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Sweeteners are being sourced to lower the energetic value of confectionery including chocolates. Some, especially non-digestible carbohydrates,

may possess other benefits for human health upon their fermentation by the colonic microbiota. The present study assessed non-digestible carbo-

hydrate sweeteners, selected for use in low-energy chocolates, for their ability to beneficially modulate faecal bacterial profiles in human volun-

teers. Forty volunteers consumed a test chocolate (low-energy or experimental chocolate) containing 22·8 g of maltitol (MTL), MTL and

polydextrose (PDX), or MTL and resistant starch for fourteen consecutive days. The dose of the test chocolates was doubled every 2 weeks

over a 6-week period. Numbers of faecal bifidobacteria significantly increased with all the three test treatments. Chocolate containing the PDX

blend also significantly increased faecal lactobacilli (P¼0·00 001) after the 6 weeks. The PDX blend also showed significant increases in

faecal propionate and butyrate (P¼0·002 and 0·006, respectively). All the test chocolates were well tolerated with no significant change in

bowel habit or intestinal symptoms even at a daily dose of 45·6 g of non-digestible carbohydrate sweetener. This is of importance not only for

giving manufacturers a sugar replacement that can reduce energetic content, but also for providing a well-tolerated means of delivering high

levels of non-digestible carbohydrates into the colon, bringing about improvements in the biomarkers of gut health.

Chocolate: Microbiota: Prebiotics: Sweeteners: Polydextrose

With obesity becoming a global epidemic, it is now more
apparent than ever that we must make more informed
decisions about the food we eat. Energy-dense and nutrient-
poor foods which are high in salt, sugar and saturated fats,
combined with a lack of exercise, have led to obesity levels
rising more than threefold since 1980(1). With obesity come
major, life-altering health and financial consequences.
People who are obese and overweight are at a higher risk of
developing CHD, type 2 diabetes and cancer and are predis-
posed to other chronic diseases, and health care costs for
those who are obese are increasing. Until recently, the confec-
tionery-manufacturing industry has largely used sucrose, but
this has been impacted by the growing concern over health
and diet. Manufacturers of these products are now producing
lower energy alternatives using non-sucrose sweeteners in
place of sucrose. There have been many human and animal
studies looking into the correlation between sugar intake and
the metabolic syndrome(2,3). The metabolic syndrome is a
combination of factors, such as weight, age or genetics, that
increases the risk of CVD and diabetes. A recent study(4) in
rats not genetically susceptible to diabetes has found that
high level of sucrose intake (300 g/l of sucrose water for 42
weeks) significantly increased body weight and glucose intol-
erance compared with control animals. A further study with
rats looked at the effects that a high-fat/sucrose diet had on
the risk factors leading to atherosclerosis. After 2 years on

the high-fat/sucrose diet, the rats were obese, hypertensive,
hyperinsulinaemic and hypertriglyceridaemic compared with
their counterparts on a low-fat complex carbohydrate diet(5).

