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To investigate the responses of amino acid metabolism in portal-drained viscera (PDV), liver, and mammary glands (MGs) to a graded gradual decrease of post-ruminal Lys supply, four multi-catheterized lactating goats were used in a 4 × 4 Latin square experiment. Goats were fasted for 12 h and then received a 33-h abomasal infusion of an amino acid mixture and glucose. Treatments consisted of a graded decrease of Lys content in the infusate to 100 (complete), 60, 30, or 0% as in casein. Lys-removed infusions decreased the production of milk, milk protein, fat, and lactose linearly and also decreased arterial Lys concentrations linearly (p < 0.05). Net PDV uptake decreased linearly (p < 0.05) with decreasing PDV loss ratio (p < 0.05). Although liver removal of Lys decreased linearly (p < 0.05), the removal ratio relative to portal absorption changed small, which was about 10% in all four treatments. Reduced Lys supply resulted in a linear decrease in the utilization of Lys in the peripheral tissues (except mammary, p < 0.05) and the release of more Lys in MGs. Although net mammary uptake of Lys declined linearly (p < 0.05), lactating goats can partially offset the negative effect of decreased circulating Lys concentrations by increasing mammary affinity (p <0.05) and increasing mammary blood flow (p < 0.05). Graded removal of Lys from the infusate linearly decreased mammary uptake-to-output ratios of Lys (p < 0.05) suggesting that mammary catabolism of Lys decreased. Meanwhile, the treatments linearly increased circulating concentrations of glucagon and linearly decreased prolactin (p < 0.05). In conclusion, the results of the present study indicated that there were several mechanisms used to mitigate a Lys deficiency, including reduced catabolism of Lys in PDV and peripheral tissues (including MGs) and linearly increased mammary blood flow and mammary affinity together with increased mammary uptake and U:O of branched-chain amino acids (BCAA). Given these changes, the decline in milk protein production could be attributed to the combined effect of mass action with Lys and hormonal status.
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INTRODUCTION

Lactating ruminants usually have lower efficiency of nitrogen (N) utilization than growing animals, which result in a big environmental problem, such as soil and water eutrophication of N (1, 2). Postabsorptive efficiency of N use for milk is determined by the amount of metabolizable protein (MP) supplied relative to animal needs, the profile of absorbed EAA, and the rate of protein synthesis based on the present knowledge of amino acid (AA) nutrition (3), so improving the postabsorptive N efficiency without sacrificing milk protein production is a major strategy for increasing overall dietary N efficiency.

The losses of absorbed AA mainly occur in the portal-drained viscera (PDV), liver, peripheral tissues, and metabolic pathways other than only milk protein synthesis in the mammary glands (MGs) (4). In adult lactating cows, the net AA consumption from the PDV, liver, and MG was roughly equal to absorption, while the loss of AA metabolism in other tissues was low (5). Therefore, predicting changes in the rate and extent of AA metabolism by the PDV, liver, and MGs is an essential prerequisite for improving the precision of models that predict the MP requirements of dairy ruminants (6, 7).

Total AA losses during absorption are proportional to MP supply (4), but there is a variation in gut-associated losses among individual AA (8) that the metabolic disappearance rate of each EAA flowing through PDV ranges from 10.3 to 45.8% (7). Analysis of related research results shows that the liver catabolizes about 45% of the total AA flowing into the portal vein (4), but for individual EAA, the catabolized ratio varies widely, ranging from −0.4 to 55.2% (7). Changes in plasma AA profiles in response to casein infusion indicate that His, Met, and Phe plus Tyr are removed by the liver in substantial proportions of their net portal appearance, whereas Ile, Leu, Lys, and Val are barely extracted by the liver (9). Therefore, the relationship between individual EAA supply and metabolic loss in PDV and liver needs further investigation.

The mammary uptake to milk output ratio (U:O) of total amino acids is 96%−105%, indicating that the catabolism of amino acids does not occur under basically normal physiological conditions; the mammary uptake to milk output ratio of EAA and nonessential amino acids (NEAA) is 66%−79% and 141%−182%, respectively, indicating that part of EAA is converted to NEAA in the MGs (10). In general, Lys and branched-chain amino acids (BCAA) are taken up in excess relative to milk output, whereas Met, His, Phe, and Trp are taken up in approximately the same amount as in milk protein secretion (11, 12). Due to the EAA supply balance regulation mechanism of EAA supply at tissue and cell levels, in a certain range, the change of a single EAA supply may not lead to a change in milk protein production, but it will affect the lactational efficiency of the EAA.

