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Abstract

Minerals, though required in small quantities, serve as the body’s silent orchestrators, governing everything from
enzymatic reactions to the very framework of our bones. These inorganic micronutrients act as molecular switches,
cofactors, and structural components, ensuring seamless physiological operations whether in transmitting nerve
impulses, maintaining heartbeat rhythm, or defending against oxidative stress. Yet, paradoxically, in an era of
abundant food supply, deficiencies in critical minerals like calcium, iron, magnesium, and zinc persist as a global
health paradox, silently undermining immunity, cognitive function, and metabolic health . Modern diets, skewed by
processed foods and agricultural depletion, alongside socio-economic disparities, have exacerbated these gaps,
driving a surge in reliance on supplements as a pragmatic remedy .

This dissertation bridges the science of mineral metabolism with practical intervention, dissecting the indispensable
roles of dietary minerals, their natural reservoirs, and the evolving landscape of supplementation. Beyond
theoretical exploration, it ventures into applied science by formulating a cost-effective, multimineral blend using
readily sourced ingredients—aimed at circumventing accessibility barriers. Merging rigorous literature synthesis
with hands-on formulation techniques, this work not only maps the "why" behind mineral necessity but also
demonstrates the "how" of creating equitable nutritional solutions. By harmonizing biochemistry with real-world
applicability, the study aspires to contribute a scalable blueprint for combating hidden hunger in diverse
populations.

1.Introduction

1.1. Minerals are inorganic nutrients vital for regulating bodily functions and facilitating metabolic processes.
They are categorized into two groups: macrominerals (such as calcium, phosphorus, and magnesium), needed in
larger amounts, and trace minerals (including zinc, iron, selenium, and copper), required in smaller quantities [8—
10]

1.2. Every mineral performs distinct biological roles. For example, calcium is essential for maintaining bone
integrity, facilitating blood coagulation, and enabling muscle contraction [11]. Iron plays a key role in oxygen
delivery through hemoglobin [12], whereas magnesium participates in more than 300 enzyme-driven processes,
particularly those involved in energy metabolism [13]. Zinc is crucial for proper immune function, tissue repair,
and genetic material synthesis [14].
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1.3. Insufficient mineral intake can cause various health complications, including anemia, bone weakening,
heart-related conditions, and cognitive impairments [15-17]. Worldwide, mineral deficiencies—particularly
prevalent in low-income regions—are primarily linked to inadequate nutrition, digestive ailments, and long-term
illnesses that impair nutrient uptake [18].

1.4. The rise of the nutraceutical and dietary supplement sector has sought to bridge these nutritional
deficiencies [19]. Mineral supplements have become increasingly favored owing to their ease of use, widespread
availability, and potential role in disease prevention [20,21]. Nevertheless, their effectiveness differs based on
factors like absorption rates, formulation types, and interactions between minerals [22,23].

1.5. Contemporary eating habits frequently fail to provide the variety and nutritional richness required for
adequate mineral consumption. Consequently, there has been growing attention toward nutritional supplementation,
especially multimineral products formulated to deliver a comprehensive spectrum of essential minerals. Marketed
as solutions for nutritional deficiencies, these supplements aim to promote overall wellness, particularly among
individuals with increased dietary requirements or restricted access to diverse food options.

1.6.  This study investigates the physiological significance of minerals by analyzing their dietary sources and
appraising the utility of multimineral supplements. Through an examination of these nutrients' biological functions,
natural origins, and the efficacy of supplemental forms, the research seeks to establish optimal strategies for
sustaining mineral balance in human health.

1.7. The major macrominerals - calcium, magnesium, phosphorus, sodium, potassium, sulfur, and chloride -
serve foundational biological functions. These elements are crucial for skeletal development, osmoregulation, and
neural transmission processes [1,3,23].

1.8.  Mineral deficiencies represent a significant worldwide health burden, with the World Health Organization
reporting approximately two billion individuals affected by insufficient micronutrient intake - particularly iron,
iodine, and zinc deficiencies [2,28].

1.9. Current nutritional patterns frequently fall short of meeting established mineral requirements, driving
increased reliance on fortified foods and dietary supplements to bridge nutritional gaps [14,28,62]. However,
improper supplementation practices carry significant risks, including:

1.10. 1.Potential mineral toxicities from excessive intake

1.11. 2.Disruption of nutrient absorption dynamics

1.12. 3.Imbalances in mineral ratio.

2. BODY OF PAPER
AIM AND OBJECTIVES
2.1. Aim

This study aims to investigate the fundamental roles of essential minerals in human physiology, analyze their
natural dietary sources, develop effective strategies to address deficiencies, and create a natural-source
multimineral capsule formulation using validated extraction and analytical evaluation methods, including
spectroscopic and titrimetric techniques for quality assurance.

