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All livestock animal species harbour complex microbial communities throughout their digestive tract that support vital
biochemical processes, thus sustaining health and productivity. In part as a consequence of the strong and ancient alliance
between the host and its associated microbes, the gut microbiota is also closely related to productivity traits such as feed
efficiency. This phenomenon can help researchers and producers develop new and more effective microbiome-based
interventions using probiotics, also known as direct-fed microbials (DFMs), in Animal Science. Here, we focus on one type
of such beneficial microorganisms, the yeast Saccharomyces. Saccharomyces is one of the most widely used microorganisms
as a DFM in livestock operations. Numerous studies have investigated the effects of dietary supplementation with different
species, strains and doses of Saccharomyces (mostly Saccharomyces cerevisiae) on gut microbial ecology, health, nutrition
and productivity traits of several livestock species. However, the possible existence of Saccharomyces which are indigenous
to the animals’ digestive tract has received little attention and has never been the subject of a review. We for the first time
provide a comprehensive review, with the objective of shedding light into the possible existence of indigenous
Saccharomyces of the digestive tract of livestock. Saccharomyces cerevisiae is a nomadic yeast able to survive in a broad
range of environments including soil, grass and silages. Therefore, it is very likely that cattle and other animals have been
in direct contact with this and other types of Saccharomyces throughout their entire existence. However, to date, the
majority of animal scientists seem to agree that the presence of Saccharomyces in any section of the gut only reflects
dietary contamination; in other words, these are foreign organisms that are only transiently present in the gut. Importantly,
this belief (i.e. that Saccharomyces come solely from the diet) is often not well grounded and does not necessarily hold for all the
many other groups of microbes in the gut. In addition to summarizing the current body of literature involving Saccharomyces in the
digestive tract, we discuss whether the beneficial effects associated with the consumption of Saccharomyces may be related to its
foreign origin, though this concept may not necessarily satisfy the theories that have been proposed to explain probiotic efficacy in
vivo. This novel review may prove useful for biomedical scientists and others wishing to improve health and productivity using
Saccharomyces and other beneficial microorganisms.
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Implications based therapies using beneficial microorganisms. This paper
discusses for the first time the possibility of having indigenous
Saccharomyces in the gut of livestock, a topic with important
implications for health, nutrition and productivity traits. This
work may prove useful to a wide variety of scientists, nutra-
ceutical companies and livestock producers.

Understanding the characteristics, mechanisms and principles
underlying short- and long-term microbial colonization inside
the digestive tract is essential to the success of microbiome-
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Introduction

Livestock have and will long be crucial for the welfare of
mankind. All livestock species harbour complex microbial
communities in their skin, body fluids and internal organs
that support vital biochemical processes that, in turn, sus-
tain health and productivity. Of all the microbial niches in
an animal’s body, the digestive tract has attracted the most
attention, in part due to the role of feed digestion for main-
tenance, growth and health as well as the relative ease of
sampling. While animal productivity (e.g. feed efficiency) is
undeniably dependent on the animal’s genetics and its
relationship with the environment, we now know that this
phenomenon is also closely dependent on an adequate
balance between the host and its associated microbial
communities, especially the gut microbiota. The relation-
ship between the gut microbiota and feed efficiency has
been demonstrated in several livestock animal species such
as cattle (Guan et al., 2008), sheep (Perea et al., 2017) and
pigs (Yang et al., 2017), thus suggesting this may be a gen-
eralized phenomenon across the whole animal kingdom.
This thought is not unfounded, and decades of research
on the human gut microbiota have also demonstrated a
strong and dynamic interrelationship between dietary
components, the gut microbiota and host's physiology
(Barratt et al., 2017).

Just as in the case of human beings, the discovery that
an animal harbours a complex microbiota inside the diges-
tive tract invariably led to the belief that this ecosystem
can be modified to promote or even restore health. In live-
stock operations, any health improvement can have sig-
nificant economic implications. One approach to modify
the digestive microbiota is to use live microorganisms that
when administered in adequate amounts confer a benefit
to the host (also known as probiotics or direct-fed micro-
bials (DFMs) in Animal Science, a term used since the
1990s). Understanding the principles that regulate short-
and long-term microbial colonization inside the digestive
tract is essential to the success of microbiome-based
therapies using beneficial microorganisms (Walter et al.,
2018), especially in livestock operations. This current review
focuses on one type of such beneficial microorganisms, the
Saccharomyces, a genus of yeast (Figure 1).

