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Background: Man has a long history of utilizing herbal preparations to treat infections. Therefore, this study aimed to
investigate the quantitative phytochemical components, gas chromatography—mass spectrometry analysis, and the
antibacterial properties of the aqueous and ethanol leaf extracts of Moringa oleifera on some clinical bacterial isolates.

Results: Aqueous and ethanol extractions from Moringa oleifera yielded 40.75% and 62.87%, respectively. Flavonoid
(20.76 mg/100 g) was the highest, while saponin (2.00 mg/100 g) was the least of all phytochemicals detected. The
proximate nutrient composition revealed that carbohydrate (46.59%) had the highest, while lipid (7.37%) was the
least. Eleven compounds were detected in both extracts by gas chromatography—mass spectrometry. The eleven
compounds identified had higher concentrations in the ethanol extract except 2-octenoic (26.09 mg/kg) acid

and 1, 2-epoxyhexadecane (8.84 mg/kg) in aqueous extract which were considerably higher than 0.62 mg/kg and
<0.01 mg/kg in ethanol extract. The minimum inhibitory concentration and minimum bactericidal concentration
were 6.25 mg/ml against the test organisms for ethanol extract.

Conclusion: The antibacterial activity of the ethanol extract was more active against the bacterial isolates than the
aqueous, which increased as the extract concentration increases. The reports revealed that Moringa oleifera is an all-
important herb that can inhibit infections from the studied pathogenic bacteria isolates.
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Background

Humankind, since the advent of civilization, has relied
on medicinal plants for their healing capabilities. It has
been estimated that about 80% of the world’s population
utilizes traditional medicines as first-line drugs of choice
to treat a myriad of diseases (Abalaka et al. 2012; Eneriji-
ofi and Isola 2019). Many extracts from medicinal plants
have been used for tradomedical healing purposes (Gan-
dji et al. 2018). Additionally, herbal medicines are gaining
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more ground worldwide due to the reawakened interest
in the utilization of medicinal plants in sustaining human
health, their origin, reduced cost, low adverse effects,
little or no issue with antimicrobial resistance and bio-
prospecting of medicines (Enerijiofi and Isola 2019).

M. oleifera is a popular medicinal plant native to
Africa, Asia, and America with several folkloric uses. It
is a common vegetable in Eastern Nigeria, Africa. It has
enjoyed series of common nomenclatures like the Horse-
radish tree, Drumstick tree, Ben oil tree, Miracle tree,
and “Mother’s Best Friend” (Fapohunda et al. 2012; Adey-
emi et al. 2021). In Nigeria, it is called “Okwe Oyibo” in
the Igbo language, “Zogale” among the Hausa and “Ewe
Ile” in Yoruba (Mikore and Mulugeta 2017). M. oleifera
is known to have immense medicinal values following its
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high concentration of vital minerals, proteins, vitamins,
and B-carotene (Farooq et al. 2012). The drumstick tree
is rich in natural antioxidants, extending the shelf-life of
fatty foods (Abalaka et al. 2012).

The medicinal properties of this plant are linked to
its antioxidant, antimicrobial and antipyretic effects of
the phytochemicals (Ajayi and Fadeyi 2015; Adeyemi
et al. 2021). The different parts of the Moringa tree are
used in over 80 countries to support healthy living. Some
of the uses of M. oleifera include proper functioning of
the eyes, cerebral vigilance and bone strength. It is also
used against malnutrition, menopause, and depression,
as well as in the purification of water. The Moringa tree
is used in manure and animal feed nutrient improvement
and boosts milk production in lactating mothers (Deeba
et al. 2015; Abd El-Hack et al. 2018). Other uses of Mor-
inga oleifera stem from the common name—miracle tree
linked to its remarkable curative potentials for different
types of infirmities and certain illnesses such as influ-
enza and catarrhal affections, nervous debility, asthma,
enlarged liver and spleen, and deep-seated inflammation.
(Zaku et al. 2015).

