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ABSTRACT:  Four ruminally and duodenally cannulated steers (332 ( 2.3 kg) were used in a 4 x 4 Latin square to investigate effects of CSB on intake, digestion, and in situ rate of DM disappearance. Treatments were arranged in a 2 x 2 factorial. Factors were chopped grass hay (12.4% CP) intake (ad libitum; AL, vs restricted; RS to 1.25% BW) and CSB (0% vs 10%). Concentrated separator by-product was mixed as a proportion of diet DM in CSB added diets. Experimental periods were 21 d with the last 7 d used for intake, digestion, and in situ measurements. Grass hay with and without CSB (0% vs 10%) were placed separately into in situ bags and ruminally incubated within steer during each period. As expected, DMI and OMI were greater (P < 0.01) for animals consuming AL diets compared with RS (18.8 vs 13.1 ± 0.7 and 16.8 vs 11.1 ± 0.6 g/kg BW, respectively). Main effect means for intake were not influenced by CSB. However, within AL fed steers, CSB tended (P = 0.12) to increase DMI (6.0 vs 6.6 ± 0.23 kg for 0 and 10% CSB, respectively). Feeding 10% CSB resulted in similar DM (P > 0.10; 53.4 vs 52.0 ± 1.4%) and OM (P > 0.10; 56.5 vs 56.2 ± 1.4%) digestibility compared with 0% CSB. Likewise, there were no effects of CSB on apparent total tract NDF, ADF, and N digestion. Steers fed AL and RS had similar (P > 0.22) digestion coefficients. Evaluating in situ forage type (0% vs 10%) resulted in 10% CSB forage having faster rates of DM disappearance (P < 0.01; 4.9 vs 6.9 ± 0.3%/h). Restricted intake increased rate of in situ DM disappearance (P < 0.10; 6.4 vs 5.3 ± 0.3%/h) compared with AL. Total ruminal fill was greater in AL compared with RS (P < 0.10; 48.7 vs 42.6 ± 1.3 kg and 144.6 vs 133.3 ± 3.0 g/kg, respectively). These results suggest that intake and total tract digestion are not greatly altered by CSB. Dietary restriction increases rate of in situ DM digestion and lowers ruminal fill.
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Introduction

Molasses is a by-product of the sugar production industry and is used widely in many livestock feeds. Molasses enhances palatability and, in the presence of fine particle feeds, settles dust (National Feed Ingredients Association, 1982) and reduces separation. Beet molasses contains 81 to 85% DM, 50 to 52% sucrose, 12 to 13% nitrogenous compounds (predominantly betaine and glutamine), and approximately 2% N (Hungerford, 1982). Molasses can now be further processed to remove much of the remaining sucrose. The resultant by-product, concentrated separator by-product (CSB), contains 23% sucrose, 3% N, and 29% ash (Wiedmeier et al., 1992). 


Protein is often limiting in low-quality forage diets, in which case, supplementation is needed. Concentrated separator by-product has been shown to stimulate intake (Shellito et al., 2001; Leonard et al., 2001; Loe et al., 2001). Leonard et al. (2001) reported that dietary addition of CSB increased intake and rate of NDF digestion of alfalfa and cornstover when fed to steers. Furthermore, Greenwood et al. (2000) noted that supplementation with cooked molasses blocks having base ingredients of either beet molasses, cane molasses, or CSB increased forage DM intake and digestion compared with the control group. Therefore, our objectives were to determine the effects of CSB on intake, digestion, and rate of digestion in yearling beef steers offered mature grass hay at fixed or ad libitum levels.   

