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ABSTRACT
Breast milk provides microorganisms that 
colonize the gut and program the immune 
system to develop oral tolerance. Between 
the 6 months of exclusive breastfeeding 
and the recommended 2 years of prolonged 
breastfeeding, complementary feeding leads 
to a progressive reduction in the entry of live 
microorganisms into the gut ecosystem. This is 
because foods in general -unlike breast milk- are 
devoid of microorganisms or, if present, they are 
often inactivated during cooking. Fermented 
foods and probiotics could be a valuable 
nutritional strategy, as they would ensure the 
supply of live microorganisms in the face of a 
reduction or early cessation of breastfeeding. 
The terms “fermented foods” and “probiotics” 
are not synonymous. Microbiological identity, 
safety, and the existence of clinical efficacy studies 
supporting both are key to understand their 
differences and decide on an eventual dietary 
recommendation.
Key words: microbiota, immunity, yogurt, probiotics, 
fermented foods.
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Gut microbiota in the first 1000 days
A child’s first 1000 days of life is 

the period between fertilization and 
the age of 2 years. Throughout this 
period (and even before), and during 
our lifetime, human physiology is 
af fected by microorganisms in 
different manners. It is even possible 
that the sperm responsible for our 
origin interacted with bacteria while 
traveling through the vaginal canal, 
and that fertility had been conditioned 
by the microbiota present there.1

The term “microbiota” refers 
t o  t h e  s e t  o f  m i c r o o r g a n i s m s 
colonizing the body. The microbiota 
is mainly made up of bacteria, but 
it also includes a large amount of 
viruses, fungi, yeasts, protozoa, 
and archaea. The gut microbiota is 
the most studied community and 
the one with the greatest diversity 
and abundance of bacterial species. 
The term “microbiome” refers to 
the genes of the microorganisms 
found in the microbiota. Although 
the term “microbiota” encompasses 
“microbiome,” only the former will be 
used in this article.

The microbiota is  a  “diffuse 
organ” inherited from the mother, the 
family setting, and the environment, 
which is established and becomes 
microbiologically mature during the 
first 2-3 years of life. In the context 
of a healthy and normal pregnancy,2 
microbial material (non-viable cells, 
cell walls, and deoxyribonucleic acid 
[DNA]) has been reported to be present 
in the placenta, amniotic fluid, fetal 
membranes, and fetal gastrointestinal 
tract. However, the main maternal 
microbial contribution to the baby’s 
gut colonization takes place with the 
passage through the vaginal canal and 
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with breast milk. Other factors that complete the 
baby’s gut colonization are the interaction with the 
family and the environment, as well as the type of 
feeding.3

Since breast  milk is  r ich in nutrients , 
microorganisms, and oligosaccharides (formerly 
known as “bifidogenic factors”), it is the best 
possible nourishment for the development of 
gut microbiota and the gut immune maturation.4 
The rapid establishment of a strictly anaerobic 
microbiota has important effects on the gut health 
due to the production of short-chain fatty acids; 
butyric acid is a major anti-inflammatory agent.5 
Preterm birth, for example, causes a significant 
delay in the predominance of strict anaerobes.6 
C-section birth and antibiotic use are associated 
with a higher prevalence, throughout childhood, 
of asthma, juvenile arthritis, inflammatory bowel 
disease, immune deficiency, overweight, obesity, 
allergies, eczema, and enteric and respiratory 
infections.7

The mechanisms that would account for 
such inflammatory and immune disorders are 
related to the gut aberrant colonization, where 
(instead of the usual and beneficial Lactobacillus, 
Bifidobacterium or Faecalibacterium prausnitzii), 
proinflammatory microorganisms would prevail, 
including Enterococcus faecalis, Clostridium difficile, 
Campylobacter, and Methanobrevibacter smithii.3 
Bifidobacterium is the prevalent genus in a healthy 
baby’s gut during the first year of life. Its gut 
colonization dynamics is affected in children born 
via by C-section since it becomes slower in the first 
months after birth.8 Such slowdown is critical in the 
development of the immune system, so a C-section 
birth would have an important impact on the 
predisposition to developing immune disorders.9 
A recent publication in Archivos Argentinos de 
Pediatría highlights the importance of promoting 
breastfeeding, encouraging a rational antibiotic use 
in the perinatal period, and reducing the number 
of C-section births due to their clear effects on the 
newborn infant’s microbiota.10

