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Partially hydrolyzed guar gum dietary fiber is well recognized for
a number of health benefits. In the present study, we aim to
investigate the effects of partially hydrolyzed guar gum on
constipation, intestinal microbiota as well as mental health in
healthy subjects. In the randomized, parallel, double-blind, and
placebo-controlled study the enrolled healthy men and women
volunteers took either 3 g/day (T3) or 5 g/day (T5) of dietary
fiber intakes for eight consecutive weeks compared to placebo
(T0). The fecal characteristics, fecal microbiota, defecation
characteristics, and quality of life (QOL) questionnaire were
investigated. The results revealed a significant suppression in
fecal potent harmful mucolytic bacteria in the T3 and T5 groups
compared to the T0 group. The defecation frequency, excretory
feeling, and scores of sleep and motivation questionnaire were
also improved in the dietary fiber intake groups, showing a
significant difference in the T5 group compared to the T0 group.
In summary, the consumption of partially hydrolyzed guar gum
dietary fiber is found effective in suppressing the potent harmful
mucolytic bacteria that could be associated with the improvement
of constipation-related symptoms including mental health in
terms of sleep and motivation among the healthy subjects.
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I n recent years, dietary fiber intake has been declining due to
the westernization of the diet.(1–3) Dietary fiber is essential

for maintaining a healthy intestinal environment, as it can be
utilized by beneficial microbes, which offer the host benefits
through modulation of immune balance, production of useful
metabolites such as short-chain fatty acids (SCFAs), and contri‐
bution to the maintenance of intestinal barrier integrity,(4,5) etc. Its
deficiency deteriorates the balance of intestinal microbiota and
causes defecation disorders such as constipation and diarrhea.
Moreover, recent studies have shown that intestinal microbiota
are involved not only in the digestive tract but also in the
systemic health. It is becoming increasingly clear that intestinal
microbiota affect a variety of diseases, including obesity and
lifestyle-related diseases,(6–9) and that they have a significant
impact not only on physical health but also on mental health.(10,11)

The bi-directional relationship between the brain and the gut has
been the focus of much attention and is referred to as the brain-
gut axis.(12) Signals from the brain, e.g., stress, have been shown
not only to alter gastrointestinal motility and cause gastroin‐
testinal symptoms but also to induce abnormalities in the
intestinal microbiota.(13) Conversely, gut bacteria act on the brain

through their effects on metabolites, immunity, and gastroin‐
testinal barrier function, and are involved in depression and
anxiety.(14,15) Furthermore, intestinal microbiota have been shown
to influence circadian rhythms and affect sleep.(16,17) Since
intestinal microbiota play pivotal roles in the host’s physical and
mental health as described above, probiotics and prebiotics,
which have beneficial effects on the intestinal microbiota, are
also attracting a great deal of attention. Various clinical trials are
now being conducted to test the effects of probiotics and prebi‐
otics on various diseases including immunity and brain func‐
tion,(18–21) etc.

Partially Hydrolyzed Guar Gum (PHGG) is a prebiotic dietary
fiber obtained from the endosperm of the guar bean (Cyanopsis
tetragonolopus).(22) The PHGG is manufactured by treatment of
guar bean seeds with a β-endogalactomannase derived from a
strain of Aspergillus niger. It is galactomannans composed of
galactose and mannose with a variety of prebiotic effects.(23,24)

PHGG selectively increases the beneficial bacteria such as
Bifidobacterium and butyrate-producing bacteria and promotes
the production of SCFAs.(25–30) Not only does it improve constipa‐
tion,(31,32) but it also improves diarrhea.(33–35) In addition, PHGG is
reported to improve chronic kidney disease,(36) fatty liver,(37)

and muscle atrophy via maintenance of intestinal barrier function
and suppression of systemic inflammation in mice,(38,39) and to
improve lifestyle-related diseases, such as abnormalities in
glucose and lipid metabolism in humans.(40,41) Thus, PHGG may
have various benefits on systemic health through improvement of
the intestinal environment. In the present study, we evaluated and
compared the effect of PHGG on gut and mental health in a
placebo-controlled study using a randomized, double-blind design.

Materials and Methods

Study design. The present randomized, double-blind,
placebo-controlled, parallel-group study was conducted at a
clinical research organization [Healthcare Systems Co. Ltd.
(HCS, Tokyo, Japan)]. Setsunan University (Osaka, Japan),
Kyoto Prefectural University of Medicine (Kyoto, Japan), and
Taiyo Kagaku Co., Ltd. (TKC, Mie, Japan) jointly prepared the
study protocol, and TKC provided the test food. All study proce‐
dures were undertaken by HCS in the consignment from TKC.
The study was conducted following the ethical principles based
on the Declaration of Helsinki and the Ethical Guideline for
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Medical Research Involving Human Subjects (Ministry of
Education, Culture, Sports, Science and Technology and Ministry
of Health, Labor and Welfare, 2021). The study protocol was
approved by the institutional review board of HCS (approval
number: 2122; Date of approval: October 26, 2021), and
registered at the UMIN-CTR (Trial ID: UMIN000045324). The
protocol was not modified from the time of final setup and
during the study.

