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FERMENTATION CHARACTERISTICS OF A DIET CONTAINING EQUAL PORTIONS OF FORAGE AND CONCENTRATE AS AFFECTED BY pH IN CONTINUOUS CULTURES OF RUMEN CONTENTS
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ABSTRACT: This study was designed to investigate the effects of pH on ruminal fermentation characteristics of a diet (15% CP on DM basis) containing 50% forage (grass hay) and 50% concentrate (corn, soybean meal, and a vitamin/mineral supplement).  Eight pH treatments (5.5, 5.75, 6.0, 6.25, 6.5, 6.75, 7.0, and 7.25) were examined in a randomized complete block design experiment.  Eight dual-flow continuous culture fermenters were used in three experimental periods (blocks; 10 d each with 3 d for gradual adjustment of the microbial population in the rumen fluid inoculum [pH = 6.2] to the pH treatments; 4 d for adjustment to the diet under the new pH; and 3 d for sample collection).  Therefore, each pH treatment was replicated three times.  The liquid and solid dilution rates were maintained at 10 and 5% h-1, respectively.  Orthogonal contrasts were used to test for the linear and quadratic effects of pH.  Concentrations of total VFA (79.7, 87.4, 95.7, 117.8, 122.0, 124.8, 123.5, and 111.0 mM respectively) and acetate (40.4, 50.8, 58.4, 75.0, 79.6, 84.2, 83.6, and 76.1 mM, respectively) increased linearly (P < 0.05) with increased pH.  Propionate concentrations were not affected (P >0 .05) by pH (averaging 19.7 mM) but butyrate concentrations showed a quadratic (P < 0.05) response (14.5, 15.9, 16.1, 18.8, 15.6, 14.7, 13.0, and 11.0 mM, respectively) to increased pH.  Except for concentrations of isobutyrate (increased linearly [P < 0.05) with increased pH), no clear response was found for other branched-chain VFA.  Concentrations of NH3-N increased (P < .05) in a linear fashion (1.1, 3.1, 9.6, 16.8, 19.8, 23.5, 20.8, and 19.0 mg/100 mL, respectively) with increased pH.  Results indicated that ruminal fermentation of dietary carbohydrates and degradation of dietary proteins (measured as concentrations of VFA and NH3-N, respectively) were enhanced by maintaining higher ruminal pH.
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Introduction
The rumen is a complex environment that contains numerous species of bacteria, protozoa, and anaerobic fungi. 

The ruminal fermentation of feed is the result of the diverse bacterial species that have a specificity for different dietary components (Hungate, 1966).  There are approximately 63 species of bacteria found in the rumen.  Different bacterial species are responsible for the degradation of varying substrates such as cellulose, starch, proteins and sugars.   

Diet composition and the pH within the rumen affects the microbial population which ultimately affects fermentation and utilization of dietary nutrients.  Depending on the diet, the rumen pH may vary between 5.0 and 7.25 (Owens and Goetsch, 1986). Generally, low pH environments are less hospitable to the rumen bacteria and result in decreased bacterial growth rates and fermentation.    Bacterial species will wash-out of the rumen at differing  pH’s.  For example, cellulotyic species such as Ruminococcus albus, Ruminococcus flavefaciens, and Bacteroides succinogenes will wash out of the rumen at a pH near 6.0 (Russell and Dombrowski, 1980).  Whereas, Lactobacillus vitulinus, a sugar-utilizing species, can withstand a pH of 4.8 before wash-out (Russell and Dombrowski, 1980).   These changes in the microbial population due to pH will affect the efficiency of ruminal digestion of dietary nutrients.  Therefore, the objective of this study was to investigate the effects of pH on ruminal fermentation characteristics when using a diet containing 50% forage and 50% concentrate in continuous cultures of rumen contents.

Materials and Methods
Animals and Collection of Rumen Fluid.  Two ruminally-cannulated mature Angus steers were used as donors of rumen fluid to be used as the inoculum for the dual-flow continuous culture fermenter system.  The steers were gradually (1 mo) adapted to a diet containing 50% forage (grass hay) and 50% concentrate (corn) on a DM basis and  had ad libitum access to this diet for 2 wk before and throughout the study.  This diet was formulated to meet or exceed the nutrient requirements of the steers (NRC, 1996).  The rumen fluid was collected (by using a vacuum pump) from each steer approximately 2 h post-feeding (0700) and strained immediately after removal from the rumen through four layers of cheesecloth into a pre-warmed, insulated thermos.

