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Purpose: The aim of this study was to identify the minimally meaningful dosage of inulin leading to a prebiotic effect 

in Indonesian infants. 

Methods: In a randomized controlled double-blinded, parallel, 3-arm intervention study, 164 healthy formula-fed 

infants aged 3 to 5 months first obtained formula-A (without inulin) during a 4-week adaptation period. Subsequently, 

142 subjects were subjected to a 4-week feeding period by administering either formula-A (no inulin), formula-B 

(0.2 g/100 mL inulin) or formula-C (0.4 g/100 mL inulin). The primary outcome parameter was %-bifidobacteria in 

faecal samples determined using quantitative polymerase chain reaction analyses. Secondary outcome parameters 

were faecal %-lactobacilli, pH and stool frequency, and consistency. Growth and tolerance/adverse effects were 

recorded as safety parameters. 

Results: Typical %-bifidobacteria and %-lactobacilli at the end of the adaptation period in the study population were 

14% and 2%, respectively. For faecal pH, significant differences between formula groups A vs. C and A vs. B were 

found at the end of the intervention period. Testing for differences in faecal %-bifidobacteria and %-lactobacilli be-

tween groups was hampered by non-normal data set distributions; no statistically significant differences were 

obtained. Comparisons within groups revealed that only in formula group C, all the three relevant parameters ex-

hibited a significant effect with an increase in faecal %-bifidobacteria and %-lactobacilli and a decrease in pH.

Conclusion: A consistent prebiotic effect along with a decrease in pH and increase in %-bifidobacteria and %-lactoba-

cilli was found only in the group administered 0.4 g inulin/100 mL.
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INTRODUCTION

Dietary prebiotics are defined as selectively fer-
mented ingredients that result in specific changes in 
the composition and/or activity of the gastro-
intestinal microbiota, thus conferring benefit(s) 
upon host health [1]. In infants, prebiotic effects in-
clude stimulation of bifidobacterial growth and a de-
crease in faecal pH, representing both composition 
and activity of the microbiota. Whether these changes 
reflect immediate or long-term health benefits to the 
host is still a subject of research. Beneficial effects on 
the immune system are reported based on the reduc-
tion in the infections and the risk for atopic disease 
[2], but it remains unclear whether these effects are 
general features, or are specific for individual pre-
biotics or mixtures. 

Several studies in infants have confirmed bifido-
genic and related effects of various prebiotics like the 
galacto-oligosaccharides/long-chain fructo-oligosac-
charides (GOS/lcFOS) mixture [3], short-chain fruc-
to-oligosaccharides (scFOS) or oligofructose [4], 
specific mixtures of scFOS and lcFOS or inulin [5], 
GOS alone [6], and GOS/ polydextrose mixture [7]. 
In the reported studies, dosages of 0.4 mg/100 mL 
[3-5,7] and 0.5 mg/100 mL [6] of prebiotics were re-
ported to be effective. A recent review [8] lists only 3 
studies investigating the prebiotic/bifidogenic effect 
of inulin in infants [9-13], and all used traditional 
culturing methods. Native inulin from chicory is a 
mixture of oligomers and polymers with a degree of 
polymerization (DP) ranging from 2 to 65 and aver-
age DP of 10. Inulin can be considered as a suitable 
prebiotic because apart from fermentation in the 
proximal colon of molecules with DP ＜10, it also 
provides larger structures allowing fermentation to 
take place over a wider stretch of the colon [8,13,14]. 
The gradual fermentation of inulin also translates in-
to reduced incidence of symptoms like flatulence 
and bloating. In healthy young adults, doses of up to 
10 g inulin/day were well tolerated compared to dos-
ages of up to 5 g oligofructose/day [15].

Information about the gut microbiota in Indone-
sian infants is limited, and studies using molecular 

probe techniques are scarce [16,17]. Studies in 
Malaysia and Korea on employment of inulin at dos-
ages as low as 1.25 and 1.5 g/day have already re-
vealed a bifidogenic effect in infants [9,10,12]. We 
investigated the effect of the addition of native in-
ulin to an infant formula at different dosages (0.2 
and 0.4 g/100 mL, equivalent to 1.6 and 3.2 g/day 
with 800 mL formula intake).

MATERIALS AND METHODS 

A randomized double-blinded controlled clinical 
study was carried out in three community health 
centers (Puskesmas) in Jakarta districts, Senen, 
Kemayoran, and Setiabudi. Infants, fully for-
mula-fed for at least 28 days, aged 91 to 150 days 
with weight and body length within ±2 standard de-
viation (SD) of World Health Organization (WHO) 
growth charts, were considered eligible for the study. 
Excluded were the infants with birth weight ＜2,000 
g, disorders requiring a special diet, use of systemic 
antibiotics or anti-mycotics medication within 14 
days prior to study entry, significant congenital ab-
normality, uncertainty about the willingness or abil-
ity of the parents to comply with the protocol re-
quirements, and participation in any other poten-
tially conflicting studies.

