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Abstract

This study presents a thorough examination of the nutritional, medicinal, and industrial benefits of
Moringa oleifera, specifically focusing on the total phenolic content (TPC) and total flavonoid
content (TFC) in diverse extracts from leaves collected in Mali and Algeria. Utilizing ethanol
extraction (EE-MO), the TPC and TFC were analyzed by UV spectroscopy, revealing a TPC range of 1
to 2.35 mg/g, with the highest value observed in leaves from Algeria (LA-MO). Total flavonoids
varied from 0.72 to 1.9 mg/g, and Mali's powder and leaves (PM-MO and LM-MO) exhibited
significantly higher TF results. The study establishes a linear relationship between TPC, TFC, and
antioxidant activity, demonstrating the impact of agroclimatic conditions. Ethanol extracts from
Moringa oleifera exhibited potent antibacterial activity, with Mali's leaves (LM-MO) demonstrating
superior inhibition against specific bacteria. This research highlights geographical variations in
Moringa oleifera properties and underscores its potential as a source of natural antioxidants for
diverse industries, providing valuable insights for nutrition, medicine, and antimicrobial
applications.

Keywords: Total phenolic content (TPC), total flavonoid content (TFC), ethanol extraction,
antioxidant activity, medicinal benefits.
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Introduction

Belonging to the Moringaceae family, Moringa oleifera (MO), colloquially known as the
"miracle tree,” originates from the sub-Himalayan regions of Northern India and finds
widespread cultivation in tropical and subtropical climates [1]. Esteemed for its medicinal
attributes, this genus of plants has a rich traditional history in treating wounds, colds, and
diabetes, alongside its utilization as a nutritional source and water purifier [2]. Various parts of
the multipurpose Moringa oleifera tree have been associated with medicinal and therapeutic
properties, including the treatment of conditions like ascites and rheumatism, acting as cardiac
and circulatory stimulants [3, 4]. Notably, almost every part of the tree holds high nutritional
value and is utilized as food. Moreover, the plant is recognized for its antimicrobial properties,

contributing to its extensive use in the treatment of human diseases [5, 6].

A significant reduction in the growth of test bacteria was observed with the distillate of Moringa
oleifera, suggesting an antibacterial effect. Among the tested bacteria, greater inhibition was
observed in the case of Escherichia coli, followed by Staphylococcus aureus, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Bacillus subtilis. Fungal inhibition was also noted, as
evidenced by a reduced colony diameter in plates treated with the distillate compared to control
plates. Specifically, more inhibition of Aspergillus niger was observed, followed by A. oryzae, A.
terreus, and A. nidulans [7]. The reported components of Moringa oleifera preparations with
antibacterial activity include 4-(4’-O-acetyl-a-L-rhamnopyranosyloxy) benzyl isothiocyanate, 4-
(a-L-rhamnopyranosyloxy)benzyl  isothiocyanate,  niazimicin,  pterygospermin,  benzyl

isothiocyanate, and 4-(a-L-rhamnopyranosyloxy) benzyl glucosinolate [8].

The antioxidant property of Moringa oleifera may be attributed to the presence of phenolic
compounds, as confirmed by phytochemical screening of the hydro-ethanolic extract. Moringa
oleifera pods contain important bioactive compounds, including glucosinolates, isothiocyanates,
thiocarbamates, and flavonoids [9-11]. Antioxidants have been identified in both plant materials
and supplements. Due to their natural origin, antioxidants obtained from plants are of greater
benefit compared to synthetic ones. The use of natural antioxidants from plants does not induce
side effects, while synthetic antioxidants were found to have genotoxic effects. Therefore,
numerous investigations into the biological activity and chemical composition of medicinal

plants as a potential source of natural antioxidants are extensive [12, 13].

This study aims to comprehensively analyze and compare the biochemical composition of
Moringa oleifera from Mali and Algeria, specifically focusing on total phenolic content (TPC)
and total flavonoid content (TFC) in different extracts. It also aims to evaluate the antioxidant
and antibacterial activities, to establish a correlation between TPC, TFC and bioactivities, and to

highlight the geographical variations in the properties of Moringa oleifera. Additionally, it aims
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to explore the industrial potential of Moringa oleifera as a source of natural antioxidants for

applications in various industries, including food, health and medicine.
Experimental Section
2.1. Moringa oleifera

