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Abstract

A randomised, double-blind, placebo-controlled, parallel group study assessed in healthy
adults how daily consumption of the probiotic combination SYNBIO�, administered in
probiotic-enriched foods or in a dietary supplement, affected bowel habits. Primary and
secondary outcomes gave the overall assessment of bowel well-being, while a Psychological
General Well-Being Index compiled by participants estimated the health-related quality of life
as well as the gastrointestinal tolerance determined with the Gastrointestinal Symptom Rating
Scale. Support Vector Machine models for classification problems were used to validate the
total outcomes on bowel well-being. SYNBIO� consumption improved bowel habits of
volunteers consuming the probiotic foods or capsules, while the same effects were not
registered in the control groups. The recovery of probiotic bacteria from the faeces of a cohort
of 100 subjects for each supplemented group showed the persistence of strains in the
gastrointestinal tract.
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Introduction

The addition of live microorganisms (probiotics) to foods and
dietary supplements to confer health benefits has become
widespread in recent years, garnering increasing interest from
the scientific community and the general public. This is due to the
increasing attention and attraction of people to functional foods
containing probiotics and prebiotics (Annunziata & Vecchio,
2013; Ares et al., 2009; Figueroa-González et al., 2011;
Marette et al., 2010; Reid, 2008). In fact, such is the interest
in these products that regulatory bodies have also focused on the
development and marketing of probiotic products. Recently,
EU decision makers adopted regulations concerning nutrition and
health claims for foods, with particular attention to ensuring that
claims made on food labels (included probiotic-containing foods)
in the EU are clear and substantiated by scientific evidence
(European Food Safety Authority, 2009). Furthermore, countries
such as Canada, India and Japan are providing or developing
guidelines that would require probiotic strains to be studied
in clinical trials (Chonan, 2011; Gokhale & Nadkarni, 2007;
Health Canada, 2009).

In recent years, numerous studies have examined the use of
probiotic-enriched foods (Coman et al., 2012; Cruz et al., 2009a,
b; Granato et al., 2010), as the possibility of obtaining beneficial

effects from probiotics simply by adding them to the daily diet,
potentially in a wide range of foods, offers promising commercial
avenues. Different categories of food have been studied for
addition of probiotic strains, from widely used dairy products to
other foods that may be less used or not yet appreciated (Martins
et al., 2013).

Fermented milk containing well-known probiotic strains has
been used to relieve constipation in women and children,
improving defecation frequency as well as stool condition and
consistency (Tabbers et al., 2011; Yang et al., 2008). A recent
review on probiotics and bowel habits indicated that short-term
probiotic supplementation decreased intestinal transit time with
consistently greater effects in constipated adults (Miller &
Ouwehand, 2013).

Our previous studies found that a (1:1) combination of the
probiotic bacterial strains Lactobacillus rhamnosus IMC 501� and
Lactobacillus paracasei IMC 502� administered in functional
foods persisted in the intestinal tract of test subjects, promoting
natural regularity and intestinal well-being (Verdenelli et al., 2009,
2011). Moreover, probiotics in capsules offer promising potential
for particular conditions and for some categories of people.

This study designed to determine whether daily consumption
of our SYNBIO� strain formulation confers beneficial effects on
bowel habits, compared administration in foods and in capsules
and used a larger healthy adult population than our previous
studies. As food samples are highly heterogeneous and contain
many different biologically active components that could com-
plicate understanding of the effects on bowel habit parameters, we
developed a standardised method of administration to avoid these
food matrix effects.

*These authors contributed equally to this study.
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Verification of the beneficial effects of SYNBIO� probiotic-
enriched foods and dietary supplement capsule should enable
us to offer consumers a varied choice of matrices to match their
preferences.

Methods

Trial design

The study was a randomised, double-blind, placebo-controlled,
parallel group study assessing the effect of daily consumption of
SYNBIO� (SYNBIOTEC Srl, Camerino, Italy), a mixture 1:1 of
L. rhamnosus IMC 501� (SYNBIOTEC Srl) and L. paracasei
IMC 502� (SYNBIOTEC Srl), by probiotic-enriched foods or by
dietary supplement on the bowel habits of healthy adults. The
subjects were randomly assigned to one of four parallel groups, in
a 1:1:1:1 ratio, to receive either probiotic-enriched foods, capsules
or the respective placebo. For the allocation of the participants, a
computer-generated list of random numbers was used. The
experimental groups are the following: probiotic foods group
(PFG), probiotic foods control group (cPFG), capsule group (CG)
and capsules control group (cCG).

