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Highlights

 Rumen-protected methionine (RPM) increased raw milk production in goats fed low protein diets (14% CP), and milk protein content in goats fed high protein diets (16% CP).  These differences in productive responses were affected by the genetic variant for alpha-S1 casein content in goat milk.

 Goats fed RPM tended to have a higher plasma oxidative status than those fed no RPM.

 Specific requirement for dietary methionine have to be studied for dairy goats relatively to their genetic variant for alpha S1 casein in milk.

Introduction

Dietary nitrogen (N) is used inefficiently in lactating ruminant for milk protein secretion, with substantial N excretion in manure which leads to negative environmental effects, such as contribution to greenhouse gas emissions through NH 3 release, and water pollution leading to eutrophication [START_REF] Reed | Predicting nitrogen excretion from cattle[END_REF]. Balancing essential amino-acids (AA) in diets and decreasing crude protein (CP) concentration may constitute appropriate ways to increase milk performance, protein yield, and protein efficiency while lowering N excretion [START_REF] Spek | Prediction of urinary nitrogen and urinary urea nitrogen excretion by lactating dairy cattle in northwestern Europe and North America: a meta-analysis[END_REF]. Methionine (Met) is usually considered as a limiting AA for milk protein synthesis [START_REF] Rulquin | Relationship between intestinal supply of essential amino acids and their mammary metabolism in the lactating dairy cow[END_REF][START_REF] Schwab | A 100-Year Review: Protein and amino acid nutrition in dairy cows[END_REF] and recommendation for that AA has been recently reviewed [START_REF] Inra | Alimentation des ruminants : Apports nutritionnels -Besoins et réponses des animaux -Rationnement -Tables des valeurs des aliments[END_REF]. In dairy cows, balancing diets through rumenprotected Met (RPM) improved the efficiency of dietary CP for milk protein secretion (Zanton et al., 2014), with marginal or no changes in the N excretion to the environment [START_REF] Broderick | Effect of supplementing rumen-protected methionine on production and nitrogen excretion in lactating dairy cows[END_REF]. Beneficial effects of Met supply is not restricted to milk performance but also to animal health (Sun et al 2016). Indeed, Met is a regulator of protein synthesis and is a precursor in trans-sulfuration and methylation reactions, to provide cysteine and choline (Zhou et al, 2016b). Met has also been implicated in liver lipoprotein secretion [START_REF] Bauchart | Mechanism of liver steatosis in early lactation cows-Effects of hepatoprotector agents[END_REF], glutathione synthesis, and synthesis of compounds implicated in the management of oxidative stress and inflammation in cows [START_REF] Osorio | Biomarkers of inflammation, metabolism, and oxidative stress in blood, liver, and milk reveal a better immunometabolic status in peripartal cows supplemented with Smartamine[END_REF]Zhou et al., 2016a). In dairy ewes, supplementation with Met improved oxidative status, with a reduction of the plasma malondialdehyde concentration and an increase in plasma glutathione transferase activity (Mavromatis et al., 2021), but no data on oxidative status are available for dairy goats supplemented with Met.

In high producing dairy goats, a limited set of publications validates the use of RPM or RP-Lys on milk performance. Some studies reported the combination of both AA making impossible to attribute the observed effects to a specific AA [START_REF] Foda | Evaluation of goat milk containing galactooligosaccharides after supplementing the ration with amino acids[END_REF][START_REF] Madsen | Mammary nutrient uptake in response to dietary supplementation of rumen protected lysine and methionine in late and early lactating dairy goats[END_REF]. When only RPM was supplied, inconsistent responses were observed with positive effects on milk protein yield (MPY) or milk protein contents (MPC) [START_REF] Flores | Effects of rumen-protected methionine on milk production of dairy goats[END_REF]Piccioloi-Capelli et al., 2016;[START_REF] Boutinaud | Methionine supplementation impacts casein gene expression and cell death in the mammary tissue of lactating dairy goats fed low and adequate net energy supplies[END_REF][START_REF] Lemosquet | Methionine supplementation at low and adequate net energy supply in lactating dairy goats[END_REF]), but also with no effects on MPY or MPC [START_REF] Alonso-Melendez | Milk production in dairy goats supplemented with different levels of ruminally protected methionine[END_REF][START_REF] Al-Qaisi | Effect of rumen-protected methionine on production and composition of early lactating Shami goats milk and growth performance of their kids[END_REF]. These discrepancies may be related to physiological stage of animals, duration of supplementation, form of protection of Met, energy or CP content of diet, or co-limiting dietary AA. In cows, the interaction between Met supplementation and dietary CP appears to be inconsistent, with no [START_REF] Leonardi | Effect of two levels of crude protein and methionine supplementation on performance of dairy cows[END_REF][START_REF] Haque | Milk protein synthesis in response to the provision of an "ideal" amino acid profile at two levels of metabolizable protein supply in dairy cows[END_REF] or significant interaction on milk protein yield [START_REF] Cabrita | Effects of dietary protein concentration and balance of absorbable amino acids on productive responses of dairy cows fed corn silage-based diets[END_REF][START_REF] Lee | Rumen-protected lysine, methionine, and histidine increase milk protein yield in dairy cows fed a metabolizable protein-deficient diet[END_REF]. Recently, [START_REF] Lemosquet | Methionine supplementation at low and adequate net energy supply in lactating dairy goats[END_REF] reported that Met supplementation in dairy goats increased milk yield only when fed adequate amount of energy, and increased MPC, MPY and casein content at low and adequate net energy supply, but to our knowledge, there is no study on the interaction between diet CP content and Met supplementation on milk performance in dairy goats. Moreover, goats have been characterized by a high variability in milk protein content according to their genotype for casein-alpha S1 (CNS1, [START_REF] Grosclaude | A mendelian polymorphism underlying quantitative variations of goat αS1-casein[END_REF], and this have been demonstrated to affect their response to dietary CP levels [START_REF] De La Torre | Nutritional utilization in Malaguena dairy goats differing in genotypes for the content of αS1-Casein in milk[END_REF][START_REF] Ph | Lactation response and nitrogen, calcium, and phosphorus utilization of dairy goats differing by the genotype for αS1casein in milk. and fed diets varying in crude protein concentration[END_REF]. The MPY response to RPM supplementation of dairy goats exhibiting low secretion of CNS1 have been shown to be low in relation with low Met requirement [START_REF] Jacobsen | Use of methionine supplements to enhance the protein fraction of goat milk[END_REF], but no study is available for goats exhibiting alleles associated with a high secretion of CNS1.