Study functional food material. The commercially avail‐
able PHGG (Sunfiber®) used in this study was supplied by TKC.
Most of the previous clinical trials have tested more than 5 g/day
PHGG supplementation for defecation improvement.(32) In this
study, we aim to investigate a smaller effective dose, therefore
the PHGG dose was determined to be three-gram (3 g) and five-
gram (5 g) per day (containing more than 80% of soluble dietary
fiber). The soluble fiber content was measured by Association of
Official Agricultural Chemists (AOAC) method. The placebo
was maltodextrin (Dextrose equivalence 10.0–12.0; Matsutani
Chemical Industry Co., Ltd., Hyogo, Japan).

Study participants. Sixty healthy Japanese men and
women, aged 30–50 years were recruited as paid volunteers.
Inclusion criteria were (1) subjects who have been fully informed
of the purpose and content of the study, can consent, have volun‐
teered of their own free will with full understanding, and have
agreed in writing to participate in the study, (2) subjects with
subjective awareness of constipation (defecation frequency of
2–5 times/week at pre-baseline screening), and (3) subjects with
high average similarity of intestinal microbiota at pre-baseline
screening. Exclusion criteria were (1) subjects who have a
chronic disease and are receiving drug treatment or have a
history of serious illness, (2) subjects who have less than one
bowel movement per week, (3) subjects who are sensitive to a
fiber products or other related foods, (4) subjects who usually
consume high amounts of dietary fiber or oligosaccharide-
containing supplements, (5) subjects who have a habit to ingest
medicines or health-promoting foods that may affect the
intestinal environment, (6) subjects who participated in other
trials during the month before the start of the present study,
or who plan to participate in other trials after consenting to this
study, (7) subjects judged ineligible by the principal investigator
and medical practitioner of the study, and (8) subjects who are or
are possibly pregnant, or are lactating.

Sample size. Based on previous studies on the effect of
PHGG supplementation on improving the intestinal environment,
we performed a sample-size calculation for the 3 g/day PHGG
dose. A tentative measurement predicted the requirement of
approximately 55–60 participants for this study. Therefore, we
decided to recruit 60 participants (20 in each intervention group),
which is an adequate number of subjects that could be conve‐
niently handled at the clinical research facility.

Selection, randomization, and blinding. The study was
performed in a randomized, parallel, double-blind, and placebo-
controlled manner. Sixty subjects were selected from 86 based on
their relative abundance of 36 bacterial genera that are commonly
found in Japanese,(42) excluding those who with significantly
different intestinal microbiota composition. The selected partici‐
pants were randomly allocated to 3 g/day PHGG (T3), 5 g/day
PHGG (T5), or placebo (T0) supplementation groups using a
block randomization design stratified by sex and defecation
frequency at screening. The allocation was operated by an inde‐
pendent researcher of HCS who was not actively involved in the
planning, conduct, and analysis of the study. The allocation was
blinded from both the subjects as well as the investigators
until the completion of the intervention and data tabulation
of the study.

Intervention and outcomes. The study was carried out at
the designated HCS facility from November to December 2021.
The participants took either PHGG or placebo every day with

water for eight consecutive weeks. During the study period,
subjects were instructed to maintain their usual lifestyle and
refrain from taking the functional foods. The day before the visit,
subjects were asked to refrain from extreme exercise, to finish
their meals until 9 pm, and to avoid eating, drinking, smoking,
and staying up late. On the day of the visit, subjects were asked
to avoid morning exercise and to keep fasting other than water
until the test was completed. The subjects recorded their daily
fecal defecation characteristics (frequency, quantity, shape, smell,
and excretory feeling) in a diary during the entire study period.
At the baseline (0 w), after 4 weeks of consumption (4 w), and
after 8 weeks of consumption (8 w) of their respective treat‐
ments, the subjects visited the clinical center and submitted fecal
samples. Also, the physical examination (height, weight, body
mass index (BMI), and waist circumference), the physical condi‐
tion questionnaire, and quality of life (QOL) questionnaire were
investigated. The overall outcomes were a fecal defecation
frequency and intestinal microbiota including the questionnaire
on fecal defecation characteristics, fecal water content, fecal pH,
fecal organic acids, fecal putrefactive metabolites, skin moisture
content, weight, BMI, waist circumference, questionnaire on
sleep, stress, and fatigue. Also, the safety of the study food was
investigated.

Assessment of defecation. The fecal defecation frequency
was assessed by recording defecation (times/day) from two
weeks prior to the start of study at baseline, and until the end of
the study duration (8 weeks). The fecal characteristics were
assessed at each defecation according to the following criteria;
the fecal amount: relative size of a commercial M-size egg as 1
unit; the fecal shape (Bristol stool scale): 1 (separate hard lumps,
like nuts), 2 (“sausage-shaped” but lumpy), 3 (like a sausage but
with cracks on its surface), 4 (like a sausage or snake, smooth
and soft), 5 (soft blobs with clear-cut edges), 6 (fluffy pieces with
ragged edges, a mushy stool), and 7 (watery, no solid pieces); the
fecal smell: 1 (no smell), 2 (no too smelly), 3 (normal smell), 4
(slightly strong smell), 5 (strong smell); the fecal excretory
feeling: 1 (completely clear), 2 (mostly clear but a little residual
stool feeling), 3 (discomfort with residual stools). Scores were
averaged per week before the start of the study at baseline (day
−14∼day 0) and the entire intake period of 8 weeks; (day 0∼day
56) for within-group and between-group comparisons.

