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Abstract Infant cereals are often the elected foodstuff for
beginning complementary feeding and provide carbohydrates
which are different to those found in maternal milk. The
objective of this preliminary study was to ascertain the colonic
effects of two infant cereals, with different carbohydrate pro-
files, in a randomised and double-blind trial in healthy infants.
Nineteen term infants between 6.3 and 9.8 months of age were
enrolled, after written informed consent was obtained from
parents. Ten subjects were allocated to take infant cereal A and
nine, infant cereal B. An intervention period was 2 months,
with five visits every 15 days, to take anthropometric meas-
urements and faeces samples for the analysis of microbiota,
short-chain fatty acids concentration (SCFA), pH value and
secretory immunoglobulin A (sIgA). An adequate growth and
stool frequency was registered in both intervention groups.
Faecal counts of Bifidobacterium, Lactobacillus, Enterobac-
teriaceae, Enterococcus, Clostridium and Bacteroides did not
show any statistical differences. However, a significantly
(P<0.05) higher butyric acid and sIgA, and lower faecal pH

were observed in infants who had ingested infant cereal A,
with a higher ratio complex/simple carbohydrates. In conclu-
sion, small changes in the carbohydrate profile of infant
cereals could lead to significant differences in parameters
related to fermentative activity of intestinal microbiota.

Keywords Infant cereals . Carbohydrates . Secretory
immunoglobulin A . Short-chain fatty acids . Microbiota

Introduction

Cereals are the elected foodstuff for beginning complemen-
tary feeding because they provide high energy value and are
well accepted by infants in terms of sensory and digestive
perspectives. Starch absorption and utilisation is limited by
pancreatic α-amylase activity. At birth, pancreatic amylase
activity is negligible, and this enzyme does not reach the
adult level till 6–12 months of age, coinciding with pancre-
atic maturity [10, 20]. For this reason, infant cereals are
hydrolysed during processing with the aim to improve the
starch digestibility, because complex carbohydrate digest-
ibility may be compromised, due to the low efficiency of
pancreatic amylase and poor chewing physiology [6]. Dur-
ing weaning, infant cereals provide digestible carbohydrates
(maltose, dextrin and starch), different to those presented in
human milk (lactose and oligosaccharides), and also indi-
gestible carbohydrates, resistant starch (RS) and dietary fiber
(DF). RS and soluble fraction of DF withstand gastrointesti-
nal enzyme hydrolysis and reach the large intestine intact,
where they serve as a fermentation substrate for colonic
microbiota [1, 32]. The nutritional guidelines recommended
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that carbohydrates must provide 45–60 % of dietary energy
intake, with up to 10 % in sugar form, for the general
population and children over 12 years old [8, 33]. Related
to DF, there are recommendations for young children from 1
to 3 years old, in order to achieve a normal laxation [8, 18]
but not for children under one-year old.

In nutritional studies, the role of complex and indigestible
carbohydrates in infants and young children has been under-
estimated, because its ingestion could cause excessive ener-
gy losses and fermentation in the large intestine, consequent-
ly producing large amounts of gas, diarrhea and general
discomfort. Intestinal microbiota salvage energy through
fermentation of substrates not digested in the upper gut [5].
The main substrates are dietary carbohydrates that escape
digestion or absorption in the upper gastro-intestinal tract.
These include RS, DF compounds, non-digestible oligosac-
charides and sugar alcohols, which can be fermented by
microbiota with the generation of SCFAs, mainly acetic,
propionic and butyric acids [4]. For these reasons, indigest-
ible carbohydrates provided through complementary feeding
are responsible for the microbiota intestinal transitional
changes which occur from the neonatal stage until the adult
stage, mainly increasing Bacteroides population. The estab-
lishment of intestinal microbiota is a progressive process,
and the main functions attributed to microbiota present in the
gut begin to manifest before the second year of life and
comprise: nutrient absorption and food fermentation, stimu-
lation of the host immune system and barrier effects against
pathogens [21]. During the complementary feeding, several
authors have reported an increase of Bacteroides and Clos-
tridium and a decrease of Bifidobacterium and Enterococcus
populations [9, 11, 12, 26, 30]. Moreover, these changes in
microbiota are related to SCFAs, increasing butyric acid and
decreasing acetic acid production [17, 23, 27], which can
also carry out beneficial effects at colonic and systemic
levels in young children’s physiology. In addition, modulat-
ing faecal pH is an important regulating factor for different
bacterial populations, especially pathogenic ones [4].

