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ABSTRACT

Background: M. oleifera is an enriched plant with a variety of rich ingredients that play a very
important part in the human diet. Thus, scientists have great interest in assessing the medicinal
value of the plant to promote the preparation of new and advanced drugs. Hence, the preparation
of plant extracts for experimental purposes is an initial step and key to achieving a quality
research outcome. Materials and Methods: The primary objective of this study was to evaluate
the screening of M. oleifera bioactive compounds using various solvents (methanol, ethanol,
acetone, petroleum ether, chloroform, and water) in the extraction procedure and determine
the quality and quantity of bioactive constituents. Results: The quantitative analyses showed
that crude leaf, pod, and bark extracts revealed the presence of alkaloids, phenols, terpenoids,
proteins, and carbohydrates in all extracts except for petroleum ether extract. Qualitative
analysis of the detected phytochemicals reveals the highest concentrations were found in leaf
extracts, where a high extraction yield was recorded in the aqueous extract. Conclusion: This
study reveals that the presence or absence of particular phytochemicals is determined by the
polarity of the solvents used for extraction. Also, the justification for M. oleifera to contain rich
phytochemicals, including alkaloids, flavonoids, phenolics, terpenoids, tannins, and saponins,
that are known to have pharmacological properties, was validated, and they can be explored for
biological potential.
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INTRODUCTION

The identification of plant secondary metabolites and their
potential role as natural medicine formulations in the prevention
of chronic diseases have gained popularity among researchers in
recent years. This is mainly due to the fact that medicinal plants,
either as pure or as standardized extracts, have unique chemical
diversity, which offers vast prospects for new drug discoveries.!
The effectiveness of the plant is solely dependent on the presence
of bioactive constituents known as phytochemicals, such as
phenolics, flavonoids, terpenoids, and others. Based on the
World Health Organization (WHO) Bulletin, almost 25% of the
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modern medicines that are being employed currently are plant
derivatives. Some of the successful examples of drug development
from natural products are anticancer drugs (Vinca alkaloids
from Catharanthus roseus and paclitaxel from Taxus baccata).
In fact, some of the formulations using plant extracts have been
reported to be safer medicines with fewer side effects compared
to synthetic drugs.’

Moringa is a distinguished genus in the Moringaceae family.
Moringa is the only flowering plant genus in the family
Moringaceae. The name Moringa originates from the Tamil word
murungai, which refers to Moringa oleifera. M. oleifera is the most
widely cultivated species in northwestern India, the Himalayas,
and other parts of Asia, as it grows quickly in many types of
environments.* M. oleifera contains numerous phytochemicals,
including alkaloids, saponins, tannins, steroids, phenolic acids,
glucosinolates, flavonoids, and terpenes. The leaves, pods, and
bark in particular are used in traditional medication to treat
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various ailments such as skin rashes, fever, wound healing,
headaches, asthma, constipation, diabetes, back pains, and muscle
and stomach disorders.” These phytochemicals are rich sources
of antioxidants, which possess the ability to protect against free
radical-induced oxidative cell damage that can lead to conditions
such as Alzheimer's disease, cancer, and heart disease and are also
linked with chronic inflammation.®

The extraction method is a crucial step in the analysis of medicinal
plants because it separates the pharmacologically active chemical
components of the plant from the inactive or inert components.
During this step, the extraction yields are always affected by the
solvent system used. Hence, the selection of a suitable solvent
is vital, as the rate of plant bioactive compound solubility with
different chemical structures and polarities depends on the
selected solvent. Hence, choosing the right solvent for extraction
can maximize the phytochemical yield of the investigated plant.”
Stimulated by the previous reports on medicinal properties of M.
oleifera and encouraged by the usage of M. oleifera in various folk
medicine formulations, it has been contemplated to focus this
study on the phytochemicals of M. oleifera plant parts (leaf, pods,
and bark) extract using different solvent polarities. Following,
the extracts were studied for their antioxidant properties for
phytochemical profiling to identify the most effective solvent
extract in order to predict the active plant part of M. oleifera.?

MATERIALS AND METHODS

Plant Material Collection and Authentication

The Moringa oleifera plant was collected from Tiruchengode,
Namakkal District, Tamil Nadu, and kept at 4°C until further
processing. The familyand species of M. oleifera were authenticated
by members of the Botanical Survey of India, Coimbatore.

Plant Crude Extract Preparation

The leaves, pods, and bark were washed, separated, and ground
to a fine powder using a conventional grinder before being
stored in airtight bottles. Roughly 6000 g of the powdered plant
parts (leaves, pods, and bark) were macerated successively with
different solvents (methanol, ethanol, acetone, petroleum ether,
chloroform, and water) at a ratio of 1:10 (powder/solvent) for
42 hr at 75 rpm in an orbital shaker at 37°C. The extracts were
concentrated to yield crude extracts using a rotary evaporator at
45°C. The extracts obtained were stored at -20°C until further use.

Determination of Phytochemical Components

Both quantitative and qualitative chemical tests were performed
on different extracts (methanol, ethanol, acetone, petroleum
ether, chloroform, and water) of each plant part (leaves, pods, and
bark) with standard methods described for various secondary
metabolites.
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Qualitative analysis
Test for Alkaloids

Mayer’s test

Mayer’s reagent (2-3 drops) was mixed with 2 mL of each plant
part's (leaves, pods, and bark) extracts (methanol, ethanol,
acetone, petroleum ether, chloroform, and water). The appearance
of a green precipitate in the solution indicated the presence of
alkaloids.’

Wagner’s test

Wagner’s reagent (2-3 drops) was mixed with 2 mL of each
plant part's (leaves, pods, and bark) extracts (methanol, ethanol,
acetone, petroleum ether, chloroform, and water). The appearance
of brick-colored precipitate in the solution indicated the presence
of alkaloids."

Dargendroff’s test

Dargendroft’s reagent (2-3 drops) was mixed with 2 mL of each
plant part's (leaves, pods, and bark) extracts (methanol, ethanol,
acetone, petroleum ether, chloroform, and water). The appearance
of a reddish-brown precipitate in the solution indicated the
presence of alkaloids.'

