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Abstract Moringa oleifera and Spirulina platensis are
well known for their nutritional and medicinal properties.
Moringa, often referred to as the "drumstick tree," is prized
for having a high vitamin, mineral, and antioxidant content.
Spirulina, a type of blue-green algae, is well-known for
having plenty of protein and numerous essential amino
acids. Current studies examine how integrating these two
superfoods can improve their synergistic effects and
overall health benefits. Numerous bioactive substances,
including glucosinolates, phenolic acids, flavonoids, and
vitamins A, C, and E, are found in Moringa oleifera. The
main components of Spirulina platensis are protein,
phycocyanin, essential fatty acids, and a variety of
vitamins and minerals, such as iron and B12. Spirulina
platensis and Moringa oleifera are extracted using solvent
extraction, cold pressing, and spray drying techniques.
Both the phytoconstituents of the Moringa and Spirulina
extracts are identified and quantified using sophisticated
analytical techniques like HPLC, GC-MS, TLC, and so on.
These methods provide insight into the combined extracts'
chemical composition and potential health benefits. The
synergistic effects of Moringa oleifera and Spirulina
platensis are promising, enhancing antioxidant activity,
anti-inflammatory responses, and overall nutritional value;
studies have suggested that the combined intake of these
superfoods can lead to improved metabolic functions,
enhanced defense mechanisms, and greater control of

chronic conditions. Several commercial products, such as
dietary supplements, energy bars, and powders, are
promoted for their supposed health benefits, such as
boosted energy levels, better digestion, and overall
wellness.

Keywords  Moringa oleifera, Spirulina platensis,
Microscopy, Extraction, Synergistic Effect, Marketed
Formulations

1. Introduction

Moringa oleifera

The plant Moringa oleifera, commonly referred to as the
"miracle tree," is regarded as significant in the herbal world
because of its many therapeutic uses [1]. It is also known as
the "horseradish tree" or the "drumstick tree." Malnutrition
can be effectively treated with Moringa oleifera, a member
of the Moringaceae family [2]. In conventional folk
medicine, it is a highly prized medicinal herb [3]. M.
oleifera is native to South Asia, primarily the Indian
Himalayan foothills, but it has also been cultivated in
Central America, Afghanistan, Bangladesh, Nepal, and Sri
Lanka [1]. The plant's entire body is edible and nutritious,
and it contains a variety of beneficial compounds that make
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it a valuable source of food during famines as well as
cleaning and medicinal materials for developing countries
[4]. Figure 1 illustrates the various Moringa oeifera plant
sections from which Phytomarkers can be separated and
extracted for therapeutic purposes.

Figure 1. Different parts of M. oleifera

The plant has historically been wused to treat
inflammation, cancer, heart disease, liver disease, wounds,
and pain. One special quality of moringa is that it can
withstand drafts. M. oleifera is the most affordable and
dependable substitute for a healthy diet [1]. African
traditional medicine holds great knowledge of this, which
was referenced in Chakra Shmhita 5000 years ago [3].

Spirulina platensis

Arthrospira (Spirulina) platensis is a symbiotic
microalga that floats freely and has filaments that are spiral
in shape. The term "blue-green algae" refers to it [5]. The
prokaryote, or blue-green microalga, is multicellular and a
member of the Phylum Cyanophyta, which is comprised of
cyanobacteria. Spirulina is one of the world's most
nutrient-dense foods when measured by weight or with
other foods [6]. It is a member of the Pseudonabaenaceae
or Spirulinaceae family. It was first categorized under the
kingdom of plants, then under the kingdom of bacteria.
Tropical and subtropical areas are home to spirulina's
natural growth on highly salted, alkaline water [5]. It has
garnered greater attention due to its high nutritional content,
highlighted by its 70% protein content and the presence of
vitamins, minerals, essential fatty acids, and amino acids
[7]. The diverse pharmacological properties, including
antioxidant, antidiabetic, antimicrobial, and antineoplastic,
are determined by the variety of biologically active
components [8]. A general idea of the appearance of
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Spirulina platensis is provided in Figure 2.