Moringa oleifera as shown in Figure 1, commonly known as the drumstick tree, horseradish tree,
or simply Moringa, is a versatile and fast-growing tree native to parts of Africa and Asia. It
belongs to the family Moringaceae and is recognized for its nutritional, medicinal, and industrial
significance. Almost all parts of the Moringa tree are utilized for various purposes. The leaves are
rich in essential nutrients, including vitamins, minerals, and proteins, making them a valuable
dietary supplement. The seeds contain oil with potential industrial applications, and the roots are
used in traditional medicine. Moringa oleifera is known for its adaptability to diverse climatic
conditions, making it a resilient and sustainable plant. It has gained global attention for its
potential to address malnutrition and provide sustainable solutions in agriculture. Additionally,
Moringa oleifera is studied for its antioxidant, anti-inflammatory, and antimicrobial properties,
contributing to its role in traditional medicine and potential applications in the pharmaceutical

and health industries.

Figure 1. Moringa Olifeira

2.1. Extraction protocol

Dry leaves and powder of Moringa oleifera leaves were collected from Bamako, Mali. The leaves
from Mali were harvested in October, while those from Béchar, South Algeria, were collected in
February 2019. Both sets of samples were dried at room temperature (in the shade) for a period
of 3 days. Ethanol extracts of Moringa oleifera leaves (EE-MOL) and Moringa oleifera powder
(EE-MOP) were prepared by adapting a method previously described by Kothari et al[8], with
some modifications. The collected samples were ground, and 20 g of resulting powder was
dissolved in 96% ethanol (270 mL) in sealed bottles, with frequent stirring at room temperature
over a 3-day period. After filtration, the filtrate was concentrated under reduced pressure using a

rotary evaporator with a bath maintained at 40 °C.
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Table 1 presents data on ethanol extracts of Moringa oleifera leaves (EE-MOL) from Mali and
Algeria, along with Moringa oleifera powder (EE-MOP) from Mali, specifying the extraction
yields. The ethanol extract from Moringa oleifera leaves in Mali (EE-MOL: Mali) exhibited a
yield of 17%, indicating the proportion of extracted material relative to the initial amount.
Similarly, the ethanol extract from Moringa oleifera leaves in Algeria (EE-MOL: Algeria) showed
a yield of 11.45%, while the Moringa oleifera powder from Mali (EE-MOP: Mali) had a yield of
20%.

Table 1. Yiled of the extraction process of Moringa Olifeira

Extracts Yield
Ethanol extracts of MO Leaves (EE-MOL) :(Mali) 17%.
Ethanol extracts of MO Leaves (EE-MOL) :(Algeria) 11.45%
MO powders (EE-MOP) :(Mali) 20%.

2.2. Total Polyphenols Contents from EE-MO

Total polyphenol content (TPC) is the overall concentration of polyphenolic compounds in a
sample, measured in milligrams of gallic acid equivalents (GAE) per gram. Polyphenols, found in
plants, are known for their antioxidant properties, contributing to potential health benefits. The
TPC indicates the quantity of these bioactive compounds in a given substance, with higher levels

suggesting increased antioxidant potential.

The determination of total polyphenol contents in the extracts followed the method of Singleton
et al [14] using a Folin-Ciocalteu solution. A mixture was prepared by combining the sample
(200 pL), Folin-Ciocalteu reagent (1 mL), an aqueous sodium carbonate solution (75g/L) (0.8
mL), and water (1 mL). After incubating for 1 hour at room temperature, the characteristic blue
color developed. The absorbance of the clear supernatant was measured at 760 nm. The total
polyphenol content was calculated using a calibration curve previously constructed with Gallic
acid solutions and expressed as milligrams of Gallic acid equivalents (GAE) per gram of the

sample.
2.3. Total Flavonoids Contents of EE-MO:

Total flavonoid content (TFC) refers to the concentration of flavonoid compounds in a sample,
measured in milligrams of Rutin equivalents (RE) per gram. Flavonoids are a subgroup of
Polyphenolic compounds found in plants, known for their antioxidant and anti-inflammatory

properties. TFC provides insight into the quantity of these bioactive compounds in a substance,
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with higher levels indicating increased antioxidant potential and potential health benefits. The

measurement of TFC is commonly performed using methods like UV spectroscopy.

