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COMPARISON OF ONE OR TWO SUSTAINED-RELEASE CHROMIC OXIDE BOLUSES FOR SHEEP TO ESTIMATE FECAL OUTPUT IN CALVES
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ABSTRACT:  The objective was to evaluate the ability to estimate fecal output in calves using either 1 or 2 Captec( sustained-release boluses for sheep. A second objective was to determine the capacity to identify if a calf dosed with 2 boluses had regurgitated 1 but not both based on fecal Cr concentration. Three trials were conducted during a 4-mo period utilizing total fecal collections. Nine Holstein steer calves were ruminally fistulated at about 2 mo of age and randomly assigned to 1 of 2 groups. One group (n = 5 in trials 1, 2, and 3) received 1 bolus and the other group (n = 4 in trials 1 and 2, and n = 3 in trial 3) received 2 boluses. Diets consisted of a grain mix fed at 1% BW, alfalfa pellets fed at 1% BW, and chopped grass hay fed at 110% of the previous day’s intake. Calves were fed twice daily in equal portions at 0800 and 1700 and had free access to water. Mean BW were 104, 125, and 178 kg in trials 1, 2, and 3, respectively. Release rate from boluses did not differ between number of boluses (P = 0.37) or among trials (P = 0.17). Precision of the marker estimate did not differ between number of boluses (P = 0.09) or among trials (P = 0.49). Accuracy of estimated OM fecal output on a kg per d basis was greatest using 1 bolus in the first trial and was greatest by using 2 boluses in trial 3, but accuracy was low for both treatments in trial 2. Accuracy of estimated OM fecal output on a percentage of BW basis was greatest using 1 bolus in the first trial and by using 2 boluses in trials 2 and 3. Concentration measured as mg of Cr per kg of fecal OM differed between number of boluses (P = 0.01) and among trials (P = 0.02). This suggests that a difference in Cr concentration in the feces should be detectable if 1 bolus is regurgitated from a calf dosed with 2 boluses. Precision was adequate for relative comparison among treatments, but accuracy was inadequate to assume forage intake estimated from fecal output reflects the actual amount of forage consumed.
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Introduction


In grazing studies, it is often important to obtain estimates of intake. It has become common practice to use Cr2O3 controlled-release capsules to estimate intake of cows (Adams et al., 1991; Barlow et al., 1988; Brandyberry et al., 1991). For calves, intake has been estimated by dosing with Cr2O3 on a daily basis (Adams et al., 1991). However, frequent dosing may interfere with normal feeding behavior, requires a high amount of labor, and recovery of chromium from feces can be variable (Adams et al., 1991). There has been interest in using Captec( controlled-release capsules for sheep to estimate intake of calves (Grings et al., 1993; Swensson et al. 1995). However, Swensson et al. (1995) found that the chromium concentration was too low to be accurately determined in feces of calves averaging 229 kg BW or more that were dosed with one sheep capsule. Therefore, the objective of this study was to evaluate the ability to estimate fecal output in steer calves using either one or two intraruminal Captec( controlled-release capsules for sheep. An additional objective was to determine the capacity to identify if a calf dosed with two capsules had regurgitated one, but not both capsules, based on fecal chromium concentration.

Materials and Methods


All care and procedures were approved and conducted under established standards of the USU Institutional Animal Care and Use Committee (Approval # 686).


Three trials were conducted using total fecal collections during a 4-mo period. Nine Holstein steers were ruminally fistulated (McSweeny, 1989) at about 2 mo of age. After recovering from surgery, calves were randomly assigned to one of two groups and remained in that group throughout the study. One group (n = 5 in all trials) received one Captec( capsule for sheep, whereas the other group (n = 4 in trials 1 and 2, and n = 3 in trial 3) received two Captec( capsules for sheep. One calf in the two-capsule group died of causes unrelated to the experiment during the third trial.


Calf diets were individually calculated based on initial weight for each trial. Diets consisted of a grain mixture (steam-rolled barley, steam-rolled corn, molasses, trace-mineral salt, and lasalocid) fed at 1% BW, alfalfa pellets fed at 1% BW, and chopped grass hay fed at 110% of the previous day’s intake (Table 1). Calves were fed twice daily in equal portions at 0800 and 1700 and had free access to water. Orts were weighed immediately before each morning feeding, composited, and subsampled weekly. Orts consisted mainly of grass hay and alfalfa pellets. Feed subsamples were taken every 3 d. Orts and feed subsamples were composited within trial and ground in a Wiley mill to pass a 1-mm screen, then analyzed for DM and OM (AOAC, 1984). Acid detergent fiber (Table 1) was determined using an Ankom Fiber Analyzer (Ankom Inc., Fairport, NY). Nitrogen was analyzed by the combustion method (AOAC, 1996) using a Leco CHN-1000 (Leco Corporation, St. Joseph, MI) and used to calculate CP.