Figure 2. Arthropsira platensis algae

Combination of These Superfoods

The combined nutritional benefits and health advantages
of S. platensis and M. oleifera are noteworthy due to their
synergistic impact. Moringa is rich in vitamin C, vitamin A,
calcium, iron, and other minerals and antioxidants.
Meanwhile, Spirulina is known for its high protein content
and phycocyanin, an antioxidant found in "blue-green
algae." When consumed together, these superfoods may
enhance each other's benefits by offering a broader range
of nutrients and a more potent antioxidant effect. While the
high vitamin C content of Moringa can help boost the
absorption of iron from Spirulina, the amino acids and
protein from Spirulina promote the overall health of
muscles and tissues. Spirulina increases the nutritional
benefits of moringa. [9, 10].

1.1. Microscopic Characteristics

Moringa oleifera

Five newly harvested 4-month-old M. oleifera plants
were manually cut into cross-sections using a razor blade;
the cross-sections were subsequently stained with toluidine
blue (TBO), photographed, and examined under a 40
magnification utilizing a DS-Ri2 Eclipse FN1 Nikon
7-light microscope [4]. Figure 3 illustrates the microscopy
analysis of M. oleifera seed and powder, revealing the
presence of sclereids (a), parenchymatous cells with oil
globules and lignified thickenings (b), epidermis (e), oil
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globules (og), parenchyma (pa), palisade cells (pal), and
sclereids (scl).

Leaf

The microscopy of an M. oleifera leaf is shown in Figure
4, where A. represents a vertical section of the leaf through
the midrib; B. is an enlarged view of the leaf section; C.
represents a vertical section of the leaf lamina; D., E, and F
are leaf peels; G. represents a vertical section of the sepal;
and H. represents an enlarged view of the sepal [2].

Spirulina platensis

When observed under light microscopy, the blue-green,
non-heterocystous filaments display discernible transverse
cross-walls. Comprised of vegetative cells undergoing
binary fission in a singular plane, these filaments
demonstrate gliding motility as solitary, free-floating
entities. Encased by a delicate sheath, the trichomes
present slightly attenuated apices and distinct constrictions

at the cross-walls. The capitate and calyptrate apical cells
may exhibit either broad-rounded or pointed characteristics.
The trichomes show a range of widths between 6 and 12
pm (16 m), with their cylindrical cells being shorter than
their broad ones. The following formula yields the helix
pitch (h).

h=2nreota

where,

r = radius of the cylinder surface

a = angle formed by the helix and the cylinder
generatrices and represents the slope of the helix curve
(Pitch and Diameter vary from 12-72 pm and 30-70 pm
respectively) [11]. Figure 5 represents the microscopy of
Spirulina (Arthrospira) platensis. When observed under a
microscope, the trichomes of A. platensis consist of short,
wide cells with clearly visible cross-walls.
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Figure 3. Microscopy of Moringa oleifera seed.
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Figure 5. Microscopy of S. platensis

2. Geographical Indication, Cultivation
and Collection

2.1. Moringa oleifera

India produces 1.1 to 1.3 million tons of Moringa
oleifera fruits (pods) annually from an area of 38,000 ha,
making it the world's largest producer. Moringa is a tiny,
fragile, rapidly expanding perennial shrub or plant that can
reach heights of 9 to 15 meters. It has an open
canopy-shaped crown. Typically, seedlings grown in
nurseries or directly sown in the field are used to plant M.
oleifera seeds. The most significant environmental factor
influencing plant growth is temperature, which also
determines M. oleifera’s natural habitat, biology, yield, and
trees and shrubs' performance. Furthermore, it has been
underlined that M. oleifera grows best in tropical and
subtropical climates with warm months and moderate
winters. Colder temperatures (under 15°C) cause a
decreased rate of fruit ripening during the flowering stage,
whereas temperatures within 30-35°C encourage fruit
development. During the summer months, M. oleifera
leaves shed, and during the rainy season, new leaf growth
begins, fruiting of M. oleifera. Azospirillum inoculum
applied beforehand to 6 kg of seeds from Moringa at a rate
of 100 gm/kg of seeds boosted germination as well as yield
and development. For M. oleifera, harvesting is possible.
When the stem rises approximately 0.5 meters before the
soil's surface and is still lightly textured. Thirteen species,
belonging to the single genus Moringaceae, are found in
the Indian subcontinent (M. oleifera and M. concanensis),
Kenya (M. longituba and M. rivae), northeastern and

southwestern Africa (M. stenopetala), Arabia, Madagascar
(M. drouhardii and M. hildebrandtii), and other places
[12,13].

