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D. E. Mount*, J. C. Whittier, T. J. Steffens, and D. Schutz

Colorado State University, Fort Collins, CO 80521

ABSTRACT: Three experiments were conducted to evaluate the effects of fibrous (beet pulp) and non-fibrous (corn) carbohydrate supplementation to ruminants consuming fresh forage from vegetative small grain crops.  All experiments contained similar supplementation treatment levels; no supplement (N), corn supplement (C) at 0.5% BW (Exp. 3, corn = 15.7% of diet DM) and dehydrated, pelleted beet pulp supplement (B) at 0.5% BW (Exp. 3, beet pulp = 15.5% of diet DM).  Exp. 1 was a replicated 2 X 3 factorial arrangement of treatments, conducted in spring of 2000 to investigate supplement treatment effects on ADG of yearling replacement heifers (n=48, BW = 267 ( 22 kg) grazing triticale (CP = 20 ( 1.2 %) or wheat (CP = 27 ( 8.1 %).  Exp. 2 was a nitrogen balance study to investigate supplement treatment effects on diet digestion and nitrogen metabolism by weaned lambs (n = 12, BW = 36 ( 3.7 kg) consuming fresh triticale forage (CP = 15.4%).  Exp. 3 was an in vitro study to determine supplement treatment effects on IVDMD, after 48-h incubation, of triticale forage (CP = 15.4%).  In Exp. 1, neither supplementation treatment (P = 0.76) nor crop grazed (P = 0.64) had an effect on ADG of the yearling heifers, and there were no interactions (P = 0.69) between supplementation treatment and crop grazed.  In Exp. 2, treatment B improved nitrogen retention (g/d) (P = 0.03), NDF and ADF digestion (P = 0.01), and DM digestion (P = 0.05) when compared to treatments N and C.  In Exp. 3, rumen fluid pH was lower in treatments B and C as compared to N (P < 0.01), and IVDMD was lower (P < 0.01) in treatment C as compared to treatments N and B.  It was concluded that supplementation of beet pulp (0.5% BW) to ruminants grazing spring triticale forage improved rumen bioavailability of dietary nutrients where use of a corn supplement showed no benefits but neither supplement had any beneficial effect when animals on high quality small grain forage were experiencing significant compensatory gain.
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Introduction


Growth rates of ruminants grazing small grain forage are often lower than expected (Lippke et al., 2000), possibly due to poor nitrogen utilization.  Vegetative small grains contain high amounts of protein, large portions of which are soluble nitrogen (Vogel et al., 1989).  A portion of this soluble nitrogen is absorbed as ammonia nitrogen from the rumen and subsequently excreted in the urine as urea (Wallace, 1994).  Providing a supplemental source of energy to rumen microbes may improve ammonia capture by rumen microbes, thereby improving nitrogen utilization, possibly resulting in improved animal production.


Nutrient supplementation strategies have been designed to optimize the dietary TDN:CP ratio at around 6 to 8 (Herd, 1998).  The TDN:CP ratio of early season small grain forage is often close to 3.0 (Steffens and Schutz, unpublished).  Therefore, energy supplementation would bring this ratio closer to the proposed optimum.


Energy in the form of starch has been shown to have adverse effects on ruminal fermentation of fiber where fibrous energy supplements do not (Phillips et al., 1995; Horn et al., 1995).  Therefore, the objective of this study is to evaluate the effects of supplementation to ruminants grazing small grain forage with non-fibrous (corn; 0.5 % BW) and fibrous (beet pulp; 0.5 % BW) carbohydrate on rate of gain in cattle and diet digestion and metabolism in sheep.

Materials and Methods

Experiment 1: Pasture Supplementation. This trail was conducted at the Eastern Colorado Research Center near Akron, CO.  Triticale and wheat were planted in mid September, 1999 in a 32.4 ha field divided into four alternating 8.1 ha sections of triticale and wheat.  The field was then divided into twelve 2.7 ha pastures.

Forage production of each pasture was measured on February 23, 2000 and again on April 20, 2000.  On both sampling dates, no differences in amount of available forage were detected between pastures (P > 0.05).  Available forage across all samples was estimated to be 691 kg/ha and 947 kg/ha respectively.  DMI was predicted to be 7.25 kg/d/head by using NRC (1996) software.  Using these estimates it was concluded that all animals had ad libitum access to forage during the entire experimental period.  


