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Why is chewing important ?



Cell membrane Cell wall

Animal cell – Plant cell

Digestion takes time …
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Quantifying particle size reduction





from Stevens und Hume (1995) 
Photo: J. Fritz

Avian herbivores ?



Photos: J. Fritz

Avian herbivores ?















Clauss et al. (2007), Franz et al. (2011)

How long does food stay in the gut ?





Clauss et al. (2007), Franz et al. (2011)

Food intake



Clauss et al. (2007), Fritz et al. (2009, 2010), Franz et al. (2011)

Chewing … facilitates higher intake



in herbivores, particle
size reduction is a 
prerequisite for
endothermy

Clauss et al. (2007), Franz et al. (2011), Fritz et al. (2012)

Particle size reduction … facilitates higher intake



Quiz



Age effect on chewing intensity
(due to molar eruption) from Grandl et al. (2019)

Chewing surface matters



How can we increase 
chewing efficiency?

more chewing surface



from Souron et al. (2014)

Third molar prolongation suids



‘Molarisation‘ or premolars



How can we increase 
chewing efficiency?

dental design



aus Jernvall et al. (1996)

Chewing surfaces – enamel ridges



https://www.sciencedaily.com/
releases/2011/04/110404151341

.htm
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Kaiser et al. (2010)

Chewing surfaces – enamel ridges



from Hummel et al. 
(2008)

• We expect captive herbivores to have finer faecal
particles than free-ranging conspecifics (due to pellet 
feeding)

• This is confirmed in Aurochs but not in giraffes!
• Indication that giraffe teeth are adapted to chewing

something else - not the diets offered in captivity.
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Chewing surfaces – enamel ridges
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from Hummel et al. 
(2008)

• We expect captive herbivores to have finer faecal
particles than free-ranging conspecifics (due to pellet 
feeding)

• This is confirmed in Przewalski horse but not in tapirs!
• Indication that tapir teeth are adapted to chewing

something else - not the diets offered in captivity.

Chewing surfaces – enamel ridges



How can we increase 
chewing efficiency?

something completely different



aus Jernvall et al. (1996)

Chewing surfaces – enamel ridges
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… just chew more … ?



Photo A. Schwarm

Faecal particles in a ruminant and a nonruminant



• Anti-predation strategy
• “Rumination seems to allow herbivores to ingest in haste and 

masticate at leisure” (Karasov & Del Rio 2007)

=> Ruminants should ingest similar amounts of food as other 
herbivores and just ‘chew later’ - or become time-
constrained in intake

Why rumination ?
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Why rumination ?



metabolic intensity

from Clauss et al. (2010)

Herbivore diversity
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The example of the koala



• Anti-predation strategy
• “Rumination seems to allow herbivores to ingest in haste and 

masticate at leisure” (Karasov & Del Rio 2007)

=> Ruminants should ingest similar amounts of food as other 
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• Enhancement of digestive efficiency and intake
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higher intakes) than other herbivores

Why rumination ?



Sorting in the forestomach

an interplay of fermentation characteristics, 
anatomy, and gravity



RumenReticulum

(Nickel-Schummer-Seiferle 1967)



Abomasum

Omasum

(Nickel-Schummer-Seiferle 1967)



(Nickel-Schummer-Seiferle 1967, Stevens & Hume 1995)



Stomach Large intestine

Small intestine

(Nickel-Schummer-Seiferle 1967)



Large intestineCaecum

(Nickel-Schummer-Seiferle 1967)



Reticulum: Sorting

(from Grau 1955)

Rumen: 
Bacteria ferment

Digest and sort !



un-fermented ingesta particle: 
entangles in fibre mat

size reduction by rumination/
attachment of bacteria

fermentation activity = gas production
=> adhesion of gas bubbles

=> updrift/low density

fermented particles: 
high density

Functional density



(from von Engelhardt & Breves 2000)

un-fermented
particles, low
density, large

fermented 
particles, high 
density, small

Sorting in the reticulum



flotation and sedimentation
only works in a fluid medium

Sorting by density



Photo I. Lechner

Sorting by density



Ruminants rest in sternal recumbency



(there may be pigs in space, 
but no sheep on the moon!)



Photo J. Derix

Demonstration of sorting



Schwarm et al. 
(2008,2009), 

Demonstration of sorting



high fluid content in 
Reticulum

(from Nickel-Schummer-Seiferle 1967)

Fluid is a problem



high fluid content in 
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Fluid is a problem



high fluid content in 
Reticulum

(from Nickel-Schummer-Seiferle 1967)

it would be hard for the
Abomasum to fight against
the dilution

therefore the Omasum
removes the fluid

Fluid is a problem


