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Simple Summary: The authors evaluated the effects of two specific commercial dietary supplements:
a combination of a postbiotic and prebiotics (Microbiotal cane®—NBF Lanes S.r.l., Milan, Italy) and a
probiotic product (NBF 1®), recommended for counteracting intestinal dysbiosis in dogs, on the gut
canine microbiota composition and its metabolic activities (production of short-chain fatty acids). The
investigation was performed using an in vitro fermentation system inoculated with dog fecal samples;
both of the dietary supplements significantly modulated the dog intestinal microbiota. Microbiotal
cane® manages to have a short-term effect, increasing the concentration of lactobacilli, whereas NBF
1® may be of benefit in reducing excessive proliferation of bacterial species, like Bacteroides–Prevotella–
Porphyromonas spp. In case of alterations in the intestinal microbiota, the two products can be used
selectively by modulating the growth/decrease of specific bacterial species.

Abstract: Many environmental aspects influence the preservation of a beneficial microbiome in dogs,
and gut dysbiosis occurs when imbalances in the intestinal ecosystem cause functional changes
in the microbial populations. The authors evaluated the effects of two specific commercial dietary
supplements: a combination of a postbiotic and prebiotics (Microbiotal cane®) and a probiotic product
(NBF 1®) recommended for counteracting intestinal dysbiosis in dogs, on the gut canine microbiota
composition and its metabolic activities (production of short-chain fatty acids). The investigation
was performed using an in vitro fermentation system inoculated with dog fecal samples. Microbiotal
cane® promoted a more immediate increase in Lactobacillus spp. after the first 6 h of fermentation,
whereas NBF 1® promoted the increase at the end of the process only. The two supplements supported
an increase in the Bifidobacterium spp. counts only after 24 h. The in vitro abilities of Microbiotal
cane® and NBF 1® to increase selectively beneficial bacterial groups producing acetic, propionic, and
butyric acids suggest a possible positive effect on the canine gut microbiota, even if further in vivo
studies are needed to confirm the beneficial effects on the intestinal health.

Keywords: dietary supplements; probiotics; postbiotics; dogs; microbiota; short-chain fatty acids

1. Introduction

Dogs, like cats, belong to the order of carnivores, so their main source of nourishment
is made up of animal tissues. However, comparative studies of the nutritional needs,
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anatomical characteristics, and metabolic adaptations of these two species show how
differently they have evolved from each other.

During evolutionary development, cats have always been obligated carnivores, but
dogs, instead, are defined as opportunistic carnivores, developing eating habits more
similar to those of omnivores. This is because dogs have lived in greater contact with man,
gradually adapting to his type of diet. Most canine microbiome studies [1,2] looked to
extruded kibble, representing up to 95% of the dry dog food market [3]. Traditionally, the
extrusion process requires a high content of carbohydrates (at least 30% starch in % dry
matter—DM) in the form of vegetable ingredients. Recently, new alternative industrial
processes allow the inclusion in the pet food market of reduced carbohydrate and increased
protein-content kibble (no more than 15% starch in % DM and at least 25% protein in %
DM) [3].

It is well known that high-protein vs. high-carbohydrate diets generate different gut
microbiome profiles. The maintenance of a healthy microbiome is affected by many other
environmental factors; however, the changes they cause have less impact when compared
to the alterations found in diseased animals. GI dysfunctions are mainly associated with gut
dysbiosis. Acute and chronic diarrhea, obesity, metabolic diseases, cancer, and neurological
dysfunctions have been associated with gut microbiome modifications [3]. Similar to studies
on healthy dogs, those on dogs with GI diseases also reported different taxa abundance
percentages [4]; however, most taxa consistently vary within the same disease phenotype.

Manipulations of the microbiome are often part of the treatment; several strategies
have been proposed to improve and maintain the equilibrium of the intestinal microbiota,
including probiotic supplementations. Currently, probiotics are also used to prevent or
minimize symptoms due to the use of anti-inflammatory treatment [5], acting on the
frequency of diarrhea, the composition of the fecal microbiota, and/or markers of GI
inflammation. Sometimes, the principal disadvantage of a probiotic supplementation
is their low persistence in the canine gastrointestinal tract after finishing the probiotic
supplementation [6,7]. A further approach is the use of synbiotics, in which the pres-
ence of prebiotic ingredients should support probiotic growth, increasing its proliferation
within the GI tract and offering its own advantages [8,9]. However, the use of a combi-
nation of postbiotic and prebiotic supplementations in the canine diet has not yet been
adequately explored.

The term postbiotic is derived from ‘biotic’, defined as ‘relating to or resulting from
living organisms’, and ‘post’, a prefix meaning ‘after’; together, these terms suggest ‘after
life’, that is, non-living organisms; postbiotic is a ‘preparation of inanimate microorganisms
and/or their components that confer a health benefit on the host’ [10]. Although the
effects of postbiotics on the microbiota might be temporary, they can have direct and
indirect antimicrobial activities. With regards to the direct antimicrobial activity, in vitro
studies recognize compounds, such as bacteriocins, that have an antimicrobial action;
on the other end, the indirect antimicrobial activity is associated with the transport of
quorum-sensing (favoring the microorganisms communication) and quorum-quenching
(capable of interrupting communication) molecules. Moreover, other studies highlighted
the importance of other molecules like lactic acid that can be consumed by some members
of the intestinal microbiota, resulting in SCFAs and butyrate production, which have
beneficial functions [11].

