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Abstract
Background: Although various prebiotics, probiotics, and postbiotics are available, their safety and efficacy in 
combination are unknown.
Aim: We investigated the safety and functionality of a newly developed supplement, previously unreported in pet 
animals, containing 26 types of biotic material bacteria (2 prebiotics, 1 probiotic, and 23 postbiotics) in cats and dogs. 
The biotic materials included were selected based on current evidence from cats and dogs.
Methods: A new supplement developed using species tested in cats and dogs was administered. One-way analysis was 
used for data obtained from 3 cats (7 days of treatment and 7 days of nontreatment), and a parallel, controlled study 
was performed in 20 dogs (n = 10 each in control and test groups, for 27 days).
Results: In cats, no abnormal values were observed in complete blood count or blood chemistry tests, whereas 
significant decreases in blood glucose and total cholesterol were confirmed (p < 0.05 each). In the feline lymphocyte 
subset test, significant increases were observed in T and B cells (p < 0.05). A significant difference in fecal pH was 
observed in the test group (p < 0.01). In addition, 60% (9/15) of the test group had an increase in total organic acids. 
In dogs, only indole showed a consistent decrease among putrefactive products (p = 0.055). Regarding analyses of 
intestinal flora from feces using a gene sequencer at the genus level, no changes were observed in cats. Conversely, 
Lachnospira and Anaeroplasma genera tended to be decreased in the control group but increased by 23.1% and 45%, 
respectively, in the test group. In addition, Escherichia-Shigella and Tyzzerella genera showed slight increases or 
changes in the control group but significant decreases in the test group. Regarding the Firmicutes/Bacteroidetes ratio, 
an increase in the control group and a decrease in the test group were observed in all cats, whereas no differences were 
observed in dogs.
Conclusion: The supplement is safe for both cats and dogs. Results of comprehensive analyses suggested that the 
supplement improved the intestinal environment by regulating the gastrointestinal microbiota.
Keywords: Cat, Dog, Postbiotic, Prebiotic, Probiotic.

Introduction
The intestinal flora has been the focus of much attention 
in recent years in the fields of both feline and canine 
health, particularly gut health. The gastrointestinal 
microbiota contributes to the maintenance of 
gastrointestinal and host homeostasis and health 
through multiple mechanisms, including defense 
against intestinal pathogens, provision of nutrients, 
promotion of nutrient digestion and absorption, 
improvement of barrier function, promotion of 
gastrointestinal development, and regulation of the 
immune system immune system (Yang and Wu, 2023). 
Among the important mediators of host-microbiota 
interactions are bacterial metabolites such as short-
chain fatty acids (SCFAs), secondary bile acids, and 