Lys is often the limiting AA for milk protein synthesis in lactating ruminants. Increasing Lys in MP to more optimal concentrations by post-ruminal infusion (13, 14) or by feeding a rumen-protected Lys supplement (15, 16) increased milk protein yield.

Nitrogen originating from Lys appeared in Arg, Asp, Ala, Glu, and Ser concomitant with excess mammary uptake of Lys in dairy cows (17). As the deletion of Lys from an AA mixture decreased milk protein yield (18), this might suggest the excess uptake of Lys across the MGs may be obligate to maintain milk protein production by supporting NEAA synthesis.

Starvation-refeeding experiments, in which animals receive nutrients per os or by infusion after being deprived for 12–48 h, have been very useful in illustrating the postprandial response of dietary components (19, 20). It has been widely used in lactating rats, goats, and cows (21–24). The objective of this study was to determine how the PDV, liver, and MGs respond to varying short-term supplies of Lys in catheterized dairy goats. As Lys supply varies, splanchnic tissues and MGs are hypothesized to actively regulate AA catabolism.



MATERIALS AND METHODS


Animals and Diet

Four multiparous Laoshan dairy goats averaging 60 ± 10 day in milk (DIM) and 50 ± 5 kg of body weight (BW) were used at the beginning of the experiment. Surgeries were performed at least 1 month before the start of the experiment in which all goats were surgically implanted with medical silicone catheters (1 mm × 2 mm, Chensheng Medical, China) in the portal vein, hepatic vein, and one mesenteric vein (25). A T-type Tygon (8 mm × 10 mm, Weili, China) was surgically implanted in the abomasum, and the right carotid artery was also raised to a subcutaneous position to provide access to arterial blood. The diet was formulated according to Agricultural and Food Research Council (AFRC) (26), which could provide 10.65 MJ ME and 110.7 g MP/kg DM (Table 1). The daily amount of diet offered was adjusted to maintain a 5% refusal rate. Goats had ad libitum access to water throughout the experiment.


Table 1. Ingredients, nutrients, and essential amino acid (AA) compositions of the pelleted diet.

[image: Table 1]



Experimental Design and Procedure

The experimental design was a randomized 4 × 4 Latin square with four 14-day periods. Treatments consisted of abomasal infusion of an AA mixture containing 100 (complete), 60, 30, or 0% of the Lys present in casein. The profile of casein was similar in composition to bovine milk casein in Table 2 (27). Lys was substituted by equal moles of Glu to achieve Lys-deficient infusates and, because of solubility limitations, all the Tyr was replaced by Phe. The infusion rate was set to match the MP requirement of each goat according to AFRC (26) based on milk yield recorded for 3 consecutive days before the start of infusion in each period. The amount of glucose infused was calculated to provide 3.6 mg glucose/kg BW per minute according to the observed metabolic use rate measured in lactating goats by using isotopic tracer technology (28). In each experimental period, goats were moved to individual metabolic cages and fasted for 12 h before the start of the infusion to mitigate possible interference from absorbed Lys from the remaining digesta. The infusion began at 08:00 on the 1st day and lasted 33 h to ensure steady blood glucose and urea concentration, which need about 15 h for glucose and 20 h for urea to establish according to the result of our pre-experiment (Figure 1). Samples were collected on the 2nd day. After stopping the infusion, goats were allowed for a 12-day rest in individual free stalls before the start of the next period.


Table 2. Amino acid profile of the complete amino acid mixture1.
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FIGURE 1. Concentrations of urea and glucose in arterial plasma after infusion of glucose and amino acid into abomasum in a preliminary experiment.


The AA mixture and glucose were dissolved in 1,920 ml of saline each day, which was adjusted to a pH of 7.4 using HCl and NaOH and was infused continuously through a peristaltic pump (Type H-L2, Huxi Analytical Instrument Factory, Shanghai, China) to abomasum at a rate of 80 ml/h for the duration of the study. During the resting periods, goats were milked two times daily at 08:00 and 18:00 and allowed free access to the pelleted diet and water.



