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Introduction:-

Consumption of herbs as nutritive food and/or medicines has played an important role in nearly every culture in
Asia, Africa, Europe and the Americas, wherein natural products have been an integral part of most ancient
traditional medicine systems such as those of Chinese, Ayurvedic and Egyptian. Nowadays, plants have assumed
expanded uses in modern health care programmes as natural source of bioactive compounds, treatment of
malnutrition, and drug template amongst drug discovery researchers in search for alternative sources of drugs
(Bhagyasri, et al., 2015). As many as 3.4 billion people in the developing world depend on plant-based traditional
medicines and dietary supplements (Kumar, et al., 2013; Arora and Kaur, 2013). This represented more than 80
percent of the developed world population, who relied mainly on traditional medicine for their primary health care
due to poverty, lack of access to modern medicine and awareness of side effects (Isitua et al., 2015). Usage of herbal
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medicine is based on the hypothesis that medicinal plants contain natural substances that can promote health and
ameliorate illness. These plant-produced natural substances or phytochemicals such as phenolics, flavonoids,
alkaloids, tannins, glycosidal aglycones and vitamins were considered pharmacologically active constituents that can
be responsible for a diverse bioactivity (Tan et al., 2013).

Moringa oleifera Lam is one such important plant with a very wide use in almost all traditional medicine references
such as the Greek, Egyptian, Roman and Indian with writings dating back as far as 150 AD (Zaku et al., 2015). M.
oleifera Lam is the most widely cultivated species of a mono-generic family, the Moringaceae, that is native to the
sub-Himalayan tracts of India and Pakistan, and now inhabitant in tropical and sub-tropical regions worldwide (Al-
Owaisi et al., 2014; Agbogidi and llondu, 2012; Varma 2016). Moringa was known in 82 countries by 210 different
names in over 200 languages as the horseradish tree, drumstick tree, benzolive tree, moonga, mulangay, nébéday,
saijhan, sajna tree (Leone et al., 2015). This evergreen rapidly-growing tree is widely used as a nutritive herb, food
(leaf and pods), industry, and almost, each plant part possesses valuable pharmacological activities. Traditionally, it
is used for the treatment of various diseases, malnutrition and health conditions such as antimicrobial,
antihyperlipidemic, anticancer, antiulcer, antidiabetic, analgesic, antihypertension, antifertility, anticonvulsant,
asthma, hepatoprotective, arthritis, rheumatism, prostrate problems, sexual virility, erectile dysfunction, syphilis and
many others (Maheshwari et al., 2014; Nath et al., 2015; Kumar, V., et al., 2013; Ganatra et al., 2012; Kesharwani et
al., 2014; Jaiswal et al., 2009). The apparently wide range of therapeutic activity of M. oleifera was attributed to the
variety of active phytochemicals present in its different plant parts namely the vitamins, carotenoids, polyphenol,
phenolic acids, flavonoids, alkaloids, glucosinolates, isothiocyanates, tannins, saponins, oxalates and phytates
(Gopalakrishnan et al., 2016; Leone et al., 2015).

The leaf part of M. oleifera are considered to give high nutrient content of the plant, rich source of vitamins,
phenolics, flavonoids, essential amino acids, proteins, and minerals and exhibited strong antioxidant activity, often
attributed to the plant vitamins and phenolic compounds (Coppin et al., 2013; Muazu and Suleiman, 2014;
Sankhalkar and Vernekar, 2016; Jayanthi et al., 2015).

To be reliable, effective and trustable by consumers, natural products should be first extracted, isolated, identified
the active constituent(s), clinically tested and then formulated as standardized pharmaceutical dosage form. In view
of that, extraction is the first and the most essential and critical step in the isolation, purification, identification and
standardization of active phytoconstituent(s) from plant materials (Do et al., 2014). An appropriate extraction
method should be used to collect the bioactive phytochemicals with high-quality yield regarding reproducibility,
applicability, environment safety issue and cost (Varma, 2016). Theoretically, optimal extraction method should be
simple, rapid, economical and applicable to a large scale industry. The main challenge of an extraction process is to
offer the maximum vyield of substances with the highest quality, concentration and bioactivity power of the target
compounds (Tan et al., 2013) among a wide spectrum of the plant constituents where as many as 200,000 different
compounds although not every constituent occurs in every species (Gullberg et al., 2004).

