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ABSTRACT. 1-kestose is a structural component of fructo-oligosaccharides and is composed 
of 2 fructose residues bound to sucrose through β2-1 bonds. In the present study, the influence 
of the ingestion of 1-kestose on the intestinal microbiota was investigated in cats. Six healthy 
cats were administered 1 g/day of 1-kestose for 8 weeks followed by a 2-week wash-out period. 
Fecal samples were collected from cats after 0, 4, 8, and 10 weeks. The intestinal microbiota 
was examined by a 16S rRNA gene metagenomic analysis and real-time PCR. Short-chain fatty 
acids were measured by GC/MS. The results suggested that the intestinal bacterial community 
structure in feline assigned to this study was divided into 2 types: one group mainly composed of 
the genus Lactobacillus (GA) and the other mainly composed of the genus Blautia with very few 
bacteria of Lactobacillus (GB). Furthermore, the number of Bifidobacterium slightly increased after 
the administration of 1-kestose (at 4 and 8 weeks) (P<0.1). The administration of 1-kestose also 
increased the abundance of Megasphaera, the butyric acid-producing bacteria, at 4 and 8 weeks 
(P<0.1). Furthermore, an increase in butyric acid levels was observed after the administration of 
1-kestose for 4 weeks (P<0.1). These results suggest that 1-kestose activated butyrate-producing 
bacteria as well as bifidobacteria and propose its potential as a new generation prebiotic.
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Fructo-oligosaccharides (FOS) are oligosaccharides composed of one or more fructose residues bound to sucrose (GF) through 
β2-1 bonds; those with 1 and 2 fructose residues bound to sucrose are termed 1-kestose (GF2) and nystose (GF3), respectively. 
Commercially available FOS are mixtures of these components (FOS products), and GF3 is the most abundant FOS component; 
however, GF2 used in this study is not the dominant FOS component in these mixtures. For example, the percent ratios of GF2, 
GF3, and fructofuranosyl-nystose (GF4) in a representative synthetic FOS product, Meioligo (Meiji Co., Ltd., Tokyo, Japan) 
are 32.0, 53.6, and 9.8%, respectively. FOS products are representative oligosaccharides currently being used in Japan and other 
countries.

One of the dominant biological effects of FOS is its promotion of the growth of Bifidobacterium (in vitro [24, 36], animals 
[28], and humans [5, 20, 40]). Furthermore, the administration of FOS has been associated with a shortened defecation time and 
improved lipid metabolism [8–10]. Anti-inflammatory activity in the intestines [11] and senescence-associated mental disabilities, 
delays in aging, including learning disability and memory impairment in senescence-accelerated mice [31], have also been reported 
in mice.

These beneficial effects of FOS are mainly exerted by the following mechanisms: 1) the activation of Bifidobacterium and 
Lactobacillus, and 2) increases in the levels of short-chain fatty acids (SCFA). SCFA, such as acetate, which are produced by these 
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beneficial bacteria using FOS, function not only as an energy source in large intestinal mucosal cells [8], but also a substrate of 
energy metabolism in white adipose tissue, skeletal muscle, and liver [7, 13, 27]. Consequently, SCFA promote peristalsis in the 
intestines and also exert significant effects on systemic metabolism in the host.

The component of FOS products that stimulates the growth of bifidobacteria and production of SCFA by bacteria has not yet 
been identified. Suzuki et al. [42] examined differences in cultures to which FOS, 1-kestose, or nystose was added, and found 
that bifidobacteria exhibited the most rapid growth with the greatest production of metabolites, including lactic acid and acetic 
acid, in the culture with 1-kestose. Previous studies on the assimilation of FOS using 17 strains of Lactobacillus spp. and 15 
strains of Bifidobacterium spp. also demonstrated that the assimilation of 1-kestose was the highest among FOS components [16, 
33]. Furthermore, a recent study showed that 1-kestose activated not only Bifidobacterium spp., but also butyric acid-producing 
bacteria in the intestines [26]. Based on these findings, not only the genera Lactobacillus and Bifidobacterium, but also butyric 
acid-producing bacteria exhibit strong 1-kestose-assimilating activities, indicating that 1-kestose is the dominant FOS component 
responsible for prebiotic effects.