2.2. Spirulina platensis

Using two different methods, cultivations were
conducted to see if they would have an impact on the
biomass's biochemical content and harvesting efficiency:

A. semi-continuous within a spacious raceway pond
(300 L) via rotating cutting-edge motion (0.35 m. s™!) and
an effective amount of 180 L.

B. batch in 5-liter transparent solid plastic bottles with
compressors providing aeration through air injection.
Transparent film was used to create a greenhouse with a
temperature range of 20 to 30 degrees Celsius and natural
light for lighting. Cultures were kept going till the
stationary growth phase, when cell density stabilizes and is
thought to be when Spirulina accumulates the most reserve
carbohydrates, when the medium's nutrients are running
low. Three weekly culture samples were taken to measure
pH using potentiometry and microalgal biomass amount
using a previously determined relationship between the dry
weight of the sample in triplicate and absorbance at 670 nm
[14].

3. Extraction Techniques

3.1. Extraction of Moringa

3.1.1. Maceration

Coarse or powdered plant parts were immersed in
chemicals at ambient temperature for at least 3 days while
being stirred frequently. Diffusion and osmosis are the
foundational concepts of the maceration process. Plant cell
walls become softer as a result of this process, which helps
release phytochemicals. Leaves of M. oleifera, powdered
and dried, were incubated at room temperature for 72 hours
with periodic shaking and 70% ethanol (1:40, w/v). The
extraction was completed by filtering the extract and then
extracting the marc once more with the same solvent and
method. The total phenolic content of 13.23 g extract and
the total amount of flavonoid of 6.20 g extract were the
highest with this maceration method producing the
Maximum extract yield (40.50%, w/w). To get a large
amount of total phenolic content using the maceration
technique, the extraction time must be extended. The
extraction efficiency can be improved to yield a high crude
extract yield by using the right type and strength of solvent
[15,16].

3.1.2. Soxhlet Extraction

Over a century has passed since Soxhlet extraction
became the accepted method for extraction. This protocol
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involves placing the ground matter into a thimble that is
stuffed with chemicals for extraction. Previously, dried
leaves were placed on a thimble and extracted with 70%
ethanol and a solvent ratio of 1:50, w/v, employing the
Soxhlet process for extracting crude Moringa oleifera.
Before it ran out, the extraction was completed five times.
The final step involves filtering the resulting extract, and
the filtered material is then dried at 50€ with reduced
pressure. In comparison to the maceration method, the
Soxhlet method yields a lower crude yield of 35.87% wi/w.
The total amount of flavonoid was 6.71 g and the total
phenolic content was 12.47 g, as determined by the Soxhlet
technique [16].

3.1.3. Microwave-Assisted Extraction (MAE)

Because of its potential, researchers are becoming
interested in a modern  technique  called
microwave-assisted extraction (MAE). The processes of
diffusion and convection are used to move the chemicals
from the substrate into the solvent. Phenolic compounds
are extracted from Moringa oleifera leaves by heating
them in a microwave oven set to 2.45 Hz and a wavelength
of 12.2 cm. Numerous factors were examined, including
temperature, duration, the ratio of sample to solvent, the
concentration of ethanol, and the power of the microwave.
The extract mixture was cooled following microwave
irradiation before filtering. Following the purification and
ideal lyophilization of the ethanolic extract to dryness, the
components' antioxidant and phenolic contents were
measured. Through 35% ethanol solvent, the ideal
conditions resulted in a total phenolic content of 16.5 mg of
dry M. oleifera leaves. Compared to conventional
techniques, MAE offers several benefits, such as faster
extraction rates, automated processes, and simultaneous
creation of multiple samples [17,18].

3.1.4. Ultrasound-Assisted Extraction (UAE)

Recently, bioactive substances from plants have been
extracted on an industrial and laboratory scale using
ultrasound-assisted extraction (UAE). The range of
ultrasound frequencies is 20-2000 kHz. Using ethanol and
water as solvents, the UAE has obtained a range of
bioactive compounds. The process of UAE is influenced
mechanically by vibration from ultrasound, which expands
the solvent-plant sample contact area. Cavities will
develop in the liquid due to the mechanical energy. When
energy is absorbed by bubbles, they expand and release
chemicals and increase the amount of the movement of
chemicals into plant cells, which leads to the dissolution of
biological cell walls. According to a study by
Rodriguez-Pé&ez, the UAE technique produced a higher
phenolic content than the maceration method when crude
Moringa oleifera botanical extracts were extracted via
twenty-five millilitres of solvents for 15 minutes at
ambient temperature. Like MAE, the UAE method has also
been successful in obtaining higher levels of flavonoid and
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phenolic content while using fewer solvents and a shorter
extraction time. Both small- and large-scale uses of
ultrasound-assisted extraction seem to be reasonably
priced [19].

