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Abstract

Few studies have examined the effects of smoking habit, the frequency of alcohol drinking, exercise, and fermented
milk consumption on defecatory symptoms and gut microbiota composition, and particularly their interactive
effects. We examined the effect of these lifestyle factors on bowel movements and gut microbiota composition in 366
healthy Japanese adults by analysis of covariance. Smoking did not affect defecatory symptoms but was negatively
correlated with total bacteria and Enterococcus counts. Drinking frequency was significantly positively correlated
with a feeling of incomplete evacuation and counts of the Bacteroides fragilis group and Acidaminococcus groups.
Exercise frequency tended to be negatively correlated with the Bristol Stool Form Scale score and was significantly
negatively correlated with the counts of Enterobacteriaceae and positively correlated with the Prevotella counts in
the faeces. The frequency of fermented milk consumption was not significant but tended to be positively correlated
with stool frequency. The frequency of fermented milk consumption was significantly positively correlated with the
counts of the Atopobium cluster, Eubacterium cylindroides group, Acidaminococcus group, Clostridium ramosum
subgroup, and Lactobacillus in the faeces. The frequency of consumption of probiotic Lactobacillus casei-containing
fermented milk was significantly positively correlated with stool frequency. The counts of probiotic Lactobacillus
casei in the stool was positively correlated with the counts of Bifidobacterium and total Lactobacillus. These results
suggest that smoking, alcohol drinking, exercise, and consumption of fermented milk, particularly containing
probiotic L. casei, differently affect bowel movements and gut microbiota composition in healthy Japanese adults.
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1. Introduction such as constipation and diarrhea (Roager et al., 2016)

and inflammatory bowel diseases (Chu et al., 2016). In

The human gut microbiota consists of more than 1000
species (approximately 3x1013 of bacterial cells) (Round
and Mazmanian, 2009; Sender et al., 2016) and positively
induces maturation of parts of the gut, such as the mucosal
immune system (Hooper et al., 2012; Kundu et al., 2017),
the enteric nervous system and digestive function that
maintains gut homeostasis and protection against infectious
intestinal disease (Baumler and Sperandio, 2016; Muller et
al., 2014). In contrast, the gut microbiota is also associated
with a variety of diseases (Round and Mazmanian, 2009;
Thaiss et al., 2018), including bowel movement disorders

these consequences, there is thus no doubt that the gut
microbiota affects human health (Lakshminarayanan et al.,
2013) and physiological condition. From this perspective,
factors affecting it have attracted much attention. The
factors most commonly studied are age (Yatsunenko et al.,
2012), sex (Bolnick et al., 2014; Markle et al., 2013), ethnic
group and dietary habits (Desai et al., 2016; Norman et al.,
2015; Sonnenburg and Backhed, 2016).

The gut microbiota in smokers differs from that in non-
smokers (Opstelten et al., 2016). Alcohol drinking reduces
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its diversity (Kosnicki et al., 2019). Exercise increases its
diversity in obese individuals (Allen et al., 2018). However,
although these factors are common lifestyle habits in healthy
individuals, only one study has examined their effects
on bowel movements and the gut microbiota in healthy
individuals (Biedermann et al., 2013). Probiotics are defined as
‘Live microorganisms which when administered in adequate
amounts confer a health benefit on the host’ (Reid, 2005).
The consumption of probiotics containing Lactobacillus
and Bifidobacterium species increases stool frequency and
reduces the transit time of intestinal contents in constipated
adults as revealed by a meta-analysis comprising a total
of 21 studies and 2,656 subjects (Miller et al., 2017), and
Lactobacillus casei strain Shirota affects the human gut
microbiota and the diversity index (Kato-Kataoka et al.,
2016). Therefore, the consumption of probiotics is considered
to be another factor that affects human physiology and the
gut microbiota. However, few studies that investigated the
effect of probiotic fermented milk on bowel movements and
the gut microbiota have focused on interaction with other
lifestyle factors (Suzuki et al., 2017).

16S rRNA amplicon sequencing analysis by next-generation
sequencer (NGS) is frequently used to analyse the human
gut microbiota because its results are comprehensive.
On the other hand, it can serve non-quantitative and
abundance-based data of measure only predominant bacteria
(>10° cells/g faeces) in the intestine, however, it cannot detect
low-amounts bacteria that affect host health. Therefore, it
can provide only limited data on the interaction between
host physiological functions and bacteria. For the analysis
of human intestinal bacteria, we had already developed a
system, Yakult Intestinal Flora-SCAN (YIF-SCAN), based on
reverse-transcription-quantitative polymerase chain reaction
(RT-qPCR) targeting rRNA molecules (Matsuda et al., 2007).
The detection limits of NGS targeting rRNA genes and cDNA
after the reverse transcription of rRNA are both about 10°
cells/g faeces (=0.1% occupancy). In contrast, YIF-SCAN
targets IRNA molecules not rRNA genes. Bacteria generally
contain thousands to tens of thousands of ribosomes, which
include rRNA molecules. Therefore, since the detection limit
of YIF-SCAN is approximately 1023 cells/g faeces, it can be
said that a YIF-SCAN analysis is 1000 times more sensitive
than an NGS analysis when targeting rRNA genes and cDNA
from rRNA (Matsuda et al., 2007). We thought that it was
very important to understand gut microbiota quantitatively.

From the above perspective, we investigated lifestyle habits
and bowel movements in 366 healthy Japanese adults and
quantified major intestinal bacteria by using YIF-SCAN,
with the aim of determining any association of smoking,
alcohol, exercise, and consumption of fermented milk with
bowel movements and the gut microbiota.

2. Materials and methods
Subjects and stool collection

The KSO Corporation, Japan recruited 383 healthy Japanese
adults. This study was conducted in conformity with the
Helsinki Declaration, and the study plan was approved by the
Human Study Ethics Committee of Nihonbashi Cardiology
Clinic, Japan. All subjects gave written informed consent.
Each subject was given a stool collection tube containing 2 ml
of RNA/ater (Thermo Fisher Scientific KK, Waltham, MA,
USA), the weight of which had been measured beforehand.
RNA/ater was used to stabilise bacterial RNA (Kurakawa et
al., 2012; Nomoto et al., 2015; Ogata et al., 2015). Subjects
introduced about 0.5 g of fresh stool into the collection tube
with a stool collection spoon and then shook it thoroughly.
The subjects completed a questionnaire about lifestyle, stool
frequency, stool consistency, and medicines being taken
at the same time as the faecal sampling. These tubes were
triple wrapped and transported to KSO Corporation within
2-3 days of sampling. On receipt, samples were anonymised
and immediately stored at 4 °C. Within a week they were
transported to Yakult Central Institute, Japan and stored
at 4 °C until preparation for analysis. After the exclusion of
17 subjects who met exclusion criteria (administration of
antibiotics, antiflatulents, or laxatives within 1 week before
stool collection), 366 subjects (average age 40.0+11.0 years,
185 men, 181 women, body mass index (BMI) 22.3+3.3)
were included in the analysis.

General information on the subjects and information
regarding medication can be found in Table 1 and
supplementary Table S1, respectively.

Stool preparation

Stool samples were subjected to pretreatment for RNA
extraction according to the method described by Kubota et
al. (2010). Each sample was weighed and diluted 1:10 with
RNAlater. The mixture was suspended for 10 min on a
Shake Master Auto v. 2.0 shaker (Bio Medical Science, Tokyo,
Japan). Then 200 pl of the further 5-fold diluted suspension
was introduced into a 2 ml tube containing 1 ml of phosphate-
buffered saline (PBS). After centrifugation at 13,000xg for
5 min, the supernatant was discarded by decantation. The
resulting pellet was stored at -80 °C until RNA extraction.
Stool samples were subjected to pretreatment for DNA
extraction also according to the method described by Kubota
et al. (2010). Again, 200 pl of stool suspension was introduced
into a 2 ml tube containing 1 ml of PBS and suspended on
a vortex mixer. After centrifugation at 13,000xg for 5 min,
1 ml of supernatant was discarded with a pipette and then
another 1 ml of PBS was added. After another suspension
and centrifugation at 13,000xg for 5 min, the resulting 200
l of suspension was stored at -30 °C until DNA extraction.
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Table 1. General information (age, BMI and gender) on subjects in each group.

