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Microbial communities from spontaneous fermented foods as model system for

experimental evolution

Anneloes E Groenenboom, Eddy J Smid and Sijmen E Schoustra
Abstract

Evolutionary forces are widely recognised as the key drivers of patterns of biodiversity.
This has resulted in a large body of theory, some of which has been tested
experimentally by mimicking evolutionary processes in the laboratory. In this paper we
first explain what model systems are used for experimental testing of evolutionary
theory, ranging from simple microbial communities in the laboratory and, more recently,
to complex (natural) communities. We conclude that microbial communities of
spontaneous fermented foods are a very interesting model system to study evolutionary
questions on complex communities. It is a model system that combines the complexity of
a natural community with the ease of analyses of a synthetic defined community. It
therefore gives the researchers the ability to investigate the behaviour of specific species
in a natural community without becoming too complex. Due to developing sequencing
techniques, the complexity in these communities can be analysed with relative ease while

hypotheses developed in less complex systems can be tested.

In the second part of the paper we explain which research questions with an evolutionary
background can be addressed using these microbial communities from fermented foods.
We discuss species frequency in space and time, the diversity-stability relationship, niche
space, fluctuating environment and community coalescence. Hypotheses of the influence
of these factors on community evolution are given as well as a short indication of the
experimental set-up of such studies when microbial communities of spontaneous

fermented food are used.

Introduction and scope

Evolutionary forces are an important factor in shaping biodiversity in ecosystems. Research
into understanding how these evolutionary forces shape and maintain this diversity has
been mainly comparative and retroactive, trying to reconstruct evolution by observing and
interpreting current (evolved) states of communities. Relatively recently manipulative
experimental approaches have been developed making use of techniques of experimental
evolution and high throughput DNA amplicon sequencing. Since experimental tracking of
communities is challenging, thus far, most experimental evolutionary research is
performed using highly simplified systems. Often, one or only a few organisms or
genotypes are used for long-term propagation experiments without considering possible

interactions with other organisms and with the natural environment. Experiments using
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complete communities from a natural environment could provide insights in interactions
and evolution occurring in nature. In many fields of biology, the concept that “everything
is connected” is extensively discussed and studied, resulting in models of metabolic
networks, genetic regulatory networks and trophic structures. Currently, evolutionary
research rarely includes experiments addressing the evolutionary impact of this
connectivity, mainly due to technical difficulties. Understanding the influence of evolution
on co-existing organisms could deepen our ecological understanding of community
performance. Organisms sharing the same ecosystem live in close proximity to each other
for a considerable amount of time. Due to this co-existence, evolutionary processes will
modulate the interactions such as the exchange of metabolites, communication, predation

and competition for resources.

Evolutionary research on a complex natural community can be challenging, due to a large
diversity of organisms in different trophic levels and their interactions. Therefore, a natural
model system is required with a limited number of species and interactions. Also, the

generation time of this community should be short enough to observe evolution in action.

In this paper, we propose the use of bacterial communities from spontaneous fermented
food products for evolution experiments. Our paper has four elements. First we will show
how community evolution has been studied so far and what experimental model systems
were used. Second, we will explain the added value of using microbial communities from
nature in general and in particular the communities from spontaneous fermented products.
Third, we will show how these model systems can add to our understanding of community
development and performance by showing what evolutionary theories can be tested with

the model. Finally, we finish with a short outlook on possibilities for future research.

1. Studies of evolution of single species within natural communities

For many years the study of evolution was based on the sampling of variation that can
be found in nature and by looking back to reconstruct how that variation arose. Darwin’s
finches are a well-known example of how existing variation can give us insight in
evolutionary processes such as adaptive radiation (Grant, Grant, Smith, Abbott, &
Abbott, 1976; Lack, 1947). This way of comparing variations in nature is still applied
successfully. Examples are the studies of the interaction between population dynamics
and selection of Soay sheep in Scotland, UK (Clutton-Brock & Pemberton, 2004) or cichlid
fish radiations in the African Great Lakes (Seehausen, 2015). Structurally mapping or
monitoring of individuals in a natural environment addresses some of the questions

related to evolutionary processes. However, such natural systems can only be used to
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study the effect of a changes in environment or interactions when they occur naturally,

initiated by chance and without much replication.

