic knowledge was used to construct more aggregated representations that captured
the additive nature of 5 essential AA and energy supply, but it remains an empirical description. Similar response surface derivation efforts
for maintenance, growth, and gestation were not possible due to sever data limitation. All of these areas are in desperate need of more
mechanistic and robust models representing the full range of nutrient inputs and animal conditions.
From a technical standpoint, meta-analytical techniques have flourished and now provide a robust method for model parameterization and
testing; but they do not overcome data limitations or flaws in the analytical approach. Biological reasoning should inform the process, not
just statistical observations. Few published experiments utilize a multi-level design. Response surfaces and interactions must be pieced
together from a large collection of experiments using 2  2 factorials. The random effect of study can bias those estimates if the data
are not adequate.
The user should assess collinearity among parameters, as it can lead to biased estimates. The use of collective inputs, such as dry matter
and digested energy intake, create such collinearity when assessing individual nutrient responses. Separate intakes or inputs are needed to
provide each nutrient as a separate input. Also, be aware of mathematical collinearity caused by the choice of a model. Higher order terms
will always be correlated with lower order terms. If the data are adequate, this is not necessarily a problem.
The investigator should make use of numerical approaches that avoid assumptions. Forward and backward elimination approaches are
known to be biased. This is avoided if all combinations of terms are evaluated and ranked by AIC or equivalent, to select the best model
among all possible models. Use cross-evaluation approaches to explore model stability and data consistency. A limited K-fold approach is
often used, but we find an exhaustive approach to be more informative. If the model parameters are not relatively stable across many random subsets of the data, they are likely defined by only a few observations, which could easily be outliers. The correlations among parameters, and the standard errors derived across these evaluations, are a much better estimate of the true variance. These approaches are all
amenable to use across model complexity, and the ability to multiplex across computing cores addresses computational limitations.
At the beginning of my career, modeling was viewed with great scepticism by experimentalists. It has now become more mainstream, due
to the ability to make use of large quantities of published data to parameterize and test the models. This has allowed a more rigorous model
building process, with statistical support for each process within the model. Using a process-based approach results in models that can be
developed over time, and that can be maintained and updated in an ad hoc manner. This approach will result in less time from idea to field
application and more accurate and precise field application models over the next 30 years.
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Introduction
The National Academies of Sciences, Engineering, and Medicine model (formerly NRC) is one of the most widely used models worldwide as
reference for diet formulation of dairy cows. Recently, a new revised edition of this model was released, including new equations to predict
DMI and milk production and components, as well as improvement in the predictions of energy and protein requirements (NASEM, 2021).
Although large databases have been used in the development of this model, most of this information comes from cows fed mixed rations
where the forage used is mainly conserved, with little or no use of fresh grass. The aim of this study was to evaluate the precision and
accuracy of NASEM 2021 model predictions of DMI, milk production, and protein and fat production from commercial dairy farms using
varying amounts of fresh ryegrass in the diets.
Material and methods
Data used for model evaluations was provided by the Chilean dairy cooperative COLUN (La Unión, Chile). The diets were formulated by the
company’s nutrition advisory team during 2019, based on periodic feed analyses, group intake measurements, and monthly records of animal performance. Fifty-two diets fed to groups of cows (11 primiparous and 40 multiparous groups) on 7 commercial dairy farms were
selected. The diets used varying amounts of ryegrass (Lolium perenne L.). Descriptive information of cows is presented in Table 1. Average
ryegrass DMI was 4.86 ± 3.56 kg/d, and average diet composition (express in DM) was 17.0 ± 2.28% CP, and 31.7 ± 2.57% aNDFom. Model
simulation were performed using the R version of NASEM 2021. DMI equations based on animal factors (DMI1) or animal and diet factors
(DMI2), equations were used to predict milk [based on predicted milk components (MY1), NE (MY2) or MP (MY3) allowable production],
milk protein, and fat production. Each was compared to observed data. The accuracy and precision of model predictions were assessed by
calculation of root mean squared errors (RMSE, expressed as % of the mean), mean bias and slope bias (expressed as % of the mean square
error (MSE)), and concordance correlation coefficients (CCC). Data handling and analyses were performed in R Studio (version 2022.02.0).
Results and discussion
Residual analyses are presented in Table 1. Both DMI predictions had small values of RMSE, mean bias and slope bias. The CCC was greater
and RMSE less for the DMI equation using both animal and diet factors as compared to DMI1. This suggests that the diet factors are useful
additional determinants of DMI in grazing systems. No residuals patterns were observed for DMI1 or DMI2 with respect to the amount of
ryegrass consumed. However, DMI1 underestimated DMI in all the primiparous cows (data not shown).
MY1 had high mean bias but a negligible slope bias. This equation was developed using mostly Holstein data with a single correction factor
of -3.4 kg (NASEM, 2021) to represent all other breeds with greater milk solids content. Given the high solids content of Chilean Holsteins,
the latter adjustment is warranted. MY2 and MY3 equations had similar predicted values, but both overestimated milk production. Considering that most of groups were managed under grazing conditions, the question arises as to whether the energy expenditure associated
with grass harvesting could be underestimated. Milk protein and fat production predictions had and RMSE of 18.2 and 18.0%, respectively,
which were only slightly greater than the values reported by NASEM (2021). These equations consider some specific nutrients as inputs,
and considering that tabular values were used to characterize the content of amino acid and fatty acid profiles of feeds, this may be the
cause of the bias.

Table 1
Descriptive summary of cow groups and residual error analyses of dry matter intake (DMI), milk yield, and milk protein and fat yields using NASEM 2021 prediction equations.
Group descriptive
information

Observed mean ±
SD

NASEM 2021 predictive
equation

Predicted mean,
kg/d

RMSE, %
mean

Mean bias, %
MSE

Slope bias, %
MSE

CCC

BW, kg
Days in milk, d
DMI, kg/d
Milk yield, kg/d
Milk protein, %
Milk fat, %
Milk protein, kg/d
Milk fat, kg/d

573 ± 56.5
166 ± 87.4
20.1 ± 2.52
23.8 ± 5.97
3.44 ± 0.09
4.25 ± 0.27
0.81 ± 0.19
1.00 ± 0.23

DMI1
DMI2
MY1
MY2
MY3
Milk protein, kg/d
Milk fat, kg/d

19.9
20.5
30.9
27.1
27.2
0.91
1.10

9.79
7.66
34.4
20.2
19.6
18.2
18.0

0.87
6.72
76.7
46.7
53.8
42.6
27.8

1.36
0.39
0.51
12.0
8.04
9.31
3.94

0.59
0.76
0.40
0.75
0.76
0.62
0.68
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Conclusion and implications
Overall, the model predicted DMI and milk components well, but milk volume was overpredicted by any of the 3 schemes used in the
model.
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4. Predictions of body mineral content in gilts from mating to first parturition: evaluation of different requirement models
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Introduction
The estimation of calcium (Ca) and phosphorus (P) requirements is generally based on a factorial approach. Regarding replacement gilts
requirement models, they are based on equations obtained in growing pigs that have been extrapolated to larger animal which may affect
the accuracy of estimates. However, data of body composition of gilts are scarce. With the objective of precising P and Ca requirements of
replacement gilts, data of body composition of gilts from mating to first parturition have been generated and compared with existing prediction equations.
Material and methods
Body composition of 24 Swiss Large White gilts from the Agroscope sow herd was measured by dual-photon X-ray absorptiometry (DXA, iDXA, GE Medical Systems, Glattbrugg, Switzerland) at mating, 40- and 80-days post-mating and day 2 after parturition. Back fat thickness
was measured at P2 position at mating and on day 2 after parturition. Empty body weight (EBW) and body Ca and P were calculated
according to Kasper et al. (2021) from DXA total weight, lean, and bone mineral contents outputs. Gilts were fed restrictively (2.36 ±
0.20 kg/d) a gestation diet (per kg, 12.1 MJ digestible energy; 2.7 g digestible P; 7.9 g Ca). The body composition models for growing pigs
of NRC (2012), INRAE (Jondreville and Dourmad (2005)), Agroscope (Ruiz-Ascacibar et al. (2019)), CVB (Bikker and Blok (2017)), and of
Dourmad et al. (2021) for sows were used to evaluate their ability to predict body P and Ca content of gilts. Evaluation was based on errors

Table 1
Comparison of observed and predicted body phosphorus and calcium contents.
N

1
2
3
4
5

Mean (g/gilt)

RMSPE

2

ED

Pred.

%

%

%

%2

81
81
81
39
81
81

BW3
EBW4
EBW
EBW,P25
Protein
Protein

1025.1
1025.1
1025.1
995.1
1025.1
1025.1

873.1
939.5
955.1
1022.9
864.3
945.7

15.7
9.5
8.0
6.2
16.4
9.2

89.2
77.4
72.7
20.7
91.9
70.6

5.3
7.3
4.4
6.6
0.8
9.2

5.5
15.2
22.9
72.7
7.3
20.2

81
81
39
81

EBW
EBW
EBW,P2
Protein

1748.3
1748.3
1684.3
1748.3

1443.5
1516.7
1655.1
1529.9

19.0
15.0
8.9
14.9

84.3
78.4
3.7
70.6

7.6
7.0
16.2
10.5

8.1
14.6
80.0
18.9
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2

ER

Obs.

RMSPE(%): RMSE expressed as percentage of the observed mean value.
ECT(%), 2ER(%), 2ED(%): expressed as percentage of mean square prediction error.
BW: Body weight (kg).
EBW: Empty body weight (kg).
P2: Back fat thickness (mm).

1

ECT

force

Models
Phosphorus
INRAE (2005)
Ruiz et al. (2019)
Bikker and Blok (2017)
Dourmad et al. (2021)
NRC (2012)
Dourmad et al. (2021)
Calcium
Ruiz et al. (2019)
Bikker and Blok (2017)
Dourmad et al. (2021)
Dourmad et al. (2021)
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between predicted and observed values and mean square prediction error (MSPE) that was decomposed into error of central tendency
(ECT), error due to regression (ER), and error due to disturbances (ED).
Results and discussion
Most models showed a high root MSPE (RMSPE) due to the high error of the ECT showing an underestimation of both P and Ca (Table 1).
The equations for sows of Dourmad et al. (2021) based on EBW and P2 showed the best accuracy of prediction, with about 6 and 9% of error
respectively, and mostly (>70%) related to disturbance. The results are contrary to the conclusion of these authors indicating that body protein content was the best predictor of body Ca and P. This discrepancy may come from the fact that the newly acquired body composition
data in modern gilts, and especially body protein that is required to estimate P content, appears to be overestimated (RMSPE%: 9.54; data
not shown) when using Dourmad et al. (1997) equation as proposed in Dourmad et al. (2021).
Conclusion
Results of this work showed that gilt EBW is the best predictor of body Ca and P growth from mating to first parturition.
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Application
Mechanistic models (MMs) have provided vital decision-support, opportunity analysis, and performance optimization capabilities to poultry production systems for decades. The role of MMs has been questioned, partially due to the emergence and use of data-driven (DD) or
machine-learning (ML) modelling approaches, with strengths in forecasting and prediction. This review will examine the historic and current use of MMs and ML in the poultry sector and hypothesize on future avenues for the application and hybridization of approaches in the
‘‘big data” era.
Introduction
As the global population is predicted to increase to 9.5 billion in 2050 (FAOSTAT, 2022), the need to efficiently produce food, particularly
animal protein, will only continue to increase. Moreover, livestock industries are taxed with minimizing the impact of animal agriculture
on the environment (e.g, methane, nitrogen, phosphorous, water & land use), while managing increasing societal pressures to reduce production intensity (e.g., pasture-based systems, slow-growing breeds) and remove antibiotics and hormones from feed. These pressures may
impair efforts to improve efficiency and production. Such processes are difficult to optimize within individual production facilities, individual research trials, or qualitatively extract from scientific literature. Models can distill wisdom from scientific knowledge and identify
optimized feeding and mitigation strategies when dealing with complex systems (Ackoff, 1989; Tedeschi, 2019). Mechanistic models define
how a biological system works based on mathematical descriptions of biological principles. As such, they are commonly used to explore
causality and provide a platform for examining new mode-of-action hypotheses in research (e.g., Ellis et al., 2011, 2012) and teaching tools
to help students grasp interconnected biological processes (Gous, 2014). In practice, MMs have served as decision-support and opportunity
analysis tools within animal production systems for decades.
Methods
This review explores the historical and current use of MMs in poultry production systems, their utility for the future, and how they may
interact with new digital tools and technologies. In parallel, we will examine the emergence of ML and big data in the poultry production
sector, as we universally strive for precision feeding and automation of animal production systems.
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Results
While MMs have served the animal nutrition field for decades, approaches will likely evolve as they meet the digital wave – perhaps by
using new ‘‘big data” streams, new methodologies, and hybridizing approaches to optimize performance (Ellis et al., 2020). We hypothesize
that there are several promising directions for the application of models in the poultry industry: (1) application of ‘‘big data” analytics (e.g.,
sensor-based technologies, precision feeding systems) and ML methodologies (e.g., unsupervised and supervised learning algorithms) to
more precisely feed to reach production targets given a ‘known’ individual animal, (2) hybridization of DD and MM modelling approaches
to combine decision-support with improved forecasting capabilities, and (3) advancement of modelling sustainability outcomes (e.g., nitrogen, phosphorus, methane) as influenced by nutrition, management and genetics using hybridized DD and MM approaches.
Conclusions
New modelling methodologies, which utilize the new wave of sensor ‘‘big data” and AI based ‘‘intelligent” (self-learning) DD modelling
techniques, may address some of the limitations of traditional mechanistic modelling approaches (e.g., quality input data, precise fitting
to on-farm performance, quantification of individual animal parameters and between-animal variance) as agriculture becomes increasingly
digitalized. However, while currently available real-time AI-based forecasting models have been successfully developed, most lack transparency in the reasoning behind predictions, being based on empirical best-fit analytics as opposed to a mechanistic mode-of-action.
Therefore, they may struggle to provide suggestions on an ‘optimized’ strategy (unless previously trained on data that encompasses such
scenarios) or convey wisdom back to the user (Ellis et al., 2020). The future of precision agriculture models likely requires the hybridization
of MM and DD approaches, where volume of information meets cumulative biological knowledge, allowing the development of ‘‘explainable AI” – the ‘‘bleeding edge” of research in data science.
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Introduction
Coccidiosis impact broilers’ performance mainly by promoting anorexia and causing nutrient expenditures (Kipper et al., 2013). The cost of
this health challenge may affect the maintenance and the efficiency of amino acids utilization (Pastorelli et al., 2012; Remus et al., 2014),
reducing the maximum response to nutrient provided (Webel et al., 1998). This study aimed to use empirical models to determine the
changes in maintenance, protein efficiency utilization, and maximum response of birds if challenged with Eimeria maxima and fed with
increasing levels of balanced protein in the diet.

Material and methods
All procedures of this study were approved by the Animal Use Ethics Committee located at the Faculty of Agrarian and Veterinarian
Sciences, São Paulo State University – Campus Jaboticabal, process 14770/19. A total of 2,400 male 14-day-old Cobb500 broilers were randomly allotted into 10 groups with six replications of 40 birds each. Five levels of balanced protein (BP) in reference to digestible lysine
(0.36, 0.72, 1.08, 1.44, and 1.80%) were fed to unchallenged and challenged broilers with 7,000 Eimeria maxima sporulated oocysts from
14 to 28 days of age. The feed intake was monitored to calculate the intake of BP. Broilers were slaughtered at 14 and 28 d-old to calculate
the protein deposition for the same period, using the comparative slaughter technique (Sakomura and Rostagno, 2016). The protein deposition was adjusted in function of protein intake, using the monomolecular model, Y = Ymax*[1-e^(-K*(X-Xm))]; X  0, where Y is the deposition of protein (g/kg BW0.75/day), Ymax is the maximum attainable value for Y, K is the fractional rate parameter, X is the intake of protein
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(g/ kg BW0.75/day) and Xm is the protein intake when Y is equal to zero (maintenance). The efficiency of protein utilization (Ep) was estimated as proposed by Kyriazakis and Emmans (1992). The maintenance was calculated by adjusting a monomolecular model, and the estimated parameters were compared using the T-test with a 5% of probability.
Results and discussion
There was a difference between the challenged and unchallenged groups (P < 0.05) for the response variables evaluated, demonstrating
that broilers infected with Eimeria maxima have a different response to dietary BP. The maintenance estimated was similar between broilers challenged and unchallenged (7.53 g of BP/kg0.75/d, P > 0.05) but the Ep differ between those groups (0.56 vs 0.61). The maximum
response (Ymax) was also influenced by the challenge and broilers infected with Eimeria maxima had a low Ymax (13.5 vs 15.1, P <
0.05). The increase in dietary BP elicited a response in protein deposition in both groups; however, because of the differences observed
in both Ep and Ymax, challenged broilers deposited lower quantities of protein.
Conclusion and implications
In this study we found that an infection with Eimeria maxima does not change the maintenance requirement of broiler chickens fed balanced protein diets but reduces the efficiency of protein utilization. Therefore, offering concentrate diets to infected broilers will hardly
produce the same outcome observed in healthy broilers.
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Introduction
Feed efficiency (FE) should be improved in animal production, especially in dairy crossbred beef cattle, where FE is naturally lower than in
other species (Tolkamp, 2010). Besides genetic strategies, nutrition precision (NP) techniques have demonstrated their efficacy in this field
(González et al., 2018). Among these NP techniques, the multiphase diet, which consists of changing dietary energy concentration across
the fattening period, improved FE and hence production costs and environmental excretion in growing pigs (Andretta et al., 2014). However, the multiphase diet strategy is not fully developed in cattle, and therefore how to best conduct the dietary change is still unknown.
The objective of this work is to determine by modelling these changing points across the fattening period of bulls in order to recommend
dietary formulations which may improve FE in beef cattle.
Material and methods
We utilized animal performance records from four experiments conducted with 342 Angus, Limousin, and Charolaise dairy crossbred or
Holstein growing bulls (197 ± 39.5 d age and 269 ± 70.9 kg BW). After a 4-week adaptation period, animals were fed an energy-dense diet
(1.94 Mcal NEg and 89 g MP/kg DM). Animals were weighed every 14 days, and dry matter intake (DMI) was measured daily through electronic feeders (GEA Surge, Westfalia, Germany). We conducted a retrospective analysis to estimate both net energy for gain and metabolizable protein requirements of animals following the NASEM (2016) during the whole fattening period (126 d). Then, we divided the
estimated energy and protein requirements by the observed DMI to determine the dietary energy and protein concentration required.
We utilized segmentation point techniques in R (Changepoint Package) to determine the main points where animal requirements signif517
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Fig. 1. Changing points in terms of net energy for gain (NEg, Panel A) and metabolizable protein (MP, Panel B) requirements by body weight (BW) of growing bulls. The blue
line represents the segmentation point model and red points represent the change points where animal requirements significantly vary during the fattening period.

icantly changed from other points during the whole fattening period. Breed and farm variability were considered by using residuals corrected for these effects.
Results and discussion
First, total requirements (maintenance + gain) of animals were regressed against BW, showing positive linear regressions both for NEg
(2.36 + 0.0131*BW Mcal/d, R2 = 0.24) and MP (575 + 0.334*BW g/d, R2 = 0.06). Then, these requirements were divided by DMI and also
regressed against BW, showing a positive linear regression for energy (0.83 + 0.000404*BW Mcal NEm/kg, R2 = 0.04) and negative for protein (156 – 0.146*BW g MP/kg, R2 = 0.30). Results of segmentation point techniques for energy concentration found no significantly different (P > 0.05) change points during the whole fattening period while results for protein concentration had three change points; at 288, 423,
and 481 kg BW (Fig. 1).
These results show how dietary energy concentration could remain similar (0.96 Mcal NEg/kg DM) from the beginning until the end of the
fattening period while dietary protein concentration could change from 123 g MP/kg DM at the beginning to 93 g MP/kg DM at 288 kg BW,
to 85 g MP/kg DM at 423 kg BW, and to 80 g MP/kg DM at 481 kg BW.
Conclusion and implications
Dietary concentration of beef bulls could be formulated following a similar energy concentration during the whole fattening period, while
protein concentration should be decreased in 3 phases in order to improve feed efficiency in beef cattle production.
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Introduction
Livestock feeding systems calculate energy transactions in livestock as the sum of energy used for maintenance, and energy used for production and growth. In these systems (Freer et al., 2007; NASEM, 2016), heat production (HP) at maintenance is proportional to animal
weight0.75 and age, plus an adjustment for metabolisable energy intake (MEI). However, HP is proportional to weight of protein within
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the body and its metabolic activity; visceral tissue, despite its smaller mass, has higher rate of metabolic activity and contributes to at least
50% of whole-body heat production (Oddy et al., 2019; Dougherty et al. 2021).
Materials and Methods
A mechanistic, dynamic model was developed to calculate heat production and composition of gain in growing ruminants (Oltjen et al.,
2006; Oddy et al., 2019). The model contains three pools: protein, divided into visceral (v) or non-visceral (m) protein based on metabolic
activity, and fat (f), which is non-protein retained energy.
Prior versions of the model (Oltjen et al., 2006; Oddy et al., 2019) proposed calculating HP as:

HP ¼ b1  m þ b2  v þ b3  dm=dt þ b4  dv=dt

ð1Þ

where HP is calculated from the masses of protein pools (m and v) and their respective rates of changes, multiplied by the HP associated with
each pool and process. Oddy et al. (2019) showed it was possible to derive b1 and b2 from independent data but noted that data to estimate
b3 and particularly b4 were sparse. Moreover, on fitting (1) to data, MEI was always a significant contributor to HP.
Results and Discussion
Here we present an alternate HP construct, where values for the metabolic activity of protein per unit mass or change are supported by
independent evidence (all units are in energy terms):

HP ¼ b1  m þ b2  v þ ð1km Þ  MEI þ ð1=kp1Þ  ðdp=dtÞ þ ð1=kf 1Þ  df =dt

ð2Þ

where b1  m + b2  v is equivalent to fasting heat production, (1-km)  MEI represents heat associated with feeding (HAF), where km is
0.02M/D + 0.5 (Freer et al., 2007), M/D is dietary energy density (MJ/kg DM), and kp and kf are the efficiencies of protein and fat gain. Protein
gain dp/dt = dm/dt + dv/dt + wool growth. We are yet unable to obtain reliable independent estimates of efficiency of protein gain in m and v
and wool growth.
One key aspect of this approach is that the efficiency of energy use for maintenance, km, (Freer et al., 2007; NASEM, 2016) is also applied to
feeding levels above maintenance. This enables decomposing heat production associated with gain into three terms: HAF, kp and kf, allows
for more realistic representation of contribution of energy intake, protein mass and changes in protein and fat within the body to HP. Initial
values for kf and kp were obtained from literature and refined by fitting against independent data. For data from Dougherty et al (2022),
values for km, kp and kf with least error were 0.7, 0.4 and 0.7 respectively.
Conclusion and Implications
The approach presented here calculates HP from independently estimated processes. We have created a HAF construct equivalent to 1-km
that applies across all levels of feeding. Separating traditional partial efficiency of gain, kg, into HAF and separate terms for fat and protein
gain is a more flexible approach that allows for modelling of situations where ruminants may be gaining fat and losing protein, or vice
versa. This approach could be used to improve prediction of body composition and energy requirements in growing animals.
Financial Support
This work was funded in part by Meat and Livestock Australia.
References
Dougherty, H.C., Evered, M., Oltjen, J.W., Oddy, V.H., 2021. How does fasting heat production vary relative to liveweight in sheep and cattle?. In: Proceedings of the 13th Recent
Advances in Animal Nutrition Conference, June 2021, Gold Coast, QLD, Australia, pp. 42–43.
Dougherty, H.C., Evered, M., Oltjen, J.W., Hegarty, R.S., Neutze, S.A., Oddy, V.H., 2022. Effects of dietary energy density and supplemental rumen undegradable protein on
intake, viscera, and carcass composition of lambs recovering from nutritional restriction. Journal of Animal Science skac158. https://doi.org/10.1093/jas/skac158.
Freer, M., Dove, H., Nolan, J.V., 2007. Nutrient requirements of domesticated ruminants. CSIRO Publishing, Collingwood, VIC, Australia.
National Academies of Sciences, Engineering, and Medicine (NASEM) 2016. Nutrient requirements of beef cattle.’ 8th revised edn. National Academies Press: Washington, DC,
USA.
Oddy, V.H., Dougherty, H.C., Oltjen, J.W., 2019. Integration of energy and protein transactions in the body to build new tools for predicting performance and body composition
of ruminants. Animal Production Science 59, 1970–1979.
Oltjen, J.W., Sainz, R.D., Pleasants, A.B., Soboleva, T.K., Oddy, V.H., 2006. In: Representation of fat and protein gain at low levels of growth and prediction of variable
maintenance requirement in a ruminant growth and composition model. CAB International Publishing:, Wallingford Oxfordshire, UK, pp. 144–159.

doi: 10.1016/j.anscip.2022.07.399

519

520

Animal - Science Proceedings 13 (2022) 511–616

9. Modeling feed intake and milk yield depression in dairy cows under heat stress
V.C. Souza a,*, L.E. Moraes a, J.E.P. Santos b, N.D. Mueller c, E. Kebreab a
a

Department of Animal Science, University of California, Davis, CA 95616, USA
Department of Animal Sciences, University of Florida, Gainesville, FL 32611, USA
c
Department of Ecosystem Science and Sustainability, Colorado State University, Fort Collins, CO 80523, USA
b

*

Corresponding author: Vinícius Carneiro de Souza
E-mail: vcsouza@ucdavis.edu

Introduction
Heat stress negatively affects feed intake and milk yield (MY) in dairy cows, with detrimental consequences to animal welfare and profitability of dairy farms (Kadzere et al. 2002). Climate change is likely to increase these drawbacks. Thus, our goal was to model the interactions of heat stress with dry matter intake (DMI) and MY in lactating dairy cows using generalized additive models.
Material and methods
A database of individual records of DMI and MY (n = 1,675) from lactating dairy cows housed in environmental chambers at two experimental periods from six studies was constructed. In the first period, DMI and MY were recorded for up to 9 days in thermoneutral conditions. In the second period, cows were exposed to a cyclical heat stress with temperature-humidity index (THI) peaks of approximately 82.
Cow and study were considered as random. Duration of heat stress and basal levels for each response variable obtained under thermoneutral conditions were considered as fixed effects. Differential equations were used to estimate the changes in the response variables with the
progression of heat stress. Data was analyzed using ‘‘mgcv” package in R version 4.4.1.
Results and discussion
Dry matter intake during heat stress was, on average, 76% of the mean DMI from the baseline period, which was 22.1 ± 3.32 kg/d (average ±
standard deviation). Milk yield was, on average, 77% of the mean MY from the thermoneutral period, which was 32.9 ± 5.45 kg/d. Environmental conditions were not included in the models because cows were kept under controlled environmental conditions without variability
in THI across days during the heat stress period. Thus, the focus of the current analysis was on determining the impacts of the length of a
cyclical heat stress induction on DMI and MY. A steep linear decrease in DMI was observed in the first 5 days of heat stress and in the first 7
days for MY (Fig. 1). The greatest impact of heat stress on DMI occurred from 5 to 10 days after stress onset. From day 10, an increase in
DMI was observed. A decrease in MY was also observed after the first week but at a slower rate (Fig. 1). The initial sharp decrease in DMI
lasted about 5 days, while for MY, the initial sharp decrease lasted about 7 days. Therefore, even with a small recovery in the intake rate
after day 5, there was a 2-day lag for the establishment of a lower reduction rate of MY secretion.
d ¼ 6:06 þ 0:47  baseDMI þ bs ðdayÞ with b
Predictions of DMI during heat stress were determined with DMI
s ðdayÞ being the predicted
values for the smooth function determining changes in DMI with the stress progression. For example, the predicted DMI in the third
d ¼ 6:06 þ 0:47  18 þ 1:52 ¼ 16:0 kg DM. Similarly,
day of heat stress of a cow that was consuming 18 kg DM before the stress onset is DMI
d ¼ 5:15 þ 0:56  baseMY þ 0:75  DMI  0:003  DMI2 þ b
predictions of MY during heat stress were determined with MY
s ðdayÞ: For
example, the predicted MY in the first day of heat stress of a cow producing 40 kg of milk before the stress and consuming 22 kg of
d ¼ 5:15 þ 0:56  40 þ 0:75  22  0:003  222 þ 5:11 ¼ 37:4 kg. For the DMI model, 3 average rates of DMI change were
DMI is MY
determined from days 1 to 5, 5 to 10, and 10 to 20. From day 1 to 5, there was a 1.33 kg/d reduction in DMI, from day 5 to 10 there

Fig. 1. Smooth functions (s) describing expectations versus day after stress onset for the lactating cows’ dataset. The shaded area is the 95% Pointwise Confidence Interval for
the smooth function.
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was a further reduction in DMI, and from day 10 to 20 there was an increase (compared to day 5-10 period) of 0.20 kg/d. Similarly, for MY,
we defined two intervals of average MY reductions with heat stress progression: from days 1 to 7 and 7 to 20. Therefore, from days 1 to 7
there was a 1.07 kg/d reduction in MY and from days 7 to 20, the average reduction was 0.17 kg/d.
Conclusion and implications
With the models generated in this study, we demonstrated the shape of changes in DMI and MY in lactating dairy cows, which negatively
affect animal productivity, welfare and profitability in dairy farms.
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Introduction
Feed represents the greatest cost associated with beef production, accounting for 50 to 70% of feedlot operational costs (Shike, 2013).
Despite this, monitoring individual animal dry matter intake (DMI) is not economically feasible in commercial feedlots. Several models
predict DMI, but they were only able to account for 58 to 77% of variation in DMI (Anele et al., 2014; Herd et al., 2019). Development
of such models is challenging, as DMI is controlled by complex factors, including feeding behaviour (FB; Allen, 2014). Studies evaluating
FB have been primarily limited to research pens with automated feeders, which may impact behaviour and dominance, as the number
of animals that can simultaneously access feed are limited (Kelly et al., 2020). Inexpensive cameras and sensors can accurately record individual animal FB in conventional group pens (Harrison et al., 2022). Thus, the objective of the current study was to characterize FB of cattle
fed using individual automated feed bins and conventional pens.
Material and methods
Twenty-four Angus-cross steers (initial body weight; IBW = 346 ± 10 kg) were fed a grain-based diet using individual automated feed stations (RIC-feed weigh trough, Hokofarm Group B.V., Marknesse, Netherlands) in group pens (8 steers/pen). Daily bunk visits (BV), mealtime
for each visit (MT), and feed consumed were recorded. Forty-eight additional steers (IBW = 345 ± 26 kg) from the same source were allocated to four conventional pens (12 steers/pen). Precision Livestock Technologies, Inc. (Dallas, TX) camera modules were placed 4.6 m
above the ground at bunk ends. Trained interns reviewed camera images and recorded BV frequency and MT. Daily MT was summed within
animal to calculate total daily eating duration (ED). Statistical analyses and graphic generation were completed in R (version 1.3.1093).
Results and discussion
Steers housed in the conventional pens visited the bunk less frequently (BV = 10.4 ± 3.0), than steers in the RIC pens (BV = 14.8 ± 5.1). However, the conventional pens were not monitored overnight due to visibility. Conventional pen steers spent more total time at the bunk, with
a mean daily ED of 107 ± 25 minutes, compared to a mean ED of 97 ± 24 minutes for RIC steers. Authors attributed the increase in ED in

Fig. 1. Daily Eating Duration in Conventional versus RIC Pens.
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conventional pens to animal dominance, which caused displacements and pushing, increasing time spent at the bunk. There was no relationship (r = 0.007; P = 0.87) between ED between the two pen types (Fig. 1). For the RIC steers, mean eating rate (ER) was 120 ± 30 g/min
(CV = 25%). Eating rate and DMI were weakly associated (r = 0.32), indicating ER alone was not overtly impactful. Mean DMI was 11.8 and
11.0 kg for RIC and conventional steers, respectively.
Conclusions and implications
Based on this study, FB did not statistically differ among steers using conventional bunks and automated feed bins. Further research is
being done coupling the use feeding behaviour and dynamic growth models to predict individual animal DMI in conventional pens. Information on individual animal DMI can be extremely valuable for evaluating animal health and efficiency.
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Introduction
Precision agriculture is the optimization of resource use for efficient production and involves tailoring system inputs to the lowest possible
unit to reduce error. Calculation of dry matter intake (DMI) of a dairy cow pen provides the quantity constraint to balance and formulate a
total mixed ration (TMR) and impacts the balance of feed components in this linear programming equation. The current industry standard
is a post-hoc estimate of this figure from the quantity of feed remaining after a known feeding window, divided by the number of cows in
the pen. A limitation of this method is that the DMI of the pen is expected to center normally at this mean and it does not consider nonnormal distributions in its estimate of feed quantity. This leads to possible error in precision if the assumption of normality is violated. The
DMI of an individual cow has been modeled with deterministic equations utilizing energy balance and milk yield and can generate accurate
estimates on a per cow basis, but requires detailed data on each cow to scale to a pen level for adoption of precision agriculture. Instead of
estimating the DMI of the ‘‘mean” cow of a pen to predict the quantity of feed required for the whole pen, we can examine how DMI is truly
distributed within a pen and calculate the area and density under these distribution curves to better predict that feed quantity. Maximum
likelihood estimation determines parameters of named distributions for a given data set and calculates the total joint probability density
for each, showing us which one is the highest probability of matching the observed data. The objective of this study is to evaluate a method
of predicting the pen level distribution of DMI from a transformation of other pen level statistics to apply the principle of precision agriculture to this population setting. Using data from cow pens where individual cow DMI was recorded (American Calan Gates, NH, USA) this
is achieved by describing the distribution of DMI for dairy pens, calculating the best fit distribution type and parameters and comparing
this to the distribution of milk yield transformed on other pen level statistics.
Materials and methods
Weekly DMI and milk production data of 426 cows from eight published data sets were cleaned, visually assessed for consistency, and collated and homogenized into a SQL database. The density of DMI were stratified by data set and parity, as well as considered in combination,
then plotted by week of lactation from six weeks pre-calving to 44 weeks post-calving. Distribution type for DMI and milk yield was
assessed by week using log-likelihood to evaluate best fit, and parameters were calculated by maximum likelihood estimation. Using
the relational properties of these common distribution shapes the milk yield distribution was transformed into the best fit distribution
for DMI for each week. Commercially relevant pens were constructed by randomly allotting one DMI measurement per cow into groupings
of week of lactation 1 – 3 (FRESH) and week 4 – 21 (PEAK). This analysis was performed for all data sets combined on the level of lactation
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two. An estimate of the area under the curve for the best fitting distribution type was performed by iterating 1000 random deviates of the
distribution type using the parameters estimated from the data.
Results and discussion
Skew and kurtosis for each week was calculated and Jarque-Bera normality test performed. For the combined data set on the level of lactation two the distribution of week one DMI was normal with a skew value of 0.07. The distributions for weeks after week two violated
normality with a Jarque-Bera test of P < 0.05, and consistent left skew was observed. The Beta distribution shape consistently yielded a
better fit to the data than the Normal distribution for both DMI and milk yield. The distribution of DMI for FRESH was best fit by the Beta
distribution with a higher Log-Likelihood value of 1072 compared to 1078 and 1101 for the Normal and Weibull distribution. The distribution of DMI for PEAK was best fit by the Beta distribution with a higher Log-Likelihood value of 900 compared to 905 and 913 for
Normal and Weibull distributions. For the FRESH group, the true quantity of DMI observed was 5718 kg for 362 cows. Fitting the Beta distribution to the data the mean of the 1000 random deviates was 5719 kg (CI 5714 – 5724 kg). For the PEAK group, the true quantity of DMI
observed was 6758 kg for 311 cows. Fitting the Beta distribution to the data the mean of the 1000 random deviates was 6754 kg (CI 6749 –
6759 kg). These best fitting distribution shapes were compared to the milk yield distribution for the respective groups to find the transformation that produces the observed distribution of DMI. This method can provide a data transforming algorithm that makes an informed
prediction of DMI distribution based on milk yield and lactation stage and parity pen dynamics.
Conclusions and implications
For commercial cow populations with unknown individual DMI, the pen distribution of milk yield and other population parameters can be
used to model the expected DMI distribution. Using the area under the DMI distribution curve from this predictive model will calculate a
more accurate quantity of feed required by the group than the current assumption of normality and estimate of the mean. This will provide
a more precise feed quantity for TMR formulation, resulting in a more accurate ration and improve feed efficiency in dairy production.
doi: 10.1016/j.anscip.2022.07.402
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Introduction
Feeding an imperfect mix of absorbed essential amino acids (EAA) or exceeding production potential results in decreased efficiency of
absorbed EAA use for maintenance and production (EAAe, %). Provision of absorbed EAA in excess results in reduced EAAe and suggests
that savings are possible if the supply of the EAA is reduced, and the reverse. The objective of this study was to evaluate NASEM 2021 model
predictions of animal performance by individual cows fed diets that varied in absorbed EAA supplies.
Material and methods
Primi- and multiparous lactating Holstein cows (n = 48) were fed 1 of 3 treatment diets (n = 16 cows/treatment) 1/d through Calan gates
for 7 wk following a 2 wk covariate period. The control ration was balanced to fulfill all nutrient needs of lactating dairy cows producing 45
kg milk/d using the NRC (2001) dairy model (NRC01). The other 2 rations were developed using the NASEM 2021 model and a nonlinear
optimizer (NlcOptim library) in RStudio. One was optimized to achieve maximum income over feed cost (IOFC), and the other diet (NEFF)
was optimized using a penalty for N excretion introduced into the IOFC objective function to coerce greater EAAe. After diets were balanced, the mean predicted EAAe for all EAA were 80.0%, 70.3%, and 92.5% for NRC01, IOFC, and NEFF, respectively. Cows were milked
2/d, and milk samples were analyzed bi-weekly for analysis of milk components. A simulation function was written in RStudio to predict
daily animal performance with the 2021 NASEM model. Inputs included daily observed animal measures, dietary ingredient composition
Table 1
Predicted (simulated) performance from simulations relative to observed performance.1
Variable

Trt

Observed LSMeans

Predicted LSMeans

Predicted SD

Root MSE

Root MSE (%mean)

Mean Bias (%MSE)

Slope Bias (%MSE)