Item/frequency Age (year)
Smoking
non-smoking (n=312) 39.5+£10.92
smoking (n=54) 42.6+11.42
Frequency of alcohol consumption
<1 day/month (n=103) 41.7£10.32
>1 day/month and <1 day/week (n=92) 35.9+11.520
1-4 days/week (n=107) 38.6+11.2¢
>4 days/week (n=64) 45.1£8.60¢
Frequency of exercise
<1 times/week (n=129) 39.5+11.2
1-3 times/week (n=165) 40.2+10.5
24 times/week (n=72) 40.2£12.0
Frequency of fermented milk product consumption
<3 times/week (n=127) 38.9+£11.1
=3 times/week (n=239) 40.5£10.9

Frequency of consumption of fermented milk products containing LcS?
<3 times/week (n=201) 39.5+11.2
23 times/week (n=165) 40.5£10.9

BMI Female/male (the number of subjects)
22.1+3.2 171/141¢
23.3+3.5 10/44¢
22.4+4.0 64/392
22.243.1 49/43°
22.0+2.9 50/57
22.8+3.0 18/462.
22.0£3.3 77152
22.4+3.0 68/97
22.5+4.0 36/36
221431 56/71
22.4+3.4 125/114
22.0£3.0 104/97
22.6+3.6 77/88

1 Values are mean + standard deviation; P-value (age and body mass index (BMI)): significance between same alphabet by Mann Whitney U-test and
Steel-Dwass test in each group; P-value (female/male): significance between same alphabet by Fisher’s exact test and post hoc Holm test in each group.

2 ¢S = Lactobacillus casei Shirota.

RNA extraction

Total RNA was extracted from samples according to the
method described by Matsuda et al. (2007) and the RNA
samples were stored at -80 °C until microbiota analysis.

Principle of YIF-SCAN

YIF-SCAN is a highly sensitive quantitative analytical method
based on reverse transcription-quantitative PCR targeting
rRNA molecules. Bacteria generally contain thousands to tens
of thousands of ribosomes including rRNA molecules. On the
other hand, only a few to a dozen copies of the IRNA genes
are encoded on the bacterial chromosome. A typical property
of YIF-SCAN is to provide an absolute quantification of
bacteria that is 100-1000 times more sensitive (Matsuda et
al., 2007) than other molecular biological methods for use
with human gut microbiota such as NGS targeted DNA.

Quantifying intestinal bacteria with YIF-SCAN

The total RNA was used to quantify the counts of 7
bacterial groups (Acidaminococcus group, Atopobium
cluster, Bacteroides fragilis group, Clostridium coccoides
group, Clostridium leptum subgroup, Clostridium ramosum
subgroup, Eubacterium cylindroides group), 8 genera
(Bifidobacterium, Enterococcus, Fusobacterium, Prevotella,

Pseudomonus, Staphylococcus, Streptococcus, Veillonella),
1 family (Enterobacteriaceae), 6 Lactobacillus subgroups
(Lactobacillus casei subgroup, Lactobacillus gasseri subgroup,
Lactobacillus plantarum subgroup, Lactobacillus reuteri
subgroup, Lactobacillus ruminis subgroup, Lactobacillus
sakei subgroup), 5 species (Akkermansia muciniphila,
Clostridium difficile, Clostridium perfringens, Lactobacillus
fermentum, Lactobacillus brevis) (Table 2, Supplementary
Table S2). The sum of 27 bacterial groups/genera/species
counts provided by undertaken with these 27 selected primer
sets can cover more than 71.3% of the total bacterial counts
in stools (Matsuda et al., 2009). YIF-SCAN was executed
with an OneStep RT-PCR Kit (QIAGEN GmbH, Hilden,
Germany). YIF-SCAN was performed in a 384-well optical
plate on an ABI PRISM 7900HT Sequence Detection System
(Life Technologies Japan Ltd., Minato, Tokyo, Japan). The
Lactobacillus counts were taken as the sum of the counts
of six Lactobacillus subgroups (L. gasseri, L. casei, L.
plantarum, L. reuteri, L. ruminis, and L. sakei subgroups)
and two species (L. brevis, L. fermentum).

DNA extraction

DNA extraction was performed according to the method
described by Matsuki et al. (2004a)
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Table 2. Primers and standard strains used in the study.

Target bacteria Standard strain Primer Sequence (5'-3’) Reference
Clostridium coccoides Blautia producta ATCC273407 g-Ccoc-F AAATGACGGTACCTGACTAA Matsuki et al., 2002
group g-Ccoc-R CTTTGAGTTTCATTCTTGCGAA
Clostridium leptum Faecalibacterium prausnitzii sg-Clept-F GCACAAGCAGTGGAGT Matsuki et al., 2004b
subgroup ATCC277687 sg-Clept-R3 CTTCCTCCGTTTTGTCAA
Bacteroides fragilis group  Bacteroides vulgatus g-Bfra-F ATAGCCTTTCGAAAGRAAGAT Matsuki et al., 2002
ATCC84827 g-Bfra-R CCAGTATCAACTGCAATTTTA
Bifidobacterium Bifidobacterium adolescentis g-Bifid-F CTCCTGGAAACGGGTGG Matsuki et al., 1998
ATCC157037 g-Bifid-R GGTGTTCTTCCCGATATCTACA
Atopobium cluster Collinsella aerofaciens c-Atopo-F GGGTTGAGAGACCGACC Matsuki et al., 2004b
DSM39797 c-Atopo-R CGGRGCTTCTTCTGCAGG
Prevotella Prevotella melaninogenica g-Prevo-F CACRGTAAACGATGGATGCC Kikuchi et al., 2002;
ATCC258457 g-Prevo-R GGTCGGGTTGCAGACC Matsuki et al., 2002
Clostridium perfringens  Clostridium perfringens s-Clper-F GGGGGTTTCAACACCTCC Kikuchi et al., 2002
ATCC131247 CIPER-R GCAAGGGATGTCAAGTGT Matsuda et al., 2009
Clostridium difficile Clostridium difficile DSM1296T  Cd-lsu-F GGGAGCTTCCCATAC GGG TTG Matsuda et al., 2012
Cd-Isu-R TTGACT GCC TCAATGCTT GGG C
Enterobacteriaceae Escherichia coli ATCC117757 En-Isu3F TGCCGTAACTTCGGGAGAAGGCA Matsuda et al., 2009
En-Isu3 R TCAAGGCTCAATGTTCAGTGTC
Staphylococcus Staphylococcus aureus g-Staph-F TTTGGGCTACACACGTGCTACAATGGAC AA Matsuda et al., 2009
ATCC126007 g-Staph-R AACAACTTTATGGGATTTGCWTGA
Enterococcus Enterococcus faecalis Ec-ssutl F GGATAACACTTGGAAACAGG Matsuda et al., 2009
ATCC194337 Ec-ssu1R TCCTTGTTCTTCTCTAACAA
Streptococcus Streptococcus mutans F GCTTAGAAGCAGCTATTCATTC Sakaguchi et al., 2010
IFO139557 R GGATACACCTTTCGGTCTCTC
Acidaminococcus group  Acidaminococcus fermentans  gAcid-1 TGTCTGACRCTGAGATG This study
ATCC250857 gAcid-3 TCCTCCAGGTTRTCCCT
Pseudomonas Pseudomonas aeruginosa PSD7F CAAAACTACTGAGCTAGAGTACG Matsuda et al., 2009
IFO12689" PSD7R TAAGATCTCAAGGATCCCAACGGCT
Akkermansia muciniphila  Akkermansia muciniphila ATCC ~ AM1 CAGCACGTGAAGGTGGGGAC Derrien et al., 2008
BAA835T AM2 CCTTGCGGTTGGCTTCAGAT
Clostridium ramosum Clostridium ramosum JCM1298T sg-Cram171-F  GACACTGCATGGTGACC Matsuki, 2007
subgroup sg-Cram626-R  GGTTTCTATGGCTTACTG
Eubacterium cylindroides  Clostridium innocuum gEcylin-2mF ~ AGTATGCACGCAAGTGTG This study
group ATCC145017 gEcylin-4R TTATGCCACCGGCTTCGGG
Fusobacterium Fusobacterium varium gFuso-245F AGAGCTTTGCGTCCYATTAG This study
ATCC85017 gFuso-1mR GCATTTTCACATCAGAC
Veillonella Veillonella parvula GIFU 78847 g-Veillo68-F GRAGAGCGATGGAAGCTT Matsuki, 2007
g-Veillo490-R  CCGTGGCTTTCTATTCC
Lactobacillus gasseri Lactobacillus acidophilus sg-Lgas-F GATGCATAGCCGAGTTGAGAGACTGAT Matsuda et al., 2009
subgroup ATCC43567 sg-Lgas-R TAAAGGCCAGTTACTACCTCTATCC
Lactobacillus plantarum  Lactobacillus plantarum sg-Lpla-F CTCTGGTATTGATTGGTGCTTGCAT Matsuda et al., 2009
subgroup ATCC149177 sg-Lpla-R GTTCGCCACTCACTCAAATGTAAA
Lactobacillus reuteri Lactobacillus reuteri sg-Lreu-F GAACGCAYTGGCCCAA Matsuda et al., 2009
subgroup ATCC232727 sg-Lreu-R TCCATTGTGGCCGATCAGT
Lactobacillus casei Lactobacillus casei ATCC334T  sg-Lcas-F ACCGCATGGTTCTTGGC Matsuda et al., 2009
subgroup sg-Lcas-R CCGACAACAGTTACTCTGCC
Lactobacillus ruminis Lactobacillus ruminis sg-Lrum-F CACCGAATGCTTGCAYTCACC Matsuda et al., 2009
subgroup ATCC277807 sg-Lrum-R GCCGCGGGTCCATCCAAAA
Lactobacillus sakei Lactobacillus sakei sg-Lsak-F CATAAAACCTAMCACCGCATGG Matsuda et al., 2009
subgroup ATCC15521T sg-Lsak-R TCAGTTACTATCAGATACRTTCTTCTC
844 Beneficial Microbes 10(8)
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Table 2. Continued.