Regarding the composition of intestinal microbiota in cats, Firmicutes was identified as the most dominant phylum [3, 19, 
35, 41], together with Proteobacteria, Bacteroidetes, Fusobacteria, and Actinobacteria [3, 19, 35, 41]. Previous studies examined 
the prebiotic effects of FOS and galacto-oligosaccharides (GOS) in cats. Barry et al. [4] fed healthy cats cellulose as a control 
or a diet containing FOS, and investigated the influence of FOS on the intestinal microbiota. The findings obtained showed that 
Bifidobacterium spp. levels were higher, whereas Escherichia coli levels were lower in feces in the FOS group than in the cellulose 
group. Regarding SCFA, butyric acid increased in the FOS group. Kanakupt et al. [23] fed cats diets containing short chain (sc) 
FOS, GOS, or scFOS + GOS, and then investigated their influence on intestinal bacteria. The findings obtained revealed that 
Bifidobacterium spp. levels were significantly higher in all groups than in cats fed the diet containing no prebiotics. In a study 
in which FOS + inulin was administered, Lactobacillales (mostly Lactobacillus spp.) increased in some cats [17]. However, the 
effects of administering 1-kestose to cats have not yet been examined. Therefore, we herein investigated the influence of 1-kestose 
on the feline intestinal microbiota.

MATERIALS AND METHODS

Animals
All experiments were reviewed and approved by the Institutional Animal Welfare Committee (Approval No. NBC-54-008). 

According to the body condition score (BCS) [2], six healthy adult cats with a normal weight were obtained from Kitayama Labes 
Co., Ltd. (Chiba, Japan) and then used in the present study. BCS was assessed on a 5-point scale as follows: 1, very thin; 2, thin; 
3, ideal; 4, overweight; and 5, obese. The profiles of these cats were shown in Table 1. No markedly abnormal symptoms were 
observed in the hematology or blood chemistry of the cats at the initiation of the study, as shown in Supplementary Tables 1 and 2.

Study design
The total period of the study was 10 weeks. During the whole study period, cats were fed a diet manufactured by Nisshin 

Petfood Inc. (Tochigi, Japan). The diet was only supplemented with 1-kestose in the first 8 weeks and this was followed by a 
2-week wash-out period. The diet consisted of 3.9% moisture, 37.6% protein, 13.6% fat, 6.6% ash, and 0.4% crude fiber. Each cat 
was fed a specific amount of the diet to maintain a constant body weight. Feeding was performed between 9 AM and 5 PM, and 
water was given ad libitum all day. In addition to the daily diet, 1 g/day of 1-kestose was added to the diet every day during the 
first 8-week period at 9 AM. The maximum permissive dose of 1-kestose in cats was calculated from the maximum permissive 
dose of 1-kestose in humans [32] according to the report of Reagan-Shaw et al. [34]. As a result, it was found that the maximum 
permissive dose of the cat (average body weight: 3.0 kg) used in the present study was 1.89 kg/day. For this reason, about a half 
amount, 1 g, was set as the daily dose. Fresh fecal samples (within 15 min of defecation) were collected from cats after 0, 4, 8, and 
10 weeks and stored immediately at −80°C. Blood samples were also collected from cats after 0, 4, 8, and 10 weeks and analyzed 
at the LSI Medience Corp. (Tokyo, Japan).

DNA extraction
Genomic DNA was extracted from feces according to 

the method described by Takahashi et al [43]. Frozen fecal 
samples were thawed on ice, and 100 mg of each sample 
was suspended in 4 M guanidium thiocyanate, 100 mM Tris-
HCl (pH 9.0), and 40 mM EDTA and beaten with zirconia 
beads using a FastPrep FP100A instrument (MP Biomedicals, 
Santa Ana, CA, USA). DNA was extracted from bead-treated 
suspensions using the Magtration System 12GC and GC 
series MagDEA DNA 200 (Precision System Science, Chiba, 
Japan). Following estimations of the DNA concentrations 
of each sample by spectrophotometry using ND-1000 
(NanoDrop Technologies, Wilmington, DE, USA), the final 
concentration of DNA in samples was adjusted to 10 ng/µl.

