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Abstract:  A metabolism trial compared purine derivative (PD) excretion (as estimated by urinary allantoin excretion) to duodenal purine flow in beef cattle fed low-quality forage. Six ruminally and duodenally cannulated yearling steers (mean = 375 kg) were used in a duplicated 3 x 3 Latin square design with 21-d periods. Duodenal purine flows served as reference estimates of bacterial crude protein (BCP) supply. Total urine collections were made and allantoin was measured. It was assumed that allantoin excretion was a constant portion (90%) of total PD excretion. The basal diet was switchgrass hay (Panicum virgatum; 5.2% CP, 77.7% NDF, and 51.8% IVDMD). Steers were fed a constant amount of hay (95% of their individual ad libitum DMI; mean = 7.1 kg/d) and treatments (0, 1.4, or 2.3 kg/d of supplemental wet corn gluten feed DM). To ensure degradable protein was not limiting to BCP production, an aliquot of a urea solution was topdressed each day; each aliquot delivered 50 g urea/d. Duodenal samples were taken on d 15-17 and urine collections were made on d 18-21. Both PD excretion and duodenal purine flow increased (P < 0.01) as TDN intake increased. Excretion of PD (mmol/d) was a linear (P < 0.0001) function of purine flow (mmol/d) at the duodenum and was described by the following equation: PD =  2.83 + 1.04 Purine; R2 = 0.83. Data from this trial were combined with data from a previously reported trial for development of the following prediction equation: Purine (mmol/d) = 8.88 + 1.02 PD (mmol/d), R2 = 0.78 (P < 0.0001). Users may predict duodenal BCP flow from urinary PD excretion after applying a purine:bacterial N ratio to the predicted amount of duodenal purine flow. Urinary PD excretion was an effective estimate of BCP supply because of its noninvasive nature and unity with duodenal purine flow. 
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Introduction


Beef cattle nutritional models require estimates of the bacterial crude protein (BCP) supplied by the rumen to the animal; however, estimates of the BCP supply are not readily available. Research at the University of Nebraska concluded that urinary allantoin excretion was an effective BCP estimate when compared to duodenal flow estimates (Mass et al., 2001). Allantoin excretion has the advantage of being noninvasive in nature. In that study, the forage fed was high quality alfalfa hay. As no validation studies have compared urinary allantoin excretion of cattle consuming low quality forage to the corresponding duodenal BCP supply estimates, that was the objective of this trial.

Materials and Methods

Six crossbred yearling steers (mean=375 kg) were fitted with a 10-cm ruminal cannula and a double-L duodenal cannula. A pre-trial feeding period determined the maximum level of switchgrass hay (Panicum virgatum L) that each steer would consume consistently without feed refusal. Each steer was fed 95% of his individual level throughout the trial (mean DMI across steers = 7.1 kg/d). Feed was delivered every 2 h by automatic feeders. To ensure that rumen-degradable N was not limiting, an aqueous solution of urea was topdressed each day (50 g of urea *d –1 * steer-1). Cattle were utilized in a duplicated 3 ( 3 Latin square design with 21-d periods. Treatments were 0, 1.4, or 2.3 kg/d of supplemental wet corn gluten feed DM (WCGF; Cargill Corn Milling, Blair, NE). Nutrient concentrations of the feeds were measured (DM basis): 5.2% CP, 2.0% undegraded intake protein, 77.7% NDF, and 51.8% IVDMD for switchgrass; and 22.5% CP, 3.1% undegraded intake protein, 42.2% NDF, and 82.4% IVDMD for WCGF. It was assumed that IVDMD estimates TDN concentration.