The field of ecology deals with networks of interactions in very complex natural systems.
Evolutionary research adds the influence of time on these systems, which makes the
study more complex. Most factors affecting the direction of evolution (like environmental
conditions, interactions with other organisms and availability of genes and mutations) are
difficult to disentangle in experimental setups. Not the least because the activity of one
organism can change the environment of co-occurring organisms. The ecology and
evolution of one particular organism is often studied on ecological islands (like pieces of
woodland fragments surrounded by agricultural land, lakes or actual islands in seas or
rivers) because they can offer a confined semi-closed system and simplified context
(Whittaker & Fernandez-Palacios, 2007). Still, taking all interactions into account in an
experimental setup, even a confined environment, delivers too many variables and
unknowns to obtain valuable research outcomes. Another challenge is that multicellular
eukaryotic organisms in general have reproduction times of weeks to years, making
prospective laboratory evolutionary studies unfeasible. As a result most research is based
on fossils or would take several generations of researchers to have a small glimpse of the

whole picture of evolution.

To be able to analyse complete community structures, including all players and
interactions, we require a model system that is simpler than these natural systems while

it still contains the dynamics of a complex system.

2. Microbial model systems

In this section we will explain various model systems that are used for evolution

experiments.

Single strain evolution experiments

In contrast to mapping and monitoring of eukaryotes, already in the 19t century
Dallinger started controlled evolution experiments with bacteria. He studied adaptation of
bacteria by culturing bacterial communities while slowly changing environmental
conditions (Dallinger, 1887). A large scale follow up of this new way of studying evolution
with controlled experiments came only much later (Atwood, Schneider, & Ryan, 1951;
Dykhuizen & Hartl, 1983; Richard E. Lenski, Rose, Simpson, & Tadler, 1991; Richard E
Lenski, 2017).
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Microorganisms are of interest to evolutionary biologists because they are small, have
short reproduction times and can easily be stored and preserved for long periods of time
(Elena & Lenski, 2003). The short generation time of microorganisms allows us to see
evolution in action and even try to find ways to predict evolution (de Visser & Krug,
2014). The ability to store bacterial cultures by freezing and later thawing them without
loss of viability allows for direct competition experiments between evolved and ancestral
types. Most experiments focus on the evolution of a single bacterial strain in a defined
laboratory environment (Richard E. Lenski, 2017; Richard E. Lenski, Ofria, Collier, &
Adami, 1999). More information about how the study of evolution developed and how

evolution experiments are generally set up can be found in Box 1.

Due to the small size, short generation time and ease of storage, the use of
microorganisms already mitigated a lot of challenges of evolutionary research. As most
natural occurring microorganisms live in close proximity to hundreds or even thousands
of other bacterial species and organisms from other taxa, the approach of experimental
evolution using microbes could be expanded to the community level. However,
structuring the complexity of most natural environments would mean analysing large
quantities of data and could have too higher levels of complexity to allow the formulation
on predictions for evolutionary experiments. As a solution and to simplify these microbial
communities, they can be shaped into synthetic communities with only a limited number

of focal (micro-) organisms.

Synthetic communities

Naturally co-occurring bacteria can be isolated from their environment and brought
together in the lab in pre-determined concentrations. These so-called synthetic
communities can be used for studying evolutionary processes under strictly defined
conditions (GroBkopf & Soyer 2014; De Roy, Marzorati, Van den Abbeele, et al. 2013;
Fredrickson 2015)(De Roy et al., 2013; Wittebolle et al., 2009).

