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Safety of a New Synbiotic Starter Formula
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Purpose: Breastfeeding is the best way to feed all infants, but not all infants can be (exclusively) breastfed. Cow’s
milk based infant formula is the second choice infant feeding.

Methods: The safety of a new synbiotic infant formula, supplemented with Bifidobacterium lactis and fructo-oligo-
saccharides, with lactose and a whey/casein 60/40 protein ratio was tested in 280 infants during 3 months.
Results: The median age of the infants at inclusion was 0.89 months. Weight evolution was in accordance with the
World Health Organization growth charts for exclusive breastfed infants. The evolution of all anthropometric parame-
ters (weight-for-length z score and body mass index-for-age z score) was within the normal range. The incidence
of functional constipation (3.2%), daily regurgitation (10.9%), infantile crying and colic (10.5%) were all significantly
lower than the reported median prevalence for a similar age according to literature (median value of 7.8% for functional
constipation, 26.7% for regurgitation, 17.7% for infantile colic).

Conclusion: The new synbiotic infant starter formula was safe, resulted in normal growth and was well tolerated.
Functional gastro-intestinal manifestations (functional constipation, regurgitation and colic) were significantly lower
than reported in literature. Synbiotics (Bifidobacterium lactis and fructo-oligosaccharides) in cow’s milk based infant
formula bring the second choice infant feeding, formula, closer to the golden standard, exclusive breastfeeding.
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INTRODUCTION

Human milk is the preferred feeding for all new-
born infants and provides all nutrients needed to
support growth and development during early life.
Human milk contains bioactive components such as

prebiotic oligosaccharides and probiotics that have a
positive impact on gut microbial colonization, im-
mune maturation and overall health [1-3]. Because
human-milk feeding is not always possible, infant
formula has been developed as a replacement. The
maturation of the gastro-intestinal (GI) tract func-
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tions is influenced by the dynamic process of the de-
velopment of the intestinal microbiota, which is con-
sidered crucial for a healthy infant [4]. One of the
major differences between human milk and cow's
milk based infant formula is the almost absence of
prebiotic oligosaccharides in cow's milk, resulting in
the development of a different GI microbiota, if not
supplemented [5]. Breastfed infants typically have a
microbiota dominated by bifidobacteria, whereas
non-prebiotic supplemented formula-fed infants
have a more diverse microbiota [6]. Probiotic bac-
teria are present in fresh human milk, but absent in
unuspplemented infant formula [7]. Fructo-oligo-
saacharides (FOS), when added to infant formula,
have a bifidogenic effect [5,8]. The addition of Bifido-
bacterium lactis to infant formula results in a normal
growth in healthy infants, and a better growth in
HIV-positive infants [9,10]. The Committee on
Nutrition of the European Society of Paediatrc
Gastroenterology, Hepatology and Nutrition (ES-
PGHAN) reported that the available scientific data
suggest that the administration of currently eval-
uated probiotic- and/or prebiotic-supplemented for-
mula to healthy infants does not raise safety con-
cerns with regard to growth and adverse effects [11].
The safety and clinical effects of one product should
not be extrapolated to other products [11].

The safety and tolerance of a new synbiotic infant
formula, containing FOS and B. lactis, was evaluated
with daily weight gain as primary outcome parame-
ter, and in addition weight-for-length and body
mass index (BMI)-for-age z score, length gain, head
circumference, and the frequency of functional GI
symptoms (regurgitation, defeceation) and crying
were monitored.

MATERIALS AND METHODS

Subjects were healthy infants recruited by general
paediatricians from i) mothers who had decided to
not breastfeed, ii) mother who had decided autono-
mous to discontinue breastfeeding, iii) mothers who
were feeding a different starter formula because they
had already choosen to not breastfeed and accepted
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the switch to the study formula. The participating in-
fants represent an unselected population of healthy
infants followed by general paedaitricians.

