Proceedings, Western Section, American Society of Animal Science

Vol. 51, 2000

FEEDLOT PERFORMANCE AND HEPATIC TRACE MINERAL STATUS OF BEEF HEIFERS PREVIOUSLY CONSUMING DIETARY COPPER ANTAGONISTS
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ABSTRACT: An experiment was conducted to determine if a combination of inorganic and organic Cu and Zn affected ADG, cell-mediated immunity (CMI), DMI, gain/feed (G/F), carcass characteristics, or hepatic trace mineral status in feedlot heifers previously consuming Cu antagonists Mo, S and Fe.  Sixty yearling, Angus x Hereford heifers (avg 372 kg BW) were stratified by BW, initial hepatic Cu, and previous treatment across 12 pens.  Heifers were individually fed supplements that contained:  1) basal supplement with no additional Cu or Zn (CON); 2) 250 mg Cu and 500 mg Zn; 50% organic complex, 50% sulfate (2W); or 3) same levels of Cu and Zn; 100% sulfate (SU); while the remainder of the diet was pen fed.  Phytohemagglutinin (PHA) was injected intradermally at two sites on the neck. Response to PHA was measured at 0, 3, 6, 9, 12 and 24 h post-injection on d 50.  Liver biopsies were taken on d 0, 25, 50, and 75.  The ADG, DMI, and G/F were analyzed using pen as the experimental unit.  The ADG, DMI, G/F did not differ (P > 0.10) among treatments. Carcass weight, and carcass traits were similar (P > 0.10) among treatments.  Swelling response to PHA did not differ (P > 0.10) among treatments.  Hepatic repletion of Cu was similar (P > 0.10) among treatments until d 50.  From d 50 through d 75, heifers consuming the CON treatment accumulated less (P < 0.05) hepatic Cu than heifers consuming either 2W or SU.  Heifers consuming the 2W or SU supplements accumulated similar amounts of (P < 0.10) hepatic Cu.  Liver Zn differed (P < 0.05) over time but was similar (P > 0.10) among treatments.  Hepatic Mo differed (P < 0.05) over time but was similar (P > 0.10) among treatments until d 75.  At d 75, 2W heifers had less (P < 0.05) hepatic Mo than CON heifers and tended (P = 0.08) to have less hepatic Mo than SU heifers. A combination of organic/inorganic trace minerals may be advantageous in reducing hepatic Mo retention, which may limit further systemic effects of Cu antagonists.
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Introduction

Animals previously consuming high dietary antagonists have shown decreased Cu status (Ward and Spears, 1997) which has been shown to negatively impact systems utilizing Cu, such as growth, immunity, and reproduction.  Sufficient plasma Cu and ceruloplasmin activity are dependant on proper hepatic stores of Cu (Cousins, 1985).

Incoming feedlot cattle are subjected to many different stressors.  Among these, transportation, feed and water deprivation and immunologic challenge are some factors that can influence feedlot animal production (Cole, 1995).  Proper trace mineral status may help an animal adapt to these factors, as they are involved with immunologic response and other metabolic health issues (Nockles, 1994).  Strategic supplementation of organic trace minerals upon arrival at the feedyard may offer some pharmacological benefits (Greene, 1995) or help replenish reduced mineral stores due to antagonism (Spears, 1995).  Objectives of this experiment were to determine if a combination of inorganic and organic Cu and Zn affect ADG, DMI, carcass traits, or hepatic trace mineral status in feedlot heifers previously consuming Cu antagonists and different trace mineral supplements.   

Materials and Methods

This experiment was conducted at the Montana State University Teaching and Research Livestock Experiment Station, Bozeman.  Sixty, 15 mo-old Angus x Hereford heifers  (avg BW 372 ( 6 kg) were utilized in a finishing experiment to determine if a combination of inorganic and organic Cu and Zn influenced ADG, DMI, carcass characteristics, CMI or hepatic trace mineral status in heifers previously consuming dietary Cu antagonists and different trace mineral supplements.  The experiment was conducted for 77 d and all procedures and protocols were approved by the Montana State University Institutional Animal Care and Use Committee.

