
 
 

Indian Journal of Experimental Biology 
Vol. 62, July 2024, pp. 475-483 

DOI: 10.56042/ijeb.v62i07.12071 
 
 
 

 

 

Navigating the frontiers of mineral absorption in the human body: 
Exploring the impact of probiotic innovations 

 
Keshab Chandra Mondall*, Sudipta Samanta1, Subhadeep Mondal2, Saswati Parua Mondal3, Krishnendu Mondal1 &  

Suman Kumar Halder1,4 
1Department of Microbiology; 2Center for Life Sciences, Vidyasagar University, Midnapore-721 102, West Bengal, India 

3 Department of Physiology, Bajkul Milani Mahavidyalaya, Purba Medinipur-721 626, West Bengal, India 
4Department of Microbiology, Vivekananda Mahavidyalaya, Burdwan-713 103, West Bengal, India 

Received 31 January 2024; revised: 30 March 2024 

 
Essential minerals play a crucial role in diverse physiological processes, and their deficiencies can give rise to significant 

health challenges. Probiotics, residing as beneficial microorganisms in the gut, have recently garnered attention for their 
potential in modulating mineral absorption and alleviating deficiencies. However, the difficulties arise from the variability 
of probiotic strains, varying dosages, and the distinct composition of individuals’ gut microbiota, rendering it challenging to 
establish universal guidelines. A more nuanced understanding of these mechanisms holds the key to developing targeted 
probiotic interventions, ultimately optimizing mineral absorption and fostering human health. This review explores the 
complex relationship between probiotics and the assimilation of essential minerals such as iron, calcium, selenium, zinc, 
magnesium, and potassium, decoding how probiotics influence the absorption of these minerals. Further research on the role 
of probiotics in mineral absorption is necessary for optimizing nutrient uptake and informing personalized interventions to 
support overall health. 
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Introduction 
Probiotics, as outlined by the Food and Agriculture 

Organization (FAO), are living microorganisms that 
naturally flourish in the gut, providing health 
advantages when appropriately ingested. Employing 
diverse mechanisms, they inhabit the gastrointestinal 
tract and maintain bacterial equilibrium in the gut. 
Beyond this, probiotics play a crucial role in the gut-
brain axis, contributing to mental well-being and 
fortifying immune function1. Prominent for their 
probiotic attributes, microorganisms like the 
Lactobacillus family (lactis, acidophilus, brevis, etc.), 
Bifidobacterium (bifidum, infantis, breve, etc.), 
Streptococcus group (thermophilus and alivarius), 
and yeast such as Saccharomyces boulardii have 
garnered recognition2. These beneficial microbes are 
commonly present in certain foods and dietary 
supplements. Recently, probiotics have gained 
significant attention for their role in modulating 
nutrient absorption and creating a barrier against 
pathogenic bacteria in the intestinal mucosa, thus 

influencing the gut-brain axis3. Probiotics play a role 
in mineral metabolism, including calcium (Ca), iron 
(Fe), magnesium (Mg), selenium (Se), potassium (K), 
copper (Cu), and zinc (Zn), enhancing their 
absorption4. Mineral levels in the body, crucial for its 
functioning, are linked not only to intake but also to 
proportional absorption. Research indicates that 
probiotics can influence mineral absorption, with 
certain strains enhancing or inhibiting absorption. 
However, the precise mechanisms vary among 
probiotic strains and mineral types, remaining 
incompletely understood5. 
 
Importance of minerals within the human body 

Numerous researchers emphasize the vital 
importance of minerals such as calcium (Ca), 
selenium (Se), zinc (Zn), magnesium (Mg) and 
potassium (K) in the human body6-9. These essential 
minerals play a structural role in the body and are 
indispensable for various metabolic functions10. 
Minerals, acting as structural components for bones, 
regulate hydration and impact muscle and nerve 
function5. They are crucial for the catalytic action of 
hormones, enzymes, and other bioactive components. 
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Additionally, minerals are linked to the proper 
functioning of the immune system, influencing 
susceptibility to infections and the development of 
chronic diseases, including neurodegenerative 
diseases, osteoporosis, and diabetes11. While a 
balanced diet typically provides sufficient minerals, 
certain circumstances, such as chronic diseases, 
pregnancy, aging, or specific lifestyles, may increase 
the risk of mineral deficiencies. Approximately, 50% 
of the global population faces micronutrient 
malnutrition12, with 2 billion people estimated to have 
micronutrient deficiencies, according to the World 
Health Organization (WHO)13. The localization of 
mineral absorption in the intestine is visually depicted 
in Fig. 1, highlighting each section's role. The 
mechanism of mineral absorption in the intestine, 
involves paracellular and/or transcellular pathways. 
Specific transporters and pumps, such as TRPV6 for 
calcium, facilitate mineral uptake. Exchange with 
other ions during absorption, as seen in zinc 
absorption influenced by transporters like ZIP4, is 
also noted. Enterocytes synthesize proteins like 
calbindin D and claudin to aid in mineral absorption. 
Absorbed minerals are then transported across the 
basolateral membrane into the bloodstream for 
systemic distribution via various mechanisms, 
including ATPase pumps and binding to carrier 