tryptophan metabolites (Gasaly et al., 2021). SCFAs 
include acetic acid, propionic acid, and butyric acid and 
play a particularly important role in intestinal and host 
health by acting as the energy substrate for intestinal 
epithelial cells, maintaining the integrity of the 
epithelial barrier, regulating energy metabolism, and 
exerting anti-inflammatory effects (Zhang et al., 2021). 
Abnormalities in the intestinal flora (dysbiosis) result 
in gut-related diseases, such as chronic enteropathy, 
inflammatory bowel disease (IBD), and acute diarrhea 
in humans, dogs, and cats (Pilla and Suchodolski, 
2021). Dysbiosis is associated with various diseases 
in humans, such as IBD, antibiotic-related diarrhea, 
colorectal cancer, allergies, type 2 diabetes, and atopic 
dermatitis; however, live probiotics reportedly exhibit 
preventive and therapeutic activities against these 
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pathologies (Yang and Wu, 2023). The benefits of 
probiotics in health promotion and disease prevention 
have also been demonstrated in dogs and cats (Pilla 
and Suchodolski, 2021). In addition to probiotics, there 
are other types of compounds called prebiotics and 
postbiotics. Prebiotics are indigestible food compounds 
that selectively alter the growth and activity of specific 
bacteria in the colon and improve host health (Tashiro 
et al., 2006). Postbiotics are dead bacteria, their 
components, products, and compounds not directly 
involved in intestinal bacteria (Tashiro et al., 2006).
Probiotics commonly used in functional foods 
include species and strains belonging to the genera 
Lactobacillus, Bifidobacterium, Enterococcus, and 
Saccharomyces (Gu et al., 2022). Furthermore, 
complex microbial groups of bacteria, fungi, archaea, 
protozoa, and viruses constitute the microbiota of the 
digestive tract (Berg et al., 2020). Twelve dead species 
of bifidobacteria and lactobacilli (Bifidobacterium 
animalis subsp. lactis bifidum, Bifidobacterium 
breve, Bifidobacterium infantis, Bifidobacterium 
longum, Lactobacillus paracasei, Lactobacillus 
acidophilus, Lactobacillus fermentum, Lactobacillus 
helveticus, Lactobacillus plantarum, Lactobacillus 
reuteri, Lactobacillus rhamnosus, and Streptococcus 
thermophilus) were shown to be effective as probiotics 
for dogs (Rossi et al., 2020a). Notably, studies 
demonstrated that in the intestinal tracts of cats and 
dogs, these bacterial species increased the counts of 
bifidobacteria and lactobacilli, decreased the counts 
of anaerobic bacteria, and elevated intestinal mucosal 
immunoglobulin (Ig)A and blood IgG levels (Rossi et 
al., 2020a). Natural killer cells in peripheral blood as 
well as peripheral blood mononuclear cells were also 
shown to have cytotoxic functions against canine tumor 
cells, and a high concentration of Bacillus subtilis 
variant natto elevated the expression of tumor necrosis 
factor α (Mikawa et al., 2021). Notably, these effects 
are known to vary between cats and dogs (Wallis et al., 
2017), as well as among various breeds (Simpson et 
al., 2002) and with changes in diet (Lee et al., 2022). 
The effects of probiotics also depend on the genus 
and species and specific strains of bacteria (Karaseva 
et al., 2023). Thus, the varieties and combinations of 
probiotic strains are important determinants of their 
effects (Hmar et al., 2024). In addition, one study 
demonstrated that when dogs were administered a 
single bacterium or a mixture of three bacteria, levels 
of SCFAs increased only in those dogs administered 
the mixture. Similarly, counts of “good” bacteria 
increased and counts of “bad” bacteria decreased in 
the group of dogs administered the mixture of bacteria 
(Zubillaga et al., 2024). Another report noted that 
kittens can regulate changes in intestinal metabolites 
and alleviate intestinal inflammation (Zhu et al., 2025). 
Since approximately 1,000 different types of intestinal 
bacteria have been identified (Atuahene et al., 2024), 

the administration of as many types of bacteria as 
possible may be beneficial, even for probiotics.
In the case of prebiotics, evidence suggests that only 
materials that are effective for cats and dogs should be 
selected. Notably, fructooligosaccharide kestose has 
been reported to be effective in many cases and has 
been shown to increase “good” bacteria and decrease 
“bad” bacteria in dogs (Ide et al., 2020). Other studies 
have also demonstrated that the combination of L. 
paracasei and kestose was effective against canine 
atopic dermatitis (Kawano et al., 2023). Psyllium was 
also shown to be effective in healthy and constipated 
cats (Keller et al., 2024) and in dogs with acute colitis 
(Rudinsky et al., 2022).
Beta-glucan in prebiotics enhances the bioavailability 
of probiotics, whereas fructo-oligosaccharides and 
galacto-oligosaccharides encapsulate and protect 
probiotics, thereby increasing their effectiveness 
(Chen et al., 2024). Symbiotics, as a combination of 
prebiotics and probiotics, are reportedly more effective 
than antibacterial drugs for treating chronic diarrhea in 
dogs (Jensen and Bjørnvad, 2019).
Furthermore, the combination of prebiotic and postbiotic 
was more effective than the administration of either 
prebiotic or postbiotic alone in significantly promoting 
the restoration of healthy gut microbiota (Yang et al., 
2022). Postbiotic and probiotic supplements may help 
improve abnormal intestinal flora in dogs (Belà et 
al., 2024). In addition, studies have reported that the 
combination of prebiotics and postbiotics alleviates 
immunosenescence in healthy, vaccinated older dogs 
(Wambacq et al., 2024).
Based on this evidence, we sought to identify 
combinations of probiotics, prebiotics, and postbiotics 
that demonstrate efficacy in cats and dogs. The 
following were selected to develop a combination of 
26 species for the purpose of our study: 1) prebiotics—
kestose (Ide et al., 2020; Kawano et al., 2023) and 
psyllium (Rudinsky et al., 2022; Keller et al., 2024); 
2) probiotics—high-concentration, spore-forming B. 
subtilis variant natto (Mikawa et al., 2021); and 3) 
postbiotics—12 species of bacteria that exist in the 
intestinal flora of cats and dogs and have been reported 
to improve intestinal balance, produce SCFAs, and 
stimulate immunity (Rossi et al., 2020a,b), two 
species of bacteria that are effective against canine 
atopic dermatitis (Ural et al., 2021), Ligilactobacillus 
johnsonii and Ligilactobacillus salivarius, as 
known canine intestinal bacteria (Kang et al., 2024), 
Enterococcus faecalis with antiviral activity in cats 
(Ukita et al., 2023), and an additional seven species of 
lactic acid bacteria. This study aimed to evaluate both 
the safety and functional benefits of this supplement 
in cats and dogs, focusing on its potential to support 
digestive health and overall well-being. Specifically, 
we assessed the impacts on the composition of the gut 
microbiota, nutrient absorption, and potential adverse 
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effects to determine the suitability for long-term use in 
cats and dogs.

