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TRACE MINERAL IMPACT ON REPRODUCTIVE PERFORMANCE, IMMUNE RESPONSE, AND CALF PERFORMANCE IN GRAZING BEEF CATTLE.
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ABSTRACT:  Crossbred beef cows (n=178) and heifers (n=47) were used to determine the effect of source of Cu, Zn and Mn supplementation on reproductive performance, immune status and calf performance of cattle grazing native perennial grass pastures.  Animals were blocked by expected calving date, weight and body condition score and assigned to treatments.  Treatments for multiparous cows consisted of: 1) no supplemental Cu, Zn or Mn (control), 2) 50% organic/ 50% inorganic Cu, Zn and Mn (ORG), and 3) inorganic Cu, Zn and Mn (ING).  Heifers were assigned to ORG or ING treatments only.  Mineral supplements were formulated to provide NRC recommended levels of Cu, Zn and Mn and were supplied in free-choice mineral feeders to allow ad libitum access throughout the trial.  Supplementation began 54 d and 82 d prior to the average calving date for heifers and cows, respectively, and continued for 120 d post calving.  Liver Cu concentrations were higher in ORG groups (P < 0.05) than in ING or control groups at the end of the supplementation period, although liver Zn, and plasma Cu and Zn, did not differ by treatment.  Cows receiving inorganic trace minerals also had higher (P < 0.05) liver Cu concentrations than control cows.  Liver Mn concentrations tended to be higher (P < 0.1) in ORG heifers compared to ING heifers, but this same response was not seen in the cows.  Primary humoral immune response was measured by injecting 5 ml of a 20% porcine red blood cell (PRBC) solution intramuscularly and obtaining blood samples on d 0 pre-injection and on d 7, 14, and 21 post injection.  Total antibody titer concentrations specific for PRBC were similar across treatments.  However, IgG titers specific for PRBC were higher (P < 0.05) in heifers supplemented with organic trace minerals.  Estrous response and final pregnancy rate following a 60 d breeding season did not differ by treatment, but pregnancy to AI tended to be higher (P < 0.1) in ORG cows than ING cows.  Calves of cows receiving control and ING treatments had heavier (P < 0.01) weaning weights compared to calves from cows receiving organic trace minerals.  In contrast calves born to heifers had similar weaning weights across treatments.  These results indicate that trace mineral supplementation, regardless of source, has little affect on reproductive performance in grazing beef cattle.  However, humoral immune response and calf performance may be affected by trace mineral source under certain circumstances.
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Introduction


Several researchers have examined the effect that trace minerals, from different sources, have on cattle performance.  Olsen et al. (1999) supplemented trace minerals in organic and inorganic forms to beef cattle and found no differences in reproductive response between treatments.  When compared to controls, however, mineral supplemented cattle had lower pregnancy rates.  In contrast, Stanton et al. (2000) concluded that cattle receiving high levels of organic trace minerals exhibit higher pregnancy rates to AI.  Research using dairy cattle has also shown an increase in reproductive performance when organic mineral supplements are fed.  This increase in performance has been associated with an increase in an animal’s ability to repair damaged tissue following calving (Manspeaker et al., 1987).  In conjunction with this, immune response has also been shown to improve with organic mineral supplementation (Ward and Spears, 1999; George et al., 1997).


It is generally accepted that the increase in performance that has been associated with organic mineral supplementation is due to increased bioavailablity.  Cao et el. (2000) compared eight commercially available organic Zn products, however, and found that only one was more bioavailable than ZnSO4.  Contrasting data collected by Du et al. (1996) and Kegley and Spears (1994) suggests that organic Cu sources are equally, if not more bioavailable than CuSO4.  

The challenge that a reader faces, in trying to interpret the available data, is that there is high variability in the amount and type of mineral supplementation that has been implemented in different studies.  Therefore, drawing inferences between studies is rather difficult and reaching a final, concise conclusion is nearly impossible.  In an effort to overcome this confusion, the current study was designed to provide organic or inorganic Cu, Zn and Mn supplementation in a practical ranch setting, at industry accepted NRC recommended levels.  This allows careful examination of the affects of a realistic mineral supplementation strategy on reproductive performance, immune response and subsequent calf performance in grazing beef cattle.

Materials and Methods

One hundred and seventy-eight multiparous crossbred beef cows and 47 primiparous crossbred beef heifers were blocked by expected calving date, weight and body condition score and assigned to one of fifteen replicates (9 replicates of cows, 6 replicates of heifers).  These replicates were then randomly assigned to one of three treatments in the case of the cows and one of two treatments in the case of the heifers.  Treatment one (n = 59 cows) did not receive supplemental Cu, Zn or Mn (control).  Primiparous heifers were not assigned to the control treatment for management reasons.  Treatment two (n = 60 cows, 24 heifers) received supplemental Cu, Zn and Mn in a 50% inorganic, 50% organic form (ORG) and treatment three (n = 59 cows, 23 heifers) received supplemental Cu, Zn and Mn in an inorganic form (ING).  Inorganic trace minerals were provided as CuSO4, ZnSO4 and MnSO4 while organic trace minerals were provided from a mineral proteinate source.  Both mineral supplements were formulated to provide NRC recommended levels of the trace mineral in question.