The nutritional concept of a daily 
microorganism dose

In 1907, immunologist and Nobel laureate Ilya 
Metchnikoff published a treatise on longevity, titled 
The Prolongation of Life: Optimistic Studies. Based on 
a series of observations, he proposed that Bulgarian 
peasants, who used to consume copious amounts of 
fermented dairy products, lived long and healthy 
lives. He attributed such longevity to the benefits 
of yogurt bacteria.11 This was the origin of the name 

Lactobacillus bulgaricus, one of the two bacterial 
species found in yogurt.

A routine microorganism intake may provide 
multiple benefits, such as health maintenance and 
disease prevention.12 Breast milk, which contains 
up to 107 microorganisms per milliliter,13 is the 
first microorganism-rich food to which we are 
exposed. Due to cultural issues, there is a strong 
belief that consuming a relatively small number 
of pathogenic microorganisms, sometimes present 
in food, could cause infections of varying severity, 
but, in a way, there is still skepticism about the 
contrary: if consumed in adequate amounts, 
certain microorganisms may be highly beneficial 
for health.

Our  ances tors ’  nut r i t ion  was  r i ch  in 
microorganisms. However, the urbanization of 
our eating habits has significantly reduced our 
daily exposure to microbial-rich foods.14 Such 
reduced exposure to microorganisms has been 
associated with the development of chronic 
conditions.15 Therefore, how can we make a 
generation who learned about the importance 
of hygiene and cleanliness, for whom the only 
good microorganism is the one that is dead, 
understand the relevance of their presence in our 
usual diet? One way may be to adapt the concept 
of Recommended Dietary Allowance (RDA), 
which is the average intake of a specific nutrient 
a healthy person should consume on a daily basis 
to maintain an adequate health. In this setting, we 
may refer to a “microorganism RDA”, just as that 
of macronutrients, vitamins, and trace elements 
(https://isappscience.org/rda-for-microbes/). 
Thus, we may wonder: What foods may offer 
safe RDAs for microorganisms as part of a child’s 
complementary feeding?

Fermented foods and probiotics
The terms “probiotic” and “fermented food” 

have been used interchangeably, especially in 
social media. This is incorrect and may lead 
to doubts or confusion among health care 
professionals (nutritionists, gastroenterologists, 
pediatricians, geriatricians, etc.) when making 
dietary recommendations about these products. 
Not all fermented foods are probiotics and not all 
probiotics are exclusively available in fermented 
foods.

Fermented foods are those obtained through 
a controlled development of microorganisms 
(bacteria, yeasts, fungi) and their enzymatic 
action on food substrate, thus transforming it 
into a product different from the source material. 
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Fermentation changes the rheological (viscosity) 
and sensory (smell, taste) properties of a product, 
improves the digestibility and bioavailability of 
some nutrients, extends its lifespan (due to the 
production of lactic acid), and may give certain 
health beneficial properties to food.16,17 Fermented 
foods may result from the fermentation of milk 
(yogurt, kefir), vegetables (sauerkraut, kimchi), 
cereals (beer, fermented oatmeal), and legumes 
or fruits (alcoholic beverages). The nutritional 
profile of fermented foods is highly diverse, and 
a comprehensive analysis is out of the scope of 
this study. From a microbiological perspective, 
fermentation may occur from microorganisms 
naturally present in the substrates to be fermented 
(sauerkraut, kimchi), through microbial consortia 
present in grains or “mothers” added to the 
substrate to be fermented (kefir, kombucha) or 
through selected microbial cultures (yogurt, 
cheese).

