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Use of probiotic, prebiotic and symbiotic in infant formulas.
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Abstract

Introduction: Research and innovation in the field of infant milk formulas aim to approximate
the nutritional composition of breast milk, and mimic its benefits at the functional level.
Technological advances, together with the development of knowledge about the components of
breast milk, have made it possible to identify a large number of bioactive compounds, which has
led to their incorporation into infant formulas.

Methods: Bibliographic review of scientific publications, in the databases: SciELO, Scopus and
ScienceDirect. The publications addressed the topics of probiotics, symbiotic and their addition
in infant milk formulas.

Results: A total of 32 scientific articles were found that met the inclusion criteria. The definitions
of prebiotic, probiotic and symbiotic are presented. The physiological effects on health and its
recommendations are detailed.

Conclusions: Evidence about clinical efficacy through the addition of prebiotics is not enough

to recommend routine use in infant formulas. In relation to the addition of probiotics, further
research is needed to be able to establish with specificity the types of strains, species and doses of

consumption that are beneficial for health.
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Introduction

Functional foods have their origins in Japan in the late 80's.
They emerged during the implementation of a government
research program aimed at improving the health of children of
school age. Through this program, the idea of enriching food
arises with the purpose of knowing other functions of food,
in addition to the main nutritive function [1,2]. From that
moment a new range of foods was born called FOSHU (Food
for Specific Health Use), which are characterized as natural
or processed foods, with ingredients that play a specific benefit
in one or more functions physiological aspects of the human
organism beyond its nutritional content, and that, moreover, are
part of the habitual diet [3,4]. This group of foods contributes
in different functions of the organism, among them, it provides
protection to the cardiovascular and gastrointestinal system, it
allows the growth and optimal development, intervenes in the
metabolism of substrates and the contribution of antioxidants,
among others [5,6]. Currently, functional foods show a growing
trend in the market. The foods that have been shown to have
functional actions, aimed at children are few, among them are:
probiotics (dairy fermented by Lactobacilli and Bifidobacteria),
prebiotics, foods rich in omega-3 polyunsaturated fatty acids
and foods with high content in fiber. However, its use presents
scant scientific evidence supported by rigorous and validated
studies in children [7-9].

In recent years the addition of functional ingredients in the
composition of infant formula has evolved in order to achieve
a nutritional content similar to that of breast milk. In this
sense, it has been achieved that the content of macronutrients
[carbohydrates, proteins and lipids] and micronutrients (vitamins
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and minerals) of infant formulas is similar to that of breast milk,
being regulated by legally established standards [10]. However,
due to its nutritional composition, breast milk contains a wide
variety of essential compounds for infant feeding; among which
are the bioactive compounds, responsible for a wide range of
beneficial effects, such as the promotion of the maturation of the
immune system, protection against infections, the modulation
of metabolic pathways and the inflammatory response, among
others.

Theisolationandidentification inhumanmilk of oligosaccharides
and bacteria with beneficial effects for the host, provides
scientific support for the supplementation of infant formulas
with these compounds, in order to mimic the functional effects
observed in infants fed with breast milk.

Although breast milk is considered the best food option,
approximately 47% of children in Argentina are fed formulas
before 6 months of age [11]. Therefore, advances in scientific
knowledge for the development and design of infant formulas
are essential in the field of infant feeding. The objective of the
research was to analyze in scientific journals, the publications
that dealt with the issue of the addition of probiotics, prebiotics
and symbiotic in infant formula. A non-systematic review of the
scientific literature was carried out between March and May
2018. The objective was to analyze and describe the addition of
probiotics, prebiotics and symbiotic in infant formulas, as well
as the observed health effects in infants.

The articles analyzed were identified through the automated
search in the SciELO, Scopus and ScienceDirect databases.
The aforementioned bases were selected, considering that they
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provide sufficient breadth in the search around the subject
that was investigated. The research was carried out using
combinations of descriptors (Mesch Term) and free terms
according to the base in which the search was carried out; these
terms were: probiotics, prebiotics, symbiotic, infant and infant
formula. In addition, the logical operators and/ or were used in
order to recover the maximum possible quantity of scientific
publications.