Inclusion criteria were gestational age between 37
weeks and 42 weeks with a birth weight between 2.5
and 4.5 kg and a postnatal age of less than 3 months.
Parents needed to be older than 18 years. Infants
were excluded if they were considered to have a con-
genital condition or any symptoms or manifestations
suggesting chronic disease. An approval of the study
protocol by the independent Ethical Review Board of
the Aristoteleion University of Thesalonica was ob-
tained (IRB no. 347/20-12-2016). Written informed
consent was obtained from at least one parent, ac-
cording to the requirements in Greece.

Eighty general paediatrians from Greece partici-
pated in the study. The mean number of included in-
fants per participating doctor was four (range 1 to 12
[min-max]).

This study was a prospective, open trial over a peri-
od of three months intervention with the study for-
mula in 280 infants, whose parents intended to feed
their infants (partially) formula and agreed to feed
the new synbiotic formula. The characteristics of the
infants are listed in Table 1. Parents were informed by
the paediatrician about the novel aspects of the study

Table 1. Descriptive Characteristics of the Study Sample
(n=280)

Characteristic Value

Age at entry (wk) 3.8%£3.6
Boy/girl 144 (51.4)/136 (48.6)
1st born (yes/no) 76 (27.1)/204 (72.9)
Delivery (vaginal/C section) 165 (58.9)/115 (41.1)
NICU (no/yes) 271 (96.8)/9 (3.2)
Medication before entry (no/yes) 274 (97.9)/6 (2.1)
Feeding before entry study

Exclusive breastfeeding 80 (28.6)

Other starter formula 46 (16.4)

Mixed breastfeeding 79 (28.2)
Study formula from birth 75 (26.8)
Feeding during study period

Study formula exclusive 227 (81.1)

Mixed breastfeeding and 53 (18.9)

study formula

Values are presented as mean=standard deviation or number (%).
C section: caesarean section, NICU: neonatal intensive care unit.



formula. Baseline measurements were collected at
inclusion. An appropriate volume for one month of
the study formula with written preparation in-
structions was provided to the parents, who were giv-
en the normal recommendations for infant feeding.
The study formula was powder infant formula pro-
viding complete nutritional support for infants in the
first six months of life. The detailed composition,
which is in accordance with the Commission
Directive 2006/141/EC, is listed in Table 2. Specific for
the study formula is the addition of FOS (0.35 g/100
mL) and B. lactis (10" cfu/g powder). Formula was
prepared with boiled water which was cooled down

Table 2. Composition of Study Formula

Per 100 g mL kcal
Energy (kJ) 2,124 287 418
(kcal) 508 69 100
Fat (g) 262 35 5.2
Of which saturated fatty acids (g) 8.6 1.2 1.7
Of which MUFA (g) 10.2 1.4 2.0
Of which PUFA (g) 6.0 0.8 1.2
Of which linoleic acid (g) 53 0.72 1.05
Of which « -linolenic acid (mg) 543.7 73 107
Of which AA (mg) 888 120 175
Of which DHA (mg) 51.9 7.0 10.2
Carbohydrates (g) 55.7 7.5 11.0
Of which sugars (g) 47.1 6.4 9.3
Of which lactose (g) 453 6.1 8.9
Fibre (g) 26 035 0.51
Of which fructo-oligosaccharides (g) 2.6 0.35 0.51
Protein (g) 11.1 1.5 2.2
Of which whey protein (g) 6.8 0.9 1.3
Of which casein (g) 44 0.6 0.9
Vitamins
A (ug) 503 68 99
D3 (ug) 7.1 096  1.40
E (mg) 6.8 092 134
K1 (ng) 49 6.6 9.6
C (mg) 94 127 185
Bl (ug) 471 64 93
B2 (mg) 13 018 026
B6 (ug) 469 63 92
BI2 (ug) 17 023 033
Niacin (mg) 4.4 0.59 0.87
Folic acid (ug) 99 13.4 19.5
Pantothenic acid (mg) 5 0.68 0.98