Due to previous interactions and co-evolution these bacteria are more likely to resemble
or at least represent essential parts a natural community compared to combinations of
lab strains which have no historical connection (De Roy et al., 2014; Rgder, Sgrensen, &
Burmglle, 2016). In this way, synthetic communities are assumed to represent nature
more accurately than most artificial communities while keeping the simplicity that is

needed for experiments.

Using synthetic communities also poses two challenges. First of all, researchers face the
difficulty of isolating the bacteria that are the key players in the community. Some

community members might not grow on culture media in the laboratory and will
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therefore be excluded from the community of isolates. Other bacteria that were isolated
might not have been a member of the natural community but were incidentally present.
The second challenge is to achieve the relevant or representative degree of complexity. A
very simple model will not represent nature accurately. An illustration is the experiment
on the influence of phages on culture diversity of Spus and his colleagues (2015). They
found that the simple bacterial blends used in their experiments did not represent the
diversity of the original complex starter enough to evaluate and grade the role of phage
predation (M Spus et al., 2015). Later Spus repeated the experiment with more complex
blends of bacterial strains which showed the influence of phage predation on community
diversity (Maciej Spus, 2016).

Although the approach of extracting strains from natural communities into synthetic is
very valuable, these two challenges might make the translation into “real life” complexity
unrealistic (Yu, Krause, Beck, & Chistoserdova, 2016). This motivated the search for a
better model system. What we need to find is small confined ‘islands’ of microorganisms
in which the number of players and their interactions is limited and therefore
manageable. In these ‘islands’ no selection or extraction of species into synthetic

communities is required for communities to be experimentally tractable.

Bell and colleagues found these “islands” in the form of small pools formed by the roots
of beech trees (e.g. Bell, Newman, Silverman, Turner, & Lilley, 2005; Fiegna, Moreno-
Letelier, Bell, & Barraclough, 2015). As the number of players in the pools on beech tree
roots is already quite limited, it is not necessary to extract some players and put them
together in a set frequency. The natural communities can directly be used for
experiments. Also the communities can be rebuild by using isolated strains for
experiments with an even lower complexity. Consequently, all the steps between single
strain behaviour towards the behaviour in the complexity of nature can be compared.
The risk of losing vital interactions will be low and observations in the lab should

represent nature best.

Fermented foods as model systems

Traditionally fermented products can form another ‘island-group’ of interest
(Bessmeltseva, Viiard, Simm, Paalme, & Sarand, 2014; Erkus et al., 2013; Schoustra,
Kasase, Toarta, Kassen, & Poulain, 2013). Many traditional fermented products rely on
spontaneous fermentation, which means that they have little human interference as they
are not produced using defined starter cultures, but are fermented by a naturally
available microbial community. These natural communities are usually diverse but not
too complex (e.g. up to 13 main players in three traditional fermented products from
Zambia (Schoustra et al., 2013)).
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In order to improve organoleptic properties of these products, producers often re-use a
finished fermented product for the production of a next batch of the same product (Smid
et al., 2014). In the food science domain this process is referred to as back-slopping
(Nout, 1992). Back-slopping can also occur accidentally, by the re-use of non-sterilised
fermentation equipment, like previously used vessels. These vessels will become the
natural habitat of the fermenting microorganisms. In other production methods this is
done purposely, like for the production of Illa-type Mabisi, a fermented milk product from
Zambia, as well as for parmesan cheese production (Gatti, Bottari, Lazzi, Neviani, &
Mucchetti, 2014; Moonga, Schoustra, Linnemann, Shindano, & Smid, 2017). The so
called natural whey starters which are used for the production of Parmigiano Reggiano
(parmesan cheese) consist of bacteria which have been living together for long periods of
time with enough nutrients available to go though many generations. This method is
intended for the production of a stable quality product, but can be compared with a
standard evolution experiment (as explained in box 2). Also the diverse microbial

interactions are therefore assumed to be more those of an evolved community.

