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Moringa oleifera is one of the most popular plants in South Asian. It is known as miracle tree because of every 
parts of the plant including roots, leaves, pods flowers, and seeds containing high nutritional value and medicinal 
benefits. M. oleifera seed’s oil extracted contains high antioxidants properties and become as a valuable sources of 
protein, vitamins, beta carotene, amino acids, and various phenolic compounds. Extraction of oil and determination 
of antioxidants in the oil could give a great potential for commercialization especially in pharmaceutical industries 
due to its pharmacological properties such as antiflammatory, antihypertensive, antiepileptic, antioxidant, 
antibacterial and antifungal. The aim of this study were to  extract the M. oleifera seeds at different extraction time 
and ratio of seed to solvent and determine the amount of total phenolic content (TPC) and total flavonoid content 
(TFC) in the methanol extract. The extraction process was carried out using Soxhlet extraction with methanol 
as a solvent for different ratio of seed to solvent (1:10, 1:5 and 3:10) and extraction time (2, 3, 4, 5 and 6 hours). 
The highest extraction yield was found at 36.84% for the seed to solvent ratio (1:10) with the extraction time of 5 
hours. The highest percentages of TPC were 2027.07 (mg GAE/g of extract) at 3 hours of extraction time and seed 
to solvent ratio (1:10). However, the TFC values in M. oleifera seeds were 99.72 (mg QE/g of extract weight) at 5 
hours of extraction time and seed to solvent ratio (1:10). The high values of TPC and TFC in methanol extract of M.  
oleifera seed showing it a good source of natural antioxidant and have a great potential for commercialization in 
food products and pharmaceutical industries.

1. INTRODUCTION

Antioxidants play an important role to protect cells in our body from free 
radical damage which leading to several physiological and pathological 
abnormalities such as cardiovascular disease, rheumatoid arthritis, cancer 
and aging [6, 11] 
Moringa oleifera is one of the species in Moringacae family and mainly native 
to India and Africa. Different parts of Moringa contain a profile of important 
minerals and are a good source of protein, vitamins, beta-carotene, amino 
acids and various phenolics [3]. According to Ojiako et al. (2013), the oil has 
high antioxidant properties, making it a valuable source of vitamin A, C and 
E. It is one of the highest naturally occurring sources of antioxidants. The
oil is good for skin formulation product because of its potent antioxidant
inhibition, which prevents bacterial infections and reduces inflammation. 
This oil possesses of antiflammatory, antihypertensive, antiepileptic, 
antioxidant, antibacterial and antifungal properties [15]. It is used in all
kinds of cosmetic products, soaps and treatment of venomous bite and gout 
[12].
There are various extraction methods for recovery of antioxidant
compounds from plant materials depending on their chemistry and uneven 
distribution in the plant matrix. Solvent extraction is most frequently used
technique for extraction of antioxidant compounds from plant materials [8]. 
The advantages of using Soxhlet extraction are maintaining a relatively high 
extraction temperature, no filtration requirement after leaching, simple, 
inexpensive equipment and easy to operate. The common solvents uses in
this process are ethanol, methanol, acetone, hexane and ethyl acetate. In this 
project, methanol was used as the solvent extraction. Methanol is known
as the best solvent for extraction process. It is more effective in recovering
highest amounts of phenolic compounds from M. oleifera [1].
This work aims to study the effect of extraction time and seed to solvent
ratio in the extraction of M. Oleifera seed using Soxhlet extraction method.
The total phenolic content and total flavonoid content in the seed were also 
determined at different extraction time.
2. EXPERIMENTAL
2.1   Chemicals
Methanol, sodium carbonate, sodium nitrate, sodium hydroxide and
ethanol were purchased from Merck Ltd (Darmstadt, Germany). Gallic acid, 
quercetin, Folin – Ciocalteau reagent, aluminium chloride were purchased
from Sigma- Aldrich.