Therefore, the first objective of the present study was to determine the effects of supplementing diets differing in CP content (LP=14 vs HP =16% CP) with RPM on milk performance, milk composition, and N and net energy feed efficiencies in Alpine goats that have been genotyped for their genetic variant for CNS1. We hypothesized firstly that milk performance or MPY responses to RPM supplementation could be more efficient in low CP diets, and secondly more efficient in goats with high milk protein yield. A secondary objective was to characterize plasma biomarkers to assess oxidative status response to RPM supplementation.

Material and methods

The entire experiment was conducted in accordance with the National Legislation on Animal Care (certified by the French Ministry of Higher Education, Research and Innovation, Ethic Committee COMETHEA, authorization APAFIS #9833).

Animals, diets and experimental design

Forty-four multiparous alpine goats were characterized for their genotype of milk CNS1

from blood DNA extraction (Labogena, 78352 Jouy-en-Josas, France) before the start of the trial. Goats were grouped into 2 blocks with block High for the goats expressing Ab/Ab, Ab/Ac, Ac/Ad, Ab/B, Ac/B allelic genotypes, and block Low for those expressing Ab/E, Ac/E, Ad/E and E/E allelic genotypes [START_REF] Grosclaude | A mendelian polymorphism underlying quantitative variations of goat αS1-casein[END_REF]. Within each block, eight goats were selected and balanced for raw milk yield (RMY MY), MPC, BW and DIM. At the beginning of the trial, RMY MY was 4.33 ± 0.43 vs 4.36 ± 0.77 kg/d, MP) was 31.3 ± 1.9 vs 35.9 ± 1.5 g/kg, BW was 67.5 ± 7.5 and 66.7 ± 9.2 kg, DIM was 90 ± 5 and 87 ± 6 days in High CNS1 vs Low CNS1 blocks, respectively. During the whole trial (11 wks including a 2wk adaptation period and 9-wk cross-over experimental period), goats were housed in individual pens and had free access to water and trace-mineralized salt blocks. Goats were fed twice a day with one-third in of their respective diet distributed in the morning (0730 h) and two-thirds in the afternoon (1630 h).

The experimental design is presented at the figure 1. During the 1 st wk of the adaptation period, goats were progressively switched from their previous grass hay-based diet (Forage: concentrate ratio 70:30, 13% CP) to the experimental low-protein diet (LP, table1). At the end of the 1 st week, goats within CNS1 blocks were assigned to their respective experimental diets LP vs HP (14 vs 16% CP, table 1) according to DMI, milk yield, and MPC and progressively switched during the 2 nd wk from the LP diet to the LP or HP diets. At the end of the 2 nd wk, half of goats in each experimental diet received 2.4 g metabolizable methionine /d for 4 wks, whereas the others were considered as control. Assigned Methionine (RPM) or control treatments (CTL) will be pursued for 4 wks (Period 1), and crossed-over for 4 additional wks (Period 2) after one wk washout period. Methionine supplementation was realized by hand mixing daily 4 g/d of Smartamine (Adisseo, Commentry, France) in the morning feeding, representing an amount of 2.4 g/d of metabolizable methionine (RPM), assuming that DL-Methionine content in Smartamine is 75%, with a pH sensitive coating considered to have 80% bioavailability [START_REF] Graulet | Methionine availability in plasma of dairy cows supplemented with methionine hydroxyl analog isopropyl ester[END_REF]. This amount was supplied to meet calculated concentration of Methionine digestible in intestine (MetDi) relatively to PDIE for dairy cows of 2.5 g metabolizable Methionine/100 g PDIE (Protein Digested in the small Intestine supplied by RUP and by microbial protein from rumen-fermented OM) in the RPM group (INRA, 2007) whereas CTL group were below that recommendation (90%) assuming an average DMI of 3.5 kg DM/d. Both adaptation and experimental diets were fed as TMR and distributed to have at least 10% orts.

