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ORIGINAL ARTICLE
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Abstract
Objective. To assess the impact of Bifidobacterium lactis HN019 supplementation on whole gut transit time (WGTT) and
frequency of functional gastrointestinal (GI) symptoms in adults. Material and methods. We randomized 100 subjects
(mean age: 44 years; 64% female) with functional GI symptoms to consume a proprietary probiotic strain, B. lactis
HN019 (Fonterra Research Centre, Palmerston North, New Zealand), at daily doses of 17.2 billion colony forming units
(CFU) (high dose; n = 33), 1.8 billion CFU (low dose; n = 33), or placebo (n = 34) for 14 days. The primary endpoint ofWGTT
was assessed by X-ray on days 0 and 14 and was preceded by consumption of radiopaque markers once a day for 6 days. The
secondary endpoint of functional GI symptom frequency was recorded with a subject-reported numeric (1–100) scale before
and after supplementation. Results. Decreases in mean WGTT over the 14-day study period were statistically significant in
the high dose group (49 ± 30 to 21 ± 32 h, p < 0.001) and the low dose group (60 ± 33 to 41 ± 39 h, p = 0.01), but not in the
placebo group (43 ± 31 to 44 ± 33 h). Time to excretion of all ingested markers was significantly shorter in the treatment groups
versus placebo. Of the nine functional GI symptoms investigated, eight significantly decreased in frequency in the high dose
group and seven decreased with low dose, while two decreased in the placebo group. No adverse events were reported in any
group.Conclusions.Daily B. lactisHN019 supplementation is well tolerated, decreasesWGTT in a dose-dependent manner,
and reduces the frequency of functional GI symptoms in adults.
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Introduction

Functional gastrointestinal symptoms are non-
specific conditions with no identifiable structural or
biochemical cause [1] that often present concomi-
tantly [2]. The burden of functional gastrointestinal
symptoms is enormous as 42–69% of the population
report at least one of these disorders [3,4]. Treatment
is complicated by the non-specific presentation of
symptoms and by the fact that 75% of people do
not seek medical care when symptoms arise [5].
Therefore, management of functional gastrointestinal
symptoms is generally self-prescribed and directed at

treating individual symptoms. Despite acceptable
short-term symptom amelioration with over-the-
counter and homeopathic remedies in many cases,
no known treatment for functional gastrointestinal
symptoms is known to be safe and effective over
the long term.
Functional gastrointestinal symptoms are often

associated with disturbed intestinal transit. Whole
gut transit time (WGTT) significantly influences
enterohepatic bile acid and steroid hormone circula-
tion as well as colonic pH and short-chain fatty
acid concentrations. Thus, it has been postulated
that functional gastrointestinal symptoms may be
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associated with an increased risk of gallstones, and
possibly bowel and breast cancer, when presenting
concomitantly with prolonged WGTT [6].
There is a clear need for treatments for functional

gastrointestinal symptoms and intestinal transit dis-
turbances that are safe, effective, and sustainable.
There is a growing consumer interest in functional
foods that can either promote the state of well being
and/or alleviate symptoms of certain medical condi-
tions. Probiotics may offer a promising alternative that
can be offered in a food or dietary supplement format
that is appealing to consumer preferences. Probiotics
have been extensively studied in the field of gastro-
enterology and show potential for improving gastro-
intestinal symptoms and reducing WGTT [7–11].
However, the benefit of probiotic supplementation
is believed to be strain specific and, therefore, clinical
trials are required to confirm the safety and efficacy of
individual strains.
Bifidobacterium lactis HN019 is a probiotic strain

for which many health benefits have been established,
primarily related to immune enhancement [12].
B. lactis HN019 has also been shown to confer
beneficial changes to the intestinal microflora [13]
although no studies have examined the effects of
B. lactis HN019 on functional gastrointestinal
symptoms or WGTT. This study was designed to
determine in a triple-blind, randomized, placebo-
controlled trial if dietary supplementation of
B. lactis HN019 can shorten WGTT and reduce
the frequency of functional gastrointestinal symptoms
in adults.

