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ABSTRACT 

	Background : Human milk is recognized as the optimal nutrition for infants, and its composition is often presumed to be stable due to potent maternal homeostatic mechanisms. However, this paradigm is challenged by physiological evidence that milk components are derived from the mother's diet and endogenous stores. This review examines the dichotomy between the intrinsic stability and dietary dependence of human milk composition to inform public health policies in nutritionally precarious contexts such as Togo.
Objective : This review aims to synthesize current scientific evidence on the influence of maternal nutrition on the biochemical composition of human milk. The primary goal is to distinguish between biochemically stable and plastic components to evaluate the rationale for targeted nutritional interventions for lactating women in the Togolese public health context.
Methods : A narrative review was conducted using a systematic bibliographic search of the PubMed/MEDLINE, Scopus, Cochrane Library, and Google Scholar databases between January and March 2024. The search included studies published from 2000 to 2024 that quantitatively assessed the relationship between maternal diet or nutritional status and nutrient concentrations in human milk. Data were organized by nutrient category and a narrative synthesis was employed to identify patterns of stability versus variability.
Results : The evidence reveals a differential homeostasis in human milk composition. The concentrations of energy-providing macronutrients are remarkably stable and preserved even at the expense of maternal tissue reserves. In contrast, the qualitative aspects of milk are highly plastic. The fatty acid profile, particularly the content of docosahexaenoic acid (DHA), is directly correlated with maternal dietary intake. Micronutrient concentrations are also highly dependent on maternal status and are classified into two groups: Type I nutrients, which have low maternal storage and directly reflect recent intake, and Type II nutrients, for which maternal reserves can buffer short-term dietary inadequacy but are depleted by chronic deficiency. The presence of bioactive components and environmental contaminants in maternal milk necessitates investigation due to their potential impact on pediatric health.
Conclusion: The nutritional stability of human milk is a nuanced concept rather than an absolute state. While robust homeostasis maintains energy content, the quality of milk is markedly vulnerable to maternal dietary intake. This plasticity is a critical public health concern in regions like Togo. Therefore, policies must extend beyond promoting breastfeeding to include active, evidence-based nutritional support for lactating women to ensure milk provides its full biological potential.
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1. INTRODUCTION

Human milk is unanimously recognized as the optimal source of infant nutrition, providing a complex and dynamic biochemical matrix that is superior for infant growth, neurocognitive development, and immune health [Horta & Victora, 2013]. The World Health Organization (WHO) consequently recommends exclusive breastfeeding for the first six months of life, a guideline predicated on the nutritional completeness of human milk to meet the physiological needs of the newborn [WHO, 2011]. It is more than a caloric source; its composition includes a sophisticated array of macronutrients, micronutrients, and bioactive compounds essential for immune system maturation and neurological development [Kinshella et al., 2021].
Central to breastfeeding recommendations is a prevailing paradigm of compositional stability; wherein potent homeostatic mechanisms are thought to buffer human milk from maternal dietary variations. This concept posits that the maternal organism will mobilize its own reserves to ensure consistent milk quality, an evolutionary adaptation for species survival. However, this perspective is challenged by the physiological principle that milk components are synthesized from metabolic precursors derived from either the mother's recent diet or her endogenous stores. This link implies that maternal dietary quality is a critical determinant of the nutritional value of her milk , creating a scientific dichotomy between intrinsic homeostasis and dietary dependence that warrants critical examination [Kinshella et al., 2021].
Resolving this dichotomy is critical for public health policy ; if milk composition is indeed resilient to maternal diet, then the rationale for widespread nutritional supplementation programs for lactating mothers in high-malnutrition settings, such as Togo, would require strategic reassessment
This review therefore synthesizes current evidence on the influence of maternal nutrition on human milk's biochemical composition, distinguishing between stable and plastic components to evaluate the rationale for targeted nutritional interventions in the Togolese public health context.

2. METHODOLOGY

This narrative review employed a systematic search strategy to identify relevant evidence concerning the influence of maternal nutritional status and diet on the biochemical composition of human milk. A systematic bibliographic search was conducted between January and March 2024 across several international databases: PubMed/MEDLINE, Scopus, Cochrane Library, and Google Scholar.