MUFA: mono unsaturated fatty acids, PUFA: poly unsaturated
fatty acids, AA: arachidonic acid, DHA: docosahexaenoic acid.
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to0 40°C at the time of reconstitution. The probiotic is
in the formula in an inactive state until reconsti-
tution. After preparation the formula was at body
temperature. Infants were fed at libitum. During the
three months intervention period infants were either
partially breast and study formula fed with a minimal
daily intake of 60 mL of the study formula, or fed ex-
clusively with the study formula starting on the day
of enrolment during three months. Four visits were
scheduled: at inclusion, and after 1, 2, and 3 months.
Parents were provided with diaries to record formula
acceptance, regurgitation (frequency, volume), de-
faecation (frequency, composition), crying during
the past week. The paediatrician collected the weekly
feedback at the end of every month, and filled in the
questionnaire according to the information provided
by the parents. At each visit, investigators collected
anthropometric measures, reviewed compliance
(evaluation of the diaries and returned study prod-
uct) and assessed regurgitation, defaecation and cry-
ing according to the information provided in the
diaries. Parents were asked to categorize the compo-
sition of the stools as liquid, creamy, jelly and hard.
Regarding regurgitation, the options for frequency
were: absent, occasionally (<1/day), frequent
(daily). The options for the regurgitated volume
were: no, insignificant or signficiant volume.
Regarding crying, data were collected regarding fre-
quency (no, <1/day, daily), timing (day/night), un-
soothable crying or not, duration (3 hours or more per
day). Pediatricians were asked to score their overall
satisfaction of the study formula, on Likert scale 0 (no
satisfaction) to 10 (complete satisfaction).

All data were collected and analysed by an in-
dependent statistician. The primary outcome was
weight gain per day from study entry during 3
months. The secondary outcomes were weight-for-
length and BMI-for-age z score, length, head cir-
cumference and information on regurgitation, defe-
cation and crying.

At each visit, the weight of each infant was re-
corded by weighing them twice naked, on calibrated
electronic scales, and if deviation was >100 g, an ad-
ditional measurement was performed. The mean su-
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pine length was measuredtwice using a standard
measuring board, and in case of a deviation of >5
mm an additional measurement was performed. A
non-stretchable slotted insertion tape was used to
measure head circumference. In case a third meas-

urement was required, the mean of the two meas-
ures closest together was used as outcome.

The weight gain was plotted against the World
Health Organization (WHO) Child Growth Standards
of breastfed infants. The evolution of the weight-

Table 3. Regurgitation Characteristics (Frequencies, %) over Study Period

After 1 month After 2 months After 3 months p-value*
Regurgitation frequency <0.001
No 113 (40.4) 170 (60.7) 226 (80.7)
<l/day 138 (49.3) 102 (36.4) 52 (18.6)
Daily 9 (10.4) 8 (2.9) 2 (0.7)
Total 280 (100.0) 280 (100.0) 280 (100.0)
Regurgitation volume <0.001
No 123 (43.9) 176 (62.9 226 (80.7)
Insignificant 153 (54.6) 102 (3 53 (18.9)
Significant 4 (14) 2 (0. 1 (0.4)
Total 280 (100.0) 280 (100 0) 280 (100.0)

Values are presented as number (%).
*Friedman.