The sugar substitutes used most frequently by the confec-
tionery industry are bulk sweeteners. This group of sweeteners
contains primarily sugar alcohols, which are not broken down
in the stomach or small intestine, and non-digestible carbo-
hydrates, which can be used in foods at similar levels to
that of sucrose(6). The term non-digestible in this context
refers to the food ingredients being undigested in the upper
gut with a large portion remaining for fermentation by the
indigenous microbiota of the large intestine. Maltitol (MTL)
is an example of a bulk sweetener, while polydextrose
(PDX) and resistant starch (RS) are bulking agents, which
can substitute for the texture properties of sucrose in confec-
tionery products. All have been found to be fermented by
the indigenous bacteria of the colon(7 – 10). The human gut
microbiota, comprising over 1000 different bacterial species,
impacts greatly on host health and well-being(11 – 14). Certain
bacteria, namely bifidobacteria and lactobacilli, are regarded
as health promoting, interacting with the host immune
system, cells of the intestinal mucosa and other members of
the gut microbiota, and play a role in immune homoeostasis
and ability to fight off infections, mucosal integrity, pro-
duction of vitamins, beneficial fats and other metabolites
used by the host, and together with other members of the
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commensal microbiota, in health, mount an effective barrier to
invading pathogenic micro-organisms. Through saccharolytic
fermentation, the microbiota is able to salvage energy for
the host from foods that remain largely undigested in the
upper gut, mainly producing the SCFA acetate, propionate
and butyrate. Up to 95 % of the SCFA produced can be
taken up and utilised by the host(15). Once absorbed, they
can be metabolised by the cells of the colonic epithelium
and other extra-intestinal tissues(16,17). Acetate and propionate
provide energy for the heart, brain and muscle, while 50 % of
the daily energy requirements of the gastrointestinal mucosa
comes from butyrate(18,19). SCFA are also involved in blood
cholesterol and lipid regulation(20,21). Studies have also
shown that these SCFA may have a positive effect on
human gastrointestinal health and diseases, for example,
colon cancer, inflammatory bowel disease and gastrointestinal
infections(22 – 25). However, imbalances in the composition of
the gut microbiota have been observed in association with a
number of the same chronic human diseases, and more
recently, in metabolic diseases such as diabetes and obesity.
The European Union-supported Concerted Action PASS-
CLAIM (QLK1-2000-00 086) defined a healthy or balanced
intestinal microbiota as one that ‘is predominantly saccharo-
lytic and comprises significant numbers of bifidobacteria and
lactobacilli’. While most non-digestible carbohydrates which
reach the colon to some extent contribute to saccharolytic
fermentation by the resident microbiota, fermentation of cer-
tain non-digestible carbohydrates results in elevated numbers
of bifidobacteria and/or lactobacilli. Dietary prebiotics,
recently defined as ‘selectively fermented ingredient(s) that
result(s) in specific changes in the composition and/or
activity of the gastrointestinal microbiota, thus conferring
benefit(s) upon host health’(26), have been repeatedly
shown to bring about elevated numbers of faecal bifidobac-
teria in human feeding studies(27 – 29). Many of the sugar
replacements used in the confectionery industry are non-
digestible in the upper gut, and therefore have the potential
to be prebiotics. What may become problematic for consu-
mers is that overconsumption of certain prebiotics has
been reported to result in unwanted intestinal side effects
such as increased flatulence or intestinal bloating or pain.
Doses of about 15 g/d of fructo-oligosaccharides and inulin
have been shown to induce laxation effects, increased
stool frequency and gas production(30).

In the present study, we have measured the microbiota
modulatory potential and intestinal tolerance of chocolate
containing blends of sugar replacers (in place of sucrose)
likely to be used in manufacturing low-energy confectionery,
and compared that to traditional sucrose chocolate. To date,
there are no data on the effects these sugar replacers may
exert on the gut microbiota in vivo. The aim of the present
study was therefore to assess the potential prebiotic sup-
plementation of chocolate to selectively increase numbers
of beneficial faecal bacteria, and to measure the tolerability
of high level (45·6 g sugar replacer/d) consumption of this
low-energy, high-non-digestible carbohydrate chocolate. For
this, a placebo-controlled, double-blinded, dose–response
human feeding study was conducted using forty healthy
human volunteers in a parallel manner. Volunteer diaries
were employed to monitor changes in bowel habit and
gastrointestinal discomfort.

Materials and methods

Experimental design

Treatments. Placebo chocolate was a normal milk chocolate
bar containing sucrose. Each 50 g of treatment chocolate was
supplemented with 22·8 g of MTL, MTL and PDX, or MTL
and RS in place of sucrose. Chocolate was supplied by
Cadburys (Bournville, Birmingham, UK) and the number
was coded so as to be blind to investigator and volunteers.
Volunteers were split randomly into four groups, and they
consumed either the placebo or one of the treatment choco-
lates in a parallel manner. The treatment was delivered as
50 g of chocolate consumed daily for 14 d, followed by
75 g for a further 14 d and 100 g for the final 14 d. This corre-
sponded to a dose of non-sucrose sweetener of 22·8, 34·2 and
45·6 g for the three 2-week periods, respectively. Volunteers
were free to consume the chocolate at any time of the day.
The power of the study as calculated by MINITAB (Univer-
sity of Reading) was 0·71.