Previous studies had revealed some bioactive ingredi-
ents from different parts of the plant (Ajayi and Fadeyi
2015; Mikore and Mulugeta 2017). Atef et al. (2019) and
Othman et al. (2019) reported that M. oleifera had phe-
nol and flavonoid with varying content resulting from
the different methods of extractions. They reported that
steeping followed by extraction with 70% ethanol was the
most viable extraction method. Other studies by Unuigbe
et al. (2014) and Adeyemi et al. (2021) revealed the use
of the different parts of Moringa oleifera to have potent
in vitro and in vivo antioxidant activities. Also, Mangale
and Chonde (2012) proved that fresh leaves extract had
antimicrobial and anticancer properties. Farooq et al.
(2012) showed the analgesic activity of Moringa oleifera
seeds. There are little or no information on the chroma-
tographic analyses of the Moringa oleifera leaf extracts.
Hence, this study was carried out to determine via chro-
matographic analysis using GC-MS the phytochemical
constituents of the ethanol and aqueous leaf extracts of
Moringa oleifera. This study hypothesizes that Moringa
oleifera extract has inhibitory activities against bacterial
isolates. The antibacterial properties of the aqueous and
ethanol leaf extracts of M. oleifera on some selected clini-
cal bacterial isolates were also assessed.

Methods

Collection, identification, and extraction of plant material
The leaves of Moringa oleifera were collected from matured
healthy trees in a homestead garden at Oke—Ola in Ilaro,
Ogun State, Nigeria. The leaves were removed from the
branches, sorted, washed properly with sterile water to
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remove dirt and extraneous materials. The plant was iden-
tified by a botanist—Professor EM. Ogbe of the Depart-
ment of Biological Sciences, College of Basic and Applied
Sciences, Samuel Adegboyega University, Ogwa, Edo State,
Nigeria. An herbarium voucher specimen (UBH-M340)
was deposited in the Herbarium of the Department of Plant
Biology and Biotechnology, University of Benin, Nigeria.

The leaves of Moringa oleifera were air-dried for 12 days
and then ground to a fine powder with a mortar and pes-
tle. The large particles were removed, while the powder
obtained was stored in a polythene bag before analysis.

For the aqueous extract, 45 g of the powdered leaves was
soaked in 380 mL of distilled water and left to stand for
72 h to allow for maceration. The aqueous mixture was fil-
tered using Whatman filter paper. For the ethanol extract,
45 g of the powdered leaves was soaked in 500 mL of etha-
nol and left to stand for 72 h to allow for maceration. The
ethanol mixture was filtered using Whatman filter paper
(Azwanida 2015; Nigussie et al., 2021).

Qualitative and quantitative phytochemical analyses of M.
oleifera leaf extracts

The method of Akintelu and Amoo (2017) was used to test
for alkaloids. Five grams of the powdered leaf was poured
into a 250-mL beaker followed by the addition of 200 mL
of 10% acetic acid in ethanol and left for 4 min and filtered.
Concentrated ammonium hydroxide was added in drops to
allow for complete precipitation. The precipitate was col-
lected, rinsed with dilute ammonium hydroxide followed
by filtration. The residue was dehydrated and measured.

Ww3—Wwa

% Alkaloid = x 100

w1

where w; =weight of the sample, w,=weight of filter
paper, and w;=weight of filter paper after drying.

The quantitative determination of flavonoids was done
following outlined methods described by AOAC (2005) to
test for flavonoids. A 0.5 g of the powdered leaf sample was
placed inside a 250-ml titration flask, followed by 100 ml
of 80% aqueous methanol. The mixture was thoroughly
whirled for 4 h in a vortex machine. The entire mixture was
filtered using a Whatman filter paper No. 42, and the entire
procedure was repeated. The whole deposit was vaporized
to dryness in a water bath and weighed

Flavonoids (mg/ 100 g)

weight of untreated sample 100
= X

weight of treated sample

The method of Akintelu and Amoo (2017) was used
to test for saponin. The powder (2 g) of the sample
was poured into a 250-mL beaker followed by 100 mL
Isobutyl alcohol. The solution was mixed with a vortex
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machine for 5 h to make sure it is even and poured into
a 100-mL beaker containing 20 ml of 40% saturated solu-
tion magnesium carbonate (MgCO,) followed by fil-
tration to get a colorless solution. One milliliter of the
solution was emptied in a 50-ml flask followed by 2 ml of
5% iron (III) chloride (FeCl3) solution, and distilled water
was used to make up the volume required. The solution
was left for 30 min in other to develop color. The absorb-
ance was read against the blank at 380 nm.

