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ABSTRACT 

The etiology and pathogenesis of 

infantile colic are still unclear but 

are most likely determined by a 

range of behavioral and biological 

components. The diet 

contribution to the origin of 

infantile colic also remains 

controversial. The review 

considers the role of biotic 

nutritional components in the 

colic prevention and treatment, 

the role of the intestinal microbiome, as well as diagnostic methods based on objective parameters. The impact 

of prebiotics in the infant diet on the intestinal microbiome composition and its influence on the manifestation 

of infant colic is considered. The presence of various probiotic cultures in the diet and their relationship to colic 

symptoms is also discussed. The importance of examination of the bacterial markers composition, metabolites 

of the intestinal microbiome, in particular, short-chain fatty acids (SCFA), has been shown. 
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INTRODUCTION 

Infantile colic is a common phenomenon affecting 

5% to 20% of children worldwide [1-4]. Symptoms 

are manifested in infants under five months of age. 

These are prolonged periods of crying and 

irritability, occurring without any obvious reason 

and apparently associated with abdominal pain. 

These do not lead to any growth and 

developmental child’s violations and are not 

associated with the development of diseases [5]. 

These symptoms do not cause significant harm and 

stop spontaneously upon a certain age acquisition 

[2].  

Nevertheless, infantile colic is the reason for 

every fourth visit to a healthcare professional and 

an inexhaustible source of parental concerns. The 

causes of colic origin are not quite obvious. 

Gastrointestinal tract immaturity, allergies, 

intestinal cramping, and excessive gas formation 

due to improper nutrient composition - all these 

were considered among the reasons [6-8], along 

with psychosocial characteristics, for example, 

maternal anxiety and mother-child interaction 

problems [9]. There is an opinion that colic presents 

more frequent while breastfeeding than with the 

use of infant formulas, but there is no convincing 

evidence for this. According to modern views on the 

problem, colic is a gastrointestinal disorder caused 

by inflammatory processes in the intestine and 

microbial dysbiosis, which affect brain function 

[10]. 

For the colic treatment, a number of methods 

are proposed, including the use of herbal teas, soy-

based infant formulas, partially fermented, low 

lactose and fiber-enriched formulas, increased 

carrying, music, crib vibration, massage, and spinal 

manipulation; however, their effectiveness is 

questionable [11]. 

The etiology and management of infantile colic 

is the subject of numerous research studies and 

reviews. The respective keywords search in the 

PubMed database yields about 11 and a half 

thousand papers dating back to 1805. The number 

of indexed publications has been growing rapidly 

since the beginning of the 1960s (1960 - 33 articles, 

1970 - 57, and so on, up to 473 in 2019) (Fig. 1). 

However, a general consensus on treatment 

methods has not yet been obtained. Most authors 

agree that the probiotics and prebiotics content in 

children nutrition plays a significant role in the 

prevention and management of the disorder [12-

18]. Their composition and quantity determine the 

intestinal microbiome development - a community 

of microorganisms involved in the digestion process 

which crucially affects the result of this process. The 

microbiome can be considered as an organ within 

an organ that promotes the nutrition of the host, 

protection against pathogens and the immune 

response development. 

 

 

 

Figure 1. The growth in the number of publications indexed in the PubMed database by the key term “infantile 

colic” from 1946 to the present. 
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Nutrient Components and Intestinal Microbiome 

After the baby’s birth, the intestine colonization 

occurs gradually by various microorganisms 

provided with food, and soon bifidobacteria 

dominate in the intestinal microbiome of breastfed 

children [19-21]. Prebiotics are substances - 

components of nutrition that stimulate the growth 

and/or activity of bacteria that establish beneficial 

symbiotic relationships with their host in the 

digestive system [22-23]. In particular, human milk 

oligosaccharides (HOS) selectively enhance the 

growth of bifidobacteria [24]. This is confirmed by 

the fact that Bifidobacterium longum subspecies 

infantis, a microorganism actively consuming these 

oligosaccharides, was found in the microbiota of 

breast-fed children almost everywhere around the 

world [25]. In addition, the intestinal microbiome of 

children who were fed a cow's milk-based formula 

without HOS showed a greater species diversity 

while fewer bifidobacteria [26-27]. HOS is the third 

component of human breast milk and is practically 

missing in cow’s milk. It should be noted that typical 

amounts of oligosaccharides found in goat's milk is 

4 to 5 times higher than those in cow's milk, 

although even this number is significantly lower 

compared to mature human breast milk [28]. It is 

known that breastfeeding is associated with a 

reduced risk of subsequent development of chronic 

non-communicable diseases (NCDs) including type 

II diabetes mellitus and obesity [29], but the 

intestinal microbiome effect on this relationship is 

not supported by any evidence. 