Test for flavonoids
Alkaline test

An equal amount of 2.0% NaOH mixture was added to plant
parts (leaves, pods, and bark) extracts (methanol, ethanol,
acetone, petroleum ether, chloroform, and water), forming a
yellow-colored mixture. Color changes to colorless upon addition
of 2-3 drops of diluted acid, indicating the presence of flavonoids.
The formation of a pink-to-crimson colored solution indicated
the presence of flavonal glycosides."

Shinod’s test

Fragments of magnesium ribbon with concentrated Hydrochloric
acid (HCI) (2-3 drops) were mixed with 5 mL of plant extracts
(dissolved in alcohol). The formation of a pink to crimson-colored
solution indicated the presence of flavone."

Test for saponin

Lead acetate test

Anequal amount of 1% lead acetate solution and plant part (leaves,
pods, and bark) extracts (methanol, ethanol, acetone, petroleum
ether, chloroform, and water) were mixed. The development of a
white precipitate suggests the presence of saponins."

Foam formation test

The plant parts (leaves, pods, and bark) and extracts (methanol,
ethanol, acetone, petroleum ether, chloroform, and water) were
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dissolved in 20 mL of distilled water in a measuring jar subjected
to continuous agitation for at least 15 min. The formation of

stable forms (1-2 cm) indicated the presence of saponins.™

Test for protein

Biuret test

The plant extracts (leaves, pods, and bark) (methanol, ethanol,
acetone, petroleum ether, chloroform, and water) were dissolved
in 2 mL of water and filtered. Then, the filtrate was mixed with
1 drop of 2% copper sulfate solution, 1 mL of 95% ethanol and
Potassium Hydroxide (KOH) pellets. A pink-colored appearance
indicated the presence of protein."

Millon’s test

The plant extracts (leaves, pods, and bark) (methanol, ethanol,
acetone, petroleum ether, chloroform, and water) were dissolved
in 2 mL of water and filtered. The 2 mL of filtrate were mixed with
Millon’s reagent (2-3 drops). A white precipitate in the solution

indicated the presence of protein.'®

Test for carbohydrate
Molish’s test

An equal amount of alcoholic alpha-naphthol was used to treat
the plant extracts (leaves, pods, and bark) (methanol, ethanol,
acetone, petroleum ether, chloroform, and water). Following, 1
mL of conc. sulfuric acid (H,SO,) was slowly mixed along the sides
of the test tube. The appearance of violet ring colorization at the

junction of the test tube indicated the presence of carbohydrate.'®

Test for tannins

Ferric chloride test

Filtered plant parts (leaves, pods, and bark) extracts (methanol,
ethanol, acetone, petroleum ether, chloroform, and water) were
used to mix with Ferric Chloride solution (FeCl,). The coloration

of blue, green, or blue-black indicated the presence of tannins.'¢

Test for Terpenoids

Libermann Burchart test

The plant part (leaves, pods, and bark) extracts (methanol,
ethanol, acetone, petroleum ether, chloroform, and water) were
dissolved in a few drops of acetic anhydride and concentrated
Sulfuric acid (H,SO,) along the side of the tube. Color changes
from blue to blood red in appearance indicated the presence of

terpenoids."”
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Test for phenols

Ferric chloride test

A few drops of Ferric Chloride (FeCl,) solution (5%) were
mixed with 2 mL of plant parts (leaves, pods, and bark) extracts
(methanol, ethanol, acetone, petroleum ether, chloroform, and
water). Colorization to a dark green or bluish black appearance
indicated the presence of phenol.'®

Glycoside’s test

An equal amount of chloroform and acetic acid was added to plant
extracts (leaves, pods, and bark) (methanol, ethanol, acetone,
petroleum ether, chloroform, and water). The mixture was kept
at 4°C for 1 hr, followed by the addition of concentrated Sulfuric
acid (H,SO,). The color change from blue to green indicated the
presence of glycosides.'®

Phytosteroids test

An equal amount of chloroform and acetic acid was added
to plant extracts (leaves, pods, and bark) (methanol, ethanol,
acetone, petroleum ether, chloroform, and water) with a few
drops of concentrated Sulfuric acid (H,SO,). The appearance of a
bluish-brown ring indicates the presence of phytosteroids.**

Quantitative Analysis
Test for Alkaloids Content

The powdered form of plant parts (leaves, pods, and bark) was
dissolved in 10% acetic acid (diluted in 20 mL of ethanol). The
solution was incubated for 4 hr at room temperature. Following,
the filtrate from the solution was collected and kept in a water
bath to reduce its volume by %. A concentrated Ammonium
Hydroxide (NH4,OH) was added to the reduced mixture for
precipitation. The settled residue is the alkaloid, which was
filtered, dried, and weighed.®

Test for Flavanoids Content

The powdered form of plant parts (leaves, pods, and bark) was
dissolved in 80% methanol and left at room temperature for at
least 2 hr. Then, the solution was filtrated using 42 No. Whatman
filter paper. The resulting filtrate was subjected to complete
evaporation and weighted for flavonol estimation.'

Test for Saponins Content

The powdered form of plant parts (leaves, pods, and bark) was
macerated using 10% aqueous ethanol in a hot water bath (55°C)
for 2 hr with continuous agitation. The formed extract was filtered
and the maceration process was repeated again. The extracts from
two filtrates were combined in a conical flask and heated over a
water bath (90°C). The mixture was added to diethyl ether with
constant agitation. The diethyl ether layer was discarded before
adding n-butanol. The mixture was washed with 5% sodium
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chloride and heated to dryness. The dried samples were weighted
for saponin estimation."

Test for Terpenoids Content

The plant part (leaves, pods, and bark) extracts (methanol,
ethanol, acetone, petroleum ether, chloroform, and water) were
diluted in alcohol and left for 24 hr. After incubation, the extract
was filtered with petroleum ether. The ether extract was filtered
again before estimating the total terpene content.

