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ABSTRACT(:  The accuracy of calculating organic matter intake by in vivo methane (CH4) production together with in vitro fermentation characteristics was examined for 15 roughages offered to sheep ad libitum. Methane production was measured by open circuit calorimetry and organic matter intake (OMI), and in vivo digestibility measurements were obtained in metabolic cages. In vitro roughage fermentation characteristics examined were total and proportional short chain fatty acid (SCFA) production, the efficiency of microbial biomass production (EMP), true substrate degradability, and gas production. These variables were used together with stoichiometrical principles of rumen fermentation to compare measured and calculated OMI. Measured OMI and methane production were related (R2 = 0.86, P < 0.01), but CH4 production per kilogram organic matter digested in vivo varied significantly (P < 0.05) between roughages. By using CH4 production, in vitro digestibility measurements and various constant values for SCFA proportions (0.7:0.2:0.1; 0.6:0.3:0.1; 0.5:0.4:0.1) for the acetate:propionate:butyrate ratio and for the efficiency (0.2 and 0.4) of microbial production, a maximum R2 of 0.58 was obtained for the relationship between measured and calculated OMI. By measuring the actual in vitro SCFA proportions and EMP, this R2 could be improved to 0.79 depending on which in vitro technique was employed for the estimations of EMP. 
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Introduction

Reliable estimation of dry matter intake (DMI) of grazing animals is baseline information necessary for many management decisions but is often insufficiently achieved despite progress in esophageal diet collection and fecal marker techniques (Adams et al., 1991). Related progress in marker studies is also being made in the use of sulphur hexafluoride to estimate ruminal methane (CH4) excretion. This has facilitated these measurements in grazing animals (Johnson and Johnson, 1995) and has been used, for example, to study contributions to greenhouse gases (Olson, 1998). However, ruminal CH4 excretion could conceptually also serve as valuable control to various estimates of DMI, if additional information about rumen stoichiometrical relationships can be provided. Information is required on short chain fatty acid (SCFA) proportions (Wolin, 1960) and on the efficiency of microbial production (EMP, Beever, 1993; Leng, 1993). The objectives of this work were 1) to examine how well DMI of roughages can be predicted from measurements of CH4 excretion in vivo and from SCFA and EMP measurements in vitro and 2) to test if precise SCFA and EMP measurements are required or if they can be replaced by applying assumed constant relationships without unacceptable loss of accuracy. 

Materials and Methods

In Vivo and In Vitro Analysis

Data for this study came from the in vivo experi-mentation of Moss et al. (1994) who examined the effect of NaOH and NH4 treatment of wheat, barley, and oat straws (total 15) on production of CH4 in sheep (live weight c. 85 kg) where CH4 production was measured in open circuit respiration chambers. Dry matter intake and digestible DMI were measured in metabolic cages. Fifteen roughages were examined in vitro for digestibility by neutral detergent treatment according to Goering and Van Soest (1970), SCFA production by gas chromatography, and microbial production by four methods: by two microbial nitrogen (N) balances, by purine analysis (adenine and guanine), and by combined gas volume and substrate degradability measurement. The four methods were described in detail by Blümmel and Lebzien (2001). Efficiency of microbial production was estimated by relating these measurements to 100 mg substrate truly degraded in vitro.

Stoichiometrical Calculations

These relationships were calculated based on Wolin (1960) as exemplified by Blümmel et al. (1997) for interpretation of in vitro analysis measuring gas production. The following relationships were based on calculating 1) CH4 production from acetate (a): propionate (p): butyrate (b) proportions, 2) carbon (C), hydrogen (H), and oxygen (O) requirement for the production of 1 mol of SCFA and fermentative CO2, CH4, and H2O, 3) in vitro true digestibility measurement, and 4) microbial biomass production per unit feed truly degraded (EMP). For example, 1 mol of SCFA with the proportionality 0.70a:0.20p:0.10b will result in the production of 0.55 mol CO2 (CO2 = a/2 + p/4 + 1.5 b) and 0.35 mol of CH4 (CH4 = a + 2 b - CO2). This fermentative complex requires 108 g of C, H, and O (for detailed calculation see: Blümmel et al., 1997). Assume 1 kg of feed to be truly digested with an EMP of 0.3 and the SCFA ratio previously used: 300 g of feed will be converted into microbial biomass leaving 700 g for the SCFA complex resulting in 6.48 (700/108) mol of SCFA and 2.27 (6.48 * 0.35) mol of CH4. It can then be calculated that 1 kg of digested feed finally results in the production of 50.8 L (2.27 * 22.4) of CH4, or 1 L of CH4 is associated with 19.7 g of digestible feed intake. This value can be corrected for the respective in vitro dry or organic matter digestibility to estimate the quantitative relationship between CH4 produced and DMI or OMI. In the present work, analytically determined SCFA proportions and EMP were used for these calculations as well as assumed SCFA proportions of 0.70a:0.20p:0.10b; 0.60a:0.30p:0.10b; and 0.50a:0.40p: 0.10b and assumed EMPs of 0.20 and 0.40. These values approximately define ranges in EMP. The relationships between measured OMI and that calculated from in vitro results were evaluated using linear regression (Graph Pad Prism, Graph Pad Software Inc., San Diego, CA).

