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Abstract

In the present study, we used next-generation sequencing to investigate the impacts of two 
commercially available prescription diet regimens on the fecal microbiomes of eleven  
client-owned healthy pet dogs. We tested an anallergenic diet on 6 dogs and a low-fat diet  
on 5 dogs. Before starting the study, each dog was fed a different commercial diet over 5 weeks. 
After collecting pre-diet fecal samples, the anallergenic or low-fat diet was administered for  
5 weeks. We then collected fecal samples and compared the pre- and post-diet fecal microbiomes. 
In the dogs on the anallergenic diet, we found significantly decreased proportions of Bacteroides, 
Ruminococcaceae, and Fusobacteriaceae, belonging to the phyla Bacteroidetes, Firmicutes, and 
Fusobacteria, respectively. The proportion of the genus Streptococcus belonging to the phylum 
Firmicutes was significantly increased upon administering the anallergenic diet. In the dogs on 
the low-fat diet, although the phyla Actinobacteria and Bacteroidetes tended to increase (p=0.116) 
and decrease (p=0.147) relative to the pre-diet levels, respectively, there were no significant  
differences in the proportions of any phylum between the pre- and post-diet fecal microbiomes. 
The anallergenic diet induced a significantly lower diversity index value than that found  
in the pre-diet period. Principal coordinate analysis based on unweighted UniFrac distance  
matrices revealed separation between the pre- and post-diet microbiomes in the dogs on the anal-
lergenic diet. These results suggest that, even in pet dogs kept indoors in different living environ-
ments, unification of the diet induces apparent changes in the fecal microbiome. 
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Introduction

The intestinal microbiota changes with diet, age, 
lifestyle, environment, and drug intake, and is related  
to gastrointestinal health and diseases, and longevity. 
Especially, dietary components, such as carbohydrate, 
protein, and fat, induce changes in the intestinal micro-
biota in dogs (Simpson et al. 2002, Hang et al. 2012, 
Herstad et al. 2017, Mori et al. 2019) and humans  
(David et al. 2014). We have recently investigated four 
types of commercial prescription diets to elucidate 
whether they influence the fecal microbiome in experi-
mental dogs (Mori et al. 2019). Changes in proportion 
of phylum Actinobacteria, Firmicutes and Fusobacteria 
were observed between four diets. However, in that 
study, we kept the experimental beagle dogs in the same 
room at our animal facility. Consequently, the dog 
breed, feeding time, and environmental conditions, 
such as room temperature and moisture, were made uni-
form during the study period. However, commercial 
prescription diets are commonly administered to pet 
dogs kept in various environments. Therefore, we here 
aimed to investigate whether two specific prescription 
diets, a commercially available anallergenic diet and 
low-fat diet, also affect the fecal microbiome in cli-
ent-owned healthy pet dogs. 

Materials and Methods

Animals 

In total, 11 client-owned healthy pet dogs were used 
in this study. Their profiles are shown in Table 1. All  
of their body condition scores were 3 on a five-point 
scale (1, thin; 2, lean; 3, optimal; 4, obese; and 5, gross). 
The study protocol was approved by the Animal  
Research Committee of the Nippon Veterinary and Life 
Science University (approval number; 27S -56) (Tokyo, 
Japan). Informed consent was obtained from the owners 
following the review of the purpose, nature, potential 
risks, and benefits of the study. 

Diets

The prescription diets compared in this study were 
as follows: low-fat diet (gastrointestinal low fat, me- 
dium protein, low fat, high carbohydrate, and low fiber) 
and anallergenic diet (hydrolyzed medium protein, high 
fat, medium carbohydrate, and low fiber). The two diets 
were obtained from the Royal Canin Japon (Tokyo,  
Japan). Each diet had a particular aim defined by the 
manufacturer. Low-fat diet and anallergenic diet are 
usually applied in the course of intestinal and allergic 
disease, respectively. The chemical composition of each 
diet is presented in Table 2.

Each prescription diet was administered twice  
a day (6-9 am and 6-9 pm). The caloric intake was set  
at 0.5 × 1.0-1.8 × RER (BW0.75 × 70) for each feeding  
to maintain ideal body weight during the study period 
(RER and BW indicate resting energy requirement and 
body weight, respectively). All the dogs were weighed 
once a week and amount of food was adjusted to main-
tain the ideal body weight. The coefficient (1.0-1.8) was 
set based on the difference between each dog and its 
diet.