DMI, kg/d

NRC01
IOFC
NEFF
NRC01
IOFC
NEFF
NRC01
IOFC
NEFF

24.4a
24.0a
21.5b
33.7a
30.0a
28.1a
1.17a
1.07ab
0.932b

26.3a
24.8a
22.2b
31.8a
32.8a
29.3b
1.07a
1.05a
0.879b

0.708
0.667
0.704
0.411
0.408
0.388
0.040
0.034
0.036

3.64

15.4

7.72

0.808

7.78

22.9

20.3

30.9

0.268

22.9

11.0

4.10

Milk, kg/d

Milk protein, kg/d

ab
1

Means within column not sharing any letter are significantly different at the 5% level of significance.
Trt = Treatment; LSMeans = Least squares means; SD = standard deviation; MSE = mean squared error.
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(% of DM based on daily mixer weights and weekly forage DM), and the nutrient composition of each ingredient (%DM). Dry matter intake,
milk, and milk components from both the observed data and the simulation data matrices were analyzed as repeated measures (days) in a
mixed model to test for both observed and predicted (simulated) differences in treatment means, where cow was used as a random effect
and treatment, days in milk (DIM), experimental day, and the interaction of treatment by experimental day were fixed. Pairwise differences
were based upon least squares means and declared different using the Bonferroni-Holm adjustment at the 5% level of significance.
Results and discussion
Table 1 summarizes NASEM 2021 model performance on select variables. Cows consuming NEFF were consistently and accurately predicted to have the lowest DMI and milk values.
Conclusion and implications
NASEM 2021 predicted relative DMI differences between animals consuming treatments with differing EAAe. Consideration of the impact
of imbalanced EAAe by future models may allow better prediction of the relative impact of such imbalances on milk production and
components.
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Introduction
Precision nutrition refers to feeding individual animals, or a small group of animals with diets tailored daily to their requirements. It has
been demonstrated that precision nutrition is the most promising avenue for maximizing resource use efficiency, mainly protein and nonrenewable P resources, and to significantly reduce N and P excretion and climate change impacts while helping to reduce the feed cost and
labor requirements (Pomar et al., 2021). Although, in theory, it seems easy enough to determine the requirement of a group of animals over
a certain period, determining individual daily requirements is fairly more complicated. Over the years, traditional mathematical models
have been used to estimate growth rates and composition as a response to the nutrient intake. Such models use average growth responses
of past reference populations to estimate forthcoming populations’ requirements. These average estimates, accompanied by security margins, have worked well to maximize the growth of pigs fed in groups. There is, however, a large variation among animals and therefore, to
maximize nutrient utilization, the right amount of nutrients needs to be provided to the right animal at the right moment. The aim of this
study is to highlight how the Individual Precision Feeding (IPF) model estimates amino acids requirements in real-time, considering the
between and within-animal biological variation. This study will highlight the biological limitations of the IPF model and other current population factorial methods used to estimate nutrient requirements.
Material and Methods
The IPF model (Remus et al., 2020) is a grey-box model, composed by an empirical or data-driven component, which operates using realtime feed intake and weight gain to estimate protein deposition (PD). PD is imputed in the mechanistic model, which estimates real-time
maintenance and growth standardized ileal digestible (SID) lysine (Lys) requirements. All other amino acids are estimated assuming the
ideal protein profile for precision-fed pigs is equivalent to the values use for group-fed pigs. In the data-driven approach, a Double Exponential Smoothing univariate time-series or a dynamic linear model in conjunction with Kalman (Hauschild et al., 2020) filtering, has been
used to estimate growth variables. The mechanist model uses population based values to estimate SID Lys efficiency of utilization. To estimate real-time individual nutrient requirements, the measurements obtained through sensors need to be translated via mathematical
models into the information needed to control the feeding system. Body weight and daily feed intake are used to estimate SID Lys
(Pomar et al., 2021).
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Results and Discussion
Although IPF estimations are in average accurate (Remus et al., 2020; Hauschild et al., 2020), and results in SID Lys efficiency of utilization
greater than conventional methods (Pomar et al., 2021), there are several limitations in this and similar factorial methods. The SID Lys
requirements are the sum of maintenance (e.g. body renewal, digestive losses) and growth requirements (Lys efficiency of utilization
and PD rate). However, Lys efficiency of utilization can vary by more than 50% between pigs with the same genetic background and
age. Similarly, finishing pigs with the same body weight have different body fat content (Salgado et al., 2020). Body lipid synthesis and
degradation are regulated by complex mechanisms, but are mainly driven by blood glucose concentration and insulin secretion. Yet, insulin
secretion varies by 40% and more among pigs of similar genetic background, weight, and feed. Also, pigs with greater PD present lower
transcript abundance related to genes associated with protein turnover, oxidative stress and immune system activation (Remus et al.,
2022). Hence, actual mathematical models used for precision nutrition are limited by their ability to represent all these sources of between
animal variation and by the scarcity of real-time relevant farm data needed to precisely estimate in real-time the amount of each nutrient
that each pig needs at a given time to express it full growth potential. Grey-box models integrating artificial intelligence able to handle
complex and dynamic data, associated with more comprehensive mechanistic models, are needed advance precision nutrition.
Conclusion and implications
Although precision nutrition can significantly improve nutrient efficiency by providing each pig with the required amount of each nutrient
in real-time, it relies on the utilization of sound nutritional concepts and comprehensive biological models. New models are needed to further develop actual precision nutrition systems integrating the observed variation among animals. Developing new feeding systems can
only be achieved by developing a new way of thinking and solving problems.
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Introduction
The nutritional value of feed ingredients for pigs is known to be affected by the kinetics of nutrient digestion, which in turn is affected by
diet  animal interactions. Although current feed evaluation systems provide invaluable tabular values regarding the chemical composition
and nutrient digestibility of feedstuffs, interactions between ingredients and between the diet and animal are not accounted for in predicted nutritional values. To aid future predictions of the nutritional value of diets and feed ingredients, an in-silico nutrient-based mechanistic digestion model (SNAPIG) was developed. The model objective was to predict nutrient digestion and absorption kinetics in the
gastrointestinal tract of pigs fed diets varying in feed ingredients, nutrient composition, and physicochemical properties.
Material and methods
The model was developed using AcslX (Aegis Technologies Group, Inc.). It simulates the process of nutrient digestion, representing nutrient
passage, hydrolysis and absorption, and endogenous secretions along the stomach, proximal and distal small intestine, and caecum/colon,
using the time unit of hour. The model comprises 48 pools representing gastrointestinal protein, starch, fat, non-starch polysaccharide,
hydrolysis products, endogenous secretions, and microbial biomass. Nutrient hydrolysis kinetics vary with feed ingredient origin, and
parameters were estimated from in vitro assay data. Feed protein, starch, and fat were differentiated in (enzymatically) degradable and
undegradable fractions and specific hydrolysis rates were estimated according to their feed ingredient origin. Based on in vivo studies,
525

526

Animal - Science Proceedings 13 (2022) 511–616

Table 1
Model evaluation parameters of the digestion model for growing pigs, presenting goodness of fit of observed (obs) v. predicted (pred) postprandial time of peak (TOP, h) and area
under the curve2 (AUC, % of ingested) of nutrients absorbed from the intestine.
Nutrient

Variable

Obs (SD)

Pred (SD)

R-sq

RMSPE1 (%)

ECT1 (%)

ER1 (%)

ED1 (%)

CCC1

Cb1

Glucose

TOP
AUC
TOP
AUC
AID
AID/AFD

56
63
58
63
70
82

44
69
61
83
78
86

0.25
0.41
0.03
0.03
0.67
0.30

39
39
60
40
12
16

31
6
1
69
88
6

4
52
3
0
0
8

65
42
96
27
12
86

0.38
0.58
0.09
-0.02
0.34
0.27

0.8
0.9
0.6
0.1
0.4
0.5

Amino acids
Protein
Fat

(20)
(20)
(34)
(13)
(5)
(15)

(15)
(30)
(11)
(2)
(5)
(4)

1
RMSPE = root mean square prediction error (as % of observed mean), ECT = error of overall bias, ER = error due to deviation of the regression slope from unity, ED = error
due to disturbance (i.e. random error), CCC = Lin’s concordance correlation coefficient, Cb = bias correction faction, AID = apparent ileal digestibility, AFD = apparent faecal
digestibility.
2
Area under the curve calculated based on observed sampling time (varying from 5 to 12h).

the passage of digesta solids and liquids from the stomach was modelled as a function of nutrient solubility and by diet viscosity, diet solubility, and feed intake. Results were evaluated against independent literature data on nutrient absorption from studies with (portal) blood
measurements in pigs (12 studies, 32 dietary treatments for glucose; 8 studies, 15 dietary treatments for amino acids).
Results and Discussion
Model evaluation focussed on the prediction of glucose and amino acid absorption kinetics (Table 1). The predicted time of peak (44 ± 15 vs.
56 ± 20 min after meal) and extent (69 ± 30 vs. 63 ± 20% of intake) of glucose absorption after a meal, compared with observed values, were
adequate (RMSPE = 39%). For amino acids, the mean, but not the variation in time of peak could be predicted (61 ± 11 v. 58 ± 34 min,
RMSPE = 60%). Although net portal appearance is the closest estimation for amino acid absorption from the gut, the absorption kinetics
of amino acids can be affected by gut metabolism, which is not represented in the model. The extent of small intestinal protein digestion
was slightly over-predicted (70 ± 5 v. 78 ± 5 %, RMSPE = 12%), while variation among diets and ingredients was well predicted. To improve
model calibration, a more extensive observational dataset is required. Ideally, such a dataset should cover data regarding the net portal
appearance of amino acids in pigs fed diets, including ‘slow’ and ‘fast’ in vitro degradable protein sources, and also includes passage kinetics
of digesta and the extent of ileal protein digestibility.
Conclusion and implications
In conclusion, results show SNAPIG can predict variation in nutrient digestion kinetics in pigs fed diets varying in feed ingredient composition and physicochemical properties. The use of SNAPIG enables the identification of knowledge gaps in pig nutrition concerning feedstuff
properties and its consequences on digestion kinetics. To further improve the evaluation of both feed nutritional value and pig growth, a
post-absorptive metabolism model was also developed. The coupled digestion and metabolism model (called DyNAMPIG) will allow such
evaluation.
Financial support
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Introduction
Homeostasis of metabolite pools in pigs is challenged when confronted with a rapid post-absorptive influx of nutrients. Physiological
mechanisms that buffer this influx are key in overcoming this challenge, e.g. by storing excess absorbed glucose as glycogen. On the other
hand, utilization of these body stores for energy in between meals ensures energy is available during fasting by providing oxidizable substrates (glucose, fatty acids). With our current development of an in-silico nutrient-based post-absorptive metabolism model using withinday kinetics (DyNAMPig), a representation of these mechanisms is included to accommodate predictions of the post-absorptive metabolic
fate of nutrients in growing pigs. Here, we present a showcase of the conversion of body stores to metabolite pools in between meals.
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Material and methods
Principles for nutrient partitioning were adapted from the pig growth model developed by Halas et al. (2004) and modified to accommodate within-day kinetics of nutrient metabolism. Body components (protein, fat) and metabolites (glucose, glycogen, fatty acids, acetyl-CoA
and amino acids) are represented as eleven whole-body pools connected by fluxes their respective deposition, breakdown, storage and partitioning. Fluxes use Michaelis-Menten kinetics to represent the inhibition and affinity aspects of nutrient partitioning. Parameters describing the rate and type of within-day nutrient utilization are currently calibrated to indirect calorimetry data.
Results and discussion
Substrate conversion rates for (A) body fat mobilization, (B) glycogenolysis and (C) amino acid degradation for either energy or gluconeogenesis, over a two-day period of a pig fed a restricted diet (30% and 70% of total daily feed intake in a morning and afternoon meal respectively) are shown in Fig. 1. Presented values are to be fine-tuned in the current calibration. In general, all three substrate utilizations are
responding according to expectations, being low following the influx of nutrients during and immediately after meals and increasing in
periods of fasting. The majority of energy during fasting periods is provided by lipolysis, consistent with in vivo observations. Glycogen
utilization precedes lipolysis, which increases in time as glycogen stores start to become depleted. Amino acid degradation is negatively
correlated with glycogenolysis, implying that glucose homeostasis is achieved by increasingly utilizing amino acids as a source of glucose
when there is insufficient influx of glucose via either a meal or glycogenolysis.
Conclusion and implications
Providing sources of energy during fasting for pigs using storage pools is a promising new direction for the modelling of nutrient utilization
in pigs using within-day kinetics. It allows modelling the effects of variation in nutrient absorption kinetics, and provides a basis for the
incorporation of more biological processes in whole-animal models. Further calibration of these mechanisms to within-day energy utilization data is required to ensure overall partitioning of nutrients adheres to in vivo data.
Financial support
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Introduction
Concurrently, the poultry industry is aiming to increase productivity and efficiency to meet global demand for food while societal concerns
demand slowing the rate of bird growth due to ethical concerns (Olschewsky et al., 2021). Mechanistic modelling offers an alternative or
supplementary tool to conducting costly animal experiments, by allowing hypothesis testing before implementing changes to address
these complexities. The most recent fully reported mechanistic model for turkeys was published in 2011 and focused on the exponential
growth phase of turkeys in response to genotype and nutrition (Rivera-Torres et al., 2011b). Over 10 years later, significant changes in
growth and nutrition have been made, and thus the objective of this work was to update this growth and metabolism model. A new mechanistic model for turkeys is presented, using Michaelis-Menten kinetics to replace exponential kinetics to describe nutrient transactions,
and updated ‘pythonic’ libraries to effectively predict growth and body composition in response to genotype and nutrition.
Materials and Methods
A mechanistic model was created based on the previous model structures described in Rivera-Torres et al. (2011b), and the flow diagram
describing the model is presented in Fig. 1. Model development was performed in Python. The model describes the transfer of digested
nutrients into intermediary metabolites (amino acids, AA; glucose, Gl; fatty acids, FA; acetyl-coA, Ay) which are then used for protein
and lipid metabolism in the viscera and carcass as well as anabolism in the feathers. Acetyl-coA is produced from the catabolism of AA,
Gl, and FA, and consumed for maintenance transactions. Protein retention represents the difference between anabolic and catabolic fluxes
in the carcass, viscera, and anabolic fluxes in feather pools.
Advancements made to the model were (1) implementation of more stable Michaelis-Menten kinetics to describe metabolite fluxes (based
on genetic potential and substrate availability), and (2) defining new genetic parameters. The equation’s Vmax described the genetic potential or maximal value for the reaction rate (also influenced by age), and the denominator represents the limiting or activating effects of
substrate concentrations. Fitting was done using the LMFIT library to compare model predictions to observed data, with a Levenberg-Marquardt fitting method (Newville et al., 2014). The new parameters fitted (Vmax, km, exponent ‘n’) to a default dataset corresponded to data
taken from Rivera-Torres et al. (2011b).
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Fig. 1. Diagram depicting the flow of nutrients from diet to body compartments. Dietary nutrients are triglycerides (TG), AA, and carbohydrates (CH). The digestible portion of
these nutrients are inputted into the model as AA, GL, and FA. Proteins (Pb) and Lipids (Lb) are deposited in the body compartment b. Ash (Ab) and water (Wb) accretion are
calculated allometrically depicted by (–).

Fig. 2. Graph displaying predicted body protein of a make turkey against observed male turkey, grown to 105 days.

Results and Discussion
Michaelis-Menten kinetics produced results similar to observed data by Rivera-Torres et al. (2011a) with total bodyweight and total body
protein similar to male turkeys up to 105 days, with under-prediction of body protein late in the growth phase due to the fitting procedure
treating all data points as equivalents. Fig. 2 displays a comparison between the observed and predicted body protein of a male turkey
grown to 105 days.
Conclusions and Implications
The newly developed growth and metabolism model for turkeys allowed the prediction of total body weight (not shown), body protein, and
body fat (not shown) based on new data and previous modelling research. Future steps include creating different genotype profiles (turkeys, broilers, slow-growing lines) and expanding diet descriptions to model individual amino acids. Other factors such as environmental
stress and the impact of the addition/removal of feed additives can be addressed in the future to modulate growth appropriately, making
the model robust for academic and industry applications.
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Introduction
Several phosphorus (P) response criteria can be used depending on the objective of production (e.g., profitability, welfare, and environment) challenging the utilization of a single value of requirement. A robust multi-criteria model aiming to simulate actual calcium (Ca)
and P retention within the different anatomical fractions of the broiler has been developed and evaluated.
Material and methods
The model was built with a mechanistic approach using experimental data. It includes 3 sub-modules: 1) a digestion that predicted the
amount of Ca and P absorbed from a recent meta-analysis (Khaksar et al., 2022) and another meta-analysis (Hedhli et al., 2019) where feed
intake is modulated by Ca and P supply, 2) a soft tissue that predicted the growth of tissues based on AVINESP model (Hauschild et al.,
2015), and 3) a body ash that predicted P, Ca and ash depositions in bone, soft tissues and feathers considering the concentration of minerals in these tissues (Hamdi and Létourneau-Montminy, 2019). In pigs, a similar modeling approach showed that body ash is best predicted when dissociated from protein (Lautrou et al., 2020). For body ash sub-module, two types of driving force have been tested: 1)
‘‘protein allometry” where body ash was predicted allometrically based on body protein using two different references (Hruby et al.,
1994; Zelenka et al., 2011) and then bone Ca was predicted using a fixed ratio of Ca: body ash and P in bone based on a fixed ratio with
Ca. The second approach named ‘‘independent body ash” predicted Ca, P, and the remaining mineral (Miscellaneous) based on potential Ca
deposition obtained with dissection data (Angel et al., not published; Hamdi and Létourneau-Montminy, 2019) and fixed proportion of P
and miscellaneous. Whole-body ash data, Ca, and P from literature were used to evaluate the accuracy of prediction using mean squared
prediction error (MSPE) and its decomposition into error of central tendency (ECT), regression (ER) and disturbance (ED).

Results and discussion
For body ash, protein allometry using Hruby and the independent body ash method showed similar accuracy (respectively, MSPE = 7.5 %,
ED = 49%, ER = 39%; MSPE = 8.0 %, ED = 77%, ECT = 23%; Fig. 1a). Protein allometry using Zelenka showed lower accuracy with 17% MSPE
that is mostly ER (54%) followed by ECT (31%). For body Ca (Fig. 1b), the independent body ash method showed the best accuracy
(MSPE = 14.3%, ED = 40%, ECT = 57%), followed by protein allometry using Hruby (MSPE = 11.4%, ECT = 41%, ER = 34%) and protein allometry
using Zelenka (MSPE = 24.5%, ER = 48%, ECT = 43%). Finally, for body P, the results followed the same trend of body Ca with the independent
body ash the most accurate (MSPE = 8.5%, ECT = 51%, ED = 45%), followed by protein allometry using Hruby (MSPE = 12.5%, ECT = 45%, ER =
37%), and then Zelenka (MSPE = 20.2%, ER = 45%, ECT = 45%).

Fig. 1. Observed body ash (a) and Ca (b) in function of those predicted by the model using different driving force.
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Conclusion
The proposed model simulates the metabolic fate of dietary P and Ca in growing broilers and the dynamics of body ash integrating the most
relevant physiological processes involved in broiler P metabolism.
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Introduction
The rumen ecosystem harbors a galaxy of microbes working in synthrophy to carry out a metabolic cascade of hydrolytic and fermentative
reactions that allow ruminants to harvest nutrients from a wide range of feedstuff otherwise inaccessible to the host. The interconnection
between the ruminant and its rumen microbiota shapes key animal phenotypes such as feed efficiency and methane emissions and suggests the potential of reducing methane emissions and enhancing feed conversion into animal products by manipulating the rumen microbiota. Whilst significant technological progress in omics techniques has increased our knowledge of the rumen microbiota and its genome
(microbiome), translating omics knowledge into effective microbial manipulation strategies remains a great challenge. To get the most out
of the large body of omics data of the rumen microbiome, mechanistic modelling is needed, as it provides a powerful approach for data
integration and interpretation towards a system-level understating of the rumen microbial ecosystem. In this work, will we discuss two
approaches for integrating microbial omic data into dynamic models of the rumen.
Microbial ime series and state observers
Existing rumen fermentation models consider that the rumen microbiota can be represented by macroscopic functional groups catalyzing
key reactions. This approach does not integrate explicetely microbial genomic information. Using the state observers framework (UgaldeSalas et al., 2019), we will illustrate how microbial data can be integrated into a mechanistic model using as example the rumen model
developed by (Muñoz-Tamayo et al., 2016) under an hypothetical scenario where microbial time series are available.
Genome-scale metabolic modelling Microbial ime series and state observers
The genome of a microorganism contains the information of its metabolic capabilities. Using as example the rumen bacterium Fibrobacter
succinogenes, we will illustrate the process of its genome-scale network reconstruction and the steps required to produce a dynamic model
of the bacterium. We will further discuss the considerations and challeneges to be addressed for translating the methods applied for a single microbe to the rumen ecosystem.
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Introduction
The synchrony index for ruminants was originally defined by Sinclair et al. (1993) but its application has not been successful mainly for the
discordant results when comparing the effects of synchronous vs. asynchronous diets. Our objective was to propose the use of the Cornell
Net Carbohydrates and Protein System (CNCPS) v. 6.55 fractional rates of digestion and passage to calculate the index together with its
pattern and range across the 24 h and the relative nitrogen (N) to fermented carbohydrates (CHO) ratio to use as tools of diet evaluation
and formulation improvement.
Material and methods
The effective hourly extent of degradations, for grams of N and kg of CHO, were calculated hourly for each nutrient protein and CHO fraction using the fractional outflow rate for forages, concentrates or liquids assigned by the CNCPS. The optimum ratio of g N per kg of CHO
released for lactating cows was assumed to be 35 with an ideal range 32–36 g/kg (Yu et al., 2008; Seo et al., 2010). The deviance from the
optimum value of 35 was indicated by the index, where a value of 1.0 represents perfect synchrony while lower values indicate the degree
ﬃ
P24 pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
N 2
ð35hourlyCHO
Þ
35

h¼1
of asynchrony. The index was calculated using the following equation: sync index ¼ ð
Þ=35. Two case studies are
24
presented.

Results and discussion
Case 1 shows an index lower than the optimal (0.9–1.0) but with a small range of variability (D: 0.064), a N to CHO ratio (g/kg) lower than
the optimal range but again with small range (D: 2.2). The case depicts a situation in which the N degraded is lower compared to the CHO
degraded but the protein fractions seem uniformly distributed when compared to the degraded CHO fractions. The reformulation should in
this case aim to replace a concentrate portion with protein sources of various degradability (e.g., soy meal and sunflower, 66:33) (Fig. 1).
Case 2 shows an index within the optimal interval but with a wide range across the day (D: 0.188). This indicates that for many hours the
synchronization is not optimal and, in this case, lower than the desired minimum. N to CHO is on average within the optimal interval but
with wide range (D: 11.3) resulting from an excess of soluble protein (fractions A1+A2 in CNCPS). In this case the highly degradable sources
of protein should be partially replaced by lower degradability protein sources (sunflower replaced by soymeal for example) and highly
degradable CHO could be introduced (e.g., molasses) (Fig. 2).

Fig. 1. Case study 1 as shown in Nutritional Dynamic System (NDS) Professional before and after replacing some energy source with soy meal and sunflower (66:33).
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Fig. 2. Case study 2 as shown in NDS Professional before and after the reformulation (i.e., sunflower replaced by soymeal and molasses introduced).

Conclusion and implications
The index and the other parameters utilized can represent a way to represent asynchrony and possibly assist in a decision making process if
associated with the CNCPS fractionation and prediction system. The tool would need to be validated in vivo. However, it is well known that
the animal has a system to temporary manage lacks or surplus of either N or CHO. In fact the tool presents the potential as well to be
improved with the prediction of, for example, the recycled N influx and the effects of low pH on fiber degradation across the 24 h.
References
Seo, J.K., Yang, J., Kim, H.J., Upadhaya, S.D., Cho, W.M., Ha, J.K., 2010. Effects of synchronization of carbohydrate and protein supply on ruminal fermentation, nitrogen
metabolism and microbial protein synthesis in Holstein steers. Asian-Australian Journal of Animal Science. 23, 1455–1461.
Sinclair, L.A., Garnsworthy, P.C., Newbold, J.R., Buttery, P.J., 1993. Effect of synchronizing the rate of dietary energy and nitrogen release on rumen fermentation and microbial
protein synthesis in sheep. Journal of Agricultural Sciences. 120, 251–263.
Yu, P., Hart, K., Du, L., 2008. An investigation of carbohydrate and protein degradation ratios, nitrogen to energy synchronization and hourly effective rumen digestion of
barley: effect of variety and growth year. Journal of Animal Physiology and Animal Nutrition. 93, 555–567.

doi: 10.1016/j.anscip.2022.07.410

20. Sensitivity analysis of a mechanistic model of the rumen in-vitro fermentation: Study of the impact of 3 sampling methods on
Sobol indices of accuracy
P. Blondiaux a,*, T. Senga Kiessé b, M. Eugène c, R. Muñoz-Tamayo a
a

INRAE, Université Paris-Saclay, AgroParisTech, UMR Modélisation Systémique Appliquée aux Ruminants, 75005 Paris, France
INRAE, UMR SAS, Institut Agro, 35000 Rennes, France
c
INRAE, UCA, VetAgro Sup, UMR Herbivores 1213, 63122 Saint-Genès-Champanelle, France
b

*

Corresponding author: Paul Blondiaux
E-mail: paul.blondiaux@inrae.fr

Introduction
Biological systems are often described by complex models involving many input parameters, linked by non-linear relationships. Sensitivity
analysis (SA) methods were developed to identify the contribution of input parameters (IP) to model’s variance, using sensitivity indices
(SI) (Sobol 1993). To accurately estimate SI, the sampling step is crucial to widely explore the variability space of IP, using techniques such
as the Sobol sequences (SSeq), the latin hypercube sampling (LHS) or the Monte-Carlo method (MC). This work aims to study the impact of
these 3 sampling methods on the accuracy of SI estimation of IP from an in-vitro mechanistic model of the rumen fermentation (MuñozTamayo et al. 2016).
Material and methods
We applied the Sobol method with 3 sampling methods. The MC technique is commonly used to generate random and independent IP values following a probability distribution function. However, when applying MC, there is no control that the variability space is fully explored
especially for a low number of simulations. To manage that, SSeq and LHS generate deterministic sequences that explore more evenly the IP
variability space. We used as case study the model of rumen in vitro fermentation developed by Muñoz-Tamayo et al. (2016). The 9 IP considered for the SA were hydrolysis rate parameters (khyd, h1) associated to 3 polymer components in the diet (neutral detergent fiber, nonstructural carbohydrates and proteins) and kinetic rate parameters (km, mol substrate/ (mol biomass h) and kS, mol/L) associated to the
utilization of 3 soluble substrates (sugars, amino acids and hydrogen). Methane concentration (CH4, lmol) at time t = 24h was the output.
First-order Sobol indice (Si) and total SI (Ti) (Homma and Saltelli 1996) were considered. For each sampling method, simulations number N
varied from 100 to 1500 (step = 50). The IP sampling and indices were computed using sensobol R package (Puy et al. 2022).
Results and discussion
The parameter km;H2 contributed the most to CH4 concentration variability (SK m;H = 0.59) followed by ks;H2 (SK s;H = 0.21) and khyd;ndf
2

2

(SK hyd;ndf = 0.10), for N ¼ 100 simulations with SSeq (Table 1). Moreover, interactions’ contribution between IP xi and other IP to model output variability was low (Ti  Si  7%). For km;H2 , using the 3 sampling methods, Si converged to the same value when simulation number N
increased (SK m;H was 0:65  0:66) (Fig. 1). The SSeq and LHS providing the closest Si estimations for N ¼ 100 simulations (Fig. 1). When
2

increasing N, SSeq provided more stable estimations and lower SD, in comparison to LHS and MC (0.01 vs 0.02 and 0.04, respectively)
(Fig. 1). Moreover, SSeq requires less simulations to provide a stable SI estimation. However, SSeq can have larger CI than LHS (High CI
– Low CI = 0.34 vs 0.16 for N ¼ 100 simulations, respectively).
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Table 1
First-order Sobol (Si) and total (Ti) indices estimated, with the confidence intervals (CI) associated for the Sobol sequences sampling (SSeq) method and 100 simulations.

km;H2 (mol/ (mol.h))
ks;H2 (mol/L)
khyd;ndf (h1)
khyd;pro (h1)
ks,aa (mol/L)
km,aa (mol/ (mol.h))
km,su (mol/(mol.h))
khyd;nsc (h1)
Ks,su (mol/L)

Si

Low CI

High CI

Ti

Low CI

High CI

0.59
0.21
0.10
0.09
0.03
0.02
0.02
0.01
0.01

0.44
0.01
0.10
0.14
0.21
0.20
0.20
0.19
0.22

0.78
0.48
0.36
0.33
0.28
0.25
0.26
0.22
0.26

0.62
0.14
0.12
0.08
0.02
0.02
0.00
0.04
0.01

0.34
0.09
0.05
0.02
0.01
0.01
0.00
0.02
0.00

0.85
0.19
0.18
0.12
0.03
0.04
0.01
0.07
0.02

khyd,j: hydrolysis rate constant associated to polymer components fiber carbohydrates (ndf), non-fiber carbohydrates (nsc) or proteins (pro).
km,j: maximum specific utilization rate of soluble substrates sugars (su), amino acids (aa) or hydrogen (H2).

Fig. 1. Dynamic of the first-order Sobol indice of km,H2 (Skm,H2), with the confidence intervals (CI) associated according to the number of simulations for the 3 sampling
methods.

Conclusion and implications
The IP km,H2 contributed the most to the variation of CH4 concentration. The SSeq sampling method provided more stable estimations of IP’s
contribution than other methods, with a low number of simulations. Therefore, SSeq should a more suitable sampling method, especially
for models with a high computation time (models associated with numerous parameters and/or a high level of complexity). These models
usually cannot afford a large number of simulations (of the order of a hundred). However, SSeq showed large confidence intervals and for a
high number of simulations the 3 methods showed similar results. Based on this work, one research perspective is to conduct the sensitivity analysis of an in-vivo mechanistic model of the rumen fermentation with a high complexity level.
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Introduction
Digesta passage rate (kp) has an important role in feed digestibility, and this has been considered by feeding systems to increase accuracy
and precision of the models. Few models for predicting kp have been proposed for goats and none of them considers individual characteristics such as sex, reticulorumen (RR) capacity (Gindri et al., 2021), and chewing investment (Zhang et al., 2022). Moreover, to our knowledge, there are no models for predicting separately kp of particles and solutes in growing goats. Thus, the objective was to propose
empirical models for predicting the RR kp of particles and solutes in goats.

Material and methods
The models were developed using 175 individual records of males and females growing goats, fed ad libitum and under restrictions, and kp
of particles and solutes were recorded using iNDF and Cr-EDTA as markers, respectively (Gindri et al., 2021). Akaike’s information criterion
was used to select the best models. The natural logarithm (ln) of observed kp values and the candidate predictor variables (intake, diet composition, BW, chewing investment, RR wet tissues (RRwetT), and RR wet pool size (RRwetPS) was tested. Ln(variables) and sex were not
selected as predictor variables. K-fold cross-evaluation and an independent dataset (n = 18 for kp of solutes and n = 63 for kp of particles)
of 13 studies from the literature were used to evaluate the predictive ability of the selected models. Lin’s concordance correlation coefficient (CCC), root mean square prediction error (RMSPE) of cross-evaluation (CCCce and RMSPEce) and external-evaluation (CCCe and
RMSPEe) and their decomposition into error associated with mean bias (ECTce and ECTe), error due to systematic bias (ERce and ERe),
and error caused by random errors (EDce and EDe) were used to evaluate the models.
Results and discussion
Two models were selected for each RR kp and ln(kp), including or not RRwetT and/or RRwetPS. Only models of kp were selected for further
evaluation (Table 1) because they produced quite similar results than models of ln(kp). Once evaluating the models with the external dataset, study affected only the intercept of the observed:predicted relationship (P  0.01), which was – 0 (P < 0.05) only for the models of kp of
particles. The model RR kp of solutes including RRwetPS presented RMSPEe = 0.13 /h, ECTe = 0.82, ERe = 0.15, and EDe = 0.029 and the
model with just DMI level as predictor variable presented RMSPEe = 0.13 /h, ECTe = 0.81, ERe = 0.12, and EDe = 0.065. For RR kp of particles,
only the model without RRwetT and RRwetPS could be evaluated with the external dataset and presented RMSPEe = 0.015 /h, ECTe = 0.65,
ERe = 0.13, and EDe = 0.22. The model RR kp of particles presented quite acceptable predictions with room for linear corrections, as for
model RR kp solutes. However, this must be carefully done because out of the 13 published studies found in the literature, any study
recorded all variables needed to properly evaluate the models and they were estimated. Moreover, just few studies presented composition
of the ingested diet, otherwise only average offered diet composition and DM intake.

Table 1
Selected models for predicting passage rate of particles (kp iNDF, /h) and solutes (kp Cr, /h) in the reticulorumen (RR) of goats.
Full model1
b0

kp Cr2
kp iNDF3

DMI

NDFI

kg/day

Mean

SE

Mean

SE

0.12
0.02

0.023
0.004

0.082

0.021

Mean
0.06

pdNDFI

kg/day

SE

g/kg BW

Mean

SE

0.0091

0.0015

0.01

iNDFI:NDFI

RRwetT

Mean

Mean

SE

0.06

0.01

0.02

RRwetPS

kg

kg

SE

Mean

SE

0.01

0.025
0.005

0.0057
0.0008

Simple model1
b0

kp Cr4
kp iNDF5

DMI

g/kg BW

Mean

SE

Mean

SE

0.03
0.004

0.017
0.006

0.004

0.0006

iNDFI:NDFI

NDFI

Mean

SE

Mean

SE

Mean

kp Cr

SE

0.04

0.01

0.0006

0.0003

0.03

0.01

g/kg BW

/h

1

DM intake (DMI), NDF intake (NDFI), iNDFI:NDFI ratio of ingested diet, potentially digestible NDF intake (pdNDFI), RR wet tissues (RRwetT) and wet pool size (RRwetPS).
Lin’s concordance correlation coefficient of cross-evaluation (ce) (CCCce) = 0.57; Root mean square prediction error (RMSPE) of ce (RMSPEce) = 0.051 /h; Error associated
with mean bias of ce (ECTce) = 0.040; Error due to systematic bias of ce (ERce) = 0.030; Error caused by random errors of ce (EDce) = 0.93.
3
CCCce = 0.48, RMSEPce = 0.0066 /h, ECTce = 0.040, ERce = 0.040, and EDce = 0.92.
4
CCCce = 0.47, RMSEPce = 0.054 /h; ECTce = 0.040, ERce = 0.030, and EDce = 0.93.
5
CCCce = 0.17; RMSEPce = 0.0076 /h; ECTce = 0.040, ERce = 0.050, and EDce = 0.91.
2

1
2
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Conclusion and implications
Including individual information such as reticulorumen capacity in the models for predicting reticulorumen kp of particles or solutes considerably increase the accuracy and precision of the predictions. The reticulorumen kp of particles demonstrated dependent on kp of solutes
suggesting solutes have a role in caring particles out of reticulorumen.
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Introduction
In dairy cows, cobalamin (B12) supply is completely dependent on synthesis by the rumen microbiota (Strobel, 1992). The metabolic pathways in which B12 is used, including its co-enzyme role with methylmalonyl-CoA mutase for propionate production, are essential to fulfilling the cow’s energy requirements (Strobel, 1992). Extant rumen models do not consider the synthesis and degradation of B vitamins
such as B12 and its role in rumen function. A meta-analysis conducted by Brisson et al. (2022) highlighted key factors correlated with B12
apparent ruminal synthesis, which is equal to the post-ruminal flow (PRF), including DMI, total ruminal VFA concentration and dietary
starch. Therefore, the objective of this work was to develop a mechanistic sub-model to describe a hypothesis of ruminal synthesis and
degradation of B12 in lactating dairy cows.
Material and methods
The B12 sub-model (Fig. 1) was developed to fit within the existing ANSJE rumen model (Dijkstra et al., 1992). The model consists of two
new B12 pools (Cbfl, Cbso), representing the vitamin presence in both rumen fluid and rumen solids. These pools follow existing microbial
growth and passage fluxes and simulate the degradation and recycling of B12 in the rumen through its use in propionate synthesis (Prop).

Fig. 1. Diagrammatic representation of the cobalamin (Cb) ruminal synthesis sub-model and the resulting post-ruminal flows of Cb. Boxes indicate state variables (mg), fullline arrows indicate fluxes (mg/day), and dotted lines represent the inhibition of Cb recycling with increased Cb concentration. Abbreviations used: Am, ammonia; Cb,
cobalamin; Cbfl, cobalamin in rumen fluid; Cbso, cobalamin in rumen solids; Ha, hexose available to amylolytic microbes; Hc, hexose available to cellulolytic microbes; Ma,
amylolytic microbial mass; Mc, cellulolytic microbial mass; Prop, propionate; Ps, rumen fluid-soluble protein. 1a/1b/1c. = Inputs into Cb pools; 2a/2b. = Recycling of Cb used
during propionate metabolism back to the Cb pool(s); 3 = propionate synthesis rate; 4a/4c. = Inhibition of Cb recycling with increased concentration of Cb; 4b/4d. =
Catabolism of Cb after use in propionate synthesis; 5a/5b. = Cb flow out of rumen.
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The biological values to describe the initial and average concentrations of B12 in rumen fluid and rumen solids were extracted from the
literature (Santschi et al., 2005). Additionally, three new parameters using Michaelis-Menten kinetics which describe B12 recycling, including the inhibition of B12 recycling by B12 concentration (JCbfl, PrCbfl = 1.0 mg/L; JCbso,PrCbso = 10.0 mg/L) and the theoretical maximal recycling
rate of B12 (RCb,PrCb = 0.95 mg/d) if B12 concentration was to reach zero were defined, using treatment means from an available database
describing B12 flows across the rumen (Brisson et al., 2022). Model parameter fitting was performed, assuming steady-state, by calculating
the residual sum of squares between predicted and observed B12 PRF across 34 treatment means for all parameter combinations (JCb,CbflPr
and JCb,CbsoPr = 1.0 to 10.0 by 0.5 mg/L; RCb,PrCb = 0.5 to 1.0 by 0.05 mg/d).
Results and discussion
With the newly fitted parameters, the B12 sub-model predicts mean PRF of 11.4 mg B12/d (± 1.42 mg/d) compared to an observed mean B12
PRF of 12.0 mg B12/d (± 5.71 mg/d). The model performance indicates fitting of predictions (rMSPE, 21.7%; CCC, 0.056) (Bibby and
Toutenburg, 1977; Lin, 1989) requires further consideration to capture greater variation. This unexplained variation may be due to simplified representation of biology in the hypothesized B12 sub-model, prediction errors within the base model itself, or biological variation present in the data not captured by the model.
Conclusion and implications
The sub-model developed was used to test a hypothesis explaining B12 synthesis regulation in the rumen, using current knowledge about
factors involved in the regulation of B12 ruminal synthesis and degradation. The current fitted model predictions of the average B12 require
testing on an independent database and the model performance could be improved with further research and data collection to better capture additional sources of variation. This work represents the first attempt at mechanistic modelling of duodenal B12 flows in the dairy cow.
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Introduction
The entire Parmigiano Reggiano (PR) production chain is strictly regulated by its consortium, from animal origin to feedstuffs use. Rations
are based on fresh forages and/or dry hay, while silages are not allowed. Considering that diets must contain at least 50% of forages, good
quality feedstuffs are necessary to meet the energy requirements of animals and milk quality (Mordenti et al., 2017). Hence, dry matter
intake needs to be improved. It could be achieved by selecting highly digestible forages with a low concentration of indigestible NDF
(uNDF240), or reducing dietary particle size (Fustini et al., 2011). Fiber digestibility (FD) is one of the main topics on dairy cows’ rationing.
In the last few years, total-tract potentially digestible fiber digestibility (TTpdNDF240D) evaluation has been used to evaluate feed efficiency at the herd and individual cow level (Combs et al., 2013). The objective of this study was to investigate dietary factors that could
play a role in predicting the TTpdNDF240D in cows fed PR diet, and compare the different proposed models in order to produce an equation
for FD prediction. The scope is to provide nutritionists with a fast tool to use on-field practice.
Material and methods
A total of 7 studies, performed at the University of Bologna Dairy-Unit, involving 53 dairy cows, 15 diets and 1364 fecal samples were
examined. All the involved cows were completely adapted (14 d) to the diets. Diet and fecal analysis were assessed by the university
lab. Cows’ body-weight (BW) was measured twice a day by an electronic scale. DMI was individually measured in a tie-stall area. Cows
were monitored during all the trials for health conditions and production. Correlations between parameters were studied by Multivariate
methods. Based on previous results three different Standard Least Square Models with a factorial arrangement for dietary factors were
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constructed. Model one was based on diet composition (dietary nutrients DM %); model two on daily diet components individual intake
(dietary nutrients DMI kg); model three on daily diet components individual intake over the BW (dietary nutrients DMI kg/BW kg on %
basis). Models were then compared based on resulted RMSE, RSq and P-value (JMPv16).
Results and discussion
The model based on the dietary components (% DM) resulted the best predictor of TTpdNDF240D (RMSE = 5.35, RSq = 0.7, P < 0.01), while
the second model, based on dietary nutrients intake, had worse performances (RMSE = 5.98, RSq = 0.64, P < 0.01). The reason could be
attributed to the addition of variability caused from the individual intake. Moreover, the DMI could be influenced also by different conditions (parity, DIM, milk yield, environment, etc.). Finally, the third model was not applicable due to the high correlation between parameters (dietary nutrients DMI kg/BW kg on % basis). The best model was built from the easiest data we are able to record on the field. Indeed,
diet analysis nowadays are common practice in Italian dairy farms. Best model equation (% DM) was: 97.7  1.93*ash + 1.23*starch –
2.68*CP + 0.69*pdNDF240 – 0.70*peNDF. In this model starch and pdNDF240 have a positive impact, while, ash, CP and peNDF have a negative correlation. It is important to highlight that dietary starch levels used were common in the studied TMRs (24%) and no extreme scenarios were applied. The negative correlation of FD with ash and CP could be related to the increasing inclusion of alfalfa in the diets which
is rich in minerals and proteins and tend to be less digestible. Finally, the fill effect of the long fiber depresses the FD.
Conclusion and implications
Developing a prediction equation for FD in Parmigiano Reggiano rations resulted possible and the best model was based on dietary components. The possibility to include into a rationing program such kind of preliminary equation could fill the gap currently present. Indeed,
rationing programs normally used in Italy are silage-based rations. Finally, the present equation must be implemented with more data and
wider FD ranges in dry hay-based rations.
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The Call for Next-Generation Systems Models
To meet our commitments for reductions in agricultural GHG emissions without unintended consequences, we need to quantify the environmental footprints of agriculture production systems in a way that considers the multiple, interconnected impacts of management
choices. Systems models can support sustainable emissions reductions by contributing to inventories that track progress overtime and
through comparison of expected outcomes under different environmental and management scenarios. In a special issue of the Agricultural
Systems journal, Antle, Jones, and Rosenzweig (2017) highlighted the need for next-generation models that are user-driven, modular, interoperable, open source, and well-documented. They also emphasized the need for trans- or inter-disciplinary approaches to model development to advance our scientific understanding of complex agricultural systems, of which, dairy production is among the most complex
and currently under substantial societal pressure to reduce its GHG emissions.
The Dairy Production System
In the US, dairy farms are one of the few remaining integrated livestock production systems in which the animals live on the same piece of
land and are owned by the same entity that produces most of their feed and manages their manure. The integrated nature of dairy production makes it an ideal candidate for a next generation model due to the multiple types of management decisions that can be supported
by an effective decision support tool, and the many scientific disciplines required to understand the holistic impacts of those decisions. For
a systems model to be most effective in guiding management decisions there are many sustainability outcomes that need to be estimated
in addition to GHG emissions and production, including runoff and leaching, air quality, soil health, and animal health and welfare.
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The Ruminant Farm Systems (RuFaS) Model
RuFaS (http://rufas.org/) is a process model of dairy farm nutrient cycling and transformation designed in a modular framework and coded
in Python. To meet the need for a process model capable of simulating production and environmental impacts from all parts of a dairy farm,
the RuFaS model must adhere to the standards for a next generation model established by Antle, Jones, and Rosenzweig (2017). Further, to
promote scientific engagement and increase the ease with which model code is updated in the future, we set additional standards for code
and documentation clarity. Coding practices that decrease the time for model updates are a necessary investment as knowledge and technology will continue to advance at an exciting pace. Wherever possible, RuFaS draws on relationships, equations, and principals from existing agricultural models and includes stakeholder-driven development decisions that differentiate our approach from extant models. For
example, the Animal Module of RuFaS simulates each individual animal as they move through their life cycle in a dairy herd (Hansen
et al., 2021). This choice allows RuFaS to compare management decisions related to breeding, animal health, and culling that impact herd
efficiency and thus environmental outcomes like enteric emissions and manure production. The choice to represent individual animals is
one example of our general approach to achieve scalable flexibility through modularity and object-oriented programming. Rather than
striving to achieve the same level of detail or complexity in how RuFaS represents all parts of the farm, we create objects of the smallest
unit of interest for management decisions. We then clearly define the interactions of those objects with other parts of the farm system
through inputs and outputs which eases addition of new management options in the future. We apply these development principles to
fields, pens, animals, manure management systems and silos to create modular objects that represent all major elements of a dairy farm
and can be scaled to represent any size farm.
Assumptions and Knowledge Gaps
As with any model, the processes we can quantify in RuFaS are limited by current knowledge and thus we rely on assumptions from expert
opinion or sparce literature evidence. Knowledge and data gaps that require assumptions often exist at the boundaries of different disciplines. One example is the influence of diet on manure composition. Manure emissions are commonly estimated from the degradable volatile solids and ammoniacal N content of manure. However, animal nutrition studies rarely report these key metrics that would facilitate
estimation of dietary impacts manure emissions. Similarly, soil P dynamics depend on manure water soluble organic and inorganic P
but there is little information about diet effects on these metrics. Thus, to represent nutrient flow from animals to manure and soil, we
are forced to make assumptions about manure composition based on the amount of urine and feces that are only loosely connected to diet
composition.
Filling these knowledge gaps is an important next step to predicting outcomes that are spatially and temporally removed from a change of
interest and thus towards more holistic management practices guided by systems models. In the meantime, the RuFaS model uses static or
default values where mechanistic connections cannot be established to create a foundation of the complete dairy farm nutrient cycle in
which, at a minimum, changes in mass flow are responsive to management and environment changes.
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Introduction
Between-cow variation of enteric methane emission (CH4) has previously been investigated (Guinguina et al., 2020; Manzanilla-Pech et al.,
2021). It was shown that phenotypic variation between animals was large enough to allow genetic selection of low emitting cows, but to
our knowledge, the between-cow variation in response to a given CH4 mitigation feeding strategy has not been investigated previously.