Sampling and Analysis

Samples were collected on the 2nd day during each infusion period. Milk samples were collected between 08:00 and 17:00, which was weighed, recorded, and sampled for later analysis. Milk was divided into two subsamples: one was used for routine analysis using an infrared milk composition analyzer (Type 76110, FOSS, Denmark) and the other for AA determination after hydrolysis using an AA analyzer (Type L-8900, Hitch, Japan). Samples for AA analysis were sent to be hydrolyzed with hydrochloric acid at a final concentration of 6 M. The hydrolysate was filtrated through a 0.2-μm film before being loaded into the AA analyzer. To determine plasma flow across the splanchnic tissues, para-amino hippuric acid (pAH; 0.48g/h, 1% wt/vol) was continuously infused into the mesenteric vein catheter using a syringe pump (Type 50F6, SN, China) from 10:00 to 16:00 h. The pAH was infused 1.5 h before the first blood sample was collected, followed by a priming dose (0.2 g) for 5 min. On each sampling day, four sets of arterial, portal venous, and hepatic venous blood samples were collected simultaneously at 90-min intervals beginning at 11:30. Mammary venous blood samples were taken by venipuncture immediately after the withdrawal of the splanchnic blood samples. Blood samples were also divided into two samples, one was placed on ice and centrifuged (10 min, 1,800 × g at 4°C) within 30 min of collection to yield plasma, and the other one was for the packed cell volume by the automatic analyzer of blood cell (Mindray, BC-6100Plus). A total of four samples were pooled together and kept at −80°C for later analysis of free AA concentration using an AA analyzer (Type L-8900, Hitch, Japan). Samples were deproteinized by mixing with equal amounts of 10% sulfosalicylic acid, kept at 4°C overnight, and centrifuged at 15,000 × g for 20 min. The extracted supernatant was passed through a 0.2-μm film before being loaded into the AA analyzer. Arterial plasma was subsampled for total protein, albumin, urea-N, and glucose analysis by an automatic biochemical analyzer (Type 7020, Hitch, Japan). Hormones such as insulin, glucagon, and prolactin were determined by radioimmunoassay using commercial assay kits (Tianjin Xiehe Medical Technology Co. Ltd.).



Calculations and Statistical Procedures

Blood and plasma flow were calculated from the downstream dilution of pAH infused into mesenteric catheters (29). Daily averages of blood flows were used to calculate the net fluxes of AA. Mammary plasma flow was estimated according to the Fick principle using Phe and Tyr as internal markers (30). The net fluxes of AA across the PDV, liver, total splanchnic tissues (TSP), and MG were calculated for each goat period as the product of the average plasma venous–arterial concentration difference and the average blood flow. A negative flux indicates utilization or removal, whereas a positive flux indicates net production or release of the nutrient across the tissue (31). Mammary uptake to milk output ratios (U:O) for individual AA were calculated as the mammary uptake of AA divided by the amount secreted in milk during the 9 h between milkings. PDV clearance rates (Kp), liver clearance rates (Kh), and mammary clearance rates (Km) were calculated to assess tissue affinity for blood metabolites (32):
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where Fa, Fp, Fh, and Fm refer to arterial, portal venous, hepatic venous, and mammary blood flows, respectively (L/h); Ca, Cp, Ch, and Cm refer to arterial venous, portal venous, hepatic venous, and mammary venous AA concentrations (μmol/L).

Data were subjected to mixed procedure analysis by SAS (version 9.2, SAS Institute, Inc., Cary, NC, USA). The statistic model used was
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where Y was the observed value for the kn treatment, the jn period, and in goat; μ was the overall mean; Gi was the random effect of goat, Pj was the random effect of the period, Tk was the fixed effect of Lys dose effects, and eijk was the random error associated with Yijk. Both linear and quadratic effects of Lys dose were initially tested. When quadratic effects were nonsignificant, they were removed from the model. The results were expressed as least square means (LSM) with standard error of the mean (SEM). Significance was declared at p ≤ 0.05 and tendency was declared at p ≤ 0.1. Multiple comparisons between treatment means were made using the Tukey method.




RESULTS


Milk Yields and Composition

Removal of Lys from the infused mixture decreased the production of milk, milk protein, milk fat, milk lactose, and the content of milk protein linearly (p < 0.05, Table 3). Production of milk, milk protein, milk fat, and milk lactose in the 100 and 60% treatments were greater than in the 30 and 0% treatments. The content of milk protein in the 100 and 60% treatments were higher than the 0% treatment.


