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ABSTRACT:  The object of this trial was to determine if dry roasting rolling barley would slow down the rate of ruminal digestion.  Barley is commonly used as the grain in high-energy feedlot diets, but has the drawback of digesting too rapidly when processed causing digestive problems.  The protein matrix in corn causes the starch in corn to digest more slowly than barley starch.  A method to reduce the ruminal starch digestion rate would improve the feeding characteristics of barley by reducing the incidence of ruminal dysfunction associated with high levels of barley.  Gallatin barley was treated three different ways and compared to dry rolled corn (DRC).  Barley was either dry rolled (DRB), or roasted at 177(C for 5 minutes and rolled through a standard rolling mill while hot (DRR), or tempered at 20% moisture for 24 h, then roasted at 177(C for 5 min and rolled while hot (TRR).  Four ruminally cannulated steers were used in a 4 x 4 factorial in situ study.  Nylon bags containing the treatments were incubated in the rumen for 0, 1, 2, 4, 6, 8, 12, 24, and 48 h.  Amounts of DM, CP, ADF, ADIN, and starch were measured in the residue to determine extent and rate of disappearance.  Roasting the barley increased the amount of ADIN from .04% to .13%, and roasting in the presence of free water increased the amount of ADIN found in the TRR treatment to  .22%.   Extent  of  DM  remaining  was  not  different  (P > .10) at 48 h between treatments.  Rate of DM disappearance was greatest (P < .10) for TRR in the first 6 h of incubation as well as for the entire 48 h period.  Rate of CP disappearance was faster (P < .10) for DRB than the other treatments for the first 6 h of incubation.  Tempered roasted rolled barley had a faster (P < .10) 48 h CP disappearance rate than DRR, though the amount of CP remaining at 48 h was similar (P > .10) for all treatments.  The amount of starch remaining was greater (P < .10) for DRC at all hours until 48 h when the amounts of starch remaining were similar (P > .10) among treatments.  During the first 6 h of incubation the starch disappearance rate was most rapid (P < .10) for TRR.  The starch disappearance rate  for  the  entire  48 h  incubation  period  was  greater (P < .10) for DRC than DRB while being similar (P > .10) to DRR and TRR.  Extent of starch disappearance at 48 h was similar (P > .10) for all treatments.  The results of this study indicate that dry roasting then rolling Gallatin barley decreases the rate of ruminal digestion.
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Introduction

For the ruminant to optimally digest barley, the barley needs to be processed.  Barley starch is fermented more rapidly in the rumen than that of corn if the outer fibrous hull is breached resulting in the starch being exposed to the rumen microbes.  McAllister et al. (1993) noted that corn is preferred to barley because of its lower incidence of acidosis due to corn’s slower ruminal fermentation rate.  Heating of grain has been used to slow ruminal digestibility by producing Maillard products via non-enzymatic browning when protein and sugars are present (Cleale et al., 1987, Nakamura et al., 1992).  The amount of free water available during the roasting process may determine the success in producing starch gelatinization (Rooney and Pflugfelder, 1986).  Previous research (Hinman and Sorensen, 1999) has demonstrated that roasting tempered barley decreases ruminal starch digestion rate more than dry rolling barley.  Roasting tempered barley and rolling for a thicker flake decreases the ruminal digestion rate to one that approaches the rate for dry rolled corn.  The question now asked is whether the moisture in the tempered barley is required or can dry barley be roasted and rolled to achieve the same results.

Materials and Methods

Gallatin barley was treated in one of three ways and compared to dry rolled corn (DRC).  The barley was either dry rolled (DRB), or roasted at 177(C for 5 minutes and rolled through a standard rolling mill while hot (DRR), or tempered at 20% moisture for 24 h, then roasted at 177(C for 5 min and rolled while hot (TRR).  Four ruminally cannulated steers were adapted to a 50% barley diet for a 2 wk period before beginning the in situ trial.  Steers were ad libitum fed 2X daily at approximately 0800 and 1600.  Each treatment was incubated for 48 h in each steer in a 4 x 4 factorial in situ trial.  Each of the four periods consisted of a 2 d collection period followed by a 5 d rest period before starting the next collection sequence.  The University of Idaho Animal Care and Use Committee approved the research protocol and all animal procedures and practices.


Approximately 5 g of treated grain (as processed) was placed in a pre-weighed 10 x 20 cm polyester bag (53(10 microns, Ankom, Fairport, NY 14450) and heat-sealed.  Each incubation hour for each treatment had triplicate bags plus a blank bag.  Sample bags were placed in larger nylon mesh bags to prevent loss of sample bags.  The nylon bag was anchored to the rumen cannulae by roughly one meter of nylon cord to facilitate retrieval.  The bags were inserted under the ruminal mat after soaking in 39(5(C tap water for approximately 15 min (Nocek and English, 1986).  Sample bags were inserted in reverse order at 48, 24, 8, 6, 4, 2, 1 and 0 h prior to removal.  All bags were removed at the same time and placed in large buckets of cold water.  The larger particles were rinsed off the sample bags by repeatedly dunking in the buckets.  The sample bags were then hand rinsed in running cold water until rinse water was clear, manually squeezed then dried at 100(C for 48 h to determine DM.  The average for all three bags from each hour for each treatment were used to determine DM disappearance (DMD).  The triplicate bags were opened, contents pooled, ground through a 1-mm screen in a micro-Wiley mill and analyzed for CP (AOAC, 1990) in a semi-automatic Kjeldahl (Perstorp Analytical, Silver Spring, MD), ADF, ADIN (Van Soest et. al., 1991) and starch (Megazyme, 1995).  


