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ARTICLE INFO: ABSTRACT

Keywords: The plant material was sourced from a farm at Rafin Guza, Kawo, Kaduna State identified
Moringa oleifera and extracted using percolation, soxhlet, microwave and ultrasonic extraction methods with
Extraction ’ water, ethanol, chloroform and hexane as extraction solvents. The extracts were subjected to

phytochemical screening both qualitatively and quantitatively for detection of plants
metabolites using standard procedures. The most active extract was fractionated and tested
against the isolates. A total of 64 extracts were recovered from the plant materials, Leaf (16),
Seed (16), Bark (16) and Pod (16) using the four different extraction methods. The results of
the extraction showed that Ultrasonic extraction method has the highest percentage recovery
(45.2%) followed by Soxhlet (42.5%), percolation (41,6%) then microwave (39.5%) (p =
0.8315). The plant part with the highest percentage recovery is the seed (47.9%) followed by
the leaves (45.7%), the bark (43.8%) then lastly the pod (30.2%) with the means significantly
different statistically (P = 0.0001). Water has the mean highest percentage recovery with
(48.0%) in the seed, followed by ethanol (45.3%) in the leaf, chloroform (37.8%) the bark and
lastly hexane (36.5%) the pods with the means significantly different statistically (P = 0.0000)
among the four plant parts. Qualitative analysis of the extracts shows the presence of
alkaloids, saponins, tannins, flavonoids, glycosides phenols. The recovery of phytochemicals
recovered by each extraction method shows that percolation recovered the highest number of
phytochemicals (84) followed by ultrasonic (80), microwave (76) then soxhlet (76).
Alkaloids, saponins and flavonoids were present in all the 64 (100%) extracts, Phenols were
present in 63(98%), tannins 53(82%), steroids 36(56%) and the least glycosides 10(16%).
Quantitative analysis of the extracts shows highest content of alkaloids in percolation
(59.45ae/g), Tanins (3.85gae,g) and phenols (35.29gae/g). Ultrasonic extraction recorded the
highest content of flavonoid (58.64qe/g), saponin (19.37de/g) and scavenging activity
(33.20%). The results clearly prove that extraction method and solvent selected for extraction
significantly  influences the phytochemical constituents of Moringa oleifera.
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INTRODUCTION

Plants are important source of bioactive
compounds for antimicrobial discovery.
Bioactive compounds serves as materials for
production of antimicrobials. Processing pf
phytochemicals of plants materials is
essentially  required to optimize the
concentration of plants contitiuents and also to
maintain their activities. Extraction is an
important step in the phytochemical discovery
of plant materials. Selection of a suitable
extraction method is very important for the
optimisation of plant bioactive compounds.
Various extraction techniques most commonly
used include conventional techniques such as
maceration, percolation, infusion, decoction
etc. Recent years, extraction methods namely:
Ultrasonic Assisted Extraction (UAE) and
Microwave Assisted Extraction (MAE) are
considered as green extraction methods and
extensively  studied for extraction of
phytochemicals from different plant materials.
The results of previous studies indicated that
MAE and UAE are efficient methods for
extraction of phytochemicals from plant
materials (Kannamba et al., 2017). Use of
green extraction methods has been rapidly and
increasing globally for the phytochemical
processing of medicinal plants as these
techniques are fast compared to traditional
methods, and also are environmentally
friendly in terms of solvent and energy
consumption.