Analysis of intestinal microbiota by 16S rRNA metage‐
nomics. Extraction of bacterial DNA from feces, library prepa‐
ration, and deep sequencing (MiSeq, Illumina K.K., Tokyo,
Japan) was carried out exactly as described by Morishima et
al.(43) Sequence data analysis was carried out as depicted by
Hashimoto et al.(44) with modification using QIIME 2.(45) At a
taxonomy assignation step of the amplicon sequence variant, the
SILVA database was adopted in this study.(46)

Estimation of fecal organic acids. Approximately 50 mg of
fecal samples were suspended in 0.5 ml of 14% perchloric acid,
centrifuged at 10,000 × g for 5 min at 4°C, and the supernatant
solution was filtered through a 0.20 μm cellulose acetate
membrane filter. The amount of organic acids (succinate, lactate,
formate, acetate, propionate, iso-butyrate, butyrate, iso-valerate,
and valerate) were measured by ion-exclusion high-performance
liquid chromatography, as described elsewhere.(47)

Fecal water content and pH measurement. Approxi‐
mately 0.5 g of feces were placed in a 2 ml of microcentrifuge
tube and accurate weight was collected. Then, feces were freeze-
dried and then weighted. Fecal water content was calculated
based on fecal weight before and after drying. Feces was diluted
10-fold with distilled water and pH was measured by handy
pencil-type pH meter (SPH70; AZ ONE, Tokyo, Japan).

Measurement of fecal putrefactive metabolites and
ammonia content. The fecal putrefactive metabolites such as
phenol, indole, skatole, para-cresol, and para-ethylphenol were
measured by gas chromatography-mass spectrometry (GC-MS)
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as described elsewhere.(48) Fecal ammonia concentrations were
measured using an ammonia test kit (FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan) according to the manufac‐
turer’s protocol.

Skin moisture measurement. Skin surface stratum corneum
moisture content was evaluated through high-frequency skin
conductance using Skicon-200EX (I.B.S. Company, Ltd., Japan)
at the inner arm site. Seven measurements were taken for each
subject and five measurements with close approximation values
were averaged.

Evaluation of QOL. QOL questionnaires on sleep, stress,
and fatigue were assessed using a visual analog scale (VAS) at
week 0, 4, and 8 of the study duration.(49) Since subjective evalu‐
ations such as mood and sensation are known to be strongly
influenced by the placebo effect,(50) therefore the VAS was
preferred to detect the subjective effect of the test food intake.
The VAS measures the data of subjective evaluations as contin‐
uous variables and can detect even minute differences more
sensitively than the stepwise subjective evaluations. The subjects
were instructed to input the rate level of their condition on VAS
from 0 (worst) to 10 (best). Among the VAS questionnaires, the
sleep-related questionnaire was developed regarding the Ogri-
Shirakawa-Azumi sleep inventory MA version (OSA-MA),(51)

and the following items were evaluated: initiation of sleep,
feeling of sufficient sleep, refreshment on waking up, fatigue on
waking up, and daytime sleepiness. The stress-related question‐
naire was developed regarding the SF-36 questionnaire,(52) and
the stress-related activities and motivation toward work and
study were evaluated. The fatigue-related questionnaire was
conducted according to the method proposed by the Japan
Society for Fatigue Science, and especially physical fatigue and
mental fatigue were evaluated.

Statistical analysis. All data are presented as means ± SD.
Data analysis were conducted using R (ver. 4.2.0), IBM SPSS
Statistics (ver. 25), and JMP (ver. 13.2.0). P values of less than
0.05 were considered statistically significant (p<0.05). The male-
female ratio was compared by the χ2 test. The Paired t test as a
parametric test and the Wilcoxon’s signed-rank sum test as a non-
parametric test was used for within-group comparison. Analysis
of variance (ANOVA) and repeated-measures ANOVA was
used to determine the effectiveness of factors in between-group
and within-group comparison, respectively. The Dunnett’s test as
a parametric test and the Steel’s test as a non-parametric test were
used for multiple comparisons with the placebo group (T0).
Tukey’s HSD post-hoc was used for multiple comparisons within
all experimental groups to compare intestinal microbiota abun‐
dances. The nonparametric Spearman rank correlation coefficient
was used to assess the relationship between the intestinal
microbiota (genus level) and defecation characteristics.