proteins like transferrin4. A summary of various 
minerals, their role, rate of absorption in the human 
body, dietary sources, and recommended doses are 
given in Table 1. 
 

Interaction between gut microbiota and mineral 
absorption 

The gut microbiota (GM), residing in the 
gastrointestinal tract, interacts with minerals through 
diverse mechanisms. Microorganisms in the GM can 
either enhance or inhibit mineral absorption in the 
digestive tract, involving complex interactions 
between microorganisms, minerals, and host cells23. 

 
Fig. 1 — Schematic diagram of mineral absorption with the help
of gut microbiota 

Table 1 — Role of minerals in human health, their absorption rate, daily requirement and dietary sources 
Mineral Role in human health Absorption rate 

in human body 
Dietary sources Daily requirement 

Calcium10,11,14 It plays vital role in vascular contraction, 
vasodilation, muscle functions, nerve 

transmission, intracellular signaling, and 
hormonal secretion 

25-60% Dairy products like milk, yogurt, 
curd. 

200 mg for infants 
260-1300 mg for children 
1000-1300 mg for adults 

Selenium15,16 It has important role in reproduction, 
thyroid hormone metabolism, DNA 

synthesis, and protection from oxidative 
damage and infection 

40-50% Breads, cereals, poultry, red meat, 
and eggs 

15 mcg for infants 
20-55 mcg for children 
55-70 mcg for adults 

Zinc17,18 It involves in growth of cells, building 
proteins, healing damaged tissue, and 
supporting a healthy immune system 

16-50% Seafood, nuts whole grains, 
breakfast cereals, and dairy 

products. 

2 mg for infants 
3-11 mg for children 
11-13 mg for adults 

Magnesium19 It helps to maintain normal nerve and 
muscle function, supports a healthy 
immune system, keeps the heartbeat 

steady, and helps bones remain strong. It 
also helps adjust blood glucose levels 

30-40% Green leafy vegetables, such as 
spinach, legumes, nuts, seeds, and 

whole grains 

30 mg for infants 
75-400 mg for children 
410-420 mg for adults 

 

Potassium20 It plays important role in maintaining 
normal levels of fluid inside our cells 

90% Dried fruit, lentils, spinach, sweet 
potatoes, and orange juice 

400 mg for infants 
860-2500 mg for children 
2500-3400 mg for adults 

 
Iron21,22 It primarily involved in the transfer of 

oxygen from the lungs to tissues 
2-20% Red meat, fish and poultry, and is 

easily absorbed by your body. 
Non-heme iron is found in eggs 
and plant-based foods such as 
beans, lentils, nuts and seeds 

0.27 mg for infants 
7-15 mg for children 

8-27 for adults 
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One mechanism involves the production of enzymes, 
such as phytases, by gut bacteria, breaking down 
complex minerals like phytic acid found in plant-
based foods. This enzymatic action releases minerals 
like Ca, Mg, Fe, and Zn for absorption in the small 
intestine, with notable phytase producers being 
Bacillus subtilis, Bacillus coagulans, and various 
Lactobacillus strains24. Additionally, the GM can 
influence mineral absorption by modulating the gut 
environment through the production of short-chain 
fatty acids (SCFAs) from dietary fiber metabolism 
(Fig. 1). SCFAs enhance mineral solubility, impacting 
absorption and overall nutrient status. Furthermore, 
the GM can affect gene expression in host cells, 
influencing the absorption of minerals like iron (Fe)25. 
These intricate interactions underscore the vital role 
of the gut microbiota in shaping nutrient status and 
overall health. Recent studies on the role of various 
probiotics in mineral absorption have been 
summarized in Table 2. 
 

