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Abstract

Background: Abrupt dietary changes may disrupt gut microbiota populations and lead to
gastrointestinal issues. This study aimed to determine the effects of live Bacillus pumilus
SG154 or Lacticaseibacillus paracasei 327 postbiotic on fecal characteristics and microbiota
populations of dogs following an abrupt diet change. Methods: Twelve healthy adult
English pointer dogs (6.38 £ 2.75 yr) were used in a replicated 3 x 3 Latin square design
to test the following treatments: (1) placebo (control; 250 mg maltodextrin/d); (2) live B.
pumilus [5 x 10° colony-forming units (CFU)/d]; and (3) L. paracasei postbiotic (100 mg;
derived from 2 x 10 CFU/d). Each period lasted 42 days, with the diet change occurring
on day 28. Fecal samples were scored and analyzed for pH, dry matter content, and
microbiota before and 2, 6, 10, and 14 days after the diet change. Results: The abrupt diet
change increased (p < 0.01) fecal pH, increased (p < 0.01) the dysbiosis index, decreased
(p < 0.0001) fecal dry matter, and led to a large shift in the fecal microbiota community.
Fecal scores were lower (p < 0.05) in the B. pumilus group. B. pumilus reduced (p < 0.05) the
relative abundance of fecal Prevotella and Muribaculaceae, while both treatments (B. pumilus;
L. paracasei) increased (p < 0.05) the relative abundance of fecal Holdemanella. Conclusions:
These results suggest that an abrupt diet change leads to large shifts in fecal microbiota
and modified fecal characteristics. The supplementation with a B. pumilus probiotic and a
L. paracasei postbiotic slightly altered the relative abundance of a few microbial taxa but
was unable to attenuate most responses.

Keywords: canine microbiota; canine nutrition; gastrointestinal health; postbiotic; probiotic

1. Introduction

Abrupt dietary changes are known to disrupt gastrointestinal (GI) function, often
leading to symptoms such as diarrhea, vomiting, and dramatic shifts in the gut microbiota,
commonly referred to as dysbiosis. These changes can negatively impact nutrient absorp-
tion and immune function and lead to additional health issues [1]. While gradual diet
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transitions are recommended by veterinarians, they are not always possible, such as in
animal shelters, boarding facilities, or newly adoptive homes. For pet owners, GI upset
can be challenging and costly, depending on the severity of symptoms and the necessary
treatment. Therefore, research is needed to identify effective and practical treatments to
support gut health during periods of dietary stress.

Possible treatments for symptoms of an abrupt diet change include probiotics and
postbiotics. Bacillus pumilus SG154 is a spore-forming bacterium that has shown potential in
promoting digestive health by stimulating the growth of beneficial bacteria while suppress-
ing pathogenic ones. In studies involving farm animals and in vitro models, B. pumilus has
demonstrated antimicrobial activity, competitive exclusion of potentially harmful bacteria,
and potential immunomodulatory effects [2,3]. More specifically, in a study conducted on
black goats, those fed B. pumilus fszn-09 had higher relative abundances of Lactobacillus,
Bacillus, and Succiniclasticum and lower relative abundances of Pseudomonas, Enterobac-
teriaceae, and Klebsiella than the control group [2]. Additionally, when plated in vitro, B.
pumilus showed antagonistic activity towards 50% of the tested foodborne pathogenic
bacteria [3]. Unlike non-spore-forming probiotics, which may lose viability during manu-
facturing and storage, B. pumilus forms endospores that make it resistant to heat, pressure,
and changes in pH [4]. This lengthens the shelf life and allows cells to stay dormant until
they reach the intestines, where they germinate to exert their beneficial effects. Although
studies are lacking in companion animals, the stability and possible functions of B. pumilus
suggest that it may be a valuable probiotic in dogs, especially during a diet change due to
its ability to modulate microbiota.

