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ABSTRACT:  Three protein degradation techniques were performed on six cool-season forages that are commonly grown in the Intermountain West. The objectives were to (1) compare in situ, commercial protease, and inhibitor in vitro techniques for degradable intake protein (DIP) values, (2) determine if either in vitro technique could be a viable commercial lab technique for similar forages, and (3) build a database containing protein characteristics for cool-season grasses grown in the Intermountain West. Forage samples were composited by species, year (1997 and 1998), and stage of maturity (vegetative vs. reproductive). In situ samples were incubated in four ruminally cannulated beef cows. A first-order disappearance model was used to determine fractions A, B, and C, lag, DIP, and rate of degradation of fraction B. A commercial protease, Streptomyces griseus, was evaluated at 0.066 activity units/ml for 48 hours. Species and stage of maturity interacted (P < 0.01) for fraction A in both years; fractions B and C, rate of degradation, and DIP in 1998; and lag in 1997. Species, stage of maturity, and microbial correction method interacted (P < 0.01) in 1997 for fractions B and C, and DIP. Stage of maturity and microbial correction method interacted (P < 0.03) in 1998 for fractions B and C, and DIP. Species and microbial correction method interacted (P < 0.05) in 1998 for fraction C. All main effects were significant (P < 0.01) for lag in 1998 and lag interacted (P < 0.01) with microbial correction method in 1997. Most interactions occurred because ranking of species changed across maturities or microbial correction methods. Technique interacted with species (P = 0.04) and stage of maturity (P < 0.01) when DIP techniques were compared. All techniques were significantly different from each other. Due to differences between techniques, neither of the in vitro procedures can be considered a viable commercial lab technique. The database included all species and stages of maturity because species-by-maturity interactions were common.
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Introduction

The use of irrigated pastures as a source of nutrition for the grazing ruminant is a relatively new area of interest in the Intermountain West. Therefore, there is little known about how these pastures will contribute to meeting the ruminant’s protein requirements. The National Research Council has recently begun using the fractionation between degradable intake protein (DIP) and undegradable intake protein (UIP) in their beef (NRC, 1996) and dairy (NRC, 2001) cattle nutrient requirement publications. However, estimates of these fractions as well as crude protein (CP) in the NRC feed libraries may not be useful for grazed forages of irrigated pastures in the Intermountain West because most of the data used in these publications were probably not based on the cool-season grasses produced in this region. The higher quality, cool-season forages that compose irrigated pastures of the Intermountain West need to be analyzed for protein characteristics to accurately balance beef and dairy cattle diets. 

Ongoing research efforts are providing alternative procedures that will enable a commercial laboratory to process samples quickly and less expensively than currently available procedures (Broderick, 1987; Abdelgadir et al., 1997; Vanzant et al., 1998; Coblentz et al., 1999). However, further development and validation of these techniques are needed to ensure that accurate results will be obtained. 

The objectives of this research were to: 1) compare in situ, Streptomyces griseus (SGP), and inhibitor in vitro (IIV) procedures for DIP and UIP values, 2) determine if the SGP procedure could be considered a viable commercial lab technique for forages with similar characteristics and 3) build a database of protein characteristics for cool-season grasses grown in irrigated pastures of the Intermountain West that would include CP, DIP, UIP, and rate of degradation of fraction B.

Materials and Methods

Six grasses that are common species found on irrigated pastures in the Intermountain West were evaluated for protein characteristics. These include ‘Ginger’ Kentucky bluegrass (Poa pratensis), ‘Regar’ meadow brome (Bromus biebersteinii), ‘Dawn’ orchardgrass (Dactylis glomerata), ‘Martin’ tall fescue (Festuca arundinacea), and two varieties (‘Barmaco’ and ‘Moy’) of perennial ryegrass (Lolium perenne). The samples were obtained from an ongoing plot trial wherein plots were harvested across the growing season whenever the plants reached target heights. Phenology was recorded for each plot at each time of harvest. Forages were immediately placed in a forced-air oven at 60o C until dry and subsequently ground in a Wiley mill (model number 2; Arthur H. Thomas Co., Philadelphia, PA) to pass a 2-mm screen for in situ procedures. Due to small sample sizes, the samples were composited by species, year, and stage of maturity, resulting in two maturity samples (vegetative and reproductive stage) of each grass for two years (1997 and 1998). A subsample of each was ground through a Cyclone sample mill (UDY Corporation, Fort Collins, CO) to pass a 1-mm screen for in vitro procedures.