On their side, probiotics were defined by 
the World Health Organization in 2002 as “live 
microorganisms which, when administered in 
adequate amounts, confer a health benefit on the 
host”. This definition was ratified by a group of 
experts of the International Scientific Association 
for Probiotics and Prebiotics (ISAPP)18 and 
introduced into the Argentine Food Code in 
2011. The definition of “probiotic” involves three 
aspects: 1) the fact that it is a microorganism, or 
mix of microorganisms, with microbiological 
identity, i.e., having a known genus, species, and 
strain designation; 2) it is a live microorganism at 
the time of consumption; and 3) there is at least 
one clinical effectiveness study demonstrating its 
beneficial effects.19 Probiotics may be present in 
the form of dietary supplements (capsules, pills 
or aqueous suspensions) or introduced in foods, 
such as infant formulas, yogurts, fresh cheese or 
fruit juice.20

Yogurt and yogurt with probiotics
Yogurt is the product of milk fermentation 

with two specific bacteria, known as Streptococcus 
thermophilus and Lactobacillus delbrueckii, subsp. 
bulgaricus. They are responsible for partially 
fermenting lactose to acidify the milk. In general, 
yogurts are better tolerated than milk by subjects 
with lactose malabsorption or intolerance 
because part of the lactose is consumed during 
fermentation. In turn, an additional lactose 
hydrolysis takes place once the yogurt is 
consumed; lactose keeps on being hydrolyzed by 
the lactase enzyme released by lactic acid bacteria 

when lysed by biliary fluids.
Anyway, there are industrial lactose-free 

yogurts for people with high lactose intolerance. 
It is even possible to make homemade yogurts 
based on lactose-free milk because lactic acid 
bacteria are capable of finding, in glucose and 
galactose (sugars from lactose hydrolysis in 
industrial lactose-free milk), the necessary sugars 
to perform fermentation. It is worth noting that, 
thanks to the pasteurization processes that milk 
undergoes before fermentation, yogurt is not 
a potential vehicle for the bacteria that causes 
hemolytic uremic syndrome.21

In some cases, yogurt’s microbiological 
composit ion may be enriched by adding 
probiotic bacteria, which are specific strains of the 
Lactobacillus and Bifidobacterium genera; L. casei, 
L. paracasei, L. rhamnosus or B. lactis are the most 
commonly used species. The microbial species 
used to make yogurt (or used as probiotics) have 
a Generally Recognized as Safe (GRAS) status 
according to the United States Food and Drug 
Administration (FDA) or a Qualified Presumption 
of Safety (QPS) status as per the European Food 
Safety Authority (EFSA).

An example of probiotic yogurt is that 
developed by the investigators of the Lactobacilli 
Reference Center (Centro de Referencia para 
Lactobacilos, CERELA), in Tucumán, and by 
different governmental institutions for use in 
a social program that started in the province 
of Tucumán and that has been implemented in 
schools across the Northwest region of Argentina 
(NOA) and several municipalities of Buenos Aires 
for more than a decade.22 This is an example 
of coincidence between the terms “fermented 
food” and “probiotic” because the product is the 
result of milk fermentation with Streptococcus 
thermophilus and Lactobacillus delbrueckii subsp. 
bulgaricus, followed by the addition of the 
probiotic Lactobacillus rhamnosus CRL1505, whose 
effectiveness has been, as applicable, studied in 
children for the prevention of respiratory tract 
infections, among other effects.

This is  an example of those cases that 
adequately meet the definition of probiotic: 
there is a defined strain, it is possible to check 
its viability using specific culture media,23,24 and 
there is a clinical effectiveness study supporting 
its indication.25 Since it is included in a yogurt, 
this product may be referred to as a “probiotic 
fermented food.” Another type of non-dairy 
probiotic fermented food is a product available in 
Nordic countries: fermented oatmeal containing 
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the Lactobacillus plantarum 299v probiotic strain,26 
which is then combined with different fruit pulps 
to make smoothies.27