Table 1. Profiles of cats used in the present study

ID No Strain Sex Age 
(year)

Body weight 
(kg) BCSa) Groupb)

1 Narc:Catus M 10 3.76 3 A
2 Narc:Catus M 10 2.97 3 A
3 Narc:Catus F 12 2.31 3 B
4 Narc:Catus M 13 3.02 3 B
5 Narc:Catus F 13 2.56 3 B
6 NIBS F 10 3.53 3 B

a) Body condition score (BCS); assessed on a 5-point scale (1, very thin; 2, 
thin; 3, ideal; 4, overweight; 5, obese). b) Group; Grouping was performed 
according to the type of intestinal microbiota composition, as shown in Fig. 1.
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Bacterial 16S rRNA gene sequencing and sequence data analysis
Fecal bacterial 16S rRNA gene sequence was analyzed by the MiSeq system (Illumina, San Diego, CA, USA) as previously 

described [43]. The V3-V4 hypervariable regions of 16S rRNA were PCR amplified from microbial genomic DNA using universal 
primers for bacteria (341f/R806) [12, 30] and the dual-index method [21]. Barcoded amplicons were sequenced using the paired-
end method with a 2 × 284-bp cycle run on the MiSeq system by MiSeq Reagent kit v.3 (600 Cycles) (Illumina, San Diego, CA, 
USA). After the alignment, overlapping regions within paired-end reads were merged and primer regions were omitted, which 
resulted in a 430-bp sequence. Only reads with more than 99% of its sequence having quality value scores of ≥20 were extracted 
for further analyses [43]. Chimeric sequences detected by Usearch6.1.544_i86 were precluded [15]. Based on these sequences, 
species were identified with an 97% confidence threshold using Metagenome@KIN analysis software (World Fusion, Osaka, 
Japan) and the TechnoSuruga Lab Microbial Identification database DB-BA 10.0 (TechnoSuruga Laboratory, Shizuoka, Japan) [21, 
25]. The abundance of each taxon was calculated at both the phylum and genus levels (Supplementary Tables 3–6).

Quantitative analysis of intestinal microbiota in cat feces using real-time PCR
Using the same extracted DNA sample as that in bacterial 16S rRNA gene sequencing, a quantitative analysis of the following 

intestinal organisms was performed by real-time PCR (qPCR) detecting specific gene sequence in each 16S rRNA: all bacteria 
[30], Bifidobacterium spp. [18], Lactobacillus spp. [39], Clostridium cluster XIV [38], and Clostridium perfringens [44]. A list of 
the primers used is shown in Table 2.

Measurement of SCFA
The measurement of SCFA, including acetate, propionate, and butyrate was performed by GC/MS (Shimadzu, Kyoto, Japan) on 

Rtx-1701 columns (Restec, Bellefonte, PA, USA). GC/MS samples were prepared as follows: 50 mg (wet weight) of fecal samples 
were suspended in 400 µl pure water. The suspension was stirred for 10 min and centrifuged at 15,000 × g at 4°C for 5 min. 
Twenty microliters of 20 mM 2-ethyl butyrate, 80 µl of 3N HCl, and 400 µl of diethylether were then added to the supernatant.

Statistical analysis
Statistical analyses were performed using SPSS Statistics 26 software package (SPSS Inc., Chicago, IL, USA) and Microsoft 

Excel (Excel version in Microsoft Office 2010 for Windows). The normality of data was examined by the Shapiro-Wilk test. And 
data were analyzed using Wilcoxon signed-rank test followed by the correction with FDR method (the Benjamini & Hochberg 
method for adjustments with FDR (BH method)). Differences were considered as significant at P<0.05 and tendency at P<0.1.

RESULTS

Body weight, food intake, hematology, and biochemistry
The administration of 1-kestose (1 g/day) did not significantly influence body weight (Supplementary Fig. 1) or food intake. 