Table 3. Effects of graded removal of Lys from the amino acid mixture infused into abomasum on lactation performance of lactating goats.
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Arterial-Free AA

Lys removal decreased arterial Lys concentration linearly (p < 0.05, Table 4). Removing all Lys from the infusate decreased arterial Lys to about one-fifth of the full mixture infusion. Arterial concentrations of all the other measured AA, BCAA, EAA, NEAA, and TAA were unaffected by Lys removal from the infusions.


Table 4. Effects of graded removal of Lys from the amino acid mixture infused into abomasum on amino acid concentrations in the plasma of carotid artery in lactating goats.
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Arterial Metabolites, Hormones, and Blood Flow

Arterial concentrations of all measured metabolites and hormones were unaffected, apart from glucagon, which increased linearly, and prolactin, which decreased linearly by Lys removal from the infusions (p < 0.05, Table 5). Glucagon in the 0% treatment was greater than the 100% treatment and the prolactin in the 100% treatment was greater than the other three treatments. Graded removal of Lys from the infusate linearly increased mammary blood flow (p < 0.05, Table 6) than the 0% group which was greater than the 100% group. Portal and splanchnic blood flow were unaffected by Lys removal from the infusions.


Table 5. Effects of graded removal of Lys from the AA mixture infused into abomasum on concentrations of metabolites and hormones in the plasma of carotid artery in lactating goats.
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Table 6. Effects of graded removal of Lys from the AA mixture infused into abomasum on splanchnic blood flows in lactating goats.
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Net Fluxes of Individual AA Across Tissues

The linear decrease in the Lys infusion rate was accompanied by a linear increase in the Glu infusion rate because the missing Lys was replaced by an equal mole of Glu. Net fluxes of individual AA across the PDV, heptic tissues (HEP), TSP, MG, and in milk are presented in Table 7. Graded removal of Lys from the infusate linearly decreased the net fluxes of PDV, HEP, TSP, MG, and milk (p < 0.05). Removing all Lys from the infusate decreased the net fluxes of PDV and TSP to about one-sixth of the full mixture infusion. Upon removal of the liver, the amounts of Lys decreased about 85% from 100 to 0% treatment. Mammary uptake of Lys decreased sharply when the infusion of Lys decreased from 60 to 30%. The hepatic removal of Arg was linearly affected by the graded removal of Lys (p < 0.05). Net fluxes across the TSP of Leu tended to decrease linearly with the graded removal of Lys (0.05 < p < 0.1). Across the MG, the graded removal of Lys caused a linear increase in the uptake of Ile and Val (p < 0.05). All the other net fluxes of AA were unaffected by Lys removal from the infusions.


Table 7. Effects of graded removal of Lys from the AA mixture infused into abomasum on splanchnic and mammary net fluxes of amino acids in lactating goats.
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PDV, Liver, and Mammary Clearance Rates of AA

The PDV clearance rate of Lys and Val decreased linearly with the graded removal of Lys (p < 0.05, Table 8). Numerically, the PDV clearance rate of Lys decreased by 2.43-folds for the 30% Lys treatment compared with that of complete mixture infusion. All the other measured EAA were unaffected with graded removal of Lys.


Table 8. Effects of graded removal of Lys from the AA mixture infused into abomasum on PDV, liver and mammary amino acids clearance rates of lactating goats.
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The liver clearance rate of Arg decreased linearly (p < 0.05). Graded removal of Lys from the infusate had no significant effect on liver clearance rates of the other EAA measured.

Graded removal of Lys from the infusate increased the mammary clearance rate of Lys linearly (p < 0.05). Numerically, the mammary clearance rate of Lys increased by 2.06-folds for the 0% Lys treatment compared with that of complete mixture infusion. The mammary clearance rate of Thr decreased linearly (p < 0.05) while mammary clearance for Phe tended to decrease linearly (0.05 < p < 0.1) with decreasing the infusion of Lys.



U:O of AA

Graded removal of Lys from the infusate decreased linearly mammary U:O of Lys to a significant level (p < 0.05; Table 9). The mammary U:O of Lys in the 100% treatment was greater than 30% and 0% treatments. Graded removal of Lys from the infusate linearly increased the mammary U:O of Leu and Ile. Treatments affected the U:O of Arg quadratically (p < 0.05). U:O increased and then decreased with decreasing Lys content in the infusate. Treatments had no significant effects on mammary U:O of the other AA measured.


