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Simple Summary

This review outlines the benefits of probiotics for dogs and cats, covering their effects on
gut health, nutrient metabolism, digestibility, antiviral capabilities, and other clinical con-
ditions. Additionally, it explores the potential mechanisms underlying probiotic applica-
tions, which include alleviating intestinal inflammation, enhancing immunity, boosting
antioxidant capacity, promoting beneficial intestinal flora, and improving intestinal
health.

Abstract

Probiotics have grown increasingly pivotal for the health of pets, particularly dogs and
cats. Emerging research demonstrates that probiotics exert a significant positive impact
on gut health, including alleviating intestinal inflammation, regulating gut microbiota bal-
ance, and relieving diarrhea symptoms for pets. Regarding nutrient metabolism, probiot-
ics aid in prevention and management of obesity and associated metabolic diseases, pri-
marily by enhancing nutrient digestibility and regulating energy utilization and fat me-
tabolism. Furthermore, probiotics exhibit positive effects, including antiviral activity, im-
mune regulation, and antioxidation. Specific probiotic strains exert their functions via
mechanisms such as increasing immunoglobulin levels, suppressing the expression of in-
flammatory factors, and boosting antioxidant enzyme activity. The underlying mecha-
nisms primarily involve regulating metabolites (e.g., short-chain fatty acids, SCFAs),
strengthening the intestinal barrier function, modulating immune responses, and opti-
mizing the gut microbial composition. While existing studies highlight the broad poten-
tial of probiotics in preventing and managing various chronic diseases in dogs and cats,
their utility in addressing acute illnesses and severe organ damage remains limited. Fu-
ture research should prioritize investigating species-specific mechanisms of actions and
extend to exploring potential applications in the neurological health and behavior of pets.
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1. Introduction

Probiotics are a crucial class of functional live microorganisms known for their ability
to enhance intestinal health. In recent years, as pet health has gained growing attention,
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probiotics have been increasingly utilized to improve gut health of pets, especially dogs
and cats. Probiotics exert their effects by improving the gut microbiota balance, strength-
ening the mucosal barrier, reducing inflammation, lowering intestinal permeability, and
positively modulating various aspects of nutrition metabolism [1-3].

Notably, certain species of probiotics have been extensively applied to promote the
health of dogs and cats, including Bifidobacterium spp., Lactobacillus spp., Bacillus spp., and
yeast species, which have been widely recognized and applied in pets. These strains exert
beneficial effects through synergistic actions [4]. Additionally, probiotics play a role in
preventing and treating other clinical diseases in dogs and cats.

This article summarizes the applications of probiotics in pets in recent years, focusing
on gut health, nutrient digestibility and metabolism, and other clinical diseases. It system-
atically reviews the interrelationship between probiotics and indicators such as intestinal
diseases, inflammation, and immunity in dogs and cats, while also revealing the probable
working mechanisms.

2. Benefits of Probiotics on Pets
2.1. Gut Health

Gut health is very important for pets. Clinically, gut problems manifested as enteritis,
pancreatitis, gastritis, diarrhea, constipation, inflammatory bowel disease (IBD), and so
on, for which nutrition was one of the most important factors affecting gut health. Some
of the diseases, like IBD, were lacking of therapeutic drugs, and even if they had them, the
drugs could probably cause heavy side effects in pets. Therefore, the veterinarian often
prescribes probiotics for curing gut diseases, as they have few side effects compared with
drugs. The beneficial impact of probiotics on the intestinal microbiota of dogs and cats is
multifaceted and direct. Table 1 showed numerous studies that had highlighted the posi-
tive roles of Lactobacillus spp., Bifidobacterium spp., yeasts, and their derivatives in promot-
ing intestinal health in dogs and cats [5].

Probiotics are also effective in improving the imbalance of intestinal flora. They could
increase the abundance of beneficial microorganisms such as Bifidobacterium spp., while
reducing the population of Escherichia coli (E. coli) in the intestine [6].

Table 1. Summary of scientific reports indicating the potential benefits of using probiotics on the

gut health of cats and dogs.

Probiotics Animals Intestinal Benefits References
Both Saccharomyces boulardii and Promoted beneficial bacterial colonization, elevated fecal an-

. e Cat, n=10 .. . [5]

Pediococcus acidilactici tioxidants, and reduced inflammatory markers.
E. coli Nissle 1917 Dog, 1 =38 Improved stool consistency and reduced duration of diar- 7]

rhea.
Lactobacillus sakei Dog, =16 Regulated the gut microb.iota ballance and enhanced meta- (8]
bolic function.
B. longum KACC 91563 Dog, n=12 Enhanced the fecal microbiota and immune response. [9]
Bifidobacterium longum CECT-7347

(heat-treated) combined with Fiber-  Cat, n=12 Anti-inflammatory and antioxidant. [10]

sol-2

Saccharomyces cerevisiae

Improved the dysbiosis index, significantly increased the
Dog, n=16 abundances of Bifidobacterium and Turicibacter, and de- [11]
creased the abundance of Escherichia coli in feces.

Enterococcus faecium Strain SF68 Cat, n=25 Reduced clinical symptoms of vomiting and diarrhea. [12]

2.2. Obesity and Nutrient Metabolism

At present, the obesity rate in dogs and cats is increasing worldwide. Obesity is be-
coming a serious problem for pets’ health. Long-term intake of excessive nutrition for
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dogs and cats without sufficient exercise could lead to a large amount of fat accumulation
and even to metabolic disorders and a series of obesity diseases, such as type Il diabetes
mellitus, hyperlipidemia, hypertension, and cardiovascular diseases [13]. In particular,
metabolic diseases are more prominent in older and obese dogs and cats.

It was proven that obesity was related to the composition of gut microbiota [14]. The
composition of gut microbiota could affect the ability of an animal to obtain energy and
regulate energy use. For cats, the abundances of Bifidobacteriaceae, Coriobacteriaceae, and
Veillonellaceae were significantly higher in the obese versus non-obese group [15]. For
obese dogs, the relative abundance of Faecalibacterium, Phascolarctobacterium, Megamonas,
Bacteroides, Mucispirillum, and Ruminococcaceae was higher [16]. Low-fat and high-fiber di-
ets can increase the biodiversity of microbial genera and metabolic pathways. Adminis-
tering probiotics to dogs and cats can change the abundance of gut microbiota, restore the
stability of fecal microorganisms, enhance energy utilization, prevent lipid accumulation,
and activate pyruvate metabolism in the body [17]. As shown in Table 2, probiotics,
mainly Lactobacillus spp. and Enterococcus faecium, are beneficial in regulating obesity or
fat metabolism in pets. Similar studies in cats are limited. Most of the studies showed
positive effects, which showed that probiotics could be a proper supplementation in man-
aging lipid metabolism of pets, but it was also indicated that probiotics may have no a
significant effect on the health of pets [18], which may indicate that certain species could
play a role in nutrient metabolism.

Table 2. The effects of probiotics on nutrient metabolism.

Probiotics
(Dose)

Animals and Duration Effects Reference

Lactobacillus gasseri
BNR17 (2 x 10° CFU/g),
Lactobacillus plantarum

(10° CFU/g)

Lactobacillus fermentum
AD1 (10° CFU/g)

Enterococcus faecium EE3
(10° CFU/mL)
Enterococcus faecium
IDCC 2102 (10" CFU/g)
and Bifidobacterium lactis
IDCC 4301 (10 CFU/g)
Lactobacillus acidophilus
Lactobacillus plantarum
L11
Enterococcus faecium
strain SF68

Twenty dogs for 9 weeks

Twelve dogs for 4 weeks

Body weight and subcutaneous fat mass were
decreased significantly, and microbial diver- [19]
sity was increased.

