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Abstract

Background: Previous scientific studies showed that
the yeast-based dietary supplement affected the gut
and the bowel movement significantly. To find
reasons concerning this matter we devised this gut
microbiome study.

Methods: At the beginning and after three weeks of
supplementation the stool samples of the 26 female
probands were analyzed by shotgun metagenomics
sequencing. The results were assessed by multiple
statistical methods. The initial percentage of a certain
bacterium was compared with the difference at the

end of the study using correlation statistics.
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Results: Sixty-eight gut bacteria were present in all
probands in different percentages. The overall
difference from day 1 to day 21 in all participants was
more than +20%. The in-depth analysis of these
differences revealed a correlation between the initial
value and increase or decline at the end in the sense
that high values for a certain bacterium recessed and

low values expanded in the direction of an average.

Conclusions: Within three weeks the yeast-based
nutritional supplement influenced the bacteria of the
gut microbiome in a tendency towards mean values.
This could be due to immunological actions and/or

guorum sensing.
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1. Introduction

Life without a microbiota is not conceivable and
eukaryotic life became only possible through the help
of bacteria. All life on earth should be framed in the
context of microbial evolution [1]. The gut
microbiome is not only responsible for gaining
additional energy from food and protecting us from
pathogens but also for instructing the immune system,
quorum sensing, gene transfer, as well as producing
amino acids, neurotransmitters, hormones, vitamins
and mucus. Nonetheless, many diseases and
syndromes are induced by members of the microbiota.
There is still no consensus on how a healthy gut
microbiome looks like [2]. Apart from pathogenic and
beneficial microbes, also the quantity and
composition of the microbiome affect our well-being
[3]. Moreover, the diversity and complexity of the
microbial  populations vary greatly between
individuals [4]. Further, functional redundancy in the
microbiota with different species using the same
niches is necessary for a balanced, homeostatic
survival. There must be a cooperative interaction with
other strains in the gut [5]. Dysbiosis, toxic effects,
inflammation, and infectious diseases are contingent
on the number of bacteria and the composition of the
microbiome. Health depends on a subtle balance
between the host response and its colonizers [1]. In
reality, the residents of the large bowel cannot be

divided into good and evil. When present in too high
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numbers, facultative pathogens like Escherichia coli
can cause sepsis, Bacteroides cause abscesses,
Enterococci  cause endocarditis,  Clostridioides
perfringens cause gas gangrene. Inversely,
indigenous  bacteria are potential pathogens:
Bacteroides, Enterobacteriaceae, Enterococci, and
Clostridioides histolyticum [6]. Besides that, specific
pathogens such as Serpulina, Fusobacteria,
Enterobacteriaceae, or Gardnerella may lead to
serious  diseases. Even  alleged  beneficial
microorganisms like Akkermansia muciniphila in too
high quantities can be harmful [7,8]. Quorum sensing
in the gut microbiota involving autoinducers is a key

issue [9].

2. Materials and Methods

2.1 Study design

2.1.1 Participants: 26 healthy females, 25-35 years
of age exhibiting a BMI (Body Mass Index) between
30 and 35 were selected in a specialized medical
institution (Adimed - Zentrum fiir Adipositas- und

Stoffwechselmedizin Winterthur, Switzerland).

The ethics committee approved the study and the
participants signed an informed consent. The
inclusion criteria were gender (female); age (between
25 and 35 years); BMI (from 30 to 35); linguistic
competence in German and handy users. Excluded
were persons with nutrition-therapy dependent
diseases and other serious ailments requiring therapy;
participants who were on a diet during the last half
year or took medication for weight loss prior to the
study. Also, enrollment in any weight loss scheme
and continual consumption of pre- or probiotics were
arguments for exclusion. To keep the statistical basis
as homogenous as possible only women of a certain

age and BMI were recruited.
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Ethics approval BASEC ID 2016-02162 (15.08.2017);
ClinicalTrials.gov NCT03223987, BS2016.1

2.1.2 Study conduct: Three-week single-arm pre/post
pilot intervention. Entrants underwent three visits at
Adimed. During the run-in phase, the content of the
trial was explained to the study participants. The
informed consent form was signed before undergoing
a physical examination. Then the participants were
given the tubes for fecal collection. In the subsequent
visit the females brought back their first stool
collection. They were given the nutritional
supplement for the subsequent three weeks. At the
end of the study, they brought back their second fecal
sample and the remaining quantity of their dietary
supplement. The personal diet over the whole study
time was monitored with a smartphone-based
nutrition protocol (oviva Schweiz,
www.oviva.com/ch). Participants were instructed not
to depart from the normal nutrition during the entire

study. No deviations from the rules were observed.

2.1.3 Stool sample collection: Fecal samples were
saved at home with the help of an OMNIgene®-GUT
tube (DNA Genotek Inc. 3000 - 500 Palladium Drive,
Ottawa, ON, Canada) [10].