3.2. Extraction of Spirulina

3.2.1. Phycocyanin Extraction

In a mixing tank, 1.5 L of 100 mM phosphate buffer (pH
7.0) was mixed with 15 g of plant material or residue,
based on the extraction process. As a result, the proportion
of the mixture (w/v) was 1:100. The resulting mixture was
centrifuged to eliminate cell traces to extract additional
compounds after being stirred for three to four hours at
room temperature. The crude extract was filtered using a
50 kDa molecular mass cut-off (MWCOQ) ultrafiltration
membrane (UF) and microfiltration membranes (MF) with
pore diameters of 1-0.2 mm. Following lyophilization,
phycocyanin powder fit for food was produced [20].

3.2.2. Lipid and Fatty Acids Extraction

Using dried biomass from the previous extraction, the
lipid was extracted three times using ethanol at 1:5 (w/v)
for 20 minutes at 60 degrees Celsius. The lipid solution and
residue were separated from the sample using
centrifugation. Crude lipid containing fatty acids was
obtained by a vacuum rotary evaporator, which eliminated
the solvent from the lipid solution. Following defatting and
depigmenting, the residue was allowed to dry at room
temperature before extracting polysaccharides [20].

3.2.3. Polysaccharide Extraction

For 120 minutes at 90°C, the polysaccharide was
obtained using a residue-to-water ratio of 1:45 (w/v). The
polysaccharide solution was extracted from the sample
using centrifugation. The crude extract was concentrated to
approximately one-fifth of its initial volume utilizing a
membrane with a MWCO of 30 kDa. After adding 2
volumes of ethanol, the mixture was left to sit at 4 degrees
Celsius for the entire night. After centrifugation, the
polysaccharide precipitate was taken out and lyophilized
for long-term storage [20].

4. Phytoconstituents of M. oleifera and
S. platensis

The Moringa oleifera plant contains several
phytochemical components in different parts of the plant.
These components are listed in Table 1. Spirulina platensis
has gained considerable recognition in various industries,
including food, medicine, pharmaceuticals, and
aquaculture, due to its diverse class of phytoconstituents.
All the phytoconstituents of Spirulina platensis are
mentioned in Table 2.
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Table 1. List of all Constituents present in Moringa oleifera

PLANT PART EXTRACT PHYTOCONSTITUENTS REFERENCE

Leaves Aqueous & Alcoholic Minerals [12,21]

Sodium (0.1%)
Phosphorous (0.3%)
Magnesium (0.5%)

Sulphur (0.6%)

Potassium (1.5%)

Calcium (3.6%)

Copper (8.25%)
Zinc (31.03 mg/kg),

Manganese (86.8 pg/kg)
Ferrous (490 pg/kg)

Bioactive Compounds

Quercetin 312 mg/100g
Beta carotene 56 mg/100g

Seeds Aqueous & Hydroalcoholic Palmitic Acid (0.17%) [12]
g-Linolenic Acid (0.20%)
a-Linolenic Acid (44%)
Vitamin E (77mg/100g)
B-carotene (18.5mg/100g)

Stem Moringinine [10]

Moringine

Pods Hydroalcoholic Nitriles

Isoscynates

B- sitosterol
Glucose

L-rhamnose

Flowers Galactose
Glucuronic acid
Tocopherols
Kaemoherol

Ispquarcetin

Bark Alcoholic Alkaloids (Moringinine, Moringine) [1]
Vanillin

B- sitosterol

Root Benzylglucosinolate

Aurantiamide Acetate 1,3 dibenzyl urea
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Table 2. List of all Constituents present in Spirulina platensis

PHYTOCONSTITUENTS DIFFERENT COMPONENTS PRESENT IN PHYTOCONSTITUENTS REFERENCES

Proteins (60-70%) Amount in % [24]

Albumin (51.5%)
Globulins (2.4%)
Prolamins (46.1%)

Carbohydrates (16-20%) Amount per 100g Dry Weight [22]