Distilled water (50 ml) was added to 500 mg of pow-
dered leaf sample in a beaker and allowed to stand on a
mechanical shaker for 1 h to test for tannin. The sample
was filtered using a Buchner funnel and Whatman No. 1
filter paper into a 50-mL volumetric flask. Distilled water
was added to the desired volume. After that, 5 ml of the
filtrate was poured into a test tube and mixed with 2 ml
of 0.1 M FeCl; in 0.1 M hydrogen chloride and 0.008 M
potassium ferrocyanide. A spectrophotometer was used
to read absorbance at 420 nm (Fapohunda et al. 2012).

Determination of proximate composition of M. oleifera leaf
extracts

The determination of moisture, ash, and crude fiber con-
tents of M. oleifera was determined by the difference
in weight before and after drying divided by the weight
before drying multiplied by 100%. Crude lipid content
was determined by Soxhlet method. Crude protein was
determined using the method of Kjeldahl flask. The sum
of the percentages of the aforementioned parameters was
subtracted from 100% to arrive at the carbohydrate con-
tent (AOAC 2005).

weight before drying—weight after drying % 100

weight before drying

Gas chromatography-mass spectrometry (GC-MS) analysis
of M. oleifera leaf extracts

Gas chromatography—mass spectrometry analysis of
aqueous and ethanol extracts of Moringa. oleifera leaf
extracts was done with Shimadzu Japan gas chroma-
tography QP2010PLUS with a fused GC column (2010)
and coated with polymethyl silicon (0.25 nm x 50 m)
with the following conditions: temperature program-
ming from 80 to 200° C held at 80° C for 1 min, rate 5 °C/
min and at 200° C for 20 min, field ionization detector
(FID) temperature 300 °C, injection temperature 220°
C, nitrogen at a 1 ml/min flow rate, split ratio 1:75. The
column length is 30 m with a diameter of 0.25 mm and
a flow rate of 50 ml/min. The elute was emptied into a
mass spectrometer with a detector voltage and sampling
rate set at 1.5 kv and 0.2 s, respectively. The mass spec-
trum was connected to a computer-fed mass spectra data
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bank, Hermlez 233 M-Z centrifuge (Germany). The com-
ponents of the extracts were preliminarily identified by
corresponding peaks using Computer Wiley MS librar-
ies and confirmed by comparison with peaks of the mass
spectra in available literature (Balamurugan 2015).

Tested organisms

The test bacterial isolates (Staphylococcus aureus, Pseu-
domonas aeruginosa, Escherichia coli, and Salmonella
species) were collected from the microbiology labora-
tory, Irrua Specialist Teaching Hospital, Irrua, Edo State,
Nigeria. The organisms were isolated from stool samples
of diarrhea patients who attended Irrua Specialist Teach-
ing Hospital to seek medical treatment. The samples were
inoculated into MacConkey agar (Becton Dickinson and
Company, Cockeysville, MD, USA), blood agar and man-
nitol salt agar (both from HiMedia Laboratories, Mum-
bai, India) and incubated aerobically at 37 °C, for 24 h.
After 24 h, plates without growth were incubated further
for up to 48 h. The growth of microorganisms was iden-
tified by examining colony morphology followed by bio-
chemical identification.