Target bacteria Standard strain Primer
Lactobacillus fermentum  Lactobacillus fermentum LFer-1
ATCC149317 LFer-2
Lactobacillus brevis Lactobacillus brevis s-Lbre-F
ATCC148697 s-Lbre-R
Lactobacillus casei strain  Lactobacillus casei YIT9029 LcS57F
Shirota LcS-597R
Total bacterial counts Faecalibacterium prausnitzii UniF
ATCC27768T UniR

Quantifying Lactobacillus casei strain Shirota and total
bacteria by qPCR

qPCR was performed according to the method described by
Fujimoto et al. (2008) on an ABI PRISM 7900HT Sequence
Detection System (Life Technologies Japan Ltd.). LcS and
total bacterial counts were quantified by qPCR analysis
using primer sets and standard strains listed in Table 2. To
validate the accuracy of the gPCR method for counting total
bacteria, the qPCR method was compared to 4,6-diamidino-
2-phenylindole (DAPI) method for the enumeration of
total bacteria in faecal samples collected from 178 healthy
Japanese adult volunteers. As a result, the total bacterial
count in stool in 178 subjects determined by qPCR was
very strongly correlated with the results obtained by the
DAPI method (Supplementary Figure S1, Supplemetary
materials and methods).

Questionnaire survey

The subjects provided basic information (sex, age, height, and
weight), the total number of defecations within 1 week before
stool collection, stool consistency on defecation, defecatory
symptoms (straining, feeling of incomplete evacuation, or
abdominal pain), and lifestyle habits (presence or absence
of smoking, weekly frequency of alcohol drinking [0-7],
weekly frequency of exercise [0-7], weekly frequency of
consumption of fermented milk with and without LcS [0-7].
The Bristol Stool Form Scale (BSFS) was used to evaluate
stool consistency (Lewis and Heaton, 1997); the normal range
was set at 3.5 to 4.4. BSFS was evaluated and entered in the
questionnaire survey when subjects collected their faeces.
Defecatory symptoms were evaluated on a five-point scale:
none (score 0), mild (score 1), moderate (score 2), strong
(score 3), to severe (score 4).

Association of smoking, alcohol, exercise and
consumption of fermented milk with stool microbiota and
defecation status

The analysis of covariance (ANCOVA) analysed linear
trends and between-group differences in the bacterial
counts in stool samples, stool frequency, stool consistency

Sequence (5’-3’) Reference
CCTGATTGATTTTGGTCGCCAAC
ACGTATGAACAGTTACTCTCATACGT
ATTTTGTTTGAAAGGTGGCTTCGG
ACCCTTGAACAGTTACTCTCAAAGG

Matsuda et al., 2009

Matsuda et al., 2009

CTCAAAGCCGTGACGGTC Fujimoto et al., 2008
ACGTGGTGCTAATAATCCTAGTG

GTGSTGCAYGGYYGTCGTCA Fuller et al., 2007
ACGTCRTCCMCNCCTTCCTC

on defecation, straining, feeling of incomplete evacuation,
and abdominal pain. The covariates were age, sex, BMI,
smoking habit (presence or absence), drinking frequency
(<1 day/month, <1 day/week, 1-4 days/week, 24 days/
week), exercise frequency (<1/week, 1-3/week, >4/week),
and frequency of fermented milk consumption (<3/week,
>3/week). Frequency of consumption of LcS-containing
fermented milk was divided into two groups (<3/week, >3/
week), according to a previous study (Aoyagi et al., 2017).

Statistical analysis

The ANCOVA included covariates of age, sex, BMI,
smoking (presence or absence), drinking frequency, exercise
frequency, frequency of fermented milk consumption, and
frequency of consumption of LcS-containing fermented
milk. P<0.05 was considered statistically significant, and
0.05<P<0.1 was considered marginally significant. Spearman’s
rank correlation analysis was used to assess the correlation
between the number of LcS in stool and the major intestinal
bacterial groups measured. Both analyses were performed in
R ver.3.3.0 software (https://cran.r-project.org/) (Ilhaka and
Gentleman, 1996). The significance level was set at P<0.05.
Bacterial counts of ‘not detected’ samples were regarded as
half the detection limits (logarithm) of the corresponding
primer sets.

3. Results

Association of smoking with stool frequency, stool
consistency, defecatory symptoms, and gut microbiota

Smoking habit was not associated with stool frequency,
stool consistency, or defecatory symptoms in the ANCOVA
adjusted for age, sex, BMI, and frequency of alcohol, exercise,
and fermented milk consumption (Table 3). The total
bacterial counts (P=0.002) and Enterococcus counts (P=0.005)
were significantly lower and the counts of the Clostridium
leptum subgroup tended to be lower (P=0.074) in smokers
than in non-smokers (Figure 1).
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Table 3. Association of smoking and frequency of alcohol drinking, exercise, and consumption of fermented milk with stool

frequency and defecatory symptoms.!

Items/abdominal symptom Stool Stool
frequency consist
Smoking non-smoking 6.8+3.1 3.8+1.1
smoking 7.8£3.2 4.2+1.1
P-value? 0.137 0.199
Frequency of alcohol <1 day/month 6.8+3.3 3.8+0.9
consumption >1 day/monthand  6.5+2.7 3.8+1.1
<1 day/week
1-4 days/week 7.2+3.2 3.9+1.2
>4 days/week 7.3+3.2 4.2+1.1
P-value? 0.548 0.418
Frequency of exercise <1 times/week 6.7+1.1 3.9+1.1
1-3 times/week 7128 3.9+1.1
24 times/week 7.0£2.6 3.7x1.1
P-value? 0.642 0.068
Frequency of fermented milk <3 times/week 6.6+2.4 3.9+1.1
product consumption >3 times/week 7.1+3.4 3.9+1.1
P-value? 0.059 0.466
Frequency of consumption <3 times/week 6.6+2.8 3.8+1.1
of fermented milk products =3 times/week 7.4+3.4 4.0£1.0
containing LcS P-value? 0.025 0.330

Strainingat  Feeling of incomplete ~ Abdominal pain

ency stool evacuation
0.9+0.9 0.5+0.7 0.2+0.4
0.9+0.9 0.6+0.7 0.120.5
0.461 0.544 0.694
0.9+0.9 0.4+0.7 0.1+0.3
0.9+0.8 0.4+0.6 0.2+0.6
1.0£1.0 0.6+0.8 0.2+0.4
0.9+1.0 0.6+0.8 0.2+0.5
0.767 0.032 0.137
1.0£1.0 0.5+0.8 0.2+0.4
0.9+0.8 0.5+0.7 0.2+0.5
0.9+1.0 0.5+0.8 0.1+0.3
0.848 0.933 0.540
0.9+0.9 0.5+0.7 0.1+0.4
0.9+0.9 0.5+0.7 0.2+0.5
0.714 0.603 0.713
1.0+0.8 0.5+0.7 0.2+0.5
0.9+1.0 0.6+0.8 0.2+0.4
0.416 0.735 0.895

1Values are mean + standard deviation; the analysis was adjusted for age, sex, body mass index and non-focal covariates. LcS = Lactobacillus casei Shirota.