On March 20 and 21, 2000 seventy-two Red Angus X Hereford yearling, open replacement heifers were weighed twice over a two day period.  Forty-eight head were stratified by weight (mean = 267.3 ( 22.4 kg), and breed of sire, and randomly divided into twelve groups of four head.  Each group was randomly assigned to one of six treatment levels, creating two replications for each treatment level.  Cattle were divided into 3 treatments per forage type; no supplement, cracked corn supplement (.5% BW), and dehydrated, pelleted beet pulp supplement (.5% BW), and fed the supplements in bunks at 0900 ( 2h, daily.

The non-supplemented diet had a TDN:CP ratio of 3.6.  Assuming a forage intake of 2.75% BW, the supplementation of beet pulp and corn increased the TDN to CP ratio of the diets 0.3 and 0.5 units respectively.  This level of supplement did not bring the TDN:CP ratio into the proposed optimum range of 6 to 8 proposed by Herd (1998). However, the hypothesis of this research, and principle proposed by Herd (1998), and McCollum (1997), is that as a diet approaches this optimum range, performance is improved.  Therefore, by the supplements increasing toward optimum TDN:CP ratio, supplemented cattle should show improved rate of gain.


On May 15 and 16, 2000, heifers were weighed off study.  Initial and ending two-day-weights were averaged to offset the effects of varying gut fill.  


Variation in ADG was analyzed using the GLM procedure of the software SAS (SAS, 2000).  The statistical model included effects on ADG of supplement treatment, crop grazed, and interactions of crop grazed and supplement treatment.  When treatment was significant (P < 0.10), differences among means were determined using Tukey’s means separation technique and considered significant at P < 0.05.

Experiment 2: Nitrogen Balance.Twelve Hampshire-cross ewe lambs of similar age, 94 ( 14 d, were stratified by weight (BW = 36 ( 3.7 kg) and randomly assigned to one of three treatment groups.  All lambs had ad libitum access to freshly cut, spring growth triticale.  Supplement treatments were the same as the three treatment levels in Exp. 1.  The triticale in Exp. 2 contained a lower concentration of CP, and animals in Exp. 2 consumed less forage (%BW) than the animals in Exp. 1.  Therefore, the TDN:CP ratios in Exp. 2 are higher than those in Exp. 1.  The unsupplemented treatment had a TDN:CP ratio of 4.1, with beet pulp and corn supplementation increasing the ratio to 4.6 and 4.8 respectively.

The triticale was the same variety as used in the heifer pasture study, and planted in early September 1999.  After an 11 d adjustment period the lambs were weighed, assigned a supplement treatment, placed in steel digestion crates.  Forage was fed twice daily at 0600 and 1800 ( 2 h, and supplement during the morning feeding only.  The data collection period began May 3, 2000 and continued for seven days to May 9, 2000.  

The triticale forage was cut on the morning it was to be fed, between the hours of 0500 and 0700.  At the end of the day, a sample of triticale orts was saved from each animal’s offering and any leftover triticale forage was disposed of so that forage was fed the same day it was cut.  Sample collection began in the morning between the hours of 0600 and 0800, and concluded between 1200 and 1400.  

Composite samples of feed, refusal, fecal, and urine samples representative of the entire collection period for each lamb were stored for later analysis.


Kjeldahl nitrogen analysis was performed on all samples (AOAC, 1975).  Ash analysis (AOAC, 1975) was performed on composite forage and supplement samples. NDF and ADF was determined for all supplement and composite samples except urine.

Dependant variables were analyzed using analysis of variance for a completely randomized design.  Variations in dependant variables were partitioned using the mixed model procedure of the software SAS (SAS, 2000).  When treatment was significant (P < 0.10), differences among means were determined using preplanned pairwise t-tests and considered significant at P < 0.05.

Experiment 3: In Vitro Digestion. This trial was done to support the effect of improved dry matter digestion with beet pulp supplementation (0.5% BW), noted in Exp. 2, and explore possible explanations for this and other treatment effects.  Procedures described follow the methods of Tilley and Terry (1963).  The composite forage sample, and supplement samples from Exp. 2 were used as the diet components in this experiment.  All feeds had been dried in a 55 (C oven and ground through a 1 mm screen in a Wiley Mill.  Five diet combinations were tested: Triticale diet (N), 100% triticale forage; Beet pulp mixed diet (B), 15.5% beet pulp, 85.5% triticale; Corn mixed diet (C), 15.7% corn, 85.5% triticale; Beet pulp only (BO); and Corn only (CO).  The percent inclusion of supplements in diets containing two feeds were at levels determined to be the portion of the dietary dry matter of respective treatments in Exp. 1, assuming heifers were consuming forage DM at 2.75% BW.  
Feed samples were incubated at 39 (C for 48 h, in a mixture of 90 mLs of buffer solution and 10 mLs of rumen fluid and vented every 2 h.  At the end of the incubation period viles were de-capped and pH taken.  Following complete freezing (24 h at –50C) to stop microbial activity, viles were thawed and resulting fluid was filtered, dried and weighed.  The dependant variables of pH, and % IVDMD were analyzed for differences according to the independent variable of treatment, using the mixed model procedure of the software SAS (SAS 2000).  When treatment was significant (P < 0.10), differences among means were determined using preplanned pairwise t-tests and considered significant at P < 0.05.

