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RESPONSES TO RANGE SUPPLEMENTS DIFFERING in GLUCOGENIC POTENTIAL with or without propionate salt to young postpartum beef cows.
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ABSTRACT:  Cattle grazing winter range forage may be limited by precursors for gluconeogenesis.  The major precursors are protein and propionate.  A study conducted at the Corona Range and Livestock Research Center evaluated supplements differing in source and quantity of glucogenic precursors, using supplements varying in undegradable intake protein (UIP) content, with or without addition of propionate salt, to young postpartum beef cows (n = 51).  Supplements were fed at 908 g(hd-1(d-1 and provided 327 g CP, 118 g UIP (loglu;); 360 g CP, 175 g UIP (midglu;); 360 g CP, 180 g UIP + 100 g propionate salt (higlu; NutroCal(, Kemin Industries, Inc.).  Supplements were formulated to be isoenergetic and approximately isoruminally degradable.  Supplements were individually fed for 90 d postpartum 2 x wk-1. Results were analyzed by ANOVA and treatment effects were computed using contrasts loglu vs. midglu + higlu and midglu vs. higlu.  Days to lowest BW post-partum were similar (P > 0.05) among supplemented cows (43 vs. 45 and 48 ( 3.7 d for loglu vs. midglu + higlu).  Average daily gains were higher (P < 0.08) for midglu and higlu supplemented cows from BW nadir to the end of breeding (0.33 vs. 0.35 and 0.47 ( 0.05 kg(d-1 for loglu vs. midglu + higlu, respectively).  Also, greater gains (P > .02) were observed for the higlu supplemented cows over midglu supplemented cows (0.35 and 0.47 ( 0.05 kg(d-1 midglu vs. higlu, respectively).  Milk yields (g(d-1) were greater (P = .107) for midglu and higlu supplemented cows (4879 vs. 6261 and 5578 ( 531 g(d-1 for loglu vs. midglu + higlu, respectively).  These results suggest young cows receiving supplements higher in UIP with or without propionate salt can recover sooner from BW nadir while producing more milk.
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Introduction

Cows grazing dormant native winter range are compromised by the inability to absorb sufficient nutrients from dormant forage.  Protein has been shown to be the primary limiting nutrient in diets consumed by cows grazing mature vegetation (Krysl et al., 1987), and that protein supplementation can improve intake and digestibility (Owens et al., 1991).  Another, potential limitation is the inefficient utilization of acetate, due to an undersupply of oxaloacetate (OAA).  If gluconeogenic precursors are limited for synthesis of OAA then acetate may accumulate, resulting in a net loss of energy.  Nutrient demands on young post partum cows for lactation, involution, and growth are magnified when nutrients become less available.  This can potentially lengthen the post partum interval by increasing days to body weight nadir due to negative energy balance.  Therefore, adding potent glucogenic precursors into range supplements may help to improve efficiency of energy metabolism and improve productivity by improving acetate clearance rates (Conje et al., 1991).  Supplements formulated with escape proteins (supplying glucogenic amino acids) or propionate salt (primary glucogenic precursor) can serve as glucogenic precursors.  If energy metabolism is enhanced then the post partum interval may decrease while minimizing the duration or occurrence of negative energy balance.

Material and Methods

This study was conducted at New Mexico State University’s Corona Range and Livestock Research Center, Corona NM during late winter and spring of 2000.  The Corona Range and Livestock Research Center is located 300 km northeast of Las Cruces, NM (average elevation = 1900 m; average annual precipitation = 400 mm).  Predominant grasses in grazed pastures include blue grama (Bouteloua gracilis) and wolftail (Lycurus phleoides); however, other less dominate grasses and forbs are present (Knox 1998).  Diet extrusa samples were collected at the initiation and prior to breeding for analysis of CP and NDF (AOAC, 1990), as cows changed pastures, using two ruminally cannulated cows (Table 1).

A total of fifty-one two-year-old cows were used in this study, and were predominantly Angus with low percentages of Hereford and Simmental breeding.  Upon calving, weight of calf was recorded and cow/calf pairs were moved into a common pasture and managed as one herd for the duration of the study.  A 64 d breeding season was initiated with bulls being introduced into the pasture the first week in May.

Supplemental feeding began approximately 10 d postpartum with animals being assigned to treatment by calving date.  Cows were gathered from the pasture twice weekly and individually fed supplement for approximately 90 d, which included the first 36 d of the breeding season. Supplements were formulated to be isoenergetic and approximately isoruminally degradable on an as fed basis.  Supplements contained 908 g(hd-1(d-1 and 327 g CP, 118 g UIP (loglu;); 360 g CP, 175 g UIP (midglu;); 360 g CP, 180 g UIP + 100 g propionate salt (higlu; NutroCal(, Kemin Industries, Inc.)

