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Abstract: Supplementation of infant formula with ingredients potentially able to manage, in a way 12 

positive for the host, the gut microbiota of infants, is nowadays widely used by infant food 13 

producers. 14 

The impact of this class of compounds, named prebiotics, on gut microbiota composition, was 15 

initially measured on the enrichment of Bifidobacterium and Lactobacillus spp., but the use of 16 

culture-independent analytical techniques has allowed to establish that a larger number of intestinal 17 

microorganisms are affected by the ingestion of prebiotics.  18 

However, despite a relevant number of scientific publications, actually there is no consensus on the 19 

amount of prebiotics to be administered daily, the potentially different actions exerted by prebiotics 20 

which differ in biochemical structures, as well as the impact of different percentages of the same 21 

prebiotics when used in  mixtures and/or combination. 22 
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This paper is aimed to critically review the available data on the use of prebiotics in infant formula, 23 

with special attention paid to identify a link between, the dosage used, the mixture composition and 24 

the observed outcomes, keeping in mind the influences in nutrition quality and growth influence.  25 
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The concept of prebiotic as a “nondigestible food ingredient that beneficially affects the host 43 

by selectively stimulating the growth and/or activity of one or a limited number of bacterial species 44 

already resident in the colon, and thus improves host health” dates back to 1995 [1].  Prebiotics are 45 

then considered a specific fuel that indigenous probiotic bacteria can utilize to grow. Most 46 

commonly known and characterized prebiotics are fructo-oligosaccharides (FOS), galacto-47 

oligosaccharides (GOS), inulin, lactulose, and breast milk oligosaccharides [2]. FOS are able to 48 

cross the digestive lumen, undigested and unabsorbed, to reach the ascending colon unmodified, 49 

where they will be metabolized by the resident probiotic component of the microbiota. Overall, 50 

oligosaccharides have a long history of use as food ingredients able to provide health benefits.  51 

On this scenario, however, from the initial 1995 definition, several attempts to modify and/or 52 

improve the prebiotic definition have been done. In 2003, Reid et al. [3] defined prebiotics “non-53 

digestible substances that provide a beneficial physiological effect on the host by selectively 54 

stimulating the favorable growth or activity of a limited number of indigenous bacteria”. In 2004, 55 

the definition of prebiotics was further modified “selectively fermented ingredients that allow 56 

specific changes, both in the composition and/or activity in the gastrointestinal microflora that 57 

confers benefits upon host well-being and health” [4]. In 2007 the Food and Agricultural 58 

Organization (FAO) of the United Nations organized a Technical Meeting to update the definition 59 

of prebiotics. The outcome of this meeting was the following definition: “a non-viable food 60 

component that confers a health benefit on the host associated with modulation of the microbiota” 61 

[5]. In 2010 Gibson et al. [6] defined the narrower category of “dietary prebiotics” as “a selectively 62 

fermented ingredient that results in specific changes in the composition and/or activity of the 63 

gastrointestinal microbiota, thus conferring benefit(s) upon host health”. In 2015, Bindels et al. [7] 64 

proposed that specificity requirements should be removed on the basis of reports showing that 65 

multiple taxa, rather than particular species, were enriched by prebiotics. This proposal led to 66 

another definition of a prebiotic as “a non-digestible compound that, through its metabolization by 67 
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microorganisms in the gut, modulates the composition and/or activity of the gut microbiota, thus, 68 

conferring a beneficial physiological effect on the host”. In 2017 Gibson et al. [8] defined prebiotic 69 

a substrate that is selectively utilized by host microorganisms conferring a health benefit. This 70 

definition expands the concept of prebiotics to possible applications to body sites other than the 71 

gastrointestinal tract, and diverse categories other than food, while the requirement for selective 72 

microbiota-mediated mechanisms was retained. 73 

A common point of all definitions is that prebiotics differ from dietary fibers, which promote 74 

the growth of a wide variety of gut microorganisms, as they selectively serve as nutrients for 75 

beneficial microorganisms harbored by the host, including administered probiotic strains and 76 

indigenous (resident) microorganisms.  Therefore a prebiotic should not be broadly metabolized but 77 

elicit a metabolism biased towards health-promoting microorganisms within the indigenous 78 

ecosystem. Due to the fact that the concept of prebiotics is not so clearly defined and remains a 79 

controversy, Table 1 summarized all the definitions  in order to give the insights of definition and 80 

have the ambitious to derive at the end a unique and accepted definition. 81 

 82 

Table 1. The concept of prebiotic over time 83 

Definition Authors Reference 
A nondigestible food ingredient that beneficially affects 
the host by selectively stimulating the growth and/or 
activity of one or a limited number of bacterial species 
already resident in the colon, and thus improves host 
health 

Gibson & Roberfroid, 
1995 [1] 

Nondigestible substances that provide a beneficial 
physiological effect on the host by selectively 
stimulating the favourable growth or activity of a limited 
number of indigenous bacteria 

Reid et al., 2003 [3] 

A selectively fermented ingredient that allows specific 
changes, both in the composition and/or activity in the 
gastrointestinal microflora that confers benefits upon 
host wellbeing and health 

Gibson et al., 2004 [4] 

A nonviable food component that confers a health 
benefit on the host associated with modulation of the 
microbiota 

Pineiro et al., 2008 [5] 

A selectively fermented ingredient that results in 
specific changes in the composition and/or activity of 
the gastrointestinal microbiota, thus conferring benefit(s) 

Gibson et al., 2010 [6] 
 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2018                   doi:10.20944/preprints201809.0597.v1

http://dx.doi.org/10.20944/preprints201809.0597.v1


5 
 

upon host health 
A nondigestible compound that, through its 
metabolization by microorganisms in the gut, modulates 
composition and/or activity of the gut microbiota, thus 
conferring a beneficial physiological effect on the host 