2 P-yvalue, significance by ANCOVA.
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Figure 1. Association between smoking habit and gut microbiota. A: non-smokers (n=312); B: smokers (n=54). The bar indicates

the overall group significance. Results with P<0.1 are shown.

Association of frequency of alcohol drinking with stool
frequency, stool consistency, defecatory symptoms, and
gut microbiota

The frequency of alcohol drinking was not associated
with stool frequency or most defecatory symptoms in the
ANCOVA adjusted for age, sex, BMI, smoking habit, and
frequency of exercise and fermented milk consumption, but it

was associated with a feeling of incomplete evacuation (Table
3). The counts of the Bacteroides fragilis group (P=0.05) and
the Acidaminococcus group (P=0.029) increased significantly
with frequency of alcohol drinking (Figure 2).
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Figure 2. Association between drinking habit and gut microbiota. A: <1 day/month (n=103); B: <1 day/week (n=92); C: 1-4 days/
week (n=107); D: 25 days/week (n=64). The bar indicates the overall group significance. Results with P<0.1 are shown.

Association of weekly exercise frequency with stool
frequency, stool consistency, defecatory symptoms, and
gut microbiota

Stool consistency tended to decrease with increasing
frequency of exercise in the ANCOVA adjusted for age, sex,
BMI, smoking habit, and frequency of alcohol drinking and
fermented milk consumption (P=0.068; Table 3). Frequency
of exercise was associated positively with the counts of
Prevotella (P=0.021) and Fusobacterium (P=0.073; Figure 3)
but negatively with the counts of the Enterobacteriaceae
(P=0.043).

Association of frequency of fermented milk consumption
with gut microbiota

Stool frequency tended to increase with increasing fermented
milk consumption in the ANCOVA adjusted for age, sex,
BMI, smoking habit, and frequency of exercise and alcohol
drinking (P=0.059; Table 3). The counts of the Atopobium
cluster (P=0.018), Eubacterium cylindroides group (P<0.001),
Acidaminococcus group (P=0.018), Clostridium ramosum
subgroup (P=0.021), and Lactobacillus (P<0.001) in stool
increased significantly with increasing fermented milk
consumption (Figure 4).
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Figure 3. Association between weekly exercise frequency and gut microbiota. A: <1/week (n=129); B: 1-3/week (n=165); C: 24/
week (n=72). The bar indicates the overall group significance. Results with P<0.1 are shown.
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23/week (n=239). The bar indicates the overall group significance.

Association of consumption of LcS-containing fermented
milk with stool frequency, stool consistency, defecatory
symptoms, and gut microbiota

Stool frequency increased with increasing frequency of LcS-
containing fermented milk consumption in the ANCOVA
adjusted for age, sex, BMI, smoking habit, and frequency of
exercise, alcohol drinking, and fermented milk consumption
(P=0.025; Table 3). The counts of the E. cylindroides group
(P=0.016), the C. ramosum subgroup (P=0.003), and
Lactobacillus (P<0.001) in stool increased significantly with
increasing consumption of LcS-containing fermented milk
(Figure 5). The counts of the B. fragilis group (P=0.058) and
the Acidaminococcus group (P=0.096) tended to increase also,
but the counts of Veillonella tended to decrease (P=0.066).

of fermented milk and gut microbiota. A: <3/week (n=127); B:
Results with P<0.1 are shown.

Correlation between counts of Lactobacillus casei Shirota
and other intestinal bacteria in stool samples

Spearman’s rank correlation analysis found a significant
strong positive correlation between the counts of LcS and
Lactobacillus in stool (r=0.77, P<0.001), and significant
weak correlations between the counts of LcS and each of
Bifidobacterium (r=0.17, P=0.02) and Streptococcus (r=0.15,
P=0.04; Figure 6).

4. Discussion

16S rRNA gene amplicon sequencing by NGS is now
commonly used for the analysis of gut microbiota (Berglund
et al., 2011). This method can analyse the composition of
the microbiota, including unculturable bacteria. However,
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the resultant bacterial composition should be evaluated on
the assumption that there are no inter- or intra-independent
differences in the total bacterial counts in the intestine.
In addition, actual bacterial counts are not taken into
consideration, whereas more than 10-fold differences are
observed between the total bacterial counts of healthy
individuals (Vandeputte et al., 2017). Therefore, 16S rRNA
gene amplicon sequencing analysis is limited in its ability to
accurately evaluate inter- and intra-independent differences
in the gut microbiota (Vandeputte et al., 2017). On the other
hand, YIF-SCAN based on RT-qPCR targeted bacterial
rRNA molecules can provide highly sensitive absolute
quantification of as many as about 70% of major intestinal
bacterial species based on RT-qPCR targeted bacterial
rRNA molecules (Tsuji et al., 2018). Using YIF-SCAN to
quantify major human intestinal bacteria, we are the first
to employ YIF-SCAN to investigate the effects of life habits
such as smoking, alcohol drinking, and exercise on gut
microbiota.

Although constipation increased after patients stopping
smoking (Hajek et al., 2003), as far as we know, no study
has analysed the effect of smoking on bowel movements
in healthy individuals. The lower counts of total bacteria
and Enterococcus that we found in smokers (Figure 1) are
consistent with the results of a previous study (Savin et al.,
2018). Nicotine, the primary active substance in tobacco,
affects the activity of the central nervous system and gut
microbiome community composition (Chi et al., 2017).
Smoking is assumed to influence gut microbiota possibly
via nicotine or some other mechanism. The counts of the
C. leptum subgroup, which decreases in several diseases
(Hasegawa et al., 2015; Morita et al., 2015; Ohigashi et
al., 2013; Takaishi et al., 2008) and increases by smoking
cessation (Biedermann et al., 2013), also tended to be
lower in smokers (Figure 1). The relationship between the
smoking-induced decrease in the C. leptum subgroup and

the occurrence of various diseases would be an interesting
research topic.

Alcohol and its metabolites have a diuretic effect, leading
to an increase in water absorption from the lumen into the
mucosa in the large intestine, affecting osmotic pressure
(Elamin et al., 2013). However, we found no relationship
between frequency of alcohol consumption and stool
consistency (Table 3). Water content in the faeces may
be due to several factors such as alcohol intake, alcohol
content, diet and infectious disease. On the other hand, the
feeling of incomplete evacuation on defecation increased
with increasing frequency of alcohol consumption (Table
3). Alcohol affects the motility of the gut (Berenson and
Avner, 1981), and drinking alcohol twice a week therefore
directly affected peristalsis. With increasing alcohol
drinking frequency, the counts of the B. fragilis group and
Acidaminococcus group increased (Figure 2). Bacteroides
are less abundant in alcoholic patients than in the intestine
of healthy individuals as determined by 16S rRNA gene
amplicon analysis (Tsuruya et al., 2016). As the total
bacterial counts is less in patients with alcoholic liver
cirrhosis than in healthy individuals (Koga et al., 2013),
the abundance of Bacteroides in the intestine may not reflect
the actual counts of this bacterial genera. In this study,
we did not confirm whether or not the subjects drank
alcohol on the day before sampling. This information may
be needed to clarify the relationship between intestinal
bacteria and alcohol.

In our cohort, stool frequency did not change with an
increase in exercise frequency, but stool consistency
tended to decrease (Table 3). There has been no study
of the relationship between exercise frequency and stool
consistency in healthy individuals, so this is the first report
showing the relationship. The relationship between exercise
and stool consistency is likely to be affected by subject and
by intensity of exercise; therefore, further study is needed

Beneficial Microbes 10(8)

849



T. Shima et al.

to examine the relationship between exercise and stool
consistency to take account of not only the frequency, but
also the intensity, the kinds of exercise and the duration of
each session. Exercise frequency was correlated positively
with the counts of Prevotella and negatively with the
Enterobacteriaceae in the intestine (Figure 3). Although
exercise is reported to affect gut microbiota composition
(O’Sullivan et al., 2015; Zhao et al., 2018), the impact of
Prevotella and the Enterobacteriaceae by exercise has not
previously been shown.