The research will specifically: (1) examine the biochemical mechanisms of key minerals in metabolic and structural
functions, (2) evaluate plant- and animal-based food sources for their mineral content and bioavailability, (3)
develop an optimized supplement formulation combining traditional knowledge with modern nutraceutical science,

© 2025, ISJEM (All Rights Reserved) | www.isjem.com | Page?2



L

7N |
\‘j ISIEM ‘\*', International Scientific Journal of Engineering and Management (ISJEM) ISSN: 2583-6129
Yo/l Volume: 04 Issue: 05 | May - 2025 DOI: 10.55041/ISJEM03902

< Te An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

and (4) validate the product through standardized analytical protocols such as atomic absorption spectroscopy and
EDTA titration to ensure purity, potency, and stability.

2.2. Objectives And Plan Of Work
2.2.1. To study the classification and physiological roles of essential minerals.
. Categorize minerals into macrominerals and trace elements.

. Understand their biological importance in metabolism, bone health, enzymatic activity, immunity, and
antioxidant defense.

2.2.2. To identify and document the common dietary sources of key minerals.

° Explore natural sources rich in calcium, iron, magnesium, zinc, selenium, and iodine.

. Focus on both plant-based and animal-based foods, including indigenous and underutilized sources.
3.2.3. To assess the consequences of mineral deficiencies and excesses

. Review public health issues like iron-deficiency anemia, osteoporosis, goiter, and oxidative stress.
. Examine global prevalence and the impact of nutritional imbalances on vulnerable populations.
2.2.4. To review existing literature on mineral supplementation

. Evaluate the current trends, safety profiles, and bioavailability of marketed supplements.

. Understand regulatory and pharmacological aspects of mineral-based nutraceuticals.

2.2.5. To extract selected minerals from natural food sources using validated laboratory methods

. Employ dry ashing and wet digestion techniques for macrominerals and trace minerals respectively.
. Use standard analytical methods (AAS, titration, ICP-OES) to quantify mineral content.

2.2.6. To formulate a simple multimineral capsule using natural extracts.

. Develop a capsule incorporating calcium (e.g., eggshell), iron (e.g., spinach), magnesium (e.g., pumpkin
seeds), zinc (e.g., legumes), selenium (e.g., Brazil nuts), and iodine (e.g., seaweed).

. Select suitable excipients for capsule formulation.

2.2.7. To compare the effectiveness of different formulation trials.

. Document and compare 5 formulation trials with variations in mineral sources and concentrations.

. Analyze which formulation gives optimal stability, mineral content, and performance.

2.2.8. To discuss challenges in mineral fortification using natural sources.

° Address bioavailability concerns, stability, interaction between minerals, and extraction efficiency.

. Propose solutions for improved formulations with minimal processing and maximal nutritional retention.
2.2.9. To contribute to public health strategies for preventing mineral deficiencies.

. Suggest how natural multimineral supplements could support dietary interventions.
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. Advocate for affordable, sustainable, and accessible solutions in community health programs.

Dietary sources of Minerals

Minerals are inorganic nutrients that must be acquired through dietary sources since endogenous synthesis does not
occur in humans. Both plant-derived and animal-derived foods serve as primary reservoirs for these essential
elements. However, their physiological utilization - quantified as bioavailability - demonstrates significant
variability influenced by multiple factors including: (1) the chemical form present in food matrices, (2) concomitant
nutrient intake, and (3) host-specific absorptive capacity and metabolic status.

Plant-Based Sources

Plants obtain minerals from the soil, making fruits, vegetables, legumes, nuts, and whole grains valuable sources:
Leafy greens (e.g., spinach, kale): Rich in magnesium, calcium, and potassium.

Legumes (e.g., lentils, chickpeas, soybeans): Good sources of iron, zinc, magnesium, and phosphorus.

Nuts and seeds (e.g., almonds, chia seeds, sunflower seeds): Contain significant amounts of magnesium, selenium,
and zinc.

Whole grains (e.g., oats, brown rice, quinoa): Offer manganese, selenium, and iron.

However, certain plant compounds, such as phytates and oxalates, can bind minerals like calcium, iron, and zinc,
reducing their absorption.

. Animal-Based Sources:-
Animal-derived foods generally have higher bioavailability of minerals, especially iron and zinc:
Dairy products (e.g., milk, cheese, yogurt): High in calcium, phosphorus, and potassium.

Meat and poultry: Excellent sources of heme iron (more readily absorbed than non-heme iron from plants), zinc,
and phosphorus.

Seafood: Particularly rich in iodine (from sea fish and seaweed), selenium, and zinc. Shellfish like oysters are
among the highest natural sources of zinc.

Eggs: Provide small amounts of selenium, iodine, phosphorus, and iron.

Animal products tend to lack the inhibitors present in plant foods, making them more efficient mineral sources
overall.
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REQUIRED MATERIAL AND THEIR SOURCES FOR FORMULATION OF MULTI-MINERAL

TABLET/CAPSULE

MINERAL SOURCE PREPARATION

Calcium Eggshells or Oestershells (calcium | Clean and sterilize
carbonate), dairy products eggshells,oestershells grind them

into a fine powder.