Galactose (3g)
Xylose (7g)
Mannose (9g)
Rhamnose (22g)
Glucose (54g)

Minerals (6-9%) Amount present in mg/100g Dry Weight

Calcium (60-700)
Iron (25-100)
Magnesium (200-400)
Potassium (200-1830)
Phosphorus (700-1000)
Sodium (700-1090)

Phytopigments Amount present in mg/100g [23]

Total carotenoids (400-650)
B-carotenoids (150-250)
Xanthophylls (250-470)
Chlorophyll (1300-1700)

Phycocyanin (15000-19000)

Vitamins (mg/100g) Amount present in mg/100g

Thiamine (0.15-0.30)
Riboflavin (4.0-7.0)
Niacin (10-25)
Pyridoxine (0.5-1.5)
Vitamin B12 (0.1-0.3)4
Inositol (70-90)
Vitamin K (0.9-1.05)

Amino acids Amount per 100g Dry Weight [22]

Alanine (4-5)
Arginine (3-5)
Aspartic acid (1.5-5.9)
Glutamic acid (6-9)
Serine (2.7-4.5)
Isoleucine (3-4)
Lysine (3-6)
Phenylalanine (2.5-3.5)

Fatty acid Amount in % [23]

Pentadecanoic acid (1.26-3.16)
Palmitic acid (18-46)
Linoleic acid (16-17)

y-Linoleic acid (8.8-21.73)
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5. Analytical Techniques

To guarantee the high standards of pharmaceutical
formulations as well as bulk drugs, pharmaceutical
analysis is essential. The need for novel methods of
analysis is rising as the pharmaceutical sector expands
quickly on a global scale. As a result, an essential
component of pharmaceutical analysis is now the
advancement of analytical techniques. Technological
developments in analytical methods and instruments have
resulted in shorter analysis times, higher precision as well
as accuracy, and lower analysis expenses. These
approaches to analysis are developed and validated for a
range of constituents, such as drug products, corresponding
substances, excipients, pharmaceutical active ingredients
(API), degradation products, and residual solvents.
Utilizing a variety of chromatographic techniques and
methods of detection, bioactive compounds identified in
plant extracts are isolated, recognized, and subsequently
examined. Plants are valued in the P’ Industry due to their
wide range of pharmacological activities and distinct
structures. The bioactive substances found in plants,
known as phytochemicals, can be identified in a variety of
plant parts, such as leaves, roots, bark, seeds, flowers, and
pulps. These substances can be used to render medicinal
plants. Because they are abundant sources of molecules
that are bioactive, plants highlight the value of extracting
these molecules and estimating their quality and quantity in
the search for novel biomolecules. Detection techniques
like FTIR, NMR, and MS can be used in conjunction with
extraction processes like HPLC, TLC, HPTLC, and Over
Pressured Layer Chromatography (OPLC) [25,26].

5.1. Thin-Layer Chromatography (TLC)

In pharmaceutical evaluation, thin-layer
chromatography (TLC) is a widely applicable method of
analysis that is economical and time-efficient. Its unique
value is found in its ability to identify impurities in
compounds and its capacity as a preliminary analytical

technique used before HPLC. The simple technique of
TLC requires little preparation of the sample and makes it
easier to separate similar compounds in a mixture. The
TLC data for Moringa and Spirulina are presented in Table
3 [25].

5.2. Reversed-Phase High-Performance Liquid
Chromatography (RP-HPLC)

RP-HPLC methods are used to separate constituents
from a mixture according to attributes like size, shape,
charge, along with water solubility. These methods comply
with the fundamentals of Liquid Chromatography. A
hydrophobic substance makes up the stationary phase of
RP-HPLC, while an organic and polar solvent, each being
organic, makes up the mobile phase. The motion of the
phase determines the difference between the results. As an
outcome, the development of an effective RP-HPLC
process requires the optimization of several parameters,
such as gradient elution profile, flow rate, column type, and
temperature. The details of the Moringa & Spirulina via
HPLC and RP-HPLC analysis are shown in Table 4 [25].