Many techniques have been developed to extract active constituents, such as conventional solvent extraction,
microwave-assisted, ultrasound-assisted and supercritical fluid extraction, among which solvent extraction (solid-
liquid and liquid-liquid extraction techniques) is the most commonly used, and has proven to be a reliable and
efficient method (Jung, 2014). In spite of extensive uses, many factors, such as solvent composition, time of
extraction, temperature, solid-to-liquid ratio and particle size, may drastically influence the efficiency of solid—liquid
extraction (Dent et al., 2013).

The objective of this study was to evaluate the effects of various extraction solvents, temperatures, ratio of solvent
to solid plant material and maceration time on the plant extraction vyield, total phenolics content, total flavonoids
content and free radical scavenging activity towards 2,2-diphenylpicrylhydrazyl (DPPH) of M. oleifera dried leaf
extract under various conditions. A single factor experiments approach (a one-factor-at-a-time) was used, in which
only one factor is varied at a time while all others are kept constant. Such approach is able to provide fundamental
information on the ranges for an optimum extraction set of parameter for the extraction of phytochemicals from the
plant material. The study will help improve extraction of phenolics, flavonoids and other antioxidants from M.
oleifera Lam leaf and promote better utilization of the extract as a standardized medicinal plant.
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Materials and methods:-

Chemicals and Equipments:-

All chemicals and solvents used were of analytical reagent (AR) grade. Ethanol 95%, Methanol, Toluene, 1-
Butanol, Aluminum chloride (AICIz), Sodium carbonate (Na,COs) and Ascorbic acid, were obtained from Fisher
Scientific, Selangor, Malaysia. 1,1-diphenyl-2-picrylhydrazyl (DPPH) and Quercetin reference standard (>98%
purity) were obtained from Sigma-Aldrech, USA. Gallic acid (C;HsOs) (98% purity) was obtained from Acros
Organics, Belgium, USA. TLC Silica gel 60 F,s4, Folin-Ciocalteu reagent Merck KGaA, Darmstadt, Germany.
Water bath and drying oven, MEMMERT, Germany; Rotary evaporator, EYEL4, China; UV-Visible
spectrophotometer BIOCHROM LIBRA S11, Cambridge, England; PERKIN ELMER, Lambda 25 UV/VIS
Spectrophotometer, USA. Deionized distilled water (reverse osmosis water) used for the analysis was purified by
MILLI-Q Millipore water purification system (Millipore Corporation, Billerica, USA).

Plant Materials:-

A fresh leaves of M. oleifera Lam were collected from Butter worth area, Penang, Malaysia in November, 2015.
These were authenticated and a voucher specimen (voucher No. 11626 ) preserved in the herbarium, School of
Biological Sciences, Universiti Sains Malaysia (USM). 2.3. Preparation of M. oleifera leaf for extraction

The fresh leaves were cleaned out first with tape water to remove dusts and dirt then washed with distilled water
twice. The cleaned leaves were dried in oven at 45T for 3 to 5 days to get a constant weight dry mass. The dry
leaves then powdered using grinding mill to a particle size of about 0.5 mm. The powdered dried leaves then packed
in polyethylene bag and stored in sealed container at dark cool room until use.