Test for Tannins Content

The plant part (leaves, pods, and bark) extracts (methanol,
ethanol, acetone, petroleum ether, chloroform, and water)
were dissolved in 50 mL of distilled water (dh20) with constant
agitation for an hour. The resulting extract was filtrated into a test
tube and mixed with Iron (III) Chloride (FeCl,) in Hydrochloric
acid (HCI) and potassium ferrocyanate (Ki[Fe(CN)s]-3H,O).
The mixture was subjected to tannin content estimation using a
spectrophotometer against the blank at 730 nm.*

Test for Phenolics Content

The phenolic content was determined using Folin-Ciocalteu's
Reagent (FCR). The plant part (leaves, pods, and bark) extracts
(methanol, ethanol, acetone, petroleum ether, chloroform, and
water) were diluted in FCR (diluted 1:10 v/v), followed by the
addition of Sodium Carbonate (Na,CO,) solution, and allowed to
stand for 90 min at room temperature. The total phenolic content
was measured using a spectrophotometer against the blank at 750

nm."

Test for Nutritional Composition

The plant part (leaves, pods, and bark) extracts (methanol,
ethanol, acetone, petroleum ether, chloroform, and water) were

Compannils

tested for their nutritional components (proteins, carbohydrates,
fats, fiber, and ash).?

Statistical Evaluation

The data was examined with SPSS Version 20.0. Results were
determined as the mean+SE of three repeat determinations.

RESULTS

Qualitative Phytoconstituents of M. oleifera Plant
Parts (leaves, pods and bark) Different Solvent
Extract

M. oleifera leaf extracts

From the qualitative results outlined in Table 1, all the extracts
of M. oleifera leaf indicated the presence of alkaloids, phenolics
(flavonoids, lignin, tannins, phenols), terpenoids (terpinoids,
sterols, glycosides, saponins), protein, and carbohydrate. In
alkaloid determination, the Dragendroff and iodine tests varied
among extracts. Alkaloids were absent when tested using the
Dragendroft reagent in acetone, and in the iodine test, alkaloids
were also absent in chloroform, petroleum ether, and water. The
phenolic content was indicated by the presence of flavonoids,
lignin, tannins, and phenols. Flavonoids were determined by
alkaline, pews, and Shinoda test reagents. Petroleum ether
extracts did not show the ability to extract flavonoids in the
Pews and Shinoda tests. Lignin was determined by the Lignin
and Labat Test reagents. The petroleum ether extracts did not
show the ability to extract lignin in both tests. As for tannin
content, the ferric chloride and gelatin test reagents showed
positive results for all extracts except for petroleum ether extracts
(Lignin test) and chloroform and petroleum ether extracts (Labat
test). The presence of phenols was seen to vary among extracts.
In the ferric chloride, elagic, and phenolic tests, phenols were
absent in petroleum ether, chloroform, and methanolic extracts,

= 5.00-6.00
= 4.00-5.00
3004, 0
= 2 00-1, (4D
- 1.00-2 .00
0001 .00
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Figure 1: Secondary metabolites concentration in crude extract of M. oleifera leaf in different solvent.
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Table 1: Phytochemical test of M. oleifera leaf crude extract with different solvents.

SI.  Phytochemical test

No. Chloroform

1 Alkaloids Dragendroft 3

Todine

Mayers
Wagners
Alkaline

Pews

Shinoda
Lignin

Labat Test
Ferric chloride
Gelatin

2 Flavonoids

+ + + + + +

3 Lignin

4 Tannins

+ + +

5 Phenols Ferric chloride
Ellagic -
Phenol

Terpinoids Libermann-Burchard
Libermann- Burchard -
Salkowski

Legals

Keller Killani Test -
Glycosides Test -
Conc. H,SO, -
Molisch’s =

Lead acetate

Sterols

8 Glycosides

9 Saponins
Foam
Haemolysis Test -

10 Protein Millons +

11 Biuret =
12 Carbohydrate Molichs +

respectively. Terpenoids were indicated by the presence of
terpenoids, steroids, glycosides, and saponins. For terpenoids, the
Libermann-Burchard test showed positive results for all extracts
except for ethanol and acetone extracts. The sterol content was
determined by using Libermann-Burchard and Salkowski testing
reagents. Unfortunately, Libermann-Burchard showed negative
results for all the extracts, while in the Salkowski test, only the
water extract showed a negative result for sterol. The presence of
glycosides was determined by Legals, Keller Killani, glycosides,
concentrated hydrochloric acid, and Molisch’s test. The legal test
showed positive results for all extracts: Keller Killani, glycosides,
concentrated hydrochloric acid, and Molisch’s test showed
negative results for chloroform extracts, while the Salkowski test
showed negative results for water extracts. The content of saponin

$652

Solvents
Methanol Ethanol Petroleum Acetone Water
Ether
+ + + - +
4 & - 4 -
+ + + +
+ + + +
+ + + +
+ + - + +
+ + - + +
+ + - + +
+ + - + +
4 & i+ - 4
+ + - + +
+ + + - +
+ + + +
- + + +
+ - + - +
+ + + + -
4 & i+ 4 4
+ + + + +
+ + + + +
+ + + + +
- + - + +
+ + + - +
+ + + - +
+ + + + +
4 & i+ 4 4
- - + + -
+ + + + +

was tested using the lead acetate and foam haemolysis methods.
Both the lead acetate and foam tests showed negative saponins
in acetone extract and the haemolysis test showed negative for
chloroform extract. For protein and carbohydrates, all tests
showed positive results except for the Biuret test, which showed
poor ability to extract protein from chloroform, methanol,
ethanol, and water extracts.

M. oleifera pod extracts

The result of the qualitative phytoconstituents test on the M.
oleifera pod extracts, as shown in Table 2, revealed the following:
Alltheextracts showed positive results for all the phytoconstituents
except for petroleum ether extracts, which revealed negative
results in all tests conducted for alkaloid and phenolic compounds.
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Table 2: Phytochemical test of M. oleifera pod crude extract with different solvents.