LcS-containing fermented milk is very popular both in
Japan and around the world. In the 2016 fiscal year, 9.7
million drinks were consumed daily in Japan and 40 million
throughout the world (www.yakult.co.jp/english/). In fact, a
fermented milk product containing LcS was the milk product
most frequently consumed by the subjects in this study
(Supplementary Table S3). The results of our ANCOVA
showed that with increasing frequency of consumption of
LcS-containing fermented milk, stool frequency increased
significantly to close to once a day (Table 3). On the other
hand, the frequency of consumption of all fermented milk
products with LcS and fermented milk products without
LcS surveyed in this study only tended to be associated
with stool frequency (Table 3). The stool frequency and
stool consistency of the subjects who consumed fermented
milk products containing LcS were significantly higher
than for those who consumed fermented milk products
without LcS (Student’s t-test, P<0.05) (Supplementary
Table S4). These results suggest that the consumption of
LcS-containing fermented milk contributes greatly to stool
frequency, as previously found in patients with chronic
constipation, in whom it also improved stool consistency
(Koebnick et al., 2003), and it normalised stool frequency
in healthy individuals with soft stools (Matsumoto et al.,
2010). These results, together with our findings, suggest that
LcS normalises stool consistency and frequency. With the
increase in the frequency of consumption of all fermented
milk products surveyed in this study or LcS containing
fermented milk, the counts of E. cylindroides group, C.
ramosum group, and Lactobacillus increased in common
(Figures 5, 6). E. cylindroides and C. ramosum groups are
phylogenetically belonged to the Erysipelotrichaceae, whose
role in the intestine is currently unclear, further researches
are needed. Continuous consumption of LcS-containing
fermented milk for 4 weeks significantly increased the
counts of Lactobacillus (Nagata et al., 2011), consistent
with our results (Figures 5, 6). With increasing frequency
of LcS-containing fermented milk consumption, the
counts of the L. sakei subgroup, the L. reuteri subgroup,
and L. fermentum decreased significantly, and only the
counts of the L. casei subgroup, including LcS, increased
significantly (Supplementary Figure S2). This suggests that
LcS consumed replaces the indigenous lactobacilli to adapt
to the niche in the intestine. The counts of LcS in stool was
positively correlated with the counts of Bifidobacterium.

Long-term consumption of LcS-containing fermented
milk increases the number of indigenous bifidobacteria
in the intestine and the concentrations of organic acids,
including acetic acid, in the intestine of healthy school-
age children and elderly people (Bien et al., 2011; Nagata
et al., 2011; Wang et al., 2015). We have now shown that
consumption of LcS-containing fermented milk could
increase indigenous bifidobacteria in healthy adults aged
from 20 to 60. These results suggest that LcS increases the
counts of Bifidobacterium in individuals across a very broad
range of age groups. Further investigations are required to
elucidate the casual associations between the consumption
of LcS and increasing the indigenous bifidobacteria in the
gut.

Limitations

In this study, we did not survey dietary components in
the questionnaire, one of major factor affecting the gut
microbiota composition, as a confounding factor. However,
the impact of variation in dietary components consumed
by the subjects on the results was minimised by the large
number of subjects. In addition, we investigated only
the frequency of confounders (smoking, alcohol, and
exercise habits); investigation of the types and amounts
of confounding factors as well will enable a more detailed
analysis of factors affecting the gut microbiota. As
mentioned above, although YIF-SCAN can cover major
intestinal bacteria, it cannot analyse intestinal bacteria
for which specific primer sets have not been prepared.
However, it can allow absolute quantification of the
majority of predominant human gut bacteria clades and
low-abundance pathobionts and opportunistic pathogens in
stool samples. Thus, our results have provided an important
information of gut microbiota on different aspects from
those of 16S rRNA gene amplicon sequencing analysis by
NGS.

5. Conclusions

Our results clearly have demonstrated that smoking,
the frequency of drinking, exercise, and consumption of
fermented milk differently affect stool frequency, defecatory
symptoms, and gut microbiota composition. We hope that
these finding may contribute to elucidate how various
lifestyle factors affect the gut microbiota composition and
establish a strategy to contribute a host health by controlling
the gut microbiota.
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Supplementary material can be found online at https://doi.
org/10.3920/BM2019.0057.

Table S1. The number of subjects taking major drugs in
each group.
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Figure S2. Effects of the frequency of consumption of
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counts and species in faeces.

Acknowledgements

The authors would like to thank all the participating
clinicians for their consistent help; Dr. Satoshi Matsumoto,
Dr. Yukio Shirasawa, Dr. Takuya Takahashi, Dr. Takahiro
Matsuki, Dr. Osamu Chonan, Mr. Chiaki Nonaka, Mr.
Tatsuyuki Hayashi and Mr. Yoshinori Terui for active help
and discussions during this study.

Conflict of interest

This study was supported by a grant from the Yakult Honsha
Co., Ltd. All authors are employed by Yakult.

References

Allen, J.M., Mailing, L.J., Niemiro, G.M., Moore, R., Cook, M.D.,
White, B.A., Holscher, H.D. and Woods, J.A., 2018. Exercise alters
gut microbiota composition and function in lean and obese humans.
Medicine and Science in Sports and Exercise 50: 747-757. https://
doi.org/10.1249/MSS.0000000000001495

Aoyagi, Y., Park, S., Matsubara, S., Honda, Y., Amamoto, R., Kushiro, A.,
Miyazaki, K. and Shephard, R.J., 2017. Habitual intake of fermented
milk products containing Lactobacillus casei strain Shirota and a
reduced risk of hypertension in older people. Beneficial Microbes
8:23-29. https://doi.org/10.3920/BM2016.0135

Baumler, A.J. and Sperandio, V., 2016. Interactions between the
microbiota and pathogenic bacteria in the gut. Nature 535: 85-93.
https://doi.org/10.1038/nature18849

Berenson, M.M. and Avner, D.L., 1981. Alcohol inhibition of
rectosigmoid motility in humans. Digestion 22: 210-215. https://
doi.org/10.1159/000198647

Berglund, E.C,, Kiialainen, A. and Syvanen, A.C., 2011. Next-generation
sequencing technologies and applications for human genetic
history and forensics. Investigative Genetics 2: 23. https://doi.
org/10.1186/2041-2223-2-23

Biedermann, L., Zeitz, ]., Mwinyi, J., Sutter-Minder, E., Rehman, A.,
Ott, S.J., Steurer-Stey, C., Frei, A., Frei, P, Scharl, M., Loessner,
M.J., Vavricka, S.R., Fried, M., Schreiber, S., Schuppler, M. and
Rogler, G., 2013. Smoking cessation induces profound changes in
the composition of the intestinal microbiota in humans. PLoS ONE
8: €59260. https://doi.org/10.1371/journal.pone.0059260

Bien, L., Nagata, S., Asahara, T., Rahman, M.S., Ohta, T., Yuki, N.,
Wang, S., Takano, K., Daibo, M. and Nomoto, K., 2011. Effects of
continuous intake of Lactobacillus casei strain Shirota-fermented
milk on risk management of long-term inpatients at health service
facilities for the elderly. Journal of Bioscience and Bioengineering
6:123-132.

Bolnick, D.I., Snowberg, L.K., Hirsch, P.E., Lauber, C.L., Org, E.,
Parks, B., Lusis, A.J.,, Knight, R., Caporaso, J.G. and Svanback,
R., 2014. Individual diet has sex-dependent effects on vertebrate
gut microbiota. Nature Communications 5: 4500. https://doi.
org/10.1038/ncomms5500

Chi, L., Mahbub, R., Gao, B,, Bian, X., Tu, P,, Ru, H. and Lu, K.,
2017. Nicotine alters the gut microbiome and metabolites of gut-
brain interactions in a sex-specific manner. Chemical Research
in Toxicology 30: 2110-2119. https://doi.org/10.1021/acs.
chemrestox.7b00162

Chu, H., Khosravi, A., Kusumawardhani, I.P, Kwon, A.H., Vasconcelos,
A.C,, Cunha, L.D., Mayer, A.E., Shen, Y., Wu, W.L., Kambal, A.,
Targan, S.R., Xavier, R.J., Ernst, P.B., Green, D.R., McGovern,
D.P, Virgin, H-W. and Mazmanian, S.K., 2016. Gene-microbiota
interactions contribute to the pathogenesis of inflammatory bowel
disease. Science 352: 1116-1120. https://doi.org/10.1126/science.
aad9948

Derrien, M., Collado, M.C., Ben-Amor, K., Salminen, S. and De Vos,
W.M., 2008. The Mucin degrader Akkermansia muciniphila is
an abundant resident of the human intestinal tract. Applied and
Environmental Microbiology 74: 1646-1648. https://doi.org/10.1128/
AEM.01226-07