Bindels et al., 2015 [7] 

A substrate that is selectively utilized by host 
microorganisms conferring a health benefit Gibson et al., 2017 [8] 

 84 

As regards gut health and microbiota management, the other side of the coin are probiotics 85 

whose definition seems to have reached, after more than half century from its first usage [9], a 86 

consensus among the scientific community as “ live microorganisms that, when administrated in 87 

adequate amounts, confer a health benefit on the host” to exert a wide range of effects [10].  The 88 

Panel confirmed that, although some mechanisms might be shared between strains belonging to the 89 

same species/genus, health effects are strain-specific and claims of specific benefits must be 90 

determined at the strain level. Moreover, to exert the desired effect, any probiotic must be delivered 91 

at a functional dose, and the Panel stressed that to establish a clear association between any 92 

substance, including probiotics, and a desired effect it is important to examine dose response, 93 

among other criteria. It is thus interesting to note that, while probiotics are well described in term of 94 

adequate amount and specific role/effect as well as type of microorganisms, the definitions of 95 

prebiotics proposed to date have not considered either the specificity of the chemical composition of 96 

the prebiotic or its dosage. This is reflected by the heterogeneity of the studies available on 97 

prebiotics which differ a lot in terms of amount/dose and type of prebiotics administrated, making 98 

direct comparison among results very difficult and not really focused also in meta-analysis and 99 

systematic reviews [11]. 100 

Because there are on the market a wide range of prebiotics, the aim of this paper is to offer a 101 

critical appraisal of the existing literature about the clinical outcomes of these gut-directed 102 

ingredients in the age 0-12 months, when they are used as a supplement to formula milk.  103 

2. Methods 104 
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Only randomized controlled trials (RCT) were eligible for inclusion. Enrolled subjects have to 105 

be aged 0-12 months; studies on preterm and unhealthy subject were included. Only full paper 106 

written in English were retained for analysis. 107 

Studies in which prebiotics were not administered as an ingredient of formula, for example in 108 

capsules, were discarded. Studies in which synthetic human milk oligosaccharides were used were 109 

excluded.  110 

A number of RCTs described the same study population but focused on different outcome 111 

measures; they were considered as separate reports and treated individually. 112 

A search with the keywords “infants” and prebiotic(s)” and “formula” filtered for “clinical 113 

trials” in the databases PubMed, Scopus, Web Of Science, retrieved 145 items, after filtering for 114 

duplications, papers not in English, letters or not full papers.. 115 

Among them a further selection of 71 was done, discarding those dealing with probiotics 116 

synbiotics , those enrolling subjects older than 12 months of age , subjects in severe pathological 117 

conditions , or those out of scope of this paper (18) for specific reasons (see Supplementary 118 

Table.1) 119 

 120 

3. Results 121 

3.1.  Studies assessing the effects of a single prebiotic ingredient 122 

Table S2 is devoted to the outcomes obtained when a single probiotic ingredient has been 123 

tested in human trials. 124 

Results obtained  when GOS are used as only prebiotic ingredient, at the dosage of 0.4 g/100 125 

mL [12–14] suggested that that at this dosage this prebiotic could have an impact on the microbiota 126 

composition; fecal parameters such stool consistency and volume are also positively affected, while 127 

GOS-supplemented formulas do not seem to exert any effect on the frequency of defecation. 128 

Parameters related to health, such as the incidence of infections or allergic manifestations [14,15], 129 
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are not influenced by GOS supplementation, even when a slightly higher dose (0.5 g/100 mL) is 130 

used [15]. 131 

GOS dosed at  0.8 g/100 mL in the very first weeks of life seem to cause watery stools [13] 132 

and this observation could be used as starting point to establish a safety upper level of 133 

supplementation; this note is also supported by data provided in 2014 by Williams et al. [13]. These 134 

authors, in a trial conducted in United States in 2007-2008 with a formula supplemented with 0.8 135 

g/100 mL of GOS, reported a higher percentage of very soft stools in treated infants. 136 

Positive results additional to alteration of  microbiota and stool composition are reported by 137 

Giovannini et al. [12] as they recorded a lower incidence of colic in the supplemented group of 138 

infants with respect to the control group. 139 

 Additionally, Paganini et al. [16] found a lower abundance of  virulence and toxin genes in 140 

GOS-treated group when compared with the control and Fe only groups. Underwood et al. [17], on 141 

the other hand, did not detect significant increases in bifidobacteria compared with baseline in 142 

preterm infants dosed with GOS.  143 

Turning to fructan prebiotics, among the 5 papers which reported the use of FOS as single 144 

prebiotic ingredient [18–22], only Kapiki et al. [20] showed significant, consistent effects on 145 

microbiota, in particular on the abundance of bifidobacteria, using 0.4 g/100 mL; a dose of 0.3 146 

g/100 mL [18,20,21], is most likely enough for FOS to have a positive influence on stool 147 

characteristics.  148 

The use of kestose, a fructo-oligosaccharide, has been reported by Shibata et al. [23] to have  149 

a positive influence on SCORAD scores of atopic infants. Two papers [24,25] reported the use of 150 

fructans derived from agave (Agave tequilana Weber cv. Azul). After a safety assessment in 151 

healthy, full-term babies [24] two ingredients were assessed for  impact on immune response, serum 152 

ferritin, C-reactive protein, bone metabolism, and gut bacteria changes. Analysis were performed at  153 

20 – 27 days, and three months of age. The authors state that there were statistically significant 154 
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differences for the groups of infants fed only with infant formula and with formula enriched with 155 

these fructans. 156 

As far as inulin is concerned, Kim et al. [26] assessed the effects of native inulin in formula-157 

fed babies on gut microbiota, pH, consistency and amount of feces, and on frequency of defecation 158 

at a daily dosage of about 5 g/d. The consumption of inulin increased significantly the content of 159 