Extraction methods can be broadly classified
into conventional (traditional) and modern
(green) techniques. Conventional Extraction
Methods like Soxhlet Extraction is a standard
reference method using continuous solvent
reflux. Studies, such as one by Vongsak et al.,
(2013), have shown that Soxhlet extraction
with solvents like methanol or ethanol can
yield high amounts of total lipids and some
non-polar phenolics. However, the prolonged
exposure to high temperatures can degrade
thermolabile compounds like certain vitamins
and flavonoids, leading to an extract with
potentially  lower antioxidant capacity
compared to cooler methods. Percolation is
simple, low-cost method which involves
soaking the plant material in a solvent at room
temperature.  Research  indicates  that
percolation is effective but often yields lower
extraction efficiency and requires longer
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durations (Moyo et al., 2018) . The choice of
solvent is critical for instance, Sultana et
al.,(2009) demonstrated that aqueous acetone
was more efficient than aqueous methanol for
extracting antioxidants from Moringa leaves.
The passive nature of percolation often fails to
fully disrupt the plant cell walls, leaving a
significant portion of bioacts unextracted.
Modern techniques aim to overcome the
limitations of conventional methods by
improving  efficiency, reducing solvent
consumption, and preserving heat-sensitive
compounds. Ultrasound-Assisted Extraction
(UAE) uses ultrasonic waves to create
cavitation bubbles that disrupt plant cell walls,
enhancing solvent penetration. A study
by Rodriguez-Pérez et al., (2015) found that
UAE significantly reduced extraction time and
solvent volume while achieving higher yields
of phenolic compounds and superior
antioxidant  activity  from Moringa leaves
compared to percolation. The ability to operate
at lower temperatures makes it ideal for
preserving delicate phytochemicals.
Microwave-Assisted Extraction (MAE) uses
microwave energy to heat the solvent and
plant matrix internally and rapidly. This causes
the moisture within cells to evaporate, building
pressure and rupturing the cell walls. Moyo et
al., (2018) reported that MAE optimized with
the correct solvent (e.g., ethanol-water
mixtures) and power level resulted in a higher
yield of total phenolics and flavonoids
from Moringa leaves  than  conventional
heating. However, uncontrolled power can
lead to localized overheating and degradation
of compounds. A critical analysis of multiple
studies reveals that when it comes to
Efficiency and Yield, modern techniques
(UAE, MAE) consistently outperform
conventional methods in terms of extraction
efficiency, yielding more phytochemicals per
gram of plant material in a fraction of the time
and with less solvent. Also the Phytochemical
Profile of the extract is method-dependent,
while Soxhlet is selective for lipids, methods
like UAE with hydro-alcoholic solvents are
superior for a broad spectrum of polar
antioxidants. The harsh conditions of Soxhlet
can create artifacts or degrade certain
compounds, altering the natural phytochemical
ratio. Interms of Bioactivity The enhanced
yield and preservation of active compounds
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directly translate to superior biological
activity. Extracts obtained via UAE, MAE,
frequently demonstrate higher antioxidant,
anti-inflammatory, and antimicrobial activities
in in vitroassays compared to their
conventionally prepared counterparts
(Rodriguez-Pérez et al.,2015). The profound
health benefits of M. oleiferaare largely
attributed to its rich and diverse profile of
bioactive compounds/phytochemicals. These
include flavonoids (e.g., quercetin,
kaempferol), phenolic acids (e.g., gallic acid,
chlorogenic  acid), glucosinolates  and
isothiocyanates, alkaloids, saponins, and
vitamins. These compounds exhibit potent
antioxidant, anti-inflammatory, antimicrobial,
and anticancer activities. However, the
presence and concentration of these valuable
phytochemicals in a final extract are not
absolute, they are highly dependent on the
method employed for their extraction from the
plant matrix. The choice of extraction
technique influences the efficiency, selectivity,
and stability of the isolated compounds.
Factors such as solvent polarity, temperature,
pressure, and extraction time can significantly
alter the yield, composition, and biological
activity of the extract. Inefficient methods may
lead to the degradation of thermolabile
compounds, low vyields, or the use of
hazardous solvents, thereby diminishing the
therapeutic and commercial value of the
product. The therapeutic potential of M.
oleiferais  rooted in its  complex
phytochemistry, which varies across different
plant parts. The leaves being the most studied,
are particularly rich in  Phytchemical
compounds including flavonoids and phenolic
acids. They are potent antioxidants that
scavenge free radicals, reducing oxidative
stress. Also rich in Glucosinolates and
Isothiocyanates which are unique compounds
like 4-(0-L-rhamnopyranosyloxy)-benzyl
glucosinolate (glucomoringin) and its derived
isothiocyanate (moringin) are responsible for
strong anti-inflammatory and antimicrobial
effects. Alkaloids and Saponins present in the
plants contribute to the plant's antimicrobial
and anti-inflammatory properties. High levels
of Vitamin A, C, and E, along with minerals
like calcium and potassium, contribute to its
nutritional prowess. The efficient extraction of
these diverse compounds is a significant
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challenge, as their chemical nature and
stability differ greatly. (Gurnani et al., 2016).
Many researches have reported works on
different parts of Moringa oleifera plant using
previous extractions methods (maceration,
percolation, soxhlet) (Bukar et al., 2010;
Kawo et al., 2013; Lawan et al.,2020; Ahmad
et al.,2018; Sunusi et al., 2017) but were not
able to establish the best extraction methods
(previous and recently used techniques) that
gives the best phytochemical composition that
would translate to good antimicrobial activity.
The objective of this research is to understand
the impact of different extraction methods on
the phytochemical profile of Moringa oleifera.
This work synthesizes the existing researches
to compare and contrast conventional and
modern extraction techniques, highlighting
their effects on the yield, concentration of the
key phytochemical constituents of this
Moringa oleifera plant.

MATERIALS AND METHODS.

Sourcing of plant Materials.

The leaves, bark, Pods and seeds of Moringa
oleifera were collected from a farm at Rafin-
Gusa, Kaduna north, Kaduna state in one batch
and identified at the Herbarium, Plant Biology
Department, Bayero University Kano, Kano
State, Nigeria. This was recorded with
Voucher and Herbarium Accession Number
(BUKHAN 0011). The plant materials were
washed thoroughly to remove adhering
material and dried at room temperature. The
plant material was further grounded by means
of an electric blender into fine powder.
Preparation of plant extracts

Solvents as water, ethanol, n- hexane and
chloroform were used for the extraction. The
plants materials were extracted once using four
different extraction methods (percolation,
Soxhlet extraction, microwave assisted solvent
extraction, ultrasonic assisted extraction).
Percolation

One hundred grams (100g) of the plant powder
was soaked separately in 500ml each of the
solvents at room temperature for two weeks in
a closed container with intermittent shaking
and at the end of the days each extract was
filtered using Whatman no 1 filter paper lined
funnel into a conical flask. The extracts were
separated from the solvents using Rotary
Vacuum Evaporator and the remaining solvent
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was evaporated in a water bath. (Bukar et al.,
2011).

Soxhlet extraction

The plant powder (100g) was extracted in each
of the solvents (500ml) separately using a
Soxhlet apparatus. The weighed amount of M.
oleifera plant powder was packed in an
extraction thimble and placed in an extraction
chamber which was suspended above the flask
containing the solvent and below a condenser.
The flask was heated and the solvent
evaporated and moved into the condenser
where it was converted into a liquid that
trickled into the extraction chamber containing
the plant material. The extraction chamber was
designed such that when the solvent
surrounding the sample exceeds a certain
level, it will overflow and trickle back down
into the boiling flask. At the end of the
extraction process, the flask containing the
extract was removed and solvent was
evaporated using rotary evaporator (Ahmad et
al., 2018).

Microwave assisted solvent extraction.

