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OPTIMAL LEVEL OF RUMEN DEGRADABLE PROTEIN IN HIGH-GRAIN DIETS FED TO FEEDER LAMBS1
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ABSTRACT:  Eighty Hampshire crossbred ram lambs (38.5 ± 0.3 kg initial BW) were used to determine the optimal level of rumen degradable protein (RDP) in high-grain feeder lamb diets.  Lambs were weighed for four consecutive days, blocked by BW, housed (4 lambs/pen), and  allotted randomly to one of four dietary levels of DIP: 6.1, 7.7, 9.4, or 11.0% of diet DM.  Urea (U) and soybean meal (SB) were used as RDP sources, and fed at levels of 0% U-0% SB, 0.33% U- 3.0% SB, 0.67% U-6.0% SB, and 1.0% U-9.0% SB in respective RDP treatments. Level of rumen undegradable protein (RUP) was maintained at 7.3% across all treatments using a feather and blood meal combination (4:1, respectively). Dehydrated beet pulp pellets were used as the roughage source to prevent sorting. Dietary treatments were formulated to contain a minimum of 13.4% CP, 0.7% Ca, 0.3% P, and 0.6% K, and fed once daily (a.m.) as a total mixed ration.  Lambs were marketed for slaughter when 0.5 cm fat thickness was presumed.  Heavy BW blocked lambs were fed for 38 d (3 pens/treatment) and remainder of lambs were fed for 60 d (2 pens/treatment). Final BW were an average of three consecutive day weights.  Standard carcass data was recorded on all lambs.   Dry matter intake responded quadratically (P = 0.09) to RDP and was highest for 0.33% U-3.0% SB (1.71 ± 0.03 kg) and 0.67% U-6.0% SB (1.72 ± 0.03 kg) and lowest for 1.0% U-9.0% SB (1.64 ± 0.03 kg). Average daily gain (0.48 ± 0.01 kg; P = 0.95) and feed efficiency (gain:feed, 0.285 ; P = 0.51) were not influenced by level of RDP. Ribeye area decreased linearly (P = 0.05) with RDP. Leg score responded quadratically (P = 0.07), with 1.0% U-9.0% SB lambs having the highest leg scores (11.7). Marbling score (402 ± 17; P = 0.40) and yield grade (2.2 ± 0.2; P = 0.79) were not influenced by RDP level.  Results of the current study indicate that the optimal level of RDP, when using U and SB as RDP sources, is not above 6.1%. However, lamb performance and carcass characteristics were not impaired at levels up to 11.1%. 
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Introduction

Rumen degradable protein (RDP) is limited in high corn-based diets commonly used in steer finishing diets, ultimately decreasing animal performance (Shain et al., 1998). Meeting RDP requirements  in finishing diets may enhance microbial protein supply (Martin-Orue et al., 2000) by meeting microbial N requirements, enhancing bacterial growth and ruminal digestion.  The Beef NRC (1996) model addresses both RDP and metabolizable protein (MP; sum of microbial and rumen undegradable protein absorbed at the small intestine) requirements for finishing beef steers.  However, limited research has been conducted in addressing RDP and MP requirements in feeder lambs, and these requirements are not presently defined by the most current Nutrient Requirements of Sheep (NRC,1985).  

Increased feed efficiency in feeder lambs, fed corn-based diets, has been observed with inclusion of rumen undegradable protein (RUP); however, varying levels of dietary RDP (8.9 to 11%) did not influence performance (Loe et al., 2000).  Thus, leaving the optimal level of RDP in corn-based feeder lamb diets in question. Therefore, the objective of the current study was to determine the optimal level of RDP in high-grain feeder lambs diets.

Materials and Methods

Animals and  Treatments. Eighty spring-born, Hampshire crossbred ram lambs (38.5 ± 0.3 kg initial BW) from the NDSU Sheep Unit had ad libitum access to a pelleted dehydrated alfalfa - corn grower diet prior to arrival at the NDSU Animal Nutrition Center. Upon arrival, lambs were weighed (d 0) and sorted into pens (4 lambs/pen) of similar BW and fed the same grower diet (3% BW) for 4 d to minimize differences in digestive tract fill. Averages of three consecutive day (d 1 to 3) weights were used as housing (4 lambs/pen) and treatment block criterion.  Lambs were allotted randomly to one of four dietary levels of RDP: 6.1, 7.7, 9.4, or 11.0% of diet DM.

