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Abstract 

Background: Many factors influence cognitive development in early childhood, one of 

the latest is including gut health. Recent evidence places the role of a mediator of brain 

function on the part of the gut-brain axis, with nutrition overall and prebiotics specifically 

being imperative. Prebiotics stimulate selectively the grow of beneficial bacteria in the gut 

with potential implications on neurodevelopment. Methods: A narrative review that included 

peer-reviewed articles between 2010-2024 was conducted using PubMed, Scopus, and Google 

Scholar. Animal models and human clinical trials, both examining the impact of prebiotics on 

cognitive measures, were incorporated. Results: Prebiotics such as GOS, FOS, and resistant 

starch were found to increase the production of short-chain fatty acids, modulate the immune 

system, and excite neurotransmitter pathways. Clinical trials showed improved attentional 

ability and emotional control in prebiotic-supplemented formula-fed infants. Preclinical 

research showed enhanced memory and reduction in anxiety-like behaviors in animal models 

following ingestion of prebiotics. Conclusion: Prebiotics play a key role in cognitive 

development in early childhood through modulation of gut microbiota and neuroimmune 

signaling. Food-based prebiotics offer a sustainable approach to early brain development. 

Longitudinal studies are needed to demonstrate long-term benefits. 
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Introduction 

In early childhood, cognitive development plays a critical determinant of long-term 

health, academic potential, and quality of life. Therefore, scientists have become more 

interested in the gut-brain axis, a complex bidirectional communication system involving 

neural, hormonal, and immunological pathways.1 Studies show that gut microbiota 

colonization begins at birth, and generally, by the age of three, most bacterial groups have 

already reached a stable adult-like gut microbiota.2  

The gut microbiota has significant role on brain development through several 

mechanisms. These include producing short-chain fatty acids (SCFAs) which cross the blood-

brain barrier and inflect neurogenesis and neurotransmission3, helping the immune system 

mature and regulate microglial cells during synapse formation4, as well as synthesizing 

neurotransmitters like GABA, dopamine, and serotonin that influence mood, behavior, and 

cognition.5 

Maintaining a healthy gut microbiota at this early life stage is not only critical for 

intestinal health but also for supporting long-term immune and cognitive development.6 

Recent studies further point toward an interconnection between microbial composition, 

immune function, and early life cognitive outcomes, with the gut being a central organ in 

modulating brain and behavior.7 

Among the many factors that may influence brain development and a healthy gut, 

nutrition plays a critical role in supporting healthy brain development in early life, with 

prebiotics emerging as a promising approach. Defined as substrates that are selectively 
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utilized by host microorganisms and confer a health benefit8, prebiotics garner interest due to 

their ability to selectively modulate beneficial gut microbes, which has potential role in 

shaping early cognitive outcomes. While the gut-brain axis has been widely studied, there is 

still much to uncover about how prebiotics influence this system. This review explores the 

connection of how prebiotics might support brain development in early life, drawing from 

both animal models and human research. 

 

Methods 

The present narrative literature review was conducted using databases on PubMed, 

Scopus, and Google Scholar. The search involved articles published between January 2010 and 

March 2024. Keywords used were as follows: “prebiotics”, “gut-brain axis”, “cognitive 

development”, “early childhood”, “SCFAs”, “microbiota”, and “neurodevelopment.” Studies 

were searched comprehensively and selected based on their possible relevance to the 

influence of prebiotics on cognitive outcomes, as well as their reliable methods. Only peer-

reviewed articles were selected, including both animal model studies and human clinical trials, 

to provide a comprehensive understanding of prebiotics during early neurodevelopment. 

 

Discussion 

Prebiotics are a group of dietary fibers that are resistant to digestion in the upper 

gastrointestinal tract and which are fermented by colonic microbiota, selectively stimulating 

the growth of beneficial bacteria such as Bifidobacteria and Lactobacilli.8 Widely studied 
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prebiotics include galacto-oligosaccharides (GOS), fructo-oligosaccharides (FOS), inulin, 

resistant starch, and galactomannans. The benefits they provide mainly come from the 

substances produced after their fermentation—short-chain fatty acids (SCFAs) such as acetate, 

propionate, and butyrate. 

SCFAs are key messengers of the body. They can cross the blood-brain barrier, 

contributing to central brain functions such as inflammation, communication between brain 

cells (neurotransmission), and the formation of new neurons (neurogenesis).3 Prebiotics may 

indirectly contribute to brain health by stimulating the vagus nerve, a direct pathway of 

communication between the gut and the brain, through promoting the growth of beneficial 

gut bacteria like Lactobacillus species. Signals from gut microbes can activate this nerve, 

sending messages to brain areas that control mood, learning, and memory.9 In addition, 

prebiotics can also affect the metabolism of tryptophan, the precursor of serotonin that plays 

a role in regulating mood, and cognition.10 

Apart from these pathways, prebiotics are involved in immune system maturation, 

particularly by training the gut microbiota to regulate microglial cells, the brain’s resident 

immune cells involved in synaptic pruning and neural remodeling.4 These interactions reflect 

the integrated nature of nutrition, immunity, and neurodevelopment. 