What is Saccharomyces?

Saccharomyces (‘'sugar mushroom’, from Greek) is a member
of the fungus kingdom within the eukarya domain that has
been present on Earth for at least 400 million years. There are
currently nine recognized species of Saccharomyces (Naseeb
et al., 2017), all of which are fermentative, though focus has
mostly centred on Saccharomyces cerevisiae and S. boulardii.
Some nutritional limitations can cause Saccharomyces cells
to enter the stationary phase, alter their morphology or
sporulate (Neiman, 2011). Today, Saccharomyces is one of
the most widely studied organisms in science due in part
to their fast growth and ability to ferment a variety of
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carbohydrates prolifically. Saccharomyces has been exam-
ined from many different perspectives, from evolutionary
genomics to biofilm biology to medical aspects in humans
and animals. Saccharomyces has also received much atten-
tion because of its importance in the brewing and bakery
industries. In this regard, the fermentative capacity of some
yeasts and other microorganisms has been known at least
since the Neolithic age, even though people did not know
the mechanisms or the agents (physical or biological) that
were involved in the process. According to the historical
account by Boulton and Quain (2001), even as late as
1810, scientists believed that oxygen was the active
ingredient that initiated fermentation by reacting with the
sugary liquid. Some years later in the 1830s, Cagniard-
Latour and others examined yeasts under microscope (most
likely the strains of Saccharomyces) and noted that the
cells proliferated by the formation of buds, and they
concluded that this was evidence of life (Boulton and
Quain, 2001). Work by Louis Pasteur in the 1870s and by
Emil Christian Hansen in the 1880s further expanded our
knowledge of the fermentation process and the understand-
ing that fermentation was indeed a microbial process. Note
that fermentation is generally known to be a strictly anaero-
bic process, but it can be carried out at the same time as
respiration, depending on the sugar levels and the particular
food (e.g. bread, pickles) or drink (e.g. wine, beer) being
produced.

For many vyears, Saccharomyces was thought to be
adapted to a specific niche, that is, fruits; however, this sup-
position has recently been challenged by the fact that
Saccharomyces can be found in many other environments
(Goddard and Greig, 2015). For example, members of
Saccharomyces have been found in skin, digestive contents,
reproductive tracts, milk, plants, insects, fruits, soil, tree
barks and even aquatic environments. Interestingly, wher-
ever found, Saccharomyces is often low in abundance
(Goddard and Greig, 2015); and growing evidence suggests
that rare microbes may be the overlooked keystone species
regulating the functioning of different microbial environ-
ments including host associated (Jousset et al., 2017).

Saccharomyces in livestock operations

Saccharomyces is one of the most widely used and studied
DFMs in livestock, particularly in cattle. Based on our experi-
ence and the available literature, there is no strong rationale
behind the preferred use of Saccharomyces in animal nutrition
beyond the fact that S. boulardii was isolated almost one cen-
tury ago and ever since has been shown to be effective to
restore health in human beings (in other words, people
may have been influenced by the literature in human beings
to start considering the use of Saccharomyces in animals’
diets). Another possible factor was the availability of feed
materials such as beer fermentation remnants. Different
strains of Saccharomyces have been used to improve health,
nutrition and productivity traits in most livestock animal
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Saccharomyces is ubiquitously present in the
environment
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Figure 1 (colour online) Are there indigenous Saccharomyces in the gut of livestock? Saccharomyces has been called a nomadic yeast due to its ubiquitous
presence in many different environments. During pregnancy, animals may be colonized with microorganisms coming from the mother. Regardless of any
possible prenatal microbial colonization, once the animal is born the gut is immediately colonized by microbes from the immediate surroundings, including
wild Saccharomyces, and these microbes fluctuate widely over time. By the time the animal reaches adulthood, the gut is colonized by a complex microbiome
comprising a combination of both indigenous and ingested microorganisms. In this paper, we discuss the presence of any truly indigenous Saccharomyces
inside the cattle’s digestive system, a topic of great relevance for health, nutrition and productivity in livestock.

