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Mechanistic modeling based on meta-analysis : prediction of the net hepatic fluxes of energetic nutrients in ruminants
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teaching and research institutions in France or abroad, or from public or private research centers.  

Previous evaluations of the Dijkstra et al. (1992) model revealed the model performed well in terms of methane (CH 4 ) emissions on dairy cow data, but less so on high grain fed beef cattle data (Kebreab et al. 2008). Prediction of the rumen volatile fatty acid (VFA) profile is central to accurate CH 4 prediction within mechanistic models. The purpose of this study was therefore to evaluate prediction of CH 4 emissions from high grain fed beef cattle using the Dijkstra model with pHindependent (Bannink et al. 2006;[START_REF] Murphy | Estimation of stoichiometric parameters for rumen fermentation of roughage and concentrate diets[END_REF] and alternative pH-dependent (Bannink et al. 2008;[START_REF] Murphy | Estimation of stoichiometric parameters for rumen fermentation of roughage and concentrate diets[END_REF] as adjusted by [START_REF] Argyle | Modeling of rumen water kinetics and effects of rumen pH changes[END_REF] VFA stoichometries, as well as with a new VFA stoichiometry which adjusts for the use of monensin (Ellis et al. 2012), to see if prediction improvements could be made. To adapt the model itself for use with beef cattle, revised equations to predict fluid volume and fractional rate of passage in the rumen and the hindgut, alterations to the fractional passage rate of protozoa from the rumen, as well as adjustment to the kinetics of fibre fermentation in the hindgut were implemented. The database used for independent evaluation of CH 4 predictions consisted of 104 data points from 6 studies on high grain fed beef cattle, where the average bodyweight was 426968 kg, DMI was 7.9992.05 kg d (1 and roughage% was 11.895.5. Analysis revealed improvements in CH 4 (MJ d (1 ) predictions when the pH-dependent versus the pH-independent VFA stoichiometries were used in terms of root mean square prediction error (RMSPE) (45.8 to 40.9% and 35.1 to 32.1% for the Bannink and Murphy/Argyle lines of stoichiometry, respectively), and that further reductions were made when the effect of monensin on the VFA stoichiometry was accounted for (to 37.5 and 31.5%, respectively). However, the concordance correlation coefficient (CCC) statistic was reduced with the inclusion of pH due to a decrease in predicted variation (0.363 to 0.347 and 0.493 to 0.365 for the Bannink and Murphy/Argyle lines of stoichiometry, respectively), but was improved with inclusion of monensin (to 0.401 and 0.395, respectively). All VFA stoichiometries tended to over-predict low observed CH 4 (MJ d (1 ) values. Results indicate that further improvement in the representation of VFA stoichiometry, and likely the effects and prediction of pH, are required for mechanistic modelling of CH 4 emissions from high grain fed beef cattle, but that inclusion of monensin leads to prediction improvements.

Predicting ruminal production of volatile fatty acids (VFA) is important, as they supply energy to the animal and also dictate methane production. We evaluated the VFA production submodel in the Molly cow model [START_REF] Baldwin | Modeling ruminant digestion and metabolism[END_REF]; with modifications by [START_REF] Hanigan | Altering the representation of hormones and adding consideration of gestational metabolism in a metabolic cow model reduced prediction errors[END_REF]) using data from eight publications that reported VFA production rates for cattle. Evaluations were conducted with ruminal water balance predictions enabled and the ruminal VFA stoichiometry coefficients [START_REF] Argyle | Modeling of rumen water kinetics and effects of rumen pH changes[END_REF]) set either to mixed for all diets, or to mixed when forage represented between 20 and 80% of the diet, to concentrate when B20% forage, and to forage when 80% forage. Predictions appeared relatively insensitive to change in VFA coefficients by diet type. Root mean square prediction errors (RMSPE) were 63, 63, and 49% for acetate, propionate, and butyrate production rates, respectively. A large proportion of the error was slope bias for acetate and butyrate, and a modest proportion was for propionate. Because interconversions between acetate and propionate represent as much as 15% of the observed variation in net production rates [START_REF] Sutton | Rates of production of acetate, propionate, and butyrate in the rumen of lactating dairy cows given normal and low-roughage diets[END_REF], lack of such consideration in the model may contribute to model prediction errors. We used the following thermodynamic equations with two of the studies [START_REF] Seal | Effect of intraruminal propionic acid infusion on metabolism of mesentericand portal-drained viscera in growing steers fed a forage diet .1. Volatile fatty acids, glucose, and lactate[END_REF][START_REF] Sutton | Rates of production of acetate, propionate, and butyrate in the rumen of lactating dairy cows given normal and low-roughage diets[END_REF] to assess the potential of applying such an approach within Molly to reduce VFA prediction errors:

V A0P 0K A0P [Acetate][CO 2 ]P 3 H 2 ([ADP][P i ][H ' ]) 0:6 V P0A 0K P0A [Priopionate][H 2 O] 2 ([ATP][H 2 O]) 0:6
Observed pH and ruminal VFA concentrations were used with standard constant hydrogen pressure (P H2 ), and concentrations of CO 2 , H 2 O, ADP, ATP, and P i [START_REF] Ungerfeld | Ruminant physiology: Digestion, metabolism and impact of nutrition on gene expression, Met to avoid malfunction of the translational machinery and to reduce energy expenditure, but this signal was not through the mTOR pathway. Key words: Amino acids, mTOR, protein synthesis[END_REF]. Rate constants for acetate to propionate (K A0P ) and propionate to acetate (K P0A ) were derived independently from the control treatments and used to predict the fluxes for the other treatment. The observed changes in VFA concentrations and pH explained the observed changes in acetate to propionate, but over predicted the change in propionate to acetate flux in the study of [START_REF] Sutton | Rates of production of acetate, propionate, and butyrate in the rumen of lactating dairy cows given normal and low-roughage diets[END_REF] . When applied to the [START_REF] Seal | Effect of intraruminal propionic acid infusion on metabolism of mesentericand portal-drained viscera in growing steers fed a forage diet .1. Volatile fatty acids, glucose, and lactate[END_REF] data, the equations predicted the increase in propionate to acetate flux, but failed to predict the observed reduction in acetate to propionate flux. The inability to predict all responses might be due to lack of data for controlling factors other than pH and VFA concentrations. A more thorough evaluation of the effects of thermodynamics on VFA interconversion and incorporation into Molly might provide improved predictions of VFA production. immunology and stress. Wageningen Academic Publishers, Wageningen, the Netherlands.

Evaluation and improvement of empirical models to predict ruminal VFA proportions in sheep fed fresh temperate forages. E. Ollion 1 , D. Pacheco 2 , and R. E. Vibart 3 . 1 Animal Nutrition Group, Wageningen University, The Netherlands and ISARA-Lyon, France; 2 Animal Nutrition, AgResearch, Palmerston North, New Zealand; 3 Land & Environment, AgResearch, Palmerston North, New Zealand, ronaldo.vibart@ agresearch.co.nz.

Concentrations of volatile fatty acids (VFA) are widely used to aid in understanding the fermentation processes occurring in the rumen, particularly as these products of fermentation are essentially related to feed conversion efficiency and methane formation (Bannink et al. 2006). The objectives of this modelling exercise were twofold; our first objective was to evaluate existing empirical models of VFA prediction in the rumen of sheep fed fresh temperate forages, typical of New Zealand (NZ) pastoral farming. Our second objective was to develop an improved empirical model of VFA molar proportions of sheep fed fresh temperate forages fed exclusively in NZ. An independent dataset of sheep studies conducted in NZ where fresh forages were fed (n 032 observations, 11 publications) were used for the original evaluation of the existing empirical models (Objective 1, results not shown). Three empirical models were chosen for this purpose: the model by Friggens et al. (1998) (FRIG) developed from sheep fed several supplements and grass silage mixtures; and two models by Nozie´re et al. (2011) developed from multiple ruminant species and diets (NOZ1 and NOZ2, as presented in Tables 3 and5 of Nozie´re et al. 2011). Chemical composition of the diets and VFA proportions were reported in all studies. From this modelling exercise, it was identified that the diurnal dynamic aspects of variation of VFA molar proportions (i.e., sampling time relative to feeding) needed to be accounted in order to improve prediction accuracy. The development of the new model (Objective 2) from fresh forage diets (NEW) used a subset of the NZ studies (n 022). The observations used to develop the NEW model were randomly selected to create new predictive equations; the NEW model accounted for sampling time relative to feeding. The remaining observations (n 010) plus the addition of VFA observations by Mbanzamihigo et al. (2002) were used to evaluate the models. Measures of fitness between measured and predicted VFA molar proportions included the relative prediction error (RPE) defined as the square root of the mean squared prediction error (RMSPE) relative to the mean observed value, the percent of variance explained by the model (R 2 ), errors due to mean bias, slope bias and random error (% of MSPE), and concordance correlation coefficient (CCC) analysis. Although the slope bias for acetate and butyrate remained high, the NEW model performed better than FRIG, NOZ1 and NOZ2 when tested with the evaluation dataset (fresh forages, n 012; Table 1). Additional modelling work showed that the NEW model did not perform well when evaluated with diets other than fresh forages. In summary, a new model was developed with better predictive ability to describe VFA proportions in the rumen of sheep fed fresh forages. However, the dataset used for evaluation is small, precluding immediate application; further evaluation of the new model is required. Accounting for the effect of sampling time is a novel approach in empirical modelling of VFA, with implications for further modelling and experimental research.