Materials and methods
Data from three experiments was used for the data analysis. All experiments tested well-known effective CH4 mitigation feeding strategies,
in experimental order: 1) interaction between fat level, nitrate and 3-NOP with eight diets (2  2  2) and six periods; 2) interaction
between nitrate and three protein levels with six diets (2  3) and four period; 3) interaction between dietary fat source and level (control
diet and two fat sources with three and two levels respectively) with six diets and six periods. All experiments used 48 dairy cows, 24 prim538
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Fig. 1. Relationship between individual measured enteric emissions as CH4/DMI (y-axis) and centred CH4 mitigation effect of the diets (x-axis, mean CH4/DMI within the diet),
with modelled correlated random intercept and slope for individual cows (r = 0.45). Regression lines from dark to light gray for low to high random slope coefficients,
respectively.

iparous and 24 multiparous, starting at 95 ± 49 (mean ± sd) days in milk (DIM). The same facilities were used for all three experiments but
in different periods. The periods lasted 21 days, and all experiments used either an incomplete or complete balanced Latin square design.
All experiments recorded feed intake (PMR) with individual automatic feeding bins (Insentec, Netherlands), and CH4 production and concentrate bait drops with four GreenFeed units (C-lock, USA). Dry matter intake (DMI) and CH4 production were averaged over the last seven
days of each period. In total 737 observations were included in the dataset. The CH4 mitigation effect of each diet was calculated from the
average emission of each diet group as CH4/DMI. Variables were analysed with a linear mixed model included the CH4 mitigation effect
(centred), interaction between parity and period, and DIM (centred) as fixed effect, and the random intercept of the cow effect, with correlated random slope on the CH4 mitigation effect (centred).
Results and Discussion
The random intercept effect of cow was significant for modelling DMI, CH4 and CH4/DMI, and so was the random slope of the CH4 mitigation effect. For CH4/DMI the model with correlated random intercept and slope resulted in lower deviance compared to a model with
uncorrelated random intercept and slope (P < 0.01), therefore the first was used. Individual random coefficients for intercept and slope
were extracted, and these were considered the intrinsic emission level of the cow corrected for diet, period, parity and DIM effects. Model
fixed intercept and slope (centred CH4 mitigation effect) were 15.5 and 1.02 for CH4/DMI. The between-cow variation (sd) for DMI (kg/d),
CH4 (g/d) and CH4/DMI (g/kg) were 1.42, 31.0 and 1.39 for the intercept, and 0.45, 8.2 and 0.34 for the slopes. Correlation between random
intercept and slope were 0.30, 0.16 and 0.45 for DMI, CH4 and CH4/DMI, respectively. Therefore, animals with high emissions levels
expressed as CH4/DMI (high random intercept) have a lesser slope coefficient when regressed on CH4 mitigation effect of diet, and low
emitting cows have a greater slope (Fig. 1).
Conclusion and implications
The evaluated CH4 mitigation feeding strategies were effective for all cows, however the reduction in CH4 emission expressed as CH4/DMI
was more pronounced on lower emitting cows than higher emitting cows. Further investigations are needed to better understand the individual response to CH4 mitigation feeding strategies.
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Introduction
There is a global effort to reduce anthropogenic sources of greenhouse gas (GHG) emissions to the atmosphere. In 2019, the overall contribution of agricultural GHG emissions to the UK total was 11%. Agriculture was responsible for approximately 50% of total UK methane
production and 70% of total nitrous oxide production. Nitrogen excretion from livestock is a significant environmental concern, leading to
nitrate leaching, ammonia volatilisation, and nitrous oxide emissions. To meet the requirements of the Climate Change Act and track
changes in emissions attributable to agricultural activity, the UK needs to adopt more sophisticated methods of measuring, reporting
and verifying GHG emissions for inventory purposes. Development of country- and region-specific emission factors allows the use of Tier
2/3 reporting methods, increasing the precision of GHG inventory calculations and helping to reduce the uncertainty of current default
emission factors. Currently, the UK inventory does not use regression equations to calculate nitrogen excretion from ruminants.
Material and methods
An existing database of individual measurements of cattle and sheep energy and nitrogen balance from the University of Reading which
included measurements of methane and nitrogen excretion was updated and expanded using more recent data from Reading and existing
data from Northern Ireland, Scotland, Wales, USA, and the Netherlands giving a total of 3362 individual records of methane production and
2703 records of nitrogen excretion. A multivariate analysis using linear models was conducted, with appropriate adjustments for variance
associated with location and trial effects, to determine the most important dietary factors and animal characteristics that influence
methane emission and nitrogen excretion. Data were corrected for variation due to location and experiment using Mixed Models procedures of SAS (SAS Inst. Inc., Cary, NC) and linear regression models as described by St-Pierre (2001). Covariance structures were selected
based on fit criteria, but in most cases, an unstructured model was used for the data reported. In all cases, there were significant effects of
location and experiment.
Results and discussion
Recommended models of methane emission and nitrogen excretion for use in the UK national GHG inventory are shown in Table 1. Total
feed dry matter intake (DMI) has an overriding effect on the amount of methane produced by sheep and cattle across a broad range of diet
types and productive states. In contrast to the clear effect of the level of DMI, most measures of dietary nutrient composition were found to

Table 1
Models of enteric methane production and nitrogen excretion recommended for use in the UK national greenhouse gas inventory. Parameter estimates with associated standard
errors in parentheses.
Model
Methane
SM1
LM1
CM1
Nitrogen
LN1
LN2
LN3
LN4
CN1
CN2
CN3

Prediction equation

r2

RMSPE, %

CCC

CH4 = 6.84 (0.75) + 11.5 (0.72)  DMI
CH4 = 78.6 (15.2) + 16.5 (0.80)  DMI
CH4 = 46.0 (11.8) + 18.1 (1.82)  DMI

0.62
0.54
0.39

23.9
17.7
28.9

0.765
0.679
0.613

FN = 27.7 (7.72) + 0.25 (0.015)  NI
UN = 12.3 (13.0) + 0.35 (0.026)  NI
ManN = 40.8 (13.6) + 0.60 (0.028)  NI
MilkN = 36.8 (7.53) + 0.17 (0.014)  NI
FN = 11.8 (6.11) + 0.28 (0.029)  NI
UN = 4.59 (5.35) + 0.51 (0.038)  NI
ManN = 20.3 (6.98) + 0.75 (0.021)  NI

0.59
0.50
0.77
0.48
0.77
0.75
0.90

17.6
28.0
13.6
25.4
27.0
29.8
18.6

0.737
0.629
0.854
0.554
0.837
0.841
0.923

S, sheep; L, lactating cattle; C, other cattle; M, methane; N, nitrogen; RMSPE, root mean square prediction error in % of observed mean; CCC, concordance correlation
coefficient; CH4, enteric methane production (g/d); DMI, dry matter intake (kg/d); NI, nitrogen intake (g/d); FN, faecal nitrogen excretion (g/d); UN, urinary nitrogen excretion
(g/d); ManN, manure (faeces + urine) nitrogen excretion (g/d); MilkN, milk nitrogen production (g/d).
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be non-significant factors in determining methane emissions across the data set. Nitrogen intake is the principal driver of nitrogen excretion either in urine, faeces, or manure by cattle across a broad range of diet types and productive states. As nitrogen intake increases above
requirement, the excess nitrogen is partitioned largely towards urinary nitrogen with smaller increases in faecal and milk nitrogen.
Conclusion and implications
Information on DMI and nitrogen intake is required for good prediction of enteric methane and nitrogen outputs. However, in practice,
information on feed intake is not available on-farm and has to be estimated (usually via energy requirement) as does diet composition.
The uncertainties associated with estimating DMI and other diet parameters can cause sizeable prediction error in estimating enteric
methane that outweighs potential improvement from the use of a higher reporting methodology. Therefore, knowledge of the available
activity data is essential when selecting the most appropriate inventory prediction model.
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Introduction
Silvopastoral systems are used to improve the productive performance of Brazilian livestock and is considered as an enteric methane (CH4)
mitigation strategy. In Brazil, where more than 95% of livestock herd is raised on pastures, monitoring enteric CH4 emissions is more challenging. Alternatively, prediction equations have been developed. Evaluating model performance (accuracy and precision) and selection of
key input variables are crucial to correctly assess those emissions. The aims of this study are: 1) apply global sensitivity analysis on different CH4 emission models; 2) provide guidance on which input parameters should be measured carefully; and 3) propose one or more
CH4 emission model(s) that is/are more suitable for silvopastoral systems.

Material and methods
We used experimental data from two production systems (open pasture and silvopastoral) at the Embrapa Agrossivilpastoril (Sinop, MT,
Brazil), from 21 Nellore steers. Dietary composition and animal inputs were measured, except DMI which was estimated based on body
weight (BW), using the NRC (2000) equation: DMI = 4.54 + 0.0125  BW (eq. 1).
Global sensitivity analysis was carried out on six empirical CH4 emissions models based on diet and animal input variables (Table 1),
according to the approach developed by Arogo-Ogejo et al. (2010). The six models were:
IPCC, 2006 and 2019 (IPCC1 and IPCC2, respectively); Charmley et al., 2016 (Charmley); van Lingen et al., 2019 (Van 1 and Van 2); Ribeiro
et al., 2020 (Ribeiro).

Table 1
Minimum and maximum CH4 emissions predictions extracted from 105 simulations and first-order coefficients (dimensionless) of model parameters calculated using a global
sensitivity analysis.
Model

Min. pred. CH4 emissions (g/d)
Max. pred. CH4 emissions (g/d)
Input variable
GE
DMI
NDF
BW
For
Total

IPCC1

IPCC2

Van1

Van2

Charmley

Ribeiro

78
124

186
217

216
249

198
216

234
273

128
162

1.10
1.10

1.10
1.10

0.31
0.73
1.04

0.87
0.43
0.10
1.40

1.10
1.10

0.77
0.40
1.17
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Results and discussion
After 105 simulations, the total sum of 1st order sensitivities per model were close to 1 (Table 1). Differences between minimum and maximum predictions suggested that models IPCC1 and Charmley as the least precise and IPCC2 and Van2 as the most precise.
IPCC1 had GE as the only input variable, and Ribeiro model had 77% of variance explained by GE.
The IPCC2 and Charmley models have DMI as the only input variable, and Van2 model had 87% of its variance explained by DMI. Consequently, we recommend using IPCC1, IPCC2, Charmley and Ribeiro models carefully, as it is a difficult to measure DMI and GE in practice.
For Van1 model, 73% of the variance was explained by NDF and only 31% by DMI. Pasture NDF content may help assessing differences that
are specific to silvopastoral systems and consequently this model is recommended as the most suitable to estimate CH4 emission in those
systems.
Conclusion and implications
The sensitivity analysis demonstrated that DMI and NDF explained most of variance in CH4 emissions from the considered empirical models. More attention measuring these variables is recommended to yield more precise CH4 predictions. Further research on grazing systems
is required to increase measured CH4 emission data and model accuracy.
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Introduction
Accounting for livestock enteric emissions of the greenhouse gas (GHG) methane (CH4) is an important industry issue. To study the supplementation impacts on CH4 in sheep, we included nitrate (NO3) and lipid sub-models in the MollyRum14 model that Vetharaniam et al.
(2015) derived from Molly95 (Baldwin, 1995). The modified MollyRum14 was integrated as a C++ module into the AusFarm dynamic model
(CSIRO, 2022). The aim of this study was to determine parameter values for these sub-models.
Material and methods
To model the effect of NO3 supplementation on CH4, we introduced a pool (RNO3; mols) of rumen NO3 (and its nitrite intermediate), and
constructed the differential equation (DE):

DTRNO3 =(AmNit intake+NANO3 intake)DMI1000/MWNO3 RNO3 KWAPNO3 NH4 rate

ð1Þ

where DTRNO3 is the rate of change (derivative over time (DT)) of RNO3; AmNit_intake and NANO3_intake (both kg NO3/kg feed) are NO3
consumed respectively as NH4NO3 and Non-Ammonium NO3 forms; DMI is dry matter intake (kg/day); MWNO3 is the molar weight of
+
+
NO3; KWAP (/day) is the H2O passage rate out of the rumen; NO3NH4rate (equation (2)) is the reaction rate for NO
3 + 4H2 + 2H ? NH4 +
3H2O:

NO3 NH4 rate=kNO3 106 MiRNO3 RH2 /(RLV)2

ð2Þ

where kNO3 (ml2/kg per mol per day) is a rate parameter; 106 is a scaling factor; Mi (kg) is microbial mass; RH2 (mol) is rumen H2 represented as an explicit pool; and RLV (L) is rumen volume. Equations for total ammonia intake and the DE for the rumen ammonia pool were
adjusted to reflect the additional sources. The DE for RH2 (Vetharaniam et al., 2015) was modified to account for the H2 sink caused by reduction of NO3 to NH4:

DTRH2 =(DTHy(1k1 DMI/EBW0:75 )4.0DTCH4 KWAPRH2 4.0NO3 NH4 rate
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where DTHy and DTCH4 (both mol/day) are production rates of H2 and CH4, respectively; and the parameter k1 (kg0.75 day/kg) relates to various feed-related losses of H2. To model lipid supplementation effects on CH4 the cellulose degradation rate multiplier (KCeCs) (Baldwin,
1995) was modified to include inhibition by an unsaturated long-chain fatty acid pool (FL)

ð4Þ

KCeCs!KCeCs/(1.0+kLipDegFL/RLV)
Secondly, we adjusted the DE for CH4 formation to reflect inhibition by FL:

DTCH4 =mf Mi/(1.0+kLipMethFL/RLV)RH2 /RLV

ð5Þ

The parameters kLipDeg (L/mol) and kLipMeth (L/mol) relate to inhibition by FL of cellulose degradation and methanogenesis, respectively,
while mf (L/kg per day) relates methanogenesis rates to Mi and H2 concentration. A Markov Chain Monte Carlo algorithm was used to estimate mf, k1, kNO3, kLipDeg and kLipMeth. Data from Journal publications (n = 20) involving either no mitigation or supplementation with
NO3 or lipid were used. A 47.5 kg sheep fed 1.4 kg DMI/day was simulated. Analysis was conducted using the R statistical package (R
Development Core Team, 2019).
Results and Discussion
b f ¼ 1:00 L/kg per day (0.38, 1.58), b
k 1 ¼ 2:43 kg0.75 day/kg (1.02,
Parameter estimates, and 97.5% confidence intervals (in brackets) were m
2
d 3 ¼ 135:5 ml /kg per mol per day (93.11, 183.1), kLipMeth
d
d
¼ 0:99 L/mol (0.21, 1.77) and kLipDeg
¼ 50:02 L/mol (29.62, 73.48).
3.84), kNO
The degrees of freedom in the parameter estimates were low which contributed to the relatively large confidence intervals obtained for the
estimated parameters, as did variation between publications. Some of the estimated parameters are likely to vary with microbial composition, and thus with diet and animals. A steady-state analysis indicated that the five estimated parameters regulate CH4 production in a
highly nonlinear interaction and, when considering parameter variation, CH4 production is a Michaelis-Menten function of mf and homographic functions (with constant numerator) of kLipMeth and kNO3 . Large confidence intervals can also arise when parameter estimates
fall into their saturation ranges in which sensitivity to change is low.
Conclusion and implications
The model shows potential for quantifying the effect of NO3 and lipid supplementation on CH4 production in ruminants. However, more
comprehensive datasets across a range of feed types and intakes are required to strengthen these initial parameter estimates.
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Introduction
Globally, food and energy security are under constant pressure due to increasing demand associated with population growth and climate
change. As beef sector emissions come under increasing scrutiny for greenhouse gas mitigation, an attractive and potentially cost-effective
strategy is the use of bioenergy by-products (BBPs) as feed ingredients – i.e. products other than liquid fuel and electricity e.g. maize dried
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Fig. 1. Relationship between ingredient cost (defined by MIPT, minimum inclusion price threshold) and average inclusion (dashed line) for (a) MDDG (maize distillers’ dried
grains) and (b) SGB (sugarcane bagasse). The median (continuous line), the ±25% interval from the (red), and the maximum and minimum inclusions (light grey) are also
displayed.

Fig. 2. Sobol sensitivity analysis of the average minimum inclusion price threshold (MIPT) for the by-product inclusion of 10% in the diet for the 73 historical periods.

distillers’ grains (MDDG) from corn ethanol – which produces shared economic and environmental benefits, e.g. reduction in land use and
GHG emissions with increase in economic profitability (Souza et al., 2021). We analyse the economic competitiveness of two BBPs – sugarcane bagasse (SGB) and MDDG– in relation to typical feedstuff for feedlots in Brazil.
Material and methods
We developed a stochastic feedstuff pricing model based on the nonlinear profit-maximizing diet (NLPMD) model of Marques et al. (2020)
to obtain the competitive price-inclusion relationship – minimum inclusion price threshold (MIPT) – of BBPs in relation to other typical
ingredients utilized in Brazil to feed the animals. We used 73 months’ historical market prices of feedstuff and animals, adjusted for
inflation.
We retrieved animal and feedstuff characteristics from the RNS software (Tedeschi & Fox, 2020) for typical Brazilian feedlot scenario: Nellore in tropical conditions (breed factor = 1), body condition score = 4, initially with 365 kg SW, target weight of 528 kg SW and desired
ruminal pH of 6.5. Furthermore, we performed Sobol sensitivity analysis (Sobol, 1993) of the MIPT (for minimum inclusion of 10%, since
lower inclusion levels could be economically and logistically infeasible in practice) for four input parameters in the model: target shrunk
bodyweight (TSBW), ruminal pH, breed factor (BE), and body condition score (BCS).
Results and discussion
Our results (Fig. 1) indicate an overall advantage and viability in utilizing MDDG as feedstuff for cattle ration formulation, while SGB’s MIPT
is more volatile. The different behaviour of these ingredients indicates that the driving factors of competitiveness are different for each
ingredient, and derive from their different nutritional composition: the SGB is mostly forage and MDDG is energy dense. Hence, SGB – contrary to MDDG – does not present a tipping point at which the ingredient is obviously competitive (for the MDDG, around 0.64 BRL/kg, from
which the inclusion levels drastically change). This behavior can also be seen in Fig. 2: the sensitivity analysis indicates that the MIPTs of
SGB are much more sensitive to the change in animal parameters than the MDDG.
Conclusion and implications
The use of BBPs as cattle feed can bring environmental and economic benefits for both the livestock and biofuel sectors. However, the nutritional composition is the main driving factor in determining price sensitiveness to animal variables and market competition. Hence, the
viability of bioenergy by-products inclusion on cattle diets varies differently with animal characteristics depending on the type of BBP
being considered.
Financial support
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Introduction
Swine production systems (SPS) require land, non-renewable energy and inorganic phosphate for feedstuff production. They emit greenhouse gases and ammonia, and discharge nitrates, phosphates and metallic trace elements to water and soil. Feed production and manure
emissions are major contributors to most environmental impacts of SPS. Therefore, tools quantifying the effects of nutrition and management strategies on the environmental impacts of SPS will support eco-design pig production.
Life Cycle Assessment (LCA) framework
LCA counts resources and emissions occurring along the life cycle of a product and converts them into potential impacts through characterization factors. For SPS, the system includes the production of feed ingredients, feed processing, piglet production, post-weaning and
fattening, manure storage, and all transport steps. Field application of manure can also be included with system expansion through avoidance of mineral fertilizer. Eco-design of pig production can be explored through in vivo experiments or virtual experiments. The latter is
more affordable but requires models associating conventional SPS to LCA. They have been developed for the fattening unit, the main contributor to the environmental impacts.
Animal level
A dynamic mechanistic nutritional model of pig growth is first required. The InraPorc model for growing pigs (van Milgen et al., 2008) estimates the effects of various feeding strategies on the performance of an average pig. It calculates daily body protein and lipid deposition
according to the pig potential and supplies of net energy and digestible amino acids. With a factorial approach, it estimates the net energy,
standardized ileal digestible amino acids, and P requirements for maintenance and growth. With a mass-balance approach, it estimates the
excretion of nutrients by subtracting the body retention from the intake of nutrients. InraPorc was adapted to account for the variability of
growth potential and nutritional requirements among pigs, and to test feeding strategies like multiphase feeding. Therefore, InraPorc has
been expanded to model groups of fattening pigs.
Upscaling to the fattening unit level
Farming practices target either the group or the individual. Upscaling the nutritional model to the fattening-unit level requires to model i)
each individual pig with its own feed intake and growth potential and ii) each of the management actions by the farmer. It must calculate
the emissions of enteric methane, and emissions of CH4, NH3, N2O and NOx from manure for each individual pig, from the composition of
feeds and nutrients excreted. Then, the model must also be associated with databases for the environmental impacts of feed ingredients.
The model from Cadéro et al. (2018) integrates these constraints: it simulates the performance of each individual pig according to its own
profile, and is associated with the AgribalyseÒ database for feed ingredients and emission factors for CH4, NH3, N2O, and NOx.
Future challenges
Dynamic mechanistic models of SPS can be associated with optimization procedures to find the best nutritional and management strategies based on economic and environmental criteria. However, it requires aggregating various environmental impacts, which is still chal545
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lenging. Mitigation strategies may modify cropping plans and fertilization, and consequently, the impacts at the territory level. Future
models should account for these induced effects. They should also be associated with equations for different manure treatment chains.
Conclusion and implications
LCA is a recognized framework for the environmental assessment of animal production systems. For eco-design with on-farm strategies, it
should be associated with dynamic models, able to capture the complexity of the processes by modelling the interactions between feeds –
animals – manure management. This association of LCA and dynamic mechanistic modelling offers a unique opportunity to support decision in the pig industry by identifying the most interesting levers.
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Introduction
Within the livestock industry, sustainability is a relatively new and emerging field driven predominately by social pressure for climate
change, policy-making, carbon tax, and sustainable financial investing. There is increasing demand for more sustainable animal production,
including the impacts of nutrition and farm management practices on environmental impacts such as greenhouse gas emissions, eutrophication, acidification, land use, and non-renewable resources.
Method
To help facilitate more sustainable practices at the farm level, an integrated software system was developed to combine 1) a dynamic
mechanistic animal biology model; 2) a feed formulator; and 3) a life cycle assessment (LCA) model, with particular reference to pigs.
The mechanistic biology model predicts on a daily basis, the feed intakes, growth rates, feed efficiency, and nutrient excretions required
for the LCA model. Animal model input parameters include genetics, health, housing, farm management, ingredient, and nutrient composition (Ferguson, 2015). The LCA software SimaProÒ Ver 9 was used to predict the environmental emissions, land use, and natural resource
extraction throughout the life cycle of the pig until it is shipped from the farm. The LCA system boundaries included the environmental
impacts of crop production, animal feed processing, feed production, animal husbandry and manure storage and was largely based on
the Product Environmental Footprint Category Rules (PEFCR) for feed-for-food producing animals (FEFAC, 2018), using primarily GFLI
(2018) data and was compliant to the LCA standards ISO14040/44:2006. The inputs to the LCA model included animal performance data
from the animal model, and for sow, nursery and grower-finish pigs the ingredient composition of their diets, type and management of
their manure storage, the floor type and their amounts of water, electricity, natural gas, LPG and fuel usage. To test the veracity of the integrated system, the predicted outcomes from 6 different global regions were compared with recently published literature.
Results and Discussion
Despite differences in methodology the results showed predictions were mostly within one standard deviation of mean published results
(Table 1).
The results from simulating 23 different nutrition scenarios showed: 1) sourcing local versus imported ingredients can reduce CO2 emissions or climate change (CC) up to 14%; 2) use of co-products can have both a positive and negative effect depending on ingredients being
replaced and manure output; 3) synthetic amino acids and low protein diets at the expense of high soyabean meal inclusion can reduce CC
by 2-3%; and 4) feed additives can reduce CC by 2-4% depending on their improvement in feed efficiency. Improving early life nutrition and
management can reduce CC by at least 2%. On-farm management practices that improve herd health status can reduce CC by 5-6% depending on improvements in mortality, while increasing feeder space and reducing feed waste can reduce CC by 1-5%. Prediction results show
managing manure within the barn (e.g time manure resides under floor pits) and subsequent storage type (e.g covering open tanks) can
reduce NH3, CH4 and CC emissions by 6%.
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Table 1
Literature mean (standard deviation) and Predicted estimates of 3 environmental impact categories across 6 different geographies.
Category

NW Europe

Climate change (kg CO2 /kg live weight)
Literature mean (± s.d)
3.90 (±1.26)
Predicted
3.86
Acidification (kg SO2 /kg live weight)
Literature mean (± s.d)
0.046 (±0.007)
Predicted
0.049
Resource Use (MJ/kg live weight)
Literature mean (± s.d)
17.0 (±3.4)
Predicted
18.03
1

Canada

USA

Mexico

Brazil

Spain

3.28 (±0.61)
3.13

2.73 (±0.27)
2.91

5.93 (±0.61)
5.90

6.28 (±2.33)
6.45

4.32 (±0.17)
4.14

0.035 (±0.024)
0.050

0.051 (±0.013)
0.050

0.065 (±0.015)
0.060

0.054 (±0.009)
0.041

0.0871
0.047

16.61
17.32

19.7 (±2.6)
19.88

16.461
27.46

18.0 (±1.4)
21.79

20.5 (±6.6)
22.26

Only 1 publication

Conclusion and Implications
The proposed integration of a mechanistic animal biology model, feed formulator and an LCA model will provide the means by which alternative nutrition and management practices can be designed and implemented to reduce the environmental footprint at the farm level.
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Introduction
Lowering dietary crude protein (CP) is a nutritional strategy promoted to reduce environmental impacts of pig production, while maintaining productivity. Newly available amino acids (AA; isoleucine (Ile), leucine (Leu), histidine (His)) allow to formulate very low CP diets but
with unclear effects on growth performance and environmental impacts. Life cycle assessment (LCA) is the recommended method to evaluate environmental impacts and the potential of feeding strategies to reduce them. Despite its standardisation, a lot of variability remains
in its application to animal productions. This work aimed at evaluating the benefits of very low CP diets for fattening pigs in France by
modelling.
Material and methods
LCA of pig production was performed with a pig-fattening unit model (Cadéro et al., 2018), that incorporates InraPorc (van Milgen et al.,
2008), with 2 system boundaries: CUTOFF (piglet production, feed, housing, slurry storage) and EXT (CUTOFF, slurry spreading, mineral
fertilizer sparing). Least cost formulation in four economic contexts was used to formulate two feeding phases with dietary CP reductions
of -1 (-1pt), -2 (-2pt) and -3 (MAX) percentage points compared to current in-field practices (CTRL). Low CP diets without feed-grade Ile,
Leu or His, creating AA deficits were also used (-1ptDef, -2ptDef, MAXDef). Growth performance is modeled with InraPorc using individual
profiles, creating variability around average potential for (Large White x Pietrain) x (Large White x Landrace) crossbreds for a 2.6kg/drestricted feeding plan. Climate change (CC), acidification (AC), marine eutrophication (EU) and energy demand (CED) per kg of pig were
calculated, as well as contribution of feed, housing (in barn emissions) and manure management (emissions at storage, spreading and fertilizer sparing). Statistical analysis was performed with R using an ANOVA model including CP level, AA provided and their interaction and
system boundaries, with the 4 economic contexts as repetitions.
Results and discussion
CP and AA level did not affect feed intake. Average daily gain (ADG) slightly increased when reducing CP when all AA are provided
(P<0.005), from 847g/d for CTRL to 850g/d for MAX, due to increased fat deposition. On the contrary, ADG decreased by 6% from CTRL
to MAXDef, due to a 30% deficit in Ile. This reduction is underestimated compared to experimental data (van Milgen et al., 2012). Opposite
effects were observed for feed conservation ratio, going from 2.68 for CTRL to 2.67 for MAX and 2.86 for MAXDef. As expected, lean percentage decreased with CP reduction, more quickly with AA deficits than when all AA are provided (P<0.005). N excretion consistently
decreased with AA-balanced CP reduction but the reduction is slowed down with impaired growth performance due to AA deficits
(P<0.005). AA deficit, i.e. loss of growth performance, increased AC and EU (P<0.005), impacts most associated to on-farm N emissions,
547
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but had no effect on CC and CED. AC was consistently reduced by CP reduction (P<0.005). Other impacts remained constant (CC, CED) or
decreased (EU) between CTRL and -1pt but increased with further CP reductions (P<0.005), following the trend of soybean meal incorporation. System boundaries influenced all impacts (P<0.005) with no interaction with CP level. In EXT, spreading increased AC and EU by 17%
but fertilizer sparing reduced CC by 4% and CED by 10%. Feed contributed to 70% of CC, 35% of AC, 75% of EU and 95% of CED, on average. The
rest is caused mostly by N emissions in housing or during manure management. System boundaries impacted contribution to impacts of
feed and housing vs manure management (P<0.005), with the former varying between EXT and CUTOFF by -3 points for CC, -8 for CED, +5
for AC and +15 for EU.
Conclusion and implications
The pig-fattening unit model used is a powerful tool to produce LCAs. It accounts for the adequacy between AA requirements and supply to
predict growth and N excretion. However, it may underestimate the effect of AA deficits on growth performance and experimental data is
lacking to challenge it for very low CP diets. In a French context, CP reduction is beneficial to impacts associated to N emissions and detrimental to impacts linked to feed production. Results were not affected by system boundaries, mostly modifying absolute levels of impacts.
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Introduction
Today pigs nutritional requirements are often estimated using a modelling approach. For example, the NRC (2012) is using a pig growth
model to derive the energy and amino acid requirement for grower-finisher pigs. Pig genotypes are characterised by their ad-libitum energy
intake and their maximum protein deposition potential (PdMax). The NRC model calculated the lysine to energy ratio which maximize lean
growth i.e growing a pig at its PdMax. This approach does not consider the economic aspects of pig growth. Another approach to design a
feeding strategy is to use a growth model with optimization mathematics and maximise the gross margin per pig or per pig place and year
(Morel et al. 2012). This method has also been used to maximise profit and reduce nitrogen excretion (Morel and Wood, 2005) and also
reduced CO2 equivalents (C02eq) with different effluent treatment systems (Morel and Hill, 2013). The objective of this simulation study
was to compare feeding strategies designed for either maximising lean growth or profitability in term of Green House Gases (GHG) emissions for different effluents treatment systems.
Material and methods
The simulation model used in the study combine a mechanistic, stochastic, dynamic pig growth model with least cost diet formulation and
genetic algorithm (GA) for optimization (Morel et al. 2008). Growth was simulated for four genotypes differing in their PdMax (180 g/d or
220 g/d) and minimum body Lipid to body Protein ratio (MinLP, 0.6 or 0.4). and having a feed intake potential of 0.8 or 1.0 of the NRC digestible energy intake curves (DEi). For the stochasticity, the population was set to 500 pigs and a 10 % coefficient of variation was applied to
PdMax, MinLP and DEi. To determine the apparent ileal digestible lysine to DE ratio for the maximum lean growth, the model was used to
calculate it daily at the break point of the linear-plateau relationships between DEi and protein deposition. For the simulations, the average
weekly lysine to DE ratio were used. Growth was simulated for pigs between 25 and 90 kg live weigh for eight scenarios: 2 PdMax/MinLP x
2 NRC DEi x 2 feeding strategies (maximum lean growth or profitability). The diets were changed weekly. Feed cost and carcass price schedule were the current price in NZ in 2021. Simulation for each of the eight combinations were run in 10 replicates. For the optimization, the
GA had 20 genomes and was run for 50 iterations. An ANOVA was conducted with the fixed effect of Pdmax/MinLP, NRC DEi and the feeding
strategy method. Nitrogen excretion (Nex) is simulated as previously described (Morel and Wood, 2005). The quantity of Nex (kg) and VS
(kg) excreted are converted into kg CO2e for different effluent treatment systems: deep litter system, lagoon system and a system where the
lagoon is covered to capture the methane which is then burned (Morel and Hill, 2013).
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Table 1
Gross margin (GM), nitrogen excretion (Nex), volatile solid production (VS), and CO2 equivalent in deep litter and anaerobic lagoon for different pig genotypes fed diets
formulated to maximise lean growth or gross margins (per pig place and year basis).
Genotypes

CO2 equivalent (kg)

Pdmax/MinLP

%NRC

Method

GM ($)

Nex (kg)

VS (kg)

Deep Litter

Lagoon

Lagoon - Methane

180/0.6
180/0.6

0.8
0.8

Max Lean
Optimisation

497.0
525.0

5.0
6.0

96.9
89.4

609
570

86
102

57
62

220/0.4
220/0.4

0.8
0.8

Max Lean
Optimisation

569.4
593.3

5.4
6.8

85.8
82.1

545
531

92
113

57
64

180/0.6
180/0.6

1
1

Max Lean
Optimisation

467.8
511.5

5.8
7.2

121.0
117.1

757
743

102
123

69
77

220/0.4
220/0.4

1
1

Max Lean
Optimisation

640.5
681.3

6.0
7.6

112.8
107.4

710
687

104
127

68
76

Results and discussion
The results of the simulation study are presented in Table 1. Overall, the leaner genotype (PdMax 220/ MinLP 0.4) has higher gross margins,
Nex and lower VS. Nex are lower for the maximum lean growth feeding strategy, this can be explained by the fact the lysine:DE ratios are
lower than those obtained by the optimisation as previously report by Sirisatien et al. (2005). However, the optimisation method resulted
in higher gross margin as expected. Depending of the effluent treatment system the amount of C02eq varies. With deep litter system optimisation leads to lower C02eq values, but with anaerobic lagoon with or without methane collection the CO2eq are higher.
Conclusion and implications
It is concluded that there is an interactions between the diet formulation method (maximum lean growth or profitability) and effluent disposal system. Therefore, different diet formulation strategies should be used the minimized CO2eq depending on the effluent disposal
system.
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Introduction
Regardless of which paradigm the modeler chooses to build a mathematical model, the source of knowledge is the most critical step. The
necessary expertise to build a model begins with 1.) mental concepts acquired in different ways (e.g., observation, experience) that provide
the structure and behavior of the model, 2.) written (published) material that contains concepts and abstractions about the reality, and 3.)
numerical data, which is the least essential element in building a mathematical model (Forrester, 1980), but helpful to perform statistical
analysis. The written material is critical because it provides different thoughts about concepts and relationships of interest that will guide
the modeler in selecting the variables and essential parameters in the modeling and simulation processes. Suppose a variable or parameter
is deemed necessary, but there is no available numerical data. In that case, it must be in the model. After all, assigning zero to a variable in
the model (thus omitting it) is the only incorrect value it can take (Sterman, 1991). Why handicap a model by limiting the number of variables if there is no limitation on the number of variables a model can have, except for computational limitations. Mental concepts do not
need data. They only need the ideas of how variables are connected because data will come in one way or another if the concept is sound.
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Fig. 1. Typical building process (arrows) for empirical and mechanistic mathematical models. Adapted with permission from Tedeschi (2019) and Tedeschi and Menendez
(2020).

