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Abstract
AIM: To investigate the effects of the probiotic Bifi
dobacterium longum BB536 on the health management 
of elderly patients receiving enteral feeding. 

METHODS: Two double-blind, placebo-controlled tri-
als were performed with long-term inpatients receiv-
ing enteral tube feeding at Kitakyushu Hospital Group, 
Fukuoka, Japan. BB536 was administered as BB536-L 
and BB536-H powders that contained approximately 
2.5 × 1010 and 5 × 1010 cfu of BB536, respectively. In 
the first trial, 83 patients (age range: 67-101 years) 
were randomized into 2 groups that received placebo 
(placebo group) or BB536-H (BB536 group) powders. 
In the second trial, 123 patients (age range: 65-102 

years) were randomized into 3 groups, and each group 
received placebo (placebo group), BB536-L (BB536-L 
group), or BB536-H (BB536-H group) powders. Each 
patient received the study medication for 16 wk after 
1 wk of pre-observation. Fecal samples were collected 
from each patient prior to and after the intervention 
during Trial 2. Clinical observations included body tem-
perature, occurrence of infection, frequency of defeca-
tion, and fecal microbiota.

RESULTS: No significant changes were observed in 
the frequency of defecation for either treatment in 
Trial 1. However, a significant change was noted in the 
BB536-L group (P  = 0.0439) in Trial 2 but not in the 
placebo or BB536-H groups. Subgroup analyses based 
on the frequency of defecation for each patient during 
the pre-observation period for both trials revealed sig-
nificant increases in bowel movements in patients with 
a low frequency of defecation and significant decreases 
in the bowel movements of patients with a high fre-
quency of defecation during the intervention period in 
the BB536 groups. The combination of Trials 1 and 2 
data revealed a modulatory effect of BB536 ingestion 
on the changes in bowel movements. Significantly in-
creased bowel movements were observed in patients in 
the low frequency subgroup with significant intergroup 
differences (P  < 0.01). Significantly decreased bowel 
movements were observed in patients in the high sub-
group, but no significant intergroup differences were 
observed compared with the placebo group. BB536 
ingestion increased the prevalence of normally formed 
stools. BB536 intake also significantly (P  < 0.01) in-
creased the cell numbers of bifidobacteria in fecal mi-
crobiota, and significant intergroup differences were 
observed at week 16. No adverse events were reported 
in any group.

CONCLUSION: Our results suggest that BB536 inges-
tion modulated the intestinal environment and may 
have improved the health care of elderly patients re-
ceiving enteral feeding. 
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INTRODUCTION
Enteral feeding is a common method of  nutritional sup-
port for patients who are unable to achieve their nutritional 
requirements through an oral diet alone. No accurate data 
exist on the number of  patients who receive enteral feed-
ing. However, the number of  new patients requiring en-
teral feeding in 2007 was approximately 130 000 in Japan[1], 
and this number is expected to increase in the future. 
Elderly people, particularly those who are hospitalized 
and receiving enteral feeding, exhibit significant prob-
lems with defecation, and the consequences of  constipa-
tion or diarrhea may significantly impact their quality of  
life[2,3]. The prevalence of  constipation is generally higher 
in elderly individuals who reside in nursing homes or 
hospitals compared with elderly individuals in the com-
munity[2]. Diarrhea, which is a potential consequence of  
enteral feeding, is observed in 2%-95% of  patients who 
receive this therapy[3,4]. 

Intestinal microbiota are the largest source of  micro-
bial stimulation in the host, and these microbiota affect 
mucosal and systemic immunity[5]. The composition of  
the intestinal microbiota in elderly people is different 
from that in younger adults, and the number of  bifido-
bacteria decreases with age[6,7]. Bifidobacteria in the intes-
tinal microbiota may exert beneficial effects in the host, 
such as the promotion of  gut maturation and integrity, 
antagonism against pathogens, and immune modula-
tion[8].

Probiotics are currently used in the prevention and 
treatment of  disease, specifically diseases of  the intestinal 
environment. Several studies have investigated the ben-
eficial effects of  probiotics in the management of  con-
stipation and diarrhea in elderly patients[9-11]. However, 
these effects may be strain-dependent, and they are not 
consistently observed. Therefore, further investigation is 
required to clarify this relationship.

