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Introduction

Free radicals can cause oxidative stress
and damage to our cells or tissues [1], [2] causing
many diseases including type 2 diabetes mellitus,
hypercholesterolemia, neurodegenerative diseases,
and cancer [3], [4]. Free radicals are unstable due
to their unpaired electrons. Free radicals or oxidants
bind to other electrons by forming a new free radical in
the oxidation reaction process [1]. Unpaired electrons
react with other substances such as proteins, fats,
and DNA in the human body [2]. Antioxidants can
inhibit oxidation reactions with chemical structures
that have a hydroxyl group on the flavone ring.
Antioxidant compounds are essential for our body
to neutralize and prevent the effects of free radical

compounds [3], [4].

Flavonoid compounds are antioxidants [3].
Recent research states that flavonoids can improve the

Abstract
BACKGROUND: Supplements that contain antioxidants may enhance prevention and treatment effects of a wide range of

diseases including COVID-19. Quercetin, a flavonoid compound, is a natural antioxidant that can neutralize free radicals.

AIM: The present study was conducted to formulate Moringa leaf (Moringa oleifera L.) ethanol extract capsules and
to determine the quercetin antioxidant activity levels of Moringa ethanol extract capsule formulations.

MATERIALS AND METHODS: We tested the total flavonoid levels in solutions with concentrations of 20, 50, 60,
70, and 100 ppm using thin-layer chromatography densitometric method. Evaluation of physical properties of 96%
Moringa leaf ethanol extract capsules included moisture content test, granule angle of repose test, granule flow
property test, capsule weight uniformity test, and capsule disintegration time test. Antioxidant activity test using the
2,2-diphenyl-1-picryl-hydrazyl-hydrate method with two samples, namely, 96% Moringa leaf ethanol extract capsules
with formulas I, Il, and Ill, quercetin as a comparison.

RESULTS: The results of the evaluation of 96% Moringa leaf ethanol extract capsules showed that formula Il
(polyvinylpyrrolidone 50 mg) had good physical properties. Testing the antioxidant activity of capsules of the ethanol
extract of Moringa leaves formulas |, II, and I, quercetin obtained IC50 values of 44.0 ppm, 40.2 ppm, 46.4 ppm,
and 4.80 ppm, respectively.

CONCLUSION: The evaluation of the ethanol extract capsules of Moringa leaf formula 1l met the parameters of a
good capsule evaluation test requirement and had very strong antioxidant activity seen from the acquisition of the
IC50 value. The antioxidant properties of Moringa leaf extract capsules may be able to improve the immune system
and clinical trials need to be carried out on patients to become candidates for prevention and therapeutic supplement
for a range of diseases including COVID-19.

immune system in preventing degenerative diseases and
infectious diseases by viruses, such as COVID-19 [5].
In addition to antioxidant activity, flavonoid compounds
also have antiviral activity that can potentially prevent
severe illnesses from viral diseases like COVID-19 [6].
The COVID-19 virus directly affects the immune system
which can trigger various diseases, inflammatory, and
infectious complications of the virus [7]. Inflammation
occurs characterized by white blood cells that will respond
to the production of cytokines. Cytokines will bind to
cell receptors so that they can trigger inflammation [8].
According to recent research by Mrityunjaya et al. (2020),
quercetin compounds have the potential to be protective
against SARS-CoV-2 which may prevent severe ilinesses
from COVID-19 by reducing inflammation [9]. Furthermore,
studies have suggested that quercetin compounds may
be able to reduce inflammation caused by COVID-19 and
help prevent hospitalization due to COVID-19.