Removing vital variables from a model because of the perception that data do not exist might narrow the scientific knowledge and beacon
the scientific community in the wrong direction of science, which might lead to an even worse situation than adding non-zero values to
critical variables. Nowadays, we have witnessed this aspect of data collection and model building. Given the surge of sensors and other
instruments or technologies (e.g., Internet of Things), more numerical data have been collected that we have mathematical models to connect them (in a sensible, conceptual way). This is one of the reasons that artificial intelligence (AI) has become a hype. Scientists have been
inundated by data but not enough mechanistic models to make sense of the data. In hindsight, are the modelers and data analysts delegating their job of creating applicable mathematical models to a computer algorithm to develop a ‘‘neural representation” of the data? Or,
perhaps should the modeler take advantage of the AI technology and build better mathematical models in a hybrid way? (Tedeschi, 2022)
Fig. 1A depicts the statistical-oriented, empirical method, whereas Fig. 1B has the conceptual, theoretical method for building mathematical models.
Paradigms
Models are classified in different ways depending on the context: optimization (linear/nonlinear programming), application (descriptive/
predictive), time (static/dynamic), behavior (deterministic/probabilistic), nature (empirical/mechanistic/functional), or spatial (heterogeneous/homogeneous) (Tedeschi and Menendez, 2020). Four paradigms are broadly acknowledged, but given the context of the model,
one might be more appropriate than another: discrete event modeling (DEM), agent-based modeling (ABM), system dynamic modeling
(SDM), and dynamic system modeling (DSM). The SDM and DSM are often referred to as equation-based modeling (EBM). DEM and
ABM rely exclusively on stochasticity to create events where the system’s overall behavior changes. Some prefer ABM because its ontology
is more analogous to agricultural systems, making it a natural approach for complex systems. The system behavior reflects the properties of
the agents, their rules, and their interactions with each other. The combination of these paradigms is also possible and sometimes recommended. The hybridization with AI is believed to be boundless and powerful. Still, its conceptual portion (describing the mechanisms) is
critical for understanding the underlying behaviors (Tedeschi et al., 2021).
Conclusion
Some paradigms are appropriate for macro, high abstraction with less detailed-oriented scenarios (SDM). In contrast, others are more
appropriate for micro, low abstraction with high detailed-oriented strategies (DSM). ABM occupies an intermediary position.
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Introduction
Nowadays, vast amounts of data representing feed intake, growth, and environmental impact of individual animals are being recorded in
on-farm settings. With methodologies such as data mining and machine learning, researchers can gain insight from vast amounts of data,
and better predictions, strategies, and data-based decisions can be made (Ellis et al., 2020). However, data collected in real-world applications are often missing a few or many values in one or several variables, due to reasons including human error during pre-processing and
machine error due to malfunctioning sensors (Suthar et al., 2012). Since the incomplete datasets are less valuable for downstream data
analysis, it is important to address the missing values problem properly. The current study aimed to compare uni- and multi-variate imputation methods for missing value estimation in a dairy cattle dataset.
Materials and Methods
The dataset used in the current study included daily data records for Holstein cows collected at the experimental dairy farm of Trouw
Nutrition R&D (Kempenshof, Boxmeer, the Netherlands) between 2009 and 2020. There were 437,075 observations for 512 cows in the
cleaned dataset. Important variables were considered in the current study, including the cow identifier (ID), record date, parity, number

Fig. 1. Flow chart of the current study.

Table 1
The evaluation results of univariate imputation (linear and nearest value method) and multivariate imputation (BRR, KNN, RF).
Variable

CDMI

FDMI

MY

BW

Method

Linear
Nearest
BRR
KNN
RF
Linear
Nearest
BRR
KNN
RF
Linear
Nearest
BRR
KNN
RF
Linear
Nearest
BRR
KNN
RF

RMSPE%

value

value

value

value

CCC

Mean

SD

Mean

SD

0.253
0.312
0.673
0.351
0.220
0.178
0.207
0.266
0.197
0.159
0.089
0.107
0.221
0.166
0.084
0.032
0.036
0.102
0.086
0.030

0.003
0.010
0.016
0.007
0.005
0.002
0.001
0.003
0.001
0.002
0.001
0.001
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000

0.938
0.908
0.268
0.872
0.953
0.791
0.736
0.241
0.710
0.829
0.954
0.934
0.614
0.819
0.958
0.966
0.956
0.454
0.685
0.968

0.003
0.008
0.017
0.005
0.003
0.003
0.004
0.003
0.003
0.004
0.001
0.002
0.003
0.002
0.000
0.000
0.000
0.002
0.002
0.000

*SD: Standard Deviation.
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of calves in previous parity, days in milk, calving date, concentrate dry matter intake (CDMI), forage dry matter intake (FDMI), milk yield
(MY) and body weight (BW). Missing values were present in CDMI (missing percentage = 2.3%), FDMI (8.05%), MY (15.12%), and BW
(64.33%), and no missing values were found in the other 6 variables. Fig. 1 shows the workflow of the current study. Univariate imputation
was implemented using the Python Pandas library, including the linear and nearest value method. Three machine learning methods implemented by the Python Scikit-learn library, including Bayesian Ridge Regression (BRR), k-Nearest Neighbor (KNN), and Random Forest (RF),
were used for multivariate imputation based on the 6 columns without any missing values. The Root Mean Square Prediction Error Percentage (RMSPE%) and the Concordance Correlation Coefficient (CCC) were used to evaluate the performance of the imputation methods.
All imputation methods were compared based on the average performance (RMSPE% and CCC) across five repeats to account for variability
in reported results due to algorithms randomness (e.g., Random Forest) and to prevent overfitting.
Results and Discussion
Among all imputation methods (Table 1), RF had the lowest RMSPE% and the highest CCC for CDMI, FDMI, MY, and BW, followed by the
linear method. The CCC of RF was higher than 0.95 for all except for FDMI (CCC = 0.829), indicating that imputation performed by RF
was better on CDMI, MY, and BW.
Conclusion and implications
The RF was overall the best imputation method (CCC > 0.95) to handle the missing values for this type of data, and it performed particularly
well for imputing CDMI, MY, and BW. This method will aid in the performance of downstream data analyses.
Acknowledgements
The authors would like to further acknowledge and thank the staff of Trouw Nutrition’s Kempenshof Dairy Research Facility, for their collaboration and for providing access to farm data.
Financial support
This project was financed by OMAFRA (Ontario Ministry of Agriculture, Food and Rural Affairs) in Canada, the Natural Sciences and Engineering Research Council of Canada (NSERC Discovery program) and Trouw Nutrition Canada (in-kind support).
References
Ellis, J.L., Jacobs, M., Dijkstra, J., van Laar, H., Cant, J.P., Tulpan, D., Ferguson, N., 2020. Review: Synergy between mechanistic modelling and data-driven models for modern
animal production systems in the era of big data. Animal 14, s223–s237.
Suthar, B., Patel, H., Goswami, A., 2012. A survey: classification of imputation methods in data mining. International Journal of Emerging Technology and Advanced
Engineering. 2, 309–312.

doi: 10.1016/j.anscip.2022.07.426

36. An operational thinking approach to model heat stress accumulation in dairy cows during a heatwave event
R. Cresci a,b,*, L.O. Tedeschi c, F. Fulghesu b, A.S. Atzori b
a

Scuola Universitaria di Studi Superiori di Pavia, Pavia, Italy
Department of Agriculture Sciences, University of Sassari, Sassari, Italy
c
Department of Animal Science, Texas A&M University, College Station, TX 77843-2471, USA
b

*

Corresponding author: Roberta Cresci
E-mail: rcresci@uniss.it

Introduction
An animal is in heat stress when it cannot dissipate a sufficient amount of heat produced by metabolism and the effective air temperature
exceeds the range defining the thermoneutral zone (Bernabucci et al., 2014). Defense mechanisms drive behavioral and metabolic changes,
such as increased metabolic effort for peripheral dissipation and reduced dry matter intake. It results in a delayed dissipation of heat and
consequential milk production losses. Due to the increase in work for heat dissipation, maintenance requirements increase (NRC, 1996).
The NASEM (2021) reported insufficient data to quantify the effect of heat stress on maintenance requirements; thus, new approaches need
to be developed to model heat stress effects. This work aimed to apply inverse problem modelling, and operational thinking approaches,
such as system dynamics (SD; Sterman, 2000), to model dynamic phenomena and system delays and fit observed milk yield in a dairy farm
under heat stress.
Material and methods
Data of herd dry matter intake (DMI) and individual milk yield (MY) of a dairy farm in Sardinia-Italy, were gathered, focusing on a heatwave event observed in August 2021. A pattern recognition approach (Barlas and Kanar, 2000) was applied to get the reference mode of the
system behavior that described the animal response as a typical ‘‘decline & regrowth” behaviour. Following SD rules, a system structure of
two interacting balancing feedback loops drives this pattern. A stock and flow diagram with one exponential decay and one explicit goalseeking feedback loop was developed, mimicking a furnace structure (Wright and Meadows, 2008). Farm data were used to parametrize
the model at initial system conditions, and Temperature-Humidity Index (THI, °F; as in Peana et al., 2017) was included as an exogenous
variable.
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Fig. 1. Stock and flow diagram and model outputs for feed intake and milk yield.

Results and discussions
The system started in equilibrium (23.9 kg/d DMI and 34.9 kg/d MY). It was driven by the endogenous capacity of heat load dissipation in
thermoneutral conditions (heat load = heat for maintenance, HEm; and heat for MY, HPp). It is controlled by the first balancing loop (B1,
dissipation delay) (Fig. 1). Exogenous heat (from THI) caused an additional heat load, specifically slowing the dissipation capacity. In turn, a
metabolic effort, aimed to reduce the heat load gap (between the current and ideal load), is activated to seek the ideal asymptotic goal of
thermoneutral condition (B2, heat resilience). The metabolic effort includes additional energy expenditure and reduced dry matter intake
with double negative impact on MY. Thus an expected variation of both feed for maintenance and available feed for milk production is
expected (inverse causality). MY decline is driven by B1 dissipation delay, proportional to accumulated heat load. B2 drives MY regrowth
as an effect of metabolic resilience capacity to tolerate heat. Patterns of farm data were precisely replicated by the model (Fig. 1) with r2 =
0.82. An additional reinforcing loop can be added, to describe the effect of MY on requirements and on DMI (more milk ?more DMI? more
milk, reinforcing loop driving exponential growth).
Conclusion and implications
Operational thinking approaches can be used to model patterns of heat stress tolerance and adaptation in dairy cattle. The presented model
can be used as the basis to study the energy requirements increase in dairy cattle exposed to short-term heat stress.
Financial support
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Introduction
A variety of feed evaluation systems for dairy cows have been developed: NASEM (2021), INRA (2018), Cornell Net Carbohydrate and Protein System (Fox et al., 2004), and the DVE/OEB system (Van Duinkerken et al., 2011). Although methods differ, these systems simulate
digestion kinetics and nutrient utilization with overall nutrient values of a ration commonly quantified using metabolizable protein
(MP) and net energy (NEL). Depending upon the system, milk yield (MY) and its composition can be predicted using MP and NEL. However,
due to differences in genetics, location, management practices, etc., a given ration fed on multiple farms will result in different milk yield
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Fig. 1. Model predicted vs. observed values of milk yield and milk yield response following dietary changes in dairy cows.

Table 1
Model evaluation using leave-one-out cross-validation when predicting milk yield and milk composition yield.
Yield

Milk
Milk
Milk
Milk
Milk
§
¥

Yield (kg/d)
Protein Yield (g/d)
Fat Yield (g/d)
Lactose Yield (g/d)
Urea Nitrogen(mg/100mL)

RMSE¥

Yield Response

R2

CCC§

R2

CCC

0.96
0.93
0.91
0.95
0.89

0.978
0.966
0.955
0.977
0.943

0.59
0.61
0.34
0.62
0.76

0.749
0.766
0.529
0.771
0.869

1.5
54.6
78.9
78.4
1.08

Concordance correlation coefficient.
Root mean square error.

and composition. On farm, the relationship between currently fed ration and resulting MY and milk composition can be measured. Therefore, the objective of this research was to develop a model that uses observed currently fed ration and associated MY/composition as a reference point and, from this point, predict the response of MY and milk composition to dietary changes.
Material and methods
A dataset was constructed from 232 publications in which the effect of dietary treatments on MY and composition were measured. From
these publications, 1153 dietary treatments were extracted with diets being described based on ingredient inclusion levels and their chemical composition (OM, CP, NDF, Starch, Fat). Ingredients were characterized based upon these parameters as they are widely reported in the
literature and easily quantified on farm using near-infrared (NIR) scans. An odd third-order polynomial multi-variate regression model was
fitted on a 5355 dietary change feature space predicting responses optimized for the lowest mean squared error using the ordinary least
squares regression package from Scikit-learn 1.0 (Pedregosa et al., 2011). A dietary change feature is a 75-dimensional vector containing
relative change per nutrient, per ingredient class, between the reference diet and the new diet. An odd-order polynomial was chosen for the
model as the response should be asymmetric around the origin, f(-x) = -f(x), i.e., this model choice forces responses to be reversible. Model
performance was evaluated using leave-one-out cross-validation.
Results and discussion
Observations and model predictions are expressed based on yield and yield response; yield response represents the difference (D) in yields
resulting from a dietary change, while yield represents the final value resulting from that same dietary change. The ability of the model to
predict MY is presented in Fig. 1. Based upon measures of goodness-of-fit the responses of milk urea nitrogen was predicted best, followed
by milk lactose yield, milk protein yield and MY with milk fat yield being predicted poorest (Table 1). With the expectation of milk fat, the
model accounted for >60% of the variation in milk composition yield responses being explained by characterizing ingredients using limited
chemical composition profiles.
Conclusion and implications
In an effort to better predict MY and milk composition yield in response to dietary changes, a novel model was developed. This model uses
the already established link between the currently fed diet and the observed MY/milk composition as a reference point to make predictions
of the responses of these values to dietary changes. Further ingredient characterization, e.g., NIR-derived degradation parameters, may
allow for greater prediction accuracy of the model.
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Introduction
Marbling is one of the most desirable beef characteristics for consumers searching for a high-quality product. Given this scenario, nutritional technologies, such as high-moisture corn (HMC), calcium salts of fatty acids (CSFA), organic zinc, and chromium may contribute
to improving marbling when included in cattle diets. Thus, the objective of this study was to evaluate different nutritional protocols
and their impacts on marbling precursors of Nellore cattle.
Material and methods
Five 30-month-old Nellore steers [832±16 kg of body weight (BW)] cannulated in the rumen were used in a 5 x 5 Latin square, where each
period lasted 28 days (14 days of adaptation and 14 days of finishing diet – 84% concentrate), with a 7-day washout between periods. Animals were randomly allocated to one of five treatments in each period: T1) Finely-ground corn (FGC); T2) HMC; T3) FGC + CSFA T4) HMC +
CSFA, and T5) HMC + CSFA + organic zinc and chromium. Sodium monensin was included in all treatments at 25 ppm.
Ruminal fluid samples were collected on day 26 of each period through the ruminal cannula at 0, 4, 8, and 12 h after the morning meal for
determination of short-chain fatty acids (SCFA), lactic acid, and N-NH3 concentrations. Ruminal pH was continuously measured for 24
hours using a data logger. Blood metabolites were collected on day 28 of each period through a jugular venous puncture, before feeding,
to the determination of blood concentrations of glucose, insulin, and NEFA. Data were analyzed using the PROC MIXED procedure of SAS
where the contrast option was utilized for comparisons: 1) FGC vs. HMC; 2) addition of SCAG; 3) interaction of corn type with CSFA addition; 4) HMC + CSFA vs. HMC + CSFA+ organic zinc and chromium. Differences were considered significant at P < 0.05.

Table 1
Ruminal fermentation patterns and blood metabolites of Nellore cattle cannulated in the rumen and fed diets to increase marbling precursors.
FGC1

HMC2

HMC

CONTRASTS

CSFA-

CSFA+

CSFA-

CSFA+

CSFA+Zn Cr

SEM5

Corn

CSFA

+ ZnCr

DMI
kg

13.78

13.74

13.16

12.74

12.68

0.52

0.02

0.49

0.90

Fermentation products
Acetate, mol/ 100 mol
Propionate, mol/ 100 mol
Butyrate, mol/ 100 mol
Total SCFA, mM*
N-NH3 mg/ dl

65.13
30.19
12.56
107.87
8.06 a

65.87
26.73
12.68
105.27
7.27 c

63.24
30.66
13.19
107.10
7.72 b

66.98
29.29
14.95
111.22
8.22 a

65.79
38.08
13.94
117.81
8.00

1.89
3.01
0.74
3.11
0.08

0.82
0.45
0.12
0.30
0.01

0.20
0.24
0.31
0.76
0.04

0.67
0.01
0.44
0.25
0.07

pH measurement
Mean pH
Time of pH <5.2 min
Area pH < 5.2 pH x min

5.90
256.00
47.86

5.87
72.00
6.85

5.79
26.00
2.79

5.99
114.00
28.58

5.80
164.00
21.44

0.15
70.30
16.90

0.99
0.26
0.50

0.57
0.56
0.66

0.36
0.69
0.77

Blood metabolites
NEFA7 lmol/L
Glucose mg/dL
Insulin mlU/L

1.31 a
66.21
0.75

1.00 c
65.78
0.74

1.07 bc
80.35
0.82

1.09 b
84.22
0.71

1.04
55.42
1.09

0.02
3.90
0.05

<0.01
<0.01
0.53

<0.01
0.71
0.08

0.29
<0.01
<0.01

3

4

6

1
2
3
4
5
6
7
*
a,b,c

Finely-ground corn.
High-moisture corn.
Absence of calcium salts of fatty acids.
Inclusion of calcium salts of fatty acids.
Standard Error of Mean.
Dry matter intake.
Non-esterified fatty acids.
Interaction of treatment with collection time.
Means within a row with different superscripts differ (P < 0.05).
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Fig. 1. Interaction between treatments and collection time (hours) for the total concentration of short-chain fatty acid (SCFA) (mol/100mol) of Nellore cattle cannulated in the
rumen, and fed diets to increase marbling precursors. a,b,c,d,f,g,h,i Means with different superscripts differ (P < 0.05).

Results and discussion
The replacement of FGC with HMC reduced the dry matter intake in kg (P=0.02) and as % of BW (P=0.01) without altering (P>0.05) SCFA and
rumen pH (Table 1). Likewise, there was no main effect (P>0.05) of CSFA inclusion on SCFA and rumen pH variables, as well as on dry matter
intake. The addition of Zn and Cr increased the molar proportion of propionate (P=0.01), resulting in a greater concentration of total SCFA
(Fig. 1) 12 hours after feeding. Moreover, the inclusion of Zn+Cr in feedlot diets stimulated insulin release (P<0.01), which resulted in a
greater glucose uptake reducing its blood concentration (P<0.01). The replacement of FGC with HMC increased blood glucose concentration
(P<0.01); however, no effects on blood insulin were detected (P=0.53). For N-NH3 there was an interaction (P<0.01) of corn type with the
addition of CSFA (Table 1). In the absence of CSFA, N-NH3 concentration decreased when FGC was replaced by HMC; however, in the presence of CSFA, N-NH3 increased when FGC was replaced by HMC. The same type of response was observed for blood NEFA concentrations
(P<0.01). Finally, the presence of CSFA reduced rumen temperature (P=0.04), which was expected since CSFA is protected from rumen
degradation.
Conclusion and implications
The addition of CSFA did not impact marbling precursors in cannulated Nellore cattle, and HMC only increased blood glucose concentrations The greatest effect on marbling precursors was observed by adding Zn+Cr to the diet. An additional investigation should be elaborated
on studying the effect of both minerals on the ruminal environment.
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Introduction
Despite significant advances over the years in diagnosing, preventing, and managing mastitis (Ruegg, 2017), the disease is still prevalent
and a large cause of milk losses in dairy systems. Most data reported in literature access milk losses due to mastitis based on a single-day
drop evaluation. However, milk yield may drop a few days before the mastitis diagnosis and takes some time to recover. To our knowledge,
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Fig. 1. Lactation curve of Holstein cows diagnosed with clinical mastitis (Mast) level 1 or 2 in two different events jointly to the respective milk yield (MY) drops, recovers,
and milk losses caused by mastitis

no study attempted to model the drop and recovery of milk yield in cows diagnosed with clinical mastitis. The study aimed to model the
milk yield drop and recovery caused by clinical mastitis in order to estimate the total milk lactation losses in Holstein dairy cows.
Material and methods
We used data from five dairies in Brazil, Spain, and Canada composing a database of 992,614 monthly individual milk test records from
4,272 cows from January 2017 to February 2022. Lactations with less than 10 records, with milk yield (MY) and days in milk (DMI) equal
to zero, or any missing data were removed from the database. Cows should have at least one record before 60 DIM and one after 150 DIM to
be used in this study. During the modeling procedures, mastitis was considered to affect MY if observed at least 7 days before or after the
milk test day. The mastitis level (ML) was scored as 1) light mastitis or 2) severe mastitis. We modeled MY drop following three steps.
Firstly, we removed all mastitis records (only the day that mastitis was identified) from the data and fitted a wood’s curve (WC) for each
cow and lactation number. Secondly, we returned the mastitis data to the database and estimated the residual milk loss (RML) due to mastitis as the difference between the MY predicted by the WC and the actual milk record. Thirdly, we used a meta-analytical approach, including farm as control effect (random), considering the following parameters to estimate RML: ML, day relative to mastitis event (Day), and
predict MY (pMY; from wood’s curve). Two models were built using the same approach, one to model the drop in MY before the mastitis
event and another to model the MY recovery after the mastitis event: RML = b0 ML + b1 Day + b2 pMY + b3 ML  pMY + b4 ML  Day + b5 Day
 Day +b6 Day  Day  ML. Parameters were removed from the model if non-significant (P > 0.05).
Results and discussion
One equation was fit for RML for each ML for both MY drop or recovery: Drop (ML =1): RML = 0.3778 + 0.1169  pMY + 2.8269  Day +
0.3406  Day2; Drop (ML =2): RML = 3.2770 + 0.1169  pMY + 3.6453  Day + 0.3406  Day2; Recover (ML = 1): RML = 2.8846 + 0.0570 
Day + 0.1347  pMY – 0.0633  Day2, Recovery (ML = 2): RML = 2.8846 + 0.3494  Day + 0.4194  pMY – 0.2287  Day2, where pMY in the
MY predicted by the Wood’s curve. As an example, we estimated mastitis (from both levels) occurring with 26 and 248 DIM (Fig. 1). A light
mastitis would promote a MY loss in 13 days of 66.8 and 54.3 kg, respectively, when occurring with 26 and 248 DIM. A severe mastitis
would promote a MY loss in 12-13 days of 128.6 and 100.9 kg. Heikkilä et al. (2018) suggested a range of 1.4 to 3.5 kg/d of milk losses
due to clinical mastitis. Taking into consideration that the drop and recovery time takes 13 days (based on our estimations), it means that
one mastitis occurrence depresses a maximum of 45.5 kg, which is a much lower loss than those estimated by our model.
Conclusion and implications
We demonstrated that milk yield drops and recovers in 13 days due to clinical mastitis infection regardless of the severity, and our MY
losses estimations were higher than the values reported in the literature.
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Introduction
Data-driven modelling could assist individual cattle management systems in early detection of digestive-related illnesses like feedlot bloat
based on an individual departure from a established baseline. Herein we evaluate predictive equations to detect incidence of bloat of finishing beef cattle based on performance.
Material and methods
Eighteen Angus crossbred steers (BW 491.13 kg ± 25.78) were randomly assigned to two treatments of a long release Revalor XS implant
(40 mg estradiol and 200 mg trenbolone acetate; Merck Animal Health, Summit, NJ) or non-implant for 135 days. Dry matter intake was
recorded daily. Fresh water intake and events, no water intake events (NWIE), time spent drinking, daily gain, and body weight were continuously collected with an automated water and scale monitoring systems in addition to Calan gate feeders (American Calan, Northwood,
NH).
The diet (alfalfa hay [397 g/kg], ground corn [402 g/kg], soybean meal [23 g/kg], ground barley [168 g/kg], limestone [2 g/kg], and Purina
All-purpose mineral mix [8 g/kg]) was inconsistently offered ad libitum, formulated and processed to trigger bloat (all grains ground to 2
mm and hay to 3 cm particle size).
Bloat instances (0 = no bloat, 1 = bloat) were monitored four times daily and confirmed by visual inspection, palpation, and auscultation
using a stethoscope (3M Littmann Master Classic; 3M Health Care, St Paul, Minnesota).
Statistical Analysis
Models were fit as: g(pi) = b1 + bixi + . . . bnxn, where g() represents the logit link function ðlogð1ppÞÞ, pi the probability of bloat, b1 the intercept, bi and xi correspond to the slope estimates for the additional covariates i ! n utilized.
A total of 6 parametric models were fit to predict bloat instances. Feature selection was investigated through forced feature regression,
stepwise selection back and bidirectional (BiSR), ridge regression (Hoerl and Kennard, 1970), least absolute shrinkage and selector operator
(LASSO; Tibshirani, 1996), and the elastic net (EN; Zou and Hastie, 2003).
Predictive models were evaluated on an independent dataset not utilized in the training of the models with the following performance
metrics:

Sensitivity ¼

TP
TN
TP þ TN
; Specificity ¼
; Accuracy ¼
TP þ FP
TN þ FN
TP þ TN þ FP þ FN

where TP represents the true bloat, FP represents the falsely predicted bloat, TN represents the true non-bloat, and FN represents the falsely
predicted non-bloat.
Quantile residual plots were utilized to investigate the homogeneity of the variance of the residuals, and residual plots were utilized to
identify outliers.
Statistical analyses were performed on R (R Core Team 2021).

Table 1
Regression equations developed to predict bloat instances on implanted (IMP) and non-implanted (NIMP) feedlot steers
Model

Equation

b

Acc

c

Sens

Spec

d

e

0.853

0.881

0.620

0.853

0.950

0.388

0.859
0.859

0.887
0.870

0.647
0.727

0.862
0.864

0.880
0.881

0.682
0.698

a

FFR
BSR
BiSR
RR
LASSO
EN

Bloat = 1.694(±1.261)  0.09(±0.2) * (IMPNIMP)  0.85(±0.064) * (DMI) + 0.002(±0.01) * (FWI) + 0.019(±0.002) * (BW)  0.094
(±0.042) * (ADG) + 0.102(±0.06) * (WIE) + 0.236(±0.14) * (NWIE)  0.009(±0.004) * (TSD)
Bloat = 1.789(±1.166)  0.842(±0.059) * (DMI) + 0.019(±0.002) * (BW)  0.091(±0.041) * (ADG) + 0.108(±0.052) * (WIE) + 0.234
(±0.137) * (NWIE)  0.009(±0.004) * (TSD)
Bloat = 1.163(±1.076)  0.814(±0.056) * (DMI) + 0.017(±0.002) * (BW)  0.085(±0.041) * (ADG) + 0.223(±0.131) * (NWIE)
Bloat = 0.923  0.064 * (IMPNIMP)  0.517 * (DMI)  0.016 * (FWI) + 0.009 * (BW)  0.078 * (ADG) + 0.049 * (WIE) + 0.139 * (NWIE)
 0.005 * (TSD)
Bloat = 0.389  0.669 * (DMI) + 0.012 * (BW)  0.043 * (ADG) + 0.042 * (NWIE)
Bloat = 0.352  0.661 * (DMI) + 0.012 * (BW)  0.048 * (ADG) + 0.061 * (NWIE)

a
FFR = forced feature regression, BSR = back stepwise regression, FWR = forward stepwise regression, BiSR = bi-directional stepwise regression, RR = ridge regression,
LASSO = least absolute shrinkage and selector operator, EN = elastic net.
b
Bloat = binary classification outcome (1 = bloat, 0 = no bloat), numbers in parenthesis are standard errors of the estimates, IMPNIMP = 1 for coefficients for implanted
steers equation, 0 for equations for non-implanted steers, DMI (kg/day) = dry matter intake, FWI (kg/day) = freshwater intake, BW (kg) = body weight, ADG (kg/day) = average
daily gain, WIE (number of events) = water intake events, NWIE (number of events) = no water intake events, TSD (min/day) = time spent drinking.
c
Accuracy of prediction of the models.
d
Sensitivity of prediction of the models; e specificity of prediction of the models
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Results and discussion
Predictive performance did not differ among the developed equations with accuracies, sensitivity, and specificity ranging from 0.853 to
0.864, 0.881 to 0.950; and 0.388 to 0.727, respectively. Bloat instances were more adequately predicted than non-bloating instances. Lower
specificities are attributable to a larger biological phenomenon of healthy animals. The LASSO, BiSR, and EN models had the highest performance statistics and were the most parsimonious (Table 1). Interestingly, NWIE persevered in these models, which could indicate
behavioral modifications observed for bloating animals that may attempt to drink water to alleviate digestive disturbances, but cannot
due to high ruminal pressures.
Conclusion and implications
The reported equations present satisfactory predictive ability, and therefore, could potentially be incorporated into individual cattle management systems as monitoring tool to assist both large and small feedlots that monitor intake behavior. They could assist in early detection of digestive disturbances that would allow managerial adaptations that could prevent further economic losses.
Financial support
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Scholarship Endowment from the University of Nevada, Reno, provided funding.
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Introduction
Ruminants occasionally face contamination incidents of persistent organic pollutant (POP; e.g., dioxins/furans) with economic and social
damages (Driesen et al., 2022). Understanding the fate (absorption, distribution, metabolism, and excretion, ADME) of POPs at the animal
level is key to ensure the safety of livestock systems. The rate of feed-meat transfer of POPs depends on animal physiology and feeding, as
well as on contaminant physicochemical properties (Driesen et al., 2022). The objective was to explore this complex animaldietcontaminant interaction using a mechanistic model and evaluate the effects of breed, growing rate, dietary lipid concentration and contaminant
lipophilicity on feed-to-meat accumulation kinetics.
Material and methods
The physiologically-based toxicokinetic model (PBTK, Fig. 1) describes the transfer of a lipophilic contaminant from the feeder to the intestine, where it is excreted through feces or passively diffuses to the blood. From the blood, the contaminant distributes to adipose tissues,
muscles, the liver, and the rest of the empty body by blood-perfusion and passive diffusion (adipose tissues). The changes with time of lipid
masses in digesta and empty body are described according to the INRA feeding system (2018) and the growth model ‘‘MECSIC” (Hoch and
Agabriel, 2004), respectively. Further details about the model framework are provided in Lerch et al. (2022). Simulation scenarios included
Charolais bull and Angus-Hereford steer that grew slowly (SG; 9.0 MJ ME/kg DM) or fast (FG; 12.0 MJ ME/kg DM) from 200 to 600 kg BW,
with lipid supplementation (LS; 59.6 and 72.15 g/kg DM) or without (NoneLS; 17.2 and 28.6 g/kg DM for SG and FG, respectively). The diet
contaminant concentration was fixed at 0.57 ng TEQ/kg DM (action level for dioxins/furans, EU regulation 277/2012) for 23478-pentachlorodibenzofuran (23478-PeCDF; moderately lipophilic: octanol:water partition coefficient; Kow 107.1, clearance 0.65 d-1) or
octachlorodibenzodioxin (OCDD; highly lipophilic: Kow 108.4, clearance 1.0 d-1).
Results and discussion
The simulated average daily gains of Charolais bull and Angus-Hereford steer were 0.81 and 0.88 for SG, and 1.20 and 1.35 kg/d for FG,
respectively. Empty body lipid proportion increased for Charolais from 8.1% at 200 kg BW to 16.5% and 16.3% at 600 kg for SG and FG,
respectively; and for Angus-Hereford steer from 11.3% to 28.4% for both SG and FG. The 23478-PeCDF accumulation kinetics suggested that
the regulatory maximum level (2.5 pg TEQ/g lipids, EU regulation 1259/2011) would be overpassed in muscles by 4.4 and 3.7-fold in SG-
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Fig. 1. Conceptual diagram of the physiologically-based toxicokinetic (PBTK) model describing the fate of lipophilic contaminants in growing cattle.

Fig. 2. Accumulation kinetics of 23478-PeCDF and OCDD in muscles of Charolais bull and Angus-Hereford steer, receiving low-energy diet (slow growth) and high-energy diet
(fast growth) with or without lipid supplementation (5% additional lipid in DMI) from 200 to 600 kg BW. Diet 23478-PeCDF or OCDD concentration fixed at 0.57 ng TEQ/kg
DM.

NoneLS, and by 1.8 and 1.5-fold in SG-LS, but only by 2.7 and 2.2-fold in FG-NoneLS, and 1.3 and 1.1-fold in FG-LS for Charolais and AngusHereford, respectively (Fig. 2). It suggests that lipid supplementation decreased the absorption rate of 23478-PeCDF and that fatter cattle (i.
e., Angus-Hereford) efficiently reduced their tissue contaminant concentration due to a dilution effect into a larger amount of body lipids
(Driesen et al., 2022). Similar observations were recorded for OCCD, but at much lower levels (only overpassed regulatory maximum level
by 1.3-fold in SG-NoneLS). The higher lipophilicity of OCDD lowered its absorption rate when compared to 23478-PeCDF, as previously
outlined experimentally (Driesen et al., 2022).
Conclusion and implications
The growing cattle PBTK model is promising to address the effects of different livestock systems on ADME and explore the complex animaldietcontaminant interplay. Ongoing developments include the assessment of the model predictive capabilities to deliver a practical
tool for risk assessors and managers, and ultimately contribute to beef meat chemical safety.
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Introduction
Current feeding systems calculate heat production (HP) and energy requirements for a given level of production or feed intake from the
sum of maintenance energy and energy used for gain. Changes in body composition are calculated from fixed, empirically-derived, relationships between fat and protein gain relative to degree of maturity and body condition (Freer et al., 2007). However, these fixed relationships may not be able to capture the variation in body protein and fat as animals respond to nutritional changes, nor the effects of
compensatory growth on body composition.
Materials and Methods
A dynamic model was developed to calculate HP and composition of gain in ruminants (Model; Oddy et al., 2022). In Oddy et al. (2022),
body protein is partitioned into two pools: high energy expenditure tissues (viscera) and the remainder of the body protein. Heat production is calculated from the mass of these protein pools, the gain of protein and fat, and heat associated with feeding. Outputs from the
Model were compared to current Australian feeding standards (SCA; Freer et al. 2007) using data from growing lambs (Turgeon et al.
1986; Hegarty et al., 1999; Dougherty et al., 2022).
Results and Discussion
Results are presented in Table 1. Performance of the two models as assessed by root mean square prediction error (RMSPE) was similar for
empty body weight (EBW), but RMSPE was lower for fat from the Model than from SCA. The SCA had lower RMSPE for predictions of empty
body protein. Both models had higher RMSPE and higher slope bias for prediction of fat than for other measures, and SCA had higher slope
bias for all measures. The Model overpredicted protein and underpredicted fat, while SCA overpredicted both. This is due to differences in
how both models calculate HP: SCA derives HP from variation in animal weight, weight gain and feed quality, whereas the Model derives
HP from protein content of viscera and remainder of the body, composition of gain, and feed intake.
Conclusion and Implications
The dynamic approach of the Model performs similarly to empirical SCA model, with an improvement in prediction of body fat. Unlike SCA,
the Model does not assume a fixed relationship between fat and protein gain and is more flexible and can therefore potentially capture a
wider range of animal responses. Evaluation of both models is limited by the lack of sufficiently detailed data in the literature, but the
Model could be used to improve prediction of body composition and energy requirements in growing ruminants.
Financial support
This work was funded in part by Meat and Livestock Australia.

Table 1
Evaluation of the Oddy model vs SCA (Freer et al., 2007) in prediction of final empty body weight and composition of the fleece-free empty body (kg) in growing sheep (n=223)

Observed Mean
CV of Observations

Predicted Mean
Mean Bias
RMSPE (% Observed Mean)
Error Decomposition
Mean Bias (%MSPE)
Slope Bias (%MSPE)
Random Error (%MSPE)

Final EBW (kg)

Protein (kg)

Fat (kg)

38.2
19.1%

5.64
15.15%

10.2
34.0 %

Model

SCA

Model

SCA

Model

SCA

39.5
1.22
8.35%

39.5
1.27
8.84%

6.01
0.34
9.63%

5.70
0.06
7.46%

9.70
0.43
18.2%

11.3
1.10
22.0%

15.9%
9.49%
74.7%

14.0%
21.0%
65.0%

47.1%
0.39%
52.5%

2.08%
4.70%
93.2%

8.30%
20.3%
71.4%

23.9%
27.2%
48.9%
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Introduction
There are many approaches to predict dry matter intake (DMI, kg/d) in ruminants. Yet, data collection for those predictions may be expensive due to the need for a multi-week period of daily individual monitoring in a system such as GrowSafe or Calan gates, or based partially
upon variables not commonly recorded or shared between dairy record systems such as body weight (BW; kg) or body condition score.
Even less commonly shared between record systems are dietary characteristics like neutral detergent fiber (NDF, %). However, NDF may
be useful in DMI predictions due to its impact on physical fill, and time spent eating and ruminating (NASEM, 2021). The objective of this
study was to determine if activity, eating, and ruminating measurements collected from ear tag accelerometers (CM; CowManager; Harmelen, Netherlands) could aid in intake predictions for lactating Holstein cows in the absence of less commonly recorded cow or dietary variables. We hypothesized that incorporation of CM variables would yield similar or improved root mean squared errors (RMSE) compared to
intake prediction models that used cow and/or dietary variables alone.
Material and methods
Data was obtained on a single farm over a 9-month period from primi- and multiparous cows (n = 132) fitted with CM, milked twice daily,
fed daily, and housed in a tie stall barn. Measurements were collected daily for DMI, milk production (M, kg/d), ear temperature (T; °C), and
eating, ruminating, active, non-active, and high active (HA) minutes/d; weekly for body weight (BW, kg) and dietary DM; and monthly for
milk components (from DHI test day). All measurements were tested as fixed effects in linear regression in RStudio. Eating and ruminating
minutes/d were summed to a single variable, ER. Variables were selected for 8 candidate models using both stepwise backward elimination
and manual elimination to assess impact of a variable (i.e., M) on model performance. Four models utilized CM variables and four did not.
Within CM versus non-CM models, the addition of energy corrected milk (ECM; kg/d) and/or BW was tested. Models that assessed ECM
only included data from the dates on which milk components were analyzed (test day). Each model was then assessed by cross evaluation,
where 80% of the data was randomly chosen for the model-building training set. The remaining 20% of the data were tested and assessed
for RMSE, mean bias, slope bias, CCC, and adjusted R2.
Results and discussion
Table 1 compares model performance measures after cross-evaluation. All CM models include parity (P), DIM, ER, HA and T. All NDF models
include P, DIM and NDF. Dietary NDF% was not a significant variable in models that utilized CM, so it was removed. In contrast, NDF% was
significant in models that did not utilize CM.
Conclusion and implications
Both CowManager variables and dietary NDF% improved RMSE for intake predictions. CowManager improved prediction of DMI versus use
of milk production, DIM, and parity alone. CowManager may provide reliable alternative variables to predict DMI when dietary information
is not readily available.
Table 1
Evaluation of models utilizing CowManager or dietary NDF% to predict DMI in lactating dairy cows.
Variable

N observat.

Obs. mean

Pred. Mean

RMSE

RMSE %mean

Mean Bias (%MSE)

Slope Bias (%MSE)

CCC

R2

MCM
+MCM
ECMCM
ECM + BWCM
MNDF
+MNDF
ECMNDF
ECM + BWNDF

9301
9301
272
272
9301
9301
272
272

25.3
25.2
23.2
23.6
25.1
25.3
23.3
23.6

26.2
26.2
23.2
23.2
26.2
26.2
23.2
23.2

5.77
4.16
3.57
3.35
6.39
4.29
3.81
3.39

22.8
16.5
15.4
14.2
25.4
17.0
16.4
14.4

2.41
5.27
0.022
1.46
2.49
4.26
0.086
0.880

74.9
57.9
50.6
42.1
78.5
62.8
55.9
53.4

0.468
0.761
0.743
0.785
0.324
0.737
0.696
0.766

0.483
0.641
0.527
0.569
0.373
0.600
0.481
0.516
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Introduction
Bellingeri et al. (2020) proposed a linear programming optimization (LPO) models that maximizes farm income over feed cost (IOFC)
through crop and feeding plan optimization, considering actual home-grown feed production cost, specific farm constraints, and availability of cash crops. The aim of the current work was to apply this multi-objective LPO-based model to guide decisions in contrasting market
scenarios.
Material and methods
Multi-objective optimizations were carried out for an Italian dairy farm of 500 lactating cows, 80 dry cows, and 400 youngstock with a land
base of 220 ha. The farm had a unique diet for lactating cows, a single diet for dry cows, and two diets for heifers from weaning to first
calving. The LPO model (Bellingeri et al., 2020) was developed using the General Algebraic Modeling System (GAMS) with the GAMS/CPLEX
solver (GAMS Development Corporation, 2013, Washington, DC) and has the following components: cropland with yields and cost of production, cropland characteristics, economic variables, farm storage and facilities capacity, herd consistency and performance, animal feed,
nutrients, and market feed availability and prices. Given a determined production level and relative nutritional supplies to match each
nutritional group, the model formulates optimized diets, the relative cropping plan, and the amount of feeds to purchase from the market
with the goal of maximizing the whole-farm IOFC while considering specific farm constraints and feed costs (Bellingeri et al., 2019).
The model was applied for different market scenarios representing: a low cost for raw material (year 2017), the instability of markets due
to the pandemic situation (year 2020), and a high price for raw materials due to the Ukraine war situation (year 2022).
Results and discussion
The optimized scenarios resulted in different diets and cropping plans with different feed allocation, which greatly impacted feed costs,
IOFC, and the farm feed self-sufficiency (Table 1).

