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Abstract

Human milk is considered to be the optimal source of
infant nutrition. Some of the benefits of breastfeeding
have been ascribed to human milk oligosaccharides
(HMO). For instance, HMO can affect faecal character-
istics such as stool consistency and stool frequency.
Such effects on stool characteristics can be beneficial
for young infants as hard stools and even constipation
is common in that age group. Prebiotics in infant milk
formulas have been introduced to exert similar func-
tionalities. A specific mixture of prebiotics consists of a
combination of short chain galacto-oligosaccharides and
long-chain fructo-oligosaccharides (scGOS/ICFOS) in a
ratio of 9:1. This specific mixture has been developed
to closely resemble the molecular size composition of
HMO. Many studies have been done with scGOS/IcFOS,
and indicators for digestive comfort have often been in-
cluded as secondary outcomes. This review summarizes
the effects of scGOS/ICFOS (9:1) on stool consistency,
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stool frequency and transit time in healthy term and
preterm infants. In several of the studies with scGOS/
ICFOS in a ratio of 9:1 in infant milk formulas, positive
effects of this mixture on stool characteristics such as
stool consistency and stool frequency were observed.
As stool consistency was shown to be correlated to
whole gut transit time, scGOS/IcFOS can be hypothe-
sised to have a role in reducing the risk of constipation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Short-chain galactooligosaccharides; Long-
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Core tip: In several clinical trials with a specific mix-
ture of short-chain galacto-oligosaccharides and long-
chain fructooligosaccharides in a ratio 9:1 in infant
milk formulas, positive effects were observed on stool
consistency and stool frequency. This specific mixture
of short chain galacto-oligosaccharides and long-chain
fructo-oligosaccharides may therefore have a role in
reducing the risk of constipation.
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STOOL CHARACTERISTICS AND
CONSTIPATION IN INFANCY AND
CHILDHOOD

Childhood constipation is a common problem, with a
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prevalence ranging from 0.7% to 29.6%"". It is mentioned
to be the main reason for a paediatric outpatient visit in
3% of all cases™ and for 30% of the visits to paediatric
gastroenterologists[3’4]. Symptoms of constipation start to
occur during the first year of life in about 40% of chil-
dren with functional constipationm, In the past, infants
on standard infant formula have been reported to suffer
from hard, infrequent stools and even from constipation
more often than infants receiving human milk™. This
difference has partly been ascribed to human milk oligo-
saccharides (HMO), which are present in human milk in
levels of approximately 1 g/100 mI”.

EFFECTS OF HMO ON STOOL
CHARACTERISTICS

HMO are prebiotic oligosaccharidesm, which are not hy-
[11,12]

drolysed by digestive enzymes in the small intestine
In the colon, undigested substrates can be used by co-
lonic bacteria: the intestinal microbiota. The intestinal
microbiota is dependent on the provision of substrates
for their growth. For instance, non-digestible carbohy-
drates such as dietary fiber and dietary oligosaccharides
that reach the colon intact can stimulate the growth of
colonic bacteria, resulting in an increase in bacterial mass.
HMO is non-digestible oligosaccharides that reach the
colon intact, and can be used as substrate for the intesti-
nal microbiota ', As bacteria in the colon have a pref-
erence for specific types of substrates, the provision of a
specific type of substrate in the form of HMO will result
in selective fermentation by intestinal bacteria, which
can change the composition of the intestinal microbiota.
In this case, fermentation of the non-digestible carbo-
hydrates from human milk is associated with selective
growth of Lactobacillus species and Bifidobacteria *"”.
As end-products of fermentation, lactate and short-
chain fatty acids (SCFA), such as acetate, propionate and
butyrate are produced. Lactate and SCFA can then be
absorbed and used as an energy source for the host, but
within the colon, SCFA have also been shown to have
specific effects, such as being an energy source for the
colonic mucosa, to have trophic effects on the intestinal
mucosa, to stimulate mucosal blood flow and oxygen
uptake and to affect sodium and water absorption "’
Furthermore, human milk oligosaccharides have been
suggested to increase mineral absorptionm’lsj.

