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ABSTRACT: Seventy-two medium-framed crossbred steers were used in a comparative slaughter trial to evaluate the interaction of dietary forage level (10 versus 20%) on the feeding value of dry rolled (DRC) and whole shelled (WSC) corn. Corn comprised 73.5 and 66.4% of  diets containing 10 and 20% forage. The forage (50:50 blend of alfalfa and sudangrass hay) was ground in a hammer mill to pass through a 2.54 cm screen. There was a forage level by corn processing interaction (P < .05) on empty body gain, gain efficiency, and dietary NE. With the 10% forage diet gain was similar for DRC and WSC. However, with the 20% forage diet gain was 19% greater for DRC then for WSC. Across forage levels, DMI was greater (8.1%, P < .05) for DRC. Consequently, with the 10% forage diet gain efficiency and dietary NE were greater for WSC than for DRC. In contrast, with the 20% forage diet gain efficiency and dietary NE was greater for DRC than for WSC (interaction, P < .05). Four Holstein steers were used in a 4  4 Latin square experiment to evaluate treatment effects on site and extent of starch digestion. There were no treatment effects (P > .10) on ruminal digestion of starch, averaging  67%. Dry rolling increased total tract starch digestion by 5% at the 10% forage level and 12% at the 20% forage level (interaction, P < .05). The marked reduction in total tract starch digestion with WSC at the 20% forage level is consistent with greater gain efficiency and dietary NE observed for DRC vs WSC at the 20% forage level in the growth performance trial. We concluded that the comparative feeding value of whole shelled corn decreases as forage level increases above 10%. 
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Introduction
The comparative benefits to feeding corn whole or rolled may depend on forage level. With conventional low-forage finishing diets, the efficiency of energy utilization tends to be greater for WSC- than for DRC-based diets (Owens et al., 1997). Intuitively, it seems reasonable that dry rolling corn should enhance starch digestion and overall feeding value.  However, with low forage diets, dry rolling might reduce chewing and/or increase rate of passage. Our experience has been that increasing the forage level improves the acceptability of DRC-based diets, improving both ADG and gain efficiency. The objective of this study was to evaluate the interaction of forage level on the comparative feeding value of DRC and WSC in finishing diets for feedlot cattle.

Experimental Procedures
Trial 1. Seventy-two  medium-framed yearling crossbred steers with an average initial weight of  309  kg were used in 95-d feeding trial. Steers were blocked by weight. Eight steers were randomly selected (2 steers/block) for determination of initial body composition. The remaining 64 steers were randomly allotted within blocks 16 pens (4 steers/pen). Pens were 50 m2 with 33 m2 overhead shade, automatic waters, and 4.3 m fence-line feed bunks. The comparative feeding value of whole shelled corn (WSC) and dry rolled corn (DRC) were evaluated at two forage levels (10 vs 20%) in a 2  2 factorial arrangement. Composition of experimental diets is shown in Table 1. Upon initiation of the study steers were implanted with Synovex-S (Fort Dodge Animal Health, Fort Dodge, IA). Diets were prepared at weekly intervals and stored in plywood boxes located in front of each pen. Steers were allowed ad libitum access to dietary treatments. Fresh feed was provided twice daily. Hot carcass weights were obtained from all steers at time of slaughter. After the carcasses were chilled for 48 h the following measurements were obtained: 1) longissimus muscle area; 2) subcutaneous fat; 3) kidney, pelvic and heart fat (KPH) as a percentage of carcass weight, 4) marbling score (USDA, 1965), and carcass specific gravity.  Empty body weight and carcass composition were based on carcass weight and carcass specific gravity, respectively, as outlined by Garrett and Hinman (1969). The NEm and NEg of the diets were calculated assuming a constant fasting heat production of .077BW.75 (NRC, 1984). From estimates of energy retention and energy expended for maintenance, The NE values of the diets were obtained by process of iteration to fit the relationship NEg = .877NEm - .41. This trial was analyzed as a randomized complete block design experiment with a 2  2 factorial arrangement (Hicks, 1973), using pens as the experimental unit.

