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Abstract: Despite the fact that gut microbiota is closely associated with obesity, few studies have
focused on the influences of paraprobiotics as food ingredients on both obesity prevention and the gut
microbial community. In this study, we evaluated the effects of fragmented Lactobacillus amylovorus
CP1563 (CP1563) as a paraprobiotic for obesity prevention and investigated its effects on the gut
microbial community in pre-obese subjects. One hundred sixty-nine healthy subjects with a body
mass index from 25.0 to 29.9 kg/m2 ingested beverages with or without the fragmented CP1563
containing 10-hydroxyoctadecanoic acid (10-HOA) for 12 weeks. The changes in abdominal, total,
visceral, and subcutaneous fatty areas were significantly lower in the CP1563-10-HOA group than in
the placebo group at 12 weeks. Furthermore, 16S rRNA gene sequencing of fecal DNA revealed that
the changes in the abundances of the genera Roseburia and Lachnospiraceae;g were significantly greater
in the CP1563-10-HOA group than in the placebo group, and the changes in the abundances of the
genus Collinsella was significantly smaller in the CP1563-10HOA group than in the placebo group.
Our results showed that continuous ingestion of the fragmented CP1563 containing 10-HOA reduced
abdominal body fat and affected the gut microbial community in pre-obese healthy subjects. Our
findings may contribute to the understanding of the relationship between the anti-obesity effect of
paraprobiotics and gut microbiota.

Keywords: Lactobacillus amylovorus CP1563; paraprobiotics; 10-hydroxyoctadecanoic acid; obesity;
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1. Introduction

Obesity causes lifestyle-related metabolic disorders, including hypertension, dyslipidemia,
and diabetes, which lead to advanced atherosclerosis or cardiovascular diseases [1,2]. The development
of obesity is caused by genetic susceptibility, fitness habits, and dietary habits. In particular, the daily
energy imbalance gap between intake and expenditure has a major impact on weight gain. Because the
risk of weight gain increases with the excess energy intake characteristic of Western eating habits [3],
the energy imbalance gap is considered to be closely associated with the Westernization of eating
habits. In addition, eating habits are known to modulate the gut microbial community [4], and the
gut microbiota plays an important role in host health maintenance and disease pathogenesis [5].
A previous report related to obesity showed that a Western diet containing high fat and high sugar
altered the gut microbial community [6,7]. In addition, in a microbiota transplantation study using
germ-free mice, the mice with transplants from donor mice fed a Western diet experienced significant
weight gain compared to the other mice with transplants from donor mice fed a non-Western diet [6].
Another study showed that a gut microbiome profile associated with obesity influenced intestinal
permeability [8] and inflammation status [9,10], and these changes were associated with the induction
of obesity. Given these insights, both dietary habits and gut microbial conditions need to be taken into
account in obesity prevention.

Many studies have shown beneficial effects with regard to obesity prevention induced by the
consumption of certain food ingredients, which is a strategy related to dietary habits [11–13]. In addition,
probiotics, which constitute a food ingredient, are valuable for obesity prevention and improvement
of the gut microbial conditions [14–17]. Probiotics are defined as “live microorganisms which, when
administered in adequate amounts, confer a health benefit on the host” [18], and the modification
of the gut microbial composition is one of the main mechanisms underlying the beneficial effects of
probiotics on host health [19,20]. Although probiotics have useful effects on human health, useable
probiotics are restricted to specific industrial products due to the properties of viable microorganisms.

To date, some research has focused on the beneficial effects of paraprobiotics on human health.
Paraprobiotics are defined as nonviable microbial cells (intact or broken) or crude cell extracts, which,
when administered (orally or topically) in adequate amounts, confer a benefit on the human or
animal consumer [21,22]. Recent studies indicated that paraprobiotics such as Lactobacillus paracasei
MCC1849 and Enterococcus faecalis EC-12 were useful for human health, especially with regard to their
immunomodulatory effects [23,24]. Furthermore, paraprobiotics have been shown to have anti-obesity
effects in human clinical studies [25–27].