Sl Phytochemical test

No. Chloroform

1 Alkaloids Dragendroff 3

Iodine

Mayers
Wagners
Alkaline
Pews
Shinoda
Lignin -
Labat Test -
Ferric chloride -
Gelatin -

2 Flavonoids

+ + + 4+ o+

3 Lignin
4 Tannins
5 Phenols Ferric chloride +
Ellagic -
Phenol -
Terpinoids Libermann-Burchard +
7 Sterols Libermann- Burchard -
Salkowski

Legals

Keller Killani Test -
Glycosides Test -
Conc. H,SO, -
Molisch’s =

Lead acetate

8 Glycosides

9 Saponins
Foam
Haemolysis Test =

10 Protein Millons +

11 Biuret =
12 Carbohydrate ~ Molichs +

In addition, alkaloids were absent in chloroform extracts of the
alkaloid test. For phenolic determination, flavonoids were present
in all extracts. Lignin was absent in all two tests (Lignin and Labat
Test) for chloroform extracts. Tannin, on the other hand, showed
complete absenteeism in the ferric chloride test for all extracts
and chlorofoam and methanol extracts in the gelatin test. In the
Ferric Chloride, Ellagic, and Phenol tests, phenols were absent in
methanol and ethanol extracts (Ferric Chloride test), petroleum
ether and ethanol extracts (Ellagic test), and petroleum ether
and methanolic extracts (Phenol test). For terpenoids, the
Libermann-Burchard test showed positive results for all extracts
except for petroleum ether extract. As for sterol determination,
Libermann-Burchard and Salkowski testing reagents were
employed. Unfortunately, Libermann-Burchard showed negative
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Solvents
Methanol Ethanol Petroleum Acetone Water
Ether
+ + - + +
4 i+ - i+ 4
+ + - + +
+ + - + +
+ + - + +
+ + - + +
+ + - + +
+ + - + +
+ + - + +
+ - - + +
- - - + +
+ - - + +
- - + +
+ - + +
+ + - + +
4 i+ * i+ 4
+ + - + +
+ + + + +
+ + - + +
- + - + +
+ + - + +
+ + - - +
+ + - + +
4 - - i+ 4
- - + +
+ + + + +

results for all the extracts, while in the Salkowski test, all extracts
showed the ability to extract lignin except for petroleum ether
extract. The results for glycosides (Legals, Keller Killani,
Glycosides, Concentrated Hydrochloric Acid, and Molisch’s test)
showed variability, where all extracts showed positive in the legal
test, chloroform and petroleum ether extracts were negative in
the Keller Killani test, negative in the chloroform extract for the
glycosides test, negative for chloroform and petroleum ether
extracts in the hydrochloric acid test, and for Molish’s test,
chlorofoam, methanol, and petroleum ether extracts showed
negative. For saponin, both the lead acetate and foam tests showed
negative results in acetone extracts, while the hemolytic tests were
negative results in chloroform extract. The presence of protein
(Millons and Biuret tests) was inconsistent, where ethanol and
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Table 3: Phytochemical test of M. oleifera bark crude extract with different solvents.

SI. No. Phytochemical test

Chloroform

1 Alkaloids Dragendroff 3

Iodine

Mayers
Wagners
Alkaline
Pews
Shinoda
Lignin -
Labat Test -
Ferric chloride -
Gelatin =

2 Flavonoids

+ + + + +

3 Lignin
4 Tannins
5 Phenols Ferric chloride +
Ellagic -
Phenol -
Terpinoids Libermann-Burchard +
Libermann- Burchard -
Salkowski

Legals

Keller Killani Test -
Glycosides Test -
Conc. H,SO, -
Molisch’s =

Lead acetate

Sterols

8 Glycosides

9 Saponins
Foam
Haemolysis Test -
10 Protein Millons +
11 Biuret =

12 Carbohydrate Molichs +

petroleum ether extracts showed negative results in the Millon
test while the Biuret test showed negative results for chloroform,
methanol, and ethanol extracts. Carbohydrate (Molichs test), on
the other hand, was present in all extracts.

M. oleifera bark extracts

From the qualitative findings presented in Table 3, it is observed
that the M. oleifera bark of different extracts confirmed the
presence of alkaloids, phenolics, terpenoids, proteins, and
carbohydrates. Similar to M. oleifera pod extracts, petroleum ether
solvent showed an inability to extract all the phytoconstituents in
varying degrees, especially alkaloids and phenolic compounds.
In addition, alkaloids were not present in chloroform extract
in the iodine test. The presence of phenolic compounds was
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Solvents

Ethanol Petroleum Acetone Water

Ether

- +

Methanol

- +

+ 4+ 4+ 4+ o+ o+ o+ o+ o+
+ 4+ 4+ + + + + o+ o+
1
+ 4+ 4+ + + + + o+ o+

v+
1 1
1 1
1 1

+
1
1
1
+ 4+ 4+ o+ o+

“+
+
1
“+

+ 4+ 4+ o+ + 4+ 4+ 4+ o+
+ 4+ 4+ + + + o+ o+ o+
1 1

1 1

1

+ 4+ 4+ + + + o+ o+ o+ + 4+ +

1
1
+ + + 4+

+ + +

indicated through various constituents. Flavonoids were absent
in the acetone extract of Wagner's test. Lignin was absent in the
chloroform extract of both tests and in the acetone extract of the
Labat test. All the extracts were negative for tannin when tested
with the ferric chloride test, while in the gelatin test, only methanol
and water solvent were able to extract tannin. In terpenoid,
terpenoids were present in all extracts except petroleum ether
extract and sterol was absent in all extracts when tested using the
Libermann-Burchard reagent, while Salkowski showed negative
results for petroleum ether and acetone extracts. For glycosides,
the legal test was positive for all extracts. Chloroform and
petroleum ether extracts were negative. Keller's killani test and
glycosides test were positive for all extracts except chloroform
extracts, while concentrated hydrosulfuric acid and Molisch’s test
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Table 4: Concentration of different secondary metabolites in M. oleifera Leaf crud extract with different solvents.