Materials and Methods
A mixture of 23 postbiotic lactic acid bacteria and 
bifidobacteria (dead bacteria; CHORI Co., Osaka, 
Japan, and Pharma Foods International Co., Kyoto, 
Japan), the probiotic B. subtilis var. natto (viable 
bacteria; G.K. Hokulea, Tokyo, Japan), and two 
prebiotics (kestose; B Food Science Co., Aichi, Japan, 
and psyllium; Bizen Chemical Co., Okayama, Japan) 
were used. The product was formulated as a powder 
with the following composition: 31.14% dextrin, 30% 
reduced maltose syrup, 10% oligosaccharides, 17% 
lactic acid bacteria and bifidobacteria, 8.34% B. subtilis 
var. natto, 0.34% kestose, 0.34% psyllium, and 2.84% 
other ingredients, including seasoning. This product 
was prepared as a powder (1.5 g/package). The dosage 
was set at two packets per dog and three packets per 
cat. This adjustment was made to accommodate dogs 
weighing less than 3 kg. Study subjects included 3 
healthy adult cats raised at the Narita Laboratory of the 
NAS Research Institute (Chiba, Japan) and 20 healthy 
adult dogs raised at Koinu no Mori Hesoten (Ishikawa, 
Japan). All cats were Domestic Short Hair (DSH), 
and all were males with an average weight of 3.64 kg 
(range, 3.05–4.26 kg) and an average age of 5.33 years 
(range, 4.91–6.1 years). The 7 male and 13 female dogs 
included the following breeds: Miniature Schnauzer (n 
= 5), Toy Poodle (n = 5), Shih Tzu (n = 2), Pomeranian 
(n = 2), Maltese (n = 2), Chihuahua (n = 1), Papillon 
(n = 1), Miniature Dachshund (n = 1), and Yorkshire 
Terrier (n = 1). The average age was 2.63 years (range, 
2–7 years; age unknown for 1 dog), and the average 
weight was 4.68 kg (range, 2.5–7.4 kg) at the start of 
administration of this compound (Table 1).
For the study of cats, we selected a one-way design 
with a 7-day control period followed by a 7-day test 
period, as Zubillaga et al. (2024) demonstrated that a 
change in the intestinal flora in dogs could be observed 
7 days after starting probiotic administration (Zubillaga 
et al., 2024). We did not use a washout period because 
we did not use any control solvent. The 20 dogs were 
randomly assigned to either a test group (n = 10) or 
a control group (n = 10), and a parallel control study 

was conducted for 27 days. The compound was 
administered orally, with both animal groups fed a 
softened solid feed (for cats, CS-A; Oriental Yeast Co., 
Tokyo, Japan, and for dogs, Mini-Adult; Royal Canin 
Japon, Tokyo, Japan) with the test substance mixed in, 
and animals had free access to the food to ensure that 
they ate all the food provided.
We observed the general condition of the animals 
and monitored their feed intake and body weight. We 
also collected feces to analyze the intestinal flora. 
Feces were collected three times before the control 
period and before and after the test period in cats and 
before and after administration in both the test and 
control groups for dogs. Fecal examinations were 
performed for the following: SCFAs (lactic acid, 
acetic acid, butyric acid, propionic acid, and valeric 
acid; TechnoSuruga Laboratory Co., Shizuoka, Japan), 
intestinal flora analysis (Anicom Specialty Medical 
Institute Inc., Tokyo, Japan), and putrefactive products 
in feces (phenols [p-cresol, phenol, 4-ethyl phenol], 
indole, and skatole (TechnoSuruga Laboratory Co.). In 
addition, safety was evaluated in cats using complete 
blood count (Vetscan HM5 multipurpose automated 
hematology analyzer; Zoetis Japan, Tokyo, Japan) 
and blood biochemistry (Fuji DRI-CHEM 3000V 
clinical chemistry analyzer; FUJIFILM Medical Co., 
Tokyo, Japan). The following blood counts were 
measured: white blood cell count (WBC), red blood 
cell count (RBC), hemoglobin (HGB), hematocrit 
(HCT), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH), MCH concentration 
(MCHC), platelet count (PLT), neutrophil count 
(NEUT#), lymphocyte count (LYMPH#), monocyte 
count (MONO#), eosinophil count, and basophil count 
(BASO#). Similarly, the following were measured 
in blood biochemistry tests: blood glucose (GLU), 
total cholesterol, triglycerides (TG), total bilirubin, 
blood urea nitrogen (BUN), creatinine (CRE), 
glutamate oxaloacetate transaminase (GOT/AST), 
glutamate pyruvate transaminase (GPT/ALT), alkaline 
phosphatase (ALP), γ-glutamyltranspeptidase (GGT), 
sodium (Na), potassium (K), chlorine (Cl), calcium 
(Ca), and inorganic phosphorus (IP). In addition, a cat 
lymphocyte subset panel test (Animal Allergy Clinical 
Laboratories, Kanagawa, Japan) was performed to 