The objective of the current preliminary assay was to
ascertain the colonic effects of two infant cereals with dif-
ferent carbohydrate profiles in a randomised and double-
blind trial in infants aged from 6 to 12 months. To achieve
this objective, different parameters were analysed in the
faeces such as microbiota, SCFAs concentration, pH value
and secretory immunoglobulin A (sIgA).

Materials and methods

Subjects and study design

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures

involving human subjects were evaluated and approved by
the Ethics Committee of “Hospital Universitario Virgen de la
Arrixaca” (Murcia, Spain). Parents were approached regard-
ing participation in the study if their infant met the following
eligibility criteria: full-term, birth weight of 2,500 to 4,200 g,
cow milk and lactose tolerance, exclusive infant formula
feeding at least since 4 months of age, no infant formula intake
with pre/probiotics, no gastrointestinal anomalies or congen-
ital diseases at birth, and no acute disease prior to recruitment.

Nineteen full-term infants were enrolled after written
informed consent was obtained from parents. At recruitment,
ages ranged from 6.3–9.8 months. Subsequently, the infants
were randomised to each intervention group, according to
the type of infant cereal. Ten subjects were allocated to take
infant cereal A, and nine subjects were allocated to take
infant cereal B. The carbohydrate profiles of both infant
cereals are shown in Table 1. To ensure homogenous feeding
and preparation of infant cereals, both intervention groups
were supplied the same follow-on formula without probiot-
ics or prebiotics. The intervention period was 2 months.
During this period, parents completed a daily information
intake of food intake and stool frequency. Infants were
monitored and overseen by four primary attention paediatri-
cians every 15 days. At all visits, the infants underwent
clinical examination in terms of anthropometric measure-
ments (weight, length and head circumference); faeces sam-
ples were collected and were given the infant cereals and
formula specific to their intervention group. Before the first
intervention (baseline) (visit 1) and every 15 days during the

Table 1 Carbohydrate profiles of infant cereal samples

Parameters (g/100 g) Infant cereal A Infant cereal B

DS 53.19±1.98 a 34.94±2.12 b

RS 0.478±0.04 a 0.08±0.02 b

Dextrins 14.84±0.24 a 22.45±0.54 b

TDF 3.35±0.22 a 3.67±0.26 a

Fructose 5.21±0.02 a 0.33±0.01 b

Glucose 10.08±0.06 a 20.96±0.18 b

Saccharose 0.34±0.01 a 0.57±0.07 b

Maltose 3.41±0.06 a 4.68±0.07 b

TFS 19.04±0.11 a 26.54±0.27 b

Data are expressed as means±SD in grams per 100 g

RS resistant starch,DS digestible starch, TFS total free sugars, TDF total
dietary fibre

Different letters within row indicate significant differences among
samples (P<0.05). An enzymatic kit (KRSTAR, Megazyme Interna-
tional Ireland, Ireland) was used to determine the DS and RS fractions.
Dextrins content was quantified spectrophotometrically with the iodine
reagent. The TFS profile (fructose, glucose, sucrose and maltose) was
determined using an HPLC method. The enzymatic–gravimetric meth-
od AOAC 985.29 was used to determine the TDF. All analyses were
carried out in triplicate
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2-month period (visits 2, 3, 4 and 5), two stool samples (fresh
and frozen) were taken in sterile conditions by the parents on
the same day of clinical revision. Parents had prior training in
the collection of stool samples, and they delivered them to
the laboratory within 2 h of collection in refrigerated contain-
ers. The fresh sample was taken in anaerobic conditions
(sterile vessel and sterile spoon, anaerobic plastic pouches,
AnaeroGen sachet OX AN0035 and anaerobic indicator
BR55), and the frozen ones were stored at −80 °C. Fresh
stools were used to determine the microbiota and pH, where-
as SCFAs and sIgAwere quantified in frozen stools.