Antibacterial studies
Agar well diffusion method, as described by Erhabor
(2017), was used. With the pure cultures of the test bac-
terial, antibacterial activity was performed to determine
their respective tolerance to the extract. Sterilized agar
plates were aseptically inoculated with a loopful of the
test bacterial isolate. One milliliter (1 ml) of each inocu-
lum was introduced into the petri dish. About 15 ml of
Muller Hinton agar was poured and then swung to mix
correctly and allowed to solidify. Five wells of 6 mm were
bored with the aid of cock borer after solidification. The
dry extracts were reconstituted by dissolving in 10%
dimethyl sulfoxide (DMSO). In standardizing the iso-
lates, a loopful of the stock culture of the organisms was
inoculated into 5 ml sterile nutrient broth and incubated
for 24 h. The broth culture of the organisms (0.2 ml) was
inoculated into 20 ml of sterile nutrient broth and incu-
bated for 3-5 h. The turbidity of the culture was com-
pared with that of 0.5 Mac-Farland to standardize the
culture to 10° cfu/ml. Then, a volume of 0.2 ml of the
reconstituted extract at the tested concentrations was
dispensed into the wells. The commercial standard anti-
biotics discs were used as positive control. The plates
were allowed to stand for 30 min for pre-diffusion of the
extract to occur and then incubated at 37°C for 24 h. The
efficiency of the extracts was carried out by measuring
the diameter zone of inhibition around the well (mm).
The mean of triplicate results was taken.

The following concentrations: 50 mg/ml, 25 mg/ml,
12.5 mg/ml and 6.25 mg/ml were used to determine the
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MIC of the leaf extracts. A sterile cotton wool swab was
used to inoculate pure cultures on nutrient agar plates
and allowed to dry, followed by boring wells (6 mm)
with a sterilized cork borer. After that, 100 pL aliquots
of the different concentrations of both leaf extracts were
transferred into labeled wells. The plates were incubated
at 37°C for 24 h and, after that, observed for bacterial
growth or not. The lowest of all concentrations that failed
to give bacterial growth was recorded as the MIC. For
the determination of MBC, the concentration that failed
to give bacterial growth (MIC) was sub-cultured on the
surface nutrient agar, followed by incubation at 37° C for
24 h. The lowest concentration that failed to grow after
24 h of incubation was taken as the MBC (Enerijiofi and
Isola 2019).

Analysis data

Data were presented as mean+SEM of the respective
triplicate. One-way ANOVA was done to compare the
means of the groups and Duncan’s multiple range tests to
analyze differences among different means. Differences at
p<0.05 were statistically significant. SPSS software was
used for the analysis (Ogbeibu 2005).

Results

The ethanol extract gave a higher yield than the aque-
ous extract of the Moringa oleifera leaves, with 62.87%
and 40.75%, respectively. This means that ethanol was
a better extracting solvent than aqueous extract, as
shown in Table 1. The quantitative analyses of the phy-
tochemicals per 100 g are recorded in Table 2. Flavonoid
(20.76 £0.11 mg) was the highest, followed by tannin
(11.64 £0.14 mg) and least in saponin (2.00 £ 0.21 mg).

The proximate nutrient composition is recorded in
Table 3. Carbohydrate (46.5940.02%) was the high-
est nutrient recorded, followed by crude protein
(11.96+0.21%), Ash (11.21+0.59%), moisture content
(11.804+0.34%), crude fiber (11.07 +0.13%) and least in
crude lipid (7.37 £0.19%).

Eleven compounds were detected by their reten-
tion time and molecular formula in both extracts of
the leaf by gas chromatography—mass spectrome-
try as recorded in Table 4 and Figs. 1 and 2. The com-
pounds identified included: 5-nonanol-dibutylcarbinol,

Table 1 Percentage yield and physical characteristics of the
aqueous and ethanol extracts of Moringa oleifera leaf

Extracts Powdered Yieldin (g) Yieldin (%) Physical
leaf material characteristics
(9)

Aqueous 45 18.34 40.75 Black

Ethanol 45 2829 62.87 Light green
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Table 2 Quantitative determination of phytochemicals from
aqueous and ethanol extracts of M. oleifera leaf powder

Phytochemical Ethanol concentrations Aqueous
constituents (mg/100 g) concentrations
(mg/100 g)
Alkaloid 454+0.02 111£211
Flavonoid 20.76 £0.11 221£1.22
Saponin 2.00+0.21 0.10+2.01
Tannin 11.64+0.14 1.104+1.31