Outline of study protocol. Forty healthy volunteers
(twenty-seven females and thirteen males) with an average
age of 33 and average BMI of 22·7 kg/m2 participated in the
study. Written consent was obtained from each individual,
and the study was approved by the ethics committee of the
University of Reading. Test chocolates were administered to
volunteers at the beginning of each 14 d period. Volunteers
were asked to keep diaries while consuming the chocolate
to record stool frequency, consistency, abdominal pain, intes-
tinal bloating and gas on a daily basis. Any concomitant
medication, adverse events or volunteer comments were
also recorded.

Pre-trial assessment. Volunteers were assessed for good
health, and were selected on the basis of adherence to
inclusion and exclusion criteria. A pre-treatment stool
sample was taken on day 0.

Dose period 1 (days 1–14). Volunteers consumed 50 g of
their randomly assigned treatment chocolate, and kept daily
diaries during the period. A stool sample was collected on
day 15. There was no significant difference in age, BMI or
sex between the three treatment groups.

Dose period 2 (days 15–29). Volunteers consumed 75 g
of their treatment chocolate, and kept daily diaries throughout
the period. A stool sample was collected on day 30.

Dose period 3 (days 30–44). Volunteers consumed 100 g
of their treatment chocolate, and kept daily diaries during the
period. A stool sample was taken on day 45.

Inclusion and exclusion criteria

Inclusion criteria. The volunteer inclusion criteria were
a signed consent form, age 20–40 years inclusive, BMI
18·5–24·9 kg/m2 inclusive and good general health as deter-
mined by a medical questionnaire.

Exclusion criteria. The volunteer exclusion criteria were
any requirement to take long-term medication, especially
those active on the gastrointestinal tract or for CVD, use of
antibiotics within the previous 6 months, a history of alcohol
or drug abuse, pregnancy or lactation or planning pregnancy,
involvement in a study involving an experimental drug/
medication within 4 weeks before entry into the study, history
of chronic constipation or diarrhoea, or other chronic
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gastrointestinal complaints (e.g. irritable bowel syndrome),
high cholesterol (as determined by medical questionnaire
and use of cholesterol-lowering drugs/functional foods) and
intake of other specific prebiotics or probiotics, drugs active
on gastrointestinal motility or a laxative of any class within
the 4 weeks before the start of the study. Those suffering
with diabetes and those having any allergies for nuts, etc.
were also not included in the study.

Sucrose replacers

The sugar alcohol MTL (Maltisorb P200; Roquette, North-
ampton, UK) was used singularly and as the base for each
blend. It is commonly used in confectionery because of its
high sweetness (approximately 90 % as sweet as sucrose). In
ileostomy volunteers, 70 % of MTL reaches the colon
intact(31). MTL was blended with PDX (Litesse ultra; Danisco,
Redhill, UK) and RS (Nutriose FB06; Roquette). PDX is a
soluble fibre commonly used as a sugar replacer due to its
low energy content. From a study by Figdor & Bianchine(32),
it was found that PDX can survive almost intact into the colon,
where 50 % is fermented by the microbiota. RS is able to
escape digestion, with 85 % reaching the colon(33). The choco-
late containing the sucrose replacers, and the placeto sucrose-
containing chocolate, were thoroughly microbiologically tested
for health and safety, and were cleared for commercial use. The
RS is found naturally in foods, and has been used in the food
industry for over 10 years. Both MTL and PDX are used com-
mercially as sugar replacements. The laxation threshold for
MTL is 60–90 g/d. One study compared its tolerance with
that of sucrose in chocolate, and found that neither 30 nor
40 g of MTL caused a significantly greater laxation than
sucrose(34). According to the European Commission Scientific
Committee for Food EC/SCF, PDX has a laxation threshold of
90 g/d(35). For the final 2 weeks of the trial, the maximum
amount of these additions being consumed was 45·6 g.