Although postbiotics are not living microorganisms, they represent another therapeutic
option for supporting gut health through an abrupt diet change. Postbiotics are defined as
a “preparation of inanimate microorganisms and/or their components that confers a health
benefit on the host” [5]. While they are not able to proliferate in the gut like probiotics,
postbiotics may influence microbiota populations through their bioactive components.
Postbiotics also have an advantage compared to probiotics, as they are not viable; so,
they have longer shelf lives and may be considered safer. Lacticaseibacillus paracasei is an
example of a bacterium whose inactivated form may function as a postbiotic. Studies have
demonstrated that sterilized L. paracasei 327 can alter certain gut microbiota and increase
defecation frequency in humans [6]. Despite the results derived from human research,
information on the effects of L. paracasei in pets, particularly dogs, is unknown. Abrupt
diet changes are known to cause GI disturbances in dogs, including increased fecal scores
and shifts in the gut microbiota [7]. Based on results from the human study, L. paracasei 327
may positively influence microbial communities and digestive health in dogs subjected to
a diet change.

Overall, more research is needed to understand the effects of B. pumilus and L. paracasei
in dog populations. The objectives of the current study were to evaluate the effects of
B. pumilus SG154 or L. paracasei 327 on fecal scores, pH, dry matter (DM) percentage,
and microbiota populations of healthy adult dogs following an abrupt diet change. We
hypothesized that the abrupt diet change would negatively impact fecal characteristics
and shift the fecal microbiota community. We also hypothesized that B. pumilus SG154 or
L. paracasei 327 consumption would attenuate the changes in the fecal characteristics and
shifts in the fecal microbiota.

2. Materials and Methods

All animal care procedures were approved by the Kennelwood, Inc. (Champaign, IL,
USA) Institutional Animal Care and Use Committee before initiation of the experiment
(protocol #UI2405D, approved on 21 October 2023).
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2.1. Animals, Diets, and Experimental Timeline

Twelve healthy adult English pointer dogs (6 intact males and 6 intact females; mean
age: 6.38 & 2.75 yr old; mean body weight: 23.98 £ 4.61 kg) were used. All dogs were
housed individually in runs (inside: 1.17 m x 1.42 m; outside: 1.08 m x 3.05 m) at
Kennelwood, Inc. Fresh water was available ad libitum. An amount of food to maintain
body weight was offered once daily, with intake recorded. Body weight and body condition
scores (9-point scale) [8] were assessed weekly before feeding.

Areplicated 3 x 3 Latin square design was used to test the following treatments: (1) placebo
(control; 250 mg maltodextrin/day); (2) live B. pumilus SG154 [5 x 10” colony-forming units
(CFU)/day]; and (3) L. paracasei 327 postbiotic (100 mg of powder/2 capsules/day; derived
from 2 x 10° CFU). Treatments were provided by Kerry USA (Beloit, WI, USA). They were
administered orally in gelatin capsules before each feeding.

Each experimental period lasted 42 days, with dogs being allotted to one of three
treatment groups and fed a commercial diet containing no probiotics and little fermentable
fiber (ShowTime 21/12; Mid-South Feeds Inc., Alma, GA, USA) for the first 28 days of
each period. On day 28, all dogs were abruptly changed to a wet canned diet (Pedigree
Chopped Ground Dinner with Chicken Adult Canned Wet Dog Food; Mars Petcare US,
Franklin, TN, USA). Both diets were formulated to meet all Association of American Feed
Control Officials [9] nutrient recommendations for adult dogs at maintenance. Dietary
nutrients and energy concentrations are presented in Table 1. Fecal samples were scored
and analyzed for pH, DM content, and microbiota before (D0) and 2, 6, 10, and 14 days
after the diet change.

Table 1. Analyzed chemical and energy composition of the commercial diets fed to dogs supple-
mented with live B. pumilus SG154 or L. paracasei 327 postbiotic.