Trial 2.  Four Holstein steers (307 kg) with cannulas in the rumen and proximal duodenum (Zinn and Plascencia, 1993) were used in a 2  2 Latin square experiment to evaluate treatment effects on characteristics of ruminal and total tract digestion. Composition of the experimental diets was the same as in Trial 1, with the inclusion of .4% chromic oxide as a digesta marker. Diets were fed in equal proportions at 0800 and 2000 daily. Feed intake was restricted to 4.8 kg/d. Experimental periods were of 14-d duration. Following a 10-d treatment adjustment period, duodenal and fecal samples were taken from each steer twice daily over a period of four successive days. The time sequence for sampling steers during the collection periods was as follow: d 1) 1030 and 1630 h; d 2) 0900 and 1500 h; d 3) 0730 and 1330 h; and d 4) 0600 and 1200 h. Individual samples consisted of approximately 700 mL of duodenal chyme and 200 g (wet basis) of fecal material. Fecal samples represented a composite of fecal material which accumulated on the floor slats during a collection interval. Duodenal and fecal samples from each steer, within each period, were composited for analysis. On the final day of each collection period at 1200 h, ruminal samples were obtained from each steer via the ruminal cannula. Two mL of freshly prepared 25% (wt/vol) metaphosphoric acid were added to 8 mL of strained  ruminal fluid and the fluid was subsequently assayed for VFA concentration (gas chromatography). On the final day of trial ruminal samples were obtained from each steer via the ruminal cannula and ruminal bacteria were isolated via differential centrifugation (Bergen et al., 1968). The microbial isolate was prepared for analysis by oven drying at 70C and then grinding with mortar and pestle. Feed, duodenal, and fecal samples were prepared for analysis by oven drying at 70C and then grinding in a lab mill (Micro-Mill , Bell-Arts Products, Pequannock, NJ). Samples were then oven dried at 105C until no further weight loss occurred and stored in tightly sealed glass jars. Samples were subjected to all or part of the following analyzes: ash, Kjeldahl N, ammonia N (AOAC, 1975); ADF (Goering and Van Soest, 1970; adjusted for insoluble ash) starch (Zinn, 1990a); purines (Zinn and Owens, 1986); GE (adiabatic bomb calorimetry) and chromic oxide (Hill and Anderson, 1958). Microbial organic matter (MOM) and N (MN) leaving the abomasum were calculated using purines as a microbial marker (Zinn and Owens, 1986). Organic matter fermented in the rumen was considered equal to OM intake minus the difference between the amount of total OM reaching the duodenum and MOM reaching the duodenum. Feed N escape to the small intestine was considered equal to total N leaving the abomasum minus ammonia N and MN and, thus, includes any endogenous contributions. Methane production was calculated based on the theoretical fermentation balance for observed molar distribution of VFA and OM fermented in the rumen (Wolin, 1960). Endogenous urinary energy loss was estimated as .63Wkg.50 (derived from Brouwer, 1965 and NRC, 1984). This trial was analyzed as a 4  4 Latin square experiment (Hicks, 1973).

Results and Discussion

The interaction of forage level and corn processing on growth performance of feedlot steers and comparative NE value of the diet (Trial 1) is shown in Table 2. There was a forage level by corn processing interaction on empty body gain (P < .05), feed efficiency (P < .05), and dietary NE (P < .01).  At the 10% forage level empty body gain was similar for WSC and DRC. However, at the 20% forage level empty body gain was 19% greater for DRC than for WSC. Consistent with Price et al. (1980) feed efficiency was poorer (5%) for DRC than for WSC at the 10% forage level, but was greater (9%) for DRC than for WSC at the 20% forage level. Dietary NE was less (3%) for DRC than for WSC at the 10% forage level, but was greater (8%) for DRC than for WSC at the 20% forage level. 

The interaction of forage level on dietary NE was most pronounced with DRC. At both the 10 and the 20% forage levels the observed NE values for WSC were approximately 6% less than expected based on diet composition and tabular NE values (NRC, 1996). In contrast, with the DRC diets the NE values at the 10% forage level were 8% less than expected. But, when the diet contained 20% forage the observed dietary NE values for DRC were in close agreement (101%) with expected. Because conventional finishing diets are low in forage, these results help explain the greater efficiency of energy utilization that is typically observed for WSC- than for DRC-based diets (Owens et al., 1997). 

If all of the differences in observed versus expected dietary NE can be attributed to changes in energy value of the corn, then the NEm and NEg values for WSC, itself, are 2.07 and 1.40 Mcal/kg, respectively, at the 10% forage level, and 2.00 and 1.34 Mcal/kg, respectively, at the 20% forage level. Corresponding values for DRC are 1.99 and 1.34 Mcal/kg, respectively, at the 10% forage level, and 2.21and 1.53 Mcal/kg, respectively, at the 20% forage level. 

The interaction of forage level and corn processing on characteristics of digestion (Trial 2) are shown in Table 3. There were no treatment effects (P > .10) on ruminal starch digestion, averaging  67%. This value is in good agreement with previously reported values for DRC (70.0% Ware et al., 2000).  Dry rolling increased total tract starch digestion by 5% and 12%  at the 10% and  20% forage level respectively. The marked reduction in total tract starch digestion with WSC at the 20% forage level is consistent with greater gain efficiency and dietary NE observed for DRC vs WSC at the 20% forage level in the growth performance trial. 

There was a close relationship between percent fecal starch (FS, %) and total tract starch digestibility: Starch digestibility % = 100.49 - 0.529FS  (R2 = .97). 