Probiotics are living microorganisms, while 

administered adequately, are able to provide 

benefits to the host organism. Composition and 

activity modification of the intestinal microbiome 

by probiotics is currently recognized as the most 

relevant method for the gastrointestinal disorders 

treatment, in particular, infantile colic 

management. It is important to note that for a 

microbe to be recognized as a probiotic, the 

evidence-based health effects have to be 

demonstrated. 

The probiotics modes of action are complex 

and not fully understood. It is often assumed that 

probiotics act by modulating the intestinal 

microbiota, but evidence for this hypothesis is rare, 

and the probiotics definition above does not refer 

to the intestinal microbiota. Specific probiotics 

have shown to be effective in the prevention and 

treatment of gastrointestinal upsets; for example, 

infantile diarrhea caused by antibiotics medication 

[30], but it is not obvious that these beneficial 

effects affect the intestinal microecology. 

Moreover, some clinical trials revealed that 

probiotic administration in pregnant and lactating 

mothers significantly reduces the incidence of 

atopic dermatitis in high-risk children without 

affecting the infantile intestinal microbiota 

composition [31].  

A systematic analysis of 16 clinical trials which 

included 1319 newborns under the age of 6 months 

was performed recently by Skonieczna-Zydecka et 

al.  [32]. Ten of the trials included L. reuteri 

DSM17938 strain administration, the duration of 

crying reduced with probiotics intervention 

(standard mean difference = -2.012, 95% 

confidence interval: from -2.763 to -1.261, z = -5.25, 

p <0.0001). The probability of reducing crying 

duration by at least 50% was 1.98 times higher in 

the probiotic supplemented group than in the 

control (Z = 4.80, p <0.0001). The composition and 

functions of the intestinal microbiota and/or 

immunological markers were given in 11 studies. 

Probiotics were able to reduce crying duration 

significantly, but a cause-effect relationship 

between the modulating probiotic action on 

microbiota and the immune system has not been 

confirmed. 

For the infantile colic treatment so-called 

synbiotics were proposed - according to the WHO 

definition, “mixtures of probiotics and prebiotics 

that beneficially affect the host by improving the 

survival and implantation of live microbial dietary 

supplements in the gastrointestinal tract of the 

host” [33]. A study of 50 breast-fed children with a 
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synbiotic intervention (L. casei, L. rhamnosus, S. 

thermophiles, B. breve, L. acidophilus, B. infantis, L. 

bulgaricus strains and fructooligosaccharides) or 

placebo for 30 days showed that treatment efficacy 

was significantly higher in the synbiotic group 

compared to placebo on days 7 and 30 [34]. In 

another study with 60 colic children, the effect of 

an infant formula containing B. lactis BB12 and 

galactooligosaccharides with a reduced lactose 

content and partially hydrolyzed whey protein on 

daily crying duration was compared to a standard 

formula [35]. During a month period of the study, 

daily crying duration significantly decreased in the 

group of children that received synbiotic compared 

to the standard mixture fed group. 

Indeed, breastfeeding is the best nutrition for 

infants. Babies who are breast-fed for a longer 

period are less susceptible to infections, develop 

better, and show better performance on 

intelligence tests than those who are breast-fed for 

shorter periods or are formula-fed. This inequality 

persists throughout their whole lives. There is 

growing evidence that breastfeeding can protect 

against overweight and diabetes later in life. 

However, in recent decades, especially in 

developed countries, the breastfeeding period has 

decreased and many children are exclusively 

formula-fed [29].  

The infant formula manufacturers attempt to 

approximate to the greatest possible extent the 

product composition to the composition of breast 

milk or even improve it with a range of additives. Is 

there a correlation between the formula 

composition and the infantile colic and other 

digestive disorders risk? Obviously, there is, 

however, this relationship is not direct, studies 

show that diet changes do not always lead to 

improvements and so far there are no clear 

guidelines for the use of a particular diet [13]. 