In addition to the exploration in the virtual libraries, a
complementary search was carried out among the bibliographic
references of the selected studies, in order to identify possible
publications pertinent to the objective of the study. The initial
search resulted in 69 found articles. After reading the full text,
applying the inclusion and exclusion criteria, the documentary
corpus was formed, which was made up of 32 articles. For the
treatment of the information, a content analysis was carried
out, identifying the units of meaning and units of registration.
The variables considered for the investigation were: the type
of prebiotics, probiotics and symbiotic used evidence on the
effects they produce on health, dosage and regulation of them.

Literature Review
Importance of adequate nutrition in the infant

The first years of life are a critical moment, where proper nutrition
is essential to maintain optimal growth and development of
children [11]. During the first two years of life, food is a key
factor, since all must be provided the macro and micronutrients
necessary for the formation of organs, systems and structures
of the body. During this period, nutritional deficiencies can
leave sequels difficult to reverse [12,13]. In this sense, breast
milk is the best food for infants, since it contains living cells
that help fight different diseases, allows the maturation of all
organs and tissues, and also prepares the body for the start
of complementary feeding [14,15]. According to different
research, exclusive breastfeeding has a protective effect against
infections due to the contribution of immunoglobulins, presence
of trace elements, prebiotics and immune cells, which raise the
population of lymphocytes for the defense of the child, but not
the same with the use of artificial formulas [14-20]. Currently
there is a marked development in the chemical composition of
infant formulas, thanks to the advancement of functional foods
and the identification of bioactive components in breast milk.
Situation that promoted the incorporation of these components
in infant formula, with the objective of imitating the nutritional
composition of breast milk and obtaining similar benefits [13].

Use of functional foods in infant formulas

Functional foods are defined as those foods where one of its
components, whether or not it is nutrient, affects the functions
of the organism in a specific and positive way. They must
also promote a physiological or psychological effect, beyond
their traditional nutritional value, which contributes to the
maintenance of the state of health and the reduction of the
risk of suffering from a certain disease [21]. A functional food
can be a natural or modified food, or a combination of both.
The functional ingredients can be classified according to
the bioactive components present in the food in: prebiotics,
probiotics, fibers, phytochemicals, vitamins, polyunsaturated
fatty acids and certain peptides and proteins [22,23].
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Prebiotics

Prebiotics are defined as nondigestible food ingredients, which
selectively stimulate the growth or metabolic activity of a
limited number of bacterial strains in the colon, and benefit the
health of the host [24-26]. These compounds are characterized
by being large molecules, resistant to digestion and hydrolysis
in the upper part of the gastro digestive tract. Once they reach
the large intestine, they are degraded by the bacterial microflora
[27], mainly by Bifidobacterium and Lactobacilli, which
reduces the number of putrefactive organisms and increases the
saccharolytic species [28,29].

The prebiotics are considered oligosaccharides [OS], according
to their chemical composition contain 3 to 30 molecules of
monosaccharides linked by glycoside bonds. These include
several types of OS [fructo-, galacto-, isomalto-, xylo- and soy-
oligosaccharides], lactulose and lactosucrose [26]. Only three
non-digestible OSs present the characteristics to be considered
and classified as prebiotics: the inulin that includes the fructo-
oligosaccharides [FOS] (a type of inulin-fructans formed by
short-chain oligomers], the galacto-oligosaccharides [GOS] ] [a
type of galactans) and lactulose [24].

Prebiotics selectively stimulate the growth of Bifidobacteria and
Lactobacilli, resulting in the production of growth inhibiting
substances and pathogen survival. The partial fermentation of
OS by bifidobacteria produces short chain fatty acids [FA], such
as butyric, propionic, L-lactic and acetic acids. The first three
favor the growth and differentiation of epithelial cells in vivo.
Butyric acid is an important energy source for the colon. The
acidification of the colonic environment inhibits the growth
of bacteroides, clostridium and coliforms, and favors the
production of mucin, which decreases bacterial colonization
and translocation. Likewise, the intestinal microbiota associated
with epithelial cells enhances the barrier effect of the epithelium,
competing for nutrients and sites of attachment to the epithelium
with pathogenic microorganisms.