Animals were housed at the Eastern Colorado Research Center (Akron, CO), by replicate, in separate pastures, beginning 12 d prior to the initiation of mineral supplementation.  Replicates were blocked across pastures of similar type and quality to minimize potential pasture effects.  Mineral supplements were provided at a single location in each pasture in free-choice mineral feeders beginning 54 d prior to the average calving date of the heifers and 82 d prior to the average calving date of the cows.  Mineral supplements remained available for ad libitum consumption for 120 d after the average calving dates for the respective groups.  Mineral supplements were also made available exclusively to the calves by installing creep feeders in each pasture, when the calves within the pasture averaged 90 d of age.

In order to determine the effects of trace mineral source on reproductive performance, all animals were bred to AI following an estrous synchronization period using a modified Select-Synch protocol with 72 h calf removal and fixed-time AI of non-responders.  Animals were observed for signs of standing estrus beginning 12 h prior to PG injection and continuing for 72 h after PG injection.  Individuals exhibiting standing estrus were bred to AI, using semen from a single collection of a proven AI sire, 12 h after first exhibiting estrus.  All individuals not exhibiting estrus by 72 h post PG injection were mated to AI in conjunction with a second injection of GnRH.  On d 14, after the last day of AI, bulls were introduced and remained with the cattle for a 60 d breeding season.  Pregnancy to AI was determined via rectal ultrasonography 40 d after the last day of AI.  Final pregnancy rates were also measured via manual rectal palpation, with the aid of ultrasonography, 40 d after bull removal.


Primary humoral immune response for individuals in the study was measured by injecting 5 mL of a 20% porcine red blood cell (PRBC) solution intramuscularly.  Red blood cells were obtained by collecting whole blood from a pig at the time of slaughter and diluting it in Alsever solution (1:1 ratio blood: Alsever solution; Kuhlman et al., 1988).  The sample was then washed three times with 0.01 M PBS (pH 7.4) and resuspended in PBS prior to injection.  Five individuals per replicate were selected randomly and injected with the 20% PRBC solution.  Blood samples were obtained from these individuals on d 0, prior to PRBC injection, and on d 7, 14 and 21 following PRBC injection. Blood samples were also obtained from calves of PRBC injected dams on d 21.  Samples were then measured for antibody titer concentrations specific for PRBC using a mercaptoethanol (ME)-PBS microtitration procedure (Ferket and Qureshi, 1992) as described by Droke et al. (1993).

The mineral status of the individuals in the study was measured using two methods.  The first method involved the collection of a liver sample from a subgroup of animals (5 / replicate) at the beginning and end of the study.  This was accomplished by using the true-cut technique described by Pearson and Craig (1980).  The second method involved collecting whole blood via jugular venipuncture at the beginning, midpoint and end of mineral supplementation.


Liver samples were analyzed for trace mineral concentrations using the inductively coupled plasma-atomic emission spectroscopy (ICP-AES) methods described by Braselton et al. (1997) (Animal Health Diagnostics Laboratory, Dept. of Toxicology, Michigan State University).  For plasma Cu analyses 1 mL of sample was combined with 1 mL of 10% trichloroacetic acid and the resulting supernatant was diluted in a 1:5 ratio with deionized water (DIH2O) (supernatant:DIH2O).  Plasma Zn samples were prepared using a 1:5 (plasma:DIH2O) dilution as well.  Dilutions were read using a flame atomic absorption spectrophotometer at 324.7 nm or 213.9 nm for Cu and Zn respectively (Varian Model 1275; Diagnostics Laboratory, Dept. of Pathology, Colorado State University).

Cow performance was monitored by collecting weights and body condition scores every 56 d for the duration of the study.  Body conditions scores were measured on a scale of 1 to 9 (1 = emaciated, 9 = obese) and were assigned by the same technician throughout the study.  Weights were measured on an individual basis and calf weaning weights were measured prior to shipment to the feedlot.

Statistical Analysis

All quantitative results including body condition score, weight, liver Cu, Zn and Mn concentrations, plasma Cu and Zn concentrations and antibody titer response were analyzed using the MIXED procedure, with repeated measures, of SAS (SAS Inst. Inc., Cary, NC).  All treatment x rep x time interactions were tested for and the models were reduced, based on significance, to yield final models.


The FREQ procedure was used to analyze the reproductive data, due to its discreet nature.  Estrous response, pregnancy to AI and final pregnancy rate were compared across treatments and Fisher Exact tests were used to determine significance.  Data were analyzed independently for cows and heifers.  Therefore, no statistical comparisons were made between these two groups, but comparisons are made within these groups by treatment.

Results and Discussion

Performance, based on body condition score and weight, did not differ between treatments for the duration of the study.  A time effect was noted, however, with both weight and body condition score declining in the late spring and early summer, but returning to normal by mid summer.  This decrease is most likely associated with a loss of weight due to calving and the demands of early lactation.