A study demonstrated that introducing yogurt 
to diet provided more than 1000 times more 
microorganisms than a diet with no fermented 
foods.28 Probiotics may also be included in 
non-fermented foods,29 such as certain infant 
formulas30 or dietary supplements.31 In addition 
to Lactobacillus and Bifidobacterium, these also 
include other species, such as Lactobacillus reuteri, 
Saccharomyces boulardii or Bacillus coagulans. 
In relation to pediatric management, different 
probiotics have been developed that showed 
varying levels of effectiveness in the prevention 
of antibiotic-associated diarrhea32 and infantile 
colic.33

International scientific societies have issued 
guidelines on the use of probiotics, like the World 
Gastroenterology Organization (https://www.
worldgastroenterology.org/guidelines/global-
guidelines/probiotics-and-prebiotics/probiotics-
and-prebiotics-english), the European Society for 
Pediatric Gastroenterology and Nutrition, and 
more recently, the American Gastroenterological 
Association.34

Fermented foods with undefined microbiota
Fermented foods, like milk kefir, water kefir, 

kombucha, sauerkraut or kimchi, are considered 
foods with an undefined consortium of microbes 
from a microbiological perspective because they 
are prepared from the spontaneous fermentation 
of the source material (with the bacteria and 
yeasts naturally present in the substrate) or, as in 
the case of kefir and kombucha, from a complex 
microbial community associated with kefir 
grains35 or the kombucha “mother” (SCOBY).17 
These fermented foods contain a varying number 
of species and strains of lactic acid bacteria, acetic 
acid bacteria, and yeasts, as applicable. Kefir 
grains from different sources have a different 
microbiological composition,36 so they produce 
foods with a varying microbiological composition.

In addition, over the subsequent culture 
passages (or grain subcultures), the microbial 
c o m m u n i t y  p r o g r e s s i v e l y  c h a n g e s  i t s 
composition.37 In this context, it is not possible 
to know in advance the microorganisms present 
in homemade kefir. In addition, it is worth 
considering that both milk kefir and water kefir 
may contain 0.5-3 % of alcohol due to the presence 
of yeasts,35,38,39 so their consumption is often 

discouraged during pregnancy, breastfeeding, 
and childhood. The identity of microorganisms 
in a product presented as “probiotic” is one of 
the requirements to know which microorganism 
it contains and, based on this, determine which 
studies support its probiotic capability. However, 
the fact that fermented foods with an indefinite 
composition (like kefir, sauerkraut or kombucha) 
cannot be technically called “probiotics” does not 
mean that they lack potential beneficial effects for 
health. At most, such effects may be inferred from 
studies done in similar foods,35 but this would 
not prevent the existence of doubts regarding the 
possibility of assigning them the same conclusions 
in terms of safety.

CONCLUSION
Breast milk is the best food for babies 

both due to its nutrient composition and the 
microorganisms it provides, which will make up 
the newborn infant’s microbiota. Microorganisms 
play a key role on the modulation of the gut 
mucosal immune response for the development 
of oral tolerance and chronic disease prevention. 
Complementary feeding entails a reduction 
in the flow of live microorganisms to the gut, 
especially if breastfeeding is discontinued 
early. An excessive antibiotic use during early 
childhood and the increasing number of C-section 
births have resulted in an alteration of microbiota 
abundance and diversity in infants. Because 
of this, the introduction of microorganisms in 
food may occupy, at least temporarily, the gut 
ecological niches and perform some natural 
functions of the microbiota indigenous members.

Both probiotics and fermented foods may 
be a source of safe and known microorganisms 
with great benefits at a local (gut) and systemic 
level. The terms “probiotic” and “fermented 
food” are not always interchangeable. Certain 
yogurts and infant formulas have probiotics. 
In these cases, it is possible to establish the 
microbiological identity of these products. Both 
yogurt microorganisms and cultures supported 
by clinical trials demonstrating their probiotic 
nature present in yogurt or infant formulas have 
a GRAS or QPS safety status. Microbiological 
identity and safety are important factors that 
health care professionals should take into account 
when making dietary recommendations for 
the introduction of live microorganisms to 
complementary feeding during early childhood.
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