Experimental measurements and sampling

From wk 1 onwards, feed distributed and orts were recorded daily. One diet sample was collected at wk 2, 6, and 11 for the determination of feed and orts composition. Goats were weighed twice a day at milking parlor and data were averaged individually by wk. During the whole trial, 2 milk samples of 30 mL (one at the evening milking and one at the following morning milking) were obtained individually twice a week. Samples were preserved with the addition of bronopol (Grosseron SA, Saint-Herblain, France) and stored at 4°C until analysis.

Total protein, fat, lactose, SCC and urea were analyzed by infrared spectrophotometry in a Milk Recording Organisation laboratory (Syndicat Interdépartemental de l'Élevage, Le Mée, France). At wk6 and 11, 2 milk samples were individually collected and frozen at -18°C for analysis of milk total casein.

From wk 3 to 11 (except during the washout wk), blood was sampled once weekly by jugular venipuncture into heparin vials in the morning (0700 h), before the milking and before the distribution of the diet. Blood samples (2 x 10 mL) were centrifuged at 1,780 × g for 10 min at 4°C immediately after collection. Plasma was removed and stored at -18°C until glucose, NEFA, BHB, urea, insulin, total glutathione (GSH), oxidized GSH, superoxide dismutase (SOD), catalase, malondialdehyde (MDA), and protein carbonyl was analyzed.

Two additional blood samples were collected during the last two wks of each cross-over period (wk5 and 6, and wk 10 and 11) to analyze plasma free AA concentrations, plasma nonproteinogenic AA and AA derivatives.

Laboratory analysis

Dietary feed values (Table 1) were calculated according to INRA feeding system (INRA, 2007) from analyzed chemical composition and in vitro digestibility measurements (Upscience-Labs, Saint-Nolf, France). Feed and orts samples were dried in a forced-air oven at 90°C for 24 h to determine DM content and then ground and stored at room temperature until analysis of OM, NDF, ADF (Van Soest et al., 1991) 

Calculations and statistical analysis

The PDI gross efficiency for milk protein synthesis was evaluated by the ratio between MPY (g/d) and dietary intake of PDIE (g/d). The PDI metabolic efficiency was evaluated by the ratio between MPY and the difference between PDIE intake minus the PDIE requirement (g/d, INRA ( 2007)). Data were analyzed using PROC MIXED of SAS (SAS Institute, 2004) according to a cross-over design (including RPM (CTL vs RPM), Period (1 vs 2), and sequence (SEQ) of RPM supplementation as factors) nested within a factorial design with CNS1 Block (Low vs High) and dietary CP (LP vs HP) as factors. Period (1 vs 2), Seq (RPM/CTL vs CTL/RPM), RPM supplementation (CTL vs RPM), Genotype (Low vs High), dietary CP (LP vs HP), dietary CP x RPM interaction, Genotype x RPM interaction, dietary CP x Genotype and dietary CP x Genotype x RPM interaction were considered as fixed factor. When data were repeated within each period, time, time x RPM, and time x dietary CP were also included as fixed factors in the model, with goat(Seq) as a random effect and a compound-symmetric covariance structure as proposed by [START_REF] Choi | On comparison of SAS codes with GLM and MIXED for the crossover studies with QT interval data[END_REF]. Least squares means are reported and treatment effects were declared significant at P < 0.05 and tendencies at P ≤ 0.10.

Results

Most of the interactions between time and RPM supplementation, or time and dietary

CP were not significant. They were removed in the presentation of the results to focus on the main factors (RPM supplementation, dietary CP, and genotype) and on their interactions.

Milk performance

DM and nutrient intake are presented in table 2. Goats fed HP diet had higher CP (P < 0.02), PDIE (P < 0.005), LysDi (P < 0.001), Histdi (P < 0.002) and LeuDi (P < 0.003) intake than those fed the LP diet. As expected, goats supplemented with RPM had higher MetDi intake (+2.2 g/d in average, P < 0.001) than those fed the CTL diet, with no other difference in DMI or nutrients intake.

Milk performance and milk composition are presented in table 3. Goats fed HP diet had similar milk performance, milk composition and yields, similar PDI efficiencies, similar feed and energetic efficiencies, but higher milk urea concentration than those fed LP diet (P < 0.01). Goats supplemented with RPM had higher raw milk yield (+0.1 kg/d) only when fed LP diet (RPM x dietary CP interaction: P < 0.02). Compared to goats fed CTL diet, those supplemented with RPM had higher MPC, but this was observed only in goats fed HP diet (interaction RPM x dietary CP: P < 0.008), and this effect was more pronounced in Low CNS1 block (interaction RPM x CNS1: P < 0.05; interaction RPM x dietary CP x CNS1: P < 0.11): in the Low CNS1 block, difference in MPC and MPY between goats fed LP x CTL diet and those fed HP x RPM diet was 2.7 g/l and 17.7 g/d, whereas it was only 0.8 g/l and 11 g/d in the High CNS1 block, respectively. Similarly, in Low CNS1 block, difference in milk casein concentration in goats fed LP x CTL diet and those fed HP x RPM diet was 3 g/L, whereas it was only 0.2 g/l in the High CNS1 block (interaction RPM x dietary CP x CNS1: P < 0.04). In High CNS1 block, goats supplemented with RPM had higher feed efficiency and energy efficiency than those fed CTL diet whatever the CP content, whereas in the CNS1