Materials and Methods

Animals and Treatments. Four ruminally cross-bred steers (332 ± 2.3 kg) were used in a 4 x 4 Latin square to evaluate the influence of CSB as a protein source on intake, digestion, and rate of digestion. Animals were housed in individual stanchions and had an ad libitum access to water and trace-mineralized salt. For each period, steers were allowed 14 d for diet adaptation followed by a 7 d collection period. Treatments were arranged in a 2 x 2 factorial with factors being CSB (0% vs 10%) and intake level (ad libitum vs restricted). Nutrient composition of diets is presented in Table 1. Concentrated separator by-product moisture content was determined using a vacuum oven (76.2% DM). Nutrient analysis of CSB (DM basis) was 21.2% CP, 1.15% S, 0.01% P, 9.69% K, 0.02% Mg, 0.09% Ca, 3.58% Na, 99mg Fe/kg, 19mg Mn/kg, and 26mg Zn/kg. Forage in the restricted group was fed at 1.25% BW. Forage was mixed with CSB using an Arts-Way feeder wagon and stored in an open front barn. Diets were offered once daily and ad libitum fed animals were offered feed so that 10% refusals were obtained. 
Collections. Steers were fitted with fecal bags during each collection period. Bags were emptied at 0600 and 1600 h daily and samples (10% by weight) were composited within steer and day. Feces were mixed, subsampled and stored frozen for later analysis. In situ disappearance measurements were conducted on d 4 through 7 of each sampling period. Incubated samples, ground through a 2 mm screen, containing both 0% and 10% CSB, were added to polyester bags and incubated individually within the rumen of each steer.  In situ bags were incubated in duplicates and soaked in warm water for 20 min prior to incubation. Incubation times were 0, 2, 4, 8, 12, 16, 24, 36, 48, and 72 h and bags were placed intra-ruminally in reverse order. Bags were positioned below the ruminal fiber mat. Blanks were included for each incubation time and used to calculate changes in bag weight. Rumens were evacuated on d 21 of each period; contents were weighed, mixed, and sampled. Steers were weighed prior to ruminal evacuations on the last day of the period to determine ruminal fill relative to BW. 

Laboratory Analysis. Feces was dried in a forced-air oven at 55ºC for 72 h and then ground to pass a 2-mm screen. Orts and diet samples were dried and processed similar to feces. Dacron bags were washed and dried following ruminal incubation and weighed to determine forage disappearance. Diet, orts and fecal samples were analyzed as follows: DM by drying samples for 24 h at 100ºC; OM and ash by placing a dried sample into a muffle furnace for 12 h at 460ºC (AOAC, 1997); NDF and ADF with the procedures of Goering et al. (1991); and N with the Kjeldahl method (AOAC, 1997). Diet sampling began 2 d prior to the beginning of the collection period and continued daily through the fecal collection period. Diet samples were analyzed using procedures similar to those used for fecal samples. Daily rations were completely consumed in the restricted-fed animals and therefore, no orts were taken. 

Statistical Analysis. Data were analyzed as a 4 x 4 Latin square with a 2 x 2 factorial arrangement of treatments. Intake, digestion, and forage DM disappearance were analyzed using a General Linear Model of SAS (1988), with the model containing the effects of intake, CSB addition and intake by CSB interactions. Rates of DM disappearance were calculated using the method of Mertens and Loften (1980).  

Results and Discussion

Limited forage quantity and (or) quality may necessitate supplemental feeding to maintain a desired level of productivity (Bowman et al., 1995). When added at moderate levels, molasses may be a valuable supplement to low-quality forages. Supplementing low-quality hays or straws with molasses-based mixtures under drylot conditions has improved animal performance (Stephenson and Bird, 1992; Brown, 1993) and forage intake (Beames, 1959; McLennan et al., 1981). Concentrated separator by-product, although different from molasses in composition, may prove to have some of the same positive feeding effects as molasses. Recent data suggests that CSB stimulates intake and digestibility when added at 10 and 20% of the diet DM (Shellito et al., 2001) but that palatability may be reduced when fed above 25% (Wiedmeier, et al., 1994).  Loe et al. (2001) reported an increase in DMI in newly received calves fed alfalfa and dry-rolled corn based diets. In the present study, CSB did not affect intake (P = 0.22) for ad libitum diets (kg and g/kg BW). Within the ad libitum fed steers, CSB tended to improve diet DM intake, but on a forage only basis, DM intake was similar between the supplemented and non-supplemented diets (Table 2).   

As would be expected, animals offered restricted intake had lower DM and OM intake compared to animals fed ad libitum (P < 0.01). Total ruminal fill (water and DM) were greater in ad libitum fed diets compared with restricted (P < .05). There were no effects of CSB on apparent total tract NDF and ADF digestion, however, N digestion tended (P = 0.11) to be greater with the addition of CSB. Differences in digestion may be influenced by forage and supplement characteristics. In 50% grain-50% forage diets, CSB supplementation resulted in a 2.6% increase in DM digestibility compared with molasses, mainly due to improved fiber digestion (Wiedmeier et al., 1992). 

 Restricted intake increased rate (%/h) of in situ DM disappearance compared with ad libitum (P = 0.03) fed steers. Although dietary CSB did not affect the rate of in situ DM disappearance in the present study, Leonard et al. (2001) reported increased rate of CP and NDF disappearance with the dietary addition of CSB. Comparing the effects of in situ incubated diet (0% vs 10% CSB) on disappearance, 10% CSB forage resulted in increased rates of DM disappearance (P < 0.01) compared with non-supplemented forage (Table 3). In situ additions of CSB increased ruminal DM disappearance (P < 0.01). Properties of CSB may help to explain this difference.  Concentrated separator by-product is highly soluble in water, but when mixed with forage, it may have other characteristics making it less available for solubilization. 