Lactobacillus amylovorus CP1563 (CP1563) was originally isolated from human fecal specimens.
CP1563 was selected as a strain with high ligand activity for peroxisome proliferator-activated receptor
α (PPARα) [28], which plays a crucial role in controlling lipid metabolism, reducing adiposity, and
improving hepatic steatosis [29]. Previous studies indicated that the effect of CP1563 on obesity
prevention was augmented by the fragmentation of the bacterial cells [30]. Furthermore, it was
found that the 10-hydroxyoctadecanoic acid (10-HOA) contained in the fragmented CP1563 was the
main active compound affecting PPARα ligand activity, and the administration of purified 10-HOA
decreased the level of abdominal visceral fat and ameliorated plasma lipid metabolism in diet-induced
obese mice [31]. Although the main active component in fragmented CP1563 with regard to obesity
prevention was identified as 10-HOA, it remains unclear whether the fragmented CP1563 affects
the gut microbial community. While drugs are generally expected to have a therapeutic effect on
obesity, food ingredients are expected to have a preventive effect on obesity when taken orally each
day. Indeed, many clinical trials evaluating the anti-obesity effects of probiotics or paraprobiotics have
found positive results in pre-obese subjects [14,15,25]. In this study, we investigated the effects of
fragmented CP1563 on obesity prevention and the gut microbial community in pre-obese subjects.
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2. Materials and Methods

2.1. Study Procedures

The present clinical trial was approved by the Institutional Review Boards of the Medical
Corporation Hokubukai Utsukushigaoka Hospital (Sapporo, Japan) and was conducted according to
the ethical standards established in the 1964 Declaration of Helsinki. This study was registered with the
University Hospital Medical Information Network (UMIN) Clinical Trials Registry as UMIN000033908
(Title: A study to evaluate the effect of test food on body fat-reducing) and was conducted in
compliance with the protocol. Written informed consent was obtained from all subjects prior to
enrolment. The study was performed from June 2018 to June 2019.

2.2. Sample Size

The sample size calculation was performed with G*Power 3.1.9.4 [32], using t-tests to determine
the difference between two independent groups. Assuming an a priori effect size of 0.42 estimated
from our previous study [30], an α error probability of 0.05, and a power (1-β error probability) of 0.80,
the resulting total sample size was 180. The analysis exclusion rate was estimated to be 10%; thus,
200 subjects were recruited.

2.3. Subjects

The subjects were males and females aged 20 to under 70 years with a body mass index (BMI) from
25.0 to 29.9 kg/m2. A BMI from 25.0 to 29.9 kg/m2 is defined as “obese (level 1)” by the Japan Society
for the Study of Obesity and as “pre-obese” by the World Health Organization [33]. The exclusion
criteria were as follows: patients with a history of serious disease; intake of supplements and/or
medicines that may affect the results of the study; allergy to test or placebo beverages; pregnancy,
lactation, or planning to become pregnant; 60 g or more of alcohol per day on average and/or 20 and
more cigarettes a day on average; extremely irregular dietary habits or an alternative work schedule,
such as working a midnight shift; and any other reason for ineligibility as judged by the principal
investigator. Before participation in the study, blood was collected from all subjects at the hospital
(Medical Corporation Shoureikan Sinsapporo Seiryo Hospital, Sapporo, Japan), and all blood analyses
were performed at Sapporo Clinical Laboratory Inc. (Sapporo, Japan). Blood analysis was used to
confirm the health condition of each subject during the screening phase.

2.4. Supplementary Beverages

Test beverages were prepared as previously reported with some modifications [30]. Briefly,
L. amylovorus CP1563 was cultured in a food-grade medium and collected. Bacterial cells were washed,
heat-inactivated, and lyophilized. The resulting bacterial powder was fragmented. A previous
study indicated that the activity of PPARα in fragmented CP1563 was mainly attributed to
10-hydroxyoctadecanoic acid (10-HOA), and 10-HOA improved lipid metabolism [31]. Therefore,
the amount of 10-HOA in the fragmented CP1563 powder was confirmed. Based on a method described
in a previous report [31], 1.44 mg of 10-HOA was detected in 200 mg of the fragmented CP1563 powder.