Postbiotics also perform local and systemic immunomodulatory functions by acti-
vating an immune response to fight infections and reduce the infection degree in the
acute phase; some of the immunomodulatory microbial metabolites are branched-chain
fatty acids and SCFAs. In addition, they improve the epithelial barrier functions; from
Bifidobacterium spp. is derived substances promoting barrier function, reducing inflamma-
tion with mechanisms under study.

SCFAs found in postbiotics also have the potential to modify the function of the
epithelial barrier, helping to keep it intact; they serve to increase transepithelial resis-
tance and to stimulate the formation of the tight junction in some of the intestinal epithe-
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lial cells. Succinate, a bacterial intermediate in carbohydrate fermentation as well as a
substrate for intestinal gluconeogenesis, appears to act on glycemic control, improving
systemic metabolism.

Other research has also shown how postbiotics can modulate cognitive function and
behavior using different neuroactive compounds, including neurotransmitters, such as
serotonin, dopamine, acetylcholine, GABA, and various compounds that can bind to
receptors expressed in the brain, such as serotonin. While the study of pre- and probiotics
began several years ago, postbiotics have only recently entered the heart of scientific
research; currently there are few works, especially in vivo studies, that have examined the
effect of postbiotics and their possible combinations on the composition of the intestinal
microbiota, representing another therapeutic strategy for modulating the gut microbiota of
healthy and/or diseased animals.

In the present study, the authors evaluated whether two specific commercial dietary
supplements (a combination of a postbiotic and prebiotics and a probiotic product) recom-
mended for counteracting intestinal dysbiosis in dogs affected the quantity, composition,
and metabolic activities (production of SCFAs) of canine gut microbiota after 6 h and 24 h
of supplementation, compared to time zero.

The investigation was performed using an in vitro fermentation model simulating the
dog intestinal tract. The in vitro model, also utilized in previous studies [12,13], offer several
advantages, including dynamic sampling over time and high reproducibility, without the
ethical issues that can arise in clinical human contexts.

2. Materials and Methods
2.1. Commercial Products Tested

Two commercial dietary supplements dedicated to counteracting intestinal dysbiosis
in dogs were tested. Microbiotal cane® (NBF Lanes S.r.l., Milan, Italy) are tablets with
a purplish color, are odorless, and contain tindalized Limosilactobacillus reuteri NBF 1
(formerly Lactobacillus reuteri) DSM 32203 [12], fructo-oligosaccharides (FOS), chicory inulin,
microencapsulated butyric acid, and polyphenols from blood orange. NBF 1® (NBF Lanes
S.r.l., Milan, Italy) is a white powder, is odorless, and consists of the live probiotic bacterial
strain L. reuteri NBF 1 (formerly Lactobacillus reuteri) DSM 32203 [14].

2.2. Batch Culture Fermentations

A pilot fermenter (Applikon Fermentation System, Applikon Biotechnology, Delft,
The Netherlands), stirred and pH- and temperature-controlled, was used to perform the
anaerobic batch culture. The whole procedure was previously described by Belà et al. [12].

The inoculum was prepared using fecal samples obtained from 3 adult healthy dogs
following the procedure reported by Belà et al. [12]. Subjects were fed a standard diet free
of components that could influence the analysis; they had not consumed any antibiotics
for at least one month before the study, had no history of GI disease, and were not regular
consumers of probiotic/prebiotic supplements. The fecal samples were collected by the
owners of the dogs, who gave their consent to offer the already naturally deposited stools.
Ethical review and approval were waived for studies in which protocol requirement for
the administration of a nutraceutical is covered by Directive 2010/63/EU of the European
Parliament and by the Council of 22 September 2010 on the protection of animals used for
scientific purposes.

Fecal slurry (1%) was the inoculum of each batch culture fermentation. The latter were
singularly supplemented and named as follows: Microbiotal was added with 0.5% (5 g) of
the Microbiotal cane® supplement, and NBF 1 had, as inoculum, 109 CFU/mL of the NBF
1® supplement. The supplement concentration simulated the real dose recommended for
use by the manufacturer.

The day before fermentation, the product chosen to be fermented and the fecal in-
oculum (fecal sample previously prepared and stored at −80 ◦C) were transferred from
−80 ◦C into the cold room, while on the same day of fermentation, the saline solution,
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hemin, vitamin K, bile acids [12], and the product to be tested were added to the medium
just before starting fermentation.