Many traditional fermented products are dominated by communities of lactic acid bacteria
(Franz et al., 2014; Gadaga, Mutukumira, Narvhus, & Feresu, 1999; Ravyts, Vuyst, &
Leroy, 2012; Tamang, Watanabe, & Holzapfel, 2016). The physiology, metabolism and
genetics of lactic acid bacteria have been studied in great detail because of their
dominant role (Ganzle, 2015; Teusink et al., 2006; Teusink & Smid, 2006). The extended
knowledge of metabolite production and growth profiles of these bacteria, can help in
understanding the observed evolutionary pathways. Due to an ongoing development in
sequencing techniques the methods of analysing these complex communities are
becoming more available and affordable. This how makes it feasible to characterize large
numbers of communities required for analyses of evolutionary outcomes of replicated
experimental evolution experiments. Using food products as a model system stimulates
collaboration between fundamental research groups focussing on evolution and research
groups working in the field of food sciences and applied microbiology. This
multidisciplinary approach is expected to lead to fermented food with improved

properties. An example of this type of research can be found in box 3.

In summary, the microbial communities present in spontaneous fermented products
make a very useful and interesting model system for evolutionary research. Three
aspects contribute to this; 1) their limited complexity that still represents nature, 2) the
production methods allows for the communities to adapt to their environment, and 3) the
available knowledge about the individual players in the community. In the next section
we will explain some concepts concerning community evolution that can be addressed

using these communities.
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3. Evolutionary theory

The suitability of model system depends on the experimental design for testing
hypotheses concerning community evolution. Here we will highlight some theories that
could be addressed in experiments using microbial communities from natural systems
such as fermented products. For these theories we will also indicate how the
experimental setup could look like. Figure 1 indicates how much the different model
systems mentioned in section 2 would represent nature and how easy it is to study
individual species and community structure over time. The figure also shows how well the
different evolutionary questions and theories mentioned in this section can be addressed
using these model systems. Table 1 lists (dis)advantages of these different model

systems for answering the different evolutionary questions.

Evolution of community structure

In natural communities the frequency of various species varies in space and time. In
these communities, variations in the patterns of species abundance in space and time
can be measured and differences in these patterns can be linked to potential causal
factors. This can be done by sampling microbial communities in the same food product or
type of product, but derived from in different geographical regions and over time. The
different environments and slight differences in production methods of the fermented
foods are variations in selection pressures that shape the microbial community structure.
The differences and similarities found can be mapped and analysed. Linked with
environmental data, patterns could be found that are potentially caused by
environmental factors. Taken together, observations of different patterns will allow to

generate hypotheses and predictions that are testable using experimental communities.

Testing of predictions on what factors have the biggest influence on community
diversification, can be done by challenging the microbial communities in the laboratory in
a selection experiment. These factors can be related to the degree of diversity of the
community, the number of niches that are available in the environment as well as the

evolving interactions within the community.

Diversity stability hypothesis

The biodiversity-stability hypothesis poses that a more diverse system has a higher
stability in terms of functionality (McCann, 2000). The functionality of microbial
communities in fermented food products is based on their ability to convert the available

nutrients in the food matrix into metabolites to obtain the required product
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characteristics. The clear definition of functionality allows for an easy assessment of the
loss or change of functionality, e.g. unsuccessful acidification, reduced breakdown of
proteins or off-flavour production. A higher diversity of the microbial community can
result a stable functionality of the community due to a back-up function (Awasthi, Singh,
Soni, Singh, & Kalra, 2014; Bell et al., 2005; Wittebolle et al., 2009). If for various
reasons certain members of the community are not present anymore or for instance due
to bacteriophage attack unable to perform their function, a diverse community might
contain members that can take over the lost function. A higher diversity also causes a
lower number of unoccupied niches, due to for example unused nutrients (Mallon, Van
Elsas, Salles, Elsas, & Salles, 2015). In that case those niches are not available for any
invader, which makes the whole system more likely to keep its functionality and not be
destabilised by a non-co-operator, like a food spoiling or pathogenic microorganism (De
Roy et al., 2013).

