
Impact of forage mixtures on rumen energetics and 

performance as assessed by continuous culture
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Introduction 

• Lower production costs1

• Improved animal health2

• Better quality of life –

animals and producers3,4

• 1 Ford & Musser, 1998

• 2 Washburn et al., 2002

• 3 Jackson-Smith et al., 1996

• 4 Sanderson et al., 2005
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Self-reported producer satisfaction of pasture 

qualities



Introduction

Self-reported producer knowledge on forage 

parameters.



How are producers meeting animal energy demands if they 

don’t know how to produce feed with adequate energy?
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How do we determine forage impacts?



How do we determine forage impacts?
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Objective



Hypothesis



Materials & Methods 

Cool-Season Perennials & Legumes

Orchardgrass

Dactylis glomerata

Red Clover

Trifolium pratense

Alfalfa

Medicago sativa



Materials & Methods –

Warm-Season Annuals

Sorghum x Sudangrass

Sorghum x drummondii

Pearl Millet

Pennisetum glaucum



Materials & Methods –

Harvest & Processing
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Harvest & Processing



Materials & Methods –

Rumen Fluid Collection & Continuous Culture Operation



Materials & Methods –

Continuous Culture Operation

• Continuous Culture Fermenter

• Dual flow

• Outflow from spout and filters

• Controlled buffer input and filter output

• Continuously heated & agitated

• 39ºC

• 70 rpm; upcycle to 200 rpm

• Constant supply of CO2

• Maintain anaerobic environment

• pH, temperature, and agitation

• Recorded continuously



Treatments & 

Experimental Design

50% OG: 50% ALF

25% OG: 25% ALF: 50% RC

25% OG: 25% ALF: 50% MIL

25% OG: 25% ALF: 50% SD



Treatments & 

Experimental Design

50% OG: 50% ALF

25% OG: 25% ALF: 50% RC

25% OG: 25% ALF: 50% MIL

25% OG: 25% ALF: 50% SD
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5Gregorini et al., 2010



Materials & Methods –Sampling

Inoculation

CRF

0

D 0 -10

5 7 8 9 10

Adaptation Sampling

Experiment Timeline



Materials & Methods –Sampling

N15

addition

0

D 0 -10

5 7 8 9 10

Adaptation Sampling

Experiment Timeline



Materials & Methods –Sampling

Methane  

• 1730 h 

0

D 0 -10

5 7 8 9 10

Adaptation Sampling

Placed on ice

Experiment Timeline



Materials & Methods –Sampling

Methane, VFAs

N15, NAN, Ammonia

Proteomics

PPO , DM

0

D 0 -10

5 7 8 9 10

Adaptation Sampling

Placed on ice

Experiment Timeline
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Materials & Methods –Analysis

Anthrone-Sulfuric Acid WSC Assay



Results & Discussion – VFAs
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Results & Discussion – pH, Methane, & WSC

mg/dL
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Results & Discussion – pH, Methane, & WSC

mg/dL



Conclusions

• Diverse forage mixtures may improve 

and inclusion of warm-season 

annuals may provide benefits relating 

to ruminant nutrition and energetic 

capture

• Furthermore, inclusion of warm-

season annuals may improve 

energetic capture by mitigating 

methane production.
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