Cléo Omphalius 
  
Sophie Lemosquet 
  
Daniel R Ouellet 
  
Lahlou Bahloul 
  
Hélène Lapierre 
email: helene.lapierre@canada.ca
  
Ouellet 
  
Lapierre 
  
† S Lemosquet 
  
  
  
  
  
  
  
Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows
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efficiency of EAA was calculated as the sum of exported true proteins [milk protein yield (MPY), scurf and metabolic fecal protein (MFP)] multiplied by their respective AA profile and divided by the predicted AA supply minus AA endogenous urinary loss. In addition, catabolism was estimated for each tissue: AA supply -(portal net flux + MFP) for the PDV; -hepatic net flux for the liver; splanchnic net flux -(-mammary net flux + scurf) for the other peripheral tissues; and -mammary net flux -milk for the mammary gland. The MIXED procedure (SAS) was used with cow as random effect. There was no AA × glucose interaction on most of the measured parameters. With infusions of AA and glucose, MPY increased by 17 and 14% respectively. The decreased efficiency of EAA-N with AA infusion resulted from increased EAA-N in MPY smaller than the increased EAA-N supply and was accompanied by increased liver catabolism of His+Met+Phe (representing Group 1 AA) and increased mammary and PDV catabolisms of Group 2 AA-N (Ile, Leu, Lys and Val). In contrast, the increased efficiency of EAA-N with glucose infusion, resulting from increased EAA-N in MPY with no change in EAA-N supply, was accompanied by decreased mammary catabolism of Group 2 AA-N and INTRODUCTION

To face the challenge of increasing dietary N efficiency (milk N/N intake) in lactating dairy cows without a detrimental effect on milk true protein yield (MPY), a number of options have already been identified. Balancing diets for AA [START_REF] Haque | Milk protein synthesis in response to the provision of an "ideal" amino acid profile at 2 levels of metabolizable protein supply in dairy cows[END_REF]2015;[START_REF] Lee | Effects of metabolizable protein supply and amino acid supplementation on nitrogen utilization, milk production, and ammonia emissions from manure in dairy cows[END_REF], increasing NE L supply (Raggio et al., 2006b;Rius et al., 2010b) or changing the source of energy (Cantalapiedra-Hijar et al., 2014b;[START_REF] Nichols | Whole-body and mammary gland metabolism in dairy cattle[END_REF] increased the efficiency of utilization of MP, referred to as efficiency through the text. Although variations of efficiency of MP under various nutritional conditions have been characterized, variations of efficiency of individual EAA have not been yet thoroughly examined in response to changes of energy supply, combined or not with alteration of AA supply. A meta-analysis reported a decreased efficiency of EAA with increased AA supply with variations of efficiency of EAA amongst AA [START_REF] Doepel | Milk protein synthesis as a function of amino acid supply[END_REF]. Similarly, increasing Lys or Met supply by feeding a rumen-protected form, decreased their respective efficiency of utilization for milk protein secretion [START_REF] Lee | Effect of dietary protein level and rumen-protected amino acid supplementation on amino acid utilization for milk protein in lactating dairy cows[END_REF]. Nevertheless, effect of NE L or the interaction between NE L and AA supplies on Indeed, NE L supply may affect AA metabolism due to the energy cost of protein synthesis [START_REF] Lobley | Energy metabolism reactions in ruminant muscle: responses to age, nutrition and hormonal status[END_REF]. It was also proposed that energy supply might affect the AA utilization for gluconeogenesis (Cant et al., 1993). In fact, post-rumen infusion of glucose or rumen infusion of propionate increased efficiency of Group 1 AA (i.e., His, Met, Phe and Tyr)

with increased mammary uptake and secretion in milk protein and no change in AA supply (Lemosquet et al., 2010a). In dairy cows fed 3 levels of MP, efficiency of EAA, calculated as the ratio of AA in MPY relative to net portal absorption, decreased with increased MP supply [START_REF] Raggio | Effect of level of metabolizable protein on splanchnic flux of amino acids in lactating dairy cows[END_REF]. For Met, Phe and Tyr, the decreased efficiency was linked to increased hepatic removal whereas for Group 2 AA (i.e., Ile, Leu, Lys and Val), it was related to an increased excess of mammary uptake relative to MPY, indicating an increased mammary use of these AA not linked to their direct incorporation into MPY. Moreover, abomasal glucose infusion (Huhtanen et al., 2002;[START_REF] Nichols | Glucose supplementation stimulates peripheral branched-chain amino acid catabolism in lactating dairy cows during essential amino acid infusions[END_REF] decreased branched-chain AA (BCAA)

plasma concentration with no effect on their mammary uptake, suggesting increased utilization of the BCAA by other peripheral tissues such as muscle or splanchnic tissues, or both.

These observations indicate a different partition of AA utilization between tissues and an alteration between anabolic or catabolic fate within tissue in response to changes in protein or energy supplies. This raises the following questions: how altering supplies of AA or energy (through glucose infusion), or both, affects the coordination of AA utilization by splanchnic, mammary, and other peripheral tissues for anabolic or catabolic purposes and how these variations affect whole body efficiency of EAA? We hypothesized that the decreased efficiency of EAA observed with increased AA supply and increased efficiency of EAA with glucose supply could be explained through different mechanisms, affecting differently the partition of groups of AA between tissues and the partition between anabolism and catabolism within tissue. To our knowledge, there is no studies yet reporting the effect of variations of levels of protein and energy supplies on splanchnic and mammary net fluxes of AA and relating these measured fluxes to predicted AA supply in lactating dairy cows. Consequently, this knowledge on the utilization (export or catabolism) of AA by various tissues under different nutritional conditions will help to determine factors affecting the efficiency of EAA and therefore improve prediction of individual efficiency of EAA. This information could be used in feeding systems to either improve, for a given diet, the prediction of MPY or to identify which AA are potentially in short supply.

MATERIALS AND METHODS

Cows and Surgery

The trial was carried out at the Sherbrooke Research and Development Center of Agriculture and Agri-Food Canada (QC, Canada). Five Holstein cows in second lactation had been fitted before calving with a rumen cannula [START_REF] Galindo | Effect of amino acid or casein supply on whole-body, splanchnic, and mammary glucose[END_REF]. Approximately 8 wk after calving, the cows were surgically implanted with catheters: 1 in the abomasum [START_REF] Doepel | Effect of postruminal glutamine supplementation on immune response and milk production in dairy cows[END_REF], 1 in a mesenteric artery, 2 in mesenteric veins, 1 in the portal vein and 1 in an hepatic vein [START_REF] Huntington | Techniques for Measuring Blood Flow in Splanchnic Tissues of Cattle[END_REF]. During the surgery, the right carotid artery was also raised to a subcutaneous position to provide access to arterial blood if necessary.

At the initiation of the study, the cows averaged 158 ± 13 DIM and 655 ± 53 kg BW.

Before and throughout the study, cows were housed in individual tie stalls and had access to fresh water. The experimental protocol was approved by the Institutional Animal Care Committee of the Sherbrooke Research and Development Center and animals were treated according to the Canadian Council on Animal Care guidelines (1993). Throughout the study, cows received the same experimental diet (Table 1). Based on the cows' performance the week prior to the initiation of the project (30.8 kg milk/d at 3.2% CP and 3.7% fat and an average DMI of 18.0 kg/d), the experimental diet was designed to provide 87% of NE L and 70% of MP requirements (NRC, 2001). Two factors, infusion of AA or infusion of glucose, were tested in a 2 × 2 factorial arrangement. The 4 treatments were continuous abomasal infusion of 1) water (Ctrl), 2) AA mixture with a casein profile (AA CN ; 695 g/d, Table 2), 3) glucose (E Glc ; 1600 g/d of glucose monohydrate, yielding 1454 g/d of glucose) and 4) a combination of AA mixture and glucose at the same doses (AA CN + E Glc ).