Five dogs for 10 weeks

Faecal Lactobacilli and Enterococci abundance
were increased significantly. Total protein and [20]
total lipid were increased.

Increased fecal Lactic acid bacteria abundance
and decreased total lipid and protein levels.

Fifteen dogs for 7 days

Eleven dogs for 1 week [21]

By restoring fecal microbiota stability, these

probiotics enhanced systemic energy utiliza- [16]
tion and prevented lipid accumulation.

Serum cholesterol was apparently reduced. [22]
Serum total cholesterol was decreased, and the

2
abundance of Bifidobacterium was improved. (23]

Twelve cats for 4 weeks

Twenty cats for 8 weeks No significant effects. [18]

2.3. Nutrient Digestibility

Nutrient digestibility is an important parameter when evaluating the quality [24] and
bioavailability of pet food. It was shown that cats usually have a lower fat digestibility in
comparison to dogs [25]. Because dogs are omnivores, while cats are obligate carnivores,
it is valuable to know how well they digest protein from plants and animals. Moreover,
there are a number of factors, such as dietary protein content, amino acid composition,
and efficiency of dietary protein utilization, that can vary depending on the protein
sources in both species [26]. Cats often have a higher protein digestibility compared to
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dogs, and in dogs, there is not much difference between plant and animal proteins. How-
ever, in cats, it was shown that protein from plants was easier to digest than animal pro-
teins [27]. Small cats, including domestic cats, frequently lick and groom, resulting in a
large amount of hair ingestion. Therefore, the apparent digestibility of nutrients in
dehaired feces was significantly higher than that in feces with hair [28].

Probiotics could improve the growth performance and nutrient digestibility of pets.
One of the main reasons for improvement of nutrient digestibility due to probiotics is
mainly attributed to the activity of microbial enzymes in the intestinal lumen, including
a-amylase, a-galactosidase, cellulase, protease, and lipase [29,30]. The most widely used
probiotics in dogs and cats include Lactobacillus, Bifidobacterium, and Enterococci [31]. As
shown in Table 3, some studies have indicated that lactic acid bacteria can potentially im-
prove digestibility, as well as enhance stool scores and reduce ammonia in dogs [32,33].
Canine-derived Lactobacillus Johnson CPN23 and dairy-derived Lactobacillus acidophilus
NCDC15 were shown to improve the digestibility of canine fiber (p = 0.034) [33]. Feeding
cats with Lactobacillus increased crude protein digestibility, improved nutrient digestion,
and reduced fecal odors [34].

However, spore-forming strains, such as Bacillus spp., have been explored as candi-
date strains for probiotic addition due to the tendency of lactic acid bacteria to lose their
activity during processing, storage, and gastrointestinal action [35]. When adult beagle
dogs were supplemented with Bacillus subtilis C-3102, there was a trend towards higher
apparent digestibility of crude fat and nitrogen-free extracts in the supplemented group
compared to the diet treatment group without probiotics, as well as higher digestibility of
dry matter and organic matter [36]. The study found that Bacillus coagulans had an effect
on the nutritional digestibility of healthy dogs, which increased the apparent digestibility
of organic matter, crude protein, crude fat, and total energy in dogs [37]. Despite the use
of Bacillus showing beneficial effects on digestibility in dogs, it is currently unclear what
should be the minimum dose established for this particular agent [38]. The addition of
Bacillus amyloidis SC06 and Bacillus subtilis B10 at the same time can improve the apparent
digestibility of nutrients in the diet of cats [39].

When evaluating nutrient digestibility, odorous substances could sometimes be stud-
ied, such as benzpyrole, 3-methylindole and even other odorous matter in the feces of pets
[23], which could laterally reflect the protein digestibility of the pet food.

Table 3. The effects of probiotics on nutrient digestibility in pets.

Probiotics Animals Effects Reference
Lactobacillus Johnson CPN23
and Lactobacillus acidophilus dogs Improving the digestibility of fiber. [33]

NCDC15

Lactobacillus
Bacillus subtilis C-3102

Bacillus coagulans

Bacillus amyloidis SC06 and Ba-

cillus subtilis B10

Increasing crude protein digestibility, improving nutri-

t 4
cars ent digestion, and reducing fecal odors. (541
An upward trend in the apparent digestibility of crude
dogs . [36]
fat and nitrogen-free extracts was observed.
does Increasing the apparent digestibility of organic matter, 37]

& crude protein, crude fat, and total energy in dogs.
cats Improving the apparent digestibility of nutrients. [39]
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2.4. Clinical Diseases

Except gut-related illnesses, there were less studies on probiotics’ effects on other pet
illnesses. Limited studies about chronic kidney disease (CKD) and the application of pro-
biotics in pets existed. From Table 4, it can be concluded that in the CKD trial, the effects
of the probiotics were very limited, which probably meant that probiotics could show a
benefit in prevention instead of curing. Maybe in the future, more illnesses could be stud-
ied in other clinical diseases of pets, especially for elderly pets.

Table 4. Summary of scientific reports exploring the potential effects of using probiotics to counter-

act different kinds of clinical diseases in pets.

Probiotics Animals Clinical Diseases Effects Reference
) . ) Porphyromonas gingivalis was
Lactobacillus acidophilus 13 dogs Oral health inhibited. [40]
2 adult Beagl ith
Lactobacillus rhamnosus strain :ec‘l;;rte :Egaej dvi16 Atopic Dermatitis Immunologic indicators were [41]
GG . (AD) reduced.
puppies
. . . Chronic kidney dis- o
Probiotics and prebiotics 10 cats with CKD ease (CKD) No significance. [42]
. . Small number of . .
Kibow Biotics Feline azotemia BUN was decreased. [43]

cats with azotemia

2.5. Limitations of Probiotic Application

As mentioned before, not all probiotics showed the positive effects. Mark et al. found
in a double-blind controlled clinical trial that probiotics could not alleviate CKD in cats
[43]. Although probiotic Enterococcus faecium SF68 has been shown to stimulate mucosal
immunity and improve intestinal health in young dogs [44], it was found that the bacteria
had no significant effects on food intake, body weight, body composition, or metabolic
parameters in overweight and obese cats [12]. Short-term treatment with E. faecium SF68
in dogs with chronic illnesses did not affect immune responses [12]. These findings indi-
cate that probiotics are not a panacea. In clinical treatment, it is essential to use safety-
evaluated probiotics based on their specific characteristics. The field of probiotic safety is
characterized by a lack of studies specifically designed to assess safety, making it difficult
to evaluate hidden risks associated with probiotic use [45]. More controlled trials are
needed to characterize novel, safe probiotic formulations that impact the overall health,
well-being, and health maintenance of dogs and cats [46].