After shipping stress induction, heifers arrived back at Bozeman and were processed as if arriving at a typical feedyard; in addition, an initial liver biopsy was taken.  Liver biopsies were obtained on d 0, 25, 50, and 75.  On d 0 heifers were stratified across 12 feedlot pens by liver Cu status (hepatic Cu at d 100, termination of the previous experiment), pre-shipping BW and previous treatment.  Six feedlot pens had northern exposure and six feedlot pens had southern exposure.  Pens within each side were then assigned to a trace mineral treatment in a completely randomized block with side as block.  Starting on d 1 and continuing through d 77, all heifers were individually fed trace mineral supplements on an alternate day basis (Table 1).  Total diets contained: 1) basal supplement with no additional Cu or Zn (CON); 2) 250 mg Cu and 500 mg Zn as a 50% organic complex, 50% sulfate form (2W); or 3) 250 mg Cu and 500 mg  Zn all in sulfate form (SU).


Heifers received ad libitum access to a typical finishing feedlot ration for 77 d at approximately 1000.  The total mixed finishing diet was formulated to provide a gain of 1.14 kg/d.  Treatment supplements were formulated from 2 d pen-averaged DMI sufficient to maintain target treatment levels of 25 ppm Cu and 50 ppm Zn (2W and SU) in the total diet (Table 1).  Heifers were individually fed treatment supplements on alternate days at approximately 0700.  The specific level of trace mineral supplements reflected the 2 d total DMI on supplementation days so as to compensate for the alternate day feeding protocol.  Barley from the basal diet was used as the carrier for the treatment supplements.

To calculate ADG, heifers were weighed every 14 d at approximately 2 h before daily basal diet feeding.  Initial weights were an average of two weights obtained on d 0 and 1.  Similarly, ending weights were an average of two weights obtained on d 76 and 77.  Dry matter intake was measured daily on a per pen basis and G/F was calculated every 14 d.

Hepatic changes in Cu, Zn, and Mo were measured by conducting liver biopsies on d 0, 25, 50 and 75.  Elemental analysis of the liver tissue was conducted at Michigan State University (Animal Health Diagnostic Laboratory, East Lansing, MI) using inductively coupled plasma atomic emission spectroscopic methodology (ICP-AES; Braselton, et al., 1997).

In order to stimulate a CMI response, phytohemagglutinin (PHA, Sigma Chemical, St. Louis, MO) was injected intradermally at two locations (75 (g PHA in 0.1 mL physiological saline per injection site) on the neck on d 50.  After obtaining an initial skin-fold thickness, skin-fold swelling response to PHA was measured at 3, 6, 9, 12 and 24 h post-injection.

On study d 77, all heifers were shipped to Monfort Packing Plant (Greeley, CO) for harvesting.  Hot carcass weight (CW), rib-eye area (REA), fat thickness at the 13th rib (FT), quality grade (QG) and yield grade (YG) were obtained for each animal and recorded by Monfort personnel. 

Overall ADG, DMI, G/F, CW, REA, FT, QG, and YG were analyzed using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).  Means were separated after a significant F-value (P < 0.05) was determined and evaluated by LSD.  Skin-fold swelling response (mm) to intradermal injection of PHA and hepatic concentrations (ppm) of Cu, Zn, and Mo were analyzed as repeated measures using the GLM procedure of SAS.  Where appropriate, least square means were compared using single degree of freedom orthogonal linear contrasts (Neter et al., 1996).  

Results and Discussion

 
At the initiation of this experiment, heifers weighed 372 ( 6 kg.  Pooled, mean initial BW were similar (P > 0.10) among treatments.  Average daily gain over the 77 d did not differ among treatments (P > 0.10). Additionally, DMI and G/F were similar (P > 0.10) among treatments throughout the study.  These results agree with a previous study in which Cu supplementation had no effect on ADG, DMI and G/F in beef cattle (Ward and Spears, 1997).  Hot CW, REA, FT, QG, and YG were similar (P > 0.10) among treatments.  Little research has been done to determine the effects of trace mineral supplementation on carcass characteristics of cattle.  Ward and Spears (1997) reported Cu supplemented steers produced carcasses with less FT, and slightly larger REA.  In this experiment, it was not evident that dietary Cu form or concentration altered carcass characteristics in beef heifers.

Skin-fold thickness response to PHA increased (P < 0.05) over time but did not differ (P > 0.10) among treatments.  Other research indicated organic trace minerals may have a positive influence on CMI in cattle (Ansotegui et al., 1995).