One hundred gram of the plant powder was
immersed in 500ml of the different solvents
separately in beakers. Extraction was carried
out by placing the beaker in the middle of the
oven over a rotating plate and exposed to
microwave radiation (Haier Thermocool
Electronics, model 20L MM20BB01, 800W,
2459 MH2Z) for 10 minutes with 1 minute time
interval. At the end of the heating the beaker
was left for 1 minute for the temperature
stabilization. The extract was filtered and
solvent was evaporated using a rotary
evaporator (Kannamba et al., 2017)
Ultrasound Assisted Extraction

One hundred grams of powder of the different
parts of the plant was each immersed in 500ml
of the solvents separately in Dbeakers.
Extraction was carried out by placing the
ultrasonic probe (Qsonica, 700W, 40KHZ)
inside the beaker containing the plant extract
and solvent, the ultrasound assisted extractor is
turned on to mix the solution for 5min, 10 and
20mins. The extract was filtered and solvent
was evaporated using a rotary evaporator
(Kannamba et al., 2017).
Phytochemical screening.
Phytochemical  screening  for
alkaloids, phenols, flavonoids,

steroids,
saponins,
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tannins, glycosides, were carried out using
standard methods.

Test for alkaloids

To 1.0ml of each extract in two separate test
tubes, 3 drops of Dragendoff’s reagent and
meyer’s reagent were added separately. An
orange red precipitate with Dragendoff’s
reagent or white precipitate with meyer’s
reagent indicates the presence of alkaloids
(Debela, 2002).

Test for flavonoids.

One (1) milllitre of the extract was taken in a
test tube and few drops of dilute NaOH
solution was added. The appearance of intense
yellow colour which becomes colourless on
addition of a few drops of dilute HCL indicated
the presence of flavonoids (Hossain et al.,
2013).

Test for Saponins

To 2ml of each extract, 2ml of distilled water
was added and shaken vigorously for about
5min. Persistent frothing indicated the presence
of saponins (Debele, 2002).

Test for Tannins

Two ml of 5% ferric chloride was added to 1ml
of the extract. The occurance of blue-black,
green or blue- green precipitate indicated the
presence of tannins (Debele, 2002).

Test for Steroids

Salkwoski test as described by Debele, (2002)
was employed. 1ml of crude extract was mixed
with equal amount of chloroform and a few
drops of concentrated H,S0; were added. The
mixture was shaken vigorously and allowed to
stand for 5mins. An appearance of a brownish
ring indicated the presence of steroids.

Test for glycosides

To 0.5ml of the extract, 2ml of glacial acetic
acid and few drops of 5% ferric chloride were
mixed together. This was under layered with
Iml of concentrated sulphuric acid. The
formation of a brown ring at the interface
indicated the presence of cardiac glycosides.
Quantitative determination of
phytochemicals

Polyphenol Estimation

Twenty (20) mg of gallic acid was weighed
into a clean and dry beaker, 10 ml of 50 %
methanol was used to dissolve it and the
volume was made up to 20 ml using the same
solvent so as to make the concentration of the
solution to 1 mg/ml.
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The polyphenol content in all the extracts was
measured  using  the  Folin—Ciocalteu
colorimetric method with slight modifications.
Gallic acid was used as the standard and the
results were expressed as gallic acid equivalent
(GAE) per gram of sample. Different
concentrations (0.2 to 0.7 mg/ml) of gallic acid
were prepared in methanol. Aliquots of 20 pl
of the test sample and standard were mixed
with 150 pl of Folin—Ciocalteu reagent
separately in a 96 well plate and allowed to
stand for 3 to 5 mins at room temperature.
Thereafter, 80 pl of saturated solution of
sodium carbonate (7.5% wi/v) was added to
each reaction well and covered with silver foil
before incubating at room temperature for an
hour with intermittent shaking. The
absorbance was taken at 765 nm. All the
samples were analyzed in duplicates. A
calibration curve of gallic acid standard was
plotted (Alhakmani et al., 2013).
Calculation
Polyphenol Content =V x C

M
Where C = concentration of gallic acid from
calibration curve in mg/ml
Calculation
Total flavonoid Content =V x C

M

ISSN: 2811-2881

V = volume of extract in ml, M = weight
of extract in grams.
Total Flavonoid Estimation
A stock solution of 1mg/mL quercetin was
prepared prior to the commencement of the
experiment. The total flavonoid content (TFC)
of all the extracts was determined by
aluminum chloride colorimetric assay with
slight modifications. Briefly, 20 pl of the
extract and standard solution (0.83 to 0. 33
mg/ml quercetin) were mixed with 15 pl of
sodium nitrite (5% NaNO., wi/v) solution
separately in a 96- well plate and incubated for
6 minutes at room temperature. Thereafter, 15
ul of (10% AICIs, w/v) solution was added to
each reaction well and allowed to stand for
further 6 min before the addition of 80 pl of
sodium hydroxide (4% NaOH, wi/v) to each
well. The mixtures were incubated for another
15 minutes and absorbance was taken at 510
nm. TFC was determined as mg quercetin
equivalent per gram of sample with the help of
calibration curve of quercetin (Zhichen et al.,
1999).

Where C = concentration of quercetin from calibration curve in mg/ml
V = volume of extract in ml, M = weight of extract in grams

DPPH
ASSAY
Antioxidant action of the plant extracts was
determined by DPPH (2,2-diphenyl-1-
picrylhydrazyl) free radical scavenging
technique using the protocol of Brand-
Williams et al. (1995) with slight
modifications. About 180 pl of 0.2 mM DPPH
methanolic solution was mixed and reacted

(2,2-diphenyl-1-picrylhydrazyl)

Aof Blank —Aof Sample

% of Inhibition = Aof Blank

Where A of Blank is the absorbance of the
control reaction (containing all reagents except
the test sample) and A of Sample is the
absorbance of the extracts/standard (Blois,
1958).