Material and methods

This single-center, triple-blind, randomized, placebo-
controlled, dose-ranging study was conducted at
Accurate Clinical Research (Houston, TX, USA).
All research procedures performed in this trial were
in strict accordance with a pre-defined protocol that
was approved by all researchers. IntegReview Ethical
Review Board (Austin, TX, USA) approved the study
protocol on 11 August 2009 and participants pro-
vided informed consent before participation. This
study is registered under ClinicalTrials.gov number
NCT01171014.

Trial design

This was a single center, age- (25–50 years and
51–65 years) and gender-stratified, triple-blind, pla-
cebo-controlled, parallel-group, dose-ranging study
with a 1:1:1 allocation ratio among three study
groups.

Participants

Eligible subjects included males and females aged 25–
65 years; self report of stool type 2–4 on the Bristol
Stool Chart; and average of 1–3 bowel movements per
week. Exclusion criteria were use of any probiotic
product intended to improve gastrointestinal function
within the 2 weeks preceding study entry; major
chronic and uncontrolled systemic medical condi-
tions; severe gastrointestinal conditions known to
prolong WGTT; lactose intolerance; chronic diar-
rhea; gastric bypass surgery or lap band insertion
for weight loss; regular laxative use; and pregnant
or breast-feeding women.

Interventions

Study products (B. lactis HN019 and placebo pow-
ders) were supplied in capsules by Danisco USA, Inc.
(Madison, Wisconsin, USA). The capsules contained
either B. lactis HN019 at one of two dose levels
(17.2 billion colony forming units (CFU) or 1.8 billion
CFU) or placebo. The excipient used to adjust the
bacteria count per capsule and to serve as the placebo
was rice maltodextrin. All products were stored refrig-
erated at the study site until time of use and were
refrigerated by the participants throughout the sup-
plementation period. Product stability was monitored
during the study and no significant reduction in viable
counts was observed.
A timeline of study activities is presented in

Figure 1. Following screening procedures, subjects
began a 1-week run-in period during which the nor-
mal diet was consumed without taking any study
product. During this period, subjects were asked to
discontinue the consumption of laxatives, dietary
fiber supplements, probiotics including B. lactis,
and any other products that might affect WGTT.
Following the run-in period, subjects were random-
ized into one of three study groups: 17.2 billion
CFU B. lactis HN019 per day (high dose, n = 33),
1.8 billion CFU B. lactis HN019 per day (low dose,
n = 33), or placebo (n = 34). Over 14 consecutive days,
study products were consumed once daily with break-
fast by adding the entire contents of a capsule to
commercial yogurt that was free from probiotics
(product contained standard yogurt starter cultures
Lactobacillus bulgaricus and Streptococcus thermophilus).
The classic single film estimate was utilized to

quantify WGTT [14]. Each subject ingested 24
radiopaque markers per day for six consecutive
days prior to abdominal X-rays on days 0 and 14.
The number of markers present in the right, left, and
rectosigmoid colon were summed to yield a total
marker count. Marker counts were identified by a
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single board-certified radiologist (Gulf Coast MRI &
Diagnostics, Houston, TX, USA) who was blinded to
subject treatment assignment.

Outcomes

The primary endpoint of WGTT was assessed by
abdominal X-ray on days 0 and 14. A food frequency
questionnaire was completed on days 0 and 14 to
determine diet consistency during the study period.
Data were collected on the frequency of ingestion of
17 food categories over the previous week including
dairy products (milk, cheese, yogurt, and ice cream);
meat, fish, or poultry; eggs; peanut butter or nuts;
citrus fruits or juices; dark green leafy or deep orange
vegetables; other fruits or vegetables; bread, cereal,
rice, or pasta; sweets; salty snacks; soft drinks; alcohol;
coffee or tea; and fast food. The frequency of food
consumption in each category was self-rated on a
5-point Likert scale (0 = never, 1 = seldom, 2 = 2–
3 times per week, 3 = once a day, and 4 = more than
once a day). A questionnaire was administered on
study days 0 and 14 to evaluate the frequency of nine
upper (vomiting, regurgitation, abdominal pain, nau-
sea, and gurgling) and lower (constipation, diarrhea,
irregular bowel movements, and flatulence) gastroin-
testinal symptoms experienced over the previous
week. The frequency of each symptom was subject-
reported using a numeric scale anchored at 1 (never)
and 100 (always). Adverse events were defined as any
untoward medical occurrence that occurred during
the trial, regardless of the relationship with the admin-
istered study product.