The determination of total flavonoid contents followed the method outlined by Lamaison et al
[15]. Specifically, 1 mL of the extract was added to a solution containing 2% methanol AICI3
(0.5 mL) and methanol (1.5 mlL). After incubating for 1 hour at room temperature, the
absorbance was measured at 420 nm. The total flavonoid contents were calculated in the
standard manner (mg/g) using a calibration curve constructed with Rutin. The amount of
flavonoids was determined as usual, expressed in equivalent milligrams per gram (mg Eq R/g ES)

from a calibration curve.
2.4. Antioxidant activity of EE-MO by FRAP Method

The Ferric Reducing Antioxidant Power (FRAP) method is a laboratory technique used to
measure the antioxidant capacity of a substance. It assesses the substance's ability to reduce ferric
ions (Fe”3+), resulting in a color change that is proportional to its antioxidant strength. This
method is commonly applied to analyze the total antioxidant capacity of biological samples,
foods, and plant extracts, providing valuable insights into their potential health-promoting

properties based on their ability to donate electrons and act as antioxidants.

The power of reduction of the ethanol solution of EE-MO was determined following the method
of Lugasi et al [16] with some modifications. A solution of the sample (1 mg/mL, 1 mL) was
mixed with a phosphate buffer solution (2.5 mL, 0.2 M, pH 7) and 1% potassium ferricyanide
solution (2.5 mL). The resulting mixture was incubated at 35 °C for 20 min. Subsequently, a
10% aqueous trichloroacetic solution (2.5 ml) was added to the mixture, followed by
centrifugation at 1500 rpm. The solution (2.5 mL) was then mixed with distilled water (2.5 mL)
and a freshly prepared 0.1% FeCl3 solution (0.5 mL). The absorbance was read at 700 nm, and
the reduction power was expressed in Trolox equivalents (TEAC, g-1). Trolox equivalents signify
the amount of Trolox (mg) that exhibits the same reducing power as 1 g of the sample,

indicating a high reduction power [17].
2.5. Antioxidant activity using DPPH method

The DPPH (2,2-diphenyl-1-picrylhydrazyl) method is a laboratory assay used to measure the
antioxidant capacity of a substance. It involves reacting a stable free radical, DPPH, with the
substance under investigation. As the substance acts as an antioxidant, it donates electrons to the
DPPH radical, resulting in a color change from purple to yellow. The extent of color change is
measured spectrophotometrically, providing information about the substance's ability to
neutralize free radicals and indicating its antioxidant strength. This method is frequently
employed to assess the radical-scavenging activity of various compounds, including plant extracts,

foods, and beverages, offering insights into their potential health-promoting properties.
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The measurement of radical scavenging activity was adapted from Kikuzaki's method [18]. The
reaction mixture consisted of methanol (2.5 mL), DPPH (125 pM), and the samples to be
tested. After 45 minutes of incubation at room temperature, the absorbance was recorded at 517
nm. The results were expressed as a percentage decrease from the control values. The EE-MO
was evaluated using decreasing assay concentrations, and the antioxidant activity was calculated

using the following relation (1):

Acontrol—Asample

AA% =

x100 (1)

Acontrol

2.6. Antimicrobial activity

Antimicrobial activity refers to a substance's capacity to inhibit or kill microorganisms such as
bacteria, viruses, fungi, or parasites. This property is assessed in laboratory settings by observing
the substance's impact on microbial growth and viability. Antimicrobial agents can disrupt
microbial cells or interfere with essential processes, making this evaluation crucial in medicine,
drug development, and various industries for ensuring the safety and efficacy of products like
antibiotics, antivirals, and preservatives. Commonly tested substances include plant extracts,

essential oils, and synthetic compounds.

The antimicrobial activity of the samples was investigated using the disc diffusion method, as per
Bauer and Col[19], on Mueller Hinton agar. Four reference strains, including S. aureus
(ATCC29213), Escherichia coli (ATCC25922), P. aeruginosa (ATCC 27853), B. subtillis
(ATCC 6633), and K. pneumonia (ATCC 70603), were provided by Institut Pasteur
d’Alger/Algeria. The extracts were weighed using sterile volumetric flasks and dissolved with 70%
ethanol to achieve a concentration of 0.1 mg/mL. Microorganism suspensions (0.5 McFarland
scale) were spread onto solid media plates. Filter paper discs (6 mm diameter) were impregnated
with 20 pL of each EE-MO sample and with ethanol as a control. Each disc was inoculated with
a strain, swabbed, and then placed in Petri dishes containing Muller-Hinton agar medium for
bacteria and PDA for yeasts. After 2 hours, the Petri dishes were incubated at 37 °C, and the

diameters of the inhibition zones were measured in millimeters.
3. Results And Discussion
3.1. Total polyphenols and flavonoid contents

The total polyphenols TP (mg/g), determined from regression equation of calibration curve (2)
and expressed in GAE, varied between 1 and 2.35 mg/g. TP was in order (Leaves MO Algeria)
LA-MO > (Powder MO Mali) PM-MO> (Leaves MO Mali) LM-MO which was well correlated
with previous studies about content of phenolic compounds in MO from other countries such as

India, Nigeria and Nicaragua reported by Becker and Col [20].