Results and Discussion

Experiment 1: Pasture Supplementation. The nutrient content of pasture forage samples are shown in Table 1, and are similar to NRC (1996) values for spring growth wheat forage.

The ADG was not affected by supplementation treatment (P = 0.76), or crop grazed (P = 0.64); nor was it influenced by their interaction (P = 0.69) (Table 2).  The ADG of the cattle was unusually high.  Horn et al. (1995) reported ADG of unsupplemented steers grazing vegetative wheat pasture to be 0.97 kg/d, where unsupplemented heifers in this trial averaged 1.64 kg/d.  The higher ADG's of the heifers in our experiment may have been due to compensatory gain not shown in cattle used by Horn et al. (1995), and/or animal selectivity of abundant forage in this study.  

Horn et al. (1995) also showed differences between cattle supplemented with high-starch or high-fiber supplements.  These researchers found that cattle grazing wheat receiving a high-fiber supplement (.75% BW) of soybean hulls and wheat middlings showed higher ADG when compared to cattle receiving a high-starch supplement (.75% BW) of corn.  The conflicting results between the current experiment and that of Horn et al. (1995) suggests that differences in ADG were likely unable to be detected due to a lack of power of the experimental design or at least as likely because of the overriding influence of compensatory gain.

Experiment 2: Nitrogen Balance. Forage DM consumption, when expressed as g/d tended (P = 0.09) to be greater for the unsupplemented treatment when compared to treatments B and C (Table 3), suggesting a substitution of supplement for forage.  When forage intake is expressed as g/kg of BW.75, there were no differences between treatments (P = 0.48; Table 3).  However, when supplement is considered, treatment C increased (P = 0.07) total diet DMI (g/kg BW.75) when compared to treatment N similar to findings by Phillips et al. (1995).  This is likely due to the corn supplement being more digestible than the triticale forage.  Total DMI (g/kg BW.75) of unsupplemented lambs was 17% less than observed by Phillips et al. (1995), and only 57% of the DM intake recommended by the NRC (1985).  The lower DMI of the lambs can be attributed to stresses associated with being housed in digestion crates, and lack of positive social influences on DMI.  

Total diet DM digestion of treatment B was higher (P = 0.05) than treatment N (Table 3).  These values are 10 to 15% lower than DM digestion observed by Phillips et al. (1995), but forage in this study contained a greater portion of NDF.

During the data collection period, several lambs, primarily in treatments N and C, were in a negative nitrogen balance (Table 3).  The net energy requirements of the young growing lambs were not being met by the diet, due to the low DMI during the data collection period.  The dietary intake of lambs in the control group was only 53% of the TDN suggested by the NRC (1985).  When measured as g/d of nitrogen retained, treatment B retained more nitrogen (P = 0.03) than treatments C and N.  When retained nitrogen is expressed as a percent of total nitrogen intake, treatment B retained a greater (P = 0.08) portion of consumed nitrogen than treatments C and N.  Phillips et al. (1995) reported lambs retaining a greater proportion of total nitrogen consumed than found in this trial.  The lower nitrogen retentions observed in this trial may be a result of lower digestibility and DMI among all treatments, than observed by Phillips et al. (1995).

When absorbed nitrogen is expressed as a percent of total nitrogen intake, there are no differences (P = 0.33) among treatments.  Results of treatment effects on nitrogen absorption and nitrogen retention suggests that although all treatments absorbed dietary nitrogen at similar efficiencies, the beet pulp supplement caused more dietary nitrogen to be metabolized into tissue by the animal.  There were no differences among treatments in nitrogen excreted (g/d) in feces (P = 0.36) or urine (P = 0.18), and no treatment differences (P = 0.42) in nitrogen intake (g/d).  