Sample size

A total required sample size of 100 subjects equally
distributed among the three treatment groups was
calculated based on an anticipated 33% reduction

in WGTT versus placebo for either probiotic group,
a 20% difference between the two probiotic groups, a
9% attrition rate, a two-sided alpha level of 0.05, and
87% statistical power.

Randomization

Randomization was stratified by age (25–50 years or
51–65 years) and gender and was implemented using a
permuted block design. Subjects were randomly allo-
cated to one of the three treatment groups within their
age- and gender-stratification categories using four
computer-generated randomization lists. The blinded
randomization sequence was generated by a biostatis-
tician at Sprim Advanced Life Sciences, Sprim USA
(San Francisco, CA, USA). The study coordinator at
the investigative site enrolled and assigned subjects to
treatment groups. Study products were labeled with
sequential subject identification numbers within each
stratum and were provided to the site by the sponsor.
The site was instructed to enroll subjects consecutively
within the appropriate age/gender stratum.

Blinding

The study was conducted using triple-blinding meth-
ods: subjects, investigators, outcome assessors, study
site personnel, data managers, biostatisticians, and
the sponsor remained blinded to the treatment assign-
ments until data analyses were completed. Study
products were delivered to the investigative site in
identical containers labeled only with the lot number
and subject identification codes. All capsules were
identical in appearance, texture, taste, and smell.

Statistical methods

Data were recorded on case report forms and
double-entered into a database that was verified

Run-in period Intervention period

Day-7 Day-6

Daily consumption of
capsules with

radiopaque markers

Daily consumption of
capsules with

radiopaque markers

Abdominal x-ray, FFQ,
DDQ, begin daily
supplementation

Abdominal x-ray, FFQ,
DDQ,complete daily

supplementation

Day 0 Day 8 Day 14

Figure 1. Timeline of study activities. DDQ = digestive discomfort questionnaire; FFQ = food frequency questionnaire.
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and independently monitored for accuracy by Sprim
Advanced Life Sciences, Sprim USA. Baseline sub-
ject characteristics for the three treatment groups were
reported using mean and standard deviation for
intervally and ordinally scaled variables and frequen-
cies and percentages for categorical variables. Com-
parisons of change from study days 0–14 across
treatment groups were performed using one-
way analysis of variance (ANOVA). When a resulting
ANOVA p-value was <0.05, post hoc tests were con-
ducted to determine which groups were statistically
different from each other at an alpha level of 0.05.
WGTT was calculated using the formula:

WGTT = n (t/N)i × [ , ]15 16

where ni is the number of markers observed on X-ray,
t is the time between marker ingestions in hours, and
N is the total number of markers ingested each day.
Thus, in this study, t/N equals 1 (24 markers per
capsule/24 h between marker ingestions), andWGTT
is therefore equal to the total marker count. Changes
in WGTT between study days 0 and 14 were com-
pared across treatment groups using ANOVA. Anal-
ysis of covariance (ANCOVA) was used to remove the
effect of potentially confounding baseline differences
among the groups and determine the significance of
the effect of treatment on WGTT independent of the
potential confounders gender, age, race, and baseline
WGTT. The Kaplan-Meier method was used to
evaluate time to excretion of all markers by treatment
on days 0 and 14 and the significance of inter-
group differences was assessed using the Mantel-
Cox test. The Wilcoxon signed-rank test was used
to evaluate changes in gastrointestinal symptom

frequency for each group. Statistical analyses were
performed using BMDP software (Version 8.2,
Statistical Solutions, Saugus, MA, USA).

Results

Participant flow

A total of 100 subjects were enrolled and randomized.
Abdominal X-ray endpoint data were available at days
0 and 14 for 88 subjects (Figure 2). Paired gastroin-
testinal symptom and food frequency data were avail-
able for 87 subjects. All subjects with data for both
study days 0 and 14 were used in the analysis. No
subject withdrawals were related to the study product.
Among subjects who completed the study, compli-
ance with the study product was 100% in each study
group.