Results

Characteristics of participants. The study flow diagram is
displayed in Fig. 1. Sixty subjects were selected from 86 subjects
based on their common intestinal microbiota regimen and
randomly allocated to T0, T3, and T5 groups. However, after
screening, five subjects [T0 (n = 1), T3 (n = 3), and T5 (n = 1)]
withdrew from the study, while during the study, two subjects
[T3 (n = 2)] dropped out for personal reasons. Thus, 53 subjects
completed the study. Two subjects [T5 (n = 2)] were excluded
from the analysis due to noncompliance with the study protocol.
As a result, 53 subjects were included in the safety analysis, and
51 subjects were included in the validity analysis. One subject
[T3 (n = 1)] missed the clinical visit at week 4, therefore only the
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Fig. 1. Flow chart of study subjects.
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results of the defecation assessment were used and other data
were excluded. Table 1 lists the baseline characteristics of 51
subjects. There was no significant difference in any of the
parameters between the groups. Also, there was no significant
inter-group difference in any parameters throughout the examina‐
tion period (data not shown). Regarding skin moisture measure‐
ment, several subjects had very high values. It is possible
that they were sweating and therefore could not be measured
accurately.

Fecal defecation characteristics. Table 2 reveals the fecal
defecation characteristics from baseline to end of study (i.e., 8
weeks). Compared to the baseline, the PHGG intake tends to
improve the excretory feeling, defecation episodes (days/week),
and defecation frequency (times/week). However, the within-
group significance could be reached only for the 5 g/day PHGG
intake (T5) group. Also significant changes between T5 and
T0 (placebo) group were noticed for the excretory feeling (p =
0.048). Additionally, the changes from the baseline of defecation
frequency (times/week) at 8 weeks were significantly higher in
the T5 group compared to the T0 group, while it should be noted
that the baseline values were higher in the T0 group compared to
the T5 group without significance.

Although the fecal amount, shape and smell were not signifi‐

cantly different between the placebo (T0) and PHGG intake
groups (T3 and T5), however, the smell was somewhat improved
within T3 and T5 groups during the PHGG intake period.
Wherein a significance (p = 0.023) could be noticed in the T3
group when compared to baseline.

Intestinal microbiota. As the alpha diversity indices of the
intestinal microbiota, the Shannon index (species evenness) was
significantly lower in the T3 group compared to the T0 group
(T0: 5.78 ± 0.43%, T3: 5.19 ± 0.59%, p = 0.008) at week 8.
There was no significant difference between groups during the
study period for Chao-1 and beta diversity index. At the phylum
level, the relative abundance of Desulfobacterota was signifi‐
cantly higher in the T5 group compared to the T0 group (T: 0.03
± 0.06%, T5: 0.27 ± 0.06%, p = 0.028) at week 4. Table 3 shows
the list of bacteria whose relative abundance differs within or
between groups at each time point at the genus level. The relative
abundance of Dorea and [Ruminococcus] torques_group which
are potent mucin degraders increased in the T0 group,(53,54)

whereas the relative abundance of Dorea was significantly lower
in the T3 and T5 group, and the relative abundance of
[Ruminococcus] torques_group was also significantly lower in
the T5 group. Also, the relative abundance of Incertae_Sedis
belonging to family Ruminococcaceae in the T0 group increased

Table 1. Background of the subjects at baseline

T0 (n = 19) T3 (n = 15) T5 (n = 17)

Gender (male/female) 10/9 8/7 8/9

Age (years) 38.9 ± 5.7 39.3 ± 6.1 40.4 ± 5.0

Hight (cm) 168.3 ± 9.3 164.4 ± 6.4 168.2 ± 9.0

Weight (kg) 64.0 ± 9.5 65.3 ± 13.8 67.4 ± 16.5

Body mass index (kg/m2) 22.5 ± 2.6 24.0 ± 3.8 23.6 ± 4.6

Waist circumference (cm) 81.1 ± 7.2 82.8 ± 11.9 83.2 ± 14.8

Skin moisture content (μs) 57.7 ± 33.3 62.9 ± 37.1 53.1 ± 21.9

Data are represented as Mean ± SD. T0, Placebo; T3, PHGG 3 g/day; T5, PHGG 5 g/day.

Table 2. The fecal defecation characteristics

Category Group Baseline (B) Intake period (I) Δ (I) − (B)

Defecation frequency (times/week) T0 (n = 19) 6.82 ± 3.94 6.66 ± 3.28 −0.16 ± 2.11