Implications

Although our objectives were to determine intake, digestion, and rate of digestion as effected by CSB our results did not support our hypothesis in this experiment. Contrary to other published data, these results suggest that intake and total tract digestion are not greatly altered by CSB addition. 
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	Table 1. Dietary chemical composition, % (DM basis)

	Item
	Hay
	Hay + CSB

	  Ash
	9.5
	11.6

	  CP
	12.5
	14.3

	  NDF
	75.7
	65.7

	  ADF
	51.0
	44.2
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	Table 2. Effects of treatment on intake and digestion

	
	Restricted
	
	Ad libitum
	
	Contrast a

	Item
	0% CSB
	10% CSB
	
	0% CSB
	10% CSB
	SEM
	Intake
	CSB

	  Intakeb
	
	
	
	
	
	
	
	

	    DM
	
	
	
	
	
	
	
	

	      kg
	4.2
	4.2
	
	6.0
	6.6
	0.23
	0.01
	0.22

	      g/kg
	13.1
	13.0
	
	18.2
	19.4
	0.97
	0.01
	0.59

	    OM
	
	
	
	
	
	
	
	

	      kg 
	3.8
	3.7
	
	5.5
	5.8
	0.20
	0.01
	0.43

	      g/kg
	11.9
	11.5
	
	16.5
	17.1
	0.87
	0.01
	0.86

	  Total Tract  

  Digestionb, %
	
	
	
	
	
	
	

	    DM
	52.9
	54.7
	
	51.1
	52.1
	1.93
	0.31
	0.50

	    OM
	57.3
	58.1
	
	55.0
	55.0
	2.03
	0.23
	0.86

	    NDF
	59.9
	55.1
	
	57.4
	51.4
	3.49
	0.41
	0.17

	    ADF
	51.4
	46.4
	
	50.0
	43.0
	4.15
	0.58
	0.20

	    N
	52.8
	57.2
	
	52.4
	54.4
	1.68
	0.37
	0.11

	a Contrasts for Intake = restricted vs ad libitum and CSB = concentrated separator by-product (0 vs 10%)  

b Interaction for Intake x CSB was not significant (P > 0.2)


	Table 3. Main effects of intake, CSB, and incubated forage type on in situ DM disappearance and Rate

	
	Intake
	
	Dietary CSB, % of DM
	
	Incubated forage CSB, % of DM
	
	Contrast a

	Item
	Restricted
	Ad libitum
	
	0
	10
	
	0
	10
	SEM
	Intake
	CSB
	Forage

	 Time, h
	
	
	
	
	
	
	
	
	
	
	
	

	   2
	22.1
	22.1
	
	22.0
	22.2
	
	19.1
	25.2
	0.51
	0.94
	0.76
	0.01

	   4
	23.3
	23.6
	
	23.7
	23.2
	
	20.1
	26.8
	0.45
	0.73
	0.39
	0.01

	   8
	32.1
	30.1
	
	31.0
	31.2
	
	27.7
	34.5
	0.65
	0.05
	0.86
	0.01

	  12
	39.5
	36.8
	
	38.7
	37.6
	
	34.2
	42.0
	1.42
	0.20
	0.58
	0.01

	  16
	42.6
	40.1
	
	41.0
	41.6
	
	38.0
	44.6
	0.66
	0.02
	0.57
	0.01

	  24
	50.8
	49.5
	
	50.2
	50.1
	
	47.4
	52.9
	0.72
	0.20
	0.92
	0.01

	  36
	58.8
	58.0
	
	57.7
	59.0
	
	55.5
	61.2
	0.76
	0.49
	0.23
	0.01

	  48
	62.3
	62.6
	
	61.7
	63.1
	
	60.6
	64.3
	0.56
	0.69
	0.09
	0.01

	  72
	69.2
	68.8
	
	68.9
	69.2
	
	67.5
	70.6
	0.26
	0.29
	0.32
	0.01

	 Rateb, %/h  
	  6.4
	  5.3
	
	  6.1
	  5.7
	
	  4.9
	  6.9
	0.33
	0.03
	0.41
	0.01

	a Contrasts for Intake = restricted vs ad libitum, CSB = concentrated separator by-product (0 vs 10%), and Forage = 0 vs 10% CSB, in situ incubated forage

b Interactions were not significant (P > 0.1) for Intake x CSB, Forage x Intake, Forage x CSB, and Forage x Intake x CSB


