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This study was undertaken to estimate the antioxidant activity and total tannin content of Moringa
olifera Lam. (Moringa) leaves and find a suitable extraction condition for maximum yield. Two
types of solvent and three different extraction times and temperatures were experimented for
extraction. Moringa leaves were oven-dried and powdered to determine the antioxidant activity in
terms of total phenolic content (TPC), ferric reducing antioxidant power (FRAP), and DPPH radical
scavenging activity and total tannin content. The maximum TPC value noted in methanol extract,
and it ranges from 6.46 +0.34 g t0 3.91+0.19 g gallic acid equivalent (GAE)/100g dry sample (DM).
The FRAP values varied from 211.6 + 3.75 to 344.13 + 3.26 mg ascorbic acid equivalent
(AAE)/100g DM and 166.67 = 2.90 to 224.93 + 1.94 mg AAE/100g DM, for methanol and ethanol
extract, respectively. The DPPH radical scavenging activity ranged from 46.32 + 1.07 to 58.09 +
0.92% for methanol extract and 56.76 + 1.48% to 69.72 + 1.15% for ethanol extract. The total tannin
content varied from 6.84 + 0.05 to 10.22 + 1.11 mg GAE/100 g dry sample and 6.77 + 0.08 to 9.23
+ 0.51 mg GAE/ 100g DMfor methanol and ethanol extract, respectively. The highest antioxidant
yield for methanol and ethanol extract of Moringa leaves differed for various conditions. Overall,
Moringa leaves showed excellent antioxidant properties that can be commercially and domestically

used.
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Introduction

Moringa is a famous vegetable tree with multifunctional
properties, belonging to the family Moringaceae. Among the
13 species of Moringa, Moringa oleifera Lam. is mostly
used. It is usually recognized as the ‘Drumstick’ tree or just
as ‘Moringa’. Moringa is familiar as a miracle tree, a rich
source of natural antioxidants, vitamins, minerals, and
proteins (Saini et al., 2016). It has numerous nutritional
advantages as well as disease-fighting capabilities against
gastric ulcers, hay fever, skin diseases, diabetes,
hypertension, bronchitis, and fatigue. Thus, it has medicinal
uses in tropical and subtropical countries (Vongsak et al.,
2013). This medicinal plant is native to Bangladesh, India,
Pakistan, Afganistan, and also found in China, Africa,
Thailand, Malaysia, and Mexico (Ghafar et al., 2010,
Sodvadiya et al., 2020). A recent preclinical and clinical
study evaluates that Moringa has excellent health-promoting
properties against varieties of cancer (Sodvadiya et al.,
2020). The incidence of chronic illnesses is gradually
increasing day by day and reasons behind it may be the
changes in lifestyle, diet, and greater consumption of
processed foods, drinks, etc. (Ara et al., 2018). The human
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body evolves free radicals during physiological activities,
which are unpaired electrons of different molecules (Vats
and Gupta, 2018; Kaur et al., 2020). Antioxidant molecules
such as polyphenols can protect these reactive metals by
scavenging them, which prevents further chain reactions
responsible for chronic diseases in our body (Jomova et al.,
2012). Fresh fruits and leafy vegetables containing natural
antioxidants give protection to the body against free radicals
when consumed (Zzaman et al., 2021; Sevindik et al., 2017).
The consumption of antioxidant-rich fruits and vegetables
has been found to lower the risks of many chronic and
degenerative diseases (Araetal., 2018). The uses of different
synthetic antioxidants are gradually increasing in the food
sector. Nevertheless, artificial antioxidants viz. butylated
hydroxyanisole and butylated hydroxytoluene are reported
to be responsible for liver damages, carcinogenesis, and
other toxicities in laboratory animals (Kaur et al., 2020).
Thus, synthetic antioxidants should be replaced by some
natural antioxidants as food additives. It is now necessary to
investigate the cheaper source of natural antioxidants and
also optimize the extraction of these bioactive compounds.
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Several previous studies were accompanied to study the
antioxidant activity of natural sources like fruits, vegetables,
plants, etc. (Ahmad et al, 2016; Rahman et al., 2016;
Mohammed et al., 2019; Sevindik, 2019; Hossain et al.,
2020; Mohammed et al., 2020; Sevindik, 2020; Hossain et
al., 2021). Moringa leaves are a comparatively cheaper
source of major essential nutrients and natural antioxidants
that can potentially decrease malnutrition (Kunyanga, 2017).
Various earlier studies reported that the Moringa is a
prospective source of different bioactive compounds and it
has potential activity as an antioxidant. The extraction of
bioactive compounds from the plant material is regulated by
numerous factors like solvents, methods, extraction time,
etc. The optimal extraction protocol should be effective and
efficient for large scale production (Vongsak et al., 2013).
Olabode et al. (2015) reported that the extraction
temperature and time affect the nutritional quality of the
Moringa leaves. Very few studies are found earlier on the
extraction of bioactive compounds from indigenous
Moringa leaves of Bangladeshi region. The present study
aims to appraise the antioxidant compounds and total tannins
from native Moringa leaves. Besides, an attempt was made
to maximize the antioxidant extraction by using two
different solvents-methanol and ethanol at three different
temperatures (50, 60 and 70°C) and extraction times (10, 20
and 30 min).