Desai, M.S., Seekatz, A.M., Koropatkin, N.M., Kamada, N., Hickey,
C.A., Wolter, M., Pudlo, N.A., Kitamoto, S., Terrapon, N., Muller,
A., Young, V.B., Henrissat, B., Wilmes, P., Stappenbeck, T.S., Nunez,
G. and Martens, E.C., 2016. A dietary fiber-deprived gut microbiota
degrades the colonic mucus barrier and enhances pathogen
susceptibility. Cell 167: 1339-1353. https://doi.org/10.1016/j.
cell.2016.10.043

Elamin, E.E., Masclee, A.A., Dekker, J. and Jonkers, D.M., 2013. Ethanol
metabolism and its effects on the intestinal epithelial barrier.
Nutrition Reviews 71: 483-499. https://doi.org/10.1111/nure.12027

Fujimoto, J., Matsuki, T., Sasamoto, M., Tomii, Y. and Watanabe,
K., 2008. Identification and quantification of Lactobacillus casei
strain Shirota in human feces with strain-specific primers derived
from randomly amplified polymorphic DNA. International Journal
of Food Microbiology 126: 210-215. https://doi.org/10.1016/j.
ijfoodmicro.2008.05.022

Fuller, Z., Louis, P., Mihajlovski, A., Rungapamestry, V., Ratcliffe, B.
and Duncan, A.J., 2007. Influence of cabbage processing methods
and prebiotic manipulation of colonic microflora on glucosinolate
breakdown in man. British Journal of Nutrition 98: 364-372. https://
doi.org/10.1017/50007114507709091

Beneficial Microbes 10(8)

851


https://doi.org/10.1249/MSS.0000000000001495
https://doi.org/10.1249/MSS.0000000000001495
https://doi.org/10.3920/BM2016.0135
https://doi.org/10.1038/nature18849
https://doi.org/10.1159/000198647
https://doi.org/10.1159/000198647
https://doi.org/10.1186/2041-2223-2-23
https://doi.org/10.1186/2041-2223-2-23
https://doi.org/10.1371/journal.pone.0059260
https://doi.org/10.1038/ncomms5500
https://doi.org/10.1038/ncomms5500
https://doi.org/10.1021/acs.chemrestox.7b00162
https://doi.org/10.1021/acs.chemrestox.7b00162
https://doi.org/10.1126/science.aad9948
https://doi.org/10.1126/science.aad9948
https://doi.org/10.1128/AEM.01226-07
https://doi.org/10.1128/AEM.01226-07
https://doi.org/10.1016/j.cell.2016.10.043
https://doi.org/10.1016/j.cell.2016.10.043
https://doi.org/10.1111/nure.12027
https://doi.org/10.1016/j.ijfoodmicro.2008.05.022
https://doi.org/10.1016/j.ijfoodmicro.2008.05.022
https://doi.org/10.1017/S0007114507709091
https://doi.org/10.1017/S0007114507709091

T. Shima et al.

Hajek, P, Gillison, F. and McRobbie, H., 2003. Stopping smoking can
cause constipation. Addiction 98: 1563-1567.

Hasegawa, S., Goto, S., Tsuji, H., Okuno, T., Asahara, T., Nomoto,
K., Shibata, A., Fujisawa, Y., Minato, T., Okamoto, A., Ohno, K.
and Hirayama, M., 2015. Intestinal dysbiosis and lowered serum
lipopolysaccharide-binding protein in Parkinson’s disease. PLoS
ONE 10: e0142164. https://doi.org/10.1371/journal.pone.0142164

Hooper, L.V, Littman, D.R. and Macpherson, A.J., 2012. Interactions
between the microbiota and the immune system. Science 336:
1268-1273. https://doi.org/10.1126/science.1223490

Thaka, R. and Gentleman, R., 1996. R: a language for data analysis and
graphics. Journal of Computational Graphical Statistics 5: 299-314.
https://doi.org/10.2307/1390807

Kato-Kataoka, A., Nishida, K., Takada, M., Kawai, M., Kikuchi-
Hayakawa, H., Suda, K., Ishikawa, H., Gondo, Y., Shimizu, K.,
Matsuki, T., Kushiro, A., Hoshi, R., Watanabe, O., Igarashi, T.,
Miyazaki, K., Kuwano, Y. and Rokutan, K., 2016. Fermented
milk containing Lactobacillus casei strain Shirota preserves the
diversity of the gut microbiota and relieves abdominal dysfunction
in healthy medical students exposed to academic stress. Applied and
Environmental Microbiology 82: 3649-3658. https://doi.org/10.1128/
AEM.04134-15

Kikuchi, E., Miyamoto, Y., Narushima, S. and Itoh, K., 2002. Design
of species-specific primers to identify 13 species of Clostridium
harbored in human intestinal tracts. Microbiology and Immunology
46: 353-358. https://doi.org/10.1111/j.1348-0421.2002.tb02706.x

Koebnick, C., Wagner, L, Leitzmann, P, Stern, U. and Zunft, H.J., 2003.
Probiotic beverage containing Lactobacillus casei Shirota improves
gastrointestinal symptoms in patients with chronic constipation.
Canadian Journal of Gastroenterology 17: 655-659.

Koga, H., Tamiya, Y., Mitsuyama, K., Ishibashi, M., Matsumoto, S.,
Imaoka, A., Hara, T., Nakano, M., Ooeda, K., Umezaki, Y. and Sata,
M., 2013. Probiotics promote rapid-turnover protein production
by restoring gut flora in patients with alcoholic liver cirrhosis.
Hepatology International 7: 767-774. https://doi.org/10.1007/
$12072-012-9408-x

Kosnicki, K.L., Penprase, J.C., Cintora, P, Torres, P.J., Harris, G.L.,
Brasser, S.M. and Kelley, S.T., 2019. Effects of moderate, voluntary
ethanol consumption on the rat and human gut microbiome.
Addiction Biology 24: 617-630. https://doi.org/10.1111/adb.12626

Kubota, H., Tsuji, H., Matsuda, K., Kurakawa, T., Asahara, T. and
Nomoto, K., 2010. Detection of human intestinal catalase-negative,
Gram-positive cocci by rRNA-targeted reverse transcription-PCR.
Applied and Environmental Microbiology 76: 5440-5451. https://
doi.org/10.1128/AEM.03132-09

Kundu, P, Blacher, E., Elinav, E. and Pettersson, S., 2017. Our gut
microbiome: the evolving inner self. Cell 171: 1481-1493. https://
doi.org/10.1016/j.cell.2017.11.024

Kurakawa, T., Kubota, H., Tsuji, H., Matsuda, K., Asahara, T,
Takahashi, T., Ramamurthy, T., Hamabata, T., Takahashi, E., Miyoshi,
S., Okamoto, K., Mukhopadhyay, A.K., Takeda, Y. and Nomoto,
K., 2012. Development of a sensitive rRNA-targeted reverse
transcription-quantitative polymerase chain reaction for detection
of Vibrio cholerae/mimicus, V. parahaemolyticus/alginolyticus and
Campylobacter jejuni/coli. Microbiology and Immunology 56: 10-20.
https://doi.org/10.1111/j.1348-0421.2011.00405.x

Lakshminarayanan, B., Harris, H.M., Coakley, M., O’Sullivan, O.,
Stanton, C., Pruteanu, M., Shanahan, F., O’Toole, PW., Ross, R.P. and
ELDERMET Consortium, 2013. Prevalence and characterization of
Clostridium perfringens from the faecal microbiota of elderly Irish
subjects. Journal of Medical Microbiology 62: 457-466. https://doi.
org/10.1099/jmm.0.052258-0

Lewis, S.J. and Heaton, K.W., 1997. Stool form scale as a useful guide
to intestinal transit time. Scandinavian Journal of Gastroenterology
32: 920-924. https://doi.org/10.3109/00365529709011203

Markle, J.G., Frank, D.N., Mortin-Toth, S., Robertson, C.E., Feazel, L.M.,
Rolle-Kampczyk, U., Von Bergen, M., McCoy, K.D., Macpherson,
AJ. and Danska, J.S., 2013. Sex differences in the gut microbiome
drive hormone-dependent regulation of autoimmunity. Science 339:
1084-1088. https://doi.org/10.1126/science.1233521

Matsuda, K., Tsuji, H., Asahara, T., Kado, Y. and Nomoto, K., 2007.
Sensitive quantitative detection of commensal bacteria by rRNA-
targeted reverse transcription-PCR. Applied and Environmental
Microbiology 73: 32-39. https://doi.org/10.1128/ AEM.01224-06

Matsuda, K., Tsuji, H., Asahara, T., Matsumoto, K., Takada, T. and
Nomoto, K., 2009. Establishment of an analytical system for the
human fecal microbiota, based on reverse transcription-quantitative
PCR targeting of multicopy rRNA molecules. Applied and
Environmental Microbiology 75: 1961-1969. https://doi.org/10.1128/
AEM.01843-08

Matsuda, K., Tsuji, H., Asahara, T., Takahashi, T., Kubota, H., Nagata,
S., Yamashiro, Y. and Nomoto, K., 2012. Sensitive quantification
of Clostridium difficile cells by reverse transcription-quantitative
PCR targeting rRNA molecules. Applied and Environmental
Microbiology 78: 5111-5118. https://doi.org/10.1128/ AEM.07990-11

Matsuki, T., 2007. Development of quantitative PCR detection method
with 16S rRNA gene-targeted genus- and species-specific primers
for the analysis of human intestinal microflora and its application.
Nihon Saikingaku Zasshi. Japanese Journal of Bacteriology 62:
255-261.