3. Mechanism
3.1. Antivirus

Viruses are one of the most serious factors threatening pets” health, like FPV (Feline
Panleukopenia Virus), FCV (Feline Calicivirus), FHV-1 (Feline herpesvirus 1), and FIP
(Feline infectious peritonitis), which could cause low spirits, diarrhea, and even death to
pets. As is known, some viruses spread very fast. Although probiotics could not directly
kill virus, it could be beneficial in the prevention of virus. It has been preliminarily shown
that pre-treatment of FCV with Lacfococcus lactis subsp. lactis LM0230 could result in a
reduction in virus titers in vitro [47]. Also, Enterococcus faecium SF68 was proven to have
a positive effect by lessening the morbidity associated with FHV-1 infection in cats [48].
These studies were limited and did not discover the deep mechanism of antiviral activity
of probiotics. But many studies have shown the mechanism of probiotics against antivirus,
not for pets but humans or other animals [49,50], which showed that probiotics pose a
defensive possibility against respiratory viral infection. The clinical score of dogs with
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distemper-associated diarrhea could be improved by feeding with Lactobacillus murinus
native strain (LbP2) for 5 days [51]. But few studies were focused on the mechanism of
antiviral ability of probiotics; maybe in the future, this aspect could be investigated more.

3.2. Anti-Inflammation

Probiotics can adjust the intestinal flora with a positive impact to alleviate inflamma-
tion due to pet diseases. Probiotics mainly work by regulating metabolites (short-chain
fatty acids, SCFAs), as well as through the regulation of cell factors and modified mucosa
expression of inflammation (shown in Figure 1).

Antioxidant _
Oral diseases ~ > Mitigation of IBD
Skin diseases Prevention of lipid
Kidney disease \ /' accumulation

l |

Anti-inflammatory

Boost immunity I Adjusting metabolism

Gut health

Figure 1. The application of probiotics in pets.

SCFAs have a strong correlation with anti-inflammation effects in inflammatory
bowel disease (IBD) in pets, playing an important role in the pathogenesis of the disease
[52-55]. Probiotics could produce SCFAs, mainly acetic acid and propionic acid. SCFAs
could inhibit the activity of inflammatory mediators in the intestinal epithelium, thereby
inhibiting the activation of NF-kB macrophages [56]. Bifidobacterium longum S3 could in-
crease the levels of acetic acid and stearic acid, repair intestinal barrier damage, and re-
duce inflammation [57]. Enterococcus faecium IDCC 2102 and Bifidobacterium lactis IDCC
4301 could reduce systemic inflammation and hormonal disorders caused by obesity in
dogs by producing short-chain fatty acids and carboxylic acids [17]. Multiple high-con-
centration strains of probiotics could affect dog colon polyamine biological synthesis and
raise the precursor putrescine, as well as spermine and ornithine decarboxylase levels,
reflecting anti-inflammatory effects [58]. Synbiotic-IgY supplement could reduce inflam-
matory markers (fecal calprotectin, C-reactive protein), thereby showing beneficial effects
on inflammation and mucosal microbiota in dogs [59].

SCFAs produced by probiotics could protect the intestinal mucosal barrier, inhibit
intestinal inflammation, and participate in the prevention of intestinal inflammation
[60,61]. SCFAs have anti-inflammatory activities [56], indicating the inhibition of the ac-
tivity of inflammatory mediators in the intestinal epithelium, thereby inhibiting the acti-
vation of NF-«B macrophages. At the same time, SCFAs are also the main energy source
for colon cells. Among all SCFAs, butyrate, as the main energy source for intestinal epi-
thelial cells [62], has the strongest anti-inflammatory effect [63]. Currently, one of the key
factors contributing to intestinal mucosal inflammation in numerous pathological condi-
tions is energy deficiency. Li [5] found that the addition of Saccharomyces boulardii and
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Pediococcus acidilactici can increase the concentration of butyric acid and total SCFA con-
centration in cat feces, which played a crucial role in maintaining intestinal homeostasis
[64]. Similar results were obtained by feeding compound Bacillus to cats [65]. Feeding pro-
biotics to dogs has been found to increase the levels of acetic acid and propionic acid,
along with the beneficial bacteria in the gut [9].

Many studies have reported that lactic acid bacteria could reduce the expression of
inflammatory factors such as IL-6, IL-1f3, TNF-a, and IFN-v, suggesting its potential anti-
inflammation mechanisms [66-68], but the anti-inflammation mechanisms of probiotics
in dog and cat inflammation models are less studied in terms of animal welfare, but it is
foreseeable that probiotics have great potential for the treatment of inflammation and pre-
vention in pets.

3.3. Immunity

Probiotics could improve immune function, especially in the early life of pets [69].
Both live probiotics and their metabiotics may produce immune effects in pets.

Salvatore [70] found that adding composite probiotic supplements in different preg-
nancy periods of dogs will enhance the immunity of colostrum, and the content of IgG
and IgM in colostrum were significantly increased. It may improve the clinical condition
and immune function of puppies [70] and has good clinical effects on preventing gastro-
enteritis in offspring [71]. Enterococcus faecium (SF68) and Lactobacillus murinus (LbP2)
strains were, respectively, shown to improve the concentration of IgA in dog feces and
enhance the specific immunity of the canine [63,72]. It has been reported that adding pro-
biotics to cat food can directly increase the concentration of IgAto, increasing the immune
ability of cats [63].

Probiotics can interfere with lymphocytes, especially T cells, which have a strong
positive effect. Microbial interactions with Mesenchymal stem cells can increase transcrip-
tion of key immunomodulatory genes, including COX2, IL6, and IL8, with strong clinical
potential for Crohn’s disease, chronic sepsis, and wound healing [73]. A study found that
probiotics (VSL#3) can reduce the number of CD3+ lymphocytes of dogs with IBD, while
at the same time increasing the FoxP3+ and TGF-3+-positive cell number, maintaining the
balance of the immune system [74]. Bacillus subtilis strains from fermented soybean could
increase the number of peripheral blood NK cells (natural killer cells) and increase the
toxic effect of NK cells to enhance cellular immune activity in dogs, and they may cause
treatment effects in canine tumor diseases [75]. The expressions of TNF-a, IL-8, and TLR2
were significantly increased in dog macrophages treated with Quilodran-Vega SR. Studies
have shown that lactic acid bacteria can inhibit the growth of common Gram-negative
bacteria in gastrointestinal infection and regulate the immune response of animals [76].
Bifidobacteria-fermented cracking (BFL) can effectively reduce the THP-1 cell macrophages
induced by LPS in IL-8, while TNF alpha reduced the secretion of cytokines and cox-2
mRNA expression to adjust the immune balance [77]. Therefore, as in humans, probiotics
also play an important role on the immune function in pets, but the mechanisms may need
further study.

3.4. Antioxidant

Oxidative stress is defined as an imbalance between the occurrence of reactive oxy-
gen species/nitrogen (ROS/RNS) and cellular antioxidant defenses; oxidative stress is the
result of an excess of ROS/RNS, which arises due to a lack of reaction by the cellular anti-
oxidant system, which leads to lipid, protein, and DNA damage [78,79]. It plays an im-
portant role in a variety of disease states, including chronic kidney disease, neurological
disorders, diabetes, obesity, cancer, intestinal inflammation, and diarrhea, among others
[80-82]. At present, a large number of tests in vitro and in vivo have proven that probiotics
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have a strong antioxidant effect [83,84]. According to a large number of existing studies,
probiotics could regulate the redox state of the host through their metal ion chelating abil-
ity, antioxidant system, regulation of signaling pathways, and enzyme-producing ROS
[85].

