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INTERACTION OF DIETARY eNDF LEVEL AND SUPPLEMENTAL FIBROLYTIC ENZYMES ON SITE AND EXTENT OF FIBER DIGESTION IN CATTLE FED A 35% FORAGE GROWING DIET
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ABSTRACT: Eight Holstein steers (250 kg) with cannulas in the rumen and proximal duodenum were used in a replicated 4 ´ 4 Latin square experiment to evaluate the interaction of dietary eNDF (53, 65, 78, and 90% eNDF) and Fibrozyme® (an enzyme blend having both xylanase and cellulase activity; Alltech., Nicholasville, KY) supplementation on digestive function. Fibrozyme was added to the diet at time of feeding. Level of eNDF as a percentage of total dietary NDF did not influence (P > . 10) either ruminal microbial efficiency or site and extent of OM, NDF, starch and N digestion. Fibrozyme supplementation also did not influence (P > .10) starch digestion, but it increased ruminal digestion of NDF (42.5 vs 50.3%, P < .01) and feed N (11%, P < .10). Fibrozyme did not influence (P > .10) total tract NDF digestion. We conclude that when ruminal NDF digestion is less than 45%, supplementation with fibrolytic enzymes will enhance ruminal NDF digestion. Under conditions where digestive tract fill is a limiting factor on energy intake, improving ruminal NDF digestion may enhance energy intake and hence, animal performance.

Introduction
High levels of forage are incorporated into starting rations for feedlot cattle to help prevent digestive dysfunction as cattle transition onto full feed. However, the high level of forage, itself, becomes a limitation to maximal energy intake, and hence growth performance. This limitation is due to the comparatively slower rate of ruminal degradation of fiber, and the slower rate of passage of forage particles from the rumen. The result is increased ruminal bulk fill. Zinn and Salinas (1999) observed that maximal DMI in cattle is a predictable function of initial weight (IW, kg) of cattle when placed in the feedlot, dietary NDF (%), dietary eNDF (expressed as a percentage of dietary NDF), and ruminal NDF digestibility (PRDNDF, %): DMImax =  (((.098 * IW) + 26.24) * (BW.75)) / ((.01 * NDF * (1 ‑ (.01 * PRDNDF))) / ((.77 ‑ (.00386 * ENDF)) * (‑.037 + (.042 * NDF) ‑ (.00031 * (NDF2))))). Thus, where DMImax is less than optimal for cattle to achieve their genetic potential for growth,  characteristics of the forage used in receiving diets, particularly with respect to NDF, eNDF, and ruminal fiber digestibility, can have marked effects on rate of recovery of purchase weight and growth performance during the receiving phase. Effective NDF (eNDF) is a hypothetical term used to standardize the fiber component of a feed ingredient in terms of its ability to stimulate chewing, saliva production, and rumination (Mertens, 1999). None of these characteristics can be adequately assessed using simple laboratory techniques. Thus, eNDF has become more generally characterized as NDF entrained within feedstuffs with an initial particle size of greater than 1.18 mm (NDF remaining on a 1.18 mm screen after dry sieving), adjusted to some extent for density, hydration, and degree of lignification ( NRC,1996). Ruminal digestibility of NDF can be enhanced by supplementation with rumen-stable fibrolytic enzymes (Howes , 1998; Zinn and Salinas, 1999). The objective of  this experiment was to evaluate the interaction of eNDF (measured purely as a function of initial particle size) and fibrolytic enzyme supplementation on characteristics of ruminal and total tract fiber digestion.