Continuous Culture System and Operation.  The dual-flow continuous culture fermenter system was developed (Hoover et al., 1976) and modified (Hannah et al., 1986) to simulate differential solid-liquid removal rates occurring in the rumen environment.  Evaluation and validation of the efficacy of this system in simulating ruminal fermentation in cattle (Hannah and Stern, 1985; Hannah et al., 1986) or sheep (Hussein et al., 1991a,b) were documented.  The system at the University of Nevada-Reno consists of eight fermenters (1,020 mL working volume each) that are equipped with an automated feeding system.

Each fermenter was continuously infused with a mineral buffer solution (Weller and Pilgrim, 1974) containing urea (0.5 g/L) at a rate of 1.8 mL/min to obtain a liquid dilution rate of 10% h-1.  Solid (overflow) dilution rate was maintained at 5% h-1 by removing liquid through a filter at 0.9 mL/min.  Anaerobic conditions were achieved by continuous infusion of N2 at a rate of 40 mL/min.  Maintaining the fermenters’ temperature at 39oC and mixing of their contents were achieved by using VirTis Omni-Culture fermenter base units (The Virtis Company, Gardiner, NY). The test pH of each fermenter (i.e., 5.5, 5.75, 6.0, 6.25, 6.5, 6.75, 7.0, and 7.25 ± .05) was maintained by automated infusion of 3 N HCl or 5 N NaOH regulated by a pH controller (Cole-Parmer, Vernon Hills, IL). 

Upon arrival to the laboratory, the rumen fluids from both steers were combined (on an equal volume basis) and used to inoculate the fermenters.  Each fermenter was supplied daily with 75 g DM of a ground (2-mm screen) diet by an automated feeding mechanism adjusted to deliver the diet in 12 equal portions over a 24-h period to establish steady-state conditions.

Experimental Design.  The experimental design was a randomized complete block design (Steel et al., 1997) and consisted of three experimental periods (blocks) of 10 d each.  The first 3 d of each period were used for gradual adjustment of the microbial population in the rumen fluid inoculum (pH = 6.2) to the pH adjustments.  The next 4 d were for adjustment to the diet under the new pH and the final 3 d were for sample collection.  The eight pH treatments  were allocated randomly to the fermenters for each period.

Sample Collection and Preparation.  Solid and liquid fractions of the effluent were collected in two vessels submerged in a refrigerated water bath (2oC) to retard microbial metabolism.  On each sampling day, both overflow and the filtered fraction of the effluent for each fermenter were combined and homogenized (T25 Basic Homogenizer; IKA Labortechnik, Wilmington, NC) for 5 min.  A 600-mL sample was removed via vacuum aspiration during homogenization.  At the end of each period, the samples of each fermenter from each of the 3 d were composited and two 500-mL portions (to allow replication for DM determination) were freeze-dried to a constant weight.  Dried samples were ground through a 1-mm screen and used for all subsequent analyses.  During homogenization of the effluent, subsamples were taken with a wide-pore pipette for NH3-N and VFA analyses.

Sample Analyses.  Effluent DM was determined by difference between pre- and post-freeze drying.  Absolute DM determination was conducted on freeze-dried digesta and diet samples by drying at 105oC for 24 h, followed by ashing at 600oC for 16 h in a muffle furnace to determine OM.  Effluent samples were prepared for VFA analysis by the procedure of Erwin et al. (1961).   Concentrations of NH3-N in the effluent were measured colorimetrically according to the procedure of Chaney and Marbach (1962).   VFA concentrations were determined by using a gas chromatograph (Varian Model 3800, Varian Inc., Walnut Creek, CA) equipped with a glass column (180 cm  4 mm i.d.) packed with GP 10% SP-1200/1% H3PO4 on 80/100 Chromosorb W AW (Supelco, Bellefonte, PA).  Helium was used as a carrier gas with a flow rate of 85 mL/min.  The oven, injection port, and detector (FID) port temperatures were 125, 175, and 180oC, respectively.  

Statistical Analysis.  The data (VFA and NH3-N concentrations) were analyzed as a randomized complete block design by using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC). Means of the pH effects were separated by the least significant difference procedure (Fisher, 1949).  Orthogonal contrasts were used to test for the linear and quadratic effects of pH.

