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ABSTRACT: Understanding metabolic differences between breeds of cattle is important when selecting for production in semi-arid environments. Spring-calving Angus and Brahman cows (n = 8/breed) grazing in the Chihuahuan desert were used to evaluate metabolic hormone status and reproductive performance in the winter, spring, and fall, 2000. Grazable forage CP was 5.6, 6.4, and 10.9% in the respective seasons. Angus were heavier than Brahman across seasons (P < 0.01).  Body condition scores (BCS) were similar (P > 0.10) across breeds and were 4.4, 3.6 and 4.6 in the winter, spring, and fall.  No differences (P > 0.05) were observed in serum concentrations of the adipose derived hormone leptin in Brahman across seasons.  However, serum leptin was greater (P < 0.01) in winter than spring and fall in Angus.  Brahman had more serum leptin than Angus in the fall (1.8 > 0.70 ( 0.09 ng/mL; P < 0.01).  Partial correlation analyses with the effect of breed and season removed indicated that serum leptin was correlated with BCS (r = 0.31, P < 0.05). A main effect of breed suggested that Brahman had greater fecal output per kg BW than Angus (1.1 > 0.99 ( 0.04, P < 0.01); however, no relationship (P > 0.10) was detected between serum leptin and fecal output or estimated intake. Serum insulin was greater (P < 0.01) in Brahman than Angus and was greater (P < 0.01) in Brahman in fall and in spring than in winter.  Brahman had greater (P < 0.01) serum IGF-I during the winter than Angus and serum glucose was greater (P < 0.01) in Brahman than in Angus in the spring and winter. Mean concentrations of glucose for Angus and Brahman throughout the study were 35.4 and 46.6 mg/dL. Serum concentrations of triiodothyronine (T3), which regulates metabolic rate, were greatest (P < 0.01) during the fall and lowest during the spring for Angus and Brahman.  Serum concentrations of T3 were greater (P < 0.01) in Brahman than in Angus in winter and spring.  Pregnancy rate after a 90-d breeding season was 75% in the Angus and 57% in Brahman ((2; P = 0.46).  Results suggest that Brahman cows tend to have greater concentrations of metabolic hormones relative to Angus cows and these concentrations may be sensitive to seasonal dynamics of forage quality in the Chihuahuan Desert.
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Introduction

Understanding metabolic differences between breeds is important when designing beef production systems in semi-arid environments. Forage in these environments tends to vary greatly in quality and quantity across seasons. Productivity of desert rangeland can at times be improved by utilizing breeds of cattle or differing species of ruminants that have the ability to adapt to this environment. Bos indicus-influenced cattle are often utilized in beef production systems in the desert Southwest as they are adapted to high ambient temperature and are known to maximize heterosis for production in environments with poor forage quality (Frisch and Vercoe, 1977; Winder et al., 2000).

Metabolic status of mammals is known to be regulated by numerous hormones and metabolites. Increased knowledge of the relationships of the quality of consumed forage and serum concentrations of metabolic hormones among differing breeds of cattle could therefore be valuable to designing breeding strategies for production systems in the Chihuahuan desert. Therefore, the objective herein was to evaluate production characteristics and metabolic hormone status of two breeds of cattle, Angus and Brahman, that are common constituents in Chihuahuan desert production systems.

   Materials and Methods

Study Area Research was conducted at the New Mexico State University Chihauhuan Desert Rangeland Research Center (CDRRC), located 37 km north of Las Cruces. Data were collected during winter (February, 2000), spring (May, 2000), and fall (September, 2000). The study area was classified as semi-desert rangeland. June is the warmest month at this location with a mean temperature of 36 (C, and January is the coldest with a mean temperature of 13 (C (Winder et al., 2000).  