5.3. High-Performance Thin-Layer Chromatography
(HPTLC)

A highly sophisticated and computerized variation of
thin-layer chromatography (TLC) that offers noticeably
superior separation performance and lower detection limits
is referred to as Thin-Layer Chromatography with High
Performance. It is also known as High-Pressure
Thin-Layer Chromatography (HPTLC). HPTLC is
frequently utilized to analyze biological compounds and
phytochemicals, measure the active ingredients and dosage
of herbal medicines, identify adulterants, and fingerprint
formulations. It is also very helpful for finding chemicals
that are relevant to forensics. All specific information
about the different sources, stationary phase, and many
others for Moringa & Spirulina using HPTLC analysis is
mentioned in Table 5 [25].

Table 3. TLC Method for Moringa oleifera & Spirulina platensis

Sr. No. Source Stationary Phase Mobile Phase Detection Retardation Factor (Ry) References
1. Moringa oleifera Silica Ethyl acetate: Formic 340nm 0.51 (Cryptoclorogenic acid) [26]
Gel 60 GFys acid: Acetic acid: Water 0.62 (Isoquercetin)
(34:3.5:1.5:7 vIv/IvIv) 0.72 (Astragalian)
2. Moringa oleifera Chloroform: Methanol: 254nm 0.90 (Ether extract) [27]
Water (7:3:1 v/v/v) 366nm 0.87 (Benzene extract)
0.90 (Ethyl acetate extract)
0.91 (Ethanolic extract)
3. Spirulina platensis Petroleum ether: 440nm 0.94 (B-carotenoid) [28]
Acetone (75:25 v/v)
4. Spirulina maxima Sil G/UVass n-hexane: acetone 254nm 0.77 (B-carotenoid) [29]
(75:25 v/v) 365nm 0.39 (Chlorophyll B)
0.27 (Chlorophyll A)
5. Spirulina platensis | Analytical grade Petroleum ether: 0.05mM DPPH 0.99 (B-carotenoid) [30]
TLC (10x 20cm) Acetone (75:25 v/v)
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Table 4. HPLC Method for Moringa oleifera & Spirulina platensis

Sr. No. Source Stationary Phase Mobile Phase Detection Retention time (R¢) References
1. Leaves of CLC-ODS C18 column, Aqua acetic acid: 280nm 3.3 min. (Quercetin) [31]
Moringa oleifera (25%4.6mm, Spm Acetonitrile (94:6 1.80 min. (Kaempferol)
dimensions) v/v)
2. Leaves, pods, and Zorbex eclips C18 (A) 0.1% Formic 350nm 6.5 min. (Chlorogenic acid) [32]
bark of Moringa | (250mmx=4.6mm, Spm) acid: Water 16 min. (Rutin)
lei .
oleifera (B) 0.1% Formic 20 min. (Astragalin)
acid: Acetonitrile
3. Leaves, flowers, Exil ODS column Methanol: 208nm 9.17 min. (y- Tocopherol) [33]
and fresh beans of (25cmx0.4cm, Spm Acetonitrile (20:80 10.52 min. (o Tocopherol)
Moringa oleifera particle size) v/v)
4. Moringa oleifera | C-18 RP, (150x4.6mm, 20-70% methanol 270nm 4.53 min. (Gallic acid) [34]
leaves 3.5um) 352nm 15.52 min. (Chlorogenic
acid)
46.93 min. (Luteolin)
S. Moringa oleifera C18 (250mmx4.6mm) Methanol: Water 370nm 3.3 min. (Quercetin) [35]
leaves (90:10 v/v)
6. Spirulina Novopack C18 column, |(A) Methanol: 0.1 N 440nm 33 min. (B-carotenoid) [28]
platensis (150%3.9mm, 4um particle | Ammonium acetate
size) (7:3 v/v)
7. Spirulina C-18 column, 2-propanol: 546nm 35min. (Methylcobalamin) [36]
platensis strain (300x4.6mm, 10um) Ammonium 361nm
hydroxide (28%):
Water (7:1:2 v/v/v)
8. Spirulina Stainless steel column Acetonitrile: 436nm 6.5 min. (Lutein) [37]
platensis (30cm*3.9mm, 10pm) Methanol: Ethyl 7.2 min. (Zeaxanthin)
acetate (88:10:2 .
VIVIV) 8.3 min. (Lycopene)
13.0 min. (B-carotenoid)
Table 5. HPTLC Method for Moringa oleifera & Spirulina platensis
Sr. No. Source Stationary Phase Mobile Phase Detection Retardation Factor (Ry) | References
1. Moringa Oleifera Silica gel 60F,s4 Toluene: Ethyl acetate: 254nm 0.99 (B-carotenoid) [38]
plant (5%10cm) Methanol (7:2:1 v/v/v) 366nmn
2. Fresh pod of Pre-coated Silica gel | Toluene: ethyl acetate: 282nm 0.41 (Gallic acid) [39]
moringa oleifera 60F,s54 (20x10cm) | formic acid (14:10:1 v/v/v) 0.45 (Quercetin)
0.52 (Kaempferol)
4. Moringa oleifera Silica gel Fasq Toluene: Ethyl acetate: 290nm 0.56 (Quercetin) [40]
leaves Formic acid: Methanol 0.36 (chlorogenic acid)
(5:4:1:0.5 v/vIv)
5. Spirulina platensis Silica gel 60Fs4 Petroleum ether: Acetone 450nm 0.86 (B-carotenoid) [41]
(20x10cm) (75:25 v/v)
6. Fresh culture of Silica gel 60F,5; | Hexane: Acetone (6:4 v/v) 235nm 0.54 (Gama linolic acid) [42]