The probiotic strain Bifidobacterium longum (B. longum) 
BB536 was originally isolated from a healthy infant, and it 
is used in the dairy industry as a probiotic[12]. Several stud-
ies have evaluated the effects of  BB536 on the intestinal 
environment in healthy adults with frequent constipa-
tion[12-14]. Seki et al[15] reported that the intake of  BB536-
supplemented milk improved constipation and increased 
the prevalence of  intestinal Bifidobacterium in aged indi-

viduals in a preliminary study. Moreover, BB536 intake 
suppresses antibiotic-induced intestinal disorders[16]. 

The present study investigated the efficacy of  BB536 
in the health care of  hospitalized elderly patients receiv-
ing enteral nutrition. We performed 2 double-blind, 
placebo-controlled trials using a 16-wk administration of  
BB536 to evaluate effects on health, defecation frequency, 
and the bifidobacterial composition of  fecal microbiota 
in elderly patients receiving enteral nutrition.

MATERIALS AND METHODS
Subjects
Subject recruitment for this study was conducted in long-
stay inpatients (age > 65 years) receiving enteral tube 
feeding at the Kitakyushu Hospital Group (Fukuoka, 
Japan). The subjects or their relatives provided written 
informed consent. The following exclusion criteria were 
used: presence of  diabetes, renal dysfunction, severe in-
fectious disease, autoimmune disease, immunodeficiency, 
pancreatic disease, or hepatic disease prior to the start of  
the study. The ethics committee of  the Kitakyushu Hos-
pital Group approved all study protocols, which followed 
the Declaration of  Helsinki. 

Test samples 
Three types of  study medications were used in the present 
study: placebo powder, BB536-L powder, and BB536-H 
powder. BB536-L and BB536-H powders contained ly-
ophilized BB536 at doses of  approximately 2.5 × 1010 
and 5 × 1010 cfu, respectively, and the placebo powder 
contained only inactive ingredients (i.e., primarily dextrin). 
Each dose was supplied in an aluminum sachet (2 g), and 
all sachets were identical in taste and appearance.

Clinical trials
Two trials were performed in this study, and both trials 
were performed using a double-blind, placebo-controlled, 
parallel-group design. Randomization for each group of  
participants was conducted using a minimization proce-
dure to balance for gender, age, and hospital ward. The 
trial flows and schedules are presented in Figures 1 and 
2, respectively. Routine enteral nutrition was provided to 
all the subjects during the trial period to maintain nutri-
tional status. Participants, physicians, and other research 
staff  in the study were unaware of  treatment assignment. 
The study powder was suspended in drinking water and 
administered immediately after enteral feeding. The daily 
intake of  energy and nutrients of  each patient group 
during the trial period are summarized in Table 1. No sig-
nificant differences in nutrient intake between the groups 
were observed. 

Trial 1: The first trial was performed during the winter 
from the end of  November 2009 to the end of  March 
2010. This period included one week for pre-observation 
and 16 wk for the ingestion of  study medications. A total 
of  83 patients were randomized into 2 groups, and each 
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group was assigned to receive placebo (placebo group) or 
BB536-H powder (BB536 group) once daily. 

Trial 2: The second trial was performed to confirm the 
results of  Trial 1, investigate the dose effect of  BB536, 
and determine any possible influences of  treatment on 
fecal microbiota. This trial was also conducted during the 
winter from the end of  November 2010 to the end of  
March 2011. The trial period included one week for pre-
observation and 16 wk for study medication ingestion. A 
total of  123 patients were randomized into 3 groups, and 
each group was assigned to receive the placebo (placebo 
group), BB536-L (BB536-L group), or BB536-H powder 

(BB536-H group) twice daily. Fecal samples were col-
lected from each patient prior to (pre-observation week) 
and after the intervention (week 16). Fecal samples were 
collected in plastic tubes, cooled immediately after collec-
tion, and stored at -20 ℃ until analysis. 

Clinical observations 
Body temperature and the times of  defecation were re-
corded daily. The occurrence of  infection and fever and 
use of  other medications, including antibiotics, were also 
recorded. A trained caregiver monitored stool character-
istics during daily care, and stool form and consistency 
were evaluated using the Bristol Stool Form Scale. The 
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Assessed for eligibility (n  = 90)

Excluded (n  = 7) 
(did not meet inclusion criteria)Enrollment

Allocation

Follow-up

Analysis

Trial 1

Enrollment

Allocation

Follow-up

Analysis

Trial 2

Figure 1  Trial protocol. 