The rates of infusion of AA or glucose were selected in order that the diet plus the infusions would meet MP or NE L requirements, respectively (NRC, 2001). The cows received the 4 treatments in a 4 × 4 Latin Square design, balanced for residual effect, plus one cow, with 2wk experimental periods. The 4 treatments were delivered (6 kg/d) into the abomasum by means of peristaltic pumps. The AA solutions were diluted daily from a stock solution prepared every 2 or 3 d whereas the glucose solutions were prepared daily. Two cows received treatments through an abomasal tube installed via the rumen cannula [START_REF] Gressley | Technical note: Development of a tool to insert abomasal infusion lines into dairy cows[END_REF] because the abomasal catheters did not function well.

To minimize refusals, cows were offered 98% of ad libitum intake measured the week prior to the initiation of the project. The quantity of the ration offered and orts (when present)

was weighed every day. To minimize post-prandial variations of metabolite concentrations and trans-organ fluxes, feed was supplied every 2 h in equal portions on even hours from automated feeders to cows milked twice daily at 0630 h and 1830 h. Milk production was recorded at each milking. Samples of ingredients used for the concentrate were then collected. Samples of dry hay and concentrate were collected every week to determine the DM concentration, by drying at 80°C for 48 h and pooled by period to be analyzed for chemical composition: CP, ADF, NDF, lignin as described by [START_REF] Martineau | Effects of Lasalocid or Monensin Supplementation on Digestion, Ruminal Fermentation, Blood Metabolites, and Milk Production of Lactating Dairy Cows1[END_REF]. The analyses of the pooled samples of concentrate were used to confirm the values obtained for the raw material and values for individual feed ingredients were used to calculate the feed value of the diet (NRC, 2001). Milk samples were collected on the last 6 milkings of each period and analyzed for total N, NPN and non-casein N according to [START_REF] Raggio | Effect of level of metabolizable protein on splanchnic flux of amino acids in lactating dairy cows[END_REF].

Sampling and Laboratory Analyses

Blood. On last day of each period, from 0800 to the end of the sampling period, sodium p-aminohippurate (pAH; 100 g/L) was continuously infused using a syringe pump into one mesenteric vein, at 12 g/h, to determine splanchnic plasma flow by dilution. Six sets of blood samples were collected at 0900, 0940, 1020, 1145, 1225 and 1305 h from each cow simultaneously from arterial, portal and hepatic venous catheters. Right after each set of splanchnic sampling, a blood sample was taken from one mammary vein by venipuncture, alternating right and left side at each sampling. Blood was immediately put on ice and centrifuged (12 min, 1,800 × g) to yield plasma. Fresh plasma sub-samples were immediately used to determine urea-N concentrations, using the diacetyl monoxime method on an automatic analyzer (Technicon Autoanalyzer II, Technicon Instruments Corporation, NY) according to [START_REF] Huntington | Net absorption of glucose and nitrogenous compounds by lactating Holstein cows[END_REF]. In addition, 1 g of fresh plasma was added to 0.2 g of an internal standard solution of labelled AA, as described in [START_REF] Doepel | Deletion of arginine from an abomasal infusion of amino acids does not decrease milk protein yield in Holstein cows[END_REF]. The processed samples were stored at -80°C until analyzed for AA concentrations, determined by isotope dilution using gas chromatography/mass spectrometry (model GC 6890-MS 5973, Agilent Technologies, Wilmington, DE) as previously described by [START_REF] Calder | Quantitation of blood and plasma amino acids using isotope dilution electron impact gas chromatography/mass spectrometry with U-C-13 amino acids as internal standards[END_REF] and [START_REF] Doepel | Deletion of arginine from an abomasal infusion of amino acids does not decrease milk protein yield in Holstein cows[END_REF]. The remainder of the plasma was stored at -20°C. et al. (1995).

Calculations and Statistical Analyses

Calculations. The dietary EAA supply was calculated from the flow of digestible EAA predicted by NRC (2001) multiplied by correction factors to take into account the incomplete recovery of AA after 24-h hydrolysis of a protein (Lapierre et al., 2019; , 2001); this flow was then either mulitplied by the ratio of TP/CP of gut endogenous proteins of 0.73 (Lapierre et al., 2019b) or multiplied by its AA composition (Table 3). Therefore, total supply of individual EAA (diet + infusion, Table 4) was the sum of the predicted digestible flow corrected for incomplete recovery with 24-h hydrolysis minus duodenal endogenous contribution plus the rate of AA infusion when applicable; the digestibility of infused AA was assumed to be 100%. The supply of EAA was expressed in their hydrated form. Because the sum of the hydrated AA supply is roughly 15% higher than when expressed as protein, as each AA is losing one molecule of water for each peptide bond during protein synthesis, total MP supply ( The AA composition of the milk protein (Table 3) was estimated for each cow × period from the measured proportions of CN and whey proteins relative to true protein (TP), using the AA composition of each family of protein reported by [START_REF] Farrell | Nomenclature of the proteins of cows' milk-sixth revision[END_REF]. Adapted from Lapierre et al. (2019b), the following milk protein fractions were assumed to be constant (% TP): lactoferrin 0.21%, albumin 1.04%, IgG1 1.64%, IgGA 0.04%, IgG2 0.18% and IgM 0.33%. Total CN and whey protein fractions (% of TP) measured for each cow × period were used assuming 1) the following CN distribution (% of CN): 42.7% αs 1 -casein, 9.2% αs 2 -casein, 37.5% β-casein and 10.5% κ-casein and 2) the following distribution within the remaining whey protein once the fixed contribution of lactoferrin + albumin + Ig was excluded: 72.8% αlactalbumin and 27.2% β-lactoglobulin. Blood-borne proteins (BBP) were the sum of albumin and Ig and represented 3.23% of milk TP. Milk protein output was estimated using MPY measured during the last 6 milkings of each period and the AA composition calculated as previously described. The AA composition of milk used to calculate mammary plasma flow excluded BBP to consider only proteins synthesized in the mammary gland whereas the AA composition of milk used to calculate whole body efficiency included all protein fractions (Table 3). Mammary plasma flow was determined using the Fick principle based on Phe + Tyr as internal markers (Cant et al., 1993), assuming no mammary oxidation of Phe + Tyr (Lemosquet et al., 2010b). Portal and total splanchnic plasma flows were calculated as infusion rate of pAH divided by average portal-or hepatic-arterial concentration difference of pAH. Arterial hepatic Whole body efficiency of MP assigned the same efficiency to all proteins exported, excluding non-protein endogenous urinary losses (EUL) to which an efficiency of 1 is assigned (Lapierre et al., 2019b;INRA 2018). The efficiency of MP was therefore estimated as follows:

efficiency of MP = MPY + MFP + Scurf MPsupply -EUL
where MP supply is as previously detailed, MPY was observed and metabolic fecal protein (MFP), scurf proteins and EUL were calculated as described in Lapierre et al. (2019b). Individual EAA efficiencies were calculated following the same pattern:

efficiency of EAA = MPY × [EAA]milk + MFP × [EAA]MFP + Scurf × [EAA]Scurf EAA digestible flow -EUL × [EAA]EUL
where MPY, MFP, and scurf are as described for efficiency of MP and AA composition as detailed in Lapierre et al. (2019b) except for milk which was calculated as described above (Table 3). Both equations assume no protein accretion in conceptus or other tissues. For EUL, briefly, the EAA export is related only to endogenous urea excretion using AA composition of Then, the hepatic net removal was considered as catabolism when values were negative.

Although it is recognized that part of the hepatic removal of AA is used for the synthesis of liver export proteins [START_REF] Raggio | Effect of protein supply on hepatic synthesis of plasma and constitutive proteins in lactating dairy cows[END_REF] and therefore not catabolized, the equivalent of this synthesis must be catabolized somewhere or returned to the liver as peptides. However very limited data are available on the degradation and use of plasma proteins; therefore, we decided to include their catabolism in hepatic catabolism.

Post-liver supply of AA not captured by the mammary gland or secreted into scurf proteins was considered as potential catabolism by other peripheral tissues. Therefore, other peripheral tissue catabolism = splanchnic net flux -(-mammary net flux + scurf). And finally, the mammary uptake not secreted into milk protein was considered as mammary catabolism. Therefore, mammary catabolism = -mammary net flux -milk AA. Statistical Analyses. The average intake and milk production and composition data from the last 3 d of each period were used for the statistical analyses whereas the daily means of the 6 blood samples collected on the last day were used for plasma concentrations and net flux data.