Bifidobacterium in the feces of formula-fed babies compared to control ,but neither the frequency of 160 

defecation nor stool consistency were affected by the consumption of inulin. 161 

In the study by Closa-Monasterolo et al. [27], oligofructose-enriched inulin at a dose of 0.8 162 

g/100 mL was tested, and the authors found a tendency towards higher Bifidobacterium cell counts, 163 

with a significant higher frequency of depositions and a softer consistency of stools [28].  164 

 165 
3.2.Studies assessing the effects of combinations of prebiotic ingredient: not strictly gut-related 166 

clinical outcomes of GOS/FOS administration 167 

A group of papers, all of them with a very similar clinical design and a dosage of GOS/FOS 168 

of 0.8 g/100 mL, was devoted to establish a link between the use of this ingredient and immune 169 

response (Table S3). Moro et al. [29] reported that 102 infants in the prebiotic group and 104 170 

infants in the placebo group (all of them at risk for atopy) completed the study (duration: 6 months). 171 

Ten infants in the intervention group and 24 infants in the control group developed atopic 172 

dermatitis. Prebiotic supplementation was also producing a significantly higher number of fecal 173 

bifidobacteria compared with placebo (maltodextrin) group. An hydrolyzed protein formula was 174 

used in both groups. 175 

The same design has been used by van Hoffen et al. [30] to assess the effect of GOS/FOS on 176 

the immune response in infants at risk for allergy. An hypoallergenic whey formula with either 0.8 177 

g/100 mL  or 0.8 g/100 mL maltodextrin (placebo) were used for 6 months. At 6 months of age, 178 

plasma samples were collected from the 41 treated  infants and the 43 subjects of the placebo group. 179 
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GOS/FOS supplementation resulted into a significant reduction of total IgE, IgG1, IgG2 and IgG3, 180 

but not of IgG4 amount. The authors concluded that  GOS/FOS supplementation could be a method 181 

to limit the atopic development.  182 

An additional study on  the effect of supplementation of GOS/FOS on plasma markers of  183 

allergic disease in infants at risk for allergy was published by Schouten et al. [31]; also in this study 184 

hypoallergenic whey formula containing 0.8 g/mL of the GOS/FOS mixture was administered  for 6 185 

months to 34 infants, while the control group (n=40) received maltodextrin; all of them at risk for 186 

atopy. In this paper immunoglobulin free light-chain (Ig-fLC) was checked as a marker of allergic 187 

disease. Results supported a positive role of GOS/FOS as in infants receiving the prebiotic mixture, 188 

the Ig-fLC levels were significantly lower compared to the placebo-fed infants.  189 

MacDonald et al. [32] by means of an 8-week open-label, single-arm, pilot intervention study 190 

in 9 infants (8-week median age) tried to establish a role for prebiotics (GOS/FOS 0.8 g/100mL) 191 

added  to a protein substitute suitable for infants with Phenylketonuria. All infants exhibited 192 

microbiota dominated by bifidobacteria, although no statistically significant change from baseline 193 

was observed at study endpoint.  194 

Arslanoglu et al. [33] showed a preventive effect of the prebiotic mixture GOS/FOS against 195 

infections during the first 6 months of life. In this study the cumulative incidence of all types of 196 

recurring infections was significantly lower in the GOS/FOS group; prebiotic mixture was used as 197 

an ingredient of a hypoallergenic formula. The dose used was 0.8 g/100 mL. 198 

Bisceglia et al.[34] published a paper aimed to investigate the effect of dietary 199 

supplementation with prebiotics on moderate hyperbilirubinaemia in healthy, term infants. Seventy-200 

six consecutive newborns were randomly assigned to receive a formula containing 0.8 g ⁄ 100 mL 201 

GOS/FOS supplement or maltodextrins as placebo for 28 days. Bilirubin levels and daily defecation  202 

frequency was also recorded. A statistically significant lower transcutaneous bilirubin was detected 203 
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in neonates receiving prebiotics, from 72 h of life, till the end of the dietary intervention (day 28). 204 

Treated infants also showed a higher frequency of defecation, when compared to neonates on 205 

placebo, over all the duration of dietary intervention.  206 

The dose of 0.4 g/100 mL has been used by Bruzzese et al. [35] in order to reduce the 207 

incidence of intestinal and respiratory infections in healthy infants. In this massive  study 352 208 

subjects were enrolled and fed with the prebiotic formula or the control one for a period of one year. 209 

The incidence of gastroenteritis and the number of children with multiple antibiotic courses/year 210 

was lower in the supplemented group than in the controls.  211 

A few other studies tested the effects of mixtures of GOS/FOS with atypical dosages, i. e. 212 

different from the concentrations 0.4-0.8 g/100 mL (Table S4).  213 

Brunser et al. [36] evaluated the effects  on intestinal  microbiota composition of infants but 214 

after an amoxicillin treatment for upper respiratory tract infections. This study is of particular 215 

relevance for the purpose of this review, in fact  the mixture used was oligofructose and inulin in 216 

70/30 proportion by weight (and not 9:1), at  a dosage of 0.45 g/100 mL after formula 217 

reconstitution. This dosage showed that  infants fed a milk formula supplemented with prebiotics 218 

had higher counts of bifidobacteria and lactobacilli than those fed the same formula but without the 219 

prebiotics The total fecal bacterial count population returned to the levels before amoxicillin 220 

administration without differences between the groups, confirming that prebiotics do not influence 221 

the recovery of the total flora. 222 

A dose different from the 0.4-0.8 g/100 mL was also used by Alliet et al. [37]: these authors 223 

used GOS/FOS in a 9:1 ratio but a dose of 0.6 g/100 mL. Aim of this study was the  evaluation of 224 

prebiotics consumption related to cholesterol and triacylglycerol levels in infants. The study was 225 

organized into 3 arms: breast fed, standard formula and the same formula supplemented with 226 