Moringa (Moringa oleifera L.) contains
compounds that act as antioxidants. The previous
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research stated that phytochemical screening in
Moringa leaf extract contains flavonoid compounds,
tannins, terpenoids, alkaloids, and saponins [11].
Moringa leaves contain flavonoid compounds with
marker compounds quercetin [12]. This compound
can act as an antioxidant because it has a hydroxyl
group with the working mechanism of donating a
hydrogen atom to a hydroxyl group that can react with
free radicals [13]. Moringa leaf ethanol extract has a
stronger antioxidant power than n-hexane and ethyl
acetate extracts because ethanol is the most effective
solvent to attract flavonoid compounds [14]. The World
Health Organization estimates that about 80% of the
population in the developing countries use herbal
plants as traditional medicine for basic needs for the
treatment of diseases. The use of herbs as medicines
is associated with their ability as antioxidants to be
made into pharmaceutical preparations [15]. Dosage
forms that can be considered for the formulation of
herbal medicines from Moringa leaves are capsules.
Capsules have an attractive shape, can mask the
smell and even taste of the active substance or added
ingredients, are easy to swallow, and disintegrate
quickly in the stomach [16]. Our study aims to
formulate Moringa leaf extract into capsules for the
evaluation of physical properties, determination of
total flavonoid content, and test of antioxidant activity
using the 2,2-diphenyl-1-picryl-hydrazyl-hydrate
(DPPH) method.

Methods
Materials
The ingredients used were Moringa leaf

powder obtained from Beringharjo Market, Yogyakarta,
96% ethanol (Bratachem), capsule shell no.0, DPPH
(Merck), quercetin (Merck), aerosil, polyvinylpyrrolidone
(PVP-K30), avicel, lactose, formic acid, methanol
pro analysis, toluene, ethyl acetate, and silica gel
GF-254 (Merck). The equipment used is Pyrex glass,
Oven (Memmert UN 55), Spectrophotometry (Thermo
Scientific 201 UV-Vis), and Camag Thin-Layer
Chromatography (TLC) Scanner.

Collection and extraction procedure

Moringa leaf powder (M. oleifera L.) was
obtained from Beringharjo Market Yogyakarta in
September 2020. Moringa leaf powder weighed 500 g
dissolved using 96% ethanol 2.5 L (1: 5), maceration
for 3 x 24 h, and remuneration 1 time. The filtrate
was heated over a water bath or concentrated using
a vacuum rotary evaporator 60°C and the thick extract
formed will be calculated by calculating the percentage
yield [12].

Formulation

Moringa leaf extract capsules (MLECs) were
made by mixing Moringa leaf ethanol extract with
powdered excipients into a mortar and pestle until
homogeneous. Then dissolve the polyvinylpyrrolidone
with 96% ethanol until it dissolves evenly and mix it into
the powder containing the ethanol extract of Moringa
leaves in a mortar. The wet granules were then sieved
using a number 10 mesh sieve and dried at 40-60°C for
1 hin the oven. The granules were then sieved using a
number 12 mesh sieve and then put into capsule shell
number 0 [16]. The MLEC formulation is listed in Table 1.
Furthermore, evaluation of physical properties includes
moisture content (MC) (%), angle of rest (degrees), flow
rate (g/s), weight uniformity (g), and breakdown time
test (minutes) [17].

Table 1: Formulation capsule of Moringa leaf extract

Ingredients Function Formula
F I (mg) F Il (mg) F 1l (mg)

Moringa extract Active compound 250 250 250
Aerosil Glidant 10 10 10
Polyvinylpyrrolidone Binders 25 50 75
Avicel Disintegrant 50 50 50
Lactose Filler 165 140 115
Total 500 500 500

Information: FI (Formula 1), FIl (Formula 1), and F Il (Formula IlI).

Determination of total flavonoid levels in
Moringa leaf capsules by TLC densitometry

The capsule sample of the best formula from
the physical properties test weighed 50.0 mg and then
dissolved in pro-analytical methanol (pa) in a 10 ml
volumetric flask. The quercetin standard 25.0 mg of
was dissolved in 25 ml of pro-analytical methanol
solvent. Prepare a series of standard solutions of
20-100 ppm quercetin. The stationary phase using
a 10 x 10 cm Silica Gel GF254 plate was heated in
an oven at 100°C for 10 min. Samples and standards
were spotted (0.5 ml) on the plate, at a distance of
10 mm. The elution distance used was 80 mm carried
out at room temperature (28 + 2°C), with toluene: ethyl
acetate: formic acid, 5:4:0.2 (v/v/v) as mobile phase,
in a glass Camag chamber previously was saturated
with the mobile phase for 20 min. The stationary
phase (plate) of TLC which has been dried in a fume
hood is then inserted into the Densitometer (Camag
TLC Scanner). This research was conducted at the
Faculty of Pharmacy, Ahmad Dahlan University,
Yogyakarta [18].