Analyzed Composition Dry Diet ! Wet Diet 2
Dry matter (DM), % 92.01 22.63
Ash, % DM 10.05 10.1
Crude protein, % DM 24.14 42.16
Acid-hydrolyzed fat, % DM 15.78 30.61
Total dietary fiber, % DM 14.85 6.49
Insoluble fiber, % DM 10.67 2.01
Soluble fiber, % DM 4.19 4.49
Gross energy, kcal /g as-is 4.43 1.29
Gross energy, kcal/g DM 4.81 5.72
Calculated ME, kcal/g 3 3.42 4.45

1 ShowTime 21/12 (Mid-South Feeds, Inc., Alma, GA, USA) ingredients: ground whole wheat, chicken byproduct
meal, pork meat and bone meal, wheat middlings, ground yellow corn, chicken fat (preserved with mixed
tocopherols), poultry digest, dried brewer’s yeast, potassium chloride, salt, calcium propionate, calcium car-
bonate, vitamin E supplement (as D-alpha tocopheryl acetate), L-lysine hydrochloride, riboflavin supplement,
niacin supplement, biotin, calcium pantothenate, vitamin A supplement, menadione sodium bisulfite complex,
thiamine mononitrate (source of vitamin B1), pyridoxine hydrochloride (source of vitamin B6), vitamin B12
supplement, vitamin D3 supplement, ferrous sulfate, zinc sulfate, zinc oxide, manganese sulfate, copper sulfate,
sodium selenite, calcium iodate, cobalt carbonate, and folic acid. ? Pedigree Chopped Ground Dinner with
Chicken (Mars Petcare US, Franklin, TN, USA) ingredients: chicken, sufficient water for processing, meat by-
products, animal liver, brewer’s rice, wheat flour, minerals (potassium chloride, magnesium proteinate, zinc
sulfate, selenium, copper proteinate, manganese sulfate, copper sulfate, and potassium iodide), carrageenan,
sodium tripolyphosphate, dried yam, xanthan gum, vitamins (choline chloride, vitamin E supplement, thiamine
mononitrate, calcium pantothenate, biotin, riboflavin supplement, vitamin A supplement, vitamin D3 supplement,
and vitamin B12 supplement), natural flavor, guar gum, yellow #6, and yellow #5. 3 Metabolizable energy
(ME, kcal/g) = (3.5 kcal/g x CP %) + (8.5 kcal/g x acid-hydrolyzed fat %) + (3.5 kcal/g x nitrogen-free extract
%); nitrogen-free extract (%) = 100% — (CP % + acid-hydrolyzed fat % + total dietary fiber % + ash %).

2.2. Fecal Collection, Scoring, and Handling

During the fecal collection phase, a fresh fecal sample (within 15 min of defecation) was
collected. Fecal scores were determined by one of four trained evaluators, with each fecal
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sample scored by a single individual according to the Waltham feces scoring system [10]
using the following scale: 1 = hard, dry, and crumbly; 1.5 = hard and dry; 2 = well-formed,
does not leave a mark when picked up, and “kickable”; 2.5 = well-formed, with a slightly
moist surface, which leaves a mark when picked up; 3 = moist, beginning to lose form, and
leaves a definite mark when picked up; 3.5 = very moist but still has some definite form;
4 = the majority, if not all, of the form, is lost, poor consistency, and viscous; 4.5 = diarrhea,
with some areas of consistency; and 5 = watery diarrhea. Three of the four evaluators
were blinded to the treatment. Fecal pH was measured using an AP10 pH meter (Denver
Instrument, Bohemia, NY, USA) equipped with a Beckman Electrode (Beckman Instruments
Inc., Fullerton, CA, USA). An aliquot was collected for DM content using a 105 °C oven
in accordance with the Association of Official Analytical Chemists (AOAC) [11]. Another
aliquot of fresh feces was immediately transferred to sterile cryogenic vials (Nalgene,
Rochester, NY, USA), snap-frozen on dry ice, and stored at —80 °C for microbiota analysis.