Experimental design 

We collected a fresh fecal sample within 15 min  
of defecation from each animal, which had been on the 
pre-diet for 4-5 weeks (day 28-35) (Table 1). We de-
fined these fecal samples as “Pre” (n=11 dog’s fecal 
samples). After the animals were fed the pre-diet for  
a total of 5 weeks, we changed from the pre-diet to the 
experimental diets (low-fat diet and anallergenic diet 
for randomly chosen 5 and 6 dogs, respectively)  
(day 35). Lastly, we collected a fresh fecal sample with-
in 15 min of defecation from each animal, which  
had been on the experimental diet for 4-5 weeks  
(day 64-70). We defined these fecal samples as “Post” 
(n=11 dog’s fecal samples). Totally 22 fecal samples 
(Pre + Post) were analyzed. Fresh fecal samples were 
immediately refrigerated at 4°C, and chilled samples 
were stored at -80°C within 4 h of collection, until ana- 
lysis. Body weight was weekly measured by pet owners 
from week 5 to week 10 to maintain the ideal body 
weight of the dogs throughout the study. Fecal DNA 
extraction, PCR amplification, DNA-library prepara-
tion, and sequencing analysis were performed using the 
same protocol as the one used by Mori et al. (2019). 
Briefly, after thawing the frozen fecal samples, genomic 
DNA was extracted and extracted DNA was quantified. 
For bacterial DNA amplification, polymerase chain re-
actions (PCR) were carried out using the diluted ge-
nomic DNA with primers targeting the V4 regions of 
the 16S rRNA gene. All quantified PCR products (50 
ng) were pooled into one tube. Finally, PCR products 
were purified and stored at -20°C. Purified PCR product 
was sequenced with an Illumina MiSeq platform (Illu-
mina, Inc., San Diego, CA, U.S.A.) using a MiSeq Re-
agent Kit v3 (Illumina, Inc.) at the Takara Bio Inc. (Shi-
ga, Japan). The relative abundances of bacterial taxa at 
the phylum, class, order, family, and genus levels were 
thereafter compared between the pre-and post samples.

Statistical analysis

Data are presented as median and min-max values 
or mean ± SD. The taxonomic distributions at the phy-
lum, class, order, family, and genus levels were com-
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pared between the pre-and post samples by using  
the paired t-test (GraphPad Software, Inc., San Diego, 
CA, USA). Differences were considered statistically 
significant if p<0.05. To estimate the bacterial diversity 
of each sample, five indices [number of OTUs, and  
phylogenetic diversity (PD) whole tree, Chao 1,  
observed species, and Shannon indices] were calcula- 
ted, and rarefaction curves were depicted using QIIME. 
After comparing the bacterial diversities between the 
pre-and post samples by using the paired t-test, micro-
bial community differences within the samples were 
investigated using phylogeny-based unweighted  
or weighted UniFrac distance matrices, which were cal-
culated using the Greengenes reference tree. Principal 
coordinate analysis and hierarchical dendrogram con-
struction were performed using QIIME.

Results

All the dogs maintained a healthy status during  
the experimental period. For the experimental period, 
their body weight did not change significantly (week 5, 
6.4 ± 3.3 kg; week 6, 6.4 ± 3.3 kg; week 7, 6.3 ± 3.3 kg; 
week 8, 6.4 ± 3.3 ; week 9, 6.4 ± 3.3 kg; and week 10, 
6.4 ± 3.3 kg). Side effects, such as diarrhea and vomit-
ing, were not observed in any dog during the study  
period. We obtained a total of 16,461,684 reads  
(748,258 ± 145,784 reads/sample) from the current data 
set. 

The proportion of the phylum Fusobacteria was sig-
nificantly decreased in the 6 dogs on the anallergenic 
diet compared with that found in the pre-diet period 
(Table 3). Meanwhile, the phyla Actinobacteria, Bacte-
roidetes, Firmicutes, and Proteobacteria did not show 
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any significant changes (Table 3). Several differences  
in the fecal microbiome were observed at the class,  
order, family, and genus levels. After administering the 
anallergenic diet, we found significantly decreased pro-
portions of Bacteroidaceae (family) and Bacteroides 
(genus), belonging to the phylum Bacteroidetes, in the 
fecal microbiome. Additionally, the family Ruminococ-
caceae, belonging to the order Clostridiales, class Clos-
tridia, and phylum Firmicutes, was significantly  
decreased. Furthermore, the proportion of the phylum 
Fusobacteria- Fusobacteriia- Fusobacteriales of the 
family Fusobacteriaceae was significantly decreased  
as well. Conversely, the proportion of the class  
Bacilli-Lactobacillales-Streptococcaceae of the genus 
Streptococcus, belonging to the phylum Firmicutes, 
was significantly increased. 

For the fecal microbiomes of the 5 dogs on the low-
fat diet, there was no significant difference in the pro-
portion of any phylum between the pre-and post sam-
ples (Table 3). However, the phylum Actinobacteria 
tended to increase (p=0.116), whereas the phylum Bac-
teroidetes tended to decrease (p=0.147) compared with 
the pre-diet levels. 