The study was conducted in accordance with Good 
Clinical Practice and the Indonesian National 
Agency for Drug and Food Control guidance. The 
protocol and later amendments were approved by 
the Medical Research Ethics Committee of the 
University of Indonesia/Cipto Mangunkusumo 
Hospital, Jakarta, Indonesia (No. 457/PT02.FK/ 
ETIK/2011). The present study was registered in the 
ClinicalTrials.gov PRS database as NCT01515644. 

Study products were: (A) powder-based infant 
formula without inulin, (B) formula with 0.2 g in-
ulin/100 mL, and (C) formula with 0.4 g inulin/100 
mL. Composition and characteristics of the three 
products were exceedingly similar. The study in-
cluded a 4-week adaptation phase to “wash out” any 
prebiotic effect of the existing formula. The second 
4-week period included the product intervention 
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with a formula containing 0, 0.2, and 0.4 g inulin/100 
mL. The formula used by all the subjects during the 
adaptation period was identical to the formula used 
by study group A, but was labeled and coded 
differently. Every week until 2 weeks after the end of 
the intervention, a contact session with the parents 
either by visit or by phone was conducted. Subjects 
who did not consume study product for a period ＞2 
days consecutively, or with intake of study product 
＜500 mL per day for 7 days were withdrawn from 
the study. The primary outcome parameter was the 
difference between the percentage of bifidobacteria 
of total bacteria in the stool before and at the end of 
the intervention period. Secondary outcomes in-
cluded %-lactobacilli, pH, and stool consistency and 
safety and tolerability of the investigational products. 
Parents had to fill in a daily diary on intake of study 
product (amount, frequency), possible other food in-
take, occurrences of discomfort (diarrhoea, con-
stipation, vomiting, gassing, crying, sensation of ill-
ness, loss of appetite, infected eye, skin rashes, etc.) 
and changes in stool consistency using the Bristol 
Stool Form Scale [18]. Stool samples obtained before 
and at the end of the intervention period were col-
lected in a sterile container and transported within 
60 minutes to the study site or the prodia central lab-
oratory in a cold storage container, and then stored 
at −80oC until further analysis. 

Body weight, length and head circumference of 
the infants were measured biweekly. Weight-for-age 
and length-for-age z-scores were based on the WHO 
growth charts [19]. DNA extraction for polymerase 
chain reaction (PCR) analysis was performed from 
approximately 100 mg faecal samples using the 
Phenol/Chloroform method. Real-time quantitative 
PCR was performed using an ABI 7500 Fast 
Sequence Detection System (software version 2.0; 
Applied-Biosystems, Foster City, CA, USA) to meas-
ure total bacteria, bifidobacteria and lactobacilli lev-
els in the stool. Primers used in this study were de-
signed based on 16S rRNA gene sequences (The 
European Molecular Biology Laboratory database) 
obtained from Invitrogen (Carlsbad, CA, USA) and 
Life Technologies NZ Ltd (Auckland, New Zealand) 

aligned with the program CLUSTAL W (http://www. 
clustal.org). Amplification and detection were car-
ried out as described before [16]. To eliminate varia-
tions in absolute amounts of bifidobacteria and lac-
tobacilli due to faecal water content, we expressed 
the level of bifidobacteria and lactobacilli as a per-
centage of total bacteria quantified from the same 
sample [20].

Based on a two-sample t-test for mean difference, 
a minimal sample size of 49 subjects per group was 
calculated to allow a power of 0.8 at the expected 
mean difference of 10% and SD of 15% with an alpha 
of 0.0167 and two-sided testing. The expected mean 
difference and SD were inferred from earlier studies 
[21-23]. We used a conservative value for alpha be-
cause of the 3-group design. Anticipating a drop-out 
rate of 15%, a recruitment target size of n=56 per 
group was considered adequate. Six different ran-
domization letter codes were used, 2 letters for each 
product. The identity of the codes was blinded to the 
investigators and site staff. Randomisation was done 
based on subject sequence number per individual for 
each site; we used computer-generated random 
number lists and a block size of 6. Unblinding was 
done after the database was locked.