Extraction of dried powdered M. oleifera leaf:-

In the first stage of the study, the dried powdered leaves was extracted with either 95% ethanol, 50% ethanol or
water by maceration with (1:10) dried powdered leaves to extraction solvent ratio at 45 T+2 for 48 h. One hundred
gram of powdered leaves was placed in a glass flask, 1000 ml of either extraction solvents was added, the flask
covered with aluminium foil and transferred into water bath with occasional shake. At the end of maceration period
the extracts were filtered using Whatman No.1 filter paper, concentrated by rotary evaporator to about 10% of the
original volume. The marc was re -extracted by the same process and solvent for three times and the concentrated
extracts were combined together. Thereafter, the concentrated extracts were dried in drying oven at45 T+2 until we
get a constant weight of dry mass. The collected dried extracts were used to determine the best extraction solvent. In
the second stage of the study, the powdered leaves was extracted by maceration in the selected extraction solvent at
different extraction conditions in which only one parameter was changed each step . A different extraction
temperature i.e. 35, 45, 55, 65 T, different dried powdered leaves to extraction solvent ratio i.e. 1:10, 1:5 and 1:2.5
ratio and different maceration time i.e. 24, 48 and 72 hours were tested to evaluate the effects of each parameter on
the quantity and quality of the collected extract. After the end of maceration time of each step the extract was
filtered, concentrated, dried, weighed and stored frozen until use for determination of TPC, TFC and total
scavenging activity.

TLC profile of extract:-

The TLC profile of the three extracts was used to evaluate the efficiency of extraction solvent (in addition to other
tests) by roughly estimating the number of phytochemicals in each extract. After a preliminary TLC runs with
various mobile phases, a mobile phase consisting of toluene : 1-butanol :methanol (9.5:0.5:0.5) was used which
reveal best separation of components. Sample was prepared(2mg/ml) in methanol and applied in the form of band (5
x 0.45 mm). Plate was developed up to the distance of 10 cm from bottom, air dried and visualized at 365nm.

Percent yield:-
The percent yield of extract was calculated after obtaining a constant dried weight with respect to weight of used dry
powdered leaves using the following equation:

% vield = Weight of dry extract 100
oyield = Weight of powdered leaves

The percent yield was used to estimate the efficiency of extraction conditions.
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Total Phenolics Content (TPC):-

Total phenolics content was determined by the Folin-Ciocalteu method as described by Vongsak et al., (2013) with
minor modification. Two hundred pl of 1 mg/ml extract in methanol was mixed with 0.5 ml of dilute folin-Ciocalteu
reagent (1:10 with deionized distilled water), mix well and stand for 5 min; then, 0.8 ml of 7.5% (w/v) sodium
carbonate (Na,COs) in distilled water was added, allowed to stand for 30 min at room temperature and in dark place
for colour development with occasional shake. Absorbance was then measured using spectrophotometer at 765 nm
against a blank (200 pl extract solution, 0.5 ml methanol and 0.8 ml distilled water). A series of Gallic acid solutions
(5 to 320 pg/ml) in methanol were prepared and used as a reference to interpolate the concentration of the phenolics
content in the plant extract sample. The TPCs were determined using linear regression equation obtained from the
standard plot of Gallic acid. The content of total phenolic compounds was calculated as mean +* standard deviation
(SD) (n=3) and expressed as g Gallic acid equivalent (GAE) /100g extract.

Total flavonoids content (TFC):-

The total flavonoids content was determined using the modified method of Al-Owaisi et al., 2014. Five ml of 2%
(w/v) Aluminium chloride (AICI3) in methanol was added to 5 ml of M. oleifera extract (0.5mg/ml), mixed well and
incubated in dark place for 10 min at room temperature. Absorbance was then measured using spectrophotometer at
415 nm against a blank (AICI; and methanol). A series of quercetin solutions (1.95 to 125 pg/ml) in methanol were
prepared and used as a reference to interpolate the concentration of the flavonoids content of M. oleifera extract
sample. The content of total flavonoids compounds was calculated as mean + standard deviation (SD) (n=3) and
expressed in g quercetin equivalent (QE) /100g extract.

Total radical scavenging activity:-

Total radical scavenging capacity of M. oleifera leaf extracts was determined by 1,1-diphenyl-2-picrylhydrazyl
(DPPH) method described by Pyrzynska and Pekal (2013) with minor modification. A stock solution of ImM DPPH
in methanol was prepared in amber flask wrapped with aluminium foil and stored at —20 °C. The working solution
of 0.152 mM was prepared by taking 15.2 ml into a 100 ml amber volumetric flask and complete the volume to 100
with methanol. A series dilution of M. oleifera extract to obtain a solutions with a concentration ranging (1.95 to 500
pg/ml). A series dilution of ascorbic acid solution was prepared to obtain a solutions with a concentration ranging
(7.8125 to 1000 pg/ml) and used as reference. After the incubation period, the absorbance of each solution of M.
oleifera extract and ascorbic acid was measured using a spectrophotometer at 517 nm against a blank (1.5 ml
DPPH+750 pl methanol). The ability to scavenge DPPH radical was calculated as percent inhibition using the
following equation:

Ab — At

Ab

% inhibition = x 100

Were Ab is the absorbance of blank and At is the absorbance of test sample. The ICs, value, the concentration of
sample required for 50% scavenging of the DPPH free radical, was determined from the curve of percent scavenging
plotted against the concentration. Each determination was done in triplicate, and the mean +standard deviation of
ICs, value was calculated. All results were expressed in g ascorbic acid equivalent/ 100 g of dry extract (g
AAE/100g extract).

Data analysis:-

The results were reported as mean xstandard deviation (SD) (n = 3). The average contents of total phenolics, total
flavonoids and DPPH radical scavenging activity of the extracts prepared by the different extraction conditions were
statistically investigated using one-way analysis of variance (ANOVA) followed by Tukey post hoc multiple
comparisons with least significant difference (LSD) by SPSS for Windows 20.0. A statistical probability (p value)
less than 0.05 indicated a statistically significant difference between groups.

Results:-

The percent yields for the 95% ethanol, 50% ethanol and water extracts which extracted at 45T for 48 h and 1: 10
dried powdered leaves to extraction solvent ratio were 25.022, 38.196 and 37.838 % respectively (Table 1). Since
our concern is extraction of bioactive phyto-constituents like polyphenolics and antioxidants, the selection of
extraction solvent was based on other testing parameters and the percent yield will be a comparing parameter of
extraction conditions within the same extraction solvent.
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Table 1:- The % yield, TPC, TFC and total scavenging activity of 95% ethanol, 50% ethanol and water extract.

TPC TFC DPPH
Solvent % vyield g GAE/100 g extract g QE/100 g extract | g AAE/100 g extract
95% ethanol 25.022 28.800+ 0.76 4.425+0.31 7.302+ 1.43
50% ethanol 38.196 3.525+0.11 1.206+ 0.66 7.310+ 2.04
Water 37.838 1.836+ 1.03 0.804+ 0.58 6.367+1.98

GAE: Gallic acid equivalent, QE: Quercetin equivalent and AAE: Ascorbic acid equivalent.

The TLC profile of the three extracts (95% ethanol, 50% ethanol and water) clearly illustrated that 95% ethanol had
extracted more phytoconstituents than other extraction solvents (Fig. 1). Taking in our account the results of
preliminary runs of TPC, TFC, DPPH and TLC profile, 95% ethanol was selected as extraction solvent in next stage
of the study for testing the effects of different extraction condition on quantity and quality of extract.

Fig. 1:- TLC profile of three Moringa leaf extracts. A: water extract, H: 50% ethanol and E: 95% ethanol.

Effects of temperature on extract quantity and quality:-

Analysis of the collected data (Table 2) apparently shows a significant and direct relationship between temperature
and percent yield in all extraction conditions . The extraction yield increased as the temperature of extraction
increased and highest percent yield at 65T (Fig. 2). An obvious effect of temperature on TPC was noted in all dried
powdered leaves to extraction solvent ratio and 48 and 72 h maceration time(p value 0.001 to 0.014) with highest
value was at 45T (p value 0.002) except for 24 h maceration time in which the highest value was at 55°C (Fig. 3).
For TFC, the increase in temperature leads to increase in TFC value (p value 0.001 to 0.021) except for 65 T with
maceration time longer than 24 h in which the value start to decrease . The highest TFC value was at temperature
55T (Fig. 4). The total radical scavenging activity appear to be more susceptible to temperature regardless dried
powdered leaves to extraction solvent ratio and maceration time (p value 0.001 to 0.003)with highest scavenging
activity at temperature 45T (Fig. 5). This behavior may be due to sensitivity and instability of vitamins like a-
Tocopherol and Ascorbic acid and pro-vitamin like B-Carotene (which is largely responsible for anti-oxidant
activity) to high temperature.
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Table 2:- Percent yield, TPC, TFC and total radical scavenging activity of 95% ethanol extract of M. oleifera leaf at
different extraction conditions.