Total urine was collected on d 18-21; volumes were measured every morning at 0700 and aliquots were stored at  -20( C. Duodenal samples were taken every 3 h from 0700 to 1600 on d 15, 0800 to 1700 on d 16, and 0900 to 1800 on d 17. Duodenal samples were lyophilized and composited on an equal DM basis to establish one digesta composite/d. Urine was analyzed for allantoin and duodenal samples were analyzed for both purines (bacterial marker) and acid-insoluble ash (OM flow marker). Means for each steer ( period combination were calculated for urinary PD excretion and duodenal purine supply. Means were regressed versus each other and versus TDN intake using the REG procedure of SAS (1998). A regression equation for predicting duodenal purine supply from urinary PD excretion was developed by combining these data and data from the previous trial (Mass et al., 2001) 

Results and Discussion 

Treatment means are shown in Table 1. Both duodenal purine and urinary allantoin increased linearly (P < 0.01) as WCGF supplementation increased. The graph of duodenal purine flow versus urinary PD excretion is shown in Figure 1 and the combined data are shown in Figure 2. Using R2 value and a slope near 1.0 as evaluation criteria, these regression equations demonstrated good agreement between duodenal purine flow and PD excretion. We chose to analyze allantoin exclusively because cattle excrete purines in that form at a high and constant rate (90% of purines; Vagnoni and Broderick, 1997). The data in Figure 2 are believed to be the only direct comparison of duodenal purine flow to urinary PD excretion ever published. Previous validation studies in cattle have utilized abomasal infusion of nucleic acids and/or estimation of BCP supply at the duodenum from model predictions (Vagnoni et al., 1997a).

Because a unified linear relationship existed between duodenal purine flow and urinary PD excretion (when calculated from allantoin excretion), the use of allantoin as a noninvasive marker of BCP supply is possible. Users must apply their own purine:bacterial N ratio to the purine prediction in order to obtain a BCP supply estimate.
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Table 1. Effect of wet corn gluten feed (WCGF) supplementation on cattle consuming switchgrass (Panicum virgatum): bacterial crude protein (BCP) calculations from duodenal purine flow and urinary PD excretion, as estimated by allantoin.


 
           Supplemental WCGF DM (kg/d)a

   0
      1.4
            2.3
SEM

Total TDN intake, kg/da
     3.7
      4.9
            5.6
   -

WCGF TDN intake, kg/da
  -
      1.2
            1.9
   -

Duodenal purine supply (mmol/d)bc
    87.2
   139.1
        173.7
14.4

Uncorrected allantoin excretion (mmol/d)c
  126.5
   172.6
        204.7
10.3

Corrected PD excretion (mmol/d)d
    83.6
   137.5
        174.4
  8.2

aTDN estimated from IVDMD (switchgrass = 518 g/kg of DM;WCGF = 830 g/kg of DM). 

bMeasured using purines as BCP marker and acid-insoluble ash as a flow marker.

cLinear effect of WCGF (P < 0.01).

dUncorrected allantoin excretion minus bodyweight correction (0.385 mmol/kg of metabolic bodyweight) divided by percentage of purine derivatives excreted in the urine as allantoin (90%).

Figure 1. Purine derivative excretion versus duodenal purine flow of steers fed switchgrass hay and incremental amounts of wet corn gluten feed.
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Figure 2. Equation for predicting duodenal purine flow from urinary purine derivative excretion.


[image: image2.wmf]y = 1.02x + 8.88

R

2

 = 0.78

0

50

100

150

200

0

50

100

150

200

purine derivative excretion, mmol/d

Duodenal purine flow, 

mmol/d








_1046692520.xls
Chart5

		83.4

		79.9

		86.7

		95.3

		84.4

		93.2

		123.3

		130.4

		151.9

		155.7

		133.8

		139.4

		186.7

		161.8

		166.9

		177.6

		158.7

		190.5



duodenal purine flow, mmol/d

purine derivative excretion, mmol/d

y = 1.04x + 2.83
R2 = 0.83

102.9

89.3

79

114.9

83

92.6

132.9

130.3

177.9

138.9

179.8

124.9

199.7

177.6

208.9

190.3

138.9

195.9



Sheet2

		