Block, those supplemented with RPM had lower feed efficiency and energy efficiency that those fed CTL diet, but this was observed only for goats fed HP x CTL diet (interaction RPM

x Dietary CP: P < 0.04 and P < 0.003 for feed or energy efficiency, respectively; interaction RPM x CNS1: P < 0.01 and P < 0.01, respectively; interaction RPM x dietary CP x CNS1: P < 0.001 and P < 0.02, respectively). Efficiencies of PDI were not affected by RPM supplementation, but interaction between CNS1 x dietary CP x RPM was significant (P < 0.001 for PDI gross efficiency and P < 0.002 for PDI metabolic efficiency). Indeed, in goats fed HP diet (but not LP diet), those supplemented with RPM in the Low CNS1 block had lower PDI gross and metabolic efficiencies (-0.03 g MPY/g PDIE intake, and -0.04 g MPY/g

(PDIE intake-PDIE requirement) than the CTL ones; conversely, when fed HP (but not LP diet) goats supplemented with RPM had higher PDI gross and metabolic efficiencies (+0.02, and + 0.02 unit). Compared to goats fed CTL diet, those supplemented with RPM had higher milk urea concentration, without any interaction with other factors.

Goats of High CNS1 block had higher raw milk yield, higher MPY (+18 g/d, P < 0.05) and MPC (+2.8 g/kg, P < 0.02), and higher milk casein content (+ 3.3 g/kg, P < 0.02) than those of Low CNS1 block. They also had higher PDI gross efficiency (+0.06 unit, P < 0.03)

or PDI metabolic efficiency (+0.05 unit, P < 0.05) than those of Low CNS1 block.

Plasma characteristics and oxidative status

Plasma characteristics and parameters of oxidative status are presented in table 4.

Goats fed HP diet had higher plasma urea than those fed LP diet (P < 0.006), with no effect on other plasma characteristics. Goats supplemented with RPM had higher plasma BHB concentration (P < 0.05), and a trend to have higher plasma urea concentration (P < 0.07) than CTL. Interaction between RPM and dietary CP was significant with an increase in plasma insulin in goats fed HP x RPM diet but a decrease in those fed LP x RPM diet. Parameters characterizing oxidative status were weakly altered by CP content except for an increase in total GSH in the HP diet. Goats in the High CNS1 block had higher MDA plasma concentration (P < 0.02). Goats supplemented with RPM tended to have higher plasmatic MDA (P <0.07) and total GSH concentrations (P < 0.09).

Plasma Amino-acids and derivatives

Plasma AA data are presented in table 5. Dietary CP did not affect plasma concentrations of non-essential (NEAA) or essential AA (EAA), except for Arg (P < 0.05).

Compared to CTL goats, those supplemented with RPM tends to have higher plasma methionine (P < 0.10) and they had lower Ser (P < 0.03) and Tyr (P < 0.04) concentrations.

Compared to Low CNS1 goats, High CNS1 goats had higher plasma concentration for all EAA (except His and Lys) and for numerous NEAA. Interactions between dietary CP, RPM and genotype for CNS1 were not significant on plasma EAA concentrations, except for Lys with a trend to a decrease in plasma Lys after RPM supplementation in LP diet, but an increase in goats fed HP diet (P < 0.06).

Plasma non-proteinogenic AA and AA derivatives data are presented in table 6.

Compared to goats fed LP diet, those fed HP diet had lower plasma concentrations of aminoadipic (P < 0.003) and -aminobutyric acid (P < 0.05). Compared to CTL goats, those supplemented with RPM had lower plasma concentration of -aminoadipic acid (P < 0.02) and higher -aminobutyric acid (P < 0.03) and cystine (P < 0.001).

Discussion

Diet formulation

We have planned 2 different CP contents in the experimental diets to test the hypothesis that supplementation with RPM improved performance through higher efficiency in dairy goats fed low CP than high CP diets, as observed in dairy cows. As expected, LP and HP diets differed for their CP content (13.9 vs 15.8 % CP), PDIE content (100 vs 115 g/kg DM, where PDIE is the protein digested in the small intestine supplied by dietary RUP and by microbial protein synthesized from rumen-fermented OM) and PDIN content (92 vs 109 g/kg DM, where PDIN is the protein digested in the small intestine supplied by dietary RUP and by microbial protein synthesized from rumen NH 3 ). In these conditions, PDIN appears to be a limiting factor for milk performance in LP diets as dietary recommendations (INRA, 2007) suggest a minimal content of 100 g PDI /kg DM to meet animal requirement. However, a recommended deficit in dietary degradable protein ((PDIN -PDIE) / UFL between -7 and 0 g/UFL with 1 UFL = 1 Feed Unit for Lactation corresponding to 7.11 MJ of Net energy for lactation) is acceptable to account for the use of ruminal NH 3 recycled via the salivary urea (INRA, 2007). In LP diet, this deficit was between -8 and -9 g/UFL, which is slightly below the recommended deficit for goats producing 3.9 to 4.4 kg milk as in our trial. ) fed similar changes in dietary CP contents. In these trials, increase in milk yield or MPY with higher dietary CP content was associated with an increase in DMI, that provided more energy and amino-acid available for mammary milk production or protein synthesis. In our experiment, despite the increase in CP, PDI and AA intake, no increase in milk yield, MPC or MPY was observed suggesting that NEl intake was the first limiting factor of HP and LP diet especially for lactose synthesis [START_REF] Lemosquet | How does increasing protein supply or glucogenic nutrients modify mammary metabolism in lactating dairy cows? Pages 175-187[END_REF], and lead to inefficient use of dietary protein for milk synthesis. As previously reported in goat, PDI gross and metabolic efficiencies were reduced as dietary CP content increased, but this was observed only in goats expressing the high genetic variant for CNS1 [START_REF] Ph | Lactation response and nitrogen, calcium, and phosphorus utilization of dairy goats differing by the genotype for αS1casein in milk. and fed diets varying in crude protein concentration[END_REF]De La Torre et al., 2009) that also add the highest plasma urea. As the plasma concentration of total AA or individual AA was not affected by dietary CP content despite a higher AA intake with no change in protein yield, the higher plasma urea concentration reflects partly an increase of AA catabolism in the liver and/or a greater use of some or all AA for protein synthesis in the peripheral tissues. It also reflects possibly a less efficient use of ruminal NH 3 by rumen microbes at the higher CP intake in the goats fed HP diet [START_REF] Schwab | A 100-Year Review: Protein and amino acid nutrition in dairy cows[END_REF].