As mentioned before, stool characteristics of infants
who recieved human milk have in the past been reported
to differ from infants on standard infant formula'®®.
This difference has partly been ascribed to HMO. Sev-
eral mechanisms can explain these effects. First, an in-
crease in microbial mass due to the fermentation of the
oligosaccharides can increase the faecal water content,
which can results in softer stools. Second, the selective
fermentation and growth of Lactobacillus species and bi-
fidobacteria ™" and the subsequent production of SCFA
can increase the water content of the faecal mass , but
SCFA may also stimulate gastrointestinal motility, either
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by being used as energy source for colonic epithelial cells,
or by inducing phasic and tonic contractions in circular
muscle® *. Third, as HMO are specific types of dietary
fiber, they can be hypothesized to bind water and thereby
increase the water content of the faecal mass™

EFFECTS OF SCGOS/LCFOS ON STOOL
CHARACTERISTICS

In the last decade, several types and mixtures of non-
digestible oligosaccharides have been used in infant
formulas, such as galacto-oligosaccharides, fructo-
oligosaccharides, polydextrose, and pectin hydrolysates.
Although the compositional complexity of HMO can-
not be mimicked completely today, a specific mixture of
90% short-chain galacto-oligosaccharides (derived from
lactose, degree of polymerization 3-8) and 10% long-
chain fructo-oligosaccharides (inulin extracted from
chicory roots, average degree of polymerization > 23)
(scGOS/IcFOS) was developed which closely resembles
the molecular size distribution of HMO™, Many stud-
ies have been done with this mixture and most of these
studies focused on the beneficial effects of scGOS/
IcFOS (9:1) on the development of the intestinal mi-

crobiota and the maturation of the immune system and
[27]

measured stool characteristics as secondary outcomes
However, like HMO, fermentation of non-digestible
oligosaccharides can potentially benefit faecal character-
istics™. A review of the colonic effects of all different
types of non-digestible oligosaccharides is beyond the
scope of this paper. The current review specifically ad-
dresses the effects of a mixture of scGOS/IcFOS on
faecal characteristics.

In most of the studies with scGOS/IcFOS, tolerance
to infant formulas and stool characteristics have been tak-
en into account as secondaty outcome outcomes. Only a
small number of studies have specifically addressed the
effects of non-digestible oligosaccharides on stool char-
acteristics as a primaty focus. Furthermore, the different
stool characteristics have not been measured with the
same methodology, which makes it difficult to compare
the outcomes of these studies systematically. However,
as these measures have been taken into account in several
of these studies, these effects and the potential mode of
actions in the individual studies described below. Table 1
summarizes the studies that included effects of a specific
mixture of scGOS/1cFOS on stool characteristics.

STOOL FREQUENCY AND STOOL
CONSISTENCY

In a study by Costalos ez al”" an infant milk formula with
0.4 g/100 mL scGOS/IcFOS (9:1) was compared to a
control formula without scGOS/IcFOS in term infants
for 10 wk. Stool characteristics were included as second-
ary outcomes and data were obtained from a 5-d diary
at the end of the intervention period. Effects on stool
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Table 1 Summarizes the studies that included effects of a specific mixture of short chain galacto-oligosaccharides and long-chain

fructo-oligosaccharides on stool characteristics

Author Age group Dose n Outcome Result in scGOS/IcFOS group
Costalos 2008 Term 0.4 g/100mL 140 (2 groups)  Stool frequency  Statistically significant increase after 10 wk of intervention

Stool consistency  Statistically significant softer stools after 10 wk of intervention
Moro 2002 Term  0.4/0.8 g/100 mL 90 (3 groups)  Stool frequency Statistically significant increase after 4 wk of intervention

Stool consistency  Statistically significant softer stools after 4 wk of intervention
Veereman 2011 Term 0.8g/100mL 76 (5 groups)  Stool frequency No statistically significant differences

Stool consistency  Statistically significant softer stools after 2 and 4 wk of intervention
Bisceglia 2009 Term 0.8g/100mL 76 (2 groups)  Stool frequency  Statistically significant increase throughout 4 wk of intervention

Stool consistency Not measured
Boehm 2002 Preterm 1.0g/100mL 42 (3 groups)  Stool frequency  Statistically significant increase after 4 wk of intervention

Stool consistency  Statistically significant softer stools after 4 wk of intervention
Mihatsch 2006 ~ Preterm 1.0g/100mL 20 (2 groups)  Stool frequency No statistically significant differences

Stool consistency  Results not provided

Viscosity Statistically significant lower viscosity after 2 wk of intervention

Modi 2010 Preterm 0.8 g/100mL 150 (2 groups)  Stool frequency No statistically significant differences