Four ruminally cannulated, mature beef cows (mean BW = 500kg) were allowed a 2-wk adaptation period of grazing a cool-season grass pasture. All animal care and procedures were conducted according to standards of the USU Institutional Animal Care and Use Committee. Forage samples (2.5 g) were placed in 10 × 10 cm nylon bags (Ankom, Fairport, NY) with a 50 ± 15µm pore size. Zero-hour bags were rinsed but not placed in the rumen. Other samples were placed in the rumen for incubation times of 2, 4, 6, 8, 12, 18, 24, and 48 h. Bags were inserted simultaneously and retrieved after the appropriate incubation time. The samples were frozen until the end of the trial, then thawed and processed according to Coblentz et al. (1999). Microbial contamination was measured by use of 15N ammonium salts (Broderick and Merchen, 1992). Rumen contents were collected at in situ bag removal times and frozen until the end of the trial. Bacterial pellets were harvested, dried in a forced-air oven at 60o C for 48 h, and ground using an electric coffee mill (Regal Ware, Kewaskum, WI). Bacterial pellet samples and in situ forage residues were analyzed by mass spectrometry for 15N and total N content (Stable isotope analyzer, 20-20 series, PDZ Europa, Ltd., Cheshire, UK).

Two microbial correction methods were utilized to correct apparent estimates for microbial contamination. The first was calculated by subtracting actual background levels of 15N from 15N levels in all subsequent samples. A standard background level of 0.366 15N was used in calculations for the second method. 

Rate of passage was determined using Ytterbium (Yb) as an external marker (McCollum and Galyean, 1982). In conjunction with the in situ 0-h time point, a 0-h ruminal digesta sample was taken immediately before the cows were dosed via the cannula with 13.9 mg Yb g-1 forage dry matter (3.5 g of Yb in dose). Ruminal digesta samples were obtained at 4, 8, 12, 16, 20, 24, 32, and 48 h post-dosing. The samples were frozen until the end of the trial. Yb-labeled rumen contents were dried at 60o C in a forced-air oven until dry, and then ground through a Wiley mill to pass a 1-mm screen. Dry matter and OM were determined (AOAC, 1984). Yb was extracted following the procedure of Ellis et al. (1980). Concentration of Yb was determined by inductively coupled plasma emission spectroscopy (model ACCU-125; Fisons Instruments, En Vallarie, Switzerland). Rate of passage was calculated according to Pond et al. (1987).

The SGP procedure was performed according to Coblentz et al. (1999) using a concentration containing 0.33 enzyme units/ml and incubated for 48 h. Prepared protease solution was made by combining protease type XIV from SGP (P-5147, 4.7 enzyme activity units/mg of solid; Sigma Chemical Co., St. Louis, MO) with BP buffer.

The IIV procedure was performed according to Broderick (1997) at the USDA Dairy Forage Research Center located in Madison, Wisconsin.

