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A brief review of the recent evolution of the human mouth in
physiological and nutritional contexts
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Abstract

One of the defining characteristics of humans, one that could also explain our species' success, is probably our ability to cook food. A brief
review of the literature suggests several adaptations of the mouth can be interpreted to support this. All probably enhance the efficiency of the
physical treatment of food in the mouth.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

What makes Homo sapiens distinct from all other organ-
isms? For biological anthropologists, the search for a single
distinctive characteristic with sufficient power to explain the
success of our species is proving rather difficult. For a long
time, tools were thought to be crucial to the geographical spread
of the genus Homo in the last two million years. However, it is
now known that some populations of all the great ape genera
make and use tools of some sort [1–4] and there is also evidence
for rudimentary tool use in some monkey species [5,6]. None of
these primates has a geographical range that rivals ours. While
no other living primate fashions stone tools, though chimpan-
zees make use of stones [7], the earliest archaeological site at
which stone tools have been found has no representative of our
genus in its bone collection [8]. It is thus entirely possible that
other hominins, like robust australopithecines that were at that
site, but which died out more than one million years ago, were
skilled toolmakers too.
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Other much-vaunted human characteristics include our brain
size and distinctive mode of locomotion. Until recently, the
definition of the genus Homo stipulated a minimum brain size
(600+ cm3) for the inclusion of fossils within it. However, a
dwarf Homo species that lived until 12,000 years ago was
recently found that has a much smaller brain, similar in size to
that of a chimpanzee [9]. We move bipedally, but so did all
extinct hominins going back to more than six million years ago
[10]. Recent evidence suggests that our genus may be distinct in
being born to run, not to walk [11], but this is far from being
confirmed. Accordingly, anthropologists are now looking for
new definitions of humanity.

One characteristic that has gained a lot of attention in the last
six years is our diet. Compared to that of other large primates, the
diet of modern humans is quite extraordinary. Even human
populations still reliant on hunting and gathering consume
discrete meals of cooked meat, grains and root vegetables. In
contrast, other large primates continually consume snacks of raw
fruits and leaves [12]. This is a caricature of course – there is
some overlap – but even considered in detail, the contrast is very
sharp. So why, when and where did such a drastic dietary
transition take place? The answer has to lie in the relative
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abundance of food resources. Most primates lacking a ferment-
ing gut must search for food for much of the day because the
patchy distribution of resources means that they need consid-
erable foraging time before they are satiated. In contrast, present
human behavior has more in common with that of carnivores.
We can restrict ourselves to brief bouts of feeding, allowing
considerable time to be devoted to other matters. Undoubtedly,
meat has played a role in this radical reduction in foraging time,
but intensive research on hunting and gathering [13] suggests
that plant foods must have been paramount in the diet.

It is now contended that, nearly two million years ago in sub-
Saharan Africa, early Homo switched from an energy base of
fruit sugars to the large starchy underground storage organs
(corms, bulbs, tubers etc.) that plants often form in exception-
ally dry climates. Cooking is hypothesized to have developed
simultaneously as a way of improving the digestibility of such
foods [14–16].

The evidence for cooking being such an ancient activity is
largely indirect. A mutation in the myosin of the jaw muscles
(not in any other muscle apparently) that has greatly reduced the
bite force potential of humans compared to other mammals is
dated to just over two million years [17]; it must certainly have
occurred in Africa. Also, the fossil record documents that, by
about 1.5 million years ago, there had been considerable
reduction in the size of the chewing (premolar and molar)
postcanine teeth [18]. Both trends are plausibly linked to the
effects of cooking on food, which generally eases mechanical
particle size reduction [19]. There has also been a relatively
recent triplication in the salivary amylase genes in human
evolution [20], which is indicative of a high starch intake.

All herbivorous mammals seem to be able to digest starches
to some degree, but the enzymatic digestion of raw starches by
amylases is generally low. Instead, microorganisms in the large
intestine break much of it down, liberating fatty acids that can
be absorbed. However, these fatty acids have a much lower
energy content than the starch from which they were derived
[21] and there must also be a time cost in employing microbial
help. Cooking substantially increases subsequent amylase
activity on starch, particularly if the food is eaten while still
hot [22], and it makes sense that duplications of the amylase
gene family would increase enzymatic output to assist this. The
perplexing thing though is why such duplications are only
expressed in the saliva, and not the pancreas.