Implications
The comparative feeding value of whole shelled corn decreases as forage level increases above 10%. This apparent decrease is not due to a reduced value of whole shelled corn, per se, but rather, to improved utilization of dry rolled corn.
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Table 1.  Composition of experimental diets fed to steers 

(Trials 1  and 2a)

	
	Forage level %

	
	  10
	20

	Ingredient composition, % (DM basis)

	    Alfalfa hay
	5.0
	5.0
	10.0
	10.0

	    Sudangrass hay
	5.0
	5.0
	10.0
	10.0

	    Whole shell corn
	73.5
	
	66.4
	

	    Dry rolled corn
	
	73.5
	
	66.4

	    Cotton seed meal
	2.5
	2.5
	
	

	    Yellow grease
	3.0
	3.0
	3.0
	3.0

	    Beet molasses
	8.0
	8.0
	8.0
	8.0

	    Limestone
	1.7
	1.7
	1.3
	1.3

	    Urea
	0.8
	0.8
	0.8
	0.8

	   Trace mineral salt
	0.5
	0.5
	0.5
	0.5

	Nutrient composition (DM basis)

	  NE, Mcal/kgc
	
	
	
	

	    Maintenance
	2.02
	2.02
	1.94
	1.94

	    Gain
	1.36
	1.36
	1.29
	1.29

	  Crude protein, %
	12.9 
	12.9 
	12.7 
	12.7 

	  ADF, %
	6.1
	6.1
	9.1
	9.1

	  Calcium, %
	0.7
	0.7
	0.7
	0.7

	  Phosphorus, %
	0.3
	0.3
	0.3
	0.3


aIn Trial 2, .4% chromic oxide was added to each diet as a 

digesta marker

Table 2. Influence of forage level and corn processing on 

growth-performance of feedlot steers and NE value of the 

diet (trail 1)
	
	Forage level, %
	

	
	10
	20
	

	Item
	WSC
	DRC
	WSC
	DRC
	SD

	Empty body weight, kg
	
	

	    Initial
	313
	311
	307
	307
	14

	    Final
	444
	440
	432
	455
	19

	Empty body gain, kg/da
	0.90
	0.89
	0.86
	1.02
	0.07

	DM intake, kg/da
	6.66
	6.96
	7.31
	7.90
	0.40

	DM intake/gaina
	7.39
	7.84
	8.50
	7.75
	0.45

	Diet net energy, Mcal/kg
	

	Maintenanceb
	1.94
	1.88
	1.82
	1.96
	0.05

	 Gainb
	1.29
	1.24
	1.19
	1.31
	0.05

	Obs/expected diet net energy
	
	
	

	Maintenanceb
	.96
	.93
	.94
	1.01
	.03

	 Gainb
	.95
	.91
	.92
	1.02
	.04


a Corn processing by forage level interaction effect, P < .05.
b Corn processing by forage level interaction effect, P < .01.



	Table 3. Influence of forage level and corn process  on characteristics of digestion  of feedlot steers  (375 kg, average weight)  (Trial 2)

	
	Forage level, %
	

	
	10
	20
	

	Item
	WSC
	DRC
	WSC
	DRC
	SD

	Intake, g/d
	
	

	  DM 
	4,573.3
	4,501.3
	4,508.3
	4,531.3
	

	  OM 
	4,334.9
	4,256.4
	4,238.9
	4,269.3
	

	  ADF
	328.3
	344.3
	450.0
	452.3
	

	  N 
	85.9
	86.0
	82.4
	83.6
	

	  Starch
	2,559.0
	2,505.8
	2276.7
	2308.9
	

	Ruminal digestion, %
	

	  OM
	51.8
	49.5
	47.8
	45.4
	4.8

	  ADF
	33.9
	29.6
	36.1
	25.9
	8.1

	 Feed N
	38.4
	40.1
	35.3
	32.2
	5.7

	 Starch
	68.0
	68.7
	63.8
	66.2
	4.7

	MN efficiencya
                        16.4
	18.6
	16.5
	17.0
	2.7

	 N efficiencyb
                                 1.0
	1.0
	1.1
	1.1
	0.1

	Total tract digestion, %

	  OM c
	75.3
	77.7
	72.3
	78.4
	3.0

	  ADF
	39.0
	36.9
	39.1
	42.9
	6.7

	  Nd
	64.1
	68.7
	65.0
	67.9
	3.7

	 Starchef
	85.7
	89.9
	82.5
	92.2
	2.3

	ME, Mcal/kg
	   2.5
	2.6
	2.3
	2.6
	0.2

	a Microbial N, g/kg OM fermented.

b Non-ammonia N leaving abomasum/N intake.

c Corn processing effect, P < .05.

d Corn processing  effect, P < .10

e Corn processing  effect, P < .01

f Corn processing by forage level interaction, P < .05