One cow had vaginal infection during her third period (E Glc treatment) and consequently data from this cow were deleted for this period. where µ was the mean and Y ijkl was the variable dependent on the fixed effects of period j , AA k (effect of AA infusion), Glc l (effect of glucose infusion) and their interaction, ɛ ijkl was the residual error which associated ijkl observations. Cow was treated as random effect. The results are expressed as least squares means with the highest standard error of the means reported.

Homogeneity of residues was verified. The significance level was set to P ≤ 0.05 and the tendency to 0.05 < P ≤ 0.10. When the AA and glucose interaction (AA × Glc) was significant, the SLICE procedures of SAS (v 9.4, SAS Institute Inc., 2004) was used to test the effect of one factor within the other factor. Student's t-test were used to determine if efficiency of MP, efficiency of EAA and uptake to milk output ratios were different from 1 and catabolisms different from 0. In addition, we tested if the efficiencies were different between EAA, including the factor "EAA" as a repeated measurement. Because the interaction treatment × EAA was highly significant (P < 0.001), the effect of EAA was tested within each treatment and means separated using adjusted Tukey test.

RESULTS

DMI, Energy and Protein Supplies

The DMI was not affected by treatments (P ≥ 0.28; Table 4). Also, as planned, AA infusion increased (P < 0.01) MP supply (diet + infusion) by 43% as well as the predicted digestible flow of individual EAA. There were AA × Glc interactions on the predicted digestible flows of a few EAA. However, we considered that these interactions on predicted flows were statistically significant only because of the very limited variations on predicted flows: , 2001) were based on DMI and there were minimal alterations of DMI: we therefore assumed that predicted variations of ± 1 g of AA/d were not biologically relevant.

Milk Production and Composition

There was no AA × Glc interaction (P ≥ 0.11; 

MP and EAA Whole Body Efficiencies

The estimated efficiency of MP decreased (P < 0.01) with AA infusion and increased with glucose infusion (P < 0.01) with similar trends for Groups of AA ( the efficiency of Arg was the highest, followed by His and Met whereas the efficiency of Phe and Thr were the lowest. Indeed, efficiency of Arg were higher than 1 in Ctrl and E Glc treatments whereas the efficiency of His tended to be higher than 1 in E Glc treatment. All other EAA 

Plasma Arterial Concentrations of Individual AA and Urea

There was no AA × Glc interaction (P > 0.10; Table 7) on the arterial concentrations of any AA. Infusions of AA increased the arterial concentrations of all EAA (P ≤ 0.02), with the exception of a tendency for Trp (P = 0.06) and no effect for Thr (P = 0.17 or tended to decrease (P ≤ 0.07) for Arg, Lys and Met with glucose infusion (Table 10). For the NEAA, fractional removals increased (P ≤ 0.05) with AA infusion for Ala, Asp, Cys, Gln, Gly, Pro and Ser. Fractional hepatic removals of His, Phe, Thr, Ala, Gln and Gly decreased (P ≤ 0.03) or tended to decrease (P ≤ 0.03) for Arg, Lys and Met with glucose infusion.

Mammary Uptake of Individual AA and AA in Milk. Mammary plasma flow did not change with AA infusion but increased (P < 0.01; Table 8) with glucose infusion. The net mammary uptakes of all individual EAA increased (P ≤ 0.02; Table 9) with AA infusion, except for a tendency to increase for Arg and Trp (P ≤ 0.10). However, we observed a tendency for an AA × Glc interaction (P = 0.06) in His mammary uptake: the increment was significant only when glucose was infused (P < 0.01). Among NEAA, mammary uptake of Cys increased (P ≤ 0.05) with AA infusion whereas mammary uptake of Ala decreased (P = 0.05). Glucose infusion increased (P ≤ 0.02) mammary uptakes of Arg, Met, Phe, and Thr. As previously mentioned, we had a tendency for an AA × Glc interaction (P = 0.06) for His mammary uptake:

glucose infusion was significant only with AA infusion (P < 0.01). Among NEAA, Ala and Glu mammary uptakes increased (P ≤ 0.01) with glucose infusion whereas increased Ser and Tyr mammary uptakes only reached tendency (P ≤ 0.09). We observed also a tendency for an AA × Glc interaction (P = 0.09) for Pro mammary uptake: AA infusion increased more Pro mammary uptake with glucose infusion and glucose infusion were significant only with AA infusion (P < 0.01). Mammary fractional removals of individual AA decreased (P ≤ 0.05, Table 10) with AA infusion for His, Leu, Lys, Phe, Ala, Glu and Pro, tended to decrease (P = 0.06) for Val and increased (P = 0.05) for Cys. On the other hand, glucose infusion increased (P < 0.01) fractional removals of Ile, Leu, Val, Ala and Glu, tended to increase (P = 0.06) fractional 

Metabolic Fates of Groups of AA by Tissue

The metabolism of EAA will be followed by groups and not as total EAA, because of the large dissimilarity between the pattern of utilization of Group 1 vs. Group 2 EAA. However, 10) with AA infusion and decreased (P = 0.03) with glucose infusion. The mammary uptake of Group 2 AA-N increased (P < 0.05, Table 12) with AA infusion. The mammary uptake of NEAA-N increased (P < 0.05) with glucose infusion. An AA × Glc interaction (P = 0.05) for HMP-N mammary uptake was observed: AA and glucose infusions increased more HMP-N mammary uptake with glucose infusion and AA infusion respectively. Mammary fractional removal of HMP-N and Group 2 AA-N decreased (P ≤ 0.02) with AA infusion. Glucose infusion had no effect on HMP-N mammary fractional removal but increased (P < 0.01) fractional removal of Group 2 AA-N.

Fractional removal of NEAA-N was not affected by treatments ( treatments respectively) was close to MPY. Overall, the TAA-N U:O ratio was not different from unity (P > 0.10; Table 11).There was no effect of AA and glucose infusions on the U:O ratio of Group 1 AA-N. The Group 2 AA-N and BCAA-N U:O ratios increased (P = 0.03) with AA infusion, whereas these ratios decreased (P ≤ 0.03) with glucose infusion. With AA infusion, the NEAA-N U:O ratio decreased (P = 0.02) and those of TAA-N tended to decrease (P = 0.09) whereas these ratios were no affected by glucose infusion. Sites of catabolism of groups of AA. Catabolism of HMP-N was only different from 0 across the liver in Ctrl, AA CN and AA CN + E Glc treatments and was not different from 0 across the PDV, the other peripheral tissues and the mammary gland. In contrast, there was no significant hepatic removal of Group 2 AA-N whereas catabolisms by the PDV and other peripheral tissues were different from 0 with AA infusion and mammary catabolism was higher than 0 for all treatments. Finally, for NEAA-N, catabolism across the PDV was higher than 0 for the 4 treatments. A "negative" catabolism of the NEAA-N across the mammary gland for all 4 treatments and by other peripheral tissues, only significant in Ctrl treatment, indicates de 20 Infusing AA or glucose increased milk yield by 6 and 5%, respectively, although the latter only reached the tendency level; there was no AA × Glc interaction, the effects being therefore additive. Also, similarly to milk yield, infusing AA or glucose increased MPY, with no AA × Glc interaction, the effects being also additive, as previously reported when the effects of protein and energy supplies have been tested in a factorial arrangement (e.g. Clark et al., 1977;Vanhatalo et al., 2003a;Raggio et al., 2006a). In a recent meta-analysis, Daniel et al.

(2016) also concluded that there was no interaction between MP and energy supplies.

Interaction between energy and protein supplies was, however, reported by Brun-Lafleur et al.

(2010) using a specific experimental design with many levels of energy and protein supplies.

This discrepancy indicates the need to conduct studies thoroughly designed to test the energy × protein interaction on milk yield and MPY.