The search strategy combined keywords (MeSH terms and free-text words) related to human milk, maternal nutrition, and nutritional composition. Search queries were adapted for each database, combining terms in both English and French, such as: ("human milk" OR "breast milk" OR "lait maternel") AND ("composition" OR "nutrients" OR "micronutrients") AND ("maternal nutrition" OR "maternal diet" OR "nutrition maternelle" OR "maternal status").
Inclusion criteria for article selection were: systematic reviews, meta-analyses, observational studies (cohort, case-control), and randomized clinical trials published between 2000 and 2024, to reflect the current state of knowledge based on modern analytical techniques. Studies were required to involve human populations and quantitatively assess the relationship between maternal dietary intake (or biological markers of nutritional status) and the concentration of one or more nutrients in milk. Particular attention was given to studies conducted in sub-Saharan Africa to contextualize the findings. Opinion articles, uncontrolled case studies, research conducted on animal models, and studies not specifically addressing nutrients were excluded.
The selection of relevant articles was performed in two stages: an initial screening based on titles and abstracts, followed by a full-text review of the pre-selected articles to confirm their final alignment with the review's objectives. 
The extracted data were organized by nutrient category, macronutrients, micronutrients, and bioactive compounds, and a narrative synthesis was employed to compare findings across studies, identifying consistent patterns of nutritional stability versus variability
Consistent with a narrative review methodology, a formal risk-of-bias assessment of individual studies was not performed. The primary objective was to synthesize and contextualize existing findings rather than conduct a quantitative meta-analysis.  

3. REVIEW FINDINGS

A comprehensive analysis of the scientific literature reveals a critical dichotomy in the compositional regulation of human milk. Far from being a static matrix, its composition is the product of complex regulation. It emerges that while the mammary gland maintains rigorous homeostasis for certain key components, other biochemical fractions exhibit manifest plasticity, directly reflecting maternal nutritional status. This variability, far from being random, depends on the biochemical nature of the nutrient, its metabolic physiology, and the maternal organism's capacity to store and mobilize it.
1. Macronutrients
The overall concentration of macronutrients, which provide the bulk of the energy intake essential for infant growth, is surprisingly constant among individuals and largely insensitive to short-term maternal dietary variations. This phenomenon represents an evolutionary protective mechanism for the survival of the species.
1.1. Lactose
As the principal carbohydrate in human milk, this disaccharide is the cornerstone of the milk's stability. Its synthesis occurs de novo within lactocytes (mammary alveolar cells) from blood glucose, via a highly regulated enzymatic pathway. The key enzyme, lactose synthase, catalyzes the bonding of activated galactose (UDP-galactose) to glucose. The lactose concentration (approximately 70 g/L) is very strictly maintained, as it is the primary determinant of the milk's osmotic pressure, thereby controlling the volume of milk produced [Lawrence & Lawrence, 2021]. Even in cases of severe maternal undernutrition, its concentration is preserved as long as maternal glycemia is maintained, illustrating the absolute metabolic priority given to lactation.
1.2. Total proteins
The protein content of mature milk (approximately 8-10 g/L) is also relatively well conserved. The major proteins, such as caseins and alpha-lactalbumin, are synthesized directly by the mammary gland from amino acids drawn from the maternal bloodstream. In the face of insufficient dietary protein intake, the maternal organism initiates a catabolic process of its own protein reserves, particularly muscular, to maintain an adequate pool of circulating amino acids [Gidrewicz, & Fenton, 2014]. This adaptation protects the milk's composition but occurs at the expense of maternal tissue stores. Only chronic and severe protein-energy malnutrition, such as that observed in certain crisis contexts in Africa, can lead to the depletion of these reserves and cause a slight but significant decrease in the milk's protein concentration [Gidrewicz, & Fenton, 2014].
1.3. Lipids 
1.3.1. Total lipid concentration
The average 24-hour total lipid concentration (approx. 35-40 g/L) is well-maintained and largely independent of the mother's total fat intake. This stability is achieved through metabolic flexibility, as lactocytes utilize fatty acids derived from both de novo synthesis and circulating lipoproteins, which originate from either recent diet or mobilized adipose reserves. [Andreas et al., 2015; Liu et al., 2025]. This metabolic flexibility ensures a constant energy supply to the infant.