Randomized (n  = 83)

Placebo group (n  = 41) BB536 group (n  = 42)

Discontinued intervention
   Discharged from the hospital (n  = 4)
   Used other probiotics (n  = 1)
   Declined to participate (n  = 2)

Discontinued intervention
   Discharged from the hospital (n  = 5)
   Used other probiotics (n  = 1)
   Declined to participate (n  = 4)

Placebo group (n  = 34) BB536 group (n  = 32)

Assessed for eligibility (n  = 132)

Excluded (n  = 9)
(did not meet inclusion criteria)

Randomized (n  = 123)

Placebo group (n  = 41) BB536-L group (n  = 41)

Discontinued intervention
   Discharged from the hospital (n  = 3)
   Declined to participate (n  = 6)

Discontinued intervention
   Discharged from the hospital (n  = 3)
   Declined to participate (n  = 1)

Placebo group (n  = 32) BB536-L group (n  = 37)

BB536-H group (n  = 41)

Discontinued intervention
   Discharged from the hospital (n  = 3)
   Declined to participate (n  = 5)

BB536-H group (n  = 33)

Table 1  Subject characteristics and daily intake of energy and nutrients

Group n Gender (M/F) Age (yr) Total energy (kcal/d) Protein (g/d) Lipid (g/d) Carbohydrates (g/d) Dietary fiber (g/d)

Trial 1
Placebo 32   9/23 82.7 ± 9.5 884.7 ± 207.2   37.2 ± 11.6 28.8 ± 9.6 118.8 ± 30.6 10.8 ± 3.5
BB536-H 34   8/26 85.8 ± 7.3 917.6 ± 162.6 37.5 ± 7.8   30.2 ± 10.3 124.2 ± 22.5 10.3 ± 3.7

Trial 2
Placebo 32   9/23 83.9 ± 7.5 798.1 ± 176.3   35.1 ± 11.9 24.5 ± 6.1 112.3 ± 31.4   9.6 ± 3.3
BB536-L 37   9/28 84.4 ± 6.8 845.6 ± 186.9   37.0 ± 10.5 26.6 ± 9.9 118.0 ± 28.6 11.1 ± 4.6
BB536-H 33 10/23   84.4 ± 10.1 854.8 ± 194.9   37.4 ± 10.7 26.0 ± 8.0 120.1 ± 29.9 10.4 ± 3.7

Kondo J et al . Effects of probiotics in the elderly
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ing from 60 ℃ to 95 ℃ in 0.2 ℃/s increments with con-
tinuous fluorescence data collection.

Statistical analysis
Data are expressed as means ± SD or SE. Daily record-
ed scores for body temperature and times of  defecation 
were averaged weekly for each individual. Changes in 
values from baseline (week-1) were calculated based on 
the weekly scores. Weekly scores or changes were further 
averaged every 4 wk for analysis. The frequency of  each 
stool type was summed for the total intervention period, 
and the prevalence of  each stool type was calculated. 
Cell numbers for each bacterial target are expressed as 
means after logarithmic transformation for each group 
among individuals with cell numbers that exceeded the 
detection limit, which was 1 × 106 per gram wet weight 
of  feces. However, statistical analyses were conducted on 
cell numbers after logarithmic transformation, in which 
cell numbers below the detection limit were substituted 
with 1 × 106. For analysis of  sequence differences within 
a group, two-sequence differences were assessed using 
the paired Student t-test, and multi-sequence differ-
ences were analyzed using a repeated measures analysis 
of  variance (ANOVA), followed by Dunnett’s test for 
each time point against the baselines. For analysis of  
between group differences, two-group differences were 
evaluated using the Student t-test, and multi-group dif-
ferences were evaluated using a non-repeated measures 
ANOVA, followed by the Student-Newman-Keuls test 
for comparisons of  each group. Differences in changes 
from baseline between groups were evaluated using the 
Student t-test at each time point. P values less than 0.05 
were considered statistically significant. Analyses were 
performed using SPSS software (Version 15.0J for Win-
dows, Chicago, United States).

Bristol Stool Form Scale scores range from 1 (separate 
hard lumps, like nuts and hard to pass) to 7 (watery, no 
solid pieces, entirely liquid); stools scored at 3 or 4 were 
considered normal stools[17].