Determination of Tannin Content

The tannin content was determined by Follin-
Ciocalteu method. About 0.02ml of the plant
extracts was added to the volumetric flask
(2ml) containing 1.5ml of distilled water,
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with 12 pl of the samples, ascorbic acid and
methanol (blank) separately in 96-microwell
plate for 30 mins at 37°C in the dark. Then,
absorbance values for each mixture were read
at 517 nm after incubation. Percentage of
radical scavenging activities (% inhibitions)
were calculated from the absorbance values
using the following formul\:

x 100

0.1ml of Follin — Ciocalteu phenol reagent and
0.2ml of 35% Na,COs solution which was
diluted with 2ml distilled water. The mixture
was then shaken well and kept at room
temperature for 30 minutes. A set of reference
standard solutions of Gallic acid (20, 40, 60,
80 and 100ug/ml) were prepared in the same
manner as described earlier. Absorbance for
test and standard solutions were measured
against the blank at 725 nm with an UV/VIS
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spectrophotometer. The tannin content was
expressed in terms of mg of GAE/g of extract
(Marinova et al., 2005).

Determination of saponins Content

Total saponins was determined according to
the method described by Makkar et al., (2007).
A known quantity of the plant extract was
diluted in aqueous 50% methanol and a
suitable aliquot (5mg/ml) was taken. Vanillin
reagent (0.25ml;8%) was added followed by
sulphuric acid (2.5; 725v/v). The reaction
mixtures was incubated at 60°c in a water bath
for 10 minutes. After incubation, the reaction
mixture was cooled on ice and absorbance at
544nm (UV visible spectrophotometer) was
read against a blank that does not contain the
extract. The standard calibration curve was
obtained from suitable aliquots of diosgenin
(0.5mg/ml in 50% aqueous methanol). The
total saponins concentration was expressed as
mg diosgenin equivalent (DE) per g dry
weight (DW).

Determination of alkaloid Content

The total alkaloid content was determined
according to UV Spectrophotometric method
described by Manjunath et al., (2012). This
method was based on the reaction between
alkaloid and bromocresol green. The plant
extract (0.5g) was dissolved in 2 N HCL and
then filtered. 1ml of this solution was
transferred to separatory funnel and washed
with  10ml chloroform. The PH of the
phosphate buffer solution was adjusted to
neutral with 0.1 N NaOH. One ml of this
solution was transferred to separating funnel
and then 5ml of bromocresol solution along
with 5ml of phosphate buffer (7.0) was added.
The mixture was shaken and the complex
formed was fractioned with chloroform by
vigorous shaking. The fractions were collected
in a 10ml volumetric flask and diluted to
volume with chloroform. The absorbance of
the complex in chloroform was measured at
470nm. Atropine was used as standard.
Statistical Analysis

All measurements were done in triplicate. Data
collected were expressed as means standard
deviations of three replicates. Data collected
were subjected to analysis of variance and
means were separated using Fishers LSD at
p<0.05 using GenStat 17" edition.

RESULTS
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Physical characteristics of the plant extract.
Table 1,23 and 4 shows the physical
characteristics of the various extracts of the
four solvents used (n hexane, chloroform,
ethanol and water). The extract with the
highest percentage yield is ESU (Ethanol Seed
Ultrasonic) with a 63% recovery.

Table 5 presents the percentage yield based on
the extraction methods used. Ultrasonic
extraction method has the highest mean value
of 45.2, followed by soxhlet extraction method
with the mean value of 44.6, followed by the
percolation extraction method with mean value
of 41.6 and lastly the microwave extraction
method with a mean value of 39.5.

Table 6 shows the percentage yield based on
plants parts and solvents. The plants part with
the highest percentage yield is the seed (47.9),
leaf (45.7), the bark (43.8) and lastly the pods
(30.9) while the solvent with the highest
percentage vyield is the Aqueous (48.0),
Ethanol (45.8), Chloroform (38.0) and lastly
Hexane (36.5).

Figure 1 shows the summary of percentage
yield based on plant part and solvents. Water
produced the highest percentage Yyield
followed by ethanol then chloroform. Hexane
produced the least percentage yield.
Qualitative Phytochemical Screening of the
plant extracts.

The result of the phytochemical analysis of the
various extracts of the ultrasonic method of
extraction are presented in table 7. The result
shows that Alkaloids, Saponins, Tannins,
Flavonoids and phenols were present in all the
64 extracts. Glycosides were only detected in
only 2 extracts (APU and ELU), while steroids
were detected in 8 extracts.

Table 8 shows the result of the phytochemical
screening of the various extracts of the
microwave extraction method. Alkaloids,
saponin, tannins, flavonoids and phenols were
detected in all the 64 extracts. Glycosides
were not detected in any of the extracts while
steroids were detected in 8 extracts.

Table 9 shows the result of the phytochemical
screening of the various extracts of the
percolation extraction method. Alkaloids,
Saponins, were detected in all the extracts.
Tannins were detected in all the extracts
except one. Glycosides were also detected in 6
extracts. Steroids were present in all the
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extracts except 2 and also Phenols were also
present except one extract.

Table 10 shows the result of the
phytochemical screening of the various
extracts of the Soxhlet extraction method.
Alkaloids, saponins, phenols and Flavonoids
were present in all the 64 extracts. Tannins
were also present except in4 extrcts.
Glycosides were only detected in only 2
extraxts, while steroids were detected in only 5
extracts.

Table 11 shows the Percentage of
phytochemicals recovered by each extraction
method.