Compounds Aqueous Methanol Ethanol Acetone p value fvalue
Alkaloids 3.25+0.09 2.82+0.03 2.63+0.06 2.76x0.09 <0.0001 41.836
Flavanoids 4.20£0.07 5.35+0.03 5.20+0.07 5.08+0.04 <0.0001 260.71
Lignins 1.70£0.06 1.70+0.48 1.13+0.05 0.86+0.04 <0.0001 76.467
Tannin 3.72+0.14 3.49+0.09 3.32+0.05 3.27£0.05 <0.0151 9.137
Phenols 2.1240.04 1.89+0.06 1.57+0.04 1.5240.06 <0.0003 41.216
Terpinoids 4.60£0.06 4.12+0.06 3.91+£0.04 3.85£0.03 <0.0008 29.656
Steroids 3.57+0.06 3.23+£0.05 3.12+0.04 3.12+0.07 <0.0001 43.238
Glycosides 0.26x0.02 0.32+0.04 0.26%0.02 0.24+0.03 <0.0459 5.379
Saponins 1.64+0.04 2.17£0.06 1.86+0.04 1.76£0.02 <0.0001 73.446
p value <0.0001 <0.0001 <0.0001 <0.0001
fvalue 1171.1 2501.7 3074.6 2593.8

Table 5: Concentration of different secondary metabolites in M. oleifera pod crude extract with different solvents.
Compounds Aqueous Methanol Ethanol Acetone p value fvalue
Alkaloids 5.59 £0.19 4.31+0.05 4.16%0.05 4.23%£0.02 <0.0001 134.14
Flavanoids 1.55 £0.07 2.55+0.03 2.38+0.03 2.35+£0.04 <0.0001 195.02
Lignins 0.81 £0.04 0.68+0.03 0.53£0.04 0.45£0.03 <0.0001 61.340
Tannin 3.83 £0.05 3.56+0.02 3.32+0.04 3.32+0.04 <0.0001 116.11
Phenols 0.65 £0.03 0.55+0.03 0.43+0.03 0.35+0.03 <0.0001 58.111
Terpinoids 1.82 £0.04 1.55£0.03 1.26£0.03 1.33+0.02 <0.0001 201.05
Steroids 1.24 £0.04 1.12+0.05 0.86+0.03 0.88+0.03 <0.0001 70.169
Glycosides 0.27 £0.02 0.35+0.03 0.32+0.04 0.37£0.02 <0.0132 6.879
Saponins 0.82 £0.04 1.28+0.04 1.18+0.04 1.16£0.03 <0.0001 84.491
p value <0.0001 <0.0001 <0.0001 <0.0001
fvalue 1611.7 4598.2 4080.2 6589.9

were negative for chloroform and petroleum ether extracts. In
addition, Molisch’s test was also negative for methanol extract.
For saponin and carbohydrate, the test results were similar to
those of M. oleifera pod extracts. Finally, in protein investigation,
the Millons test was negative for ethanol and petroleum ether
extracts, while the biuret test was negative for all extracts except
for acetone and water extracts.

Qualitative and qualitative evaluation of M.
oleifera leaf crude extracts secondary metabolite
concentration in different solvents

As illustrated in the standard graph (Figure 1), flavonoid content
was highest, followed by terpenoids, steroids, tannin, alkaloids,
saponins, lignins, and glycosides, respectively, in M. oleifera
leaf crude extract. In terms of solvent efficacy, aqueous extract
gave the highest yield for terpenes, flavonoids, tannins, steroids,
phenols, lignins, and glycosides. In methanol extract, flavanoid
content was highest, followed by terpenoids, tannins, steroids,
alkaloids, saponins, phenols, lignin, and glycosides. For ethanol
and acetone, the content displayed a similar pattern of yield:
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flavonoids, terpenoids, tannins, steroids, alkaloids, phenols,
saponins, lignins, and glycosides. The qualitative estimation is
tabulated in Table 4, together with the p and fvalues.

Qualitative and qualitative evaluation of M.
oleifera pod crude extracts secondary metabolite
concentration in different solvents

As illustrated in the standard graph (Figure 2), alkaloid
concentration was highest, followed by tannin, flavonoids,
terpenoids, steroids, saponins, lignins, phenols, and glycosides,
respectively, in M. oleifera pod crude extract. In terms of solvent
efficacy, aqueous extract gave the highest yield for alkaloids,
followed by tannin, terpenoids, flavonoids, steroids, saponins,
lignins, phenols, and glycosides. In methanol extract, alkaloids
were found to have the highest concentration, followed by
tannin, flavonoid, terpenoids, saponins, steroids, lignin, phenols,
and glycosides. For ethanol and acetone, the content displayed a
similar pattern of yield: alkaloids, tannins, flavonoids, terpenoids,
steroids, saponins, lignins, phenols, and glycosides. The qualitative
estimation is tabulated in Table 5, together with the p and f values.
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Table 6: Concentration of different secondary metabolites in M. oleifera pod crude extract with different solvents

Compounds Aqueous Methanol Ethanol Acetone p value fvalue
Alkaloids 2.91+0.04 2.56+0.03 2.38+0.04 2.25+0.02 <0.0001 218.76
Flavonoids 1.35+0.03 2.48+0.04 2.35%+0.02 2.31+0.03 <0.0001 854.18
Lignins 1.38+0.04 1.14+0.03 0.96+0.02 0.78+0.02 <0.0001 467.03
Tannin 6.25+0.03 5.78+0.04 5.66+0.02 5.54+0.02 <0.0001 351.36
Phenols 1.28+0.03 1.18+0.03 1.08+0.03 1.17+0.02 <0.0002 25.903
Terpenoids 2.87+0.02 2.57+0.02 2.35+£0.03 2.49+0.03 <0.0001 360.71
Steroids 2.52+0.04 2.38+0.03 2.24+0.03 2.2540.02 <0.0001 54.605
Glycosides 0.24£0.03 0.38+0.03 0.34%0.03 0.36£0.02 <0.0012 14.968
Saponins 0.48+0.04 0.84+0.02 0.76+0.02 0.66+0.02 <0.0001 103.29
p value <0.0001 <0.0001 <0.0001 <0.0001
fvalue 8589.8 8136.9 9957.3 14418
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Figure 2: Secondary metabolites concentration in crude extract of M. oleifera pod in different solvent.
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Figure 3: Secondary metabolites concentration in crude extract of M. oleifera bark in different solvent.
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Qualitative and qualitative evaluation of M.
oleifera bark crude extract secondary metabolite
concentration in different solvents