Mineral status for animals in this study, as measured by liver and plasma mineral concentrations, was affected by mineral supplementation, as illustrated in Table 1.  Final liver Cu concentrations were elevated (P < 0.05) in ORG treated groups when compared to ING and control treatments.  Inorganic supplemented cows had higher (P < 0.05) liver Cu concentrations than controls as well.   Liver Mn concentrations tended to increase (P < 0.1) in ORG heifers compared to ING heifers, although this same trend was not seen between cow treatments.  Liver Zn concentrations and plasma Cu and Zn concentrations did not differ by treatment. These results are similar to those found by other researchers (Stanton et al., 2000).  Although an increase in liver copper concentration is often observed it is not clear as to the positive or negative effects of this retention.


All data relative to reproductive performance are reported in Table 2.  Significant differences in reproductive performance were not observed between treatments, although there was a tendency for ORG supplemented cows to perform at an elevated level (P < 0.1), relative to pregnancy to AI, when compared to ING supplemented cows.  This same statistical trend was not seen in the heifer treatments, but ORG supplemented heifers did have numerically higher pregnancy rates to AI.  This tendency agrees with data previously reported by Stanton et al. (2000) that organic supplemented cows exhibit elevated pregnancy to AI rates.  The muted effect seen in our study could likely be attributed to the initial mineral status of the animals used.  Unlike the cattle used by Stanton et al. that had depressed liver mineral concentrations of less than 25 ppm Cu, the cattle in the current study fell within the adequate range defined by Puls (1994) of 25-100 ppm Cu prior to supplementation.  Thus, the therapeutic effects of Cu supplementation were negligible.  In contrast to data collected by Olson et al. (1999) the current study did not identify a decrease in reproductive performance due to mineral supplementation in relation to mineral free controls.  This may be due to the levels of mineral fed in this study compared to the elevated levels of two times NRC fed by Olson et al.  These elevated levels could potentially lead to mineral interactions and decreased utilization.


Primary humoral immune response specific to PRBC was not affected by mineral supplementation in the cow groups observed.  The heifer groups did exhibit differences, however, with ORG heifers having a greater (P< 0.05) IgG response on d 14 and 21 following PRBC injection.  This difference did not have a significant effect on the total Ig concentrations specific for PRBC that were measured at the same time.  Heifer immune response is illustrated in Figure 1.  Calves of dams that were injected with PRBC also showed no difference in their immune response on d 21 following injection of their dams.

Calf weaning weights were affected by treatment, with control and ING calves, born to cows, having higher weaning weights (P < 0.01) than ORG calves (212.1, 208.8 and 196.0 kg, respectively).  This same trend was not repeated in calves born to heifers.
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Figure 1.  Heifer immune response specific for porcine red blood cell (PRBC) antigen (lsmeans).  (() Treatment differences noted (P < 0.05) for IgG response on d 14 and 21 post injection.
Implications


Trace mineral supplementation, regardless of source, appears to have little positive effect on reproductive performance in grazing beef cattle.  However, organic Cu, Zn and Mn supplementation does increase liver Cu concentrations.  The effects of this increase are not fully understood but may influence immune response in a positive manner, under certain circumstances.
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	Table 1.  Mineral status of cows and heifers following supplementation1,2,3

	
	Cows
	
	Heifers

	
	Control
	Organic
	Inorganic
	
	Organic
	Inorganic

	Liver Cu concentrations4
	50.3a
	150.6b
	97.3c
	
	169.8e
	106.6f

	Liver Zn concentrations
	89.1
	106.3
	105.3
	
	92.8
	116.6

	Liver Mn concentrations5
	8.0
	8.9
	9.2
	
	8.5g
	6.9h

	Plasma Cu concentrations
	0.72
	0.80
	0.82
	
	0.86
	0.91

	Plasma Zn concentrations
	0.11
	0.13
	0.13
	
	0.12
	0.13


1Values reported as computed lsmeans.

2Liver values are reported as ppm and plasma values are reported as (g/mL.

3Comparisons are not made between the heifer and cow groups, only within the groups.

4Different superscripts differ at the P < 0.05 level.

5Different superscripts differ at the P < 0.1 level.

	Table 2.  Reproductive performance of cows and heifers1,2

	
	Cows
	
	Heifers

	
	Control
	Organic
	Inorganic
	
	Organic
	Inorganic

	Estrous response
	87% (45/52)
	76% (41/54)
	70% (39/56)
	
	90% (19/21)
	77% (17/22)

	Pregnancy rate to AI with observed estrus
	69% (31/45)
	80% (33/41)
	64% (25/39)
	
	79% (15/19)
	71% (12/17)

	Overall pregnancy rate to AI3,4
	65% (34/52)
	67% (36/54)a
	52% (29/56)b
	
	76% (16/21)
	59% (13/22)

	Final pregnancy rate following a 60 d bull breeding season
	94% (49/52)
	96% (52/54)
	96% (54/56)
	
	95% (20/21)
	100% (22/22)


1Values reported are raw percentages.

2Comparisons are not made between the heifer and cow groups, only within the groups.

3This value is the summed result of cattle exhibiting estrus and bred, as well as those bred to fixed time AI with no estrous response.

4Different superscripts differ at the P < 0.1 level.
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