Values are the mean + SEM of 3 replicates

5-hydroxyl-2-(hydroxyl methyl)-4H-pyran-4-one, 2-oct-
enoic acid, 1-hydroxyl- 2,2,6,6-tetramethyl-3-(4-nitroso-
1-piperazinylmethyl)—piperidine-4-one, tetradecanoic
acid, pentadecanoic acid, 1, 2-epoxyhexadecane (oxirane),
hexadecanoic acid, 6-octadecenoic acid, 1, 2-benzene
dicarboxylic and 11-bromoundecanoic acid. The eleven
compounds identified had higher concentration in the
ethanol extract except 2-octenoic (26.09 mg/kg) acid and
1, 2-epoxyhexadecane (8.84 mg/kg) in aqueous extract
which were far higher than 0.62 mg/kg and <0.01 mg/kg
in ethanol extract.

The antibacterial activity of Moringa oleifera leaf
extracts is presented in Table 5. Ethanol extract had the
highest zone of inhibition at 200 mg/ml of 23+0.02 mm
for Staphylococcus aureus, 25+0.51 for Pseudomonas
aeruginosa, 224048 mm for Escherichia coli and
28+0.34 mm for Salmonella sp. Aqueous extract at
200 mg/ml gave 6 £0.01 mm for Staphylococcus aureus,
5+0.11 mm for Pseudomonas aeruginosa, 8 £0.25 mm
for Escherichia coli, and 5+0.14 mm for Salmonella
species.

Table 6 shows the minimum inhibitory concentrations
obtained for aqueous and ethanol extracts. The least
ethanol concentration of 6.25 mg/ml inhibited bacterial
growth as against the aqueous extract.

The results for the minimum bactericidal concentra-
tion of the aqueous and ethanol extracts are presented in

Table 3 Proximate analysis of aqueous and ethanol extracts of
M. oleifera leaf powder

Parameters Yield on ethanol extract Yield on
aqueous
extract

Moisture content 11.80£0.34 0.11£1.11

Ash content 11.21£059 123+£0.56

Crude fiber 11.07+0.13 2114024

Crude lipid 7.374+0.19 1.22+0.51

Crude protein 11.96£0.21 3.06+0.74

Carbohydrates 46.59+0.02 4324062
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Table 4 Phytochemical components identified in aqueous and ethanol extracts of Moringa oleifera leaves by GC-MS analysis

Name of compound Molecular formula RT mg/kg RT mg/kg Recorded References

water ethanol pharmacological activity
extract extract

5-Nonanol-dibutylcarbinol  CoH,,0 32 325 32 4432 -

5-hydroxy-2-(hydroxyl CeHgO4 9.1 254 73 3589 -

methyl)-4H-pyran-4-one

2-octenoic acid CgH140, 143 2608 97 0.62 -

1-hydroxy-2,2,6,6-tetra- Ci4H6N405 15.2 5.14 15.1 30.01 -

methyl-3- (4-nitroso-1-

(piperazinylmethyl)-piperi-

din-4-one

Tetradecanoic acid C4H20, ND <0.001 156 1064  Larvicidal and repellent Sivakumar et al. 2011
activity, antifungal, anti-
oxidant, cancer preventive,
nematicide, hypercholes-
terolemic

Pentadecanoic acid Ci5H300, 164 <0.001 196 2219  Antimicrobial Mujeeb et al. 2014

1, 2-epoxyhexadecane CieH3,0 184 8.84 ND <0001 -

(oxirane)

Hexadecanoic acid Ci6H350, ND <0.001 ND <0.001 Antioxidant, hypocho- Chandrasekaran et al. 2011;
lesterolemic nematicide, Mujeeb et al. 2014
pesticide, antiandrogenic
flavor, hemolytic, 5-alpha
reductase inhibitor, anti-
microbial

6-octadecenoic acid CiH340, ND <0.001 229 9.07 Antifungal, antibacterial, Mujeeb et al. 2014, Jaddoa
analgesic, anti-inflamma- ~ etal. 2016
tory and antipyretic

1,2-Benzenedicarboxylic CgHgO, ND <0.001 286 19.38  Antimicrobial, antifouling ~ Sivakumar et al. 2011

acid

11-bromoundecanoicacid  C;;H,,BrO, 387 1989 313 2746 -

Table 7. The results revealed that the least ethanol con-
centration of 6.25 mg/ml was bactericidal to bacterial
growth as against the aqueous extract.