Recruitment

Subjects were enrolled in this clinical study between
June 2009 and November 2009 and subject follow-up
continued through December 2009.

Baseline data

Baseline subject characteristics were similar among
the three treatment groups (Table I). Frequency of
consumption of all food categories was, in general,
similar across the treatment groups. Functional gas-
trointestinal symptom frequency was comparable
across groups with constipation, irregular bowel
movements, and flatulence most commonly reported.
Total WGTT was comparable among the three

Assessed for eligibility
(n = 111)

Randomized (n = 100)

High dose (n = 33)

Discontinued (n = 0) Discontinued (n = 7) Discontinued (n = 5)

Analyzed (n = 33) Analyzed (n = 26) Analyzed (n = 29)

Low dose (n = 33) Placebo (n = 34)

Excluded (n = 11)
• Did not meet inclusion criteria (n = 11)

Figure 2. CONSORT patient flow diagram. High dose, 17.2 billion CFU Bifidobacterium lactis HN019; Low dose, 1.8 billion CFU B. lactis
HN019. CFU = colony forming unit.
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treatment groups. Across all groups, females (55 ±
34 h) had a significantly longer (p = 0.02) baseline
WGTT versus males (41 ± 24 h) while race and body
mass index had no influence on WGTT.

Numbers analyzed

A total of 100 subjects were enrolled and randomized.
Of these subjects, 0 in the high dose group, 7 in the
low dose group, and 5 in the placebo group discon-
tinued before the day 14 study visit. All 88 subjects
with WGTT data and 87 subjects with gastrointesti-
nal symptom frequency data for study days 0 and
14 were included in the analysis.

Outcomes and estimation

Food frequency. When changes in food frequency over
the study period were evaluated, each specific food
type was consumed with comparable frequency across
study groups throughout the study with the exception
of yogurt consumption (data not shown). Since the
study product was consumed in yogurt, the median
yogurt intake significantly increased in all three study
groups from never (low dose) or seldom (high dose
and placebo) at day 0 to once a day (all groups) at day
14. Overall, food consumption habits among groups

were similar and likely had no influence on the
primary study outcomes.

Whole gut transit time

Both B. lactis HN019 groups had a statistically
significant decrease in mean WGTT over the
14-day study period (high dose = 33% reduction,
low dose = 25% reduction) with no change obser-
ved in the placebo group (Figure 3). The difference
in WGTT change was statistically significant
(p < 0.001) across study groups, thereby representing
a strong dose-response effect of B. lactis HN019
(Table II).
Due to differences in baseline WGTT among the

three treatment groups, an ANCOVAmodel was used
to examine inter-group differences in WGTT at day
14 adjusted for baseline WGTT differences in order
to minimize possible confounding effects. After con-
trolling for baseline levels, WGTT at day 14 remained
significantly different (p = 0.001) among the three
study groups.
Figure 4a shows Kaplan-Meier curves for time

to excretion of all ingested markers at baseline, which
were not significantly different among the three
treatment groups. Following 14 days of supplemen-
tation with B. lactis HN019, the high dose group had

Table I. Baseline subject characteristics.

Characteristic High dose (n = 33) Low dose (n = 26) Placebo (n = 29) p

Age, yr (mean ± sd) 43 ± 12 44 ± 11 45 ± 11 0.78
Female gender, n (%) 20 (61) 16 (62) 20 (69) 0.76
Ethnicity, n (%) 0.64
-African American 19 (58) 16 (61) 18 (62)
-Hispanic 7 (21) 7 (27) 4 (14)
-White 6 (18) 3 (12) 7 (24)
-Asian 1 (3) 0 0

Body mass index, kg/m2 (mean ± sd) 32 ± 8 30 ± 7 32 ± 8 0.73
Whole gut transit time, h (mean ± sd)
-Right colon 17 ± 11 22 ± 15 13 ± 9 0.04
-Left colon 17 ± 15 23 ± 17 17 ± 19 0.18
-Rectosigmoid 15 ± 14 16 ± 11 11 ± 12 0.19
-Total 49 ± 30 60 ± 33 42 ± 31 0.13

