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Abstract—Moringa oleifera, commonly known as the
drumstick tree or miracle tree, is widely recognized for
its exceptional nutritional and medicinal value. Among
its numerous nutritional components, calcium present in
moringa leaves has gained significant scientific and
pharmaceutical attention due to its potential role in
prevention and management of calcium deficiency
disorders. Calcium is an essential mineral required for
bone mineralization, neuromuscular function, blood
coagulation, enzyme regulation, and maintenance of
cellular homeostasis. Conventional calcium supplements
such as calcium carbonate and calcium citrate are
commonly prescribed; however, their long-term
administration is  frequently  associated  with
gastrointestinal side effects, poor patient compliance,
limited bioavailability, and increased treatment cost.
Moringa oleifera leaves represent a promising plant-
based alternative source of calcium because of their
remarkably high calcium concentration along with the
presence of synergistic nutrients including magnesium,
phosphorus, vitamin C, vitamin K, proteins, and
antioxidant phytochemicals. Scientific studies indicate
that dried moringa leaves contain significantly higher
calcium content compared to milk and many
conventional dietary sources. In addition to nutritional
superiority, moringa demonstrates anti-inflammatory,
antioxidant, and osteoprotective properties that may
support bone health and mineral metabolism.

The present review critically evaluates the nutritional
composition, calcium  bioavailability, absorption
mechanisms,  pharmaceutical  applications, and
therapeutic significance of Moringa oleifera leaves.
Special emphasis has been placed on the development of
herbal chewable calcium tablets to improve patient
compliance and accessibility. Factors affecting calcium
absorption including oxalates, phytates, vitamin D3,
piperine, and gastrointestinal pH have also been
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discussed. Comparative analysis with marketed synthetic
calcium supplements highlights the advantages of
moringa-based formulations in terms of affordability,
reduced adverse effects, nutritional synergy, and patient
acceptability.

Recent pharmaceutical investigations demonstrate that
moringa chewable tablets exhibit acceptable
pharmacotechnical characteristics including hardness,
friability, dissolution, palatability, and content
uniformity. Furthermore, incorporation of
bioavailability enhancers such as vitamin D3 and
piperine significantly improves calcium absorption from
plant-derived sources.

In conclusion, Moringa oleifera possesses substantial
potential as a sustainable, economical, and bioavailable
natural calcium source for development of nutraceutical
and pharmaceutical formulations. However, further
clinical investigations and large-scale studies are
necessary to establish standardized dosage regimens and
validate long-term therapeutic efficacy.

Index Terms—Moringa oleifera, Calcium bioavailability,
Herbal nutraceuticals, Chewable calcium tablets,
Osteoporosis, Plant-based calcium supplements.

. INTRODUCTION

Moringa oleifera, commonly referred to as the
drumstick tree or miracle tree, belongs to the family
Moringaceae and is extensively cultivated in tropical
and subtropical regions including India, Africa,
Southeast Asia, and South America. The plant has
been traditionally utilized in Ayurvedic and herbal
medicine because of its remarkable nutritional and
therapeutic properties. Almost every part of the plant
including leaves, flowers, roots, bark, pods, and seeds
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possesses medicinal significance; however, moringa
leaves are considered the most nutritionally valuable
component.

Moringa leaves contain a broad spectrum of nutrients
including proteins, vitamins, minerals, amino acids,
antioxidants, flavonoids, phenolic compounds, and
dietary fibers. Among these nutrients, calcium plays a
vital physiological role in bone mineralization, muscle
contraction, nerve impulse transmission, enzymatic
activity, and maintenance of skeletal integrity.
Calcium deficiency has emerged as a major global
public health concern affecting children, pregnant
women, post-menopausal women, and geriatric
populations.

The Recommended Dietary Allowance (RDA) for
calcium ranges from approximately 1000-1300
mg/day depending upon age, physiological condition,
and nutritional status. However, several nutritional
surveys indicate that a significant proportion of the
Indian population consumes inadequate dietary
calcium. Chronic calcium deficiency contributes to
disorders such as osteoporosis, osteomalacia, rickets,
muscle weakness, delayed skeletal development, and
increased fracture risk.

Traditionally, milk and dairy products are regarded as
primary dietary calcium sources because of their
relatively high absorption efficiency. Nevertheless,
increasing prevalence of lactose intolerance, dietary
restrictions, vegan lifestyles, milk allergies, and
economic limitations has stimulated scientific interest
toward alternative plant-based calcium sources. In this
context, Moringa oleifera leaves have emerged as a
promising natural calcium source because dried leaves
contain exceptionally high calcium concentrations
compared with several conventional food products.
Apart from calcium, moringa leaves contain
supportive  nutrients  including  magnesium,
phosphorus, vitamin C, vitamin K, and antioxidant
polyphenols that collectively contribute toward
improved bone metabolism and mineral utilization.
Moreover, anti-inflammatory and  antioxidant
activities of moringa may provide additional
osteoprotective benefits by reducing oxidative stress
and inhibiting bone resorption.

