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VARIATION IN RUMINAL STARCH DIGESTION DUE TO DRY ROLLING VERSUS STEAM FLAKING CORN AND SORGHUM CAN BE RELIABLY PREDICTED BASED ON CHANGES IN STARCH SOLUBILITY AND 6-H AMYLASE REACTIVE INSOLUBLE STARCH.
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ABSTRACT: Amyloglucosidase reactivity (AGR; a measure of starch solubility) has been used for many years to assess changes in ruminal starch availability due to steam flaking. Alone, it explains approximately 67% of the variation in measures of ruminal starch digestion. This study was conducted to evaluate the benefit of combining measures of enzymatic reactivity of insoluble starch with measures of soluble starch for enhancing the predictability of changes in ruminal starch digestion due to steam flaking corn and sorghum.  Reactive starch (RS) was determined as follows: 1) samples of the test grain were ground to pass through a 20 mesh screen; 2) approximately .15 g of the ground sample was placed in a 20 mL culture tube along with 2 stainless steel bearing (22 mm diam); 3) 20 mL of a phosphate buffer-enzyme solution (8.71 g potassium phosphate, .035 g calcium carbonate, .55 mg amyloglucosidase, 8mg alpha-amylase, 8 mg pancreatin, 2 mg lytic enzyme, and 2 mg protease in 1 L water) and a drop of toluene was added to the culture tube; 4) the tube was mixed and then incubated in a 39 C shaking water bath for 6 h; 5) the tube was removed from the bath, 2 mL zinc sulfate were added, and the solution was cooled in an ice bath for 10 min before proceeding with glucose analysis. Insoluble reactive starch (IRS, %) was: IRS = (RS - AGR)/6. Insoluble starch digestible (ISD, %) was calculated as: ISD = (100-AGR)(IRS/(IRS +.05)), where .05 represents passage rate of grain from the rumen. In this manner, the ISD for dry rolled and steam flaked corn and sorghum were 61.1, 60.5, 64.7, and 56.7%, respectively. Applying measures of ISD and AGR in metabolism trials involving corn (5 trials) and sorghum (2 trials) the following equation was obtained: ruminal starch digestion = 1.32AGR + .93ISD (R2 = .78). We conclude that variation in ruminal starch digestion of corn and sorghum can be reliably predicted based on simple laboratory measure of starch solubility and enzymatic reactivity of insoluble starch.
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Introduction
A simple, and yet, reliable procedure for laboratory assessment of changes in starch digestibility is essential for optimization of grain processing. Several enzymatic and in vivo methods have been used to estimate ruminal starch digestion (Ewing and Jhonson, 1987 and  Herrera-Saldaña et al., 1990).  NRC  (1996) separates carbohydrates into four fractions according to their degradation rate  (Fraction A consists of sugars and is the most rapid ; Fraction B1 consists of starch and is intermediate ; Fraction B2  consist of available cell wall and  has a slow rate; and  Fraction C consists of unavailable cell wall). Amyloglucosidase reactive starch (AGR), a measure of starch solubility has been used  for many years to assess changes in ruminal starch availability due to steam flaking. Alone, its explains approximately 67% of the variation in measures of ruminal starch digestion. This study was conducted to evaluate the benefit of combining measures of enzymatic reactivity of insoluble starch with  measures of AGR for enhancing the predictability of changes in ruminal starch digestion due to processing of corn and sorghum.

