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Abstract 

Early childhood represents a foundational phase of human development, marked by rapid physical growth, progressive 

maturation of the gastrointestinal system, immune system development, and establishment of metabolic processes. During this 

sensitive period, efficient digestion, optimal nutrient absorption, and maintenance of gastrointestinal comfort are essential for 

achieving healthy growth patterns and supporting long-term health outcomes. Increasing scientific evidence indicates that the 

gut microbiota serves as a central mediator linking dietary components with digestive function, immune regulation, metabolic 

activity, and overall developmental processes. Among nutritional strategies designed to promote intestinal health, synbiotics—

the combination of prebiotics and probiotics—have gained considerable attention due to their potential synergistic effects. 

Galacto-oligosaccharides (GOS), a functional prebiotic carbohydrate structurally similar to certain components of human milk 

oligosaccharides, selectively promotes the proliferation and metabolic activity of beneficial microorganisms, particularly 

Bifidobacterium species. Through modulation of microbial composition, GOS contributes to improved intestinal ecosystem 

stability, enhanced epithelial barrier function, and increased generation of beneficial microbial-derived metabolites, including 

short-chain fatty acids (SCFAs), which participate in maintaining intestinal homeostasis. Lactobacillus reuteri, a well-

characterized probiotic strain with established presence in the human gastrointestinal environment, contributes to microbial 

balance through multiple biological mechanisms. These include suppression of potentially harmful microorganisms through 

competitive exclusion, regulation of intestinal immune responses, enhancement of mucosal integrity, and support of a stable 

microbial environment. When combined with GOS, L. reuteri may provide complementary advantages by supplying beneficial 

bacteria while simultaneously creating a favorable nutritional environment that facilitates their activity and persistence. Research 

investigating GOS and L. reuteri-based synbiotic approaches has demonstrated potential benefits for improving digestive 
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tolerance, reducing gastrointestinal discomfort, and alleviating common infant symptoms such as colic and regurgitation. 

However, the influence of gut-directed nutritional strategies extends beyond gastrointestinal outcomes. The gut microbiota has 

increasingly been recognized as an important contributor to systemic development through its effects on nutrient utilization, 

mineral metabolism, inflammatory pathways, and metabolic signaling networks. The interaction between intestinal 

microorganisms and host physiology may therefore influence processes associated with bone mineralization, muscle 

development, and overall physical growth during early life. By supporting digestive efficiency and improving the availability of 

essential nutrients, synbiotics may contribute indirectly to optimal skeletal and muscular development. 
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1. Introduction 

Early childhood represents a period of rapid physiological 

development requiring coordinated maturation of multiple bi-

ological systems, including the gastrointestinal tract, immune 

system, skeletal system, and muscular tissues. Nutrition dur-

ing this period provides not only essential energy and nutrients 

but also biological signals that influence microbiota composi-

tion, intestinal function, immune regulation, and growth pro-

cesses [1]. 

The gastrointestinal tract is increasingly recognized as a 

central regulator of child health. The developing gut microbi-

ome interacts continuously with dietary components, influ-

encing digestion, nutrient absorption, immune development, 

and metabolic function. A balanced intestinal microbiota con-

tributes to digestive comfort and creates an environment sup-

portive of healthy development. 

Infants commonly experience gastrointestinal challenges 

during early life, including colic, regurgitation, irregular stool 

patterns, and digestive discomfort. These conditions may af-

fect feeding tolerance, parental wellbeing, and overall quality 

of life. Therefore, nutritional strategies that support gastroin-

testinal maturation and microbial balance are of significant 

clinical interest [2]. 

Prebiotics and probiotics have emerged as important com-

ponents of nutritional approaches aimed at supporting gut 

health. Prebiotics are selectively utilized substrates that pro-

mote the growth of beneficial microorganisms, whereas pro-

biotics are live microorganisms that provide health benefits 

when administered in adequate amounts. The combination of 

both components, known as synbiotics, may provide comple-

mentary advantages by enhancing beneficial bacterial growth 

while introducing specific functional strains. 

Galacto-oligosaccharides (GOS) are among the most exten-

sively studied prebiotics in infant nutrition. Their structure re-

sembles certain oligosaccharides naturally present in human 

milk and allows them to selectively stimulate beneficial bac-

teria, particularly bifidobacteria. Lactobacillus reuteri is one 

of the most studied probiotic strains in infancy due to its abil-

ity to colonize the gastrointestinal environment and influence 

microbial balance and immune responses [3]. 

