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ABSTRACT
This study was conducted to investigate the antioxidant activity and total phenolic compounds of the Moringa
oleifera leaves. Ultrasonic assisted extraction (UAE) technique was employed with methanol as a solvent. The
temperature and sonication time were varied from 30 to 45°C and 10 to 30 min, respectively at fixed ultrasonic
power of 560 Watts. A 1,1 -diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and Folin – Ciocalteu assay
were used to determine the antioxidant activity and total phenolic content (TPC), respectively. The extracts
obtained showed changes in the antioxidant activity and total phenolic content that with the increased of
extraction temperature and sonication time. The highest antioxidant activity of 72.44 ± 0.0575 % and phenolic
content of 328.87 ± 0.0516 mg (GAE)/mg) were obtained at 45℃ and 30 min, respectively. Hence, UAE is
suitable to extract bioactive compounds from Moringa oleifera leaves and thus, can become an alternative for
antioxidants processing method.
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INTRODUCTION
The medicinal herbs or plants are recognized as a good alternative for therapeutic or healing effect and has been
established in the global health care system.[1-2] The World Health Organization (WHO) estimated that 80
percent of people worldwide rely on the herbal plants to complement on their health care needs.[3] The
awareness on the use of herbal plants parts such as barks, seeds, fruits, leaves, oil, sap, flowers and roots are the
result of many years of research and practiced. The parts contain bioactive compounds or a functional
ingredients or molecules that rich with therapeutics potential.[4-6] Most of the people in the world continue to use
herbs for their basic healthcare needs due to its affordability, availability and cultural acceptability.
Antioxidants and phenolic compounds, for instance, are an example of bioactive compounds that important due
to the ability to neutralize free radicals and reactive oxygen species or their behavior. Herbs plant with high
antioxidant activity may offers solution for anti-cancer, hypolipidemic, anti-aging and anti-inflammatory
behavior. Besides that, antioxidants are important for diabetic patients since low plasma levels of antioxidants is
risk a factor for the disease growth.[7] Phenolic compound was also reported to be responsible for the plant
materials' antioxidant activity.[8,9] The polyphenolic compounds may offer protection against oxidative stress
and may benefits humans such as to modulate atherogenesis, thrombosis and carcinogenesis lipid peroxidation
due to their antioxidant function and anti-inflammatory action.[10]
Moringa oleifera Lam is an example of herbs plant that is widely used in traditional medicine. The plant is rich
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in antioxidants and phenolic compounds. It is a native plant in some tropical and subtropical countries such as
India, Africa, South and Central America, Mexico, Hawaii, and throughout Asia and Southeast Asia.[9,11] The
biological insights and pharmacological effects of the plant includes antidiabetic, anti-obesity activity,
hepatoprotective activity, neuroprotective, anti-inflammatory, anticancer, antibacterial and antifungal activity. [1214]
The amount of bioactive compound extracted from the plant varies according to the extraction method and
solvent applied. Several works were done to extract and isolate bioactive compounds from Moringa
oleiferaplant for pharmaceutical and nutraceutical applications using solvent extraction, pressurized hot water or
maceration technique.[15-17]
Ultrasonic-assisted extraction (UAE) is reported as an effective technique to extract bioactive compounds at low
temperature.[18] The ultrasonic waves that penetrate through extraction solvent create micro-cavitation bubbles
that can help to break the cell wall and promote the release of bioactive compound during the extraction
process.[19] In this work, UAE technique was used to extract the bioactive compounds from the Moringa oleifera
leaves grown in Malaysia. The effect extraction parameters namely temperature and sonication extraction time
on the antioxidant activity and phenolic content of Moringa oleifera leaves extract were evaluated using 1,1 diphenyl-1-picrylhydrazyl DPPH radical scavenging and Folin – Ciocalteu assay, respectively.