The analysis was conducted using SPSS ver. 13.0 
for Windows (SPSS Inc., Chicago, IL, USA). All data 
were checked for normal distribution according to 
Kolmogorov-Smirnov procedure with Lilliefors sig-
nificance correction and the Shapiro-Wilk test. For 
the analysis of parametric data, the study outcome 
was evaluated using one-way ANOVA analysis; 
Kruskal-Wallis analysis was used for non-para-
metric data.

RESULTS

Typically, 180 healthy fully formula-fed infants 
were selected for recruitment from the records of 
three community centers in Jakarta. The further 
flow of the study is depicted in Fig. 1. Table 1 pres-
ents the age and anthropometric characteristics of 
the 142 subjects at the time of study entry after com-
pletion of the adaptation phase. The baseline charac-
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Fig. 1. Flowchart of the study.

Table 1. Characteristics of the Subjects at Study Entry, Which Successfully Completed the Adaptation Period

Characteristic Group A (n=48) Group B (n=47) Group C (n=47)

Age (d)   108 (97/120)   112±14   105 (96/118)
Weight (g) 5,850 (5,400/6,300)  5,910±620  5,800 (5,500/6,600)
Height (cm) 61.7±2.0   61.5±2.1    61.8±2.4
WAZ −0.88±0.78 −0.95±0.84  −0.69±0.87
HAZ −0.23 (−0.93/+0.31) −0.46±0.82  −0.19±0.93
Sex, male/female  21/27 26/21  22/25
Delivery mode, vaginal/C-section  38/10 34/13  32/15
Preterm labor (y/n)  6/42  3/44  6/41
Birth weight (g) 3,100 (2,860/3,290)  3,110±470    3,100±450
Mother’s age (y) 29.3±7.2   31.8±6.3    30.2±7.1
Child sequence 2 (1/2) 2 (1/4)  2 (1/3)

Values are presented as median (quartile value P25/P75) or mean±standard deviation.
Group A: control, group B: 0.2 g inulin/100 mL, group C: 0.4 g inulin/100 mL.
WAZ: weight/age z-score, HAZ: height/age z-score.

teristics of the three treatment groups were well 
matched as to gender, delivery mode, birth weight, 
mother’s age, and child sequence.

Baseline values of bifidobacteria and lactobacilli 
expressed as a percentage of total bacteria in the 

stool (typical values for the total population: 14 and 
2%, respectively), pH and stool consistency were 
comparable between the treatment groups before 
the initiation of the intervention phase. Most of the 
data were non-normally distributed. No statistically 
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Table 2. Primary and Secondary Outcome Parameters at the End of the Adaptation Period (Start) and at Day 28 of the Intervention
Phase (End) 

Outcome
parameter

Group A (n=48) Group B (n=47) Group C (n=47) p-value 

Bifidobacteria (%)
  Start   16.8 (8.8/32.4)   17.1 (7.1/31.0)  12.1 (7.3/22.5) 0.5
  End   19.8 (13.7/36.6)   18.4 (10.3/32.9)  24.7 (13.2/40.5) 0.3
  Difference   +4.8 (−2.2 to +11.8)   +1.2 (−4.7 to +7.1) +9.9* (+4.7 to +15.1) 0.13†

Lactobacilli (%)
  Start    1.7 (0.5/3.8)     2.6 (0.7/7.7)    2.2 (1.0/4.7) 0.3
  End    2.9 (1.4/7.6)     3.7 (1.7/7.6)    4.4 (2.1/8.6) 0.3
  Difference  +1.0* (−0.0/+3.3)  +0.7* (−0.9/+4.7)  +1.2* (−0.1/+3.9) 0.8
Faecal pH
  Start   5.61 (5.17/6.31)    5.81 (5.41/6.32)   5.75 (5.24/6.52) 0.5
  End   5.96 (5.49/6.60)    5.44 (5.09/6.18)   5.30 (4.97/5.99) 0.000
  Difference +0.27* (+0.05 to +0.49) −0.23* (−0.50 to −0.03) −0.41* (−0.64 to −0.17) 0.000†

Stool consistency (Bristol scale: 1-7)
  Start      6 (6/6)      6 (5/6)      6 (6/6) 0.4
  End      6 (5/6)      6 (6/6)      6 (6/6) 0.6

Values are presented as median (quartile value P25/P75) or mean (95% confidence interval). 
Group A: control, group B: 0.2 g inulin/100 mL, group C: 0.4 g inulin/100 mL.
Statistical analysis between the groups was done using Kruskal-Wallis test, except indicated otherwise. Statistical analysis within
groups on the differences between end and the start was done using Wilcoxon test except for the differences in bifidobacteria (%)
and faecal pH, where t-test was used.
*Difference statistically significant (p＜0.05).†Analyzed using one-way ANOVA.