The intestinal microbiota is able to control the expression of
proteins (occludins and claudins) involved in regulating the
intercellular space, as well as stimulating the production of
antibacterial peptides known as defensins, and cytokines that
help protect the host from pathogenic microorganisms [30,31].

Bacteria of the genus Bifidobacterium predominate in the
intestinal microbiota of the infant exclusively fed with breast
milk, compared to children fed infant formula, as a product of the
high content of complex oligosaccharides formed by sialic acid,
N-acetylglucosamine, L-fucose, D-glucose and D-galactose. In
breast milk the oligosaccharides are in a concentration of up to
12-14 g/L, constituting one of the main solid fractions of this
food.

Currently the most commonly used prebiotics in infant feeding
are fructooligosaccharides, galactooligosaccharides and inulin.
Table 1 shows some examples of oligosaccharides and the type
of available source.

The FOS used in most infant formulas is high molecular weight,
derived from inulin, in combination with GOS. The most common
GOS: FOS combination is 9: 1, since it seeks to achieve a molecular
weight similar to the oligosaccharides in breast milk [32].
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Table 1. Examples of oligosaccharides present in foods and available sources.

Type of oligosaccharide

Fructooligosaccharides (levans and inulin)
Galactooligosaccharides

Xylooligosaccharides

Natural Source

Fruits and vegetables (garlic, onion, leek,
asparagus)

Beta GOS (milk)

Fruits, vegetables, honey,

Industrial Product
Synthesis from sucrose Hydrolysis from inulin

Enzymatic synthesis from

lactose

Hydrolysis from polysilanes

milk
Isomalto- oligosacaridos (IMOS) Soy, honey Hydrolysis from starch
Stachyose, raffinose, Seed of soja Synthesis from the starch

cyclodextrins
Source: J.M Moreno Villares, et. al. 2008.

Table 2. Bacterial strains and their applications with evidence in Grades la and 1b.

Applications

Strains

Acute infectious diarrhea treatment

L. rhamnosus GG, S. boulardii

Prevention of diarrhea associated with antibiotics

L. rhamnosus GG, S. boulardii, B. Lactis, S. Thermophilus

Functional intestinal disorders

L. rhamnosus GG, L. reuteri

Prevention of necrotizing enterocolitis

L. acidophilus, B. bifidum, B. infantis

Inflammatory bowel disease

VSL#3

Source: Guia practica de la Organizacion Mundial de gastroenterologia: Probidticos y prebiéticos. 2011.

Probiotics

Another bioactive component frequently used in infant formulas
are probiotics, these can be defined as living microbial food
ingredients that exert a beneficial effect on the health of the host,
when administered in adequate amounts [33,34].

The main characteristic that probiotics must meet is that live
microorganisms must be used in adequate quantities to obtain
the desired effects. These must remain viable and active in
the food during the gastrointestinal passage, to guarantee
their potential beneficial effect in the host [33]. Therefore, the
addition of probiotic bacteria for the preparation of functional
foods depends, on the one hand, on the synergism that must be
established between these crops and the fermentation initiators
(ferments, starter cultures), and on the other hand, the extrinsic
factors that affect or condition the viability of functional strains
[27].

Among the benefits that probiotics provide to infants, are
the improvement of intestinal microflora, maturation and
development of humoral immunity in the first years of life
[35,36]. They are also important for the treatment and prevention
of acute infectious diarrhea in infants and children [37].

The species of microorganisms most used in infant formulas
are: Bifidobacterium longum subsp. infantis, B. animalis subsp.
lactis, B. longum subsp. longum, L. casei subsp. Rhamnosus
and L. reuteri. Table 2 shows the strains that present scientific
evidence [6]. The species Bifidobacterium longum subsp.
Infantis has been shown to possess antirotaviral properties in
in vitro and mouse studies. In addition, it has physicochemical
characteristics that endorse it as a probiotic, including resistance
to gastric juices, bile salts and its ability to adhere to the
intestinal mucus [38,39].