The increment whereas many studies reported just a tendency for increased MPY with infusions of glucose or other energy sources [START_REF] Rulquin | Infusion of glucose directs circulating amino acids to the mammary gland in well-fed dairy cows[END_REF]Raggio et al., 2006a) or no effect of energy infusion (Rius et al., 2010a;Curtis et al., 2014;[START_REF] Nichols | Glucose supplementation stimulates peripheral branched-chain amino acid catabolism in lactating dairy cows during essential amino acid infusions[END_REF]. These different effects of energy infusions could be due to the supplementary NE L provided by infusions: 

Efficiency of Utilization of MP and EAA

The decreased efficiency of MP with AA infusion (-27%) was the consequence of an increase of MPY smaller than the increase of MP supply, consistent with previous observations [START_REF] Doepel | Milk protein synthesis as a function of amino acid supply[END_REF][START_REF] Metcalf | The efficiency of conversion of metabolisable protein into milk true protein over a range of metabolisable protein intakes[END_REF]. In contrast, efficiency of MP increased with glucose infusion by 10%: this increment with glucose infusion was due to an increased MPY with no change in MP supply . In the current context where MP supply was largely increased with AA infusion, the magnitude of the variation of efficiency of MP was less important with increased energy supply than with decreased protein supply as already observed by Omphalius et al.

(2019). Moreover, there was no AA × Glc interaction on efficiency of MP, as previously reported for efficiency of utilization of N [START_REF] Broderick | Effects of varying dietary protein and energy levels on the production of lactating dairy cows[END_REF]Rius et al., 2010b).

The highest efficiency of EAA occurred in E Glc treatment, suggesting very limited catabolism of EAA whereas the lowest efficiencies observed in AA CN treatment suggested increased catabolism. Efficiencies of individual EAA varied following a pattern similar to efficiency of MP but with different ranges of variation. For example, with AA infusion, Phe had the largest variations of efficiency whereas Thr showed the smallest variations. These different variations of efficiency of EAA were linked to the relative variations of EAA supplies, due to CN profile infused relative to AA supplied from the diet. Efficiencies of some EAA were not different or even higher than 1; this was the case for Arg, His, Lys and Met under Ctrl and E GLC treatments. An efficiency higher than 1 may be explained by either an overestimation of EUL or MFP, an underestimation of the digestible flows of these AA or an unaccounted source of endogenous supply. The last assumption would involve different metabolic pathways for the 3 AA with the highest efficiency. For Arg, it is acknowledged that there is significant de novo 22 synthesis in dairy cows, which could account for up to 30% of the digestible flow [START_REF] Doepel | Milk protein synthesis as a function of amino acid supply[END_REF]. For His, a possible endogenous source could be from depletion of muscular intracellular pools of the dipeptides carnosine and anserine or of blood hemoglobin rich in His.

For Lys, protein mobilisation would need to be assumed and this route would also provide endogenous supply of all AA. Although we do not have measurements to assess if protein mobilisation occurred when those high efficiencies were observed, splanchnic fluxes greater than mammary uptake would suggest that protein mobilisation did not occur in our study.

Similarly, [START_REF] Lee | Effect of dietary protein level and rumen-protected amino acid supplementation on amino acid utilization for milk protein in lactating dairy cows[END_REF] also reported that, with a low protein diet (13.7% CP), His and Met had the highest efficiency of utilization, although their calculation was only varying the efficiency of lactation as the efficiency for maintenance was assumed to be fixed. They also reported a decreased efficiency of Lys and Met when their respective supply was increased.

Altogether these observations suggest that His, Met and Lys were potentially in short supply, especially under Ctrl and E GLC treatments.

In line with previous findings on the effect of AA supply [START_REF] Hanigan | A model of net amino acid absorption and utilization by the portal-drained viscera of the lactating dairy cow[END_REF]Raggio et al., 2006b;[START_REF] Nichols | Glucose supplementation stimulates peripheral branched-chain amino acid catabolism in lactating dairy cows during essential amino acid infusions[END_REF], the pattern of plasma urea concentrations was the inverse of estimated efficiencies of MP and EAA-N. A large increase of urea concentration with AA infusion would indicate increased AA catabolism whereas in contrast, the decreased plasma urea concentrations with glucose infusion, as already observed (Raggio et al., 2006b), is consistent with increased estimated efficiencies suggesting a reduction of AA catabolism.

However, a decreased urea concentration was not observed in [START_REF] Nichols | Glucose supplementation stimulates peripheral branched-chain amino acid catabolism in lactating dairy cows during essential amino acid infusions[END_REF] 

Splanchnic and Mammary Net Fluxes Varied among EAA

The portal net fluxes of all EAA infused increased with AA infusion, as usually observed with a post-rumen infusion of a mixture of free AA in cows [START_REF] Larsen | Abomasal amino acid infusion in postpartum dairy cows: Effect on whole-body, 34 splanchnic, and mammary amino acid metabolism[END_REF] 98% for the NEAA Ala, Asn, Asp, Cys, Gln, Glu, Gly, Pro and Ser, respectively. Amongst the EAA, the BCAA showed the lowest recovery rate, as also observed in cows in early lactation [START_REF] Larsen | Abomasal amino acid infusion in postpartum dairy cows: Effect on whole-body, 34 splanchnic, and mammary amino acid metabolism[END_REF]. Also, in sheep, amongst the EAA, only the BCAA had a slope of portal recovery relative to infusion rate of AA (CN) lower than unity [START_REF] El-Kadi | Intestinal protein supply alters amino acid, but not glucose, metabolism by the sheep gastrointestinal tract[END_REF]. Low portal recoveries of BCAA suggest that these AA are catabolized by the PDV when supply is increased. Indeed, direct measurements have shown oxidation of Leu across the PDV in lactating dairy cows [START_REF] Lapierre | Effect of supply of metabolizable protein on whole body and splanchnic leucine metabolism in lactating dairy cows[END_REF] and in sheep [START_REF] Lobley | Post-absorptive metabolism of amino acids[END_REF]. Although no statistical effect could be detected, we noted an increase in PDV recovery with glucose infusion (E Glc and AA CN + E Glc vs. Ctrl and AA CN ) by 43, 32 and 58% for Ile, Leu and Val suggesting that increased glucose supply might have decreased PDV metabolism of BCAA. Across the NEAA, as also reported in cows [START_REF] Larsen | Abomasal amino acid infusion in postpartum dairy cows: Effect on whole-body, 34 splanchnic, and mammary amino acid metabolism[END_REF] and in sheep [START_REF] El-Kadi | Intestinal protein supply alters amino acid, but not glucose, metabolism by the sheep gastrointestinal tract[END_REF], Ala portal net flux increment, greater than infusion rate, suggests increased transamination of pyruvate with increased AA supply. Moreover, Asp and Glu low recovery rates indicate intensive catabolism of these 2 AA by the PDV, in agreement with their large catabolism by the PDV observed in sheep and non-ruminant species [START_REF] Wolff | Metabolism and interconversions of five plasma amino acids by tissues of the sheep[END_REF][START_REF] Windmueller | Uptake and metabolism of plasma glutamine by the small intestine[END_REF][START_REF] Ball | Definition of amino acid requirements in pigs: partitioning between gut and muscle[END_REF]. 24 The net hepatic removals of His, Lys, Met, Phe and Thr increased with AA infusion as usually observed with increased protein or AA supply in lactating dairy cows [START_REF] Raggio | Effect of level of metabolizable protein on splanchnic flux of amino acids in lactating dairy cows[END_REF]Cantalapiedra-Hijar et al., 2014a;[START_REF] Larsen | Abomasal amino acid infusion in postpartum dairy cows: Effect on whole-body, 34 splanchnic, and mammary amino acid metabolism[END_REF]. It was initially proposed that net hepatic removal of EAA would be driven by the portal net flux [START_REF] Reynolds | Splanchnic amino acid metabolism in ruminants[END_REF]. Indeed, usually, increased portal net flux of EAA leads to increased circulating plasma concentrations.

However, a situation where increased net PDV absorption was accompanied by decreased AA concentrations, e.g. when comparing cows pre-and post-calving [START_REF] Doepel | Differences in splanchnic metabolism between late gestation and early lactation dairy cows[END_REF], clearly demonstrated that net hepatic removal was not related to portal net flux. Another proposed option was that total hepatic AA influx would drive the hepatic removal [START_REF] Hanigan | Quantitative aspects of ruminant splanchnic metabolism as related to predicting animal performance[END_REF][START_REF] Lapierre | The route of absorbed nitrogen into milk protein[END_REF]. However, the effect of both AA and glucose infusions on hepatic fractional removal for HMP-N indicates that there was no linear relationship between net hepatic removal and hepatic influx: therefore other factors than mass action must have an impact on hepatic AA removal. As previously reported in dairy cows [START_REF] Raggio | Effect of level of metabolizable protein on splanchnic flux of amino acids in lactating dairy cows[END_REF]Cantalapiedra-Hijar et al., 2014a), hepatic removals of BCAA were not different from 0, but this observation is not yet explained.