Analytical methodology

For microbiological assays, immediately after fresh stool col-
lection, an aliquot of 1 g was homogenised in 9 ml in phos-
phate buffered saline with 100 μl of cystein (4.48 %w/v). The
suspension was homogenised with a stomacher lab blender
(IUL Instruments, Spain) for 1 min. Tenfold serial dilution
was made in a pre-reduced salt medium. The specific agar
plates used were as follows: Beerens agar [3] for Bifidobacte-
rium spp., Rogosa agar (Merck, 5413) for Lactobacillus spp.,
MacConkey agar (Merck, 5465) for Enterobacteriaceae, KAA
agar (Merck, 5222) for Enterococcus spp., reinforced clostrid-
ia agar (Oxoid, CM0151) for Clostridium spp.; colony counts
were obtained and expressed as log10 of the colony-forming
units (CFU) per gram of fresh faeces.

The quantification of the Bacteroides populations in fae-
ces by real time-polymerase chain reaction (PCR) was per-
formed by modification of the methodology described by
Layton et al. [19]. Before quantification, genomic DNA in
faecal samples (200 mg) and DNA from bacterial cultures
used for calibration curves were extracted by using the
QIAamp DNA stool mini kit (Qiagen, Hilden, Germany)
[16]. All reactions were performed in a thermocycler Master-
cycler ep Realplex (Eppendorf, Hamburg, Germany). The
strain used was Bacteroides fragilis DSM 2151 obtained by
The Deutsche Sammlung vonMikroorganismen und ZellKul-
turem GmbH (DSMZ) (Braunschweig, Germany), and the
primers were GAGAGGAAGGTCCCCCAC (forward) CG
CTACTTGGCTGGTTCAG (reverse). For PCR experiments,
a standard curve was prepared, in duplicate, using DNA
extracted from culture at concentrations ranging from 105 to
108 colony-forming units per millilitre. The correlation coef-
ficient for the standard curve was above 0.95. Bacterial count
was expressed as log10 CFU per gram of faecal samples.

To measure faecal pH, an aliquot of 1 g of faeces was
diluted tenfold in Milli-Q water. After the dilution was
homogenised, the faecal pH was measured with a pH meter
GLP21 (Crison, Barcelona, Spain).

The detection and quantification of SCFAs was detected
and quantified using gas chromatography the by methodol-
ogy described Girard-Pipau et al. [15].

The faecal sIgA concentration was quantified using an
enzyme-linked immunosorbent assay (Immunodiagnostik
K8870, Bensheim, Germany), reading the absorbance at
450 nm in a microplate reader (Biotek μQuant, Vermont,
USA).

Statistical analysis

Data were checked for normality using the Shapiro-Wilk
test. Normal variables were expressed as mean±standard
deviation, and not normally distributed dates were expressed
as median and ranges. A difference of P<0.05 was consid-
ered statistically significant. Data microbiological and pH
were considered as not normally distributed, and a Mann–
Whitney U test was performed to assess differences between
both intervention groups. The Friedman test was used to
detect differences among visits in case of non-parametric
variables. SCFAs and normalised faecal sIgA data were
compared by analysis of variance (ANOVA) in repeated
measures to analyse time effects and feeding groups. Pear-
son’s correlation coefficient was calculated between all
parameters analysed. Statistical analyses of data were per-
formed with the Statistical Package for the Social Sciences
(SPSS version 18.0; Inc., Chicago, IL, USA).

Results

As has been mentioned above, the carbohydrate profile of
both infant cereals is shown in Table 1. Infant cereal A
showed a significantly higher content of digestible starch
(DS) and RS than infant cereal B. On the contrary, infant
cereal B provided a significantly higher content of digestible
carbohydrates as dextrins and total free sugars (TFS). How-
ever, both infant cereals showed a similar content of (DF)
due to the cereal ingredients used in the formulation.