Studies have shown that supplementation with probiotics and postbiotics has no ad-
verse effects on oxidative stress in adult cats [86]. Due to the host specificity of probiotics
[87], an increasing number of studies have been focused on isolating probiotics from dogs
and cats for the application in dogs and cats. Specifically, Lactobacillus johnsonii CPN23 or
Lactobacillus acidophilus NCDC15 (108 CFU/mL) reduced the levels of glutathione or gluta-
thione S-transferase in probiotic-treated dogs. In contrast, dogs supplemented with Lacto-
bacillus Johnsonii CPN230 exhibited higher activities of superoxide dismutase (SOD) and
glutathione peroxidase (GPx) [88]. Notably, probiotic LGGs (screened from dog feces)
showed a more apparent effect in canine macrophage cell lines (DH82) than RAW264.7
cells, reducing oxidative stress [87]. Relevant studies have indicated that 16 probiotic
strains isolated from dogs and cats possessed high antioxidant activity. These strains exert
antioxidant activity by inhibiting iNOS and COX-2 gene expression [89].

3.5. Adjusting Metabolism and Gut Microbiota Balance

Probiotics can improve the health of dogs and cats by regulating their metabolism
and physiological metabolism. Several common metabolites, like SCFAs, EPS, and bacte-
riocins produced by probiotics, can directly participate in the regulation of signaling path-
ways to interfere with the metabolism of dogs and cats.

As mentioned before, probiotics could produce many useful metabolites for the host.
Therefore, probiotics could modulate intestinal metabolism and maintain intestinal mi-
croecological balance by regulating the abundance of gut microbiota. Feeding Lactobacillus
cleicerae can increase Firmicutes, Spirochaetota, and Patescibacteria at the phylum level,
reduce the abundance of Fusobacteriota, Deferribacterota, and Bacteroidota, and down-
regulate Anaerostipes, Clostridium_sensu_stricto_13, Parvimonas, Streptobacillus, Mu-
cispirillum, Turicibacter, Fusobacterium, and the levels of multiple pathogenic genera
such as Terrisporobacter [88]. Compound probiotics can indirectly increase the pathways
of polysaccharide synthesis and metabolism, energy metabolism, immune system metab-
olism, environmental adaptation, cofactor and vitamin metabolism, and amino acid me-
tabolism by affecting the abundance of intestinal microflora in dogs and reduce the impact
of genes related to cell movement, transcription, and membrane transport [90]. Com-
pound Bacillus significantly increased the abundance of p_Patescibacter and g_Plecto-
sphaerella and decreased the abundance of p_Firmicutes, p_Gemmatimonadetes, g_Rumi-
nococcaceae_UCG-005, g_Ascochytahe, and g_Saccharomyces in cats [65]. Feeding a Lactoba-
cillus mixture can reduce gut-derived uremic toxin by regulating amino acid metabolism
and achieve the effect of alleviating and treating chronic kidney disease [91].

EPS are particularly beneficial in addressing intestinal health [6]. The intestinal epi-
thelial barrier function in dogs and cats is highly similar to that in humans, forming a
selective barrier that absorbs nutrients, water, and other important molecules while pre-
venting the entry of pathogens and harmful substances [92]. Changes in the characteristics
of the colonic mucus layer or the reduction in its core component Mucin 2 may lead to
bacterial infiltration into the mucus layer and subsequent contact with intestinal epithelial
cells, breaking the balance of the intestinal epithelial barrier and then causing inflamma-
tory bowel disease [93]. Probiotics regulate intestinal epithelial barrier function through
surface macromolecules and metabolites. The surface-layer proteins (including flagella,
fimbriae, and capsular polysaccharide) of probiotics can be recognized by pattern recog-
nition receptors, which play an important role in regulating intestinal barrier function and
promoting intestinal health [94]. Probiotics directly or indirectly (via secreted proteins,
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indole, extracellular vesicles, short-chain fatty acids, and bacteriocins) promote mucus se-
cretion by goblet cells. Increasing the secretion of antimicrobial peptides and increasing
the expression of tight junction proteins can protect the intestinal epithelial barrier [95,96].
An imbalance in the normal gut microbiota can increase intestinal permeability, so sup-
plementing with probiotics is an important means of enhancing the body’s immunity by
improving gut health and maintaining the function of the intestinal epithelial barrier.

In conclusion, probiotics could play an important role in many functions in pets, but
for the protection of animal welfare, there is still little research on the mechanism of the
application of probiotics in pets. Maybe more related studies could be carried out, and
more functions could be found in pets in the future.

4. Conclusions

Studies on the application of probiotics in dogs were widely performed, but research
in cats remains limited. It is important to note that probiotics are not a panacea. Probiotics
primarily target chronic conditions, demonstrating particularly significant efficacy in reg-
ulating gastrointestinal disorders. Currently, probiotics such as lactic acid bacteria and
bifidobacteria have been widely adopted in clinical settings. However, when dogs or cats
exhibit acute diarrhea, infectious diseases, or severe intestinal organ damage, prompt vet-
erinary intervention with antibiotics or other medications is essential rather than relying
solely on probiotics. Long-term excessive use of probiotics may lead to intestinal dysbio-
sis, so their administration in dogs and cats requires targeted and appropriately dosed
regimens.

Currently, due to animal welfare constraints, most mechanistic studies are conducted
in mice, and future research should prioritize species-specific investigations in dogs and
cats. Research on probiotics for canine and feline health should not be confined to gut
health. Similarly, dogs and cats can develop anxiety disorders, depression, Parkinson’s
disease, Alzheimer’s-like conditions, and other human-mimicking ailments due to envi-
ronmental changes, seasonal shifts, owners’ emotional states, or separation from off-
spring. Therefore, there is vast potential for the application of probiotics in addressing
neurological and behavioral health issues in dogs and cats.

Author Contributions: Conceptualization, ].S. and B.H.; methodology, H.Z., X.G. and L.Z.; software,
ZW. and H.T; validation, X.W., X.G., and L.Z.; formal analysis, ].S.; investigation, X.G.; resources,
J.W,; data curation, ].S. ., H.Z.; writing—original draft preparation, H.Z.].S.; writing—review and
editing, ].S. and B.H.; visualization, ].S. and B.H.; supervision, Z.W. and H.T.; project administration,
J.W.; funding acquisition, J.W. All authors have read and agreed to the published version of the

manuscript.

Funding: This work was supported by the Central Public-interest Scientific Institution Basal Re-
search Fund (No. 1610382022007).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: No new data were created or analyzed in this study.

Acknowledgments: We thank Henan Zhang of the Zhongmu Research Institute for her guidance in

the investigation, methodology development, and validation.

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



Vet. Sci. 2025, 12, 1008 10 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pafilack, N.; Kohn, B.; Vahjen, W.; Zentek, ]J. Effects of dietary cellobiose on the intestinal microbiota and excretion of nitrogen
metabolites in healthy adult dogs. J. Anim. Physiol. Anim. Nutr. 2021, 105, 569-578.

Halloran, K.; Underwood, M.A. Probiotic mechanisms of action. Early Hum. Dev. 2019, 135, 58-65.

Xu, H.; Wu, Y.P.; Mei, X.Q.; Xu, B.C.; Zhao, F.K.; Li, W. Research progress of probiotics effects on animal digestion, absorption
and liver metabolism of nutrients. Chin. J. Anim. Nutr. 2018, 30, 3850-3856. (In Chinese)

Kieps, J.; Dembczynski, R. Current Trends in the Production of Probiotic Formulations. Foods 2022, 11, 2330.
https://doi.org/10.3390/foods11152330.