The pH was adjusted at 6.80 ± 0.2 before inoculating the medium. The system was
permanently gasified with N2 fed at 15 mL/min. The anaerobiosis, the temperature of
39 ± 1 ◦C, and the stirring (at 50/55 rpm) were kept for a period of 24 h, simulating the
conditions of the canine intestine. During the fermentation, samples’ aliquots of 10 mL
were collected at three specific time points: T0 (the beginning of fermentation), T6 (after 6 h
of fermentation), and T24 h (after 24 h of fermentation). This latter time point was included
to better understand the long-term fermentation changes on the microbiota, considering the
model over a realistic time. Samples were stored at −20 ◦C and higher until be analyzed
for bacterial enumeration and quantification of short-chain fatty acids.

2.3. Selective Enumeration of Bacteria Groups, Bacterial Profiling of the Fluid Microbiota, and
SCFAs Determination

At each time point, two fermented fluid aliquots were used for bacterial enumera-
tion/profiling and for SCFA quantification, respectively.

Real-time PCR was performed for the enumeration of selected bacterial groups, as
described by Belà et al. [12], after extraction of bacterial DNA [15] from one aliquot of
fermented fluid. The bacterial groups of interest were Bifidobacterium spp., Lactobacillus
spp., Bacteroides–Prevotella–Porphyromonas spp., Staphylococcus spp., Clostridium coccoides–
Eubacterium rectale group, and Enterobacteriaceae. SYBR Green real-time PCR amplifications
were performed using an iCycler iQ real-time detection system (Stratagene, La Jolla, CA,
USA) associated with the MXP Software (2.0 version). All PCR experiments were carried
out in triplicate, with a reaction volume of 20.6 µL, using iCycler IQ 96-well optical grade
PCR tubes (Stratagene) covered with an iCycler optical cap (Stratagene).

The efficiency of PCR amplification was optimized with a primer concentration of
500 ng/µL (pmol/µL), which was proved to be optimal for the amplifications of target
sequences. The reaction mixtures contained 9.8 µL of iTaqUniversalSYBR Green Supermix
(Bio-Basic, Amherst, NY, USA), 9 µL of distilled sterile water, and 0.4 µL of each primer
(forward and reverse, DSMZ). Subsequently, 1 µL of DNA (or water for negative control)
was added to the reaction mixture.

For each bacterial strain, the total bacterial copy number per organism was determined
with 16S rRNA gene-targeted primers.

Amplification was performed with the initial temperature at 95 ◦C for 2 min. Uni-
versalSYBR probe activation, 35–40 cycles of denaturation at 95 ◦C for 15–30 s, annealing
temperature kept at the optimal temperatures for 20–60 s, extension at 72 ◦C for 30 s, and an
additional incubation step at the same annealing temperature and length were performed
to collect fluorescent data [12,16].

In addition, from the extracted DNA, high-resolution genotyping of the fermentation
fluid microbiota was performed to comprehensively characterize the microbial composition
of the fluid during that time. The 16S metagenomic analysis was carried out using a 16S
next-generation sequencing (NGS) approach, as described by Micioni Di Bonaventura and
colleagues [17].

A second aliquot of fermentation fluid was used for the extraction and quantification
of SCFAs, following the analytical procedure reported by Scortichini et al. [18].

2.4. Statistical Methodology

The experimental fermentations were conducted in duplicate, and the analysis was
repeated in duplicate. The data were expressed as the mean value ± standard deviation.
One-way ANOVA and Tukey’s multiple comparison test were used to compare different
time points within the same fermentation experiment and the two kinds of fermentations.

For the 16S NGS data, differences in relative abundances of taxa between the two
types of fermentations were evaluated using the four multiple comparison test (R version
4.2.1), with a significance level of p < 0.05.
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3. Results
3.1. Bacterial Populations Changes

Figure 1A–F reports the counts of the selected bacterial groups that were detected in
each fluid of the two supplemented fermentations at the T0, T6, and T24 time points. The
Bacteroides–Prevotella–Porphyromonas spp. count showed a different trend during the fer-
mentation of the two supplements: the Microbiotal fermentation presented a slight increase
in the amount of this bacterial group immediately after 6 h (T6), and a significant increase
of about 2 logs was detected at the end of the fermentative process (T24) (Figure 1A). On
the contrary, the NBF 1 fermentation promoted a slight decrease in that bacterial group
after 6 h (T6), as compared to the starting point, followed by a considerable increase at
the end of the fermentation (T24), even if not statistically different vs. T0 (Figure 1A).
Bifidobacterium spp. displayed quite a similar trend during the two product fermentations:
after 6 h (T6), there was a very slight increase, as compared to the starting point (T0),
while at the end of the process (T24), there was an appreciable increase of about 2 logs in
the count of this bacterial group, as compared to the starting point (T0) (Figure 1B). The
Cl. coccoides–Eu. rectale group tended to increase after 6 h (T6) of Microbiotal fermenta-
tion and decreased at the end of the process (T24) (Figure 1C). Meanwhile, during the
fermentation with NBF 1, the amount of this bacterial group remained quite stable, with
a very slight decrease after 6 h (T6), as compared to the beginning (T0) (Figure 1C). The
Lactobacillus spp. count showed a marked increasing trend during the fermentation of
Microbiotal cane®: after 6 h (T6) the count of this bacterial group increased by about four
logs, as compared to the initial time point (T0) (Figure 1D), with a further increase at the
end of the process (T24) of one more log (Figure 1D). The NBF 1 fermentation caused a
significant increase in the Lactobacillus spp. count only at the end of the process (T24), as
compared to the starting point (T0) (Figure 1D). The Enterobacteriaceae count displayed
a comparable increasing trend during the fermentation of the two products; it was more
pronounced during Microbiotal fermentation: after 6 h (T6), this bacterial group increased
by about 3 logs, as compared to the starting point (T0) (Figure 1E), reaching a final count of
4.0 × 108 CFU/mL at the end of the process (T24) (Figure 1E). The fermentation with NBF
1 showed a lower increase in the amount of Enterobacteriaceae after 6 h, but then it also
reached a significant level, as compared to the initial amount (Figure 1E). Finally, both the
product fermentations promoted an increase in the Staphylococcus spp. at the end of the
process (T24) (Figure 1F), compared to the beginning (T0) (p < 0.05), and NBF 1 significantly
stimulated the staphylococci growth, compared to Microbiotal.