2.3. Dietary Chemical Analyses

Diet subsamples were collected from each open bag of dry food and stored at —20 °C.
One sealed can of wet food was set aside each day during the diet transition phase and
pooled together at the end of this study. Samples were ground using a Wiley mill (model
4, Thomas Scientific, Swedesboro, NJ, USA) through a 2 mm screen and analyzed for
DM and ash according to AOAC (2006; methods 934.01 and 942.05), with organic matter
calculated. Crude protein was calculated from total nitrogen values obtained using a Leco
analyzer (TruMac N, Leco Corporation, St. Joseph, MI, USA), according to AOAC [11].
Total lipid content (acid-hydrolyzed fat) was determined according to the methods of the
American Association of Cereal Chemists [12] and Budde [13]. Total dietary fiber content
was determined according to Prosky et al. [14]. Gross energy was measured using an
oxygen bomb calorimeter (model 6200, Parr Instruments, Moline, IL, USA).

2.4. DNA Extraction and PacBio Sequencing of 165 rRNA Gene Amplicons

Bacterial DNA was extracted from fresh fecal samples using the DNeasy PowerLyzer
PowerSoil Kit (MoBio Laboratories, Carlsbad, CA, USA). Concentrations of extracted
DNA were quantified using a Qubit 3.0 Fluorometer (Life Technologies, Grand Island,
NY, USA). Extracted DNA quality was assessed by electrophoresis using agarose gels
(E-Gel EX Gel 1%; Invitrogen, Carlsbad, CA, USA). The Roy ]J. Carver Biotechnology
Center at the University of Illinois performed PacBio sequencing. The 165 rRNA gene
amplicons were generated with the barcoded full-length 165 rRNA gene primers from
PacBio and the 2x Roche KAPA HiFi Hot Start Ready Mix (Roche, Wilmington, MA,
USA). Full-length 16S rRNA gene PacBio (Pacific Biology, Menlo Park, CA, USA) primers
(forward: AGRGTTYGATYMTGGCTCAG; reverse: RGYTACCTTGTTACGACTT) were
added according to the PacBio protocol. The amplicons were pooled and converted to a
library with the SMRT Bell Express Template Prep kit 3.0. (Pacific Biology, Menlo Park, CA,
USA). The library was sequenced on a SMRT cell 8M in the PacBio Sequel Ile using the
CCS sequencing mode and a 15 h movie time. Analysis of CCS was conducted using SMRT
Link V11.1.0 using the following parameters: minimum passes: 3, and minimum rq: 0.999;
HiFi presets (minimum score of 80; minimum end score of 50, minimum reference (read)
span of 0.75); and asymmetric (different, minimum number of scoring barcode regions: 2).

Sequence Data Processing

PacBio-based FASTQ reads were processed using a Nextflow-based workflow; targeted
amplicon diversity analysis used DADA2 v1.22 [15] for trimming and denoising reads
based on PacBio data protocols to generate amplicon sequence variants. Fecal samples were
rarefied to 10,688 reads. The DADA?2 implementation of the Ribosomal Database Project
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classifier [16] was used to classify reads using the SILVA 138.1 release, with a database
formatted for PacBio HiFi read data (https://zenodo.org/record /4587955, accessed on
13 September 2024). Multiple sequence alignment and maximum likelihood phylogenetic
analysis were performed using DECIPHER v2.22 [17] and FastTree v2.1.10 [18]. QIIME
2 [19] was used to process the resulting sequence data, using only raw sequence amplicons
with quality control values > 20 according to the DADA2 pipeline [15]. An analysis of
compositions of microbiomes with bias correction (ANCOMBC) was performed using
the ANCOMBC package (version 2.6.0) to determine specific taxa that were statistically
responsible for the observed discrimination between treatment and period, with Benjamini—
Hochberg adjusted p-values and q < 0.05 accepted as statistically significant.