      Animals and Measurements Spring-calving Angus and Brahman cows (n = 8/breed) were randomly selected from 28 cows. These cows averaged 8.7 ( 0.6 yr of age and had maintained a calf per yr production record. Seven days before each data and sample collection period, cows were orally administered intraruminal captec chrome controlled release boluses containing chromium sesquioxide (Captec Chrome, captec NZ Limited, Auckland, NZ). After the 7 d, fecal samples were collected from all cows for 8 d at 36 h intervals during each season. The collection times were 0600, 1200, 1800, and 2400. Then the collection times were repeated. Body weights were also collected at each of these times. Fecal DM output was estimated by dividing the fecal Cr concentrations by the corrected recovery Cr (Sawyer, 2000). Body condition scores (1 = emaciated to 9 = obese) were assigned at the start of each season.  Cows received nutritional supplement for 75 d in February, March, and April (1 kg(animal-1(d, CP = 36%, TDN = 63%). However, cows were not supplemented during data collection periods. 

Serum Collection and Hormone Analyses On each day of fecal collection, a 10-mL blood sample was taken from the tail (Corvac serum separator, Sherwood, St. Louis, MO). Hormones concentrations were determined with duplicate sample analyses using RIA in the laboratories of D.M. Hallford and D.H Keisler. Serum concentrations of insulin and triiodothyronine (T3) were determined using modifications of Coat-A-Count Kits (Diagnostic Products Corporation, Los Angeles, CA). Serum concentrations of  GH, IGF-I,  and leptin  were determined using procedures described in the work of Thomas et al. (2001).  

Diet and Forage Analyses Ruminally cannulated cows were used to collect forage extrusa samples grazed on the 1st and 5th collection times of each season. After each collection period, forage was also clipped from ten transects (i.e., 0.3 x 0.6 m quadrates clipped at ground level (5 quadrates /transect). Forage was divided into three categories: grass, forbs and snakeweed.  After samples were collected, they were oven-dried at 55 (C for 72 h and then ground through a 2-mm screen before chemical analyses. Dry matter, CP, NDF, and ADF were determined by procedures described by Sawyer (2000).


Statistics All analyses were conducted using SAS (Ver. 8.1,SAS Inst., Cary, NC) and the procedures described in Thomas et al. (2001). Forage quality and serum hormones and glucose were analyzed with the mixed model procedures for repeated measures.  The model included breed, season, day and the interactions of these terms. Partial correlation analyses with the effects of breed and season removed were used to evaluate the associative relationships between serum leptin and BCS. Chi-square analyses were used to evaluate pregnancy rate differences between Angus and Brahman cows.

Results and Discussion

The chemical compositions of clipped forages are shown in Table 1. For grazing animals, protein is usually considered to be the first limiting nutrient in forages. Also, when forage becomes dormant and (or) mature, protein availability declines. Herein, CP differed (P < 0.05) for constituents of forage across seasons. Uniquely, NDF and ADF did not differ (P > 0.05) for grass and snakeweed across seasons. However, NDF and ADF of forbs differed (P < 0.05) across seasons. Thus, these data were congruent with similar studies in which  forage quality was evaluated on the CDRRC (Levario-Quezada, 1998). Furthermore, forage samples obtained from cannulated cows revealed that consumed forage appeared to be of higher quality than clipped forage (i.e., CP was 5.6, 6.4, and 10.9% in winter, spring, and fall, respectively).

Fecal output can be used as a tool to estimate forage intake in grazing ruminants. In general, fecal output is influenced by forage quality and physiological state of the animal. Therefore, fecal output was found to be greater (P < 0.05) in fall than either spring or winter in both breeds (Table 2). This response was probably due to seasonal changes in forage quality and the transition between different physiological states (i.e., late gestation,  early lactation, and late lactation). Average calving date was the March 17 ( 9 d. 

Table 2 illustrates that there were breed and season differences (P < 0.01) in BW. Both breeds were heaviest (P < 0.01) in winter and lightest in spring. This observation could be explained by the fact that the cows were pregnant in winter and lactating in the spring.  This weight could have also been influenced by the relationship of quality of consumed forage relative to nutritional requirement. Body condition scores (BCS) were similar (P > 0.10) across breeds and were 4.4, 3.6 and 4.6 in the winter, spring, and fall, respectively. The BCS of Angus cows were greater (P < 0.01) in fall than in spring and in winter. In Brahman cows, however, there was no difference in BCS between winter and fall.