Plasma parameters related to oxidative status were not affected by dietary CP content, except for an increase in plasma oxidized glutathione in goats fed HP diet. To our knowledge, no data are available in ruminant on the effect of dietary CP content on oxidative status and especially on glutathione and its oxidized derivatives. In our study, feeding more CP was associated with a trend in a higher intake of methionine and cysteine, 2 amino acids with sulfur atoms that are particularly prone to oxidative damage [START_REF] Celi | Oxidant/antioxidant balance and animal nutrition and health: the role of protein oxidation[END_REF]. However, this increase in oxidized glutathione in goats fed HP diets was associated in our trial with no change in Protein-Carbonyl plasma concentration which is considered as a marker of protein oxidation, and even a decrease in alpha-aminoadipic acid which is a marker of lysine oxidation [START_REF] Estevez | Intake of oxidized proteins and amino acids and causative oxidative stress and disease: Recent scientific evidences and hypotheses[END_REF]. We also found a significant decrease in -amino-butyric acid (a non-proteinogenic AA) plasma concentration, that is a product of methionine, threonine, serine, and glycine metabolism, finally deriving from alpha-ketobutyrate [START_REF] Chiarla | Characterization of alpha-amino-n-butyric acid correlations in sepsis[END_REF]. In human, higher plasma-amino-butyric acid concentration reflects liver dysfunction, and increased protein catabolism and oxidation [START_REF] Chiarla | Characterization of alpha-amino-n-butyric acid correlations in sepsis[END_REF]. In dairy ruminants, data on -ketobutyrate are scarce and inversely related to DMI and energy/protein catabolism [START_REF] Klein | Nuclear magnetic resonance and mass spectrometry-based milk metabolomics in dairy cows during early and late lactation[END_REF]. Taken all together, these data do not provide a clear figure on oxidative status of the effect of feeding high CP level in the ruminant. Moreover, our trial was conducted in healthy goats at established lactation period, which probably do not constitute factors to alters oxidative status [START_REF] Abuelo | Oxidative stress index (OSi) as a new tool to assess redox status in dairy cattle during the transition period[END_REF].

Effect of Methionine supplementation on milk Performance and composition, and plasma parameters