Results and Discussion
Digestion of DM and OM.  Apparent ruminal digestion (% of intake) of DM and OM is summarized in Table 1.  The apparent digestibility of DM and OM was affected  (P < 0.05) by pH.  Apparent DM digestibility was highest at pH 5.75 (34.5%) and lowest at pH 7.25 (16.9%).  Apparent OM digestibility was highest at pH 6.25 (24.1%) and lowest at pH 7.0 (15.6%).  The extreme pH settings (i.e., pH 5.5 and pH 7.0) decreased OM digestibility while moderate pH values  (i.e., pH 5.75 to 6.25) support increased OM digestibility.

Concentrations of VFA and NH3-N in the Effluent.  Table 2 summarizes concentrations of VFA  (mM) and NH3-N (mg/100 mL) in the effluent.  With increasing pH, the concentrations of total VFA increased linearly (P < 0.05) with the highest concentration of total VFA being 124.8 mM in pH 6.75.  A similar linear trend was detected for acetate (P < 0.05), and the highest concentration of acetate was also measured in the pH 6.75 effluent.  The average propionate concentration was 19.7 mM, and propionate concentration did not appear to be  affected by pH (P > 0.05).  Butyrate concentrations showed a quadratic (P < 0.05) response with increasing pH.  Isobutyrate was the only branched chain fatty-acid to increase linearly  (P < 0.05) with increasing pH. For the remaining branched chain fatty-acids there was no clear response found. 

The highest NH3-N concentration was detected at pH 6.75 (23.5 mg/100 mL) and the lowest was at pH 5.5 (1.10 mg/100 mL).  NH3-N concentrations increased in a linear fashion (P < 0.05) with increasing pH.  
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Table 1.  Effect of pH on apparent ruminal digestion of DM and OM of a diet containing equal portions of forage and concentrate supplied to rumen microbes in continuous culture fermenters






	
	pH

	Digestion
	5.50
	5.75
	6.00
	6.25
	6.50
	6.75
	7.00
	7.25
	SEM

	
	 ---------------------------------------% of intake---------------------------------------------

	Apparent DM
	31.01ab
	34.48a
	33.53ab
	32.35ab
	28.17bc
	23.43c
	17.45d
	16.86d
	1.92

	Apparent OM
	19.29ab
	22.74a
	23.31a
	24.10a
	21.94a
	19.07ab
	15.62b
	19.73ab
	1.83


a,b,c,Means in the same row with uncommon superscripts differ (P < 0.05).

Table 2. Effects of pH on concentrations of VFA and NH3-N when a diet containing equal portions of forage and concentrate was supplied to rumen microbes in continuous culture fermenters.

	
	pH
	

	Item
	5.5
	5.75
	6.0
	6.25
	6.5
	6.75
	7.0
	7.25
	SEM

	
	----------------------------------------------------mM---------------------------------------------------

	Total VFA
	79.72c
	87.42c
	95.73bc
	117.79ab
	121.97a
	124.79a
	123.54a
	111.00ab
	7.39

	Individual VFA
	
	
	
	
	
	
	
	
	

	     Acetate
	40.41c
	50.81bc
	58.40b
	74.96a
	79.61a
	84.15a
	83.56a
	76.14a
	4.76

	     Propionate
	20.76
	16.77
	17.79
	19.11
	21.69
	20.55
	21.68
	18.92
	2.69

	     Butyrate 
	14.53ab
	15.85ab
	16.06ab
	18.78a
	15.63ab
	14.69ab
	13.04ab
	10.98b
	2.00

	     Isobutyrate
	0.06b
	0.21b
	0.39b
	0.85a
	0.90a
	0.98a
	0.91a
	0.96a
	0.15

	     Isovalerate
	0.39c
	1.48ab
	1.17bc
	1.95ab
	1.99ab
	2.2a
	2.09ab
	1.94ab
	0.31

	     Valerate
	3.57a
	2.31b
	1.92b
	2.14b
	2.16b
	2.22b
	2.25b
	2.08b
	0.39

	NH3-N (mg/100ml)
	1.11d
	3.14cd
	9.58bc
	16.75ab
	19.81a
	23.47a
	20.81a
	18.96a
	2.51


a,b,c,dMeans in the same row with uncommon superscripts differ (P < 0.05).