Quantitative analysis of the plant extracts
Table 12 presents results of effect of different
extraction methods, solvents, and plant parts
of Moringa oleifera on the quantity of key
phytochemicals, including DPPH (antioxidant
activity), Total Alkaloid Content (TAC), Total
Flavonoid Content (TFC), Total Phenol
Content (TPC), Total Saponin Content (TSC),
and Total Tannin Content (TTC). The results
highlight ~ variations in  phytochemical
composition based on extraction techniques,
solvent types, and plant parts, with significant
interaction effects between plant parts and
solvents. Ultrasonic extraction recorded the
highest DPPH (33.20%), TFC (58.64 ge/g) and
TSC (19.37de/g). Percolation extraction had
the highest TPC (35.29gae/g) and TAC
(59.45ae/g).  Microwave and  Soxhlet
extraction showed relatively high levels across
all phytochemicals but did not dominate any
specific category. Chloroform resulted in the
highest TFC (94.41qe/g), TAC (64.73ael/q),
and TPC (36.06gae/g), Aqueous extraction had
the highest DPPH (35.90%) and TFC
(60.49qe/g), Hexane yielded the highest TPC
(53.57gae/g) but the lowest DPPH (20.96%)
and TFC (18.10qe/g), Ethanol had the highest
TSC(11.67de/g) and TTC (4.0gae/g), These
results  indicate  that polar  solvents
(chloroform, aqueous, ethanol) are more
effective in extracting bioactive compounds
than non-polar hexane, which primarily
extracted phenols. The plant part on another
hand significantly influenced phytochemical
content where Leaf extracts contained the
highest levels of almost all phytochemicals,
including TFC (96.16qge/g), TPC (51.36
gae/g), TAC (91.48ae/g), and TTC
(4.79gae/g). Seeds had the highest DPPH
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(47.33%) and relatively high TPC
(34.94gae/g), but lower saponin (3.19 mg
de/g) and tannin (2.99gae/g) contents. Bark
and pod had significantly lower phytochemical
levels than leaves and seeds. The interaction
between plant parts and solvents was highly
significant (P < 0.01) for all phytochemicals
except TAC. However, the interaction between
extraction methods and plant parts was not
significant (NS). The interaction effects of
different extraction methods and solvents on
the phytochemical content of Moringa oleifera
plant parts as presented in Table 13 indicate
that the combination of extraction methods,
solvents, and plant parts significantly
influences the concentration of key bioactive
compounds such as antioxidant capacity
(DPPH), Total Alkaloid Content (TAC), Total
Flavonoid Content (TFC), Total Phenol
Content (TPC), Total Saponin Content (TSC),
and Total Tannin Content (TTC).
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Table 1 Physical Characteristics of the Various Extracts of N — Hexane
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Parameters HLP HLM HLU HLS HSP HSM  HSU HSS HPP HPM HPU HPS HBP HBM  HBU HBS
Weight 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
powder (g)
Weight 42 44.1 43.6 41.6 31.1 52.3 41.3 52.5 15.2 22.6 15.6 11.1 47.8 36.7 41.7 42.8
extract (g)
% Recover 42.3 44 44 42 31 52 41 53 15 23 16 11.1 48% 37% 42% 43%
extract
Table 2 Physical Characteristics of the Various Extracts of Chloroform Extract
Parameters CLP CLM CLU CLS CSP CSM CSU CSS CPP CPM CPU CPS CBP CBM CBU CBS
Weight powder (g) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Weight extract (g) 32 35 42.6 46.6  34.6 36.2 36.0 46.0 246 235 282 31 47.2 41 46.1 30.9
% Recover extract 32 35 43 47 35 36 36 46 25 24 28 31 47 41 46 31
Table 3 Physical Characteristics of the Various Extracts of Ethanol Extract
Parameters ELP ELM ELU ELS ESP ESM ESU ESS EPP EPM EPU EPS EBP EBM EBU EBS
Weight 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
powder (g)
Weight 42.6 385 61.0 50.3 46 56.2 62.7 58.2 47.8 19.5 27.3 31.3 29.3 22.9 23.9 27.3
extract (g)
% Recover 43 39 61 50 46 56 63 58 48 20 27 31 29 23 24 27
extract
Table 4 Physical Characteristics of the Various Extracts of Aqueous Extract
Parameters ALP ALM ALU ALS  ASP ASM  ASU ASS APP APM APU APS ABP ABM  ABU ABS
Weight powder 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
(9)
Weight extract 45.2 41.6 45.6 56.1 54.8 52.2 51.2 53.4 23.8 23.1 25.9 26.2 15.7 15.1 15.7 21.2
(9)
% Recover 45 42 46 56 55 52 51 53 24 23 26 26 16 15 16 21
extract
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Table 5: Percentage yield (g) based on extraction methods

Percolation Microwave Ultrasonic Soxhlet

ALP 45 ALM 42 ALU 46 ALS 56
ASP 55 ASM 52 ASU 51 ASS 53
APP 54 APM 43 APU 46 APS 42
ABP 51 ABM 45 ABU 46 ABS 41
HLP 42.3 HLM 44 HLU 44 HLS 42
HSP 31 HSM 52 HSU 41 HSS 53
HPP 15 HPM 23 HPU 16 HPS 11.1
HBP 48 HBM 37 HBU 42 HBS 43
CLP 32 CLM 35 CLU 43 CLS 47
CSP 35 CSM 36 CSuU 36 CSS 46
CPP 25 CPM 24 CPU 30 CPS 31
CBP 47 CBM 41 CBU 46 CBS 31
ELP 43 ELM 39 ELU 61 ELS 50
ESP 46 ESM 56 ESU 63 ESS 58
EPP 48 EPM 20 EPU 37 EPS 31
EBP 49 EBM 43 EBU 44 EBS 47
Total 666.3 632 722 715
Mean 41.6 39.5 45.2 44.6

Key: There is no significant difference between the extraction method at P-value= 0.8315