Chart1

		83.4

		79.9

		86.7

		95.3

		84.4

		93.2

		123.3

		130.4

		151.9

		155.7

		133.8

		139.4

		186.7

		161.8

		166.9

		177.6

		158.7

		190.5



duodenal purine flow, mmol/d

fully corrected purine derivative excretion, mmol/d

Trial III comparison

y = 0.87x + 2.33
R2 = 0.75

99.8

67.8

58.5

108.8

71.1

70.7

109

103.8

156.5

112.1

149.2

99.4

167.1

147.2

175.4

158.7

111.7

169.5



Sheet1

		Trial III

		Level of																								Trial		ALLAN		PURINES				uncorr for  BW						the goodun						uncorrected						TK special								1		40.9		68.4444444444		90.4444444444		81.4

		WCGF (kg)		ALLAN																PURINES						3		99.8		83.4				83.4		120.9				83.4		102.9		83.6		83.4		146.9				83.4		102.9						1		33.9		88.6666666667		110.6666666667		99.6

		0		99.8		79.5		120.9		111.6		102.9		93.6		146.9		126.6		83.4		87.2				3		67.8		79.9				79.9		107.3				79.9		89.3				79.9		114.9				79.9		89.3						1		35.7		19.3333333333		41.3333333333		37.2

		0		67.8		47.1		107.3				89.3				114.9				79.9						3		58.5		86.7				86.7		97				86.7		79				86.7		105.6				86.7		99.9						1		59.7		42.6666666667		64.6666666667		58.2

		0		58.5				97.0				79.0				105.6				86.7						3		108.8		95.3				95.3		132.9				95.3		114.9				95.3		155.9				95.3		121.1						1		42.9		40.7777777778		62.7777777778		56.5

		0		108.8				132.9				114.9				155.9				95.3						3		71.1		84.4				84.4		101				84.4		83				84.4		118.2				84.4		89.5						1		18.9		28.4444444444		50.4444444444		45.4

		0		71.1				101.0				83.0				118.2				84.4						3		70.7		93.2				93.2		110.6				93.2		92.6				93.2		117.8				93.2		92.6						1		101		151.5555555556		173.5555555556		156.2

		0		70.7				110.6				92.6				117.8				93.2						3		109.0		123.3				123.3		150.9				123.3		132.9		137.5		123.3		159.9				123.3		132.9						1		111.7		182.1111111111		204.1111111111		183.7

		1.4		109.0		121.7		150.9		165.5		132.9		147.5		159.9		172.6		123.3		139.1				3		103.8		130.4				130.4		148.3				130.4		130.3				130.4		154.7				130.4		130.3						1		118.7		97.1111111111		119.1111111111		107.2

		1.4		103.8		50.9		148.3				130.3				154.7				130.4						3		156.5		151.9				151.9		195.9				151.9		177.9				151.9		207.4				151.9		177.9						1		95.9		113.2222222222		135.2222222222		121.7

		1.4		156.5				195.9				177.9				207.4				151.9						3		112.1		`				155.7		156.9				155.7		138.9				155.7		163				155.7		138.9						1		149.7		166		188		169.2

		1.4		112.1				156.9				138.9				163.0				155.7						3		149.2		133.8				133.8		197.8				133.8		179.8				133.8		200.1				133.8		168.4						1		148.7		190.6666666667		212.6666666667		191.4

		1.4		149.2				197.8				179.8				200.1				133.8						3		99.4		139.4				139.4		142.9				139.4		124.9				139.4		150.3				139.4		124.9						1		147.7		115.4444444444		137.4444444444		123.7

		1.4		99.4				142.9				124.9				150.3				139.4						3		167.1		186.7				186.7		217.7				186.7		199.7		174.7		186.7		216.9				186.7		199.7						1		174.8		168.4444444444		190.4444444444		171.4

		2.3		167.1		154.9		217.7		203.2		199.7		185.2		216.9		204.7		186.7		173.7				3		147.2		161.8				161.8		195.6				161.8		177.6				161.8		197				161.8		171.1						1		151.8		125.7777777778		147.7777777778		133

		2.3		147.2		49.8		195.6				177.6				197.0				161.8						3		175.4		166.9				166.9		226.9				166.9		208.9				166.9		225.2				166.9		208.9						1		157.7		186.2222222222		208.2222222222		187.4