3.2. Profiling of the Fluid Microbiota by 16S Next-Generation Sequencing (NGS)

The composition of microbiota developed in the two fermentation fluids was profiled
during three time points: T0, T6, and T24. The change in α-diversity in the Microbiotal
and NBF 1 fermentation fluids was evaluated by the Shannon, Simpson, chao1, and adv
indices. No significant difference in terms of species richness was observed (p > 0.05). The
Bray–Curtis distances used to reveal β-diversity, that is, bacterial structural differences,
of the two fermentations did not show a congruent directional pattern between the two
groups of data. Analysis of the taxonomic composition at T0 revealed the presence of
five major bacterial phyla: Firmicutes, Fusobacteria, Proteobacteria, Bacteroidetes, and
Actinobacteria in both the starting-point fermentation fluids; among these, Firmicutes,
Fusobacteria, and Proteobacteria were the most abundant members (Figure 2).

Taxonomic variation trends were detected within the two fermentations from T0 to
T24, with a decrease in Firmicutes, though not significantly (p > 0.05), and concomitant
increases in Fusobacteria and Proteobacteria (the last in a significant way, p < 0.05).
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At the family and genus levels, 16 families and 26 genera were the dominants in both
fermentation fluids (relative abundance of >1%; Figure 2).

The Microbiotal fermentation fluid showed an initial presence of Lactobacillaceae
(59%) with the major presence of Limosilactobacillus reuteri (58%)—as expected by the
composition of the commercial product (tindalized L. reuteri)—slightly decreasing at 24 h
coincident with the T24-value of L. reuteri. In the NBF 1, the L. reuteri was detected as 10% at
T0—supplied by the live strain product—and moderately decreased at 24 h of fermentation.
In both fermentations, the Fusobateriaceae, present at a low level at T0, reached, at T24,
a higher abundance in Microbiotal fermentation and was completely represented by the
Fusobacterium genus. A further significant increase (p < 0.05) was related to the abundances
of Enterobacteriaceae that reached 30% and 48%, respectively, in Microbiotal and in NBF 1
fermentations; the Escherichia genus was the most represented.

3.3. SCFA Levels

The main SCFAs (acetic, propionic, and butyric acids, expressed in µmol/g) detected
during the fermentation of the tested products are reported in Figure 3A–C. Generally, they
reached significantly higher levels at T24 than T0. Acetic acid was the one that increased
more during the fermentations of both products, especially at the end of the process (T24).
Microbiotal fermentation caused a significantly higher increase with respect to the NBF
1 fermentation (Figure 3A). The amount of propionic acid increased very slightly during
the fermentations of the tested products, with a modest increase only after 24 h (T24),
displaying significantly different values between the two fermentations (Figure 3B). The
fermentation of both products promoted an increase in the butyric acid level only after 24
h (T24), and Microbiotal displayed a significantly higher amount, as compared to NBF 1
Figure 3C).
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4. Discussion

The microbial ecology of the canine large intestine still attracts great interest from the
scientific community. One of the focusing topics is the effects of specific compounds or
microorganisms, like probiotics and prebiotics, on the canine intestinal microbiota. This
in vitro study evaluated the potentials of two commercial dietary supplements, Microbiotal
cane® and NBF 1®, to affect the canine intestinal environment in terms of microbiota
composition and the production of SCFAs.

The predominant phyla in the fermentation fluid consistent with previous reports in
dogs included Firmicutes, Bacteroidetes, Fusobacteria, Proteobacteria, and Actinobacte-
ria [19], and the results from NGS reported taxonomic profile variation trends within the
two fermentations.