T3 (n = 15) 6.07 ± 3.40 6.62 ± 3.09 0.55 ± 1.26

T5 (n = 17) 5.35 ± 2.12 6.50 ± 2.70## 1.15 ± 1.32*

Defecation episode (days/week) T0 (n = 19) 4.76 ± 1.65 5.08 ± 1.52 0.32 ± 1.07

T3 (n = 15) 5.00 ± 1.66 5.43 ± 1.24 0.43 ± 0.93

T5 (n = 17) 4.79 ± 1.44 5.38 ± 1.41# 0.58 ± 0.88

Amount T0 (n = 19) 2.03 ± 0.63 2.13 ± 0.65 0.10 ± 0.57

T3 (n = 15) 2.32 ± 0.95 2.23 ± 0.84 −0.09 ± 0.49

T5 (n = 17) 2.37 ± 1.08 2.55 ± 1.15 0.18 ± 0.44

Shape T0 (n = 19) 3.27 ± 1.08 3.34 ± 0.74 0.07 ± 0.67

T3 (n = 15) 3.75 ± 0.91 3.59 ± 0.76 −0.16 ± 0.74

T5 (n = 17) 3.63 ± 0.92 3.86 ± 0.58 0.23 ± 0.66

Smell T0 (n = 19) 3.15 ± 0.65 3.03 ± 0.61 −0.12 ± 0.44

T3 (n = 15) 3.05 ± 0.57 2.80 ± 0.63# −0.25 ± 0.32

T5 (n = 17) 3.19 ± 0.54 2.98 ± 0.49 −0.21 ± 0.51

Excretory feeling T0 (n = 19) 1.90 ± 0.60 1.74 ± 0.51 −0.16 ± 0.40

T3 (n = 15) 1.77 ± 0.49 1.67 ± 0.33 −0.10 ± 0.37

T5 (n = 17) 1.76 ± 0.59 1.38 ± 0.35*,# −0.39 ± 0.63

Data are represented as Mean ± SD. T0, Placebo; T3, PHGG 3 g/day; T5, PHGG 5 g/day. Between-group comparison with
placebo: *p<0.05. Within-group comparison with baseline: ##p<0.01, #p<0.05. B, at baseline (day −14 to day 0). I, Intake period
(day 0 to day 56).
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and was higher compared to the T3 and T5 group at week 4, and
Monoglobus was significantly higher in the T0 compared to the
T5 group at week 8. On the other hand, the relative abundance of
Paraprevotella and Desulfovibrio was significantly higher in the
T5 group compared to the T0 group at week 4, the relative abun‐
dance of Sellimonas was significantly higher in the T3 group
compared to the T0 group at week 8. Although there was no
significant difference between the groups, the relative abundance
of Bacteroides increased during the study in the T5 group, and
that at week 8 was significantly higher than at baseline. There
was no significant difference between groups regarding the
changes in the relative abundance of these microbes from
baseline at 4 or 8 weeks (Supplemental Table 1*). The relative
abundance of intestinal microbiota at the phyla and genus level
are shown in Supplemental Fig. 1 and 2*.

Correlation between intestinal microbiota and defecation
characteristics. Supplemental Fig. 3* shows the correlation
between the relative abundance of each intestinal microbiome
(genus level) and defecation characteristics. Although there was
no strong correlation between any of the items, for the defecation
frequency and defecation episodes, Megasphaera, Megamonas,
and [Ruminococcus]_gnavus_group showed positive correlations
while Akkermansia, Subdoligranulum, Agathobacter, and
UCG-002 belonging to family Oscillospiraceae showed negative
correlations. For the excretory feeling (discomfort with
residual stools), Monoglobus showed a positive correlation

while Selimonas and Agathobacter showed negative correlations.
For fecal amount, Holdemanella and Prevotella showed a
positive correlation, while Incertae_Sedis and Monoglobus
showed a negative correlation. For fecal shape (softness),
Erysipelotrichaceae_UCG-003, Holdemanella, and Veilonella
showed a positive correlation, while Incertae_Sedis and
Ruminococcus showed a negative correlation.

Fecal characteristics. The fecal moisture and pH are shown
in Supplemental Table 2*. The fecal pH was significantly higher
in the T0 group after 8 weeks compared to the baseline, and was
significantly (p = 0.037) lower in the T3 group (7.07 ± 0.67)
compared to the T0 group (7.53 ± 0.44) at week 8. There were
no significant inter-group differences in moisture, organic
acids, and putrefactive metabolites in feces throughout the study
examination period (data not shown).

QOL questionnaire. Table 4 lists the mean VAS scores for
each QOL questionnaire item. The scores of most of the items
significantly decreased at week 4 compared to baseline in all
groups. However, there were significant improvement (increase)
in values after eight weeks in both PHGG intake groups. Addi‐
tionally, in the T5 group, the mean VAS scores of “refreshment
on waking up” (T0:  3.77 ± 1.14, T5: 4.76 ± 1.21, p = 0.037)
and “fatigue on waking up” (T0:  3.39 ± 1.16, T5: 4.54 ± 1.30,
p = 0.009) in the sleep-related questionnaire, and “motivation
toward work and study” (T0:  3.60 ± 1.10, T5: 4.46 ± 0.88, p =
0.030) in the stress-related questionnaire were significantly

Table 3. Bacterial genera whose relative abundance differs within or between-groups

Taxonomy
Group 0 week 4 weeks 8 weeks

Order Family Genus

Bacteroidales Bacteroidaceae Bacteroides T0 (n = 19) 6.686 ± 6.481 6.117 ± 5.371 11.47 ± 9.871

T3 (n = 14) 10.31 ± 9.623 10.17 ± 12.04 8.955 ± 8.699

T5 (n = 17) 8.029 ± 8.086 9.888 ± 8.142 16.04 ± 9.876#

Bacteroidales Prevotellaceae Paraprevotella T0 (n = 19) 0.193 ± 0.732 0.032 ± 0.099 0.222 ± 0.718