Table 9. Effects of graded removal of Lys from the AA mixture infused into abomasum on the ratio of mammary uptake to milk output in lactating goats.
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DISCUSSION


Milk Protein Production

As indicated in previous studies, the extent of Lys deficiency in the experiment was limited by the Lys supply from the basal diet, and there was little chance of having a significant change in milk protein production. For example, of the seven experiments that investigated the response of milk protein to varied post-ruminal Lys supply since 2000, six experiments observed no significant effects (16, 33–37), and the other reported lower milk protein production for the low MP diet supplemented with Lys compared with that of the MP-adequate diet (38). Therefore, such experimental procedures are inappropriate if we only want to investigate the effects of individual EAA on milk protein synthesis. To avoid the limitation of basal diets on the extent of individual AA deficiency, one experiment was designed by subtracting approximately 45% of each EAA from the full mixture of EAA infused into the cows. This experiment was to investigate the effect of the post-ruminal supply of individual EAA on milk protein production and found that the removal of Lys caused the greatest depression in milk protein production (39). Another experiment found that graded removal of Lys from an intravenously infused amino acid mixture linearly decreased milk protein production (3). In this study, graded removal of Lys from the infusate also linearly decreased milk protein production. Considering the concomitant linear decrease in mammary Lys uptake (Table 7), it seemed reasonable to interpret the result as a mass action of Lys supply. Meanwhile, we observed a linear increase in circulating glucagon and a decrease in circulating prolactin by a graded removal of Lys from the infusate in the present study. It has been observed that the infusion of glucagon decreased milk protein production in lactating cows (40, 41). Prolactin also plays an important role in mammary development and lactation (42). Inhibition of the release of prolactin significantly reduced milk protein yield in dairy goats and cows (43–46). Thus, Lys supply may exert a portion of its effects on milk protein synthesis through glucagon and prolactin. As mentioned above, a variation in post-ruminal Lys supply can affect milk protein synthesis through mass action with Lys and a change in hormonal status.



Splanchnic and Mammary Net Fluxes of Amino Acids

As revealed by previous studies, decreasing the post-ruminal supply of an EAA would generally decrease the circulating concentration of that specific EAA (3, 36, 47). Consistent with these expectations, arterial concentrations of Lys decreased linearly with the removal of Lys in the present study. Compared with the complete mixture of the 100% treatment, the removal of all Lys reduced arterial Lys concentrations to 21%. Arterial concentrations of other EAAs were not affected by treatment, indicating that the metabolism of individual EAA usually had an independent effect on protein synthesis (48).

The splanchnic and mammary net flux of AA is closely related to blood flow. The contribution of portal blood flow to splanchnic blood flow ranges from 75 to 85% (49–51). In this study, portal blood flow (95.7 L/h) was 78% of splanchnic blood flow (122.7 L/h), which was consistent with previous studies of lactating ruminants. The splanchnic blood flow regulated by energy supply rather than protein supply (52) had no response to graded removal of Lys. Graded removal of Lys linearly increased mammary blood flow. This phenomenon was observed for Met removal (24), Lys removal (3), His deficiency (53), and Leu deficiency (27). Therefore, increased mammary blood flow appears to be a common response in response to deficiencies of individual EAA (54), which helps to mitigate the deficiency. NO concentration in the mammary vein plasma was linearly elevated by Met removal (24) and Lys removal (3) in the previous experiments. This may at least partially explain the elevated mammary blood flow as NO has been identified as one of the local vasodilatory compounds (55). The mechanisms of AA that induced the increased MG blood flow need further investigation.

Amino acid metabolism by the PDV tissue affects the net supply and composition of AA entering the bloodstream (4). Gut use of AA also varies by different AAs with the loss of His being very small, while the loss of Leu, Thr, and some NEAA was much greater (56). The same phenomenon occurred in this experiment, where the net recovery ratio of His was greatest at about 80%, but the BCAA only averaged about 63%. If the PDV flux of the 0% Lys treatment was taken as the basal absorption, the metabolic loss of Lys in the PDV is 39.2, 31.6, and 26.3% for 100, 60, and 30% treatments, respectively. Meanwhile, the PDV clearance rates for Lys decreased linearly from 7.219 to 2.977 L/h. Thus, decreases in post-ruminal Lys supply resulted in decreased utilization by the digestive tract and increased relative availability of Lys for other tissues due to decreased affinity of Lys in PDV. PDV flux of other AAs was not significantly affected, indicating that the metabolic loss rate of PDV can be altered by adjusting an EAA supply.