Whether indeed a natural community is more stable when it is more diverse can be
tested by manipulating these natural communities to become less diverse. During
propagation in an evolution experiment, a fraction of the communities is periodically
transferred to fresh medium. By using sequential propagation with an extremely high
dilution factor of the inoculum, only those bacteria present in the highest numbers will
remain, which strongly decreases the diversity in the community. Whether the diversity
which is lost was crucial can be tested by studying the change in fermented end-product
characteristics and testing the resilience of the microbial community against stress or

invaders.

Sometimes predators can cause stability. These non-co-operators can stabilise a diverse
community when growth rates of different members greatly differ. The member with the
highest growth rate is the preferred victim of a predator according to the kill the winner
principle (Maciej Spus, 2016; Thingstad & Lignell, 1997). The fastest grower in a
community could potentially provide most nutrients for a predator and will therefore be
the preferred pray, keeping the community stable. This phenomenon is closely related to
“negative frequency dependent selection” of the focal strains, where an increase in
frequency of an organism has a negative effect on the fitness of that organism
(Feldgarden, Stoebel, Brisson, & Dykhuizen, 2003; Kawecki et al., 2012; Koskella &
Lively, 2009). Apart from predation, this negative frequency dependent selection can also
be caused by various other limiting forces, like food resources, cross-feeding or physical
space. The magnitude of the influence of these forces can be studied by reconstructing
natural bacterial communities using frequencies that differ from the frequency found in
nature. The speed in which these communities will return to their original frequencies, if

they do, can give indication of the strength of these forces.
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Niche space

Over the years various hypotheses have been developed concerning niches in established
communities. One of the oldest hypotheses concerning niches is the niche exclusion
principle which states that one niche can only be occupied by one organism (Gause 1934;
Hardin 1960). If two species occupy the exact same niche, descendants of the most fit

organism will gradually take over from the descendants of the less fit organism.

In natural environments, however, the niche is defined by various depletable resources,
like nutrients and space, and non-depletable resources, like temperature and pH, which
together form a multidimensional niche space (Hutchinson 1957). Because of all these
different dimensions, in theory organisms can live together in a community as long as
one dimension in the niche space is not overlapping between the two organisms (Ashby
et al., 2017; May, 1974; Pacala & Roughgarden, 1982). The magnitude of the overlap of
niches, determines the level of competition between the species. This allows for many

different organisms in a natural community as there are many different niches available.

Free niches might increase the chance of invasion by an alien species (Mallon et al.,
2015; Stecher et al., 2010; Stecher, Berry, & Loy, 2013). In practice we still do not see
all the possible niches, with all possible combinations of dimensions, which can be
occupied. Species that might exist in a community cannot coexists with already
established players in the community due to competition for non-substitutable resources.
The availability of unoccupied niches may result in character displacement (Grant, 1972)
and adaptive radiation (Rainey & Travisano, 1998), where organisms change to occupy

other niches.

Without external fluctuations the amount on niches will remain stable and should be
equal to the amount of species present in the community. By propagating a microbial
community with different numbers of species or by adding or removing niches it can be

tested whether these two are indeed so strongly linked.

Fluctuating environmental factors

In nature communities we cannot neglect external fluctuations. The continuously
changing environmental factors in batch culturing are to a certain extent comparable to
fluctuations that can be found in natural ecosystems, like seasons and tides. Under such
dynamic conditions, nutrient rich periods are alternated with nutrient poor periods. These
fluctuation give rise to the possibility of different organisms to flourish in different
moments of time, resulting in a more diverse community. The could be a trade-off
between growth rate in the exponential phase of fermentation and survival rate in the

stationary phase that is following the fermentation which will result in a balance of
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organisms that have a different strategy (Fitzsimmons, Schoustra, Kerr, & Kassen, 2010;
Reznick, Bryant, & Bashey, 2002).