Table 1. Cat and dog participant profiles.

Category n Sex Average age 
(years)

Average 
weight (kg)

Breeds

Cat 3 male 5.33 3.64 DSH

Dog
7 male

2.63 4.68 thoroughbred*
13 female

DSH: Domestic Short Hair
*5 Miniature Schnauzers, 5 Toy Poodles, 2 each of Shih Tzu, Pomeranian, and Maltese, and 1 each of 
Chihuahua, Papillon, Miniature Dachshund, and Yorkshire Terrier.
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measure the counts of T, B, CD4-positive, and CD8-
positive T cells.
For statistical analyses, data were analyzed using 
Bell Curve for Excel (Social Survey Research 
Information Co., Tokyo, Japan), with Tukey’s test for 
multiple comparisons and paired Student’s t-test for 
comparisons between two groups. Values of p < 0.05 
were considered statistically significant.
Ethical approval
For ethical considerations, cats were from a laboratory 
animal facility that does not perform euthanasia, and 
dogs were from a breeding facility. Animal welfare and 
pain management were conducted in accordance with 
the “Act on Welfare and Management of Animals” and 
“Standards for the Care and Keeping of Laboratory 
Animals and the Alleviation of Pain” with the approval 
of their owners. In addition, experiments on cats were 
conducted in accordance with the “Guidelines for the 
Management and Use of Laboratory Animals in NAS 
Laboratories” (approval no. 24-F047).

Results
While we observed soft stools in some dogs early in 
the treatment (mean, 5 days; range, 3–7 days), this 
symptom resolved spontaneously in all cases. No 
other abnormalities were observed in dogs in terms of 
general condition, with no significant changes in body 
weight. Fecal changes were transient and no soft stools 
were observed by the end of the study, although soft 
stools were transiently observed during the course of 
the study in some animals.
No safety issues were observed in cats, with no 
abnormalities in complete blood count or blood 
biochemistry (Tables 2 and 3). Furthermore, blood 
biochemistry showed that GLU was within the standard 
range, and a nonsignificant decrease in TCHOL was 
observed from above the standard range to within the 
standard range (p < 0.05). In the cat lymphocyte subset 
tests, the levels of T and B cells decreased in 2 of the 
3 cats during the control period and increased in the 
test period (p < 0.05). In particular, Cats 1 and 3 had 
B cell counts below the standard range in the control 
period and above the standard range in the test period 
(Table 4).
Tables 5 and 6 summarize data from cats and dogs, 
respectively, for fecal levels of putrefactive products 
and organic acids. A significant difference in pH 
was observed between before and after the start of 
administration in the test group (p < 0.01). Although 
the difference was not significant in the test group, 
60% (9/15) of all organic acid samples tended to be 
elevated after supplement administration, particularly 
in all investigations of Cat 3. Overall, significant 
differences were also obtained in samples from Cat 2 
before and after starting supplement administration, as 
analyzed by the Tukey method (p < 0.01). In dogs, only 
fecal levels of putrefactive products were measured Ta
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(Table 4), with the results showing a decrease in indole 
only (p = 0.055).
Figures 1 and 2 present the results of an intestinal 
flora analysis, highlighting the top 10 bacterial species 
identified through gene sequencing of fecal samples 
at the genus level for cats and dogs, respectively. No 
significant differences or trends were observed between 
cats and dogs. However, in dogs, four bacterial species 
(Lachnospira, Anaeroplasma, Escherichia-Shigella, 
and Tyzzerella) showed changes after treatment in the 
test group, but not in the control group, with a mean 
change of 34.6% (range: 23.1–45.0%) (Table 7). 
The results showed that while Lachnospira spp. and 
Anaeroplasma spp. showed a decreasing trend in the 
control group, the test group showed a 23.1% increase in 
Lachnospira spp. and a 45% increase in Anaeroplasma 
spp. Similarly, an increase or moderate change was 
observed in Escherichia-Shigella and Tyzzerella spp. 
in the control group, whereas Escherichia-Shigella 
spp. decreased by 35.7% and Tyzzerella spp. decreased 
by 66.7% in the test group. Firmicutes/Bacteroidetes 
(F/B) ratios are shown in Figures 3 and 4 for cats and 
dogs, respectively. In all cats, the F/B ratio increased 
during the control period and decreased during the test 
period. In dogs, trends toward increases were observed 
in both groups after 2 weeks, but these changes were 
not significant. In cats, mean alpha diversity was 5.526 
before intervention and 5.703 after intervention in the 
control period and 5.703 and 5.539 in the test period. 
In dogs, the alpha diversity was 5.573 and 5.579 before 
and after treatment in the control group and 5.823 
and 5.648 before and after treatment in the test group, 
respectively. The values varied even before treatment, 
and no significant changes were evident after treatment.