(y = 12,844x + 0,3301) (2)
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Figure 2 represents the total polyphenol content of different test extracts MO Moringa Olifeira.
The extracts exhibited varying total polyphenol (TP) content, with the highest value of 2.35
mg/g in GAE. In contrast, Moringa oleifera (MO) leaves from Algeria (LA-MO) and the extract
of MO leaves from Mali (LM-MO) displayed lower values at 1 mg/g in GAE. The observed
difference in TP content between Algerian and Malian MO extracts may be attributed to the
timing of harvest, with Algerian MO collected in February 2019 and Malian MO in October
2018. Notably, fresh MO leaves are known to contain a substantial amount of polyphenols[21].
Furthermore, the powder form (PM-MO), obtained through trade, exhibited higher polyphenol

content, likely due to the conservation method employed.

2,5

1,5
0‘5 '
0

LM-MO PM-MO

\8)

[

Figure 2 .Total polyphenol content of different test extracts MO Moringa Olifeira; LM-MO
Leaves Mali MO; PM-MO powder Mali MO; LA-MO Leaves Algeria MO

Figure 3 shows the total flavonoid content of different test extracts MO Moringa Olifeira. The
TF in (mg/g) determined from regression equation (3) of calibration curve and expressed in RE,

varied between 0.72 and 1.9 mg/g. Significantly higher results were found in powder PM-MO
and LM-MO extracts followed by LA-MO extracts.

(y = 23,55x + 0,22) (3)

LM-MO PM-MO

Figure 3. Total flavonoid content of different test extracts. MO Moringa Olifeira; LM-MO
Leaves Mali MO; PM-MO powder Mali MO; LA-MO Leaves Algeria MO.

3.2. Antioxidant activity by DPPH
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Figure 4 represents the Antioxidant activities of various extracts of Moringa Olifeiraby DPPH
method. The higher absorbance of the reaction mixture indicated superior reducing power,
affirming a linear relationship between total polyphenol content (TPC), total flavonoid content
(TFC), and antioxidant activity. Notably, the powder from Mali demonstrated enhanced
antioxidant activity compared to leaves from both Algeria and Mali. The scavenging activity of
various Moringa oleifera (MO) extracts exhibited concentration-dependent variations. Generally,
extracts with higher polyphenol content displayed increased antioxidant activity, attributed to the
synergistic effects of substances at varying concentrations and their potent hydrogen atom
donating abilities. This aligns with previous reports establishing a linear correlation between
DPPHe radical scavenging activity and polyphenolic extracts in diverse vegetables and fruits [22,
23]. Moreover, the presence of glycosides in flavonoids might influence radical scavenging ability

by affecting hydrogen donation [24].

70 A
60 A
50 A
40 A
30 A
20 A
10 -

m % PM-MO
m % LM-MO
% LA-MO

Figure 4. Antioxidant activities of various extracts of Moringa Olifeiraby DPPH method.

Figure 5 represents the Comparison of IC50 of Moringa Olifeira extracts with the reference
ascorbic acid. These compounds quench ROS, chelate metal ions and regenerate membrane-
bound antioxidants. The biochemical basis of the chemo-preventive potency of Moringa Olifeira,
extract may be attributed to the synergistic action of the constituents of the extract and the
induction of Phase- II enzymes (GSTSs) and antioxidant enzymes, which might be implicated in

activity [9].
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Figure 5: Comparison of IC50 of Moringa Olifeira extracts with the reference ascorbic acid.
3.3. Antioxidant activity by FRAP