Materials and Methods

List of Chemicals

All the chemicals used in this experiment were
laboratory grades and collected from commercial
suppliers. Ethanol (C;HsOH), methanol (CHsOH), 2, 2-
diphenyl-1-picrylhydrazyl (DPPH), Folin- Ciocalteau
phenol-reagent (FCR), sodium carbonate (Na2CO3),
potassium-dihydrogen phosphate (KH.PO.), monobasic
sodium  phosphate  dehydrate  (NaH:PO4.2H,0),
trichloroacetic acid (CoHCI30,), potassium ferricyanide
(K3[Fe(CN)g]), ferric chloride ( FeCls), standard gallic
acid, standard ascorbic acid, distilled water. All the
samples used in the study were purchased from Sigma-
Aldrich (USA) and Merck (Germany).

1 Collection of Moringa
Oleifera

Determination of-
« Total Phenolic Content

« Antioxidant Activity (FRAP Assay)
+ Antioxidant Activity (DPPH Assay)
« Total Tannin Content

« Solvent

Extraction

(Methanol, Ethanol)
» Temperature (50, 60 & 70°C)
* Time (10, 20 and 30 min)

Sample Preparation

Matured green leaves of Moringa were purchased from
Modina Market, Sylhet, Bangladesh. These fresh leaves
were washed properly to eliminate foreign particles. Then,
they were separated from the petioles and dried in a forced
convection laboratory oven (Model: OFA-32-8, Esco,
Singapore) at 60°C for 24 hours (Vongsak et al., 2013).
After that, they were grinded to make it powder using a
laboratory blender (Model: 3390D40, Thomas Scientific,
USA) and the powder was stored in airtight pouches until
further usage. The entire research design of the study has
been presented in Figure 1.

Extraction of Bioactives

The extraction was executed in three stages. At first,
approximately 1 g of sample (dry Moringa leaf powder)
was added to 10 mL of solvents (80% methanol and 80%
ethanol) and vortexed well. Then it was kept in a water bath
(Model: 2616300, Hach, USA) at three different
temperatures (50, 60 and 70 °C) for three different times
(10, 20 and 30 min). Finally, the extracts were collected by
using Whatman filter paper (No. 4) (Hossain et al., 2020).

Determination of the Total Phenolic Compound (TPC)

The TPC was estimated following the method of
Zzaman et al. (2014) with slight modifications.
Approximately 0.5 mL of the extract was taken ina 10 mL
size volumetric flask. The solution was then added with 0.5
mL Folin-Ciocalteu reagent and shaken (3 min). One mL
of 35% sodium carbonate (Na,CO3) was mixed, and the
solution was made up to 10 mL with distillate water. After
30 min, the absorbance of the solutions’ supernatant was
estimated using a UV-Vis Spectrophotometer (Model-
1800, Shimadzu, Japan) measured at 765 nm against a
reagent blank. Pure gallic acid (GA) was used to prepare a
calibration curve. The total phenolic content was measured
using the following mathematical formula:

vy =0.0497x — 0.0197, where, R? = 0.9952

The results were calculated in g GAE/ 100 g dry
sample.