Study products

Six different food products were used as carriers for delivering
probiotic bacterial strains: yoghurt – produced and provided by a
local dairy producer; ‘‘ricotta’’ cheese and ‘‘mozzarella’’ cheese
– produced and provided by two local cheese factories specialised
in the production of these particular kinds of cheeses; chocolate –
produced and provided by a local chocolate maker; chocolate
mousse – produced and provided by a local pastry maker; and ice-
cream – produced and provided by a local ice-cream shop.

All the products were enriched with the SYNBIO� mixture
during their normal production process, as previously reported
(Verdenelli et al., 2009), directly on production site and after a
careful analysis of the best method of inoculum for each specific
product. Each product was tested with different concentrations of
bacterial strains to reach the best inoculum concentration that
allowed a value of approximately 109 CFU/g in the final food
product and during its shelf-life (Coman et al., 2012). The
capsules containing approximately 109 CFU/capsule of SYNBIO�

were prepared by the School of Sciences of the Drug and Health
Products, University of Camerino, Italy.

The placebos allocated to the food control group were the same
food carriers devoid of the test probiotics and they were produced
and provided by the same producers of the foods with probiotics.
The placebos allocated to the cCG were identical capsules
containing pure maltodextrin instead of probiotics. Maltodextrin
is completely digested before entering the colon, and it does not
affect the intestinal microflora. The placebo capsules were
produced and provided by the same Institution of the probiotic
capsules.

Subjects

Eligible participants were all healthy adults aged 18–65 years, and
they were recruited mostly from the University personnel and
students via e-mail and word-of-mouth advertisements.

Inclusion criteria were healthy persons (chronic diseases
controlled with proper medications were allowed), age and
acceptance of the study protocol. Antibiotics were not allowed
two months before the intervention. The lactose-intolerant people
were excluded. Background information was collected from the
volunteers through screening interviews and included questions
regarding general health, medications and manner of living. All
the subjects gave their informed consent to participate. The
followed procedures were in accordance with the ethical standards

of the responsible committee on human experimentation and with
the Helsinki Declaration of 1975, as revised in 1983.

Intervention

The study was performed with a four-week run-in period followed
by a 12-week intervention period. During the run-in period,
subjects were asked to discontinue the consumption of laxatives,
dietary fibre supplements and probiotics. The participant received
a list of all probiotic products offered by the market and were not
allowed to consume any of them. A part from that, they were
instructed to continue their normal diet and lifestyle. During the
intervention period, the subjects of one group (PFG) consumed
one or more probiotic-enriched food daily. The subjects were
instructed to consume during the day one or more probiotic-
enriched food portions of approximately 80–120 g (about 109 CFU
per serving). They were free to consume their favourite foods
among those provided, at least one probiotic-enriched product per
day. Furthermore, the subjects were also instructed to consume
the whole variety of six foods within the week. The investigators
weekly delivered a refrigerated bag containing the different food
products or the capsules to each volunteer at a distribution site
placed in the University.

The use of the study products was recorded daily, and the
records were checked by the investigators at each visit. Volunteer
compliance was determined by verbal assessment by the inves-
tigators. The amount of product returned was recorded to confirm
compliance. The subjects of second group (CG) took one capsule
in the morning at breakfast (about 109 CFU/capsule).

Outcome measures

Bowell well-being

The study was designed for one primary outcome: the overall
assessment of bowel well-being. Primary outcome measures were
intestinal regularity and stool volume. These parameters were
self-evaluated by subjects at the end of the intervention by
questions on ‘‘change in the numbers of times of defecation per
day as stool frequency’’ and ‘‘change in the number of eggs (large
size) that correspond to the volume by visual estimation’’. The
people were asked to record if in the last three months their bowel
well-being in terms of intestinal regularity and stool volume has
remained the same, improved or worsened compared to the period
before beginning the consumption of the probiotic products and
also the degree of change on a combined scale leading to a 10-
point Likert scale (�5, 0, +5). Secondary outcome measures were
also investigated: ease at defecation, bloating, constipation,
abdominal pain, intestinal cramps, feeling of incomplete defeca-
tion, incontinence and halitosis (also the change of these
individual bowel habits was assessed with the same combined
Likert scale). Stool consistency was defined by the Bristol Stool
Form Scale (Lewis & Heaton, 1997).

Health-related quality of life

Health-related quality of life (HRQoL) of subjects was assessed
by self-administration of Psychological General Well-Being Index
(PGWBI) (Dupuy, 1984) that is a general questionnaire measuring
psychological well-being and distress and is composed of 22
items, which constitute six dimensions (anxiety, depression, self-
control, positive well-being, general health and vitality).

The multidimensional scores can be summarised to provide a
global score. The score ranges from 0 (worst) to 100 (best).