The results from enumeration by real-time PCR showed that the fermentation of both
supplements can significantly increase the amount of Lactobacillus spp., Bifidobacterium spp.,
and Bacteroides–Prevotella–Porphyromonas spp., whereas the amount of the Cl. coccoides–Eu.
rectale group remained quite stable during the fermentative process. Staphylococcus spp.
displayed an increase at 24 h of the process only, whereas Enterobacteriaceae increased
during the fermentation time.
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In detail, Microbiotal cane® promoted a more immediate increase in Lactobacillus spp.
after the first 6 h of fermentation, whereas NBF 1® promoted the increase at the end of the
process only. The two supplements supported an increase in the Bifidobacterium spp. counts
only after 24 h. The fact that both Lactobacillus spp. and Bifidobacterium spp. increased in
quantity during the fermentations of the tested supplements reveals the positive activities
of Microbiotal cane® and NBF 1® on the gut canine microbiota, due to their capacity to
increase bacterial groups involved in exerting beneficial effects on gut health. Like most
intestinal bacteria, bifidobacteria are saccharolytic; they obtain carbon and energy through
the fermentation of host and dietary carbohydrates. Bifidobacteria catabolize a variety of
mono- and oligosaccharides released by glycosyl hydrolases acting on nondigestible plant
polysaccharides or host-derived glycoproteins and glycoconjugates [20]. Microbiotal cane®

consists of fructo-oligosaccharides (FOS) and inulin that are mixtures of fructose moieties
linked by glycosidic bonds with a terminal glucose unit [21]. FOS and inulin transit through
the stomach and small intestine, where they are neither absorbed nor degraded, and reach
the colon, where they are fermented by resident bacterial groups and promote the prolifera-
tion of bifidobacteria. Thus, FOS and inulin are effective prebiotics, defined as substrates,
that are selectively utilized by host microorganisms, conferring a health benefit [22]. The
fermentations of oligo- and polysaccharides in the colon are the result of intestinal microbial
metabolic activity. During transit through the large bowel, unabsorbed carbohydrates, such
as FOS and inulin, are hydrolyzed to their respective sugars; these sugars are fermented
to SCFAs and biomass by the complex bacterial population. SCFAs represent the most
important source of energy for colonocytes; they can stimulate the growth of colorectal
mucosal cells, retard mucosal atrophy, and decrease the risk of malignant transformation
in the colon. Butyrate has been shown to have anti-cancer effects both in in vitro cancer
cell culture systems and in in vivo animal model experiments. The associated mechanisms
involve many signaling pathways, as well as anti-inflammatory actions [23]. It stimulates
mature colonocytes and inhibits undifferentiated malignant and stem cells [24].

Human in vivo trials have established that the addition of FOS or inulin to the diet
leads to an increase in bifidobacteria [25], and several studies have described in vitro
fermentation of FOS by human fecal cultures [26].

A different situation concerns Bacteroides–Prevotella–Porphyromonas spp., which in-
creased during the fermentation of Microbiotal cane®, especially at the end of the process,
whereas it remained quite stable at the end of NBF 1®’s fermentation, with respect to
the starting point, even if an initial decrease was detected after 6 h. Among dominant
beneficial bacteria, there are several species of Bacteroides that metabolize polysaccharides
and oligosaccharides, providing nutrition and vitamins to the host and other intestinal
microbial residents. The specific molecular interactions responsible for the beneficial and
detrimental effects of Bacteroides species in humans [27] are not yet clear. It is already
known that some pathogenic bacteria belong to this group, but current studies highlight
that Bacteroides–Prevotella–Porphyromonas spp. also releases some beneficial metabolites,
like SCFAs. Therefore, the fermentation of Microbiotal cane® causing an increase in this
bacterial group cannot be considered a negative result.

The NGS data confirmed, in part, the modulation trend of the bacterial groups detected
by real-time PCR. In addition, the presence of Fusobacteriaceae was highlighted with a
notable existence of the Fusobacterium genus at 24 h in both fermentations. It is noteworthy
that this bacterial group has a positive aspect, being prevalent in the guts of healthy dogs
who typically spend a lot of time outside [28].

Both supplements exerted a stabilizing effect on the Cl. coccoides–Eu. rectale group, to
which numerous harmful and pathogenic species belong.

The Enterobacteriaceae family includes genera and species of prevalent fecal origin
(Escherichia, Salmonella, and Shigella), environmental localization (Budvicia, Buttiauxella,
Citrobacter, Enterobacter, Erwinia, Klebsiella, Providencia, Serratia, etc.), and mixed localization
(Citrobacter freundii, Enterobacter aerogenes, and E. cloacae; Klebsiella ozenae, K. oxytoca, and
K. pneumoniae; and Proteus spp.). Most of these bacterial species, which naturally inhabit
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human and animal intestines [29], have been detected in the two fermentation fluids by the
NGS analysis.

The fermentation of the two supplements also promoted a non-significant increase in
the Staphylococcus spp. after 6 h, becoming significant at the end of the process. Staphy-
lococci are bacteria that commonly live on the skin, throat, and intestines of people and
animals without causing problems; however, in particular conditions, they can penetrate
the human/animal body and develop infections that are sometimes mild, other times
serious. It is important to remember that the intestinal transit in dogs is much faster than in
humans, and the intestinal fermentation usually resolves in the first 6–12 h. In the present
study, what happens after 24 h of fermentation was also observed, but in dogs, such a long
fermentation process never occurs. Consequently, the fact that staphylococci increased
above all at the end of the 24 h of fermentation and not in the first 6 h can be considered a
positive result.