The potential benefits of GOS and L. reuteri extend beyond 

digestive comfort. Increasing evidence suggests that the gut 

microbiota communicates with distant organs through meta-

bolic, immune, and endocrine pathways. This gut-systemic 

connection may influence nutrient absorption, inflammation, 

bone metabolism, and muscle development. 

Therefore, understanding the science behind synbiotic nu-

trition provides an opportunity to support a more comprehen-

sive approach to early-life nutrition, focusing not only on di-

gestive comfort but also on healthy growth and development. 

2. The Gut-Body Development Axis: 

Linking Microbiota, Digestion, and 

Growth 

The gastrointestinal tract functions as a major interface be-

tween nutrition and child development. The gut microbiota 

contributes to: 

1) Digestion and nutrient utilization 

2) Production of beneficial microbial metabolites 

3) Immune system maturation 

4) Maintenance of intestinal barrier function 

5) Regulation of metabolic pathways 

A healthy gut environment supports efficient nutrient ab-

sorption, which is essential for bone mineralization, muscle 

formation, and overall growth [4]. 
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Table 1. Gut Microbiota Functions and Developmental Outcomes [5]. 

Gut Function Biological Role Developmental Benefit 

Microbial balance Maintains healthy intestinal ecosystem Improved digestive comfort 

SCFA production Supports intestinal cells and metabolism Enhanced gut function 

Barrier integrity Prevents excessive inflammation Immune regulation 

Nutrient utilization Improves absorption processes Supports growth and development 

 

The interaction between diet and microbiota begins early in 

life. Nutritional components such as GOS influence microbial 

composition, while probiotic strains such as L. reuteri contrib-

ute specific functional activities within the gastrointestinal en-

vironment. 

3. Biological Mechanisms of Synbiotic 

Benefits of GOS and Lactobacillus 

reuteri 

The gastrointestinal tract represents a complex ecosystem 

where dietary components, intestinal microorganisms, and 

host physiology interact continuously. Synbiotic combina-

tions containing prebiotics such as galacto-oligosaccharides 

(GOS) and probiotics such as Lactobacillus reuteri provide 

complementary mechanisms by supporting beneficial micro-

bial growth while enhancing specific probiotic functions [6]. 

The beneficial effects of GOS and L. reuteri are mediated 

through multiple biological pathways, including modulation 

of gut microbiota composition, production of beneficial me-

tabolites, improvement of intestinal barrier function, regula-

tion of immune responses, and enhancement of digestive tol-

erance. 

 
Figure 1. Mechanisms of Synbiotic Action - From GOS and L. reuteri to Improved Gut Microbiota Balance and Digestive Comfort [7]. 
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3.1. Galacto-Oligosaccharides (GOS): A 

Prebiotic Foundation for Gut Health 

GOS are non-digestible carbohydrates that selectively stim-

ulate beneficial bacteria in the gastrointestinal tract. Because 

they resist digestion in the upper gastrointestinal tract, GOS 

reach the colon where they serve as a substrate for beneficial 

microorganisms. SCFAs, including acetate, propionate, and 

butyrate, produced through microbial fermentation of GOS, 

contribute to intestinal health by providing energy for intesti-

nal cells and regulating inflammatory pathways [8]. 

3.2. Lactobacillus Reuteri: Supporting Microbial 

Balance and Digestive Comfort 

Lactobacillus reuteri is a well-characterized probiotic strain 

naturally found in the human gastrointestinal tract. It contrib-

utes to intestinal health through direct interactions with micro-

organisms and the host intestinal environment [9]. By main-

taining a favorable microbial environment, L. reuteri may 

contribute to improved digestive comfort and gastrointestinal 

tolerance during infancy. 

3.3. Synergistic Action of GOS and L. Reuteri 

The combination of GOS and L. reuteri provides comple-

mentary benefits: 

GOS → Provides nourishment for beneficial bacteria 

L. reuteri → Provides targeted probiotic activity 

Together → Supports a balanced intestinal ecosystem [10] 

This synbiotic approach may enhance digestive comfort by 

improving microbial balance, supporting intestinal function, 

and promoting a favorable gut environment. 