Bacterial enumeration

Freshly voided faecal samples were diluted 1 in 10 (w/v)
with anaerobic PBS, and mixed in a stomacher for 2 min.
Changes in faecal bacterial populations were assessed through
the use of fluorescent in situ hybridisation with molecular
probes targeting 16S rRNA. Genotypic probes targeting
the predominant components of the gut microbiota were
tagged with fluorescent markers such that quantifiable changes
may be determined. The probes used were Bif164(36),
Bac303(37), cHis150(38), Lab158(39), Ato291(40), Erec482(38),
Fprau0645(41), Rbro730 and Rfla729(42) specific for bifido-
bacteria, bacteroides, clostridia (Clostridium perfringens/
histolyticum subgroup), lactobacilli/enterococci, Atopobium
spp., Eubacterium rectale, Faecalibacterium prausnitzii,
Ruminococcus bromii and Ruminococcus flavefaciens group,
respectively. The probes were commercially synthesised and
50 labelled with the fluorescent dye Cy3. The nucleic acid
stain 40-6-diamidino-2-phenylindole was used for total
bacterial counts. Samples were diluted and fixed overnight
in 4 % (w/v) paraformaldehyde. The cells were then washed
with PBS, resuspended and stored. The cell suspension was
then added to a hybridisation mixture. Hybridisation was
carried out at appropriate temperatures for the probes.

Subsequently, probes were vacuum filtered, and the filter
was mounted onto a microscope slide and examined using a
fluorescent microscope.

SCFA analysis

Freshly voided faecal samples were diluted 1 in 10 (w/v) with
anaerobic PBS, and mixed in a stomacher to blend for 2 min.
Changes in SCFA were assessed using GC. Ethyl butyrate
served as the internal standard. Acetic acid, propionic acid,
butyric acid, isobutyric acid, isovaleric acid, n-valeric acid,
n-caproic acid and lactic acid were run as external standards
and calibrated. One millilitre of the diluted faecal sample
was centrifuged at 18 000 g for 10 min. Supernatant was
filtered through 0·2mm filter into a new eppendorf tube. To
a GC vial containing 400ml of ethyl butyrate, 100ml of fil-
tered supernatant were added, and the cap was applied. This
was stored at 4 8C until use. Samples of 1ml were injected
into a GC system (HP 5890 A; Hewlett Packard GmbH,
Böblingen, Germany) equipped with a flame-ionisation detec-
tor and a capillary column (25 m £ 0·23 mm) impregnated
with 20 m Carbowax (Hewlett Packard GmbH). The carrier
gas was He used at a column flow rate of 12 ml/min with
a split ratio of 1:12. The column temperature was 1258C(43).

Statistics

Data were analysed using ANOVA (Minitab 15). Differences
were considered significant at P,0·05. Volunteer diaries were
analysed using a t test and the Mann–Whitney U test for
non-parametric analysis, and differences were considered
significant at P,0·05.

Results

Bacterial enumeration using fluorescent in situ hybridisation

The bacterial populations as enumerated using fluorescent
in situ hybridisation are given in Table 1. Significant increases
in bifidobacteria were observed with all the test treatments. An
increase of between 0·4 and 0·5 log10 cells/g was observed
with the MTL, PDX and RS blends (P¼0·0006, 0·0009 and
0·001, respectively), while the 0·2 log10 cells/g increase by
the placebo was not statistically significant. Similarly, lactoba-
cilli were increased significantly by the test treatments, but not
by the placebo. The PDX blend had the largest increase
of 1·1 log10 cells/g (P¼0·00 001), while MTL and the RS
blends had increases of 0·8 and 0·6 log10 cells/g, respectively
(P¼0·001 and 0·004). Enumeration of the Clostridium histoly-
ticum/perfringens populations showed significant increases
in all groups. The changes were between 0·8 and 0·4 log10