Test beverages with 200 mg of the fragmented CP1563 powder and a placebo beverage without
the fragmented CP1563 powder were prepared by blending some food ingredients, pasteurizing the
mixture, and packaging the liquid into 500 mL bottles. The nutritional contents of the test and placebo
beverages were as follows: The test beverage provided a total of 83.7 kJ (20 kcal/day) kcal, 1.0 g of
protein, 0 g of fat, 4.0 g of carbohydrates, and 0.25 g of salt, whereas the placebo beverage provided a
total of 83.7 kJ (20 kcal/day) kcal, 1.0 g of protein, 0 g of fat, 4.0 g of carbohydrates, and 0.25 g of salt.
The beverages were obtained from Asahi Soft Drinks Co., Ltd. (Tokyo, Japan).
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2.5. Study Design

This study was designed as a randomized, double-blind, placebo-controlled, parallel group study.
The study period consisted of a 2-month screening examination, followed by a 12-week test beverage
treatment period. A concealed study coordinator randomly and blindly assigned the 200 subjects into
two groups of 100 each that were matched for sex and BMI. Random allocation was conducted by
using a computer random number generator. The subjects in one group received the test beverages
(a 500 mL bottle of the beverage with the fragmented CP1563 containing 10-HOA per subject per day:
CP1563-10-HOA group), and those in the other group received the placebo beverage (a 500 mL bottle
of the beverage without the fragmented CP1563 per subject per day: placebo group). All subjects
were enrolled in the study prior to random allocation. Allocation to the test or placebo group was
concealed from the investigator who enrolled the subjects, the nurses, and the medical doctor in charge
of the study.

2.6. Measurement

At the start of the treatment period (0 weeks), every 4 weeks (4 and 8 weeks), and at the end of
the intervention (12 weeks), we collected the following anthropometric measurements at the hospital
(Medical Corporation Shoureikan Sinsapporo Seiryo Hospital, Sapporo, Japan): body weight, BMI,
body fat percentage, and waist circumference. Computed tomography (CT) (Bright Speed Elite, GE
healthcare, Milwaukee, WI, USA) scans were performed to measure the abdominal visceral fat area
(VFA) and subcutaneous fat area (SFA) at baseline, 4, 8, and 12 weeks. To calculate the abdominal
VFA, SFA, and total fat area (TFA), which was the sum of the VFA and SFA, the CT scan images were
analyzed with Nazca View (AstroStage, Ltd., Tokyo, Japan).

Daily records, which included the consumption of the beverages, dietary content, pedometer
measurement, intake of medicines, and physical condition, such as the presence of any symptoms,
were recorded by each subject. The intake of total energy, protein, carbohydrate, fat, and salt were
calculated by an analysis of the dietary records and using nutrition calculation software (Excel smart
nutritional calculation ver.5, Ishiyaku Publishers, Ltd., Tokyo, Japan).

2.7. Analysis of Fecal Microbiota

Fecal samples were collected at 0 and 12 weeks, and fecal DNA was extracted by the bead beating
method as previously described [34]. Amplification of the 16S rRNA sequence was performed with
the primer set of Tru357F (5′-CGCTCTTCCGATCTCTG TACGGRAGGCAGCAG-3′) and Tru806R
(5′-CGCTCTTCCGATCTGACGGACTACHVGGGTWTCTAAT-3′) as described previously [35].
The polymerase chain reaction (PCR) products were purified by Agencourt AMPure XP (Beckman
Coulter, Inc., Brea, CA, USA), and the products were amplified using the Nextera Index Kit (Illumina,
San Diego, CA, USA). After the second PCR, the amplified products were purified using Agencourt
AMPure XP. The product was quantified and pooled in an equimolar amount. Sequencing was
performed with an Illumina MiSeq system and MiSeq Reagent Kit v.2 (300 Cycle). Sequence data
were analyzed as described previously [36]. In brief, Quantitative Insights Into Microbial Ecology
(QIIME) ver.1.8.0 was used for sequence filtering and analysis [37]. Quality filtering was performed
using fastq files, and sequences with a quality score <29 were removed. Chimeric sequences were
removed using USEARCH. Assignment to operational taxonomic units (OTUs) was performed using
open-reference OTU picking with a 97% threshold for pairwise identity. After removing the OTUs
containing < 5 sequences, the OTUs were classified taxonomically using the Greengenes reference
database [38].

2.8. Measurement of Fecal Short Chain Fatty Acids (SCFAs)

Fecal samples were collected at 0 and 12 weeks. Using high-performance liquid chromatography
with a pH indicator (LaChrom Elite; Hitachi High-Technologies Corporation, Tokyo, Japan),
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the concentrations of acetic acid, propionic acid, n-butyric acid, iso-butyric acid, n-valeric acid,
and iso-valeric acid were measured as reported in a previous report [39].