Gastrointestinal tolerance

Gastrointestinal tolerance was determined with the
Gastrointestinal Symptom Rating Scale (GSRS) (Revicki et al.,

2 S. Silvi et al. Int J Food Sci Nutr, Early Online: 1–9
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1998) based on 15 items, each rated on a seven-point Likert scale
from no discomfort (score of 1) to very severe discomfort (score
of 7). All the 15 items of the questionnaire have been evaluated
and intolerance was defined as a symptom score of two or higher
on the GSRS.

Sample size

The calculated sample size was based on the assumption that the
primary outcome measures, such as intestinal regularity and stool
volume, would be increased at least 20% in the groups receiving
probiotics in comparison with a control. To detect such a
difference with a two-tailed test significance level of 0.05 and a
power of 90%, a total of 1072 subjects was enrolled. However,
some subjects withdrew prematurely and were not replaced and a
total of 862 subjects participated to the study.

Randomization

Subjects were randomly allocated to one of the four treatment
groups using computer-generated randomization lists. The study
coordinator at the investigative site enrolled and assigned subjects
to treatment groups. Study products were labelled with sequential
subject identification numbers and were provided to the investi-
gative site by the producers.

Blinding

The study was conducted using double-blinding method: subjects
and investigators remained blinded to the treatment assignments
until data analyses were completed. Study products were
delivered to the investigative site. Identical boxes, each containing
the six food products, were labelled only with the lot number and
subject identification codes and delivered to the investigative
sites. Furthermore, capsules were identical in appearance, texture,
taste and smell.

Recovery of probiotic strains from faecal samples

This analysis was carried out in order to confirm intestinal transit
survival of probiotics. Faecal samples from a cohort of 100
subjects from each group (50 male and 50 female) were handed to
the investigator after run-in (day 0) and at the end of 12 weeks of
probiotic supplementation. The faecal samples analysis consisted
in the enumeration of vancomycin and gentamicin-resistant
lactobacilli and in the recovery of the probiotic strains identified
by RAPD method as previously described (Verdenelli et al.,
2009).

Statistical methods

Comparisons of the baseline characteristics of group subjects and
of the mean absolute changes in the bowel habits frequency score,
in stool consistency and in the PGWBI across the treatment and
control groups were performed using the Four Multiple
Comparisons test, with significance level of p50.05.

The same tests were applied also to compare the evaluation of
gastrointestinal symptom score according to GSRS, used in our
case to define the tolerance of the probiotics. The Student’s t test
was applied to the microbiological analysis results.

Support vector machines

To support and validate the outcomes coming from the study, we
take advantage of an additional approach to the data using
Support Vector Machines (SVM). This tool consists of a class of
‘‘learning machines’’, which have recently been introduced for
solving pattern recognition and function estimation problems and
have become a subject of intensive study because of their

successful applications in the fields of economics, engineering,
science and sociology. The SVM method is based on learn models
that use a training set of known data and are able to well
generalise to unseen data (for the correct use of the model, various
specific parameters need to be set). We applied the basics of SVM
for classification problems to point out if there are substantial
differences, first, between people assuming probiotics and people
in the control groups and second between the modality of
administration and to select a subset of relevant features to use in
model construction for people assuming probiotics (De Cosmis &
De Leone, 2012; De Leone, 2010).

Results

Participant flow

Figure 1 describes the flow of subjects through the protocol. From
the 1072 contacted subjects, 914 were included in this study and a
total of 862 were randomised. Of the subjects, 14 did not
complete the entire 12-week double-blind period for personal
reasons. Therefore, 848 subjects were included in the statistical
analysis. No subject withdrawals were related to the study
product. Among subjects who completed the study, compliance
with the study products was 100% in each study group.

Baseline characteristics of subjects

The comparison of the baseline characteristics of the 848
volunteers who completed the study is listed in Table 1. Subjects
were well balanced over the four groups with respect to baseline
characteristic such as age, gender, height and weight. In fact, there
were no significant differences neither within the treated and the
respective control group nor between the two different treated
groups (p40.05; by Four Multiple Comparison test).

Bowel well-being

Primary outcomes, such as intestinal regularity and stool volume,
are listed in Table 2. Changes in intestinal regularity and stool
volume score showed significantly (p50.05) higher values in the
capsules group (CG) and PFG compared with the respective
control groups over the 12 weeks of intervention. No significant
differences were presented between the two probiotic supple-
mented groups (p40.05).

The subjects using the probiotics in both formulations also
presented significant higher values (p50.05) in the positive scale
of score regarding other bowel habits such as ease at defecation,
bloating, constipation and feeling of incomplete defecation
compared to the subjects of the respective control groups
(Table 2). The same bowel habits were not significantly different
if compared between the two probiotic supplemented groups.
Abdominal pain, intestinal cramps, incontinence and halitosis
showed no significant difference neither within treated groups and
respective controls nor between the two probiotic-treated groups.
Stool consistency was generally evaluated of type 3 or 4 and
presented significant difference both between the treated groups
and their respective controls and between the two probiotic-
treated groups.