Test of antioxidant activity of MLEC with
DPPH method

Preparation of 100 ppm DPPH solution was
carried out by weighing 10 mg of DPPH powder then
dissolved in 96% ethanol to the mark using a 100 mL
volumetric flask and as a mother liquor placed in a dark
glass bottle. The blank solution was made using 1.0 mL
of 100 ppm DPPH solution then dissolved using 96%
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ethanol in a 5.0 mL volumetric flask, adding solvent to
the limit mark. Let stand for 30 min and measure the
absorbance at a wavelength of 517 nm. The 100 ppm
quercetin mother liquor was prepared by weighing 10 mg
of quercetin powder then dissolved in 96% ethanol
while stirring and homogenized in a 100 mL volumetric
flask to make 100 ppm quercetin solution. Furthermore,
variations in concentrations of 2 ppm, 4 ppm, 6 ppm,
8 ppm, and 10 ppm were made. Solutions of various
concentrations as much as 1 ml, each added 1.0 mL of
100 ppm DPPH solution, vortexed, and incubated for
30 min in a dark room [19].

% Reduction = ((Abs control - Abs assay) / Abs
Control) x 100%

Abs: Absorbance

Equation 1. The equation of DPPH reduction
percentage.

The sample solution was made with a
concentration of 1000 ppm by weighing the capsule
powder according to the calculation of sample
preparation and dissolved using 96% ethanol as solvent.
Add 96% ethanol to the mark in a 25 mL volumetric
flask, shake until homogeneous. Then make a series
of sample solution concentrations, namely, 100; 200;
300; 400; and 500 ppm of the mother liquor sample of
1000 ppm. Solutions of various concentrations as much
as 1 ml, each added 1.0 mL of 100 ppm DPPH solution,
vortexed, and incubated for 30 min in the flask covered.
The DPPH reduction percentage of MLEC (Moringa
Leaf Ethanolic Capsule), wich was calculated by the
Equation 1, that would be followed by the regression
linier . The IC50 value is calculated by entering the
number 50 as Y in the linear regression equation (Y=
bx + a) [19].

Results

Evaluation of physical properties

The thick extract formed was calculated by
calculating the percentage yield as 23.8%. Table 2
shows the results of the evaluation of Moringa leaf
ethanol extract capsules through several tests such
as the calculation of % MC, granule angle of repose,
granule flow rate, capsule weight uniformity, and
capsule disintegration time test with several formulas
using different amounts of PVP [17].

Table 2: Results of evaluation of Moringa leaf ethanol extract
capsules

Formula  MC (%) AR (degrees) FR (g/s) WU (g) BTT (min)
| 1.75+0.06 35.17+2.14 472+0.16 0.4656+0.5412 4.12+0.15
1] 3.62+0.00 30.27 +2.67 593+0.11 0.4678 £0.5436 2.42+0.30

LI} 4.57 +0.00 38.07 +2.00 2.95+0.03 0.4665 + 0.5419
Information: MC: Moisture content, AR: Angle of rest, FR: Flow rate, WU: Weight uniformity,
BTT: Breakdown time test.

5.256+0.20

Total flavonoid levels in Moringa leaf
capsules by TLC densitometry

Spectro-densitometric scanning quercetin was
performed in fluorescence 389.0 nm (Figure 1), while
at the theory mode at 380 nm [18]. Table 3 shows that
MLECs contain a high flavonoid 8.97% (w/w), compared
to a thick Moringa leaf extract containing a total flavonoid
not <6.30% (w/w) calculated as quercetin. The results
of linear regression calculations between the grade
series and the area (Figure 2) are obtained with linear
regression equations Y = 101.21x - 508.19 with R?
= 0.9849. The linear regression equation can be used
to calculate the total flavonoid content as quercetin.

Antioxidant activity of capsule

The standard DPPH experimental wavelength
was 517.16 nm. The results of the antioxidant capsules
of Moringa leaf extract compared with quercetin. Table 4
shows the antioxidant results in all MLEC formulas
and quercetin standards including the category of very
strong antioxidants (< 50 ppm) [13].