Balancing diets for metabolizable methionine through supplementation with RPM did not result in an increase in DM intake as previously observed in goats fed different forms of RPM (Alonso-Melendez et al 2016: Al Qaisi and Titi, 2014; [START_REF] Flores | Effects of rumen-protected methionine on milk production of dairy goats[END_REF] or in cows [START_REF] Haque | Milk protein synthesis in response to the provision of an "ideal" amino acid profile at two levels of metabolizable protein supply in dairy cows[END_REF]. This lack in DMI response to supplementation with RPM was observed independently of the dietary CP content, whereas [START_REF] Madsen | Mammary nutrient uptake in response to dietary supplementation of rumen protected lysine and methionine in late and early lactating dairy goats[END_REF] reported an increase in DMI after supplementation with RPM in goats fed high CP (18% CP/DM) vs low CP (13%CP/DM) diets. In cows, inconsistent responses in DMI to supplementation with RPM have been observed that could be due to the form of methionine protection, deficiency of Met in the diet, and the availability of other co-limiting AA (Zanton et al., 2014). As expected, LP and HP diets in our trial were methionine deficient as their MetDi/PDIE ratio was 2.05 and 1.90 % PDIE respectively, which is below the value of 2.50 % to cover methionine requirement for mammary protein synthesis in cow [START_REF] Rulquin | Relationship between intestinal supply of essential amino acids and their mammary metabolism in the lactating dairy cow[END_REF]. In these conditions, supplementation with RPM alleviates the deficiency of LP and HP diet for their methionine / PDIE ratio, but both diets remained deficient for lysine (see below). Consequently, goats supplemented with RPM had higher intake of Methionine, but similar intake of NEL, and other EAA than the CTL goats, and this was independent of dietary CP content. This probably was reflected from the lack of response of raw milk yield and MPY to RPM, even though an interaction was observed between supplementation with RPM and dietary CP content, indicating that supplemental RPM was partitioned toward raw milk synthesis in low CP diets, and to a lower extent, toward MPY in the high CP diet resulting in an increase in MPC (see below). Raw Milk yield was not increased with different forms and doses of RPM supplementation when DMI and consequently NEl intake were not altered by supplementation with RPM in goats (Alonso-Melendez et al 2016: Al Qaisi and Titi, 2014; [START_REF] Flores | Effects of rumen-protected methionine on milk production of dairy goats[END_REF], whereas when DMI was increased, a positive response of milk yield, and MPY was observed [START_REF] Madsen | Mammary nutrient uptake in response to dietary supplementation of rumen protected lysine and methionine in late and early lactating dairy goats[END_REF], with no changes in MPC. However, in our trial, MPC was increased with RPM supplementation in goats fed high CP, but not in those fed low CP (significant RPM x CP interaction) which was at the opposite of our initial hypothesis. This is probably related to the fact that Met in high CP diet was more limiting that in low CP diet, which resulted in a more efficient use of RPM in high CP than in low CP diet. This is in line with the lower increase in milk and plasma urea associated with RP supplementation in high CP than in low CP diet. The lack in MPY and MPC responses could also be due to the possible limitation of Lys as first limiting AA in our experimental diets. Indeed, contrarily to what was expected, LP and HP diets were also slightly deficient for lysine as their digestible LysDi/PDIE ratio was 6.4% for both diets which is below the recommendation of 7.3% PDIE [START_REF] Rulquin | Relationship between intestinal supply of essential amino acids and their mammary metabolism in the lactating dairy cow[END_REF]. That could have also contributed to prevent any increase in DM intake and any increase in MPC, even though in both diets, the ratio of lysine to methionine was near 2.9 which have shown to be the optimal ratio for mammary milk protein synthesis (IINRA, 2007;2018). [START_REF] Madsen | Mammary nutrient uptake in response to dietary supplementation of rumen protected lysine and methionine in late and early lactating dairy goats[END_REF] also reported an increase in DMI, milk yield and MPC in goats fed rumen protected lysine and methionine in combination with a Met/Lys ratio equal to 2.5. These data suggest that in our trial, the low responses of MPY and MPC were due to limiting supply of these two AA (possibly Lysine as the first limiting amino acids) for mammary milk production when the goats were fed high or low CP diets. The lack of response in MPY and MPC may be also due to limiting NEL supply by both diets to optimize mammary protein synthesis. Indeed, [START_REF] Boutinaud | Methionine supplementation impacts casein gene expression and cell death in the mammary tissue of lactating dairy goats fed low and adequate net energy supplies[END_REF] Supplementation with RPM did not affect the milk fat yield, even though an interaction was observed between RPM and dietary CP: goats supplemented with RPM in low CP diet had higher milk fat yield than those fed high CP diet. This is essentially due to the changes in raw milk yield (cf. above) as no change in milk fat content was observed with RPM supplementation whatever the dietary CP content. Inconsistent responses in goats were observed for milk fat content and milk fat yields (Alonzo-Melendez et al. 2016;Al Quaizi et al., 2014;[START_REF] Flores | Effects of rumen-protected methionine on milk production of dairy goats[END_REF][START_REF] Madsen | Mammary nutrient uptake in response to dietary supplementation of rumen protected lysine and methionine in late and early lactating dairy goats[END_REF]. These variations may be associated with the partition of methionine between different functions and biochemical pathways. Indeed, in the liver, methionine is implied as an intermediate in methyl group transfer for choline and phosphatidylcholine synthesis, that are constituents of lipoprotein that delivers triglyceride to the mammary gland (Bauchard et al., 1998). However, methionine is also involved through transulfuration pathway into the synthesis of cysteine, taurine and glutathione synthesis in the liver [START_REF] Martinov | The logic of the hepatic methionine metabolic cycle[END_REF]. In association with the greater use of methionine for milk protein synthesis, it may be suggested that most of the available supplemental methionine was partitioned to mammary protein synthesis, glutathion and taurine synthesis rather than liver lipoprotein synthesis in the mid-lactating goats used in our trial. Consequently, no supplemental lipoprotein was available to deliver TG to the mammary gland after RPM supplementation. This is on line with the lack of change in the proportion milk fat proportion of stearic acid and oleic acids (data not shown), that are the 2 main FA transported by the liver VLDL.