Recently, a hormone derived from adipose, leptin, has been found to be positively associated with adiposity in numerous species. No differences (P > 0.05) were observed in serum concentrations of leptin in  Brahman cows across seasons in this study (Table 3). However, leptin concentrations were greater (P < 0.01) in winter than in spring and fall in Angus cows.  This could be attributed to the dynamics of BW, BCS, and or the stage of lactation as Angus cows were heavier (P < 0. 01) in winter than in spring and fall. Brahman cows had greater serum concentrations of leptin (P < 0.01) than Angus cows in fall.  Partial correlation analyses with the effect of breed and season removed indicated that serum leptin was correlated with BCS (r = 0.31, P < 0.05).

Leptin has been implicated to be influenced by, or associated with, metabolic hormones such as insulin, GH, IGF-I and T3 in rodents and humans. Serum concentrations of insulin were greater (P < 0.01) in Brahman than in Angus cows throughout the study. This finding parallels the results of Alvarez et al. (2000) who evaluated Brahman and Angus cattle in a tropical environment.  Both breeds had low serum insulin in winter, which was most likely due to low quality of consumed forage during that season (Table 1). 

Even in ruminants, serum concentrations of insulin are dependent on availability of glucose (Harmon, 1992), Serum glucose levels differed (P < 0.01) between breeds across seasons. Brahman had more (P ( 0.08) serum glucose than Angus.  Within breed, Angus had more (P = 0.05) glucose in winter than in spring whereas Brahman cows had more (P < 0.01) serum glucose in winter than in both spring and fall.

Serum concentrations of T3 were greater (P < 0.01) in Brahman than Angus across seasons. These results agree with the results of Cowley et al. (1971) who reported that the level of thyroid hormones was greater in Brahman than in Hereford cows. Serum concentrations of T3 were the highest (P < 0.01) in fall and the lowest in spring in both breeds, suggesting that serum T3 appeared to be dependent on season and possibly sensitive to changes in forage quality.

No differences (P > 0.05) were observed between breeds in serum GH across seasons. However, concentrations of GH increased in seasons of the yr associated with lower BCS. In spite of these results, Brahman relative to Angus tended to have greater (P ( 0.10) concentrations of the subsequent member of the GH axis, IGF-I. Serum concentrations of IGF-I appeared to also be sensitive to seasonal changes in forage quality within breed as Angus had greater P = 0.05) concentrations of (IGF-I in winter than in spring and greater (P = 0.01) concentrations in fall than in spring. Brahman cows had more (P < 0.01) IGF-I in winter than in spring and fall and more (P < 0.05) in fall than in spring.

Pregnancy rate after a 90-d breeding season was 75% in the Angus and 57% in Brahman (P = 0.46).  Weaning weight adjusted to 205 d of age and for sex of calf were also similar (P = 0.67) between breeds. Weaning weights for Angus and Brahman calves were 230.3 and 225.0 ( 9 kg, respectively. These results are similar to observations of others who evaluated Bos indicus-influenced and Bos taurus breeds of cattle (Frisch and Vercoe, 1977, Winder et al., 2000) and provide information regarding breed performance for future crossbreeding studies. 

In conclusion, forage quality followed the historical trends observed in winter, spring, and fall in the Chihuahuan desert. Serum concentrations of metabolic hormones (GH, IGF-I, GH, leptin, insulin, T3) and glucose were sensitive to forage quality dynamics across seasons in Angus and Brahman cows. These same blood constituents appeared to be greater in Brahman cows relative to Angus cows.  Understanding differences in metabolic hormones due to alteration in quality of consumed forage may help explain performance differences observed between breeds of cattle.  

Implications
Knowledge of differing metabolic factors may be useful tools in choosing breeds that have potential to perform in climates such as the Chihuahuan desert. Additional studies are needed to evaluate the most suitable combinations of breeds in crossbreeding or composite systems. 
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       Table 1. Chemical components of clipped forage at CDRRC in Winter (January), Spring (May), and Fall 

                      (September) 2000.