Table 4. Crying Characteristics (Frequencies, %) over Study Period

After 1 month After 2 months After 3 months p-value*

Crying, unsoothable

No 240 (85.7) 266 (95.0) 278 (99.3) <0.001"

Yes 40 (14.3) 14 (5.0) 2 (0.7) <0.0017

Total 280 (100.0) 280 (100.0) 280 (100.0) 0.004°
Crying, duration

No 254 (90.7) 274 (97.9) 280 (100.0) <0.001

>3 h 26 (9.3) 6 (2.1) 0 (0) <0.001

Total 280 (100.0) 280 (100.0) 280 (100.0) 0.031
Crying timing-day

No 262 (93.6) 265 (94.6) 278 (99.3) 0.438

Yes 18 (6.4) 15 (5.4) 2 (0.7) <0.001

Total 280 (100.0) 280 (100.0) 280 (100.0) 0.001
Crying timing-night

No 205 (73.2) 234 (83.6) 269 (96.1) <0.001

Yes 75 (26.8) 46 (16.4) 11 (3.9) <0.001

Total 280 (100.0) 280 (100.0) 280 (100.0) <0.001
Crying frequency-everyday

No 234 (83.6) 270 (96.4) 278 (99.3) <0.001

Yes 46 (16.4) 10 (3.6) 2 (0.7) <0.001

Total 280 (100.0) 280 (100.0) 280 (100.0) 0.021
Crying frequency-occasionally

No 164 (58.6) 183 (65.4) 241 (86.1) 0.037

Yes 116 (41.4) 97 (34.6) 39 (13.9) <0.001

Total 280 (100.0) 280 (100.0) 280 (100.0) <0.001

Values are presented as number (%).

*Mc Nemar, Tafter 1 month vs. 2 months, T

170 Vol. 20, No. 3, September 2017

after 1 month vs. 3 months, Safter 2 months vs. 3 months.



for-length and BMI-for-age z scores were calculated.

Statistical analysis

The weight gain was plotted against the WHO
Child Growth Standards of breastfed infants (31).
The evolution of the weight-for-length and BMI-
for-age z scores were calculated. Changes over study
period in continuous variables were evaluated using
repeated measures ANOVA. Friedman test was used
in case of violation of normality assumption and for
ordered variables. Categorical variables were analysed
by using chi-square tests (Fisher’s exact tests in case
that sparse cells occurred) or McNemar's test. All tests
were two-sided in @ =0.05 level of statistical signifi-
cance. Statistical analysis was performed using
STATA ver. 10 (2007; Stata Co., College Station, TX,
USA).

RESULTS

Compliance to the protocol was dependent on the
parameters, and ranged from 100% over the three
month study period to 45.4% (127/280) due to the
collected information on duration of crying at enrol-
ment (Table 3-7). General satisfaction, scored by the
pediatricians on a 0-10 score was 9.3 (standard devi-
ation 0.8). There was no infant in whom the study
formula had to be stopped and switched to a differ-
ent formula.

Weight gain of the infants was plotted on the
WHO-growth charts for exclusively breast fed in-
fants (Fig. 1 and 2). The median (P50) weight of the
girls was at inclusion close to the P50 of the

Yvan Vandenplas, et al : Synbiotic Formula

WHO-chart and the evolution over the three month
intervention period was parallel to the P50 WHO
growth chart (Fig. 1). The median weight of the boys
at inclusion was on the P25 of the WHO growth
chart, and the evolution was also parallel to the P25
of the WHO chart (Fig. 2). The evolution of the me-
dian values of the z scores for weight-for-length and
BMI-for-age were at — 1 at birth and evolved to 0 af-
ter three months of intervention (at the mean age of
3.86+0.82 months) (Fig. 3 and 4). The evolution of
weight, length and head circumference was within
the expected normal range and is listed in Table 8.

The number of defecations decreased from 22.1
dyring 1 month, over 17.4 during 2 months, to 14.0
during 3 months (Table 5). The number of “hard”
defecations was very low as it varied between 2% and
3%.

Regurgitation occurred in 63% of all infants after
one month being fed with the study formula, thus at
amean age of almost two months, decreasing to 41.6 %
at the age of three months and 20% at the age of four
months. Daily regurgitation decreased from 10.9%
(1 month intervention) over 3.0% (2 months inter-
vention) to 0.7% (3 months intervention). Only very
few infants ( ~ 1%) regurgitated significant volumes
(p<0.001).