EXPERIMENTAL
Chemicals and Materials
Moringa oleifera leaves were obtained from local plantation in Pekan, Pahang, Malaysia. DPPH (99%)1,1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from Sigma-Aldrich (St. Louis, MO). Ethanol (99.9wt%),
Gallic acid (98wt%), Methanol (99.5wt%), Folin-Ciocalteu reagent were obtained from Merck (Darmstadt,
Germany). Ultrapure water prepared in house. All the materials and chemicals were used without further
purification.
Sample Preparation
The leaves were dried for 24 hours in oven at 60℃ before its moisture content was evaluated. The moisture
content of dried leaves was measured using AD weighing MS-70 moisture analyzer (Tokyo, Japan). The
moisture content was found to be 3% - 4%. The leaves then were blended using regular grinder. The grounded
leaves were sieved into four different sizes (100µm, 200µm,300µm,400µm) using a sieve shaker and powder
obtained was stored in air tight zip lock bag until used. The dried leaves of 100µm-200µm were weighed and
used in the extraction process.
Ultrasonic-Assisted Extraction (UAE)
The extraction process was performed in an ultrasonic bath with a power of 560 Watts. The 0.5 g of Moringa
oleifera leaves were weighed and added in a conical flask containing distilled water. The solute to solvent ratio
used was 1:50 (g/mL). The conical flask was immersed in the ultrasonic bath. The temperature and time were
set at 30 ℃ and 30 min, respectively. The extract was separated from the solid residue after centrifuged at 990
rpm for 10 min. The extract was concentrated using a rotary evaporator under vacuum at 40℃ and 70 rpm. The
extract was filtered through a 0.45-µm syringe filter and kept in vials at -4°C until analysis. The same
procedures were repeated using different temperatures ranging from 35°C to 45°C and sonication time of 15 to
25 min. The summary of process parameters studied is shown in Table 1.
Table 1: Summary of process parameters for Ultrasonic-assisted extraction (UAE) process of Moringa oleifera
leaves
Varied Parameters
Temperature (℃)
30
35
40
45
Time (min)
15
20
25
30

Fixed Parameters
Solute to solvent ratio: 1:50 (g/mL)
Ultrasonic power: 560 W
Sonication time: 30 min

Solute to solvent ratio: 1:50 (g/mL)
Ultrasonic power: 560 Watts
Sonication temperature: 45℃
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Total Phenolic Content Analysis
The total phenolic content of the extracts obtained was calculated using the Folin – Ciocalteu assay with some
modifications.[20] Each reagent was prepared prior to analysis by diluting 3.75 g sodium carbonate (Na 2CO3)
with 50 mL of double distilled water (w/v). Afolinciocalteu reagent was prepared by diluting 1:1 (v/v) with
double distilled water (DDW). The Moringa oleifera extract of 20mg/mL were diluted to 2mg/mL using DDW.
TPC procedure starts with adding 750µL of DDW into the cuvette, followed by 250µL of diluted extracts,
250µL of folinciocalteu reagent and 1000µL of sodium carbonate. Gallic acid was used as standard and diluted
into several concentrations of 7.82 µg/mL, 15.63µg/mL, 31.25µg/mL, 62.5 µg/mL, 125 µg/mL, 250 µg/mL, and
500 µg/mL to construct a standard calibration curve. The solution was well mixed and the cuvettes were left
covered for 1 hour and 30 min in dark at room temperature. The absorbance of the reaction mixture was read by
using a Spectrophotometer (U-1800, Japan) at wavelength of 760 nm.

Antioxidant Analysis
The extracts were diluted to concentration of 800 µg/mL. Ascorbic acid was diluted to concentrations of 7.81,
15.63, 31.25, 62.5, 125, 250 and 500 µg/mL; 0.1 mM DPPH in methanol was used and prepared fresh daily.
Controls and extracts were analyzed according to the method of Wright et al. [21] with some modifications. The
controls and extracts (375 µL each) were reacted with DPPH (1875 µL each) for 30 min in the dark at room
temperature.[9] A blank using methanol, in place of the sample, was also prepared and incubated with the
samples. After incubation, the absorbance of the samples was read using a Spectrophotometer (U-1800, Japan)
at 517 nm.The scavenging capacity was calculated as follow:

𝐷𝑃𝑃𝐻 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =

(𝐴0 − 𝐴1 )
𝑥 100%
𝐴0

where 𝐴0 is the absorbance value of a blank meanwhile 𝐴1 is the absorbance value of standard(Wright et al.,
2017).