Health-related quality of life

HRQoL was estimated as PGWBI global score resulting mean
values of 81.7 and 82.1 for the probiotic-supplemented groups
(CG and PFG, respectively) and 73.3 and 73.4 for the respective
control groups (cCG and cPFG, respectively) considering an
evaluated range from 0 to 100 (best). The subjects who had the
probiotic supplementations (in both the ways) showed a signifi-
cant higher PGWBI global score (p50.05).

DOI: 10.3109/09637486.2014.940284 Dietary supplement containing SYNBIO� 3
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Gastrointestinal tolerance

The GSRS based on 15 items revealed a median value of 1 (no
discomfort), for each symptom and for each treated group as well
as in the respective control. This showed the absence of
intolerance of the probiotic treatment in both of groups.
However, in all groups (treated and control), the maximum
score assessed was 5 (moderately severe discomfort), and there
was no significant difference between the probiotic groups and
their respective controls (Table 3).

Computational experiments by SVMs

To support the outcomes coming from the bowel habits
questionnaire, the HRQoL considering the PGWBI global score
and the evaluation of gastrointestinal tolerance based on the
GSRS, SVMs models for the classification problem have been
used in three different experiments considering the whole data set.
In what follows, we will indicate with A and B the input data sets,
where A is the set containing data from people assuming

probiotics with capsule and the respective placebo (CG
group+cCG group) and B the set containing people assuming
probiotics with foods and the respective placebo (PFG
group+cPFG group). In the first experiment, the input data sets
were joined, in order to build the set referred as (A+B), and the
80% of (A+B) was used as the training set, that is to train the
SVM model, and the remaining 20% of (A+B) was used to test
the performances of the SVM model to discriminate between the
use or not of probiotics (assumed with capsules or through food).
We recall that in order to build a model, it is necessary to define
the kernel function and a set of parameters.

Table 4 displays the training and the testing sets prediction
accuracy (the second row in the table contains the percentages,
while the last row contains the percentage of correctly predicted
values upon the whole). The testing error is the minimum found
after numerous changes of the parameters of the SVMs model.
This experiment points out substantial differences between people
who had probiotics and people who had not, regardless the
method of administration.

Figure 1. CONSORT subjects flow diagram.
CG, capsules group; cCG, control capsules
group, PFG, probiotic foods group; and
cPFG, control probiotic foods group.

Assessed for eligibility
(n = 1,072)

Excluded (n = 158)
• Did not meet inclusion criteria
   (n = 158)

• Did not meet randomization
   criteria (n = 52)

Included population
(n = 914)

Excluded (n = 52)

Randomized
(n = 862)

Allocated to control
Capsule group
cCG (n = 219)

Allocated to Probiotic
food group PFG

(n = 217)

Allocated to control
Probiotic food group

cPFG (n = 213)

Allocated to
Capsule group
CG (n = 213)

Lost to follow-up
(n = 5)

Lost to follow-up
(n = 6)

Lost to follow-up
(n = 0)

Lost to follow-up
(n = 3)

Analyzed
(n = 208)

Analyzed
(n = 213)

Analyzed
(n = 217)

Analyzed
(n = 210)

Table 1. Baseline characteristics of subjects: comparison between the four experimental groups.

Capsules
group (CG)
(n¼ 208)

Control capsules
group (cCG)

(n¼ 213)

Probiotic foods
group (PFG)

(n¼ 217)

Control probiotic
foods group (cPFG)

(n¼ 210) pa

Age, year (mean ± confidence limits) 44.1 ± 1.4 44.0 ± 1.2 45.0 ± 0.9 44.0 ± 0.9 40.05
Male 48.6 ± 1.4 48.1 ± 1.1 48.1 ± 0.8 47.8 ± 0.9 40.05
Female 40.7 ± 1.2 40.8 ± 1.0 42.3 ± 0.8 41.2 ± 0.7 40.05
Gender

Male n (%) 92 (44) 96 (45) 100 (46) 90 (43)
Female n (%) 116 (56) 117 (55) 117 (54) 120 (57)

Height (m) (mean ± confidence limits) 1.73 ± 1.3 1.72 ± 2.3 1.73 ± 0.9 1.73 ± 1.1 40.05
Weight (kg) (mean ± confidence limits) 69.4 ± 1.3 65.8 ± 1.4 68.6 ± 1.2 68.3 ± 1.3 40.05

aThe significance level is of p50.05 by Four Multiple Comparisons test.