Discussion

Moringa leaf ethanol extract was obtained using
the maceration or filtration method without heating, this
method prevents decomposition of the compound due
to heating. Immersion using ethanol solvent has better
antioxidantactivity than n-hexane and ethyl acetate solvent
[14]. Maceration with ethanol is a suitable extraction
method and solvent for extracting high-quality antioxidant
raw materials from Moringa leaves for the development
of pharmaceutical and nutraceutical products [20], [21].
The TLC densitometry method in the analysis of the total
flavonoid content of Moringa leaf capsules was chosen
because it is selective and sensitive when compared to
the UV-visible spectrophotometric method. The high-
performance liquid chromatography (HPLC) method is
also an option in the analysis of flavonoid content, but
this method has limited applications, such as extensive
sample cleaning and the need for expensive solvents and
a longer column stabilization period. High-performance
TLC remains the choice of flavonoid content analysis
because it is a versatile analytical technique that requires
inexpensive instrumentation and expertise [18].

Moringa contains vitamins, minerals, proteins,
essential phytochemicals, amino acids, carotenoids,
and flavonoids that can be antioxidants [21]. Studies
have examined the use of Moringa as a supplement
in preventing infection with pathogens including
SARS-CoV [22]. The immune modulator and immune
stimulator activity of Moringa leaves makes it a suitable
natural nutritional supplement and immune enhancer
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Figure 2: Standard curve of quercetin on TLC densitometry

against SARS-CoV-2 [23]. A study using an in silico-
based approach showed the possibility of identifying
a strong inhibitor of SARS-CoV-2 Mpro from plant
sources, such as Moringa. The antioxidant properties of
the Moringa extract may be able to enhance the immune
system of secondary infections after COVID-19. Other
components in Moringa leaves that may have beneficial
impact on the immune system play a role include
pterygospermin and apigenin [24].

Table 3: Total flavonoid capsule formula Il

Sample replication AUC Quercetin levels % (w/w) X+8SD

1 1618.30 8.49 8.97 +0.44
2 1835.77 9.35

3 1761.90 9.06

Das et al. (2020) showed that the total
flavonoid content in M. oleifera leaves extract before
synthesis was 23.0 £ 0.3% and in M. oleifera leaves
extract after synthesis 17.0 + 0.4%. While in this study,
we made the MLEC formula, which had the flavonoid
content of 8.97 £ 0.44%. This may be because this
study used capsules as a sample so that the flavonoid
content is reduced and further studies need to be
carried out regarding the optimization of product
manufacture on the total flavonoid content [25].
Studies have suggested that the content of flavonoids
in Moringa leaves apart from being an antioxidant,
may also be used as an antidiabetic, antibacterial, and
dietary supplement [26], [27]. Nutraceutical products
or supplements containing Moringa leaves may be
able to contribute to prevention obesity and type 2
diabetes in Indonesian children and adolescents aged
10-18 years, many of whom lead unhealthy lifestyles
with poor dietary choices [28], [29].

Figure 1: The wavelength of the quercetin compound in TLC densitometry

Quercetin is one of the bioactive compounds
found in Moringa leaves, with strong antioxidant activity.
Table 4: Result of antioxidant activity of Moringa leaf capsule

Sample Concentration (ppm) Absorbance % inhibition IC, (ppm) Category
Formulal 100 0.365 56.17 44.0 Very strong
200 0.354 57.49
300 0.349 58.09
400 0.254 69.43
500 0.194 76.72
Formula Il 100 0.365 56.17 40.2 Very strong
200 0.346 58.45
300 0.333 59.98
400 0.215 74.20
500 0.185 77.76
Formula Il 100 0.368 55.77 46.4 Very strong
200 0.352 57.73
300 0.345 58.49
400 0.213 74.40
500 0.200 75.96
Quercetin = 2 0.558 32.97 4.8 Very strong
4 0.403 51.60
6 0.362 56.49
8 0.290 65.18
10 0.252 69.71