Overall, the TAA-N mammary uptake to milk output ratio did not differ from 1, but the mammary gland response to AA or glucose infusion differed amongst groups of AA. On the one hand, the mammary uptake of most EAA increased with AA infusion through increased mammary VA differences (data not shown) with no change in mammary plasma flow as observed previously with increased AA supply [Raggio et al. (2006a) 25 greater rate than the increased MPY response to AA infusion. On the other hand, the mammary uptake responses to glucose infusion occurred differently between EAA. First, for most of the Group 1 AA (especially His, Met and Phe) and Tyr, mammary uptake increased with glucose infusion with unchanged VA differences coupled to an increased mammary plasma flow.

Second, glucose infusion did not affect mammary uptake of Group 2 AA-N resultant of the 2 components of uptake calculations varying in opposite directions: the VA difference decreased (data not shown) whereas mammary plasma flow increased. In fact, to accompany an increased MPY, an increased mammary uptake of Group 1 AA-N is obligatory if there is a stoichiometric transfer of their uptake to MPY; however, for Group 2 AA-N, as their mammary uptake is in excess of MPY, their uptake does not need to increase to support an increment of MPY. This indicates that mammary catabolism of Group 2 AA-N is not obligatory, or at least, it can decrease without a negative effect on MPY. Finally, mammary uptake increased with glucose infusion for many NEAA (Ala, Glu Pro, Ser and Tyr). The increased Ala and Glu uptakes were already reported by Lemosquet et al. (2010a). Nevertheless, the uptakes were not sufficient to cover the milk output in protein, with Gln being the only NEAA for which the U:O ratio is 

Coordination between Tissues for Utilization of AA in Response to Changes in AA and

Energy Supplies.

As each tissue uses AA for both anabolic and catabolic purposes, it is interesting to analyze the coordinated changes between tissues in response to alteration in MP or energy supplies. Indeed, the efficiency of EAA-N increased with glucose infusion and decreased with AA infusion but the tissue where the inefficiency occurred varied between AA, i.e., different sites of catabolism could be identified. First, catabolism by the PDV of HMP-N did not differ from 0 for the 4 treatments whereas for Group 2 AA-N, we noted a significant PDV catabolism for all treatments. This latter catabolism, linked to low net PDV recoveries, represented between one third and half of whole body catabolism, as already observed for Leu in dairy cows [START_REF] Lapierre | Effect of supply of metabolizable protein on whole body and splanchnic leucine metabolism in lactating dairy cows[END_REF]. The PDV catabolism tended to increase with AA infusion, similarly to increased Leu oxidation by the PDV with increased MP supply [START_REF] Lapierre | Effect of supply of metabolizable protein on whole body and splanchnic leucine metabolism in lactating dairy cows[END_REF]. Second, the hepatic removal of HMP-N decreased with glucose infusion and increased with AA infusion linked to increased and decreased efficiency of HMP-N with glucose and AA infusions, respectively. Liver is the major site of catabolism for HMP group and represented from 85 to 95% of whole body catabolism, but plays a very minor role in catabolism of Group 2 AA. Third, the fact that mammary catabolism of HMP-N was not different from 0 agrees with the U:O ratio equal to unity reported in previous studies, which did not change with variations of energy or protein supplies (Clark et al., 1977;Raggio et al., 2006a;[START_REF] Omphalius | Amino acid efficiencies of utilization vary by different mechanisms in response to energy and protein supplies in dairy cows: study at mammary gland and whole-body levels[END_REF]. This indicates no mammary catabolism as, on a net basis, net HMP-N uptake was transferred to MPY.

Consequently, for HMP-N, the variations of efficiency of utilization were the result of 28 Studying the fate of AA clearly showed that the response of tissue usage of AA differs amongst tissues and the response to changes in AA or glucose supplies is coordinated and explains variations of efficiency of EAA-N. These variations are explained by different anabolic and catabolic fates among groups of AA according the nutrient supplies. With AA infusion, efficiency of EAA-N decreased because EAA-N in MPY increased to a lesser extent than the increased EAA-N supply. The decreased efficiency of EAA-N was related to increased PDV and mammary catabolisms of Group 2 AA-N and increased hepatic removal of Group 1 AA-N. In contrast, with glucose infusion, increased efficiency of EAA-N was explained by an increased MPY, supported by a similar increased mammary uptake of HMP-N, and a decreased hepatic catabolism. In parallel, mammary catabolism of Group 2 AA-N decreased, linked to the increased mammary uptake of NEAA-N which supported the increment of NEAA-N in MPY.

This study clearly delineates the coordinated tissue utilization of AA, between anabolic or catabolic purpose, in response to variations of AA or glucose supplies. This knowledge could improve the prediction of efficiency of EAA and this information could be used in feeding systems to either improve, for a given diet, the prediction of MPY or to identify which AA are potentially in short supply.
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  need to be determined in order to better balance dairy rations for individual EAA.

  The concentrate was made in one batch prior to the initiation of the trial.

  calculated as splanchnic minus portal plasma flow. Hepatic influx of AA was calculated as (portal plasma flow × portal concentration) + (arterial plasma flow × arterial concentration). The net fluxes of AA metabolites across portal drained-viscera (PDV), splanchnic tissues and mammary gland were calculated by multiplying the average venoarterial plasma concentration difference by their respective plasma flow. The net flux of urea was calculated similarly but using plasma water concentration [plasma concentration / (1 -DM of plasma)] and blood water flow, assuming 7% and 12% DM in plasma and blood, respectively. as previously described[START_REF] Doepel | Effect of glutamine supplementation on splanchnic metabolism in lactating dairy cows[END_REF]. The hepatic net flux was calculated as splanchnic minus portal net flux. Negative values of net flux indicate net removal whereas positive values indicate net release across the studied tissue. When a net removal was observed across the liver or the mammary gland, fractional removal was calculated as -(net flux divided by total influx).