In situ data were analyzed using a repeated measures model in the mixed procedure of SAS (SAS Inst. Inc., Cary, NC). Cow was the experimental unit with maturity and microbial correction method as repeated measures of each grass species. The model was run separately for each year because of missing data points. The three techniques (in situ, protease, and IIV) of estimating DIP were also analyzed using a repeated measures model in the mixed procedure of SAS. Species, maturity, DIP technique, and their two- and three-way interactions were fixed effects. Year was used as the experimental unit. Least-squares means were estimated and separated using the pdiff option when fixed effects were significant.
Results

In Situ Degradable Intake Protein. Species, stage of maturity, and microbial correction method interacted in 1997 (P < 0.001, Table 1). Four categories were evident between microbial correction methods for maturities within species. In the first, both maturities of orchardgrass and reproductive Kentucky bluegrass were not different among microbial correction methods. In the second, reproductive meadow brome and vegetative tall fescue were not different between apparent and correction 2, while the two microbial correction methods were not different from one another. In the third, both maturities of perennial ryegrass (‘Barmaco’ and ‘Moy’), vegetative Kentucky bluegrass, and reproductive tall fescue had apparent values that were different from the two microbial correction methods, while the two microbial correction methods were not different from each another. Finally, correction 2 values for vegetative meadow brome were different from apparent and correction 1 values, which did not differ from each other. Kentucky bluegrass and ‘Barmaco’ perennial ryegrass did not differ between stages of maturity for any of the microbial correction methods, while orchardgrass means were all different. ‘Moy’ perennial ryegrass differed between stages of maturity within the apparent values, while stages of maturity did not differ for microbially corrected values. Meadow brome and tall fescue had differences in stage of maturity values for only the second microbial correction method.

Species and stage of maturity interacted in 1998 (P < 0.001, Table 2). ‘Barmaco’ perennial ryegrass and tall fescue changed ranking between vegetative and reproductive stages of maturity. Kentucky bluegrass and ‘Moy’ perennial ryegrass exhibited differences between maturities within species. Stage of maturity and microbial correction method also interacted in 1998 (P = 0.02, Table 3). For both stages of maturity, apparent values were different from both microbial correction methods, while the two microbial correction methods were not different from one another. Apparent values were not different among stages of maturity. Reproductive samples had more DIP than vegetative for both microbial corrections.

Degradable Intake Protein Technique Comparison. Technique of measuring DIP interacted with species (P = 0.04, Table 4) and maturity (P = 0.001, Table 5). Each technique gave different results within each species. The interaction occurred because two species (‘Barmaco’ perennial ryegrass and tall fescue) changed their ranking between vegetative and reproductive stages of maturity. All techniques were different from each other within each stage of maturity (Table 5). Degradable intake protein did not differ among stages of maturity for IIV and in situ techniques, but the vegetative stage had less DIP than the reproductive stage for the protease technique. The IIV technique always had the lowest levels, the protease technique always had intermediate levels, and the in situ technique always had the highest levels of DIP.

Database Development. In situ values were used to build our database of protein characteristics because in vitro results were different from in situ and because of the widespread use of in situ as a standard. In situ values (DIP, UIP, and rate) were corrected for microbial contamination using actual background values. The values in this database were means of the two years (1997 and 1998). Both stages of maturity were provided for each species because species interacted with stage of maturity for most variables.

Discussion

Degradable Intake Protein. In 1997, only orchardgrass displayed a difference between stages of maturity. The reproductive stage was higher in DIP than the vegetative stage. For those species where stage of maturity was different in 1998, the reproductive stage had more DIP than the vegetative stage (Table 2). These results contradict Coblentz et al. (1999), who found that grasses in the vegetative stage of maturity had a low percentage of unavailable components (< 10% of total N). Across years, the range of DIP values was very similar although the ranking of the species and maturities differed. Our results were higher than reported by Coblentz et al. (1999), who found a 45.2 to 71.8% range in DIP values for warm-season grasses. Hoffman et al. (1993) used two similar species to this study, orchardgrass and perennial ryegrass. While overall levels of DIP were generally similar, DIP values were always lower in the reproductive stage than the vegetative stage in the study by Hoffman et al. (1993), which would be expected. However, opposite responses were found in our study for these two species. The amount of vegetative regrowth composited throughout the year in our study could have influenced these results.