Disappearance rates were determined by regression of the natural log of the digestible portion remaining modeled as a function of time.  The slope is an estimate of the rate of disappearance per hour and was determined using the REG procedure for a Latin square design (SAS, 1990).  Treatment, hour, steer and period were in the model.  Main effects and their means were separated by LSD mean separation when a significant F-value (P < .10) was detected.  Least square means and their standard errors are reported.

Results and Discussion

Chemical composition of the treatments is presented in Table 1.  The increase in ADIN content of the barley from 0.04% (DRB) to 0.13% (DRR) was due to the effect of heating the grain during the roasting process (Cleale, et al., 1987, Nakamura et al., 1992).  The increase in ADIN levels to 0.22% for the tempered roasted rolled barley may be due to the presence of additional free water, which assists in starch gelatinization and formation of Maillard products as measured by ADIN levels (Rooney and Pflugfelder, 1986).

As can be seen from Figure 1, the DRC and DRB had greater amounts (P < .10) of DM remaining at 2, 4, 6, 8, and 24 h  than  DRR  and TRR.   By 48 h,  no differences (P > .10) were detected among treatments for DM remaining.     Dry  matter  disappearance  rate  was  faster (P < .10) for TRR than other treatments for the first 6 h of incubation (Figure 2).  Over the entire 48 h incubation period TRR had a faster (P < .10) DM disappearance rate than the other treatments.

Crude protein levels  (Figure 3)  for DRC were lower (P < .10) than other treatments at 0, 1, 2, 4, 6, 8, 12 and 24 h as corn had a lower starting CP content.  Crude protein levels remaining at 48 h were similar (P > .10) for all treatments.    Rate  of  disappearance   for  CP  was  faster (P < .10) for DRB than the other treatments for the first 6 h of incubation.  Dry rolled corn CP disappearance rate was also faster (P < .10) than DRR and TRR, but not as fast as DRB (Figure 4).  The 48 h CP disappearance rate for TRR was faster (P < .10) than DRR and similar (P > .10) to DRB and DRC.  Forty-eight hour CP disappearance rate of DRR was slower  (P < .10)  than that of  TRR, but similar (P > .10) to DRR and DRC.  The protein matrix in corn digests slower than that found in barley (McAllister et al., 1993) and roasting forms Maillard products that may slow down the ruminal digestion rate, but not the extent (Sorensen and Hinman, 1998).

The amount of starch remaining was greatest (P < .10) for DRC at all incubation hours (Figure 5) except 48 h.  McAllister et al., (1993) reports that the ruminal disappearance rate of starch for corn is slower than that of barley due to the type of protein matrix found in corn, which slows down microbial access to the starch.  Starch remaining for all treatments was similar at 48 h (P > .10).  Dry rolled barley starch levels were higher (P < .10) than DRR and TRR at 4, 6, 8, 12, and 24 h.  Starch disappearance rate for the first 6 h of incubation was the most rapid (P < .10) for TRR (Figure 6).  Rooney and Pflugfelder (1986) state starch granules that have undergone gelatinization, especially in the presence of free water, become more susceptible to enzyme degradation. Rooney and Pflugfelder (1986) also suggest that the amount of starch gelatinization influences the enzyme degradation of starch.  Gelatinization of starch granules increases the rate of starch ruminal fermentation (Nagaraja and Chengappa, 1998; Cheng, et al., 1998).  The availability of free moisture during the roasting process of TRR may have increased its starch digestibility while the dry roasting of DRR may have formed more protein/starch complexes that resist microbial attack (Cheng, et al., 1998).  The 48 h starch disappearance rate for DRC was greater (P < .10) than DRB, while being similar (P > .10) to DRR and TRR.  

Implications

The dry matter disappearance rate for barley that was tempered then roasted was faster than dry rolled corn.  Roasting and rolling dry barley kept the dry matter disappearance rate similar to dry rolled corn.  Crude protein disappearance rate was similar for the tempered roasted rolled barley, dry rolled barley and dry rolled corn.  The starch disappearance rate was similar for dry rolled corn and the roasted barleys while faster than dry rolled barley.  The differences in digestion rate came in the first 6 hours of incubation.  Dry matter and starch disappearance rates for the first 6 hours of incubation were both significantly faster for the tempered roasted rolled barley than dry rolled corn, dry rolled barley and roasted rolled barley.  Crude protein disappearance rates for that period of time were faster for the dry rolled barley, with the roasted barley being close to the rate for dry rolled corn.  Dry matter and starch extent of ruminal digestion were not affected by the grain treatments.  It would seem from the results of this study that dry roasting then rolling Gallatin barley slows down the rate of ruminal digestion more than tempering roasting rolling barley (which actually enhanced early starch disappearance rate) to a rate similar to dry rolled corn.
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	Table 1.  Chemical composition of treated corn and barley, % DM basis

	
	
	
	
	
	

	
	DM
	CP
	ADF
	ADIN
	Starch

	
	
	
	
	
	

	Dry rolled corn
	88.3
	6.3
	2.8
	.06
	58.1

	Dry rolled barley
	91.3
	10.5
	8.5
	.04
	54.7

	Dry roasted rolled barley
	92.0
	11.0
	6.3
	.13
	52.6

	Tempered roasted rolled barley
	93.8
	11.5
	6.7
	.22
	53.8
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Figure 3.  In situ CP remaining, by hour
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Figure 1.  In situ DM remaining, by hour
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Figure 6.  In situ starch disappearance rates as influenced by processing method
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Figure 2. In situ DM disappearance rates as influenced by processing method
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Figure 5.  In situ starch remaining, by hour
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Figure 4.  In situ CP disappearance rates as influenced by processing method
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