GOS/FOS. Among the 187 infants which completed the study the total cholesterol and LDL levels 227 
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were significantly lower in the formula-fed groups than in the breast-fed infants but there were no 228 

significant differences between the formula-fed groups. Authors concluded that there are  no 229 

differences in total cholesterol and LDL cholesterol in infants receiving an infant formula with 230 

GOS/lcFOS (with this dosage) from infants receiving a control infant formula. 231 

 232 

3.3. Studies assessing the effects of combinations of prebiotic ingredient: intestinal effects of 233 

GOS/FOS 234 

The majority of papers reporting the use of GOS/FOS in a 9:1 ratio, were aimed to assess the 235 

impact of this prebiotic  mixture on microbiota composition of full term infants, with special 236 

emphasis on lactobacilli, bifidobacteria, enterobacteriaceae and clostridia as well as on defecation 237 

frequency and stool parameters (Table S5). 238 

Moro et al., in two different clinical trials [38,39] used two levels of prebiotics (0.4 and 0.8 239 

g/100 mL) to supplement infant formula in 180 infants in order to identify  the most active dose  in 240 

promoting a microbiota composition close to that one on breast fed babies. After these preliminary 241 

steps, and since the paper of Knol et al. [40], the selected dosage seemed to be the 0.8 g/100 mL.and  242 

used in the majority of papers.  Knol et al. [40] analysed by means of plate counts and fluorescent in 243 

vivo hybridization (FISH) the stools of 19 infants treated with the GOS/FOS mixture in comparison 244 

with 19 infants fed breast milk and 15 fed the control formula. In addition to bacterial counts 245 

several stool parameters were assessed such as lactate, short-chain fatty acids (acetate, propionate), 246 

pH, stool consistency. All of them were more close to parameters detected in breast-fed babies 247 

mainly when the 0.8 g/100 mL was used. An increase in frequency of defecation was noticed  by 248 

Moro et al. [38] only in infants receiving  the 0.8 g/100 mL dose. 249 

 Haarman & Knol in two following papers used a quantitative PCR approach to evaluate 250 

species-specific changes in Bifidobacterium [41] and Lactobacillus [42] in full-term babied fed with 251 
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a formula containing 0.8 g/100 mL of the GOS/FOS mixture. In both articles this analytical 252 

approach showed that the prebiotic mixture supports species that are dominant in breast-fed babies. 253 

Bakker-Zierikzee et al. [43] compared the effects of GOS/FOS 0.8 g/100 mL in 19 infants to 254 

the impact of the use of a probiotic Bifidobacterium in the early stage of life (5 to 16 weeks). The 255 

only significant difference was higher fecal acetate ratio and lactate concentration and a lower pH at 256 

16 weeks.  257 

Costalos et al. [44],using a dose of dose of 0.4 g/100 mL, found a significantly higher stool 258 

frequency and softer consistency in the prebiotic group while these outcomes were noticed only in 259 

the group treated with 0.8 g/mL in the paper by Moro et al. [38]. On the other hand, this paper [44] 260 

confirms that, at this dosage, no statistically significant differences are detectable in the bacterial 261 

counts. In addition, Holscher et al. [45] also using the low dose of 0.4 g/100 mL reported that feces 262 

from infants fed with prebiotics had a higher absolute number and proportion of bifidobacteria 263 

when compared to control formula  and they did not differ from breast-fed infants.  264 

On the contrary, Vivatvakin et al. [46] using the low dosage reported better scores of 265 

gastrointestinal comfort in infants fed a whey-predominant formula containing long chain 266 

polyunsaturated fatty acids and  GOS/FOS, when compared to infants fed a control casein-267 

predominant formula without additional ingredients. Healthy, full-term infants were randomized to 268 

receive exclusively either experimental (n=67) or control formula  (n=69) from 30 days to 4 months 269 

of age; exclusively breast-fed infants (n=67) served as reference. Compared to the control, the 270 

experimental group had less hard stools as well as a  microbiota  composition closer to that of the 271 

breast-fed group.  272 

Veereman-Wauters et al. [47] reported results of a mixture of two types of  fructose-based 273 

oligosaccharides (long and short chain 50:50) administered at a dose of  either 0.4 or 0.8 g/100 mL 274 

and the GOS/FOS mixture administered at 0.8 g/100 mL. The study lasted for 28 days and subjects 275 

enrolled were 81, divided into 3 treatments groups and one control, plus a reference group of  29  276 

breast-fed infants. The authors reported that all the 3 prebiotic groups maintained soft stools, only 277 
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slightly harder than those of breast-fed infants but the control group (formula without prebiotics)  278 

had significantly harder stools at weeks 2 and 4. The total number of fecal bacteria increased in all 279 

of the prebiotic groups. In the groups supplemented with 8 g/100 mL, Bifidobacterium counts were 280 

significantly higher and were comparable with the breast-fed group.  281 

Salvini et al. [48] recruited 20 newborns of hepatitis C virus-infected mothers who decided 282 

not to breast-feed. These neonates were  randomly assigned to either a formula with 0.8 g/100 mL 283 

of a GOS/FOS  or a placebo formula (maltodextrin). Measured outcomes were anthropometric data, 284 

microbiological analysis of fecal samples, and blood leukocyte population.  Prebiotic 285 

supplementation resulted in more fecal bifidobacteria and lactobacilli  compared with the placebo 286 

group. These differences between the groups were maintained during the second half of the first 287 

year without any prebiotic supplementation, supporting a long lasting effect of the prebiotic 288 

treatment. 289 

Holscher et al. [45]  enrolled  full-term, formula-fed (FF) infants compared to a breast-fed 290 

group (BF). FF infants were randomized to consume a partially hydrolyzed whey formula with or 291 