If all AAs are considered together, then the liver removes an average of about 45% of portal absorption (4). However, this value hides the considerable variation in how the individual AA is handled and the impact this has on post-hepatic supply and metabolism. In this experiment, the net removal of Met, His, Phe, Thr, Trp, and Arg by the liver was relatively large, between 35 and 60%, while the removal of Lys and BCAA by the liver was very small. Although the net liver flux of Lys decreased linearly, the removal ratio of portal absorption changed small, which was about 10% at the four treatments. At the same time, the clearance rate of Lys by the liver also showed a nonsignificant change with decreasing Lys supply (Table 8). This suggests that the liver can remove Lys in a fixed proportion in lactating ruminants.

Post-liver supply was greater than mammary uptake, which exceeded milk output, as is usually observed for Lys (4). The gradual removal of Lys resulted in a linear decrease in the amount of Lys delivered to peripheral tissue (net TSP flux) and mammary uptake (Table 8) in this experiment, which was similar to a previous study (34). The mammary uptake amount of Lys accounts for more and more peripheral tissue supply with decreasing post-ruminal Lys supply, indicating that the utilization of Lys in peripheral tissues (non-mammary) is reduced. Mammary uptake and milk output of Lys was even higher than the post-liver supply in the 0% treatment, this may be due to the mobilization of body protein reserves to meet the requirement of lactation (51). There were no significant changes in the mammary uptake of Lys between 100 and 60% treatments despite large declines in arterial Lys concentrations of about 35% between 100 and 60% treatments. Changes in mammary blood flow and mammary affinity compensated for part of the varied supply of individual EAA, thereby mitigating the responses (3, 53). However, there was a limit to this buffering because the mammary uptake of Lys decreased significantly when the post-ruminal supply of Lys was reduced to 30%.

Branched-chain amino acids and Lys are taken up in excess by the MGs (57). It is known that Lys can be used to support necessary NEAA synthesis in MGs (17) and its utilization in mammary is sensitive to nutrient supply (58). The mammary U:O of Lys decreased linearly from 1.45 to 1.09, which is similar to a previous study that U:O decreased when decreasing doses of Lys supply (34, 57, 59). Although MGs could decrease U:O, the values always exceeded unity, even at 0% treatment. This suggested that there are other roles for Lys within the MG, such as supporting necessary NEAA synthesis (17). Meanwhile, increased mammary uptake of Ile and Val and increased U:O of Leu and Ile compensated for the lowered metabolism of Lys because BCAA could provide N for NEAA synthesis (34).



Mechanisms to Mitigate the Lys Deficiency

The main innovation of this study was that we can observe the route of AA absorbed into milk protein and the response of amino acid metabolism in the PDV, liver, and MG to the change of Lys supply by using the multi-catheterized model of dairy goats, this provides a new strategy to improve postabsorptive N efficiency. The infusion rate of Lys decreased by about 2,100 μmol/h from 100 to 0% treatment. Nonetheless, mammary uptake only decreased by 424 μmol/h while Lys in milk protein secretion decreased only by about 242 μmol/h from 100 to 0% treatment. According to the outcomes of this experiment, there are several pathways to mitigate Lys deficiency in lactating ruminants. First, lactating ruminants adapted to Lys deficiency by reducing net utilization or catabolism in PDV and peripheral tissues (except mammary, Figure 2). There may be a limit to this adaptation; however, as mammary uptake was still impacted negatively when the post-ruminal supply of Lys decreased to 30% and 0%. Second, lactating ruminants enhanced mammary uptake ability to Lys due to increased mammary blood flow and mammary affinity (Tables 6, 8). Lastly, the utilization or catabolism of Lys in the MG is reduced along with the increased mammary uptake and U:O of BCAA to compensate for the lowered metabolism of Lys. From all of the above, we can include that lactating ruminants have a priority to meet the requirement of lactation.


[image: Figure 2]
FIGURE 2. Effects of graded removal of Lys from the amino acid (AA) mixture infused into abomasum on the loss ratio of Lys in splanchnic tissues and mammary glands of lactating goats. PDV, portal-drained-viscera; HEP, hepatic tissues; TSP, splanchnic tissues; MG, mammary gland. a–cLeast square mean within a row with a different superscript indicate a significant difference (p < 0.05) between 100, 60, 30, and 0% of Lys.