2.2   Sample Preparation
Seeds of M. oleifera were supplied by Borneo Moringa Sdn. Bhd from Sabah. 
The seeds were separated from the chaffs and other impurities manually. 
This preparation is very important since any impurity in the seeds will 
eventually reflect on the oil extracted. After remove the seed coat, the seeds 
were dried in a drying oven for 8 hours at 40 °C to reduce water content. 
Then, the dried seed were crushed to granules size in range of 0.71-0.85 mm 
using normal blender. After that, the granules seeds were cool in desiccators 
prior to the extraction process.  This operation ruptures the cell wall and 
releases the solute for direct contact with the solvent during the contact 
equilibrium process.

2.3   Soxhlet Extraction
The extraction of Moringa seeds was performed using Soxhlet extraction 
with methanol as the solvent. The seed was extracted with 100 ml of 
methanol at different extraction time (2, 3, 4, 5 and 6 hours) and seed to 
solvent ratio (1:10, 1:5 and 3:10). After the extraction completed, the 
solution was evaporated using rotary evaporator yielded methanol crude 
extract. The extract weighted and kept in a tight container protected from 
light then; the yield (% w/w) of crude extract was determined by using the 
Eq.1.
Yield (%) = 〖Mass〗_extract/〖Mass〗_sample   x 100   
(1)
2.4   Determination of Total Phenolic Content (TPC) [5]
The total phenolic content was determined using Folin – Ciocalteu 
procedure by using gallic acid as standard [5]. Briefly, the crude extract (40 
μg) was mixed with Folin – Ciocalteu reagent (200 μL) and distilled water 
(3.16 mL). The mixture was left between 30 sec to 8 min before added with 
20% sodium carbonate (600 μL). The mixture was kept at 20⁰C for 2 hours 
and the absorbance was read at 636 nm using a UV Vis-Spectrophotometer 
(Perkin Elmer Lambda EZ 210). The TPC values were calculated using gallic 
acid calibration curve within range 0 -2000 mg/L (R2 = 0.9982). The results 
were expressed as gallic acid equivalents (GAE) mg/g of extract weight. All 
samples were analyzed triplicate.
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2.5   Determination of Total Flavonoid Content (TFC) [2]
The total flavonoid content of the methanol extract was determined using 
aluminium chloride colorimetric method with quercetin as standard [2]. 
Briefly, the crude extracts (1 mg) were diluted with water (4 mL) in a 10 mL 
volumetric flask. Initially, 5% sodium nitrate solution (0.3mL) was added 
to each volumetric flask then 10% aluminium chloride (0.3 mL) was added 
into the flask and followed by 1.0M NaOH (2ml). Water (2.4mL) was then 
added to the flask and mixed well. Absorbance of the mixture was read at 
533 nm. TFC values were determined as quercetin equivalents (QE) mg/g of 
extract weight. All samples were analyzed triplicate.

3. RESULTS AND DISCUSSION
3.1 Effect of Seed to Solvent Ratio on Yield of Extract
Figure 1 shows the effect of different ratio of seed to solvent on the percentage 
yield of the extract. The percentage yield of M. oleifera seed extract were 
decreased significantly when the ratio of seed to solvent increased from 1:10 
to 3:10 w/v with the highest yield of extract were found at 36.84% at lowest 
seed to solvent ratio. However, these results were inversely proportional 
from the theories. Premi and Sharma (2013) have stated that mass transfer 
driving force between solid and liquid phase become greater when the solid 
to solvent ratio increased and thus increased the extract recovery. However, 
the extract recovery was not continue to increase although increasing the 
seed to solvent ratio after the equilibrium is achieved.
According to Bokhari et al. (2012), seed to solvent ratio has the great effect 
on the yield of extract. The low extract yield at the lower seed to solvent 
ratio is due to lower solubility of extract in solvent. As the seed to solvent 
ratio increased, the extract yield also increased because the amount of vapor 
contacted with the seeds increased. However, the yield will not continue 
to increase once the equilibrium is achieved.  In addition, Hamdam et al. 
(2008) also stated that solid to solvent ratio could significantly affect the 
equilibrium constant and characterized the relationship between yield and 
solvent used as a step exponential increase followed by a steady state to give 
the maximum yield.