Table 1
Results of LPO-based model for optimizing whole dairy farm in different market scenarios.
Items

Market price scenarios
2017

2020

2022

Feed cost inputs (€/ton)
Corn meal
Soybean f.e. meal
Alfalfa hay
Corn silage
Compound feeds
Roasted sunflower seeds

205
346
146
40
700
445

225
378
149
45
720
440

420
560
228
75
800
720

Optimization output
IOFC (all cows), €/cow
Self-produced feed cost, € /kg
Purchased feed cost, € /kg
Total feed costs, €/kg
Energy feed self-sufficiency, %
Protein feed self-sufficiency, %

6.46
0.08
0.10
0.19
63.3
37.7

6.25
0.09
0.13
0.23
62.4
36.9

7.04
0.11
0.17
0.27
62.3
36.7
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Conclusion and implications
Formulation of the crop and feeding plans using an LPO approach can consistently improve overall farm IOFC by reducing whole-herd feed
costs for diets formulated in different animal groups and under different market price scenarios. Future improvements of the current
approach could include N and P efficiency, greenhouse gas emissions, multiyear crop rotation strategies, and effect of dietary changes
on milk yield and quality.
Financial support
CREI (centro di ricerca Romeo ed Enrica Invernizzi).
References
Bellingeri, A., Cabrera, V., Gallo, A., Liang, D.i., Masoero, F., 2019. A survey of dairy cattle management, crop planning, and forages cost of production in Northern Italy. Italian
Journal of Animal Science 18 (1), 786–798.
Bellingeri, A., Gallo, A., Liang, D., Masoero, F., Cabrera, V.E., 2020. Development of a linear programming model for the optimal allocation of nutritional resources in a dairy
herd. Journal of Dairy Science 103 (11), 10898–10916.

doi: 10.1016/j.anscip.2022.07.435

45. Modelling precision feeding records to improve feed efficiency in Sarda lactating ewes
A. Ledda *, S. Carta, L. Falchi, F. Correddu, A. Cesarani, A.S. Atzori, G. Battacone, N.P.P. Macciotta
Department of Agricultural Sciences, Unit of Animal Science, University of Sassari, Sassari 07100, Italy
*

Corresponding author: Antonello Ledda
E-mail: anledda@uniss.it

Introduction
Precision livestock farming (PLF) allows to record accurate information that can help to improve animal’s management and farm’s sustainability. For example, PLF data could be used to improve the knowledge about the relationship between feeding and milk production. Feed
efficiency, which could be computed from PLF data, is a trait of great interest for animal selection. More efficient animals could reduce the
feeding cost at the farm level, the greenhouse gas emission per unit of animal product and, consequently, the sustainability of the livestock
industry (Romanzin et al., 2021). Feed efficiency is frequently expressed as residual feed intake (RFI) and it is calculated as the difference
between the actual and predicted feed intake with reference to animal performance (e.g., growing rate, milk yield). Feed efficiency has been
also included among the breeding goals for different species (e.g., Manca et al., 2021). The aim of this study was to evaluate the variability
of residual feed intake (RFI) in lactating dairy sheep and its relationship with average daily gain (ADG) and milk yield (MY).
Material and methods
Data from 24 Sarda ewes were kept for 28 days in a barn equipped with individual automatic feeders and a precision weighting system
(both of Biocontrol AS, Rakkestad, Norway), and milking equipment (AFIMILKÒ System) with flowmeters for individual daily data recording. Animals were fed a chopped total mix ration (TMR, DM 85.1%; CP 17.6% DM, NDF 34.5% DM, ash 8.3% DM, NEL 1.48 Mcal/kg DM). The
whole trial was divided into six periods, each one identified by two adjacent records of body weight (BW). In each period, individual milk
yield (MY) and feed intake (rDMI) were measured daily. The differences between the weights registered at the boundaries of each period
were used to compute the average daily gain (ADG). The estimated dry matter intake (eDMI) and the relative residual feed intake (RFI) were
also computed. In particular, RFI was estimated as the difference between rDMI and eDMI, which was calculated using the following equation, adapted from Koch et al. (1963): eDMI = a + b*MY + c*BW0.75, where BW0.75 is the metabolic weight. Moreover, the feed efficiency (FE)
was evaluated through the ratio between MY and rDMI.
Results and discussion
The overall average BW, daily DMI, and daily MY were 44.38±4.88, 2.01±0.66, and 1.70±0.47 kg, respectively (Table 1). The RFI ranged from
-1.26 to 1.90. Four animals showed a negative RFI (i.e., desirable) in all six considered periods. A clear pattern between RFI and MY was not
observed (Fig. 1). The correlation between RFI and MY (-0.03) was not significantly different from zero. A negative correlation could be
desirable because the RFI decreases (desirable) as the MY increases, which is desirable (Fig. 1). Correlations not significantly different from

Table 1
Basic statistics of the traits registered during the trial on the 24 Sarda dairy ewes

1

Trait1

Min

Mean

SD

Max

Weight, kg
ADG, kg/d
MY, kg/d
rDMI, kg/d
RFI, kg/d
FE, kg/d

37.65
0.02
1.04
1.42
1.26
0.47

44.38
0.08
1.70
2.21
0.00
0.80

4.86
0.05
0.46
0.49
0.51
0.27

60.14
0.17
2.55
3.68
1.90
1.48

ADG = average daily gain; MY = milk yield, rDMI = real dry matter intake; RFI = residual feed intake.; FE = feed efficiency, ratio between MY and rDMI.
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Fig. 1. Relationship between residual feed intake and milk yield in the 24 ewes of the trial.

zero between RFI and milk yield or RFI and body weight in Holstein cattle were already reported in literature (Manafiazar et al., 2016). The
FE showed a mean value 0.80±0.27, which means that on average the ewes produced 0.8 kg of MY per 1 kg of feed intake. FE was moderately and negatively (-0.63) correlated with the RFI.
Conclusion and implications
Results of the present study demonstrated how PLF data could help to identify individuals with better performances that can be used as
selection candidates for sheep replacement.
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Introduction
Linking cultivation plan and flock feed requirements is a key aspect to reduce feed costs and optimize resource use for livestock. With this
perspective, Bellingeri et al. (2020) developed a whole farm optimization linear program following this scheme: ration ?requirements ?
crop plan optimization for maximizing income over feed cost (IOFC, €/cow/day). Using the same scheme, a spreadsheet model was developed for dairy sheep extensive farming system. The model aimed to maximize IOFC by optimizing the cropping plan under scenarios of
increasing the quality of self-produced feed.
Materials and methods
The spreadsheet model was developed on ExcelÒ and was based on the formulation of an average diet formulated for lactating sheep based
on INRA (2018) requirements and dry matter (DM) intake estimates of Pulina et al. (2013). The expected input records were: number of
lactating ewes; total fat and protein corrected milk; lactation length; hectare (ha) of irrigated and non-irrigated land, ha of natural pasture
of good or poor quality; estimated crop yields; cost of self-produced and purchased feeds; the ewe ration with the minimum and maximum
565
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Table 1
Input and outputs of optimized scenario simulated by the farm model.
Crop

Natural pasture
Low quality hay
Good quality hay
Barley-oats
Legume grains

Yield

Unoptimized

Optimized

Difference

tons of DM/ha

Ha

Yield ton of DM

Ha

Yield ton of DM

55
80
60
28
32

6
10
0
1
0

330
800
0
28
0

6
0
6.6
0
4.4

330
0
397
0
140

UFL, units
CP, tons
Lactating feed cost, €
Total IOFC, €/ewe

Unoptimized

Optimized

Optim.-Unoptim.

78270
11.9
3,615.46
127.77

71706
15.3
20,580.87
180.20

6563 (8%)
3.4 (+29%)
13,034.59
52.43

constraints of each feed. The feeds composition may be customized, for grass composition an average composition for the whole lactation
set by default and an utilization coefficient of 65% were considered. The price of self-produced feed was estimated equal to 50% compared
to the market price (2019 reference prices). Furthermore, for poor and medium quality hay were considered with average orts of 40% and
20% for animal selection, respectively. Linear optimization works in the direction of maximizing the IOFC, according to meet animal
requirements both in compliance with feeding constraints and maximum owned land. A Sardinian sheep farm with 249 lactating ewes,
17 hectares of land (of which 11 dry and 6 of good quality natural pasture at 21% PG of DM) was considered as base scenario to be optimized. FPCM production was 309 liters/yr per ewe in 10 months (including 42 liters suckled by lambs). In the simulation, milk price was set
at 0.85 €/l, thus total revenues from the milk sale were 65,378.60 €.
Results and discussions
The optimized scenario tends to reduce the cost purchased feeds by 45%. There was a 29% increase in CP production at farm level (Table 1)
allowed by the use of good quality hay produced on the farm and the cultivation of legume grains instead of barley-oats cereals (Table 1).
Protein maximization caused lowering UFL production by 8% due to lower yield of legumes. However, an higher IOFC of €56.73 per ewe
(+41%) was reached with the optimized vs. the original scenario at same milk production level, that is given by the lower daily ration cost
of €0.30/head vs. €0.49/head, respectively.
Conclusion and implications
The model can be useful in maximizing the IOFC and the farm production protein from higher quality feeds. Future implementations could
include other sheep categories in the optimization scenarios, dry matter digestibility in feed characteristics, calculation of produced feed
costs and pasture intake estimates. Further advancements can be also included for environmental performances of simulated scenarios.
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Introduction
In the production of a Nile Tilápia (Oreochromis niloticus) there are various factors that affect their growth and, consequently, the economic
return of the farm. Understanding and predicting an outcome of such a complex system is a challenge that one could find some benefits by
using proper modeling approaches. The aim of this study is to demonstrate partial results of a practical tool, in development, that predicts
the nutritional requirement for Nile Tilápia (O. niloticus).
Material and methods
The data obtained in recent years on Nile tilapia nutrition was compiled by the research group of the Fish Nutrition Modeling Laboratory in
partnership with the Poultry Science Laboratory of UNESP in Jaboticabal. For the development of the software, two steps are being fol566
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Fig. 1. (a) Predicted (straight line) and observed (dots) body weight of nile tilapia (Oreocrhomis niloticus) and (b) body protein and body lipid predicted (straight and dashed
lines, respectively) and observed (dots and crosses, respectively).

lowed: 1- Organization of data and equations based on the results of four studies. (a) Growth curve: It is known how the animal grows and
deposits nutrients in ideal production conditions, expressing its genetic potential; (b) Requirement and efficiency of use of digestible
lysine: It is understood how the animal uses digestible lysine from the diet to maintain the vital activities of the body and deposit protein;
(c) Ideal ratio of essential amino acids (AAEs); (d) Response to protein intake: It is considered how the variation of the balanced protein
intake affects the responses of body growth. The data are complementary, which enables the development of a practical tool that optimizes
and maximizes the use of balanced dietary protein. 2- Software development. Microsoft’s native Visual Basic for Applications (VBA) programming language is being used. Unlike other programming languages for building software, which require the construction of the screen
layout that will be shown to the user, VBA is integrated into the Office package, allowing the interface to be worked directly on the conventional programs that most public have easy access. In this study, Excel is used, therefore, the interaction between the user and the
model works directly on the worksheet. The user is required to input the initial body weight for each feed phase, water temperature,
and feed composition (digestible energy, protein, and essential amino acids). A study conducted in the Fish Nutrition Modeling Laboratory
(not published) was used to demonstrate previous results of the model. The average temperature in the study cited was 27.5 °C, which was
introduced as an input in the model together with the observed initial body weight (6 g) and the feed composition used. The feed was formulated to meet or exceed the nutritional requirement of Nile Tilapia (Furuya, 2010). The responses used to demonstrate the behaviour of
the model were body weight, body protein, and body lipid.
Results and discussion
The estimated body weight was similar in relation to observed values (Fig. 1a). The overall mean estimated by the model was 418g whereas
the overall mean observed was 421g. The body protein estimated has an overall average of 85.5g, a slight overestimation of 3.96% (Fig. 1b).
The mean body lipid estimated was 40.4g an overestimation of 15.82%. Under the circumstances used for the simulation presented herein,
the model estimated a slaughter age of about seven months (805g), with 18.6% of body protein and 13.0% of body lipid. For the same age,
Romaneli et al. (2021) reported that a nile tilapia consuming a feed to meet or exceed nutrients and energy requirements achieved a body
weight of 964g, containing 15.8% of protein and 12.2% of lipid.
Conclusion and implications
The mechanistic model used to simulate a nile tilapia, consuming a feed with no deficiency or excess and no other constraining factor, produced outputs close to the observed data. The next steps of evaluation will include more independent studies, in which the fish was produced in different scenarios of feed nutrition. From that information, the prediction error will be decomposed to identify prediction bias
and estimate the precision and accuracy of the model. Environmental factors that can cause changes in the growth curve will be mentioned
and proposed in future studies.
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Introduction
Typical swine feeding systems provide nutrients at levels that satisfy the requirements of the most demanding pigs of the herd to maximize
animal performance at the population level. As a result, most pigs receive more nutrients than they need to express their growth potential
(Hauschild et al., 2010). Precision feeding involves using feeding techniques that provide the precise amount of feed with the appropriate
composition to be provided at the right time to each pig in the herd (Pomar and Remus, 2019). Agent-based models (ABM, Wilensky and
Rand, 2015) can realistically mimic the daily variation in nutrient requirements and utilization by individual animals as influenced by the
animal’s physiological state, performance potential, and environmental conditions. Realistic ABM are useful for multi-objective decisionmaking in the swine industry, maximizing feed efficiency while minimizing production costs and environmental impacts.
Materials and Methods
A JAVA-based daily stochastic, dynamic, and mechanistic ABM is proposed to represent the biology of nutrient and energy utilization at the
whole-animal level for a typical grow-finish operation. The model’s objective will be to illustrate the utility of precision feeding in maximizing feed efficiency, thereby improving farm economics. Precision feeding is implemented in swine farms using precision swine technology which automatically measures the uniquely identified piglets’ body weight, which is communicated to a swine herd nutrition
software that will formulate a diet consistent with the predicted nutrient requirement of each piglet. The key daily parameters (Table 1)
the ABM will calculate for an individual piglet in the herd are a) empty body weight, b) metabolizable energy intake, c) maximum daily feed
intake, d) protein deposition, and e) lipid deposition. These equations will be used to generate individual-level variations in piglet (i) utilizing the daily (j) variation in individual piglets’ body weight (BWij) to drive performance and nutrient requirement difference in the simulated grow-finish population. The daily whole-body protein and lipid deposition, water, and ash composition of an animal will be
estimated using empirical equations (NRC, 2012). Most empirical models are designed to estimate the requirements of a group of animals
rather than individual animals. We propose to use stochasticity in body weight and weight gain calculations for individual piglets throughout the simulation period of a typical grow-finish production cycle. The cumulative animal performance will be simulated dynamically
based on daily iterative calculations, beginning from a starting weight to a desirable target slaughter weight. The mean and standard deviation for the stochastic variables will be calibrated based on empirical observations from the Texas A&M swine research unit. The key
empirical equations sourced from NRC (2012) for the grow-finish model can be used by the ABM to simulate the expected daily variation
in individual piglet body weight gain and protein and lipid deposition, given that the pig herd starts from a normally distributed initial BW
spread. The agent-centric thinking we propose in the model will ensure that the daily nutrient requirement will be driven by the observed
variation in the daily weight gain of the piglets.
Potential utilities of the model
The validated model will be used to illustrate the herd performance of two different levels of phase feedings 1) three-phase feeding (control
scenario), and 2) precision feeding. Feeding pigs individually with daily tailored diets formulated based on their own real-time feed intake
and growth patterns represents a fundamental paradigm shift in pig feeding. Future model development will experiment with multiple

Table 1
Some relevant empirical equations from the Swine NRC (2012).
Parameter of interest

Equation

Empty body weight
Metabolizable energy intake
Maximum daily feed intake
Protein deposition
Lipid deposition

EBWij (kg) = body proteinij + body lipidij + waterij + ashij
10,563  {1  exp [–exp (–4.04)  BWij]}
Maximum daily feed intakeij (g/day) = 111  BW0.803
+ 111  BW0.803
 (LCT  T)  0.025
ij
ij
Pdij (g/day) = a + b  BWij + c  BW2ij + d  BW3ij
Ldij (g/day) = (ME intakeij  maintenance ME requirementsij  Pdij  10.6)/12.5
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levels of input variables (e.g., high variation in body weight due to genetic potential, heat stress) and investigate the optimal nutrient utilization efficiency (e.g., minimizing N and P excretion).
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Introduction
For many years, nutritionists have used static nutritional tables as a guide for formulating commercial laying hen diets. Moreover, due to
the lack of a decision-making tool, they need to use their knowledge to make empirical adjustments to fine-tune each formulation. In contradiction to empirical adjustments, there are some models to predict genetic potential and nutritional requirements. For example, the
mechanistic stochastic models described by Johnston and Gous (2007) and Ferreira et al. (2015) predict egg production and requirements
to reach genetic potential. These models allow estimating requirements based on genetic parameters and external effects such as diet composition and environmental impact. Thinking of a decision-making tool that improves the static nutritional recommendation tables, a
mechanistic model was developed to calculate these requirements using observed data and/or target performance.
Material and methods
A model was developed founded on the one proposed by Emmans and Fisher (1986) to calculate the energy and amino acid requirements
through the factorial equations. The model’s inputs are body weight (BW), egg weight (EW), egg production (EP), and feed intake (FI) to
adjust the concentration of nutrients recommendations. Four different scenarios were simulated, changing BW, EP and EW from recommended performances by the genetic guideline for 40-week birds (Hy-Line 36 and Hy-Line Brown). The predicted nutritional levels and
those recommended by the guideline were based on 100 and 110 g of FI for Hy-Line 36 and Hy-Line Brown, respectively. Diets were formulated using the same ingredients with levels proposed by the guideline and predicted by the model in each scenario.
Results and Discussion
The changes in performance can affect the nutritional levels in a nonlinear variation due to the requirements for each component (body and
egg), as shown in Table 1. It is observed that each slight variation in performance can generate assorted nutritional recommendations that
directly impact the composition and cost of the formulated diet, which surpassed 5% between scenarios. Thereby, the mechanistic model is

Table 1
Calculated energy (ME) and AA requirements (SID) and feed costs from different performances.
BW
(kg)

EP
(%)

EW
(g)

ME
(kcal/b/d)

LYS
(%)

M+C

THR

Feed Cost
($/ton)

Hy-line36
Sim 1
Sim 2
Sim 3
Sim 4

1.54-1.60
1.570
1.570
1.520
1.620

93-94
93.5
95.0
95.0
95.0

60.9
59.0
60.9
59.0
60.9

285-300
295
302
293
305

0.770
0.756
0.782
0.760
0.787

0.690
0.668
0.692
0.671
0.696

0.540
0.508
0.527
0.511
0.530

313
306
318
306
323

Hy-lineBrw
Sim 1
Sim 2
Sim 3
Sim 4

1.87-1.99
1.92
1.92
1.82
2.04

92-93
92.5
93.8
93.8
93.8

61.1
59.3
61.1
59.3
61.1

310-325
318
325
313
333

0.73
0.716
0.738
0.714
0.748

0.66
0.631
0.651
0.63
0.66

0.51
0.477
0.493
0.477
0.498

303
297
304
295
312
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a more suitable approach when compared to a single optimal dose estimated for a given period. While the first accounts for inputs such as
BW, EP, and the nutrient utilization efficiency to predict requirements; the second characterizes requirements as static for the entire phase
from empirical methods (Emmans and Oldham,1988 by Nogueira et al., 2021).
Conclusion and implications
It is incontestable the necessity of a Feed Advice table to guide the nutritionists; however, the crucial point is how the requirements are
derived, if it is from models or from empirical methods that define requirements. A modelling tool allows nutritionists to design flexible
and dynamic feeding programs, making better decisions to adapt to the specific need of each scenario, improving performance, increasing
profitability, and reducing the environmental impact of animal production. Consequently, this model can take precision animal nutrition
further by using a wide range of real-time information.
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Introduction
Broiler production is a dynamic process in part because of changes in growth generated by constant genetic improvements but also because
of the changes in economic scenarios. Poultry farms adapt their local management and feed formulas in order to be competitive and maximize economic return. Simulation models could be useful, unveiling new possibilities which help in the decision-making process. In this
sense, a broiler growth model was developed (Hauschild et al., 2015) to predict the growth, body composition, and feed intake of broilers,
based on genetic potential and constraining factors that may prevent the animal to achieve such potential. The model was recently updated
and the aim of this study was to introduce a new version of the Broiler Growth Model (BGM) and to evaluate the output generated.
Material and methods
The theory of feed intake regulation proposed by Emmans (1989) was used to construct the bases of the model. In this theory, it is stated
that broilers consume the feed to achieve the requirement of the first limiting component in the feed. Only energy and essential amino
acids were considered as limiting components in the feed. To establish the requirement for energy and essential amino acids, the genetic
potential in terms of protein deposition was estimated. A Gompertz function was used to predict the potential growth of protein as function of time; simultaneously, the water, lipid, and ash in the body were predicted allometrically as functions of body protein. The equations
were adjusted based on studies developed at FCAV-UNESP-Brazil. Recently, a study was conducted to estimate the effects of bulky feeds on
feed intake (Nascimento et al., 2020), and the equation was introduced into the model. A database obtained from Azevedo et al. (2021) was
used to evaluate the outputs of the software. In this study, broilers were given a feed formulated to contain crescent levels of dietary balanced protein (BP), with energy and other nutrients kept at recommendations. Six feeds were formulated to contain 0.60, 0.70, 0.85, 1.00,
1.15, and 1.30 times the levels of standardized ileal digestible lysine recommended in the Brazilian tables (Rostagno et al., 2017), while the
ratio between essential amino acids in the feeds were constant. Details about feed formulas is provided by Azevedo et al. (2021). Each feed
was simulated in the BGM and the output was used to compare with the observed database. The response variables evaluated were feed
intake (FI), body weight (BW), body protein (BProt), and body lipid (BL). The residual of the model was assessed using the overall error
calculated from the mean square prediction error and its decomposition (Pomar and Marcoux, 2005), error in central tendency (ECT), error
due to regression (ER), and error due to disturbances (ED).
Results and discussion
As demonstrated by Azevedo et al. (2021) in their study, the changes in dietary BP elicited a response in all response variables investigated.
Similarly, simulated broilers were affected by the crescent levels of BP. At the lowest level, using 0.6 times the recommendation for dietary
BP, simulated broilers consumed 77% of the amount of food consumed by broilers in the recommended levels. In the database, these differences were about 84%. For the same period, BW reduced by 38 and 33%, Bprot by 44 and 54%, and BP increased by 143 and 106%, respectively for simulated and observed data. The overall error of prediction was around 12% for FI, BW, and BProt with most error estimated to be
due to disturbances (91, 50, and 63%, respectively). The overall error estimated for BL was 40%, evenly distributed for central tendency and
regression errors, indicating a necessity for improvement.
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Conclusion and implications
The mechanistic approach used in the BGM was efficient to estimate the feed intake, body weight, and body protein of broilers consuming
crescent dietary levels of balanced protein with a low error of prediction. This result suggests the BGM may help users to choose the best
feed formula according to their production scenario.
Financial support
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Introduction
The Egg Production Model (EPM) estimates egg production traits, body changes, and feed intake of laying hens, accounting for factors that
may prevent the bird from achieving its genetic potential. The values predicted in the EPM can be used to simulate the laying hen response
in different scenarios, helping the user to make decisions. The objective of this work was to evaluate the EPM using external data obtained
according to three different protein levels in the diet.
Material and methods
The EPM was developed at the poultry science laboratory, located at FCAV – Unesp, Jaboticabal – Brazil. Laying activity, egg weight and
composition (accounting yolk, albumen and shell) were predicted using the method of Johnston and Gous (2007). With this information,
and accounting for the efficiency of utilization of nutrients, it is possible to predict the daily intake of energy and amino acids necessary to
achieve the expression of the genetic potential. Environment and amount of feed offered were included as constraining over feed intake,
enabling the prediction of a change in feed composition on egg production, egg traits, and body component (the amounts of protein, lipid,
water, and ash in the body). To evaluate the model, a trial was conducted using 600 Lohman Lite LSL-NA from eight to 82 wk-old. Treatments consisted of three dietary levels of balanced protein (BP): 1- standard feed (S-BP), formulated to meet or exceed breeding company
recommendations; 2- reduction of 20% in dietary balanced protein (L-BP); 3- increase of 20% in dietary balanced protein (H-BP). In the rearing phase, the S-BP group consumed a feed containing 0.80, 0.70, and 0.74% of SID-Lys for the grower, developer, and pre-layer phase,
respectively. The S-BP feed in the laying phase contained 0.68, 0.66, 0.63, 0.61, and 0.58% of SID-Lys, respectively for each layer phase.
The metabolizable energy was constant between dietary treatment and was 12.1, 12.0, 11.6, and 11.7 MJ/kg, respectively for the grower,
development, pre-layer, and layer phases. Strain and feed formula were used as an input in the EPM, and the predictions were compared
with the observed measures. The response variables evaluated were egg production, egg mass, and body composition. To evaluate the error
of prediction, mean square prediction error (MSPE) and its decomposition, mean bias (error central tendency - ECT), slope bias (error due to
regression - ER), and random errors (error due to disturbances - ED) were calculated. The root square of MSPE was divided by the predicted
mean to obtain the overall prediction error (OvError).
Results and discussion
The change in dietary BP affected all response variables evaluated and the EPM predicted the changes in the feed with low error, although
the error in the estimations increased when hens were fed with low dietary balanced protein. The OvError in the rate of lay was 2.46, 3.29,
and 2.94% for hens consuming the S-BP, L-BP, and H-BP, respectively. The errors due to disturbances were estimated to be 70, 75, and 96%
for each dietary BP level. The OvError observed for egg weight was 4.4, 7.7, and 2.6%, respectively for S-BP, L-BP, and H-BP. The error in the
S-BP and H-BP was mostly due to disturbances (61.6 and 95%), whereas in the L-BP group, the error was estimated to be in central tendency
(94.5%). Body weight was predicted with low OvError for H-BP group (3.30%), followed by the S-BP (10.5%) and L-BP (19.6%), groups. The
increase in OvError was mostly due to central tendency (96%). Among the body components predicted, simulated hens consuming the HBP feed had the lower OvError, about 7.51, 3.33, and 2.59% for protein, water, and ash, respectively. The OvError for laying hens in the H-BP
group were 2.12, 1.78, and 2.47% respectively for yolk, albumen, and shell, with most errors due to disturbances (50-96%). For the S-BP
group, the OvError were 2.58, 2.50, and 2.06, respectively for yolk, albumen, and shell.
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Conclusion and implications
The results obtained with the Egg Production Model indicate that body weight, body composition, egg production, and egg composition
were predicted with low prediction error. Although the error increased when a simulation was performed with hens consuming low dietary balanced protein feed, most errors are in central tendency. The response of laying hens due to a change in dietary balanced protein was
well predicted by the simulation model presented. As such, the chance to predict egg production is of chief importance to maximize economic return of farms.
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Introduction
Mechanistic modeling provides promising tools to enhance our system-level understanding of the rumen ecosystem. Existing mechanistic
models of rumen fermentation consider an aggregated representation of the rumen microbiota and its metabolic function. However, none
of these models integrate microbial genomic knowledge and thus do not capitalize on the rich information of microbial genomic sequencing. Therefore, the objective of this study was to integrate microbial time series of the rumen microbiota determined by 16S rDNA into a
mechanistic fermentation model of the rumen microbiome under the Rusitec condition to estimate the dynamics of volatile fatty acids
(VFA) concentrations.
Material and methods
The mechanistic model of Muñoz-Tamayo et al. (2016), initially developed to represent the fermentation under in vitro batch conditions,
was extended to account for the Rusitec condition. The model represents the rumen microbiota by three microbial functional groups,
namely sugar utilisers, amino acid utilisers, and methanogens. To simulate the model, the parameters of the kinetic rates of substrate utilization should be set or estimated. In this work, we explored the use of state observers (Dochain, 2003) to estimate the dynamics of VFA
concentrations using the information on microbial time series. This approach requires a variable transformation of the original model that
results in an estimator that does not need explicit information on the kinetic rates of substrate utilization. We illustrated our approach
using experimental data from a Rusitec experiment done by Belanche et al. (2017), where 16SrRNA (cDNA) Next Generation Sequencing
of microbial communities was used to characterize the dynamics of bacterial abundance by the determination of Operational Taxonomic
Units (OTUs). We used CowPI (Wilkinson et al., 2018) to determine the abundance of OTUs associated with specific metabolic modules of
VFA production (acetate, butyrate, and propionate). This information was integrated into the state observer to estimate the concentrations
of VFA. The performance of the state observer in estimating the dynamics of VFA concentrations was evaluated using mean square errors
(MSE).
Results
Fig. 1 shows the in vitro data of VFA concentrations obtained from the experiment carried out by Belanche et al. (2017), and the response of
the state observer. The observer was able to represent the dynamics of VFA concentrations with an MSE of 3.5310-6 for the acetate concentrations, an MSE of 6.8010-6 for the butyrate concentrations, and an MSE of 6.5710-6 for the propionate concentrations.
Conclusion and implications
Our contribution is a step forward in filling the gap between the rumen microbiota available omics data and how microbial metabolism is
represented in the existing rumen models. Our results showed that the estimated VFA concentrations converge towards the real VFA con-
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Fig. 1. Dynamic of VFA concentrations in the Rusitec system (open circles), obtained from our state observer (solid line).

centration dynamics demonstrating the promising potential of our approach. The next step that we are currently working on is validating
our approach using in vivo experimental data.
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Introduction
Daily intake rates of dry matter of ruminants have nonlinear behaviors, with an exhibited duality depending on the prevalence of metabolic
or physical constraints as functions of the energy or fibrous contents of the diet. Our goal was to evaluate the nonlinearities of daily intake
rates and digestibilities of major nutrients as functions of fiber intake rate in steers fed on corn silage-based diets.
Material and methods
We conducted two simultaneous, balanced 4  4 Latin squares with eight Zebu-Holstein steers (263 kg body mass). The intended treats

ments were aNDFom intake rates scaled to body mass as F NDFi = 3, 6, 9, and 12 g/(kg.d), and isoenergetic and isonitrogenous diets for
an average daily gain = 0.6 kg/d. Variables were analyzed with nlme of R, and SAS NLMIXED and GLIMMIX. The information-theoretic
approach (I-T) was necessary for averaging model predictions. The Weibull, Wood, and linear models were evaluated for describing intake
and fecal output rates as functions of the predicted aNDFom intake rate (F^NDFi ). CLigi is the dietary Lignin (sa) concentration.
Results and discussion
Linear and nonlinear models were used to describe linear and nonlinear behaviors of organic matter, neutral detergent solubles, aNDFom,
and lignin intake rates. Evidence supported by I-T indicated that fecal output profiles of major nutrients did not deviate from linearity. The
crescent sigmoidal behavior of intake rates as functions of aNDFom intake is the operational result of two simultaneous reinforcing and
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balancing goal-seeking feedback loops regulated by hunger and satiety causes, ultimately constrained by the ruminoreticular capacity. We
used an approximate Lucas test to confirm our expectations about linearity of Lignin (sa) recovery. Dynamic complexity of intake regulation arises from causal interactions over time, e.g., dF^NDFi =dt. Nonetheless, the differentials described here were of the type dF xi =dF^NDFi , for Fxi
denoting intake of dietary component x. As FsNDFi (average fiber intake rate) increased, the F^NDFi drove the sigmoid-shaped behaviors. In theory (Allen, 2014; Taghipoor et al., 2016), sigmoidal intake responses probably resulted from the balance among hunger and satiety signals
that arise from the various GIT receptors stimulated by digesta physicochemical characteristics and nutritional and physiological states of
the animal. Ruminoreticular motility and ruminative mastication reflexes increase due to mechanical stimuli; as a result, the comminution
of particles increases the likelihood eligibility of food particles to escape the reticulo-rumen through the reticulo-omasal orifice, reinforcing
b NDFi increases, the balancing loop constrained by rumithe causes that alleviate fill and promote an exponential intake rate increase. As F
noreticular capacity prevails.
The Lucas test is an objective tool to evaluate the nutritional applicability of a feed fraction defined by the operational conditions of an
analytical method. To minimize errors, Lucas (1964) advised that (1) the daily feeding rate should be held constant and (2) set close to
the maintenance level, (3) the feeding rate should be set for a long enough period to attain steady-state conditions before starting fecal
collections, and (4) fecal collections should continue for a length of time sufficient to render innocuous day-to-day fluctuations in fecal
output. However, our experimental animals were growing steers fed above maintenance. Nevertheless, there was no evidence for a nonlinear behavior of lignin recovery in our study. Some literature data on fecal lignin recovery resemble the variance pattern, and despite the
heteroscedasticity observed alongside the CLigi -axis (dietary Lignin (sa) concentration), the approximate Lucas test results for Lignin (sa)
corroborated our expectations about the nutritional uniformity of that empirically measured analyte.
Conclusion and implications
In this study, the recorded nonlinearities in intake and fecal output were described quantitatively and a parallel theory based on reinforcing
and balancing feedback loops constrained by ruminoreticular capacity was proposed, and an approximation to the Lucas test corroborated
our expectations about the nutritional uniformity of Lignin (sa) as an empirical measurand (analyte) in ruminant diets.
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Introduction
If dairy cattle could be fed individually to match their true energy and amino acids requirements, we estimate the economic gain for the US
dairy industry due to improvements in animal performance and reduced feed costs to be over $700 million/year. Another $385 million/year
may be realized over time through genetic selection against animal lines that exhibit poor feed efficiency. The objectives of this study were
to evaluate feed cost savings if individual diets could be fed, to derive a set of optimum feed mixes that could be delivered to the animals
when grouped in 2 pens and fed 2 mixes via a auto feeders, and to assess the overall cost savings associated with feeding those mixes.
Material and methods
A compact-vectorized representation of the NASEM (2021) model was developed in Python to improve model speed, and to allow multicore processing. Analytical solutions for the gradient responses to nonlinear equation inputs were also derived and encoded in the model to
speed optimizer solutions. Individual animal characteristics, production data from 206 lactating dairy cows (Holsteins = 171; Jerseys = 35),
and diets and pen-level feeding information (fresh, high and low producing groups) were collected from the Virginia Tech Dairy Complex
and utilized as inputs to the model. Individual animal dry matter intakes (DMI) were simulated from observed body weight and milk production (MP) using the NASEM (2021) model, and bias adjusted to reflect observed pen intakes. Five percent random variance was added to
the individual DMI to reflect biological diversity. The optimizer was configured to maximize income over feed cost (IOFC; milk income feed costs) with and without a nitrogen excretion penalty. The solution was constrained to achieve neutral or positive balances relative to
the NASEM (2021) requirements for each of the vitamins and minerals, and to achieve a minimum dietary ADF of 17%, and maximum dietary starch, fatty acid, and ash concentrations of 33%, 8%, and 12%, respectively. Trace minerals were constrained to maximum concentrations of 25% over the required concentrations. Prediction of MP and milk components were allowed to float to achieve optimum profit.
Individual diets for each animal in the herd (IODA) were derived using the above inputs and the ‘‘optimization.minimize” function from
‘‘SciPy” package, utilizing SLSQP (Sequential Least Squares Programming) method for the optimizer in Python. These solutions represented
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the achievable profit if each cow could be fed a custom blend of ingredients. Data diagnostics were used to detect diets that greatly deviated from the mean. An unsupervised, constrained, K-means clustering approach was used to discover diet patterns within the IODA data.
Results and discussion
The optimizer solved diets for all animals in the herd requiring 2.0s on a single core process. The mean number of iterations for each solve
was 9.9, and thus the total iterations for the herd was 2,040. Outlier diets generated in initial solves were addressed by adjustment of the
min and max bounds for all diets rather than by special treatment of individual diets. Daily feed cost for the 206 animals averaged $5.15 per
head when no penalty for N excretion was imposed. The mean predicted MP was 37.3kg/d as compared to an observed herd production of
42.2kg/d. 98.6% of the IODA ingredient composition variance was explained by clustering into 2 forage mixes and four concentrate mixes.
Clustering of the forage mixes was constrained to ensure an even split of the animals among the 2 pens. Having derived the mixes, a second
optimization was undertaken within each animal group to derive optimal diets in terms of the forage and concentrate mixes. The final, total
cost of feeding was $5.27/cow/d as compared to the IODA cost of $5.15/cow/d and current feed costs of $5.77/cow/d. The model also predicted a 12% decrease in MP as compared to current production. Using a Mid-Atlantic milk price of $0.56 per liter for May of 2022, farm
sales would decline by $2.74/cow/d if the predictions are accurate. Thus the net profit would be -$2.12/cow/d. Because IOFC was used as
the objective function, the solution suggests that the model reached a max for production at 37 L/d.
Conclusion and implications
The work resulted in the establishment of code and methods that can be used to derive feed mixes and diets that more closely match individual animal needs than that achieved with current methods, and realize feed cost savings . Additional work is required to ensure the
model reproduces desired levels of production.
Financial support
College of Agriculture and Life Sciences Strategic Plan Advancement – 2020 Integrated Internal Competitive Grants Program.
References
NASEM (National Academies of Sciences, Engineering, and Medicine), 2021. Nutrient requirements of dairy cattle, Eight Revised Edition. The National Academies Press,
Washington, DC, United States.

doi: 10.1016/j.anscip.2022.07.445

55. Studying the predictive ability of a dynamic mechanistic model to forecast the oscillatory feeding behaviour of lactating dairy
cows
E. Fiorbelli a, A.S. Atzori b, L. Tedeschi c, M. Santucci a, A. Gallo a,*
a

Department of Animal Science, Food and Nutrition (DIANA), Facoltà di Scienze Agrarie, Alimentari e Ambientali, Università Cattolica del Sacro
Cuore, 29100 Piacenza, Italy
b
Dipartimento di Agraria, Università di Sassari, 07100 Sassari, Italy
c
Department of Animal Science, Texas A&M University, College Station, TX 77843-2471, United States
*

Corresponding author: Antonio Gallo
E-mail: antonio.gallo@unicatt.it

Introduction
Dynamic mechanistic models can predict day-by-day variations of dry matter intake (DMI), possibly improving the prediction of feed consumption and animal performance (Tedeschi and Fox, 2020). These models can also help determine variations in feeding behavior (FB)
within a day to choose the best feeding strategies and nutritional management to minimize feed losses, maximize animal performance,
and reduce environmental impact. The present study aimed to discuss differences among feeding behavior records gathered at the farm
level and the output of the Fischer (1996) model proposed to account for oscillation in daily intake caused by the diet.
Material and methods
The data used to evaluate the model were collected in 2021 in the experimental facility of Università Cattolica del Sacro Cuore (UCSC; Stalla
Sperimentale Romeo and Enrica Invernizzi, Research Centre CERZOO S.r.L., San Bonico, Piacenza, Italy) where about 4 Holstein milking cows
are fed. Records of DMI and FB of lactating cows were gathered using the automatic intake recorder Roughage Intake Control System (RIC;
Hokofarm group, Marknesse, The Netherlands). The system consists of rumination loggers, stationary or mobile readers, and software for
processing electronic records (Data Flow software, SCR Engineers Ltd.). The raw data were reported in an electronic spreadsheet, including
number of visits, intake per visit (kg DM), and visit duration (min). The other indices of feeding behaviors were calculated from these primary indexes. In particular, the eating event unit was the single ‘‘meal” (time of the RIC visit or consecutive visits within 20 minutes). After
the number of meals taken (n/day), the ingestion per meal (kg DM/meal), the duration of the meal (min/meal), and the time lapsed (min)
between two successive meals were calculated, as well as the rate of feed ingestion (kg DM/min). Feeding behavior indices and data provided by the RIC system have been collected individually from four animals (Figure1). Oscillation differences in terms of frequency and
amplitude (meals per day and amount eaten per meal), and variability of observed meals (kg/per hour) were discussed regarding the average meal of each animal during the testing period. Observed data of 4 cows at a time of 7 consecutive days were discussed in comparison to
Tedeschi and Fox (2020) model (figure 2). They reproduced Fischer’s (1996) model using the stock and flow diagram (Vensim ver 9.2.4,
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Fig. 1. Daily feeding behaviour and dry matter intake of lactating cows are monitored by the RIC system

Fig. 2. The oscillatory pattern of feeding behaviour for Cow 1 as generated by Tedeschi and Fox (2020) on a given diet (33.0% NDF, 16.9 % CP, 66.0% ivDMD).