CONCLUSION

Lactating ruminants use several mechanisms to mitigate Lys deficiencies, including reduced utilization of Lys by PDV and peripheral tissues (including MGs), linear increases in mammary blood flow, and mammary affinity for Lys. This can include the lactating ruminants having a priority to meet the requirement of lactation. Graded removal of Lys from the abomasum-infused AA mixture linearly decreased milk protein production. The decrease was a combinative result of mass action with Lys and changed hormonal status with increased glucagon and decreased prolactin. Further work is required to delineate external hormonal effects and intracellular cell signaling effects.
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POV
HEP
TSP
MG
Mik
Rate
POV
HEP
TSP
MG
Mik
Rate
POV
HEP
TSP
MG
Mik
Rate
POV
HEP
TSP
MG
Mik
Rate
POV
HEP
TSP
MG
Mik
Rate
POV
HEP
TSP
MG
Mik

100%

2,077%
1,6232
—152.59
1,369
~759.6°
552,50
1,442
1,028
-1109
9106
—493.9*
305.9
2,186
1,307
1769
1,482
-814.6°
4858
7755
5263
—242.3
283.7
2415
215.0
2,780
1,087
—1189
1,816
—1,024
667.2
7455
5769
—260.1
3075
—231.2
2056
2,290
1,801
~1,086
7138
—6269
650.0
1,330
837.6
-3306
506.2
—461.4
418.7
2995
179.1
-64.70
114.4
~1166
20.92
840.8
602.9
—2215
381.0
-3196
183.0
9725
658.0
—913.4
—255.1
—2938
275.9
13810
408.0
813.1
1,219
-839.6
1,202
1971
1,313
—8228
489.2
-363.2
501.2
o
7188
-3076
3208
—1728
164.2
2966
2,005
~7435
1,279
-586.3
809.7
1,209
1,245
-5198
7241
-507.9
595.5%

Percentage of Lys
60% 30%
1,205% 593.5°
1,090° 691.4°
~103.4° —69.41°
986.5° 622.2°
~705.2¢ —4928°
537.0° 398.70
1,400 1,354
1,081 966.1
-65.85 ~58.65
1,015 907.4
~533.1% ~576.6%
2047 2936
2,123 2,083
1,446 1,344
162.6 1262
1,608 1,470
~1,002% —1,058%
4459 5092
752.9 728.1
555.5 5165
-255.3 -238.8
300.2 2177
~265.4 -2546
237.2 2230
2,699 2,610
1,787 1,621
-1605 —1552
1,672 1,366
-1,108 -9723
6485 5445
7238 699.9
587.0 5316
-224.9 -251.0
362.1 280.6
—305.4 —23858
2736 2047
2,203 2,150
1,696 1,634
-830.7 —995.1
865.7 639.4
-7122 -603.0
631.6 595.0
1,201 1,249
8322 7823
~334.0 2057
498.2 4867
—459.6 -4137
405.0 3202
2908 281.2
159.9 187.2
-34.50 ~7497
125.4 1122
-51.98 -8432
59.73 76.82
846.4 7895
6096 556.0
-1730 -159.9
4366 402.1
-489.8 —4632
166.7 1595
944.2 913.1
624.2 649.3
-894.7 -857.4
-2705 —208.1
-2405 -283.0
2199 262.7
1,746% 1,983%
3716 636.7
7016 913.1
1073 1,550
-897.8 8923
1,150 1,116
1914 1,851
1,489 1,472
-920.1 ~1,009
5508 4638
-354.6 -3186
4458 401.4
0 o
5408 531.8
-2300 ~2408
3109 2910
-168.0 —151.1
162.4 152.0
2,880 2,785
1,747 1,704
-605.9 -515.8
1141 1,188
-549.4 ~763.0
767.1 655.6
1,261 1219
1,433 1215
-7369 ~566.7
696.3 6488
-504.2 -513.1
366.6° 2773

0%

o
252,09
—21.66*
231.89
—335.0
310.6°
1,420
858.6
~71.15
792.0
—664.2°
325.6
2,154
1,345
216.6
1,578
—1,182°
4149
764.2
478.0
—202.5
277.3
—240.1
2089
2,740
1,667
—163.4
1,413
—1,001
478.0
734.7
568.6
—225.8
3453
—280.7
243.4
2,257
1,696
-928.9
8723
—607.7
510.1
1310
7316
—280.5
454.0
—403.9
304.1
296.2
155.6
—76.01
80.19
—68.19
60.69
8286
515.0
-138.2
3796
—463.9
196.4
958.4
629.8
-902.8
—273.0
-308.5
2189
2,390*
3192
953.8
1,283
-826.1
8923
1,943
1,339
-826.3
5157
—223.0
395.4
0
766.8
-398.7
3705
-139.7
150.0
2,923
1,706
—615.7
1,097
—546.1
570.7
1,279
LR
-352.0
827.1
—609.7
327.6°