The acetic, propionic, and butyric acids were the only ones to increase after 24 h
of fermentations and contributed to lowering the intestinal pH, reducing the growth of
pathogenic species and influencing the intestinal microbiota composition [30]. Acetic
acid derives from the metabolisms of Bifidobacterium spp. and Lactobacillus spp. [31]; the
significant increase in this carboxylic acid at 24 h can be related to the increases in lactobacilli
and bifidobacteria at that point. Among the metabolites released by the lactobacilli, butyric
acid was also produced in a modest amount, especially at the end of the fermentation
with Microbiotal cane®. On the other hand, butyric acid constitutes a major energy source
for colonocytes, and it is partially metabolized by hepatocytes for gluconeogenesis with
propionic acid [32]. The production of propionic acid was detected at a low level only after
24 h of fermentation for both supplements.

5. Conclusions

The in vitro fermentations of Microbiotal cane® and NBF 1® significantly modulate
the dog intestinal microbiota. Microbiotal cane® manages to have a short-term effect on
increasing the concentration of lactobacilli; on the other hand, the administration of NBF 1®

may be of benefit in keeping under control the proliferation of harmful bacterial species. In
case of alterations of the intestinal microbiota, the two products can be used selectively by
stimulating and/or stabilizing the number of specific bacterial species.

Although in vitro assays facilitate experimentation, offering several advantages, cau-
tion must be taken in extrapolating results to in vivo conditions, as many variables and
situations are implied.

Author Contributions: Conceptualization, S.S. and A.G.; methodology, B.B., M.M.C. and D.F.; val-
idation, B.B., M.M.C. and D.F.; formal analysis, B.B.; investigation, G.P.; data curation, M.M.C.;
writing—original draft preparation, B.B.; writing—review and editing, S.S., M.M.C. and D.F.; visual-
ization, B.B. and M.C.V.; supervision, S.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors will be available to share the data on demand.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Herstad, K.M.V.; Gajardo, K.; Bakke, A.M.; Moe, L.; Ludvigsen, J.; Rudi, K. A diet change from dry food to beef induces reversible

changes on the faecal microbiota in healthy, adult client-owned dogs. BMC Vet. Res. 2017, 13, 147. [CrossRef] [PubMed]
2. Schmidt, M.; Unterer, S.; Suchodolski, J.S.; Honneffer, J.B.; Guard, B.C.; Lidbury, J.A. The fecal microbiome and metabolome differ

between dogs fed Bones and Raw Food (BARF) diets and dogs fed commercial diets. PLoS ONE 2018, 13, e0201279. [CrossRef]
[PubMed]

https://doi.org/10.1186/s12917-017-1073-9
https://www.ncbi.nlm.nih.gov/pubmed/28558792
https://doi.org/10.1371/journal.pone.0201279
https://www.ncbi.nlm.nih.gov/pubmed/30110340


Vet. Sci. 2024, 11, 19 10 of 11

3. Pilla, R.; Suchodolski, J.S. The Role of the Canine Gut Microbiome and Metabolome in Health and Gastrointestinal Disease.
Review. Front. Vet. Sci. 2020, 6, 498. [CrossRef] [PubMed]

4. Galler, A.I.; Suchodolski, J.S.; Steiner, J.M. Microbial dysbiosis and fecal metabolomic perturbations in Yorkshire Terriers with
chronic enteropathy. Sci. Rep. 2022, 12, 12977. [CrossRef] [PubMed]

5. Herstad, K.M.V.; Vinje, H.; Skancke, E.; Næverdal, T.; Corral, F.; Llarena, A.; Nyquist, N.F. Effects of canine-obtained lactic-acid
bacteria on the fecal microbiota and inflammatory markers in dogs receiving non-steroidal anti-inflammatory treatment. Animals
2022, 12, 2519. [CrossRef] [PubMed]

6. Biagi, G.; Cipollini, I.; Pompei, A.; Zaghini, G.; Matteuzzi, D. Effect of a Lactobacillus animalis strain on composition and
metabolism of the intestinal microflora in adult dogs. Vet. Microbiol. 2007, 124, 160–165. [CrossRef] [PubMed]

7. Ciaravolo, S.; Martínez-López, L.M.; Allcock, R.J.N.; Woodward, A.P.; Mansfield, C. Longitudinal survey of fecal microbiota in
healthy dogs administered a commercial probiotic. Front. Vet. Sci. 2021, 8, 664318. [CrossRef]

8. Schmitz, S.S. Value of probiotics in canine and feline gastroenterology. Vet. Clin. N. Am. Small Anim. Pract. 2021, 51, 171–217.
[CrossRef]

9. Whittemore, J.C.; Price, J.M.; Moyers, T.; Suchodolski, J.S. Effects of synbiotics on the fecal microbiome and metabolomic profiles
of healthy research dogs administered antibiotics: A randomized controlled trial. Front. Vet. Sci. 2021, 8, 665713. [CrossRef]

10. Salminen, S.; Collado, M.C.; Endo, A.; Hill, C.; Lebeer, S.; Quigley, E.M.; Sanders, M.E.; Shamir, R.; Swann, J.R.; Szajewska, H.;
et al. The International Scientific Association of Probiotics and Prebiotics (ISAPP) consensus statement on the definition and
scope of postbiotics. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 671.