During the intervention period, all girls and boys had a
normal growth pattern, since mean values of weight, length
and head circumference for both intervention groups regis-
tered in each visit were not significantly different to the
standard curves reported by WHO [34] (data not shown).
Moreover, there were no differences for all anthropometric
measurements between groups according to the infant cereal
intake (P>0.05). The daily stool frequency ranged from 1 to
3 (data not shown), and there was no difference between
intervention groups or among visits.

The evolution of microbiota of faeces according to the
intervention group and visit number is shown in Fig. 1. In
general, there were no significant differences between both
intervention groups, since microbiota were kept constant
during the 2 months of intervention period, except to En-
terococcus, which underwent a decrease from the baseline
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visit until the last visit in both groups, decreasing signifi-
cantly (P=0.030) around 1 log CFU/g. Although nothing
statistically significant was observed, the faeces of infants
fed with infant cereal A tended to have a higher Bifidobacte-
rium count in all visits than infants fed with infant cereal B.
In log CFU per gram, the values were: 10.06 versus 9.74 in
visit 1, 9.73 versus 9.29 in visit 2, 9.75 versus 9.48 in visit 3,
9.64 versus 9.52 in visit 4 and 9.79 versus 9.24 in visit 5
(Fig. 1). In the case of Bacteroides, the population shows a
contrary tendency, being higher in the count for infants in

group B than group A for the five visits (Fig. 1). No signif-
icant differences were observed in the mean values, mainly
due to the high individual variability of faecal counts, whose
individual values ranged as follows—6.20–12.08 log CFU/g
for Bifidobacterium, 4.00–11.30 log CFU/g for Lactobacil-
lus, 5.92–11.15 log CFU/g for Enterobacteriaceae, 9.54-4.65
log CFU/g for Enterococcus, 7.23–12.00 log CFU/g for
Clostridium and 4.49–10.99 log CFU/g for Bacteroides.

Table 2 shows the total SCFAs and the individual content
of the main compounds (acetic, propionic and butyric acids)
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Fig 1 Faecal counts of Bifidobacterium, Lactobacillus, Enterobacter-
iaceae, Enterococcus, Clostridium and Bacteroides populations
obtained in infants belonging to both intervention groups during each

visit. Expressed results as log CFU per gram of fresh faeces (mean±-
SD). *Statistical differences during the study P<0.05

Table 2 Results of total faecal SCFA, acetic, propionic and butyric acids, pH and sIgA in both intervention groups throughout the study period

Parameters Group Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

Total SCFA,
mmol/kg

A 80.07±29.92 77.64±46.67 96.22±32.05 93.53±36.78 107.17±34.38

B 110.31±56.04 91.46±34.97 86.07±31.04 103.56±48.24 94.46±55.80

Acetic acid,
mmol/kg (%)

A 57.77±27.77
(68.79±14.98)

51.5±37.92
(64.23±15.76)

69.39±32.23
(69.15±11.63)

65.31±35.46
(65.31±16.06)

76.32±28.18
(68.77±14.21)

B 85.49±51.83
(68.78±14.98)

69.07±30.90
(64.22±15.76)

64.94±24.24
(74.70±9.98)

82.18±44.76
(71.02±24.13)

64.92±45.47
(62.91±14.09)

Propionic acid,
mmol/kg (%)

A 15.31±6.39
(22.15±13.58)

15.91±16.20
(21.98±17.61)

15.41±6.51
(18.71±10.80)

14.73±6.36
(20.14±14.07)

17.71±12.2
(17.11±9.30)

B 13.75±4.16
(15.02±6.30)

12.51±6.07
(15.27±7.37 )

12.99±7.09
(15.76±6.90)

13.21±6.98
(19.21±17.94)

17.74±6.37
(22.11±7.71)

Butyric acid,
mmol/kg (%)

A 4.75±2.58
(5.98±2.45)

6.98±5.21
(8.73±4.19)

8.35±4.47*
(8.22±2.86)

9.96±6.28
(10.19±4.03)

9.04±3.10
(8.78±2.19)

B 5.46±3.80
(8.29±8.13)

7.22±5.37
(7.46±3.41)

4.79±4.64*
(5.58±4.42)

6.28±7.32
(6.59±5.17)

7.44±6.06
(8.89±6.35)

SIgA, mg/g
(median)

