The effect of crude protein concentration in the diet on urea kinetics and microbial usage of recycled urea in ruminants: A meta-analysis 
E. D. Batista, E. Detmann, S. C. Valadares Filho, E. C. Titgemeyer and
R. F. D. Valadares

Supplementary material
Archibeque SL, Burns JC and Huntington GB 2001. Urea flux in beef steers: Effects of forage species and nitrogen fertilization. Journal of Animal Science 79, 1937–1943. 

Archibeque SL, Burns JC and Huntington GB 2002. Nitrogen metabolism of beef steers fed endophyte-free tall fescue hay: Effects of ruminally protected methionine supplementation. Journal of Animal Science 80, 1344–1351.

Bailey EA, Titgemeyer EC, Olson KC, Brake DW, Jones ML and Anderson DE 2012a. Effects of supplemental energy and protein on forage digestion and urea kinetics in growing beef cattle. Journal of Animal Science 90, 3492–3504. 

Bailey EA, Titgemeyer EC, Olson KC, Brake DW, Jones ML and Anderson DE 2012b. Effects of ruminal casein and glucose on forage digestion and urea kinetics in beef cattle. Journal of Animal Science 90, 3505–3514. 

Batista ED, Detmann E, Titgemeyer EC, Valadares Filho SC, Valadares RFD, Prates LL, Rennó LN and Paulino MF 2016. Effects of varying ruminally undegradable protein supplementation on forage digestion, nitrogen metabolism, and urea kinetics in Nellore cattle fed low-quality tropical forage. Journal of Animal Science 94, 201–216.

Brake DW, Titgemeyer EC, Jones ML and Anderson DE 2010. Effect of nitrogen supplementation on urea kinetics and microbial use of recycled urea in steers consuming corn-based diets. Journal of Animal Science 88, 2729–2740. 

Brake DW, Titgemeyer EC and Jones ML 2011. Effect of nitrogen supplementation and zilpaterol–HCl on urea kinetics in steers consuming corn-based diets. Journal of Animal Physiology and Animal Nutrition 95, 409–416. 

Dinn SK 2007. Urea N recycling in lactating dairy cows. PhD thesis, University of Maryland, College Park, MD, USA.
Davies KL, McKinnon JJ and Mutsvangwa T 2013. Effects of dietary ruminally degradable starch and ruminally degradable protein levels on urea recycling, microbial protein production, nitrogen balance, and duodenal nutrient flow in beef heifers fed low crude protein diets. Canadian Journal of Animal Science 93, 123–136. 

Gozho GN Hobin MR and Mutsvangwa T 2008. Interactions between barley grain processing and source of supplemental dietary fat on nitrogen metabolism and urea nitrogen recycling in dairy cows. Journal of Dairy Science 91, 247–259.

Kiran D and Mutsvangwa T 2007. Effects of barley grain processing and dietary ruminally degradable protein on urea nitrogen recycling and nitrogen metabolism in growing lambs. Journal of Animal Science 85, 3391–3399.

Holder VB, Tricarico JM, Kim DH, Kristensen NB and Harmon DL 2015. The effects of degradable nitrogen level and slow release urea on nitrogen balance and urea kinetics in Holstein steers. Animal Feed Science and Technology 200, 57–65. 

Lobley GE, Bremner DM and Zuur G 2000. Effects of diet quality on urea fates in sheep assessed by a refined, non-invasive [15N15N]-urea kinetics. British Journal of Nutrition 84, 459–468. 

Marini JC and Van Amburgh ME 2003. Nitrogen metabolism and recycling in Holstein heifers. Journal of Animal Science 81, 545–552. 

Marini JC, Klein JD, Sands JM and Van Amburgh ME 2004. Effect of nitrogen intake on nitrogen recycling and urea transporter abundance in lambs. Journal of Animal Science 82, 1157–1164. 

Recktenwald EB, Ross DA, Fessenden SW, Wall CJ and Van Amburgh ME 2014. Urea N recycling in lactating dairy cows fed diets with 2 different levels of dietary crude protein and starch with or without monensin. Journal of Dairy Science 97, 1611–1622. 

Ruiz R, Tedeschi LO, Marini JC, Fox DG, Pell AN, Jarvis G and Russell JB 2002. The effect of a ruminal nitrogen (N) deficiency in dairy cows: Evaluation of the Cornell Net Carbohydrate and Protein System ruminal nitrogen deficiency adjustment. Journal of Dairy Science 85, 2986–2999.

Sarraseca A, Milne E, Metcalf MJ and Lobley GE 1998. Urea recycling in sheep: Effects of intake. British Journal of Nutrition 79, 79–88.

Sunny NE, Owens SL, Baldwin RL, El-Kadi SW, Kohn RA and Bequette BJ 2007. Salvage of blood urea nitrogen in sheep is highly dependent on plasma urea concentration and the efficiency of capture within the digestive tract. Journal of Animal Science 85, 1006–1013.

Titgemeyer EC, Spivey KS, Parr SL, Brake DW and Jones ML 2012. Relationship of whole body nitrogen utilization to urea kinetics in growing steers. Journal of Animal Science 90, 3515–3526.

Wickersham TA, Titgemeyer EC, Cochran RC, Wickersham EE and Gnad DP 2008a. Effect of rumen-degradable intake protein supplementation on urea kinetics and microbial use of recycled urea in steers consuming low-quality forage. Journal of Animal Science 86, 3079–3088. 

Wickersham TA, Titgemeyer EC, Cochran RC, Wickersham EE and Moore ES 2008b. Effect of frequency and amount of rumen-degradable intake protein supplementation on urea kinetics and microbial use of recycled urea in steers consuming low-quality forage. Journal of Animal Science 86:3089–3099. 

Wickersham TA, Titgemeyer EC and Cochran RC 2009a. Methodology for concurrent determination of urea kinetics and the capture of recycled urea nitrogen by ruminal microbes in cattle. Animal 3, 372–379. 

Wickersham TA, EC Titgemeyer, Cochran RC and Wickersham EE 2009b. Effect of undegradable intake protein supplementation on urea kinetics and microbial use of recycled urea in steers consuming low-quality forage. British Journal of Nutrition 101, 225–232.
3