Maceration TPC TFC DPPH
Temperature Ratio Time (h) % Yield g GAE/100 g | g Q/100g | g AAE/100 g
(T) extract extract extract
1:10 24 19.214 20.463 2.721 2.907
1:10 48 19.878 21.829 3.265 3.236
1:10 72 20.115 22.017 3.742 3.829
1:5 24 18.395 19.908 2.663 2.934
35 15 48 19.735 22.488 3.189 3.078
1.5 72 20.046 22.720 3.377 3.488
1:2.5 24 18.605 20.040 2.495 2.962
1:2.5 48 19.246 21.030 2.805 3.203
1:2.5 72 19.612 21.605 3.046 3.305
1:10 24 22.676 23.103 3.664 6.541
1:10 48 25.022 28.800 4.425 7.302
1:10 72 25.455 29.183 4.570 8.050
1.5 24 23.189 23.327 3.355 6.407
45 15 48 23.765 28.640 4,287 7.658
1:5 72 24.834 28.859 4.408 8.262
1:25 24 22.813 25.476 3.066 6.825
1:25 48 24.324 28.700 3.851 6.977
1:25 72 25.206 28.776 4.265 7.849
1:10 24 23.743 30.146 4.055 7.136
1:10 48 24.336 28.092 4.723 5.924
1:10 72 26.689 26.954 4.850 5.064
1:5 24 24.246 26.163 3.903 5.708
35 1:5 48 24.838 25.812 4.525 4.550
1:5 72 26.401 24.495 4.416 3.376
1:25 24 23.089 24.985 3.770 5.413
1:25 48 25.190 24.267 4.300 4.550
1:25 72 26.375 22.896 4.598 3.412
1:10 24 25.233 29.031 4.160 4.983
1:10 48 26.105 25.614 4.315 3.651
1:10 72 28.301 18.096 3.840 3.270
1:5 24 24.097 27.123 4.285 4.906
65 1:5 48 26.311 21.238 4.150 3.048
1:5 72 27.220 14.519 3.655 2.638
1:25 24 24.064 23.601 3.945 4.301
1:25 48 25.766 21.639 3.440 2.854
1:25 72 28.141 16.928 2.975 2.552

AAE: ascorbic acid equivalent, GAE: gallic acid equivalent and QE: quercetin equivalent.
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Fig. 3. Effect of temperature on TPC (g
GAE/100 g extract) of Moringa leaf extract at
different dried powdered leaves to extraction
solvent ratio.
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Fig. 4. Effect of temperature on TFC (g QE/100
g extract) of Moringa leaf extract at different
dried powdered leaves to extraction solvent ratio.

Effects of maceration time on extract quantity and quality:-

The effect of maceration time on qualitative and quantitative parameters of the extract was directly interrelated to
temperature of extraction. The maceration time has slight effect than temperature on % vyield (p value 0.031 to
0.040), in that, at the same temperature of extraction as the maceration time increase the % vyield slightly increase
(Fig. 6). A controversial effect of maceration time on TPC, TFC and total scavenging activity depending on
temperature of extraction (Fig. 7, 8 and 9). An increase in TPC and total scavenging activity were noticed as the
period of incubation increase at temperature of extraction 35 and 45 T and start to decrease as period of incubation
increase at temperature of incubation 55 and 65 TC. For TFC the situation was different, an increase in TFC as period
of incubation increase at temperature of extraction 35, 45 and 55T and start to decrease as period of incubation
increase at temperature 65 T. This may be because flavonoids are more heat stable than phenolics compounds (Ross
et al., 2011; Sharma et al., 2015). The results clearly pointed that the selection of maceration time of extraction was
depending on temperature of extraction. For instance, as the suggested temperature of extraction of Moringa dry leaf
was 45 T, the suggested maceration time is 48 or 72 h according to ratio of dried powdered leaves to extraction
solvent to be use.
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Fig. 12. Effect of dried powdered leaves to Fig. 13. Effect of dried powdered leaves to
extraction solvent ratio on TPC of Moringa leaf extraction solventratio on TPC of Moringa leaf
extract at different maceration time and extract at different maceration time and
temperature. temperature.