2.9. Statistical Analysis

Unpaired Student’s t-tests, Dunnett’s test, and the χ2 test were performed using JMP13 (SAS
Institute Japan Ltd., Tokyo, Japan). The data are presented as the mean ± standard error of the mean
(SEM). For the analysis of differences between groups, principal coordinate analysis (PCoA) and
permutational multivariate analysis of variance (MANOVA) using distance matrices based on the
Bray–Curtis distance were performed with R software (ver. 4.0.0) with the vegan package. PCoA
and permutational MANOVA based on weighted and unweighted UniFrac distance, and α-diversity
analyses such as chao1, Shannon, and PD whole tree were run on QIIME software (ver. 1.8.0). In the
comparison of gut microbial compositional change values, p values were adjusted for multiple testing
using the false discovery rate (FDR) with the qvalue package of R software (ver. 4.0.0) and a parameter
(lambda = 0.5) [40]. Differences were considered significant at p < 0.05 or q < 0.05.

3. Results

3.1. Characteristics of the Subjects

The process for the selection of the subjects enrolled in this study is shown in Figure 1. In accordance
with the inclusion and exclusion criteria, 385 of the 585 subjects were excluded, and 200 subjects
(110 women and 90 men) were deemed eligible. The subjects were considered healthy by a principal
investigator based on the results of the blood analysis, blood pressure measurement, and self-report.
The subjects were enrolled and randomly assigned into the CP1563-10-HOA group or the placebo
group (100 subjects per group) by the study coordinator. Two subjects dropped out of the study
because of personal problems not related to the study. After the intervention, a total of 29 subjects
were excluded by the principal investigator because of their inability to comply with the study rules:
7 subjects were noncompliant with the consumption of the beverages; 8 subjects had excessive lifestyle
changes; and 14 subjects took medicine (antibiotics or medical drugs) or had an infectious disease or
surgery that could have affected the results. Finally, the analysis was conducted with 169 subjects
(85 subjects in the CP1563-10-HOA group and 84 subjects in the placebo group). There were no
significant differences in age, male/female ratio, BMI, abdominal fat area, body fat percentage, or waist
circumference between the CP1563-10-HOA and placebo groups (Table 1).

Table 1. Characteristics of subjects.

Parameters CP1563-10-HOA Group Placebo Group p Value

Age (years) 43.6 ± 1.3 41.7 ± 1.5 0.34
Sex (male/female) 38/47 41/43 0.59

Height (cm) 163.5 ± 0.9 165.7 ± 1.0 0.10
Body weight (kg) 72.5 ± 0.9 74.5 ± 1.0 0.14

Body mass index (BMI) (kg/m2) 27.0 ± 0.2 27.1 ± 0.2 0.86
Abdominal total fat area (cm2) 335.0 ± 6.7 340.1± 6.3 0.58

Abdominal visceral fat area (cm2) 92.0 ± 3.5 90.8 ± 3.7 0.81
Abdominal subcutaneous fat area (cm2) 243.0 ± 6.5 249.3 ± 6.4 0.48

Body fat percentage (%) 34.2 ± 0.7 33.9 ± 0.7 0.79
Waist circumference (cm) 91.1 ± 0.7 91.4 ± 0.7 0.74

Values are mean ± SEM (the CP1563-10-HOA group: n = 85, the placebo group: n = 84). All p values except for the
male/female ratio were calculated by Student’s t-test. The χ2 test was used for analysis of the male/female ratio.
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3.2. Dietary Nutritional Content and Physical Activity During the Study Period

Salt intake was significantly higher in the CP1563-10-HOA group than in the placebo group at
0 weeks; however, the intake of other nutrients (calories, protein, fat, carbohydrate) as calculated by
nutrition calculation software and daily physical activity as defined by the pedometer reading were
not significantly different between the two groups during the study period (Table 2). The test beverage
consumption rates were 97.1 ± 0.5% and 98.0 ± 0.4% in the CP1563-10-HOA and the placebo groups,
respectively. No adverse events were observed by the principal investigators in the daily self-reports
and interviews during the study period.
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Table 2. Daily nutrient intake and physical activity.