Total g of NDF (P = 0.77) or ADF (P = 0.19) intake were not affected by treatments (Table 3).  Fecal excretion of NDF and ADF was lower (P < 0.01) in treatment B than treatments C and N.  Fiber digestion is expressed as g of NDF or ADF retained as a portion of the total g of NDF or ADF intake, respectively.  Treatment B resulted in an increase (P < 0.01) in digestion of NDF and ADF when compared to treatments C and N (Table 3).  This improvement in fiber digestion indicates an improved utilization of the triticale forage caused by the addition of the beet pulp supplement.  


There are two possible explanations for effects of supplement treatments in Exp. 2.  One, is that the beet pulp supplement provided a more precise matching of ruminal microbial energy requirements to ruminal energy substrate degradation.  The prolonged ruminal digestion of the carbohydrate in the beet pulp compared to the corn would allow for a slower release of energy, possibly providing the microbes this energy at a time when they can utilize it to incorporate the soluble nitrogen from the forage. The other is that because the DMI of the lambs in Exp. 2 was less than recommended (NRC 1985), supplementation of beet pulp may have improved the energy status of the lambs, therefore increasing nitrogen retention.  Research has shown that supplementation of corn to a forage diet can have negative associative effects on forage digestion (Elizalde et al., 1999; Lippke et al., 2000).  If this occurred in here, the diet of treatment C would provide less net energy than treatment B and possibly treatment N, and increase the lambs need to draw on stored energy.  

Experiment 3: In Vitro Digestion. The nutrient compositions of feeds used in this study are the same as those used in Exp. 2 (Table 1).  Triticale forage showed an IVDMD of 74.4 %, consistent with values reported by Vogel et al. (1989) for vegetative wheat forage.  Differences in IVDMD were not detected (P = 0.36) among treatments N and B, but treatment C had a lower (P < 0.01) IVDMD than treatments N and B (Table 4).  When comparing the IVDMD of the supplements only, corn was more digestible than beet pulp.  However, inclusion of corn grain to a diet of spring triticale forage at the level of 15.5% of diet DM, resulted in a 38 % decrease in IVDMD.  Matejovsky and Sanson (1995) reported that the effect of corn supplementation on forage utilization is confounded by the quality of the forage.  Therefore, accurate comparisons to previous research can only be made to studies in which forage of similar quality was used.  Elizalde et al. (1999) found that corn supplementation (0.5 % BW) to steers fed fresh alfalfa decreased apparent ruminal total diet digestion by 4 %, but had no effect on ruminal fiber digestion.  Lippke et al. (2000) reported a 7 % lower total diet OM digestion in steers grazing vegetative wheat pasture with the addition of a supplement containing corn (8.5 g/kg BW.75) and cottonseed hulls (11.3 g/kg BW.75).  This study recorded a much more drastic negative associative effect from addition of corn on IVDMD than did either Lippke et al. (2000) or Elizalde et al. (1999).  Causes of this unusually dramatic negative associative effect of corn supplement on forage digestion are unknown.  A possibility is that the triticale forage possesses unique properties creating a heightened sensitivity of fiber digestion to the negative associative effects of starch.  

The decrease of IVDMD in treatment C, with no difference in pH from treatment B indicates that the ruminal microbes in treatment C were exposed to an environment less conducive to efficient microbial utilization of substrates, as would happen if there were a less appropriate matching of available energy and microbial release of nitrogenous compounds in treatment C than treatments B and N.

Conclusions and Implications


Supplementation of cracked corn or beet pulp, at the level of 0.5% body weight resulted in no differences in average daily gain of cattle grazing vegetative triticale or wheat.  Supplementation of the fibrous carbohydrate beet pulp, at a level of 0.5% body weight, improved dry matter digestion, fiber digestion, and nitrogen retention of lambs fed a diet of fresh triticale forage when compared to unsupplemented lambs and those supplemented cracked corn at 0.5% of body weight.  Corn supplement caused a substantial decrease in in vitro ruminal digestibility while beet pulp did not, suggesting that a fibrous energy supplement better suits the rumen environment of ruminants on a forage based diet with high levels of crude protein compared to energy, possibly because ruminal microbial energy requirements more closely match the rate of ruminal energy substrate degradation when supplemented with beet pulp.  These results suggest that supplementation of a carbohydrate source high in soluble fiber to ruminants consuming a diet with a total digestible nutrient to crude protein ratio of less than five will show improved nitrogen utilization efficiency.  However, this improved efficiency may not be reflected in animal performance, as measured by average daily gain, when animals are already at a high level of production.
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Table 1.  Nutrient content of feeds on DM basis