  ). Increases averaged from 22% (Arg) to 69% (Phe) of Ctrl values. For the NEAA, the AA infusion increased (P < 0.01) arterial concentrations of Cit, Orn and Pro, decreased (P = 0.01) Gly and tended (P ≤ 0.09) to decrease arterial concentrations of Ala and Tyr. Overall, the plasma concentrations of TAA-N, EAA-N, Group 1 AA-N (sum of His, Met, Phe, Trp and Tyr;[START_REF] Lee | Effects of metabolizable protein supply and amino acid supplementation on nitrogen utilization, milk production, and ammonia emissions from manure in dairy cows[END_REF], HMP-N (sum of His, Met and Phe) and Group 2 AA-N (sum of Lys, Ile,Leu and Val; Mepham, 1982) and BCAA-N (sum of Ile, Leu and Val) increased (P < 0.01) with AA infusion whereas arterial concentration of NEAA-N was not affected by AA infusion (P = 0.32). In contrast, on an individual basis, glucose infusion decreased (P ≤ 0.05) Arg, Ile, Leu, Lys, Phe, Val and Orn arterial concentrations, tended (P ≤ 0.10) to decrease Ala and Cys arterial concentrations, but increased (P ≤ 0.03) arterial concentrations of Gly and Ser. Glucose infusion decreased (P ≤ 0.04) the arterial concentrations of TAA-N, EAA-N, Group 2 AA-N and BCAA-N. The arterial concentration of urea increased with AA infusion (+ 126%; P < 0.01) and decreased with glucose infusion (-24%; P < 0.01).Net Fluxes of Individual AA and Urea across TissuesSplanchnic Fluxes. Portal and hepatic plasma flows were not altered by AA infusion but tended (P = 0.06; Table8) to increase with glucose infusion. The net fluxes of individual AA are detailed in Table9. The portal net fluxes of all individual AA increased (P ≤ 0.05) with Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3the exception of a tendency (P = 0.06) for Asn and no effect for Asp, Cit and Tyr. The portal net fluxes of AA were not affected by glucose infusion, except for Gln which decreased (P < 0.01). The portal net flux of Cit had a tendency for an AA × Glc interaction (P = 0.08) but differences did not reach significance (P > 0.10) when tested within type of infusions. The portal net flux of urea decreased (P < 0.01) with AA infusion and was not affected by glucose infusion. Infusions of AA increased (P ≤ 0.03) hepatic removals of Arg, His, Lys, Met, Phe and Thr and of Ala, Cys, Gln, Gly, Pro and Ser and tended (P = 0.08) to increase hepatic removal of Asn. Among individual EAA, hepatic removals of His, Met, Phe and Thr decreased (P ≤ 0.04) and those of Arg and Lys tended (P ≤ 0.08) to decrease with glucose infusion. The hepatic removal of Ala decreased (P < 0.01) with glucose infusion. Hepatic release of Glu decreased (P = 0.02) with AA infusion but increased (P < 0.01) with glucose infusion. Net hepatic release of urea increased with AA infusion (P < 0.01) and decreased with glucose infusion (P = 0.01). Among individual EAA, only the splanchnic net flux of AA from Group 2 AA increased (P ≤ 0.03) whereas those of Met and Thr tended (P ≤ 0.10) to increase with AA infusion. The splanchnic net flux of Pro was the only NEAA to increase (P < 0.01) with AA infusion but the splanchnic net flux of Asn also tended (P = 0.06) to increase whereas splanchnic net flux decreased (P = 0.05) for Glu or tended (P = 0.09) to decrease for Ala. The splanchnic net flux of His increased (P = 0.02) with glucose infusion. For individual NEAA, splanchnic net fluxes of Ala and Glu increased (P ≤ 0.01) with glucose infusion. The net splanchnic removal of Cys tended to decrease (P = 0.07) with glucose infusion. An AA × Glc interaction was significant for splanchnic net flux of Cit (P = 0.03): AA infusion increased it only without glucose infusion (P < 0.01) and glucose infusion increased it only without AA infusion (P = 0.03). The splanchnic net flux of urea increased with AA infusion (P < 0.01) and was not affected by glucose infusion. Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3individual EAA removed by the liver, except Trp, increased (P ≤ 0.01) with AA infusion whereas fractional removals of His, Phe and Thr decreased (P ≤ 0.05)

  because we wanted to integrate measurements of net fluxes with predicted digestible flows, the HMP-N group, i.e., the sum of His, Met and Phe, was created to replace Group 1 AA-N becauseNRC (2001) does not predict Trp and Tyr digestible flows. It is acknowledged that the metabolism of NEAA also differs greatly amongst NEAA, but because there is no prediction of individual NEAA digestible flows in the NRC (2001), these were estimated as a group by difference between TAA-N and EAA-N and will therefore be considered as a single group.Net Fluxes of Groups of AA. The net fluxes of groups of AA-N are reported in Table12. The portal net fluxes of HMP-N, Group 2 AA-N and NEAA-N increased (P < 0.01) with AA infusion, and did not change with glucose infusion. The splanchnic net flux of Group 2 AA-N increased (P = 0.01) and those of HMP-N tended to increase (P = 0.08) with AA infusion.The splanchnic net flux of HMP-N increased (P = 0.05) with glucose infusion. Hepatic Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249 HMP-N increased (P ≤ 0.01, Table

  but the rate of glucose infusion was smaller than in our experiment (1.0 kg/d vs. 1.5 kg/d in our study). Variations of efficiency of MP and efficiency of EAA-N are indicators of whole body efficiency of utilization of AA. We wanted to understand better the mechanisms underlying their variations by studying the coordination of utilization of AA by splanchnic tissues, other Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3the mammary gland, for anabolic or catabolic purposes in response to variations in protein and energy supplies.
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  Table3). Moreover, we removed from the predicted MP supply and the corrected digestible flow of individual EAA

the contribution from duodenal endogenous flow, included in the predicted MP supply and AA digestible flows

(NRC, 2001)

. The contribution of the endogenous duodenal flow to MP supply or AA digestible flow was estimated as: 96.1 + 7.45 × DMI kg/d (g CP/d;

[START_REF] Lapierre | Estimation of duodenal endogenous protein flow in dairy cattle: a regression approach[END_REF] 

multiplied by 0.8 to account for intestinal digestibility (NRC

Table 4

 4 MP × 1.15, and total EAA supply. The total NE L supply (diet + infusion, Table 4) was estimated by adding dietary NE L supply predicted by NRC (2001) and NE L from infusion of Glc [2.75 Mcal/kg of infused glucose (Armstrong et al., 1961) = 4.0 Mcal/d]. Using INRA

	i.e., feeding system (2018), the experimental diet supplied 84 ± 0.4 g/kg DM of protein digestible
	in small intestine (PDI, equivalent to MP) and 1.58 ± 0.01 Mcal/kg DM of NE L.
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) was calculated as predicted MP supply

(NRC, 2001) 

minus duodenal endogenous contribution to MP, as detailed above, plus the rate of AA infusion (expressed in their anhydrous form, equivalent to 600 g/d of MP). From herein to the end of the text, supply of MP or AA digestible flow will refer to their respective supply corrected as defined above. The NEAA supply, not predicted by NRC

(2001)

, was calculated by difference between MP supply expressed in hydrated form of AA,

  Therefore, n = 5 for Ctrl, AA CN and AA CN + E Glc

	and n = 4 for E Glc . The data were analyzed using the MIXED procedure of SAS (v 9.4, SAS
	Institute Inc., 2004) according to the following statistical model:
	Y ijkl = µ + cow i + period j + AA k + Glc l + (AA × Glc) kl + ɛ ijkl
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	) on any of the milk parameters

Table 6
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	). The individual

observed between AA and glucose infusions on estimated efficiencies. Across all treatments.

Table 10

 10 

). Following MPY pattern, groups of AA in MPY increased (P < 0.05) with AA or glucose infusion. Moreover, TAA-N in MPY (329, 372, 364, 436 ± 31 mmol N/h in Ctrl, AA CN , E Glc and AA CN + E Glc

  Mcal/d respectively for Curtis et al. (2014) andNichols et al. (2016) vs. 27.4 Mcal/d in our study). These differences could explain our marked MPY response to glucose infusion.

	28.4
	Raggio et al. (2006a) infused 3.73 Mcal/d of NE L from propionate, close to our glucose infusion; in contrast, Curtis et al. (2014) and Nichols et al. (2016) infused only 2.5 and 2.8 Mcal/d o r P e e r R e v respectively. Moreover, NE F i e w
	21

L supply of their control treatments were greater than ours (32.1 and Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249

  or of CN in sheep[START_REF] El-Kadi | Intestinal protein supply alters amino acid, but not glucose, metabolism by the sheep gastrointestinal tract[END_REF]. The apparent recovery of the infused AA reaching portal circulation averaged 109, 78, 69, 66, 77, 89, 83, 86, 100 and 50% for the EAA Arg, His, Ile,Leu, Lys, Met, Phe, Thr, Trp, and Val respectively and 203, 99, 22, 133, 99, 12, 129, 75 and 

  actions of the mammary gland and the liver. For example, in response to glucose infusion, increased efficiency of HMP-N resulted from increased mammary uptake to support MPY and decreased hepatic catabolism. The same pattern of U:O ratio and hepatic removal could be observed on 2 EAA, often limiting in dairy rations, His and Met. In contrast, mammary catabolism of Group 2 AA-N was present and decreased with glucose infusion. The observed decreased mammary catabolism of BCAA-N with glucose infusion is consistent with the fact that BCAA could provide 3-carbon intermediates and acetyl-CoA as demonstrated byRaggio et al. (2006a) who directly measured Leu oxidation or by[START_REF] El-Kadi | Intestinal protein supply alters amino acid, but not glucose, metabolism by the sheep gastrointestinal tract[END_REF] who incubated bovine mammary explants to study AA catabolized through the Krebs cycle for energetic purposes. In Ctrl treatment, we noted that Group 2 AA-N were mainly catabolized in the mammary gland which had a catabolism different from 0. Nevertheless, with AA infusion, other tissues seemed to be involved in catabolism of Group 2 AA-N given observed PDV and peripheral tissue catabolisms different from 0 in these treatments. With AA infusion, mammary catabolism increased but its proportion relative to total catabolism decreased from 43% to 25% in Ctrl vs. AA CN and AA CN + E Glc treatments respectively. Consequently, for this group of AA, mammary catabolism and also PDV catabolism could explain the decreased efficiency of utilization with AA infusion. The data presented indicate that the positive response of MPY to glucose infusion was accompanied by a decreased hepatic removal of HMP-N in the same range than the increased mammary uptake and MPY whereas for Group 2 AA-N, as there was no net liver removal, the decreased catabolism occurred mainly within the mammary gland. However, our net flux measurements do not allow us to delineate if these decreased catabolisms of EAA are a response to a stimulation of MPY from extra energy supply or if the increased MPY is the result of "sparing" these EAA by different tissues. CONCLUSION
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Table 1 .