Parameters Treatment
Values

0 Weeks 4 Weeks 8 Weeks 12 Weeks

Calories (kcal/day) CP1563-10-HOA 1748.8 ± 49.6 1691.7 ± 53.6 1669.8 ± 56.4 1624.9 ± 63.7
Placebo 1652.9 ± 54.1 1644.5 ± 57.2 1583.3 ± 56.4 1651.6 ± 60.9

p value (vs. placebo) 0.19 0.55 0.28 0.76
Protein (g/day) CP1563-10-HOA 66.5 ± 2.2 66.7 ± 2.7 62.8 ± 2.1 63.5 ± 3.0

Placebo 62.5 ± 2.3 63.1 ± 2.4 58.7 ± 2.6 68.0 ± 7.0
p value (vs. placebo) 0.21 0.32 0.21 0.56

Fat (g/day) CP1563-10-HOA 62.4 ± 2.1 57.9 ± 2.3 59.4 ± 2.3 56.4 ± 2.5
Placebo 59.2 ± 2.6 57.8 ± 2.5 56.9 ± 2.4 60.7 ± 2.7

p value (vs. placebo) 0.34 0.98 0.44 0.25
Carbohydrate (g/day) CP1563-10-HOA 218.9 ± 7.2 219.3 ± 8.6 210.9 ± 8.5 206.4 ± 8.4

Placebo 212.0 ± 7.9 218.1 ± 8.1 204.0 ± 8.2 207.5 ± 8.2
p value (vs. placebo) 0.52 0.92 0.56 0.93

Salt (g/day) CP1563-10-HOA 9.1 ± 0.3 8.4 ± 0.4 9.0 ± 0.4 8.2 ± 0.4
Placebo 8.1 ± 0.3 8.2 ± 0.3 9.1 ± 0.4 8.3 ± 0.3

p value (vs. placebo) 0.03 0.66 0.77 0.88
Steps (counts/day) CP1563-10-HOA 6025.9 ± 315.0 5551.9 ± 299.8 5833.0 ± 338.2 6414.5 ± 498.2

Placebo 5979.6 ± 330.4 6691.7 ± 839.6 6957.9 ± 906.6 7270.5 ± 866.1
p value (vs. placebo) 0.92 0.20 0.24 0.39

Values are the mean ± SEM (the CP1563-10-HOA group: n = 85, the placebo group: n = 84). The p values were calculated by Student’s t-test.
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3.3. Effects of Fragmented CP1563 on Abdominal Fat Area, Body Weight, and BMI

Figure 2 shows the changes in abdominal fat area. The changes in TFA, VFA, and SFA at 12 weeks
were significantly smaller in the CP1563-10-HOA group than in the control group. The changes in TFA
of the placebo group was increased significantly at 12 weeks compared to the baseline, and the changes
in SFA of the placebo group were increased significantly at 4, 8, and 12 weeks compared to the baseline.
The body weight in the CP1563-10-HOA group at 12 weeks was significantly lower than that in the
placebo group (Table S1). Figure 3 shows the changes in anthropometric parameters. The changes
in body weight and BMI at 8 and 12 weeks were significantly smaller in the CP1563-10-HOA group
than in the placebo group. The changes in body weight and BMI of the placebo group were increased
significantly at 8 and 12 weeks compared to 0 weeks. The body fat percentage and waist circumference
were not significantly different between the two groups during the study period (Table S1).
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# p < 0.05, ## p < 0.01. vs. baseline (by Dunnett’s test).
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Data are shown as the mean ± SEM (the CP1563-10-HOA group: n = 85, the placebo group: n = 84).
** p < 0.01. vs. placebo group (by Student’s t-test.). ## p < 0.01. vs. 0 weeks (by Dunnett’s test).