without 0.4 g/100 mL GOS/FOS.  Fecal bacteria, pH, and SCFA were assessed at baseline, 3 292 

weeks, and 6 weeks. Feces from infants fed prebiotics had a higher absolute number and proportion 293 

of bifidobacteria which did not differ from that of BF infants. Notably, the established bifidogenic 294 

effect of GOS/FOS did not result in any differences in infant growth parameters compared to 295 

control infant formula without prebiotics and/or probiotics [49]. 296 

Dasopoulou et al. [50] published a study similar to those of Indrio et al. [51,52]  testing the 297 

hypothesis that prebiotics could alter motilin and gastrin secretion and reduce lipids in healthy 298 

preterms. Outcomes were positive as mean motilin increase compared with the control group while 299 

gastrin remained high in both groups. 300 

The most recent development of the use of GOS/FOS at 0.8 g/100 mL is their addition to a 301 

formula milk fermented with Bifidobacterium breve and Streptococcus thermophilus [53,54]. Huet 302 

et al. [53] studied  safety and tolerance of the combination of partly fermented   infant milk formula 303 
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and GOS/FOS in healthy term infants enrolled before 28 days of age and followed up to 17 weeks 304 

of age. Four hundred and thirty infants were divided into 4 groups: (1) formula with scGOS/lcFOS, 305 

(2) formula + GOS/FOS  + 15% fermented formula, (3) formula + GOS/FOS  + 50% fermented 306 

formula, (4) formula + 50% fermented formula, in order to check the daily weight gain during 307 

intervention and to monitor infants' anthropometrics data, formula intake, number, and safety. 308 

Physiological and bacterial data were obtained from stool samples  collected at baseline and at the 309 

end of the trial. Results showed equivalence of weight gain while no differences were observed in 310 

other controlled parameters. Supplementation with  GOS/FOS provided  beneficial effects such as a 311 

lower pH, lower Clostridium difficile levels, and higher secretory immunoglobulin A levels. 312 

Vandeplas et al. [54]  using the same sample size than above assessed the impact of this 313 

combination among formula, fermented formula and prebiotic on colic. After 4 weeks of treatment 314 

the research group demonstrated a reduced overall incidence of infantile colic  in group 3 GOS/FOS 315 

+50% FERM, better  than in group 1 and 4, suggesting a dose response for the fermented formula. 316 

The mixture GOS/FOS 9:1 has been also used also in feeding of preterm infants (Table S6). 317 

Boehm et al. [55] used a dosage (i.e. 1 g/100 mL ) higher than those used in full term infants 318 

(0.4 or 0.8 g 100/mL); not surprisingly, they demonstrated a strong bifidogenic effect of prebiotic-319 

supplemented formula as well as a positive impact on stool frequency. 320 

Mihatsch, et al. [56] used the same dosage to evaluate tolerability and the capacity of 321 

prebiotics to reduce stool viscosity and accelerate gastrointestinal transport, in order to improve 322 

feeding tolerance. Both these parameters were positively affected by the prebiotic supplementation 323 

in the 10 treated infants compared to the same number of control subjects. 324 

Indrio et al. [52] measured gastric electrical activity and the gastric emptying time in 10 325 

preterm neonates fed with a formula containing 0.8 mg/100 mL GOS/FOS. After a feeding period 326 

of 15 days, both parameters were significantly improved when compared to the 10 infants of the 327 

placebo group. These results were confirmed in a larger study of the same research group [51] 328 
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involving 49 preterm newborns. After an intervention period of 30 days, infants administered 0.8 329 

mg/100 mL GOS/FOS showed a percentage of EGG slow wave propagation and a gastric half 330 

emptying time similar to those of breast-fed infants. 331 

Modi et al. [57] performed a large study in preterm infants (79 control and 71 useful for the primary 332 

outcome) using formula plus prebiotics to augment insufficient maternal milk volume; the prebiotic 333 

milk was dosed at 0.8/100 mL. The primary outcome was set in a total milk intake of 150 mL/kg/d; 334 

no significant differences were found in this outcome from trial entry to 28 days, while some 335 

benefits were recorded for secondary outcomes. 336 

Armanian et al. [58] evaluated if prebiotics have benefits for the management of 337 

hyperbilirubinemia in preterm neonates. The prebiotic group displayed lower bilirubin level and 338 

peak bilirubin level than the placebo group over the study period. In addition, stool frequency was 339 

significantly increased in the prebiotic group.  340 

3.4. Studies assessing the effects of combinations of prebiotic ingredients: effects of prebiotic 341 

mixtures based on polydextrose (PDX) 342 

Considerable research has been devoted to investigate the potential effects of polydextrose 343 

(PDX) in association with galacto-oligosaccharides (Table S7). 344 

The first paper reporting data on the use of polydextrose as a prebiotic for infant was 345 

published in 2007 by Ziegler and coworkers [59]. The study evaluated 2 different combinations of 346 

prebiotic ingredients, PDX, GOS and lactulose (LOS), at 2 different intake levels on growth and 347 

tolerance in healthy term infants up to 120 days of age. Dosage was 0.4 g/100 mL  (PG4) of  a  348 

prebiotic blend containing PDX and GOS in a 50:50 ratio (74 subjects) or 0.8 g/100 mL (PG8) of a 349 

prebiotic blend containing PDX, GOS, and LOS, 50:33:17 ratio (76 subjects); a control group (76 350 

subjects) fed with the same formula without any prebiotic supplementation was also enrolled. The 351 

authors reported that : “There were no statistically significant differences among the 3 formula 352 
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groups for weight growth rate or length growth rate at any time point. Significant differences in 353 

stool consistency were detected among the 3 formula groups at 30, 60, and 90 days of age with the 354 

supplemented formula groups having looser stools than the control group. A statistical difference 355 

was detected among the formula groups in 3 categories of adverse events: diarrhea (control vs 356 