Li, Y.; Ali, I; Lei, Z; Li, Y.; Yang, M.; Yang, C.; Li, L. Effect of a Multistrain Probiotic on Feline Gut Health through the Fecal
Microbiota and Its Metabolite SCFAs. Metabolites 2023, 13, 228. https://doi.org/10.3390/metabo13020228.

Zhang, J.; Xiao, Y.; Wang, H.; Zhang, H.; Chen, W.; Lu, W. Lactic acid bacteria-derived exopolysaccharide: Formation, immuno-
modulatory ability, health effects, and structure-function relationship. Microbiol. Res. 2023, 274, 127432.

Rudinsky, A.J.; Harrison, A.; Shi, B.; Hardison, R.; Prinster, T.; Huang, S.; Lee, S.; Byron, ].K.; Lucas, E.; Mason, K.M.; Li H. The
use of Escherichia coli strain Nissle 1917 shows promise for improving gastrointestinal and urinary health in dogs. Am. J. Vet.
Res. 2023, 84, ajvr.23.03.0055. https://doi.org/10.2460/ajvr.23.03.0055.

Wang, L.; Zhang, Z.; Zhu, X.; Zhao, Y.; Igbal, M,; Lin, Z.; Nawaz, S.; Xu, M.; Hu, M.; Bhutto, Z.A.; Memon, AM.; Li, J. The
Effect of Lactobacillus sakei on Growth Performance and Intestinal Health in Dogs: Gut Microbiota and Metabolism Study. Pro-
biot. Antimicrob. Proteins 2024, 16, 2116-2131. https://doi.org/10.1007/s12602-023-10160-9.

Park, H.E,; Kim, Y.J.; Kim, M.; Kim, H.; Do, K.H.; Kim, ].K.; Ham, ].S.; Lee, W.K. Effects of Queso Blanco cheese containing
Bifidobacterium longum KACC 91563 on fecal microbiota, metabolite and serum cytokine in healthy beagle dogs. Anaerobe 2020,
64, 102234. https://doi.org/10.1016/j.anaerobe.2020.102234.

Wang, F.; Gao, S.; Peng, Q.; Tan, L.; Chen, S.; Xia, Z. Effects of Heat-Treated Bifidobacterium longum CECT-7384 Combined with
Fibersol-2 on the Intestinal Health of Cats Submitted to an Abrupt Dietary Change: A Randomized Controlled Study. Animals
2024, 14, 2179. https://doi.org/10.3390/ani14152179.

Bastos, T.S.; Souza, CM.M.; Legendre, H.; Richard, N.; Pilla, R.; Suchodolski, J.S.; de Oliveira, S.G.; Lesaux, A.A.; Félix, A.P.
Effect of Yeast Saccharomyces cerevisiae as a Probiotic on Diet Digestibility, Fermentative Metabolites, and Composition and
Functional Potential of the Fecal Microbiota of Dogs Submitted to an Abrupt Dietary Change. Microorganisms 2023, 11, 506.
https://doi.org/10.3390/microorganisms11020506.

Torres-Henderson, C.; Summers, S.; Suchodolski, J.; Lappin, M.R. Effect of Enterococcus Faecium Strain SF68 on Gastrointesti-
nal Signs and Fecal Microbiome in Cats Administered Amoxicillin-Clavulanate. Top. Companion Anim. Med. 2017, 32, 104-108.
https://doi.org/10.1053/j.tcam.2017.11.002.

Osto, M.; Lutz, T.A. Translational value of animal models of obesity-Focus on dogs and cats. Eur. ]. Pharmacol. 2015, 759, 240—
252. https://doi.org/10.1016/j.ejphar.2015.03.036.

Salas-Mani, A.; Jeusette, I; Castillo, I.; Manuelian, C.L.; Lionnet, C.; Iraculis, N.; Sanchez, N.; Fernandez, S.; Vilase. Fecal micro-
biota composition changes after a BW loss diet in Beagle dogs. J. Anim. Sci. 2018, 96, 3102-3111.

Yeon, K.D.; Kim, S.M.; Kim, J.H. Association between Gut Microbiota and Metabolic Health and Obesity Status in Cats. Animals
2024, 14, 2524. https://doi.org/10.3390/ani14172524.

Kim, H.; Seo, J.; Park, T.; Seo, K.; Cho, HW.; Chun, J.L.; Kim, K.H. Obese dogs exhibit different fecal microbiome and specific
microbial networks compared with normal weight dogs. Sci. Rep. 2023, 13, 723. https://doi.org/10.1038/s41598-023-27846-3.
Kang, A.; Kwak, M.-].; Lee, D.J.; Lee, ].J.; Kim, M.K,; Song, M.; Lee, M.; Yang, J.; Oh, S.; Kim, Y. Dietary supplementation with
probiotics promotes weight loss by reshaping the gut microbiome and energy metabolism in obese dogs. Microbiol. Spectr. 2024,
12, e0255223. https://doi.org/10.1128/spectrum.02552-23.

Kathrani, A.; Larsen, J.A.; Kass, P.H.; Fascetti, A.]. Effect of short-term probiotic Enterococcus faecium SF68 dietary supplemen-
tation in overweight and obese cats without comorbidities. Vet. Rec. Open 2016, 3, e000164.

Lee, H.-J.; Choi, W.-].; Cho, ].H.; Park, S.-H.; Jung, B.-].; Kim, H.B.; Gu, S.-H.; Song, K.H. Effects of synbiotic preparation con-
taining Lactobacillus gasseri bnrl7 on body fat in obese dogs: A pilot study. Animals 2022, 12, 642.

Strompfova, V.; Laukova, A.; Gancarcikova, S.; Marcinakova, M.; Simonova, M.; Bogovic-Matijasic, B. Application of potential
probiotic Lactobacillus fermentum AD1 strain in healthy dogs. Anaerobe 2006, 12, 75-79.

Marcinakova, M.; Simonova, M.; Strompfova, V.; Laukova, A. Oral application of Enterococcus faecium strain EE3 in healthy
dogs. Folia Microbiol. 2006, 51, 239-242.



Vet. Sci. 2025, 12, 1008 11 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Mao, A; Li, Y.; Wang, |; Liu, S.; Zhang, Y.; Liu, G.; Bao, Y.; Cheng, Y.; Yang, X. Bacterial Community Influences the Effects of
Lactobacillus acidophilus on Lipid Metabolism, Immune Response, and Antioxidant Capacity in Dogs. Animals 2024, 14, 1257.
Han, B, Liang, S.; Sun, J.; Tao, H.; Wang, Z.; Liu, B.; Wang, X; Liu, J.; Wang, J. The Effect of Lactobacillus plantarum on the Fecal
Microbiota, Short Chain Fatty Acids, Odorous Substances, and Blood Biochemical Indices of Cats. Microorganisms 2024, 12, 91.
Smeets-Peeters, M.].; Minekus, M.; Havenaar, R.; Schaafsma, G.; Verstegen, M.W.A. Description of a dynamic in vitro model of
the dog gastrointestinal tract and an evaluation of various transit times for protein and calcium. Altern. Lab. Anim. 1999, 27, 935—
949.

Clauss, M.; Kleffner, H.; Kienzle, E. Carnivorous mammals: Nutrient digestibility and energy evaluation. Zoo Biol. 2010, 29, 687-
704.