species, from cattle to chickens, with some studies report-
ing measurable benefits while other studies showing no
effects. This variation among the different studies can
be explained by host-associated factors (e.g. age,
breed, sex), environmental factors (e.g. dose of probiotics,
facilities, weather), technical factors (culture v. culture-
independent methods, PCR primers, genetic region to be
analysed) and other unknown factors (e.g. subclinical dis-
ease, interaction between nutrients). In addition, admin-
istration of the same type of microorganism to different
animal species is interesting because of the inherent anatomical
and physiological differences, the differences in gut microbiota
composition and metabolic activity, the different stressors
that animals experience, the different pathogens affecting them
and the different life productive cycles. Nonetheless, there is
sufficient evidence to affirm that at least some strains of
Saccharomyces can have a beneficial impact on several live-
stock operations in certain circumstances (EFSA Panel on
Additives and Products or Substances used in Animal Feed,
2014; Alugongo et al., 2017).
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In vivo mode of action of Saccharomyces in livestock

As it will become clear throughout the manuscript, a brief
discussion about the mode of action of Saccharomyces is
useful in a context of the possible existence of autochthonous
Saccharomyces. The interest in the mode of action of
Saccharomyces and other beneficial microorganisms
inside the animal is not only of academic merit. As men-
tioned above, understanding the mechanisms explaining
microbial colonization inside the digestive tract is essen-
tial to the success of microbiome-based therapies using
beneficial microorganisms (Walter et al., 2018). This is
particularly relevant in livestock operations, where the
addition of any dietary supplement represents a cost that
preferably generates an added value to the final product.
Currently, two main Saccharomyces products exist in the
market, fermentation products (also known as yeast cul-
tures that supposedly do not contain viable organisms)
and products containing truly live (a.k.a active dry) yeasts.
This is not a trivial topic, because some commercial prod-
ucts containing only yeast cultures are mislabelled as live



yeasts (Poppy et al., 2012); and though each type of product
is known to have different mechanisms of action in vivo,
some (but not all, see Fonty and Chaucheyras-Durand,
2006) researchers have suggested that the two products
may not have significant differences in their mode of action,
at least in vitro (Lynch and Martin, 2002; Alugongo et al.,
2017). However, this topic is outside the scope of this
manuscript; and here, when we refer to consumption of
Saccharomyces, we assume that it is consumption of
products containing live yeasts.

The American Type Culture Collection contains informa-
tion about thousands of strains of Saccharomyces (including
S. cerevisiae) and recommends to grow the organisms as
"typical aerobic’ at 24°C to 30°C, depending on the strain.
Nonetheless, Saccharomyces can grow at a wide range of
temperatures, depending on the strain (Salvado et al,
2011), and is one of the few yeasts that can grow rapidly
under anaerobic conditions (Ishtar Snoek and Yde Steensma,
2007). This is interesting because the rumen (~39°C) is an
anaerobic chamber, but considerable concentrations of dis-
solved oxygen enter into the digestive tract during the daily
feeding cycle, especially in the liquid phase. The in vivo mode
of action of Saccharomyces inside the rumen is thought to be
related to the respiratory activity of the yeast (Newbold et al.,
1996), a phenomenon that requires the yeast cells to be alive
and metabolically active. This is supposedly done by consum-
ing some of the oxygen in ruminal fluid, thus preventing tox-
icity to the ruminal bacterial and other strict anaerobes and
allowing a better performance of these organisms on feed
degradation (Newbold et al, 1996). The idea of enhance-
ment of bacterial and fungal colonization of fibrous materials
due to a diminished amount of oxygen has lasted until now
(Chaucheyras-Durand et al., 2016). Other explanations for
the in vivo mode of action is nutritional competition with
autochthonous ruminal microbial species as well as the sup-
ply of nutrients (e.g. amino acids, peptides, vitamins and
organic acids) with the capacity to stimulate the growth of
some rumen bacteria and anaerobic fungi (Fonty and
Chaucheyras-Durand, 2006). Although we could not find
any paper in the literature suggesting or demonstrating
that commercial Saccharomyces can use more than one
mechanism of action once inside the digestive tract or
have the potential of using both aerobic and anaerobic
pathways in vivo, these are not unrealistic suppositions.

Are there any indigenous Saccharomyces in the gut
of livestock?