A 2.29±1.99 (1.68) 1.96±1.25 (2.41) 2.11±1.52 (1.59) 1.52±1.05 (1.15) 2.24±1.73* (1.72)

B 1.97±1.28 (1.40) 1.38±0.79 (1.32) 1.47±1.61 (0.93) 1.99±1.70 (1.28) 0.80±0.64* (0.76)

All data are expressed as mean±SD. Content of acetic, propionic and butyric acids are expressed in millimoles per kilogram of fresh faeces and as a
percentage of total SCFA in brackets; sIgA is expressed as milligrams per gram of fresh faeces and as median in brackets

*P<0.05 indicates statistical differences between intervention groups
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and the faecal sIgA content in the samples collected from the
five visits throughout the period of the intervention study. No
significant differences in total faecal SCFAs were observed
between groups A and B during the intervention period, with
the mean values ranging from around 80 to 110 mmol/kg of
fresh stool (Table 2). Acetic, propionic and butyric acids
comprise around 90 % of the total SCFAs, with acetic acid
being the main SCFA comprising more than 60 % of the total
amount. In the first visit, the mean values of SCFAs,
expressed as a percentage of the total amount for both
groups, were 68.7 %, 18.5 % and 7.1 % for acetic acid,
propionic acid and butyric acid, respectively (Table 2). There
were no significant differences between visits and feeding
groups for absolute values of acetic and propionic acids, due
to individual variability. However, the content of faecal
butyric acid showed significant differences relating both to
feeding group and intervention time (P=0.026), because the
butyric acid content in the faeces of infants fed infant cereal
Awere significantly higher than the faecal content of infants
fed with infant cereal B, besides showing an increase over
time (Table 2).

Related to the faecal sIgA concentration, the ANOVA
showed that the results obtained were statistically influenced
by visit and feeding intervention (P=0.030), achieving
higher values in infants who received infant cereal A com-
pared with those who received infant cereal B (Table 2). In
addition, the concentration of sIgA was significant and pos-
itively correlated with the Bifidobacterium count (r=0.213,
P=0.040).

At baseline, the pH mean values were 6.97 and 6.74 in
infants fed with infant cereals A and B, respectively, without
significant differences (Fig. 2). Faecal pH values remained
constant during the four first weeks of the intervention period,
but in the last visit the pH changed, decreasing significantly in
infants who ingested infant cereal A (P=0.038) (Fig. 2). The
Pearson correlation showed that changes in faecal pH were

related to the fermentative activity of microbiota and to SCFA
concentration, exhibiting a significant negative correlation
with total SCFA (r=−0.358, P=0.001), specifically with ace-
tic acid (r=−0.369, P<0.001) and butyric acid (r=−0.325,
P=0.002). In addition, we also obtained a negative significant
correlation between pH and Enterococcus (r=−0.375,
P<0.001), Lactobacillus (r=−0.215, P=0.037) and Bifido-
bacterium (r=−0.208, P=0.044).

Discussion

In the early stages, intestinal microbiota is highly variable,
and it is influenced by several factors, such as the geograph-
ical area, feeding type at pre-weaning period (formula or
breastfed) and delivery type (vaginal or caesarean) [11].
During the first year of life, the gastrointestinal tract pro-
gresses from sterility to a dense colonisation, ending with a
mixture similar to the microbiota in an adult [26]. And the
beginning of complementary feeding, up to 2 years of age, is
a period of important transition for the dietary pattern which
coincides with intestinal microbiota change until reaching
the adult pattern. In fact, differences in microbiota between
pre-weaning (6 weeks of age) and post-weaning periods (at
4 weeks after beginning complementary feeding) have been
described, with a significant decrease in Bifidobacterium,
Enterobacteriaceae and Clostridium difficile+Clostridium
perfringens and an increase in Clostridium coccoides and
Clostridium leptum populations, whereas Atopobium, Bacter-
oides, Lactobacillus and Streptococcus populations remained
constant [11].