Table 6 Percentage Yield (g) based on plant parts and solvents

SEED LEAF BARK POD TOTAL Mean
HEXANE 31 42.3 48 15

52 44 37 23

41 44 42 16

53 42 43 111

TOTAL=177 =172.3 =170 =65 =584.2 36.5
CHLOROFORM 35 32 47 25

36 55 41 24

36 43 46 30

46 47 31 31

TOTAL=156 =177 =165 =110 =608 38.0
ETHANOL 46 43 49 48

56 39 43 20

63 61 44 37

58 50 47 31

TOTAL=223 =193 =183 =136 =735 45.8
AQUEOQOUS 55 45 51 54

52 42 45 43

o1 46 46 46

53 56 41 42

TOTAL=211 =189 =183 =185 =768 48.0
OVERALL =767 =731.3 =701 =495
TOTAL
MEAN =47.9 45.7 =43.8 =30.9

Key: P-value=0.001, there is a significant difference between the plant parts
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Figure 1: Percentage Yield (g) of Extract Based on Plant Parts and Solvents
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Table 7: Phytochemical Contents of the Ultrasonic Extracts of Moringa Leaf, Seed, Pods and Bark

Phytochemical APU EPU CPU HPU ABU EBU CBU HBU ALU ELU CLU HLU ASU ESU CSuU HSU
Alkaloids + + + + + + + + + + + + + + + +
Saponin + + + + + + + + + + + + + + + +
Tannins + + + + + + + + + + + + + + + +
Flavonoids + + + + + + + + + + + + + + + +
Glycosides + - - - - - - - - + - - - - - -
Steroids + + + + - - - - + + + + . i}
Phenols + + + + + + + + + + + + + + + +
Table 8 Phytochemical Contents of the Microwave Extracts of Moringa Leaf, Seed, Pods and Bark
Phytochemical ALM ELM CLM HLM ASM ESM CSM HSM APM EPM CPM HPM ABM EBM CBM HBM
Alkaloids + + + + + + + + + + + + + + + +
Saponin + + + + + + + + + + + + + + + +
Tannins + + + + + + + + + + + - - + + +
Flavonoids + + + + + + + + + + + + + + + +
Glycosides - - - - - - - - - - - - - - - -
Steroids - + - - - + + + + + + + - - - -
Phenols + + + + + + + + + + + + + + + +
Table 9: Phytochemical Contents of the Percolation Extracts of Moringa Leaf, Seed, Pods and Bark
Phytochemical ASP ESP CSP HSP ALP ELP CLP HLP APP EPP CPP HPP ABP EBP CBP HBP
Alkaloids + + + + + + + + + + + + + + + +
Saponin + + + + + + + + + + + + + + + +
Tannins + + - + + + + + + + + - - - + -
Flavonoids + + + + + + + + + + + + + + + +
Glycosides + - - + + + + + - - - - - - - -
Steroids + + + + + + - + - + + + + + + +
Phenols + + + + + + + + + + - + + + + +
Table 10: Phytochemical Contents of the Soxhlet Extracts of Moringa Leaf, Seed, Pods and Bark
Phytochemical ABS EBS CBS HBS ALS ELS CLS HLS ASS ESS CSS HSS  APS EPS CPS APS
Alkaloids + + + + + + + + + + + + + + + +
Saponin + + + + + + + + + + + + + + + +
Tannins + + + - - + + + + + - + + + - +
Flavonoids + + + + + + + + + + + + + + + +
Glycosides - - - + - - - - - - - - - + - -
Steroids - - - - + + + + + - - + - - - -
Phenols + + + + + + + + + + + + + + + +
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Table 11: Percentage of phytochemicals recovered by each extraction method

Phytochemicals Ultrasonic Microwave Percolation Soxhlet Percentage
Extraction
(64no Extracts)
Alkaloid 16 16 16 16 64(100%)
Saponin 16 16 16 16 64(100%)
Tannins 16 14 11 12 53(82%)
Flavonoids 16 16 16 16 64(100%)
Glycosides 2 0 6 2 10(16%)
Steroids 8 8 14 6 36(56 %)
Phenols 16 16 15 16 63(98%)

Table 12: Effect of different extraction methods and solvents on the phytochemical quantity of different
plant parts of Moringa oleifera

Factors DPPH TAC TFC TPC TSC TTC
(%) (ae/g) (ge/g)  (gae/g)  (de/lg)  (gae/q)
Extraction methods
Microwave 30.86% 57.122 51.84% 26.217 7.022 3.092
Percolation 22.81° 59.45? 50.14% 35.29? 9.26% 3.852
Soxhlet 32.19° 55.88% 47.382 27.52% 10.982 2.872
Ultrasonic 33.20° 56.54% 58.64% 30.042 19.372 2.46%
Solvents
Aqueous 35.90? 55.58° 60.49° 15.66° 2.69° 2.81%®
Chloroform 30.95? 64.73% 94.418 36.06° 10.222 3.34%®
Ethanol 31.252 57.72% 35.00¢ 13.78° 11.672 4.018
Hexane 20.96° 50.96° 18.10° 53.57% 12.042 2.10P
Plant parts
Bark 17.72° 26.89° 30.31° 14.16° 7.50P 2.16°
Leaf 33.06° 91.48° 96.16° 51.36° 19.65% 4.79°
Pod 20.97°¢ 27.46° 28.57° 18.61° 6.28° 2.32°
Seed 47.332 83.16° 52.96° 34.94° 3.19P 2.99°
Interactions
Extraction methods x plant parts NS NS NS NS NS NS
Plant parts x solvents kool el el flolel flolel foleled

Means along column with different superscripts for each factor are significantly different at P<0.05 using
Pitcher’s LSD; NS = Not significant; ** = significant at P<0.05; *** = significant at P<0.01; TPC = Total
Phenol Content; TAC=Total Alkaloid Content; TTC=Total Tannin Content; TSC=Total Saponin Content;
TFC=Total Flavonoid Content.
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Table 13: Interaction effect of different extraction methods and solvents on the phytochemical quantity of