3.4. Effect of Fragmented CP1563 on Fecal Microbiota and Fecal SCFAs

Because 6 samples were not submitted by subjects, 83 samples from the CP1563-10-HOA group at
0 weeks, 82 samples from the CP1563-10-HOA group at 12 weeks, 84 samples from the placebo group at
0 weeks, and 83 samples from the placebo group at 12 weeks were analyzed. The α-diversity analyses
(chao1, Shannon, and PD whole tree) showed no significant difference between the two groups at each
timepoint (Table S2). The fecal microbiota profiles of the CP1563-10-HOA group and the placebo group
based on the Bray–Curtis distance using bacterial taxa at the genus level, weighted UniFrac distance,
and unweighted UniFrac distance were visualized by PCoA analysis and analyzed by permutational
MANOVA (Figure 4, Figures S1 and S2). The result of the permutational MANOVA revealed significant
differences between the two groups at 0 (p = 0.015) and 12 (p = 0.006) weeks. The analysis based on
the weighted UniFrac distance were in accord with the analysis based on the Bray–Curtis distance.
The analysis based on the unweighted UniFrac distance showed a significant difference between two
groups at 12 weeks; however, no significant difference was observed at 0 weeks.
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Figure 4. Plots of the placebo and CP1563-10-HOA groups at 0 (a) and 12 (b) weeks were visualized by
principal coordinate analysis (PCoA) based on the Bray–Curtis distance using the bacterial taxa at the
genus level (the CP1563-10-HOA group at 0 weeks: n = 83, at 12 weeks: n = 82; the placebo group at 0
weeks: n = 84, at 12 weeks: n = 83). The p values were calculated by permutational MANOVA based
on the Bray–Curtis distance using the bacterial taxa at the genus level.

Because a significant difference in the microbial community between the two groups was observed
at 0 weeks, we analyzed the change values calculated by subtracting the taxon abundance at week 0
from the taxon abundance at week 12 to analyze the effect of the test beverages on the gut microbiota.
The taxon abundances that averaged over 1% in a total of 332 samples were used in the statistical
analysis to evaluate the effect on the predominant taxa in the fecal microbiota (Table S3). The change
values of fecal microbial abundances at the genus level are summarized in Table 3 (the CP1563-10-HOA
group: n = 80, the placebo group: n = 83). The analysis revealed that the changes in Roseburia and
Lachnospiraceae;g were significantly greater in the CP1563-10-HOA group than in the placebo group,
and the changes in Collinsella were significantly smaller in the CP1563-10-HOA group than in the
placebo group.
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Table 3. Compositional change values of the fecal microbiota at the genus level.

Genus
Compositional Change (%) p Value q Value

CP1563-10-HOA Placebo

Blautia −2.1 ± 1.2 −0.8 ± 1.0 0.39 0.45
Bifidobacterium −0.0 ± 1.2 1.3 ± 1.3 0.44 0.45
Faecalibacterium 0.8 ± 1.1 2.0 ± 1.1 0.45 0.45

Coprococcus −1.1 ± 0.6 −1.3 ± 0.7 0.80 0.57
Lachnospiraceae;g_[Ruminococcus] −0.7 ± 0.5 −1.3 ± 0.6 0.43 0.45

Lachnospiraceae;g 1.0 ± 0.4 −0.6 ± 0.5 0.01 0.047
Roseburia 0.8 ± 0.7 −1.4 ± 0.6 0.01 0.047

Bacteroides 1.5 ± 1.3 2.3 ± 1.0 0.64 0.53
Streptococcus −0.8 ± 0.5 0.2 ± 0.6 0.21 0.37
Ruminococcus 0.4 ± 0.4 −0.3 ± 0.3 0.22 0.37

Dorea −0.1 ± 0.2 −0.2 ± 0.2 0.88 0.59
Erysipelotrichaceae;g_[Eubacterium] −0.0 ± 0.2 −0.1 ± 0.2 0.80 0.57

Lachnospiraceae;Other 0.1 ± 0.1 0.0 ± 0.1 0.62 0.53
Butyricicoccus 0.0 ± 1.1 −0.4 ± 0.1 0.046 0.12

Collinsella −0.3 ± 0.1 0.2 ± 0.1 0.003 0.03

Values are the mean ± SEM (the CP1563-10-HOA group: n = 80, the placebo group: n = 83). The p values were
calculated by Student’s t-test and adjusted using the false discovery rate (FDR) method. FDR-adjusted p values (q
values) are listed.

Because 1 sample was not submitted by a subject, 85 samples from the CP1563-10-HOA group at
0 weeks, 84 samples from the CP1563-10-HOA group at 12 weeks, 84 samples from the placebo group
at 0 weeks, and 84 samples from the placebo group at 12 weeks were analyzed to determine fecal SCFA
concentrations (Table 4). The changes in the concentrations of fecal SCFAs (acetic acid, propionic acid,
n-butyric acid, iso-butyric acid, n-valeric acid, and iso-valeric acid) were not significantly different
between the two groups.

Table 4. Changes in the concentrations of fecal short chain fatty acids (SCFAs).