Key words: Volatile fatty acids, rumen, forages, sheep Bannink, A., Kogut, J., Dijkstra, J., France, J., Kebreab, E., van Vuuren, A. M. and Tamminga, S. 2006. Estimation of the stoichiometry of volatile fatty acid production in the rumen of lactating cows. J. Theor. Biol. 238: 36Á51. Friggens, N. C., Oldham, J. D., Dewhurst, R. J. and Horgan, G. 1998. Proportions of volatile fatty acids in 1) were used to update daily b 0,t and b 1,t , where y t is the observation of the DFI or BW and a [0 5a B1] is the smoothing constant used to weigh current and past observations. The S t and S ?

t are respectively the single and double exponential smoothing values from which b 0,t and b 1,t are estimated (b 1,t 0a ×(S t (S ? t )/(1 (a); b 0,t 02S t (S ? t ). The objective of this study was to identify optimal a values minimizing the mean absolute percentage error (MAPE) while balancing the smoothing and responsiveness effects. Feed intake was studied using individual DFI data collected from nine performance tests (2406 pigs) at the CDPQ Experimental Station in Deschambault (Que´bec, Canada). The MAPE was evaluated for each pig for different a values. Datasets with frequent weights are scarce and therefore, BW forecast was studied in one test data in which 119 pigs were weighed five times over a period of 19 wk. Because the forecast method was intended for pigs undergoing weekly weighing, weekly BW estimates were obtained by linear interpolation including random errors (CV 01%). DFI and BW forecasts were obtained on a daily basis as required by precision feeding systems. High a values gave more weight to recent observations and increased forecast responsiveness to DFI or BW pattern changes while low a values smoothed off the forecasts. Increasing a values reduced the delay in the response to DFI or BW pattern changes. Forecasts in pigs with small changes in DFI or BW patterns were less sensitive to changes in a values while optimal individual MAPE was affected by DFI or BW pattern changes. In the studied datasets, minimal MAPE for DFI forecasts was observed between 13.8 and 18.2, which were obtained for a values between 0.12 and 0.26 (Fig. 1).

Minimal MAPE observed for BW forecasts was of 1.57 at 0.32 a value. It is suggested to use a values of 0.17 for DFI and 0.32 for BW when implementing precision feeding in pig farms.

Key words: Individual pigs, nutrient requirements, precision feeding, forecast (Taweel et al. 2004) dairy cows grazed. Assuming a relatively homogeneous sward, MINDY requires the same external inputs as Molly (feed quality and cow features) plus the height and mass of herbage, as well as the area offered to be run. For illustrative purpose, some of MINDY's outputs are presented using a high genetic merit HolsteinÁFriesian cow in mid-lactation grazed under continuous and strip-grazing methods on a Lolium perenne dominated sward (Fig. 3). In summary, MINDY provides an integrative and quantitative representation of the diurnal grazing pattern as described by Gregorini (2012). Once tested thoroughly against independent data MINDY will be used to predict and explain changes in daily herbage intake, and nutrient supply as a response to grazing management. Several mechanistic research models on hepatic metabolism have been established. They have been mostly parameterized for the dairy cow, and cannot be directly used for all types of ruminants in different physiological states. The study's originality is to use a modelling approach which associates meta-analysis with mechanistic modelling, as promulgated by Sauvant and Mertens (2008). The objective is to set up a mechanistic model of liver metabolism that will predict the net splanchnic release (NSR) of all energetic nutrients in ruminants while being simple and robust enough to be used in feeding systems. This paper presents the initial development of this model, primarily calibrated for animals presenting a positive energy balance. of nutrient inputs representative of nutritional practices were used to adjust parameters of the conversion fluxes. Parameters are adjusted so that the outputs of the model converge at best with the values calculated by structural relationships. Two steps are being carried out to evaluate the model: comparison of outputs predicted by the model with values predicted by the structural relationships (preliminary results cf. we converted ECM per SFU to ECM per NEL by the factor 0.144 SFU per MJ, which was the calculated mean from idv data. At 10, 50 and 90 percentiles of SFU intake the converted MR (idv/grp) were: 0.10/0.17, 0.08/0.07 and 0.07/0.01 kg ECM per MJ, respectively. This shows a larger MR for the NEL system than the SFU system, though the differences are small. These results demonstrate that different outcomes can be obtained when modelling responses from individual and group-based data, which is particularly important in models such as those targeting optimal feeding levels. The objective of this study was to utilize a linear programming (LP) approach to select feeds that are similar to that observed in an individual or population diet and also minimize the total cost for each diet using a goal programming approach. This approach is applicable in agriculture when you want to vary the diet as little as possible based on diets currently fed. The traditional use of linear programming for formulating diets for humans or animals is typically through the following brief example:

where c j is the cost of feed j, x j is the amount of feed j, a kj is the content of nutrient k in feed j, b k is the animal's requirement for nutrient k; n and m represent the number of feeds and constraints respectively. However, if part of the objective is to select feeds that are similar to that observed in an individual or population, then another technique is necessary. The technique of selecting foods that are similar to what an individual is currently consuming or similar to median food consumed by the population is well established in the literature [START_REF] Briend | Linear programming: a mathematical tool for analyzing and optimizing children's diets during the complementary feeding period[END_REF][START_REF] Katz | Comparison of acrylamide intake from Western and guideline based diets using probabilistic techniques and linear programming[END_REF]. The objective function for the ith individual would be:

min X 2 h01 w h (d ( hi 'd ' hi ); (2) 
where w h and d hi ( or ' are the weight and the plus or minus deviation respectively for the hth goal and ith individual. The model would be run in three steps where the first step would be the LP of the primary goal as in Eq. ( 3). The second step would be to minimize the cost of the diet as in Eq. ( 1). The third step would minimize the deviation from the goals with the objective function as in Eq. ( 2). The primary goal objective function would be:

where F i is the objective function for the ith individual; R i includes all j feeds currently observed in the ith individual's diet; Q ij opt is the decision variable and the optimum quantity of jth feed, for the ith individual; Q ij obs is the reported quantity of jth feed consumed by the ith individual, NC j is number of individuals consuming jth food not part of the ith individual's observed diet, Q j med is the population median food intake of the jth food, a kj is the content of nutrient k in feed j, b ki is the ith individual's requirement for nutrient k, n i represents the number of feeds for the ith individual, and m represents the number of constraints. The third step of the LP requires the weighted objective function described for the ith individual in Eq. ( 2), and the constraints are:

F i 'd ( 1i (d ' 1i 0 minF i X n i j01 c j Q opt ij 'd ( 2i (d ' 2i 0 minC i X n i j01 a kj Q opt ij (5;0;])b ki d ( hi ; d ' hi ; Q opt ij ]0 (4) 
If w 1 w 2 , then this formulation will weigh the first goal greater than the second. This LP technique will allow the formulation of diets based on the current

min F i 0 X j R i abs Q opt ij ( Q obs ij Q obs ij ' X jQR i 1 ' 1 NC j Q med j + Q opt ij ;
ST: from two animals, and no protozoa, there is considerable variation, i.e., 9 to 50% of the mean for the SD of some outcomes. While models and understandings can be improved by characterising components of variation, the reduction in variance remains to be determined. MichaelisÁMenten reactions are subject to variance, and Baldwin provided an opportunity for this to be characterised through varying the equilibrium constants and the maximum velocity rates of enzyme equations in the deterministic, dynamic model of cattle metabolism, Molly [START_REF] Baldwin | Metabolism of the lactating cow. II. Digestive elements of a mechanistic model[END_REF]. Models for the future will capture sources of variance including that intrinsically inherent e.g., genotype and enzymatic reactions, and environmental sources including nutrition, exposures to microbes at the onset of feeding and anti-nutritional factors.
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  Fig. 1. Mean absolute percentage error (MAPE) for daily feed intake (DFI) and body weight (BW) at different a values. The lowest MAPE values were obtained for a values between 0.12 and 0.26 for DFI and of 0.32 for BW.

  Hanigan, M. H., Palliser, C. C. and Gregorini, P. 2009. Altering the representation of hormones and adding consideration of gestational metabolism in a metabolic cow model reduced prediction errors. J. Dairy Sci. 92: 5043Á5056. Taweel, H. Z., Tas, B. M., Dijkstra, J. and Tamminga, S. 2004. Intake regulation and grazing behavior of dairy cows under continuous stocking. J. Dairy Sci. 87: 3417Á3427. Mechanistic modelling based on meta-analysis: Prediction of the net hepatic fluxes of energetic nutrients in the ruminant. L. Bahloul 1 , D. Sauvant 2 , J. Vernet 1 , H. Lapierre 3 , P. Nozie`re 1 , and I. Ortigues-Marty 1 . 1 INRA, 1213-Unite´Mixte de Recherches sur les Herbivores, F63122 St Gene`s Champanelle, France, lahlou.bahloul@clermont.inra.fr; 2 UMR, 791-Physiologie de la Nutrition et Alimentation, AgroParisTech, 75231 Paris, France; 3 Dairy and Swine Research and Development Centre, Agriculture and Agri-Food Canada, Sherbrooke, Quebec, Canada J1M 1Z3.