cells/g, with the RS blend having the largest increase after
4 weeks (P¼0·002) and the PDX blend having the smallest
increase (P¼0·007). Bacteroide numbers were left unchanged
by the placebo, but they were significantly increased by the
test groups. The MTL blend showed the greatest increase of
0·7 log10 cells/g (P¼0·001), while the PDX and RS blends
showed increases of 0·3 and 0·5 log10 cells/g, respectively
(P¼0·003 and 0·002). F. prausnitzii, a commensal bacterium
found in the gut, is a major member of the Firmicutes.
Recent research has shown F. prausnitzii populations
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to be reduced in patients suffering from Crohn’s disease(44).
Significant increases in F. prausnitzii populations were
observed in all groups except in the RS blend group. The
largest increase of 1 log10 cells/g was seen in the group that
consumed MTL (P¼0·0001). E. rectale, R. flavefaciens and
total bacteria also showed significant increases by all the
test treatments, while Atopobium was increased significantly
by MTL, and R. bromii populations showed significant
increases with MTL and the placebo.

SCFA analysis

The SCFA measurements in faeces are given in Table 2.
Acetate showed the largest increase of 17·6 mM (P¼0·003)
in groups that consumed the RS blend. Significant increases
were also seen with MTL and PDX blends, 10·3 and
13·6 mM, respectively (P¼0·007 and 0·005), but not with the
placebo, which only increased acetate levels by 2·8 mM. The
PDX blend showed the most significant increases in butyrate
and propionate with 16·5 and 11·8 mM, respectively
(P¼0·002 and 0·006), over the 6-week period. Significant
increases of 9 mM in propionate were also observed over the
trial in the MTL and RS blend groups (P¼0·009). With
butyrate, all groups including the placebo group had signifi-
cant increases as follows: 4·6 mM (placebo), 10·4 mM (RS
blend) and 11 mM (MTL) (P¼0·04, 0·008 and 0·007).

Volunteer diaries

Table 3 summarises data on stool frequency, stool consistency
and digestive tolerance (abdominal pain, bloating and gas)
recorded by volunteers during the trial. Small increases in
the amount of stools produced per person per 2-week period
were seen for all groups, but these changes were NS. Stool
consistency was graded by volunteers as hard, formed or
soft. The placebo and MTL groups showed a change from

soft to hard stools during the 6-week period, which was a
change of approximately 11 %. The group that consumed
the PDX blend showed a switch of 6 % from formed to
soft stool, but the reports of hard stools were unchanged.
Conversely, the group that consumed the RS blend showed
the opposite effect of a 7 % change from soft to formed
stool. The occurrence of abdominal pain, bloating and gas
was also recorded daily by volunteers under the headings
none, mild, moderate and severe. The largest changes for
the group that consumed the placebo were a 10 % change in
bloating from none to mild/moderate; however, decreases
in the reports of moderate and severe gas over the trial led
to increases in mild, although there was a 7 % decrease in
volunteers recording no gas. The group that consumed MTL

Table 1. Changes in bacterial populations during the 6-week human volunteer trial*