2.1.4 Dietary supplement: Strath® liquid consists of
a plasmolyzed herbal yeast preparation containing
over 60 vital substances (among others vitamins,
minerals, enzymes, amino acids, and oligo-elements).
Strath® is sold worldwide for 60 years (Bio-Strath®
AG, Zurich, Switzerland, https://bio-strath.com/).
Constituents: 83% Plasmolyzed Herbal Yeast
(Saccharomyces cerevisiae  MEYEN), 9% Malt
extract, 5% Orange syrup, 3% Honey. Supplement
dosage in the study: 3 x 5ml daily (morning, midday,
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and evening 15 minutes before the meals) for three
weeks. Compliance was confirmed by measuring the
quantity of dietary supplement left after three weeks

of intake. No discrepancies from the rules were found.

2.2 Shotgun metagenome sequencing

The extracted fecal samples were analyzed by shotgun
metagenomic sequencing (CoreBiome, St. Paul, MN,
USA). Extensive method specification was

summarized in a prior publication [11].

2.2.1 Statistics: Raw Taxonomy Tables, Filtered
Taxonomy Tables, Strain Coverage Tables, Beta
Diversity including Species Bray-Curtis Distance
Matrix, and Alpha Diversity were calculated by
CoreBiome. Downstream analysis was done with
Analyse-it® for Excel 5.40 build 7149.20136 (Leeds,
United Kingdom). Correlations were computed with
bimodal Pearson’s r and the Benjamini-Hochberg
Procedure for False Discovery Rate (FDR).
Significance level a=5%; confidence interval 95%
two-sided; Fisher’s Z Method. No missing data were

present.

3. Results

Since the determination of the gut microbiome
composition with shotgun metagenomic sequencing
cannot reveal the function of the individual bacteria, it
is difficult to assign a clear role to the microbes
found. This at the moment is only possible by
cultivation [12]. Not only the genome but also the
quantity of a particular bacterium determines whether
it is a friend or foe. Therefore, the principal focus in
this publication is a possible interpretation of the
negative and positive bacterial population changes in

the individual participant we found in our pilot study.
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We calculated the correlation of the initial

percentages in the entirety of 68 individual bacterial
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supplementation in all probands. Twenty-five of 68
species showed a statistically significant correlation

species with the difference after 3 weeks between these percentages.

3.1. Correlation results

A | Species p-Value B | Species p-Value C | Species

all all
Probands Probands
Akkermansia muciniphila 0.0005 Alistipes finegoldii 0.5315 Alistipes indistinctus
Anaerostipes hadrus 0.0001 Alistipes ihumii 0.6055 Bacteroides coprocola
Bacteroides stercoris 0.0509 Alistipes obesi 0.5813 Bacteroides coprophilus
Bacteroides caccae 0.0376 Alistipes putredinis 0.1644 Bacteroides dorei
Bacteroides finegoldii <0.0001 Alistipes shahii 0.5876 Bacteroides eggerthii
Bacteroides vulgatus <0.0001 Bacteroides cellulosilyticus 0.2762 Bacteroides fluxus
Barnesiella intestinihominis 0.0195 Bacteroides massiliensis 0.0719 Bacteroides plebeius
Bifidobacterium longum <0.0001 Bacteroides ovatus 0.9700 Bacteroides salyersiae
Blautia obeum 0.0013 Bacteroides thetaiotaomicron 0.5936 Bifidobacterium bifidum
Blautia Ruminococcus torques 0.0024 Bacteroides uniformis 0.9593 Bifidobacterium catenulatum
Blautia wexlerae 0.0060 Bifidobacterium adolescentis 0.5900 Butyrivibrio crossotus
Clostridiales bacterium KLE1615 0.0025 Bifidobacterium pseudocatenulatum 0.2255 Clostridium sp.L2-50
Collinsella aerofaciens 0.0057 Coprococcus comes 0.0833 Dakarella massiliensis
Dorea longicatena 0.0064 Coprococcus eutactus 0.1490 Dialister invisus
Eubacterium hallii <0.0001 Eubacterium eligens 0.6254 Duodenibacillus massiliensis
Eubacterium rectale <0.0001 Eubacterium ventriosum 0.1458 Holdemanella biformis
Faecalibacterium prausnitzii <0.0001 Fusicatenibacter saccharivorans 0.2839 Odoribacter laneus
Gemmiger formicilis 0.0004 Odoribacter splanchnicus 0.1812 Phas-colarctobacterium
succinatutens

Roseburia faecis <0.0001 Parabacteroides merdae 0.2832 -
Roseburia hominis <0.0001 Paraprevotella clara 0.8579 -
Roseburia intestinalis <0.0001 Prevotella copri 0.3512 -
Roseburia inulinivorans 0.0012 Prevotellamassilia timonensis 0.0607 -
Ruminiclostridium Eubacterium siraeum | <0.0001 Ruminococcus bicirculans 0.0775 -
Streptococcus thermophilus 0.0029 Ruminococcus callidus 0.5733 -
Sutterella wadsworthensis 0.0055 Ruminococcus lactaris 0.1461 -

Table 1: A) Species showing a significant correlation between the initial percentage of the individual bacterium and

its percentual change after 3 weeks in all participants; B) Species revealing no statistical significance in the

correlation analysis; C) Some bacterial species were not analyzable because of too many samples with percentages

close to zero or with only minor changes during the trial.