Discussion

The ethanol extract gave more yield than the aque-
ous extract. This probably infers that ethanol had bet-
ter solubility, extracting and quantitative abilities of the
active components from Moringa oleifera leaves than
water. Earlier studies by Enerijiofi and Isola (2019) and
Singa et al. (2021) reported that ethanol extracts had bet-
ter antibacterial activity than aqueous extracts of plants
extracts. This study reported phytochemicals such as
flavonoids, tannins, saponins, and alkaloids; meanwhile,
phytochemicals such as flavonoids, saponins, and tan-
nins had earlier been reported as antibacterial agents
(Adetitun et al. 2013; Unuigbe et al. 2014; Oyama et al.
2019). Flavonoids had the highest percentage composi-
tion, which may be responsible for the antioxidant, anti-
cancer and other properties of the plant. Tannins were
also recorded, and it is known as a major constituent
that is harsh and is used in the management of intesti-
nal disorders like diarrhea and dysentery, demonstrating

antimicrobial action (Alhakmni et al. 2013). These phy-
tochemicals can be used to discover novel therapeutic
drugs with improved efficiency.

The result showed that the studied extracts are rich in
the six classes of food, making the consumers healthy.
However, this report agreed with the findings of Ajayi
and Fadeyi (2015) in Akungba Akoko where they also
reported ash content (11.78%), moisture content (9.00%),
crude protein (12.67%), crude lipid (6.34%), fiber (12.45%)
and carbohydrate (45.92%). Also, (24) on proximate com-
position of Moringa oleifera leaf reported moisture con-
tent (6.60%), ash content (15.6%), crude fiber (6.13%),
crude lipid (7.35%), crude protein (24.3%) and carbohy-
drate (40.02%). Carbohydrates had the highest concen-
tration, meaning that the leaf is rich in energy. Also, high
protein and fiber contents recorded points that leaf sup-
ports growth and aid digestion of food, respectively, as
reported earlier (Teixeira et al. 2014; Nigussie et al. 2021;
Singa et al. 2021).

Studies of organic compounds from plants and their
activities are increasing, mainly as they are storehouses
for novel drugs. Gas chromatography—mass spectrom-
etry (GC—MS) has proven to be a valuable tool for the



Enerijiofi et al. Bull Natl Res Cent (2021) 45:179

Page 6 of 10

A FIDIA-MS (CONTARAWNIDSFOIDID)ID:43 AM
p

300

250

200

150

100

50

Samplz A (Ethanol Extract)

d j
ol A . _c”_kh_u H_,\._\__/l\ng | ]l |

0 5 10 15 20 25

Fig. 1 Gas chromatography-mass spectroscopy chromatogram of Moringa oleifera leaf ethanol extract
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dependable identification of bioactive components in
plant studies (Balamurugan et al. 2015). However, some
of the identified compounds were similar to the ones
earlier documented by Azwanida (2015): butanoic acid,
1,5-heptadiene, 3,3, dimethyl-(E) and 2-propanoic acid, 2
propanyl ester in leaf and Squalene, 1-hexanol, 2-ethyl-
2-propyl, 1, 2-benzenedicarboxylic acid, hexanedioic
acid, heptane, heptanoic acid, and isooctanol from the
bark of Moringa concanensis. These organic compounds
identified could be accountable for the antimicrobial,
anti-cancer, analgesic, hepatoprotective and anti-inflam-
matory properties which supports its wide use as health
aid by tradomedical practitioners (Farooq et al. 2012;
Vongsak et al. 2013; Husni et al. 2021). However, Abd El-
Hack et al. (2018) and Husni et al. (2021) gave credence
to the findings of this study when they reported that
organic solvents like methanol extracts of parts of Mor-
inga oleifera exhibited strong in vitro and in vivo antioxi-
dant activities.