1.3.2. Fatty acid profile
While the total quantity of lipids is stable, their quality, that is, the profile of the different fatty acids that compose them, is, in contrast, extraordinarily sensitive to the maternal diet. It is here that the dogma of stability finds its most significant and relevant public health limitation.
The fatty acid profile of human milk is highly correlated with the fatty acid composition of the mother's recent diet and her mobilized adipose stores [Kaur et al., 2014; Liu et al., 2025]. Paramount importance is given to long-chain polyunsaturated fatty acids (LC-PUFAs), notably docosahexaenoic acid (DHA, omega-3) and arachidonic acid (ARA, omega-6), which are indispensable structural components of neuronal and retinal photoreceptor membranes.
Numerous studies have demonstrated that a high maternal consumption of fatty fish, rich in DHA, results in a significantly higher DHA content in milk [Brenna et al., 2007]. In the Togolese and broader West African context, where the diet is often based on cereals or tubers and rich in local vegetable oils (palm oil, groundnut oil), the intake of omega-6 is predominant. Access to sea fish, the primary source of DHA, may be limited for inland populations. This situation creates a proven risk of low DHA concentration in human milk, which could have implications for the optimal neurocognitive development of infants, thereby justifying targeted dietary recommendations for lactating women [Makrides et al., 2010].
2. Micronutrients
It is at the level of vitamins and trace elements that the influence of maternal nutrition is most direct and critical. Their transfer into milk can be classified into two major categories, a concept that has strategic implications for public health interventions.
2.1. Type I nutrients
These nutrients are characterized by a low storage capacity in the maternal organism ; consequently, their concentration in milk is closely and rapidly correlated with recent dietary intake, as no effective homeostatic mechanism exists to buffer against deficient intake by drawing from reserves
2.1.1. Water-soluble vitamins
The majority of B-group vitamins (thiamine (B1), riboflavin (B2), B6, B12) and vitamin C belong to this category [Samuel et al., 2020 ; Carretero-Krug et al., 2024]. Their transport to the mammary gland is an active process but is directly dependent on their plasma concentration. For example, a maternal thiamine deficiency, historically linked to the consumption of highly refined cereals, leads to deficient milk that can cause infantile beriberi, a potentially fatal acute encephalopathy [Keating et al., 2023].
2.1.2. Iodine and selenium
These two trace elements are also highly dependent on maternal intake. The mammary gland actively uptakes iodine from the blood via the sodium-iodide symporter (NIS) to enrich the milk. A maternal deficiency, endemic in certain mountainous or remote-from-sea regions in Africa, leads to significantly reduced iodine concentration in milk, exposing the infant to a risk of hypothyroidism and delayed brain development [Dror & Allen, 2018].
2.2. Type II nutrients
For this second group of nutrients, the maternal organism has bodily reserves that can be mobilized to maintain a relatively stable concentration in the milk, at least for a certain period. However, chronic dietary deficiency will eventually deplete these stores, inevitably affecting the milk's composition.
2.2.1. Fat-soluble vitamins
Vitamin A is an excellent example. The maternal liver stores significant quantities of retinol. These reserves can be released into circulation and transferred into the milk fat globule, ensuring an adequate concentration even if maternal intake is temporarily low. In Togo, the consumption of foods rich in precursors (beta-carotene) such as red palm oil, mangoes, or dark green leafy vegetables is a protective factor. However, chronic malnutrition depletes these hepatic reserves, leading to deficient milk that increases the risk of infections and xerophthalmia in the child [Rice et al., 1999]. Vitamin D is also variable, depending on both scarce dietary sources and, above all, the mother's sun exposure.
2.2.2. Iron, zinc, and copper
These minerals are subject to stricter homeostatic regulation, which is primarily hormonal (prolactin-driven) rather than dietary. Their concentration in milk is relatively low but very constant and little influenced by short-term maternal diet or status [Lönnerdal, 2007; Wessells et al., 2012]. The transfer of these minerals into milk is an actively regulated process that draws on maternal reserves if necessary. This is why maternal iron supplementation only minimally increases the iron concentration in her milk. This, however, underscores the critical importance for the mother to build up sufficient reserves before and during pregnancy so as not to deplete her own stores during lactation.