Discussion
We developed a test compound comprising 26 
prebiotics, probiotics, and postbiotics, selected based 
on evidence from the current literature on cats and dogs. 
The present study comprehensively evaluated the test 
compound and demonstrated its potential effectiveness 
in regulating intestinal flora in cats and dogs.
Efficacy of the test compound
Studies have shown that the use of probiotics in cats 
and dogs can improve the balance of intestinal flora, 
alleviate inflammation, improve immune function, 
and protect against infections caused by intestinal 
pathogens (Yang and Wu, 2023). The probiotics most 
commonly studied in cats and dogs are lactobacilli, 
bifidobacteria, and enterococci (Yang and Wu, 
2023). In particular, probiotics combining several 
lactobacilli and bifidobacteria have been shown to 
exert immunostimulatory effects in healthy dogs by 
decreasing Clostridium perfringens levels in feces, 
increasing bifidobacteria and lactobacilli species, 
increasing IgA levels in feces and IgG levels in feces, 
increasing bifidobacteria and lactobacilli species, and 
increasing IgA in feces and IgG in plasma (Rossi et Ta
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al., 2020a). As such, several studies have reported 
the effects of probiotics against IBD (Wernimont et 
al., 2020), colonic motility disorders (Rossi et al., 
2020b), and acute hemorrhagic diarrhea (Ziese et al., 

2018). However, the use of live bacteria as probiotics 
is a challenge; although some studies have confirmed 
the viability of candidate probiotic strains in canine 
stomach acid and the intestines, bacteria often die 

Table 4. Results of feline lymphocyte subset analysis.

Category TS SV c-pre (%) c-post (%) t-pre (%) t-post (%)

T cells 1

32.5–92.5

87.4 83.9 83.9 89.6*

2 79.4 81.9 81.9 82.5*

3 86.2 85.5 85.5 89.1*

B cells 1

6.2–57.0

5.3 4.7 4.7 6.4*

2 12.8 13.2 13.2 14.5*

3 8.2 6 6 6.4*

CD4-positive T 
cells

1

18.7–55.9

34.6 32.5 32.5 32.2

2 34.1 36.3 36.3 35.7

3 47.5 49.3 49.3 49.7

CD8-positive T 
cells

1

3.9–27.5

28.9 24.3 24.3 19.4

2 24.7 25.6 25.6 24.8

3 26 23.4 23.4 24.1

TS: test subject; SV: standard value. *p < 0.05.

Table 5. Fecal levels of putrefactive products and organic acids in cats.

TS pH

Putrefactive product (µg/g) Organic acid (mg/g)a

Phenol p-Cresol Indole Skatole Acetic 
acid

Propionic 
acid

n-Butyric 
acid

Iso-
valeric 

acid

n-Valeric 
acid

Control group
c-1 pre 5.68 9.9 13.8 0.9 0.5 6.25 5.21 2.29 0.29 1.80
c-2 pre 5.47 5.7 45.1 0.5 3.0 5.53 4.04 1.26 0.24 1.35
c-3 pre 5.64 8.2 8.4 2.1 3.1 5.37 3.91 1.82 0.00 0.84
c-1 post 5.57 12.1 34.2 0.5 1.2 8.49 5.76 2.57 0.32 2.04
c-2 post 5.65 2.5 106.9 0.5 13.0 4.66 2.50 1.43 0.43 1.56
c-3 post 5.75 6.3 21.0 0.6 27.9 4.98 3.32 1.00 0.12 0.54