This study reported that both leaf extracts had anti-
bacterial activity on all the isolates. However, etha-
nol extracts displayed better antibacterial activity than
aqueous extracts. This implied that the antibacterial

components were more inherent in the alcohol concen-
trations than aqueous (Ajayi and Fadeyi 2015; Singa et al.
2021). Also, the extracts’ antibacterial efficacy, particu-
larly ethanol, was observed to increase as the concen-
trations of the plant extract increases. Also, Bukar et al.
(2010) reported the ethanol extracts of Moringa oleifera
leaf had the broadest spectrum of activity on the test bac-
terial isolates. Of the commercially available standard
antibiotics (positive control), augmentin (30 ug) gave the
best activity with a zone of inhibition of 27 mm against
Escherichia coli. S. aureus showed susceptibility to CPX:
ciprofloxacin(10 pg), PEF: pefloxacin (30 pg), S: strepto-
mycin, SXT: septrin (30 pg), GN: gentamycin(10 pg) and
R: rocephin (25 pg) within a range of zone of inhibition
between 12 and 18 mm like the ethanol extract of M.
oleifera within the concentrations (6.25-100 mg/ml) uti-
lized in the study.

Interestingly, S. aureus was resistant to some of the
standard antibiotics (APX: ampiclox (30 pg), Z: zinacef
(20 pg), AM: amoxicillin(30 pg) and E: erythromycin
(10 pg)) which was similar to its resistance to the aqueous
extract across the tested concentrations (Tables 6 and 7).
P, aeruginosa displayed no susceptibility to the standard
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Fig. 2 Gas chromatography-mass spectroscopy chromatogram of Moringa oleifera leaf aqueous extract
Table 5 Antibacterial activity of Moringa oleifera extracts on bacterial isolates
Test organisms Aqueous extract concentration Ethanol extract concentration
(mg/ml) (mg/ml)
200 100 50 25 200 100 50 25
S. qureus %6001 54034 44017 34002 234002 174032 B15+£0.11 2124021
P. aeruginosa 54011 44022 °3+0.23 240.15 254051 ©2140.20 €174+034 4134016
Escherichia coli 48 +0.25 44032 44013 44029 4224048 16 +0.19 144029 €104+0.32
Salmonella sp. 54014 54019 °4+0.07 3+0.14 28+£0.34 ©214024 1940.26 €12+£0.32
Control (water) NZI NZI NZI NZI NZI NZI NZI NZI
Table 6 Minimum inhibitory concentrations (mg/ml) of aqueous and ethanol extracts of Moringa oleifera leaf
Test organisms Aqueous extract Ethanol extract
50 25 12,5 6.25 50 25 12.5 6.25
Staphylococcus aureus + + + + - - - -
Pseudomonas aeruginosa + + + + - - - -
Escherichia coli + + + + — - — —
Salmonella species + + + + - - - -




Enerijiofi et al. Bull Natl Res Cent (2021) 45:179 Page 8 of 10
Table 7 Minimum bactericidal concentration (MBC) in mg/ml of aqueous and ethanol extract of Moringa oleifera leaf
Test organisms Aqueous extract Ethanol extract

50 25 125 6.25 50 25 125 6.25
Staphylococcus aureus + + + + - - — -
Pseudomonas aeruginosa + + + + - - — -
Escherichia. coli + + + + - - - -
Salmonella sp. + + + + - - - -
Table 8 Zone of inhibition (mm) for antibiotics susceptibility test
Gram positive CPX PEF S SXT GN APX V4 AM R E
S.aureus 17 15 14 14 18 NMZI NMZI NMZI 12 NMZI
Gram-negative SXT CH SP CPX AM AU CN PEF OFX S
Pseudomonas aeruginosa NMZI NMZI NMZI NMZI NMZI NMZI NMZI NMZI NMZI NMZI
Escherichia coli 19 NMZI NMZI 15 NMZI 27 17 NMZI NMZI NMZI
Salmonella species NMZI 12 NMZI 21 NMZI 18 NMZI NMZI NMZI 19

antibiotics, and this was dissimilar to the ethanol extract
of M. oleifera with strong inhibitory activity against
it (Tables 5, 6 and 7). E. coli and Salmonella sp showed
selective susceptibility and resistance against the stand-
ard antibiotics similar to the earlier trend of susceptibility
and resistance to the ethanol and aqueous extracts of M.
oleifera (Tables 6 and 7).