Stool consistency

No statistically significant differences

scGOS/1cFOS: Short chain galacto-oligosaccharides and long-chain fructo-oligosaccharides.

consistency were rated on a 5-point scale, ranging from 1
= watery and 5 = hard. In this study, a statistically signifi-
cant higher stool frequency and a statistically significant
lower stool consistency (softer stools) were observed
with the formula with scGOS/IcFOS when compated
to the control formula. After 10 wk of intervention, the
median number of stools per day was 1.9 and 1.6 in the
scGOS/IcFOS (9:1) group and the control group respec-
tively (P = 0.031). Stool consistency scores were 3 and 3.1
(P =0.020) in the two groups respectively).

Moro et al™ petrformed a study in term infants that
received an infant milk formula with 0.4 g/100 mL or
0.8 g/100 mL scGOS/IcFOS (9:1) ot a control formula
without scGOS/IcFOS (9:1) for 28 d. In this study, stool
characteristics were also included as secondary outcomes
at baseline and after 28 d of intervention. Again, stool
consistency was rated on a 5-point scale ranging from
1-watery to 5-hard. A statistically significant lower stool
consistency (softer stools) and a statistically significant
higher stool frequency wetre observed in infants that
received the formula with 0.8 ¢/100 mL scGOS/IcFOS
when compared to infants that received the control
formula. At the end of the intervention, the median
number of stools per day was 2 for both groups (P <
0.01), and stool consistency scores were 2.3 and 4 in the
scGOS/IcFOS (9:1) group and the control group re-
spectively (P < 0.0001).

In a study of Veereman-Wauters e# al’ a statistically
significant lower stool consistency was observed in term
infants after 2 and 4 wk of intervention with a formula
with 0.8 g/100 mL scGOS/IcFOS (9:1) when compared
to a control group without scGOS/IcFOS. Stool charac-
teristics were included as secondary outcomes and were
recorded in 3-d diaries at baseline, and after 2 and 4 wk
of intervention. Stool consistency was measured on a
4-point scale ranging from 1-watery to 4-hard. Mean
stool consistency scores were approximately 1.9 in the
scGOS/IcFOS (9:1) group and 2.4 in the control group.
In this study, 2 human milk reference group was included.
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In that group, the mean stool consistency was 1.3. No
statistically significant differences were observed in stool
frequency.

Bisceglia ez al™ followed a group of 36 term infants
from birth until 28 d of life. The infants received a for-
mula with 0.8 g/100 mL scGOS/1cFOS (9:1) ot a control
formula. Stool frequency was included as a secondary
outcome. Stool frequency was recorded throughout the
study, and a significantly higher number of stools were
recorded in the scGOS/IcFOS (9:1) group when com-
pared to the control group (3.4 and 1.7 stools per day, re-
spectively, P < 0.001). In this study, stool consistency has
not been recorded.

The studies summarized above focused on effects of
scGOS/IcFOS in term infants, but studies in preterm in-
fants show similar effects. In preterm infants, gastrointes-
tinal tolerance to formula feeding is an important aspect,
and enteral feeding can be associated with a disturbed
gastrointestinal passage. One of the studies with scGOS/
IcFOS in preterm infants specifically focused on stool
characteristics as a primary outcome. In this study, Mi-
hatsch ¢z al”” observed statistically significant effects of
an infant milk formula with 1.0 g/100 mL scGOS/IcFOS
(9:1) on stool viscosity and gastrointestinal transit time,
but did not demonstrate an effect on stool frequency af-
ter 14 d of intervention in preterm infants. Stool viscos-
ity and gastrointestinal transit time were the primary out-
comes in this study. Stool characteristics were recorded
throughout the study. Stool consistency was shown as a
percentage of each type of consistency (hard, formed,
soft, mushy or watery) against all stools throughout the
study. A higher proportion of soft stools were observed
in the infants that received scGOS/IcFOS (9:1) when
compared to infants receiving a control formula without
scGOS/IcFOS, but no information on the statistical
significance is provided in the paper. The median stool
viscosity (measured as extrusion force) was significantly
lower in the scGOS/1cFOS group when compated to the
control group, with a level of 31.8 mol/L and 157.5 mol/
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L in the two groups respectively (P = 0.006). In addition,
a shorter transit time (12 h) was observed in preterm
infants that had received a formula with scGOS/IcFOS,
when compared to infants who had received a control
formula (25.6 h)™. In this study, the difference in the
change in transit time between the groups from baseline
to day 14 was statistically significant (6 h decreased transit
time in the scGOS/IcFOS group, and a 9.1 h increased
transit time in the control group). The total number of
stools did not show a statistically significant difference,
but there was a trend toward a higher stool frequency in
the scGOS/IcFOS (9:1) group when compared to the
control group (3.6 and 2.6 respectively (P = 0.059).