Drying (60 °C for 24
hours)

Blending and
Preparation of
Powder

Figure 1. Schematic diagram of research design
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Determination of Ferric Reducing Antioxidant Power
(FRAP)

The method described by Hossain et al. (2020) was
used to estimate the ferric reducing antioxidant power of
the solution. Approximately, 0.3 mL of the extract was
mixed with 0.85 mL of phosphate buffer (pH 6.6, 0.2 M)
and 0.85 mL of potassium ferricyanide (1%), and vortexed
well. After incubating the mixture at 50 °C for 20 minutes,
0.85 mL of trichloroacetic acid (10%) was added and
vortexed. Finally, 2.85 ml of double-distilled water and
0.57 mL of FeC1s (1%) were mixed, and the mixture was
incubated at 25°C for 30 min. After that, absorbance
reading was measured by wusing a UV-Vis
Spectrophotometer (Model- 1800, Shimadzu) at 700 nm. A
blank was prepared in parallel, where distilled water was
used instead of the aliquot. The standard ascorbic acid was
made by serial dilution of the stock solution. Then the
standard curve was made by fitting the absorbance against
the corresponding concentration of the standard ascorbic
solutions. The following equation was used to calculate the
FRAP content of the sample:

vy =0.0052x + 0.0161. where, R?=0.9974

The results were calculated as mg ascorbic acid
equivalent (mg AAE/100 g DM).

Determination of DPPH Radical Scavenging Activity

The Brand-Williams (1995) method with slight
modification was utilized to perform the DPPH radical
scavenging assay of Moringa extract. One mL of aliquot
was added to 4 mL DPPH solution in a test tube, vortexed
well and allowed it in dark condition for 30 min. Then, the
absorbance reading of the mixture was taken using a UV-
Vis Spectrophotometer (Model-1800, Shimadzu, Japan) at
517 nm. A DPPH solution without adding the sample
extract was utilized as control. The results were expressed
in percentage. The following formula was used to calculate
the DPPH free radical scavenging assay:

% DPPH scavenging activity = 1- (Absorbance of
sample/Absorbance of control) x 100

TPC
(g GAE/100 g dry sample)

10

Time

Determination of Total Tannin Content

The method of Amorim et al. (2008) was used to
estimate the total tannin content of Moringa extract using
Folin-Ciocalteu phenol reagent. At first, 0.2 mL of the
aliquot was added with 8.3 mL of double-distilled water in
a test tube. After that, 0.5 mL of Folin-Ciocalteu phenol
reagent was mixed and kept for 5 min at room temperature.
After incubation, 1 mL of sodium carbonate (35%) solution
was poured in the test tube. After shaking well, the mixture
was kept for 20 minutes at 25+2°C temperature. Then the
absorbance was taken at 725 nm. Pure water was used to
prepare a blank rather than the sample extract. A set of
standard solutions of gallic acid was read against a blank.
Pure gallic acid (GA) was used to prepare the calibration
curve (Figure 2). The tannin content of the specimens was
measured using the following standard gallic acid curve
equation;

¥=10.0497x— 0.0197, where, &£ =0.9952
The results were expressed in g GAE/ 100 g dry sample.

Statistical Analysis

The data were analysed using one-way ANOVA with
Minitab 18 software and Excel 13. Tukey test was used to
determine the significant difference (P<0.05). Data were
expressed as means + standard deviation (SD) of three
independent measurements.

Results and Discussion

Total phenolic content

Phenolic compounds are essential elements which help
to exhibit antioxidant activity (Igbal and Bhanger, 2006).
Figure 2 represents the TPC value at different extraction
conditions. It reveals methanol as a comparatively better
solvent of TPC at different times and temperature ranges
than the ethanol. The highest value of TPC (6.46+0.34 g
GAE/100 g DM) was observed at 50°C for 30 min while
using methanol as the solvent, and the lowest value
(3.82+0.14 g GAE/100 g DM) was found while using
ethanol (70°C, 10 min).