SCFAs
Change in the Concentration (mg g−1 Feces) p Value

CP1563-10-HOA Placebo

Acetic acid 7.9 ± 2.1 4.7 ± 1.7 0.23
Propionic acid 2.4 ± 0.8 1.0 ± 0.8 0.22
n-Butyric acid 0.8 ± 0.8 1.1 ± 0.7 0.78

iso-Butyric acid 0.5 ± 0.1 0.2 ± 0.1 0.10
n-Valeric acid 0.2 ± 0.1 0.3 ± 0.2 0.72

iso-Valeric acid 0.2 ± 0.2 0.4 ± 0.2 0.39

Values are the mean ± SEM (the CP1563-10-HOA group: n = 84, the placebo group: n = 84). The p values were
calculated by Student’s t-test.

4. Discussion

Although gut microbial conditions need to be taken into account when attempting to prevent
obesity, it remains unclear whether fragmented CP1563 affects the gut microbial community. In this
study, we investigated the effects of fragmented CP1563 on obesity prevention and the gut microbial
community in pre-obese subjects.

The TFA, VFA, and SFA at 12 weeks were significantly lower in the CP1563-10-HOA group than
in the control group. Body weight and BMI were also significantly lower in the CP1563-10-HOA group
than in the placebo group. It is known that abdominal fat reduction is mainly influenced by a reduction
in nutrient intake and an increase in physical activity. In this study, nutrient intake (calories, protein, fat,
carbohydrate) as calculated by nutrition calculation software and daily physical activity as defined by
pedometer readings were not significantly different between the two groups. These results suggested
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that fragmented CP1563 reduced abdominal fat area, body weight, and BMI in pre-obese subjects.
Several human clinical trials showed an anti-obesity effect of the intake of paraprobiotics [25–27].
The anti-obesity effect of fragmented CP1563 in this study supported the results of a previous study,
which showed the anti-obesity effect of fragmented CP1563 [30]. The obesity conditions in the control
group alone worsened during the intervention (Figures 2 and 3). Previous studies also indicated
that obesity conditions in pre-obese adults worsened during the study period [15,25]. Obesity might
continue to worsen in pre-obese adults unless they consciously try to improve their current lifestyles.
However, whether these findings apply to all pre-obese Japanese individuals remains unclear. Even in
such a situation, CP1563 had a beneficial effect on obesity prevention in the pre-obese subjects.

Few findings have focused on the effects of the oral intake of paraprobiotics on the gut microbial
community in obesity prevention [26,27]. In addition, there is no evidence about the effects of
fragmented CP1563 on the gut microbial community. The fecal microbiota profiles analyzed by
permutational MANOVA using the unweighted UniFrac distance showed a significant difference
between the two groups only at 12 weeks (Figure S2). However, the fecal microbiota profiles analyzed
by permutational MANOVA using the Bray–Curtis and weighted UniFrac distance showed a significant
difference between the two groups at 0 and 12 weeks (Figure 4, Figure S1). It is known that the
unweighted UniFrac distance is a qualitative distance matrix and that the weighted UniFrac and
Bray–Curtis distances are quantitative distance matrices. These results suggested that ingestion of the
fragmented CP1563 has the potential to have a qualitative effect on the gut microbial community, such
as the frequency of the bacterial taxa. However, the initial difference in the gut microbial community
between the two groups made it difficult to evaluate the effects of ingesting the fragmented CP1563 on
the quantitative effects, such as the abundance of the predominant bacterial taxa. For evaluation of
the effect on the predominant taxa in the fecal microbiota by the ingestion of the fragmented CP1563,
compositional changes in the fecal microbiota were analyzed. The analysis revealed that the changes in
Lachnospiraceae;g and Roseburia were significantly greater and the changes in Collinsella was significantly
smaller in the CP1563-10-HOA group than in the placebo group. Lachnospiraceae;g is an unknown
genus belonging to the family Lachnospiraceae. Because some butyrate-producing bacteria, such as
Eubacterium rectale and Eubacterium hallii, belong to Lachnospiraceae [41], some species belonging to
Lachnospiraceae;g have the potential to be butyrate-producing bacteria. Some bacterial species of the
genera Roseburia such as Roseburia intestinalis are known to be butyric acid-producing bacteria [42].
It is possible that an increase in the abundance of butyrate-producing bacteria in the digestive tract
leads to an increase in butyrate levels. To understand the Japanese gut microbiota, these microbiota
from healthy subjects are summarized in Table S4. Because the composition of the gut microbiota
was different in each study, discussing the characteristics of the gut microbiota in this study was
thought to be difficult. However, the abundance of genus Bacteroides, which is known to be reduced in
obesity-related conditions [43], might be small in this study.