4 S. Silvi et al. Int J Food Sci Nutr, Early Online: 1–9
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The second experiment used the 80% of A as the training set.
After calculating the best values of the parameters using the
remaining 20% of A, the resulting model was used to
discriminate the data in the set B. The results of this second
experiment are listed in Table 5, where the same notation
introduced above is used. Table 5 shows that there are
substantial differences between the sets A and B; in fact, the
prediction accuracy for the Testing Set 1 is larger than the
accuracy for the Testing Set 2.

The last experiment was completely analogous to the second
one, but the roles of sets A and B were inverted. This means that
the 80% of B was used as the training set, and the testing sets were
the remaining 20% of B and the set A. The second part of Table 5
confirms differences between the input data sets A and B.

Table 2. Mean absolute changes in bowel habits frequency score, stool consistency and global score of the Psychological General Well-Being Index
(PGWBI) questionnaire over the 12 weeks of supplementation period.

Bowel habitsa

Capsules group (CG)
(n¼ 208)

(mean ± confidence limits)

Control capsules group
(cCG) (n¼ 213)

(mean ± confidence limits)

Probiotic foods
group (PFG) (n¼ 217)

(mean ± confidence limits)

Control probiotic
foods group

(cPFG) (n¼ 210)
(mean ± confidence limits)

CG
versus
PFG p

Intestinal regularity 3.3 ± 0.2b 1.0 ± 0.1 3.5 ± 0.2b 0.9 ± 0.1 NS
Stool volume 2.7 ± 0.2b 0.8 ± 0.1 2.7 ± 0.2b 0.7 ± 0.1 NS
Ease at defecation 2.6 ± 0.2b 0.6 ± 0.1 2.5 ± 0.2b 0.8 ± 0.1 NS
Bloating 1.7 ± 0.2b 0.3 ± 0.1 1.5 ± 0.2b 0.4 ± 0.1 NS
Constipation 1.3 ± 0.3b 0.2 ± 0.1 1.0 ± 0.3b 0.2 ± 0.1 NS
Abdominal pain 0.4 ± 0.2 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 NS
Intestinal cramps 0.5 ± 0.2 0.3 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 NS
Feeling of incomplete

defecation
1.3 ± 0.2b 0.2 ± 0.1 1.1 ± 0.2b 0.2 ± 0.1 NS

Incontinence 0.4 ± 0.2 0.3 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 NS
Halitosis 0.5 ± 0.2 0.3 ± 0.1 0.3 ± 0.1 0.4 ± 0.1 NS
Stool consistencyc

Type 3 ± 0.1b 4 ± 0.1 4 ± 0.1b 3 ± 0.1 S
PGWBId

Global score 81.7 ± 2.0b 73.3 ± 0.2 82.1 ± 1.5b 73.4 ± 0.4 NS

aChanges in bowel habits were assessed with a ten-combined Likert scale (�5, 0, +5);
bSignificantly different from the respective control group (Four Multiple Comparison test, p50.05)
cThe assessment has been obtained following the Bristol Stool chart
dThe global score ranged from 0 to 100 (best)
NS: not significantly different (Four Multiple Comparison test, p40.05).
S: significantly different (Four Multiple Comparison test, p50.05).

Table 3. Gastrointestinal symptom score according to Gastrointestinal Symptom Rating Scale (GSRS) in the four experimental groups (median value
and range).

Capsules group
(CG) (n¼ 208)

Control capsules group
(cCG) (n¼ 213)

Probiotic foods group
(PFG) (n¼ 217)

Control probiotic foods
group (cPFG) (n¼ 210)

Symptoma Median Range Median Range Median Range Median Range

Stomach ache or pain 1 1–4 1 1–5 1 1–4 1 1–5
Heartburn 1 1–3 1 1–4 1 1–4 1 1–5
Acid reflux 1 1–2 1 1–3 1 1–2 1 1–3
Hunger pains stomach/belly 1 1–5 1 1–5 1 1–5 1 1–5
Nausea 1 1–1 1 1–5 1 1–3 1 1–3
Rumbling stomach/belly 1 1–4 1 1–5 1 1–5 1 1–4
Bloated stomach/belly 1 1–3 1 1–5 1 1–5 1 1–5
Burping 1 1–4 1 1–5 1 1–4 1 1–4
Passing gas or flatus 1 1–5 1 1–5 1 1–4 1 1–4
Constipation 1 1–5 1 1–5 1 1–2 1 1–5
Diarrhoea 1 1–4 1 1–4 1 1–3 1 1–2
Loose stools 1 1–3 1 1–4 1 1–2 1 1–5
Hard stools 1 1–5 1 1–2 1 1–5 1 1–5
Urgent need (bowel movement) 1 1–5 1 1–5 1 1–4 1 1–5
Feeling of not completely emptying 1 1–5 1 1–3 1 1–4 1 1–4

aGastrointestinal symptoms were assessed with a seven-point Likert scale from no discomfort (1) to very severe discomfort (7) using GSRS
questionnaire.