Degradable Intake Protein Technique Comparison. Although all three techniques were different from one another, species and stages of maturity were ranked similarly by all techniques (Table 4). Coblentz et al. (1999) suggested that in situ DIP values could accurately be estimated using SGP. When using the low enzyme concentration of 0.066 activity units/ml for a 48-h incubation period, their DIP values ranged from 46.4 to 65.9%, while ours ranged from 57.2 to 70.7%. The most probable reason for the difference in values is that the majority of recent studies using SGP are based on warm-season grasses (Abdelgadir et al., 1997; Coblentz et al., 1999). Coblentz et al. (1999) stated that the SGP procedure may be acceptable if forages have similar characteristics, such as a common carbon fixation method (C3 vs. C4) or the ability to fix N (legumes vs. grasses). This makes comparison between cool-season grasses and warm-season grasses or legumes difficult.

In this study, the IIV results always had the lowest DIP values compared to the other two techniques. Two possible factors exist for these much lower values. One is that the IIV system was designed to analyze concentrates and forages with high N values, such as legumes. Broderick (1987) and Broderick et al. (1988) compared the IIV technique to the in situ technique, but most of their comparisons were made using concentrates, not forages. The second reason for our low results may have been that Wisconsin was experiencing an abnormal heat wave while our laboratory analyses were being conducted that may have reduced ruminal microbial populations in the cannulated cows that we obtained rumen fluid from. 

Database of Protein Characteristics of Cool-Season Forages Grown on Irrigated Pastures of the Intermountain West. Two groups of feedstuffs in the NRC (1996) feed library are comparable to this study’s database. The first includes four of the species used in the study (orchardgrass, meadow brome, fescue, and perennial ryegrass), but reported as hay rather than pasture (NRC, 1996). The vegetative stage of meadow brome and orchardgrass were similar in percentage of DIP between our study and NRC (1996). The reproductive stage percentage DIP was not similar for meadow brome and orchardgrass. Perennial ryegrass DIP percentages differed greatly. Fescue DIP percentages were similar. Grass pasture values are the second category of feedstuffs in the NRC (1996) feed library to compare. Degradable intake protein values in our study were lower than NRC (1996) values. In general, NRC (1996) hay values were closer to our study than pasture values, although not all were comparable. Some variables that could contribute to differences between our results and NRC (1996) grass pasture DIP values could be species differences, geographic location, and stage of maturity. However, specific information is not available about the source of the values in NRC (1996), so further evaluation of differences is not possible. Ultimately, this database contributes information that is currently not available in the NRC (1996) feed library.

Implications

Most of the interactions occurred because rankings of species changed across maturity or microbial correction methods. Therefore, it is necessary to evaluate each species across stages of maturity to provide accurate values. The use of a microbial correction method is also necessary to obtain feed N values that are not contaminated by microorganisms. A microbial correction that utilizes actual background values should be used if possible.

Degradable intake protein results comparing the SGP and IIV techniques to the in situ technique indicated that neither in vitro procedure produced similar results with the in situ procedure for high-quality cool-season grasses. Because of this, these in vitro techniques cannot be recommended as viable commercial laboratory techniques for forages with these characteristics.

Values for most of the species and stages of maturity used in this study differ from similar feedstuffs in the NRC (1996) feed library enough to warrant their publication for use in the Intermountain West. Until a commercial laboratory technique is available that allows nutritionists and producers to get specific values for their forages, the values in this feed library will be useful. Producers will have an improved ability to optimize performance of cattle that utilize these pastures by using this feed library in conjunction with the NRC beef (1996) and dairy (2001) publications.
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	Table 1.  Species, stage of maturity, and microbial correction method interaction least-squares means ± standard errors for 1997 DIP, % of N

	
	