Materials and Methods
Eight Holstein steers (250 kg) with cannulas in the rumen and proximal duodenum (Zinn and Plascencia, 1993) were used in a split plot design, consisting of two 4 ´ 4 Latin squares to evaluate the influence eNDF (as a percentage of total NDF) and  Fibrozyme® (an enzyme blend prepared from fermentation extracts of Aspergillus niger and Trichoderma longibrachiatum, having both xylanase and cellulase activity; Alltech., Nicholasville, KY) supplementation on digestive function. Whole plot treatments (Latin square replicates) consisted of 0 vs 15g/d Fibrozyme. The four split plot treatments consisted of 53, 65, 78 and 90% eNDF.  Thus, in one 4 ´ 4 Latin square steers were fed the four NDF levels without Fibrozyme, and in the other 4 ´ 4 Latin square steers were fed the four eNDF levels with Fibrozyme. Steers were individually maintained in slotted-floor pens (7.6 m2) with ad libitum access to water. Chromic oxide (.40%) was included in the diet as an inert digesta marker. Fibrozyme (7.5 g/feeding) was added to the diet at the time of feeding. Feed intake was restricted to 4.0 kg/d (As feed basis). Diets were fed in equal portions at 0800 and 2000 daily. Experimental periods consisted of a 10-d diet adjustment period followed by a 4-d collection period. During the collection period duodenal and fecal samples were taken from all steers, twice daily as follows: d 1, 0750 and 1350; d 2, 0900 and 1500; d 3, 1050 and 1650; and d 4, 1200 and 1800. Individual samples consisted of approximately 750 mL duodenal chyme and 200 g (wet basis) fecal material. Samples from each steer and within each collection period were composited for analysis. During the final day of each collection period, ruminal samples were obtained from each steer at 4 h after feeding via the ruminal cannula and ruminal fluid pH will be determined. A 200-g aliquot  was obtained for DM and NDF analysis. Ruminal fluid was composited for isolation of ruminal bacteria via differential centrifugation (Bergen et al., 1968). The microbial isolates were prepared for analysis by oven drying at 70oC and then grinding with mortar and pestle. Feed, duodenal, and fecal samples were first oven-dried 70oC and then ground in a laboratory mill (Micro-Mill, Bell-Arts Products, Pequannock, NJ). Samples were then oven-dried at 105oC until no further weight loss and stored in sealed glass jars. Samples will be subjected to all or part of the following analysis: ash, Kjeldahl N, ammonia N (AOAC, 1975); NDF (Goering and Van Soest, 1970, corrected for neutral detergent insoluble ash); purines (Zinn and Owens, 1986); chromic oxide (Hill and Anderson, 1958), and starch (Zinn, 1989). Microbial organic matter (MOM) and N (MN) leaving the abomasum will be calculat​ed using purines as a microbial marker (Zinn and Owens, 1986). Organic matter fermented in the rumen is 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 is considered equal to total N leaving the abomasum minus ammonia-N and MN and, thus, includes any endogenous contributions.  The trial was analyzed as a split-plot design consisting of two 4 ´ 4 Latin squares (Hicks, 1973). Steers within square mean square was used to test Fibrozyme effect. The eNDF main effects were tested by means of orthogonal polynomials.

Results and Discussion 

Treatment effects on digestive function are shown in Table 2. Notwithstanding the high level of replication (8 steer replicates per eNDF level), we were not able to detect (P > .10) any indication that initial particle size of sudangrass hay affects either ruminal or total tract digestion of OM, NDF, starch, or N. 

Fibrozyme supplementation did not influence (P > .10) starch digestion, but it increased ruminal digestion of NDF (18%, P < .01) and feed N (11%, P < .10). Fibrozyme did not influence total tract digestion of OM, starch, NDF, or N. Zinn and Salinas (1999) also observed Fibrozyme increase ruminal, but not total tract NDF digestion. In contrast, Yang et al. (1999) did not observe changes in ruminal NDF digestion in dairy cows fed with a 55%-forage diet, although total tract NDF digestion was increased. Lewis et al (1996) and Murillo et al (2000) also observed increased total tract NDF digestion with fibrolytic enzyme supplementation. 
Forage level of the diet influences the ruminal environment. When ruminal conditions (ie., low ruminal pH) are such that the rate of fiber digestion is less than it would be under otherwise optimal conditions, it is reasonable to assume that the addition of fibrolytic enzymes will enhance the process. For example, Murillo et al (2000) observed that when ruminal NDF digestion was less then 80% of optimal (60% in the case of ryegrass) the addition of Fibrozyme enhanced ruminal NDF digestion. Otherwise, it had no effect.
Implications
When ruminal NDF digestion is less than 45%, supplementation with fibrolytic enzymes will enhance ruminal NDF digestion. Under conditions where digestive tract fill is a limiting factor on energy intake, improving ruminal NDF digestion may enhance energy intake and hence, animal performance. Grinding sudangrass hay to alter its initial particle size (eNDF) will not influence characteristics of digestion, including microbial efficiency, of high-forage growing diets.
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	Table 1. Composition of the experimental dietsa.