  Inputs and outputs of the model are based on net arterio-venous nutrient fluxes. The inputs correspond to the net portal appearance (NPA) of nutrients [acetate (C 2 ), propionate (C 3 ), butyrate (C 4 ), glucose, lactate, B-hydroxybutyrate (BOHB), fatty acids, total amino acids (TAA), and oxygen (O 2 )]. The outputs correspond to the NSR of the same nutrients. The structure of the model consists of robust empirical equations (structural relationships) of the hepatic conversion of nutrients derived by metaanalysis (Loncke 2009) using the FLORA database (Vernet and Ortigues-Marty 2006), which collates more than 250 publications. These structural relationships predict the NSR of nutrients according to their NPA or to the NPA of their main precursors. The model includes the following hepatic compartments: C 2 , C 3 , C 4 , BOHB, Krebs cycle, storage (glycogen, protein), glucose, lactate and TAA. Conversion fluxes between compartments are included to establish the links between the different structural relationships. They represent the main hepatic metabolic pathways, and are implemented as mass action laws. Sets of experimental data (experimental designs) representing combinations

Fig. 3 .

 3 Fig. 3. Predicted diurnal patterns of grazing, rumination and idling, ruminal fill and rumen volatile fatty acids concentration, plus daily eating and rumination time and herbage dry matter intake (DMI) of a high genetic merit New Zealand Holstein-Friesian dairy cow grazed under continuous stocking and strip-grazing (7 am new daily strip allocation) methods.

Fig. 4 .

 4 Fig. 4. (a) and (b) The milk production response in kilograms energy corrected milk per day (kg ECM d (1 ) to increased net energy intake according to NorFor (MJ d (1 ) and Scandinavian feed unit (SFU d (1 ). Observations on individual level (k) and on group level (m). Predicted responses on individual level (Á Á Á) and on group level(ÁÁÁ). (c) and (d) The marginal milk production response (marginal kg ECM per energy unit) to increased net energy intake according to NorFor (MJ d (1 ) and Scandinavian feed unit (SFU d (1 ).

  ])b ki ; for k 01; 2; :::; m (3) j (5;0;])b k ; for k 01; 2; . . . ; m (1)

Table 1 .

 1 Evaluation of the predictive performance of VFA molar proportions using the empirical models of Friggens et al. (1998) (FRIG), Nozie´re et al. Mills, J. A. N., Dijkstra, J., Bannink, A., Cammell, S. B., Kebreab, E. and France, J. 2001. A mechanistic model of whole-tract digestion and methanogenesis in the lactating dairy cow: model development, evaluation and application. J. Anim. Sci. 79: 1584Á1597. Navarro-Villa, A., O'Brien, M., Lopez, S., Boland, T. M. and O'Kiely, P. O. 2011, Modifications of a gas production technique for assessing in vitro rumen methane production from feedstuffs. Anim. Feed Sci.

	(2011) (NOZ1 and NOZ2) and a newly developed model (NEW). Ac, acetate (mol 100 mol 1 VFA), Pr, propionate (mol 100 mol 1 VFA), Bu, butyrate
	(mol 100 mol 1 VFA). RPE, relative prediction error (% of observed mean); CCC, concordance correlation coefficient			
			FRIG			NOZ1			NOZ2			NEW	
		Ac	Pr	Bu	Ac	Pr	Bu	Ac	Pr	Bu	Ac	Pr	Bu
	Measured	67.9	19.0	9.5	67.9	19.0	9.5	67.9	19.0	9.5	67.9	19.0	9.5
	Predicted	62.7	23.0	11.3	62.6	21.9	11.8	66.1	17.2	13.3	68.0	18.9	9.6
	RPE	23.8	6.1	0.9	28.4	2.4	0.9	15.6	2.9	1.7	8.5	0.3	0.3
	R 2	0.60	0.03	0.20	0.29	0.44	0.02	0.23	0.36	0.16	0.69	0.64	0.56
	Mean bias (%)	77.0	50.4	31.6	68.3	68.0	53.6	14.2	21.0	80.2	0.1	0.3	0.2
	Slope bias (%)	4.7	37.6	29.0	4.5	13.9	4.1	32.0	62.2	0.02	59.3	4.2	35.6
	Random error (%)	18.3	12.0	39.4	27.2	18.1	42.3	53.8	16.8	19.8	40.6	95.7	64.2
	CCC	0.26	(0.07	0.23	0.28	0.37	0.06	0.44	0.41	0.08	0.76	0.80	0.73

These four studies showed a similar trend of overestimating CH 4 production in the higher range of CH 4 production rates. This could reveal a limit to the application of currently used principles of stoichiometry of fermentation, which possibly is caused by increased influence of H 2 concurrent sinks with high CH 4 production rates.

Key words: Methane, rumen, stoichiometry, modelling Alemu, A. W., Dijkstra, J., Bannink, A., France, J. and Kebreab, E. 2011. Rumen stoichiometric models and their contribution and challenges in predicting enteric methane production. Anim. Feed Sci. Technol. 166 Á 167: 761Á778.

Technol. 166 Á 167: 163Á174.

Nozie`re, P., Glasser, F. and Sauvant D. 2010. In vivo production and molar percentages of volatile fatty acids in the rumen: a quantitative review. Animal 4: 1057Á1074. Sauvant, D., Giger-Reverdin, S., Serment, A. and Broudiscou, L. 2011. Influences of diet and rumen fermentation on methane production by ruminants (in French). INRA-Prod. Anim. 24: 433Á446.