SEM

150
120
11.0
119
913
455
168
128
55.6
122
539
549
244
153
56.4
200
122
101
805
56.0
289
40.0
33.7
34.4
311
192
213
194
160
17
833
63.8
333
518
50.7
479
256
198
149
159
93.6
69.6
148
75.6
491
428
469
59.2
335
20.6
27.9
322
219
16.9
93.9
83.0
26.9
726
76.0
56.2
109
93.3
124
711
135
714
21
136
177
172
185
241
220
180
181
105
67.2
935
115
710
63.2
311
336
331
180
127
176
135
139
145
213
169
141
739
61.6

Treatment

<0.001
<0.001
<0.001
<0.001
0.019
0.002
0.984
0.656
0910
0.623
0.079
0.973
0.984
0.926
0.423
0.937
0.073
0.960
0.984
0.807
0.621
0.974
0.943
0943
0.984
0.447
0.793
0.389
0919
0.863
0.984
0.932
0.748
0.687
0.702
0.703
0.984
0.946
0.674
0.782
0.982
0.889
0.984
0.736
0.834
0.831
0.845
0.444
0.984
0.661
0.702
0.781
0.246
0.436
0.984
0.836
0.201
0.938
0.412
0.691
0.984
0318
0.894
0.923
0.424
0.905
0.049
0.402
0.751
0.308
0.989
0.838
0.984
0.859
0.709
0.924
0.464
0.843
0.389
0.209
0.835
0.866
0.986
0.984
0.550
0.629
0.897
0.639
0.605
0.984
0.642
0.484
0.522
0.707
0015

9L east square mean within a row with a different superscript indicate a significant difference (p < 0.05) between 100, 60, 30, and 0% of Lys.

PDV, portal-drained-viscera; HEP, hepatic tissues; TSP, splanchnic tissues; MG, mammary gland; Milk, milk output.

p-value

Linear

<0.001
<0.001
<0.001
<0.001
0.001
<0.001
0.865
0.306
0.570
0.436
0.044
0.824
0.865
0.946
0.887
0.965
0.067
0.746
0.865
0.482
0.321
0.826
0.954
0861
0.865
0.119
0.376
0.092
0.882
0.460
0.865
0771
0.450
0.867
0.676
0.792
0.865
0.638
0.594
0971
0.708
0.415
0.865
0.274
0.386
0.367
0.438
0310
0.865
0.628
0.594
0.439
0.244
0.661
0.865
0.390
0.029
0.939
0211
0.496
0.865
0.857
0.621
0.909
0.713
0.978
0.004
0.982
0.442
0.438
0.973
0.421
0.865
0.888
0.827
0.991
0.142
0.360
0.891
0.921
0.666
0.391
0.713
0.865
0.191
0.369
0.495
0.870
0.476
0.865
0.792
0.445
0.164
0.354
0.278

‘Quadratic

0822
0475
0.264
0.602
0.520
0.442
0.761

0.452
0.622
0.325
0.702
0.685
0.761

0.621

0.104
0.853
0.563
0.776
0.761

0.496
0.352
0.796
0.549
0572
0.761

0.615
0.649
0538
0.928
0.892
0.761

0.887
0.761

0.999
0.706
0.705
0.761

0.701

0.503
0879
0.844
0911

0.761

0.695
0.781

0.728
0.973
0.855
0.761

0.824
0.507
0.465
0.286
0.367
0.761

0.712
0.635
0.564
0.286
0.352
0.761

0.210
0.874
0.697
0.247
0.631

0.767
0.408
0.590
0.905
0.730
0.854
0.761

0.389
0.208
0.884
0.456
0.841

0.087
0.033
0.482
0.858
0.969
0.761

0.476
0.394
0.899
0.595
0.861

0.761

0.297
0.181

0.956
0.467
0.620
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ab| east square mean within a row with a different superscript indicate a significant difference (o < 0.05) between 100, 60, 30, and 0% of Lys.
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SEM
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0.020

p-value

Linear
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ab| east square mean within a row with a different superscript indicate a significant difference (p < 0.05) between 100, 60, 30, and 0% of Lys.
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