Before continuing with this review, we think it is important to
clarify the use of terms regarding the origin of the microbes
that are associated with a particular environment (e.g. the
animal’s gut). Microbes may be of foreign origin (e.g. coming
from the diet) and thus be only transiently present in the gut
(the term allochthonous has been used to refer to these for-
eign microorganisms). On the other hand, there are microbes
that are early or pioneer colonizers of a particular gut section
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(e.g. rumen) due to early acquisition prior to birth, during the
birth process or from the immediate environment (e.g.
mother) after birth (Yeoman et al., 2018). Several terms have
been used to name these microbes such as native, autochtho-
nous or indigenous microbes. Although we acknowledge that
this is a matter of controversy, especially in light of a growing
body of research on the ‘core’ microbiome, for our purposes
here we will call these microbes indigenous, because in prac-
tice it is very difficult to truly define the origin of any microbe
present in the gut.

Humans and animals were long considered to be born
sterile (i.e. without any microorganism), but new evidence
strongly suggests that newborns are preloaded with
microbes and that this phenomenon begins in utero (Jami
et al,, 2013; Chong et al,, 2018). However, a recent paper
has challenged this in ruminants due to placental architecture
(Malmuthuge and Griebel, 2018). Regardless, the presence of
microorganisms in the adult animal’s gut (particularly bacte-
ria) is implicitly regarded as normal or indigenous microbiota
(i.e. not a dietary contaminant). Efforts have been made
to find a ‘core’ microbiome (i.e. organisms common across
microbiomes) (Henderson et al, 2015) based on the
assumption that it plays a key role in ecosystem function,
but whether this core represents truly indigenous commun-
ities has barely been mentioned in the literature (Shade and
Handelsman, 2012). Interestingly, growing evidence sug-
gests the existence of an indigenous mycobiome in human
beings (Nash et al., 2017). If true, then it s likely that animals
also possess an indigenous mycobiome. However, several
authors have mentioned that Saccharomyces is not indige-
nous to the human or animal digestive tract, a belief that
is not necessarily held for all the other members of the gut
microbiota, especially bacteria and also other fungi, even
though the colonization challenges may be similar for differ-
ent microorganisms. In fact, to our knowledge, no one
has ever suggested the possible existence of indigenous
Saccharomyces in the gut, either in humans or in animals.
However, different anatomical locations in the digestive tract
harbour various bacterial communities, as do co-located
digesta or mucosal-associated microenvironments (Yeoman
et al., 2018). It is reasonable to assume this is also true
for fungi. This is important because most studies still rely
on luminal contents only (mostly faeces); therefore, it is likely
that our knowledge of truly indigenous (or truly transient)
microbes is strongly methodologically biased. This is also
important because, for example, feed efficiency may be
related to microorganisms that are present in other sections
of the digestive system and thus not necessarily present in
abundance in faeces (Perea et al., 2017).

In an early descriptive study of yeasts in the bovine cae-
cum, van Uden and Do Sousa (1957) mentioned that some
yeast species (such as S. cerevisiae, which was actually found
in the samples analysed) are not true inhabitants of the diges-
tive tract of human and other animals, without explaining the
reasons behind their thought, perhaps reflecting the contem-
porary view of the first half of the 20th century. Williams et al.
(1991) also mentioned that S. cerevisiae is not normally
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encountered in the rumen and cited this as a reason that
exogenous supplementation with these organisms would
improve digestion in cattle. In another review, Wallace
(1994) mentioned that S. cerevisiae is not part of the indige-
nous ruminal species; therefore, S. cerevisiae could be a more
appropriate vehicle than indigenous ruminal organisms for
implementing the benefits of recombinant DNA technology
in the area of ruminal nutrition and fermentation.
Although this topic has been ignored ever since, the thought
that Saccharomyces is not indigenous to the gut of livestock
(or even to the whole group of mammals, see Martins et al.,
2005) has endured until now (Fonty and Chaucheyras-
Durand, 2006).

Considering the fact that cattle and other animals have
been continuously exposed to different environmental
Saccharomyces over millions of years, and the generalized
belief that the presence of Saccharomyces in the gut only
reflects dietary contamination (see above), an explanation
of why Saccharomyces never became indigenous is neces-
sary. The load of Saccharomyces and other microorganisms
in animal feed is a very interesting topic but unfortunately
has not been well studied (Santos et al., 2017). We hypoth-
esize that the Saccharomyces present in the feed may have
never become adapted to the gut because every time the ani-
mal feeds, it feeds with different types of Saccharomyces;
therefore by the time one strain attempts to colonize, it gets
removed (out-competed) by other strains. While this may
make sense, given the high heterogeneity among the differ-
ent types of Saccharomyces (Strope et al., 2015), the thought
is somehow in conflict with the famous like-will-to-like con-
cept, though researchers acknowledge the possibility that
this concept is likely not universal for all microbes in all cir-
cumstances (Winter and Baumler, 2014). It is also important
to note that at least S. cerevisiae is often present low in abun-
dance compared to other microbes (Goddard and Greig,
2015); therefore, it is also feasible to hypothesize that at least
some strains of Saccharomyces may simply not have the
natural capacity (or need) to massively colonize any particu-
lar environment. However, as mentioned above, rare and low
prevalent microbes are both very common in different ecosys-
tems and may play very important roles (Jousset et al., 2017),
yet they are often ignored or removed from DNA sequencing
analyses.