		2.3		175.4				226.9				208.9				225.2				166.9						3		158.7		177.6				177.6		208.3				177.6		190.3				177.6		208.5				177.6		190.3						1		142.7		212.8888888889		234.8888888889		211.4

		2.3		158.7				208.3				190.3				208.5				177.6						3		111.7		158.7				158.7		156.9				158.7		138.9				158.7		161.5				158.7		138.9						1		202.4		207.6666666667		229.6666666667		206.7

		2.3		111.7				156.9				138.9				161.5				158.7						3		169.5		190.5				190.5		213.9				190.5		195.9				190.5		219.3				190.5		188.8						3		83.4		92.3333333333		114.3333333333		102.9

		2.3		169.5				213.9				195.9				219.3				190.5						1		40.9		81.4				133.3111111111		160.0944444444																								3		79.9		77.2222222222		99.2222222222		89.3

																										1		33.9		99.6				8.9702117378		10.304204587																								3		86.7		65.7777777778		87.7777777778		79

																										1		35.7		37.2																														3		95.3		105.6666666667		127.6666666667		114.9

																										1		59.7		58.2																														3		84.4		70.2222222222		92.2222222222		83

																										1		42.9		56.5																														3		93.2		80.8888888889		102.8888888889		92.6

																										1		18.9		45.4																														3		123.3		125.6666666667		147.6666666667		132.9

																										1		101		156.2																														3		130.4		122.7777777778		144.7777777778		130.3

																										1		111.7		183.7																														3		151.9		175.6666666667		197.6666666667		177.9

																										1		118.7		107.2																														3		155.7		132.3333333333		154.3333333333		138.9

																										1		95.9		121.7																														3		133.8		177.7777777778		199.7777777778		179.8

																										1		149.7		169.2																														3		139.4		116.7777777778		138.7777777778		124.9

																										1		148.7		191.4																														3		186.7		199.8888888889		221.8888888889		199.7

																										1		147.7		123.7																														3		161.8		175.3333333333		197.3333333333		177.6

																										1		174.8		171.4																														3		166.9		210.1111111111		232.1111111111		208.9

																										1		151.8		133																														3		177.6		189.4444444444		211.4444444444		190.3

																										1		157.7		187.4																														3		158.7		132.3333333333		154.3333333333		138.9

																										1		142.7		211.4																														3		190.5		195.6666666667		217.6666666667		195.9

																										1		202.4		206.7





Sheet1

		99.8

		67.8

		58.5

		108.8

		71.1

		70.7

		109

		103.8

		156.5

		112.1

		149.2

		99.4

		167.1

		147.2

		175.4

		158.7

		111.7

		169.5

		40.9

		33.9

		35.7

		59.7

		42.9

		18.9

		101

		111.7

		118.7

		95.9

		149.7

		148.7

		147.7

		174.8

		151.8

		157.7

		142.7

		202.4



Allantoin, mmol/d

Purines, mmol/d

y = 0.87x + 33.6
R2 = 0.74

83.4

79.9

86.7

95.3

84.4

93.2

123.3

130.4

151.9

0

133.8

139.4

186.7

161.8

166.9

177.6

158.7

190.5

81.4

99.6

37.2

58.2

56.5

45.4

156.2

183.7

107.2

121.7

169.2

191.4

123.7

171.4

133

187.4

211.4

206.7



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



duodenal purine flow, mmol/d

Urinary purine derivative excretion, mmol/d

y = 1.04x + 2.83
R2 = 0.83

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Urinary purine derivative excretion, mmol/d