2.5. Quantitative Polymerase Chain Reaction (PCR) and Dysbiosis Index

DNA of fecal samples was extracted from an aliquot of 100-120 mg using a bead-
beating method with a MO BIO Power soil DNA isolation kit. The qPCR assays were
applied to quantify total bacteria, Blautia spp., Clostridium (Peptacetobacter) hiranonis, Es-
cherichia coli, Faecalibacterium spp., Fusobacterium spp., Streptococcus spp., and Turicibacter
spp., as described in [20]. In addition to the bacterial groups included in the dysbiosis
index calculation, Bacteroides, Bifidobacterium, Collinsella, Prevotella copri, and Ruminococcus
gnavus were also quantified by qPCR as described before [21]. Both positive and negative
controls were included for all qPCR assays to ensure the accuracy and reliability of the
results. The dysbiosis index was calculated based on the results of the qPCR assays using a
previously described algorithm [20]. A dysbiosis index < 0, with all targeted taxa within
the reference interval, was considered normal. A dysbiosis index < 0 but with any of the
targeted taxa outside the reference interval was defined as a minor shift in the microbiome.
A dysbiosis index between zero and two was defined as a mild-to-moderate microbiome
shift. A dysbiosis index > 2 was classified as significant dysbiosis.

2.6. Statistical Analysis

Data were analyzed using the Mixed Models procedure of SAS Version 9.4 (SAS
Institute, Inc., Cary, NC, USA). Treatment and day were considered fixed effects, while dog
was considered a random effect. Data were tested for normality using the UNIVARIATE
procedure of SAS. Differences between treatment, day, and treatment*day interactions were
determined using repeated measures and a Fisher-protected Least Significant Difference
test with a Tukey adjustment to control for experiment-wise error. If the data did not
meet normality, a logarithmic transformation was applied. If the transformation failed, the
data were analyzed using Kruskal-Wallis tests to determine significance. A probability of
p < 0.05 was accepted as being statistically significant, and p < 0.10 was considered a trend.
Reported pooled standard errors of the means were determined according to the Mixed
Models procedure of SAS.

3. Results
3.1. Fecal Characteristics

Fecal scores were not impacted by the abrupt diet change but were lower (p < 0.05;
Figure 1A) in dogs supplemented with live B. pumilus SG154 than in controls or those
supplemented with the L. paracasei 327 postbiotic. Following the diet change, fecal pH
increased (p < 0.0001; Figure 1B) and fecal DM % decreased (p < 0.0001; Figure 1C). Neither
fecal pH nor DM % was affected by treatment. Fecal score, pH, and DM % data are presented
in Supplementary Table S1.
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Figure 1. Fresh fecal characteristics, including fecal scores (A), fecal pH (B), and fecal dry matter
percentage (C) of live B. pumilus SG154 or L. paracasei 327 postbiotic-supplemented dogs before
and after an abrupt diet change. Samples were collected before and 2, 6, 10, and 14 days after the
diet change.

3.2. Bacterial Alpha and Beta Diversity

Most bacterial alpha diversity measures (i.e., Shannon Index, Faith’s PD, or evenness)
were unchanged after the diet transition (Figure 2A—C). One measure of alpha diversity,
observed features, was higher (p < 0.05; Figure 2D) 2 days after the diet change than the
baseline. However, bacterial alpha diversity was not different due to treatment following
the diet change (Figure 3). Despite the small change to alpha diversity measures, beta
diversity was dramatically altered by diet change (Figures 4 and 5). Unweighted and
weighted PCoA plots demonstrate that day 0 differed from all other time points (2, 6, 10,
and 14 days after change). Based on the unweighted PCoA plot, the 2nd day after diet
change also differed (p < 0.05) from the 6th, 10th, and 14th day after diet change. Beta
diversity was not affected by B. pumilus or L. paracasei treatment.
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Figure 2. Bacterial alpha diversity indices (by time) [Shannon Index (A), Faith’s PD (B), evenness (C),
and observed features (Observed) (D)] of fecal samples from dogs supplemented with live B. pumilus
SG154 or L. paracasei 327 postbiotic before and after an abrupt diet change.
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Figure 3. Bacterial alpha diversity indices (by treatment) [Shannon Index (A), Faith’s PD (B), evenness
(©), and observed features (Observed) (D)] of fecal samples from dogs supplemented with live B.
pumilus SG154 or L. paracasei 327 postbiotic before and after an abrupt diet change (average of all

time points).
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Figure 5. Bacterial beta diversity indices (by time) of fecal samples from dogs supplemented with live
B. pumilus SG154 or L. paracasei 327 postbiotic before and after an abrupt dietary change, as assessed
by unweighted and weighted unique fraction metric distances.