Analysis of fecal microbiota 
DNA was extracted from the fecal samples as described 
previously[18]. Briefly, each fecal sample (20 mg) was 
suspended in 1.0 mL phosphate-buffered saline (PBS) 
and centrifuged at 14  000 × g. The resulting pellet was 
washed twice with 1.0 mL PBS and resuspended in 450 
μL of  an extraction buffer [100 mmol/L Tris-HCl and 
40 mmol/L ethylenediaminetetraacetic acid (EDTA) at 
pH 9.0] with 50 μL of  10% sodium dodecyl sulfate (SDS). 
Glass beads (300 mg, 0.1 mm diameter) and 500 μL of  
buffer-saturated phenol were added to the suspension, 
and the resulting mixture was vigorously vortexed for 30 
s with a FastPrepTM FP 100A (Bio 101, Vista, CA, United 
States) device at a power level of  5.0. The mixture was 
centrifuged at 14  000 × g for 5 min, and 400 μL of  the 
supernatant was extracted with phenol-chloroform; 250 
μL of  the supernatant was precipitated with isopropanol. 
Purified DNA was dissolved in 200 μL of  a Tris-EDTA 
buffer at pH 8.0.

Real-time polymerase chain reaction (PCR) was per
formed using an ABI PRISM® 7500 Fast Real-Time PCR 
system (Applied Biosystems, Carlsbad, CA, United States), 
with SYBR® Premix Ex Taq (TaKaRa Shuzo, Japan) and 
ROX Reference Dye Ⅱ (TaKaRa Shuzo, Japan) as an in-
ternal standard. Primers for the bifidobacterial species and 
B. longum BB536 were used as described previously[19,20]. 
The amplification program consisted of  1 cycle at 94 ℃ 
for 10 s, followed by 40 cycles at 94 ℃ for 5 s and 60 ℃ 
for 30 s. Fluorescent products were detected at the last 
step of  each cycle. Melting curves were obtained by heat-

Run-in period 
(1 wk)

Trial 1
Week 0              Week 4           Week 8        Week 12            Week 16

 Vaccination

83 subjects
42 assigned BB536 (finished 32)

41 assigned placebo (finished 34)

Clinical observations

Run-in period 
(1 wk)

Trial 2
Week 0              Week 4           Week 8        Week 12            Week 16

 Vaccination

123 subjects

41 assigned BB536-H (finished 33)

41 assigned BB536-L (finished 37)

Clinical observations

Fecal sampling (week 0) Fecal sampling (week 16)

41 assigned placebo (finished 32)

××

Figure 2  Intervention schedule. 
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RESULTS
Baseline characteristics of participants and clinical 
observations 
No significant differences in the baseline characteristics 
of  patients were observed between the groups of  either 
trial (Table 1). No significant changes in body tempera-
ture during the intervention period were observed be-
tween groups in either trial. A few patients experienced 
body temperatures > 38 ℃ and received antibiotics, but 
the incidence of  fever was not significantly different be-
tween the groups in either trial (data not shown). 

Changes in the frequency of defecation 
No significant changes in the frequency of  defecation 
were observed following treatments during Trial 1 (Table 
2). However, significant changes were observed in the 
BB536-L group in Trial 2 but not in the placebo or 
BB536-H groups (Table 2). 

The frequency of  defecation varied for each patient 
during the pre-observation period. Therefore, subgroup 
analyses were performed for patients with infrequent 
(low) defecation (≤ 4 times a week), normal frequency 
of  defecation (5-9 times a week), and a high frequency of  
defecation (≥ 10 times a week) at baseline (week-1). We 
observed significant changes in the frequency of  defeca-
tion in the low frequency subgroup of  the placebo and 
BB536 groups and the high frequency subgroup of  the 
BB536 group in Trial 1. However, no significant changes 
were observed in the normal frequency subgroup of  ei-
ther the placebo or BB536 group or the high frequency 
subgroup of  the placebo group during treatment (Table 

2). Defecation frequency increased significantly after 
treatment in the low frequency subgroups of  both the 
placebo and BB536 groups, and the frequency tended to 
be higher (P < 0.1) in the BB536 group compared with 
the placebo group at weeks 13-16. In contrast, defecation 
frequency decreased after treatment in the high frequency 
subgroup of  the BB536 group but not in the placebo 
group, and significant differences were observed at weeks 
9-12 and 13-16 in the BB536 group (Table 2). 