Cow weights were obtained bi-weekly following supplementation until the termination of the breeding season.  The magnitude of BW nadir was determined as the lowest weight obtained postpartum from bi-weekly weights.  Intervals were constructed to evaluate ADG from BW nadir to pre-specified times within the study.  Average daily gains (ADG) were determined for each cow from BW nadir to the end of breeding, BW nadir to the end of supplementation, end of supplementation to the end of breeding, and end of breeding to weaning.  Weights obtained for calves at calving and weaning were used to calculate an adjusted 205-d weaning weight for each calf.  Approximately 55 d postpartum blood serum was collected weekly via coccygeal venipuncture for progesterone (P4) concentration to determine days to first luteal activity and days to first estrous. Samples assayed for progesterone were analyzed by solid phase RIA (Coat-A-Count; Diagnostic Products Corp., Los Angeles, CA) as validated by Schneider and Hallford (1996).

Cows from each treatment (n = 6) were gathered and individually milked, the day following supplementation, at approximately 57 d postpartum.  Milk production estimates were measured as previously described by Appeddu et al. (1997).  Cows were given 40 USP (1 ml/head) of oxytocin intramuscularly to initiate milk letdown.  Cows were then milked dry using a portable mechanical milking machine after approximately 5 minutes post oxytocin administration.  Calves were separated from their dam during a 6 h period, followed by second milking of cows.  Milk was collected and weighed to estimate milk production.  Subsamples were poured into tubes containing a preservative for future analysis of protein, lactose, butter fat, and solids non-fat by Pioneer Dairy Labs, DHIA (Artesia, NM).  To estimate 24 h milk production, weights were collected at the 4 h milking and multiplied by a factor of 4.  Milk constituents were adjusted to 24 h milk production basis to determine daily secretion of constituents.  Data were analyzed for a completely randomized design by analysis of variance using GLM procedures of SAS (SAS Inst. Inc., Cary, NC) using cow as the experimental unit. Pre planned linear contrast were used to evaluate loglu vs. midglu + higlu treatments to compare supplements differing in undegradable intake protein (UIP). Additionally, midglu vs. higlu was contrasted linearly to evaluate the influence of 100 g propionate salt when added to the midglu supplement.

A glucose challenge was conducted on 18 postpartum cows (6(trt-1) to determine if glucose clearance rates were altered by supplement.  The challenge was conducted approximately 65 d postpartum on a day after supplementation.  Blood samples were collected at   –1, 0, 3, 6, 9, 12, 15, 20, 40, 60, 80, 100, 120, 140, 160, and 180 minutes after glucose infusion.  Glucose was infused through a jugular indwelling cannula at either .25 ml(kg-1 BW or .5 ml(kg-1 BW of a 50 % dextrose solution.  There was no dose x treatment interactions, so only main effects are reported.  Area under the curve (AUC) was determined for both insulin and glucose concentrations using the trapezoidal summation method, and glucose t1/2 were determined by regression analysis and test of their slopes.  Data was analyzed by analyses of variance using GLM procedures of SAS (SAS Inst. Inc., Cary, NC) testing rate of disappearance (slope) and AUC.

Results and Discussion

The extent or magnitude of BW nadir describes that period where postpartum cows exhibit negative energy balance.  This study was conducted during the beginning of a drought, which increased the nutritional stress of these postpartum cows.  Average daily gains from BW nadir to the end of supplementation were similar for all supplemented cows (P > .05; Table 2).  However, ADG from BW nadir to the end of breeding tended to be greater (P < .08) for cows fed supplements midglu and higlu when compared to those receiving loglu supplement (loglu vs. midglu + higlu). Additionally, ADG was similar  (P > .05) for cattle fed midglu and higlu (Table 2).  Average daily gains from the end of supplementation to the end of breeding were similar (P > .05) for loglu vs. midglu + higlu, but greater (P < .05) for higlu fed cows vs. those fed midglu (Table 2).  However, it’s important to recognize that this gain was calculated for the last 28 d of the breeding season when the cows were not receiving supplement.  Similar ADG (P = .16) were observed for loglu vs. midglu + higlu fed cows from end of breeding to weaning, but greater (P = .07) gain in cows fed midglu compared to higlu (Table 2).