Test group
t-1 pre 5.57* 12.1 34.2 0.5 1.2 8.49 5.76 2.57 0.32 2.04
t-2 pre* 5.65* 2.5 106.9 0.5 13.0 4.66 2.50 1.43 0.43 1.56
t-3 pre 5.75* 6.3 21.0 0.6 27.9 4.98 3.32 1.00 0.12 0.54
t-1 post 5.38* 12.1 59.0 6.5 26.3 5.57 4.49 2.88b 0.53b 1.88
t-2 post* 5.41* 5.3 59.7b 0.4b 2.9b 4.97b 3.67b 1.39 0.30 1.49
t-3 post 5.55* 8.2 24.7 2.0 21.4b 5.99b 3.92b 1.08b 0.20b 0.64b

TS, test subject; SV, standard value; c, Control group; t, Test group; pre-test, pre-test; post-test, post-test. 
* A significant difference was evident between pre and post (p < 0.01). 
a Lactic acid level below the detection limit; b Increased levels of items.
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without engrafting after administration (Nakamura 
et al., 2015). Interest is therefore increasing in the 
use of prebiotics and postbiotics that do not die and 
remain effective even without engraftment, as well as 
probiotics made from spores resistant to gastric acid.
Bacillus subtilis variant natto is effective in dogs 
when used as a spore-forming probiotic (Mikawa et 
al., 2021). Other spore-forming bacteria, specifically 
Saccharomyces cerevisiae, have also been reported to 
reduce fecal pH and ammonia levels in humans (Bastos 
et al., 2023). In addition, B. subtilis and Bacillus 
licheniformis, which belong to the same Bacillus genus 
as B. subtilis variant natto, were shown to improve fecal 
scores and reduce fecal odor and nitrogen fermentation 
products in canine feces (Bastos et al., 2020). Thus, the 
efficacy of B. subtilis variant natto is promising.
Postbiotics that have been shown to be effective 
can be classified into cellular components, such as 
cell wall fragments of bacterial lysates, filamentous 
hairs (SpaCBA pili), S-layer proteins, nuclei (CpG-
rich DNA), cell surface mucosa (EPS/CPS/LPS), 
and β-galactosidase, and cell-free components, such 
as bacterial extracellular polysaccharides and low-
molecular-weight metabolites (γKetoC ete) (Da et al., 

2024). The postbiotics used in the present study were 
12 dead bacteria species that have various effects, 
including improvement of intestinal balance and SCFA 
production and immunostimulatory effects (Rossi et al., 
2020a,b). Furthermore, E. faecalis is effective against 
viral diseases in cats (Ukta et al., 2023). Collectively, 
these effects of postbiotics may have translated to the 
observed outcomes in our study.
Studies have demonstrated that the combination 
of prebiotics and probiotics is effective in dogs 
(Fukushima et al., 2018) and that the combination 
of prebiotics or postbiotics is more effective than the 
administration of either prebiotics or postbiotics alone 
in restoring healthy gastrointestinal microbiota (Yang 
et al., 2022). In dogs, a combination of postbiotics and 
prebiotics has been shown to regulate the intestinal 
flora of dogs (Belà et al., 2024). The compounds used 
in the present study may be effective as a combination 
of prebiotics, probiotics, and postbiotics.
Safety
Interest in the quality and safety of foods given to pets 
has been growing in recent years, including dietary 
supplements (Nestle and Nesheim, 2010). In this 

Table 6. Fecal levels of putrefactive products in dogs (μg).

Category Phenol Indole

pre post pre post

Control group 18.27 52.70 68.08 108.86 

Test group 12.64 8.95 112.70 93.50a

a p = 0.055.

Fig. 1. Results of intestinal flora analysis in cats at the genus 
level: results for the top 10 bacterial species in the control 
and test groups (averages). c, control group; t, test group; pre, 
before test; post-test, after-test.

Fig. 2. Results of intestinal flora analysis in dogs at the genus 
level: results for the top 10 bacterial species in the control and 
test groups (averages). Control: control group. Treatment: 
test group.
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study, we did not observe any changes in the general 
conditions of animals during the study period, and no 
abnormal test results were seen from complete blood 
counts or blood biochemistry tests in cats.

Immunity
In relation to gut microbiota and immunity, a study 
showed that inflammatory cytokines [interleukin (IL)-
1, IL-8, IL-12] were elevated in cats with IBD due to 

Table 7. Results after testing for fungi in dogs.