Magnesium Epsom salt (magnesium sulfate), | Use food-grade magnesium citrate or
magnesium  citrate, magnesium | magnesium oxide.
oxide

Iron Molasses, spinach, iron supplements | Use food-grade iron supplements or
(ferrous sulfate) concentrate iron-rich foods.

Zinc Zinc supplements (zinc gluconate or | Zinc supplements (zinc gluconate or
zinc citrate) zinc citrate)

lodine Seaweed, iodized salt Use iodize salt

EXTRACTION OF MINERALS

Dry Ashing Method (For Macrominerals like Calcium, Magnesium, Iron, etc.)

1. Drying: The sample material (e.g., spinach, eggshells) is dried in a hot-air oven at ~60-105°C to remove

moisture content [58].

2. Grinding: The dried material is finely ground using a mortar-pestle or grinder to increase surface area for

ash formation [59].

3. Ashing: The ground material is placed in a muffle furnace at 500-550°C for 4-6 hours, during which all
organic matter combusts, leaving behind inorganic mineral ash [60,61].

4, Acid Dissolution: The resulting ash is dissolved in dilute hydrochloric acid (HCI) or nitric acid (HNOs) to

solubilize the mineral content [61,62].

5. Filtration: The acid solution is filtered to remove particulates, leaving a clear solution containing soluble

mineral ions [61].

6. Quantification: The mineral concentration is analyzed using methods such as Atomic Absorption
Spectroscopy (AAS) or complexometric titration (e.g., EDTA method for calcium and magnesium) [63,64].
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MULTIMINERAL FORMULATION

TRAIL TRAIL 1 TRAIL 2 TRAIL 3 TRAIL 4 TRAILS5
CHEMICAL CALCIUM Calcium CALCIUM IRON 4mg CALCIUM 150mg
COMPOSITIO | 100mg 150MG 150mg
N
IRON 2mg IRON 5MG MAGNESIUM ZINC 5mg IRON
50mg 4mg,MAGNESIU
M 40mg
MAGNESIU | ZINC 2MG SELENIUM IODINE 75ug | ZINC 7mg,
M 50MG 55ug selenium 50ug
IODINE 120mg
Encap Method MANUAL MANUAL MANUAL MANUAL MANUAL
Result FAILED PARTIALLY SUCCESSFUL SUCCESSFU | FAILED
SUCCESSFUL L
L
Discussion REASON OF | PARTIALY REASON REASON OF | REASON OF FAIL
FAIL SUCCESSFUL | OFSUCCESSFU | SUCCESSFU
L L 1.Poor blend
1.Poor powder | 1. Good mineral uniformity
flow due to | levels 1.Homogeneous 1.Consistent . .
. . 2.Density variation
spinach  and blend iodine release
2. Eggshell among powders
almond . . . .
calcium stable 2.Dried Brazil nut | 2. Compatible 3 Fill ioht
2. Weight extract stable flow - ! welg
variation inconsistent
3. Good capsule | 3.No
uniformity segregation
Tests

1..Weight variation test :

Ensures each unit has consistent weight.

2. Disintegration Test:

Measures how long it takes for the tablet or capsule to break down in the digestive system.

Standard time: <30 minutes for most oral tablets/capsules (USP limit).

.3. pH of Solution (Optional):

Tests how the supplement behaves in gastric conditions.
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CONCLUSION

In this thesis, we have explored the importance of minerals in human physiology, focusing on their essential roles
in maintaining health, supporting metabolic functions, and preventing deficiency-related diseases. The body
requires a wide range of minerals, such as calcium, magnesium, zinc, iron, and selenium, to function properly.
These minerals are vital for processes like bone health, nerve transmission, immune function, and oxygen transport.

We have also examined the dietary sources of these minerals, noting the advantages and challenges associated with
obtaining sufficient quantities from food alone. While a balanced diet rich in fruits, vegetables, dairy, meat, and
seafood can provide most of the necessary minerals, modern dietary habits, food processing, and soil depletion can
limit mineral intake. Additionally, certain populations, including the elderly, pregnant women, and individuals with
dietary restrictions, may struggle to meet their mineral needs through food alone.

Multimineral formulations have emerged as an effective solution for addressing mineral deficiencies and
maintaining overall health. These supplements offer the advantage of convenience, precise mineral dosing, and
enhanced bioavailability. However, they are not without limitations, such as the potential for over-supplementation,
mineral imbalances, and toxicity when used improperly.

Therefore, it is crucial that multimineral supplements be used in accordance with recommended guidelines and
under professional supervision.

Through comparative evaluation, we have shown that dietary sources remain the best option for obtaining minerals
in their most natural and bioavailable form. However, multimineral supplements provide an effective alternative or
complement, particularly for individuals with specific health conditions, dietary restrictions, or increased
nutritional needs.

Ultimately, the best approach to mineral intake combines a healthy, varied diet with targeted supplementation when
necessary. Maintaining adequate mineral levels is not only essential for preventing deficiencies but also for
promoting long-term health and well-being.
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