Significant changes were observed in the frequency 
of  defecation in the low and high frequency subgroups 
of  the BB536 group but not the placebo group in Trial 2 
(Table 2). No significant changes in the normal frequency 
subgroups of  any of  the three treatment groups were ob-
served (Table 2). Defecation frequency increased signifi-
cantly after treatment in the low frequency subgroups of  
both the BB536-L and BB536-H groups, and a trend for 
a difference was noted in the BB536-H group compared 
with the placebo group at weeks 9-12 (P < 0.1). In con-
trast, defecation frequency decreased after treatment in 
the high frequency subgroups of  both the BB536-L and 
BB536-H groups. Significant differences were observed 
at weeks 9-12 and 13-16 in the BB536-L group and weeks 
5-8, 9-12, and 13-16 in the BB536-H group (Table 2).

Combined analyses of Trials 1 and 2 for changes in the 
frequency of defecation 
Figure 3 summarizes the changes in defecation frequency 
for the three subgroups in the two trials. Defecation 
frequency increased significantly in the low frequency 
subgroup of  both placebo (n = 39) and BB536 (n = 54) 
groups. However, the frequency was significantly higher 

Table 2  Bowel movements during the intervention period

Subgroups of 
subjects1

Intervention 
group

Subjects 
(n )

Bowel movements (times/wk) P  value2

Week-1 Weeks 1-4 Weeks 5-8 Weeks 9-12 Weeks 13-16

Trial 1
Whole Placebo 34   4.88 ± 2.70   5.18 ± 2.57   5.20 ± 2.58  5.17 ± 2.74   4.8 ± 2.2 0.326

BB536-H 32   5.53 ± 3.76   6.62 ± 3.83   6.37 ± 3.34  6.04 ± 3.25   6.0 ± 2.8 1.051
Low Placebo 19   3.00 ± 0.94    4.07 ± 1.37a    4.25 ± 1.94a   4.07 ± 1.34a    3.87 ± 1.13a 0.002

BB536-H 14   2.93 ± 0.92    4.41 ± 1.89b    4.32 ± 1.85b   4.79 ± 1.92b    4.82 ± 1.92b 0.001
Normal Placebo 12   6.25 ± 1.36   5.46 ± 2.56   5.29 ± 2.07  5.23 ± 2.40   5.21 ± 2.69 0.564

BB536-H 14   5.79 ± 1.19   7.02 ± 2.84   7.36 ± 3.16  6.27 ± 3.25 6.48 ± 2.7 0.340
High Placebo   3 10.50 ± 1.00 11.38 ± 1.77 10.38 ± 0.72  12.5 ± 3.22   8.50 ± 0.58 0.786

BB536-H   4 13.75 ± 3.77 12.94 ± 4.94 10.06 ± 3.86  9.63 ± 4.75    8.75 ± 4.20a 0.044
Trial 2

Whole Placebo 32   5.28 ± 3.34   5.02 ± 2.67   4.78 ± 2.54  4.73 ± 2.80   4.60 ± 2.20 0.563
BB536-L 37   5.51 ± 4.12   6.10 ± 3.85   5.90 ± 3.43  5.11 ± 2.60   4.90 ± 3.00 0.044
BB536-H 33   5.91 ± 4.30   6.12 ± 3.89   6.20 ± 3.51  6.30 ± 3.25   5.60 ± 3.80 1.075

Low Placebo 20   3.05 ± 0.76   3.73 ± 0.88   3.45 ± 1.05  3.41 ± 1.10   3.63 ± 1.09 0.387
BB536-L 22   2.64 ± 1.05    3.69 ± 1.22b    3.74 ± 1.42b   3.70 ± 1.54b    3.44 ± 1.32b 0.001
BB536-H 18   3.00 ± 1.03    3.96 ± 1.33a    4.24 ± 1.89b   4.35 ± 2.09b    3.83 ± 1.44a 0.015

Normal Placebo   6   6.83 ± 1.33   4.79 ± 1.16   5.04 ± 1.07  4.88 ± 1.61   4.79 ± 1.42 0.219
BB536-L   7   7.00 ± 1.29   7.39 ± 3.15   7.86 ± 3.58  6.46 ± 1.81   6.61 ± 2.89 0.842
BB536-H   8   6.50 ± 1.41   6.66 ± 3.70   7.47 ± 3.50  7.03 ± 3.11   5.66 ± 4.18 1.217