Bif Bac Clos Lac Erec Ato Rfla Fprau Rbro Total

Control base 8·9 9·2 8·2 8·1 9·2 8·8 8·5 8·6 8·6 9·9
Control 2 weeks 9 9·2 8·7 8·2 9·3 8·9 9·2 9·2 9·2 10·2
Control 4 weeks 9·1 9·1 8·8 8·4 9·3 8·8 9·1 9·2 9·2 10·4
Control 6 weeks 9·1 9·2 8·8† 8·2 9·2 8·9 9·4† 9·3† 9·3† 10·5†
MTL base 8·9 8·7 8·2 8·3 8·9 8·5 8·8 8·4 8·5 9·9
MTL 2 weeks 9·1 9·1 8·7 8·8 9·1 8·7 9·1 9·1 9·1 10·2
MTL 4 weeks 9·2 9·3 8·6 9 9·4 8·8 9·2 9·3 9·3 10·4
MTL 6 weeks 9·4† 9·4† 8·7† 9·1† 9·5† 8·9† 9·3† 9·4† 9·3† 10·6†
PDX blend base 8·9 9 8·3 8·1 9 8·7 8·9 8·9 9 10
PDX blend 2 weeks 9·1 9·1 8·6 8·7 9·1 8·9 9 9 9 10·2
PDX blend 4 weeks 9·2 9·2 8·7 9·1 9·2 8·9 9·2 9·3 9·3 10·4
PDX blend 6 weeks 9·3† 9·3† 8·5† 9·2† 9·4† 8·9 9·3† 9·4† 9·3 10·5†
RS blend base 8·8 9·1 8·2 8·2 9·2 8·8 8·9 9·1 9 9·9
RS blend 2 weeks 9 9·3 8·7 8·6 9·3 8·9 9·2 9·2 9·1 10·3
RS blend 4 weeks 9·1 9·4 9 8·8 9·5 9 9·3 9·3 9·2 10·4
RS blend 6 weeks 9·2† 9·6† 8·9† 8·8† 9·6† 9 9·3† 9·4 9·2 10·5†
SEM 0·04 0·04 0·06 0·09 0·04 0·04 0·06 0·07 0·06 0·06

Bif, bifidobacteria, Bac, Bacteroides; Clos, Clostridium; Lac, lactobacilli; Erec, eubacteria; Ato, Atopobium; Fprau, Fusobacterium prausnitzii;
Rfla, Ruminococcus flavefaciens; Rbro, Ruminococcus bromii; MLT, maltitol; PDX, polydextrose; RS, resistant starch.

* At 2 weeks, volunteers consumed either 49 g of control chocolate containing sucrose or 49 g of chocolate containing 22·8 g of
supplemented substrates. At 4 weeks, supplemented substrate was increased to 34·2 g in 75g chocolate, and at 6 weeks, it was
increased to 45·6 g in 100 g chocolate. Data of bacterial enumeration using fluorescent in situ hybridisation are given. Results are mean
log10 cells/g. Probes for Bif, Bac, Clos, Lac, Erec, Ato, Fprau, Rfla, Rbro and the total bacteria count are given below.

† A significant increase over the time period according to an ANOVA.

Table 2. Changes in SCFA produced during 6-week human volunteer
trial*

Acetate Propionate Butyrate

Control base 14·7 2·4 2·3
Control 2 weeks 16·6 4·4 4·4
Control 4 weeks 17·8 5·1 6·6
Control 6 weeks 17·5 5·8 6·9†
MTL base 13 2·4 2·5
MTL 2 weeks 16·9 4·9 5·3
MTL 4 weeks 20·5 7·6 8·4
MTL 6 weeks 23·3† 11·3† 13·5†
PDX blend base 14·8 2·3 2·2
PDX blend 2 weeks 17·9 5·2 5·6
PDX blend 4 weeks 23·7 10·6 11·3
PDX blend 6 weeks 28·4† 14·1† 18·7†
RS blend base 14·7 2·5 2·4
RS blend 2 weeks 18·8 5·8 6·1
RS blend 4 weeks 22·1 9·1 9·4
RS blend 6 weeks 26·3† 11·5† 12·8†
SEM 1·11 0·93 1·19