Category Lachnospira Anaeroplasma Escherichia-Shigella Tyzzerella
c-pre 0.00673 0.00724 0.00017 0.0004
c-post 0.00469 0.00394 0.00023 0.0003
± (%) −30.3 −45.6 26 −25
t-pre 0.00631 0.00385 0.00028 0.0009
t-post 0.00821 0.00855 0.0001 0.0003
± (%) 23.1 45 −37.1 −66.7

c, Control group; t, Test group; pre, before test; post-test, after-test.

Fig. 3. Average F/B ratio in cats (n = 3). c, control group; t, test group; pre, before 
test; post-test, after-test.

Fig. 4. Average F/B ratio in dogs (n = 10).
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increased levels of Enterobacteriaceae (Janeczko et al., 
2008). In dogs, levels of anti-inflammatory cytokines 
and regulatory T cells are decreased in IBD, resulting 
in inflammation (Maeda et al., 2016). Probiotics have 
been reported to regulate immune function. Specifically, 
probiotics were shown to increase plasma IgG in dogs 
by stimulating fecal IgA and antibody-producing B 
cells (Xu et al., 2019; Rossi et al., 2020a,b), stimulating 
T-cell differentiation, regulating inflammatory and 
anti-inflammatory cytokine profiles, and inducing 
production of IgA secretory component (Yang and 
Wu, 2023). Although cytokine concentrations were 
not measured in the present study, the lymphocyte 
subset test in cats showed significant differences in 
T and B cells, with a significant decrease during the 
control period and a significant increase during the test 
intervention in 2 of the 3 cats (p < 0.05). In particular, 
Cats 1 and 3 had lower B cell counts than the reference 
value during the control period and higher B cell counts 
than the reference value during the test period. Thus, 
the compound used in this study may regulate immune 
function.
Intestinal pH
Lowering intestinal pH inhibits the metabolism of 
harmful bacteria (Booth, 1985). A significant decrease 
in pH was observed in the test group (p < 0.01). In 
cats, a reduction in pH has been reported to result in 
increased levels of “good” lactic acid bacteria and 
decreased levels of “bad” bacteria such as E. faecalis 
and C. difficile (Bastos et al., 2020). Thus, decreases in 
pH may have been beneficial for improving intestinal 
flora diversity.
Putrefactive products
Administration of S. cerevisiae and Weissella cibaria 
JW15 reduces ammonia levels (Sun et al., 2019; Bastos 
et al., 2023), and administration of B. subtilis and B. 
licheniformis reduces nitrogen fermentation products 
in feces and consequently fecal odor (Bastos et al., 
2020). These findings suggest that the administration 
of probiotics to dogs can improve fecal quality and 
suppress nitrogen fermentation products. In cats, we 
demonstrated that administration of the test compound 
significantly decreased putrefactive products in Cat 2 
but had no significant effect overall. However, in dogs, 
a decreasing trend in mean indole concentration was 
observed in the test group (p = 0.055). Therefore, the 
improvement of the intestinal flora may also inhibit 
putrefactive products.
SCFAs
In dogs and cats, butyrate is a particularly important 
SCFA produced from dietary fiber and protein to 
promote healthy gut microbiota (Zubillaga et al., 2024). 
Dysbiosis in canine IBD is characterized by a decrease 
in the production of SCFAs, in addition to a decrease in 
the phylum Firmicutes and an increase in the phylum 
Pseudomonadota (proteobacteria) (Hernandez et al., 
2022). SCFA-producing bacteria belonging to the 
genera Lactobacillus and Bifidobacterium elevate 