spirulina platensis
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6. Synergistic Effects of Moringa
oleifera and Spirulina platensis

By combining the two superfoods, the resulting blend
optimizes the special advantages of each, such as improved
nutrient absorption, anti-inflammatory qualities, boosted
immune system performance, and effective body
detoxification.

6.1. Enhanced Nutrient Delivery

Spirulina constitutes a potent source of protein, B
vitamins, and essential fatty acids, while moringa exhibits
high concentrations of vitamins A, C, and E, along with
minerals like calcium, potassium, and iron. Collectively,
their combined nutritional profile offers a diverse array of
essential nutrients that contribute to overall well-being
[43,44].

6.2. Complementary Antioxidant Effects

Moringa and spirulina both have potent antioxidant
properties. The body's defenses against oxidative stress and
inflammation are bolstered when the antioxidants from
moringa, such as quercetin and chlorogenic acid, are
combined with the phycocyanin present in spirulina
[43,45].

6.3. Anti-Inflammatory Benefits

The potential for enhanced anti-inflammatory effects
exists ~when combining moringa, which has
anti-inflammatory compounds like isothiocyanates and
flavonoids, with spirulina, which has C-phycocyanin,
which inhibits  pro-inflammatory  cytokines.  This
combination may help to manage chronic inflammation
better [46,47].

6.4. Immunity Boost

Vitamins A and C are abundant in moringa, which is
known to be beneficial for boosting immunity. Spirulina
also has high concentrations of vitamins, including B12,
and essential amino acids, both of which are believed to
support immune function. These two elements function in
concert when combined, possibly strengthening the
immune system's resilience and efficacy [48,49].

6.5. Energy and Metabolism

Essential nutrients that promote energy metabolism and
general vitality are provided by moringa. A Spirulina Rich
in essential fatty acids and protein, it enhances physical
performance and maintains long-term energy levels. The
mixture supports healthy metabolism and balanced energy
levels [50,51].

6.6. Detoxification

Spirulina and moringa both have detoxifying qualities.
Spirulina assists in eliminating heavy metals and toxins
from the body, while moringa promotes liver health and
aids in detoxification. When combined, they can strengthen
the body's inherent detoxification mechanisms [52,53].

6.7. Digestive Health

The fiber in moringa facilitates digestion, and the
probiotic-like properties of spirulina promote gut health.
Their complementary advantages can support overall
health by fostering a more digestive system and providing
a well-rounded nutritional boost [54,55].

6.8. Blood Sugar Regulation

Spirulina can increase insulin sensitivity, and studies on
the effects of moringa on blood sugar levels have been
demonstrated. When combined, they could aid in more
effective blood sugar regulation [56,57].

6.9. Skin Health

When paired with the antioxidants found in spirulina, the
high vitamin A and C content of moringa can help restore
skin health and minimize aging signs [58].

6.10. Mental Health

Moringa's neuroprotective qualities promote brain
health, while spirulina may aid in mood regulation and
cognitive function. Combining them might improve mental
health in general [59].

6.11. Heart Health

Both are beneficial to cardiovascular health; whereas
spirulina can assist with lowering blood pressure, moringa
can help lower cholesterol levels. When taken as a whole,
they can improve heart health [60].