 1 Composition of the experimental diet and chemical composition of the feed ingredients Ingredients

	dedicated technical help; the barn staff for animal care during the experiment; and S. Methot
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Table 3 .

 3 Correction factors and AA composition of proteins used in the calculation of the individual AA supplies and efficiencies g AA corrected / kg CP 2 g AA corrected / kg of true protein 2 g AA calculated / kg of true protein 3

	Item	Correction factors 1	Duodenal endogenous	Scurf	Endogenous urinary urea	Metabolic fecal protein	Milk with BBP 4	Milk without BBP 5
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Table 4 .

 4 Protein, AA and energy supplies from the experimental diet and infusions

	Treatments 1	P-values 2

1 Ctrl: water infusion; AA CN : 695 g/d of AA mixture (casein profile) infusion; E Glc : 1,454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion. 2 Probability values correspond to the effect of AA (without vs. with AA infusion), Glc (without vs. with glucose infusion) and AA×Glc interaction. 3 SEM given for n = 4.

4 

NE L supply from NRC (2001) + glucose infusion, see text for detail. 5 N ingested + N infused. 6 MP supply from NRC (2001) -MP from endogenous origin + AA infusion, see text for detail.

7 

Digestive EAA flow estimated from NRC (2001) corrected for incomplete recovery with a 24-h hydrolysis -AA from MP duodenal endogenous flow + AA infusion, expressed in hydrated form, see text for detail.

8 

Digestive NEAA flow estimated by difference between MP and EAA supplies, expressed in hydrated form, see text for detail. 921
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Table 5 .

 5 Effects of AA and glucose infusions on milk production and composition 1 Average of the last 6 milkings. 2 Ctrl: water infusion; AA CN : 695 g/d of AA mixture with casein profile infusion; E Glc : 1,454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion.

	Treatments 2	P-values 3

Table 6 .

 6 Effects of AA and glucose infusions on the efficiency of utilization of individual EAA, MP and groups of AA Ctrl: water infusion; AA CN : 695 g/d of AA mixture with casein profile infusion; E Glc : 1,454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion.

			Treatements 1				P-values 2
	Item	Ctrl	AA CN	E Glc	AA CN + E Glc SEM 3	AA	Glc	AA×Glc
	Arg	1.42 a *	0.82 a *	1.49 a *	0.92 a *	0.035 <0.01	0.03	0.62
	His	1.04 b	0.68 b *	1.10 b †	0.77 b *	0.046 <0.01 <0.01	0.58
	Ile	0.79 d,e *	0.60 e *	0.85 e,f *	0.68 c *	0.040 <0.01 <0.01	0.52
	Leu	0.84 c,d *	0.60 d,e *	0.90 d,e *	0.68 c *	0.041 <0.01	<0.01	0.61
	Lys	0.88 c *	0.62 c *	0.95 c,d	0.71 c *	0.043 <0.01 <0.01	0.60
	Met	0.99 b	0.63 c,d *	1.06 b,c	0.72 c *	0.054 <0.01	0.02	0.72
	Phe	0.73 e *	0.40 g *	0.78 f *	0.45 e *	0.033 <0.01	0.02	0.97
	Thr	0.73 e *	0.56 f *	0.77 f *	0.62 d *	0.032 <0.01 <0.01	0.50
	Val	0.83 c,d *	0.62 c *	0.89 d,e *	0.70 c *	0.042 <0.01 <0.01	0.52
	MP	0.87*	0.62*	0.94	0.71*	0.038 <0.01 <0.01	0.59
	EAA-N 4 HMP-N 5 Group2 AA-N 6 NEAA-N 7 1	0.91 † 0.92 † 0.85* 0.75*	0.62* 0.56* F 0.61* o 0.56* r	0.98 0.98 0.91 † 0.80*	0.71* 0.63* 0.70* 0.64*	0.040 <0.01 0.042 <0.01 0.042 <0.01 <0.01 0.01 0.01 0.034 <0.01 0.01	0.59 0.75 0.57 0.54
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Table 7 .

 7 Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L.,Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249 Effects of AA and glucose infusions on plasma arterial concentrations (µM) Ctrl: water infusion; AA CN : 695 g/d of AA mixture with casein profile infusion; E Glc : 1,454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion. 2 Probability values correspond to the effect of AA (without vs. with AA infusion), Glc (without vs. with glucose infusion) and AA × Glc interaction. citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249 Sum of Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr and Val. EAA-N: Sum of Arg, His, Ile, Leu, Lys, Met, Phe, Thr, Trp and Val. Group1 AA-N: Sum of His, Met, Phe and Tyr. HMP-N: Sum of His, Met, Phe, used in Table 12. Group2 AA-N: Sum of Ile, Leu, Lys and Val. BCAA-N: Sum of Ile, Leu and Val. NEAA-N: Sum of Ala, Asn, Asp, Cys, Gln, Glu, Gly, Pro, Ser and Tyr. 928 Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249 Ctrl: water infusion; AA CN : 695 g/d of AA mixture with casein profile infusion; E Glc : 1,454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion. 2 Probability values correspond to the effect of AA (without vs. with AA infusion), Glc (without vs. with glucose infusion) and AA × Glc interaction. 3 SEM given for n = 4. 930 Comment citer ce document : Omphalius, C., Lemosquet, S., Ouellet, D., Bahloul, L., Lapierre, H. (2020). Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249

	927 Treatments 1				P-values 2	
	Item	Ctrl	AA CN	E Glc	AA CN + E Glc SEM 3 AA	Glc AA×Glc
	EAA								
	Arg	79	89	63	84	6.5	0.01	0.04	0.24
	His	50	65	41	68	7.1 <0.01	0.43	0.13
	Ile	113	139	62	87	10.2 <0.01 <0.01	0.98
	Leu	122	195	69	116	15.2 <0.01 <0.01	0.19
	Lys	70	95	49	74	8.7 <0.01 <0.01	0.91
	Met	20	23	18	24	2.3	0.02	0.83	0.53
	Phe	46	79	42	70	2.6 <0.01	0.01	0.32
	Thr	86	99	90	101	9.7	0.17	0.70	0.93
	Trp	38	40	35	40	2.8	0.06	0.48	0.32
	Val NEAA Ala	186 207	269 o F r 170	116 174	166 167	19.9 <0.01 <0.01 11.0 0.06 0.10	0.20 0.15
	Asn Asp	33 37	46 P 34	48 26	40 29	5.0 8.4	0.56 0.95	0.40 0.21	0.20 0.62
	Cit Cys Gln	87 126 220	106 e 118 e 117 65 r 234 245	112 117 265	11.0 <0.01 5.9 0.16 26.4 0.31	0.34 0.09 0.11	0.10 0.23 0.87
	Glu Gly Orn Pro Ser Tyr	52 188 31 69 77 46	51 153 59 161 77 41	54 R 255 e 24 v 61 i 199 47 47 143 90 91 e w 46 40	3.6 13.2 6.8 <0.01 0.30 0.01 <0.01 0.78 0.05 8.2 <0.01 0.12 5.9 0.90 0.03 3.5 0.09 0.81	0.35 0.43 0.53 0.53 0.93 0.95
	TAA-N 4	2,498	2,900	2,252	2,699	163.6 <0.01	0.05	0.82
	EAA-N 5	1,180	1,546	868	1,255	105.5 <0.01 <0.01	0.86
	Group1 AA-N 6	300	378	264	378	28.3 <0.01	0.28	0.26
	HMP-N 7	216	297	183	298	23.5 <0.01	0.24	0.21
	Group2 AA-N 8	561	793	344	518	60.3 <0.01 <0.01	0.38
	BCAA-N 9	421	603	247	369	44.5 <0.01 <0.01	0.29
	NEAA-N 10	1,241	1,274	1,315	1,364	78.1	0.50	0.19	0.89
	Urea-N (mM)	4.0	8.3	2.6	6.7	0.30 <0.01 <0.01	0.62
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Table 9 .