Invitro, quercetinwhenreacted with DPPH, willbe able
to stabilize the unpaired electrons in DPPH. Chemical
studies on quercetin compounds mainly focus on the
antioxidant activity of metal ion complexes and their
complexions [30]. Pharmacologically, the antioxidant
activity of quercetin compounds mainly its effects
on enzymatic activity, glutathione, reactive oxygen
species, and signal transduction pathways, which are
caused by environmental exposure and toxicological
conditions [29], [30]. The compound quercetin
exhibits strong antioxidant activity by maintaining
oxidative balance [30]. As an antioxidant, quercetin
controls the effector mechanism of ROS production,
with positive and negative effects of this antioxidant
agent under conditions of oxidative stress [30]. Given
the high concentration of quercetin in Moringa, the
use of its supplements can inhibit the entry of the
virus and have immunomodulatory properties. Oral
supplementation doses with quercetin up to 1 g/day
for 3 months did not produce significant side effects,
so the consumption of Moringa leaf supplements was
in accordance with this dose [6]. As an antioxidant,
quercetin controls the effector mechanism of ROS
production, with positive and negative effects of
this antioxidant agent under conditions of oxidative
stress [31], [32].
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Medicinal plants since hundreds or even
thousands of years ago have an important role in
the treatment of various diseases by humans. The
development of drugs from natural ingredients,
especially medicinal plants, continues to be researched
to provide alternative therapies and disease prevention
efforts. Moringa capsules from M. oleifera leaf extract
have the potential to be a supplement to maintain
health with their flavonoid content. This is also known
by the results of the antioxidant activity of Moringa
leaf capsules in vitro (DPPH) which showed strong
antioxidant activity. It is necessary to test the antioxidant
activity of Moringa leaf capsule supplements in humans
to determine its pharmacological effectiveness clinically.

Conclusion

Al MLEC formulas met the evaluation
parameters of physical properties and had very strong
antioxidant activity category. Evaluation of the MLEC
formula Il is the best capsule evaluation parameters and
had a very strong antioxidant activity IC50 of 40.2 ppm,
and the total flavonoid content was 8.97 + 0.44% (w/w).
The antioxidant properties of MLEC may be useful for
the prevention of obesity and type 2 diabetes as well
as for improving the immune system. We suggest
future studies to examine the effectiveness of Moringa
supplements in preventing severe illnesses from viral
diseases like COVID-19.

Acknowledgments

The authors would like to acknowledge the
financial support from the Directorate General of Higher
Education, Ministry of Education and Culture, Research
and Technology, The Republic of Indonesia through
the grant of World Class Professor No: 2817/E4.1/
KK.04.05/2021, August 14, 2021. We would also thank
to the Alma Ata University Moringa leaf research team
and the Johns Hopkins Bloomberg School of Public
Health.

References

1. Aslani BA, Ghobadi S. Studies on oxidants and antioxidants
with a brief glance at their relevance to the immune system. Life
Sci. 2016;146:163-73. https://doi.org/10.1016/j.1fs.2016.01.014

PMid:26792059
2. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals:

10.

1.

12.

13.

14.

15.

Properties, sources, targets, and their implication in various
diseases. Indian J Clin Biochem. 2015;30(1):11-26. https://doi.
0rg/10.1007/s12291-014-0446-0

PMid:25646037

Santos-Sanchez NF, Salas-Coronado R, Villanueva-Cafiongo C,
Hernandez-Carlos B. Antioxidant compounds and their
antioxidant mechanism. In: Antioxidants. Berlin, Germany:
ResearchGate; 2019. p. 1-28.

Yang WT, Li Q, Shun BK. Bioactive flavonoids in medicinal
plants: Structure, activity and biological fate. Asian J Pharm Sci.
2018;13(1):12-23. https://doi.org/10.1016/j.ajps.2017.08.004
PMid:32104374

Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V,
et al. Oxidative stress: Harms and benefits for human health.
Oxid Med Cell Longev. 2017;2017:8416763. https://doi.
org/10.1155/2017/8416763

PMid:28819546

Biancatelli RM, Berrill M, Catravas JD, Marik PE. Quercetin
and Vitamin C: An experimental, synergistic therapy for the
prevention and treatment of SARS-CoV-2 related disease
(COVID-19). Front Immunol. 2020;11:1-11.  https://doi.
org/10.3389/fimmu.2020.01451