After one month intervention, 15.6% of the infants
presented daily crying episodes, decreasing to 3.7 and
0.7 after 2 and 3 months intervention (all p
<0.001). Nighttime crying decreased from 38 to 4 %
during the three months intervention. The percent of
infants with unsoothable crying after one month
intervention (median age 1.89 month) was 26.3% of

Table 5. Constipation Characteristics (Frequency, %) over Study Period

After 1 month After 2 months After 3 months p-value
Stool consistency <0.001
Liquid 68 (24.3) 5 (8.9) 6 (2.1)
Creamy 166 (59.3) 9 (71.1) 193 (68.9)
Jelly 37 (13.2) 1 (18.2) 75 (26.8)
Hard 9 (3.2) 5 (1.8) 6 (2.1)
Total 280 (100.0) 280 (100.0) 280 (100.0)
Stool frequency 22.1*13.5 17.4+10.0 14.0+8.0 <0.001

Values are presented as number (%) or meanz=standard deviation.
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Fig. 1. Weight gain of the girls, plotted against the World
Health Organization (WHO) growth charts.
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Fig. 2. Weight gain of the boys, plotted against the World
Health Organization (WHO) growth charts.

the babies that cried, but only 16% of the total number
of infants with information available on crying
incidence. After two and three months intervention,
the incidence of unsoothable crying decreased to 5
and 0.01%, respectively (median postnatal age 3.89
and 4.89 months) (p<0.001). The percent of infants
that cried for three hours or more decreased from
10.5% after one month to 2.2% after two months. No
infant cried during three hours or more after three
months intervention (mean calendar age 4.89
months) (p<0.001). No serious adverse event re-
lated to the study product was reported.
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Fig. 3. Evolution of the weight-for-length z score.
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Fig. 4. Evolution of the body mass index (BMI)-for-age z
score.

DISCUSSION

The synbiotic formula was well tolerated by all in-
fants, as the test formula was continued in all 280 in-
fants for the three months study period. Overall sat-
isfaction of the paediatricians was excellent, as they
scored a median satisfaction of 9.3 on a 10 point
Likert scale. For comparison, parents scored 9.0 in a
trial with a new femented infant formula supple
mented with prebiotics [12].

The primary outcome of the study was the demon-
stration of equivalence in infant weight gain per day
during the intervention according to the WHO
growth charts for exclusively breastfed infants.
Weight gain was plotted against the WHO growth
curves during the first six months of life; the first
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Table 8. Weight, Length and Head Circumference Evolution over the Study Period

Birth Entry 1 month 2 months 3 months
Weight (kg) 3.1+04 3.7+0.9 4.6+0.9 5.5+0.9 6.3%0.9
Length (cm) 50.1+1.9 55.4+33 58.5+3.5 61.5%3.6
Head circumference (cm) 343x14 37.3+1.9 389+1.8 40.4+1.8

Values are presented as meanz=standard deviation.

three months were with the study formula, from the
age of 3-4 months up to the age of 6 months infants
were fed a diferent starter formula. The curve for
girls shows a median value just below the P50 at
birth, with an evolution of the median value just be-
low P50 up to the age of 6 months. The curve for boys,
however, is different. The median birthweight for
the boys was on the P25 of the WHO growth charts,
indicating that these boys were relatively small-for-ges-
tational age at birth. At the age of three months, the
median weight of the bos is just below the P25 of the
WHO-growth chart to end a 6 month just above the
P25 WHO-growth chart. However, weight-for-length
and BMI-for-age z score for the whole group were
low (—1) at birth but evolved towards 0 during the
three months study period, suggesting that physical
growth and development with the study formula is
within the norm.