T3 (n = 14) 0.081 ± 0.166 0.028 ± 0.063 0.054 ± 0.113

T5 (n = 17) 0.369 ± 0.652 0.246 ± 0.431* 0.195 ± 0.289

Desulfovibrionales Desulfovibrionaceae Desulfovibrio T0 (n = 19) 0.046 ± 0.147 0.007 ± 0.014 0.125 ± 0.404

T3 (n = 14) 0.092 ± 0.345 0.026 ± 0.098 0.036 ± 0.094

T5 (n = 17) 0.141 ± 0.294 0.213 ± 0.385* 0.317 ± 0.769

Lachnospirales Lachnospiraceae Dorea T0 (n = 19) 2.139 ± 1.881 2.787 ± 2.656 2.252 ± 2.355

T3 (n = 14) 0.802 ± 1.164 0.949 ± 1.231* 0.895 ± 1.114

T5 (n = 17) 1.190 ± 1.825 1.184 ± 1.329* 0.821 ± 1.094

Lachnospirales Lachnospiraceae [Ruminococcus]_torques_group T0 (n = 19) 2.454 ± 3.239 2.686 ± 3.407 2.809 ± 4.831

T3 (n = 14) 1.430 ± 1.479 1.482 ± 1.518 2.126 ± 2.436

T5 (n = 17) 1.034 ± 1.618 0.531 ± 0.668* 0.445 ± 0.604

Oscillospirales Ruminococcaceae Incertae_Sedis T0 (n = 19) 2.269 ± 5.175 2.821 ± 3.333 1.344 ± 1.488

T3 (n = 14) 1.090 ± 0.940 0.703 ± 0.629* 2.014 ± 1.959

T5 (n = 17) 1.256 ± 1.586 0.967 ± 1.240* 0.806 ± 0.640

Oscillospirales Unclassified Unclassified T0 (n = 19) 0.001 ± 0.002 0.001 ± 0.002 0.005 ± 0.009#

T3 (n = 14) 0.002 ± 0.005 0.002 ± 0.006 0.005 ± 0.016

T5 (n = 17) 0.001 ± 0.002 0.006 ± 0.017 0.001 ± 0.003

Lachnospirales Lachnospiraceae Sellimonas T0 (n = 19) 0.137 ± 0.311 0.111 ± 0.272 0.087 ± 0.241

T3 (n = 14) 0.432 ± 0.652 0.501 ± 0.838 0.624 ± 0.951*

T5 (n = 17) 0.441 ± 0.784 0.196 ± 0.355 0.176 ± 0.222

Monoglobales Monoglobaceae Monoglobus T0 (n = 19) 1.126 ± 1.037 1.215 ± 0.981 0.870 ± 0.598

T3 (n = 14) 0.761 ± 0.959 0.716 ± 0.891 0.533 ± 0.535

T5 (n = 17) 0.450 ± 0.489 0.592 ± 0.725 0.411 ± 0.462*

Data are represented as Mean ± SD. T0, Placebo; T3, PHGG 3 g/day; T5, PHGG 5 g/day. Between-group comparison with placebo: *p<0.05. Within-
group comparison with baseline: #p<0.05.
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higher than that of the T0 group at week 8, indicating the
improvement. There was no significant difference between
groups for any questionnaire item regarding the changes from
the baseline at 4 or 8 weeks (Supplemental Table 3*).

Safety aspects. Although the results of this study showed
that PHGG intake increased the Desulfovibrio abundance which
is a sulfate-reducing bacterium that could causes infections in
some species,(55) however, no serious adverse reports were
observed during the study, indicating that this bacterium might
not harmful. Desulfovibrio has also been shown not to be neces‐
sarily associated with adverse health in a recent large cohort
study.(56) Therefore, it was concluded that there was no adverse
effect caused by the intake of the PHGG dietary fiber as a test
food in the present study.

Discussion

Defecation disorders can greatly impair the QOL, not only
physically but also mentally. In this study, we investigated
whether PHGG intake contributes to improving constipation and
gastrointestinal health, including mental health in healthy
subjects with constipation symptoms. In addition to the 5 g/day
PHGG intake group, the 3 g/day intake group was also examined
to determine if a smaller dose of PHGG could be effective.

In the Japanese Clinical Guidelines, constipation is defined as
a “state in which feces that should be defecated from the body
cannot be defecated in sufficient quantity and comfortably”.(57)

In this study, 5 g/day PHGG intake significantly improved the

excretory feeling, or comfort of defecation, indicating the
efficacy of PHGG dietary fiber on constipation. In addition, an
increase in the frequency of defecation was also observed. These
results are consistent with previously reported clinical studies.(31)

A 5 g/day PHGG intake significantly improved the excretory
feeling and the defecation frequency compared to a placebo
intake. Whereas, 3 g/day PHGG intake did not significantly
improve the excretory feeling, however, the rate of the defecation
frequency was higher during the intake period than at baseline.
The fecal smell during the intake period was also significantly
improved compared to baseline. The overall results confirmed
the effectiveness of PHGG dietary fiber for improved QOL.