The research works provide converging evidence that prebiotics supplementation 

positively affects cognitive development by modulating gut microbiota. Clinical trials showed 

that infants who received formula enriched with GOS and FOS had longer attention spans and 

emotional regulation compared to those fed standard formula.11,12 Arslanoglu et al12 reported 
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benefits in memory-related behaviors, while Scholtens et al13 demonstrated improved social 

engagement—important markers of early neurocognitive development. 

Preclinical models also confirmed these findings. Burokas et al14 found that GOS 

supplementation resulted in reduced anxiety-like behavior and improved cognitive flexibility 

in mice. Moreover, Van de Wouw et al15 provided higher levels of short-chain fatty acids 

(SCFAs) in the brain and improved performance on spatial learning tasks after consuming 

prebiotics. In addition, Savignac et al16 showed improved memory in neonatal mice using 

GOS/FOS. 

In clinical nutrition, human trials are more descriptive. A longitudinal study by 

Vandenplas et al11 demonstrated that infants receiving prebiotic-supplemented formula in 

infancy had better standardized cognitive scores at age two. Recent findings also show that 

food-derived, locally available prebiotics—such as green banana, jackfruit seed, legumes, and 

tubers—exert bifidogenic and neuroprotective actions. These dietary sources, having high 

galactomannan and resistant starch content, offer acceptable culturally oriented ways of 

enriching early childhood diets across settings.17,18 

This local food and health significance is also evident in Indonesian research. Sitorus et 

al19 documented that pediatricians perceived the role of prebiotic-enriched formula in 

improving immunity, growth, and neurodevelopment among preterm infants—its potential 

clinical practice application. Oswari et al20 also highlighted the importance of dosage in 

inducing prebiotic effects, showing that the appropriate level of inulin among formula-fed 

infants was related to greater beneficial gut health outcomes. 
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Compared to probiotics, which involve introducing live microbes, prebiotics nourish the 

native gut microbiota, offering a non-invasive, sustainable means of diet strategy. Their 

fermentation produces SCFAs like propionate and butyrate that activate through G-protein 

coupled receptors (GPCRs) in the gut and brain, modulating inflammation and synaptic 

plasticity.21 Prebiotics also activate the vagus nerve indirectly by promoting the growth of 

Lactobacillus species—engaging a direct channel of communication with the brain's emotional 

and cognitive centers like the amygdala and prefrontal cortex.9 

Prebiotics also influence tryptophan metabolism, the primary amino acid precursor to 

serotonin. Alteration of this pathway influences serotonin availability, which further has a role 

in mood, attention, and learning.10 This modulation suggests that earlier dietary interventions 

may influence neural circuitry and behavior and have an impact on cognitive and affective 

pathways across the lifespan. 

Additionally, an undirect pathway relates to the role of probiotics in gut health22, which 

can improve the immune function, and lead to better concentration at school or during 

cognitive stimulation session for children. Two most common acute illness for younger 

children in Indonesia are diarrhea and respiratory tract infection. Agustina et al23 on a 

randomized controlled trial study found that probiotic in a form of Lactobacillus reuteri 

DSM17938 reduce the incident of diarrhea among children with at-risk nutritional status. A 

cohort study by Dewi et al24 remarked that a routine consumption of scGOS/lcFOS/n-3 

LCPUFAs-fortified milk among Indonesian young children protected against the incident of 
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upper respiratory tract infection (URTI). Children who are sick less often are likely to have 

better attendance and participation in early education settings. 

However, evidence that does exist is not without limitations. Brief follow-up periods for 

most studies and long-term cognitive impacts remain to be fully confirmed. Additionally, 

heterogeneity between prebiotic type, dose, and delivery mechanism makes it difficult to 

provide recommendations. Trials were conducted in Western populations as well, limiting 

their applicability to regions with varied dietary habits and microbiota. 

Nonetheless, the strength of this review is its exclusive focus on prebiotics, thus 

demarcating their role in neurodevelopment. As nutrition science moves forward, future 

research will need to concentrate on personalized nutrition strategies, food-based prebiotics 

from a local perspective, and explore synergistic effects with micro nutrients such as iron, zinc, 

and choline—micro nutrients that are equally vital for brain development. 

 

Conclusion 

This review highlights that prebiotics play a significant role in modulating the gut-brain 

axis and cognitive development in early childhood. Prebiotics, via their stimulation of 

beneficial microbial activity, impact key neurodevelopmental processes like neurotrophic 

signaling, neurotransmitter biosynthesis, and behavioral regulation. Locally accessible, 

culturally acceptable prebiotic sources like resistant starch (green banana, cassava, corn), 

galactomannan (legumes), and inulin (garlic, chicory) offer sustainable options to promote 

cognitive outcomes. These findings advance the field of nutritional neuroscience and 
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stimulate the inclusion of prebiotics in early-life dietary regimens. Long-term cognitive 

consequences in diverse populations can be investigated by follow-up studies, as well as the 

best prebiotic forms and dosages. 
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