For some bacteria of the gut microbiome, there is
something like a consensus about the positive
influence on the carrier. This applies for example to
Akkermansia muciniphila [13-15], Faecalibacterium
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prausnitzii [16-18], Roseburia intestinalis [19-21],
Roseburia hominis [22-24], Blautia wexlerae [25-27]
and Blautia obeum [28-30]. For these species, the
correlation diagrams are reproduced in Figure 1.
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3.2. Correlation diagrams
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Figure 1: Correlation diagrams of 6 potentially beneficial bacterial species in all participants. They show the initial
percentage of the bacterium (y-axis) in percent of all bacteria found in a proband correlated with the difference (x-
axis) in percent in the same proband after three weeks of treatment. The density ellipse equals 95% CI. The three-

letter code refers to the participants.
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4. Discussion

In earlier publications of our study [11, 31] we
reported an improvement by the supplement in the
fields of composition of the bacteria, in the Firmicutes
to Bacteroidetes ratio (F/B), in the amount of butyrate
producing bacteria, in significantly lowering blood

pressure and betterment of the metabolic syndrome.

Since we could then just describe the outcome, we
wanted to find reasons for these effects. Therefore, we
reanalyzed statistically our results of the shotgun
metagenomic sequencing. When computing the
correlations of the initial percentage of a specific
bacterium and the percentual change for this
bacterium at the end of the study in the whole group
we found for 25 bacterial species a highly significant
correlation in the sense that initially high amounts

diminished and low values increased.

This suggests a trend to homeostasis which would be
a highly important feature in understanding and
treating dysbiosis of the gut microbiome. To date, we
did not find a similar observation linked to a dietary
intervention in the literature.

Alleged beneficial bacteria like Akkermansia
muciniphila in an increased amount can be
detrimental [8, 9]. Also, Faecalibacterium prausnitzii
can be associated with unwanted symptoms [32, 33],
same for Roseburia intestinalis, Roseburia hominis
[34, 35], Blautia wexlerae, and Blautia obeum [36,
37]. These observations were done in persons treated
for a medical condition, while our participants were

healthy. Hence there might be a skew in our study.

The quantitative range of a certain bacterium and the

overall composition in healthy people is not known
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[15]. As stated before, the diversity and complexity of
the microbial populations vary greatly between
individuals [4], and for a bacterium to be effective,
there must also be collaboration with other strains in
the gut [5]. Quorum sensing [7] is therefore a crucial
performance in the gut microbiota. As bacterial
density cannot be sensed directly [16] there must be

another approach.

One method of numerically adjusting the population
sizes of the bacterial species is quorum sensing.
Quorum sensing is a cell-to-cell communication
process that enables bacteria to collectively modify
behavior in response to changes in the cell density and
species composition of the surrounding microbial
community. Quorum sensing is a chemical
communication (by auto inducers) among bacteria
and can partially shape the composition of the
microbiota [7, 38-41].

Auto inducers are secreted by the bacteria themselves
[17]. Bivar Xavier states that quorum sensing can
influence the balance of the major bacterial groups in
the gut and promote recovery of gut homeostasis [40].
Also, the innate and the adaptive immune systems are
involved in adjusting the numbers of certain bacteria
[41-43]. How the food supplement based on herbal
yeast is connected to quorum sensing and/or
alterations in the immune system remains currently

unsolved.

Our study sample involved only 26 persons, which
could be non-representative. Nevertheless, the
proportion of the significant correlations in our results

is too high to be at random.
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5. Conclusion

In a study in healthy obese young women [11, 31]
taking 3x5ml of a plasmolyzed herbal yeast
preparation per day for three weeks, we found a
modification of more than a + 0.5 log2 fold change in
the gut microbiome, an increase in butyrate producing
species, a normalization of the F/B ratio and a
statistically significant lowering of the blood pressure.

It became evident in the subsequent statistical workup
that this change in the quantity of the bacteria showed
a statistically significant correlation in 25 of the 68
gut bacteria found with shotgun metagenome

sequencing.

The transformation is based on altering initially high
bacterial quantities to medium values and low
quantities to average values during the study. Quorum
sensing and/or immunological mechanisms might

play a role in this adaptation.
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