PG4,), eczema (PG4 vs control; PG4 vs PGL8), and irritability (control vs PGL8)”. 357 

 Nakamura et al. [60] using the same trial design with the addition of a breast-fed reference 358 

group and focusing on the bacterial composition of gut microbiota, reported the lack of adverse 359 

effects in treated infants, and a stool consistency significantly softer or looser in the breast fed 360 

group than in all of the groups that received formula. As regards the bacterial communities they 361 

noticed that individual profiles tended to cluster by subject rather than by group. 362 

The following five papers all used the PDX/GOS dose of 0.4 g/100 mL in a 1:1 ratio of 363 

PDX/GOS. 364 

Scalabrin et al.[61], in a study in which 230 infants completed the protocol, showed that 365 

consuming PDX/GOS resulted in softer stools than control at all times . Using qPCR, bacterial 366 

counts in PDX/GOS were closer to those of the breast-fed group. 367 

Ashley et al.[62] published a paper in which the PDX/GOS mixture was compared to the 368 

same amount (0.4 g/100 mL) of GOS only. The noticed softer stools for infants in the PDX/GOS 369 

and GOS groups versus control till 90 days but this positive remark remained 120 days for the 370 

PDX/GOS group only. 371 

Hicks et al. [63] investigated the effect of PDX/GOS supplementation on calcium absorption 372 

in infants fed a formula containing or not prebiotics and in comparison  with a group of human 373 

milk-fed (HM) infants. The authors did not observe any significant effect of prebiotics on calcium 374 

absorption or other markers of bone mineral metabolism. 375 
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Pärtty et al. [64] used the PDX/GOS supplementation in preterm infants in comparison with 376 

the supplementation of a probiotic Lactobacillus. Both supplementation lasted for the first 2 months 377 

of life while infants were followed up for 1 year. The major result reported was that infants 378 

classified as excessive criers were significantly less in the prebiotic and the probiotic groups (no 379 

significant differences between the two treatments) than in the placebo group. 380 

Finally, Luoto et al. [65] also using a cohort of preterm infants and the same 381 

prebiotic/probiotic comparison, hypothesized that early prebiotic or probiotic supplementation 382 

could reduce the risk of virus-associated respiratory tract infections (RTIs) during the first year of 383 

life. A significantly lower incidence of RTIs, including those due to rhinovirus, was detected in 384 

infants receiving prebiotics compared with those receiving placebo. 385 

3.5.  Studies assessing the effects of combinations of prebiotic ingredients: effects of GOS/FOS in 386 

association with pectin hydrolysate-derived acidic oligosaccharides (pAOS) 387 

The addition to formula of with 0.2 g/100 mL acidic oligosaccharides (pAOS), derived from 388 

citrus pectin by enzymatic hydrolysis, was studied for the first time by Fanaro et al. [66] (Table S8). 389 

Three groups were enrolled: a placebo group (maltodextrins, 16 subiects), a pAOS group (16 390 

subjects) and a reference group (15 subjects) with pAOS  supplementation together with 0.6 391 

g/100mL GOS/FOS  9:1. The only positive outcome detected in the pAOS treated infants was a  392 

stool consistency  significantly softer in comparison with the group fed the standard formula. In 393 

infants fed the three  oligosaccharides, bifidobacteria and lactobacilli counts were increased,  the  394 

stool  frequency  was  significantly  higher while stool consistency scores were the lowest of the 3 395 

groups. 396 

Also Magne et al. [67] used the 0.6 g/100 mL dose of GOS/FOS; these authors checked the 397 

impact of the 3 oligo-containing prebiotics on microbiota composition and also in this case, while 398 

the presence of GOS/FOS positively altered gut microbiota composition, the further addition of 399 

pAOS does not seem to have any effects. 400 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2018                   doi:10.20944/preprints201809.0597.v1

http://dx.doi.org/10.20944/preprints201809.0597.v1


18 
 

A further evaluation of this 3 faceted prebiotic supplementation has been published in 2001 401 

by Piemontese et al. [68]; in this work, also aimed to established safety and gut impact of this new 402 

prebiotic formulation, the dose of 0.8 g /100 mL of GOS/FOS was used. Growth, tolerance and 403 

adverse events were assessed at 8, 16, 24 and 52 weeks of age in three groups of infants. The 404 

prebiotic and control groups showed similar anthropometric parameters at each study point. The 405 

stool consistency in the prebiotic group was softer than in the control group at 8, 16 and 24 weeks 406 

and closer to that of the breast-feeding group. There was no difference in the incidence of adverse 407 

events between the two formula groups. 408 

After these preliminary papers a full range of studies (6 out of the total 15 selected for our 409 

analysis) has been published on the potential use of this 3 components prebiotic formula in preterm 410 

infants. 411 

Focus on the potential role of this mixture in preterm infants was put by Westerbeek and 412 

coworkers in 5 following papers [69–73] . 413 

As regards infectious morbidity [69] the authors reported that enteral supplementation of 414 