As illustrated in Figure 3 and Table 6, alkaloid concentration
was highest, followed by tannin, flavonoids, terpenoids, steroids,
saponins, lignins, phenols, and glycosides, respectively, in M.
oleifera pod crude extract. In terms of solvent efficacy, aqueous
extract gave the highest yield for alkaloids, followed by tannin,
terpenoids, flavonoids, steroids, saponins, lignins, phenols, and
glycosides. In methanol extract, alkaloids were found to have the
highest concentration, followed by tannin, flavonoid, terpenoids,
saponins, steroids, lignin, phenols, and glycosides. For ethanol
and acetone, the content displayed a similar pattern of yield:
alkaloids, tannins, flavonoids, terpenoids, steroids, saponins,
lignins, phenols, and glycosides. The qualitative estimation is
tabulated in Table 6, together with the p and f values.

DISCUSSION

Primary and secondary metabolites are two categories of organic
compounds produced by plants. Primary metabolites, such as
proteins, carbohydrates, amino acids, and lipids, are involved
in plants' growth and developmental processes.”’ Secondary
metabolites are non-nutritive components that are not essential
for plant survival but play an important role in the interaction of
plants with their environments, ensuring the sustained existence
of plants in their ecosystems. For example, they are associated
with plant responses to stress such as temperature, drought, UV
light, and infections. The accumulation of secondary metabolites
is highly dependent on stress factors. Hence, a change in an
individual stress factor can differ from the content of secondary
metabolites with complexity in structure and more restriction in
distribution than the primary metabolites, even if other factors
remain constant.”

Secondary metabolites are classified based on their biosynthetic
pathways because metabolites are small molecules, intermediates,
and products of metabolism. They are classified into four groups
of large molecules: flavonoids, steroids, and alkaloids.”® Alkaloids
are derivates of primary metabolites, amino acids, which are
heterocyclic nitrogen compounds.** In plants, alkaloids are
defensive against herbivores and pathogens. Based on their potent
biological activity, almost 12,000 alkaloids have been exploited as
narcotics, poisons, pharmaceuticals, and stimulants. Flavonoids
belong to the polyphenolic compounds group. In plants,
flavonoids are responsible for aroma color and fruit pollination.”
Sterols can be characterized into several major groups based on
the location of the hydroxyl group. In plants, they are membrane
constituents and are the starting material for the biosynthesis of
plants.?

Plant chemistry forms the basis for many commercial
pharmaceutical drugs, as the different chemical constituents
in plants possess biological activities that can improve
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human disorders through dietary intake and therapeutic use
(pharmaceutical and food industries).” In addition, they
also play an important role in the cosmetic and agrochemical
industries. Many secondary metabolites, such as alkaloids,
terpenoids, and phenylpropanoids, are being considered for
drug development; however, limited knowledge of the chemical
composition of plants leads to a restricted understanding of
their possible medicinal value.”® Most studies investigating the
bioactive properties of medicinal plants rarely progress to studies
at the molecular level due to limited preliminary screening for
further chemical characterization. Hence, data collection on the
chemical constituents of a plant through phytochemical screening
is necessary for the synthesis of complex chemical substances.”’
In the present study, qualitative and quantitative phytochemical
analysis was carried out for M. oleifera plant parts using different
solvents. This preliminary screening is crucial in the identification
of various classes of bioactive compounds present in the extract.
Prior to the analysis, the extraction procedure is a vital step to
ensure the desired compounds from the plant are isolated.* This
is done by using various solvents of different polarities. Hence,
in this study, six different solvents from various polarities were
used to maximize the isolation of the chemical compounds from
Moringa oleifera different plant parts.

Chloroform, methanol, ethanol, petroleum ether, acetone, and
water were used as the solvent systems for quantitative analysis,
as they ranged from non-polar to polar solvents. An ideal solvent
system provides quality preliminary information on the chemical
composition of the plant.*! The leaves showed the most diversity
in secondary metabolites compared to the pod and bark of the
M. oleifera plant. This is probably due to extensive exposure to
environmental conditions, such as temperature. A differential
distribution of these classes of compounds is based on their
polarity in polar and nonpolar solvent extracts.” In this context,
ethanolic extract was shown to comprise a significant amount
of secondary metabolites, while petroleum ether presented the
lowest contents of secondary metabolites, probably due to the
low hydro-solubility of the solvent, which was able to dissolve
lipophilic compounds including sterols, several terpenoids, and
alkaloids and therefore extract fewer secondary metabolites.
The high polarity index of ethanol was able to extract flavonoid
glycosides, tannins, and several alkaloids that had polar properties.
Also, this solvent was effective in extracting phenolic compounds
with low molecular weights and medium levels of polarity, such
as flavonoids, saponins, and polyphenolic compounds.*

The diverse compositions of these secondary metabolites
may be responsible for the pharmacological activities of M.
oleifera extracts. Almost all phytochemicals can be used as
natural antibiotics to assist the body in fighting infections.
For instance, alkaloids consist of nitrogen-based chemical
constituents that occur naturally in plants.** Apart from
their antioxidant properties, alkaloids have a wide range
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of pharmacological activities, including protection against
microorganisms, cancer, platelet aggregation, hepatotoxins,
ulcers, inflammation, free radicals, and allergies.”>*® Phenols are
antioxidants capable of ameliorating human disorders, which
can be achieved by improving the dietary intake of nutrients
with antioxidant properties. Terpenoids are the most abundant
compounds in plants that possess anti-inflammatory, antitumor,
antibacterial, antiviral, and antimalarial effects, prevent and treat
cardiovascular diseases, promote transdermal absorption, and
have hypoglycemic activities.”