Despite these advantages, bioavailability of calcium
from plant sources remains an important scientific
consideration because anti-nutritional factors such as
phytates and oxalates may interfere with calcium
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absorption in the gastrointestinal tract. Therefore,
understanding calcium absorption mechanisms and
strategies for improving mineral bioavailability is
essential for successful pharmaceutical utilization of
moringa.

Recent pharmaceutical research has focused on
development of  moringa-based  nutraceutical
formulations, particularly herbal chewable calcium
tablets, to improve patient compliance, palatability,
convenience, and therapeutic effectiveness. The
present review critically evaluates calcium content,
nutritional significance, pharmaceutical applications,
and bioavailability aspects of Moringa oleifera leaves
with special emphasis on development of herbal
chewable calcium tablet formulations.

I1. GLOBAL BURDEN OF CALCIUM
DEFICIENCY

Calcium deficiency is among the most common
nutritional disorders worldwide and represents a major
public health challenge, particularly in developing
countries. Inadequate calcium intake adversely affects
skeletal health across all age groups and contributes
significantly to metabolic and musculoskeletal
disorders.

In children and adolescents, insufficient calcium
intake during growth periods leads to impaired bone
mineralization, delayed skeletal development, rickets,
and reduced peak bone mass. In adults, chronic
calcium deficiency is associated with osteomalacia,
neuromuscular dysfunction, muscle weakness, and
increased fracture susceptibility.

Post-menopausal women are particularly vulnerable to
calcium deficiency because estrogen decline
accelerates bone resorption and increases osteoporosis
risk. According to epidemiological studies,
osteoporosis-related fractures impose a considerable
economic and healthcare burden globally.

Although synthetic calcium supplements are widely
available, prolonged administration frequently
produces adverse effects including constipation,
bloating, nausea, gastric discomfort, and kidney stone
formation. High treatment costs and poor patient
adherence  further  limit  their  effectiveness.
Consequently, there is increasing demand for safer,
affordable, and nutritionally superior plant-derived
calcium supplements.
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1. NUTRITIONAL PROFILE OF MORINGA
OLEIFERA LEAVES

Moringa oleifera leaves are considered one of the
richest plant-based sources of essential nutrients. Their
high mineral density and diverse phytochemical
composition contribute significantly to nutritional and
therapeutic value.

Table 1: Nutritional Composition of Dried Moringa

Leaves
Nutrient Approximate Amount per 100 g
Calcium 2000 mg
Magnesium 368 mg
Phosphorus 204 mg
Vitamin C 220 mg
Vitamin K 108 mcg
Protein 2749
Potassium 1324 mg

The exceptionally high calcium concentration present
in moringa leaves makes them nutritionally superior to
many conventional calcium-rich foods including milk
and spinach.

Table 2: Comparative Calcium Content of Various
Sources

Source Calcium Content (mg/100 g)
Dried Moringa Leaves 2000 mg
Fresh Moringa Leaves 440 mg
Milk 120 mg
Spinach 99 mg

Absorbed calcium combines with phosphate ions to
form calcium phosphate, a major structural component
of bones.

Several factors influence calcium absorption from
Moringa oleifera leaves.

Enhancers of Calcium Absorption
Vitamin D3

Magnesium

Vitamin C

Piperine

Appropriate gastrointestinal pH

Inhibitors of Calcium Absorption

Oxalates

Phytates

Excess dietary fiber

Studies indicate that moringa demonstrates
approximately 27-35% calcium bioaccessibility under
simulated gastrointestinal conditions. Processing
techniques such as fermentation, drying, and thermal
treatment significantly reduce phytate and oxalate
concentrations,  thereby  improving  calcium
absorption.

Furthermore, incorporation of vitamin D3 and piperine
into moringa-based formulations enhances mineral
transport and intestinal permeability, resulting in
improved calcium uptake.

Table 3: Comparative Bioavailability Analysis

The presence of supportive nutrients such as
magnesium, vitamins, antioxidants, and proteins
further enhance the nutritional significance of moringa
leaves.

IV. BIOAVAILABILITY AND CALCIUM
ABSORPTION MECHANISM

Calcium bioavailability refers to the proportion of
dietary calcium that is absorbed and utilized by the
body. Although moringa leaves contain remarkably
high calcium concentrations, effectiveness of calcium
supplementation depends largely upon absorption
efficiency.

Physiologically, calcium exists in ionic form:
CaZ+
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Parameter Moringa Milk
Leaves

Calcium Very High Moderate

Content

Absorption Moderate High

Efficiency

Anti- Present Minimal

nutritional

Factors

Additional Extensive Limited

Nutrients

Lactose Absent Present

V. PHARMACEUTICAL APPLICATIONS OF
MORINGA OLEIFERA

Growing demand for herbal nutraceuticals and plant-
based supplements has accelerated pharmaceutical
interest in Moringa oleifera formulations. Moringa-
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derived products are currently utilized in capsules,
powders, syrups, fortified foods, functional beverages,
and nutraceutical supplements.

Among various dosage forms, herbal chewable
calcium tablets have emerged as a highly patient-
compliant formulation because of their convenience,
portability, palatability, and ease of administration.