Calves were weighed before the morning feeding at the beginning and end of each trial. Mean initial and final BW were 99.5 and 109.1 kg, respectively, during trial 1, 119.6 and 130.1 kg, respectively, during trial 2, and 169.8 and 186.0 kg, respectively, during trial 3. Calves were randomly assigned to individual stalls. An adaptation period was conducted for 14 d. Capsules were administered through the rumen fistula 7 d prior to the beginning of total fecal collections (d 8 of the adaptation period). Plunger travel was measured to the nearest mm on each capsule at 4-d intervals for 28 d after insertion into the rumen to ascertain release rate. On the first day of fecal collections, calves were fitted with fecal bags at the morning feeding. Fecal bags were emptied at the time of each feeding for 4-d. Feces were weighed and subsampled. Subsamples were frozen for subsequent analyses.


Fecal subsamples were dried in a 60(C forced-air oven, then ground in a Wiley mill to pass a 1-mm screen. Each evening subsample was composited proportionally by total fecal weight with the following morning’s subsample. Samples were analyzed for DM and OM (AOAC, 1984). Fecal chromium concentration was measured using the procedure of Williams et al. (1962) followed by atomic absorption spectroscopy with an air/acetylene flame (Model Video 11; Instrumentation Laboratories/Thermo-Jarrel Ash, Franklin, MA). Fecal output was estimated using marker consumed divided by marker concentration in feces (Merchen, 1988).


Plunger travel was regressed on time for each capsule using PROC REG of SAS (SAS Inst. Inc., Cary, NC). The GLM procedure of SAS was used to test if the slope (release rate of capsule) was equal among single- and double-capsule treatments. Slopes were analyzed using a split-plot structure with number of capsules in the main plot and trial in the subplot. Steer within number of capsules was used as the error term for the number of capsules effect and the residual mean square as the error term for trial and number of capsules ( trial. Precision of the marker estimate was calculated using the procedure described by Hatfield et al. (1991). Precision was analyzed using the split-plot structure described above. A paired t-test was used to determine accuracy between estimated and actual fecal output as described by Hatfield et al. (1991). Fecal chromium concentration was analyzed using the split-plot structure described above. Means were separated using LSD protected by a significant F-test in all GLM models, and significance was interpreted at P ( 0.05 for all tests unless otherwise indicated. Standard errors and LSD appropriate for split-plot arrangements were calculated according to Cochran and Cox (1957). Trial did not interact with number of capsules for any of the variables analyzed.

Results and Discussion


Release rate (slope of the regression line) of each capsule (Table 2) did not differ among number of capsules (P = 0.37) or trials (P = 0.17). This indicated that release rate was not influenced by using one or two capsules or growth of the calves across trials. Laby et al. (1984) found release rate to be independent of diet, age, being penned or grazing, fistulated or intact, one or three capsules, or if capsules were tethered or untethered.


Precision (Table 2) did not differ among number of capsules (P = 0.09) or between trials (P = 0.49). Hatfield et al. (1991) found that DMI and supplementation affected the precision of the marker estimate, and precision was better for grazing than confined sheep. In this study, fecal output was consistently overestimated across treatments and trials, as indicated by values exceeding 100. This indicated that Captec( capsules for sheep might be useful for estimating fecal output in growing calves to make relative comparisons among treatments.


Accuracy of estimated fecal output (Table 3) measured as kg OM d-1 was greatest in the first trial using a single capsule (P = 0.18) followed by double capsules in trial 3 (P = 0.08), but accuracy was low in trial 2 (P ( 0.02). Accuracy of estimated fecal OM output as a percentage of BW was greatest in the first trial using a single capsule (P = 0.14) followed by double capsules in periods two and three (P = 0.06, and 0.07, respectively). In work with sheep, controlled-release Cr2O3 devices have produced mixed results. Buntinx et al. (1992) showed that fecal output was both under- and overestimated. Luginbuhl et al. (1994) found that fecal output was close to actual when sheep were fed alfalfa but not when sheep were fed coastal bermudagrass hay or a pelleted sheep diet. Pond et al. (1990a) reported that estimated fecal output was close to actual fecal output except for wethers weighing less than 30 kg. In work with cattle, controlled-release Cr2O3 devices have also produced mixed results. Adams et al. (1991) found that estimated fecal output did not differ from actual output in one trial, but fecal output was underestimated compared to actual output in another trial. Brandyberry et al. (1991) and Pond et al. (1990b) found that fecal output was overestimated. In both studies, the difference was associated with the actual release rate differing from the manufacturer’s specified release rate. However, others (Barlow et al., 1988; Laby et al., 1984), both using capsules that were not manufactured by Captec(, and Momont et al. (1990) reported that estimated and actual fecal output were similar. Adams et al. (1991), Brandyberry et al. (1991), Hatfield et al. (1991), and Buntinx et al. (1992) suggested that release rates be validated for the environment in which fecal output will be estimated to improve accuracy. This would not be important if the intent is to make relative comparisons among treatments, which could be made as long as precision is acceptable.