4. Advancing Gut Comfort Through the 

Synbiotic Benefits of GOS and L. 

reuteri 

Digestive comfort is an important aspect of infant wellbeing 

because gastrointestinal symptoms may influence feeding be-

havior, sleep patterns, and family quality of life. The develop-

ing gastrointestinal system undergoes continuous maturation 

during early infancy, making microbial balance an important 

factor in digestive health. 

4.1. Supporting Reduction of Infant Colic 

Symptoms 

Infant colic is characterized by excessive crying and dis-

comfort without an identifiable underlying disease. Altera-

tions in intestinal microbiota composition have been sug-

gested as one factor associated with gastrointestinal discom-

fort [11]. Clinical studies have investigated specific strains of 

L. reuteri for their potential role in reducing crying duration 

and improving colic-related symptoms, particularly in breast-

fed infants. 

4.2. Supporting Regurgitation and 

Gastrointestinal Tolerance 

Regurgitation is common during infancy due to immature 

gastrointestinal function. Nutritional strategies that support di-

gestive maturation may help improve feeding tolerance. A 

balanced gut microbiota may contribute to overall gastrointes-

tinal comfort during this developmental stage [12]. 

4.3. Supporting Stool Consistency and Digestive 

Function 

GOS can influence stool characteristics through microbial 

fermentation and increased production of beneficial metabo-

lites. These effects are associated with the ability of prebiotics 

to modify microbial activity within the colon. 

5. Supporting Healthy Bone and Muscle 

Development Through Synbiotic 

Nutrition 

Although the primary role of GOS and L. reuteri is related 

to gastrointestinal health, emerging evidence suggests that the 

gut microbiota may influence systemic development, includ-

ing bone and muscle health [13]. 

5.1. Gut-Bone Connection 

The gut microbiota contributes to bone development 

through regulation of: A healthy intestinal environment sup-

ports efficient nutrient utilization, which is important for skel-

etal growth during early childhood [14]. 

5.2. Gut-Muscle Connection 

Muscle development requires adequate protein utilization, 

energy metabolism, and growth signaling. The gut microbiota 

may influence muscle development. A healthy gut environ-

ment supports the body's ability to utilize nutrients required 

for muscle formation and physical growth. 
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Figure 2. The Gut-Growth Axis: Linking Synbiotic Gut Modulation with Bone and Muscle Development [15]. 

6. Gut Comfort Relation to Synbiotic 

Nutrition Action 

The developing gastrointestinal system plays a central role 

in early childhood health by influencing digestion, nutrient 

utilization, immune maturation, and systemic growth. Increas-

ing evidence demonstrates that the gut microbiota functions as 

an important biological mediator connecting nutrition with de-

velopmental outcomes. The concept of the gut-body develop-

ment axis highlights how modulation of intestinal microbial 

communities may influence not only digestive comfort but 

also broader physiological processes such as bone and muscle 

development. 

Synbiotic approaches combining galacto-oligosaccharides 

(GOS) and Lactobacillus reuteri represent an important nutri-

tional strategy because they provide complementary functions. 

GOS acts as a selective substrate that supports beneficial mi-

croorganisms, particularly bifidobacteria, while L. reuteri pro-

vides targeted probiotic effects through microbial balance, im-

mune modulation, and intestinal homeostasis. Systematic re-

views of infant prebiotic, probiotic, and synbiotic interven-

tions demonstrate that these approaches can modify gut mi-

crobiota composition, particularly increasing beneficial bacte-

rial populations such as bifidobacteria, although clinical out-

comes may vary depending on strain, dose, and population 

characteristics [16]. 

6.1. Advancing Gut Comfort Through GOS and 

L. Reuteri Nutrition 

Digestive comfort is an essential component of infant well-

being. Gastrointestinal symptoms such as colic, regurgitation, 

and stool irregularities are common during early life due to 

gastrointestinal immaturity and ongoing microbiome develop-

ment. 
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The potential mechanisms through which GOS and L. reu-

teri may support digestive comfort where GOS contributes to 

a favorable intestinal environment by promoting fermentation 

and production of short-chain fatty acids (SCFAs). These me-

tabolites provide energy to intestinal cells and contribute to 

maintaining intestinal homeostasis. 

L. reuteri supports gut comfort through competitive exclu-

sion of undesirable microorganisms, production of antimicro-

bial compounds such as reuterin, and modulation of host im-

mune responses [17]. 