Matsuki, T., Watanabe, K., Fujimoto, J., Kado, Y., Takada, T,
Matsumoto, K. and Tanaka, R., 2004a. Quantitative PCR with 16S
rRNA-gene-targeted species-specific primers for analysis of human
intestinal bifidobacteria. Applied and Environmental Microbiology
70: 167-173. https://doi.org/10.1128/ AEM.70.1.167-173.2004

Matsuki, T., Watanabe, K., Fujimoto, J., Miyamoto, Y., Takada, T.,
Matsumoto, K., Oyaizu, H. and Tanaka, R., 2002. Development of
16S rRNA-gene-targeted group-specific primers for the detection
and identification of predominant bacteria in human feces. Applied
and Environmental Microbiology 68: 5445-5451. https://doi.
org/10.1128/AEM.68.11.5445-5451.2002

Matsuki, T., Watanabe, K., Fujimoto, J., Takada, T. and Tanaka, R.,
2004b. Use of 16S rRNA gene-targeted group-specific primers for
real-time PCR analysis of predominant bacteria in human feces.
Applied and Environmental Microbiology 70: 7220-7228. https://
doi.org/10.1128/AEM.70.12.7220-7228.2004

Matsuki, T., Watanabe, K., Tanaka, R. and Oyaizu, H., 1998. Rapid
identification of human intestinal bifidobacteria by 16S rRNA-
targeted species- and group-specific primers. FEMS Microbiology
Letters 167: 113-121. https://doi.org/10.1111/j.1574-6968.1998.
tb13216.x

852

Beneficial Microbes 10(8)


https://doi.org/10.1371/journal.pone.0142164
https://doi.org/10.1126/science.1223490
https://doi.org/10.2307/1390807
https://doi.org/10.1128/AEM.04134-15
https://doi.org/10.1128/AEM.04134-15
https://doi.org/10.1111/j.1348-0421.2002.tb02706.x
https://doi.org/10.1007/s12072-012-9408-x
https://doi.org/10.1007/s12072-012-9408-x
https://doi.org/10.1111/adb.12626
https://doi.org/10.1128/AEM.03132-09
https://doi.org/10.1128/AEM.03132-09
https://doi.org/10.1016/j.cell.2017.11.024
https://doi.org/10.1016/j.cell.2017.11.024
https://doi.org/10.1111/j.1348-0421.2011.00405.x
https://doi.org/10.1099/jmm.0.052258-0
https://doi.org/10.1099/jmm.0.052258-0
https://doi.org/10.3109/00365529709011203
https://doi.org/10.1126/science.1233521
https://doi.org/10.1128/AEM.01224-06
https://doi.org/10.1128/AEM.01843-08
https://doi.org/10.1128/AEM.01843-08
https://doi.org/10.1128/AEM.07990-11
https://doi.org/10.1128/AEM.70.1.167-173.2004
https://doi.org/10.1128/AEM.68.11.5445-5451.2002
https://doi.org/10.1128/AEM.68.11.5445-5451.2002
https://doi.org/10.1128/AEM.70.12.7220-7228.2004
https://doi.org/10.1128/AEM.70.12.7220-7228.2004
https://doi.org/10.1111/j.1574-6968.1998.tb13216.x
https://doi.org/10.1111/j.1574-6968.1998.tb13216.x

Association of life habits with bowel movement in healthy Japanese adults

Matsumoto, K., Takada, T., Shimizu, K., Moriyama, K., Kawakami,
K., Hirano, K., Kajimoto, O. and Nomoto, K., 2010. Effects of a
probiotic fermented milk beverage containing Lactobacillus casei
strain Shirota on defecation frequency, intestinal microbiota, and
the intestinal environment of healthy individuals with soft stools.
Journal of Bioscience and Bioengineering 110: 547-552. https://doi.
0rg/10.1016/j.jbiosc.2010.05.016

Miller, L.E., Ouwehand, A.C. and Ibarra, A., 2017. Effects of
probiotic-containing products on stool frequency and intestinal
transit in constipated adults: systematic review and meta-analysis
of randomized controlled trials. Annals of Gastroenterology 30:
629-639. https://doi.org/10.20524/a0g.2017.0192

Morita, C., Tsuji, H., Hata, T., Gondo, M., Takakura, S., Kawai, K.,
Yoshihara, K., Ogata, K., Nomoto, K., Miyazaki, K. and Sudo, N.,
2015. Gut dysbiosis in patients with anorexia nervosa. PLoS ONE
10: e0145274. https://doi.org/10.1371/journal.pone.0145274:

Muller, P.A., Koscso, B., Rajani, G.M., Stevanovic, K., Berres, M.L.,
Hashimoto, D., Mortha, A., Leboeuf, M., Li, X.M., Mucida, D.,
Stanley, E.R., Dahan, S., Margolis, K.G., Gershon, M.D., Merad,
M. and Bogunovic, M., 2014. Crosstalk between muscularis
macrophages and enteric neurons regulates gastrointestinal motility.
Cell 158: 300-313. https://doi.org/10.1016/j.cell.2014.04.050

Nagata, S., Asahara, T., Ohta, T., Yamada, T., Kondo, S., Bian, L., Wang,
C., Yamashiro, Y. and Nomoto, K., 2011. Effect of the continuous
intake of probiotic-fermented milk containing Lactobacillus casei
strain Shirota on fever in a mass outbreak of norovirus gastroenteritis
and the faecal microflora in a health service facility for the aged.
British Journal of Nutrition 106: 549-556. https://doi.org/10.1017/
S000711451100064X

Nomoto, K., Tsuji, H. and Matsuda, K., 2015. YIF-SCAN R: a novel
system for intestinal microflora analysis. Journal of Intestinal
Microbiology 29: 9-18. https://doi.org/10.11209/jim.29.9

Norman, J.M., Handley, S.A., Baldridge, M.T., Droit, L., Liu, C.Y., Keller,
B.C., Kambal, A., Monaco, C.L., Zhao, G., Fleshner, P, Stappenbeck,
T.S., McGovern, D.P, Keshavarzian, A., Mutlu, E.A., Sauk, J., Gevers,
D., Xavier, R.J., Wang, D., Parkes, M. and Virgin, H.W., 2015. Disease-
specific alterations in the enteric virome in inflammatory bowel
disease. Cell 160: 447-460. https://doi.org/10.1016/j.cell.2015.01.002

Ogata, K., Matsuda, K., Tsuji, H. and Nomoto, K., 2015. Sensitive and
rapid RT-qPCR quantification of pathogenic Candida species in
human blood. Journal of Microbiological Methods 117: 128-135.
https://doi.org/10.1016/j.mimet.2015.07.021

Ohigashi, S., Sudo, K., Kobayashi, D., Takahashi, O., Takahashi, T.,
Asahara, T., Nomoto, K. and Onodera, H., 2013. Changes of the
intestinal microbiota, short chain fatty acids, and fecal pH in patients
with colorectal cancer. Digestive Diseases and Sciences 58: 1717-
1726. https://doi.org/10.1007/s10620-012-2526-4

Opstelten, J.L., Plassais, J., Van Mil, S.W., Achouri, E., Pichaud,
M., Siersema, P.D., Oldenburg, B. and Cervino, A.C., 2016. Gut
microbial diversity is reduced in smokers with Crohn’s disease.
Inflammatory Bowel Diseases 22: 2070-2077. https://doi.
org/10.1097/MIB.0000000000000875

O’Sullivan, O., Cronin, O., Clarke, S.F., Murphy, E.F.,, Molloy, M.G.,
Shanahan, F. and Cotter, PD., 2015. Exercise and the microbiota.
Gut Microbes 6: 131-136. https://doi.org/10.1080/19490976.201
5.1011875

Reid, G., 2005. The importance of guidelines in the development and
application of probiotics. Current Pharmaceutical Design 11: 11-16.