2. Models of the mammalian gut

The whole ‘ancient cooking’ argument would be much more
convincing if the above oral adaptations could be understood in
relation to gut activity as a whole. The problem though is that
current understanding of mammalian gut physiology seems to
lack any significant involvement of the mouth. Both theoretical
[23–28] and practical [29,30] models tend to lack a mouth
altogether, ingestion being directly into a ‘stomach.’ The
understanding of the evolution of mammalian from reptilian
guts has centered on adaptations of the small intestine [31]. Yet
the mouth is arguably the most distinctive feature of mammals
because it is not just responsible for food ingestion and transport
to the abdominal gut, but involves considerable mechanical
processing and chemoreception, as testified to by many other
papers in this summit. Which of the above oral adaptations
might improve the digestion of cooked starchy foods?

‘Masticatory’ myosin loss in jaw-muscle [17] must relate to
the lower forces generally experienced in eating less tough
cooked food. However, rather than suggest that the mutation
reflects redundancy of the musculature, it is just as probable it
represents the body's need to sense forces and displacements
during mastication accurately. Mammalian muscles contain
muscle spindles (and sometimes Golgi tendon organs) that
sense the state of a muscle contracting against a load. However,
just like the load-sensing technology employed by an engineer
or materials scientist, if the device is not gauged to the size of
the problem, then insensitivity results. We would argue that the
change in jaw muscle size reflects reduction to a scale consistent
with the forces required for eating cooked food. Reduction in
tooth size is more difficult to understand in a adaptationist
paradigm, but Lucas [19] offers various possibilities for how
tooth size should match diet. The cooking of food produces
much more complex changes than just reduction in toughness,
involving changes in the shape of the stress–strain relationship
[19].

One of the key functions of mastication is not just to reduce
food particle size, but to bind those particles together with fluid
(principally saliva) into a cohesive aggregate, the food ‘bolus,’
that can be swallowed [32]. Unlike the rest of the gut, which is
fluid-rich, the mouth is somewhat dry and the small particles
that comminution processes produce can be difficult to clear.
The bolus mechanism achieves this. Many raw plant tissues are
difficult to bid together. Some leaves are like this, their surfaces
often being super-hydrophobic (i.e. definitively ‘non-stick’ —
[33]). The problem with cooked starch is that it is just the
opposite and was used in ancient times as an adhesive because
of this. Cooked starch not only sticks together, but sticks all
around the mouth: starch granules can be retrieved from dental
plaque and calculus, not just by dentists but also by
archeologists [34]. Could the triplication of salivary amylase
simply be part of an evolutionary attempt to improve the self-
cleaning ability of the mouth from the completely novel threat
of ingested glue? There are, of course, chemical alternatives to
this physical model. Cooked starches can be digested quickly
enough by salivary amylase to generate the cephalic phase
responses associated with sugars [35]. However, the response to
potato, the food in the study of Read et al. that most resembles
the underground storage organs of the cooking model, is
relatively small. Salivary amylase itself can survive the acidic
environment of the stomach sufficiently to pass through into the
intestines intact, so enhancing digestion [36], but it seems odd
that pancreatic enzymatic output has not also been genetically
expanded if that were to be the main reason to boost salivary
production.

3. Conclusion

If there is a single point that a short review like this could
make, it would be to advance the idea that the physical
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treatment of foods in the mouth is far more important than gut
physiologists and even dentists appear to realize. The prin-
cipal adaptation of mammals, including humans, to the
physical form of their diets is via the shape and size of their
teeth. Even the most humble of teeth, the incisors, have
proved amenable to analyses of their form and orientation
with regards to diet [37,38]. Most of the tools made by great
apes, and many of the simpler (and more ancient) tools made
by humans, are or were designed as accessories for food ac-
quisition and processing. So there is now a need to try to
incorporate such physical analyses into general models of
digestive rate.
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