GI symptom frequency (mean ± sd)*
-Upper GI symptoms
-Vomiting 14.8 ± 21.7 11.0 ± 20.2 8.0 ± 18.6 0.44
-Regurgitation 30.7 ± 27.7 24.9 ± 28.7 18.4 ± 22.6 0.20
-Abdominal pain 34.6 ± 26.6 43.8 ± 30.6 36.0 ± 29.6 0.44
-Nausea 28.6 ± 24.7 29.9 ± 26.8 23.2 ± 26.8 0.60
-Gurgling 47.7 ± 30.9 45.1 ± 29.4 38.3 ± 26.4 0.45

-Lower GI symptoms
-Constipation 68.7 ± 22.0 75.7 ± 30.4 60.9 ± 32.5 0.16
-Diarrhea 14.8 ± 20.0 9.8 ± 21.9 23.2 ± 31.0 0.13
-Irregular bowel movements 61.7 ± 28.8 61.7 ± 32.0 53.8 ± 36.3 0.57
-Flatulence 59.7 ± 32.8 49.0 ± 32.6 46.7 ± 34.0 0.26

Abbreviations: GI = gastrointestinal; sd = standard deviation; *self-rated on a numeric scale anchored at 1 = never and 100 = always.
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a significantly shorter WGTT than both the low dose
and placebo groups (p < 0.05) (Figure 4b).

Functional gastrointestinal symptom frequency

Statistically significant improvements in most gastro-
intestinal symptom frequency scores were reported
between days 0 and 14 in the high and low dose
groups. Most symptoms improved in the high dose
(eight of nine) and low dose (seven of nine) groups,
respectively, while only two of nine symptoms showed
a statistically significant improvement with placebo
(Table III). Of particular interest were the changes
in constipation, irregular bowel movements, and flat-
ulence since symptoms were reported with the highest
frequency at baseline. For each of these symptoms,
the relative decrease in symptom frequency was

approximately two-fold greater in the B. lactis
HN019 groups compared to placebo.

Harms

Aside from functional gastrointestinal symptoms
reported on the questionnaire, no adverse events
were reported in any group during the study.

Discussion

This randomized, triple-blind, placebo controlled,
dose-ranging study provides Level I evidence that
dietary consumption of B. lactis HN019 shortens
WGTT in a dose-dependent manner and reduces
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Figure 3. Change in whole gut transit time over 14 days by
study group. Values represent mean ± 95% confidence interval.
High dose, 17.2 billion CFU Bifidobacterium lactis HN019; Low
dose, 1.8 billion CFU B. lactisHN019. CFU = colony forming unit.

Table II. Whole gut transit time by treatment group and study day.

Whole gut transit
time

High dose
(n = 33)

Low dose
(n = 26)

Placebo
(n = 29)

Day 0, mean h 49.2 59.5 42.5
95% CI 39.2 to 59.2 46.7 to 72.3 31.3 to 53.7
Min, median, max 0, 49, 135 9, 68, 111 0, 35, 131
Day 14, mean h 21.0 41.0 43.8
95% CI† - - -
Min, median, max 0, 5, 131 0, 26.5, 141 0, 46, 131
Absolute change,
mean h*

-28.1 -18.5 1.3

95% CI -38.9 to -17.3 -32.3 to -4.6 -5.7 to 8.3
Min, median, max -87, -33, 65 -84, -18, 67 -35, 5, 39
Relative change,
mean %*