3.3. Dysbiosis Index and gPCR

The dysbiosis index increased (p < 0.01) following the abrupt diet change (Figure 6A).
Abundances of fecal Bifidobacterium decreased (p < 0.01) (Figure 6B), while abundances of
fecal Bacteroides, Clostridium hiranonis, Collinsella (Figure 6C), Escherichia coli (Figure 6D),
Fusobacterium (Figure 6E), and Streptococcus increased (p < 0.001) after the diet change.
Abundances of fecal Blautia, Ruminococcus gnavus, and Turicibacter also decreased (p < 0.01)
after the diet change. Treatment had no effect on the dysbiosis index following diet change;
however, control dogs had higher (p < 0.01) fecal Bifidobacterium (Figure 6B) abundance
than those supplemented with the live B. pumilus SG154 or the L. paracasei 327 postbiotic.
Additionally, dogs supplemented with live B. pumilus SG154 had lower (p < 0.01) fecal
Prevotella copri (Figure 6F) abundance than controls and dogs supplemented with the L.
paracasei 327 postbiotic. The dysbiosis index and all bacterial abundance data are presented
in Supplementary Table S1.
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Figure 6. Dysbiosis index (A) and selected fecal bacterial abundance (log DNA /gram feces) [Bifidobac-
terium (B), Collinsella (C), E. coli (D), Fusobacterium (E), and P. copri (F)] of live B. pumilus SG154 or L.
paracasei 327 postbiotic-supplemented dogs before and after an abrupt diet change. Samples were
collected before and 2, 6, 10, and 14 days after the diet change.
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3.4. 165 rRNA Gene Sequencing

Following diet change, the relative abundances of four bacterial phyla and ~40 bacterial
genera were altered (Figures 7 and 8; Supplementary Table S2). Three bacterial genera were
affected by treatments following a diet change. Dogs supplemented with live B. pumilus
5G154 had a lower (p < 0.05) fecal Muribaculaceae relative abundance than control dogs
(Figure 8B). Similarly, dogs supplemented with live B. pumilus SG154 had a lower (p < 0.001)
fecal Prevotella relative abundance than controls or dogs supplemented with the L. paracasei
327 postbiotic (Figure 8C). Dogs supplemented with live B. pumilus SG154 or L. paracasei
327 postbiotic had a higher (p < 0.05) fecal Holdemanella relative abundance than controls
(Figure 8F). Finally, fecal Alloprevotella (Figure 8A), Clostridium_sensu_stricto_1 (Figure 8E),
Oribacterium, Tyzzerella, and UCG-005 tended (p < 0.10) to be affected by treatment. The AN-
COMBC analysis revealed that the abrupt diet change led to an increase in Prevotellacaeae
Ga6Al, Phascolarctobacterium, Parabacteroides, the Rikenellaceae RC9 gut group, Oribacterium,
Alloprevotella, Fusobacterium, Negativibacillus, the Eubacterium brachy group, Muribaculaceae,
Candidatus Stoquefichus, Bacteroides, Clostridium sensu stricto 1, Sutterella, and Parasutterella at
all time points and a decrease in Lactobacillus, Turicibacter, Catenibacterium, the Ruminococcus
gauvreauii group, Romboutsia, Megamonas, Holdemanella, Blautia at all time points (Figure 9).
The abrupt diet change also led to a decrease in the Lachnospiraceae NK4A136 group,
Faecalibacterium, Erysipelotrichaceae UCG-003, Erysipeloclostridium, and Enterococcus on D6,
D10, and D14. Treatment affected only two genera. Dogs fed B. pumilus SG154 had a lower
relative abundance of Prevotella, while dogs fed the L. paracasei 327 postbiotic had a lower
relative abundance of Oscillospira.