	
	eNDF, %b 

	Item:
	53
	65
	78
	90

	DRC
	47.25
	47.25
	47.25
	47.25

	SBM, 41% CP
	3.81
	3.81
	3.81
	3.81

	Limestone
	1.31
	1.31
	1.31
	1.31

	Magnesium oxide
	0.09
	0.09
	0.09
	0.09

	Sugar cane molasses
	9.43
	9.43
	9.43
	9.43

	TM salt
	0.04
	0.04
	0.04
	0.04

	Sudan grass hay
	18.5
	23.6
	28.6
	33.6

	Yellow grease
	2.65
	2.65
	2.65
	2.65

	Urea
	0.09
	0.09
	0.09
	0.09

	Chromium oxide
	0.04
	0.04
	0.04
	0.04

	Sudan grass (< 3 mm)
	15.2
	10.1
	5.1
	0

	aFibrozyme was added on feeding (15 g/d) on respective treatments.

bAs percentage of total fiber in diet.


	Table 2. Influence of Fibrozyme and eNDF levels on characteristics of digestion in Holstein steers fed with a 35% forage diet. 

	
	
	Treatments
	
	

	
	Main effects
	
	eNDFa
	
	

	
	Control
	Fibrozyme
	
	53% 
	65% 
	78% 
	90% 
	
	SE

	Intake, g/d
	
	
	
	
	
	
	
	
	

	  DM 
	7,133
	7,133
	
	7,210
	7,068
	7,130
	7,124
	
	

	  OM 
	6,539
	6,548
	
	6,620
	6,490
	6,541
	6,523
	
	

	  NDF
	1,897
	1,895
	
	1,992
	1,873
	1,854
	1,865
	
	

	  N 
	130
	130
	
	127
	130
	127
	135
	
	

	  Starch 
	2,375
	2,373
	
	2,361
	2,328
	2,431
	2,375
	
	

	Rumen digestibility, %
	
	

	  OM
	57.9
	61.7
	
	58.8
	61.9
	56.6
	61.8
	
	1.7

	  NDFb 
	42.8
	50.3
	
	44.3
	49.9
	43.1
	48.7
	
	4.4

	  Starch
	83.3 
	86.0
	
	86.7
	87.1
	79.7
	85.1
	
	3.1

	  Feed Nc 
	58.4
	65.1
	
	60.3
	65.5
	58.7
	62.5
	
	2.8

	Microbial Nd 
	24.4
	23.4
	
	26.6
	24.3
	25.5
	23.3
	
	1.4

	Protein  efficiencyef
	1.18
	1.07
	
	1.21
	1.10
	1.14
	1.07
	
	0.05

	Total Digestibility, %

	  DM
	70.8
	71.0
	
	70.0
	70.3
	71.2
	72.3
	
	1.24

	  OM
	72.9
	73.2
	
	72.1
	72.3
	73.5
	74.3
	
	1.3

	  NDF
	45.6
	47.3
	
	46.0
	44.1
	46.9
	48.8
	
	3.9

	  N g
	65.4
	65.7
	
	64.2
	65.2
	65.5
	67.4
	
	1.1

	  Starch
	99.2
	98.8
	
	99.0
	99.1
	99.0
	99.0
	
	2.7

	aAs percentage of total fiber in diet.

bFibrozyme effect,  P < .01

cFibrozyme effect, P< .10

d Microbial  efficiency, g microbial N  /kg OM truly fermented

eDuodenum non ammonia/Nitrogen intake

fFibrozyme effect, P<.05

gLinear effect,  P < .10