Table 4. Basic classification in the computational
experiments and the corresponding prediction
accuracy.

Training set Testing set

80% (A+B) 20% (A+B)
96.9% 95.85%
658/679 162/169

A¼data from people assuming probiotics with
capsule and the respective placebo group.

B¼data from people assuming probiotics with foods
and the respective placebo group.

DOI: 10.3109/09637486.2014.940284 Dietary supplement containing SYNBIO� 5
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Two additional experiments were performed for features
selection, that is, to identify those features that better characterise
the sets A and B, respectively. In the first one, the training set was
80% of A. With fixed parameters for the model, we used
Simulated Annealing (Kirkpatrick et al., 1983) to determine the
six features that maximise the prediction accuracy on the testing
set, constituted by the remaining 20% of A. Repeating this
experiment with different model parameters, the best values, i.e.
the parameters that minimise the prediction error, and the
corresponding six features were selected. The quality of the
final model was tested on the second testing set B. Table 6
contains the training and testing sets with the relative prediction
accuracy. The selected features were: easy at defecation, bloating,
stool consistency, PGWBI (global score), burping and feeling of
not completely emptying.

Table 6 shows that the prediction accuracy on the testing set 2
(set B) using only six of the 27 available features is comparable
with the prediction accuracy of B using all the features (see Table
5 for comparison). Another important observation is related to the
features that mainly emerged from the analysis (that is changing
the parameters). They are as follows: easy at defecation, feeling of
not completely defecation and loose stools. These three features
were selected as the most relevant in all experiments and can be
considered as the ones which let to better distinguish between
people assuming probiotics with capsule and the respective
placebo.

In a new experiment, the roles of A and B were inverted, and
the corresponding prediction accuracy is displayed in Table 6.
In this case, the selected features were as follows: intestinal
regularity, stool volume, abdominal pain, intestinal cramp,
halitosis and PGWBI (global score).

In this experiment, removing some of the available features
reduces the prediction error on the testing set 2 (set A) (see Table
5 for comparison). This means that some features are able to
characterise the phenomenon under examination more than
others. Moreover, when changing the parameters, it can be
observed that the most present features are intestinal regularity
and PGWBI (global score). These are the features that let to better
distinguish between people assuming probiotics with foods and
the respective placebo.

Recovery of probiotic strains from faecal samples

Faecal samples were collected from a cohort of 100 subjects for
each experimental group at the first day after the run-in and after
12 weeks of probiotic supplementation. Specimens were analysed,
and the Lactobacillus spp. was enumerated and assessed by
RAPD to detect the presence of the probiotic strains. Prior to
probiotic supplementation, it was found that all the subjects
randomised in the four experimental group harboured lactobacilli
in a range of values from 8.9� 104 ± 1.2� 105 CFU/g of faeces
(PFG) to 1.9� 105 ± 1.4� 105 CFU/g of faeces (CG) (Table 7).
No strains were recovered, which had RAPD fingerprints
corresponding to L. rhamnosus IMC 501� and L. paracasei
IMC 502�. After 12 weeks of probiotic supplementation, the
Lactobacillus counts as CFU/g of faeces remained almost stable
in the two control groups (2.2� 105 ± 1.4� 105 for cCG and
1.4� 105 ± 1.1� 105 for cPFG), while in the probiotic groups, the
Lactobacillus counts significantly increased over the 12 weeks
(p50.05) at a value of 2.4� 107 ± 5.2� 106 CFU/g of faeces and
1.9� 107 ± 6.3� 106 CFU/g of faeces in CG and PFG groups,
respectively.

Lactobacillus rhamnosus IMC 501� and L. paracasei IMC
502� were detected in the faecal samples of subjects belonging
to both supplemented probiotic groups with a mean frequency
of about the 75% for L. rhamnosus IMC 501� and the 83.5 % for
L. paracasei IMC 502� (Table 7).

Discussion

In this study, the ability of foods and a dietary supplement
containing SYNBIO� to affect bowel habits was investigated in
healthy adults volunteers.