Effects of dried powdered leaves to extraction solvent ratio on extract quantity and quality:-

At same extraction temperature and incubation period, dried powdered leaves to extraction solvent ratio has non-
significant effect on quality and quantity of extract (p value 0.315 to 0.909). Dried powdered leaves to extraction
solvent ratio shows a negligible effect on percent yield and a very slight effect on TPC and total scavenging activity
(p value 0.046 to 0.969) . On the other hand, an increase in dried powdered leaves to extraction solvent ratio shows
little increase TFC; this may be due to higher solubility of phenolics compounds in ethanol more than flavonoids, so,
increase in solvent volume lead to solubilization of more flavonoids (Medini et al., 2014). In addition to that, the
solubility of flavonoids depend largely on whether they occur bounded to one or more sugar moiety (which become
more polar) or as free form in which they are much less polar (Bohm, 1998). So, a more aggressive conditions and
solvent volume are required to dissolve flavonoids in ethanol.

Discussion:-

Extraction was the most essential and critical step in a process of preparing high quality plant extract. In spite of
immemorial and wide spread use of extraction procedure, it still need to be optimize according to type of plant, part
of plant to be use, nature of targeted compounds and many other issues. Without doubt the quality and quantity of
extract is highly effected by extraction conditions. In this study, the effects of type of extraction solvent, temperature
of extraction, maceration time and dried powdered leaves to extraction solvent ratio on quantity and quality of
Moringa leaf extract were evaluated by measuring percent yield, TPC, TFC and total scavenging activity in an
attempt to determine best extraction condition. The high yields of water and 50% ethanol extraction solvents were
attributed to high content of carbohydrates, electrolytes, amino acids, proteins, polysaccharides and other
hydrophilic nutrients which are insoluble or slightly soluble in ethanol. Analysis of the results obviously revealed
that 95% ethanol, as extraction solvent, extracted higher quantity of phenolics and flavonoids compounds than other
solvents which coordinate with finding of other researchers (Lugman et al., 2011). Vongsak et al. 2013 shown
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almost the same percent yield of 38.34 £1.17 for dried Moringa leaf extracted by maceration in 50% ethanol for 72 h
at room temperature and 1:40 dried powdered leaves to extraction solvent ratio. Jaiswal et al. 2009 shown a percent
yield of 11.7 % for aqueous extract by maceration in distilled water for 48 h at 60-70 T then filtered and dried first
by rotary evaporator then by freeze dryer. The temperature of extraction was significantly effects on both quantity
and quality of extract and directly correlated to maceration time. The increased extraction yield as the temperature of
extraction increased may be because M. oleifera leaf contains large quantity of polysaccharides, carbohydrates and
water soluble vitamins and minerals (Nouman et al., 2016) that slightly dissolve in ethanol and need higher
temperature to enhance the solubility of such constituents. In addition to that, plant cell wall consider to be rigid, due
to presence of cellulose, and need more vigorous conditions to be broken and release of cell contents. The effects of
temperature on TPC reflects the sensitivity of phenolics compounds to long exposure to temperature higher than
55T which lead to decomposition. A slight effect of maceration time on quantity of extract was detected within the
same temperature of extraction. On the other hand, a noticeably effect of maceration time on quality of extract was
detected within the same temperature of extraction. The effects of dried powdered leaves to extraction solvent ratio
was found to be minor and irregular with no clear relation to temperature or maceration time. For high quality of M.
oleifera leaf extract, a suggested extraction conditions of 72 h maceration time, 45T extraction temperature and
1:2.5 ratio; 48 h maceration time , 45T extraction temperature and 1:5 ratioor 24 h maceration time , 55T
extraction temperature and 1:10 ratio. one of the above mentioned set of extraction conditions best to be use with
recommendation of selecting an amiable extraction condition for higher quality extract.
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