This study agreed with Ajayi and Fadeyi (2015) earlier
submissions, which reported that aqueous extracts of
plants usually display little or no antimicrobial activity.
In collaboration, Moyo et al. (2012) reported that aque-
ous extracts differed from other extracting solvents due
to the availability of several compounds that may inter-
act antagonistically in their overall activities. Statistically,
the inhibitory activity of the ethanol extract at 200 mg/
ml was significantly different from the other concentra-
tions (100, 50 and 25 mg/ml) against Staphylococcus
aureus. At the same time, there was a significant differ-
ence in the inhibitory activities at all concentrations
against Pseudomonas aeruginosa. Also, there was a sig-
nificant difference in the inhibitory activities at 200 mg/
ml and 25 mg/ml for Escherichia coli and Salmonella spe-
cies compared to other concentrations. However, it was
generally observed that there were significant differences
in the inhibitory activities of ethanol extract at all tested
concentrations against the isolated organisms (p<0.05),
which was not the case with aqueous extract.

The results of the aqueous extract showed all bacterial
isolates in this study were utterly resistant at all concen-
trations. However, the ethanol extract with a minimum

inhibitory concentration of 6.25 mg/ml prevented the
growth of Staphylococcus aureus, Pseudomonas aerugi-
nosa, Escherichia coli and Salmonella species in visually
clear zones after 24 h of incubation. However, ethanol
extract had good antibacterial activity against all the
bacterial isolates tested, as reported earlier by (Unuigbe
et al. 2014; Singa et al. 2021). It could also result from
other compounds that may act in opposite ways for the
overall activities, as reported earlier by Moyo (2012) in
South Africa. The findings in this study corroborate with
earlier reports from previous researchers (Jaiswal et al.
2013; Ajayi and Fadeyi 2015 and Atef 2019), where they
reported alcohol and aqueous leaves extracts of Moringa
oleifera as antimicrobial, anti-cancer, analgesic, hepato-
protective, antioxidant and anti-inflammatory agent. The
result corroborates the use of the plant extracts tradition-
ally as an antimicrobial agent since it relieves gastroin-
testinal tracts irritations (Erhabor et al. 2017). This could
be traced to the lack of specific concentrations during
administration by herbal medicine practitioners which
account for the intake of large quantities of the extracts
by their patients. Antibiotic susceptibility test revealed
that the most active standard antibiotic was augmen-
tin with a zone of inhibition measuring 27 mm against
Escherichia coli.

In contrast, the least active standard antibiotics were
pefloxacin and rocephin, which all recorded the zone
of inhibition of 12 mm (Table 8). Zhang et al. (2018)
observed that the susceptibility of gram-positive bacteria
isolates to erythromycin, methicillin and vancomycin was
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generally high, while that to bacitracin and novobiocin
was low. This suggests that the penicillinase-resistant
antibacterial agents should be selected as a first choice to
treat these infections.

Conclusions

The study revealed that Moringa oleifera leaves are rich
in phytochemicals and antimicrobials. Also, this study
revealed that ethanol extract was a better extracting sol-
vent and showed better inhibitory activity against the
bacterial isolates. Ethanol extract had the highest zone
of inhibition at 200 mg/ml of 23+0.02 mm for Staphy-
lococcus aureus, 25+0.51 for Pseudomonas aeruginosa,
22+0.48 mm for Escherichia coli and 28+0.34 mm
for Salmonella sp. Aqueous extract at 200 mg/ml gave
6+£0.01 mm for Staphylococcus aureus, 5+0.11 mm for
Pseudomonas aeruginosa, 8 £0.25 mm for Escherichia
coli, and 51+0.14 mm for Salmonella species. This may
justify its use by the world’s population in treating gas-
trointestinal irritations arising from pathogenic bacteria.
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