Ventana Systems) and included compartments for protein, soluble carbohydrate, slowly digestible fiber, and very slowly digestible fiber.
The intake regulation included feedback structures for distention, chemostatic, and protein effects. Model inputs were limited to protein
(CP), 48-h IVDMD corrected for residual microbial mass, and NDF.
Results and discussion
Fig. 1 shows the daily feeding behavior of 4 monitored cows. On average, cows 2, 3, and 4 had 7 meals per day with an average intake per
meal of 3.29 ± 0.262 kg. In contrast, cow 1 had several meals during the day (average intake per meal of 2.86 ± 0.83 kg), showing a very
different feeding behavior from previous ones. The average daily DMI was 23 kg and the feeding time was 2.30 hours/day. The oscillatory
pattern simulated by Tedeschi and Fox (2020) model was aimed to describe meal fluctuations due to dietary components (figure 2),
whereas, in this trial, animal components had a substantial impact on the fluctuation. It means that integration of the model needs to
be developed to add variables that can drive animal variability (e.g., body size, social behaviour, parity), and this will be a future area of
research by our group.
Conclusion
Predicting FB of dairy cows is a fascinating area of research and indeed a considerable issue for dynamic mechanistic models due to the
biological complexity as shown by the oscillatory behaviour. To solve this challenge, one must add new feedback loops in the stock and
flow diagram of Tedeschi and Fox (2020) model to accurately simulate the daily oscillatory system of lactating cow behavior, as well as
daily DMI.
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Introduction
Direct dietary glucose absorption from starch contributes approximately 25% of total glucose supply; thus, gluconeogenesis is crucial for
adequate glucose supply for high-producing dairy cows. Propionate is by far the most important gluconeogenic precursor, followed by lactate and amino acids. Rumen degraded protein (RDP) is required for microbial growth, and a portion of microbial protein is converted to
glucose. Increasing dietary starch is known to increase glucose supply (Piccioli-Cappelli et al., 2014), but effects of increased RDP or interactions of RDP and starch on glucose supply have not been assessed.
Materials and Methods
Six cannulated, high-producing, lactating Holstein cows were randomly assigned to 1 of 4 treatments sequence within a partially replicated
4 x 4 Latin square arranged as a 2 x 2 factorial design with 14-d periods. The factors were low (8%) and high (11%) dietary RDP, and low
(16%) and high (30%) dietary starch (Table 1). On d 13 of each period, [1,2-13C]-d-glucose was infused into the jugular vein at a rate of
approximately 0.2 g/h for 1 h and blood samples were collected at 20 min intervals upstream from the infusion site beginning just prior
to the start of infusion and continuing 1 h post-infusion. Plasma was assessed for isotopic enrichment of glucose by GC-c-IRMS and concentrations by isotope dilution using a GCMS. Total glucose appearance rates were estimated for individual cow observation by fitting a 2pool dynamic model to observed plasma 13C/12C enrichment of glucose carbons (Fig. 1). One cow in period 1 and another in period 2 had
catheter issues and thus those observations were removed from the analysis. The remaining 22 appearance estimates were compared by

Table 1
Observed and predicted (CNCPS, ver. 6.55) feed components of treatment TMR and glucose entry rates.
LRDPa

a
c

HRDPa

TMR Composition

LS

HS

LS

HS

DM, %
Starch, % of DM
ADF, % of DM
CP, % of DM
Crude Fat, % DM
MEb, Mcal/day
RDPb, % of DM
Glucose Entry Rates, (mmol/h/kg DMI)c

59.2
14.8
29.4
14.0
2.71
61.0
8.00
76.8b

58.8
28.6
19.4
13.9
3.21
67.6
7.49
87.6a

58.4
15.2
26.3
16.8
2.19
62.8
11.1
79.4b

58.4
28.6
17.5
15.7
2.98
69.8
10.6
86.9a

HS=high starch; LS=low starch; LRDP=low RDP; HRDP=high RDP
Treatment effects: Pstarch < 0.001, PRDP > 0.05; Pstarch x RDP > 0.05

Fig. 1. The fitted 2-pool model with predicted (grey line) and observed (black points) isotope ratio of labelled glucose enrichment over time for cow 5570 in period 4.
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fitting a mixed model with starch and RDP as fixed effects and cow as a random effect. Another observation was removed during statistical
analyses as the standardized residual was greater than an absolute value of 2.
Results and discussion
Dietary starch increased glucose entry rate (P<0.001), but there were no effects of RDP or the interaction. It is not possible using this
approach to distinguish the source of glucose entry, and thus we cannot determine whether the increased entry rates for high starch were
due to increased gluconeogenesis from propionate or from starch absorption from the small intestine. Given that approximately 30% of
dietary starch from maize based diets passes from the rumen (Taylor and Allen, 2005), it seems likely the increased entry rates were
due to a combination of the 2. Previous work has observed entry rates of approximately 30 mmol/hr per kg DMI (Aschenbach et al.,
2010) when uniformly labelled glucose is used. High entry rate estimates herein are likely due to the use of a [1,2-13C]-d-glucose. The
1-position is lost when glucose enters the pentose phosphate pathway, and a proportion of the 2-position is lost if a molecule of glucose
enters the pathway a 2nd time. The position and the incidence of double labelled glucose cannot be determined with a GC-c-IRMS due to
conversion of the carbon to CO2 between the GC and the IRMS, and thus it was not possible to directly assess rates of pentose pathway
entry and recycling, but the magnitude of entry rates as compared to prior work suggests that approximately half of the glucose supply
is entering that pathway. Such a rate would result in the loss of approximately 8% of the glucose supply if none of the glyceraldehyde-P
is reincorporated into glucose.
Conclusion and implications
High dietary starch increased, and RDP had no effect, on glucose entry rates in blood.
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Introduction
An accurate estimation of dry matter intake (DMI) of lactating dairy cows is not only crucial for diet formulation, but also for predicting
nutrient excretion. The DMI prediction models of Agroscope (1994), were developed during the 90’s thus an update and validity check is
needed. The objective of this study was to evaluate the accuracy and precision of models predicting DMI in comparison with present-day
DMI database of lactating dairy cows fed forage-based diets indoor.
Material and methods
A data set collected from November to March between 2015 and 2021 at the research farm Agroscope-Posieux, Switzerland was used. The
data set consisted of daily-recorded total DMI, milk yield (MY), body weight (BW), days in milk (DIM) with an automatic feeding station
(Insentec B.V., Marknesse, The Netherlands), and parity (Table 1). Cows were fed a forage-based diet (mean of 91% of total DMI). Evaluated
models were the Swiss (Agroscope, 1994, model reported by Agroscope, 2021), USA (NRC, 2001), Austrian-German (Gruber et al., 2004),
Australian (CSIRO, 2007), and Spanish (FEDNA, 2009) ones. The accuracy of model prediction was evaluated by mean square prediction
error (Bibby & Toutenburg, 1977). Moreover, the MSPE was decomposed into error of central tendency (ECT), error due to regression
(ER), and error due to disturbance (ED) (Bibby and Toutenburg, 1977).
Results and discussion
The accuracy of all models evaluated is deemed acceptable according to Reed et al. (2015). The best prediction precision (RMSPE of around
13%) and accuracy (<0.01) was performed by the Agroscope model. In a previous DMI model evaluation, Jensen et al. (2015) reported good
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Table 1
Summary of DMI (kg/d), DIM (d), MY (kg/d), BW (kg) and parity from 136 and 275 lactations for primiparous and multiparous cows, respectively. Data recorded during the
winters of 2015 to 2021.
Item

N
Mean
SD
CV, %

Primiparous

Multiparous

DMI

DIM

MY

BW

DMI

DIM

MY

BW

Parity

10912
18.45
3.03
16.42

10912
87.03
62.06
71.31

10912
28.61
5.38
18.80

10466
611.71
57.15
9.34

18371
22.53
3.54
15.71

18371
110.32
69.14
62.67

18371
33.32
7.10
21.31

17763
700.34
62.65
8.95

18371
3.33
1.48
44.44

Table 2
Accuracy and precision of models predicting DMI in dairy cows.
Equation

Primiparous
Agroscope, 1994
NRC, 2001
Gruber et al., 2004
CSIRO, 2007
FEDNA, 2009
Multiparous
Agroscope, 1994
NRC, 2001
Gruber et al., 2004
CSIRO, 2007
FEDNA, 2009
1
2
3

Mean DMI (kg/d)

N

RMSPE, kg/d1

RMSPE, %2

ECT, %3

ER, %3

ED, %3

Obs.

Pred.

18.45
18.45
18.65
18.45
18.45

18.44
20.61
20.20
20.46
20.61

10912
10466
7514
10466
10466

2.50
3.78
3.09
3.41
3.78

13.52
20.49
16.58
18.47
20.49

<0.01
32.57
25.21
34.97
32.57

17.23
1.95
6.30
12.77
1.95

82.77
65.48
68.48
52.26
65.48

22.53
22.54
22.70
22.54
22.54

22.56
24.56
25.43
21.04
24.56

18371
17763
13290
17763
17763

3.02
4.23
4.62
3.91
4.23

13.42
18.79
20.34
17.33
18.79

0.01
22.77
35.10
14.69
22.77

19.95
0.01
1.86
12.92
0.01

80.05
77.23
63.04
72.40
77.23

RMSPE: Root mean square prediction error.
RMSPE, %: RMSE expressed as a percentage of the observed mean value.
Error decompositions are expressed as a percentage of mean square prediction error.

RMSPE of 8.9 and 5.8 % for the NRC and Gruber model, respectively. Among others, the lower proportion of forage (58%) in the diet may
explain the observed discrepancy (see Table 2).
Conclusion and implications
The relative elderly model of Agroscope solely including parity, energy corrected milk yield and DIM was most suitable with the recent
Agroscope indoor DMI database. The relative high ER is indicative that an update of the coefficients in that model is required.
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Introduction
Sward height is strongly related to the daily DM intake (DMI) of grazing dairy cows, consequently determining animal performance.
Menegazzi et al. (2021) evaluated post-grazing sward heights of Lolium arundinaceum pasture, viz. 15 (TL) and 12 (TM) cm, with unsup579
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plemented dairy cows. Pasture DMI was equal for TM and TL, but milk production (MP) was 2.5 L/d higher on TL. Grazing time of TL cows in
the first evening meal (170 min) was twice that in the morning (92 min), while TM cows had a more equal distribution of grazing time
across the day (186 and 170 min for morning and evening meal, respectively), and grass digestibility was higher on TL than on TM. Sward
chemical composition changes through the day with high contents of DM and water-soluble carbohydrates (WSC) in the evening. We
hypothesised that a higher WSC content in the evening, associated with a higher CP level in TL selected grass, leads to greater level of
rumen fermentation and digestion of TL grass, increasing MP at similar DMI. Simulations were performed using a translated version
(Ahmadi et al., 2018) of CTR Dairy model (Chilibroste et al., 2008) to analyse if the observed differences in MP between the TM and TL treatment could be explained by the integration of actual cows’ grazing behaviour and diurnal variation in pasture nutrient content.
Material and methods
The CTR Dairy simulates the availability of nutrients to lactating dairy cows fed discontinuously. The model structure considers the input of
up to three different feeds fed independently at any time during the day and predicts release of soluble components from the feeds in the
rumen, fermentation, and absorption of fermentation end products. The pasture intake pattern was constructed based on the observed
grazing behaviour and daily DMI (17.8±0.64 kg DM/day) of the TM and TL cows (618 kg of BW, 224 DIM). The observed MP was
16.2±0.56 (TM) and 18.7±0.56 l/day (TL). Three different contents of WSC in the grass were assumed according to the time of the day where
grazing was observed, viz. 0000 to 1059 h, 120 g/kg DM; 1100 to 1400 h, 170 g/kg DM; 1700 to 2200 h, 212 g/kg DM; based on Abrahamse
et al. (2009) and Cajarville et al. (2015). The CP (120 and 127 g/kg DM for TM and TL, respectively) and NDF (558 and 581 g/kg DM for TM
and TL, respectively) were according to Menegazzi et al. (2021) and assumed to be constant during the day.
Results and discussion
The predicted MP based on available glucose was 14.9 L/day for TM and 17.0 L/day for TL. The differences between the treatments agree
well with the observed MP. Controversially, Menegazzi et al. (2021) reported that the NDF of the selected diet and the diet digestibility was
higher on TL than on TM. The authors argued that probably a better match of nutrients along the day in the rumen of TL cows allowed a
better diet digestibility despite the higher level of NDF. This corroborates the higher absorption of nutrients predicted by the model, which
was 6 and 9% higher on TL than TM, for absorption of amino acids and glucose plus propionate, respectively. The higher observed CP and
simulated WSC intake added to shorter grazing meals followed by a ruminating session determined a better ruminal environment and thus
a higher extent of fermentation on TL than on TM cows.
Conclusion and implications
The model allowed integration of actual grazing behaviour and diurnal variation in pasture nutrient content to understand and predict differences in MP between grazing treatments. The integration between grazing behaviour and sward characteristics can generate opportunities to achieve greater efficiency in the use of nutrients throughout a grazing dairy system.
Financial support
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Introduction
Traditional meta-analysis approaches can be used to explore the associations among diet, rumen, and performance variables; however,
model selection in these analyses is somewhat subjective and the data structure often presupposes collinearity among variables which presents challenges for fitting and interpretation. An alternative approach to exploring associations among diet, rumen, and performance is to
leverage network analysis, specifically additive Bayesian networks allow for the inclusion of intercepts for grouping variables (i.e., study
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effects) while simultaneously exploring the probable structure and strength of relationships holistically given the data. Our objective was
to leverage additive Bayesian networking to examine associations among diet composition, VFA, and milk yield.
Material and Methods
Peer-reviewed journal articles (n = 138) were mined for the data used in the network. The literature search was conducted on Google Scholar (https://scholar.google.com) using the keywords ‘‘volatile fatty acids”, ‘‘milk yield”, ‘‘dry matter intake”, ‘‘dry matter”, ‘‘crude protein”,
‘‘diet”, and ‘‘starch” to obtain the papers. To be used in model estimation, the papers had to provide complete descriptions of experimental
diets, measured dry matter intake, and rumen VFA concentrations or molar proportions. An additive Bayesian network (ABN) was derived
using the abn package of R version 4.1.2 (R Core team, 2021), an uninformed prior was placed on the structure, distribution priors were
assumed to be normal for all measured nodes, and the data were grouped by publication during structure selection. Network structures
with 1 to 6 parent nodes were tested, the most probable for each number of parent nodes was identified, and the ideal structure was
selected based on a trade-off between maximum likelihood and network sparsity. The ability of the resultant network to explain variation
in milk yield from the data was assessed by calculating the posterior precision of the node estimate of milk yield and dry matter intake
within and across groups. For comparison, a linear-mixed effect model of milk yield was derived through stepwise regression using this
same dataset and the significant variables, as well as the error variance associated with study and residual were evaluated in the context
of the ABN.
Results and Discussion
Fig. 1 shows the resultant network.
The ABN posterior residual error variance for milk (0.66%) and DMI (1.06%) revealed the strong capacity of the network to explain withinstudy variations in animal performance based on the identified associations with ruminal variables. Much like traditional meta-analysis
approaches, the error variance associated with the study (DMI: 2.7%; Milk: 2.8%) was greater than the residual error. For comparison,
the linear mixed-effect model derived from the data returned residual (3.5%) and study (15.2%) error variances for milk yield roughly 5
times those returned by the ABN; however, the ratio of the error variances was similar between methods. Both methods also produced
similar variables of interest relevant to explaining variability in milk yield. The Markov Blanket for milk yield from the ABN network
included DMI, dietary dry matter percent, and ruminal propionate concentrations. The mixed-model had significant effects on DMI and
propionate. Despite the similarities in variables of importance with relevance to milk yield, the most systems-focused and holistic depiction of the data by the ABN provides greater capacity to consider strategies for intervention than does the linear mixed model. One curiosity
of the ABN is the lack of connection between the dietary variable cluster and the rumen/performance variable cluster. This suggests that
when accounting for study effects, performance responses track more consistently with ruminal observations than they do with dietary
summary values. Changing the prior assumptions, and adjusting the network structure selection approaches may provide greater capacity
to explore dietary associations with ruminal and performance variables. As such, further exploration of network selection approaches and
comparison among data types may help demonstrate the usefulness of this technique in more holistically explaining variation in meta-analytical data, while addressing challenges associated with model selection and collinearity.

Fig. 1. Directed acyclic graph depicting the additive Bayesian Network derived from meta-analytical data. The Markov Blanket for Milk Yield (highlighted in red) is shown by
the green variables.
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Conclusion and implications
When compared with traditional meta-analytical approaches, ABN demonstrates similar capacity to identify critical relationships/associations among data, with the added benefit of explaining greater proportions of observational variance, and providing a more systemsfocused and holistic depiction of the relationships supported by the data. Future work applying ABN to meta-analytical datasets may help
drive further innovation in leveraging this technique for literature summary activities.
doi: 10.1016/j.anscip.2022.07.450
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Introduction
Water is considered the most abundant and vital chemical substrate of all living beings and is a key nutrient that aids in temperature regulation, growth, digestion, metabolism, and excretion (NRC, 2007). Therefore, water is an essential component of animal production. Animals meet their water requirements from drinking, feeding, and metabolic water (ARC, 1980). Measured intakes of water are positively
related to dry matter and energy intake. Voluntary water intake is an essential component of total water requirements in ruminants; however, only a few studies have evaluated this variable, particularly associated with metabolizable energy intake (MEI) in tropical conditions.

Table 1
Descriptive statistics of the data used to determine water intake for hair sheep
Item
1

BW, kg
DMI, kg/d2
MEI, Mcal/d3
WI, kg/d4
THI5
1
2
3
4
5
6

N

Mean

SD6

Minimum

Maximum

119
119
119
119
119

25.7
0.952
2.16
2.25
77.9

3.34
0.186
0.496
1.25
1.69

17.6
0.589
1.11
0.589
75.4

32.1
1.35
3.19
5.26
79.6

Body weight (BW).
Dry matter intake (DMI).
Metabolizable energy intake (MEI).
Water intake (WI).
Temperature-humidity index (THI; Kelly & Bond, 1971).
Standard deviation (SD).

Fig. 1. Relationship between water and energy intake in hair sheep
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Information on water intake is essential for herds to express their maximum potential. The objective of this study was to evaluate the water
intake (WI) in hair sheep lamb raised in tropical areas.
Material and methods
The data were obtained from seven studies, for 161 observations; there were 3 sex of hair lambs (intact male, castrated, and female) raised
in feedlot systems. The diets fed ranged from 87.4 to 93.2 % of dry matter (DM) and 2.77 to 2.97 Mcal/kg DM of ME. A descriptive analysis of
the variables used in the study is provided in Table 1. Only studies that contained individual information were included and only date from
ad libitum feeding was used. Normality and dispersion of residuals were checked, and we considered as influential points the records with
studentized residuals greater than 2.5 and Cook’s distance greater than 1. Thus, water intake data above 5.3 kg/d and two studies were
removed from the dataset after cleaning, generating a new dataset with 119 observations. The water intake (kg/d) was estimated using
a backward procedure including linear and quadratic components of MEI (Mcal/d), body weight (BW, kg), and temperature-humidity index
(THI; Kelly & Bond, 1971). Parameters were removed from the model if P < 0.05, and the effect of sex was tested in all coefficients. As the
dataset comprises different individual studies, we used a meta-analysis approach incorporating the study effect as a random effect.
Results and discussion
The slope was influenced by sex (P = 0.0064), generating three equations (Fig. 1, AIC = 150.8, R2 = 0.149, MSE = 0.901): (1) Intact WI (kg/d) =
2.429(± 0.978) – 0.799(± 0.780) x MEI + 0.417(± 0.170) x MEI2; (2) Castrated WI (kg/d) = 2.429(± 0.978) – 0.994(± 0.790) x MEI + 0.417(± 0.170) x MEI2;
(3) Female WI (kg/d) = 2.429(± 0.978) – 1.244(± 0.807) x MEI+ 0.417(± 0.170) x MEI2. The energy metabolism and water are closely related in
mammals. Considerable differences in dry matter, energy, and water intake were found between animals raised in the tropics and temperate areas (Silanikove, 1989). Our results demonstrated that intact males have a greater water intake than castrated males and females. The
NRC (2007) estimates 15% higher net energy requirements for maintenance for intact males than castrated males and females. This difference is partially due to the higher body protein of intact since this component is more metabolically active, thus requiring greater energy,
which might be linked to the results found herein.
Conclusion and implications
Our model indicated that voluntary water intake was significantly linked to the ME intake and was affected by sex.
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Introduction
Estimating feed intake of grazing animals has been a long-standing challenge. Dry matter intake is directly correlated with microbial protein synthesis (MPS), thereby allowing its estimation through the determination of purine derivatives (PD) excreted (Dórea et al., 2017).
The PDCindex was developed to overcome difficulties in total urine collection, considering the weight of the animals and the PD:creatinine
ratio in a given volume of urine (Makkar and Chen, 2004). Therefore, the objective of the study was to determine the relationship of DOMI
and the PDCindex in sheep fed grass-based diets supplemented with warm-season legumes.
Material and methods
Data were collected from five different studies, all carried out in the Laboratory of Animal Nutrition of the Centre for Nuclear Energy in
Agriculture (LANA/CENA/USP), in Piracicaba, SP, between 2013 and 2017. Fifty-five Santa Inês male sheep (Study 1: 25 ± 1.8 kg body weight
[BW]; Study 2: 49 ± 7.0 kg; Study 3: 26 ± 5.9 kg; Study 4: 76 ± 8.2 kg; and Study 5: 61 ± 17.0 kg) were used as donors of urine for determination of PD. Each animal was allocated into metabolism cages for five consecutive days, preceded by 10 days of adaptation to diets and
facilities. All animals were fed grass-based diets supplemented with warm-season legumes, twice a day (0800 h and 1600 h). Organic matter and DOMI were determined according to Lima et al. (2018). Urine was collected daily in plastic beakers containing sulfuric acid (10%)
and analysed for purine derivatives, according to Makkar and Chen (2004), using a high-performance liquid chromatography system (Agi583
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Table 1
Intake, digestibility, and urinary parameters of sheep fed warm-season grass-based diets supplemented with warm season legumes.
n1

Item
Study
Study
Study
Study
Study
SEM8
1
2
3
4
5
6
7
8

1
2
3
4
5

12
10
18
6
9
–

Study design
7

CRD
CRD
CRD
Latin Square
Latin Square
–

OMI2

OM Digestibility3

Creatinine4

PD5

PDCindex6

767.0
1077.2
808.9
1337.4
1123.6
30.05

58.1
61.6
62.7
59.3
75.7
0.87

4.5
4.8
4.2
6.0
6.9
0.25

537.4
298.1
493.2
5.7
461.3
22.22

15.0
22.3
17.7
27.9
35.6
1.65

n: total number of animals used in each study.
OMI: Organic matter intake, in grams.
OM digestibility, in %.
Creatinine, in mmol/d.
PD: Purine derivatives, in lmol/d/kg0.75.
PDCindex = {[(allantoin + uric acid)/creatinine]  Body Weight0.75}.
CRD: completely randomized design.
Standard error of the mean.

Fig. 1. Relationship of digestible organic matter intake (DOMI), in grams, and purine derivatives/creatinine index (PDCindex) in sheep fed grass-based diets supplemented with
warm-season legumes (R2 = 0.35, n = 94, P = 2.8610).

lent 1100, Agilent Technologies, Waldbronn, Germany). Rates of PD to creatine were calculated using the reported values of allantoin, uric
acid, creatinine, and BW (PDCindex), according to Chen et al. (2004). A total of 94 observations were generated and data are presented on
Table 1. The relationship between digestible organic matter intake (DOMI) and PDCindex was examined by linear regression analysis, using R
software (R Code Team 2021, version 4.1.2).
Results and discussion
The mean value for DOMI and PDCindex was 701.18 g (SD = 217.69 g), and 25.97 (SD = 16.27), respectively. There was significant correlation
between DOMI and PDCindex (P < 0.05). The estimates changed little (r2 = 0.35 of the variance explained in the linear model and 0.40 for the
quadratic model) and for the quadratic model the estimated standard error was higher (SE = 4.60 and 1.26 for quadratic and linear respectively). The relationship between DOMI and PDCindex is shown on Fig. 1. The equation is expressed as:

Y ¼ 8:94ð1:26Þ þ 474:43ð36:67ÞX;
where Y is digestible organic matter intake (DOMI), in grams, and X is purine derivatives/creatinine index (PDCindex).
Conclusion and implications
Because purine derivatives are the products of nucleic acid digestion and microbial protein supply is a consequence of the ruminal fermentability of organic matter, PDCindex was a potential candidate to predict digestible organic matter intake of sheep grazing grass-based
diets supplemented with warm-season legumes.
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Introduction
Late pregnancy is a very critical stage for ewes, due to their high prolificacy and requirements and low voluntary dry matter intake (DMI).
Some prediction models of DMI in late pregnancy have been developed on this species but none considers the filling effect of the diet and
has been evaluated. Thus, this study aimed at evaluating some of these models during late pregnancy.
Material and methods
The data used for the evaluation come from a recent study on Sarda ewes. After a 7-day adaptation period, in which they received a common diet, 28 pregnant dairy ewes were divided in two groups, homogeneous for body weight (BW, mean ± SD; 54 ± 8.7), BCS, and litter
number (1.24), and assigned to one of the two experimental diets, fed until parturition. One diet (OH) was made by dehydrated chopped
oat hay (DM basis: 6.9% CP, 65.6% NDF, 38.5% ADF, 4.9% ADL) fed ad libitum and a fixed amount of concentrate (350 g/d of whole corn grains
and 140 g/d of soybean meal, DM basis), the other diet (AAH) was made by dehydrated chopped alfalfa hay (DM basis: 14.8% CP, 53.3% NDF,
43.8% ADF, 9.8% ADL) fed ad libitum and a fixed amount of concentrate (440 g/d of whole corn grains, DM basis). The concentrates were
used to make the diets isoproteic. The ewes were kept all in the same pen and fed with the ÒBiocontrol manger system, which allows the
measurement of the daily individual DMI.
Two DMI prediction models were evaluated with the data of the experiment, by using the treatments means of the daily individual
observed and predicted DMI. Model 1 (Pulina et al. 1996, reported in Pulina et al., 2013) was:

DMI ¼ ð0:545 þ 0:095  FBW0:75 þ 0:005  ADGÞ  K
where FBW = full metabolic weight, ADG = average daily gain, K = adjustment factor for pregnancy in weeks (BW of the litter > 4.0 kg = K is
0.82, 0.90, 0.96 for wks 1, 2–3, 4–5, respectively; BW of the litter–>4.0 kg = K is 0.88, 0.93, 0.97 for wks 1, 2–3, 4–5, respectively).
Gallo and Tedeschi (2021) modified the discrete adjustment factors of Pulina et al. (1996) making them continuous (Model 2), as described
in their publication. The predicted DMI of the two models were compared with the values observed in the experiment by using the statistics reported by the Model Evaluation System, version 3.2.4 (https://nutritionmodels.com/mes.html).
Results and discussion
The average diet (forage and concentrate) eaten during the last 28 days of pregnancy had 14.3% CP, 38.7% NDF, and 35.3% starch, DM basis,
for AAH, while 14.0% CP, 44.7% NDF, and 32.7% starch, DM basis, for the OH group. Fig. 1 reports the comparison between observed and the
mean daily values predicted by the models.
Model 1 overestimated the DMI of the OH group (mean bias PAO = 0.1 kg/d), while underestimated that of the AAH group (mean PAO =
0.20 kg/d; P < 0.01). The root of the MSEP (RMSEP) was 0.23 kg/d and the concordance correlation coefficient (CCC) was 0.07 for the AAH
group, while for the OH group RMSEP was 0.15 kg/d and CCC was 0.20. Model 2 underestimated DMI for the AAH group (PAO = 0.24; P <
0.01), while the mean bias was very low for the OH group (PAO = 0.03 kg/d; P > 0.1). The RMSEP was 0.36 kg/d and the CCC was 0.13 for
the AAH group, while for the OH group RMSEP was 0.15 kg/d and CCC was 0.63.
Overall, only Model 2 applied to the OH diet gave a satisfactory prediction. However, the calculated energy balance of the animals (data not
reported) was negative for the whole period studied in the case of this group, indicating a potential underestimation of the energy intake
required for pregnancy when this model is used.
Conclusion and implications
Based on our results, the two prediction models were not able to predict DMI for the AAH group, in both cases markedly underestimating
the observed DMI. For the OH group, only Model 2 gave reasonable predictions, even though the predicted DMI corresponded to a diet that
could not cover the requirements of the ewes, probably because too rich in NDF, during the last four weeks of pregnancy.

Fig. 1. Comparison of observed DMI and DMI predicted by the models of Pulina et al. (1996) and Gallo and Tedeschi (2021), during the last 28 days of pregnancy. Ewes were
fed ad libitum high quality alfalfa dehydrated hay (left box) or dehydrated oat hay (right box) plus fixed amounts of concentrates.
585

586

Animal - Science Proceedings 13 (2022) 511–616

Acknowledgements
We are grateful to Antonio Mazza, Roberto Rubattu, and Emiliano Deligios for their technical support.
Financial support
Research supported by the project Innovamilk-AGER2.
References
Gallo, S.B., Tedeschi, L.O., 2021. Developing a continuous adjustment factor for dry matter intake of gestating and lactating ewes. Scientia Agricola 78 (2), e20190082.
Pulina, G., Avondo, M., Molle, G., Francesconi, A.H.D., Atzori, A.S., Cannas, A., 2013. Models for estimating feed intake in small ruminants. Revista Brasileira de Zootecnia 42 (9),
675–690.

doi: 10.1016/j.anscip.2022.07.453

63. Evaluation of prediction models of voluntary dry matter intake of Sarda ewes in the transition stage: early lactation
M. Sini *, D. Edache, F. Fulghesu, A. Ledda, A.S. Atzori, M.A. Porcu, A. Cannas
Department of Agricultural Sciences, University of Sassari, viale Italia 39A, 07100 Sassari, Italy
*

Corresponding author: Matteo Sini
E-mail: msini1@uniss.it
Introduction
Voluntary dry matter intake (DMI) is estimated in commercial dairy sheep farms by using prediction models (Pulina et al., 2013). Most of
them have been developed to be used after the peak of lactation. Because DMI is the major factors affecting milk production and health
during early lactation, the goal of this study was to evaluate in this stage some of the prediction models available.
Material and methods
Twenty-five Sarda ewes were fed during late pregnancy with two diets differing for the forages used (alfalfa dehydrated hay, AAH, vs. oat
dehydrated hay, OH; Sini et al., 2022 in these proceedings). After lambing and for 28 days they were fed the same diet, made by alfalfa
dehydrated chopped hay ad libitum (NDF 53% and CP 14.7%, DM basis) and a fixed amount of concentrate (440 g/d of whole corn grain
+ 135 g/d of soybean meal, DM basis). All ewes were housed in the same large pen and fed with the ÒBiocontrol manger system, which
allows the measurement of the daily individual DMI. Individual BW and milk yield (MY) were recorded daily and milk composition weekly.
Four different DMI prediction models were evaluated with these data. Model 1 (Pulina et al., 1996; cited by Pulina et al., 2013) considers
only animal predictors, while Model 3 (Serra, 1998; cited by Pulina et al., 2013) also a dietary predictor.
DMI = (0.545 + 0.095  BW0.75 + 0.65  (MY  (0.25 + 0.085  Fat + 0.035  Prot)) + 0.0025  BWchange) (Model 1)
DMI = 0.0214  BW + 0.319  (MY  (0.25 + 0.085  Fat + 0.035  Prot)) + 0.0373  CPdiet (Model 3)

where DMI, kg/d; MY = 6.5% fat corrected milk yield, kg/d; Fat and Prot = milk fat and protein in %; BWchange = g/d; CPdiet = dietary CP, %
DM.
Models 2 and 4 were obtained applying to Models 1 and 3, respectively, the adjustment factor of CSIRO (2007) for ewes in early lactation,
as modified by Gallo and Tedeschi (2021):

fDMI ¼ ½1 þ caðt=ccÞ1:4 Expðð1:4ð1  t=ccÞÞ=ð1 þ caÞ
where fDMI is the adjustment factor for lactating ewes’ potential dry matter intake; ca is a breed parameter that depends on the number of
suckling lambs; cc the time at peak milk, days; Exp the exponential function; and t is the days in milk (DIM; positive values after parturition),
d.
Observed and predicted DMI were compared by using the statistics reported by the Model Evaluation System, version 3.2.4 (https://nutritionmodels.com/mes.html).
Results and discussion
The average diet eaten had 16.1% CP, 40.5% NDF, and 28% starch, DM basis. DMI increased during the lactation (Fig. 1), reaching a peak after
43 DIM (not reported), while milk yield peaked after 27 DIM.
The diets applied during pregnancy affected, in early lactation, both the DMI (AAH 1.992 kg/d; OH 1.873 kg/d; P < 0.001) and milk yield
(AAH 2.477 kg/d; OH 2.345 kg/d; P < 0.01).
Regarding the ewes fed AAH during pregnancy, DMI in early lactation was overestimated by all models. Model 1 overestimated DMI by 709
g/d, Model 2 by 431 g/d, Model 3 by 413 g/d, and Model 4 by 157 g/d. The regressions of predicted on observed values had r2 = 0.62, 0.81,
0.56, and 0.91 for Models 1, 2, 3, and 4, respectively. The concordance correlation coefficient (CCC) was 0.14, 0.48, 0.14, and 0.67 for Models
1, 2, 3, and 4, respectively.
Regarding the ewes fed OH during pregnancy, DMI in early lactation was also markedly overestimated by all models. Model 1 overestimated DMI by 540, 279, 315, and 69 g/d for Models 1, 2, 3, and 4, respectively. The regressions of observed on predicted values had r2=
0.80, 0.92, 0.68, and 0.92 for Models 1, 2, 3, and 4, respectively. The CCC was 0.16, 0.55, 0.14, and 0.79 for Models 1, 2, 3, and 4, respectively.
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Fig. 1. Comparison of observed and predicted DMI during the first 28 days of lactation. Ewes were fed ad libitum high quality alfalfa dehydrated hay (left box) or dehydrated
oat hay (right box), plus a fixed amount of concentrate, during late pregnancy, while used the same diet, based on intermediate alfalfa hay, in early lactation.

These results suggest that the early lactation correction factors used by Models 2 and 4 were able to markedly improve the predictions
compared to the original models. Model 4, which included also a predictor based on diet composition, was markedly more precise and
accurate than the other models (Fig. 1).
Conclusion and implications
The inclusion in DMI models for ewes in early lactation of a diet related predictor and of an adjustment factor for DIM improved both precision and accuracy.
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Introduction
Precision livestock feeding is one of the 21st-century opportunities to improve animal efficiency and reduce the environmental impact of
farming systems. Digesta passage rate (kp) plays an important role in nutrient utilization contributing to gases and manure emissions. Thus,
identifying factors related to individuals’ ability to nutrients’ utilization is a strategy to enhance livestock sustainability. The objective was
to investigate the between-individual variability of reticulorumen (RR) kp of solutes and particles in goats and the relationship to RR NDF
digestibility (NDFd).
Material and methods
The dataset involved 105 individual records of growing Saanen goats from two studies, fed ad libitum and slaughtered at 15, 22, 30, 37, and
45 kg BW (Gindri et al., 2021). The studied variables in the dataset were RR kp of solutes and particles, DM and NDF intake (DMI and NDFI,
respectively), iNDF:NDF ratio of ingested diet (iNDF:NDF), and RR wet tissues (RRwetT) and wet pool size (RRwetPS). First, a Pearson’s correlation was performed between both RR kp and the other variables of the dataset to investigate original correlations. Mixed models considering sex and BW as fixed effects and study and animal as random effects were fitted for each studied variable. With this model, we
aimed to extract from studied variables the variance related only to differences between individuals and no longer related to the treatments and study. This variance was recorded in a matrix as the individual parameters estimated by the model for each individual and studied variable. With this matrix, aiming to identify variables that better describe the between-individual variability on RR kp of solutes and
particles, we run a Pearson’s correlations between the individual parameters of RR kp of particles or solutes and all other studied variables.
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Once identified the variables correlated (P  0.05) to individual parameters of RR kp, the models were updated with these variables as
covariates to finally investigate individual inherent characteristics of RR kp. Moreover, we also explored the proportion of NDFd variance
related to between-individual variability of kp of particles using linear regression. For this, we regressed the NDFd to the individual parameters estimated for RR kp of particles using the model considering or not the covariates (i.e., variables correlated to RR kp of particles, as
described above). For all fitted models, the sudentized residuals presented homogenious along predictions and normally distributed.
Results and discussion
Our results demonstrated a high variability between individuals for the RR kp of solutes and particles, considering sex, BW, and study in the
model. The RR kp of solutes presented r2 = 0.0021 (CV = 26.97%; Calculated as SD/respective mean value of the variable) and the kp of particles presented r2 = 0.000052 (CV = 27.39%), both of them were different than zero (P < 0.05) and with repeatability (r2individuals /(r2individuals +
r2residual ) of 0.99 and 0.97, respectively. The individual parameters of RR kp of solutes estimated using the mixed model, considering sex, BW,
and study, were positively correlated to DMI and NDFI (g/d; r = 0.27 and 0.22; P  0.04) and DMI level (g/kg BW; P = 0.05) but not with
NDFI level (g/kg BW; P = 0.06), iNDF:NDF (P = 0.16), RRwetT, and RRwetPS (g; P  0.15), which were originally correlated to RR kp of solutes
(P < 0.01), as in the equations proposed by(Gindri et al., 2021). The DMI and NDFI were not originally correlated to RR kp of solutes (P 
0.15). After updating the model with DMI, NDFI, and DMI level as covariates, RR kp of solutes still demonstrated high variable between
individuals ðr2 = 0.0019; P < 0.05; CV = 25.66%), 90% of the initial value of 0.0021. The individual parameters of RR kp of particles was positively correlated to DMI, NDFI (g/d; r = 0.23 and 0.23; P  0.02), DMI and NDFI levels (g/kg BW; r = 0.33 and 0.28; P < 0.01), RRwetPS (g; r =
0.33; P < 0.01), and iNDF:NDF (r = 0.27; P < 0.01). After updating the model with the intake variables and RRwetPS as covariates, kp of
particles still demonstrated high variable between individuals ðr2 = 0.000025; P < 0.05; CV = 19.01%) but half the initial value of
0.000052. The NDFd was negatively related to individual parameters of RR kp of particles, when sex, BW, and study were in the model,
(NDFd = 0.47  5.25  RR kp of particles; P = 0.025; r2 = 0.054) but not related to the individual parameter of RR kp of particles estimated
with the updated model with the intake variables and RRwetPS as covariates (NDFd = 0.47 + 0.34  RR kp of particles; P = 0.91; r2 =
0.00011).
Conclusion and implications
The RR kp of solutes is highly variable between individuals and this is related to intake and mainly by individual inherent characteristics.
The RR kp of particles is variable between individuals and this is partially related to intake, diet composition, and RRwetPS and partially
related to individual inherent characteristics. The NDFd demonstrated not related to inherent characteristics of RR kp of particles.
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Introduction
To maintain homeothermy, birds subjected to cold temperatures (T) increase the rate of heat production (HP) while in hot T birds increase
the rate of heat loss (HL) mainly by panting behavior. Feather covering (F) increases body insulation capabilities affecting the rate of HL
(NRC, 1981), therefore, interactions between T and F on maintenance energy requirements (or Fasting heat production, FHP) are highly
expected. The objective of the present study is to develop a model to explore the effects of T and F on FHP.