During weaning period, intestinal microbiota show a high
variability and the introduction of complex carbohydrates in
the diet is the main cause behind these changes, since they
are the principal substrates of bacterial fermentation [11].
Stark and Lee [30] reported the followings range values for
Bifidobacterium (9.8–10.2 log CFU/g), Enterobacteriaceae
(8.1–8.5 log CFU /g), Enterococcus (8.5–9.5 log CFU/g) and
Bacteroides (8.7–9.3 log CFU/g) in breast-fed and formula-
fed infants in early weaning. Other authors have found similar
values for Bifidobacterium, Enterobacteriaceae, Enterococcus
and Bacteroides, in the faeces of infants from 10–18 months
of age [17] and in infants during weaning with follow-on
formulas supplemented with galacto-oligossacharides [12].
The mean values obtained in our study for Bifidobacterium,
Enterobacteriaceae, Enterococcus and Bacteroides are in
agreement with the data reported in the scientific literature
[12, 17, 30]. However, for other microorganisms, we found
different values than those reported previously. So, Clostrid-
ium counts were higher than those described by Stark and Lee
[30] and Fanaro et al. [12] whereas for Lactobacillus, our
counts were higher than those reported previously [12, 17].
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Fig 2 Faecal pH values obtained in infants belonging to both interven-
tion groups (infant cereals A and B) during each visit. Values are
expressed as means with their standard deviation. *Statistical differ-
ences between intervention groups P<0.05
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During this period of life, a progressive colonisation by
Bacteroides spp., Clostridium and anaerobe Streptococcus
take place, hence, higher Enterobacteriaceae and Enterococ-
cus are counted during weaning than in adulthood, decreas-
ing gradually these populations until reaches the adult pat-
tern [30]. An increase in Bacteroides and Clostridium pop-
ulations has been described in faeces after weaning, possibly
due to the introduction of complex carbohydrates, being
favourite substrates of these bacterial populations [9, 14].
However, Bifidobacterium populations remain constant,
showing similar counts during weaning and after introducing
complementary feeding [9, 14]. In our intervention study, the
Bifidobacterium, Clostridium and Bacteroides populations
were predominant in infants between 6.3 and 12.4 months.
We did not find differences in microbial populations accord-
ing to the carbohydrate profile of infant cereals. Only the
decrease of Enterococcus was observed in both groups,
which was related to the age of the children as have been
described by other authors [9, 30] but not to the infant cereal
ingested. We did not find differences in the microbiota be-
tween the two intervention groups, which might be due to
individual variability and also to the fact that children eat
foods during this period other than infant cereals (such as
fruits and vegetables) that can also provide a fermentable
colonic substrate.

There are few studies in the scientific literature related to
the effects of complex carbohydrates in young children, but a
recent study is of interest in order to consider the beneficial
effects of complex carbohydrates in human development and
physiology. De Filippo et al. [7] studied the gut microbiota of
children aged from 1–6 years with different dietary patterns,
hygiene habits and geographic areas (children from Europe-
an and rural African). The scientists reported significant
differences in gut microbiota between the two groups. The
African children showed a higher enrichment in Bacteroi-
detes and depletion in Firmicutes, whereas the Enterobacter-
iaceae were higher in European children. Moreover, African
children had a higher SCFA concentration than European
ones, mainly in terms of propionic and butyric acid. These
changes will be related to the major intake of dietary fibre,
resistant starch and oligosaccharides, as well as carbohy-
drates that escape digestion in the small intestine, which
are eaten by the African children, whilst European children
consume high amounts of energy, fat and protein [7].

In fact, there is a relationship between substrate fermen-
tation and bacterial population, since each microbiota group
has a specific substrate for their fermentative activity. In
general, it is known that Bifidobacterium spp. are the main
fermenters of lactose and human milk oligosaccharides; Lac-
tobacillus spp. and Enterococcus spp. also ferment the lac-
tose, and Bacteroides population, the most frequent bacterial
genus in adult subjects, are the result of complex carbohy-
drates fermentation which reach the colon intact. SCFAs