Synergistic relationship between probiotics and 
mineral absorption 
 

Effectiveness of probiotics in enhancing calcium absorption 
Evidence suggests a robust link between a healthy 

gut microbiota (GM) and enhanced calcium (Ca2+) 
absorption, potentially mediated by the modulation of 
serotonin production in the gut. Serotonin, a 
neurotransmitter, is implicated in bone metabolism 
and may serve as a nexus between the microbiota and 
bone health. Probiotics have been shown to positively 
impact bone health by influencing osteoblast bone 
formation and osteoclast bone resorption in various 
studies35. One plausible mechanism for heightened 
Ca2+ absorption involves probiotics increasing the 
bioavailability of Ca2+ in the intestine. Notably, 
certain Lactobacillus strains demonstrated improved 
total Ca2+ transport, influencing both transcellular and 
paracellular pathways. Probiotic supplementation, 

such as L. rhamnosus in broilers and a symbiotic 
blend in pediatric individuals, showcased improved 
Ca balance and serum Ca levels. Additionally, 
enriched yoghurt with L. plantarum in 
postmenopausal women significantly increased bone 
mineral density after six months36. Another potential 
mechanism involves the production of metabolites 
from probiotic fermentation, such as short-chain fatty 
acids (SCFAs). SCFAs have anti-inflammatory 
properties, influencing Ca-absorption by increasing 
cecal villi surface area and enhancing Ca-binding 
protein expression. They also regulate pH, improving 
Ca solubility and delivery to cells through the 
paracellular pathway, ultimately impacting bone 
density37. Experimental models further support the 
regulatory role of SCFAs in osteoclast metabolism 
and bone mass38. These findings underscore the 
potential of probiotic supplementation as an 
advantageous strategy for improving bone health and 
optimizing Ca absorption mechanisms, offering viable 
alternatives to traditional Ca and vitamin D therapies. 
 

Probiotics pave the way for improved selenium absorption, 
offering a more effective route 

The gut microbiota (GM) plays a pivotal role in 
shaping selenium (Se) status and selenoprotein (SeP) 
expression in mice, demonstrating its ability to 
sequester Se and limit host accessibility when Se 
levels are constrained39. Enriching the Lactobacillus 
plantarum strain with Se and Zn resulted in elevated 
blood Se levels and heightened antioxidant activity40. 
In rat studies, Se-enriched strains of Enterococcus 
faecium and Streptococcus thermophilus exhibited 
substantial potential to enhance Se absorption 
mechanisms, with SeCys prevailing in the liver and 
kidneys41. Administering Se-B. longum to rats 
demonstrated increased Se absorption and distribution 
into the pancreas compared to Na2SeO3 formulation, 
suggesting its potential for biotransforming inorganic 
Se into bioactive SePs and amino acids. While 

Table 2 — Impact of probiotics in mineral absorption 
Probiotic Mineral Type of the study Outcome of the study 

LaPreschool going childctobacillus salivarius 
(UCC 118) and Bifidobacterium infantis (UCC 35624)26 

Calcium In vivo Caco-2 cells Calcium transport is significantly increased. 

Lactobacillus and Bifidobacterium27 Calcium In vivo Rat Increase bone mineral density. 
L. paracasei and L. plantarum28 Calcium In vivo Mice Trabecular number was increased . 
L .plantarum29 Iron In vivo Rat Iron absorption increases 50 percent. 
L. acidophilus30 Iron In vivo Children Increase MCHC concentration. 
L .planterum31 Zinc In vivo Chicken Zn status significantly increased. 
L. rhamnosus32 Magnesium In vivo Rat model Improved Mg absorption. 
B. bifidum33 Magnesium In vivo Rat model Increased bio-availability of Mg 
B. amyloloquefacicus34 Potassium In vivo Pigs model Positive impacts on Na+/K+-ATPase enzyme 

activity,that ultimately help in K balance. 



INDIAN J EXP BIOL, JULY 2024 
 
 

478 

Na2SeO3 showed a rapid reach of maximum 
absorbable concentration, organic Se formulations 
(selenized yeast and Se-B. longum) displayed more 
efficient absorption, accumulating and retaining  
Se in the blood for a longer duration. Co-
administration of probiotics (Lactobacillus 
acidophilus, Bifidobacterium bifidum, and 
Bifidobacterium longum) with Se enhanced Se 
absorption in plasma for Alzheimer's patients, 
improving cognitive function42. Se-enriched 
probiotics, when incorporated into foods, not only 
facilitate digestion, absorption, and immunity but also 
serve as a rich organic Se source, meeting both 
nutritional and healthcare needs. Currently prevalent 
in the livestock industry, Se-enriched microorganisms 
aim to enhance meat product quality and offer organic 
Se conducive to human intestinal absorption43. 
 