-32.6‡ -24.5 16.7‡

95% CI† - - -
Min, median, max -100, -94,

600
-100, -48,

214
-100, 11,

286

Abbreviation: CI = confidence interval; *p < 0.001 among groups;
†CIs were not calculated when distributions were non-normal;
‡relative change could not be calculated for a denominator of 0,
resulting in exclusion of one subject each from the high dose and
placebo groups.
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Figure 4a. Time to radiopaque marker excretion at pre-
treatment by study group. High dose, 17.2 billion CFU Bifidobac-
terium lactis HN019; Low dose, 1.8 billion CFU B. lactis HN019.
CFU = colony forming unit.
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Figure 4b. Time to radiopaque marker excretion at 14 days post-
treatment by study group. High dose, 17.2 billion CFU B. lactis
HN019; Low dose, 1.8 billion CFUB. lactisHN019. CFU = colony
forming unit.
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the frequency of functional gastrointestinal symptoms
in adults. In addition, the absence of reported adverse
events suggests that short-term B. lactis HN019
supplementation is safe. The role of probiotics in
influencing intestinal disturbances, in particular, pre-
venting or shortening the duration of diarrhea in
infants or adults with acute gastroenteritis is well
established [17–20]. The effect of probiotics on intes-
tinal transit has been studied to a limited extent
although, aside from the current trial, no study has
shown an improvement in WGTT.
Several potential mechanisms have been suggested

that may explain the effect of a probiotic strain on
intestinal motility [21,22]. These mechanisms include
an increase in fecal bacterial mass, stimulation of
cholecytokinin, and deconjugation of bile salts result-
ing in free secondary bile salts that can stimulate
colonic motility and excretion. In a small clinical trial
with 32 volunteers, Marteau et al. [22] showed con-
sumption of B. lactis DN-173 010 shortened WGTT
in women aged 18–45 years. This effect was not due
to deconjugation or dehydroxylation of bile salts. The
authors speculated that a product of bacterial origin
may decrease sigmoid tonus and stimulate colonic
motility. Phloroglucinol is one such compound that is
known to have strong effect on colonic motility
[23,24]. However, we did not analyze fecal metabo-
lites in the current study to validate this hypothesis.
Supplementation with B. lactis HN019 has been
shown to increase the level of resident bifidobacteria
and lactobacilli and to reduce enterobacteria counts in
adults [13]. This may provide a further potential
mechanism of action for B. lactis HN019 supple-
mentation since increased levels of lactic acid-
producing bacteria may lower the colonic pH and
production of other short-chain fatty acids may stim-
ulate peristalsis and potentially result in a shorter
WGTT [25].
The clinical importance of a short-term decrease in

WGTT is subject to debate. However, it is reasonable
to assume that if long-term probiotic consumption
could chronically lower WGTT, this may potentially
yield a meaningful decrease in the risk of associated
colorectal conditions, such as colon cancer. The
beneficial effect of daily B. lactis HN019 on WGTT
is at least equivalent to that of dietary fiber. However,
unlike fiber, B. lactis HN019 also improves gastroin-
testinal symptoms [26–28]. Furthermore, B. lactis
HN019 is safe for human consumption as no
untoward side effects associated with the product
have been reported, a finding that is well established
including data from studies with infants to elderly
[12,29].
Subjects in the present study suffered from func-

tional gastrointestinal symptoms with constipation,

irregular bowel movements, and flatulence as the
predominant symptoms. The outcomes of this study
suggest thatB. lactisHN019 supplementation reduces
the frequency of many common upper and lower
gastrointestinal symptoms. Since these symptoms
are generally non-specific, management strategies
are narrowly focused on the treatment of individual
symptoms. B. lactis HN019 is potentially advan-
tageous since this single product may be used to
alleviate multiple gastrointestinal symptoms simulta-
neously. Although the present study utilized capsules,
fermented and non-fermented dairy products are an
ideal matrix for the inclusion and consumption of B.
lactis HN019.
The present study has several strengths including

randomized treatment allocation, use of placebo con-
trols, assessment of dose ranging efficacy, evaluation
of dietary intake during the study, and use of stringent
data collection and blinding methods. This study also
had several limitations. The results presented herein
are applicable only to B. lactis HN019 and cannot be
generalized to other probiotic strains or products.
Caution should be exercised in extrapolating these
study outcomes to people with chronic and/or severe
gastrointestinal complications. A final limitation of
the study was that almost one in three subjects in the
probiotic groups had no observable markers on
follow-up radiographs, which indicated a WGTT of
less than 24 h. However, according to the formula
used to calculate WGTT [15,16], these subjects were
assigned a WGTT of 0 h, a value that is physiolog-
ically impossible. Nevertheless, the conclusions of this
trial are valid since nonparametric statistical methods
corroborated the findings of the primary analysis.
In conclusion, consumption of the probiotic

B. lactis HN019 is well tolerated, decreases WGTT

Table III. Mean absolute change in GI symptom frequency score
over the 14-day supplementation period.