Estimating optimal smoothing parameters for the daily feed intake and weight forecasts required to implement sustainable precision farming systems for swine. J. Rivest 1,2 , C. Pomar 2 , J. Pomar 3 , and L. Hauschild 4 . 1 Centre de De´veloppement du Porc du Que´bec inc., Sainte-Foy, Que´bec, G1V 4M7, Canada; 2 Agriculture et Agroalimentaire Canada, Sherbrooke, Que´bec J1M 1Z3, Canada, candido.pomar@agr.gc.ca; 3 Department of Agricultural Engineering, Universitat de Lleida, 25198 Lleida, Spain; 4 Faculdade de Cieˆncias Agra´rias e Veterina´rias, Universidade Estadual Paulista, Jaboticabal, Sa˜o Paulo, 14883Á262, Brazil.

Feeding growing pigs individually with daily tailored diets, whose formulation is based on their own real-time patterns of feed intake and growth, is a key element in the development of sustainable precision swine farms (Pomar and Pomar 2012). Daily feed intake (DFI) has been proposed to be estimated at time t, m-periodahead, based on individual pig information collected in real-time using a double exponential smoothing forecasting time series method (DFI t'm 0b 0,t 'm ×b 1,t ) where b 0,t and b 1,t are the intercept and the slope of forecasting

(Hauschild et al. 2012)

. A similar equation was used to estimate BW t'm . Two smoothing functions (S t 0a ×y t '(1 (a) ×S t(1 and S ? t 0a ×S t '(1 (a)×S ? t(

Table 2 )

 2 . All the equations were fitted with the experiment as random effect (on slope and intercept) with SAS PROC MIXED. The evolution of DMI with body weight follows an allometry with a coefficient 0.59 that corresponds to the reduced increase of DMI before slaughter. The set of equations for slaughter characteristics (Table2) gives precise estimates because it relies on the best predictive variables, which are available in the outputs of the growth model. The parameters aC, aNC and aMW related to protein synthesis in carcass and non-carcass and to efficiency of energy utilization in the growth model were fitted in the whole simulator for the Charolais breed (n0176) by minimizing the weighted sum of squares between simulated and observed values of body weight and cold carcass weight (CCW).Integrating mechanistic models of nutritional and reproductive processes to study reproductive efficiency in dairy cattle. S. L. Shields 1 , H. Woelders 2 , M. Boer 2,3 , C. Sto¨tzel 4 , S. Ro ¨eblitz 4 , J. Plo ¨ntzke 4 , and J. P. McNamara 1 . 1 Department of Animal Sciences, Washington State University, Pullman WA, USA, shannon.shields@email.wsu.edu; 2 Animal Breeding and Genomics Centre, Wageningen UR Livestock Research, Lelystad, the Netherlands; 3 Adaptation Physiology Group, Department of Animal Sciences, Wageningen University, Wageningen, the Netherlands; 4 Computational Systems Biology Group, Zuse Institute Berlin, Berlin, Germany.

	and consequently needs references and tools to conduct	other breeds available in the database before incorpora-
	young bull finishing. The aim of the Beefbox program	tion into a decision support system.
	is to construct a dynamic simulator of young bulls'	
	finishing period, coupling intake, growth and body	Key words: Young bull, model coupling, slaughter
	composition in order to estimate, carcass weight and	characteristics
	some characteristics of interest at slaughter for various	
	diets. The simulator Beefbox is based on a dynamic	Hoch, T. and Agabriel, J. 2004. A mechanistic dynamic
	growth model (Hoch and Agabriel 2004) predicting each	model to estimate beef cattle growth and body
	day body composition, carcass and body weight from	composition: 1. Model description. Agric. Systems 81:
	metabolizable energy intake. It is completed with a dry	1Á15.
	matter intake (DMI) (kg d (1 ) equation fitted with	Garcia F., Sainz R. D., Agabriel J., Barioni L. G. and
	monthly intakes and weights of 374 pens, and a set of	Oltjen J. W. 2008. Comparative analysis of two dynamic
	equations predicting retail meat yield, three beef cut	mechanistic models of beef cattle growth. Anim. Feed
	weights and fat depots (kidney and trimmed fat) fitted	Sci. Technol. 143: 220Á241.
	with a slaughterhouse database and a beef cut database	
	(Simulations were evaluated with the data according to	The objective was to integrate two existing mechanistic, dynamic models of nutritional and reproductive pro-
	Garcia et al. (2008). Beefbox simulated the slaughter	cesses in the dairy cow. The objective of this research
	weight with a root standard deviation (RSD) of 15.7 kg	model is to be suitable for evaluation of data, concepts,
	and the cold carcass weight with a RSD of 8.7 kg (R 2 0	and hypotheses regarding underlying genetic, nutri-
	0.75). Finishing duration was estimated considering the	tional, and physiological control of reproduction.
	time of simulation to reach observed CCW and pre-	A model of metabolism in the cow (Molly, UC Davis),
	dicted with a RSD of 13.2 days (R 2 00.89). Estimated	published and evaluated in literature (Baldwin et al.
	and observed average carcass yields were 58.2% and	1987) and describing metabolism of glucose, amino
	58.4%, respectively, but the simulator poorly predicted	acids, and fatty acids in tissues at an aggregated
	carcass yields (R 2 00.0056). This first evaluation high-	metabolic pathway level, was designed to help improve
	lighted the consistent behaviour of the model. The	understanding of control of the metabolic transactions
	Beefbox model will be calibrated and evaluated for	in organs. The model of reproductive processes that