The refraction curves of 16S rRNA gene sequences 
(observed species) are shown in Figs. 1A (anallergenic 

diet) and 1B (low-fat diet). The anallergenic diet  
induced a significantly lower diversity index value than 
the pre-diet value. Significant differences were  
observed between the pre- and post-diet PD whole  
tree, Chao 1, observed species, and Shannon indices 
(Table 4). However, no significant difference was  
observed between the pre- and post-low-fat diet diversi-
ty indices.

The results of our principal coordinate analysis 
based on unweighted UniFrac distance matrices indi-
cated separation both before and after administering the 
anallergenic diet (Fig. 2A). In contrast, no separation 
was detected for pre-or post-low-fat diet (Fig. 2B).

Discussion

The nutrient compositions of commercial prescrip-
tion diets affect the fecal microbiomes of healthy beagle 
dogs maintained under uniform environmental condi-
tions (Mori et al. 2019). Of these, the anallergenic diet 
(medium-level hydrolyzed protein, high fat, medium 
carbohydrate, and low fiber) strongly affected the fecal 
microbiome, unlike the low-fat diet (medium protein, 
low fat, high carbohydrate, and low fiber) (Mori et al. 

Fig. 1.  Refraction analysis of the 16S rRNA gene sequences obtained from the pre-and post fecal samples of the dogs fed the anallergenic 
(A) or low-fat (B) diet. The line and error bars denote the mean and SD of each group, respectively. 
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2019). Here, we aimed to determine whether two types 
of commercial prescription diets also affect the fecal 
microbiomes of client-owned healthy dogs with various 
breeds maintained under diverse environmental condi-
tions. 

Multiple reports have described the fecal micro- 
biomes of client-owned healthy pet dogs (Kerr 2013, 
Forster 2018, Manchester et al. 2019). By using pets, 
our study provided results that are more applicable  
to a clinical setting than those derived from laboratory 
animals. Furthermore, in the current study, the dietary 
change altered the fecal microbiome, although we used 
pet dogs of various breeds kept under diverse environ-
ments.

After administering the anallergenic diet, we found 
a significantly decreased proportion of Bacteroidaceae 
(median 0.6%, family) and Bacteroides (median 0.6%, 
genus), belonging to the phylum Bacteroidetes.  
This trend was also observed in our previous study on 
laboratory beagle dogs, in which the median proportion 
of Bacteroides after the administration of the analler-
genic diet was 0.9 % (Mori et al. 2019). Therefore,  
the anallergenic diet can lower the proportion of Bacte-
roides. Diets containing high levels of animal protein, 
high fat, and low fiber, such as the Western diet,  
increase the proportion of Bacteroides in the human  
fecal microbiota (David et al. 2014, O’Keefe et al. 
2015). Furthermore, the proportion of mucosal bacterial 
Bacteroides is increased in canine chronic enteropa-
thies compared with the level in healthy dogs (Cass-
mann 2016). Conversely, some prebiotic dietary sup-

plements, such as kestose and inulin, decrease the 
proportion of Bacteroides in healthy dogs (Beloshapka 
et al. 2013, Ide et al. 2020). Therefore, an increased  
proportion of Bacteroides might be related to excess  
dietary intake and intestinal inflammation. The analler-
genic diet includes prebiotic dietary components,  
such as chicory and fructooligosaccharide. However,  
in human patients, allergic diseases have been shown to 
reduce Bacteroidaceae (including Bacteroides) (Prince 
et al. 2015). Since the association between Bacteroides 
and canine health is unclear (Ide et al. 2020), the rela-
tionship between allergic diseases and Bacteroides 
should be further studied.

The proportion of the class Bacilli-Lactobacil-
lales-Streptococcaceae, genus Streptococcus, belon- 
ging to the phylum Firmicutes, was significantly  
increased after administering the anallergenic diet.  
The median proportion of Streptococcus in the pre- 
anallergenic diet was 0.1 %. However, after the admi- 
nistration of the anallergenic diet, the median propor-
tion of Streptococcus increased to 37.7%. Since  
Streptococcus becomes more abundant in dogs with  
inflammatory bowel disease (IBD) (Vazquez-Baeza 
2016, AlShawaqfeh et al. 2017, White et al. 2017), 
quantitative analysis of the Streptococcus popula- 
tion was applied as a part of the dysbiosis index  
(AlShawaqfeh et al. 2017). Since the anallergenic  
diet is used for allergic diseases, such as atopic derma-
tosis, and food responsive diarrhea, an increased  
proportion of fecal Streptococcus may not be beneficial 
in therapy.