To our knowledge, there is no data reporting the effect of RPM supplementation on plasma parameters of oxidative status in dairy goats. Supplementation with RPM increased plasma methionine concentration in our study, confirming the bioavailability observed in cows [START_REF] Graulet | Methionine availability in plasma of dairy cows supplemented with methionine hydroxyl analog isopropyl ester[END_REF]. This may explain the increase in hepatic glutathione production (Zhou et al., 2016b;[START_REF] Batistel | Ethyl-cellulose rumen-protected methionine alleviates inflammation and oxidative stress and improves neutrophil function during the periparturient period and early lactation in Holstein dairy cows[END_REF], that is the most abundant thiol compounds against oxidative stress [START_REF] Osorio | Biomarkers of inflammation, metabolism, and oxidative stress in blood, liver, and milk reveal a better immunometabolic status in peripartal cows supplemented with Smartamine[END_REF]. Methionine may also have been used for taurine synthesis, another potent antioxidant [START_REF] Martinov | The logic of the hepatic methionine metabolic cycle[END_REF], as its plasma concentration tended to increase with RPM supplementation. However, increase in plasma total glutathione concentration and the numerically higher plasma taurine concentration with RPM supplementation were not reflected in lower plasma concentration of MDA and PC that reflects lipid peroxidation and protein damage respectively, nor in increase in SOD or catalase. Similar increase in plasma GSH, taurine and cysteine concentrations have been also

observed in lactating cows supplemented with RPM during the transition period, thus increasing antioxidant and β-oxidation capacities [START_REF] Osorio | Biomarkers of inflammation, metabolism, and oxidative stress in blood, liver, and milk reveal a better immunometabolic status in peripartal cows supplemented with Smartamine[END_REF]Zhou et al., 2016a).

Effect of genetic variant for S1-casein on milk performance and composition, and plasma parameters.

Similarly to previous studies (De La Tore et al. 2008;[START_REF] Ph | Lactation response and nitrogen, calcium, and phosphorus utilization of dairy goats differing by the genotype for αS1casein in milk. and fed diets varying in crude protein concentration[END_REF] we observed higher MPY and MPC associated with a higher milk casein concentration, and a higher PDI gross efficiency in High CNS1 block goats compared to those in Low CNS1 block. Goats in High CNS1 block expressing a majority of Ab, Ac Ad and B alleles has been shown to induce a higher secretion of S1-casein relatively to those expressing the intermediate variant [START_REF] Grosclaude | A mendelian polymorphism underlying quantitative variations of goat αS1-casein[END_REF], which was the E allele in that study. This was surprisingly associated with an increase in plasma concentration of EAA (except for Lys and Hist), and in some case with the increase in plasma concentration of some NEAA. Polymorphism of CNS1

has been shown to be involved in the cellular mechanisms of transport and secretion of protein in the mammary gland, with a perturbed intracellular transport of those casein in the defective or low variants [START_REF] Neveu | Is the apocrine milk secretion process observed in the goat species rooted in the perturbation of the intracellular transport mechanism induced by defective alleles at the alpha_s1-Cn locus ?[END_REF][START_REF] Parc | S1-casein, which is essential for efficient ER-to-Golgi casein transport, is also present in a tightly membrane-associated form[END_REF]. Paradoxically, despite a lower protein yield, this could be due to a higher AA requirement in the Low CNS1 block, associated with a lower efficiency use of AA than in the High CNS1 block as we observed in the present study. This could also explain the interaction between the CNS1 blocks and supplementation with RPM for MPY, MPC, milk casein content, and PDI efficiencies in line with our second hypothesis that RPM could be more efficient in goats exhibiting high protein synthesis. This is also in line with the data of [START_REF] Jacobsen | Use of methionine supplements to enhance the protein fraction of goat milk[END_REF] who reported a weak response to RPM supplementation of dairy goats exhibiting low secretion of CNS1 in relation with low Met requirement.

Conclusions

Goats fed high CP diet had similar milk production, milk protein content and milk protein yield, efficiency for feed, energy and PDI use than those fed low CP diet, and this was associated with a lack of response in DMI to dietary CP contents, which suggests that Net Energy for lactation was a limiting factor in our experimental diets. Goats fed rumen protected methionine had higher intake of Methionine, but similar intake of Net Energy for lactation and similar energy efficiency, that was reflected into the lack of response of raw milk yield and protein yield to rumen-protected methionine. However, with methionine those fed low CP diet that had higher milk yield, suggesting changes in metabolic partition of nutrient between milk secretion vs milk protein synthesis according to the level of limitation of methionine in diet. Simultaneously, oxidative status was improved in goats fed rumen protected methionine, as reflected by the increase in plasma glutathion and taurine concentrations. In conclusion, our data suggest that further research are needed to determine if specific dietary requirements for methionine can be quantified in goats exhibiting high protein secretion to optimize milk performance response to methionine supplementation. e PDIA = dietary CP undegraded in the rumen but truly digestible in the small intestine; PDIN = protein digested in the small intestine supplied by dietary RUP and by microbial protein from rumen NH 3 ; PDIE = protein digested in the small intestine supplied by dietary RUP and 685 by microbial protein from rumen-fermented OM (INRA, 2007).

Table 2.

Body weight, dry matter intake, Net energy of lactation, and selected nutrient intake in alpine goats differing by the genetic variant for CNS1 casein (High vs Low) and fed low (LP) vs high (HP) CP diet supplemented (+) or not (-) with rumen protected Methionine (RPM). 

  Figure 1.