11. Laverde Gomez, J.A.; Mukhopadhya, I.; Duncan, S.H.; Louis, P.; Shaw, S.; Collie-Duguid, E.; Crost, E.; Juge, N.; Flint, H.J. Formate
cross-feeding and cooperative metabolic interactions revealed by transcriptomics in co-cultures of acetogenic and amylolytic
human colonic bacteria. Environ. Microbiol. 2019, 21, 259–271. [CrossRef] [PubMed]

12. Belà, B.; Coman, M.M.; Verdenelli, M.C.; Bianchi, C.; Pignataro, G.; Fiorini, D.; Silvi, S. In vitro fermentation of Cucumis sativus
fructus extract by canine gut microbiota in combination with two probiotic strains. J. Funct. Foods 2019, 63, 103585. [CrossRef]

13. Salvesi, C.; Coman, M.M.; Tomás-Barberán, F.A.; Fiorini, D.; Silvi, S. In vitro study of potential prebiotic properties of monovarietal
extra virgin olive oils. Int. J. Food Sci. Nutr. 2023, ahead of print. [CrossRef] [PubMed]

14. Belà, B.; Pignataro, G.; Di Prinzio, R.; Di Simone, D.; Crisi, P.E.; Gramenzi, A. Effects of Lactobacillus reuteri NBF 1 DSM 32203
Supplementation on Healthy Dog Performance. Biomed. J. Sci. Tech. Res. 2021, 37, 29149–29163. [CrossRef]

15. Zhu, H.; Qu, F.; Zhu, L.H. Isolation of genomic DNAs from plants, fungi and bacteria using benzyl chloride. Nucleic Acids Res.
1993, 21, 5279–5280. [CrossRef] [PubMed]

16. Avella, M.A.; Olivotto, I.; Silvi, S.; Place, A.R.; Carnevali, O. Effect of dietary probiotics on clownfish: A molecular approach to
define how lactic acid bacteria modulate development in a marine fish. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2010, 298,
R359–R371. [CrossRef] [PubMed]

17. Micioni Di Bonaventura, M.V.; Coman, M.M.; Tomassoni, D.; Micioni Di Bonaventura, E.; Botticelli, L.; Gabrielli, M.G.; Rossolini,
G.M.; Di Pilato, V.; Cecchini, C.; Amedei, A.; et al. Supplementation with Lactiplantibacillus plantarum IMC 510 modifies microbiota
composition and prevents bodyweight gain induced by Cafeteria diet in rats. Int. J. Mol. Sci. 2021, 22, 11171. [CrossRef]

18. Scortichini, S.; Boarelli, M.C.; Silvi, S.; Fiorini, D. Development and validation of a GC-FID method for the analysis of short chain
fatty acids in rat and human faeces and in fermentation fluids. J. Chromatogr. B Analyt Technol. Biomed. Life Sci. 2020, 1143, 121972.
[CrossRef]

19. You, I.; Kim, M.J. Comparison of Gut Microbiota of 96 Healthy Dogs by Individual Traits: Breed, Age, and Body Condition Score.
Animals 2021, 11, 2432. [CrossRef]

20. Kelly, S.M.; Munoz-Munoz, J.; van Sinderen, D. Plant Glycan Metabolism by Bifidobacteria. Front. Microbiol. 2021, 12, 609418.
[CrossRef]

21. Kumar, C.; Sarada, S.; Poornachandra, Y. Status and Future Prospects of Fructooligosaccharides as Nutraceuticals. Role Mater. Sci.
Food Bioeng. 2018, 14, 451–503.

22. Gibson, G.; Hutkins, R.; Sanders, M. Expert consensus document: The International Scientific Association for Probiotics and
Prebiotics (ISAPP) consensus statement on the definition and scope of prebiotics. Nat. Rev. Gastroenterol. Hepatol. 2017, 14,
491–502. [CrossRef] [PubMed]

23. Chen, J.; Zhao, K.N.; Vitetta, L. Effects of Intestinal Microbial-Elaborated Butyrate on Oncogenic Signaling Pathways. Nutrients
2019, 11, 1026. [CrossRef] [PubMed]

24. Gasaly, N.; Hermoso, M.A.; Gotteland, M. Butyrate and the Fine-Tuning of Colonic Homeostasis: Implication for Inflammatory
Bowel Diseases. Int. J. Mol. Sci. 2021, 22, 3061. [CrossRef] [PubMed]