3. Bioactive and immunological components 
Human milk is a complex biological system containing numerous bioactive factors that support immune development and modulate infant physiology 
While the preceding sections have effectively established the dichotomy between the relative stability of energy-providing macronutrients (lactose, total lipids, total proteins) and the plasticity of qualitative fractions (fatty acid profile, micronutrients), it is imperative to anchor the analysis in the biochemical and physiological complexity of bioactive factors. Human milk is not merely a vehicle for nutrients ; it is a dynamic immunobiological and metabolic matrix whose composition is subject to finely orchestrated glandular regulation [Ballard & Morrow, 2013; Karimova et al., 2023; Liu et al., 2025].
3.1.1. Bioactive proteins and immunity
Beyond their nutritional role, milk proteins are major actors in non-specific defense and immune modulation. Lactoferrin, for example, is a key glycoprotein whose functions range from iron sequestration (a bacteriostatic property) to the inhibition of viral and bacterial adhesion to the intestinal mucosa. Although its concentration is relatively stable, its high content illustrates an essential evolutionary protection for the newborn [Hanson et al., 2005 ; D’Alessandro et al., 2010]. Other components, such as secretory immunoglobulin A (sIgA), confer localized passive immunity, protecting the intestinal epithelium against pathogens. The synthesis of these antibodies is linked to the mother's environmental exposure, thus offering a defense system contextualized to local microbial risks, an invaluable advantage in the Togolese context [Andreas et al., 2015].
3.1.2. Human milk oligosaccharides (HMOs)
These complex and non-digestible carbohydrates, representing the third most abundant solid fraction after lactose and lipids, are essential substrates for the infant's commensal intestinal flora, acting as selective prebiotics. Furthermore, they function as molecular decoys (decoy receptors), preventing the adhesion of pathogenic agents (bacteria and viruses) to the intestinal wall, thereby minimizing the risks of diarrhea and enteropathies [Garwolinska et al., 2018; Nagel et al., 2023]. Their profile varies according to the maternal genetic status (Secretor/Non-secretor status), but their presence ensures an early modulation of the microbiota, the foundation for future digestive and metabolic health.
3.3. Togolese contextualization
The concept of human milk plasticity becomes particularly acute in the African context. While the maternal organism, through a process of physiological altruism, sacrifices its own reserves to maintain energy content (muscle proteins, adipose reserves) [Picciano, 2001], this adaptive mechanism has its limits, especially in cases of chronic protein-energy malnutrition. In Togo, where food security can be precarious and access to a diversified diet (rich in animal products, dark green leafy vegetables, and fish) is often restricted, the risk of maternal deficiencies accumulates.
This situation is particularly concerning for type I nutrients, such as iodine and B-group vitamins, whose deficiency is immediately reflected in the milk. Maintaining an adequate vitamin A status (a type II nutrient) is also a major challenge, as it depends on hepatic reserves that can be depleted by closely spaced pregnancies and lactation periods. These deficiencies in milk, even if they are subclinical in the mother, directly expose the child to increased morbidity and mortality, justifying targeted supplementation and nutritional education programs adapted to local cultural and dietary realities. The understanding of the complex regulatory mechanisms of milk composition, far from refuting the dependence on maternal status, confirms it as a critical determinant of the quality of infant nutrition in these regions.
4. Transfer of environmental xenobiotics
Beyond endogenous nutrients, human milk can be a vehicle for the transfer of environmental contaminants. The lipophilic nature of compounds such as organochlorine pesticides and mycotoxins, notably aflatoxins, facilitates their accumulation in maternal adipose tissue. During lactation, these stores are mobilized, leading to the excretion of these substances into milk. This represents a significant pathway of infant exposure, posing potential risks of neurotoxicity and endocrine disruption, a particular concern in regions where food storage practices may increase mycotoxin exposure.