RESULTS AND DISCUSSION
Total phenolic content (TPC) of the extracts were determined with comparison to the standard solution of Gallic
acid curve. The TPC of extracts obtained from condition were expressed in mg of Gallic acid equivalents
(GAE)/mg of Moringa oleifera leaves extracts at different temperatures and sonication time are shown in Figure
1. Theoretically, when the temperature increase, the solubility and also penetrability of solvent also increasing,
subsequently boost up the extraction speed and efficiency.[22] The mass transfer rate also affected by the
increment of temperature as it promotes the increase rate of diffusivity but decrease in the viscosity and surface
tension of solvent, resulting in higher phenolic yield.[23] A seen in Figure 1 (a) and (b), the TPC content is
increase with the increase of temperature and sonication time. The highest TPC of 328.87 ± 0.0517mg GAE/mg
Moringa oleifera extract was obtained at sonication temperature of 45℃ and 328.87 ± 0.0516 mg GAE/mg
Moringa oleifera for sonication time of 30 min.
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Figure 1: The total phenolic content of different parameters of Moringa oleifera leaves extracts versus (a)
temperature and (b) extraction time.

Figure 2: The DPPH inhibition of different parameters of Moringa oleifera leaves extracts versus (a)
temperature and (b) extraction time. Results were expressed as means ± standard deviation (n=3)

The antioxidant activity of Moringa oleifera extracts obtained from different solvent, temperature and time were
investigated at concentration of 800 µg/mL by using DPPH radical scavenging method. [24] The value of extracts
was compared with ascorbic acid which acts as standard. Figure 2 shows that temperature 45℃ at 30 min
recorded the highest inhibition of antioxidant activity, 72.44 ± 0.0575 % but still cannot surpass the antioxidant
activity of ascorbic acid. In this analysis, the moderate ability to regulate the free radical DPPH behaviour of the
samples may be attributable to the adequate quality of phenol components and other phytochemical content,
such as chlorogenic. Antioxidant study on Moringa oleifera extracts by Vongsak et al. (2013) showed that
Moringa oleifera leaves gave the highest scavenging activity which was 62.94 µg/mL which was ethanol that
possess the most active antioxidant activity compared to methanol, ethanol and water extraction. From the
results, it can be suggested that chlorogenic from Moringa oleifera leaves extracts can be an interesting sources
of antioxidant phytochemical with potential uses in various industries such as cosmetics, food and
pharmaceutical. Extracts from the leaves of Moringa oleifera have been reported elsewhere to exhibit
antioxidant activity both in vitro and in vivo due to abundant phenolic acids and flavonoids. [25]
The best extraction time obtained is this work is slightly different with Dadi et al.[26] who reported the operating
time of 20 min and temperature of 40℃as the most suitable to extract phenolic compounds from Moringa
stenopetala leaf with ethanol concentration of 70% used as a solvent. [25] Other work by Wu et al.[4-6] (2020)
suggested 40℃ and 15 min as the optimum extraction conditions for Moringa oleifera leaves by using UAE
with 37% water in a deep eutectic solvent during the extraction. The amount of TPC and antioxidant activity
reported are 48.0 mg GAE/mg DM and 585.7μmol TE/g DW, respectively.[27] As seen here, the choice of
solvent may somehow affect the optimum temperature and time used to extract the highest amount of TPC in
the sample used. The ultrasonic power used in both works are somehow lower than this work, thus, might also
contribute the lower amount of TPC obtained.

CONCLUSION
The screening of process parameter from Moringa oleifera leaves extraction process revealed that solvent,
temperature and time play an important role in determining the yield of bioactive compounds. The more
optimum operating conditions were determined based on the highest yield of different bioactive compounds. In
TPC analysis, the results showed that Moringa oleifera leaves extracts has an outstanding amount of total
phenolic content. On the other hand, DPPH radical-scavenging activity assay revealed that Moringa oleifera
extracts posses’ high amount of antioxidant properties. The best operating extraction temperature, the most
suitable operating condition was at 45℃ with 328.87 ± 0.0517 mg GAE/mg and 72.44 ± 0.0575 % of total
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phenolic content and antioxidant activity, respectively. Meanwhile, extraction time of 30 min recorded the
highest total phenolic content with value of 328.87 ±0.0516 mg GAE/mg and antioxidant activity of 72.44 ±
0.0575 %.
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