Case, L.P.; Daristotle, L.; Hayek, M.G.; Raasch, M.F. Canine and Feline Nutrition—A Resource for Companion Animal Professionals;
Elsevier: Amsterdam, The Netherlands, 2000.

Golder, C.; Weemhoff, ].L.; Jewell, D.E. Cats Have Increased Protein Digestibility as Compared to Dogs and Improve Their
Ability to Absorb Protein as Dietary Protein Intake Shifts from Animal to Plant Sources. J. Feline Med. Surg. 2020, 10, 541.

Kim, H.S.; Hong, ].S.; Park, C.W. Evaluation of grooming behaviour and apparent digestibility method in cats. ]. Feline Med.
Surg. 2018, 21, 373-378.

Bajagai, Y.S.; Klieve, A.V.; Dart, P.J.; Bryden, W.L. Probiotics in Animal Nutrition: Production, Impact And Regulation; Food and
Agriculture Organisation of the United Nations: Rome, Italy, 2016.

Yu, HF; Wang, A.N,; Li, X.J.; Qiao, S.Y. Effect of viable Lactobacillus fermentum on the growth performance, nutrient digestibility
and immunity of weaned pigs. J. Anim. Sci. 2008, 17, 61-69.

Jugan, M.C,; Rudinsky, A.J.; Parker, V.J.; Gilor, C. Use of probiotics in small animal veterinary medicine. ]. Am. Vet. Med. Assoc.
2017, 250, 519-528.

Sun, H.Y.; Kim, L]. Effect of Lactobacillus acidophilus based probiotic product supplementation on the blood profile, fecal noxious
gas emission, and fecal shedding of lactic acid bacteria and coliform bacteria in healthy adult Beagle dogs. ]. Anim. Sci. 2020, 47,
437-443.

Kumar, S.; Pattanaik, A.K.; Sharma, S.; Gupta, R.; Jadhav, S.E.; Dutta, N. Comparative assessment of canine-origin Lactobacillus
johnsonii CPN23 and dairy-origin Lactobacillus acidophilus NCDC 15 for nutrient digestibility, faecal fermentative metabolites
and selected gut health indices in dogs. J. Nutr. Sci. 2017, 6, e38.

Zha, M.; Zhu, S.; Chen, Y. Probiotics and Cat Health: A Review of Progress and Prospects. Animals 2024, 12, 1080.

Elshagabee, F.M.F.; Rokana, N.; Gulhane, R.D.; Sharma, C.; Panwar, H. Bacillus As Potential Probiotics: Status, Concerns, and
Future Perspectives. Front. Microbiol. 2017, 8, 1490.

Schauf, S.; Nakamura, N.; Castrillo, C. Effect of Calsporin® (Bacillus subtilis C-3102) addition to the diet on faecal quality and
nutrient digestibility in healthy adult dogs. |. Appl. Anim. Nutr. 2019, 7, e3.

Acuff, H.L.; Aldrich, C.G. PSVI-23 Evaluation of graded levels of Bacillus coagulans (GBI-30, 6086) on apparent nutrient digesti-
bility, stool quality, and intestinal health indicators in healthy adult dogs. J. Anim. Sci. 2020, 98, 314-315.

Acuff, HL.; Aldrich, C.G. Evaluation of graded levels of Bacillus coagulans GBI-30, 6086 on apparent nutrient digestibility, stool
quality, and intestinal health indicators in healthy adult dogs. J. Anim. Sci. 2021, 99, skab137.

Wang, F.; Li, X;; Xu, S.J.; Xu, C,; Mei, X; Li, W. Effects of compound Bacillus on growth, nutrient apparent digestibility and
health of pet cats. Anim. Nutr. 2022, 34, 2596-2605.

You, I; Mahiddine, F.Y.; Park, H.; Kim, M.]. Lactobacillus acidophilus novel strain, MJCD175, as a potential probiotic for oral
health in dogs. Front. Vet. Sci. 2022, 9, 946890.

Marsella, R. Evaluation of Lactobacillus rhamnosus strain GG for the prevention of atopic dermatitis in dogs. Am. J. Vet. Res. 2009,
70, 735-740.

Rishniw, M.; Wynn, S.G. Azody], a synbiotic, fails to alter azotemia in cats with chronic kidney disease when sprinkled onto
food. ]. Feline Med. Surg. 2011, 13, 405-409.

Palmquist, D.R. A Preliminary Clinical Evaluation of Kibow Biotics, a Probiotic Agent, on Feline Azotemia. ]. Am. Holist. Vet.
Med. Assoc. 2006, 24, 23-27.

Simpson, K.W.; Rishniw, M.; Bellosa, M.; Liotta, J.; Lucio, A.; Baumgart, M.; Czarnecki-Maulden, G.; Benyacoub, J.; Bowman,
D. Influence of Enterococcus faecium SF68 probiotic on giardiasis in dogs. |. Vet. Intern. Med. 2009, 23, 476-481.

Deng P, Swanson KS. Gut microbiota of humans, dogs and cats: current knowledge and future opportunities and challenges.
Br ] Nutr. 2015, 113, S6-517.



Vet. Sci. 2025, 12, 1008 12 of 14

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

Grzeskowiak, L.; Endo, A.; Beasley, S.; Salminen, S. Microbiota and probiotics in canine and feline welfare. Anaerobe 2015, 34,
14-23.

Aboubakr, H.A.; Mahiddine, E.Y.; Park, H.; Kim, M.]. Antiviral Effects of Lactococcus lactis on Feline Calicivirus, A Human
Norovirus Surrogate. Food Environ. Virol. 2014, 6, 282-291.

Lappin, M.R.; Veir, ].K; Satyaraj, E.; Czarnecki-Maulden, G.L. Pilot study to evaluate the effect of oral supplementation of
Enterococcus faecium SF68 on cats with latent feline herpesvirus 1. J. Feline Med. Surg. 2009, 11, 650—-654.

Luo, L,; Gu, Z,; Py, J.; Chen, D.; Tian, G.; He, ].; Zheng, P.; Mao, X.; Yu, B. Synbiotics improve growth performance and nutrient
digestibility, inhibit PEDV infection, and prevent intestinal barrier dysfunction by mediating innate antivirus immune response
in weaned piglets. J. Anim. Sci. 2024, 102

Wang, F.; Pan, B.; Xu, S.; Xu, Z.; Zhang, T.; Zhang, Q.; Bao, Y.; Wang, Y.; Zhang, ].; Xu, C; Xue, X. A meta-analysis reveals the
effectiveness of probiotics and prebiotics against respiratory viral infection. Biosci. Rep. 2021, 41, BSR20203638.

Delucchi, L.; Fraga, M.; Zunino, P. Effect of the probiotic Lactobacillus murinus LbP2 on clinical parameters of dogs with distem-
per-associated diarrhea. Can. J. Vet. Res. 2017, 81, 118-121.

Higueras, C.; Sainz, A.; Garcia-Sancho, M.; Rodriguez-Franco, F.; Rey, A.l. Faecal Short-Chain, Long-Chain, and Branched-
Chain Fatty Acids as Markers of Different Chronic Inflammatory Enteropathies in Dogs. Animals 2024, 14, 1825.
https://doi.org/10.3390/ani14121825.