Butyrate is one of the main SCFAs in the human digestive tract, along with propionate and
acetate. Butyrate is an activator of GPR41, which acts as an SCFA receptor [44,45]. GPR41 activation
increases heart rate and energy expenditure through sympathetic activation [46], and GPR41 activation
induces the secretion of PYY- and GLP-1-through endocrine L-cells [47]. Butyrate also activates GPR43,
which is highly expressed in adipose tissue [48]. The activation of GPR43 inhibits fat accumulation
in adipose tissue by suppressing insulin signaling in adipocytes [48]. Another study revealed that
an increase in microbial-derived butyrate induced the differentiation of colonic regulatory T cells
through epigenetic modification, and the induction of regulatory T cells showed an anti-inflammatory
effect [49]. Several studies have shown that the adipose tissue of obese organisms exhibits chronic
low-grade inflammation [50,51], and upregulating anti-inflammatory immune activities by increasing
the level of butyrate has the potential to affect obesity. Based on these insights, the increase in the level
of butyrate is thought to be involved in reducing obesity.

This study evaluated the changes in fecal SCFA concentrations. However, no significant differences
were observed in the changes in fecal SCFA concentrations between the two groups. SCFAs are utilized
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as an energy source for the colorectal epithelium [52,53] and are rapidly absorbed from the intestine
and subsequently utilized by the host as a substrate for metabolic energy production [54]. In addition,
a previous review proposed that it is necessary to measure portal appearance as well as portal
drained viscera metabolism to assess the quantitative and qualitative contribution of SCFA and SCFA
metabolites to whole-animal metabolism [55]. Evaluations of the SCFA levels in the serum and organs
to determine the effect of SCFAs on host metabolism are needed; however, there were no data collected
on serum and organ SCFA levels in our study. Therefore, further studies are needed to determine the
relationship between the increases in butyrate-producing bacteria and butyrate levels.

The abundance of the genus Roseburia was negatively correlated with the plasma glucose levels
in a human study [56], and the depletion of the genus Roseburia is a characteristic feature of the
microbiome in type 2 diabetic patients [57]. In addition, a high abundance of the genus Collinsella
is a characteristic feature of the microbiome in type 2 diabetic patients [58], and a structured weight
loss program reduced the abundance of the genus Collinsella in obese type 2 diabetic patients [59].
Based on these insights, the alterations in the abundances of Roseburia and Collinsella observed in our
study could have affected obesity in these patients. It is known that butyrate-producing bacteria are
reduced in abundance under inflammatory conditions such as in inflammatory bowel disease [60].
Although there is a possibility that a reduction in obesity may lead to the alleviation of inflammatory
conditions in the host and an increase in the abundance of butyrate-producing bacteria in the gut
microbial environment, it remains unclear whether the alterations of fecal microbiota abundances were
affected by the oral intake of the fragmented CP1563 cells or by the host response to the improvement
in the pre-obese condition. Because a significant difference in the gut microbial community between
the two groups was observed at 0 weeks, future clinical trials with no difference in the gut microbial
community at 0 weeks are needed for an accurate determination of the relationship between the oral
intake of fragmented CP1563 and the gut microbial community.

In summary, the daily ingestion of the fragmented CP1563 containing 10-HOA had a beneficial
effect on obesity prevention in pre-obese healthy subjects. Our results suggested that fragmented
CP1563 containing 10-HOA affected the gut microbial community. Our findings provide new insights
into the anti-obesity effects of this paraprobiotic strain.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-2607/8/2/304/s1,
Figure S1: The fecal microbiota profiles of the CP1563-10-HOA group and placebo group based on weighted
UniFrac distance visualized by PCoA analysis, Figure S2: The fecal microbiota profiles of the CP1563-10-HOA
group and placebo group based on unweighted UniFrac distance visualized by PCoA analysis, Table S1: Abdominal
fat areas and anthropometric parameters, Table S2: The α-diversity indices, Table S3: Components of the fecal
microbiota at the genus level, Table S4: Summary of the characteristics of subjects and gut microbial composition
of this study at week 0 and other studies.
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