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Effect of fermented vegetable beverage containing
Pediococcus pentosaceus in patients with
mild to moderate ulcerative colitis
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Abstract. In patients with ulcerative colitis (UC), probiotics
are often employed as an adjuvant therapeutic option. In the
present study, a fermented vegetable beverage containing
Pediococcus pentosaceus strain IDS885 was administered to
patients with active UC for 8§ weeks. A total of 11 patients with
mildly to moderately active UC were randomly assigned into
two groups: Group A (n=6),in which the subjects consumed the
fermented beverage for 8 weeks immediately following enroll-
ment, and Group B (n=5), in which the subjects were followed
up for 8 weeks following enrollment and then consumed the
beverage over the ensuring 8 weeks. The subjects whose
Rachmilewitz clinical activity index (CAI) had decreased
by =1 point were defined as responders, whereas the subjects
whose score had either been unchanged or increased were
defined as non-responders. A total of 7 subjects (5 in Group A
and 2 in Group B) completed the 8-week consumption regimen.
No significant changes were observed in the Rachmilewitz
CATI and ulcerative colitis endoscopic index of severity prior to
and following the consumption period. Regarding the gastro-
intestinal symptom rating scale (GSRS), the total GSRS score
and Question 12, ‘Loose stools” were significantly improved
following consumption (P=0.042 and 0.048, respectively).
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Organic acid analysis revealed that the levels of acetic acid,
propionic acid and n-butyric acid tended to be continuously
higher in the responders than in the non-responders. In conclu-
sion, the fermented vegetable beverage ameliorated loose stool
symptoms, although the activity of UC did not improve.

Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease of
unknown etiology that occurs in the large bowel (1). Previous
study by our group has identified alteration of microbiota
and mucosa-associated microbiota in patients with UC (2,3).
Probiotics are often employed as an adjuvant therapeutic
strategy (4,5). Clinical studies involving probiotics as the sole
subject include those that have demonstrated the usefulness of
Bifidobacterium-fermented milk and highly concentrated probi-
otic preparation (6-13). Fecal microbiota transplantation (FMT)
is performed with the aim of normalizing the gut microbiota.
Although single FMT has been reported to be insufficient (14),
intensive FMT may be effective for patients with mild to
moderately active UC (15). Since the gut microbiota is generally
stable (16), bacteria that have been ingested as probiotics do not
remain in the gastrointestinal tract but are excreted as transient
flora (17). As such, for a probiotic therapy to be successful, it
should be preferable to continuously administer a wide variety
of bacterial strains in large quantities (11,15,18).

In the present study, a fermented vegetable beverage
containing Pediococcus pentosaceus (Pc. pentosaceus) strain
IDS885 (Yasai no Senshi®; Otsuka Foods Co., Ltd., Osaka,
Japan) was evaluated. This beverage contains eight varieties of
vegetable (equivalent to 150 g in weight), which are fermented
with Pc. pentosaceus (a plant-derived lactic acid bacterium) to
eliminate smell and improve flavor. Per serving (100 g), this
fermented vegetable beverage contains 5x10' Pc. pentosaceus.
Pc. pentosaceus is a lactic acid bacterium that can be isolated
in abundance from sourdough, rainbow trout, fermented dairy
products originated from India, traditional Asian fermented
foods including moromi (the solid fermenting mass of swollen
rice grains), mochi koji (rice cake malt) and gundruk (a
fermented leafy green vegetable popular in Nepal) (19). This
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bacterium is consumed widely as part of human diet. However,
to the best of our knowledge, Pc. pentosaceus has not previ-
ously been tested in patients with UC.

Herein this fermented vegetable beverage was adminis-
tered to patients with active UC for 8 weeks to evaluate its
effects on their gastrointestinal symptoms and environment.
To assess the intestinal environment, terminal restriction
fragment length polymorphism (T-RFLP) was performed for
analysis of fecal microbiota and organic acids.