4.	DISCUSSION
The findings of this review compel a critical reassessment of the paradigm of absolute nutritional stability in human milk. The evidence reveals a differential homeostasis, characterized by remarkable resilience for energy-providing macronutrients and significant plasticity for key qualitative components. This dichotomy carries profound pathophysiological implications for the mother-infant dyad and mandates a strategic re-evaluation of public health interventions, particularly within contexts of nutritional precarity such as Togo.
The relative constancy of lactose, total protein, and total lipid concentrations constitutes an essential metabolic safeguard, guaranteeing the infant the indispensable energy supply for survival. However, this apparent stability conceals a significant physiological cost for the mother, illustrating a principle of "biological altruism" [Picciano, 2001]. The mobilization of maternal tissue reserves—muscular for amino acids, adipose for lipids—to preserve lacteal composition highlights the prioritization of lactation. In the West African context, and specifically in Togo, where closely spaced pregnancies, physically demanding agricultural labor, and seasonal food insecurity are frequent, this depletion process can precipitate the mother into a state of chronic malnutrition, increasing her risk of anemia and osteoporosis [Lutter & Dewey, 2003]. The stability of milk thus masks a maternal vulnerability that must imperatively be integrated into perinatal health policies.
Beyond the simple energy guarantee, the intrinsic quality of milk is eminently sensitive to the maternal nutritional environment. The fatty acid profile is the most compelling example. The confirmation that the docosahexaenoic acid (DHA) content, a key nutrient for neurodevelopment [Narinder et al., 2014; Koletzko et al., 2008; Liu et al., 2025], is a direct reflection of maternal consumption is of capital importance for Togo. The local diet, often dominated by vegetable oils (palm, groundnut) rich in omega-6 precursors, and where access to sea fish is limited, creates enzymatic competition at the level of desaturases and elongases, which is unfavorable to the endogenous synthesis of DHA [Brenna et al., 2007]. This situation exposes a tangible risk of milk with low DHA content, with potential consequences for the child's cognitive development and visual acuity. Furthermore, milk quality is not limited to lipids; a low content of bioactive proteins such as lactoferrin or secretory immunoglobulin A (sIgA), possibly linked to maternal protein malnutrition, weakens the immune defense of the infant's intestinal mucosa, making them more vulnerable to prevalent enteric pathogens in their environment [Hanson et al., 2005].
The impact of the maternal diet on the lipid profile, already highlighted, warrants biochemical clarification. Long-chain polyunsaturated fatty acids (LC-PUFAs), notably docosahexaenoic acid (DHA), are transported from the maternal plasma to the lactocyte through uptake and incorporation mechanisms. The efficiency of this transfer, which directly reflects maternal adipose reserves and recent intake, is of paramount importance for the child's neurodevelopment [Perrella et al., 2021]. In many West African countries, including Togo, diets are often characterized by an imbalanced ω−6/ω−3 ratio, favoring ω−6 fatty acids from common vegetable oils (palm, groundnut). This imbalance induces enzymatic competition at the level of desaturases and elongases (enzymes involved in the endogenous synthesis of LC-PUFAs), which can potentially limit DHA biosynthesis in the mother. Consequently, optimizing ω−3 intake from marine sources or through supplementation becomes a critical public health intervention to ensure the optimal concentration of these essential lipids for myelination and retinal function [Chung, 2014].
This dependence is even more critical for micronutrients, which function as veritable tracers of maternal status. The distinction between type I nutrients (B vitamins, iodine, selenium), with low storage capacity, and type II nutrients (vitamin A, iron), for which reserves exist, is of fundamental strategic importance. For the former, a maternal deficiency has an almost immediate impact on the milk, exposing the infant to severe pathologies such as infantile beriberi (thiamine deficiency) or suboptimal neurological development in case of iodine deficiency [Zimmermann, 2009]. For the latter, although maternal reserves offer a buffer, chronic malnutrition eventually depletes them. A vitamin A-deficient milk, for example, drastically increases the risk of xerophthalmia and mortality from respiratory and diarrheal infections in children [Horn et al., 2020].