Material and methods
All procedures involving animals were approved by the Animal Care and Use Committee of São Paulo State University (Protocol no. 5397/
20). A total of seventeen measurements of FHP were obtained from different groups of birds with body weights ranging from 0.54 and 1.91
kg. The environmental temperatures used were: 16, 20, 24, 28, 32, and 36 °C, while the feathering degree was: 0 (de-feathered, 16-d-old,
males), 0.5 (partially de-feathered, 27-d-old, males), and 1 (normal feathering, 35-d-old, female) in a factorial arrangement. HP was measured using an indirect calorimetry system in six chambers (0.9 m  0.9 m  0.85 m). To get de-feathered birds, the down feathers of 12-dmale broilers were plucked (back, breast, neck, and wings), while to get partially de-feathered birds, a peer de-feathered group of birds
grow their feathers normally up to a 50% of body coverage (neck and wings covered). The birds were adapted and fed for three days, after
which, the feed was removed and the birds fasted for 24 hours. Concentrations of O2 and CO2 were recorded once per hour. Oxygen consumption (vO2) and carbon dioxide production (vCO2) were estimated as the difference between incoming and outgoing chamber gases,
multiplied by the chamber airflow rates. Brouwer’s equation (1965) was subsequently used to estimate FHP from the vO2 and vCO2 values.
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FHP was standardized as the plateau or asymptotic HP after a fast of at least 8 hours. To account for the effects of age, body weight, or sex,
the FHP data was expressed as kcal/kg0.75 to fit the model: FHP = B + U * [CT  T] * [T  CT] + V * [T  CT] * [CT < T]. This equation describes
a lower value in FHP (B, kcal/kg0.75) at critical temperature (CT, °C) in which, at a T lower (U) or greater (V) than CT there is an increase of
FHP (kcal/kg0.75*°C). These parameters were expressed as a function of F (0–1) allowing to introduce the effect of F (CT = CT0  CT1 * F; U =
U0  U1 * F; V = V0  V1 * F).
Results and discussion
The fitted model was as follows:


FHP ¼

100:7 þ ð6:94  6:44 F Þ ½ð30:48 þ 1:06 F Þ  T ; T < 30:48 þ 1:06 F
100:7 þ ð2:06 þ 4:21 F Þ ½T  ð30:48 þ 1:06 F Þ;

T  30:48 þ 1:06 F

Outside CT, the model indicates differences in energy corrections for feathered and de-feathered birds. Below CT there is a higher increment in FHP for de-feathered compared to feathered birds (6.94–6.44*F). These results are expected because, under cold T, birds with
poorly F have an additional increase of HL by poorly F insulation (Richards, 1977). The opposite occurs at T higher than CT (2.06 +
4.21*F) because there is an extra effort to increase HL to maintain homeothermy for feathered birds due to the insulative capabilities of
feathers.
Conclusion and implications
The present study show the importance to study F and T simultaneously due to their interaction. Understanding these interactions will be
useful to better define the energy requirements of birds.
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Introduction
Understanding how Japanese quails respond to arginine intake has been an objective yet to be achieved in the production of Japanese quail
eggs. Previous studies reported that arginine does not affect the egg production of Japanese quail (Silva, 2014). To interpret the animal
response, it is necessary to cause amino acid limitation and with the establishment of the response curve, it is possible to parameterize
a factorial model to calculate arginine intake based on requirements to maintain the bird’s body weight and egg mass production (Silva
et al., 2019). Despite its importance, information on arginine requirements for egg mass production and maintenance has not been found
in the literature to date. Based on the above, this research was proposed to describe how quails respond to arginine intake and to determine
arginine requirements for maintenance and egg production in Japanese quails.
Material and methods
A total of 49 VICAMIÒ Japanese quails at 22 weeks were used in this study. The experimental design used was completely randomized, with
seven treatments and seven replicates of one bird each. The treatments consisted of levels of digestible arginine D1: 2.43; D2: 3.64; D3:
4.85; D4: 6.07; D5: 9.70; D6: 12.13 and D7: 14.56 g/kg. The experiment lasted eight weeks, with the first four weeks of adaptation. The
variables analyzed were daily arginine intake, daily arginine deposition in eggs, body weight, egg production, egg mass, and egg weight.
The data were analyzed using a mixed model, with the experimental unit being the random effect and the experimental levels of arginine
as a fixed effect. Two models were used to interpret the relationship between Y and X, a monomolecular function and the saturation kinetics model. The monomolecular used in the current study was Y = Rmax  Rmin[1  e(k(X  Xm))] Where Y is the daily arginine deposition
in the eggs, X is the daily arginine intake, Rmax is the maximum response of arginine deposition in eggs, Rmin is the minimum response of
arginine deposition in eggs, k is the slope of the function, and Xm is the daily maintenance requirement. The daily arginine maintenance
requirement was obtained by X|Y0 = BW0.67  [Xm]. Other model used was saturation kinetics Y = [Rmin  knm + Rmax  Xn]/[knm + Xn] ± e.
Where Y is the daily arginine deposition in the egg, X is the daily arginine intake, Rmax is the maximum response arginine deposition in
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the egg, Rmin is the minimum arginine deposition response in the egg, km is the daily arginine intake for 0.5 of (Rmax + Rmin), and n is the
apparent kinetic order of the response with respect to X as X approaches zero. The daily arginine requirement for maintenance (mg/bird)
obtained by the saturation kinetics model using X|Y0 = BW0.67  [km[Rmin/Rmax]1/n].
Results and discussion
The formulation strategy of the experimental diets allowed amplitude in the dietary levels of arginine, and according to the responses of
the quails, arginine was the limiting nutrient. ANOVA results indicated that dietary arginine levels significantly affected (P < 0.01) the analyzed variables. According to the results obtained, arginine deposition in the egg represents a priority physiological phenomenon for Japanese quails. For this reason, arginine deposition in the egg was selected for interpretation using a monomolecular function with four
parameters and saturation kinetics. The arginine requirement for body weight maintenance (BW0.67) was estimated to be 90 mg/kg
BW0.67 by the monomolecular function. The requirement for egg mass (EM) production was estimated to be 25 mg/g per egg. The
curve-response established in the present study allowed us to obtain the maintenance coefficient and requirement for Japanese quail
egg mass (EM). A factorial model was parameterized as follows: daily arginine intake mg/bird = 90  BW0.67 + 21  EM ± 12 mg. The model
proposed in this research was evaluated using information from three most recently published articles (Reis et al., 2012; Maurício et al.,
2016; Tuesta et al., 2018) on the arginine requirement for Japanese quails and was applied, and the resultant error was within the expected
limit of 12 mg. The recommended daily arginine intake for the daily production of 11 g of egg and 180 g of BW was determined to be 304
mg/bird.
Conclusion and implications
The formulation strategy of the experimental diets allowed amplitude in the dietary arginine levels, and according to quail responses, arginine was the limiting nutrient. The arginine requirement for maintenance was estimated to be 90 mg/kg0.67 of metabolic body weight and
25 mg/g per egg for egg mass production. The current study provides procedures that researchers can easily adopt.
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Introduction
Free-bound methionine (Met) sources such as DL-methionine (DL-Met), OH-methionine (OH-Met), and L-methionine (L-Met) have allowed
nutritionists to reduce crude protein content in swine diets (D’Mello, 2003). However, there is a debate about the efficacy between these
Met sources. This study aimed to determine the efficacy of DL-Met, L-Met, and OH-Met using a systematic-review approach, including the
most recent studies and two meta-analytical approaches. The present hypothesis is that Met sources when fed in an equivalent molar basis
have the same efficacy.
Material and methods
A systematic review of 24 papers that met the inclusion criteria was conducted. The average daily gain (ADG) was regressed as a function of
Met source. The study was used as a random intercept, and regressions were weighted by the square root of the number of observations.
Linear-plateau, quadratic-plateau and piece-wise models were used to determine the Met requirements. The average standardized ileal
digestible Met requirement for pigs of 5–25 kg body weight (BW) was 2.09 g/d and all values below and at requirement were retained
for further statistical analysis. The slopes of linear mixed-effects regression models were compared for the different Met sources through
a t test. Additionally, an effect size analysis of the effect of free-bound Met sources on ADG was performed and the effect sizes of each Met
source compared through linear contrasts using the Omnibus F test. All data were analyzed using R version 4.4.1.
Results and discussion
There was no difference (P > 0.10) between the slopes of free-bound Met sources (Table 1).
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In the Robust Variance Estimation random-effects models (Table 2) all the Met sources had a positive effect on ADG (P  0.04), with an
average increase in 83.2 ± 17.7, 119.0 ± 39.5, and 108.0 ± 28.3 g/d for DL-Met, L-Met, and OH-Met compared to basal diets, respectively.
In the mixed-effects model, only the factor Met source was significant (P  0.05), while the variables SID Met intake (P = 0.11), initial
BW (P = 0.45) and supplementation duration (P = 0.14) were not significant
Conclusion and implications
This study provides information on the efficacy of three free-bound Met sources on ADG of piglets. The study evaluated two meta-analytical approaches with an updated database to include the most recent studies. Average daily gain in piglets fed at or below their Met
requirement was not different among the free-bound Met sources (DL-Met, L-Met, and OH-Met).
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Introduction
Genetic deposition potential, maintenance requirement, and nutrient utilization efficiency are essential information to develop a mathematical model and calculate the daily intake of nutrients. Despite being important parameters for the development of feeding programs,
some areas heretofore have not used this information, for example in the nutrition of Japanese quail breeders. Nutritionists have used recommendations from commercial layers. This practice, given the selection and genetic improvement programs, makes it difficult to identify
the individuals most productive in the flock. Publications have reported significant differences in the efficiency of amino acid utilization
(Silva et al., 2019) and energy (65% vs 45%) between commercial layers (Sakomura, 2004) and Japanese quail (Jordão Filho et al., 2011),
respectively. Lysine (Lys) is considered the reference amino acid in nutrition studies, therefore, this research aimed to start the nutritional
modelling studies using Japanese quail breeders for determining the Goettingen model parameters, maximum nitrogen retention (NRmaxT),
nitrogen maintenance requirement (NMR) and efficiency of utilisation (bc1), to calculate the daily lysine intake.
Material and methods
Fifty-six quail at 14 weeks of age and housed individually in metabolic cages were used for determining the Goettingen model parameters
and to calculate daily lysine intake. The experimental design was a completely randomized block with seven treatments and eight replicates. The study lasted 21 days, (six days of adaptation and the last fifteen days for data collection). The treatments consisted of seven diets
(based on corn and soybean meal) with protein levels ranging from 70.1 to 350.3 g/kg, with Lys being limiting in the dietary protein (c =
4.80 g of Lys in 100 g of protein). The levels tested were 0.34; 0.50, 0.67, 0.84, 1.18, 1.34, and 1.68% of digestible Lys in the diet. The variables
analysed were: nitrogen intake (NI), nitrogen excretion (NEX), nitrogen in egg output (NEO), nitrogen deposition (ND), and nitrogen retention (NR) was calculated (NR = ND + NEO + NMR). The NMR was calculated by the exponential relationship NEX and NI, according to equation: NEX = NMRekNI, when k is slope of function and e is Euler’s number. The NRmaxT and b were estimated by the exponential fitting
between NR and NI, according to equation: NR = NRmaxT(1  ebNI), when b is slope of function related to protein quality and e is Euler’s
number (Samadi et al., 2017). The Lys intakes were estimated by the function Lys = (lnNRmaxT  ln(NRmaxT  NR))/(16  bc1). The bc1 is
the efficiency parameter of utilization of the limiting AA in the diet (slope between b and c).
Results and discussion
Dietary Lys levels showed a significant effect (P < 0.05) on the variables measured. The NMR value was estimated at 452 mg/BW0.67
kg , where
NI = 0, according to model: NEX = 452e0.0005NI. The estimate for NRmaxT and b were 3025 mg/BW0.67
kg and 0.0006, respectively, according to
the model: NR = 3025(1  e-0.0006NI). The efficiency of the utilization was calculated at bc1 = 0.000125. Based on the parameters the daily
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Fig. 1. A: Estimation of the nitrogen requirements for maintenance by fitting an exponential function between the nitrogen intake (NI) and nitrogen excretion (NEX). B:
Estimation of the theoretical potential for nitrogen retention based on the exponential fitting between the daily NI and the daily nitrogen retention (NR) in Japanese quail
breeders. Values observed ( ) and predicted ( ).

Lys intake was calculated at 255 mg/bird or 1.020% Lys in the diet considering the daily feed intake of 25 g/bird. This Lys intake corresponds
to 80% of the NRmaxT, based on body weight of 0.180 kg and a daily protein deposition of 3.9 g. The calculated recommendation was 276
mg/bird or 1.104% of Lys in the diet, close to the value found by Silva et al. (2019) (Fig. 1).
Conclusion and implications
The recommendations can be adapted according to feed intake, and protein deposition. The parameters of the Goettingen model are simple
to determine and easy to update, thus, an interesting feature for use in selection and genetic improvement programs.
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Introduction
Studies to establish amino acid requirements rely on two main techniques for formulating dietary treatments, namely supplementation
and dilution. Some authors showed that dilution is an improved technique because it overcomes the major disadvantage of the supplementation, due to amino acid balance changing systematically in successive dietary treatments (Gous and Morris, 1985; Siqueira et al., 2013).
Only two studies with broiler chickens were found on the evaluation of techniques, supplementation, and dilution (Gous and Morris, 1985;
Siqueira et al., 2013). In both studies, the reduction of body lipid in birds was reported. Hens used body fat to maintain egg production
(Nonis and Gous, 2012), and the reduction of energy stored in the body might limit the maximum production potential of layers. Up to
now, no study was found in the literature comparing the effects of the feeding techniques in hens. The objective of this study was to evaluate the partition of methionine + cystine (Met + Cys) for maintenance and efficiency of utilisation of laying hens submitted to experimental levels formulated by dilution and supplementation techniques.
Material and methods
A completely randomized experimental design was used. 15 treatments and 10 replicates for each hen (experimental unit) was run, totalling 150 Hy-line laying hens at 42 weeks of age. The experiment lasted ten weeks, with the first six weeks of adaptation and the last four
weeks for data collection. The levels tested were 4.15, 4.77, 5.39, 6.01, 6.63, 7.25, and 8.06 g/kg of digestible Met + Cys in the diet, and two
techniques, supplementation, and dilution. For dilution technique one treatment was added to verify that the Met + Cys was first limiting in
the dilution series. The dependent variables collected were body weight, feed intake, egg production and egg weight. Based on those vari0.67
ables were calculated daily Met + Cys intake (X, mg/BW0.67
kg ) and daily Met + Cys deposition in eggs (Y, mg/BWkg ). The monomolecular
function was used Y = Rmax1  e-k(X-Xm), where Rmax is maximum production potential for Met + Cys deposition in eggs; k is the slope of
the function related to efficiency of utilisation, and Xm is the daily maintenance requirement. The models were fitted for supplementation
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and dilution technique and compared using a statistical analysis to verify the equality of parameters. The hypotheses were tested to each
S
D
G
G
S
D
G
parameter of monomolecular function: H0: RSmax = RD
max = Rmax; H0: k = k = k ; Xm = Xm = Xm; where S, D and G is supplementation, dilution
and general, respectively. The likelihood ratio test was used to test hypotheses.
Results and discussion
The Met + Cys levels modified the responses of laying hens (P < 0.05). Results showed the effect of the interaction between Met + Cys levels
and technique (P < 0.05) for daily Met + Cys deposition in eggs. The values estimated for Rmax, k, and Xm for dilution and supplementation
0.67
were 224.5 and 295.3 g/BW0.67
kg per day; 0.0148 and 0.0051 and 147.0 and 44.0 mg/BWkg per day, respectively. The differences observed in
the parameters Rmax, k and Xm were significant (P < 0.05). These results confirmed the hypothesis that the techniques are different. Analysing the responses of laying hens, results did not prove that dilution technique is better than supplementation for adequate assessment. The
values of Rmax were higher for supplementation and may be related to the mobilization of fat to excrete the excess amino acids, which is
intrinsic to the dilution technique. Another unexpected difference was observed for maintenance requirement. The value estimated by the
dilution technique was 3.3 times higher than the supplementation technique.
Conclusion and implications
The parameters of the monomolecular function obtained by supplementation described adequately the response of the layers. This
research showed that some limitations of the supplementation technique pointed out in the past can be easily overcome nowadays.
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Introduction
A model was developed to estimate the metabolic fate of calcium (Ca) and phosphorus (P) in broiler chickens (Reis et al., 2022), opening an
opportunity to understand and quantify the necessity of those minerals as broilers aged. The objective of this study was to invert the mentioned model and dynamically predict broiler requirements for calcium and phosphorus.
Material and methods
The model is organized into three compartments: (1) digestion, accounting for Ca and P absorption; (2) soft tissue, including feather-free
body protein and lipid, and feather protein predicted based on a mechanistic growth model (Hauschild et al., 2015) with protein as the
driver component; and (3) body ash, which accounts for deposition and mobilization of Ca, P, and miscellaneous minerals in the body.
The Ca and P requirement was predicted using a factorial approach by inversion principles with input becoming the output. Requirements
are the amount of Ca and P that must absorb to maximize the growth of soft and bone tissues. A digestibility of 50% was assumed (Khaksar
et al., 2022). A global sensitivity analysis was performed (Sobol, 1993). The requirements estimated were compared with the predictions of
Rostagno et al. (2017), as well as Cobb 500 (Cobb-Vantress, 2022) and Ross 308 (Aviagen, 2019) requirements.
Results and discussion
The sensitivity analysis for digestible P requirement showed that both the percentage of P in body protein and the percentage of Ca in body
ash represented 72% of the total variation observed, whereas the protein maturity ratio represented 22% of the variation. For total Ca
requirement, the protein maturity ratio and the percentage of Ca in body ash represented 21 and 79% of the total variation observed.
The requirements of standardized digestible P and total Ca for broilers until day 21were higher than Rostagno et al. (2017) and were lower
thereafter (Table 1).
Conclusion and implications
Parameters with the most influence on the Ca and P requirement predictions were identified, which could be useful information for modelers interested in implementing this approach using other growth models. The model inversion was efficient to estimate reliable values of
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Table 1
Broiler requirements for phosphorus and calcium estimated by the model and published in literature.1
Phase Feeding, d

0–7
08–21
22–28
29–35
1

Model

Brazilian Tables

Ross 308

Cobb 500

StdDig P

totalCa

StdDig P

totalCa

avP

totalCa

avP

totalCa

5.57
3.89
3.02
2.77

14.9
9.44
6.55
5.92

4.50
3.60
3.30
3.00

10.9
8.70
8.40
7.70

4.80
4.35
3.90
3.90

9.60
8.70
7.80
7.80

4.50
4.20
3.00
3.80

9.00
8.40
7.60
7.60

Standardized digestible phosphorus, g/kg; total calcium, g/kg; available phosphorus, g/kg.

standardized digestible phosphorus and total calcium requirements, demonstrating that the model could be used by nutritionists to
dynamically predict the concentrations of those minerals in the feed of broiler chickens.
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Introduction
Drivers of life on the planet are challenging, requiring more agricultural products while ameliorating people’s livelihoods, communities,
and Earth. Particular focus is devoted to climate change mitigation involving many stakeholders: individuals, community groups, NonGovernmental Organizations (NGO), local and national governments, scientists, and businesses (Maani, 2013) and it calls for collaboration
of influential players. Research focus on agriculture and climate change to feed the planet while reducing future pollution. NGO are implementing mitigation projects worldwide with broad social impact. Decision-makers drive national and global policies to face this emergency. Entrepreneurs conduct their companies according to environmental standards. Farmers increasingly use environmentallyfriendly innovative strategies to produce food and minimize nature degradation. However, the climate urgency is still increasing dramatically. The climate change mitigation approach has the features of complex systems (Senge, 2010). Understanding future pattern dynamics
is very difficult when economic, social, and biological components are considered. All players focus on solving the global warming and
emission gaps that have been driving climate trends in the last centuries. Understanding the influence of public concerns and interconnections between players (scientists, decision-makers, industries, and NGO) in reducing these gaps will be the basis for future effective policy
formulations at a global scale. The objective of this work was to provide preliminary modeling steps of the causal feedback links existing
among these players and their global effectiveness in reducing global warming.
Material and methods
A system thinking approach (ST) was applied to improve the systemic understanding of different player roles in leading climate change
mitigation related to livestock production and human activities in this work. ST is grounded in the feedback control theories and draws
on cognitive and social psychology, economics, and other social sciences to incorporate human dimensions and decision-making
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Fig. 1. Conceptual model of the link between population growth, climate change, and mitigation projects.

(Sterman, 2000). Qualitative steps included expert consultation and literature review to develop causal loop diagrams (CLD). CLD mapped
critical variables of the target system by identifying the main feedback loops driving the system dynamics and behavior.
Results and discussion
Fig. 1 captured the main drivers of complexity and dynamics of environmental policy making. Population growth drives natural resource
consumption generating desirable and undesirable outputs with exponential patterns for people and environmental-climate gaps (R1). It
stimulates environmental policies from two main sides: (i) the public awareness and worries for the future drive eco-friendly business and
social responsibility that might end in win-win strategies (B1) if profit is generated and impact is reduced. Otherwise, it also includes
trends of extreme behaviors, lobbing activities, human perception without scientific foundations, and narrowed solutions with unexpected
consequences that follow the fixes that fails archetype (B2); and (ii) the scientific evidence, continuously brought to global stakeholders,
aimed to increase production efficiency and plan effective win-win strategies capable of reducing natural resource depletion, increasing
productivity to feed the planet (B3) and reduce impact with mitigation and adaptation actions (B4). It is also enabled by the NGO support
to projects. In the presented CLD, the environmental policy-making variable was involved in 26 identified loops showing the relevance of the
policy role in the expected trends. The presented CLD highlights the need to improve the link between science and policy-making to collaboratively implement mitigation projects among scientists, decision-makers, companies, and NGO to face climate change emergencies
effectively. Researchers identify the environmental problems and propose solutions according to their discoveries. Decision-makers are
the components that take decisions, rule, and organize the communities. It represents the most influential drivers who often overshadow
the common good and impede consensus decisions and systemic actions by all parties, even if decision-makers also need to be aware of the
various agendas and possible conflicts that can arise when choosing adaptation measures (Maani, 2013).
Conclusion and implications
This conceptual model highlighted interconnections between players causing and mitigating global warming. The researchers’ role and collaboration with the authority lead to practical and systemic approaches as one of the leading solutions to mitigate climate change. Policies
and decision-making can create a new economic atmosphere where all sectors must manage their production process according to environmental standards. NGOs are crucial in implementing mitigation projects, implementing better policies, and conducting advocacies to
influence environmental decision-makers.
Financial support
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Introduction
Beef production is economically and socially relevant in many areas of the world, also in mountains where others few agricultural activities
are allowed. Meat production relies primarily on cow-calf system, which can be combined with open productive cycle systems, where beef
production is segmented from weaning to slaughtering of calves, and closed productive cycle systems, in which meat output derives from
the same place where cattle are reared until slaughtering age (Pulina et al., 2021). Among the latter one, ‘‘grass fed” is a livestock system
widespread in Australia, America and some countries of North Europe, where cattle are reared on pasture, without supplementation of concentrate or feeding stuffs. Growing attention is given to effects on climate change by greenhouse gas emissions (GHG) from livestock, specially by ruminants. The aim of this work was to estimate the carbon footprint (CF) of a grass-fed beef farm, also considering potential
carbon sequestration by soil and trees.
Material and methods
An extensive type beef farm located in Piedmont (Italy) was surveyed as a case study. Data were collected through a questionnaire to
obtain a complete life cycle inventory, according to ‘‘from cradle to farm gate” model approach. All the collected information referred
to the means of five years (2016-2021; from the 1st October to the 30th of September). On farm emissions were estimated by using equations of IPCC (2006b) and included emissions of methane (CH4) from enteric fermentation, CH4 and nitrous oxide (N2O) from manure, CO2
from use of diesel fuel and electricity consumption, and CO2 emissions from both on-farm and purchased feeds. Carbon footprint was
expressed with the functional unit of 1 kg of live weight (LW) and 1 kg of meat carcass. CF was calculated on total live weight sold by
the farm, which included slaughtering both of calves after finishing and of cows and bulls. To estimate net GHG emissions, values of annually carbon sequestration rates (C sequestration), available in the literature for each component of farm’s cropping system, were
considered.
Consistency of the herd and cropping system are reported in Table 1. Piedmontese was the main breed reared, followed by Angus, Varzese
and Scottish Highland. Beef production was based on a grass-fed and closed-cycle systems. No concentrate feed was employed, and alfalfa
hay was the only one feed purchased by the farm. Calves were slaughtered at an age of 18–22 months, with an average live weight of 625
kg.
Results and discussion
Without considering C sequestration potential, CF was 26.69 kg CO2eq/kg LW and 42.74 kg CO2eq/kg carcass. Methane from enteric fermentation was the greatest source of emissions, representing the 65% of the total impact, followed by manure emissions (17%), use and
consumption of fuel and electricity (11%); while the lower source of emission was attributed to on-farm and off-farm feeds (7%). The results
of the present investigation are in accordance with previous studies, estimating CF of extensive beef cattle farms. Values of 18.21 and 24.62
kg CO2eq/kg LW were reported for conventional and organic beef farms, respectively (Buratti et al., 2017); whereases, an extensive cow-calf
and fattening systems showed a CF of 25.41 kg CO2eq/kg LW (Bragaglio et al., 2018). Other studies reported values ranging from 21 to 58.3
kg CO2eq/kg carcass (Mazzetto et al., 2015; Cardoso et al., 2016). In our study, the total farm area sequestered about 126 tons of CO2eq/year.

Table 1
Main characteristics of grass-fed farm.
Pasture, ha
Cropland, ha
Silvo-pastoral system, ha
Total area, ha
Cows, n
Heifers, n
Calves, n
Live weight, kg year1
Carcass, kg year1
On-farm emissions, kg CO2eq year1
C sequestration potential, kg CO2eq year1
Net GHG emissions, kg CO2eq year1

23
26
42
91
71
19
35
13,900
8680
370,998
125,899
245,099
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When C sequestration potential was considered, CF was 17.63 kg CO2eq/kg LW and 28.24/kg kg CO2eq/carcass. Therefore, carbon sequestration by soil and trees was estimated to compensate almost 34% of total on-farm emissions. Net estimated CF is in accordance with
results of Buratti et al., (2017), who estimated a CF of 17.71 kg CO2eq/kg LW, with carbon sequestration included.
Conclusion and implications
The results of the present study show that CF of a cattle grass-fed farm is in accordance with values obtained in previous studies in which
cattle were reared on pasture. An efficient use of pasture can be an opportunity to mitigate GHG emissions of livestock; moreover, the carbon sequestration potential should be considered to better estimate the real environmental impact of livestock.
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Introduction
A particular relationship related to suckling activities is developed between cows and their off-springs during pre-and post-weaning. In
adult animals, the suckling activity is one of the most important regulators of the cow’s estrous and pregnancy rate. In calves, especially
during colostrum production, it confers passive immunity and represents an important source of nutrients that favour the calf’s weight
gain. Therefore, this relationship must be understood to improve productivity and manage cattle breeding. The aim of our study is to
review published studies on cattle suckling behaviour, raised under pasture conditions.
Material and methods
Eight studies, performed under different geographic and environmental conditions, directly related to the objective of our review were
analysed and discussed. Fourteen breeds, either pure breeds or crosses, were considered. Suckling behavior was defined by 3 main variables: suckling event, duration of suckling event, and total duration of suckling events during 12 or 24 h. In addition, some studies included
other variables such as suckling attempts (Da Costa et al., 2006), butting (Lidfors et al., 1994), and intervals between suckling events (Louw
et al., 1993). Moreover, factors affecting suckling behaviour were recorded, such as calf genetic group, its age, sex, and weight, cow breed,
its milk yield, average daily weight gain, body condition score, postpartum anestrous period, oestrous behaviour, parity, and circadian variation. Monitoring methods were limited to direct observations, usually using binoculars (Odde et al., 1985; Louw et al., 1993; Lidfors et al.,
1994; Da Costa et al., 2006), and triaxial accelerometers (Kour et al., 2018). Data reported in these papers, for the different variables, were
used for descriptive analysis.
Results and discussion
Regarding the frequency of suckling bouts, Odde et al. (1985), and Louw et al. (1993) reported the same results with an average of 4.5 bouts
per 24 h. These results are in line with those of Da Costa et al. (2006) with an average of 2.57 suckling events per 12 h. However, the results
of Kour et al. (2021) which used the accelerometer were highest, averaging 8.2 times per 24 h. Odde et al. (1985), Da Costa et al. (2006), and
Louw et al. (1993) found that most suckling events occurred between 0400 and 0700 h. Regarding the duration of suckling events, Da Costa
et al. (2006) recorded 9.25 minutes per suckling event, similar to Kour et al. (2018, 2021), either by visual observation or with accelerometers, as did Louw et al. (1993) with an average of 9.6 mins. These results are in contrast to Kour et al. (2018), who monitored the Brahman
breed, in which the average suckling duration of 13 mins was the highest. The onset of oestrus was positively correlated with the length of
the longest inter-suckling period in the study by Louw et al. (1993), while Odde et al. (1985) found no effect on suckling frequency or duration. Concerning calf’s age, Odde et al. (1985), and Louw et al. (1993) recorded no significant effect on suckling activity, while a significant
difference related to age was found by Da Costa et al. (2006) and Lidfors et al. (1994). Furthermore, the use of accelerometer, validated in
the article by Kour et al. (2018), appears to be a viable and advanced technology to study the suckling behaviour in beef cattle. In semiextensive cattle systems, the sucking behaviour of calves can be a useful tool for models aiming to manage cattle breeding with the most
suitable feeding plans to achieve the best results in terms of reproductive performance.
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Conclusion and implications
The knowledge gained through this review highlights well the implications of having more information about suckling phase of calves in
pasture-based herds. The cow-calf linking should be further investigated, using modern technology, to have more accurate information that
allows the adoption of adequate technical practices to raise healthy and well performing calves during their suckling phase following cows
to pasture.
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Introduction
Water footprint assessment methods have helped bring the beef water footprint (WFB) to the forefront of research to address water challenges under the ecological footprint perspective (Menendez and Tedeschi, 2020). The current assessment methods for the water footprint
make a meaningful assessment of livestock water consumption difficult as they are mainly static, thus poorly adaptable to understanding
future water consumption and requirements. They lack the integration of fundamental ruminant nutrition and growth equations within a
dynamic context that accounts for short and long-term behavior and time delays associated with economically significant beef-producing
areas. Evaluation of the mechanisms that drive beef cattle water demands using a systems approach and dynamic precision system modeling (PSM) provides insight for producers to improve production and advances the current WFB methodology.

Materials and methods
The System Dynamics methodology was used to conceptualize a water footprint for beef cattle within a dynamic and mechanistic modeling
framework resulting in the dynamic beef water footprint (DWFB) model. A dynamic hypothesis was formed to represent United States beef
water use systems to develop the DWFB. Dominant feedback loops were identified using a stepwise loop testing of the level influence on
the WFB (i.e., the loops that caused the most change). After the dominant feedback mechanisms that drive beef water consumption across
the supply chain were identified, several tests were run, including behavioral tests, sensitivity analysis, and scenario analysis. Sensitivity
analyses were performed to evaluate changes in cattle live weight (kg/d) and the daily WFB (L water/kg boneless beef). SmartScales
(CLOCKTM) were used at watering locations for Angus yearling stockers to capture real-time daily weights (3d average); linear interpolation
was applied for missing values using Program R. The yearling steers (n = 135) grazed native pasture at the Cottonwood Field Station (South
Dakota) at three grazing intensities (low, medium, heavy, 2x reps). Grazing began in mid-June and ended in August with beginning and
ending average body weights of 376 and 428 kg, respectively. Model simulations using daily precision weight data were compared to
the endogenously generated cattle weight within the DWFB model.
Results
Simulations and sensitivity analysis from the hypothesized causal loop diagram (CLD) structures indicated that the framework was able to
capture the dynamic behavior of the WFB system, including appropriate levels of sensitivity for influential variables. The cattle population
CLD identified one dominant reinforcing loop of the cattle population. Five unique balancing loops were identified that cause the cattle
population to decrease. The simulation results of these six loops indicated that the population has an oscillatory behavior. When synchronized with cattle population dynamics, three reinforcing loops were identified for the cattle growth and nutrition CLD and resulted in the
reinforcing growth behavior of cattle weight for each cattle phase. The growth and nutrition dynamics directly influenced the water consumption of the beef supply chain and the regional resource use. Drinking and service water were the two direct water uses identified in
the WFB CLD. The WFB CLD resulted in the linkage of daily cattle weight (i.e., boneless beef) and total daily cattle water use, representing
the daily water footprint. Regional water scarcity and population dynamics were also developed in the WFB CLD and resulted in one balancing loop to account for cattle population carrying capacity (water scarcity). Simulation of the water scarcity loop created overshoot and
collapse behavior and simulation of these cattle growth and nutrition and water footprint dynamics indicated that non-linear relationships
and delays play a role in daily weight gain relative to the daily WFB. The first sensitivity analysis of TDN, three scenarios, indicated that the
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time required to reach the desired mature weight (589 kg live weight) and the daily WFB was increased by 36% and decreased by 24% relative to the base case with 90% and 110% baseline TDN values, respectively. The second sensitivity analysis of TDN, 1000 scenarios, showed
that the feedlot stage had the most extensive daily WFB variability than the cow-calf and stocker stages. The results of the third sensitivity
analysis of forage and crop specific water demand indicated that production efficiency had a significant impact on the daily WFB across all
beef cattle phases and that the daily WFB can be higher in cow-calf or stocker phases and lower in the feedlot phase in some circumstances.
Precision data-driven simulations resulted in a WFB that accounted for differences in individual cattle.
Conclusion
The causal loops identified in the current study provide a systems-level insight into the drivers of the WFB within and across each major
segment of the beef supply chain. PSM can help enhance the precision of WFB estimations and provides an opportunity to understand further the dynamics that drive individual animal water efficiencies.
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Introduction
Production of methane by cattle as a result of microbial fermentation in the rumen and large intestine contributes to worldwide greenhouse gas (GHG) emissions. The UK national GHG inventory has historically relied heavily on the Intergovernmental Panel on Climate
Change Tier 1 methodologies, which effectively use livestock numbers multiplied by a standard factor to estimate methane emissions.
However, as part of the GHG Platform, the UK moved to Tier 2/3 methodologies to differentiate between standard practices and take
account of mitigation strategies designed to reduce GHG emissions. Although the UK uses a country-specific Tier 3 equation for estimating
methane emissions, it is an empirical relationship between dry matter intake (DMI) and methane emissions that cannot interpret changes
in methane emission in response to changes in the nutritional composition of the diet. In contrast, the Netherlands inventory uses a
dynamic mechanistic model for estimating methane emissions of dairy cows that has the potential to quantify management and nutritional
mitigation strategies for reducing methane emissions. The suitability of the Netherlands Tier 3 methodology for use in the UK national GHG
inventory was assessed using UK feed composition/intake and activity data for dairy cattle as inputs for the model to predict changes in
methane emission in response to changes in diet composition.
Material and methods
In the UK Tier 3 protocol, methane emissions of dairy cattle are estimated using a UK-specific relationship between daily enteric emission
and feed DMI (Brown et al., 2021). The DMI of dairy cattle is determined using UK-specific energy balance equations (Thomas, 2004). The
Netherlands Tier 3 protocol estimates enteric methane emission of dairy cows using a dynamic process-oriented mechanistic model based
on a methodology that represents the dynamics of microbial activity in the rumen and hindgut, including the effects of the fermentation
conditions in those compartments (Bannink et al., 2018). Access to a set of on-farm data from approximately 200 UK dairy farms was
secured for use in this task that enabled the calculation of average feed ingredients and dietary nutrient composition of dairy cattle onfarm. The annualised data were averaged across UK financial years 2018/19 and 2019/20 and included herd size, total milk yield, average
milk composition, body weight, calving pattern, main breed, and the area of land allocated to grassland and forage maize. The data were
used to estimate methane emissions using the UK and the Netherlands Tier 3 protocols. In situ rumen degradation characteristics for protein, fibre, and starch in dietary components were equal to values adopted in The Netherlands inventory method.
Results and discussion
Summary of on-farm data and results for dietary ingredients and methane emission are shown in Table 1. The UK and Dutch methods
ranked methane emissions from the different farm typologies in the same order, however, the UK inventory method resulted in higher estimates of enteric methane by dairy cattle compared to the Netherlands Tier 3 model by 9.4 kg/cow/yr, 1.6 g/kg DMI and 1.2 g/kg milk (a 7.4%
difference). The lower predictions with the latter model can be explained by the relatively low proportion of roughages (50%) relative to
concentrates and slightly increased fat content (1%) of UK diets compared to Dutch diets, as these are associated with lower enteric
methane production.
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Table 1
Summary description of on-farm data and average dietary ingredients, and methane emission estimated using the UK and The Netherlands Tier 3 protocols for dairy cattle using
on-farm data.
Item

All farms

AYR/Aut

Spr/2B

Large BPS

Med BPS

Herd size (number of cows)
Milk yield (L sold/cow/yr)
Milk fat (g/kg)
Milk protein (g/kg)
Body weight (kg)
Feed composition (g/kg DM)
Concentrate
Fat
Maize gluten
Minerals
Rapeseed meal
Soyabean meal
Wheat
Maize silage
Grass silage
Grass herbage
DMI (kg/yr)
UK Tier 3 dairy protocol
CH4 emission (kg/cow/yr)
CH4 yield (g/kg DMI)
CH4 intensity (g/kg milk)
The Netherlands Tier 3 dairy protocol
CH4 emission (kg/cow/yr)
CH4 yield (g/kg DMI)
CH4 intensity (g/kg milk)

245
8402
40.4
33.2
636

231
8478
40.2
33.1
640

420
7415
42.9
35.0
593

238
8737
40.1
33.0
643

283
6668
42.3
34.4
602

355
3
35
9
16
11
70
62
366
72
6176

353
3
36
10
16
11
71
63
371
66
6210

377
2
29
7
17
7
61
44
298
157
5735

354
3
35
10
16
11
70
71
362
67
6325

356
2
39
7
17
7
71
14
387
99
5403

130.0
21.1
15.5

130.6
21.0
15.4

123.1
21.5
16.6

132.4
20.9
15.2

117.8
21.8
17.7

120.3
19.5
14.3

120.7
19.4
14.2

114.5
20.0
15.4

122.4
19.3
14.0

109.0
20.2
16.3

All farms, all calving patterns and production systems; AYR/Aut, all year round and autumn block calving herds; Spr/2B, spring block and two block calving herds; Large BPS,
large-sized breed production system; Med BPS, medium-sized breed production system; DMI, dry matter intake; CH4, methane.

Conclusion and implications
The Netherlands Tier 3 model represents enteric fermentation in detail and can therefore describe variation caused by nutritional and animal factors, which will improve methane prediction accuracy. A major limitation of using the Netherlands Tier 3 approach in the UK is the
availability of detailed data on diet composition and rumen degradation characteristics of feed substrates as inputs.
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Introduction
Ewes are characterized by a remarkable adaptation to climate change (Sejian et al., 2017). The Mediterranean area is characterized, in general, by dry and hot summers and by wet and mild winters, with specific characteristics depending on the region (Ramón et al., 2016). During summer heat stress conditions are frequent, with high variations of daily temperatures (Sevi and Caroprese, 2012; Peana et al., 2017),
that increase the internal heat production preventing to maintain thermal homeostasis (Sejian et al., 2017). One of the most important indicators of defensive dissipation mechanism of animals, particularly important in sheep (Brockway et al., 1965), is the respiratory rate, which
acts to facilitate the dissipation of heat excess. The study aimed to define the different response to daily temperature variations (for more
weeks consecutively) during summer and winter conditions in sheep housed indoor without forced cooling systems.
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Fig. 1. Descriptive model of the biometric measures used for the statistical analysis.

Table 1
Effect of daily temperature on physiological response of dairy sheep to air temperature variation.
Winter 2021

Summer 2022

P-value

AT class, °C

<12

12–16

16–20

20–24

>24

<24

24–28

28–32

AT

Season

Hour

Sup/Vol

RR, act/min
RT, °C

26.54d
38.68c

28.86d
38.68c

31.19cd
38.60abc

35.01bdc
38.54c

32.85bcd
38.37c

47.09c
39.06b

58.96b
39.21ab

85.22a
39.23a

<0.001
0.01

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

AT = Air Temperature; RR = Respiratory Rate; RT, Rectal temperature.