PMid:32636851

Ninfali P, Antonelli A, Magnani M, Scarpa ES. Antiviral
properties of flavonoids and delivery strategies. Nutrients.
2020;12(9):2534. https://doi.org/10.3390/nu12092534
PMid:32825564

Costela-Ruiz VJ, lllescas-Montes R, Puerta-Puerta JM, Ruiz C,
Melguizo-Rodriguez L. SARS-CoV-2 infection: The role of
cytokines in COVID-19 disease. Cytokine Growth Factor Rev.
2020;54:62-75. https://doi.org/10.1016/j.cytogfr.2020.06.001
PMid:32513566

Mrityunjaya M, Pavithra V, Neelam R, Janhavi P, Halami PM,

Ravindra PV. Immune-boosting, antioxidant and anti-
inflammatory food supplements targeting pathogenesis
of COVID-19. Front Immunol. 2020;11:1-12. https://doi.
org/10.3389/fimmu.2020.570122

PMid:33117359

Faradina A, Tseng SH, Ho DK, Nurwanti E, Hadi H,

Purnamasari SD, et al. Adherence to COVID-19 nutrition
guidelines is associated with better nutritional management
behaviors of hospitalized covid-19 patients. Nutrients.
2021;13(6):1-12. https://doi.org/10.3390/nu13061918

PMid:34204893

Adekanmi AA, Adekanmi SA, Adekanmi OS. Qualitative and
quantitative phytochemical constituents of Moringa leaf. Int J
Eng Inf Syst. 2020;4:10-7.

Fatmawati A, Bachri MS, Nurani LH. Combination effects of
Moringa oleiferaleaf ethanol extractand Andrographis paniculata
herb on blood glucose levels and pancreas histopathology
of diabetic rats induced by streptozotocin. Maj Obat Tradis.
2019;24(2):85.

Sulastri E, Zubair MS, Anas NI, Abidin S, Hardani R, Yulianti R,
et al. Total phenolic, total flavonoid, quercetin content and
antioxidant activity of standardized extract of Moringa oleifera
leaf from regions with different elevation. Pharmacogn J.
2018;10(6):S104-8.

Masfria M, Haro G, Nerdy N, Mierza V, Wahyuni HS, Permata YM.
Antimicrobials activity, antioxidants activity and analysis of
active extract chemical compounds content of Moringa (Moringa
oleifera Lam.) leaf. Int J PharmTech Res. 2016;9(11):110-20.

World Health Organization Report. WHO Global Report
on Traditional and Complementary Medicine. Geneva:
World Health Organization; 2019. p. 1-228. Available
from: https://www.apps.who.int/iris/bitstream/han

112

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Fatmawati et al. Formulation, Evaluation of Physical Properties, and In Vitro Antioxidant Activity Test of Moringa Leaf (Moringa oleifera L.) Ethanolic Extract
Capsules

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

dle/10665/312342/9789241515436-eng.pdf?ua=1
accessed on 2022 Nov 22].

Taweerutchana R, Lumlerdkij N, Vannasaeng S,
Akarasereenont P, Sriwijitkamol A. Effect of Moringa oleifera
leaf capsules on glycemic control in therapy-naive type 2
diabetes patients: A randomized placebo controlled study. Evid
Based Complement Altern Med. 2017;2017:6581390. https:/
doi.org/10.1155/2017/6581390

PMid:29317895

Lebang JS, Siampa JP, Fatmawati A, Haisyah S, Farmasi PS,
Mipa F. Kale formulasi kapsul ekstrak daun kangkung (/pomoea
aquatica Forsk) sebagai kandidat sedativum menggunakan
polyvinylpyrrolidone. Majalah Farm Farmakol. 2020;24(3):90-2.

Navin R, Sheth AG, Jitendra SP, Yadav S. Determination of
quercetin a biomarker in hepatoprotective polyherbal formulation
through high performance thin layer chromatography.
J Chromatogr Sep Tech. 2015;6(6):1000285.