The literature documents the positive effects of probiotics on
several gastrointestinal disorders (Ciorba, 2012; Marteau et al.,
2001; Ng et al., 2009), whereas only a few studies have addressed
the positive effects of probiotics on healthy people (Kim et al.,
2013; Larsen et al., 2006; Olivares et al., 2006; Verdenelli et al.,
2011), mainly because of the difficulty of assessing the effects of
a probiotic treatment on people free of significant health
problems. This hurdle needs to be overcome, as it would be
very important to demonstrate the effectiveness of probiotics in
improving the well-being of healthy subjects, who form the vast
majority of consumers of functional products (Annunziata &
Vecchio, 2013).

Bowel habits can be perceived in different ways, and a
universal definition of the cut-off between normality and disease
has yet to be established (Bassotti et al., 2004; Higgins &
Johanson, 2004; Sandler & Drossmann, 1987). This study
evaluated bowel habits in subjects who perceived themselves as
normal regarding these functions. This criterion of self-perceived
normalcy cannot be considered arbitrary, as well-being is
essentially a matter of self-perception.

We were interested in furthering inquiry begun in a previous
study of ours that yielded significant results on the ability of
SYNBIO� to improve intestinal regularity and faecal volume in a
population of healthy adults (Verdenelli et al., 2011). To eliminate
some limits of the previous study, the number of adult subjects has

Table 6. Prediction accuracy of B and A testing set with
feature selection.

Training set Testing set 1 Testing set 2

Testing set B
80% A 20% A B
94.06% 100% 82.20%
317/337 84/84 351/427

Testing set A
80% B 20% B A
94.44% 100% 88.83%
323/342 85/85 374/421

A¼ data from people assuming probiotics with capsule and
the respective placebo group.

B¼ data from people assuming probiotics with foods and
the respective placebo group.

Table 5. Prediction accuracy of B and A testing set.

Training set Testing set 1 Testing set 2

Testing set B
80% A 20% A B
99.40% 92.85% 84.30%
335/337 78/84 360/427

Testing set A
80% B 20% B A
98.53% 96.47% 86.93%
337/342 82/85 366/421

A¼ data from people assuming probiotics with capsule and
the respective placebo group.

B¼ data from people assuming probiotics with foods and
the respective placebo group.
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been increased and both probiotic-enriched foods and capsules
have been used as carriers.

Interest in probiotics has been growing over the years, with the
number of products containing probiotic bacteria increasing
significantly from North America to Asia, and Eastern Europe to
Western Europe (Heller, 2009). It is estimated that the probiotic
industry holds about a 10% share of the global functional food
market (Starling, 2009), with 10 billion euros in sales in 2008, and
that the global market for probiotic supplements such as pills,
caplets and capsules in 2008 alone was worth approximately $1.5
billion (Heller, 2009). Therefore, products that contain probiotic
bacteria are of considerable and growing economic importance.

Probiotic bacteria were initially incorporated into yogurt
products. Today, however, numerous foods are employed or are
being developed as delivery vehicles for probiotics. In recent
years, new consumer demand has prompted research on novel
probiotic foods such as beverages, cookies, ice-cream, dairy
dessert, sausages and others (Caramia & Silvi, 2011; Coman
et al., 2012; Martins et al., 2013). This study examined six foods
as well as capsules filled with the same SYNBIO� blend to satisfy
the varying preferences of consumers.

Confirming the 2011 report by Verdenelli et al., this study
found that consumption of SYNBIO� probiotic-enriched foods
and dietary supplement produced improved intestinal regularity,
according to the results of a validated questionnaire on bowel
habits filled out by healthy volunteers enrolled in the human
study, who normally do not suffer from gastrointestinal diseases.
The same effects were not registered in the control groups. In fact,
subjects who consumed the SYNBIO� foods or supplement
capsules reported significantly higher mean score values than
control group subjects for parameters such as intestinal regularity,
stool volume, ease of defecation and less frequent bloating,
constipation and sensation of incomplete defecation. It is
generally thought that optimal bowel function consists of large
stools, more frequent defecation and more rapid transit rates
(Slavin & Marlett, 1980; Vuksan et al., 2008). These are
considered measures of optimal bowel function because they
presumably prevent prolonged residence of residue in the colon
and promote ease of defecation, while at the same time, permit
adequate small bowel digestion and absorption and large bowel
fluid and electrolyte re-absorption.

The questionnaire results were also confirmed by the use of
SVM, which allowed us to draw other interesting conclusions.
First of all, the SVMs model pointed out a sharp division between
subjects given probiotics and those in the control groups,
regardless of the mode of administration. In fact, the prediction
accuracy of classification results, listed in Table 4, were
remarkably good. Table 5 lists differences between delivery of
the probiotics through food and through capsules: the prediction

errors are different for the testing sets 1 and 2. Finally, the feature
selection experiment made it possible to define the features that
better characterise subjects who received probiotics through food
and those who received them in capsules. Ease of defecation, a
sensation of incomplete defecation and loose stools seemed to be
the most significant features for people receiving probiotics in
capsules, while intestinal regularity and the PGWBI global score
emerged as the prominent ones for the group receiving probiotics
through food.