 9 Effects of AA and glucose infusions on net fluxes of portal drained-viscera (PDV), 932 hepatic (HEP), splanchnic tissues (TSP), and mammary gland (MG) and milk output (Milk 1 ) 933 of individual AA and urea-N (mmol/h)

	Treatments 2
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Table 10 .

 10 Effects of AA and glucose infusions on fractional removal 1 of AA by the liver and Fractional removal calculated as -(net flux across the tissue/total influx); values for AA released by the tissue or all treatments are not reported; a negative value indicates a release for that treatment. 2 Ctrl: water infusion; AA CN : 695 g/d of AA mixture with casein profile infusion; E Glc : 1,454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion.

	the mammary gland					
			Treatments 2			P-values 3
		Ctrl	AA CN E Glc AA CN + E Glc SEM 4 Cas	Glc Cas × Glc
				Liver		
	EAA					
	Arg	0.02	0.08 -0.02	0.05	0.018 <0.01 0.06	0.84
	His	0.01	0.06 0.00	0.03	0.013 <0.01 0.04	0.60
	Lys	0.00	0.04 -0.03	0.02	0.017 0.01 0.07	0.64
	Met	0.06	0.16 0.04	0.10	0.021 <0.01 0.06	0.26
	Phe	0.10	0.17 0.08	0.15	0.015 <0.01 0.05	0.90
	Thr	0.03	0.08 0.01	0.04	0.014 <0.01 0.05	0.47
	Trp	0.03	0.05 0.02	0.04	0.015 0.27 0.31	0.97
	NEAA					
	Ala	0.10	0.22 0.04	0.13	0.022 <0.01 <0.01	0.37
	Asn	0.13	0.16 0.06	0.14	0.039 0.18 0.23	0.48
	Asp	0.08	0.12 0.06	0.10	0.033 0.05 0.33	0.79
	Cys	0.02	0.03 0.01	0.02	0.003 0.01 0.23	0.67
	Gln	-0.01	0.10 -0.03	0.05	0.018 <0.01 0.01	0.21
	Gly	0.13	0.19 0.09	0.16	0.014 <0.01 0.03	0.87
	Pro	0.04	0.06 0.03	0.05	0.010 0.02 0.26	0.97
	Ser	0.18	0.27 0.15	0.22	0.022 0.01 0.11	0.53
	Tyr	0.09	0.10 0.07	0.09	0.015 0.15 0.21	0.89
	HMP-N 5	0.04	0.10 0.02	0.07	0.002 <0.01 0.03	0.36
			Mammary gland		
	EAA					
	Arg	0.29	0.31 0.38	0.31	0.034 0.24 0.11	0.10
	His	0.21	0.19 0.27	0.17	0.039 0.05 0.58	0.21
	Ile	0.30	0.32 0.45	0.40	0.038 0.45 <0.01	0.16
	Leu	0.41	0.34 0.61	0.46	0.042 0.01 <0.01	0.25
	Lys	0.57	0.52 0.66	0.53	0.052 <0.01 0.06	0.11
	Met	0.54	0.52 0.53	0.45	0.052 0.15 0.29	0.36
	Phe	0.38	0.27 0.41	0.29	0.032 <0.01 0.36	0.90
	Thr	0.25	0.27 0.25	0.23	0.029 0.93 0.31	0.44
	Trp	0.13	0.16 0.12	0.14	0.021 0.26 0.49	0.82
	Val	0.19	0.16 0.25	0.21	0.022 0.06 <0.01	0.50
	NEAA					
	Ala	0.10	0.04 0.17	0.13	0.026 0.04 <0.01	0.53
	Asn	0.32	0.26 0.25	0.29	0.065 0.77 0.71	0.48
	Asp	0.21	0.21 0.18	0.15	0.030 0.49 0.03	0.32
	Cys	0.020 0.027 0.015	0.021	0.004 0.05 0.09	0.88
	Gln	0.16	0.17 0.14	0.12	0.016 0.85 0.03	0.38
	Glu	0.63	0.60 0.70	0.65	0.015 0.03 <0.01	0.54
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 11 . Postruminal infusions of amino acids or glucose affect metabolisms of splanchnic, mammary, and other peripheral tissues and drive amino acid use in dairy cows. Journal of Dairy Science, 103 (3), 2233-2254. , DOI : 10.3168/jds.2019-17249 Effects of AA and glucose infusions on the ratio of mammary uptake to milk 940 output 1 of AA The milk output associated with mammary uptake exclude BBP, as detailed in text. 2 Ctrl: water infusion; AA CN : 695 g/d of AA mixture with casein profile infusion; E Glc : 1.454 g/d of glucose infusion; AA CN + E Glc : combination of AA mixture and glucose infusion.

	939 Treatements 2			P-values 3
	Item	Ctrl	AA CN		E Glc	AA CN + E Glc SEM 4 AA	Glc AA×Glc
	Arg	2.09*	2.09*		2.25*	2.17*	0.178 0.78	0.40	0.77
	His	1.05	0.99		1.01	1.04	0.041 0.61	0.75	0.14
	Ile	1.29*	1.43*		1.20*	1.29*	0.044 0.02	0.02	0.61
	Leu	1.18*	1.31*		1.08	1.18*	0.047 0.03	0.03	0.80
	Lys	1.23*	1.29*		1.07	1.18*	0.041 0.03 <0.01	0.52
	Met	0.95	0.92*		0.95	0.92*	0.029 0.28	1.00	0.85
	Phe	1.06	1.10*		1.06	1.17*	0.035 0.03	0.27	0.32
	Thr	1.09*	1.13*		1.12*	1.11*	0.033 0.63	0.88	0.58
	Trp	1.23 †	1.27*		1.13	1.31*	0.129 0.39	0.82	0.59
	Val	1.05	F 1.17*		0.99	1.05	0.048 0.08	0.07	0.49
	Ala Asn Asp	0.97 0.65 0.65 †	o 0.27* r 0.58 † P 0.50*	1.45 † 0.62 0.37*	1.05 0.61 † 0.33*	0.201 <0.01 <0.01 0.139 0.72 0.97 0.202 0.53 0.14	0.31 0.86 0.71
	Cys Gln Glu	0.78 † 1.00 0.72*	0.82 † 0.91 0.57*	0.61* e 0.99 e r 0.88*	0.73* 0.88 0.65*	0.108 0.43 0.079 0.10 0.074 0.02	0.20 0.70 0.13	0.67 0.86 0.60
	Gly Pro Ser Tyr	0.55 † 0.24* 0.49* 0.94	0.45* 0.34* 0.52* 0.89*		0.27* R 0.24* e 0.58* v 0.25* 0.38* 0.57* 0.96 0.85*	0.254 0.80 0.033 <0.01 0.24 0.34 0.113 0.85 0.24 0.037 0.04 0.67	0.88 0.19 0.80 0.45
	TAA-N 5 EAA-N 6 Group1 AA-N 7	1.03 1.31* 0.98	1.00 1.36* 0.95*		1.03 1.28* 0.97 †	i e 1.00 1.31* w 0.98	0.021 0.09 0.040 0.41 0.019 0.32	0.98 0.31 0.97	0.87 0.85 0.23
	HMP-N 8	1.03	1.01		1.01	1.06 †	0.027 0.69	0.51	0.13
	Group2 AA-N 9	1.20*	1.30*		1.09*	1.17*	0.035 0.03	0.01	0.87
	BCAA-N 10	1.17*	1.30*		1.08*	1.17*	0.044 0.03	0.03	0.64
	NEAA-N 11	0.70*	0.60*		0.74*	0.65*	0.038 0.02	0.18	0.85
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