	Microbial correction method

	Species
	Stage of 

maturity
	Apparent
	Correction 1
	Correction 2

	Kentucky bluegrass
	Vegetative
	66.0±2.81a
	76.3±2.88b
	76.8±2.79b

	
	Reproductive
	69.1±2.92
	73.5±2.86
	72.9±2.69

	meadow brome
	Vegetative
	80.0±3.24b
	80.3±3.42b
	65.7±3.24a,y

	
	Reproductive
	78.6±2.47a
	83.8±2.49b
	83.2±2.45a,b,z

	orchardgrass
	Vegetative
	73.2±2.54y
	77.4±2.52y
	77.0±2.46y

	
	Reproductive
	80.9±2.46z
	84.8±2.51z
	84.6±2.54z

	‘Barmaco’ perennial ryegrass
	Vegetative
	70.6±2.67a
	83.0±2.79b
	82.6±2.67b

	
	Reproductive
	72.9±3.23a
	83.8±3.39b
	84.7±3.18b

	‘Moy’ perennial ryegrass
	Vegetative
	73.3±2.48a,z
	79.8±2.52b
	79.7±2.54b

	
	Reproductive
	42.5±3.18a,y
	81.4±3.39b
	78.7±3.23b

	tall fescue
	Vegetative
	77.4±2.55a
	82.2±2.55b
	79.7±2.55a,b,y

	
	Reproductive
	79.8±2.54a
	87.7±2.55b
	87.0±2.55b,z

	a,b Means in the same row with different letters in their superscripts differ

y,z Means in the same column within a species with different letters in their superscripts differ


	Table 2.  Species by stage of maturity interaction least-squares means ± standard errors for in situ DIP for 1998 cool-season grasses, % of N

	
	Stage of maturity

	Species
	Vegetative
	Reproductive

	Kentucky bluegrass
	72.7±1.97a,y
	77.4±1.91a,z

	meadow brome
	82.0±1.91c,d
	81.8±1.91b

	orchardgrass
	79.4±1.91b
	78.3±1.91a

	‘Barmaco’ perennial ryegrass
	83.9±1.97d,e
	83.7±1.91b

	‘Moy’ perennial ryegrass
	80.2±1.91b,c,y
	87.1±1.97c,z

	tall fescue
	84.4±1.91e
	83.5±1.91b

	a,b,c,d Means in the same columns with different letters in their superscripts differ

y,z Means in the same rows with different letters in their superscripts differ


	Table 3.  Stage of maturity by microbial correction method interaction least-squares means for in situ DIP for 1998 cool-season grasses, % of N

	
	Microbial correction method
	

	Stage of maturity
	Apparent
	Correction 1
	Correction 2
	SEa

	Vegetative
	77.9b
	81.8c,y
	81.6c,y
	1.841

	Reproductive
	77.5b
	84.3c,z
	84.0c,z
	1.837

	a SE = standard error

b,c Means in the same row with different letters in their superscripts differ

y,z Means in the same column with different letters in their superscripts differ


	Table 4.  Species by technique interaction least-squares means for DIP as a percentage of N

	
	DIP techniquea

	Species
	In situ
	Protease
	IIV

	Kentucky bluegrass
	76.2b,z
	57.2b,y
	50.2b,c,x

	meadow brome
	82.8c,z
	66.4c,d,y
	52.6c,x

	orchardgrass
	80.9b,c,z
	59.4b,y
	45.6b,x

	‘Barmaco’ perennial ryegrass
	84.0c,z
	63.3b,c,y
	58.8d,e,x

	‘Moy’ perennial ryegrass
	83.7c,z
	65.8c,d,y
	54.5c,d,x

	tall fescue
	85.6c,z
	70.7d,y
	61.1e,x

	a Standard error = 2.04
b,c,d,e Means is the same column with different letters in their superscripts differ

x,y,z Means in the same row with different letters in their superscripts differ


	Table 5.  Stage of maturity by technique interaction least-squares means for DIP as a percentage of N

	
	DIP techniquea

	Stage of Maturity
	In situ
	Protease
	IIV

	Vegetative
	80.8d
	59.1c,y
	52.5b

	Reproductive
	83.6d
	68.5c,z
	55.1b

	a Standard error = 1.15

b,c,d Means in the same row with different letters in their superscripts differ

y,z Means in the same column with different letters in their superscripts differ
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