In general, the increase in faecal volume (weight) is frequently
associated with reduced intestinal transit time of food. In our
study, not only stool volume but also its consistency was
significantly different between the probiotic group and controls.
It should be kept in mind, however, that this feature is also
affected by the carrier of supplementation. The stool type in
subjects receiving the probiotic foods differed significantly from
that in subjects who received the capsule form. The food matrix
affected the stool consistency, nevertheless the types 3 and 4
represent the ideal stool consistency/shape, in particular type 4,
which is easy to defecate. It is noteworthy that all participants
who consumed probiotics reported a sensation of bowel well-
being as ‘‘feeling good’’. This condition was strongly highlighted
by the PGWBI global scores for both probiotic supplemented
groups, which were significantly higher than those of control
groups. The SVM singled out the PGWBI global score as one of
the most present features, defining it a characterizing feature for
the probiotic consumption groups.

In addition, SYNBIO� supplementation is safe, as test subjects
reported no adverse events when providing information for the
gastrointestinal symptom score, calculated using the GSRS
(Revicki et al., 1998).

The persistence of probiotics in the gastrointestinal tract is an
important parameter for assessing their effectiveness. Saxelin
et al. (2010) showed that capsules, yoghurt and cheese were good
vehicles for the administration of a probiotic combination of four
bacteria strains, verifying the persistence of the strains in the
gastrointestinal tract of a generally healthy population. Using the
SYNBIO� probiotic combination, Verdenelli et al. (2009) and
Martarelli et al. (2011) reported recovery of two strains admin-
istered in food and in a dietary supplement, respectively, in two
different healthy populations. In this study, the recovery of
probiotic bacteria from the faeces of a cohort of 100 subjects for
each supplemented group demonstrated the persistence of strains
in the gastrointestinal tract and indicated that both methods of
administration, food matrix and capsule, yielded high quantities of
the two strains. A parallel study by Coman et al. (2012) confirmed
that all the probiotic foods used in our study were of great
potential as vehicles for probiotic cultures and offered the
additional advantage of being foods for all age groups. At the

Table 7. Total vancomycin- and gentamicin-resistant Lactobacillus count and recovery of L. rhamnosus IMC 501� and L. paracasei IMC 502� in
faecal samples of subjects at day 0 (the first day after the run-in) and after 12 weeks of probiotic supplementation.

Lactobacillus spp
CFU/g of faeces (means ± sd)

N� of positive subjects
for the recovery of

L. rhamnosus
IMC501�/cohort subjects

No. of positive subjects
for the recovery of

L. paracasei
IMC502�/cohort subjects

Day of sampling Day 0a After12 weeksb Day 0 After12 weeks Day 0 After12 weeks

Capsules group (CG) 1.9� 105 ± 1.4� 105 2.4� 107 ± 5.2� 106c 0/100 76/100 0/100 85/100
Control capsules group (cCG) 9.8� 104 ± 1.1� 105 2.2� 105 ± 1.4� 105 0/100 0/100 0/100 0/100
Probiotic foods group (PFG) 8.9� 104 ± 1.2� 105 1.9� 107 ± 6.3� 106c 0/100 74/100 0/100 82/100
Control probiotic foods group (cPFG) 1.2� 105 ± 1.3� 105 1.4� 105 ± 1.1� 105 0/100 0/100 0/100 0/100

aDay 0: the first day after the run-in.
bAfter 12 weeks of probiotic supplementation.
cSignificantly different from the day 0 (p50.05 by Student t test).
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same time, the Coman et al. (2012) study demonstrated that the
food matrices do not affect the viability and functionality of the
probiotic combination.

Conclusions

To our knowledge, this study is the first to compare the effects of
two different types of probiotic carriers (foods and a dietary
supplement) on bowel habits in a large healthy population. The
results of this study demonstrated no significant differences in the
two carriers of probiotics, as both gave positive significant effects
on bowel habits of subjects who received the probiotics, compared
to the control population. There are varying opinions about the
choice between probiotics from natural foods or from supple-
ments. Some point out that it is difficult to know exactly what is
contained in a probiotic supplement, since supplements are not
subjected to the rigorous testing that medications or foods must
undergo. Others deem probiotic foods healthier than capsules or
powders, because foods contain other beneficial nutrients that
supplements do not.

The results of this study are of both scientific and commercial
interest, since they indicate that the consumer may safely choose
between our probiotic foods and capsules, which have proven
persistence in the gastrointestinal tract and the same beneficial
effects on the bowel habits of a healthy adult population.
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