A Treatment: P =0.2713 B Treatment: P =0.2584
Time: P <0.0001 Time: P <0.0001
—~ 251 — 100
ES B
o 20 i o 804
g > 2
o -\/ g ® X
8T 154 ° T 604 \
°s3 =3 e ey
£ 104 8T 40 h —3
S o 0 g
m .2 o =
T 54 ® 20
) ]
© e
0 T T T T T 0 T T T T T
Before 2 6 10 14 Before 2 6 10 14
Day Day
C Treatment: P = 0.5607 D Treatment: P =0.4107
Time: P <0.0001 Time: P <0.0001
— 30+ — 87
ES A R
- e © .-
g8 ~ $8 e —
8 E - \‘/- 8¢ / \/
QT c T
5 e o c
83 £ 3 4
2°g 9w
<] o
n @ 10 S o
S .2 2> 5]
il Qs
) ]
e L8
0 T T T T T 0 T T T T T
Before 2 6 10 14 Before 2 6 10 14
Day Day
Control Probiotic -« Postbiotic

Figure 7. Relative abundances (% of sequences) of the main bacterial phyla [Bacteroidota (A), Bacillota
(B), Fusobacteriota (C), and Pseudomonadota (D)] in feces of live B. pumilus SG154 or L. paracasei
327 postbiotic-supplemented dogs before and after an abrupt diet change. Samples were collected
before and 2, 6, 10, and 14 days after the diet change.
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Figure 8. Relative abundances (% of sequences) of selected bacterial taxa [Alloprevotella (A), Muribac-
ulaceae (B), Prevotella (C), Blautia (D), Clostridium_sensu_stricto_1 (E), and Holdemanella (F)] in feces of
live B. pumilus SG154 or L. paracasei 327 postbiotic-supplemented dogs before and after an abrupt diet
change. Samples were collected before and 2, 6, 10, and 14 days after the diet change.
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Figure 9. Analysis of the composition of microbiomes with bias correction (ANCOMBC), illustrating
which bacterial genera were differentially abundant between fecal samples of dogs before and after a
dietary change (difference greater than 1 and q < 0.05).

4. Discussion

The objective of this study was to determine the effects of live B. pumilus SG154 or L.
paracasei 327 postbiotic on the fecal scores, pH, DM content, and microbiota populations
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of dogs following an abrupt diet change. Sudden alterations in diet are known to disrupt
normal GI function, often leading to changes in nutrient digestibility, microbial composition,
and fecal quality. Common clinical signs include loose stools or diarrhea, a challenge for
both the pet and the owner [1,22]. Probiotics are recognized as potential treatments for
alleviating loose stools and diarrhea and may confer health benefits by supporting intestinal
microbial balance, inhibiting the colonization of pathogenic bacteria, and modulating the
immune system [23,24]. Postbiotics are also gaining recognition for their potential; however,
their exact mechanisms of action are less well-known in treating GI disturbances [23].

After 28 days of being fed the dry food diet, dogs in the current study were abruptly
changed to a wet food diet with substantial differences in ingredients and nutrients. On
a DM basis, the wet diet was higher in fat content, offered more protein, and contained
less total and insoluble fiber compared to the dry diet. Contrary to what was expected,
this abrupt dietary change did not result in higher fecal scores or diarrhea. However, it
was associated with a decrease in fecal DM content and an increase in the dysbiosis index,
suggesting that despite the lack of visible clinical signs, the gut and microbiota were still
negatively affected by the diet change. Fecal pH was also affected by diet, with an increase
by day 2 that continued throughout this study. This effect is likely due to the nutritional
differences between dry and wet diets. The wet diet contained more protein, which likely
supported the growth of proteolytic bacteria, leading to a rise in gut pH. These findings are
consistent with a previous study that examined the effects of transitioning dogs from a low
to high protein diet [7].

Although the diet change itself did not result in differences in fecal scores, dogs
supplemented with B. pumilus SG154 had lower (firmer) fecal scores compared to those in
the control group and those receiving the L. paracasei 327 postbiotic. Despite this, no effects
due to treatment were observed in fecal DM content or the dysbiosis index. It is possible
that the relatively mild impact of the diet change limited the opportunity for the probiotic
or postbiotic to show a stronger effect. In cases of more severe GI disruption, such as higher
fecal scores or diarrhea, the treatment benefits may have been more pronounced. Previous
studies have shown that heat-killed L. paracasei may help reduce acute gastroenteritis and
diarrhea [23,25], but similar outcomes were not observed in this study.