If we accept the possibility that there are no truly indige-
nous Saccharomyces in the animals’ gut, why are they effec-
tive in vivo? While it has been proposed that the existence of
related microbial species may help incoming foreign organ-
isms to get established (like-will-to-like concept; Winter and
Baumler, 2014), the same authors propose that the rules
behind this phenomenon likely do not apply to all microbes
alike. Also, others have suggested that intestinal colonization
by probiotic bacteria may be higher in subjects having lower
concentrations of these bacteria before ingestion of probiot-
ics (Vitali et al, 2010) and the engraftment of one strain of
Bifidobacterium longum was associated with less occurrence
of indigenous B. longum (Maldonado-Gomez et al., 2016).
Yet this theory would only apply if Saccharomyces was truly
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indigenous, or whether other species of Saccharomyces,
which might offer competition to the DFM, was linked to suc-
cessful colonization, neither of which has been definitively
shown. It is also likely that the dynamics for bacterial colo-
nization differs from that of fungi.

Here we raise the possibility that Saccharomyces is effec-
tive because it is a foreign organism in cattle and finds little
competition at least with regard to oxygen consumption. In
this regard, abundant DFM Saccharomyces cerevisiae was
found in epithelial or solid-associated fractions in the rumen
(Ishaq et al., 2017) near the top where oxygen content is
higher. However, little is known about aerobic organisms
in the gut of livestock. In the rumen, aerobic and facultative
anaerobic bacteria are abundant early in life and then decline
over time (Jami et al.,, 2013). Saccharomyces is often fed to
mitigate the likelihood of acidosis from feeding a high-grain
diet (e.g. Ishaq et al, 2017); the combination of the two
may provide access to fermentative sugars that support
Saccharomyces by reducing competition for nutrients.
Similarly, consumption of fruits along with the associated
Saccharomyces might allow for colonization and benefits
in humans. Regardless, we acknowledge the efforts in the
field of microbiome modulation with live microbes and the
challenges associated with the analysis of microbial engraft-
ment within the gut (Walter et al., 2018).

Mode of action in vivo of Saccharomyces in human
beings

It is also important for this work to briefly touch on the
human microbiota because the mode of action in vivo of
Saccharomyces (i.e. S. boulardi) in humans has not been
related to oxygen consumption by any author to date and
also because the human microbiota has been much better
studied compared to the animal microbiota.
Saccharomyces boulardii has proved its effectiveness in
preventive and therapeutic treatment of many diseases of
the human digestive tract. Saccharomyces boulardii was dis-
covered by Henri Boulard in the 1920s after having observed
that some indigenous peoples in Indo-China consumed the
skins of various tropical fruits as an antidiarrheal medication.
Given the source (e.g. fruit's skin) of the original S. boulardii
strain, it can be argued that at least this strain is not an obli-
gate anaerobe and is definitely not indigenous to the human
or animal gut, yet there is enough evidence to suggest that
this (foreign) organism can have a significant effect on
human health; however, questions remain about its safety
(Roy et al, 2017) as in the case of S. cerevisiae (Strope
etal, 2015). The risk of disease is not exclusive to consump-
tion of Saccharomyces or any other particular probiotic or
combination of probiotics either in humans or in animals.
In other words, any ingested microorganisms may cause dis-
ease if it encounters the appropriate conditions to do so, for
example, a subject that is inmunocompromised. The use and
safety of Saccharomyces and other microorganisms for ani-
mal feed is regulated as a food additive (e.g. by the Food



and Drug Administration in the United States and the
European Food Safety Authority in the European Union,
see EFSA Panel on Additives and Products or Substances used
in Animal Feed, 2012). Safety aspects that have been dis-
cussed in this regard include physical state of the final prod-
uct and antibiotic sensitivity; other safety issues related to
probiotic administration in livestock operations are not well
understood due to the fact that many livestock operations
measure health indirectly by means of measuring productiv-
ity traits (e.g. milk production).