	Sample/date taken
	% CP
	% TDN
	% NDF
	% ADF
	% Ash

	Exp. 1
	
	
	
	
	

	Wheat forage
	
	
	
	
	

	Feb. 22
	32.4
	74.6
	
	
	

	Apr. 11
	20.9
	72.7
	
	
	

	Triticale forage
	
	
	
	
	

	Feb. 22
	21.1
	74.2
	
	
	

	Apr. 11
	19.4
	75.3
	
	
	

	Beet pulp
	9.5
	74
	41.4
	25.2
	5.1

	Cracked corn
	9.0
	90
	11.8
	3.5
	1.3

	Exp. 2 and 3
	
	
	
	
	

	Triticale foragea
	15.3
	63
	52.1
	28.1
	11.4


a Composite from equal portions of daily feedings during trial (5/3/00 – 5/9/00)

Table 2. Mean ADG (kg/d) of grazing yearling heifers by supplementation treatment and crop grazed 


	Item
	Mean ADG
	Standard Deviation
	N
	P =

	Supplementation trt.
	
	
	
	

	No supplement
	1.64 
	0.25
	16
	0.761

	Beet pulp
	1.71 
	0.18
	16
	

	Corn
	1.68 
	0.32
	16
	

	Crop grazed
	
	
	
	

	Wheat
	1.70 
	0.22
	24
	0.636

	Triticale
	1.66 
	0.29
	24
	

	Supplement x crop interaction
	
	
	
	0.688


Table 3. Effects of corn and beet pulp supplementation on nitrogen metabolism and dry matter and fiber digestion of lambs fed fresh triticale ad libitum


	
	
	Treatment
	
	
	

	Item
	No supp.
	Cracked corn
	Beet pulp
	SE
	P =

	Intake
	
	
	
	
	

	Forage intake, g/da
	740.89z
	683.50z, y
	620.07y
	33.74
	0.09

	Intake, g/kg of BW.75
	
	
	
	
	

	Supplement
	0.0
	11.7
	11.7
	
	

	Forage
	48.3
	46.9
	43.3
	2.82
	0.48

	Totala
	48.3z
	58.6y
	55.2z, y
	2.80
	0.07

	Total diet DM digestion, %a
	57.18z
	59.84z, y
	65.60y
	2.06
	0.05

	Nitrogen
	
	
	
	
	

	Intake g/d
	18.06
	19.25
	17.85
	0.80
	0.42

	  Fecal excretion, g/d
	6.61
	7.86
	6.28
	0.49
	0.36

	Urine excretion, g/d
	11.99
	12.00
	10.40
	0.65
	0.18

	Apparent absorption, % 
	63.5
	59.1
	64.7
	2.58
	0.33

	Retained, g/da
	-0.53z
	-0.64z
	1.17y
	0.55
	0.03

	% of intakea
	-2.65z
	-3.44z
	6.08y
	3.02
	0.08

	Fiber
	
	
	
	
	

	Intake, g/d
	
	
	
	
	

	NDF
	313.41
	300.95
	317.03
	16.43
	0.77

	ADF
	164.47
	153.77
	179.30
	  9.06
	0.19

	Fecal excretion, g/d
	
	
	
	
	

	NDFa
	129.20z
	127.61z
	96.21y
	5.63
	0.002

	ADFa
	  79.26z
	  77.68z
	60.00y
	5.10
	0.007

	Apparent digestion, % of intake
	
	
	
	
	

	NDFa
	58.87z
	57.70z
	69.81y
	1.73
	0.002

	ADFa
	     51.81z
	       49.68z
	    66.73y
	        3.14
	0.004


a Superscripts are shown when model P-value is < 0.1, and different superscripts on the same row indicate mean separation P-value of < 0.05

Table 4.  In vitro pH values and percent dry matter digestion by treatment after 48 h incubationa


	
	
	
	Treatment
	
	
	
	

	Item
	Triticale Forage
	Beet Pulp/Forage
	Corn/Forage
	Beet Pulp Only
	Corn Only
	SE
	P <

	pH @ 48 h
	6.96 z
	6.88 y
	6.88 y
	6.77 x
	6.72 w
	.010
	.001

	IVDMD, %b
	74.4 z, y
	78.6 y
	46.1 x
	64.3 z
	79.2 y 
	3.34
	.001


a Values shown are least square means

b Means in the same row that have different superscripts are different (P < 0.05)