Probiotics enhance zinc absorption, empowering the 
fortification with zinc 

Recent research indicates that specific probiotics 
may enhance zinc (Zn) absorption through diverse 
mechanisms44. Some studies propose that Zn 
absorption from the diet can be heightened by the 
expression of specific proteins involved in Zn 
transport across the intestinal wall. Additionally, other 
studies suggest that Zn absorption may be mediated 
by the production of short-chain fatty acids (SCFAs), 
which lower the gut's pH, enhance Zn solubility, and 
absorption. Notably, investigations into Zn-enriched 
probiotics have shown promising outcomes. For 
instance, research on Lactobacillus plantarum 
enriched with Zn demonstrated increased blood Zn 
levels and enhanced antioxidant activity. Other strains 
like, L. fermentum were found to biotransform 
inorganic Zn into its organic form, facilitating 
absorption in Wistar rats. These findings highlight the 
potential of Zn-enriched probiotics as functional 
foods, offering a promising strategy to address Zn 
deficiency and related health issues45. In a study 
conducted by Cai et al., zinc and selenium were given 
to rotavirus enteritis child patients along with 
Bifidobacterium triple variable capsule probiotics for 
three days46. Probiotic along with zinc and selenium, 
successfully treated the condition and restored the 
level of cardiac enzymes. 
 

Probiotics are emerging as facilitators for achieving optimal 
magnesium absorption 

The intricate relationship between magnesium 
(Mg) and probiotics is an area that warrants further 
exploration, with existing studies offering insights 

into potential mechanisms. Notably, the L. rhamnosus 
strain HN001 demonstrated an improvement in 
calcium (Ca) and Mg absorption in rats, enhancing 
bone density after 12 weeks of daily intake47. 
Probable action mechanisms include the production of 
short-chain fatty acids (SCFAs), which lower 
intestinal pH and increase mineral solubility. SCFAs 
may also stimulate enterocyte proliferation, 
expanding the absorption area in the rat's large 
intestine and facilitating Ca and Mg absorption48. 
Additionally, probiotics might enhance Mg absorption 
by improving intestinal motility, increasing the time 
Mg is in contact with the gut lining for efficient 
absorption. Probiotics could also contribute to 
reducing gut inflammation, enhancing overall 
intestinal health, and improving nutrient absorption. 
The transcellular and paracellular pathways involved 
in Mg absorption are potential targets for probiotic 
influence, with studies suggesting that probiotics may 
enhance the expression and activity of transport 
proteins involved in Mg absorption and regulate the 
tightness of tight junctions49. While specific strains 
like L. acidophilus and B. bifidum have shown 
promise in improving Mg absorption, individual 
differences in gut microbiota composition and overall 
gut health may influence outcomes. The synergistic 
effect of probiotics and Mg in addressing conditions 
like SSRI-resistant depression emphasizes the 
potential therapeutic role of probiotics in enhancing 
Mg absorption and promoting overall well-being50. 
Moreover, the administration of functional foods 
containing prebiotics, probiotics, or symbiotics has 
demonstrated positive impacts on Mg status in bone 
composition and bone mineral density. However, it's 
crucial to consider factors such as dosage and 
duration of probiotic supplementation, as excessive or 
deficient Mg intake may lead to disruptions in the gut 
microbiota and subsequent health issues51. Future 
research is needed to unravel the complexities of the 
probiotic-Mg interaction, specifying optimal strains, 
doses, and duration for therapeutic efficacy. 
 