Diet Formulation.  Dietary treatments (Table 1) were formulated to contain a minimum of 13.4 % CP. Urea (U; 100% RDP of CP) and soybean meal (SB:65% RDP of CP) were used as RDP sources.  Dietary MP was formulated using tabular nutrient values (NRC, 1996) and equations from Burroughs et al. (1974).   Level of RUP was maintained at 7.3% (Loe et al., 2000) across all treatments using a feather and blood meal combination (4:1, respectively). Lasalocid (Roche Vitamins Inc., Parsippany, NJ) was included in diets at 28 mg/kg of DM.  Lambs  were fed once daily (a.m.) as a total mixed ration. Feed offered was adjusted daily using a slick bunk management protocol. Fresh water was provided to lambs throughout the duration of the feeding period.  Dehydrated beet pulp pellets (American Crystal Co., Moorhead, MN) were used as the roughage source to prevent sorting .  Feed refusals were weighed once weekly prior to feeding.

Data Collection. Lambs were marketed for slaughter when they were visually estimated to have 0.5 cm fat thickness.  Heavy BW-blocked lambs were fed for 38 d (3 pens/treatment) and remainder of lambs were fed for 60 d (2 pens/treatment).   Final BW were an average of three consecutive day weights.   Lambs were harvested at Iowa Lamb, Hawarden, IA.  Hot carcass weights were measured within 15 min after slaughter.  Carcasses were chilled for 24 h and split between the 12th  and 13th ribs prior to carcass measurements.  Fat thickness was measured at the center of the rib-eye and bodywall thickness was measured 13 cm from center of midline using a stainless steel ruler.  Rib-eye area data was collected using 14 cm  20 cm  0.008 cm matte acetate paper and measured using a standard fixed-arm planimeter. Scores for marbling, flank streaking, leg and conformation were assigned according to USDA guidelines (USDA, 1992).

Statistical Analysis.  Data were analyzed as a randomized complete randomized block design using the general linear model (GLM) procedures of SAS (SAS Inst. Inc., Cary, NC).  Linear, quadratic, and cubic contrasts were used to analyze the effect of increasing levels of RDP.

Results and Discussion

Feedlot performance of feeder lambs is displayed in Table 2.  In the current study, daily DMI of feeder lambs responded quadratically (P = 0.09) to increased dietary RDP.  Lambs receiving the 7.7 and 9.4% RDP diet had daily DMI of 1.71 and 1.72 kg/d, respectively.  Whereas, 6.1 and 11.0% RDP treatments had DMI of 1.68 and 1.64 kg/d, respectively.  However the increase in DMI did not influence lamb final BW (P = 0.97), ADG (P = 0.95), or feed efficiency (gain:feed; P = 0.51).  Lack of response to RDP by feeder lambs fed high-corn diets in this experiment is not easily explained. These data are contrary to the response typically observed in cattle (Shain et al., 1998; Milton et al., 1997a; Milton et al., 1997b). 

Carcass data is presented in Table 3.  When  increasing the percent of RDP in the diet, ribeye area decreased linearly (P = 0.05). A cubic response (P = 0.07) was observed for leg score, with 11.0% RDP having the highest leg score of 11.7.  Other carcass constituents measured were not influenced by dietary RDP level.

The response to RDP in cattle has been explained as a function of enhanced ruminal fermentation, resulting as an energy rather than a protein  response (Milton et al., 1997b).  Maintaining MP in all diets was an attempt to control effects, if any ,due to increased MP supply at the small intestine.  The basal diet in this experiment  may have alone provided adequate RDP to further enhance ruminal fermentation.  Additionally, MP requirements may have been exceeded in the current study, resulting in increased recycling of N to the rumen that may provide a more continuous supply of N to meet a RDP deficiency, if any, than dietary sources of RDP.  
Implications

In the current study, optimal level of rumen degradable protein for  feeder lambs consuming a corn-based diet can not be determined when providing  7.3% rumen undegradable protein and 8.7% metabolizable protein.  These data indicate that rumen degradable protein requirement in corn-based finishing diets for lambs may be less than or equal to 6.1% of dietary dry matter. 
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Table 1.  Formulated dietary treatments for feeder lambs fed varying levels of rumen degradable protein.a
	