The number of platelets was significantly decreased in the period of 1-kestose administration. Most of hematological and blood 
biochemical parameters were not altered by 1-kestose administrartion (Supplementary Tables 1 and 2). And no abnormal symptoms 
including the petechia caused by decreasing the number of platelets were observed throughout the 10-week study period in any cat.

16S rRNA gene metagenomic analysis of intestinal microbiota
The total numbers of reads analyzed for each sample at the different time points (0, 4, 8, and 10 weeks) were 81,938 ± 22,246, 

31,913 ± 4,332, 36,532 ± 5,761, and 36,386 ± 5,770 (AVE ± SE), respectively. The microbiota compositions of 6 animals were 
classified into 2 types based on the analysis at the genus level: Two animals in which the abundance of Lactobacillus was the 
highest were classified as Group A (GA), and 4 in which the abundance of Blautia was the highest with very few Lactobacillus 
were classified as Group B (GB) (Fig. 1, Table 1). At the beginning of the experiment (0 weeks), the abundance of Lactobacillus 

Table 2. List of primers used for real-time PCR

Target Primer name Oligonucleotide sequence
All bacteria 341f CCTACGGGAGGCAGCAG

534r ATTACCGCGGCTGCTGG
Bifidobacterium spp. BifiLM26F GATTCTGGCTCAGGATGAACGC

Bif228R CTGATAGGACGCGACCCCAT
Lactobacillus spp. LactoR’F CACAATGGACGMAAGTCTGATG

LBFR CGCCACTGGTGTTCTTCCAT
Clostridium cluster XIV CXIV-F1 GAWGAAGTATYTCGGTATGT

CXIV-R2 CTACGCWCCCTTTACAC
Clostridium perfringens Cperf 165F CGCATAACGTTGAAAGATGG

Cperf269R CCTTGGTAGGCCGTTACCC
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(phylum Firmicutes) was high (34.4%) in GA. Although its abundance slightly increased and decreased at 4 (38.4%) and 8 (28.6%) 
weeks after the treatment, respectively, almost no change (31.7%) was noted at 2 weeks after the termination of the 1-kestose 
treatment (10 weeks). In GB, Blautia accounted for 18.1% at 0 weeks, and its abundance also showed no evident changes after the 
1-kestose treatment; 14.0, 16.5% and 18.4% at 4, 8, and 10 weeks, respectively. The abundance of Lactobacillus was markedly 
lower in GB (0.1%) than in GA (34.4%) at 0 weeks, while the administration of 1-kestose transiently increased Lactobacillus to 
2.4% at 4 weeks. However, its level decreased to 0.1% close to the baseline at 10 weeks.

Among the genera representing >0.1% of the total microbiota at 0 weeks, the abundance of four genera including 
Bifidobacterium (phylum Actinobacteria), Megasphaera (phylum Firmicutes), and Collinsella (phylum Actinobacteria) were 
slightly increased by the administration of 1-kestose (Table 3). The abundance of the genus Megasphaera, a butyric acid-producing 
bacterium, was 2.9% at 0 week, and significantly increased to 4.3 and 5.9% at 4 and 8 weeks, respectively (P<0.1).

The 2-dimentional display of principal coordinate analysis (PCoA) of the overall structure of the intestinal microbiota is shown 
in Fig. 2. The clear difference observed in the bacterial community composition between GA and GB, which was shown in Fig. 1, 
was confirmed in the PCoA analysis. Individual samples at 0 week (shown by blue symbols) were clearly separated into “GA” (ID 
No. 1, 2) and “GB” (ID No. 3, 4, 5, 6) frames in the figure.

Fig. 1. Intestinal microbiota composition analysis at the genus level. The mean abundance of the top 34 taxa, with values of 0.1% 
or higher during the study period, in all samples at each time point (0, 4, 8, and 10 weeks). The group in which the abundance 
of the genus Lactobacillus at the study initiation was the highest was designated as Group A (GA) and the group in which the 
abundance of the genus Blautia was the highest with few Lactobacillus was designated as Group B (GB).