With an increase in the dysbiosis index, a pronounced shift was observed in bacterial
beta diversity in response to diet change. In contrast, alpha diversity remained unchanged,
which suggests that, while the overall richness and evenness of taxa were preserved within
samples, the specific microbial composition between each sample shifted substantially. The
diet change led to an increased abundance of potentially pathogenic strains, including
E. coli and Streptococcus [26,27]. Neither treatment significantly affected the dysbiosis
index; however, dogs supplemented with B. pumilus exhibited a reduction in P. copri. This
bacterium has been linked to both beneficial and harmful outcomes. In some studies, a
decrease in P. copri abundance was associated with inflammatory diseases, possibly due
to its capacity to produce short-chain fatty acids [28,29]. On the contrary, other research
has reported associations between elevated P. copri levels and conditions such as gastric
cancer and chronic liver disease [29-31]. Because of this contradiction, the implications of
reduced P. copri abundance in the current study remain unclear. Continuing with the gPCR
results, both the B. pumilus and L. paracasei treatment groups exhibited a lower abundance
of Bifidobacterium compared to controls. This finding was unexpected, as Bifidobacterium is
an established commensal commonly associated with gut health [32,33].

The diet change altered four bacterial phyla and ~40 bacterial genera in this study,
again demonstrating the large shift in beta diversity. Consistent with the qPCR results,
B. pumilus was associated with a significant reduction in Prevotella. Similarly, a genus
within the Muribaculaceae family was lower in the B. pumilus treatment group compared to
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controls. This family has been linked to benefits such as short-chain fatty acid production
and regulation of intestinal barrier function [34,35]. However, the dogs in the current
study showed no negative effects from this decrease. On the other hand, the abundance
of Holdemanella was higher in both treatment groups relative to controls. This genus has
been positively associated with enhanced GLP-1 signaling in mice, leading to reduced
inflammation and improved glucose tolerance [36].

One limitation of this study is that gastrointestinal transit time was not measured
before and after the diet change. This can influence nutrient absorption, microbial com-
position, and potentially interact with the efficacy of the probiotic and postbiotic [37].
Additionally, all dogs in this study were considered healthy, which may have limited the
extent of observable changes seen in the microbiome composition and dysbiosis index.
Healthy dogs tend to have more stable and resilient communities [38]. A statistical lim-
itation is that microbial analyses were not adjusted for a false discovery rate, possibly
increasing the chance of type 1 errors. Future research may benefit from incorporating tran-
sit time measurements, utilizing dogs in dysbiosis-related conditions, such as inflammatory
bowel disease, and applying additional statistical corrections.

5. Conclusions

The abrupt transition from a dry to wet diet led to significant shifts in fecal pH, DM
content, dysbiosis index, and microbial abundances. Supplementation with B. pumilus
improved fecal scores and altered the abundance of a few microbial taxa. The L. paracasei
postbiotic also influenced a few microbial taxa, although its effects were less prominent.
These findings support the existing research showing complex interactions between diet
composition and the gut microbiome. Further research is needed to clarify the mechanisms
behind these results and to explore the potential benefits of B. pumilus and heat-killed L.
paracasei in addressing GI challenges.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/pets2030030/s1, Table S1: Fresh fecal characteristics, bacterial
abundance (log DNA /gram feces), and dysbiosis index of dogs supplemented with live Bacillus
pumilus SG154 or a Lacticaseibacillus paracasei 327 postbiotic before and after an abrupt diet change;
Table S2: Predominant fecal bacterial phyla and genera (relative abundance, %) of dogs supplemented
with live Bacillus pumilus SG154 or a Lacticaseibacillus paracasei 327 postbiotic before and after an
abrupt diet change.
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