MLT, maltitol; PDX, polydextrose; RS, resistant starch.
* Data of SCFA measurements using GC. Results are in mean mmol.
† Significant increase following fermentation using an ANOVA.
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showed decreases of 9 % from mild, 1 % from moderate and
2 % from severe relating to a 12 % increase in no reporting
of bloating. This was related to gas in those initially reporting
mild decreasing 6 % to none and simultaneously in those
initially reporting severe changing to moderate over the trial.
Similar to the other groups, those who consumed the PDX
blend also reported increases in pain from none to mild
of 10 %, although one volunteer reported severe after 4 and
6 weeks of the treatment. There were decreases in bloating,
but increases of gas of 11 % for moderate and 9 % for
severe after the 6 weeks. The RS blend followed a similar
pattern with 9 % increases in pain from none/mild to moder-
ate. The largest change throughout the trial was seen in reports
of bloating. A 30 % decrease in people reporting none led to
an 18 % increase in mild and a 12 % increase in moderate.
This was not mirrored by the gas results as they remained
fairly consistent with 3–4 % change from mild to moderate.
Although changes in bowel symptoms were reported through-
out the trial, these were not statistically significant and were
not of major concern to the volunteers as none withdrew
from the trial for this reason.

Discussion

The choices that we make about food influence our health and
well-being. In the growing light of the obesity epidemic,
people are looking for healthier alternatives of the food they
enjoy. Manufacturers, aware of consumer concern, are sour-
cing substitutes for their unhealthier ingredients, such as
sucrose. Some of the sugar substitutes already available to
the confectionery industry may have other health effects
aside from reducing energetic value of the product. Some of
these sugar replacements have been seen to reach the colon
intact and be fermented by the gut microbiota. Although
research has shown that these substrates individually can be
fermented by the gut microbiota(7,45,46), there have been no
studies looking at the effects these blends of sweeteners may
induce. In addition, little is known about the tolerability of
consumers to elevated levels of these sucrose replacers in
terms of gas production, bloating or abdominal pain. Reports
of increased flatulence and other intestinal symptoms with
more than 20 g/d of rapidly fermented compounds such as
lactulose or fructo-oligosaccharides have limited wider appli-
cation of these low-energy products in foods.

The present study tested the microbiota modulatory ability
and intestinal tolerability of three different test chocolate
products, each containing a different blend of sucrose
replacers, in forty healthy volunteers compared to those of a
traditional sucrose-containing chocolate. Bacterial populations
in stool samples collected before and after each treatment
period were enumerated using fluorescent in situ hybridi-
sation, and faecal SCFA were measured using GC. Volunteer
diaries recorded any other effects such as abdominal pain,
bloating and gas. All three of the low-energy chocolates
containing the sucrose replacers significantly increased the
numbers of faecal bifidobacteria as determined by fluorescent
in situ hybridisation (P¼0·0006, 0·0009 and 0·001). These
results concur with the previous studies, whereby RS
increased bifidobacteria significantly (P,0·01) in human
flora-associated rats compared with sucrose(45). A similar
result was observed in vitro with 1 and 2 % PDX(7); however,T
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after supplementation of 1 % PDX, the researchers found
that 55 % of the glucose in the PDX was resistant to attack
by gut bacteria. This agrees with the findings of Figdor &
Bianchine(32) who observed that although PDX can survive
almost intact into the colon, only 50 % is fermented by the
indigenous microbiota. For this human trial, MTL and PDX
were mixed in a 50:50 ratio where it is possible for only
50 % to be fermented, while MTL, although only 70 % reaches
the colon(31), is fully fermented by the microbiota(47). It could
therefore be said that it is the MTL that is leading to the
changes in bifidobacterial populations, as this can be seen
from its individual results from the trial. Lactobacilli were
seen to be significantly increased by all the test treatments,
but most effectively by the PDX blend. MTL may also be
playing a significant role in increases in the lactobacilli seen
with the PDX blend. Increases in these two bacterial popu-
lations are important markers for assessing prebiotic activity.
These bacteria are of importance for health benefits they
bring as probiotics. Recent studies have found links between
these two bacteria and the positive effects that they can
have against obesity and its related diseases(48,49). It could
be said that all the test treatments show potential as prebiotics
by increasing the numbers of both bacteria significantly.
Populations of the C. histolyticum/perfringens group were
also seen to increase significantly in all the test groups, but
most prominently in the RS blend group. C. perfringens is a
known gas producer, and this may explain the increase in
incidents of bloating and gas reported by the volunteers in
this treatment group. Increases in the population of bacteroides
were also seen to increase. This may appear as a result of
harmful effects due to their prevalence in patients suffering
from ulcerative colitis(50); however, recent studies have
highlighted the role bacteroides may have against obesity.
The researchers found that in obese human subjects and
animals, the numbers of Bacteroidetes, which includes the
genus bacteroides, are reduced in favour of Firmicutes (51 – 53).