The infant formula supplementation with pro- 

and prebiotics nowadays is a routine practice to the 

majority of manufacturers. According to review 

data provided by Skorka et al. [36], based on five 

clinical study analyses, the probiotics 

Bifidobacterium lactis BB12 addition alone or with 

Streptococcus thermophilus did not affect growth, 

respiratory infections, antibiotic use, frequency or 

consistency of stool. However, there was a 

significant decrease in the number of 

gastrointestinal infections (BB12) episodes and 

colic or irritability frequency (when both strains 

were used). 

Lactobacillus johnsonii La1 strain did not affect 

growth, gastrointestinal infections, or respiratory 

disease episodes. No effects of probiotics addition 

with Bifidobacterium longum BL999, alone or with 

Lactobacillus rhamnosus LPR, were observed. L. 

rhamnosus GG supplementation was associated 

with better growth; while this did not affect 

colic/crying or irritability and was associated with 

higher rates of loose stools and a higher defecation 

frequency. Lactobacillus reuteri ATCC 55730 did not 

affect growth, colic, crying, irritability, respiratory 

infections, antibiotic use, stool frequency, or 

consistency; however, this reduced the incidence of 

diarrhea.  

L. reuteri DSM 17938 did not affect growth, 

night sleep, or flatulence, but reduced regurgitation 

incidence. Lactobacillus salivarius CEC5713 did not 

affect growth, colic, crying, or irritability; however, 

this led to a significant reduction in diarrhea 

incidence and the respiratory symptoms episodes 

frequency. The administration of probiotic mixtures 

to healthy children does not give rise to concerns 

regarding growth or side effects. However, as 

regards to the use of specific probiotics strains, 

most researchers find it difficult to come to 

unambiguous conclusions. Specifically, L. reuteri 

DSM 17938, recently often proposed for the colic 

management [12] , shows a good outcome for 

breastfed children but does not show the same 

effectiveness with formula feeding [37-39]. A 

general review of clinical trials concerning various 

aspects of pro- and prebiotics use (not only as 

components of baby food, but also as medications, 

etc.) was published by Brüssow [40], and their use 

http://www.ffhd.com/


Functional Foods in Health and Disease 2020; 10(9): 368-378  www.ffhd.com           Page     372  of 378           

in pediatric practice is reviewed by Vandenplas & 

Savino [41].  

While mother's milk is rich in HOS prebiotics 

and contains a small number of probiotic bacteria, 

the classic infant formula does not contain these 

components. Infant formula manufacturers often 

add various prebiotic oligosaccharides mimicking 

HOS: short-chain galacto-oligosaccharides, long-

chain fructo-oligosaccharides (Fig. 2), polydextrose  

 

and the mixtures thereof. There is evidence that 

prebiotics supplementation of baby formula 

changes the intestinal microbiome, making it closer 

to the one that forms while breastfeeding. Infants 

who received these supplements had lower stool 

pH, better stool consistency and frequency, and a 

higher intestinal bifidobacterium content 

compared to children who received a standard 

mixture without supplements [42-43]. 

 

 

         Figure 2. Galacto-oligosaccharides (GOS) and fructo-oligosaccharides (FOS) structures. 

Generally, the term “-biotics” refers to 

nutritional components that can be used to direct 

intestinal microbiome development in a mode 

more favorable for the host health. The recent term 

“postbiotics” refers to biologically active 

compounds produced by food microorganisms 

during the fermentation process: short-chain fatty 

acids, functional proteins, extracellular 

polysaccharides, teichoic acid, and peptidoglycan 

derivatives. Postbiotics also include microbial cells, 

cellular components, lysates, and metabolites. The 

part of the effects manifested by the pre- and 

probiotics use caused precisely by the formation of 

these metabolic byproducts of microorganisms. 

The effects and mechanisms of postbiotics action, 

as well as the possibilities of their use, are reviewed 

by Wegh et al. [44]. Postbiotics are present in 

partially fermented baby formulas, a relatively new 

type of formulas for infant feeding [45-46]. As 

shown by a clinical study [47], feeding with this type 

of formula, enriched by additional prebiotic 

oligosaccharides, significantly reduces infantile 

colic incidence. The study involved 432 healthy full-

term babies aged 0–28 days, whose mothers 

decided not to start breastfeeding or terminated. 

Fermented infant formula supplemented by 

prebiotics was well tolerated and showed a lower 

total crying time, lower colic rate, and softer stools. 