Fig. 2.  Principal coordinate analysis of unweighted UniFrac distance metrics of the 16S rRNA genes in 6 healthy dogs pre- and post-
administration of the anallergenic diet (A), and in 5 healthy dogs pre- and post-administration of the low-fat diet (B).
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Ruminococcaceae belonging to the phylum Firmic-
utes was also significantly decreased after admini- 
stering the anallergenic diet. This family includes the 
genera Butyricicoccus, Faecalibacterium, and Rumino-
coccus, and these genera produce short chain fatty  
acids, which promote anti-inflammatory effects in the 
intestine by activating regulatory T cells (Atarashi et al. 
2013). In consideration of targeting diseased such  
as allergic disease for anallergenic diet, a decreased 
proportion of Ruminococcaceae might not be a favor-
able change. However, no side effect, such as diarrhea 
or vomiting, was observed in our client-owned healthy 
dogs fed the anallergenic diet. Therefore, future studies 
are needed to assess whether our results from healthy 
dogs are applicable to diseased dogs.

The proportion of phylum Fusobacteria- Fusobacte-
riia- Fusobacteriales, family Fusobacteriaceae, was 
significantly decreased after the anallergenic diet was 
administered. These results were similar to our previous 
findings from laboratory animals, in which the lowest 
median proportion of Fusobacteriaceae was observed 
with the anallergenic diet (0.4 %) among four prescrip-
tion diets (Mori et al. 2019). Since dogs are carnivo-
rous, their fecal microbiota harbors mainly proteolytic 
bacteria, such as Fusobacterium and Bacteroides. How-
ever, the anallergenic diet essentially contains amino 
acids and oligopeptides as the protein source, and such 
easily digestible protein sources might decrease the pop-
ulation of fecal Fusobacterium. In humans, an increased 
proportion of Fusobacterium spp. has been observed 
during IBD (Allen-Vercoe et al. 2011, Tahara et al. 
2014), colorectal cancer (Castellarin et al. 2012, Kostic 
et al. 2012), and ulcerative colitis (Ohkusa et al. 2002). 
Increased proportions of Fusobacterium have been  
observed in dogs with acute hemorrhagic diarrhea  
and in miniature dachshunds with active inflam- 
matory colorectal polyps (Suchodolski et al. 2012a, b, 
Igarashi et al. 2016). Conversely, the proportion  
of Fusobacterium decreases in dogs with IBD 
(Vazquez-Baeza 2016, AlShawaqfeh et al. 2017). 
Therefore, the relationship between decreased propor-
tion of the phylum Fusobacteria and intestinal disease 
in dogs requires further investigation.

The phyla Actinobacteria and Bacteroidetes tended 
to change after the low-fat diet was administered. How-
ever, unlike the anallergenic diet, the low-fat diet did 
not induce any significant effect on the fecal micro- 
biome. The median proportions of the phylum Firmic-
utes were 52.1% and 78.7% after administering the 
low-fat and anallergenic diets, respectively, and for  
the phylum Bacteroidetes, the median proportions were 
15.4% and 3.6%. The ratios of median Firmicutes pro-
portion to median Bacteroidetes proportion (F/B) were 
19.6 for the anallergenic diet and 2.0 for the low-fat 

diet. Increased F/B ratio has been observed in genetical-
ly obese mice (ob/ob) and obese humans (Ley et al. 
2005, Ley et al. 2006, Turnbaugh et al. 2009). Further-
more, plant-rich, high-fiber diets induce a low F/B ratio 
in humans (De Filippo et al. 2010). Accordingly, the 
increased F/B ratio upon the administration of the anal-
lergenic diet might be because this diet has a relatively 
less protein residue than the other types of diets, and the 
dietary components are easily absorbed in the intestine.

The anallergenic diet induced a significantly lower 
diversity index value than that of the pre-diet. The fat 
contents of the anallergenic and low-fat diets were 
16.5% and 7.0%, respectively. The reduced fecal micro-
biota diversity might result from the antibacterial effect 
of bile acids, which are secreted more in response  
to a lipid-rich diet (Islam et al. 2011, Yokota et al. 2012). 

In the present study, changes in the fecal micro- 
biome (the proportion of each bacterium) were focused 
using genetic methods. As such, we did not perform  
an actual culture of fecal bacterium, nor an assessment 
of bacterial function. Above consideration would be 
necessary, in the future study.

In conclusion, we found that two types of commer-
cial prescription diets influence the fecal microbiomes 
of client-owned healthy dogs. Especially after feeding 
the anallergenic diet, changes in fecal microbiome were 
observed. Therefore, it would be better if the veterina- 
rian and pet owner evaluate postprandial status of stool. 
Overall, these results suggest that, even in pet dogs kept 
under diverse environmental conditions, the unification 
of the diet induces similar changes in the fecal micro- 
biome. 
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