Table 3. Changes in the abundance of taxa exhibiting a slight increase in both Group A and Group B

Genus
Average abundance (%) (Minimum%–Maximum%)

0 week 4 weeks 8 weeks 10 weeks
Lactobacillus 11.9a) (0.0–43.2)b) 14.4 (0.1–48.3) 9.8 (0.1–39.5) 10.6 (0.0–52.7)

Bifidoabcterium 2.4 (0.2–8.1) 5.9 (0.2–26.9) 6.5 (1.3–20.6) 0.8 (0.1–3.5)
Megasphaera 2.9 (0.1–9.4) 4.3* (0.6–11.3) 5.9* (2.3–12.0) 1.1 (0.0–5.4)
Collinsella 9.4 (7.1–12.6) 11.3 (6.8–18.4) 13.5 (7.7–21.9) 7.6 (3.97–13.7)
a) Average, b) Minimum–Maximum. *P<0.1 (versus 0 week).



M. SHINOHARA ET AL.

870doi: 10.1292/jvms.19-0640

Moreover, 4 (red), 8 (green), and 10 (purple) weeks after the 1-kestose treatment, the sample symbols for the GA group moved 
along the horizontal axis, whereas those for the GB group moved along the vertical axis. Samples were all within the original 
frames of “GA” and “GB”, even after the administration of 1-kestose, and no major change occurred in the basic structure of the 
bacterial community in either group.

Quantitation of the number of intestinal bacteria by real-time PCR
Bifidobacterium and Lactobacillus are efficiently activated by FOS in other animals. Clostridium cluster XIV is a representative 

butyrate-producing bacterial group. Therefore, to quantitatively assess the effects of 1-kestose on these bacteria, their numbers were 
measured using real-time PCR (Fig. 3).

The total number of bacteria did not change in the GA or GB group after the administration of 1-kestose. The number of 
Bifidobacterium was slightly higher after the administration of 1-kestose at 4 and 8 weeks than at the initiation of the study (P<0.1) 
when the statistical analysis was performed using all animals (N=6). Slight increases were observed for both GA and GB. However, 
the number of bacteria returned to the pretreatment level at 2 weeks after the discontinuation of 1-kestose (10 weeks). In the other 
bacteria groups, no significant changes were observed even when all animals were included in the statistical analysis. In summary, 
the 1-kestose treatment slightly increased the bacterial number of Bifidobacterium (P<0.1) in cats. Furthermore, 1-kestose slightly 
increased the relative abundance of Megasphaera, a butyric acid-producing bacterium (P<0.1).

Measurement of SCFA
SCFA in feces were measured using GC/MS (Fig. 4). 1-kestose-induced changes in SCFA levels in all animals (N=6) were 

subjected to a statistical analysis. No significant changes were noted in acetic acid or propionic acid levels, whereas butyric 
acid levels were slightly higher after the administration of 1-kestose for 4 weeks than at 0 week (P<0.1). Elevated butyric acid 
levels returned to the pretreatment level after 8 weeks of administration and at 10 weeks (2 weeks after the discontinuation of 
administration). No increases were observed in the levels of acetate or propionate, even in the group of all animals.

DISCUSSION

In feline assigned to this study, two kinds of gut microbial community composition were confirmed by the 16S rRNA gene 
metagenomic analysis; one group mainly composed of the genus Lactobacillus (GA) and the other mainly composed of the genus 
Blautia with few Lactobacillus (GB). When the smallest fructo-oligosaccharide component, 1-kestose, was administered, no 
significant changes were observed in the abundance or bacterial number of Lactobacillus, whereas slight changes were noted in 
Bifidobacterium. In addition, 1-kestose increased the abundance of Megasphaera, a butyrate-producing bacterium, and intestinal 
butyric acid levels when GA and GB were analyzed together.