Table 2 .

 2 Predictive equations for daily dry matter intake (DMI, kg d 1 ), kidney fat (KFat), trimmed fat (TFat), total retail meat yield (RMY), chuck (CHW), tenderloin (TEW) and eye of round (ERW) weights. NCFat corresponds to non-carcass fat, CFat to carcass fat and CCW to cold carcass weight

		Numbers		P value for breed adjustment z		
	Equation	Nexp	Ngroups	intercept	slope	R 2	RMSE
	DMI00.229 BW 0.59	112	374	0.006	0.004	0.78	0.88
	KFat0(1.02'0.36 NCFat	31	177	0.0001	0.0001	0.98	0.41
	TFat00.0013 (CFat'1) 1.91	33	186	0.0001	ns	0.92	1.06
	RMY00.454 CCW 1.09	3	1 7	Á	Á	0.99	3.01
	CHW0(1.83'0.021 RMY	4	23	Á	Á	0.98	0.38
	TEW0(0.23'0.01 RMY	4	23	Á	Á	0.56	0.26
	ERW00.04'0.04 RMY	4	23	Á	Á	0.90	0.33

z RMY, CHW, TEW and ERW were fitted only for the Charolais breed. 1 DairyNZ, Feed and farm systems, Modelling team, Hamilton 3240, New Zealand, pablo.gregorini@ dairynz.co.nz; 2 Department of Dairy Science, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, USA. e., steps taken while eating and searching) and sward defoliation dynamics. Due to Molly, MINDY is able to simulate detailed diurnal fluctuations of digestion and metabolism. MINDY's code, development and simulations use ACSLXtreme (Aegis Technologies Group, Austin, TX) with a maximum integration interval of 1 min. Key parameters were subjected to a sensitivity analysis and then parameterized using two datasets from mid-lactation Friesian (Gibb et al. 1998) and late lactation Holstein

  Model generated and observed LH profiles (scaled to lie between 0 and 1) through 2 successive ovarian cycles.

		Signalisation LH (0-1)					
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					Key words: Modelling, herbage intake, grazing
					behaviour, dairy cow	
					Gibb, M. J., Huckle, C. A. and Nuthall, R. 1998. Effect
					of time of day on grazing behaviour by lactating dairy
					cows. Grass Forage Sci. 53: 41Á46.

Gregorini, P. 2012. Stobbs Memorial Lecture: Diurnal grazing pattern: its physiological basis and strategic management. Anim. Prod. Sci. http://dx.doi.org/ 10.1071/AN11250
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	) and
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	. Relationship between empirically predicted (X) and simulated
	(Y) NSR of C in C 2 , C 4 , BOH and glucose (mmol h 1 kg 1 BW)
		Mean (SD) of X	Intercept	Slope RMSE
	C-C 2	4.21 (1.38)	0.33*	0.87*	0.1
	C-C 4	0.12 (0.03)	0.03*	0.87*	0.001
	C-BOH	1.82 (0.24)	(1.04*	1.55*	0.01
	C-glucose	3.14 (0.53)	(0.74	1.26	0.4
	*Significantly different from 1 (slope) and 0 (intercept).	