High Placebo   6 11.17 ± 0.98   9.54 ± 2.90   8.96 ± 2.54  9.00 ± 3.57    7.92 ± 2.59a 0.149
BB536-L   8 12.13 ± 2.10 11.59 ± 3.01 10.13 ± 2.12   7.81 ± 2.89b    7.44 ± 4.03b 0.006
BB536-H   7 12.71 ± 3.68 11.07 ± 4.08    9.79 ± 3.55b 10.46 ± 3.80a  10.25 ± 4.12a 0.040

Values are shown as mean ± SD. 1Based on the results of bowel movements at week-1. Low, ≤ 4 times; Normal, 59 times; High, ≥ 10 times; 2P values are 
results of repeated measures ANOVA for analyzing the significance of intragroup changes. aP < 0.05, bP < 0.01 vs week-1.

Kondo J et al . Effects of probiotics in the elderly
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in the BB536 group compared with the placebo group. 
Defecation frequency increased significantly at weeks 5-8 
in the normal frequency subgroup of  the BB536 group 
(n = 29). However, defecation frequency decreased sig-
nificantly during the intervention period in the placebo 
group (n = 18), and significant intergroup differences 

were observed at weeks 1-4 and 5-8. In contrast, defeca-
tion frequency decreased during the intervention period 
in the high frequency subgroup at weeks 5-8, 9-12, and 
13-16 for the BB536 group (n = 19) but only at weeks 
13-16 for the placebo group (n = 9). However, no sig-
nificant intergroup differences were observed due to the 
small number of  patients.

Changes in stool characteristics 
Figure 4 presents the incidence of  each stool type during 
the intervention. A significantly higher incidence of  stool 
type 3 (i.e., like a sausage but with cracks on its surface) 
and type 5 (soft blobs with clear-cut edges that could be 
passed easily) was observed in the BB536 group than in 
the placebo group in Trial 1. A significantly higher in-
cidence of  stool types 3 and 4 (like a sausage or snake, 
smooth and soft) was observed in the BB536-L group 
compared with the placebo group in Trial 2. 

Effects on fecal microbiota 
Real-time polymerase chain reaction analyses revealed 
that the cell numbers of  total bifidobacteria, B. longum 
subsp. longum, and BB536 increased significantly after 
treatment in all 3 groups, and the cell numbers of  these 
bacterial groups were significantly higher in the BB536 
groups than in the placebo group (Table 3). The cell 
numbers of  (Bifidobacterium breve) B. breve and B. longum 
subsp. infantis were significantly higher in the BB536-H 
group after treatment than before treatment. In addition, 
the cell numbers of  (Bifidobacterium adolescentis) B. adolescen-
tis were significantly higher in the BB536-H group than 
the placebo group at week 16. No differences in the cell 
numbers of  the other dominant species of  Bifidobacterium 
were observed after treatment. 

DISCUSSION
The present results revealed obvious effects of  BB536 
therapy vs placebo in the normalization of  defecation 
frequency in patients who exhibited low and high fre-
quencies of  defection. BB536 administration increased 
the incidence of  close-to-normal stools (types 3-5, Figure 
3), which is consistent with the results for defecation 
frequency. BB536 administration also increased the cell 
population of  bifidobacteria in the microbiota of  elderly 
patients.

The pathogenesis of  constipation and diarrhea are 
multifactorial, and the definition of  constipation and 
diarrhea requires the presence of  clinical symptoms and 
changes in the frequency of  defecation[21]. A careful di-
agnosis was not possible in the present study because the 
stools were monitored during daily care. Therefore, we 
could not classify low or high defecation frequencies as 
constipation or diarrhea, respectively. However, a defeca-
tion frequency ≤ 4 times per week may be considered 
mild constipation[22]. The present results suggested a 
modulatory effect of  BB536 in the improving of  bowel 
movements in individuals with a low and high frequency 
of  defecation, which normalized the frequency of  def-