Symptom*
High dose
(n = 33)

Low dose
(n = 26)

Placebo
(n = 28)

Upper GI symptoms
Vomiting -9.8* -7.4 -2.2
Regurgitation -14.9* -11.3* -2.3
Abdominal pain -17.9† -26.6‡ -8.2
Nausea -13.8* -13.8† -3.5
Gurgling -12.9* -23.9‡ -4.7

Lower GI symptoms
Constipation -29.0‡ -35.8‡ -14.2*
Diarrhea -2.9 0.0 -9.4*
Irregular bowel movements -19.0† -22.8† -9.5
Flatulence -14.0* -15.3* -5.9

Abbreviation: GI = gastrointestinal; *self-rated on a numeric scale
anchored at 1 = never and 100 = always; *p < 0.05, †p < 0.01,
‡p < 0.001.
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in a dose-dependent manner, and reduces the
frequency of functional gastrointestinal symptoms
in adults.

Acknowledgements

The authors thank Ms. Karen Obmaces and collea-
gues at Accurate Clinical Research (Houston, TX,
USA) and Mrs. Tisha Golden and colleagues at
Sprim Advanced Life Sciences (San Francisco, CA,
USA) for their help with study management and data
collection. Fonterra Research Centre (Palmerston
North, New Zealand) provided financial support
for this study.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Drossman DA. Introduction. The Rome Foundation and
Rome III. Neurogastroenterol Motil 2007;19:783–6.

[2] Locke GR 3rd, Zinsmeister AR, Fett SL, Melton LJ 3rd,
Talley NJ. Overlap of gastrointestinal symptom complexes in
a US community. Neurogastroenterol Motil 2005;17:29–34.

[3] Halder SL, Locke GR 3rd, Schleck CD, Zinsmeister AR,
Melton LJ 3rd, Talley NJ. Natural history of func-
tional gastrointestinal disorders: a 12-year longitudinal
population-based study. Gastroenterology 2007;133:
799–807.

[4] Drossman DA, Li Z, Andruzzi E, Temple RD, Talley NJ,
Thompson WG, et al. U.S. householder survey of functional
gastrointestinal disorders. Prevalence, sociodemography, and
health impact. Dig Dis Sci 1993;38:1569–80.

[5] Talley NJ, Weaver AL, Zinsmeister AR, Melton LJ 3rd.
Onset and disappearance of gastrointestinal symptoms and
functional gastrointestinal disorders. Am J Epidemiol 1992;
136:165–77.

[6] Lewis SJ, Heaton KW. The metabolic consequences of slow
colonic transit. Am J Gastroenterol 1999;94:2010–16.

[7] Williams MD, Ha CY, Ciorba MA. Probiotics as Therapy in
Gastroenterology: A Study of Physician Opinions and
Recommendations. J Clin Gastroenterol 2010;44:631–6.

[8] Gao XW, Mubasher M, Fang CY, Reifer C, Miller LE.
Dose-Response Efficacy of a Proprietary Probiotic Formula
of Lactobacillus acidophilus CL1285 and Lactobacillus casei
LBC80R for Antibiotic-Associated Diarrhea and Clostrid-
ium difficile-Associated Diarrhea Prophylaxis in Adult
Patients. Am J Gastroenterol 2010;105:1636–41.

[9] Chen CC, Kong MS, Lai MW, Chao HC, Chang KW,
Chen SY, et al. Probiotics have clinical, microbiologic,
and immunologic efficacy in acute infectious diarrhea.
Pediatr Infect Dis J 2010;29:135–8.

[10] Shanahan F. Gut microbes: from bugs to drugs. Am J
Gastroenterol 2010;105:275–9.

[11] Bixquert Jimenez M. Treatment of irritable bowel syndrome
with probiotics. An etiopathogenic approach at last? Rev Esp
Enferm Dig 2009;101:553–64.

[12] Sanders ME. Summary of probiotic activities of Bifidobac-
terium lactis HN019. J Clin Gastroenterol 2006;40:776–83.