However, a similar study [48], involved 241 

children, on the contrary, showed that crying time 

was significantly shorter in the control group where 

children received standard formula than in the 

group fed partially fermented formula with low 

lactose quantity containing L. reuteri DSM 17938. 

Significant uncertainty and even contradictions 

in the results of various studies of the nutrition 

effect on infantile colic manifestations are largely 

due to the fact that the methods of assessment are 

based on subjective indicators (parental surveys, 

etc.). While it is possible to use objective control 

methods to determine microbiome content, 

accurate register for parameters such as crying 

duration or level of irritation is absolutely 

impossible. In addition, the causes of these 

manifestations may be distinct, not associated with 

colic - for example, allergies or gastrointestinal 

reflux, or even the inexperience of an adult 

caregiver. 

Recently, different approaches were taken to 

link intestinal microbiome composition and 
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development with colic manifestation for objective 

study and diagnosis. There is no definitive 

understanding of how unbalanced intestinal 

colonization or intestinal dysbiosis can contribute 

to infantile colic symptoms. However, researchers 

assumed that the presence of a significant number 

of pathogenic bacteria causes a chronic 

inflammatory response. As a response, intestinal 

epithelial tissue release cytokines and chemokines 

both locally and systemically, which additionally 

cause inflammation and local nerve tissues 

sensitization [49-50]. 

 

Microbiome and Colic – The Search For Objective 

Connections: Traditional microbiological 

approaches based on cultivation and phenotypic 

observations are not well adapted for the intestinal 

microbiome study. Nowadays, genomic 

technologies dominate which allow to determine 

and classify microorganisms with high accuracy by 

conservative fragments of their genetic sequence - 

16S rRNA and rDNA. A range of studies estimated 

the relationship between microbiome composition 

and colic manifestations, results are summarized by 

Dubois et al. review [51]. Briefly, the study showed 

that children with severe colic symptoms had 

significantly higher Proteobacteria levels in the 

microbiome and showed lower bacterial diversity 

compared to healthy ones. In addition, the 

colonization levels for Actinobacteria 

Bifidobacterium and Firmicute Lactobacilli showed 

an inverse relationship with crying and irritation 

parameters in newborns. 

A comprehensive screening of metabolites by 

NMR analysis, conducted in parallel with a PCR 

study of feces, was carried out in a clinical study of 

the efficacy and safety of a mixture of probiotics 

proposed for infantile colic treatment [52]. The 

study included 53 children, the group taking 

probiotics showed a significant decrease in the 

number of colic manifestations in comparison to 

the control. No differences were found between 

the groups with respect to anthropometric data, 

intestinal motility, stool consistency, or microbiota 

composition. It was found that probiotics affect the 

fecal molecular profile. 

The mixture studied was an oil suspension of 

medium-chain triglycerides containing a lyophilized 

highly concentrated probiotic mixture with several 

lactobacilli strains (L. paracasei DSM 24733, L. 

plantarum DSM 24730, L. acidophilus DSM 24735 

and L. delbrueckii subsp. bulgaricus DSM 24734) 

three bifidobacteria strains (B. longum DSM 24736, 

B. breve DSM 24732 and B. infantis DSM 24737)  

and one strain of Streptococcus thermophilus DSM 

24731. To quantify bifidobacteria and lactobacilli in 

the stool qPCR was used with gene-specific primers. 

All fecal samples were also subjected to 1 H NMR 

analysis, the assignment of signals in the NMR 

spectrum was done by comparing their chemical 

shift and multiplicity with the human metabolome 

database [53] and the Chenomx software library 

(Chenomx Inc., Edmonton, AB, Canada, ver 8.1). 

The data obtained confirmed the hypothesis 

that the effect of the probiotic on the intestinal 

microbiome may include not only changes in the 

intestinal bacteria composition but also play a key 

role in intestinal bacterial metabolism. Despite the 

fact that probiotic supplements did not change the 

number of lactobacilli and bifidobacteria in the 

microbiome of infants, the fecal molecular profile 

differed between groups. In the placebo group, the 

alanine concentrations and two acids, 2-

hydroxyisovalerianic and 2-oxoisocaproic, which 

are involved in the metabolism of valine, leucine, 

and isoleucine, were significantly increased. The 

data obtained confirmed the hypothesis that the 

effect of the probiotic on the intestinal microbiome 

may include not only changes in the intestinal 

bacteria composition but also play a key role in 

intestinal bacterial metabolism. In addition, 

significantly higher levels of acetic acid, one of the 

main short-chain fatty acids (SCFAs) produced 

during microbiota fermentation were found in the 

placebo group. Acetic acid level increase in feces is 

associated with gastrointestinal symptoms 
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deterioration in adult patients with irritable bowel 