= M50 mES0 M60 mEGO mM70 E70
a a,b
a,b,c
b,c,d ]:
b,c.d,e cde

20 30

Figure 2. Effect of extraction time, temperature, and solvent on the production of TPC from the Moringa leaf extracts.
Use of different superscripts within the same extraction time indicate significant differences in values (P<0.05).
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In most of the cases, the TPC was decreased with the
increasing temperature from 50°C to 70°C, and it was
increased with the increasing time (10 min to 30 min).
Almost similar results were found in another study of
Mokrani and Madani, (2016) who found a negative
relationship with TPC and extraction temperature (25 to
70°C) and positive correlation with a particular increasing
time ranged from 30 to 180 min for peace fruit.

The highest phenolic content found in this study was
higher than the TPC value (4.54 g GAE/100g) found from
another study by Sreelatha and Padma, (2009). According to
another observation, TPC was found as 3.28 g/100 g dry leaf
powder (Abdulkadir et al., 2015). This difference in TPC
value may be due to the difference in variety, regions, soil
characteristics, extraction condition, age of the leaves
(Nobossé et al., 2018). Methanol was noted as the better
solvent of TPC than the ethanol in the previous study of
Nobossé et al. (2018). A similar result was noted in the
present study. It may be due to the variance in the polarity
level of methanol (0.762) and ethanol (0.654). The
compatibility of methanol and extracted polyphenolic
compounds concerning polarity resulted in higher extraction
(Kumari and Khatkar, 2016). A previous study reported that
the increasing temperature at a certain level accelerates the
extraction, but after that level, it decreased because of the
reduced stability of phenolic compounds (Dortaetal., 2012).
The lower TPC value was also observed at the high-
temperature treatment of star fruit juice due to the
destabilization of the phenolic structure (Shourove et al.,
2020). The present study revealed, Moringa leaves as a
potential source of polyphenol, which Moringa leaves had
contained much higher total polyphenol (mg GAE/ 100g)
than some Indian fruits and vegetables such as pomegranate
(671.1 + 18.5), mango (440.6 + 16.6), kinnow (354.9 +
12.5), banana (362.4 + 17.2), beetroot (909.5 + 37.4), bringal
(292.3 + 12.7), bitter gourd (226.5 + 10.5), black carrot
(1028.6 + 23.4), spinach (233.5 + 20.2) (Singh et al., 2016).

Ferric Reducing Antioxidant Power (FRAP)

The FRAP assay refers to the capability of the
antioxidants present in moringa leaf extracts to reduce
potassium ferricyanide to potassium ferrocyanide. The

findings of this study have been shown in Figure 3.
According to the study, the maximum value of the ferric

400

300

200

100

FRAP (mg AAE/100g dry sample)

reducing antioxidant power was observed in methanol
extracts when 30 min extraction time and 50°C extraction
temperature were used. The minimum value was measured
in ethanol extracts having 10 min extraction time and 70°C
extraction temperature. The values were 344.13 + 3.25 mg
AAE/100g dry sample and 166 + 2.90 mg AAE/100g dry
sample, respectively. This result is similar to Nobossé et al.
(2018), who found methanol extraction gave the higher
value of the ferric, reducing antioxidant power than ethanol
extraction. According to Tebeka and Libsu (2016), the
ferric reducing antioxidant power of Moringa leaf extract
was 442 + 10.58 mg AAE/100g using methanol as an
extraction solvent. Nobossé et al. (2018), stated that the
antioxidant activity depends on the solvent of the
extraction, age of the leaf and nature of the other
phytochemicals present in the Moringa leaf extract. Again,
Sarkar and Ghosh (2017) also found a similar result in the
case of Tamarind seeds. They described that with the
increase of extraction temperature from 50°C, the value of
ferric reducing assay power decrease.