Materials and methods

Study design. The present study was an open-label, random-
ized controlled trial with approval of the Ethics Committee
of Shiga University of Medical Science, Otsu, Japan (26-205,
UMINO000019753). Enrolled patients had mildly to moderately
active UC diagnosed according to the Mayo Score/Disease
Activity Index for Ulcerative Colitis, with symptoms that had
remained unchanged foratleast4 weeksbetween December2015
and February 2017. Disease severity at patient enrollment was
judged according to the Mayo Score/Disease Activity Index
for Ulcerative Colitis, detailed previously (20). If a patient had
been receiving a constant therapeutic regimen for 4 weeks prior
to enrollment, concomitant use of 5-aminosalicylate prepara-
tions, prednisolone, immunomodulators, immunosuppressive
agents and anti-tumor necrosis factor (TNF)-a antibodies was
permitted throughout the trial period. Regarding anti-TNF-a
antibodies, only patients receiving infliximab every 8 weeks
or adalimumab every 2 weeks were enrolled. Patients under-
going apheresis or patients receiving antimicrobial agents were
excluded. If patients experienced exacerbation of the symptoms
and required additional treatment, they were withdrawn from
the study. The primary endpoint was improvement of the
Rachmilewitz clinical activity index (CAI), detailed previ-
ously (21), following consumption of the fermented beverage.

Consequently, 11 patients whose consent was obtained were
subjected to block randomization and divided into two groups:
Group A (n=6), in which the subjects consumed the fermented
vegetable beverage (Yasaino Senshi®; Otsuka Foods Co.,Ltd.) for
8 weeks immediately following enrollment, and Group B (n=5),
in which the subjects were followed up for 8 weeks following
enrollment and then consumed the beverage over the ensuing
8 weeks (Fig. 1). The component composition of the fermented
vegetable beverage is listed in Table I. The subjects were checked
for clinical symptoms, underwent sigmoidoscopy, and fecal
samples were subjected to T-RFLP and organic acid analysis
immediately following enrollment, and prior to and after the full
course of administration. The gastrointestinal symptom rating
scale (GSRS) described previously (22) was used to evaluate the
overall clinical symptoms. For the evaluation of UC activity and
endoscopic severity, the Rachmilewitz CAI and uncreative colitis
endoscopic index of severity were employed, respectively. For the
purposes of the current study, the subjects whose Rachmilewitz
CAI had decreased by =1 point were defined as responders,
whereas the subjects whose score had either been unchanged or
increased were defined as non-responders.

Polymerase chain reaction (PCR) amplification and T-RFLP
analysis. PCR and T-RFLP analyses were performed according
to the methods described previously (14,23). The 16S ribosomal

Table I. Nutritional composition of fermented vegetable bev-
erage (100 g).

Nutrient Contents/100 g
Energy 46.0 kcal
Protein 09¢
Lipid 03¢g
Carbohydrate 100 ¢g
Na* 23.0 mg
K* 320.0 mg
Dietary fiber 0.8 g (soluble 0.4 g, insoluble 0.4 g)
Carotenoid
a-Carotene 1,600.0 ug
[-Carotene 39000 pug
Lycopene 20000 pug
Lutein 1,130.0 ug
Zeaxanthin 1300 ug
Cryptoxanthin 400 pug
Patients enrolled
n=11
4 R ) Group B

Observation 8W
n=5

Patient withdrawal
n=3

Grou V\J

v (2 due to
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Figure 1. Flow of patients in the trial. R, randomization; W, week.

RNA gene was amplified from human fecal DNA with use
of the fluorescently labeled 516F and 1510R primers (24).
The PCR amplifications of DNA samples (10 ng of each
DNA) were performed according to a protocol described by
Nagashima et al (24).

The restriction enzyme was selected according to the
Nagashima et al study (24). The purified PCR products (2 ul)
were digested with 20 U of Bs/I (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) at 37°C for 10 min. The length of
the terminal restriction fragment was determined with an
ABI PRISM 3130xI genetic analyzer (Applied Biosystems;
Thermo Fisher Scientific, Inc.) in GeneMapper mode. The
fragment size was estimated with use of the local Southern
method taxonomic units as described by Nagashima et al (24).
The major terminal restriction fragments were identified by
Human Fecal Microbiota T-RFLP profiling (https:/www.
tecsrg.co.jp/t-rflp/t_rflp_hito_OTU.html).

Measurement of pH and organic acids. Following sampling,
the fecal pH of fecal samples was immediately measured
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Table II. Clinical characteristics of patients (n=11).