significant differences in the levels of %-bifidobac-
teria and %-lactobacilli were found between the 
treatment groups at the start and at the end of the in-
tervention phase. Comparison within groups re-
vealed that upon intervention only in the formula 
group with inulin dosage of 0.4 g/100 mL, a statisti-
cally significant increase from baseline in %-bifido-
bacteria (p=0.00) was observed. The levels of %-lac-
tobacilli showed a significant increase in all the three 
groups upon intervention (p≤0.02). No differences 
were found in the stool pH between the treatment 
groups before the start of the intervention phase. At 
the end of the intervention, a significant difference 
in the stool pH between the treatment groups was 
observed. Within the control group, a statistically 
significant increase (p=0.03) was observed, while in 
both the intervention groups we found a statistically 
significant decrease (p=0.04 and 0.00, respectively). 
The median number of defecations of the infants in 
the feeding groups at the start and end of inter-
vention ranged from 1.1 to 1.35 per day and all inter-

quartile ranges were between 1.0 and 2.0 stools/day. 
We observed no differences amongst or within the 
feeding groups. Typically, 77% of the infants in our 
study had soft stools (grading 6 according to the 
Bristol stool chart) and no significant differences 
were found in stool consistency between and within 
the treatment groups (Table 2).

Formula consumption during the intervention 
phase of the study was similar between the three 
groups. Median consumption was 991 mL/day for 
the combined groups and the interquartile range was 
819 to 1,169 mL/day. There were no statistically sig-
nificant differences between weight/age z-score and 
height/age z-score on any of the measuring visits be-
tween and within the groups. Infants from all the 
three groups tracked along the growth curve 
normally. There were no differences in clinical symp-
toms of diarrhoea, vomiting, crying, constipation, 
and flatulence or other potential adverse effects on 
day-1 and on day-28 of intervention between or 
within the treatment groups. No differences in con-
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comitant medication and compliance were observed.

DISCUSSION

The first study on the evaluation whether the ad-
dition of prebiotic oligosaccharides to term infant 
formula imparts a bifidogenic effect in a dose-de-
pendent manner was reported in 2002 [3]. This was 
followed by several other studies using numerous 
substrates at dosages ranging from 0.15 to 0.8 g/100 
mL [4-12]. The issue that the effects observed at the 
level of the infant’s gut ecosystem are validated 
markers for clinical benefits or not is still under de-
bate [2]. Nevertheless, the World Allergy Organization 
guideline panel recently gave a conditional recom-
mendation for prebiotic supplementation for the 
prevention of allergy in non-exclusively breastfed in-
fants [24]. The European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition Committee 
on Nutrition concluded that prebiotic supplementa-
tion of infant formula has the potential to decrease 
stool pH, increase stool frequency, soften stools, and 
increase stool colony counts of bifidobacteria and 
lactobacilli [2]. The current study is the first study to 
demonstrate the effect of native inulin supplementa-
tion on the microbiota using molecular biol-
ogy-based methods.

In our study, we found that the proportion of bifi-
dobacteria remained fairly unaltered in the 0.2 g in-
ulin/100 mL formula feeding group with a median 
intake of 2 g/day, which contrasted the results from 
studies performed in Korea and Malaysia, demon-
strating significant increases of bifidobacteria were 
reported at inulin dosages of 1.5 and 1.25 g/day, re-
spectively [9,10]. Both the studies analyzed the in-
fant gut microbiota using traditional culturing 
methods where only live bacteria can be assessed. In 
a report on parallel analyses of the samples from a 
study in infants performed by traditional culturing 
methods and using a molecular biologic technique 
(fluorescent in situ hybridization, FISH), the effect 
of either analyzing only culturable or total bifido-
bacterial has been elegantly demonstrated [25]. 
Both the methods revealed an increase in bifidobac-

teria in the prebiotic group compared to control, but 
the effect was much more pronounced upon observ-
ing the graph from the traditional culturing 
analyses. Thus, it may seem that the traditional cul-
turing method is more sensitive. However, this state-
ment is incorrect because many strains cannot be 
cultured and most media used for quantification are 
nonspecific [20]. Likely, it is apparent as for why we 
could not observe the effects in the 0.2 g inulin/100 
mL supplementation group using molecular de-
tection, compared to other reported findings at sim-
ilar or even lower inulin dosages [9,10].