Symbiotics

Symbiotic are defined as the mixing in a single product of
probiotics and prebiotics that beneficially affect the host, through
the implantation of live microorganisms in the gastrointestinal
tract. Said implantation promotes the selective stimulation of
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the growth and/or activation of the metabolism of a limited
number of beneficial bacteria, which produces a synergistic
effect in the organism, resulting in different beneficial effects
for the host health [24]. This combination enables the survival
of the probiotic microorganism, since its specific substrate is
readily available for fermentation. It is key to test the effect on
the probiotic of the symbiotic mixture, since not all prebiotics
exert the same stimulating effect of selective growth, so the
prebiotic/probiotic combination has to be tested to guarantee
the best possible combination.

Recommendations and regulations

The European and American Pediatrics Academies have
endorsed the safety and use of probiotics in infants, emphasizing
that evidence should be provided of the beneficial effects of
each probiotic strain [40].

The Expert Committee of the FEuropean Society of
Gastroenterology, Hepatology and Pediatric = Nutrition
(ESPGHAN) establishes, according to the available evidence,
that the administration of formulas supplemented with
probiotics to infants between 4-6 months, moderately improves
the consistency and depositions by means of the contribution of
Lactobacilus GG. In the case of infants older than 6 months, the
possible benefits are seen on gastrointestinal infections (B. lactis),
decrease in the use of antibiotics [B. lactisy, S. thermophilus, L.
reuteri] and irritability of colic [B. lactiso, S. thermophilus] [41].

Based on research carried out, ESPGHAN concluded that the
administration of probiotics in infant formulas in small infants (<
4 months of age) did not present clear clinical effects; although
some probiotics added in infant formulas alone or in combination
may have beneficial clinical effects, the routine use of formulas
supplemented with probiotics for infants is not recommended
[42,43].

Regarding the use of prebiotics in infant feeding, no adverse effects
have been found in infants born at term. However, the information
currently available is not sufficient to support the widespread use of
these in preterm and immunosuppressed children [44].
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As an example, in the case of Argentina, there is no
recommendation about the dose of prebiotics and prebiotics
that can be added in infant formulas. Since the creation of the
National Food Commission [CONAL] in 2009, progress has
been made in the study of prebiotics and probiotics, resulting
in the obtaining of two protocols that establish the requirements
and evaluations for the inclusion of same in a food. These results
were incorporated into the Argentine Food Code [CAA] at the
end of 2011, through the following standards: Joint Resolution
229/2011 SPRel and 731/2011 SAGyP and Joint Resolution
261/2011 SPRel and 22/2011 SAGyP [45]. Currently the
Argentine Food Code [CAA] in articles 1389 and 1390 define
probiotic and prebiotic foods respectively [46].

Discussion

Scientific evidences and foundations of the action of the
prebiotics, probiotics and symbiotic

In the first months of life, the microbiota of the infant fed
with breast milk is fundamentally colonized by bacteria of
the genus Bifidobacterium, in comparison with children fed
infant formula. One of the most representative species is
Bifidobacterium longum subsp. infantis, which is associated
with a lower incidence of infections and a greater maturation of
the immune and gastrointestinal system in children [38].

Different studies [47-49] showed that a GOS/FOS (9: 1)
ratio (short chain GOS/long chain FOS) has a molecular size
distribution similar to that of breast milk OSs, which favors
the growth of bifidobacteria and lactobacilli; resulting in softer
stools, more frequent stools, lower incidence of infectious
episodes and allergic manifestations [49], as well as a lower
incidence of atopic dermatitis [50-52].

In relation to the decrease in the incidence of intestinal
and extraintestinal infections, it was observed that when
administering formulas with prebiotics in infants, this effect was
secondary to its modulating action in the intestinal microbiota,
rather than its own effect [18]. Likewise, it has been indicated
that the effect of milk formulas with 0.2-1.2 g/dl of prebiotics of
varied origin does not interfere in the growth of children born at
term or premature [25,53,54].