syndrome [54]. Propylene glycol appeared to be 

one of the most striking biomarkers found in the 

probiotic group. Propylene glycol is a characteristic 

component present in the feces of newborns, its 

higher concentration was found in feces of 

breastfed children, compared with those fed with 

the formula [55]. This may be related to an increase 

in the lactaldehyde reductase activity, which uses 

HOS as a substrate. Thus, an increase in propylene 

glycol concentration may indicate a more “normal” 

microbiome development. The metabolic 

approaches in above-mentioned and several other 

clinical trials of pro- and prebiotics efficacy and 

safety were discussed in the O’Connell review [56]. 

Another approach is based on the study of 

bacterial markers content - metabolites and 

postbiotics characteristic for certain groups of 

bacteria. This approach allows to make a general 

estimation of gastrointestinal tract colonization by 

different microorganism types, without clarifying 

the exact microbiome composition. It is rather 

simple in terms of interpreting the results. This 

approach was applied in studies [57-58] when the 

microbiome state was evaluated by short-chain 

fatty acids content in stools — metabolic products 

of probiotic lactobacilli and bifidobacteria. These 

postbiotics' role for the processes of intestinal 

epithelial cells functioning is comprehensive [59], it 

is not limited to local effects - short-chain fatty acids 

have a systemic effect on the host organisms. 

Acetic, propionic, and butyric acids account for 90–

95% of the SCFA present in the intestine [60]. The 

approximate molar ratios of acetate: propionate: 

butyrate are 60:20:20, and although the absolute 

concentrations of SCFA may vary in different 

regions of the intestine, the molar ratios remain 

constant. 

The main sources of SCFA are carbohydrates 

(including oligosaccharides), but amino acids valine, 

leucine, and isoleucine resulting from protein 

breakdown are also converted to isobutyrate, 

isovalerate, and 2-methylbutyrate - branched-chain 

SCFA which account for about 5% of the SCFA 

produced by the microbiome. The metabolic 

pathways of SCFA formation (Fig. 3) by intestinal 

microbiome are discussed in detail in reviews by 

Rios-Covian et al. [61] and Rawi et al. [62] and 

McNeil et al. [63].

 

 

Figure 3. Schematic representation of microbial metabolic pathways, contributing to SCFA formation in the 

human gut. Shaded geometric shapes summarize routes of formation for each of the three main SCFA: acetate, 

propionate, and butyrate [61]. 

 

The 95% of produced SCFAs are absorbed in 

the intestines, providing approximately 5–10% of 

human energy needs [63]. Providing extra calories, 

SCFAs support energy homeostasis. SCFAs affect 

cell proliferation and differentiation and can cause 

hormone secretion [60; 64]. SCFAs also modulate 

inflammatory processes and can affect some 

functions of white blood cells, they inhibit pro-
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inflammatory production, among them TNF-α, IL-6, 

and NO. Butyrate may enhance the release of the 

anti-inflammatory cytokine IL-10. SCFAs are 

associated with leukocyte chemotaxis, which 

promotes their migration to the inflammation site 

[65-67].  

In recent years, evidence has emerged that the 

effect of SCFAs on the central nervous system 

serves as a link between the intestinal microbiome 

and the brain [68-69]. Methods for determining 

short-chain fatty acids are very simple, do not 

require access to high technology, and therefore, in 

the future, with the accumulation of pooled 

analysis data sufficient to establish correlation, they 

can serve to diagnose disorders of the development 

of the microbiome. 

 

CONCLUSION 

It can be considered proven that infantile colic 

manifestation is directly related to the type of 

nutrition and intestinal microbiome development. 

Unequivocal recommendations and standards do 

not exist at the moment, but the consensus 

regarding the importance of pro- and prebiotic 

components in nutrition is forming. The objective 

research methods elaboration allows us to expect 

the development of effective methods for the colic 

diagnosis and treatment in the nearest future. 
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NMR: nuclear magnetic resonance, PCR: 

polymerase chain reaction. 
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