The beneficial effect of S. boulardii in human health has
been hypothesized to involve several mechanisms, including
preservation of intestinal barrier function, anti-inflammatory
ability, pathogen binding as well as reduction in apoptosis of
and adhesion to intestinal epithelial cells (McFarland, 2010;
Stier and Bischoff, 2016). Some of these effects are mediated
by a direct physical interaction between the yeasts and the
intestinal brush border membranes (Buts and De Keyser,
2010). Interestingly, the interaction of S. boulardii with a
healthy uninflamed intestinal mucosa is limited (i.e. small
systemic humoral immune response, induction of only few
transcriptional changes), at least in mice (Hudson et al,
2016). To our knowledge, the effects of in vivo S. boulardii
in humans have not been related to their respiratory activity
as in the case of S. cerevisiae in ruminants. The question of
mode of action deserves more attention, given that similar
organisms (Saccharomyces spp.) are offered to animals with
highly different anatomical and physiological differences,
including horses, cattle, chickens, pigs and even aquatic
animal species.

Are there any indigenous Saccharomyces in the gut
of human beings?

Saccharomyces is an abundant (average 15% of all sequence
reads) and prevalent member of the milk mycobiome in
healthy mothers (Boix-Amorés et al., 2017). This is very inter-
esting because it may imply that human beings are exposed
to Saccharomyces since very early in life. In this paper, the
authors discussed that this may be due to skin contamination
and also raise the intriguing possibility of an entero-mammary
pathway involving an internal route (Boix-Amorés et al,
2017). Saccharomyces has also been detected in human faeces
a number of times (Nash et al, 2017), being sometimes the
dominant genus representing over half of total relative abun-
dance (Huseyin et al,, 2017). Nonetheless, the thought that
the presence of Saccharomyces in the human gut may be
solely due to the dietary contamination as stated by these
and other authors, with the argument that ‘it is a domesti-
cated species of fermentations whose wild niche is associ-
ated with plants’ (Hallen-Adams and Suhr, 2017). Despite
identifying Saccharomyces in the human gut at high levels
using culture-independent techniques, Huseyin et al. (2017) also
suggested that this may be due to dietary contamination and
proposed the theory that Saccharomyces cannot be native
due to the temperatures of the environments from which they
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had been isolated. Interestingly, Seddik et al. (2016) isolated
one strain of S. cerevisiae from faeces of Algerian infants that
was determined to be safe and usable as probiotic, and
Rajkowska and Kunicka-Styczynska (2010) investigated the
probiotic properties of one strain of Saccharomyces isolated
from chicken faeces (note that body temperature in chickens
is slightly higher compared to mammals). Since the isolated
Saccharomyces were obviously viable upon collection of fae-
cal samples, the proposal by Huseyin et al. (2017) that
Saccharomyces cannot be indigenous due to the tempera-
tures of the environments from which they had been isolated
is likely to be incorrect (actually, McFarland (2010) mentions
that the optimal temperature for growth of S. boulardiiis 37°C).
On top of this, Saccharomyces was not identified in a recent
diet study as a food-sourced microorganism (David et al.,
2014), thus further questioning the possibility that its
presence solely reflects dietary contamination.

Overall, researchers hold the (rather unfounded) belief
that the presence of Saccharomyces in digestive contents
solely reflects dietary contamination. Interestingly, however,
it has been shown that S. cerevisiae decreased in faecal sam-
ples of patients with inflammatory bowel disease (Sokol
et al,, 2017) and other disorders. If these organisms were
not indigenous to the gut, why would their abundance be
lower in specific health disorders? If they are not indigenous,
then they have to come from the food and therefore studies
by Sokol et al. (2017) would necessarily have to imply one or
two options: (1) a lower capacity to stay or survive in the
gut during certain health disorders (perhaps as a result of
an adverse immune reaction), including a potentially
diminished ability to attach to the mucosa or (2) a detach-
ment of (indigenous?) Saccharomyces from the mucosa.
Unfortunately, the authors of this paper did not discuss
their findings with a perspective of indigenous or transient
microbiota.

Should we choose an indigenous or a foreign
microorganism as a potential probiotic?