Concerning the intestinal microbiota, Paraprevotella and
Sellimonas which are well known to be involved in organic acid
production were maintained at higher levels in either PHGG
intake groups compared to the placebo.(58–60) Sellimonas nega‐
tively correlates with the excretory feeling (discomfort with
residual stools) in the correlation analysis (Supplemental Fig. 3*)
suggesting that it might be involved in constipation remediation.
The relative abundance of Bacteroides which are involved in
succinate and propionate production was also significantly
increased with 5 g/day PHGG intake compared to the baseline.(61)

These results indicate the prebiotic effect of PHGG dietary
fiber, consistent with the previous clinical studies that showed
PHGG intake was associated with increases in organic acid-
producing bacteria such as Ruminococcus, Fusicatenibacter,
Faecalibacterium, Bacteroides, and Bifidobacterium.(27,28,62) In
addition, this study has newly confirmed that PHGG intake

Table 4. VAS scores for QOL questionnaire

Category Group 0 week 4 weeks 8 weeks

Initiation of sleep T0 (n = 19) 5.52 ± 2.14 4.03 ± 1.11## 4.31 ± 1.16#

T3 (n = 14) 5.81 ± 2.32 4.11 ± 0.95# 4.33 ± 1.50#

T5 (n = 17) 6.36 ± 2.14 4.27 ± 1.45## 5.09 ± 1.17#

Feeling of sufficient sleep T0 (n = 19) 4.77 ± 2.49 3.67 ± 1.22# 3.90 ± 1.10

T3 (n = 14) 4.62 ± 2.71 3.95 ± 1.22 4.04 ± 1.55

T5 (n = 17) 4.49 ± 2.54 3.54 ± 1.33 4.45 ± 1.36

Refreshment on waking up T0 (n = 19) 4.51 ± 2.38 3.73 ± 1.33 3.77 ± 1.14

T3 (n = 14) 5.30 ± 2.37 3.71 ± 1.36## 4.01 ± 1.35#

T5 (n = 17) 4.95 ± 2.71 4.55 ± 1.25 4.76 ± 1.21*

Fatigue on waking up T0 (n = 19) 3.86 ± 2.22 3.00 ± 1.29 3.39 ± 1.16

T3 (n = 14) 4.60 ± 2.03 3.41 ± 1.37# 3.50 ± 0.94

T5 (n = 17) 4.36 ± 2.55 3.86 ± 1.26 4.54 ± 1.30**

Daytime sleepiness T0 (n = 19) 4.66 ± 2.39 3.51 ± 1.38## 3.78 ± 1.68#

T3 (n = 14) 4.74 ± 2.26 3.82 ± 1.33 3.64 ± 1.46#

T5 (n = 17) 4.42 ± 2.34 3.74 ± 1.42 4.27 ± 1.60

Stress related activities T0 (n = 19) 3.83 ± 1.85 2.71 ± 1.50## 3.12 ± 1.29#

T3 (n = 14) 3.55 ± 1.91 3.23 ± 1.39 3.44 ± 1.23

T5 (n = 17) 4.45 ± 2.18 3.56 ± 1.30 3.94 ± 1.57

Motivation toward work and study T0 (n = 19) 4.88 ± 2.51 3.58 ± 1.27# 3.60 ± 1.10

T3 (n = 14) 5.04 ± 1.72 3.91 ± 1.06# 3.78 ± 1.11##

T5 (n = 17) 5.64 ± 1.88 4.31 ± 1.09## 4.46 ± 0.88*,##

Physical fatigue T0 (n = 19) 3.59 ± 2.10 3.20 ± 1.34 3.54 ± 1.50

T3 (n = 14) 4.31 ± 1.79 3.49 ± 1.26 3.26 ± 1.20#

T5 (n = 17) 5.02 ± 1.62* 4.05 ± 1.23 4.46 ± 1.34

Mental fatigue T0 (n = 19) 3.77 ± 2.38 3.03 ± 1.51 3.24 ± 1.36

T3 (n = 14) 4.51 ± 2.25 3.61 ± 1.62# 3.37 ± 1.46#

T5 (n = 17) 5.49 ± 2.31 3.88 ± 1.55## 4.26 ± 1.57#

Data are represented as Mean ± SD. T0, Placebo; T3, PHGG 3 g/day; T5, PHGG 5 g/day. Between-group comparison with
placebo: **p<0.01, *p<0.05. Within-group comparison with baseline: ##p<0.01, #p<0.05.
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greatly suppresses the mucolytic bacteria, which could be poten‐
tially harmful in healthy subjects. The relative abundance of
Dorea and [Ruminococcus] torques_group was maintained
significantly lower in the PHGG dietary fiber intake groups
compared to the placebo group. Ruminococcus_torques is a
mucin-degrading bacterium known to cause inflammation by
weakening the gut barrier function,(63–65) increase under condi‐
tions of dysbiosis in patients with irritable bowel disease and
autism spectrum disorder.(54,66) Dorea produces ethanol, formate,
and acetate from carbohydrates,(53) while it is also reported to
involve in mucin degradation associated with inflammation,(67)