Material and methods
Twenty-four Sarda dairy ewes in dry – non pregnant physiological stage, ranging from 39 to 70 kg of full body weight (BW) in summer
2021 (July 19 to August 13), and sixteen other sheep (BW between 39.2 and 51.9 kg) in winter 2022 (January 3 to February 11), were monitored for their response to variations of air temperature. Animals were housed in metabolic cages with limited physical activity. All animals were characterized with biometric measures reproducing their surface and volume, through the conceptualization of a geometric
model using solids’ equations (Fig. 1). The cylinder was used for the limbs and the truncated cones for the neck, thorax, and abdomen)
(Fig.1). Physiological and weather records were gathered six times per day in summer (8:30, 12:30, 16:30, 20:30, 00:30 and 4:30) and four
times per day in winter (7:30, 11:30, 15:30 and 19:30). Respiratory rate (RR) was measured with visual counts of respiratory acts detected
in two videos of 1 minute each, and rectal temperature (RT) using a digital thermometer. Statistical analyses were performed with SAS
(v.9.2) testing a mixed model for repeated measurements considering air temperature (AT), season and hours as main effects and animal
and day as random effects. The body surface/volume ratio, estimated based on biometrics measures, was included as covariate.
Results and discussion
RR and RT were not significantly affected by AT in winter (Table 1), showing low values and small standard deviations, equal to 27.8 ± 7.2
and 38.86 ± 0.55, respectively. In summer, RR and RT were equal to 71.1 ± 34.8 and 38.95 ± 0.30, respectively. RR reached maximum values
of 174 act/min. Generally, RT and RR were positively associated with AT (P < 0.0001; Table 1). A regression equation was developed for
practical applications:
RR, acts/min = 40.7 + 0.00246 AT( °C)  12.8 Season + 2.72 Surface/Volume

(r2 = 0.58)

It must be noticed that AT explained the 56% of the diurnal variability of the RR, 1% was explained by season (being winter = 0 and summer
= 1 in the equation) and 1% by the body surface/volume ratio (P < 0.001). Furthermore, the effect of season can be quantified in +12.8 act/
minute in summer vs. winter.
Conclusion and implications
Respiratory rate can be targeted as relevant biomarker of heat stress. It can be used as a proxy for calculating the variations of maintenance
requirement variation for thermoregulation in dairy sheep. Further investigation of energy expenditure under heat stress conditions needs
to be carried out, to relate respiration rate with the metabolic effort of heat dissipation.
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Introduction
Sheep and goats make 55% of global ruminant domestic population (cattle, buffalo, sheep and goats), which in 2018 accounted for more
than 3.600 million heads (FAO, 2020; available at www.faostat.fao.org/site/569/default). Small ruminant products constitute a relatively
small share of globally-produced ruminant meat and milk, being about 17% and 4%, respectively (Opio et al., 2013). Otherwise small ruminants account for about 1% of global livestock emissions which seems a modest amount but with high potential for reduction. In addition
reduction of methane emissions from small ruminants is associated to high potential of feed efficiency improvement. Appuhamy et al.
(2016) showed the importance of developing production system-specific models for accurately predicting enteric CH4 emissions from dairy
cattle. Small ruminants, due to their morphological and physiological characteristics, have proportionally higher nutritional requirements
and, consequently, higher feed intake levels than cattle. Higher intake levels are associated to higher passage rates with strong effects on
fiber digestibility and on fermentation of less degradable substrates, for metanogenesis (Van Soest, 1994).
The aim of this study was to develop an empirical set of equations to predict the effect of DMI and other dietary characteristics on enteric
CH4 from sheep and goats and in particular to quantify the effect of intake level on the methane emission in respect to other variables in
small ruminants.
Material and methods
A literature search was conducted for trials with direct enteric CH4 measurements (g/head per d) on sheep and goats. We made literature
search on methane emission and feeding small ruminants using Scopus and Google Scholar database for abstracts and citations. Accordingly, we found 245 and 193 peer-reviewed journal for sheep and goats, respectively. Then these papers were further screened based on
our interest considering the suitability and content. In the final database 48 studies (19 on sheep and 29 on goats) were retained providing
185 dietary treatments (83 on sheep and 102 on goats). Data were analyzed with a linear mixed model using SAS (version 9.2) and considering the fixed effect of DMI, concentrate proportion and feed chemical composition and as standard effects the study. Separate analysis
was carried out for sheep and goats.
Results and discussion
The analysis of the data showed that DMI explained the most part of variability both for emissions of CH4 in g/d per head and g/kg of DMI
and digested DMI. In sheep dataset DMI explained 35%, 32% and 32% of the variability of methane emitted per day, per kg of DM and per kg
of digested DM, respectively. In goat dataset DMI explained 20%, 17% and 24% of the variability of CH4 emitted per day, per kg of DM and
per kg of digested DM, respectively. The following equations were developed to explain the methane emission in sheep and goats.
Sheep:
CH4, g/d = 15.8 + 8.99 * DMI (kg/head)  0.293 forage in diet % + 1.08 CP % of DM (r2 = 0.63; P < 0.001)
CH4g/kg of DMI = 31.7  9.32 DMI (kg/head)  0.233 forage in diet % + 1.07 CP % of DM (r2 = 0.55; P < 0.001)
Goats:
CH4, g/d = 24.0 + 6.13 DMI (kg/head)  0.0844 forage%  2.12 EE % of DM (r2 = 0.39; P < 0.001)
CH4, g/kg of DMI = 42.5  8.66 DMI (kg/head)  0.139 forage%  0.479 CP % of DM (r2 = 0.39; P < 0.001)
As noticed from these models methane emissions in sheep was more dependent from DMI than in goats. However only linear relationships
were tested in this work and future deepen analyses of collected data.
Conclusion and implications
Meta-analysis of published data allowed to elaborate algorithms to estimate methane emissions in small ruminants and to quantify the
impact of the DMI on methane emission reduction per kg of intake unit. Further analysis needs to be carried out to quantify the relative
impact of the treatments in respect to the DMI variation.
Financial support
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Introduction
The scientific publication system should evolve into practices that enhance free dissemination and full access to research findings. At the
same time, it should ensure reproducibility and transparency and safeguard scientific integrity from the detrimental effects of the current
‘‘publish or perish” culture. The objective of this contribution is to introduce the Peer Community In (PCI) Animal Science initiative (https://
animsci.peercommunityin.org/), which represents an alternative to the current publication system under the umbrella of the ‘‘Peer Community In” project (https://peercommunityin.org/). PCI Animal Science is an international community of researchers working in animal
science and related areas and it promotes open science and research transparency. Although PCI Animal Science is not a scientific journal,
it operates similarly with editors (here: recommenders) and reviewers. Currently, the PCI Animal Science community has 64 recommenders
from 20 countries. PCI Animal Science is a non-profit initiative, run and managed by researchers. The PCI Animal Science community performs, at no cost, rigorous open reviews of preprints that have been deposited on repositories such as bioRxiv and Zenodo from a wide
range of research areas related to animal science. Based on independent reviews, a recommender decides whether a paper is recommended
or not. Recommended preprints are peer-reviewed and citable stand-alone articles of high scientific value that do not need publication in
traditional journals. However, if the authors wish, they can also publish their recommended preprint in the Diamond Open Access Peer
Community Journal (https://peercommunityjournal.org/section/animsci/) at no cost. Authors can also submit their recommended manuscript to PCI-friendly journals (i.e., journals that consider the PCI evaluation in their own review processes) or to other journals. This contribution shows the workflow of the evaluation of manuscripts by PCI Animal Science and the advantages of adopting this new publishing
model.
doi: 10.1016/j.anscip.2022.07.470
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Introduction
Researchers and producers linked to the animal industry face the challenge of generating products that are considered healthy by consumers, nutritionists, and researchers. This is important as it allows to plan for the long term and prepare for new consumption trends
in a high value-added food sector. However, there are no works focused on developing approaches for the animal sector to understand
the discussions within the different social sectors and their practical usefulness. For this, an approach was developed to contrast the recommendations of human nutrition experts, researchers, and social media natives about the 40 most recognized diets for humans and, in
this way, learn the profile of foods with the most significant potential to be marketed for the animal industry.
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Fig. 1. The relative importance of the evaluated diets according to U.S. News panel experts (USN Index), research papers (R Index), and social media index (S Index).

Material and methods
Type-of-product information of 40 ‘‘Best Diets Overall 2022” diets published by the U.S. News (2022) were collected and contrasted with
information obtained through Google Scholar and Social Media. Information from Google Scholar was obtained with Publish or Perish software (Harzing 2022) at a maximum limit of 1,000 articles per run for each diet. The Mentionlytics platform (Mentionlytics 2022) was used
to obtain information from the discussions for one week regarding the 40 diets in seven sources of social media (e.g., Web, Twitter, Facebook, Youtube, Instagram, Reviews) that corresponded to 30 social media categories. For U.S. News’ (2022) ranking, research papers, and
social posts, proportional indexes were constructed considering the value of ranking, the number of articles or posts; correct subject; and
cites or positive reactions. Finally, the results were used to know the relative weight of the products included in the diets.
Results and discussion
Fig. 1 shows that there is no relationship between the ranking of diets recommended by the U. S. News’ (2022) panel of nutritionists, the
number of scientific publications, and online posts that indicate the interest in each type of diet. The proportion of papers satisfying the
characteristic of interest was not significant (P = 0.13) and the 95% confidence interval varied from 15.84 to 99.99, and the proportion
of social media posts satisfying the characteristic of interest had a 95% confidence interval of 27.5 to 99.9 and P-value = 0.42.
There was no relationship between what is being researched and what is commented on on social media except for the Mediterranean and
fertility diets. In general, when we group diets by their main characteristics, it was observed that diets with a focus on the solution of specific problems or a pre-conceived idea are the most successful (e.g., fertility, paleo, dash, MIND, Mayo clinic, TLC, and nordic diets), more in
the research sector, that is logical, followed by vegetarian related group (e.g., vegetarian, vegan, and engie 2 diets), low sugar group (e.g.,
paleo, keto, and MIND diets), and program group (e.g., noom, WW and South Beach diets). If the demand for healthy, value-added foods is
to be met and maintained in the long term, the results show the interest of both scientists and society in producing foods for the solution of
specific health problems within an intensive dissemination program. On the other hand, the type of products required by native consumers
of social networks is low-calorie products, either through low sugar consumption or energy density. This leaves diets focused on solving
specific health problems as the main challenge for the animal industry.
Conclusion and implications
The most successful diets in their scientific communication through articles and social networks are focused on reducing or solving health
problems in humans, where some of them owe their success to programs designed for their promotion. Diets with the profile found in this
evaluation require closer work between producers, nutritionists, and researchers; however, the present work results demonstrate the
interest of consumers and their viability.
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Introduction
Compared with mash feed, pelleted feed can not only increase digestibility and feed consumption, but it is also convenient to store and
handle (Massuquetto et al., 2019). However, the quality of pelleted feed can be impacted by many factors. While previous studies have
reported the effect of one or several factors on pellet quality, no studies have investigated how pellet quality can be affected by the large
number of factors (>15 factors) that vary in practice during feed manufacturing. Machine learning is a sub-field of artificial intelligence,
which is best suited for predictive problems where large numbers of driving variables and complex inter-variable interactions are considered. Ensemble learning is a class of machine learning algorithms that combines several base learners to make a group prediction (Sagi and
Rokach, 2018), which sometimes makes it possible to improve model prediction by reducing the likelihood of relying on a single learner. In
the current study, ensemble learning models were used to predict the pellet durability index (PDI, a commonly used measure for pellet
quality) based on factors that describe the feed formulation, manufacturing process and environment in a commercial feed mill.
Material and methods
Data describing characteristics of the pellet manufacturing process, feed formulation, and pellet quality were provided by a Trouw Nutrition feed mill located in St. Marys, Ontario, collected from March 31, 2020, to November 27, 2020. Historical environmental data, for the
corresponding data collection period in the region of the feed mill, was downloaded from the Weather Underground website (https://www.
wunderground.com/history). The cleaned dataset with 1,434 observations and 17 columns was used for the current study. Fig. 1 shows the
workflow of the current study. Seven ensemble learning algorithms were implemented using the Python Scikit-learn library, including four
types of ensemble learning (bagging, boosting, stacking, and voting). Models with tuned hyperparameters were evaluated using the Concordance Correlation Coefficient (CCC) and the Mean Square Prediction Error (MSPE) and its decompositions, ECT = error due to overall bias
(central tendency), ER = error due to the regression slope deviation, and ED = random error due to disturbances.
Results and Discussion
Table 1 shows the results of MSPE and CCC. Bagging had the lowest MSPE (14.894) with the highest ED (98.724); Gradient Boosting had the
highest CCC (0.699), followed by Extra Trees (0.689) and Bagging (0.674). Considering Gradient Boosting and Extra Trees were highly overfitting based on the learning curve (not shown in the current abstract), Bagging was the best model for predicting PDI. A similar study by
our team (You et al., in press) applied other machine learning algorithms on the same dataset with the same workflow and showed that the
Support Vector Regression (SVR) model outperformed all the other models. Compared with the SVR model, the Bagging model in the current study had lower MSPE and higher ED and CCC, but it is slightly overfitting. More data (observations and columns) are needed to
improve the model performance and its generalization power.
Conclusion and implications
This study shows that ensemble learning models can be used to predict pellet quality based on factors regarding manufacturing parameters, feed formulation, and environmental data. Bagging was selected as the best model. Such a model could be used within the feed mill to
predict the pellet quality index for a given batch of feed, which in turn is a useful Key Performance Indicator for efficient mill management.

Fig. 1. Flow chart of the current project.
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Table 1
MSPE and its decompositions, and CCC for 7 ensemble learning models based on the testing set.
Algorithm

MSPE

ECT

ER

ED

CCC

Bagging
Gradient Boosting
Random Forest
Voting
Adaptive Boosting
Extra Trees
Stacking

14.894
14.971
15.359
15.702
15.716
15.801
16.870

1.15
2.15
2.555
2.635
6.506
2.406
3.621

0.126
1.942
0.085
0.004
0
3.333
0.673

98.724
95.908
97.361
97.362
93.494
94.261
95.706

0.674
0.699
0.663
0.644
0.655
0.689
0.635
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Introduction
Evidence suggests that maternal diet during gestation can influence the overall in utero development of calves, with potential long-term
effects on performance, longevity, and welfare after birth (Mossa et al., 2013; Caton et al., 2019). This study aimed to investigate the critical
variables on feeding replacement dairy heifers a limited amount of their maintenance energy requirements in early gestation on female
offspring growth performance, feed intake, and behavior.
Material and methods
A schematic representation of the effects of maternal nutrition during gestation on overall herd performance using the systems thinking
approach was applied to literature evidence (Sterman, 2000; Fig. 1). An experimental trial was associated with the system studied, and
Holstein Friesian heifers (n = 28; BW ± SD; 371.57 ± 42.14, age ± SD; 15.7 ± 1.08 months) were divided into three groups based on body
weight and age and, from 11 days before conception were individually fed as following: (i) 0.6 M of their maintenance energy requirements
(M) until day 80 of gestation (nutrient restricted NR80, n = 11), (ii) 0.6 M until day 120 of gestation (NR120, n = 11), and (iii) ad libitum (1.8
M) until day 120 of gestation (Control, n = 6). Heifers were group fed once the individual feeding period ended, with ad libitum access to
feed until calving. Twenty-three single female calves were retained after calving. They received the same diet until weaning (age ± SD; 69 ±
7 days). Individual intake and weight were monitored, and a 12-hour diurnal behavioral observation was carried out at postnatal weeks 3
and 4. A mixed model with repeated measures was used for data analysis in R (R Core Team, 2020).
Results and discussion
Fig. 1 summarizes three loops identified as drivers of fetal programming. Nutrient supply positively affects the fetus (R1), but fetal growth
can offset (or impair) the same fetal development (B1) if the mother restricts nutrient supply. This can lead to permanent changes in fetal
behaviour, metabolism, and performance later in life (B3). This effect can propagate across generations and affect herd performance (Fig. 2).
In the experimental trial, maternal diet in early gestation did not influence body weight from birth to weaning but had effects on feeding
behavior in female calves.
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Fig. 1. Conceptual model of mother metabolism on fetal programming and herd performances. Arrows indicate causality, whereas polarity signs, + and , indicate positive
and negative correlation among variables. B (B1 = fetus gowth, B2=intake limit, B3 = lactation) and R (R1 = feed intake) indicate balancing and reinforcing loops, respectively
(Sterman, 2000).

Fig. 2. Propagation of the dynamics presented in Fig. 1 through generations and feedback on the herd.

Average daily gain (ADG) was similar among NR groups (0.85/d, 1.14/d, and 0.71/d: NR120, NR80, and Control, respectively). Calves born to
NR80 dams had higher feed intake (mean ± SE; 1723.7 ± 71.51 g) than NR120 (1534.2 ± 60.58 g) and Control (1461.7 ± 88.06 g) from birth
to weaning and spent more time eating than their peers at 3 and 4 weeks of age (P < 0.05). NR120 calves spent more (P = 0.004) time ruminating (154 min/12 h) than calves in NR80 (134 min/12 h) and Control (82 min/12 h). Heifer calves in the control group spent the least
amount of time eating (39 min/12 h) and ruminating (82 min/12 h). Calves in the control group spent more time (P  0.05) resting
(360 min/12 h) than calves in the NR120 (268 min/12 h) and NR80 (301 min/12 h) groups. Overall, maternal energy restriction in early
gestation positively influenced feed intake and behavioral patterns in female offspring but had no significant effect on calf body weight
gain.
Conclusion and implications
Our results suggest that heifers subjected to a short energy restriction in early gestation produce offspring with better intake performance
and behavioral patterns in the pre-weaning period. We recommend further investigation of the long-term effects of maternal nutrient
restriction on overall calf performance.
Acknowledgements
Students and staff of Veterinary Medicine and Agricultural Sciences of UNISS.
Financial support
DESTINE project, PRIN2017, MIUR.

607

608

Animal - Science Proceedings 13 (2022) 511–616

References
Caton, J.S., Crouse, M.S., Reynolds, L.P., Neville, T.L., Dahlen, C.R., Ward, A.K., Swanson, K.C., 2019. Maternal nutrition and programming of offspring energy requirements.
Translational Animal Science 3 (3), 976–990.
Mossa, F., Carter, F., Walsh, S.W., Kenny, D.A., Smith, G.W., Ireland, J.L., Hildebrandt, T.B., Lonergan, P., Ireland, J.J., Evans, A.C., 2013. Maternal undernutrition in cows impairs
ovarian and cardiovascular systems in their offspring. Biology of Reproduction 88, 92.
R Core Team, 2020. A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.
Sterman, J.D., 2000. Business Dynamics. Systems Thinking for a Complex World. Irwin McGraw-Hill, Boston.

doi: 10.1016/j.anscip.2022.07.473

83. Live animal predictions of carcass components in Angus steers
M.J. McPhee a,*,1, B.J. Walmsley b, J. Siddell a, E. Toohey c, V.H. Oddy a
a

NSW Department of Primary Industries, Livestock Industries Centre, Armidale, NSW 2351, Australia
Animal Genetics and Breeding Unit (AGBU)1, University of New England, Armidale, NSW 2351, Australia
c
NSW Department of Primary Industries, Centre for Sheep Meat Development, Cowra, NSW 2794, Australia
b

*

Corresponding author: Malcolm McPhee
E-mail: malcolm.mcphee@dpi.nsw.gov.au
Introduction
Since the introduction of the Meat Standards Australia (MSA) eating quality system (Watson et al., 2008) the Australian beef industry has
moved towards payments that account for MSA eating quality and, more recently, a payment system based on lean meat yield, defined as
the proportion of lean meat in the carcass. A live animal prediction of carcass components (McPhee et al., 2020) using BeefSpecs (Walmsley
et al., 2014) would assist farmers make on-farm management decisions before slaughter and improve productivity and profitability. The
objective of the present study was to compare the prediction of carcass components of grain finished Angus steers against observed data.
Material and methods
Data from 33 Angus steers at feedlot entry were used in this study. Predictions of carcass components (hot standard carcass weight (HSCW,
kg), hot P8 rump fat (P8 fat, mm), bone weight (kg), fat-free mass (FFM, kg; lean meat excluding intramuscular fat) and fat mass (FM, kg))
were compared to observed data. All carcasses were Meat Standards Australia (MSA) graded. The FFM and FM were estimated from computed tomography (CT) scans of boned out beef primals (e.g., rump). Primals were CT scanned using a Picker Ultra Z Spiral CT scanner (Philips Medical Imaging Australia, Sydney NSW). The X-ray tube operated at 130kV and 100mA. A pitch of 1.5, field of view of 500 mm and
cross-sectional thickness of 10 mm were used. BeefSpecs inputs (mean ± SD) at feedlot entry were initial BW (433 ± 35.7), frame score
(5.85 ± 1.06), muscle score (7.30 ± 0.95), initial P8 fat (5.06 ± 1.52), actual growth rates (1.94 ± 0.22) with days on feed (DOF) = 101 days,
finish = 1 for grain, sex = 1.3 for steers, breed = 100% British, and implant status = 0 for no implants. Comparison of observed versus predicted data was conducted using a customized procedure in R (R Development Core Team, 2019); mean bias (MB), slope coefficient, pearsons correlation, root mean square error (RMSE), and RMSE decomposed into MB and slope bias percentages are reported. Statistical
significance of MB was evaluated using a paired t-test and slope (Ho: slope = 1) using a student’s t-test.
Results and Discussion
Observed versus predicted data and a linear trend showing the deviation from the 1:1 relationship are reported (Fig. 1). Mean bias was
significantly different for bone weight, FFM and FM, and slope was significantly different for FFM and FM. Further improvements in the
model to improve the FFM and FM carcass components will be explored.
Conclusion and implications
Prediction of FFM and FM are inputs to the calculation of intramuscular fat and MSA grade which have the potential to provide an opportunity for farmers and integrated processors to make informed management decisions.
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Fig. 1. Observed versus predicted carcass components: hot standard carcass weight (HSCW, kg), hot P8 fat (P8, mm), bone weight (bone, kg), fat free mass (FFM, kg), fat mass
(FM, kg); solid line is (1:1) relationship and dashed line illustrates the trend; mb = mean bias, slc = slope coefficient, r = pearsons correlation, rmse = root mean square error,
mb% = decomposed mean bias, slb% = decomposed slope bias; statistical differences (*P < 0.05, **P < 0.01) reported between means and slope different from 1.
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Introduction
GemQual (Genetics of Meat Quality) is a European project focused on improving beef quality in European countries. The project’s main
challenge is to produce meat that meets consumer’s expectations. The analysis made on samples collected from the project experimental
farms to slaughterhouses includes a series of different variables representing physiological, muscular and sensory characteristics, to evaluate beef quality.
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Material and methods
In this study, 436 young cattle from 15 cattle breeds were reared in 5 experimental research centers or farms (United Kingdom, Denmark,
Spain, France and Italy) following the same experimental protocol. In all stations, the diet energy and protein content ratio was similar.
Animals were slaughtered at 15 months of age, and samples were collected 24 h post-mortem from the longissimus thoracis muscle between
the 6th and 13th ribs on the left carcass side (Albertí et al., 2008). Among the 51 variables characterising the animals, five variables from the
dataset were related to tenderness, juiciness and flavor of the meat as determined by panelists. A Hierarchical cluster analysis of variables
has been elaborated using the package ClustOfVar (Chavent et al., 2012) in R software version 3.6.1. Thus, by using the stability of parturition method, it was possible to identify the minimum number of clusters representing a maximum variability. Using the principal component analysis, each cluster was named based on variables which are the most represented in this cluster. An analysis of covariance model
(ANCOVA) was used to study the relationships between different clusters.
Results and Discussion
The stability of parturition method suggests retaining 9 clusters. Based on the results of the PCA, the first dimension of 8 clusters were
considered representatives showing the highest variation between them except from one cluster where 2 dimensions were selected
explaining 2 different characteristics. Each group of variables in each cluster emphasizes different characteristics: Physiological traits such
as animal maturity, growth rate, muscle mass; Sensorial traits such as tenderness and juiciness, flavor, meat color (lightness, yellowness and
redness); and Muscular characteristics such as lipid content, ageing, oxidative metabolism (Fig.1). The ANCOVA results have shown that tenderness, juiciness and flavor are negatively associated with animal growth (P < 0.05), maturity (P < 0.05), and muscle mass (P < 0.05), and
positively associated with beef ageing (P < 0.05) and oxidative metabolism (P < 0.05). The lipid cluster also presents a positive association
with flavor (P < 0.05). Regarding meat color, beef yellowness and lightness are positively associated with animal growth (P < 0.05) and muscle mass (P < 0.05) and negatively associated with beef ageing (P < 0.05) and oxidative metabolism (P < 0.05). Muscle redness is positively
associated with lipids (P < 0.05), tenderness, juiciness (P < 0.05) and oxidative metabolism (P < 0.05), (Table 1).
Conclusion and implications
As a conclusion, the studied muscular characteristic (lipids, ageing, oxidative metabolism) are positively associated with beef sensorial
characteristics (tenderness and juiciness, flavor and meat color). On the other hand, the physiological characteristics (animal maturity,
growth rate, muscle mass) are negatively associated with meat quality. It would be interesting to check if these results would be confirmed
by using beef graded by untrained consumers.

Fig. 1. Dendrogram representing the relation between 51 variables clustered by 10 groups.

Table 1
Representation of the relationships between the 10 cluster.
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Introduction
The use of system dynamics (SD) in agriculture and farming modeling can be advantageous to improve complexity understanding of farm
performances, profitability, and resource uses (Tedeschi et al., 2011; Turner et al., 2016). System dynamics modelling is defined as a
‘‘white-box” modelling technique, which aims to explicitly embed the cause-and-effect relationships of variables within the model. This
work specifically aimed to develop a dairy herd model (HerDairy) based on the main loops of the replacement and culling of the herd with
a high simplification level. It pursues the more generic objective to provide the basis the basis for a managerial tool to be used by farm
advisors and support dairy farm planning and control especially in terms of variation of reproduction efficiency and replacement rates.
Materials and methods
A reference farm, intensively managed, provided monthly farm records, from Jan 2016 to Dec 2019. Average farm characteristics in the
same period consisted of 1154 ± 58 milking cows, 205 ± 35.7 dry cows, 1375 ± 45.2 heifers, whereas dry matter intake (DMI) and milk yield
were on average equal to 24.2 ± 2.4 and 34.0 ± 3.4 kg/d per head, respectively. Model development included: (i) a preliminary farm survey
and model conceptualization for the identification of the main feedback loops of the system structure; (ii) formalization of the dynamic
hypothesis and development of a Stock & Flow model (Sterman, 2000) on StellaÒ (Isee System) describing aging chains of heifers and reproduction dynamics of cows; it included reproduction and culling rates and a seasonal pattern of feed efficiency (Fig. 1); (iii) the automated
calibration of technical and behavioral parameters based on available historical data; (iv) the model evaluation of herd size and milk deliveries against farm historical records (Tedeschi, 2006; Barlas, 2016). An additional step was carried out to improve the system understanding with loop dominance analysis and loop score calculation, which is an indicator of how much of the total behavior of the whole model is
explained by changes in this specific loop (Schoenberg et al., 2020).
Results and discussion
HerDairy consisted of 98 variables (of which 8 stocks and 20 flows) aggregated in three interrelated modules: Heifer Dynamics, Cow
Dynamics, and Farm Outputs (Fig. 1). The model satisfactorily reproduced the historical oscillation patterns of cattle consistency and of

Fig. 1. Heifers and Cow subsystems in the developed model. The circles R and B denote reinforcing and balancing loops, respectively.
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Fig. 2. Observed values and model output of daily milk deliveries on monthly average.

the milk deliveries (Fig. 2). It showed highly accurate predictions with the error of prediction being 2.8% and 5.2% of the observed variable
and an R2 of 0.46 and 0.53, for lactating cow number and milk deliveries, respectively. Even though the model performance was successful
in replicating the Lactating Cows pattern it showed some divergence in replicating the pattern of Dry Cows; the R2, however, was 0.64
which was higher than that of lactating cows. This result again indicates that R2 is not a very appropriate statistic to understand the behavioral reproduction performance of system dynamics models. As the result of loop dominance analysis of HerDairy, a total of 189 loops were
identified. Only 7 of them had a loop score larger than 5% and were responsible for explaining 52% of the simulated behaviour.
Conclusion and implications
Since the purpose of the model was to manage the herd population with a focus on lactating cows and milk delivery, our model is accepted
to be valid for its purpose. Applications in farm management can support farm scenarios testing the variation of reproduction efficiency and
replacement rates. Further modeling effort should focus on endogenous and exogenous factors of the farm environment affecting and
reproduction rates and feed efficiency.
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Introduction
The majority of rumen fermentation studies have focused on volatile fatty acid (VFA) concentration which are not reliable estimators of
fermentation because they do not always represent synthesis, absorption and passage of VFA, or the volume of rumen fluid (Hall et al.,
2015). Isotope-based assessments of rumen VFA are more accurate; however, these studies are expensive, labour-intensive etc. Therefore,
evaluating time-series fermentation indicators with regular meal-feeding of animals may be a lower-cost, more efficient screening
approach to compare fermentation conditions. In this approach, the meal is treated as a bolus of substrate from which net appearance
of VFA is driven. Appearance follows an exponential decay pattern and can be used to reflect the summation of de novo synthesis and interconversion of VFA. Similarly, net apparent disappearance reflects the summation of absorption and interconversion to other VFA. In this
1
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Fig. 1. One pool model.

Fig. 2. Parameter estimates in response to treatments.

study, we explored this approach to time-series evaluation of VFA concentration measurements as a strategy for inferring apparent synthesis and disappearance rates from sheep consuming diets differing in sources of protein and fibre.
Material and methods
Six ruminally cannulated wethers were fed with; (a) TH + HSBM, (b) TH + SBM, (c) BP + HSBM and (d) BP + SBM (TH; timothy hay, HSBM;
heat-treated soybean, BP; beet pulp, SBM; regular soybean). The experimental design was a partially replicated 4  4 Latin Square with a 2
 2 factorial arrangement of treatments. The experiment consisted of four periods of 25 days each. During the last 4 days of each period,
rumen fluid samples were collected from 0800 h (baseline) to 2400 h hourly and samples from hours 0, 3, 6, 9, 12, and 15 post-feeding were
analysed for VFA concentrations (mM). A polyethylene glycol (PEG) bolus was administered ruminally at 0900 h for determination of
rumen fluid volume (L) and passage rates (%/h). Apparent appearance (mmol/h) and disappearance rates (mmol/mmol/h) for VFA were
estimated by deriving a 1 pool model for each VFA based on concentration data, fluid volume, and fluid passage rate measurements.
The entry to the pool was estimated as an exponential function of time relative to feeding, and the exit rate was assumed to be mass-action
(Fig. 1). Parameters were derived by fitting the measured VFA pool sizes to those estimated by the 1 pool model. Statistical analyses were
conducted using a linear mixed effect regression with fixed effects for fiber source, protein source, and their interaction, as well as random
effects for animal and period.
Results and discussion
The approach was capable of producing estimates for apparent disappearance rates (Fig. 2) in the range biologically sensible given previous
studies on VFA absorbance (Gleason et al., 2022). The rate of apparent disappearance was unaffected by protein source or fibre source
across all VFA evaluated. The maximal rate of apparent VFA appearance and the rate of change of apparent VFA appearance resulted in
average acetate values ranging from 12 to 20 mmol/h, propionate rates ranging from 4 to 8 mmol/h, butyrate rates ranging from 1.9 to
3.1 mmol/h, and valerate rates ranging from 1.1 to 1.8 mmol/h. Fibre source tended to influence the average rate of valerate apparent
appearance (P = 0.051), with the GH-based diets resulting in higher valerate appearance compared with BP diets. Protein source influenced
the rate of change of apparent valerate synthesis (0.077) only, with HSBM diets resulting in faster declines in valerate synthesis. Fibre
source influenced the maximal appearance rates for propionate (P = 0.033), butyrate (P = 0.066), and valerate (P = 0.010). Fibre source also
influenced the rate of change of appearance for acetate (P = 0.011), propionate (P = 0.064), and valerate (P = 0.055).
Conclusion and implications
Although the estimates of apparent rates derived from this approach cannot be directly interpreted as masses of energy substrate provided
to the animal, the tool does provide a lower-cost and faster screening method for evaluating the dynamics of fermentation. Not being able
to estimate interconversions among VFA with the proposed model is a limitation.
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Introduction
The use of system dynamics (SD) in agriculture and farming modeling can be advantageous to improve complexity understanding of farm
performances, profitability, and resource uses (Tedeschi et al., 2011; Turner et al., 2016). System dynamics modelling is defined as a
‘‘white-box” modelling technique, which aims to explicitly embed the cause-and-effect relationships of variables within the model
Barlas (2016). The objective of this work is to provide the relevance of the phase of the mental model development (verbal model) before
writing a mathematical code.
Materials and methods
Many of these methods employ a linear mental model, which assumes simple cause-and-effect relationships between system components
and focus on progressively narrower and narrower model boundaries of investigative efforts to isolate components. As a discipline, SD
draws upon both qualitative (e.g., survey and interview methods) and quantitative techniques (e.g., computer programming and simulation), emphasizes stakeholder involvement, and adopts a nonlinear mental model to seek and describe the feedback processes of a problem’s dynamics (Tedeschi et al., 2011).
Results and discussions
There are five general steps used in applying the SD process: (1) problem articulation; (2) development of a dynamic hypothesis; (3) formulation of a simulation model; (4) testing the simulation model; and (5) policy or strategy design, experimentation, and analysis. The first
step describes the researchers’ intentional effort to ‘‘admire the problem”. The second step aims to synthesize all that is known about the
problem into an endogenous (i.e., feedback-based) theory on which to evaluate the quantitative model (step 3). These first two steps are
often associated or compared to ‘‘soft systems” methodology due to the emphases placed on stakeholder engagement, defining decisionmaking criteria and mental models, and conceptual modeling the root causes of the problem of interest
The third step is the construction of the quantitative model by icon-based programming (consisting of stocks, flows, auxiliaries, information links, and clouds) used to conceptualize the primarily feedback mechanisms and describe them using coupled partial differential equations. Practitioners advise beginning modelers to ‘‘challenge the clouds” (clouds representing the boundaries of the quantitative model) by
expanding their own mental and conceptual models about the problem at hand.
The fourth step attempts to ‘‘break” the model (i.e., test the model with extreme conditions and/or parameter values far outside the calibrated values which closely correspond to values in the real world) to investigate if assumed parameter values are realistic, if the direction
of model responses correspond to expected feedback polarity to check model consistency, and to identify variables that could break the
system or improve system function (e.g., potential leverage points) (Sterman, 2000).
Conclusion and implications
Modeling requires a previous mental model awareness before building the mathematical code. System thinking approaches help to familiarize with nonlinear thinking, in order to improve complexity understanding in the modelling process.
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Introduction
Testing and evaluating the credibility of dynamic simulation models is about ‘‘the process of establishing confidence in the soundness and
usefulness of a model (Forrester & Senge, 1980). Different from the ‘‘correlational” (data-driven, black-box) models like forecasting models,
system dynamics simulation models are ‘‘causal-descriptive” (theory-like, transparent, white-box); hence evaluating the credibility of a
system dynamics model is different and more complicated than of a black-box model (Barlas, 1996).
Materials and methods
Causal-descriptive models like system dynamics simulation models require their structure and behaviour to be evaluated before being
used for policy analysis. In the literature, there are formal tools to test the credibility of dynamic simulation models in terms of both ‘‘structure” and ‘‘behavior” (Barlas, 1996). Structural tests can be divided into direct and indirect structure tests. In direct structure tests, each
equation and variable in the model is investigated individually and compared to available knowledge about the real world. At this stage,
relevant tests (e.g., structure assessment, dimensional consistency, parameter assessment (Sterman, 2000)) are conducted before the simulation runs are involved. Then, in indirect structure tests, simulation is involved, and the model structure is tested with relevant tests (e.g.,
extreme conditions, integration error, behavior sensitivity (Barlas, 1996; Sterman, 2000)) evaluating the model-generated results. In many
mathematical and simulation models, particularly system dynamics models for policy analysis, establishing the structural credibility must
strictly precede behavioral assessment tests (Barlas, 2016). Then, for the behavioural tests, the output reproduction performance of the
dynamic model is tested, where the focus is not on the point-by-point match but on the reproduction performance of dynamic patterns
(periods, frequencies, trends, phase lags, amplitudes) (Barlas, 2016).
Results and discussion
Application of these techniques are expected to provide more opportunities about the theory of testing and evaluating the credibility of
dynamic simulation models. Students are expected to interpret the applications of model testing after seeing examples from dairy farm
management problems and the relevant tools and test procedures (Sterman, 2000), common issues that modelers can encounter during
the tests, and possible approaches to overcome them. In addition, relevant simulation software can support us in establishing model credibility with hands-on examples of both structural and behavioral tests. Use of these techniques could allow to understand how ‘‘feedback
thinking” is tightly connected to both the structure and behavior of the dynamic simulation models and how it can contribute to establishing model credibility.
Conclusion
In system dynamics simulations, testing, evaluating and establishing model credibility is an iterative and prolonged process. Formal tests
(Barlas, 1996; Sterman, 2000) in model evaluation contribute to the credibility of dynamic simulation models.
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Introduction
Reality gives the last word in judging the work of animal science modelers if one compares their model predictions with it (Mertens, 1977).
Samples are subsets of reality, but they must be unbiased and representative to allow accurate and precise parameter estimation and for
prediction checking. The information-theoretic approach (I-T) is a tool for prediction because the ultimate objective of science is the anticipation of the complex reality (Burnham and Anderson, 2014). Linear and nonlinear models are useful tools in that quest.
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Addressing nonlinear phenomena
Experimental data in animal science derive from many organismic levels of hierarchy, and each level encompasses enough degrees of freedom to make empirical predictions, particularly with linear models if one considers the evolution of meta-analytical tools. Empirical linear
models fall within a general formulation exemplified as follows:

F xij ¼ b0 þ b1 BM j þ b2 dBMj =dt þ b3 Dxaj þ ej

ð1Þ

The error term (ej) accommodates measurement uncertainties, and BMj, dBMj/dt, and Dxaj are covariates (inputs) that supposedly affect the
response Fxij (output) modulated by parameters b0, b1, b2, and b3 (Dijkstra et al., 2005). Eq. (1) is linear because the partial derivatives of its
expectation function (deterministic part) with respect to the parameters are parametric-independent linear functions. The derivative of Eq.
(1) with respect to h3 is an example:

@F xij =@b3 ¼ Dxaj ;

ð2Þ

which does not depend on the parametersb0, b1, b2, and b3; the other derivatives follow the same rule. Conversely, in a nonlinear model, at
least one of the expectation function derivatives depends on at least one of the parameters. In nonlinear models, causation is translated into
mathematical relationships involving differential equations (Dijkstra et al., 2005). For instance, an exponential model may describe a timeseries of incubation residues from anaerobic in vitro experiments:

lt ¼ B0 expðjtÞ þ U 0

ð3Þ

If lt is the expected function, olt/oU0 = 1, but if we take other partial derivatives, for example olt/oB0 = exp(jt) that depends on j, then
we have a nonlinear model in its parameters. In this regard, our goal is drawing inferences that meaningfully summarize experimental data.
Nonlinear parameter estimation
The Newton-Raphson method is 332 years old but still is a central technique for solving nonlinear equations. However, the dependency of
the Jacobian matrix of partial derivatives on the parameters entails a numerical estimation problem. Some existing solutions may solve the
problem, and methods based on nonlinear least squares, maximum likelihood (ML), or restricted ML are available within the frequentist
framework and the parameters of a vector b or functions of the parametric vector g(b) may be objects for inference. For example, the fractional rate of decline of milk production past peak milk yield (jd, t1) is a g(b) example of the form



g ðbÞ ¼ jd ¼ l1
t p dlt =dt t ;

ð4Þ

i

in which lt is the Wood’s expected milk production at time t, (dlt/dt)ti is the first derivative of lt at the inflection point (ti) past the time (tp)
 
b , and based on the standard
b b
of peak milk production (ltp). For a continuously differentiable vector-valued function under ML, that is, g
 
h  i
c b
g b
g b
error of b
b , that is SE
b , inference may be based on confidence interval coverage. Another example are mean residence times of particles estimated from experiments with particulate markers. Passage rate models of the Gamma-type or other multicompartmental models
can be fitted to marker excretion profiles in feces of ruminants using a two-step prediction with the nlme function of R and the NLMIXED
procedure of SAS. The compartmental mean residence times (lt) estimated from a GNG1 model have the form

lt ¼ g=k þ 1=j

ð5Þ

In which g is the order of time-dependency, k and j are parameters related to the particulate flow within the ruminoreticulum. For
instance, if the fractional rate of digestion is known, the ruminoreticular mass of the fibrous digesta may be predicted as a
 
h  i
c b
b
g b
g b
b  SE
b for inferential purposes.
Conclusion
The frequentist parameter estimation and I-T tools available solve the seemingly paradox presented by W.A.B. Russel that ‘‘. . .all exact
science is dominated by the idea of approximation.”, and he continues ‘‘Every careful measurement in science is always given with the
probable error. . .”. Therefore, not reporting errors and interval estimates is a disservice for the sake of animal science literature: they
are integral parts of inference and spark almost immediately that point comparisons are useless. Despite the many efforts done by several
statisticians to continuously improve the quantitative knowledge for prediction, it seems that we, animal science modelers, do not give
much attention to the estimation of uncertainties and did not give up to the XX century statistics. The point and interval estimation of
nonlinear functions of parameters from causative derived, mechanistic models are essential for a proper quantitative scientific practice
in animal science. Although this is a statistical field in evolution and until more comprehensive tools are developed within the frequentist
framework, the two-step estimation of nonlinear functions provides valid point and interval estimates of nonlinear phenomena in animal
science, with reference to animal nutrition modelling.
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