levels of SCFAs, such as butyric acid, by cross-feeding 
with other commensal bacteria (Liu et al., 2018; 
Zhang et al., 2021). The present study did not detect 
any significant differences in SCFA levels among 
cats. However, 60% (9/15) of all organic acids tested 
were elevated; notably, Cat 3 showed increases in 
acetic acid, propionic acid, n-butyric acid, and iso/n-
valeric acid after the start of administration. Overall, a 
significant difference was observed between before and 
after administration of Cat 2 (p < 0.01). In the analysis 
of the canine intestinal flora, we observed an increasing 
trend in Firmicutes, which decreases under dysbiotic 
conditions, and a decreasing trend in Pseudomonadota, 
which increases during dysbiosis. These bacteria may 
be involved in the increase in SCFA levels.
Changes in the intestinal flora
The composition of the gastrointestinal flora is 
generally similar between dogs and cats (Hoffmann et 
al., 2016; Hashimoto-Hill and Alenghat, 2021). The 
fecal microbiota of healthy dogs is dominated by the 
phyla Firmicutes, Bacteroidetes, and Fusobacteria, 
whereas the fecal microbiota of cats is dominated 
by Firmicutes, Pseudomonadota, Actinomycetota, 
Bacteroidetes, and Fusobacteria in decreasing 
significance (Pilla and Suchodolski, 2021; Lee et al., 
2022). The diversity of the gut microbiota, including 
these bacteria, is important, and this diversity is 
inevitably reduced in dysbiosis. Diseases with 
reduced microbiota diversity include acute diarrhea in 
dogs (Guard et al., 2015), obesity in dogs (Kim et al., 
2023), and diabetes in cats (Kieler et al., 2019). The 
gut microbiota is considered an ecosystem, and alpha 
diversity provides a measure of species diversity per 
sample (Inoue, 2019). We found no changes in alpha 
diversity in cats and dogs. This could be attributed to 
the fact that the animals used in this study were healthy, 
young animals, with a baseline average alpha diversity 
of 5.5 or more. In addition, the dilution curve used to 
evaluate alpha diversity may not be useful when the 
level of alpha diversity is maintained at a high plateau 
level (Inoue, 2019). Therefore, the interpretation of 
the findings of this study is difficult. In addition, no 
significant differences or trends were observed in the 
intestinal flora of cats, likely because the study period 
was relatively short. In the case of dogs, although no 
differences were significant, trends in some bacterial 
species were observed. Specifically, an increase in 
the test group and a decrease in the control group 
were observed for Lachnospira sp. in the butyrate- 
and acetate-producing phylum Firmicutes, as well as 
Anaeroplasma sp. in the phylum Pseudomonadota, 
which alleviates chronic inflammation (Beller et al., 
2019). In addition, we observed an increasing trend 
in the control group and a decreasing trend in the 
study group for Escherichia-Shigella, a nondominant 
and nonbeneficial E. coli, and Tyzzerella (formerly 
C. piliforme) (Takewaki et al., 2024), a genus in the 
Bacillota phylum associated with multiple sclerosis. 
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Chronic enteritis in dogs is associated with a decrease 
in Faecalibacterium prausnitzii, a beneficial species 
in the Firmicutes phylum, as well as overgrowth 
of the nonbeneficial C. perfringens (Gasaly et al., 
2021). Similarly, canine IBD is associated with a 
decrease in the Firmicutes phylum and an increase 
in the Pseudomonadota phylum (Schmitz and 
Suchodolski, 2016; Hernandez et al., 2022), and 
feline IBD is associated with a decrease in beneficial 
Bifidobacterium spp. and an increase in nonbeneficial 
E. coli (Ziese and Suchodolski, 2021). Our findings 
showed opposing trends to these pathological 
states, suggesting the potential effectiveness of the 
compound.
F/B ratio
Although no significant changes were observed in 
the F/B ratio in dogs, we observed that the F/B ratio 
increased during the control period and decreased 
during the test period in all cats. The intestinal flora 
of cats is dominated by Firmicutes, followed by 
Bacteroidetes, Proteobacteria, and Actinobacteria, but 
cats infected with feline coronavirus have been shown 
to have more Firmicutes and fewer Bacteroidetes (Shi 
et al., 2024). In other words, the F/B ratio was higher 
in cats with infectious diseases. The observed decrease 
in the F/B ratio in our study indicates a positive effect 
on cats with infections.
The other promising effects of the compound include 
improved metabolism and suppression of obesity. 
A recent study demonstrated that beagles fed a diet 
containing postbiotics displayed improved intestinal 
flora and reduced serum levels of TG and cholesterol 
(Xuan et al., 2024). The blood biochemistry tests 
performed in our study revealed that the GLU level 
was within the standard range and that the TCHOL 
level decreased from above the standard range (p < 
0.05). Therefore, additional experiments should be 
conducted to identify the effects on metabolism and 
obesity.

Conclusion
In summary, we performed a comprehensive evaluation 
of the test compound comprising 26 prebiotics, 
probiotics, and postbiotics selected based on evidence 
from the literature on cats and dogs and demonstrated 
that the test compound regulated the intestinal flora in 
these animals. This finding was based on data obtained 
for selective immune markers in blood, pH in feces, 
putrefactive products, SCFAs, the F/B ratio, and 
changes in the microbiota from gut microflora analysis. 
However, our study was limited by the relatively small 
sample size and the short duration of the feline study. 
Additional studies are needed to evaluate the safety and 
functionality of this compound over a long period of 
time in cats. In dogs, additional studies are necessary to 
further evaluate safety and functionality using various 
indicators.
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