In the present study, the microbiota composition of cats were clearly divided into two distinct types including GA and GB. The 
difference was so evident that was considered the difference of “enterotype”, which had been separated in a human study [1]. The 

Fig. 2. Two-dimensional PCoA analysis of microbiota in all samples. A plot of the first primary component (PC1) on the horizontal axis 
and the second primary component (PC2) on the vertical axis, and each plot represents the microbiota structure of individual samples. 
Plots were differently colored as follows: 0 weeks, blue; 4 weeks, red; 8 weeks, green; and 10 weeks, purple. The number (1–6) beside 
the symbol indicates the ID numbers of cats. Circles and diamonds represent Group A (GA) and Group B (GB) samples, respectively.
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study on the intestinal microbiota in healthy humans revealed that the microbiota may be classified into 3 patterns (enterotypes) 
with different dominant bacterial groups, and a relationship between these differences in the microbiota and medium- to long-
term eating habits has been reported [1]. In addition, a controlled−feeding study of human subjects showed that a minor change 
of microbiome composition was detected within 24 hr of initiating different diets, but, the enterotype of the subject remained 
stable during the 10-day study. Therefore, this study also demonstrated the alternative enterotype state was associated with long 
term (-years) diet [46]. In our study, all cats were fed the same diet during the study period, but the diet up to be enrolled in the 
present study might be different since each cat had the different background. Therefore, there is a possibility that the difference 
of the enterotype was formed. Furthermore, marked changes were not observed in the basic composition of the microbiota in GA 
or GB when the potent prebiotic, 1-kestose, was administered for a relatively short period (8 weeks), which is consistent with the 

Fig. 3. Quantitation of intestinal bacteria using real-time PCR. Green circles and orange diamonds represent Group A (GA) and Group 
B (GB) samples, respectively. The short horizontal bars indicate the median. The black bars indicate the median of all samples 
(GA+GB). To distinguish the 1-kestose administration period (0–8 weeks) and 2 weeks after completion (10 weeks), a vertical broken 
line was added to the graph. The week in which a slight difference was noted (P<0.1) in the statistical analysis is indicated by “*”.

Fig. 4. Short-chain fatty acids (SCFA) measurement. The measurement of SCFA was performed using samples from Group A (GA), Group B 
(GB), and both groups. The 1-kestose administration period (0–8 weeks) is indicated by the following colors: GA, green; GB, orange; All, gray. 
The follow-up period is shown with white. Values are presented by AVE ± SE. In a statistical analysis of each week versus 0 weeks, the week 
at which a slight increase was noted (P<0.1) is indicated by “*”.
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characteristics of “enterotype” proposed in humans. However, this discussion might be weak due to a small number of samples 
analyzed in the present study.

The administration of 1-kestose did not increase the abundance or number of Lactobacillus further in GA, in which 
Lactobacillus was already dominant. On the other hand, its administration slightly increased the abundance of Lactobacillus in 
GB, in which the population size of the genus Lactobacillus was very low. Hidaka et al. reported a similar phenomenon for the 
genus Bifidobacterium [20] in a study to investigate the influence of FOS on intestinal bacteria in humans. In that study, subjects 
with a small number of fecal bifidobacteria showed a 10,000-fold higher count after the FOS treatment than in the initial count. In 
contrast, the bacterial number did not show any significant changes in subjects with a large number of bifidobacteria.

In a real-time PCR assay, the number of Bifidobacterium was slightly higher after the administration of 1-kestose (at 4 and 
8 weeks) than at the study initiation (0 week) in all animals (P<0.1). Previous studies reported that the administration of FOS 
increased the genus Bifidobacterium in cats [4, 23]. Barry et al. [4] fed cats weighing 5.7 kg on average a diet containing 4% FOS 
for 30 days. In that study, 68.7 g/day diet on average was ingested, and 4% FOS was similar to 2.7 g/day of FOS. The logarithmic 
number of Bifidobacterium in feces 25–26 days after the initiation of the FOS-containing diet was 11.6/g feces, which was 15.8-
fold higher than that in the control cellulose group (10.4/g feces). Therefore, the bifidogenic effect of 1 g of FOS was 5.9- times 
higher than that of the cellulose group. In the present study, the duration of administration of 1-kestose (1 g/day) was 8 weeks, 
and the number of Bifidobacterium after 4 and 8 weeks of administration increased by 3.0- and 5.5-fold. This result suggested that 
the bifidogenic effect of 1-kestose was similar to that of FOS and the administration of 1-kestose was demonstrated to increase 
bifidobacteria in cats, as was confirmed by the FOS administration.