Finally, the discussion on milk quality must extend beyond nutritional deficiencies to include the xenobiotic load. In the Togolese context, exposure to environmental contaminants is a major concern. Aflatoxins from the consumption of poorly preserved staple foods like groundnuts and maize, as well as organochlorine pesticide residues, are lipophilic compounds that can accumulate in maternal adipose tissue and be excreted in milk. The infant's exposure, even at low doses, to these neurotoxic and potentially endocrine-disrupting substances constitutes an insidious threat to their long-term development. [Nickerson et al., 2006]
The biochemical and physiological framework underpinning optimal infant development is fundamentally reliant on the dynamic and bioavailable composition of human milk (HM), recognized as the nutritional gold standard. In resource-constrained settings like Togo, where alternatives pose significant accessibility and microbial contamination risks, the nutritional and biological integrity of HM becomes a critical determinant of child survival and long-term health outcomes. A suboptimal maternal nutritional status directly compromises this integrity, leading to a systemic cascade of deficiencies in the infant's developing organism. Specifically, a reduction in long-chain polyunsaturated fatty acids (LC-PUFAs), such as docosahexaenoic acid (DHA) and arachidonic acid (ARA), which are dependent on maternal dietary intake, is intrinsically linked to impaired axonal myelination and synaptogenesis, thus raising the risk of neurocognitive and visual acuity deficits [Narinder et al., 2014 ; Koletzko et al., 2008 ; Liu et al., 2025]. Furthermore, insufficient protein delivery via HM contributes directly to growth faltering (stunting), a prevalent public health challenge. Crucially, a diminished concentration of bioactive immune factors (including secretory immunoglobulin A (sIgA), lactoferrin, and lysozyme) erodes the infant's mucosal and systemic first-line immune defense, heightening susceptibility to environmental pathogens [Hanson et al., 2005]. Beyond macronutrients, maternal micronutrient deficiencies translate into infant "hidden hunger," with inadequate concentrations of essential elements like iron contributing to neurodevelopmental impairment and anemia [Adu-Afarwuah et al., 2008], and a lack of Vitamin A compromising epithelial integrity and increasing vulnerability to infectious morbidity [Horn et al., 2020]. Finally, the potential transfer of xenobiotics, such as heavy metals and lipophilic pesticides, from maternal adipose stores into HM poses a risk of neurotoxicity and endocrine disruption in the vulnerable infant [Nickerson et al., 2006]. Collectively, these biochemical alterations in HM do not merely restrict somatic growth ; they fundamentally compromise the child's neurological architecture, immune competence, and metabolic programming, underscoring the urgent necessity for targeted maternal nutritional support strategies to safeguard infant health.

It should be acknowledged that this narrative review, although systematic in its approach, extrapolates data from various contexts. The main perspective emerging from this review is therefore the imperative need to initiate contextual epidemiological and biochemical studies. It is crucial to quantify the prevalence of specific deficiencies (DHA, iodine, zinc, B vitamins) and the contaminant load in the milk of Togolese mothers, stratifying by region, dietary habits, and socioeconomic status. Such data would allow for moving beyond generalities to design precise, efficient, and locally evidence-based public health interventions.
Collectively, a suboptimal maternal nutritional status threatens to compromise the biochemical integrity of human milk. This can manifest as impaired neurological architecture from insufficient LC-PUFAs, stunted growth from inadequate protein, and reduced immune competence due to lower concentrations of bioactive factors, all of which underscore the necessity for targeted maternal nutritional support
  


4. Conclusion

This review concludes that the nutritional stability of human milk is a nuanced concept. While a robust homeostasis preserves the concentration of energy-providing macronutrients, the qualitative composition of milk is markedly vulnerable to maternal diet. Key components, including the fatty acid profile (notably DHA content) and the concentrations of many vitamins and trace elements, are directly dependent on maternal nutritional status. This plasticity is a critical public health concern in regions like Togo, where maternal diets may lack diversity. Therefore, public health strategies must move beyond the promotion of exclusive breastfeeding alone and integrate active, evidence-based nutritional support for lactating women. Such an approach is essential to ensure that human milk realizes its full biological potential as the gold standard for infant nutrition. Future context-specific research is imperative to translate this understanding into effective, targeted interventions in Togo
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