Clinical investigations carried out in infants [55-57] showed that
the intake of infant formula supplemented with GOS/FOS at a
dose of 0.8 g/dl, produces a significant increase in bifidobacteria
in the feces of the children in front of the control group. In turn,
it was found that this effect is dose-dependent at concentrations
of 0.4 and 0.8 g/100 mL [56,58].

Radke et al. evaluated the efficacy and safety of a child formula
enriched with prebiotics and probiotics, on the incidence of
infections during the first year of life. It was observed that the
formula enriched with oligosaccharides derived from bovine
milk and B. lactis was compatible with normal growth in
children born at term. However, no differences were found in
the reduction of the incidence of episodes of diarrhea and febrile
infection in the population studied [59,60].

Regarding the oral administration of Lactobacillus GG, it
was shown to be effective in reducing the risk of nosocomial
gastroenteritis due to rotavirus in infants [61]. In the case of the
Saccharomyces boulardii strain, it has been observed that it has
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a beneficial effect against diarrhea associated with antibiotics
[62].

The strain Lactobacillus reuteri DSM 17938 acts to improve
intestinal motility, which reduces crying in infants due to
infantile colic, since it has a direct effect on the nerve pathway
of visceral pain. Different investigations have not observed
adverse effects in the use of Lactobacillus reuteri, for the
treatment of infantile colic [63].

In another study conducted in infants at 6 and 12 months of
age, it was shown that children with a healthy weight had
a higher number of bifidobacteria, compared to overweight
children, a greater number of Staphylococcus aureus was also
observed in children with obesity [64]. In relation to the use
of symbiotic, a superior effect has not yet been demonstrated
compared with the use of prebiotics or prebiotics independently.
Currently there are few studies that have examined the impact
of the use of symbiotic, associated with clinical outcomes in
full-term infants fed formulas [19]. A large part of the published
research has focused on the use of probiotics and prebiotics, and
its relationship in the prevention of allergic diseases and food
hypersensitivity in term infants [65].

A multicenter study carried out by Chua et al. evaluated the
effect of a child formula with symbiotic on the composition
of the intestinal microbiota in newborn infants, resulting in a
reduction of intestinal enterobacteria, as a result of the acidic
intestinal environment generated by the symbiotic modulation
of the intestinal microbiota and the increase of acetate [66].
Regarding the evaluation of infant growth patterns (weight
gain, length and cephalic perimeter), no significant scientific
findings have been reported that support the addition of
symbiotic in the milk formula. In relation to stools, it has been
observed that symbiotic significantly increase the frequency of
bowel movements. Not enough evidence was found to affirm
that symbiotic reduce the risk of infections or reduce the use
of antibiotics. Therefore, it is suggested to continue research
to support the routine supplementation of infant formulas with
symbiotic, prebiotics or prebiotics [27].

Conclusion

Currently, there is no scientific evidence to suggest that the
addition of probiotics in formulas for infants can be harmful in
children born at term and without health problems. Evidence
about clinical efficacy through the addition of prebiotics is not
enough to recommend routine use in infant formulas. In relation
to the use of specific prebiotics, mainly oligosaccharides, it
has been possible to obtain evidence of their beneficial effects.
There is evidence that the manipulation of the gut microbiota
with foods containing pre and probiotics, contribute to a possible
health benefit if the initial flora is abnormal. The researchers
analyzed did not find available data to establish if symbiotic are
superior to probiotics or prebiotics. Therefore, supplementation
with symbiotic is not routinely supported in infant formulas for
full-term infants. There is not enough evidence to recommend
supplementation with probiotics or prebiotics of milk formulas
intended for preterm infants, because no better growth has
been proven. It is necessary to emphasize that the functional
food market is in development and the mechanisms of action
of the components are better known every day. However, in
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relation to the consumption of probiotics, new research with
scientific support is needed, in order to make recommendations,
and establish with specificity the types of strains, species and
consumption doses that are beneficial for health.
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