7. Marketed Products

Combination products containing Spirulina platensis
and Moringa oleifera combine the advantages of these two
superfoods, which are complementary. These products,
usually sold as dietary supplements, are designed to offer
various nutrients in one formulation. These combo
supplements are convenient to take daily because they are
typically offered in powdered form, capsule, or tablet form.
They are frequently promoted for their ability to boost
immunity, increase energy levels, and offer a variety of
vital nutrients. The intention is to create a product that
offers a well-rounded and potent nutritional boost by
combining the benefits of both Spirulina and Moringa.
Table 6 includes all the details of marketed formulation.
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Table 6. Marketed Formulations of M. oleifera and S. platensis

SR. NO. PRODUCT DETAILS
1. Type of Formulation Masque
Brand Name Seer Secrets [Green Intense Repair Masque]
Manufactured By Sage Apothecary
Dose -
Price 490/- [40g]
Seer Seordts . .
WhimstgrannSpsroting s Modings Use Promote Healthy & GloWlng Skn"x, fight acne,
Green Intense Repair Masque Slow down the Aging of skin cells
Brighten . Decongest . Hydrate
2. § Type of Formulation Powder
£ i o . Brand Name Essential Living Foods [Organic Moringa &
0 n e ,. Spirulina Antioxidant + Protein]
=essential living
¥ fooops 3 Manufactured By Terrafertil US, LLC
: Dose -
O R G A N I C Price 3,627/- [170.1 gram]
M[] RI NGA & SP I HU“ NA Use Boost Energy, Promote recovery, Detoxification
ANTIOXIDANT + PROTEIN
74 "l
o MINIMAL LY PROCESSED
A‘_&(@ ESSENTIAL AMINO ACIDS
> #
NET WE B 0L (170¢
3. Type of Formulation Tablet
Brand Name SAPTAMVEDA [Organic Super Greens Tablets]
Manufactured By EVEREST PHARMA
I [ Dose 2 Tablets Twice a Day Before Meal
= RGANIC :
SUPERGREENS QGREENS J Price 1298/- [120 Tablets]
L L Use Food for Heart, Immunity Booster, Source of
Natural multivitamins, Improves Brain Function,
Effective Against Anemia
4. Type of Formulation Capsule

B NOT
<% 15.},4,
]V £

S %
o 2,
S ® =

EARTHFUL.
|

Women
Multivitamin 18+

SOURCED FROM
Curry loaf, Basil, Amla, Guava,

Mustard, , Chickpea, Moringa,
Lemon, Sunflower, Spirulina

60 PLANT cAPSULES
(o]
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Brand Name EARTHFUL [Women Multivitamin 18+]
Manufactured By Kenzen Ventures Pvt. Ltd.
Dose 2 Capsules Daily after 30 min. of meal
Price 699/- [60 Capsules]
Use For Hair, Skin, Immunity, Improve Bone Health,

Hormonal Balance
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Table 6 continued

5. ———

Type of Formulation

Effervescent Tablets

500 mg
WITH VITAMINS & GREENS
NO ADDED SUGAR

(7))
Z
w
w
o
O
2 4
w
Q
>
"))

CENERAL WELLBEIN(

- — Brand Name Pure Nutrition
E Manufactured By Herbs Nutriproducts Pvt Ltd
Pure’ Dose 1 Tablet after Dinner
nltrition Price 499/- [15 Tablets]
Use Aids in gut health, Provides a range of

vitamins and minerals for overall health,
Delivers Anti-Aging benefits, Boosts
metabolism, Supports immune function

8. Conclusions

In summary, the review of Moringa oleifera and
Spirulina platensis shows that when used together, they
have great potential. Both superfoods are packed with
important nutrients and bioactive compounds. Moringa is
rich in vitamins, minerals, and antioxidants, while
Spirulina is high in protein, essential amino acids, and
unique pigments like phycocyanin. Microscopic and
analytical techniques, like HPLC and GC-MS, confirm
their diverse phytoconstituents and support their health
benefits. Different extraction methods ensure that their
nutrients are easily absorbed. When combined, these two
superfoods improve antioxidant activity, reduce
inflammation, and boost immune function, showing a
combined effect that is greater than their individual
benefits. Products that take advantage of this synergy, such
as dietary supplements and functional foods, promote
better overall health. Although more clinical studies are
needed, the current understanding supports the potential of
Moringa and Spirulina as a powerful nutritional duo with
broad therapeutic applications.
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