Minamoto, Y.; Minamoto, T.; Isaiah, A.; Sattasathuchana, P.; Buono, A.; Rangachari, V.R.; Mcneely, I.H.; Lidbury, J.; Steiner,
J.M.; Suchodolski, J.S. Fecal short-chain fatty acid concentrations and dysbiosis in dogs with chronic enteropathy. J. Vet. Intern.
Med. 2019, 33, 1608-1618. https://doi.org/10.1111/jvim.15520.

Ziese, A.L.; Suchodolski, J.S. Impact of Changes in Gastrointestinal Microbiota in Canine and Feline Digestive Diseases. Vet.
Clin. N. Am. Small Anim. Pract. 2021, 51, 155-169. https://doi.org/10.1016/j.cvsm.2020.09.004.

Guard, B.C; Honneffer, ].B.; Jergens, A.E.; Jonika, M.M.; Torresson, L.; Lawrence, Y.A.; Webb, C.B.; Hill, S.; Lidbury, J.A.; Stei-
ner, ].M. Longitudinal assessment of microbial dysbiosis, fecal unconjugated bile acid concentrations, and disease activity in
dogs with steroid-responsive chronic inflammatory enteropathy. J. Vet Intern. Med. 2019, 33, 1295-1305.
https://doi.org/10.1111/jvim.15493.

Li, M.; Van Esch, B.C.A.M.; Wagenaar, G.T.M.; Garrsen, J.; Folkerts, G.; Henricks, P.A.]. Pro- and anti-inflammatory effects of
short chain fatty acids on immune and endothelial «cells. Eur. ] Pharmacol. 2018, 831, 52-59.
https://doi.org/10.1016/j.ejphar.2018.05.003.

Zhang, T.; Lu, H.; Cheng, T.; Wang, L.; Wang, G.; Zhang, H.; Chen, W. Bifidobacterium longum S3 alleviates loperamide-induced
constipation by modulating intestinal acetic acid and stearic acid levels in mice. Food Funct. 2024, 15, 6118-6133.
https://doi.org/10.1039/d4f000695j.

Rossi, G.; Cerquetella, M.; Scarponi, S.; Peng, G.; Fettucini, K.; Bassotti, G.; Jergens, A.E.; Suchodolski, J.S. Effects of probiotic
bacteria on mucosal polyamines levels in dogs with IBD and colonic polyps: A preliminary study. Benef. Microbes 2018, 9, 247—
255. https://doi.org/10.3920/BM2017.0024.

Sahoo, D.K.; Allenspach, K.; Mochel, ].P.; Parker, V.; Rudinsky, A.].; Winston, ].A.; Bourgois-Mochel, A.; Ackermann, M.; Heil-
mann, R.M.; Koller, G.; et al. Synbiotic-IgY Therapy Modulates the Mucosal Microbiome and Inflammatory Indices in Dogs
with Chronic Inflammatory Enteropathy: A Randomized, Double-Blind, Placebo-Controlled Study. Vet. Sci. 2022, 10, 25.
https://doi.org/10.3390/vetsci10010025.

Markowiak-Kope¢, P.; Slizewska, K. The effect of probiotics on the production of short-chain fatty acids by human intestinal
microbiome. Nutrients 2020, 12, 1107.

Cherbut, C. Motor effects of short-chain fatty acids and lactate in the gastrointestinal tract. Proc. Nutr. Soc. 2003, 62, 95-99.
Elce, A.; Amato, F.; Zarrilli, F.; Calignano, A.; Troncone, R.; Castaldo, G.; Canani, R.B. Butyrate modulating effects on pro-
inflammatory pathways in human intestinal epithelial cells. Benef. Microbes 2017, 8, 841-847.

Kuczynska, B.; Wasilewska, A.; Biczysko, M.; Banasiewicz, T.; Drews M. Krétkotaricuchowe kwasy ttuszczowe-mechanizm
dziatania, potencjalne zastosowanie kliniczne oraz zalecenia dietetyczne. Now. Lek. 2011, 80, 299-304.

Parada Venegas, D.; De la Fuente, M.K,; Landskron, G.; Gonzalez, M.].; Quera, R.; Dijkstra, G.; Harmsen, H.].M.; Faber, K.N.;
Hermoso, M.A. Short Chain Fatty Acids (SCFAs)-Mediated Gut Epithelial and Immune Regulation and Its Relevance for In-
flammatory Bowel Diseases. Front. Immunol. 2019, 10, 277.

Wang, F.; Mei, X.; Wang, Q.; Zhao, P.; Zhou, Y.; Tang, L.; Wang, B.; Xu, S.; Li, X,; Jin, Q.; et al. Compound Bacillus alleviates

diarrhea by regulating gut microbes, metabolites, and inflammatory responses in pet cats. Anim. Microbiome 2023, 5, 49.



Vet. Sci. 2025, 12, 1008 13 of 14

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Li, F.; Huang, H; Wu, Y.; Lu, Z.; Zhou, X,; Tan, F.; Zhao, X. Lactobacillus fermentum HFY06 attenuates D-galactose-induced
oxidative stress and inflammation in male Kunming mice. Food Funct. 2021, 12, 12479-12489. https://doi.org/10.1039/d1f000982f.
Kato, S.; Hamouda, N.; Kano, Y.; Oikawa, Y.; Tanaka, Y.; Matsumoto, K.; Amagase, K.; Shimakawa, M. Probiotic Bifidobacterium
bifidum G9-1 attenuates 5-fluorouracil-induced intestinal mucositis in mice via suppression of dysbiosis-related secondary in-
flammatory responses. Clin. Exp. Pharmacol. Physiol. 2017, 44, 1017-1025. https://doi.org/10.1111/1440-1681.12792.
Lopez-Goémez, L.; Alcorta, A.; Abalo, R. Probiotics and Probiotic-like Agents against Chemotherapy-Induced Intestinal Mucosi-
tis: A Narrative Review. J. Pers. Med. 2023, 13, 1487. https://doi.org/10.3390/jpm13101487.

Benyacoub, J.; Czarnecki-Maulden, G.L.; Cavadini, C.; Sauthier, T.; Anderson, R.E.; Schiffrin, E.].; von der Weid, T. Supplemen-
tation of food with Enterococcus faecium (SF68) stimulates immune functions in young dogs. J. Nutr. 2003, 133, 1158-1162.
https://doi.org/10.1093/jn/133.4.1158.

Alonge, S.; Aiudi, G.G.; Lacalandra, G.M.; Leoci, R.; Melandri, M. Pre- and Probiotics to Increase the Immune Power of Colos-
trum in Dogs. Front. Vet. Sci. 2020, 7, 570414. https://doi.org/10.3389/fvets.2020.570414.

Melandri, M.; Aiudi, G.G.; Caira, M.; Alonge, S. A Biotic Support During Pregnancy to Strengthen the Gastrointestinal Perfor-
mance in Puppies. Front. Vet. Sci. 2020, 7, 417. https://doi.org/10.3389/fvets.2020.00417.

Delucchi, L.; Fraga, M.; Perelmuter, K.; Cella, C.D.; Zunino, P. Effect of native Lactobacillus murinus LbP2 administration on total
fecal IgA in healthy dogs. Can. ]. Vet. Res. 2014, 78, 153-155.

Kol, A.; Foutouhi, S.; Walker, N.J.; Kong, N.T.; Weimer, B.C.; Borjesson, D.L. Gastrointestinal microbes interact with canine
adipose-derived mesenchymal stem cells in vitro and enhance immunomodulatory functions. Stem Cells Dev. 2014, 23, 1831-
1843. https://doi.org/10.1089/scd.2014.0128.