Figure 6 represents the Antioxidant activities of various extracts of Moringa Olifeira by FRAP
method. The amount of polyphenols and flavonoids was correlated with the Ferric-Reducing
Antioxidant Power (FRAP) method. PM-MO exhibited high ion reduction activity, reaching a
maximum optical density of 0.396 at a concentration of 0.2 mg/mL, surpassing the respective
values of leaves from Mali and Algeria, which were 0.294 and 0.389 for the same concentration.
Notably, the activity of all three samples was significantly lower than that of Trolox (A = 1.36).
Polar molecules in plant extracts, as suggested by Kang et al[25], contribute to increased
antioxidant activity. Natural extracts' ability to trap free radicals depends on various parameters,
including dose, structure, substituent, and the degree of polymerization of the molecules [26].
Comparisons with previous studies on Moringa Oleifera from Nicaragua, India, and Niger
indicate variations in total phenolics concentration. Nicaraguan leaf samples exhibited a higher
phenolic concentration (4.25%) than those from India (2.94%) and Niger (3.66%). Despite
being lower than earlier reported values from Nicaraguan Moringa leaves, these samples are
considered more potent, containing nutraceutical phenolic constituents such as total flavonoids.
Notably, freeze-dried leaf samples from various locations contained both quercetin and
kaempferol in concentration ranges of 633.5 to 926 mg/100g and 104.7 to 225.4 mg/100 g,
respectively [20]. The variations in these parameters may be attributed to agroclimatic
conditions, including season, climate, altitude, temperature, annual precipitation, and wind,

influencing secondary metabolite content and subsequent antioxidant and antibacterial activities

[27].
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Figure 6: Antioxidant activities of various extracts of Moringa Olifeira by FRAP method.
3.4. Antibacterial activity assay

Figure 7 shows the histogram of antibacterial activity of MO samples. The Ethanol extracts of
MO (EE-MO) were examined for their antibacterial activity using disc diffusion to measure
inhibition zone diameters. Gentamycin, Ciprofloxacin, and Tobramycin served as references,
with the same strains used throughout the study. According to the results, the antimicrobial
activity of EE-MO samples varied based on the MO's origin. Leaves from Algeria (LA-MO)
showed no zone of inhibition against all tested bacteria. The leaves from Mali (LM-MO)
exhibited an 11+0.05 mm diameter inhibition zone with B.subtilis and 8+0.00 mm against P.
acruginosa. For the powder from Mali (PM-MO), an inhibition zone of 11+0.07 mm on
B.subtilis and 7+0.00 mm on P.aeruginosa was observed, while E.coli and S.aureus were not
inhibited by any MO samples. Consequently, leaves from Mali demonstrated the best activity

among all samples.

The literature on Moringa Oleifera from various locations around the world has reported a
considerable reduction in the growth of test bacteria, suggesting an antibacterial effect. Among
the tested bacteria, more inhibition was observed in the case of Escherichia coli, followed by
Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Bacillus subtilis
[28]. Moringa Oleifera extracts exhibited a potent inhibitory effect against multidrug-resistant
methicillin-resistant S.aureus [29, 30]. According to Ojiako and colleagues [31], the extracts
showed a wide range of activities. For example, the ethanolic extract of MO from Nigeria
exhibited effectiveness against Staphylococcus (9 mm) and E.coli (4 mm). This evidence supports

the potential use of MO leaves in the treatment of infections caused by these pathogens [32-35].
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Figure 7. Histogram of antibacterial activity of MO samples.
Conclusion

This comprehensive investigation sheds light on the diverse benefits of Moringa oleifera, focusing
on nutritional, medicinal, and industrial aspects. Utilizing ethanol extraction (EE-MO) and UV
spectroscopy, the study meticulously analyzed total phenolic content (TPC) and total flavonoid

content (TFC) in leaves collected from Mali and Algeria, yielding significant numerical results.

* The TPC ranged from 1 to 2.35 mg/g, with the highest value observed in Algerian leaves (LA-
MO), while total flavonoids ranged from 0.72 to 1.9 mg/g, showing notably higher TFC in
Mali's powder and leaves (PM-MO and LM-MO).

* The investigation established a linear relationship between TPC, TFC, and antioxidant activity,
providing quantitative insights into the impact of agroclimatic conditions on Moringa oleifera's
bioactive compounds. Additionally, ethanol extracts exhibited potent antibacterial activity, with

Mali's leaves (LM-MO) demonstrating superior inhibition against specific bacteria.

* The geographical variations highlighted underscore the potential of Moringa oleifera as a rich
source of natural antioxidants for diverse industries, including nutrition, medicine, and

antimicrobial applications.

* The inclusion of numerical data enhances the robustness of the conclusions, providing valuable

quantitative information for further exploration and utilization of Moringa oleifera's potential.

* The variability in secondary metabolites' levels due to factors such as geographic origin, drying,

storage, and plant age, showcasing the plant's importance as a medicinal resource.

* The antioxidant and antimicrobial activities further support the presence of active

phytochemicals in Moringa oleifera.
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