Adjusted 205 d weaning weights were similar (P = .81) for calves from all cows (loglu vs. midglu + higlu supplements), and similar (P = .12) weaning weights were also observed between midglu vs. higlu (Table 3).  On average, weaning weights were approximately 60 kg lighter than what has been previously reported from cows grazing the same pastures and receiving similar treatments to the loglu and midglu reported in this study (Sawyer et al., 2000). The lower weaning weights are probably greatly influenced by the drought conditions, and lack of available nutrient dense plant material.

Trends observed in calf weaning weights did not directly reflect trends observed in cow milk production.  Milk production tended to be higher (P  = .11) for midglu and higlu supplemented cows when contrasted against loglu fed cows (Table 4).  There was a trend for all milk constituents to have higher concentrations in the midglu fed cows and lowest in the loglu cows.  Butter fat concentrations were higher (P = .02) for supplemented cows receiving midglu + higlu vs. loglu (Table 4).  Cows receiving midglu numerically had the highest milk production and also weaned the heaviest calves; however, higlu supplemented cows produced the second largest quantity of milk but weaned the lightest calves.  With this in mind there may have been repartitioning of nutrients from milk production and towards lean tissue growth as indicated by the ADG from BW nadir to end of breeding in higlu fed cows.

Supplemented cows had similar (P > .05) days to first luteal activity and days to first estrous; however, higlu supplemented cows numerically cycled sooner.  This supports the idea that repartitioning of nutrients occurred and energy may have been more efficiently utilized by higlu supplemented cows.

To determine the influence of supplements on glucose metabolism, a glucose challenge was conducted on 18 postpartum cows (6(trt-1).  Insulin AUC were similar (P > .05) for all cows (Table 6).  Glucose AUC was smaller (P = .04) for the higlu supplemented cows when compared to the midglu supplemented cows (Table 6).  Furthermore, the loglu had larger (P = .03) AUC then midglu + higlu combined (Table 6).  Glucose t1/2 was also influenced by supplement with similar (P = .32) clearance rates between midglu vs. higlu, but faster clearance rate (P = .05) for midglu + higlu vs. loglu supplemented cows (Table 6).  This indicates that supplements with higher concentrations of glucogenic precursors improve glucose metabolism, which may be a product of insulin sensitivity.

Cost of supplementing postpartum cows with varying levels of glucogenic precursors will depend on availability and amount glucogenic precursors incorporated into the supplement ($20.44, 20.20, and 36.55(cow-1 for loglu, midglu, and higlu, respectively).

In conclusion, this study suggests that glucogenic precursors supplemented to low quality forage diets can enhance energy efficiency.  Glucose t1/2 was reduced in the higlu supplemented cow treatment indicating faster incorporation of glucose into tissue.  However, any extended benefit from higlu supplemented cows may have been undermined by the drought conditions these cows encountered during the summer months when no supplementation occurred.

Implications

Supplements providing glucogenic precursors to compliment low quality forage can influence milk production, weaning weights, and the post partum interval.  Further investigation is required to fully understand the benefit of adding propionate salt to range supplements for young post partum beef cows.
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Table 1.  Ruminal extrusa analysis for crude protein (CP) and neutral detergent fiber (NDF) content (% OM), at the beginning of supplementation and beginning of breeding in pastures grazed by 2-yr-old postpartum cows.



Item



Begin Supplement

Begin Breeding

CP, % OM


          4.2 



7.4

NDF, % OM


        59.3


             61.1


Table 2.  Magnitude of BW nadir (days to lowest body weight post calving) and average daily gain    (kg(d-1) from body weight nadir until end of supplementation (BW Nadir-End Supplementation), body weight nadir until the end of breeding (BW Nadir-End Breeding), and from end of supplementation to the end of breeding for 2-yr-old postpartum cows fed supplements differing in glucogenic precursors with or without propionate salt.








        Treatmenta


             Contrastb

Item



            LOGLU
            MIDGLU
        HIGLU
    Pc
  1        2



Magnitude of BW Nadir, d

  43

  45
             48
   .63        NA    NA

BW Nadir-End Supplementation, kg/d       0.30 ( 0.05            0.36 ( 0.04       0.33 ( 0.05     .68        .43     .77

BW Nadir-End Breeding, kg/d                   0.33 ( 0.03            0.35 ( 0.03       0.47 ( 0.03     .02        .07     .02

End Supplementation-End Breeding, kg/d 0.47 ( 0.15            0.36 ( 0.15       1.02 ( 0.15     .01        .35     .01

End of Breeding-Weaning, kg/d                 0.21 ( 0.06            0.18 ( 0.05       0.03 ( 0.06     .10        .16     .07

        
aLOGLU = 327g CP, 118g UIP, MIDGLU =  360g CP, 175g UIP, HIGLU = 360g CP, 180g UIP + 100 g propionate salt

bContrast P-value for treatment effects within interval. 1 = LOGLU vs. MIDGLU + HIGLU; 2 = MIDGLU 
vs. HIGLU.

cP = probability of F-test.