Kondo J et al . Effects of probiotics in the elderly

Figure 3  Effects of BB536 intake on changes in defecation frequency. A: 
Subgroup of patients with low infrequent defecation (≤ 4 times a week); B: 
Subgroup of patients with normal frequency of defecation (5-9 times a week); 
C: Subgroup of patients with high frequency of defecation (≥ 10 times a week) 
at baseline (week-1). Results present the summary of Trials 1 and 2 for the 
placebo (○) and BB536 groups (●) composed of the BB536 group in Trial 1 and 
BB536-H and BB536-L groups in Trial 2). Times of defecation were averaged 
weekly for each individual, and changes from baseline (week-1) were calcu-
lated. The weekly scores for changes were further averaged every 4 wk. aP < 
0.05, bP < 0.01 vs week-1 group; cP < 0.05, dP < 0.01 between groups.
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ecation. 
The effects of  BB536 on fecal microbiota were inves-

tigated in Trial 2. We focused on the types of  Bifidobacteria 
that are the major components of  intestinal microbiota in 
humans and provide beneficial effects to human health[23]. 
The number of  intestinal bifidobacteria decreases with 
age[6,7,24]. The populations of  bifidobacteria in feces in-
creased significantly after probiotic ingestion in the pres-
ent study. These results confirmed previous findings that 
the ingestion of  yogurt containing BB536 increased the 
population of  bifidobacteria in healthy adults with a ten-
dency toward constipation[13,14]. The administered strain 
was the primary contributor to this increase in the bifi-
dobacterial microbiota population. However, increases 
in the cell numbers of  B. breve and B. adolescentis were also 
observed in the BB536-H group. These results suggest 
the potential of  BB536 administration in the modulation 
of  the intestinal environment, which enhanced the prolif-
eration of  endogenous bifidobacterial species. 

Trial 2 was performed to confirm the results of  Trial 
1 (i.e., the beneficial effects on defecation frequency) and 
investigate the dose effect of  BB536. We confirmed the 
effect of  BB536 ingestion on defecation frequency in 
both trials. However, no significant differences in defeca-
tion frequency, stool types, or fecal microbiota were ob-

served between the BB536-L and BB536-H groups, likely 
because the dose of  the probiotic was only doubled. Fur-
ther studies are required to investigate the dose response 
of  BB536 using a broader dose range. 

The present study had several strengths, including 
randomized treatment allocation, use of  placebo controls, 
assessment of  dose effect, evaluation using two succes-
sive studies, and evaluation of  fecal microbiota during 
the study. This study also had several limitations, as previ-
ously discussed for other probiotic strains[25]. The results 
presented herein are applicable only to B. longum BB536 
and cannot be generalized to other probiotic strains or 
products. Caution should be exercised in extrapolating 
these study outcomes to individuals with chronic and/or 
severe gastrointestinal complications. Another limitation 
may be the mild effect of  the treatment compared with 
other therapies, such as prokinetics and laxatives, particu-
larly when cost-effectiveness is considered. However, the 
clinical implications of  prokinetic agents are controver-
sial[26]. In contrast, probiotics are considered to be gener-
ally safe. Furthermore, as shown in the present study, B. 
longum BB536 showed a modulatory effect in improving 
the bowel movements of  patients receiving enteral feed-
ing whose bowel movements and frequency were not 
normal, i.e., patients having either constipation or diar-
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rhea. Such effects would contribute to an improved qual-
ity of  life in the patients and a decreased burden of  care 
for nurses or caregivers. In addition, although an immu-
noprotective effect was not observed in the present study 
because no patient experienced influenza infection during 
the study period, other studies have suggested immune-
modulating and anti-infectious effects of  BB536[28,29]. 
In the present study, we found that probiotic ingestion 
increased bifidobacteria in the microbiota. In addition, 
several studies have demonstrated the effects of  admin-
istration of  BB536 in eliminating harmful bacteria[13,14,30]. 
Based on these findings, we consider that this probiotic 
may represent an alternative strategy in the treatment of  
gastrointestinal disorders and health management in the 
elderly.

In conclusion, the present findings revealed that the 
16-wk long-term ingestion of  the probiotic BB536 strain 
modulated bowel movements and normalized defecation 
frequency in elderly patients receiving enteral feeding. 
BB536 administration also significantly increased the 
population of  bifidobacteria in the intestinal microbiota. 
No adverse effects were associated with the ingestion of  
BB536. Overall, these results suggest that BB536 inges-
tion may improve health care in the elderly.
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