DPPH Radical Scavenging Activity

The antioxidant activity of the Moringa leaves at
different extraction conditions are represented in Figure 4.
Significantly higher antioxidant activity (P<0.05) was
observed in the case of ethanol solvent than methanol. The
highest antioxidant activity (69.72+1.15%) of the ethanol
extract was observed at 60°C (20 min), and the lowest value
(46.32+1.07%) was observed in methanol extract at 70°C
(30 min). Abdulkadir et al. (2015) found the DPPH
scavenging assay of Moringa leaf extract as 58.62 % in the
case of methanol solvent, which is in the range of our
current findings. In another study, ethanol extract was
found to exhibit the highest DPPH activity (53.30%—
71.10%) (Nobossé et al., 2018). In this study, the maximum
amount of antioxidant activity was observed in ethanol
solvent than the methanol. It may be due to the extracted
flavonoid content, chlorophyll, ascorbic acid and the
structure of polyphenolic compounds. The methanol
solvent is very useful for the extraction of high molecular
weight polyphenol compounds and ethanol is best for the
extraction of low molecular weight flavonoids from the
plant matrix (Sreelatha and Padma, 2009; Nobossé et al.,
2018).

m M50

mES0

M60 =E60 mM70 ®=E70

H—

10

20 30
Time

Figure 3. Effect of extraction time, temperature, and solvent on the ferric reducing antioxidant power from the Moringa
leaf extracts. Use of different superscripts within the same extraction time indicate significant differences in values
(P<0.05).
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Figure 4. Effect of extraction time, temperature, and solvent on the DPPH radical scavenging activity of from the
Moringa leaf extracts. Use of different superscripts within the same extraction time indicate significant differences in

values (P<0.05).
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Figure 5. Effect of extraction time, temperature, and solvent on total tannin content of the Moringa leaf extracts. Use of
different superscripts within the same extraction time indicate significant differences in values (P<0.05).

The temperature effect was also observed on the
antioxidant activity. In this study, the maximum
antioxidant activity was found at 60°C temperature, and it
may be due to the proper solubility of the flavonoid content
at that condition. Again, the antioxidant value was found to
decrease with the increasing temperature and the extraction
time, which maybe because of the destruction of the
chemical composition of the polyphenolic compounds,
ascorbic acid and chlorophyll content of the Moringa leaf
(Sreelatha and Padma, 2009; Nobossé et al., 2018). Those
study revealed Moringa leaves as a potential source of
antioxidant compounds, which showed higher antioxidant
activity than some typical fruit juice such as: lemon (63%),
orange (61%), star fruit (60.19%), mandarin (52%),
grapefruits (58%) (Shourove et al., 2020).

Total Tannin Content (TTC)

The TTC of plant sources consists of two groups such
as hydrolyzable and condensed. Hydrolyzable tannins refer
to a mixture of simple phenol having ester linkage in their
structure. Again, condensed tannin refers to flavonoids
with different condensation (Altemimi et al., 2017). The
TTC of the Moringa leaf was measured in the present
study. The results have been represented in Figure 5.

The highest value of TTC was obtained in 70°C
methanol extraction with 30 min of extraction time, and the
value was 10.22 + 1.11 mg GAE/100 g DM. The lowest
value of total tannin was measured in 50°C methanol and
ethanol extraction with 10 min extraction time. According
to Ademiluyi et al. (2018), during methanol extraction,
total tannin content was 5+ 0.03 mg GAE/100 g DM which
was lower than our findings and might be due to the
increased extraction temperature. The total tannin content
of the extract was increased with the increase in extraction
time and temperature. This finding is in line with the
findings of Olabode et al., (2015), who stated that with the
increase in extraction temperature, the total tannin content
of Moringa leaf was also improved.

Conclusion

In this study, the methanol extraction with a more
extended period of extraction time and minimum
temperature resulted in a high value of total phenolic
content and FRAP in Moringa leaf extracts. Ethanol extract
with medium extraction time and temperature resulted in
higher DPPH scavenging activity. In the case of tannin,
total tannin content was increased with the increase of
extraction time and temperature for both methanol and
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ethanol extraction. It can be concluded from the present
study that methanol might be used as a better solvent to
extract antioxidants from Moringa leaf and extraction time
and temperature should be placed moderate. Further study
can be done about developing value-added products from
this Moringa leaf powder.
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