Bochm e al™ showed a statistically significant lower
stool consistency (softer stools) and a statistically signifi-
cant higher stool frequency in preterm infants receiving
an infant milk formula with 1.0 g/100 mL scGOS/1cFOS
(9:1) when compared to infants receiving an infant milk
formula without scGOS/IcFOS. In this study, stool
characteristics were included as secondary outcomes
and data were collected via questionnaires. After 28 d of
intervention, a mean number of stools of 2.2 and 1.3 in
the scGOS/IcFOS (9:1) and control groups, tespectively,
was observed (P = 0.0079), and a mean stool consistency
score of 2.7 and 3.5 in both groups respectively (P =
0.0102, mean score from a 5-point scale ranging from
1-watery to 5-hard).

Modi ez 2/ did not find statistically significant differ-
ences in stool frequency and stool consistency between a
scGOS/IcFOS (9:1) group (0.8 g/100 mL) and a control
group of preterm infants. The intervention lasted from
preterm birth until hospital discharge, for a maximum of
12 wk. Stool characteristics were included as secondary
outcomes. In this study, a statistically significant effect
may not have been observed as stool consistency scores
were not based on diary data, but on a single observa-
tion of the hospital staff*”. Furthermore, in this study,
formula was supplied in addition to human milk, and
the number of children exclusively receiving formula
was very low (15%). As human milk may already have
a significant effect on stool characteristics, the effect of
addition of a limited amount of formula with or without
scGOS/IcFOS may not have been visible.

POSSIBLE MECHANISMS OF ACTION

The potential beneficial effects of scGOS/IcFOS on
stool characteristics can be mediated by the increase in

microbial mass, selective fermentation and production of
SCFA, stimulation of gastrointestinal motility, or the di-
rect effects of the provided dietary fibers in the form of
scGOS/IcFOS.

The specific mixture of scGOS/IcFOS (9:1) is a mix-
ture of oligosaccharides that is not digested in the gastro-
intestinal tract and is available for fermentation in the co-
lon”". Indeed, this mixture has been shown to increase
the total concentrations and the individual concentrations
and percentages of bifidobacteria and lactobacilli in the
colon™??* ¥ # For instance, in the study by Moro e#
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al’” levels of bifidobacteria increased after 28 d of in-
tervention to 9.3 CFU/g faeces in infants who received
a formula with 0.4 g/100 mL scGOS/IcFOS, and to 9.7
CFU/g faeces in infants who received a formula with 0.8
g/100 mL scGOS/IcFOS. In the control group, a level
of bifidobacteria of 7.2 CFU/g faeces was observed. In
a study by Scholtens ¢z a/*” intervention with infant milk
formulas with 0.6 g/100 mL resulted in higher percentag-
es of bifidobacteria after 26 wk of intervention (59.8% us
47.2% in the scGOS/IcFOS group and the control group
respectively). An increased microbial mass may partly
explain the stool softening effect associated with infant
milk formulas containing the specific scGOS/1cFOS (9:1)
mixture compared to infant milk formulas lacking these
oligosaccharides.

As mentioned before, selective fermentation of non-
digestible components in the colon results in the produc-
tion of SCFA. Infant milk formulas with scGOS/IcFOS
(9:1) have indeed been shown to affect the production of
SCFA, and to provide a faecal SCFA profile that is close
to that of human milk fed infants, with higher percent-
ages of acetate and lower percentages of propionate and
butyrate™*". In a study by Knol ¢ a/" the percentages
of acetate, propionate and butyrate were 85.2%, 12%
and 2.4% respectively in infants who received a formula
with scGOS/IcFOS for 6 wk. In the control group, these
percentages were 77.2%, 17.8% and 4% respectively after
6 wk of intervention. As SCFA can affect stool char-
acteristics vz stimulation of gastrointestinal motility by
being used as energy source for colonic epithelial cells,
or by inducing phasic and tonic contractions in circular
rnusclemzs], scGOS/IcFOS (9:1) may positively stimulate
the gastrointestinal motility.