3.2 Effect of Extraction Time on Yield of Extract
The effect of extraction time on the percentage yield of M. oleifera seed 
extract was presented in Figure 2. Extraction time is one of the most 
significant factors affecting the yield of recovery in the extraction process. 
As shown in Figure 2, the percentage yield of extract was increased from 
14.70% to 36.84% when increased the extraction time from 2 to 5 hours. 
However, the yield was decreased to 26.39% when the extraction time 
continued to 6 hours. Silva et al. (2007) reported that after a certain 
time, the solute concentration in the plant matrix and solvent achieves 
equilibrium. Any further increases in extraction time is probably did not 
change significantly the yield.

Figure 2 Percentage yield of extract (%) at different extraction time (hr) for 
seed to solvent ratio of 1: 10

3.3 Total Phenolic Content (TPC) Analysis
Phenolic antioxidants are very important constituents of plants because 
it act as free radical terminators. Their free radical scavenging ability is 
attributed to hydroxyl groups. Total phenolic content (TPC) in the extract of 
M. oleifera at different extraction time were presented in Figure 3. As shown 

in Figure 3, the amount of TPC in the extract were increased from 1945.85 to 
2027.07 (mg GAE/g of extract weight) when increasing the extraction time 
from 2 to 3 hours. However, there is no significant difference of TPC values 
when increased the extraction time from 3 to 5 hours. Due to that reason, 
3 hours of extraction time can be considered to give high TPC values in the 
extract. The concentration of TPC become decreased to 2013.54 (mg GAE/g 
of extract weight) with further increases the extraction time to 6 hours. 
The decreasing amount of TPC at 6 hours of extraction time is due to the 
process oxidation of phenolic content with oxygen when oxygen start to 
react with the phenolic compounds in the M. oleifera seed extract. According 
to Packer (1995), oxygen plays an important role in the degradation of 
phenolic content. The presence of oxygen will decrease the amount of 
phenolic content in the oil due to break down of the structure. Thoo et 
al. (2010) also stated that the excess extraction time lead to reduction of 
phenolic and antioxidant yields. This is because antioxidants are potentially 
prone degradation if exposed to ambient condition for long duration.

3.4 Total Flavonoid Content (TFC) Analysis
Figure 4 shows the amount of total flavonoid content (TFC) in the extract 
at different extraction time. It was found that the highest concentration of 
flavonoid was obtained at 5 hour of extraction process. It was observed that 
the TFC concentration in the extract was increased from 98.61 to 99.72 
(mg QE/g of extract weight) when increased the extraction time from 2 to 
5 hours. But, the concentration was decreased to 99.44(mg QE/g of extract 
weight) with further increase to 6 hours of extraction time. This result 
shows that the antioxidant start to degrade after 5 hours of extraction time 
because of the reaction between oxygen and antioxidant was taking in place.

4. CONCLUSION
The M. oleifera seed extract was performed by using Soxhlet extraction with 
methanol as the solvent at various ratio of seed to solvent and extraction 
time. The amount of total phenolic content (TPC) and total flavonoid content 
(TFC) in the methanol extract were determined using Folin Ciocalteu 
method and aluminium chloride colorimetric method; respectively. 
The highest percentage yield of M. oleifera extract was 36.84% at 1:10 w/v 
seed to solvent ratio and 5 hours of extraction time. The analysis shows 
that high values of Total Phenolic Content (TPC) was found at 3 hours of 
extraction time while Total Flavonoid Content (TFC) values was higher at 5 
hours of extraction time in M. oleifera seed extract which are  2027.07(mg 
GAE/g of extract weight) and 99.72(mg QE/g of extract weight). Thus, 
determination of TPC and TFC represent a good estimation of antioxidant 
potential of food products and in the pharmacological importance.
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