Enhanced potassium absorption facilitated by probiotics 
Probiotics may play a role in potassium (K) 

absorption through diverse mechanisms, potentially 
influencing gut microbiota composition and 
improving gut health. One such mechanism involves 
the regulation of tight junctions between gut epithelial 
cells, facilitating the paracellular transport of K ions52. 
Studies exploring the relationship between probiotics 
and K absorption reveal varying outcomes. For 
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example, in lambs supplemented with Bacillus 
subtilis, the serum K concentration increased, 
correlating with improved growth performance. 
However, a double-blind study in chronic kidney 
disease patients with probiotic intervention showed 
minimal impact on K absorption. Other experiments 
with probiotic strains, such as Lactobacillus casei 
Shirota and Bacillus amyloliquefaciens, demonstrated 
enhanced serum K levels, possibly attributed to 
microbiota modulation and improved enzyme activity 
facilitating K absorption51,52. While probiotics, like 
Lactobacillus rhamnosus, showed increased K 
concentrations in certain dairy products, further 
research is essential to comprehend the precise 
mechanisms and validate the results for human 
applications. Despite promising evidence, optimizing 
probiotic use for K absorption requires more 
extensive investigation, considering individual gut 
microbiota differences and overall gut health53.  
 
Role of probiotics in Iron absorption 

Iron is an essential micronutrient for humans. Its 
amount totally depends on heme and non-heme iron in 
the diet, physiological needs, and bioavailability. 
Several reports suggested that probiotics enhance iron 
absorption in humans by lowering the pH, activating 
phytates. This organic acid can chelate iron, and which 
can increase iron absorption. Recent research suggested 
that probiotics produce siderophore which help in iron 
chelation and increase iron availability (Fig. 1). 
Siderophore is a low molecular weight compound with 
a high affinity for ferric iron. Structurally, they are a 
varied group of compounds and mainly secrete three 
types of siderophores carboxylate, catecholate, and 
hydroxamate, named according to their functional 
groups54. Siderophore bacteria transported iron with the 
help of the TonB-ExbB-ExbD protein complex55 and 
the ATP-binding cassette (ABC)transporter56. The most 

investigated probiotic microorganisms are 
Lactobacillus, Bifidobacterium, Enterococcus, and S. 
boulardii yeasts. An experimental study was conducted 
on the effect of multistrain probiotic supplementation 
on Fe metabolism in rats57. This study shows that 
multi-strain probiotic feeds rats have increased 
hemoglobin, serum iron concentration and related 
parameters that are also significantly higher than the 
control ones. Table 3 provides details on studies 
conducted on different probiotics and minerals, 
including dosage information. 
 

Factors influencing probiotic effects on mineral 
absorption 
 

Probiotic strain specificity in facilitating different mineral 
absorption 

Various probiotic strains interact with minerals in 
distinct ways, resulting in different impacts on 
mineral absorption. Certain probiotic strains might 
produce specific enzymes that improve the absorption 
of particular minerals, whereas others may not64. For 
instance, phytase, produced by certain lactic acid 
bacteria strains increases bioavailability of minerals 
including Ca, Mg, Zn by breaking down phytic acids. 
Phytic acid, found in grains and seeds can bind to 
these minerals and make them less available for 
absorption65. Moreover, it was found that certain 
probiotic strains exhibit distinct interactions with 
particular minerals. For example, siderophoric 
probiotic strains like L. plantarum, L. herbarum 
positively influence Fe absorption, while Se absorption 
can   be   enhanced   by   S. thermophilus,  E. faecium, 
B. longum. In addition, different probiotic strains can 
establish unique gut environments by modulating gut 
pH, producing metabolites, and competing with other 
microbes, which will impact mineral absorption. 
Therefore, it is important to select the right probiotic 
strain to maximize mineral absorption63,66.  
 

Table 3 — Dose and duration of co-supplementation of probiotics and minerals 
Mineral Probiotic Dose and Duration Study type 

Calcium58 Lactobacillus reuteri DSM 17934 
Lactobacillus casei CRL 431 

Calcium 440 mg/day 
Probiotics 5×108 CFU/day. 6 months 

In vivo 
(Children) 

Selenium59 Enterococcus faecium CCDM 922A 
Streptococcus thermophilus CCDM 144 

Selenium 0.183-0.445 mg/kg 
Probiotics 109CFU/g. 58 days 

In vivo 
(Rats) 

Zinc60 Bifidobacterium sp. Lactobacillus, Saccharomyces, 
Streptococcus and Enterococcus 

Zinc 50 mg/kg 
Probiotics 6×109CFU/g. 35 days 

In vivo 
(Japanese quail) 

Magnesium61 Lactobacillus rhamnosus (LGG®) 
Bifidobacterium animalis subsp. Lactis (BB-12®) 

Magnesium 125 mg/day 
Probiotics 1.8×1010CFU/cap. 9 wk 

In vivo 
(Adult human) 

Potassium62 Lactobacillus acidophilus Potassium 5 g/kg and 10 g/kg 
Probiotics 1.47×107CFU/kg. 84 days 