Characteristic Group A Group B P-value
Male:female 3:3 2:3 1.000*
Age, median (IQR) 43 (36-48) 58 (39-60) 0.429°
Disease duration, years, median (IQR) 11.6 (4.7-12.1) 10.0 (2.5-20.5) 0.792°
Behavior (first attack/relapse-remitting/chronic-persistent) 1/3/2 0/3/2 0.632*
Location (pancolitis/left-sided/proctitis) 3/172 3/2/0 0.323*
Rachmilewitz CAI, median (IQR) 4(3.0-4.8) 3(2.0-4.0) 0.256°
Mayo score at baseline, median (IQR) 6 (4.3-6.0) 5(4.0-5.0) 0.562°
UCEIS, median (IQR) 4(3.0-4.8) 3(3.0-4.0) 0.762°
Medication

5-ASA (time-dependent/pH-dependent) 6/0 3/2 0.353*

Azathioprine (yes/no) 2/4 2/3 1.000*

Probiotics (yes/no) 2/4 2/3 1.000*

=2 test. "Mann-Whitney's U test. IQR, interquartile range; CAl, clinical activity index; UCEIS, ulcerative colitis endoscopic index of severity;

5-ASA, 5-amynosalicylate.
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Figure 2. Disease activity of all patients in the trial. The solid lines indicate patients in which Rachmilewitz CAI declined following consumption (responders);
the broken lines indicate patients in which Rachmilewitz CAI remained unchanged or increased (non-responders); the dotted lines indicate dropout cases.

CALI, clinical activity index.

with a handy digital pH meter (KS701; Shindengen Electric
Manufacturing Co., Ltd., Tokyo, Japan). Fecal samples were
sterilized at 80°C for 15 min with Milli-Q water (Merck KGaA,
Darmstadt, Germany) and then homogenized. Following
centrifugation at 15,350 x g for 10 min at room temperature,
the supernatant fluid was passed through a 0.45-ym membrane
filter and assigned for measurement of 9 short chain fatty
acids (succinic, lactic, formic, acetic, propionic, iso-butyric,
n-butyric, iso-valeric and n-valeric) by high performance
liquid chromatography at Techno Suruga Laboratory Co., Ltd.
(Shizuoka, Japan).

Statistical analysis. The data were presented as median
(interquartile range). All statistical analyses were performed
using Prism version 6.05 (GraphPad Software Inc., La Jolla,
CA, USA). The y* test and Mann-Whitney's U test were used
to compare the clinical characteristics of patients between
groups A and B. The Wilcoxon signed-rank test was used

to compare changes in measured parameters prior to and
following consumption of the fermented vegetable beverage.
P<0.05 was regarded to indicate statistical significance.

Results

Study participants. The clinical characteristics of the
11 patients who consented to participate in the study are listed
in Table II. Group A patients (n=6) were required to start
consuming the fermented vegetable beverage immediately
following enrollment, and Group B patients (n=5) started
consuming the beverage when the follow-up period ended. In
Group A, 1 subject became unfollowable midway through due
to geographic relocation; however, exhibited unchanged clin-
ical symptoms at their final examination at 4 weeks after the
start of consumption. In group B, 2 of the 5 subjects required
additional treatment during the follow-up period and had to
be withdrawn. Another subject canceled their participation
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Table III. Changes in clinical parameters.
Pre-consumption Post-consumption P-value
Rachmilewitz CAI 3(3.0-4.5) 3(2.0-55) 1.000
UCEIS 3(3.0-4.0) 4(2.5-4.0) 1.000
Mayo score 5 (4.0-6.0) 5(3.5-55) 1.000
Bowel movement 1(0.5-2.0) 1(0.5-1.5) 1.000
Rectal bleeding 1(0.0-1.0) 1(0.0-1.0) 0.773
Endoscopic score 2(2.0-2.0) 2(2.0-2.0) 1.000
General appearance 1(1.0-1.0) 1(1.0-1.0) 1.000
GSRS total score 35(29.8-40.3) 24 (24.0-31.0) 0.042
Pain or discomfort in your upper abdomen 1(1.0-2.0) 1(1.0-1.0) 0.710
or pit of the stomach
Heartburn 1(1.0-1.5) 1(1.0-2.0) 1.000
Acid reflux 1(1.0-1.5) 1(1.0-2.0) 1.000
Hunger pains 1(1.0-2.0) 1(1.0-2.0) 1.000
Nausea 1(1.0-2.0) 1(1.0-1.0) 0.174
Rumbling 1(1.0-2.0) 1 (1.0-1.5) 1.000
Bloated 1(1.0-3.0) 1 (1.0-1.0) 1.000
Burping 1(1.0-2.0) 1(1.0-1.0) 1.000
Passing gas or flatus 3(1.5-4.0) 2(2.0-3.0) 0.577
Constipation 1(1.0-3.0) 1(1.0-1.0) 0.371
Diarrhea 4(3.5-50) 3(1.0-3.0) 0.057
Loose stools 4(2.5-4.0) 3(1.5-3.0) 0.048
Hard stools 1 (1.0-2.5) 1 (1.0-1.0) 0.423
Urgent need to have a bowel movement 4 (3.5-6.0) 2 (1.5-3.5) 0.100
Sensation of not completely emptying the bowels 3(2.0-45) 2 (1.0-2.5) 0.269
Fecal pH 6.25 (5.81-7.21) 6.45 (6.10-6.67) 1.000
Fecal organic acids, % positive detection
and median mg/g (IQR)
Succinic acid 57%,0.20 (0.15-0.55) 57%,0.12 (0.11-0.51) 0.438
Lactic acid 57%,0.88 (0.30-2.20) 43%,0.55 (0.36-0.73) 0.375
Acetic acid 100%, 1.76 (1.48-2.76) 100%, 1.64 (0.92-3.06) 0.813
Propionic acid 100%, 0.52 (0.40-0.99) 100%,0.41 (0.31-1.33) 0.813
iso-butyric acid 0% 14%,0.12 (0.12-0.12) 1.000
n-butyric acid 100%, 0.34 (0.19-0.39) 100%, 0.48 (0.21-0.65) 0.578
iso-valeric acid 14%,0.10 (0.10-0.10) 43%,0.19 (0.15-0.19) 0.265
T-RFLP, occupancy, %
Bifidobacterium 26.28 (10.56-31.48) 16.11 (12.35-27.57) 0.109
Lactobacillales 8.85 (6.86-18.20) 5.19 (4.28-15.14) 0.578
Bacteroides 29.39 (14.53-40.37) 31.97 (23.00-41.80) 1.000
Prevotella 0.00 (0.00-0.00) 0.00 (0.00-0.00) 1.000
Clostridium cluster IV 2.70 (1.83-6.78) 4.05 (2.92-8.52) 0.529
Clostridium subcluster XIVa 9.77 (7.17-14 .83) 12.10 (10.66-19.08) 0.813
Clostridium cluster IX 1.04 (0.27-3.32) 1.96 (0.51-3.04) 0.578
Clostridium cluster XI 0.32 (0.00-4.12) 0.00 (0.00-3.53) 0.201
Clostridium cluster X VIII 1.75 (1.12-3.76) 1.32 (0.79-2.87) 0.059
Others 5.09 (3.24-7.54) 6.52 (5.10-8.80) 0.469
Shannon's diversity index 1.53 (1.45-1.90) 1.69 (1.60-1.90) 0.813