         
                          Forbs         
                       Grass
                             Snakeweed
        Pooled

        Item        Winter       Spring       Fall            Winter       Spring       Fall            Winter       Spring          Fall        SE 

         DM        92.2d         94.1e         95.0e            91.6d        94.0e          94.6e           86.4a          93.7b           94.4b        0.55    
         CP         6.2a            9.3b          11.7c               3.3d          3.5d           5.8e             6.6a            7.1a              9.9b       0.56                                       

         NDF     51.1ac         46.6d         39.2b             58.7         58.9           61.8            51.2           47.7            30.3         2.47

         ADF     43.5c          31.0d         24.1d             35.7         33.8           31.5             37.8          47.0            30.2         2.66

        a, b and c differ (P < 0.05) and d and e differ between seasons (P < 0.10).

        Table 2. Least Square means of BW, fecal output (FO) , FO per kg BW,  and BCS for Angus and Brahman cows grazing

                        in the Chihuahuan Desert in Winter (January), Spring (May), and Fall (September), 2000.

 

                                                    Winter

         Spring

          Fall

       Pooled

         Item                           Angus          Brahman        Angus          Brahman      Angus          Brahman                     SE


          BW, kg 1                      565.6a         507.7b             499.6a              451.5b            542.1a           480.7b                5.36

          FO, kg OM•d-1 2             4.02           4.40                5.32                 5.11               6.64               6.32                  0.16  

          FO, %BW2                     0.71a          0.87b               1.06                 1.13               1.22c             1.31d                 0.03    

          BCS4                              4.3              4.4                  3.4c                  3.8d                4.7                4.5                    0.06    

         

          a and b differ (P < 0.05) between breeds within a season.

          c and d differ (P < 0.10) between breed within a season.

          1 Effect of season in Angus Winter > Fall > Spring, in Brahman Winter > Spring > Fall.

          2 Effect of season in Angus and in Brahman Fall > Spring > Winter.

          3 Effect of season in Angus and in Brahman Fall > Spring > Winter 

         4 Effect of season in Angus Fall > Winter > Spring, in Brahman Fall = Winter > Spring.  

       Table 3. Least square means of serum concentrations of metabolic hormones and metabolites in Angus and

                    Brahman cows grazing in the Chihuahuan desert. Eight cows of each breed were sampled in Winter

                    (January), Spring (May), and Fall (September), 2000.

    

                                                       Winter                                   Spring                                  Fall

  Pooled

           Item                            Angus          Brahman           Angus          Brahman        Angus          Brahman        SE


            Leptin, ng/mL1           1.87              1.66                  1.69             1.72                  .70a               1.80b           0.10

            Insulin, ng/mL2           0.21a            0.64b                 0.24 a           0.95 b               0.31a              0.99 b          0.04

           T3, ng/mLl3                  1.13 a           1.64 b                 1.08 a           1.46 b               1.52 a             1.78 b           0.05

            IGF-I, ng/mL4            43.17 a         78.13 b               30.38 c         45.43 d            33.74 c           59.86 d           5.84

           Glucose, mg/dL5         37.44 a         54.00b                33.74a         44.46b             35.13c            41.40d           1.93

           GH, ng/mL6                26.21           24.01                 23.90           23.86              27.86             28.23             0.86

         

          a and b differ (P < 0.05) between breeds within a season.  

          c and d differ (P < 0.10) between breed within a season. 

          1 Effect of season in Angus Winter > Spring > Fall. 

          2 Effect of season in Angus Winter = Spring < Fall, in Brahman Spring = Fall > Winter.

          3 Effect of season in Angus Winter = Spring < Fall, in Brahman Fall > Winter > Spring.

          4 Effect of season in Angus Fall = Winter >  Spring, in Brahman Winter > Fall  > Spring.

          5 Effect of season in Angus Winter = Fall > Spring, in Brahman Winter > Spring > Fall.

          6 Effect of season in Angus Fall > Winter > Spring, in Brahman Winter = Spring < Fall.                                          