The number of defecations decreased over the
study period. With increasing age, infants produced
fewer stools of greater firmness [13]. Infant and fol-
low-on formulas containing B. lactis and galacto-oli-
goaccharides (GOS) and FOS were reported to be
safe, without any additional benefit of the prebiotic
over the probiotic [14]. A meta-analysis of seven dif-
ferent trials with infant formula supplemented with
B. lactis results in growth similar to what is found in
infants fed unsupplemented formula [9]. There is
evidence that addition of prebiotics to infant formula
alters the GI microbiota resembling that of breastfed
infants [15]. Oligosaccharides are added to infant
formula because of their presence in breast milk [15].

The Committee of Nutrition of the ESPGHAN re-
ported that according to a systematic review of exist-
ing literature, the addicition of B. lactis to infant for-
mula results in a reduction of 46% of the risk to de-

velop acute gastroenteritis [11]. Infants consuming
formula supplemented with B. lactis have an in-
creased sIgA concentration in their stools [16].
Furthermore, cesarean-delivered infants consuming
B. lactis had a better immune response, as evidenced
by increased anti-rotavirus- and anti-poliovirus-spe-
cific IgA following immunization [16]. The results of
the study by Holscher et al. [16] demonstrate that
negative immune-related effects of not breastfeed-
ing and cesarean delivery can be mitigated by includ-
ing B. lactis in infant formula, thereby providing in-
fants a safe, dietary, immune-modulating bacterial
introduction. According to the results of one trial,
the administration of Lactobacillus reuteri resulted in a
decreased incidence of infant regurgitation, con-
stipation and colic [17].

According to literature, the incidence of con-
stipation is formula fed infants is 7.8% (P25-75:
3.8-15.0%) [18]. Only 3.2% of the infants fed with
the new synbiotic formula were reported to have
hard stools. Prebiotics are known to result in softer
stools than unsupplemented formula, bringing the
composition of stools of prebiotic infant formula
closer to that of breastfed infants. This effect has
been reported for infant formula supplementend
with GOS and FOS [19], but also for low levels (0.24
g/100 mL) of GOS [20]. Infant formula supple-
mented with FOS (0.4 g/dL or 0.8 g/dL) or GOS/FOS
(0.8 g/dL) were all reported to induce softer stools
[21]. This study reports a similar effect with FOS on
stool composition. sIgA in stools is increased in pre-
biotic supplemented infant formula compared to
standard formula [22].

The incidence of infant regurgitation was reported
tobe 26.7% (P25-75: 14.9-40.9%) [17]. We report an
incidence of only 10.9% of infants with daily regur-
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gitation, and only 1.6% in whom the volume was es-
timated as significant.

According to a review of existing literature, the
mean prevalence of infantile crying and colic is
17.7% (P25-75: 10.5-21.0%) [18]. Iacono et al. [23]
reported an incidence of 20.1% of infants with in-
fantile colic. In this study with the synbiotic formula,
the reported prevalence of crying was 15.6% at the
age of two months, decreasing to 0.2% at four
months of age. A GOS prebiotic-supplemented for-
mula mimicked the effect of human milk in promot-
ing Bifidobacterium and Lactobacillus growth and in in-
hibiting Clostridium growth, resulting in a sig-
nificantly lower presence of colic [24]. The use of a
partially hydrolysed formula supplemented with
FOS and GOS was shown to induce a reduction of
crying episodes in infants with colic after 7 and 14
days when compared with a standard formula [25].
We report a low incidence of crying and infantile col-
ic with this new synbiotic formula compared to the
reported prevalence in literature.

Interestingly, the administration of a probiotic
mixture containing L. acidophilus DDS-1, B. lactis
UABLA-12 and FOS was associated with significant
clinical improvement in children with atopic derma-
titis, with corresponding lymphocyte subset changes
in peripheral blood [26]. The evaluation of the in-
cidence and severity of atopic dermatitis with this
new symbiotic formula compared to standard infant
formula could be a topic for future research.

Since most studies suggest a trend for beneficial
clinical effects, and since these ingredients are very
safe, prebiotics added to infant formula bring infant
formula one step closer to breastmilk, the golden
standard [15].
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