The abundance of Megasphaera, butyrate-producing bacteria, was slightly higher after the administration of 1-kestose (at 4 and 
8 weeks) than at the initiation of the study (0 week) (P<0.1). M. elsdenii, which was identified in this genus by an analysis at the 
species level in samples, is a lactic acid-assimilating butyric acid-producing bacterium [29]. M. elsdenii is beneficial for ruminants, 
such as cows and sheep, and its use as a probiotic in rats and pigs has also been reported [22, 47]. A previous study demonstrated 
that the abundance of the genus Megasphaera (M. elsdenii) in cats aged 18 and 30 weeks was at most 0.1 and 0.2%, respectively, 
but markedly increased to 8.4% at 42 weeks [14], with the highest (87-fold) increase among all genera. In the present study, the 
mean abundance of Megasphaera increased approximately 1.5- and 2-fold after the administration of 1-kestose for 4 and 8 weeks, 
respectively. Butyrate levels also slightly increased (P<0.1) at 4 weeks when analyzed in the all animals group, which is consistent 
with the increase observed in the abundance of Megasphaera at 4 weeks. Therefore, 1-kestose-induced elevations in intestinal 
butyric acid levels in the present study were attributed to increases in butyric acid-producing bacteria, including Megasphaera. 
In addition, in our previous study in which rats were fed diets containing 1-kestose at different concentrations (0.5–5.0%) for 4 
weeks, butyric acid levels in cecal contents significantly increased in the groups fed a diet containing 2.5% or more 1-kestose [45]. 
Since evidence to show that 1-kestose stimulates butyrate-producing bacteria to produce butyrate in the intestines has not yet been 
obtained for prebiotics other than 1-kestose, the use of 1-kestose as a new generation prebiotic is promising for the well-being of 
cats.

SCFA, including acetate, propionate, and butyrate, transiently increased at 4 weeks, but returned to pretreatment levels at 
8 weeks in all groups after the 1-kestose treatment. Among these SCFA, only butyrate observed a slight increase (P<0.1) at 4 
weeks. These fluctuations in SCFA levels may be explained by “resilience”, which is widely observed in biology. “Resilience” 
maintains homeostasis in the intestinal microbiota [37]. For example, when a component exerting an influence on the microbiota 
was administered for the same period as the present study, it temporarily influenced the status of intestinal bacteria. However, this 
influence did not persist, and the status finally returned to the original level through the “resilience” phenomenon. Therefore, by the 
administration of 1-kestose with a higher dose, resilience may have broken through into a new constant phase in which increases in 
SCFA, particularly butyrate, may persist.

Another discussion of fluctuations in SCFA levels may be explained by the incorporation of SCFA through hydrogen-coupled 
monocarboxylate transporters (MCTs) that is known as a main absorption mechanism in colon epithelial cells [6, 7]. In a previous 
report, butyric acid increased MCT1 expression and activity in human intestinal epithelial cells [6]. Similarly, increased butyric 
acid may have activated MCT1 and promoted SCFA absorption in the present study, through which the SCFA level may have 
returned to the pretreatment level at 8 weeks.

The present study demonstrated that 1-kestose activates not only Bifidobacterium, but also the butyric acid-producing genus, 
Megasphaera in the intestines of cats. Butyric acid levels increased after 4 weeks of the administration of 1-kestose. It is well 
known that butyrate exerts significant effects on the integrity of immunity as well as energy supply in intestinal epithelial cells. 
These results suggest that the administration of 1-kestose to cats activates beneficial intestinal bacteria, particularly butyrate-
producing bacteria, and, thus, is expected to promote the well-being of cats by maintaining a healthy intestinal microbiota.
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