The influence of these fluctuations on community structure can be investigated by
varying the time regime of the batch fermentations. In this way, the balance between
fast growers and those with high survival could change. It is possibly very difficult to
completely get rid of some players in the community (Spus, 2016), but it is hypothesised
that when there is no stationary phase, the community will mainly consist of fast
growers, while at constant low nutrient levels the community will consist of mainly slow

growing survivors (van Mastrigt, Abee, Lillevang, & Smid, 2018).

Community coalescence

Another natural phenomenon that can be studied using bacterial communities from food
products is the effect of coalescence of communities. The term “community coalescence”
was introduces recently (Rillig et al., 2015) and describes situations were entire
communities interact because their environments become translocated allowing this
interaction. In nature we see this for example during soil tillage and flooding events, but
also while eating and kissing. The performance of single species do not always give a
good indication of how the species will behave in a community (Tikhonov, 2016). The
coalesced community might be a combination of the two initial communities or be
dominated by either of them, dependent on the best performing combination (Sierocinski
et al., 2017). The influence of co-evolution in the outcome of community coalescence can
be investigated using microbial communities from fermented products. Combining two or
more co-evolved communities can provide information on how specialised the evolved
interactions within the communities are. Besides this coalescence of similar communities,
also the mixing of a fermented community with the community of a raw product has
important implications for the formation of the fermented product. Besides studying the
influence of co-evolution on the outcome of community coalescence, also the
evolutionary results of regular coalescence occasions can be studied using fermented

products.

4. Conclusion and way forward

Microbial communities of spontaneous fermented foods present a promising model
system to experimentally test evolutionary theory. These communities bear several
intrinsic advantages for executing evolution experiments that have been developed in
experimental evolution starting with single strains of microorganisms: short generation

times, small size and ability to be stored frozen and defrosted to perform competition
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experiments (fitness tests) between evolved and ancestral lines. Moreover, these natural
microbial communities have a limited number of players and form an island of
microorganisms that does not have a lot of influx from the outside the confined system
boundaries. These communities also have a clear function which makes it easy to check
whether certain environmental changes can have an impact on this function. All these
characteristics make bacterial communities from fermented food products an interesting
model system to test long standing theories in community ecology and evolution and

increase our understanding of evolution and its drivers.

Studies using natural microbial communities will inevitably experience a high degree of
natural variation in the results. To translate these findings to general concepts that are
applicable to natural systems can be a challenge. Fortunately due to fast developing DNA
and RNA techniques, analysing all players present in a community including their activity

is becoming more and more feasible.

We have only just started to explore potential of the above described experimental
systems. Apart from giving fundamental insight in microbial community dynamics and
experimentally scrutinizing aspects of the evolution theory, the outcomes of research
using microbial communities from fermented products will help understanding multiple-
strain fermentations and how to manipulate these processes to obtain high quality

fermented food products.

11
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BOX 1 A short history of evolution experiments

Predicting evolution is something Charles Darwin already took interested in, as can be
seen in the sketches he made for his book “On the origin of species” (Darwin, 1859). In
this drawing lines I to X represent the phylogeny of the species found and their history.
Lines XI to XIV represent the unknown future states of the species, predicting the
outcomes. William Dallinger was the first to report about planned experiments with
evolution (Dallinger, 1887). By slowly increasing the temperature of the environment of
microorganisms, he allowed these microorganisms to adapt to a temperature at which
they would normally never grow. When returning them to their old environment he
concluded that this adaptation came with the costs of growing slower in their old

environment. His results show the principle of adaptation and trade-offs.