Acetate, propionate and butyrate are the SCFA end pro-
ducts of bacterial carbohydrate fermentation. The SCFA
were increased significantly by all the test treatments, with
the RS blend being most effective at increasing acetate and
the PDX blend being most effective at increasing propionate
and butyrate. PDX generated the largest increases in bifido-
bacteria and lactobacilli, which are acetate and lactate produ-
cers. F. prausnitzii is a known butyrate producer, and studies
have shown that it is able to do this by acetate utilisation(54).
In the present study, F. prausnitzii and Roseburia spp. were
grown in the presence of acetate and glucose only, which
resulted in 85–90 % butyrate production. In mixed culture
studies, this would be seen as cross-feeding, whereby the
end products from one bacterial species’ fermentation pro-
vide substrates that can be fermented by another species,
thus producing a different end product. The PDX blend
was seen to increase the populations of F. prausnitzii
significantly.

Ingestion of some prebiotics in large doses may induce
unwanted side effects such as increased gas production,
bloating and a laxative effect(55). H2 and CO2 are the major
gases produced in the colon by bacteria such as entero-
bacteria and clostridia. When dealing with ingredients that
may have applications in the food industry, monitoring of
any negative side effects is of importance. Volunteers were

able to record their levels of abdominal pain, bloating and
gas, which were graded as either none, mild, moderate or
severe. The placebo group showed little change other than
a 10 % increase in bloating from none to mild, which may
be due to the amount of chocolate they were asked to con-
sume in the final 14 d period. The MTL group showed
positive effects with decreases in bloating and gas. Those
groups that consumed the PDX and RS blends, however,
did appear to encounter some negative effects. Volunteers
who consumed the PDX blend reported increases in pain
and gas by week 6, whereas those who consumed the RS
blend reported increases in pain and a 30 % change from
none to mild/moderate for bloating but no change in gas/
flatulence after the 6 weeks, which may be indicative of its
change in the Clostridium population. However, when look-
ing at reports from the lower dosages after 2 and 4 weeks,
it can be seen that the RS blend only sustained a 5 %
change in bloating from none to mild, and at 4 weeks, the
number of people reporting no abdominal pain increased by
13 %. This is also consistent with the PDX blend which
showed that reports of no abdominal pain remain the same
at the end of weeks 2 and 4, and that the recording of no
bloating increased to 73 % at 4 weeks. From this, it can be
said that an optimal dose of 34·2 g of the sweeteners in
75 g of chocolate kept gastrointestinal discomfort low. After
4 weeks, the PDX blend increased bifidobacterial populations
by 0·3 log10 cells/g and lactobacilli by 1 log10 cells/g while
also increasing the levels of acetate, propionate and butyrate
by about 9 mM each.

With bifidobacteria, lactobacilli and the SCFA being
the most prominent markers of prebiotic activity, the
results from this trial indicate that the sugar substitute of
PDX–MTL blended together, at an optimal dose of 34·2 g,
may have a beneficial effect on the gut microbiota as well
as may keep abdominal discomfort low and reduce the ener-
getic value of confectionery products. These findings are of
importance not only for the health effects for the consumers,
but also for the financial implications for the manufacturers.
Consumers are now being given a wider and more varied
choice of products available to them to aid them in a healthier
lifestyle. Manufacturers need to keep up with the demand
through sourcing alternative ingredients that combine a
range of benefits for the consumers. In the present study, it
can be seen that at the optimal dose, the PDX blend could
not only lower the energetic value of chocolate, but also pro-
vide prebiotic effects for the consumers.
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