Duodenal purine flow, mmol/d

y = 1.02x + 8.88
R2 = 0.85

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1046692540.xls
Chart4

		40.9

		33.9

		35.7

		59.7

		42.9

		18.9

		101

		111.7

		118.7

		95.9

		149.7

		148.7

		147.7

		174.8

		151.8

		157.7

		142.7

		202.4

		83.4

		79.9

		86.7

		95.3

		84.4

		93.2

		123.3

		130.4

		151.9

		155.7

		133.8

		139.4

		186.7

		161.8

		166.9

		177.6

		158.7

		190.5



purine derivative excretion, mmol/d

Duodenal purine flow, mmol/d

y = 1.02x + 8.88
R2 = 0.78

68.4444444444

88.6666666667

19.3333333333

42.6666666667

40.7777777778

28.4444444444

151.5555555556

182.1111111111

97.1111111111

113.2222222222

166

190.6666666667

115.4444444444

168.4444444444

125.7777777778

186.2222222222

212.8888888889

207.6666666667

92.3333333333

77.2222222222

65.7777777778

105.6666666667

70.2222222222

80.8888888889

125.6666666667

122.7777777778

175.6666666667

132.3333333333

177.7777777778

116.7777777778

199.8888888889

175.3333333333

210.1111111111

189.4444444444

132.3333333333

195.6666666667



Sheet2

		





Chart1

		83.4

		79.9

		86.7

		95.3

		84.4

		93.2

		123.3

		130.4

		151.9

		155.7

		133.8

		139.4

		186.7

		161.8

		166.9

		177.6

		158.7

		190.5



duodenal purine flow, mmol/d

fully corrected purine derivative excretion, mmol/d

Trial III comparison

y = 0.87x + 2.33
R2 = 0.75

99.8

67.8

58.5

108.8

71.1

70.7

109

103.8

156.5

112.1

149.2

99.4

167.1

147.2

175.4

158.7

111.7

169.5



Sheet1

		Trial III

		Level of																								Trial		ALLAN		PURINES				uncorr for  BW						the goodun						uncorrected						TK special								1		40.9		68.4444444444		90.4444444444		81.4

		WCGF (kg)		ALLAN																PURINES						3		99.8		83.4				83.4		120.9				83.4		102.9		83.6		83.4		146.9				83.4		102.9						1		33.9		88.6666666667		110.6666666667		99.6

		0		99.8		79.5		120.9		111.6		102.9		93.6		146.9		126.6		83.4		87.2				3		67.8		79.9				79.9		107.3				79.9		89.3				79.9		114.9				79.9		89.3						1		35.7		19.3333333333		41.3333333333		37.2

		0		67.8		47.1		107.3				89.3				114.9				79.9						3		58.5		86.7				86.7		97				86.7		79				86.7		105.6				86.7		99.9						1		59.7		42.6666666667		64.6666666667		58.2

		0		58.5				97.0				79.0				105.6				86.7						3		108.8		95.3				95.3		132.9				95.3		114.9				95.3		155.9				95.3		121.1						1		42.9		40.7777777778		62.7777777778		56.5

		0		108.8				132.9				114.9				155.9				95.3						3		71.1		84.4				84.4		101				84.4		83				84.4		118.2				84.4		89.5						1		18.9		28.4444444444		50.4444444444		45.4

		0		71.1				101.0				83.0				118.2				84.4						3		70.7		93.2				93.2		110.6				93.2		92.6				93.2		117.8				93.2		92.6						1		101		151.5555555556		173.5555555556		156.2

		0		70.7				110.6				92.6				117.8				93.2						3		109.0		123.3				123.3		150.9				123.3		132.9		137.5		123.3		159.9				123.3		132.9						1		111.7		182.1111111111		204.1111111111		183.7

		1.4		109.0		121.7		150.9		165.5		132.9		147.5		159.9		172.6		123.3		139.1				3		103.8		130.4				130.4		148.3				130.4		130.3				130.4		154.7				130.4		130.3						1		118.7		97.1111111111		119.1111111111		107.2

		1.4		103.8		50.9		148.3				130.3				154.7				130.4						3		156.5		151.9				151.9		195.9				151.9		177.9				151.9		207.4				151.9		177.9						1		95.9		113.2222222222		135.2222222222		121.7