GOS/FOS/pAOS does not significantly reduce the risk of serious infectious morbidity in preterm 415 

infants even if they noticed a tendency toward a lower incidence of infections, especially for those 416 

caused by endogenous bacteria. The two papers of 2011 were centered on the effects on intestinal 417 

inflammation, as measured by fecal IL-8  and calprotectin [70] as well as on intestinal permeability 418 

of preterm infants [71]. Conclusions of both paper were not positive: the use of this mixture of 419 

prebiotics does not enhance the reduction of intestinal permeability in the first week of life [71] and 420 

the levels of fecal IL-8  and calprotectin  are not positively affected. 421 

A more recent paper on the use of this prebiotic mixture in preterm infants has been published 422 

by the same group [72]; this paper was aimed to investigate the fecal microbiota and intestinal 423 

microenvironment in preterm infants. In this case authors noticed  an increase in the postnatal 424 

intestinal colonization, even if  the extensive use of broad-spectrum antibiotics in preterm infants 425 
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has a negative impact on of all component of the  intestinal microbiota, then hampering and  426 

delaying the normal microbiota development. 427 

In the same year the same group [73] tested 113 preterm infants to establish a potential link 428 

between the use of these prebiotics and the vaccine antibody response. The selected vaccination was 429 

a diphtheria, tetanus,  acellullar pertussis, polio and Haemophilus influenzae type b combination 430 

vaccine. The outcomes were negative as geometric mean titers were not different after prebiotic 431 

supplementation at 5 months of life and therefore authors’ conclusions were that enteral 432 

supplementation of GOS/FOS/pAOS does not improve the immunization response in preterm 433 

infants. 434 

These outcomes confirmed those reported two years before by Stam et al.[74] with a similar 435 

vaccine  as they conclude that “ no effect of prebiotics supplementation on vaccination specific 436 

antibody levels was found in children up to the age of 12 months; the vaccine specific antibody 437 

levels in infants fed the study prebiotics or a control diet were similar during the first year of life”. 438 

The mixture GOS/FOS/pAOS was, on the contrary, positively  tested in allergic infants; 439 

Gruber et al. [75] assessed the impact of formula with this supplementation on the occurrence of 440 

atopic dermatitis in the first year of life. In this case healthy term infants  with low atopy risk were 441 

recruited before the age of 8 weeks. A total of 414 infants were randomized to the prebiotic group, 442 

416 infants to the control group (no prebiotics) and  300 infants were the reference breast-fed group. 443 

At  the first birthday, atopic dermatitis occurred in significantly fewer infants from the prebiotic 444 

group than from the control group and the  cumulative incidence of atopic dermatitis in the prebiotic 445 

group was in the low range of the breast-feeding group. Authors conclude that the number needed 446 

to prevent 1 case of atopic dermatitis by supplementation of prebiotics was 25 infants. 447 

Opposite results were obtained by Boyle et al. [76] as regards eczema incidence. Infants with 448 

a family history of allergic disease were randomized to be fed with an active (n = 432) or control (n 449 

= 431) formula until 6 months of age and the primary outcome was cumulative incidence of eczema 450 

by 12 months. Eczema occurred by 12 months  at 28.7% in both groups. Prebiotic formula did not 451 
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change most immune markers but reduced cow’s milk-specific IgG1 and increased regulatory T-cell 452 

and plasmacytoid dendritic cell percentages.  453 

Also a third paper published by Niele et al. [77] reported no effects  when the 3 prebiotic 454 

mixture is administered to potentially allergic infants. A short-term supplementation of 455 

GOS/FOS/pAOS was administered during the  first postnatal weeks. Incidence of allergic and 456 

infectious diseases was assessed by validated questionnaires. The incidence of atopic dermatitis, 457 

bronchial hyper-reactivity and infections of the upper and lower  respiratory tract as well as 458 

gastrointestinal diseases was not different between the groups.  459 

Infections occurrence in prebiotic treated groups was investigated by van Stuijvenberg et al. 460 

[78] The objective of the study was to assess the number of fever episodes in the first year of life. 461 

No effect of adding specific prebiotics to standard formula feeding was found in reducing the 462 

number of fever episodes.. 463 

 464 

4. Discussion 465 

In 2012 the European Society for Paediatric Gastroenterology Hepatology and Nutrition 466 

(ESPGHAN) underlined that the available scientific data suggest that  formula supplemented with 467 

prebiotics  and administered to healthy infants do not raise safety concerns with regard to growth 468 

and adverse effects. 469 

The same evaluation has been recently presented by Skorka et al [11] as regards growth and 470 

tolerance parameters, so confirming the same statements of all most recent reviews [79–85]. Then 471 

the following considerations will be focused only on the efficacy of prebiotics as functionally active 472 

ingredients of infant formula. 473 

Effects on stool: consistency. 474 

Softer stool consistency is reported in substantially all papers that have checked this outcome, 475 

even in papers in which components more likely to have a bulking, fiber-like effects are absent 476 

[13,14,18,20,62]. Quite significantly, for the evaluation of a dose-related effect, FOS seems to have 477 
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effect on consistency when dosed at 0.3 g/100 mL and not at a dose of 0.15 g/100 mL [18] while 478 

GOS, even if dosed at 0.4 g 100/mL seem to reduce consistency of stools in two trials [13,14] but 479 

not in another [12].  480 

However, a more significant difference about the incidence of hard stool has been reported 481 

when more than one prebiotic is used and at a higher dose: GOS/FOS are more active when dosed 482 

at 0.8 g/100 mL when compared to 0.4 g/mL [39,40,44]. 483 

The addition of pAOS to GOS/FOS does not seem to have an additional impact on stool 484 

consistency when compared to results for GOS/FOS [66]; the addition to PDX to GOS resulted in 485 

stool consistency very close to those reported for GOS/FOS [59,62]. 486 

Effects on stool: frequency.  487 

Reports on a positive impact on frequency are less frequent than the previous ones regarding  488 

consistency. Higher frequency were reported  for FOS [18,20]  GOS [14] GOS/FOS/pAOS [66] and  489 

in preterm [55,56]. 490 

Gut –related effects: microbiota composition. 491 

Substantially all papers reported some positive effects on the counts of bifidobacteria and 492 

lactobacilli, regardless of the kind of prebiotic, the daily dose and the length of treatment. The few 493 

pares reporting no increase in bifidobateria used a low dosage [43] or pAOS alone [66]. However, 494 

this general observation is in contrast with the reported outcomes “outside the gut” : as it will be 495 