Phytochemical  Solvents Bark Leaf Pod Seed
Aqueous 18.14°¢ 52.712 18.71° 54.042
DPPH Chloroform 15.53¢ 21.57%¢ 23.43b¢ 63.282
(%) Ethanol 20.08c 34.61° 14.68° 55.612
Hexane 17.12° 23.33%¢ 27.03b¢ 16.37¢
Aqgueous 21.58f 88.65% 23.82f 88.28%¢
TAC Chloroform 30.20¢f 99.86% 45.72¢ 83.15
(aelg) Ethanol 40.11¢% 90.85%® 25.809 74.10¢
Hexane 15.67¢ 86.55%° 14.509 87.123c
Aqueous 31.55¢fo 122.57° 27.89¢fan 59.98¢%
-(I;]ZZ;) Chloroform 52,251 167.91° 54.48% 103.02"
Ethanol 20.15fn 73.12¢ 16.90" 29.82¢fah
Hexane 17.30" 21.05f" 15.03" 19.02¢"
Aqueous 8.87¢ 20.57% 7.88¢ 25.30
TPC Chloroform 15.570¢ 82.622 22.56 23.50%
(9ae/g) Ethanol 6.41¢ 33.39P 9.09° 6.23¢
Hexane 25.78%¢ 68.862 34.89° 84.752
Aqueous 1.32¢ 3.73¢% 1.93¢ 3.79¢%
TSC Chloroform 3.26° 29.652 5.27¢de 2.72¢
(de/q) Ethanol 20.99° 11.09¢ 11.89°¢ 2.70¢
Hexane 4.46%% 34.142 6.02¢d 3.55¢
Aqueous 0.80¢ 2.34bcd 1.37¢ 6.75°%
TTC Chloroform 5.19% 4.782be 2.71bcd 0.69¢
(9ae/g)
Ethanol 2.31bcd 6.922 5.13% 1.67bcd
Hexane 0.35¢ 5.14% 0.08¢ 2.850cd

different plant parts of Moringa oleifera.

Means with different superscripts for each combination of factors per phytochemical are significantly
different at P<0.05 using Pitcher’s LSD; TPC = Total Phenol Content; TAC=Total Alkaloid Content;
TTC=Total Tannin Content; TSC=Total Saponin Content; TFC=Total Flavonoid Content

DISCUSSION

Biologically active compounds usually occur in
low concentration in plants. An extraction
technique is that which is able to obtain extracts
with high yield and with minimal changes to the
functional properties of the extract required
(Quispe Can- dori et al., 2008). Several studies
have reported variations in the biological
activities of extracts prepared using different
extraction techniques. Therefore, it is necessary
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to select the suitable extraction method as well
as solvent based on sample matrix properties,
chemical properties of the analytes, matrix-
analyte interaction, efficiency and desired
properties (Hayouni et al., 2007; Ishida et al.,
2001).

In conventional extraction, heat is transferred
through convection and conduction from the
surface, here, the extractability of solvents
depends mainly on the solubility of the
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compound in the solvent, the mass transfer
kinetics of the product and the strength of
solute/matrix interaction with corresponding
limitations on heat and mass diffusion rate.
Percolation extraction method is is designed for
continous extraction, where a solvent passes
slowly through a packed bed of plant material,
dissolving soluble compounds as it moves
through. The solvent is added on top and
allowed to percolate through the plant material,
as the solvent moves, it dissolves soluble
constituents from the plant matrix. It is driven by
concentration gradients, solute moves from areas
of higher concentration in the solvent. Soxhlet
extraction method is based on continous solvent
reflux and siphoning to repeatedly wash the
solid sample with fresh solvent, thereby
efficiently extracting the target compound
without the need for large volumes of solvents.
This maintains a high concentration gradient
between the solid sample and the solvent, which
drives efficient extraction. The cumulative effect
of repeated solvent contact ensures that even
compounds present in very small amounts are
extracted. Ultrasound assisted solvent extraction
is a process that uses high intensity, high
frequency sound waves and solvents to extract
targeted compounds from various matrices.
Physical and chemical properties of the
materials subjected to ultrasound are altered due
to the propagation and interaction of sound
waves as they disrupt the plant cell walls,
thereby, facilitating release of extractable
compounds and enhancing mass transport of
solvent from the continuous phase into plant
cells. Microwave energy and solvents are used
for the extraction of targeted compounds from
plant matrices in the case of microwave assisted
solvent extraction. Highly localized temperature
and pressure can cause selective migration of
targeted compounds from the matrices to the
sur- roundings at a more rapid rate. Recoveries
are similar or better in both UASE and MASE as
compared to conventional extraction. However,
reduced extraction time and  solvent
consumption are the main advantages of UASE
and MASE. Although, extraction of bioactive
compounds from the plants has been extensively
investigated  using  conventional  solvent
extraction, the present investigation was
undertaken to study the effect of extraction
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methods on yield and phytochemical qualities of
Moringa oleifera.