The phytochemical screening and solvent extraction analysis
give a good guide to the phytochemicals present in M. oleifera
extracts as well as suitable extraction solvents. Overall, aqueous
is the best solvent to use for extraction, as the extracts are more
soluble in polar solvents and aqueous has more polar organic
properties.®** The results obtained on the phytochemical
contents ofM. oleifera different plant parts are in agreement
with the study done previously done to use solvents of different
polarity.***! Despite the well-documented traditional uses of
M. oleifera, its phytochemical quality and quantity still require
complete scientific validation. In addition, this finding served
as further justification to validate M. oleifera as a medicinal
plant and a potential source of phytochemicals that could be
used in drug discovery and development. Since aqueous solvent
extraction yields the most phytochemicals compared to the other
solvents, it is therefore recommended for the extraction of these
plant materials.

CONCLUSION

Conclusively, this work was chosen for the study of the
phytochemical screening of various phytochemical compounds
in Moringa oleifera. The data proved that the use of solvents of
different polarities in extraction had a big influence (p<0.05) on
the richness of M. oleifera in secondary metabolites. These results
of the preliminary scientific evidence ensured its unequivocal
recommendation for use in the pharmaceutical and nutraceutical
sectors of M. oleifera. Furthermore, biological tests are needed to
characterize the eventual activities and assess toxicity.
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Potassium ferrocyanate; FCR: Folin-Ciocalteu’s reagent; SPSS:
Statistical Package for the Social Sciences.

SUMMARY

The present study found the presence of various phytochemicals
in different parts of M. oleifera, such as leaf, pod, and bark. The
major phytoconstituents present in the M. oleifera plant are
alkaloids, phenols, terpenoids, proteins, and carbohydrates.
These preliminary scientific findings ensured its unequivocal
recommendation for use in M. oleiferas pharmaceutical and
nutraceutical sectors.

REFERENCES

1. Poojary MM., Vishnumurthy KA, Vasudeva Adhikari A. Extraction, characterization
and biological studies of phytochemicals from Mammea suriga. J Pharm Anal.
2015;5(3):182-9.

2. Yuan H, Ma Q, Ye L, Piao G. The traditional medicine and modern medicine from
natural products. Molecule. 2016;21(5). https://doi.org/10.3390/molecules2105055
9.

3. Pandey A, Tripathi S. Concept of standardization, extraction and pre phytochemical
screening strategies for herbal drug. J Pharm Phytochem. 2014;2(5):115-9.

4. Gothai S, Muniandy K, Zarin MA, Sean TW, Suresh Kumar S, Munusamy MA, et al.
Chemical Composition of Moringa oleifera Ethyl Acetate Fraction and Its Biological
Activity in Diabetic Human Dermal Fibroblasts. Pharm Mag. 2017; 13(3):5462-9.

5. Senthilkumar A, Karuvantevida N, Rastrelli L, Kurup SS, Cheruth AJ. Traditional Uses,
Pharmacological Efficacy, and Phytochemistry of Moringa peregrina (Forssk.) Fiori. -A
Review. Front Pharm. 2018;9:465.

6. Kasolo JN, Bimenya GS, Ojok L, Ochieng J, Ogwal-Okeng JW. Phytochemicals and
uses of Moringa oleifera leaves in Ugandan rural communities. J Med Plant Res.
2010;4(9):753-7.

7. Ramlan NN, Azzeme AM, Padzil KNM, Mahmood M. Influence of different extraction
solvents on phytochemical content and antioxidant capacity extracted from
pulp and flower of dessert and cooking bananas. Malaysian J Biochem Mol Bio.
2017;20(2-3):10-6.

8. Sasidharan S, Chen Y, Saravanan D, Sundram KM, Yoga Latha L. Extraction, isolation
and characterization of bioactive compounds from plants’extracts. African J Tradition
Comp Alt Med. 2011;8(1):1-10.

9. SafeenaM, Kalinga J. Qualitative and quantitative screening of secondary metabolites
in selected medicinal plants of Sri Lanka. J Med Plant Study. 2020;8(5):94-100.

10. Casciaro B, Mangiardi L, Cappiello F, Romeo |, Loffredo MR, lazzetti A, et al.
Naturally-Occurring Alkaloids of Plant Origin as Potential Antimicrobials against
Antibiotic-Resistant Infections. Molecule. 2020;25(16). https://doi.org/10.3390/MOL
ECULES25163619.

11. EzeonuCS, Ejikeme CM. Qualitative and Quantitative Determination of Phytochemical
Contents of Indigenous Nigerian Softwoods. New J Sci. 2016;1-9. https://doi.org/10
.1155/2016/5601327.

12. Nanna RS, Banala M, Pamulaparthi A, Kurra A, Kagithoju S. Int J Pharm Sci Rev Res.
2013;22(1):11-8.

13. Jayapriya G, Gricilda Shoba F. Screening for phytochemical activity of Urechites lutea
plant. Asian J Plant Sci Res. 2014;4(6):20-24.

14. Oshadie G, Silva D, Abeysundara AT, Minoli M, Aponso W. Extraction methods,
qualitative and quantitative techniques for screening of phytochemicals from plants.
American J Essential Oil Nat Prod. 2017;5(2):29-32.

15. Rajesh KS. Yadav RNS. Qualitative Phytochemical Analysis and Estimation of Total
Phenols and Flavonoids in Leaf Extract of Sarcochlamys pulcherrima. Global J Biosci
Biotech. 2015;4(1):81-4.

16. SinghV, Kumar R. Study of Phytochemical Analysis and Antioxidant Activity of Allium
sativum of Bundelkhand Region. Int J Life Sci Sci Res. 2017;3(6):1451-8.

17. Gul R, Jan SU, Faridullah S, Sherani S, Jahan N. Preliminary Phytochemical Screening,
Quantitative Analysis of Alkaloids, and Antioxidant Activity of Crude Plant Extracts
from Ephedra intermedia Indigenous to Balochistan. Sci World J. 2017; 2017:5873648.

18. Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. Phytochemical screening and Extraction: A
Review. Int Pharm Sci. 2011;1(1):98-106.

19. Roghini R, Vijayalakshmi K. Phytochemical Screening, Quantitative Analysis of
Flavonoids and Minerals in Ethanolic Extract of Citrus paradisi. Int J Pharm Sci Res.
2018;9(11):4859.

20. EzeonuCS, Ejikeme CM. Qualitative and Quantitative Determination of Phytochemical
Contents of Indigenous Nigerian Softwoods. New J Sci. 2016;1-9.

21. Madhu, M., Sailaja, V. Satyadev, T, and Satyanarayana, M. V. Quantitative
phytochemical analysis of selected medicinal plant species by using various organic
solvents. Journal of Pharmacognosy and Phytochemistry, 2016;5(2):25-9.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2 (Suppl), Apr-Jun, 2024



Sivapragasam, et al.: Phytochemical Characterization of Moringa oleifera

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Yang L, Wen KS, Ruan X, Zhao YX, Wei F, Wang Q. Response of plant secondary
metabolites to environmental factors. Molecule. 2018;23:762.

Jan R, Asaf S, Numan M, Kim KM. Plant secondary metabolite biosynthesis and
transcriptional regulation in response to biotic and abiotic stress conditions.
Agronomy; 2021;11(5):1-31.

Sanchita A, Sharma A. Gene Expression Analysis in Medicinal Plants under Abiotic
Stress Conditions. Plant Metabolite Reg Environ Stress. 2018;2:404-14.

Ibrahim [AA, Alzahrani AR, Alanazi IM, Shahzad N, Shahid |, Falemban AH, et al.
Synthesis and Characterization of Graphene Oxide/Polyethylene Glycol/Folic
Acid/Brucine Nanocomposites and Their Anticancer Activity on HepG2 Cells. Int J
Nanomedicine. 2024;19:1109-24.

Borges CM, Igor OM. Gomez-Gomez HA, Lima GPP. Medicinal Plants: Influence of
Environmental Factors on the Content of Secondary Metabolites. Med Plant Environ
Challenge. 2017;10.1007/978-3-319-68717-9_15.

Xu J,YuY, ShiR, Xie G, Zhu Y, Wu G, et al. Organ-specific metabolic shifts of flavonoids
in Scutellaria baicalensis at different growth and development stages. Molecule.
2018;23(2).

Rathnayake S, Weerasinghe S. Development of an Information System of Structures
and Force Field Parameters of Chemical Compounds from Sri Lankan Flora. Comb
Chem High Throughput Screen. 2018;21(8):550-6.

Sampaio BL, Edrada-Ebel R, Da Costa FB. Effect of the environment on the secondary
metabolic profile of Tithonia diversifolia: A model for environmental metabolomics
of plants. Sci Rep. 2016;6.

Sharma A, Singh H, Kumar N. Studies on Traditional Knowledge of Medicinal Flora
and its Contribution to Livelihood Enhancement in the Doon-Valley, Uttrakhand
(India). Int J Life Sci Sci Res. 2017;3(2):951-960.

Pradeepa M, Kalidas V, Geetha N. Qualitative and quantitative phytochemical
analysis and bactericidal activity of Pelargonium graveolens I'her. Int J App Pharm.
2016;8(3):7-11.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

Shasikala S. Extraction and Phytochemical Screening of Whole Plant of Peristylus
goodyeroides (D. DON) LINDL. From Southern Whestern Ghats of India. World J Pharm
Res. 2017;9:1394-404.

Essiett UA, Edet NI, Bala DN. Phytochemical and physicochemical analysis of the
leaves of Laportea aestuans (Linn.) Chew and Laportea ovalifolia (Schumach.) Chew
(male and female). Asian J Plant Sci Res. 2011;1(2):35-42.

Hsouna A, Ben Hamdi N. Phytochemical composition and antimicrobial activities
of the essential oils and organic extracts from Pelargonium graveolens growing in
Tunisia. Lipid Health Dis. 2012;11(1):1.

Bampouli A, Kyriakopoulou K, Papaefstathiou G, Louli V, Krokida M, Magoulas K.
Comparison of different extraction methods of Pistacia lentiscus var. chia leaves:
Yield, antioxidant activity and essential oil chemical composition. J App Res Med
Aromatic Plant. 2014 1(3):81-91.

Boue SM, Cleveland TE, Carter-Wientjes C, Shih BY, Bhatnagar D, McLachlan JM, et
al. Phytoalexin-Enriched Functional Foods. J. Agri Food Chem. 2009;57(7):2614-22.
Samanta A, Das G, Das S. Roles of flavonoids in plants. Carbon. 2011;100:6.

Yang W, Chen X, Li Y, Guo S, Wang Z, Yu X. Advances in Pharmacological Activities of
Terpenoids. Nat Product Communication. 2020;15(3).

Ramachandran B, Kamaraj M, SubramaniV, Jeyakumar JJ, Ramachandran B. Screening
of Phytochemistry and Secondary Metabolites: A Case Study on Nyctanthes arboritis.
Int J Pharma Res Review. 2014;3(3):7.

Pradeepa M, Kalidas V, Geetha N. Qualitative and quantitative phytochemical
analysis and bactericidal activity of Pelargonium graveolens I'her. Int J App Pharm.
2016;8(3):7-11.

Ezeonu CS, Ejikeme CM. Qualitative and Quantitative Determination of Phytochemical
Contents of Indigenous Nigerian Softwoods. New J Sci. 2016;1-9.

Cite this article: Sivapragasam G, Devi GT, Ragavan ND, Suryadevara N, Sridewi N, Obaid SA, et al. A Comparative Phytochemical Characterization of Moringa
oleifera Plant Parts by Different Solvent Extraction. Indian J of Pharmaceutical Education and Research. 2024;58(25s):5648-s659.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2 (Suppl), Apr-Jun, 2024

S$659