		1.4		156.5				195.9				177.9				207.4				151.9						3		112.1		`				155.7		156.9				155.7		138.9				155.7		163				155.7		138.9						1		149.7		166		188		169.2

		1.4		112.1				156.9				138.9				163.0				155.7						3		149.2		133.8				133.8		197.8				133.8		179.8				133.8		200.1				133.8		168.4						1		148.7		190.6666666667		212.6666666667		191.4

		1.4		149.2				197.8				179.8				200.1				133.8						3		99.4		139.4				139.4		142.9				139.4		124.9				139.4		150.3				139.4		124.9						1		147.7		115.4444444444		137.4444444444		123.7

		1.4		99.4				142.9				124.9				150.3				139.4						3		167.1		186.7				186.7		217.7				186.7		199.7		174.7		186.7		216.9				186.7		199.7						1		174.8		168.4444444444		190.4444444444		171.4

		2.3		167.1		154.9		217.7		203.2		199.7		185.2		216.9		204.7		186.7		173.7				3		147.2		161.8				161.8		195.6				161.8		177.6				161.8		197				161.8		171.1						1		151.8		125.7777777778		147.7777777778		133

		2.3		147.2		49.8		195.6				177.6				197.0				161.8						3		175.4		166.9				166.9		226.9				166.9		208.9				166.9		225.2				166.9		208.9						1		157.7		186.2222222222		208.2222222222		187.4

		2.3		175.4				226.9				208.9				225.2				166.9						3		158.7		177.6				177.6		208.3				177.6		190.3				177.6		208.5				177.6		190.3						1		142.7		212.8888888889		234.8888888889		211.4

		2.3		158.7				208.3				190.3				208.5				177.6						3		111.7		158.7				158.7		156.9				158.7		138.9				158.7		161.5				158.7		138.9						1		202.4		207.6666666667		229.6666666667		206.7

		2.3		111.7				156.9				138.9				161.5				158.7						3		169.5		190.5				190.5		213.9				190.5		195.9				190.5		219.3				190.5		188.8						3		83.4		92.3333333333		114.3333333333		102.9

		2.3		169.5				213.9				195.9				219.3				190.5						1		40.9		81.4				133.3111111111		160.0944444444																								3		79.9		77.2222222222		99.2222222222		89.3

																										1		33.9		99.6				8.9702117378		10.304204587																								3		86.7		65.7777777778		87.7777777778		79

																										1		35.7		37.2																														3		95.3		105.6666666667		127.6666666667		114.9

																										1		59.7		58.2																														3		84.4		70.2222222222		92.2222222222		83

																										1		42.9		56.5																														3		93.2		80.8888888889		102.8888888889		92.6

																										1		18.9		45.4																														3		123.3		125.6666666667		147.6666666667		132.9

																										1		101		156.2																														3		130.4		122.7777777778		144.7777777778		130.3

																										1		111.7		183.7																														3		151.9		175.6666666667		197.6666666667		177.9

																										1		118.7		107.2																														3		155.7		132.3333333333		154.3333333333		138.9

																										1		95.9		121.7																														3		133.8		177.7777777778		199.7777777778		179.8

																										1		149.7		169.2																														3		139.4		116.7777777778		138.7777777778		124.9

																										1		148.7		191.4																														3		186.7		199.8888888889		221.8888888889		199.7

																										1		147.7		123.7																														3		161.8		175.3333333333		197.3333333333		177.6

																										1		174.8		171.4																														3		166.9		210.1111111111		232.1111111111		208.9

																										1		151.8		133																														3		177.6		189.4444444444		211.4444444444		190.3

																										1		157.7		187.4																														3		158.7		132.3333333333		154.3333333333		138.9

																										1		142.7		211.4																														3		190.5		195.6666666667		217.6666666667		195.9

																										1		202.4		206.7
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urinary purine derivative excretion, mmol/d

duodenal purine flow, mmol/d

y = 1.04x + 2.83
R2 = 0.83
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Urinary purine derivative excretion, mmol/d

Duodenal purine flow, mmol/d

y = 1.02x + 8.88
R2 = 0.85
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