showed below, outcomes related to immune system, allergy, infections are definitely more dose 496 

related. This could suggest that prebiotics have an impact on gut microbiota components different 497 

from those generally analyzed in all the published papers and that these still undetermined 498 

components of the intestinal bacterial ecosystems are the real responsible for the positive effects of 499 

prebiotics. 500 

Gut –related effects: intestinal discomfort. 501 

Colic is one of the most common intestinal discomfort for infants; a potential role of the use 502 

of prebiotic substances in reducing colics has been reported by authors using GOS only at a low 503 
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dosage [12] but also with GOS/FOS used in a fermented formula [54]. Reduction of excessive 504 

crying was also reported by using PDX/GOS [64] or GOS/FOS at 0.8 g/100 mL supplemented to a 505 

fermented formula [54] but also with the simple addition of  0.4 g /100 mL GOS [12]. Incidence of 506 

diarrhea was reduced also when the 0.4 g/100 mL dose was used [35]. 507 

Effects on the immune system and infections. 508 

The effects on the immune systems seem those in which a marked effect of the dose could be 509 

observed. 510 

Effects on the immune system and infections: allergy. 511 

 Improvements of the SCORAD evaluations have been reported for kestose [86] administered 512 

at 2 g/day but, quite interestingly for the scope of this paper, authors were unable to establish a link 513 

with the bifidobacteria counts. Quite interestingly, no changes in the incidence of allergy was 514 

noticed when 0.4 g/100 mL were used [14] as well as 0.6 g/100 mL [87]. Trials with GOS/FOS 515 

reported positive outcomes for atopy when the dose of 0.8 mg/ 100 mL was used [29] as well as for 516 

higher secretory immunoglobulin A levels [53], and serum immunoglobulin levels  [30]. The 517 

addition of pAOS to GOS/FOS was reported to have no [74,77] or marginal effects [76]. 518 

Effects on the immune system and infections: infections. 519 

The dose of 0.8 mg/100 mL has been shown to be active in reduction of all types of infections [33]. 520 

No effect on infections incidence for pAOS/GOS/FOS [69,77,88]. No effect on infections incidence 521 

for GOS/FOS dosed lower that 0.8 g/100 mL [14]. 522 

Effects on preterm infants. 523 

A number of papers reported  the outcomes of prebiotic supplementation in preterm infants 524 

[20,50–52,56–58,69–73,77,88]. No problems of tolerance and safety were reported, regardless of 525 

the prebiotic mixture and dose used, even when a very high dose of GOS/FOS [56], higher than 526 

those used in  full term infants (0.4 or 0.8 g 100/mL) was aimed to evaluate tolerability and reduce 527 

stool viscosity and accelerate gastrointestinal transport, in order to improve feeding tolerance. Both 528 
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these parameters were positively affected by the prebiotic supplementation in the 10 treated infants 529 

compared to the same number of control subjects.  530 

As regards efficacy, there are conflicting reports about  the use of prebiotic ingredients in this 531 

specific population group. Absence of results were reported by Modi et al. [57] when GOS/FOS at 532 

the usual dose of 0.8 g/100 mL was fed to  a large (79 subjects) cohort of preterm infants, with the 533 

aim to obtain a total  milk intake of 150 mL/kg; on the contrary, the same prebiotic preparation [58] 534 

provided an increase of stool frequency, an  improvement of feeding tolerance and reduction of 535 

bilirubin level; Indrio et al. [51,52] reported positive outcomes for gastric motility, results 536 

confirmed by Dasopoulou et al. [50]. Absence of positive outcomes was also reported for the use of 537 

the pAOS/GOS/FOS mixture formulation in a series of papers by Westerbeek and coworkers [69–538 

71,88],  by van den Berg et al. [73] and Niele et al. [77], with the exception of positive outcomes 539 

recorded for stool gut microbiota characteristics [66,68,89].. 540 

5. Conclusions 541 

In this paper we have tried to critically evaluate the outcomes, as reported by authors, of the 542 

use of prebiotic ingredients in feeding infants aged 0-12 months. 543 

The overall appraisal on a potential dose effect on stool consistency and frequency is that a 544 

0.3 g/100 mL for fructans and 0.8 g/100 mL for GOS/FOS seem to be the amount of choice in 545 

providing significant improvements of these two parameters, but lower doses and different 546 

composition of the prebiotic mixture have been shown to have positive effects. It could be possible, 547 

in a way similar to that describe for probiotics [10] to define these effects as “widespread”. 548 

More “rare” or “specific” are the effects on the immune system, allergy and the incidence of 549 

infections. The core information for this statement derives from the worth of papers dealing with the 550 

use of GOS/FOS at 0.8 g/100 mL, while the use of additionally components such as pAOS or PDX  551 

does not seem to have any significant effect.  552 

Prebiotics in preterm infants seem to have little or no impact; however this could be due to a 553 

lack of a significant number of studies in large cohorts. 554 
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From the microbial ecology point of view what could be concluded by the vast amount of data 555 

collected is that, while it is likely that any addition of prebiotic could induce some changes in the  556 

composition of the gut microbiota, a clinical significance could be achieved only with some specific 557 

prebiotic formulation and doses, and this specificity could be worthwhile to be addressed in the 558 

definition of the word “prebiotic”. 559 

Moreover, studies using the most updated techniques of Next Generation Sequencing, and the 560 

analysis of the microbiome composition and not of the microbiota only, are necessary to really 561 

understand the role of these ingredients in infant feeding. 562 

The most recent studies [90–94] clearly supported the concept that gut microbiota of infants is 563 

more complex than a Bifidobacterium /Lactobacillus ecosystem. Evaluation of the impact of 564 

prebiotics on the strictly anaerobic population, such as Ruminococci, Lachnospiraceae, Blautia, 565 

could be the relevant target for new research and clinical trials. 566 
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