Sousa R, Figueirinha A, Batista MT, Pina ME. Formulation
effects in the antioxidant activity of extract from the leaves of
Cymbopogon citratus (Dc) stapf. Molecules. 2021;26(15):4518.
https://doi.org/10.3390/molecules26154518

PMid:34361669

Sankhalkar S, Vernekar V. Quantitative and qualitative analysis
of phenolic and flavonoid content in Moringa oleifera Lam and
Ocimum tenuiflorum L. Pharmacognosy Res. 2016;8(1):16-21.
https://doi.org/10.4103/0974-8490.171095

PMid:26941531

Islam Z, Islam SM, Hossen F, Mahtab-Ul-Islam K, Hasan MR,
Karim R. Moringa oleifera is a prominent source of nutrients with
potential health benefits. Int J Food Sci. 2021;2021:6627265.
https://doi.org/10.1155/2021/6627265

PMid:34423026

Meireles D, Gomes J, Lopes L, Hinzmann M, Machado J. Areview
of properties, nutritional and pharmaceutical applications of
Moringa oleifera: Integrative approach on conventional and
traditional Asian medicine. Adv Tradit Med. 2020;20(4):495-515.
https://doi.org/10.1007/s13596-020-00468-0

Bhattacharjee M. Moringa oleifera: A potent immune booster
in the catastrophe of covid-19. Ecol Environ Conserv.
2020;26:5202-9.

Fajri M. The potential of Moringa oleifera as immune
booster against COVID 19. IOP Conf Ser Earth Environ Sci.
2021;807(2):022008.

Das PE, Abu-Yousef IA, Majdalawieh AF, Narasimhan S,

[Last

26.

27.

28.

29.

30.

31.

32.

Poltronieri P. Green synthesis of encapsulated copper
nanoparticles using a hydroalcoholic extract of Moringa
oleifera leaves and assessment of their antioxidant
and antimicrobial activities. Molecules. 2020;25(3):555.
https://doi.org/10.3390/molecules25030555

PMid:32012912

Nova E, Redondo-Useros N, Martinez-Garcia RM,
Gdémez-Martinez S, Diaz-Prieto LE, Marcos A. Potential of
Moringa oleifera to improve glucose control for the prevention
of diabetes and related metabolic alterations: A systematic
review of animal and human studies. Nutrients. 2020;12(7):1-
28. https://doi.org/10.3390/nu12072050

PMid:32664295

Matic I, Guidi A, Kenzo M, Mattei M, Galgani A. Investigation
of medicinal plants traditionally used as dietary supplements:
Areview on Moringa oleifera. J Public Health Afr. 2018;9(3):841.
https://doi.org/10.4081/jphia.2018.841

PMid:30854178

Nurwanti E, Hadi H, Chang JS, Chao JC, Paramashanti BA,
Gittelsohn J, et al. Rural-urban differences in dietary behavior
and obesity: Results of the riskesdas study in 10-18-year-
old Indonesian children and adolescents. Nutrients.
2019;11(11):2813. https://doi.org/10.3390/nu11112813
PMid:31752101

Abu-Odeh AM, Talib WH. Molecules middle east medicinal
plants in the treatment of diabetes: A Review . 2021;26(3):742.
https://doi.org/10.3390/molecules26030742

PMid:33572627

Xu D, Hu MJ, Wang YQ, Cui YL. Antioxidant activities of
quercetin and its complexes for medicinal application. Molecules.
2019;24(6):1123. https://doi.org/10.3390/molecules24061123
PMid:30901869

Nishimura FD, De Almeida AC, Ratti BA, Ueda-Nakamura T,
Nakamura CV, Ximenes VF, et al. Antioxidant effects of
quercetin and naringenin are associated with impaired
neutrophil microbicidal activity. Evid Based Complement Altern
Med. 2013;2013:795916. https://doi.org/10.1155/2013/795916
PMid:23970936

Vergara-Jimenez M, Almatrafi MM, Fernandez ML. Bioactive
components in Moringa oleifera leaves protect against chronic
disease. Antioxidants. 2017;6(4):1-13. https://doi.org/10.3390/
antiox6040091

PMid:29144438

Open Access Maced J Med Sci. 2022 Jan 03; 10(T8):108-113.

113