This question is particularly relevant to nutraceutical compa-
nies aiming to develop new and more effective formulations
containing beneficial microorganisms for livestock. As reviewed
above, neither S. boulardiinor any other Saccharomyces used in
brewing, wine making or bakery were indigenous to the human
or animal gut, yet there is enough evidence that the consump-
tion of these (foreign) microorganisms can elicit beneficial
effects. Although it may sound surprising for the unfamiliar
reader, this phenomenon is actually not unexpected, especially
in the light of new evidence showing that bacteria from diverse
habitats (including soil and estuarine microbial mats) can not
only colonize but also compete inside the mouse gut (Seedorf
et al, 2014). This capacity to survive in different environ-
ments has been less studied in non-bacterial organisms
but is also likely true for other life forms such as members
of the domains eukarya (Saccharomyces included, see
Goddard and Greig, 2015) and archaea.
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Studies of the human microbiome have shown that each
individual is highly unique in terms of its associated micro-
biota, even at the species and strain level (The Human
Microbiome Project Consortium, 2012), and this is likely true
for the animal microbiota. Taking this into account, even the
isolation of one truly indigenous microorganism from one or
more hosts (e.g. Lactobacillus from one or more cows) is very
likely not to be related to the indigenous microbiota of other
hosts, even from the same animal species or the same breed.
In the case of cattle and perhaps other animals as well, at the
field level it is simply impossible to provide sterile feed to
determine truly indigenous microbes to the host. All things
considered, we would like to bring up an example that
may help compile these and other thoughts into the main
objective of this work.

Despite a generalized lack of information with regard to the
mycobiome (indigenous or not) in pigs and other animals, dif-
ferent species and strains of Saccharomyces have been used in
the pig industry for at least 70 years. Based on a comprehen-
sive survey of gut mycobiome in piglets using culture methods,
and supported by the notion that knowledge of the yeasts nor-
mally present in the digestive tract can help understand the
effect of these organisms on the host, Urubschurov et al.
(2008) isolated a variety of yeasts in an experimental farm,
of which Kazachstania slooffiae was found to be dominant.
This is an understandable and intelligent approach to start
looking for potential probiotic species to work in particular cir-
cumstances (e.g. weaning). Based on their original findings,
the same research group studied the effect of a K. slooffiae
strain isolated from pigs’ faeces on growth performance, intes-
tinal microbial metabolites and gut microbiota (Urubschurov
et al, 2016). While we acknowledge that this approach
may not necessarily lead to the best potential candidates as
probiotic species, and that multiple in vitro tests are advisable
to determine the functionality, it is also true that this line of
thought (i.e. isolation of autochthonous microorganisms) is
worth pursuing. Other approaches such as the use of micro-
organisms from soil and other environments (Seedorf et al,,
2014) may also be considered to select new DFMs.

Concluding remarks

All livestock animals depend on their gut microbiota to be
healthy and productive. Despite more technology to under-
stand the role of the gut microbiota in humans and animals,
there are many questions that remain unanswered with
regard to Saccharomyces, particularly the two aspects:
Saccharomyces ecology in nature and host—Saccharomyces
relationship. For example, an intriguing role of social wasps
has been suggested in S. cerevisiae ecology, reproduction
and evolution (Stefanini et al, 2012), even though it is likely
that the Saccharomyces found in these and other insects are
not truly indigenous. In addition, sporulation in soil has been
suggested to be an overwinter survival strategy in S. cerevi-
siae (Knight and Goddard, 2016), but this phenomenon and
other aspects of survival have not been deeply investigated in
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soil, digestive contents or any other environment. The
animal-Saccharomyces relationship is relevant not only in
the context of whether it is indigenous or not but also within
the context of potential host specificity or the co-location in
particular intestinal settings. Saccharomyces has not been
found in some animal species, for example, the study of pigs
discussed above (Urubschurov et al., 2008), and one study
found S. cerevisiae in three rumen fractions (i.e. rumen fluid,
solids and epimural) of Holstein dairy cows but its occurrence
was very low (<1%), and its occurrence was not different
between animals supplemented with live Saccharomyces
and those not supplemented and also between healthy cows
and cows with sub-acute ruminal acidosis (Ishaq et al.,
2017). This is particularly interesting in the context of
Saccharomyces because some researchers believe that this
organism may exert beneficial effects mostly in the event
of dysbiosis and other diseases. We hope that these and
the other thoughts discussed in this work prove useful to
a wide variety of scientists, nutraceutical companies and
livestock producers.
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