	Rumen degradable protein (%DM) 

	Item
	6.1
	7.7
	9.4
	11.0

	Feedstuff
	--------------%---------------

	  Dry rolled corn
	74.0
	71.5
	69.0
	66.5

	  Beet pulp pellets
	12.5
	12.5
	12.5
	12.5

	  Molasses
	  5.0
	5.0
	5.0
	5.0

	  Soybean meal
	0.0
	3.0
	6.0
	9.0

	  Urea
	0.0
	0.33
	0.67
	1.00

	  Feather meal
	3.48
	3.00
	2.52
	2.04

	  Blood meal
	0.87
	0.75
	0.63
	0.51

	  Fine ground corn
	0.83
	0.60
	0.36
	0.12

	  Supplementb
	3.32
	3.32
	3.32
	3.33

	
	
	
	
	

	Calculated Protein
	--------------%---------------

	  Crude
	13.4
	15.0
	16.7
	18.3

	   Degradable
	6.1
	7.7
	9.4
	11.0

	   Undegradable
	7.3
	7.3
	7.3
	7.3

	  Metabolizable
	8.6
	8.7
	8.7
	8.8


a Diets were formulated to contain a minimum of 0.7% Ca, 0.3% P, and 0.6% K.

b Supplement was formulated to provide 1.60% limestone, 0.35% NaCl, 0.50% NH4Cl, 0.85% trace mineral premix, and 0.018% lasalocid premix in the diet. 



Table 2.  Effect of rumen degradable protein on  growth performance, dry matter intake, and feed efficiency 

of feeder lambs fed high-corn diets.

	
	Rumen degradable protein (%DM)
	
	Contrasta

	Item
	6.1
	7.7
	9.4
	11.0
	SEM
	linear
	quadratic
	cubic

	BW
	--------------kg---------------
	
	
	
	

	   Initial
	38.4
	38.6
	38.5
	38.4
	0.3
	0.95
	0.66
	0.88

	   Final
	60.1
	60.5
	60.4
	60.0
	0.7
	0.89
	0.65
	0.96

	ADG
	0.48
	0.49
	0.49
	0.48
	0.01
	0.97
	0.58
	0.94

	DMI 
	
	
	
	
	
	
	
	

	   kg/d
	1.68
	1.71
	1.72
	1.64
	0.03
	0.49
	0.09
	0.51

	   %BW
	3.40
	3.46
	3.47
	3.33
	0.06
	0.48
	0.10
	0.47

	Gain:Feed
	0.285
	0.282
	0.282
	0.291
	0.005
	0.41
	0.23
	0.55


a Probability of a greater F-statistic.








Table 3.  Effect of rumen degradable protein on carcass characteristics of feeder lambs fed high-corn diets.

	
	Rumen degradable protein (%DM)
	
	Contrasta

	Item
	6.1
	7.7
	9.4
	11.0
	SEM
	linear
	quadratic
	cubic

	 Hot carcass wt, kg
	65.6
	67.6
	65.6
	64.8
	0.8
	0.27
	0.12
	0.47

	 Fat thickness, cm
	0.19
	0.18
	0.19
	0.17
	0.02
	0.56
	0.66
	0.39

	Bodywall 

thickness, cm
	0.78
	0.74
	0.78
	0.69
	0.05
	0.30
	0.69
	0.18

	Rib-eye 

area, cm
	2.67
	2.59
	2.51
	2.50
	0.06
	0.05
	0.53
	0.49

	Marblingb
	427
	397
	387
	396
	17
	0.20
	0.27
	0.55

	Flank

streakingb
	461
	445
	453
	459
	12
	0.96
	0.35
	0.68

	Yield grade
	2.26
	2.18
	2.30
	2.06
	0.18
	0.56
	0.66
	0.39

	Leg score
	11.4
	11.4
	11.3
	11.7
	0.1
	0.16
	0.12
	0.07

	Conformation

 score
	11.4
	11.3
	11.0
	11.3
	0.2
	0.54
	0.27
	0.71


a Probability of a greater F-statistic.

b Score of 400 = small (low choice)