irritable bowel syndrome,(68) fatty liver,(69) and multiple
sclerosis.(70) Since the disruption of the mucosal barrier is closely
associated with chronic systemic inflammation and various
kinds of diseases,(71) suppressing the increase of these bacteria
might contribute to the maintenance of systemic health.
Ruminococcaceae Incertae_Sedis and Monoglobus, which were
similarly kept in lower abundance in PHGG intake groups, are
not been characterized in detail. However, Ruminococcaceae
Incertae_Sedis negatively correlates with the fecal amount and
fecal shape (softness), and Monoglobus positively correlates with
excretory feeling (discomfort with residual stools) while nega‐
tively correlates with the fecal amount in the correlation analysis
(Supplemental Fig. 3*), suggesting that they might be involved in
constipation. The suppressing effect of PHGG on such poten‐
tially harmful bacteria in addition to the promoting effect on
organic acid-producing bacteria might be involved in constipa‐
tion improvement.

Furthermore, PHGG’s efficacy on intestinal microbiota may
have contributed to mental health. In this study, we also newly
confirmed the effectiveness of PHGG intake on sleep and moti‐
vation with the QOL questionnaire. In all questionnaire items
related to sleep, stress, and fatigue, all groups had worse scores
during the study period compared to baseline. The COVID-19
infection increased sharply during the study period in Japan, and
restrictions on daily life, such as the recommendation to stay
home, might have caused psychological stress.(72,73) Even under
such circumstances, refreshment and fatigue on waking up and
motivation toward work and study were significantly improved
with 5 g/day PHGG intake. Thus, PHGG intake might alleviate
mental stress and improve sleep and motivation. There are
numerous studies on the relationship between gut bacteria, stress,
and sleep.(16,17) And the involvement of mucolytic bacteria in
insomnia is also shown.(74) Increases in Dorea and Ruminococcus
torques were observed in shift workers whose circadian rhythms
were disrupted,(75) and increases in Ruminococcus torques were
observed in a mouse model of disrupted circadian rhythms,(76)

which were just the same bacteria whose relative abundances
were kept lower by PHGG intake in this study. Excessive
increase of mucolytic bacteria disrupts the intestinal barrier
function via degradation of the mucin layer, allowing entry of
pathogens and their metabolites into the body and causing
inflammation.(71) Systemic inflammation causes permeability of
the blood-brain barrier, and neuro-inflammation due to the influx
of inflammatory substances into the brain might cause insomnia
and stress.(77) Based on the above mechanisms, PHGG might
improve sleep and motivation through the suppression of mucin-
degrading bacteria associated with gut barrier dysfunction,
systemic inflammation, and neuroinflammation. In the previous
clinical trial of PHGG in children with autism spectrum disorder,
in addition to improving intestinal health, PHGG also reduced
inflammatory cytokines in the blood and suppressed irritable
behavior,(78) similarly suggesting that PHGG may reduce
systemic inflammation and neuroinflammation by improving
the intestinal environment. In addition, intestinal microbial
metabolites altered by PHGG ingestion might affect brain
function. It is reported that SCFAs produced by intestinal
bacteria regulate circadian rhythms,(79) and that neurotransmitters

produced via tryptophan metabolism in gut bacteria are supposed
to affect brain function.(80) Since PHGG intake is shown to
increase serotonin and dopamine in serum and the striatum and
hippocampus, and improve depressive behavior in stressed
mice,(81) it could be possible that PHGG intake improves mental
health through the modulation of neurotransmitters also in
humans. Comprehensive and detailed mechanism elucidation is
desirable in the future. Regarding the metabolites of intestinal
bacteria, previous clinical trials have shown that PHGG intake
promotes SCFA production and reduces putrefactive metabo‐
lites,(26,62,82) whereas no significant differences were found
between the groups in the present study. The limitation of this
study is that we did not examine the usual diet of study partici‐
pants outside of restricted probiotic and prebiotic intake to inves‐
tigate the impact of PHGG intake in their daily lives. Since
SCFAs are produced by carbohydrates reaching the digestive
tract and putrefactive metabolites are produced by metabolizing
amino acids derived from the diet, the base diet other than test
food may have a great influence. In the future studies, it will be
necessary to fully consider the influence of the base diet. In addi‐
tion, since individual differences in intestinal microbiota may
have a significant impact, further investigation is desirable
through larger-scale clinical trials. Concerning the skin-moisture
content analysis, we believe that data were not completed, there‐
fore we decided to omit the disussion on the effect of PHGG on
skin-moisture content. This will be a topic of a large-scale future
clinical study with dietary PHGG fiber.

The results of the present study demonstrated that intervention
of PHGG was found effective in improving constipation,
intestinal microbiota, as well as sleep, and motivation in the
healthy subjects. However, further comprehensive studies are
needed to design with large sample size and diversity of the
population to evaluate the potential of PHGG.
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cation characteristics.
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