Emboldened P-values indicate statistically significant results. Values are presented as the median (interquartile range). P-values were deter-
mined by the Wilcoxon signed-rank test. For organic acids, the percentage of samples above the limit of quantification is shown. Median
(IQR) levels of fecal organic acids were determined only for the samples above the limit of quantification. CAlI, clinical activity index; UCEIS,
ulcerative colitis endoscopic index of severity; GSRS, gastrointestinal symptom rating scale; IQR, interquartile range; T-RFLP, terminal-

restriction fragment length polymorphism.
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Figure 3. Changes in each parameter pre and post- consumption. Shown are changes in (A) pH, levels of the organic acids (B) lactic acid, (C) acetic acid,
(D) propionic acid and (E) n-butyric acid, and (F) Bifidobacterium occupancy. The solid lines indicate patients in which Rachmilewitz CAI declined following
consumption (responders); the broken lines indicate patients in which Rachmilewitz CAI remained unchanged or increased (non-responders). The zero on the
Y-axis represents values under the limit of quantification. The value of the limit of quantification of each parameter was as stated in the Results section. CAI,

clinical activity index.

for personal reasons. Consequently, a total of 7 subjects (5 in
Group A and 2 in Group B) completed the 8-week consump-
tion regimen (Fig. 1). Due to the dropout rate, the total cohort
was treated as a single patient group for the following analyses.

Changes in clinical symptoms.Fig. 2 presents the Rachmilewitz
CAl of all subjects enrolled in the study. No significant changes
were observed in the clinical activity and endoscopic severity
prior to and following consumption (Table III). Regarding
the GSRS, there was significant improvement in the total
GSRS score (P=0.042) and for Question 12 ‘Have you been
bothered by loose stools during the past week? [If your stools
(motions) have been alternately hard and loose, this question
only refers to the extent you have been bothered by the stools
being loose.]” (P=0.048; Table III). No significant changes
were observed in the T-RFLP occupancy, pH, fecal organic
acids and microbiota prior to and following the consumption
period (Table III).