Chromium concentration (Table 2) differed between number of capsules (P = 0.01) and among trials (P = 0.02). The concentration was lower in trial 3 than trial 1, with trial 2 being intermediate. Rumen capacity and fecal output increased as calves grew, thus diluting chromium concentration. The difference among number of capsules suggests that a difference in the chromium concentration in the feces should be detectable if one capsule is lost from a calf dosed with two capsules. Therefore, data from that calf could be eliminated from subsequent analysis.

Implications


A single capsule gave the best estimate of fecal output when calves averaged 104 kg. However, two capsules gave the best estimate of fecal output when calves averaged 125 and 178 kg. The Captec( chromium capsule for cattle can be used in cattle of a minimum weight of 200 kg. Therefore, continuous measurement of fecal output from calves averaging 104 kg to adulthood should be possible. When one uses two sheep capsules, it should be feasible to determine if a calf has lost one of two capsules by comparing chromium concentrations. Using Captec( intra-ruminal controlled-release capsules for sheep to estimate fecal output in calves provided suitable results for relative comparison among treatments, but did not provide adequate accuracy to assume forage intake estimated from fecal output reflected the actual amount of forage consumed.
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Table 1. Nutritional composition of dietary components, % of OM

	Item
	ADF
	CP

	Trial 1
	
	

	
Grain mixturea
	11.24
	14.88

	
Alfalfa pellets
	31.90
	16.93

	
Grass hay
	39.47
	9.85

	
Orts
	33.68
	11.81

	Trial 2
	
	

	
Grain mixture
	12.67
	10.71

	
Alfalfa pellets
	27.37
	15.88

	
Grass hay
	37.01
	12.27

	
Orts
	35.82
	12.01

	Trial 3
	
	

	
Grain mixture
	8.61
	10.19

	
Alfalfa pellets
	27.27
	15.97

	
Grass hay
	35.19
	11.98

	
Orts
	37.91
	9.61

	a Steam-rolled barley, steam-rolled corn, molasses, trace-mineral salt, and lasalocid.


	Table 2. Slope of regression line estimating release rate of capsules, precision of estimate, and Cr concentration in feces of calves receiving one or two Captec( controlled-release sheep capsules

	
	Capsule treatment
	
	Trial

	Item
	1
	2
	SE
	
	1
	2
	3
	SE

	Release rate, mm d-1
	0.0840
	0.0875
	0.004
	
	0.0819
	0.0886
	0.0867
	0.004

	Precisiona
	144
	205
	31.6
	
	180
	162
	180
	17.9

	Cr, mg kg-1 OM
	124b
	192c
	20.3
	
	189b
	174bc
	112c
	23.6

	a Precision = 100 ( estimated fecal output divided by actual fecal output.

b,c Means within rows and main effects without a common superscript differ (P ( 0.05).


	Table 3. Estimated fecal output compared to actual fecal output to indicate accuracy of marker estimate

	Trial
	Capsule numbera
	Actual output
	Estimated output
	Mean difference
	SEb
	Pc

	
	
	Fecal output, kg OM d-1

	1
	Single
	0.752
	0.928
	0.176
	0.107
	0.18

	
	Double
	0.687
	1.447
	0.760
	0.134
	0.01

	2
	Single
	0.872
	1.192
	0.320
	0.087
	0.02

	
	Double
	0.776
	1.193
	0.417
	0.087
	0.02

	3
	Single
	1.330
	2.049
	0.718
	0.215
	0.03

	
	Double
	1.364
	2.247
	0.883
	0.257
	0.08

	
	
	Fecal output, OM, % BW

	1
	Single
	0.691
	0.885
	0.194
	0.104
	0.14

	
	Double
	0.612
	1.334
	0.722
	0.151
	0.02

	2
	Single
	0.667
	0.928
	0.260
	0.081
	0.03

	
	Double
	0.587
	0.952
	0.365
	0.126
	0.06

	3
	Single
	0.733
	1.146
	0.413
	0.136
	0.04

	
	Double
	0.720
	1.176
	0.456
	0.124
	0.07

	a
Single and double denotes administration of one or two capsules per calf, respectively.

b
SE of mean difference.

c
The probability of a greater t for testing the hypothesis that the mean difference is not different from 0.
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