25. Tandon, D.; Haque, M.M.; Gote, M. A prospective randomized, double-blind, placebo-controlled, dose-response relationship
study to investigate efficacy of fructo-oligosaccharides (FOS) on human gut microflora. Sci. Rep. 2019, 9, 5473. [CrossRef]

26. Yao, D.; Wu, M.; Dong, Y.; Ma, L.; Wang, X.; Xu, L.; Yu, Q.; Zheng, X. In vitro fermentation of fructooligosaccharide and
galactooligosaccharide and their effects on gut microbiota and SCFAs in infants. J. Funct. Foods 2022, 99, 105329. [CrossRef]

27. Zafar, H.; Saier, M.H.J. Gut Bacteroides species in health and disease. Gut Microbes 2021, 13, 1848158. [CrossRef]
28. Chun, J.L.; Ji, S.Y.; Lee, S.D.; Lee, Y.K.; Kim, B.; Kim, K.H. Difference of gut microbiota composition based on the body condition

scores in dogs. J. Anim. Sci. Technol. 2020, 62, 239–246. [CrossRef]

https://doi.org/10.3389/fvets.2019.00498
https://www.ncbi.nlm.nih.gov/pubmed/31993446
https://doi.org/10.1038/s41598-022-17244-6
https://www.ncbi.nlm.nih.gov/pubmed/35902689
https://doi.org/10.3390/ani12192519
https://www.ncbi.nlm.nih.gov/pubmed/36230259
https://doi.org/10.1016/j.vetmic.2007.03.013
https://www.ncbi.nlm.nih.gov/pubmed/17462835
https://doi.org/10.3389/fvets.2021.664318
https://doi.org/10.1016/j.cvsm.2020.09.011
https://doi.org/10.3389/fvets.2021.665713
https://doi.org/10.1111/1462-2920.14454
https://www.ncbi.nlm.nih.gov/pubmed/30362296
https://doi.org/10.1016/j.jff.2019.103585
https://doi.org/10.1080/09637486.2023.2270639
https://www.ncbi.nlm.nih.gov/pubmed/37845639
https://doi.org/10.26717/BJSTR.2021.37.005956
https://doi.org/10.1093/nar/21.22.5279
https://www.ncbi.nlm.nih.gov/pubmed/8255788
https://doi.org/10.1152/ajpregu.00300.2009
https://www.ncbi.nlm.nih.gov/pubmed/19923354
https://doi.org/10.3390/ijms222011171
https://doi.org/10.1016/j.jchromb.2020.121972
https://doi.org/10.3390/ani11082432
https://doi.org/10.3389/fmicb.2021.609418
https://doi.org/10.1038/nrgastro.2017.75
https://www.ncbi.nlm.nih.gov/pubmed/28611480
https://doi.org/10.3390/nu11051026
https://www.ncbi.nlm.nih.gov/pubmed/31067776
https://doi.org/10.3390/ijms22063061
https://www.ncbi.nlm.nih.gov/pubmed/33802759
https://doi.org/10.1038/s41598-019-41837-3
https://doi.org/10.1016/j.jff.2022.105329
https://doi.org/10.1080/19490976.2020.1848158
https://doi.org/10.5187/jast.2020.62.2.239


Vet. Sci. 2024, 11, 19 11 of 11

29. Dubreuil, J.D.; Isaacson, R.E.; Schifferli, D.M. Animal Enterotoxigenic Escherichia coli. EcoSal Plus 2016, 7, ESP-0006-2016.
[CrossRef]

30. Richards, J.L.; Yap, Y.A.; McLeod, K.H.; Mackay, C.R.; Mariño, E. Dietary metabolites and the gut microbiota: An alternative
approach to control inflammatory and autoimmune diseases. Clin. Transl. Immunol. 2016, 5, e82. [CrossRef]

31. Louis, P.; Hold, G.L.; Flint, H.J. The gut microbiota, bacterial metabolites and colorectal cancer. Nat. Rev. Microbiol. 2014, 12,
661–672. [CrossRef] [PubMed]

32. Koh, A.; De Vadder, F.; Kovatcheva-Datchary, P.; Bäckhed, F. From dietary fiber to host physiology: Short-Chain Fatty Acids as
key bacterial metabolites. Cell Rev. 2016, 165, 1332–1345. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1128/ecosalplus.ESP-0006-2016
https://doi.org/10.1038/cti.2016.29
https://doi.org/10.1038/nrmicro3344
https://www.ncbi.nlm.nih.gov/pubmed/25198138
https://doi.org/10.1016/j.cell.2016.05.041
https://www.ncbi.nlm.nih.gov/pubmed/27259147

	Introduction 
	Materials and Methods 
	Commercial Products Tested 
	Batch Culture Fermentations 
	Selective Enumeration of Bacteria Groups, Bacterial Profiling of the Fluid Microbiota, and SCFAs Determination 
	Statistical Methodology 

	Results 
	Bacterial Populations Changes 
	Profiling of the Fluid Microbiota by 16S Next-Generation Sequencing (NGS) 
	SCFA Levels 

	Discussion 
	Conclusions 
	References