In vivo 
(Nile tilapia) 

Iron63 Lactobacillus plantarum 
Lactobacillus curvatus 

Iron 120 mg/kg 
Probiotics 5×109CFU/dose. 8 wk 

In vivo 
(Rats) 
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Dosage of probiotic strains 
Probiotics can adhere to the intestinal lining, 

compete with pathogenic bacteria for nutrients 
including minerals. However, the effectiveness of a 
probiotic strain in mineral absorption is dependent on 
the dosage of that probiotic strain. The ideal dose can 
change based on particular probiotic strains and 
individuals. While a higher dose of probiotics can 
inhibit pathogenic bacterial growth, influence gut 
mobility and transit time, and hence improve mineral 
absorption, a lower dose of probiotics reduces mineral 
absorption as certain metabolites like short chain fatty 
acids (SCFAs) are less produced. SCFAs facilitate 
mineral absorption by breaking down minerals into 
more soluble forms. The role of probiotic dosage on 
mineral absorption is not completely understood, and 
it depends on various factors like strain specificity, 
gut microbial composition, and type of minerals37,65.  
 

Probiotic administration timing 
The efficacy of mineral absorption also depends on 

the timing of probiotic administration. For instance, 
taking probiotics with meals, on an empty stomach, or 
alongside antibiotics yields different benefits with 
respect to mineral absorption. The presence of food 
may provide a favourable environment for probiotic 
strains to survive and thus enhance mineral 
absorption. Taking probiotics on an empty stomach or 
with antibiotics may not give similar results. In 
addition, mineral metabolism and absorption can be 
dependent on circadian rhythms, a 24 h biological 
clock governing various body functions67. 
 

Efficacy across unique individuals 
Individual differences, encompassing genetic 

factors, gut microbiota composition, and overall 
health status, contribute to the unique response to 
probiotics. Every individual has a unique gut 
microbiota that influences mineral absorption by a 
particular probiotic strain. Similarly, pre-existing 
genetic disorders, medication, and food habits also 
influence the metabolism and absorption of minerals. 
Moreover, recent studies revealed that nanoscale 
metal oxides induce Feton-like effects and oxidative 
stress, which may interfere with gut microbiota 
harmony and inhibit mineral absorption68.  
 
Conclusion 

The clinical significance of probiotics in mineral 
absorption lies in their potential to address mineral 
deficits and improve nutritional outcomes. Probiotics, 
through their enzymatic activities and modulation of the 

gut environment, enhance the bioavailability of essential 
minerals. This has implications for bone health, 
particularly in populations vulnerable to osteoporosis. 
Probiotics could play a supportive role in clinical 
settings where mineral supplementation is prescribed, 
potentially optimizing nutrient therapy effectiveness. 
Individuals with gastrointestinal disorders affecting 
nutrient absorption may benefit from probiotics due to 
their ability to modulate the gut microbiota and reduce 
inflammation. Tailoring probiotic interventions to 
individual needs and characteristics is crucial. However, 
standardized protocols, guidelines, and further research 
are essential to fully harnessing the therapeutic potential 
of probiotics in preventing and treating mineral 
deficiencies across diverse populations. This 
comprehensive review underscores the pivotal role of 
essential minerals, including Ca, Se, Zn, Mg and K, in 
maintaining human health. The intricate involvement of 
the gut microbiota (GM) in mineral absorption is 
thoroughly examined, shedding light on the 
indispensable contribution of these microorganisms. 
Furthermore, the study delves into the potential impact 
of probiotics, presenting promising avenues to enhance 
mineral absorption. Specific sections dedicated to 
individual minerals and their connection to probiotics 
offer valuable insights, suggesting the incorporation of 
these beneficial bacteria into our diets. The research 
significantly contributes to unraveling the intricate 
interplay among GM, probiotics, and mineral 
absorption, deepening our understanding of how these 
factors collectively influence human health and 
nutrition. These findings hold substantial promise for 
developing strategies to address mineral deficiencies and 
promote optimal nutritional outcomes, paving the way 
for future exploration and research in this dynamic field. 
Besides, fermented foods that contain multi-strain food 
grade microbes and bioavailable minerals could be a 
useful alternative approach for co-supplementation of 
both probiotics and minerals. The review encourages 
continued investigation into the nuanced mechanisms 
underlying mineral absorption and the potential of 
probiotics to positively influence overall health and 
vitality. 
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