Rossi, G.; Pengo, G.; Caldin, M.; Palumbo Piccionello, A.; Steiner, ].M.; Cohen, N.D.; Jergens, A.E.; Suchodolski, ].S. Comparison
of microbiological, histological, and immunomodulatory parameters in response to treatment with either combination therapy
with prednisone and metronidazole or probiotic VSL#3 strains in dogs with idiopathic inflammatory bowel disease. PLoS ONE
2014, 9, €94699. https://doi.org/10.1371/journal.pone.0094699.

Mikawa, S.; Matsuda, A.; Kamemori, Y.; Asanuma, S.; Kitagawa, H. Enhancement of natural killer cell activity by oral admin-
istration of a fermented soybean product in dogs. Open Vet. ]. 2021, 11, 394-400. https://doi.org/10.5455/0V].2021.v11.i3.10.
Quilodran-Vega, S.R.; Munoz-Flores, C.; Pino, A.; Buldres, P.; Sandoval, F.; Aguirre, A.; Portillo, B.; Parra, N.; Altamirano, C.;
Albarracin, L.; et al. Isolation, characterization, and immunomodulatory activity evaluation of probiotic strains from colostrum
and canine milk. Front. Vet. Sci. 2023, 10, 1266064. https://doi.org/10.3389/fvets.2023.1266064.

Wang, R.; Yan, S.; Ma, X.; Zhao, J.; Han, Y.; Pan, Y.; Zhao, H. The pivotal role of Bifida Ferment Lysate on reinforcing the skin
barrier function and maintaining homeostasis of skin defenses in vitro. ]. Cosmet. Dermatol. 2023, 22, 3427-3435.
https://doi.org/10.1111/jocd.15831.

Schieber, M.; Chandel, N.S. ROS function in redox signaling and oxidative stress. Curr. Biol. 2014, 24, R453-R462.

Kotha, R.R.; Tareq, F.S.; Yildiz, E.; Luthria, D.L. Oxidative Stress and Antioxidants—A Critical Review on In Vitro Antioxidant
Assays. J. Funct. Foods 2022, 11, 2388.

Li, Q.; Zheng, T; Ding, H.; Chen, |; Li, B.; Zhang, Q.; Yang, S.; Zhang, S.; Guan, W. Exploring the Benefits of Probiotics in Gut
Inflammation and Diarrhea—From an Antioxidant Perspective. Antioxidants 2023, 12, 1342.

Zolotukhin, P.V.; Prazdnova, E.V.; Chistyakov, V.A. Methods to Assess the Antioxidative Properties of Probiotics. Probiotics
Antimicrob. Proteins 2018, 10, 589-599.

Li, K; Gu, Q;; Yang, W.; Yu, X. In vitro screening and probiotic evaluation of anti-obesity and antioxidant lactic acid bacteria.
Food Biosci. 2023, 54, 102844.

Cruchet, S.; Furnes, R.; Maruy, A.; Hebel, E.; Palacios, J.; Medina, F.; Ramirez, N.; Orsi, M.; Rondon, L.; Sdepanian, V.; Xéchihua,
L.; Ybarra, M.; Zablah, R.A. The use of probiotics in pediatric gastroenterology: A review of the literature and recommendations
by Latin-American experts. Paediatr. Drugs 2015, 17, 199-216.

Wang, Y.; Wu, Y.; Wang, Y.; Fu, A.; Gong, L.; Li, W.; Li, Y. Bacillus amyloliquefaciens SCO06 alleviates the oxidative stress of IPEC-
1 via modulating Nrf2/Keap1 signaling pathway and decreasing ROS production. Appl. Microbiol. Biotechnol. 2017, 101, 3015-
3026.

Wang, Y.; Wu, Y.; Wang, Y.; Xu, H.; Mei, X.; Yu, D.; Wang, Y.; Li, W. Antioxidant Properties of Probiotic Bacteria. ]. Funct. Foods
2017, 9, 521.

De Souza, S.M.; He, F.; De Godoy, M.R.; Davenport G.M. Effects of Probiotic and Heat-Killed Probiotic Supplementation on
Systemic Biomarkers of Oxidative Stress and Inflammation and Fermentative end Products of Adult Cats. ]. Anim. Sci. 2022,
100, 54.



Vet. Sci. 2025, 12, 1008 14 of 14

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Jang, H.J.; Son, S.; Kim, J.A.; Jung, M.Y; Choi, Y.]J.; Kim, D.H.; Lee, H.K,; Shin, D.; Kim, Y. Characterization and Functional Test
of Canine Probiotics. Front. Microbiol. 2021, 12, 625562.

Meinieri, G.; Saettone, V.; Radice, E.; Bruni N.; Martello E.; Bergero D. The synergistic effect of prebiotics, probiotics and anti-
oxidants on dogs with chronic kidney disease. Ital. ]. Anim. Sci. 2021, 20, 1079-1084.

Kim, K.T,; Kim, J.W.; Kim, S.I; Kim, S.; Nguyen, T.H.; Kang, C.H.Antioxidant and Anti-Inflammatory Effect and Probiotic
Properties of Lactic Acid Bacteria Isolated from Canine and Feline Feces. Front. Microbiol. 2021, 9, 1971.

Xu, H.; Zhao, F.; Hou, Q.; Huang, W.; Liu, Y.; Zhang, H.; Sun, Z. Metagenomic analysis revealed beneficial effects of probiotics
in improving the composition and function of the gut microbiota in dogs with diarrhea. Food Funct. 2019, 10, 2618-2629.
https://doi.org/10.1039/c9£000087a.

Tsai, CW.; Huang, HW.; Lee, Y.]J.; Chen, M.]. Investigating the Efficacy of Kidney-Protective Lactobacillus Mixture-Containing
Pet Treats in Feline Chronic Kidney Disease and Its Possible Mechanism. Animals 2024, 14, 630.
https://doi.org/10.3390/ani14040630.

Crawford, C.K.; Beltran, A.; Castillo, D.; Matloob, M.S.; Uehara, M.E.; Quilici, M.L.; Cervantes, V.L.; Kol, A. Fenofibrate reduces
glucose-induced barrier dysfunction in feline enteroids. Sci. Rep. 2023, 13, 22558.

Mao, A.; Zhao, W.; Zhu, Y.; Kong, F.; Chen, D.; Si, H,; Xu, C. Gut bacterial community determines the therapeutic effect of
ginsenoside on canine inflammatory bowel disease by modulating the colonic mucosal barrier. Microorganisms 2023, 11, 2616.
Wells, ].M.; Rossi, O.; Meijerink, M.; van Baarlen, P. Epithelial crosstalk at the microbiota-mucosal interface. Proc. Natl. Acad.
Sci. USA 2011, 108, 4607-4614.

Kumar, M.; Nagpal, R.; Verma, V.; Kumar, A.; Kaur, N.; Hemalatha, R.; Gautam, S.K.; Singh, B. Probiotic metabolites as epige-
netic targets in the prevention of colon cancer. Nutr. Rev. 2013, 71, 23-34.

Liu, Q; Yu, Z; Tian, F.; Zhao, J.; Zhang, H.; Zhai, Q.; Chen, W. Surface components and metabolites of probiotics for regulation
of intestinal epithelial barrier. Microb. Cell Fact. 2020, 19, 23.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(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.