  The use of linear programming to select diets based on their use in the population and their cost Á a goal programming approach. J. G. Fadel 1 , L. E. Moraes 1 , J. M. Katz 2 , C. K. Winter 2 , and S. E. Buttrey 3 . 1 University of California, Department of Animal Science, One Shields Avenue, Davis, CA 95616, USA, jgfadel@ucdavis.edu; 2 University of California, Department of Food Science and Technology, One Shields Avenue, Davis, CA 95616, USA; 3 Naval Postgraduate School, Operations Research Department, Glasgow Hall 290, Monterey, CA 93943, USA.
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Nitrogen (N) utilization by cattle is below 40%, but the amount and form in which it is excreted is dependent on various parameters including N intake (N i ) (Kebreab et al. 2002). In particular, urinary N excreted (UN) contains urea, which is hydrolyzed to ammonia by urease found in feces. Ammonia emissions and nitrogenous run-off from livestock operations present serious health and environmental concerns. Among livestock, dairy cattle and, especially, lactating dairy cows are the largest contributors (Vitousek et al. 1997). Predicting N excretion of lactating dairy cattle based on dietary and animal variables has the potential to improve the understanding of N utilization in cattle and alleviate environmental impacts. Most published prediction equations for N excretion are based on only N i . The study objective was to develop UN and faecal N (FN) prediction equations based on dietary and animal variables that might play a significant role in influencing N excretion. The data used for model development consisted of 1094 observations on lactating dairy cows from 40 energy-balance studies conducted at the USDA Energy and Metabolism Laboratory from 1962 to 1995. A meta-analytical mixed model approach was taken, in which study and animal were used as cross-classified random effects. Independent covariates or variables tested included: total N i , digestible energy (DE), neutral detergent fibre (NDF), ether extract (EE), age, and body weight (BW). The statistical model was implemented in R using S4 classes package for fitting linear mixedeffects models (lme4). A likelihood ratio comparison test of models demonstrated that the significant variables are N i , DE, NDF, EE and BW for UN; N i , DE, and EE for FN; and N i , DE, NDF, and BW for total excretion (UN ' FN) of manure nitrogen (MN). The following models were selected based on Akaike Information Criteria: A K-fold cross-validation technique was used for model evaluation, in which the data were folded by study to yield 40 folds. This method is based on a procedure in which data are iteratively divided into training and testing sets so that the predictive ability of the model is estimated at each iteration by the mean square prediction error (MSPE). The error on predictions is estimated by the average MSPE from all iterations and the uncertainty in the error of prediction is estimated by the MSPE variance. Initial model diagnostics yielded a root MSPE as a percentage of the observed mean of 20.6% for UN, 6.04% for FN, and 9.37% for MN. Great advances have been made in modelling cattle metabolism and production with deterministic models, both mechanistic and dynamic [START_REF] Baldwin | Metabolism of the lactating cow. II. Digestive elements of a mechanistic model[END_REF], semi-mechanistic [START_REF] Russell | A net carbohydrate and protein system for evaluating cattle diets: I. Ruminal fermentation[END_REF]) and empirical models. Very similar estimates of energy and protein requirements for dairy cattle have been derived using the semi-mechanistic and empirical models [START_REF] Lean | Systems of describing nutritional requirements of dairy cattle[END_REF], indicating considerable consensus for nutritional requirements. However, observations can be made from diverse experiments that indicate limitations of current deterministic approaches to evaluating responses to nutrients. The premise of this communication is that considerable gains may be made in the precision of estimation of responses to diet and productivity enhanced by examining sources of heterogeneity or variability in animal responses to nutrient inputs and by including stochastic elements in future models.

The intent of this communication is to provide a rationale to stimulate interest in and development of stochastic models. Ruminant scientists have inherently understood that ruminants are metagenomic; it has been estimated that 90% of the cells in Homo sapiens are microbial, not human, in origin [START_REF] Turnbaugh | The human microbiome project[END_REF]. The percentage of microbial organisms for cattle may be expected to be higher. Little is understood about communications between ruminal organisms and the host mammal and there is marked heterogeneity in ruminal populations [START_REF] Golder | Composition and similarity of bovine rumen microbiota across individual animals[END_REF]Golder et al., unpublished). The rumen is not a homogenous environment, with marked differences in moisture, fibre content and redox potential. Aggregations of organisms within microfilms, further compartmentalise the rumen. The implications for the accuracy prediction of responses from this variation in rumen environment are not clear; because it is difficult to capture total rumen output in vivo and concentrations of rumen contents are not definitive. [START_REF] Firkins | Modeling ruminal digestibility of carbohydrates and microbial protein flow to the duodenum[END_REF] reported considerable variance in estimates of microbial N flow to the duodenum derived from net energy intake and ascribed this in part to random variation. Cattle grown on tropical forages have feed intakes far exceeding those predicted from standard models [START_REF] Mclennan | Improved prediction of the performance of cattle in the tropics. Final report to Meat and Livestock Australia Á Project NBP[END_REF].

We can hypothesise that these observations support the potential for very different ruminal biomes to exist compared to those established on temperate pastures and potential for substantial heterogeneity in ruminal environments as a function of early exposure and adaptation. In order to assess the variation in ruminal responses to fixed inputs, we examined results of a series of 118 fermenter observations for 30 different diets [START_REF] Lean | Effects of BioChlor and Fermenten on microbial protein synthesis in continuous culture fermenters[END_REF]. The mean and range of the standard deviations for rumen outputs and measures of efficiency were assessed, within the 30 diets and are presented as variable means, and the mean and range of the SD for the 30 diets, expressed as a percentage of diet mean (Table 5). Even in a tightly controlled system with rumen fluid derived and pooled