[13] AhmedM, Prasad J, Gill H, Stevenson L, Gopal P. Impact of
consumption of different levels of Bifidobacterium lactis
HN019 on the intestinal microflora of elderly human sub-
jects. J Nutr Health Aging 2007;11:26–31.

[14] BouchouchaM, Thomas SR. Error analysis of classic colonic
transit time estimates. Am J Physiol Gastrointest Liver Phy-
siol 2000;279:G520–7.

[15] Bouchoucha M, Devroede G, Faye A, Le Toumelin P,
Arhan P, Arsac M. Colonic response to food in constipation.
Int J Colorectal Dis 2006;21:826–33.

[16] Bouchoucha M, Devroede G, Arhan P, Strom B, Weber J,
Cugnenc PH, et al. What is the meaning of colorectal transit
time measurement? Dis Colon Rectum 1992;35:773–82.

[17] Heydarian F, Kianifar HR, Ahanchian H, Khakshure A,
Seyedi J, Moshirian D. A comparison between traditional
yogurt and probiotic yogurt in non-inflammatory acute gas-
troenteritis. Saudi Med J 2010;31:280–3.

[18] Kita F, Shibata Y, Yorifuji T, Nakahata T, Kawakami J,
Kawakami K. Prescription trends for treatment of paediatric
gastroenteritis at a Japanese hospital between 1997 and 2007.
J Clin Pharm Ther 2010;35:87–92.

[19] Szajewska H, Skorka A. Saccharomyces boulardii for treating
acute gastroenteritis in children: updated meta-analysis of
randomized controlled trials. Aliment Pharmacol Ther 2009;
30:960–1.

[20] Salvatore S, Hauser B, Devreker T, Vieira MC, Luini C,
Arrigo S, et al. Probiotics and zinc in acute infectious
gastroenteritis in children: are they effective? Nutrition
2007;23:498–506.

[21] Vandenplas Y, Benninga M. Probiotics and functional gas-
trointestinal disorders in children. J Pediatr Gastroenterol
Nutr 2009;48(Suppl 2):S107–9.

[22] Marteau P, Cuillerier E, Meance S, Gerhardt MF, Myara A,
Bouvier M, et al. Bifidobacterium animalis strain DN-173
010 shortens the colonic transit time in healthy women:
a double-blind, randomized, controlled study. Aliment Phar-
macol Ther 2002;16:587–93.

[23] Chassany O, Bonaz B, Bruley DESVS, Bueno L, Cargill G,
Coffin B, et al. Acute exacerbation of pain in irritable bowel
syndrome: efficacy of phloroglucinol/trimethylphlorogluci-
nol. A randomized, double-blind, placebo-controlled study.
Aliment Pharmacol Ther 2007;25:1115–23.

[24] Jafri W, Yakoob J, Hussain S, Jafri N, Islam M. Phloroglu-
cinol in irritable bowel syndrome. J Pak Med Assoc 2006;56:
5–8.

[25] Salminen S, Salminen E. Lactulose, lactic acid bacteria,
intestinal microecology and mucosal protection. Scand J
Gastroenterol Suppl 1997;222:45–8.

[26] Muller-Lissner SA. Effect of wheat bran on weight of stool
and gastrointestinal transit time: a meta analysis. Br Med J
(Clin Res Ed) 1988;296:615–17.

[27] Cook IJ, Irvine EJ, Campbell D, Shannon S, Reddy SN,
Collins SM. Effect of dietary fiber on symptoms and recto-
sigmoid motility in patients with irritable bowel syndrome.
A controlled, crossover study. Gastroenterology 1990;98:
66–72.

[28] Lambert JP, Brunt PW, Mowat NA, Khin CC, Lai CK,
Morrison V, et al. The value of prescribed ‘high-fibre’ diets
for the treatment of the irritable bowel syndrome. Eur J Clin
Nutr 1991;45:601–9.

[29] Dekker JW, Wickens K, Black PN, Stanley TV, Mitchell EA,
Fitzharris P, et al. Safety aspects of probiotic bacterial strains
Lactobacillus rhamnosus HN001 and Bifidobacterium ani-
malis subsp. lactis HN019 in human infants aged 0–2 years.
Int Dairy J 2009;19:149–54.

1064 P. A. Waller et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