  Consequently, it cannot be excluded that the lack of MPC and MPY responses to RPM supplementation, especially in LP diet (see below), could be related to a lack of dietary fermentable N. UFL increased numerically DMI (+0.1 kg DMI/d, i.e. +2.9%). This numerical increase is however in line with that predicted by INRA (2018): increasing dietary CP content by 18 g/kg DM would result in an 3% increase in intake capacity. In cows, several studies have shown a similar positive effect of PDIE/UFL on the intake capacity (review of[START_REF] Daniel | Milk yield and milk composition responses to change in predicted net energy and metabolizable protein, a meta-analysis[END_REF], independently of any impact on ruminal digestion, indicating that a shortage in PDIE supply compared to energy availability limits intake capacity. However, response of Moreover, as HP diet had slightly higher LysDi and HistDi concentration than LP diet, goats fed HP diet had significantly higher LysDi and HistDi intake than those fed LP diets.Goats fed HP diet had similar milk performance, PDI efficiencies, MPC and MPY than those fed LP diet, in contrast to studies in goats[START_REF] Ph | Lactation response and nitrogen, calcium, and phosphorus utilization of dairy goats differing by the genotype for αS1casein in milk. and fed diets varying in crude protein concentration[END_REF] De la Torre et al., 2009) or in cows(Hacque et al. 2012

	4.2.	Effect of CP and PDI on milk performance and composition, and plasma parameters
		Increasing CP content from 14% to 16% and consequently PDIE/UFL ratio from 65
	to 76 g /

DMI to an increase in PDIE/UFL ratio may be partially limited by the availability of fermentable N, especially when (PDIN-PDIE)/UFL ratio is decreased

[START_REF] Rico-Gomez | La nutrition protéique modifie l'ingestion des vaches laitières : analyse bibliographique[END_REF] Huthanen and Hetta 2012)

. Therefore, despite the increase in PDIE/UFL in HP diet compared to LP diet, the relative decrease in PDIN-PDIE / UFL (2 g (PDIN-PDIE) / UFL between HP and LP diet) may have limited the potential increase in DMI. Consequently, goats fed LP or HP diets had similar intakes of NEL, starch and fat, but different CP and PDIE intake by design.

  reported an increase in MPY and mRNA S1 casein to supplementation with RPM only in dairy goats fed adequate NEl supply (1.84 Mcal/kg DM) but not in those fed low NEl supply (1.48 Mcal/kg DM). The energetic contents of the experimental diets were only 1.52 to 1.55 Mcal/kg which may have limited the increase in protein synthesis after RPM supplementation. Finally, it cannot be excluded that the low response in milk yield and/or MPY was due to the short time of each experimental period of the cross-over design.

Table 1 .

 1 transition dairy cows., energy homeostasis and health in response to post-ruminal Ingredients, chemical composition, and predicted nutritive values of the s experimental diets.

	choline	and	methionine.	PloS	ONE	11,	e0160659.
	https://doi.org/10.1371/journal.pone.0160659.			
	Zanton, G.I., Bowman, G.R., Vazquez Añón, M., and Rode, L.M., 2014. Meta-analysis of
	lactation performance in dairy cows receiving supplemental dietary methionine sources
	or postruminal infusion of methionine. J. Dairy Sci. 97, 7085-7101.
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	during the periparturient period alter plasma amino acid and one-carbon metabolism
	profiles to various extents., potential role in hepatic metabolism and antioxidant status.
	Nutrients 9,10. https://doi.org/10.3390/nu9010010.			

Table 3

 3 Milk yield and composition, body weight, and efficiencies in alpine goats differing by the genetic variant for CNS1 casein (High vs Low) and fed low (LP) vs high (HP) CP diet supplemented (+) or not (-) with rumen protected Methionine (RPM). . Interaction RPM x dietary CP x Genetic variant of CNS1: P < 0.001 for feed efficiency, and P < 0.02 for energy efficiency c Interaction RPM x dietary CP x Genetic variant for CNS1: P < 0.001 for PDI gross efficiency and P < 0.002 for PDI metabolic efficiency.

	Treatment	RMSE		P	
		RPM	Diet CNS1	RPM	RPM	Diet
				x	x	x
				Diet	CNS1	CNS1

b

Table 4

 4 Plasma characteristics, antioxidant enzymes activities, malondialdehyde, total and oxidized glutathion, MDA and protein carbonyls concentrations in alpine goats differing by the genetic variant for CNS1 casein (High vs Low) and fed low (LP) vs high (HP) CP diet supplemented (+) or not (-) with rumen protected Methionine (RPM) a .

	Treatment	RMSE	P	
		RPM	Diet CNS1 RPM	RPM	Diet
			x	x	x
			Diet	CNS1	CNS1

a SOD = superoxide dismutase; MDA = Malondialdehyde; GSH = glutathion; PCs = protein carbonyls.

Table 5

 5 Plasma free AA concentrations (µM/L) in alpine goats differing by the genetic variant for CNS1 casein (High vs Low) and fed low (LP) vs high (HP) CP diet supplemented (+) or not (-) with rumen protected Methionine (RPM).

	Treatment	RMSE	P-value	
		RPM	Diet CNS1 RPM	RPM	Diet
			x	x	x
			Diet	CNS1	CNS1

Table 6

 6 Plasma non-proteinogenic AA and AA derivatives concentrations (µM/L) in alpine goats differing by the genetic variant for CNS1 casein (High vs Low) and fed low (LP) vs high (HP) CP diet supplemented (+) or not (-) with rumen protected Methionine (RPM).

	Treatment	RMSE	P-value	
		RPM	Diet CNS1 RPM	RPM	Diet
			x	x	x
			Diet	CNS1	CNS1
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