Roager, H.M., Hansen, L.B., Bahl, M.I,, Frandsen, H.L., Carvalho,
V., Gobel, R.J., Dalgaard, M.D., Plichta, D.R., Sparholt, M.H.,
Vestergaard, H., Hansen, T., Sicheritz-Ponten, T., Nielsen, H.B.,
Pedersen, O., Lauritzen, L., Kristensen, M., Gupta, R. and Licht,
T.R., 2016. Colonic transit time is related to bacterial metabolism
and mucosal turnover in the gut. Nature Microbiology 1: 16093.
https://doi.org/10.1038/nmicrobiol.2016.93

Round, J.L. and Mazmanian, S.K., 2009. The gut microbiota shapes
intestinal immune responses during health and disease. Nature
Reviews Immunology 9: 313-323. https://doi.org/10.1038/nri2515

Sakaguchi, S., Saito, M., Tsuji, H., Asahara, T., Takata, O., Fujimura,
J., Nagata, S., Nomoto, K. and Shimizu, T., 2010. Bacterial rRNA-
targeted reverse transcription-PCR used to identify pathogens
responsible for fever with neutropenia. Journal of Clinical
Microbiology 48: 1624-1628. https://doi.org/10.1128/JCM.01724-09

Savin, Z., Kivity, S., Yonath, H. and Yehuda, S., 2018. Smoking and
the intestinal microbiome. Archives of Microbiology 200: 677-684.
https://doi.org/10.1007/s00203-018-1506-2

Sender, R., Fuchs, S. and Milo, R., 2016. Revised estimates for the
number of human and bacteria cells in the body. PLoS Biology 14:
€1002533. https://doi.org/10.1371/journal.pbio.1002533

Sonnenburg, J.L. and Backhed, E,, 2016. Diet-microbiota interactions
as moderators of human metabolism. Nature 535: 56-64. https://
doi.org/10.1038/nature18846

Suzuki, Y., Ikeda, K., Sakuma, K., Kawai, S., Sawaki, K., Asahara, T.,
Takahashi, T., Tsuji, H., Nomoto, K., Nagpal, R., Wang, C., Nagata, S.
and Yamashiro, Y., 2017. Association between yogurt consumption
and intestinal microbiota in healthy young adults differs by host
gender. Frontiers in Microbiology 8: 847. https://doi.org/10.3389/
fmicb.2017.00847

Takaishi, H., Matsuki, T., Nakazawa, A., Takada, T., Kado, S., Asahara,
T., Kamada, N., Sakuraba, A., Yajima, T., Higuchi, H., Inoue, N.,
Ogata, H., Iwao, Y., Nomoto, K., Tanaka, R. and Hibi, T., 2008.
Imbalance in intestinal microflora constitution could be involved
in the pathogenesis of inflammatory bowel disease. International
Journal of Medical Microbiology 298: 463-472. https://doi.
org/10.1016/j.ijmm.2007.07.016

Thaiss, C.A., Levy, M., Grosheva, L., Zheng, D., Soffer, E., Blacher,
E., Braverman, S., Tengeler, A.C., Barak, O., Elazar, M., Ben-Zeev,
R., Lehavi-Regev, D., Katz, M.N., Pevsner-Fischer, M., Gertler, A.,
Halpern, Z., Harmelin, A., Aamar, S., Serradas, P, Grosfeld, A.,
Shapiro, H., Geiger, B. and Elinav, E., 2018. Hyperglycemia drives
intestinal barrier dysfunction and risk for enteric infection. Science
359: 1376-1383. https://doi.org/10.1126/science.aar3318

Tsuji, H., Matsuda, K. and Nomoto, K., 2018. Counting the countless:
bacterial quantification by targeting rRNA molecules to explore
the human gut microbiota in health and disease. Frontiers in
Microbiology 9: 1417. https://doi.org/10.3389/fmicb.2018.01417

Beneficial Microbes 10(8)

853


https://doi.org/10.1016/j.jbiosc.2010.05.016
https://doi.org/10.1016/j.jbiosc.2010.05.016
https://doi.org/10.20524/aog.2017.0192
https://doi.org/10.1371/journal.pone.0145274
https://doi.org/10.1016/j.cell.2014.04.050
https://doi.org/10.1017/S000711451100064X
https://doi.org/10.1017/S000711451100064X
https://doi.org/10.11209/jim.29.9
https://doi.org/10.1016/j.cell.2015.01.002
https://doi.org/10.1016/j.mimet.2015.07.021
https://doi.org/10.1007/s10620-012-2526-4
https://doi.org/10.1097/MIB.0000000000000875
https://doi.org/10.1097/MIB.0000000000000875
https://doi.org/10.1080/19490976.2015.1011875
https://doi.org/10.1080/19490976.2015.1011875
https://doi.org/10.1038/nmicrobiol.2016.93
https://doi.org/10.1038/nri2515
https://doi.org/10.1128/JCM.01724-09
https://doi.org/10.1007/s00203-018-1506-2
https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1038/nature18846
https://doi.org/10.1038/nature18846
https://doi.org/10.3389/fmicb.2017.00847
https://doi.org/10.3389/fmicb.2017.00847
https://doi.org/10.1016/j.ijmm.2007.07.016
https://doi.org/10.1016/j.ijmm.2007.07.016
https://doi.org/10.1126/science.aar3318
https://doi.org/10.3389/fmicb.2018.01417

T. Shima et al.

Tsuruya, A., Kuwahara, A., Saito, Y., Yamaguchi, H., Tsubo, T., Suga,
S., Inai, M., Aoki, Y., Takahashi, S., Tsutsumi, E., Suwa, Y., Morita,
H., Kinoshita, K., Totsuka, Y., Suda, W., Oshima, K., Hattori, M.,
Mizukami, T., Yokoyama, A., Shimoyama, T. and Nakayama, T.,
2016. Ecophysiological consequences of alcoholism on human
gut microbiota: implications for ethanol-related pathogenesis of
colon cancer. Scientific Reports 6: 27923. https://doi.org/10.1038/
srep27923

Vandeputte, D., Kathagen, G., D’'Hoe, K., Vieira-Silva, S., Valles-
Colomer, M., Sabino, J., Wang, J., Tito, R.Y., De Commer, L., Darzi, Y.,
Vermeire, S., Falony, G. and Raes, J., 2017. Quantitative microbiome
profiling links gut community variation to microbial load. Nature
551: 507-511. https://doi.org/10.1038/nature24460

Wang, C., Nagata, S., Asahara, T., Yuki, N., Matsuda, K., Tsuji, H.,
Takahashi, T., Nomoto, K. and Yamashiro, Y., 2015. Intestinal
microbiota profiles of healthy pre-school and school-age children
and effects of probiotic supplementation. Annals of Nutrition and
Metabolism 67: 257-266. https://doi.org/10.1159/000441066

Yatsunenko, T., Rey, F.E., Manary, M.J., Trehan, 1., Dominguez-Bello,
M.G., Contreras, M., Magris, M., Hidalgo, G., Baldassano, R.N.,
Anokhin, A.P,, Heath, A.C., Warner, B., Reeder, J., Kuczynski, .,
Caporaso, ].G., Lozupone, C.A., Lauber, C., Clemente, J.C., Knights,
D., Knight, R. and Gordon, J.I., 2012. Human gut microbiome
viewed across age and geography. Nature 486: 222-227. https://
doi.org/10.1038/nature11053

Zhao, X., Zhang, Z., Hu, B., Huang, W., Yuan, C. and Zou, L., 2018.
Response of gut microbiota to metabolite changes induced by
endurance exercise. Frontiers in Microbiology 9: 765. https://doi.
org/10.3389/fmicb.2018.00765

854

Beneficial Microbes 10(8)


https://doi.org/10.1038/srep27923
https://doi.org/10.1038/srep27923
https://doi.org/10.1038/nature24460
https://doi.org/10.1159/000441066
https://doi.org/10.1038/nature11053
https://doi.org/10.1038/nature11053
https://doi.org/10.3389/fmicb.2018.00765
https://doi.org/10.3389/fmicb.2018.00765

	Association of life habits and fermented milk intake with stool frequency, defecatory symptoms and intestinal microbiota in healthy Japanese adults
	Abstract
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusions
	Supplementary material
	Acknowledgements
	Conflict of interest
	References