Materials and Methods
The processed grains used in this experiment were dry rolled corn, DRC; steam flaked corn, SFC; dry rolled sorghum, DRS and steam flaked sorghum, SFS. Amyloglucosidase reactive starch was determined according to Zinn (1990a), except that the incubation time was increased to 4 h.  Enzymatic reactivity of insoluble starch  (ERIS) was determined as follows: 1) samples of the test grains were ground to pass through a 20 mesh screen; 2) then a glucose standard (.09 and .13 g  dextrose) was included at this step. Approximately .15 g of ground sample was placed in a 20 mL culture tube along with two stainless steel bearings (22 mm diam); 20 mL of a phosphate buffer solution (8.71 g potassium phosphate/L adjusted to pH 6 with .01 ammonium chloride), .035 g calcium carbonate, .55 mg amyloglucosidase, 8 mg alpha-amylase, 8 mg porcine pancreatin, 2 mg yeast lytic enzyme, and 2 mg protease, a drop o toluene added to each tube and  mixed; 3) the tube was incubated at 39 C  for 6 h in a shaking water bath; 4) the tube was then removed from the bath, 2 mL zinc sulfate added, cooled in an ice bath for 10 min and filtered through a whatman filter paper #4; 5) set up for glucose assay: 4 ml o-toluidine (solution of 6% of orthotoluidine in glacial acetic acid)
 were transferred into each tube, 50 µL of filtrate added, covered with a marble and incubated at 100C  in a water bath for 10 minutes; 6) the tube was removed and placed in an ice bath for 5 minutes, transferred to a water bath at 27C for 10 min, vortex gently 5 seconds and absorbance read at 630 nm. Insoluble reactive starch (IRS, %) was: IRS = (RS - AGR)/6. Digestible insoluble starch (ISD, %) was calculated as: ISD = (100-AGR)(IRS/(IRS +.05)), where .05 represents passage rate of grain from the rumen.

Results and Discussion
8 values of 6 h enzymatic soluble starch digest and enzymatic insoluble starch digest for dry rolled and steam flaked corn and sorghum published in five metabolism trials were evaluated (Zinn, 1988; Zinn, 1990a; Zinn, 1990b; Zinn, 1991 and Salinas et al., 1999; Table 1). Estimates of ISD explained 78% of the variation in observed ruminal starch digestion (Figure. 1). Indeed, in vivo and in vitro measures of ruminal starch digestion differed by less than 4% in all but one case, where observed and expected differed by 8%.

The similarity in ISD among grain sources and processing was surprising. Increasing AGR had comparatively  little influence on ISD. Among steam-flaked grains, increasing ruminal starch digestion had only minor effects on total tract starch digestion. Hence, research is needed to determine the minimal AGR that is needed to obtain optimal ruminal and postruminal starch utilization.  

Implications

Combining laboratory measures of soluble starch with measures of insoluble starch digestion proved a simple means for reliable determination of changes in ruminal starch digestion with steam flaking corn and sorghum.
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Table 1. Enzymatic soluble starch digest (AGR) and  enzymatic insoluble starch digest (ISD), and observed and predicted ruminal starch digestion of dry rolled and steam-flaked corn and sorghum.

	
	Enzymatic starch

digest, %a
	
	Ruminal starch digestion, %

	Item
	Soluble (AGR)
	Insoluble (ISD)
	
	Observedb (ORDS)
	Predictedc
(PRSD)

	Corn
	
	
	
	
	

	 Rolledd
	10.8
	61.1
	
	68.3
	71.0

	 Flakede
	13.3
	62.8
	
	75.8
	76.2

	 Flakede
	19.0
	59.9
	
	78.1
	80.7

	 Flakedf
	22.3
	58.2
	
	83.0
	83.2

	 Flakedg
	17.3
	60.9
	
	86.5
	79.5

	Sorghum
	
	
	
	
	

	 Rolledh
	    9.1
	64.7
	
	72.0
	72.1

	 Flakedg
	17.5
	59.6
	
	80.3
	78.5

	 Flakedh
	28.3
	53.7
	
	86.0
	87.3


aValues obtained from in vitro analysis with enzymes.

b Five-trial summary (dZinn, 1990a; eZinn, 1988; fZinn, 1990b;  gZinn, 1991; and hSalinas et al., 1999)

cPRSD = 1.32AGR +.93ISD (R2 = .78; P < .01)
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