Results and Discussion

Methane production in the 15 roughages ranged from 13.4 to 34.4 l/day with OMI ranging from 583 to 1,281 g/day. As suggested by Kirchgessner et al. (1995), both variables were closely related (Figure 1). In vivo organic matter digestibility (OMD) ranged from 46.4 to 64.3%, and CH4 production per kilogram OMD varied significantly (P < 0.05) from 38.6 to 63.7 l. The latter findings suggest that CH4 production is not a constant function of either OMI or digestible OMI despite the good overall relationship reported for OMI and CH4 production in Figure 1. This does agree with other research reporting a decline in CH4 production as percentage of gross energy with increased levels of intake (Johnson and Johnson, 1995).
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Figure 1

: Relationship between organic matter intake and methane excretion


Across the 15 roughages, IVOMD measured after 24 h of incubation varied from 34 to 61%. In vitro fermentation characteristics were analyzed at roughage specific incubation times to examine fermentation characteristics at comparable microbial growth stages (Blümmel, 2000). These specific incubation times were obtained based on in vitro gas production kinetics and were based upon the time when half of the asymptotic gas volume was produced. In previous work with hays, these halftimes (t1/2) of gas production coincided approximately with peak microbial biomass production (for detailed description see: Blümmel, 2000). For the present 15 roughages, the substrate specific incubation times (t1/2) ranged from 15 to 22 h of incubation. 

At t1/2, acetate to propionate ratio varied significantly (P < 0.05) between 0.70: 0.25 and 0.64: 0.28 while EMP ranged between 0.21 and 0.49, but these estimates varied with the different techniques employed for the estimation of EMP, and there was little agreement in the ranking between the methods. Measured OMI and that calculated by CH4 production, 24 IVOMD, and in vitro fermentation characteristic at t1/2 are compared in Figure 2. There was good agreement between measured and calculated OMI with the EMP estimate based on partitioning factor (PF) analysis (Figure 2A). This factor is the ratio of in vitro organic matter truly degraded to gas volume concomitantly produced with the unit mg/ml. This factor can be used to estimate EMP using the relationships described in detail previously (Blümmel, 2000; Blümmel and Lebzien, 2001). Calculated OMI where EMP estimates were based on purine (adenine and guanine) analysis (Figure 2B), microbial N determinations (Figure 2C), and N-balances (Figure 2D) agreed less well with measured OMIs. Similarly for dairy diets, Blümmel and Lebzien (2001) reported a closer relationship between PF values and in vivo EMP than between either in vitro purine or total microbial N estimates and in vivo EMP. These authors argued that in vitro purine or microbial N estimates might be more affected by changes in microbial composition in a batch system than PF values, and this might account for the closer relationship observed between this measurement and in vivo microbial N production.

In all cases, these relationships appeared to be distorted by NaOH and NH4 treatment. Higher OMI were observed in these treated roughages than was calculated (Figure 2A-D). The in vitro estimates of IVOMD and EMP were based on treatment of the incubation residue with neutral detergent solution (NDS, Goering and Van Soest, 1970) to obtain a truly undigested residue. This treatment might have removed some partially hydrolysed and unfermented constituents in the alkaline-treated straws resulting in an overestimation of IVOMD. In the calculations used for the prediction of OMI, overestimated IVOMD would result in lower values for calculated OMI. On the other hand, methane excretion relative to measured OMI was lower in some of the treated straws than in untreated straws (Figure 1). These qualitative differences in the two variables in the in vivo relationship likewise also impacted the relationship between measured and calculated OMIs presented in Figure 2.

When OMI was calculated by assuming constant SCFA proportions and constant EMP, the R2 for the comparison of measured and predicted OMI (Figure 3) was 0.58 in all cases. While their relationships were reasonable for OMI up to about 900 g/day, there was little agreement between measured and calculated OMI above 900 g/day (Figure 3). These findings suggest greater variations in SCFA and EMP in higher quality than in lower quality roughages.  
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Implications

Methane measurements in vivo in combination with measurements of in vitro fermentation characteristics such as SCFA proportions and efficiencies of microbial production provide a promising check for intake estimates based on marker techniques. This approach has also considerable potential for studying carbon efficiencies in grazing ruminants. Methane production, a waste product of ruminal forage conversion, can be contrasted with the generation of useful products, SCFA and microbial biomass. As seen, the proportional production of both SCFA and microbial biomass varies considerably. The relative requirement of animals for energy (SCFA) and protein (microbial biomass) is a function of the physiological status of the animal. Integration of these aspects can help optimize the generation of useful products while reducing the production of waste products. 
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