Table 3.  Adjusted 205-d weaning weights (kg) of calves from 2-yr-old post-partum cows fed supplements differing in glucogenic precursors with or without propionate salt.





          Treatmenta




Contrastb

Item

LOGLU
         MIDGLU
          HIGLU

Pc
1         2

Adj. WW            160 ( 3.5         165 ( 3.3
         155 ( 3.4
              .16         .81      .12



aLOGLU = 327g CP, 118g UIP, MIDGLU =  360g CP, 175g UIP, HIGLU = 360g CP, 180g UIP + 100 g 
propionate salt 

bContrast P-value for treatment effects within interval. 1 = LOGLU vs. MIDGLU + HIGLU; 2 = MIDGLU 
vs. HIGLU.

cP = probability of F-test.



Table 4.  Milk production (g(d-1) and milk constituents (g(d-1) from 2-yr-old post-partum cows fed supplements differing in glucogenic precursors with or without propionate salt.







Treatmenta                                                      Contrastb

Item


  LOGLU             MIDGLU            HIGLU               Pc
1            2

24 h milk production        4879 ( 497
     6261 ( 497          5578 ( 531          .17             .11        .36

Protein                                126 ( 14              149 ( 14               142 ( 15           .51             .28        .73

Lactose                               250 ( 25              318 ( 25               279 ( 26           .19             .13        .32

Butter fatb                           159 ( 21              244 ( 21               210 ( 23           .03             .02        .27

Solids non-fat                     406 ( 45              523 ( 45               472 ( 48           .21             .12        .45



aLOGLU = 327g CP, 118g UIP, MIDGLU =  360g CP, 175g UIP, HIGLU = 360g CP, 180g UIP + 100 g 
propionate salt 

bContrast P-value for treatment effects within interval. 1 = LOGLU vs. MIDGLU + HIGLU; 2 = MIDGLU 
vs. HIGLU.

cP = probability of F-test.



Table 5.  Determination of days to first luteal activity (first detectable progesterone measurement ng/ml) and days to first estrus (consecutive progesterone measurement ( 1ng/ml) from weekly blood samples taken starting approximately 55 d postpartum through the end of breeding. 






                       Treatmenta


                   Contrastb

Item



LOGLU
         MIDGLU
          HIGLU
     Pc
      1         2



Days to first luteal activity
            78.50 ( 1.20      76.60 ( 1.13        77.41 ( 1.20     .55        .79     .60                

Days to first estrous 
          112.00 ( 4.26    106.68 ( 4.16      101.12 ( 4.48     .23        .31     .58

        
aLOGLU = 327g CP, 118g UIP, MIDGLU =  360g CP, 175g UIP, HIGLU = 360g CP, 180g UIP + 100 g propionate salt 

bContrast P-value for treatment effects within interval. 1 = LOGLU vs. MIDGLU + HIGLU; 2 = MIDGLU 
vs. HIGLU.

cP = probability of F-test.

Table 6.  Determination of area under the curve (AUC) for insulin, glucose, and glucose half-life (t1/2) following a glucose challenge on postpartum beef cows.






                       Treatmenta


                          Contrastb

Item


     LOGLU
        MIDGLU
           HIGLU
          Pc             1         2



Insulin, AUC
            291.63 ( 49.04         273.11 ( 49.04         288.15 ( 49.04       .96            .88     .86 

Glucose, AUC 
        15289.13 ( 543.48   14604.28 ( 543.48   13057.11 ( 543.48     .04            .03     .04

Glucose, t1/2
              61.93 ( 5.06             54.01 ( 5.06             43.94 ( 5.06         .08            .05     .32

     
aLOGLU = 327g CP, 118g UIP, MIDGLU =  360g CP, 175g UIP, HIGLU = 360g CP, 180g UIP + 100 g propionate salt 

bContrast P-value for treatment effects within interval. 1 = LOGLU vs. MIDGLU + HIGLU; 2 = MIDGLU 
vs. HIGLU.

cP = probability of F-test.