represent the main bacterial fermentation product in the
human intestine, and it is responsible for the beneficial
effects attributed to bacterial flora and to different carbohy-
drates as fermentation substrate. Returning to this study, the
mean SCFA values obtained in the infants’ stools after the
intake of different infant cereals are in agreement with those
reported previously in the scientific literature [17, 23]. In the
present study, the total SCFAs content remained more or less
constant in both groups throughout the intervention study
without significant differences. Midtvedt and Midtvedt [23]
reported for total SCFAs mean values of 83.8 mmol/kg stools
in infants of 6 months of age and 120.1 mmol/kg stools in
infants of 2 years of age. Moreover, they observed that, in the
weaning stage, acetic acid is the main SCFA such as that in
formula-fed as well as breast-fed infants; however, after the
introduction of solid food, acetic acid undergoes a detriment
increasing propionic and butyric acids [27]. In our study, we
found higher butyric acid content in those infants whose
intake were the infant cereals with higher complex carbohy-
drates, indicating higher variety in the intestinal microbial
population. Therefore, SCFAs in faeces are associated with
the diet, and during this complementary feeding, a change
can be observed in the percentage of individual acids accord-
ing to foods introduced.

The SCFA formation decreases the pH in intestinal lumen,
which appears to have quite beneficial effects for the host.
Among these effects is an emphasis on the prevention of
pathogen microorganism over-growth sensitive to acid pH
[31, 32]. In our study, there were no significant differences
detected in the pH of stools during the 4 weeks of interven-
tion, as have been described by other authors for young
children [24, 27]. However, in the last visit, a significant
decrease was observed, which might be related to the
changes of acetic and butyric acids. In addition to SCFAs
and pH changes, intestinal microbiota plays an important
role in acquired immunity, especially in the intestinal immu-
nological system and sIgA production [28]. Several studies
have proved that the supplementation of infant formulas with
prebiotics contributed to a higher faecal sIgA concentration
than those found in infants feeding with formulas without
prebiotics [2, 28]. According to this previous knowledge, we
hypothesised changes in the sIgA content related to the
different content of complex and non-digestible carbohy-
drates in infant cereals. Our results of faecal sIgA are in
according with the data published by Maruyama et al. [22]
and higher than those shown by Scholtens et al. [28]. The
correlation results among pH, Bifidobacterium population
and sIgA obtained in the current study could confirm that
Bifidobacterium presence can produce a higher sIgA secre-
tion and a lower pH in the intestinal lumen. These results are
in agreement with these shown by other researchers who
stated that Bifidobacterium and Lactobacillus groups can
stimulate the intestinal immune system, increasing the sIgA
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production in vitro [36]. Fukushima et al. [13], in an in vivo
study, suggested that the intake of formula supplemented
with Bifidobacterium spp. stimulates sIgA production in
the infant gut. Moreover, it showed that Bifidobacterium
influences sIgA production against virus enteropathogens;
so, food products that favour Bifidobacterium population
proliferation could be instrumental for endogen stimulation
of sIgA and to improve the immune system in infants [25].
Although the beneficial effects of Bifidobacterium on sIgA
secretion are known, the mechanism of immune stimulation
by Bifidobacterium on sIgA is unknown [2]. In infant feed-
ing exclusively with human milk, during the first 3 months of
life, there is a significant correlation between Bifidobacte-
rium count at 2 months and salivary sIgA secretion at 6 and
12 months of age [29]. Despite the fact that Yanagibashi et al.
[35] described in an in vitro study that Bacteroides stimulate
sIgA production by Peyer’s patches lymphocytes, we ob-
served a negative correlation between sIgA and Bacteroides.

This study is a preliminary assay that shows that higher
proportion of complex carbohydrates, which escape to di-
gestion and reach the colon intact, in infant cereals could lead
to a higher fermentative activity of microbiota, producing in
faeces high butyric acid and sIgA concentrations and low pH
values. However, taking into account the high variability
intra- and inter-individual analysed parameters, the increase
of subject numbers would weaken this variability. Sample
size apart, another important limitation of the present study is
the variable diet of infants during this period, since other
sources of complex carbohydrates (vegetables and fruit)
could mask the effects of carbohydrates from the infant
cereals; however, we are certain of the beneficial effect of
complex carbohydrates during this stage of life. Further
studies are necessary to determine the impact of carbohy-
drate types in the health of infants, particularly during the
complementary feeding period.
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