Advantages of Herbal Chewable Calcium Tablets
Improved patient compliance

Suitable for pediatric and geriatric patients
Enhanced dissolution characteristics

Pleasant taste and mouthfeel

Elimination of water requirement

Reduced gastrointestinal discomfort

Wet granulation technique is commonly employed
during formulation of chewable tablets because it
improves powder flow properties, compressibility, and
content uniformity.

Table 4: Important Excipients Used in Herbal
Chewable Tablets

Excipient Function

Mannitol Sweetening agent and
chewable base

Sorbitol Bulking agent

Povidone K30 Binder

Magnesium Stearate | Lubricant

Piperine Bioavailability enhancer

Vitamin D3 Calcium absorption
enhancer

Scientific investigations demonstrate that moringa
chewable tablets exhibit acceptable hardness,
friability, dissolution profile, and palatability.

VI. COMPARISON WITH MARKETED
CALCIUM SUPPLEMENTS

The present calcium supplement market is
predominantly occupied by synthetic calcium
carbonate and calcium citrate formulations. However,
these products are frequently associated with
gastrointestinal  adverse effects, poor patient
adherence, and increased treatment costs.

Table 5: Comparative Analysis of Calcium
Supplements

Product Source Common Side Effects Approximate
Cost
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Shelcal 500 Synthetic Constipation High
Calcimax Synthetic Chalky taste High
Moringa Chewable Tablet Herbal Minimal Low

Compared with conventional supplements, moringa-
based formulations offer several advantages including:
Natural plant-derived calcium source

Improved nutrient synergy

Better patient acceptability

Reduced gastrointestinal side effects

Lower manufacturing cost

Sustainable raw material availability

VII. REVIEW AND DISCUSSION

The present review highlights the substantial
nutritional and pharmaceutical potential of Moringa
oleifera as a natural calcium source. Multiple scientific
studies confirm that moringa leaves contain
significantly higher calcium concentrations compared
with  milk and several commonly consumed
vegetables.

Unlike conventional calcium supplements that
primarily provide isolated calcium salts, moringa
offers a broad spectrum of supportive nutrients
including magnesium, vitamin C, vitamin K, proteins,
antioxidants, and anti-inflammatory phytochemicals
that collectively contribute toward bone health.

One of the major limitations associated with plant-
based calcium sources is reduced bioavailability due
to presence of phytates and oxalates. Nevertheless,
studies demonstrate that appropriate processing
methods such as fermentation and thermal treatment
significantly improve mineral absorption.

The pharmaceutical application of moringa in
development of chewable calcium tablets represents
an innovative advancement in herbal nutraceutical
formulation. Chewable dosage forms improve patient
compliance and overcome difficulties associated with
swallowing conventional tablets, especially among
pediatric and geriatric populations.

In addition to therapeutic advantages, moringa-based
formulations provide significant economic and public
health benefits because of lower production cost and
reduced dependency on synthetic calcium sources.
Such formulations may therefore serve as sustainable
nutritional interventions in economically
disadvantaged populations.
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However, further clinical investigations are necessary
to establish standardized dosage regimens, long-term
safety, pharmacokinetic profiles, and therapeutic
efficacy of moringa-derived calcium supplements.

VIII. FUTURE SCOPE

Future research should focus on:

Clinical trials evaluating long-term calcium
bioavailability

Development of advanced moringa nutraceutical
formulations

Nanoformulation approaches for enhanced mineral
absorption

Evaluation of moringa in osteoporosis management
Pediatric and geriatric supplementation studies
Commercial scale-up and industrial process validation
The growing global demand for natural nutraceuticals
and herbal supplements provides substantial
opportunities for development of moringa-based
pharmaceutical products.

IX. CONCLUSION

Moringa oleifera leaves represent a highly promising
natural source of calcium with remarkable nutritional,
therapeutic, and pharmaceutical potential. The
exceptionally high calcium content of moringa,
combined with supportive nutrients such as
magnesium, vitamin C, vitamin K, proteins, and
antioxidant phytochemicals, provides significant
advantages over conventional calcium supplements.
Development of herbal chewable calcium tablets
utilizing moringa leaf powder offers an innovative
approach  for improving patient compliance,
affordability, and therapeutic effectiveness. Compared
with synthetic calcium formulations, moringa-based
supplements demonstrate reduced gastrointestinal
adverse effects, improved nutrient synergy, enhanced
patient acceptability, and lower production cost.
Although anti-nutritional factors may influence
calcium bioavailability, appropriate processing
techniques and incorporation of bioavailability
enhancers such as vitamin D3 and piperine
significantly improve calcium absorption.

From a public health perspective, moringa-derived
calcium supplements may contribute substantially
toward management of calcium deficiency disorders
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and osteoporosis, particularly in economically
disadvantaged populations.

In  conclusion, Moringa oleifera demonstrates
considerable potential as a sustainable, economical,
and pharmaceutically valuable natural calcium source.
Further clinical validation and formulation
optimization are required to establish standardized
therapeutic applications and support
commercialization of moringa-based nutraceutical
products.
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