Comparison between responders and non-responders. As
depicted in Fig. 2, 4 subjects exhibited improvement of their
Rachmilewitz CAI (responders), whereas 3 experienced either
unchanged or exacerbated condition (non-responders). Fig. 3
presents the analytic results of fecal pH, organic acids and
microbiota. Although no statistical significance was present
due to the limited number of subjects, the responders appeared
to start at lower pH than the non-responders, and while they

mostly exhibited an increased pH following consumption,
they still tended to exhibit lower pH following consumption
compared with the non-responders (Fig. 3A). Regarding
the measurement of organic acids, the value of the limit of
quantification was 0.05 mg/g for succinic acid, lactic acid,
acetic acid and propionic acid, and 0.10 mg/g for formic acid,
iso-butyric acid, n-butyric acid, iso-valeric acid and n-valeric
acid. Formic acid and n-valeric acid were not detected in all
samples. While the levels of lactic acid tended to decrease
following consumption of the fermented vegetable beverage
among the responders, lactic acid was not detected in the
non-responders prior to consumption (Fig. 3B). The levels
of acetic acid, propionic acid and n-butyric acid tended to be
lower prior to consumption in the non-responders than in the
responders (Fig. 3C-E). The levels of these organic acids did
not significantly change following consumption in responders
and non-responders (Table III). The microbiota analysis
revealed that the occupancy of Bifidobacterium tended to be
lower in the responders compared with in the non-responders
prior to and following consumption (Fig. 3F).

Discussion

The present study observed that the 8-week consumption of
the fermented vegetable beverage by UC patients marginally
improved loose stool symptoms but did not affect the disease
activity of UC itself. The organic acid analysis revealed that
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the levels of acetic acid, propionic acid and n-butyric acid
tended to be continuously higher in the responders than in the
non-responders.

Per serving (100 g), the fermented vegetable beverage
(Yasai no Senshi®) contains 8 varieties of vegetable (equivalent
to 150 g in weight) and approximately 5x10' colony-forming
units (CFU) of Pc. pentosaceus. Pc. pentosaceus was classi-
fied as Lactobacillales for the T-RFLP analysis. However, the
occupancy of Lactobacillales was not observed to increase
following consumption of the beverage. A previous study
reported that 10°-10” CFU/g of Pc. pentosaceus was detected
in the feces of healthy subjects who had consumed Yasai no
Senshi® (19). As the Pc. pentosaceus bacterial count was not
proportionally high within feces (19), the results of the T-RFLP
analysis may not have reflected their presence.

Regarding organic acid analysis, it has been reported that the
levels of acetic acid, propionic acid and butyric acid are higher
in healthy individuals compared with in UC patients (25-28),
whereas the levels of lactic acid are reduced (26,29). In the
present study, the responders tended to continuously exhibit
higher levels of acetic acid, propionic acid and n-butyric acid,;
while their levels of lactic acid tended to decrease following
consumption of the fermented vegetable beverage. While no
significant differences were observed in the index of UC activity
between the responders and non-responders, the organic acid
analysis revealed that the responders tended to exhibit higher
levels of acetic acid, propionic acid and n-butyric acid prior to
consumption. This result suggests that the responders probably
had an intestinal environment similar to healthy individuals
compared with the non-responders even prior to consuming
the fermented vegetable beverage.

The gut microbiota analysis revealed that the occupancy of
Bifidobacterium tended to be lower in the responders, particu-
larly following consumption. The levels of lactic acid also tended
to decrease following consumption. The low occupancy of
Bifidobacterium in the responders is consistent with the results
of an FMT study targeting UC patients (14). Another previous
study indicated that increased levels of lactic acid coincided with
exacerbated UC symptoms (29). The source of this lactic acid
is considered to be Bifidobacterium (30). Furthermore, another
study reported a higher occupancy of Bifidobacterium in UC
patients compared with in healthy individuals (3). Given these
findings, it is possible that the consumption of the fermented
vegetable beverage improved the intestinal environment.

Following consumption of the fermented vegetable
beverage, the present subjects experienced improvement
in loose stool symptoms. In addition to the effects of
Pc. pentosaceus, the symbiotic effects of soluble dietary fiber
may have contributed to this improvement.

The present study has limitations due to its single-center
nature. Therefore, the number of patients enrolled in this study
was limited. Although cases were randomly assigned to two
groups, the dropout rate only allowed analysis of a single
group; a total of 3 out of 11 patients dropped out, though the
effect on the validity of the statistical analysis is unknown.
Furthermore, when comparing between the responders and
non-responders, statistical significance could not be detected
due to the limited size of each group.

In conclusion, the fermented vegetable beverage appeared
to ameliorate loose stool symptoms, although the activity of

UC did not improve. Acquisition of further clinical case data
is expected to confirm the present findings.
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