The approach of Dallinger remains in use today by evolutionary biologists. In the last two
decades a lot of evolutionary concepts have been studied using mainly single organisms
in controlled laboratory environments. It shows that even very simple laboratory model
systems are very useful in addressing numerous fundamental questions on the dynamics
of evolution. The longest ongoing evolution experiment is the setup started by Richard
Lenski. In 1988 he started transferring 12 lineages of Escherichia coli on a daily basis in
minimal medium. He used these lines to study adaptation and diversification, trade-offs,
consequences of mutators and the influence of population size on drift among various
other theories in evolution (Elena & Lenski 2003; Rozen & Lenski 2000; Lenski &
Travisano 1994; Lenski 2017; Deatherage et al. 2017; Sachs & Hollowell 2012 etc.).

¥ ==

BOX 2 Set-up of evolution experiments

The set-up of evolution experiments has a very general basis. Organisms are transferred
to a set environment and are sequentially transferred to fresh medium at regular time

intervals. During these transfers the organisms go through several generations, the

12
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number of which is determined by the dilution factor of the inoculum into fresh medium.
By taking samples after a particular number of transfers, changes in fithess and
population composition can be monitored. A typical classic evolution experiment is
performed with a single species which is allowed to evolve for a long period of time. In
this way, beneficial mutations can deliver fithess advantage to variants. These
advantages can be measured as increased relative abundance of the organisms carrying

the beneficial mutation.

The experiments can be set-up with different variables; in starting genotypes,
environment and ways of transfer. The type and number of bacteria that are transferred
to the next cycle has great influence on the outcome of the results (Cremer, Melbinger, &
Frey, 2012). In case of mimicking the spontaneous fermentation in a pre-used container
as mentioned in this paper, it might be necessary to transfer the bacteria that attach
themselves to the wall over the planktonic ones. Since mutations often occur random
over the genome (with the exception of hotspots) only with a considerate number of

replicates it is possible to draw conclusions to an observation.

By the production of spontaneous fermented foods using some material of an old batch
to initiate a new batch (“backslopping”), the production method is a kind of evolution
experiment. The microbial community that ferments the raw ingredients are transferred
to a new environment which is rich in nutrients so they can undergo many generations.
Stability in production practices gives a stable environment for the community causes the
community to get close to an evolutionary endpoint and all individuals to reach a fitness
peak. The production method of Parmesan cheese is a clear example where backslopping
can cause the microbial community to stabilise and in that way stabilise product quality.
Analysing these co-evolved communities can give insight in environmental factors

shaping microbial communities.

BOX 3 Evolutionary applications.

Knowledge about bacterial communities in traditional fermented foods has a widespread

economic and ecological application. The fermenting bacterial communities are besides a
model system for fundamental evolutionary questions also a functional starter culture for
food production. Knowledge obtained about these starter cultures and the their

environment are a very important step in producing a safe, nutritious and tasty product.

For local African communities, the large scale production of the traditional fermented
products can be of crucial economic importance. Due to current regulations, local

producers are sometimes not allowed to sell non-pasteurised products on the market.

13
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However, the pasteurisation of the raw milk will not only kill of pathogens, also the
naturally present fermentation inoculum will die, leaving no starter for spontaneous
fermentation. Providing a stable starter culture for these fermented products can be a
great nutritional and economic importance for the local communities. So far, most
bacterial starter cultures contain only one or two bacterial strains. In order to represent
the original product accurately, the starter culture of the traditional fermented food might
be more complex. An understanding of the complex community interactions and co-
evolution is required. Results of the types of research mentioned in this article might

therefore be of great importance.

Also products currently produced on industrial scale could be improved when more is
known about complex starter culture dynamics. The problems industries have to deal
with range from contamination by pathogens, to frequency changes, plasmid loss, phage
predation and mutations. In the industrial production of the probiotic lactic acid
bacterium Lactobacillus rhamnosus, a mutation caused this bacteria to lose its flagella,
which was crucial for its probiotic activity (Sybesma, Molenaar, van IJcken, Venema, &
Kort, 2013). By increasing our understanding of these problems, we might decrease their

occurrence in industry.
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