The percentage yield of extract is a primary
indicator of extraction efficiency. The data
reveals that the ultrasonic-assisted extraction
(UAE) method yielded the highest mean extract
(45.2%), slightly outperforming soxhlet (44.6%)
though statistically not significant. UAE is often
faster and operates at lower temperatures than
soxhlet. The high yield from UAE can be
attributed to the phenomenon of acoustic
cavitation, which disrupts plant cell walls,
facilitating the release of intracellular
components into the solvent, Alara et al., 2021
reported high yield of extract in UAE compared
to MAE. The comparable yield of soxhlet might
be due to its continuous washing of the sample
with fresh, hot solvent, may degrade heat-labile
compounds (Azwanida, 2015),

Regarding solvents, the polar solvents aqueous
(water) and ethanol consistently produced the
highest yields (48.0% and 45.8%, respectively),
while the non-polar hexane yielded the least
(36.5%) statistically significant. This is a classic
demonstration of the "like dissolves like"
principle. Moringa oleiferais rich in polar
compounds such as sugars, glycosides, and polar
pigments, which are more readily solubilized by
polar solvents. Recent studies corroborate this,
identifying water and ethanol as the most
effective solvents for the total extraction yield
from Moringa leaves (Suri et al., 2022).
Alkaloids, saponins, flavonoids, and phenols
were detected in nearly all extracts. The
universal presence across all plant parts,
solvents, and methods underscores that these are
the core phytochemical constituents of Moringa
oleifera responsible for its widely reported
antioxidant, anti-inflammatory, and
antimicrobial properties (Leone et al., 2023). In
contrast, glycosides and steroids showed a much
more selective presence. Glycosides were only
recovered in 16% of all extracts, with the
percolation method showing the highest
detection (6 out of 64). Steroids were detected in
56% of extracts, with percolation again being
the most effective method. This suggests that the
extraction of these specific compounds is highly
sensitive to the extraction conditions. The
gentle, prolonged extraction in percolation might
be more effective at extracting these potentially
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labile or bound compounds without degradation,
compared to the more aggressive ultrasonic,
microwave, or soxhlet methods (Kumar et al.,
2010). (Moyo et al., 2011) also reported same
result when they extracted Moringa oleifera
using ultrasonic and microwave extraction
method.

Quantitatively, Ultrasonic Extraction excelled in
extracting antioxidants (highest DPPH: 33.20%),
flavonoids (TFC: 58.64 qe/g), and saponins
(TSC: 19.37 de/g). This aligns with modern
green chemistry principles, where UAE is
favored for its efficiency in releasing
antioxidants while reducing solvent use and time
(Wen et al., 2020). Percolation, despite being a
conventional method, was most effective for
total phenols (TPC: 35.29 gae/g) and alkaloids
(TAC: 59.45 ae/g). The extended contact time in
percolation may allow for better diffusion and
solubility of these specific compound classes.
On the other hand, the solvent's polarity
influenced the guantitative recovery.
Chloroform, a mid-polarity solvent, was
remarkably effective, yielding the highest TFC,
TAC, and TPC. This suggests that many of
Moringa key flavonoids, alkaloids, and phenols
are of intermediate polarity, optimally extracted
by chloroform. A study by Mgbeahuruike et al.,
(2021) also found chloroform to be highly
effective for extracting antimicrobial alkaloids
from Moringa oleifera. Aqueous produced the
highest antioxidant activity (DPPH: 35.90%)
and a high TFC, confirming that water is an
excellent solvent for polar antioxidants, which is
crucial for its traditional use in teas and
infusions. Hexane, while giving the lowest yield
and poorest performance for most compounds,
extracted the highest amount of phenols (TPC:
53.57 gae/g). This could be due to the specific
type of phenols; hexane may be selectively
extracting non-polar phenolic compounds like
certain alkylphenols or tocopherols that are not
efficiently extracted by polar solvents as also
reported by Leone et al., 2015).The plant part
was the most significant factor, a finding
consistent with the literature. Leaves were
unequivocally the richest source, containing the
highest levels of TFC, TPC, TAC, and TTC.
This solidifies the leaf's status as the most
valuable part of the Moringa tree for
nutraceutical and pharmaceutical applications
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(Kou et al., 2022). Seeds, while lower in most
compounds than leaves, exhibited the highest
antioxidant activity (DPPH: 47.33%). This
indicates that seeds contain potent antioxidants
that may not be phenols or flavonoids such as
unique peptides or glucosinolates, which are not
measured by TPC or TFC assays (Chennat et al.,
2017). Tiwar et al., (2011) also reported high
antioxidant activity in seeds of Moringa oleifera.
This aalso gree with the work of Omede, 2016
who also reported higher phytochemical
contents in leaf and seeds than in the bark of
Moringa oleifera.

Bark and pod had significantly lower
phytochemical levels than leaves and seeds,
indicating lower  bioactive ~ compound
concentrations. Akinmoladun et al.,(2020).

The highly significant (p<0.01) interaction
between plant parts and solvents is a critical
finding. It means that the best solvent depends
entirely on which plant part is being extracted.
To maximize TFC from leaves, chloroform is

the best solvent (167.91 ge/g),
for seeds, aqueous extraction is far more
effective for antioxidant activity (DPPH:

54.04%) than hexane (16.37%). This reinforce
that standardized extraction protocols cannot be
universally applied and must be tailored to the
target plant part and desired bioactive
compound.

CONCLUSION AND RECOMMENDATION
The Highest percentage yield is exhibited by the
Ultrasonic extraction compared to the rest of the
extraction methods. The seed exhibited the
highest percentage yield compared to the rest of
the plant part. Polar solvents (aqueous and
ethanol) recorded higher percentage yield than
less polar solvents (chloroform and hexane).
Ultrasonic extraction recorded the highest
scavenging activity, Flavonoids and Saponin
Content suggesting its effectiveness in extracting
antioxidant compounds. Percolation recorded
highest phenol and alkaloids. Microwave and
Soxhket showed moderate activity across, did
not dominate any category. The results clearly
prove that extraction method and solvent
selected for extraction significantly influences
the phytochemical constituents of Moringa
oleifera.

For industrial application purposes, further
investigations are required to develop a
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mathematical model to control and predict the

optimization

parameters of the extraction

process. Green extraction techniques besides
improving the yield and quality would be able to
save energy and time.
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