Most of the referenced intervention studies inves-
tigating the effect of formulas supplemented with at 
least 0.2 g/100 mL prebiotics on the microbiota in 
term infants using molecular detection methods re-
cruited infants at an early time after birth 
[3-5,7,26,27], whereas 4 studies recruited infants af-
ter the age of 1 month with an already established 
microbiota [6,21,27,28]. Interestingly, in 2 of those 4 
studies [27,28], the effect on bifidogenicity was 
weak and not statistically significant and it was dis-
cussed that prebiotics may have a greater impact on 
infant fecal bacterial populations in younger infants 
than in older infants [28]. The reported results are in 
accordance with our finding that we did not observe 
a convincing effect in the 0.2 g inulin/100mL dosage 
group in infants recruited at age of 3 and 4 months. 

We did not record the full feeding history before 
recruitment and only limited the survey to ascertain 
that the subjects were already on 4 weeks of full for-
mula feeding before being allowed to participate. 
The Indonesian Health Profile data from the “Data 
and Information Center” (Pusdatin) by the Indonesian 
ministry of health revealed that in the DKI Jakarta 
province where our study sites are located, 72% of 
the newborn babies were initially introduced to 
breastmilk [29]. As we have no reason to assume 
that these figures would clearly be different in our 
specific study population, it is reasonable to assume 
that most of the infants in our study population were 
initially breastfed, although only for a limited period. 
The period of 4 weeks for both the wash-out and the 
intervention part of our study was inferred from 
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adult intervention studies with inulin, where typical 
effects were studied after 2 weeks [30,31] for each 
wash-out and intervention phase. Several com-
parable studies in infants applied a 2 to 6 weeks 
wash-out and/or intervention periods [6,21,22] and 
our results (significant changes in pH and bifido-
bacterial) during 4 weeks intervention period dem-
onstrate that this period is adequate for studies in 
infants.

An increase in lactobacilli due to supplementation 
of the prebiotic mixture GOS/lcFOS in infant for-
mula was first reported using traditional culturing 
methods [3] and later confirmed using molecular 
methods [21]. In the other six relevant studies 
[4-6,9-11], a few demonstrated no effects [4,9], oth-
ers a statistically non-significant trend [5,6] and a 
couple reported a significant increase using cultur-
ing methods [10,11]. We found a significant increase 
within all the three feeding groups and conclude that 
the effect of the various prebiotic oligosaccharides on 
lactobacilli is still inconclusive.

The most obvious indicator in our study on the ef-
fect of the addition of prebiotics to infant formula in 
Indonesia was the decrease in stool pH suggesting an 
effect on colonic metabolic activity. We observed this 
decrease in the 0.2 and 0.4 g inulin/100 mL formula 
groups, while in the control formula, an increase was 
observed. These findings are similar to an earlier 
study where the decrease in pH was significant, but 
the increase in %-bifidobacteria analyzed using FISH 
did not reach statistical significance when compared 
to the control group [26]. 

Most of the studies on prebiotic supplementation 
of infant formula reported no significant effects on 
stool frequency, which is in line with our findings 
[3,5,6,9-11]. For stool consistency, a dose-depend-
ent effect towards softer stools was reported in three 
studies [3,5,27]. Nearly all the infants in our study 
had soft stools (Bristol score 5-6) with no differences 
between or within the groups. The only sign towards 
a stool softening effect was that two infants in the 
control group were recorded with hard stools (Bristol 
score 1-3) at the end of the intervention, while this 
figure was zero for both the inulin groups. A further 

softening of the already soft stools (Bristol score 6) of 
the infants in our study may not have been 
advantageous.  

The non-normal distribution of most of the out-
come parameter data represented a major challenge. 
We already decided not to report any microbiota re-
sults as absolute count but rather represent them as 
a proportion of total bacteria [20], but this did not 
prevent the non-normal distribution. Attempts ap-
plying log- or other types of transformations were 
unsuccessful as contrast was lost. Alternative model-
ing approaches for our type of non-normally dis-
tributed data are sparse and we did not pursue this 
route. The design to include a 4-week adaptation 
phase turned out to be the strength of our study, as 
all the subject dropouts occurred in the period before 
the infants were subjected to the blinded random-
ized intervention phase. Based on our findings on 
stool consistency, we question whether applying the 
Bristol stool scores is suitable for our type of pop-
ulation as the potential contrast in the softer stool 
range may be too small.

In conclusion, we found a significant increase in 
faecal %-bifidobacteria upon the dietary inter-
vention with 0.4 g inulin/100 mL and not in the con-
trol or lower dosage group. This result, combined 
with the significant decrease in pH in both the inulin 
groups contrasted with a significant increase in the 
control group together with the statistically sig-
nificant difference between the groups on pH, pro-
vides sufficient support to conclude that only the in-
vestigated infant formula with 0.4 g inulin/100 mL 
can be considered as prebiotic based on perceived 
beneficial effects on relative amounts of bifidobac-
teria and stool pH.
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