NDO may also stimulate upper gastrointestinal motil-
ity. In a study bv Indtio ez al™ a beneficial effect of sc-
GOS/IcFOS (9:1) on gastric emptying time was observed
in preterm infants that received a formula with 0.8 g/L
scGOS/IcFOS (9:1) or a control formula. In this study,
it is suggested that the production of SCFA in the sc-
GOS/IcFOS (9:1) group was tesponsible for an increased
upper gastrointestinal motility, observed as a significant
increased percentage propagation (assessed by electrogas-
trography) in the scGOS/IcFOS group when comped to
the placebo group, and increased gastric emptying rate,
observed as lower half emptying time in the scGOS/
IcFOS group than in the placebo groupw. As mentioned
before, similar results have been observed in the study by
Mihatsch ef o/ with a significantly shorter transit time
(12 h) in preterm infants that had received a formula
with scGOS/1cFOS, when compared to infants who
had received a control formula (25.6 h) for 14 d. The
gastrointestinal transit time measured in this study in the
scGOS/IcFOS (9:1) group was mentioned to be within
the normal range of what is observed human milk-fed
infants (not further specified in the paper).

Both a direct effect as well as fermentation related
effects can be affected by the type and structure of
NDO™, The specific mixture of scGOS/IcFOS (9:1)

consists of a combination of short-chain galacto-oligo-
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saccharides and long-chain fructo-oligosaccharides in a
ratio of 9:1. The composition and ratio of this specific
mixture was specifically developed to closely resemble
the molecular size composition of HMO (assessed by
Mass Spectrometry)®™. In vitro studies have indicated that
short chain oligosaccharides are mainly fermented in the
proximal part of the colon, while longer-chain NDO
are mainly fermented in the distal colon™”. Indeed, in a
study by Moro ¢ a/*” it was shown that part of the sc-
GOS/IcFOS (9:1) is still detectable in faeces of infants,
indicating that even in the distal part of the colon, not all
scGOS/IcFOS (9:1) is fermented. This indicates that sc-
GOS/IcFOS (9:1) can be effective throughout the whole
gastrointestinal tract.

Although a direct correlation between stool consis-
tency and/or stool frequency and bowel habit has never
been shown, both stool frequency and stool consistency
have often been used to assess bowel habit in a daily or
clinical settingw. Recently, Russo ez ™ indicated that
especially stool consistency is correlated with whole gut
transit time, and that stool frequency is a poor marker for
whole gut transit time. As described in the study of Mi-
hatsch ¢ a™ with scGOS/IcFOS (9:1), gut transit time
was assessed in preterm infants. In this study, gut transit
time was significantly shorter in preterm infants receiving
an infant milk formula with scGOS/IcFOS (9:1) when
compared to an infant milk formula without scGOS/
IcFOS (9:1). As an increased whole gut transit time can
be a risk factor in the onset of constipationm, scGOS/
IcFOS (9:1) may have clinical relevance in the prevention
of constipation by reducing whole gut transit time.

Effects of scGOS/IcFOS (9:1) on stool frequency
were less often observed than effects on stool consisten-
cy. This can be due to the fact that the method of assess-
ing stool frequency. The assessment of stool frequency
was often done by the collection of faeces-containing
diapers. However, it is difficult to assess whether a diaper
contains one or more stooling episodes, and therefore,
data collection may be less accurate. This may explain
why effects on stool frequency are less commonly ob-
served than effects on stool consistency. However, for
these young infants there are no other methods available
for a more accurate measurement of stool frequency.

CONCLUSION

In several of the studies with scGOS/IcFOS in a ratio
of 9:1 in infant milk formulas, positive effects of this
mixture on stool characteristics such as stool consistency

and stool frequency were observed. Effects on stool
consistency were more often found to be significant than
the effects on stool frequency. As stool consistency has
been shown to be correlated to whole gut transit time,
stool softening effects of scGOS/IcFOS (9:1) may have
a benefit in reducing the risk of constipation. This is cru-
cial for the prevention of this very common functional
gastrointestinal disorder in the general population, since
one third of children followed up beyond the puberty
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continue to have severe complaints of constlpatlon[ I
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