Heifers consuming the CON treatment replenished less (P < 0.05) hepatic Cu than heifers consuming either the 2W or the SU supplements by d 50 (Figure 1).  Sufficient Cu stores are necessary for responding to pathological challenge and stress (Nockles, 1994; Cole, 1995) which are commonly incurred by incoming feedlot cattle.  These data indicate that trace mineral supplements containing either all inorganic or a combination of inorganic and organic Cu and Zn at 25 ppm and 50 ppm, respectively, enhanced hepatic repletion of Cu after mineral antagonism over animals receiving no supplemental Cu and Zn.  Throughout the entire experiment, heifers consuming either 2W or SU  accumulated similar concentrations (P > 0.10) of hepatic Cu, although 2W heifers tended to be numerically higher than the SU heifers.

Changes in hepatic Zn differed (P < 0.05) over time but were similar (P > 0.10) among treatments (Figure 2).  Hepatic Zn concentration is not a reliable indicator of overall Zn status of beef cattle (Puls, 1994) and tissue levels of Zn do not always reflect dietary Zn intakes (Underwood, 1981).  It was not apparent in this experiment that organic or inorganic sources of Zn affected hepatic Zn concentration in beef heifers under these study conditions.  These results agree with previous studies in which hepatic Zn was not affected by either organic or inorganic Zn supplementation (Engle et al., 1997) and further demonstrate the need for alternative Zn status indicators in beef cattle. 

 
There were treatment effects (P < 0.05) for hepatic Mo change (Figure 3).  By d 75, heifers consuming 2W had lower (P < 0.05) levels of hepatic Mo when compared to CON heifers.  By the end of the experiment, heifers consuming 2W tended (P = .08) to have lower hepatic Mo when compared to SU heifers.  These results indicate that incoming feedlot heifers supplemented with a combination of inorganic/organic Cu and Zn had an advantage over CON heifers with respect to hepatic residence time of Mo.  Hepatic accumulation of Mo reduces ceruloplasmin synthesis and accumulation of Cu in tissues (McDowell, 1992).  It is unknown whether this aspect was a direct result of reduced accumulation of dietary Mo, increased systemic Mo complexing by supplemented animals, or as a result of possible carryover effects of previous supplemental treatments.          

 Implications

In this experiment, by d 50, feedlot heifers previously consuming dietary antagonists and presently consuming trace mineral supplements containing either all inorganic or a combination of inorganic and organic Cu and Zn accumulated greater hepatic Cu compared to heifers receiving no supplemental Cu and Zn.  There was no difference in hepatic Cu accumulation in heifers fed the organic/inorganic supplement when compared to heifers fed the inorganic supplement.  These results suggest for incoming feedlot cattle previously consuming dietary antagonists, supplements containing either all inorganic or a combination of inorganic and organic Cu and Zn replenish hepatic Cu stores more effectively than no supplemental Cu and Zn.  Furthermore, there may be an advantage to using an inorganic/organic combination to reduce hepatic Mo residence time, which may limit further systemic effects of Cu antagonists.
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Table 1.  Dietary trace mineral concentrations for feedlot heifers   

                         Trace mineral concentration (DM basis)

Mineral
2W1
SU2
CON3

Copper  mg/kg DM 1
25.3        
     23.5
6.0                

Zinc mg/kg DM
54.8      
     53.5    
16.7                

150% amino acid complex/50%sulfate

2100% sulfate
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Figure 1.  Hepatic Cu change.  Study days 25-75 are adjusted least 

square means using initial Cu concentration as a covariable.  Bars with 

different letters differ (
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 < .05) within time.
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Figure 2.  Hepatic Zn.  Study days 25-75 are adjusted least square means using 

initial Zn concentration as a covariable.   
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Figure 3.  Hepatic Mo change.  Study day 25-75 are adjusted least square 

means using initial Mo concentration as a covariable.  Bars with unlike 
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Figure 3.  Hepatic Mo change.  Study day 25-75 are adjusted least square means using initial Mo concentration as a covariable.  Bars with unlike letters differ (P < .05) within time.
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Figure 1.  Hepatic Cu change.  Study days 25-75 are adjusted least square means using initial Cu concentration as a covariable.  Bars with different letters differ (P < .05) within time.
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Figure 2.  Hepatic Zn.  Study days 25-75 are adjusted least square means using initial Zn concentration as a covariable.

86

2W

SU

CON

Study Day

Hepatic Zn concentration (ppm)

a

a

a

a

a

a

a

b

a

a

a

a,b

110

108

109

117.2

117.4

120

116

118.8

118.35

111.5

113.5

109.4



Sheet1

		2W		110		117.2		116		111.5

		SU		108		117.4		118.8		113.5

		CON		109		120		118.35		109.4

		0

		25

		50

		75

		100





Sheet2

		





Sheet3

		