Clinical studies investigating specific strains of L. reuteri 

have demonstrated potential benefits in reducing crying dura-

tion associated with infant colic, particularly in breastfed in-

fants. However, effects are strain-specific, and outcomes may 

differ across populations. 

6.2. Gut Microbiota and the Gut-

Musculoskeletal Connection 

Recent research has expanded the role of the gut microbi-

ome beyond gastrointestinal health toward systemic develop-

ment, including bone and muscle outcomes. The gut-muscu-

loskeletal axis describes how intestinal microorganisms influ-

ence skeletal and muscular development through multiple 

mechanisms, including nutrient absorption, microbial metab-

olites, immune regulation, and metabolic signaling [19]. 

A recent randomized controlled trial in toddlers investi-

gated a young child formula containing L. reuteri DSM 17938 

and GOS and demonstrated improvements in bone quality and 

muscle strength compared with minimally fortified milk. The 

intervention was associated with changes in microbiome com-

position, including increased L. reuteri abundance and greater 

presence of bifidobacteria. 

These findings provide emerging evidence that nutritional 

modulation of the microbiome may influence musculoskeletal 

development during early childhood. 

6.3. Supporting Healthy Bone Development 

Bone development during childhood requires adequate 

availability of calcium, vitamin D, protein, and other growth-

supporting nutrients. The intestinal microbiota may influence 

bone health. A healthy gut environment may improve nutrient 

utilization and support optimal skeletal development during 

periods of rapid growth [21]. The emerging evidence suggests 

that gut-targeted nutritional strategies may complement tradi-

tional approaches focused on calcium, vitamin D, and protein 

intake. 

6.4. Supporting Muscle Development 

Muscle growth requires adequate protein utilization, energy 

availability, and coordinated metabolic signaling. The gut mi-

crobiota may influence muscle development. The recent tod-

dler clinical trial evaluating GOS and L. reuteri demonstrated 

improvements in muscle strength alongside microbiome 

changes, supporting the concept that gut microbial modulation 

may contribute to functional growth outcomes [22]. 

6.5. Clinical Implications for Healthcare 

Professionals 

Healthcare professionals play an important role in guiding 

parents regarding early-life nutrition strategies that support di-

gestive comfort and healthy growth [23]. 

 
Figure 3. Clinical Implications for Healthcare Professionals. [18]. 
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Key counselling messages include: 

1) Supporting balanced nutrition during infancy and tod-

dlerhood 

2) Recognizing the importance of gut microbiota develop-

ment 

3) Considering evidence-based prebiotic and probiotic ap-

proaches when appropriate 

4) Supporting nutrient intake required for bone and muscle 

development [20, 24] 

A holistic approach should consider: 

Gut Health → Improved Digestion → Better Nutrient Uti-

lization → Healthy Growth and Development 

7. Conclusion 

The gastrointestinal tract represents a critical foundation 

for early childhood health, influencing digestion, immune 

development, nutrient utilization, and overall growth. The 

combination of GOS and Lactobacillus reuteri provides a 

scientifically supported synbiotic approach that promotes 

beneficial microbial balance and supports digestive comfort 

through complementary mechanisms. GOS functions as a 

prebiotic substrate that nourishes beneficial bacteria, while 

L. reuteri contributes targeted probiotic effects through mi-

crobial regulation, immune modulation, and intestinal home-

ostasis. Together, these components support a favorable gut 

environment that may improve gastrointestinal tolerance and 

contribute to healthy development. Emerging evidence also 

highlights the importance of the gut-musculoskeletal con-

nection, suggesting that microbiota modulation may influ-

ence bone quality and muscle function through improved nu-

trient utilization, metabolic signaling, and immune regula-

tion. Recent clinical evidence in toddlers demonstrates that 

supplementation with a GOS and L. reuteri synbiotic was 

associated with microbiome changes and improvements in 

bone quality and muscle strength, providing new insights 

into the role of gut-directed nutrition in early development. 

Overall, supporting gut comfort during early life may extend 

beyond digestive health by contributing to broader develop-

mental outcomes. Synbiotic nutrition represents a promising 

strategy within a comprehensive approach to infant and tod-

dler nutrition, helping support healthy digestion, optimal 

growth, and lifelong wellbeing. 
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