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Abstract

Moringa oleifera is known for its therapeutic potential, particularly in treating bacterial infections.
This study aimed to determine the Minimum Inhibitory Concentrations (MIC) and Minimum
Bactericidal Concentration (MBC) of Moringa oleifera extracts (ethanol and methanol) on two
bacterial strains: Escherichia coli (gram-negative) and Staphylococcus aureus (gram-positive). The
extracts were tested at concentrations of 200, 150, 100, 50, and 25 mg/ml. Phytochemical analysis
was also conducted. Results showed that Moringa extracts exhibited significant antibacterial
activity, with the methanol extract showing an MIC and MBC of 200 mg/ml, and the ethanol extract
showing an MIC and MBC of 150 mg/ml. The zones of inhibition were 19 mm (E. coli) and 18 mm
(S. aureus) for methanol extract, and 18 mm (E. coli) and 17 mm (S. aureus) for ethanol extract.
These results were similar to those of Ciprofloxacin (a standard antibiotic), indicating that Moringa
extracts have strong antimicrobial properties. The study suggests that Moringa oleifera could be
used as an alternative or adjunct to conventional antibiotics. Future studies should explore the
synergistic effects of combining Moringa extracts with existing antibiotics to enhance their
effectiveness and combat antibiotic resistance.
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Introduction substances with a broad range of bioactivity
The amazing therapeutic properties of that support health are called phytochemicals
Moringa oleifera plant as praised by many and they are produced from plant sources
societies and cultures, are becoming more and (Abdurrashid and Sharhabil, 2021). It has
more supported by data and studies from been established that plants and their parts are
science (Suleiman and Salihu, 2023). fully packed with phytochemicals (Misra et
Naturally occurring secondary bioactive al., 2024). Phytochemicals are one of the
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most  significant classes of bioactive
compounds found occurring naturally in
plants and they include but are not limited to
flavonoids, tannins, phenolic acid,
polyphenolic amides, etc. These
phytochemicals are responsible for mitigating
the adverse effect of reactive oxygen species
known to aggravate inflammation and other
degenerative human ailments (Jomova et al.,
2023; Shin et al., 2020). Several studies have
been done on the phytochemical constituent
of Moringa oleifera plants (Adekanmi et al.,
2020; Fahal, 2018).

The increasing prevalence of antibiotic-
resistant bacteria is a significant global health
threat. Antibiotic resistance occurs when
bacteria evolve to withstand the effects of
drugs that previously killed them or inhibited
their growth (WHO, 2019). This resistance
leads to treatment failures, longer hospital
stays, more intensive care, and higher medical
costs (Naghavi et al., 2019). Many bacterial
infections that were once easily treatable are
now becoming more difficult, if not
impossible, to cure with existing antibiotics.
As antibiotics become less effective, there is a
growing need for new antimicrobial agents.
Natural products, particularly plant-based
extracts, have been used for centuries to treat
infections and are a promising source for
discovering new antibiotics. Plants like
Moringa oleifera have shown potential
antimicrobial  properties, making them
candidates for alternative or complementary
treatments. Incorporating plant-based
solutions could help address the urgent need
for novel antibiotics, reduce reliance on
synthetic drugs, and combat antibiotic
resistance. Therefore, this research aimed to
offer a plant-based option for treating human
pathogenic infections like Staphylococcus
aureus and Escherichia coli in environments
with low resources, like Nigeria.

Materials and method

The Moringa oleifera leaves were collected
behind multi laboratory in Kwara State
University, Malete, Nigeria and transported to
the central research laboratory in Tanke,
(beside MTN telecommunication office)
llorin Kwara State Nigeria for further
laboratory procedures.
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The leaf parts of the plant were washed under
running tap water and-air dried at ambient
temperature for 7 days. The air-dried samples
were pulverized into powders and kept in a
dry bottle until further use. The pulverized
sample (300 g) was macerated at room
temperature with occasional shaken in 95%
methanol or ethanol in a ratio 1:5 (v/v) for 24
hours (Edeoga et al., 2005). The extract was
filtered and concentrated over a reduced
pressure at 40°C using rotary evaporator
model: Labtech (AN ISO 13485:2003). The
concentrated extract was stored in an air-tight
bottle and kept in refrigerator at 4°C until it
was used for the antioxidant test.
Phytochemical analysis of plant extract.
The phytochemicals such as saponins,
terpenoids,  alkaloid, steroids, tannin,
flavonoids, glycosides and free glycoside-
bound anthraquinones were tested according
to the method described by Edeoga et al.
(2005)

Test for Saponin: Saponin was tested by
making a 5.0 ml aliquot of extract in 20 ml of
deionized water and shaken vigorously. The
presence of persistent foaming indicates the
presence of saponins.

Test for Tannins: In testing for tannins, 1 mL
of extract was mixed with 10 mL deionized
water, and then 3 drops of ferric chloride were
added. Tannins were detected in the form of a
greenish-brown precipitate.

Test for Phenolics: 2 drops of 5% FeCls was
added to 1mlof the extracts in a test tube. A
greenish precipitate indicates the presence of
phenolics. The chemical equation is
represented as:

6CsHsOH + FeCl; — [Fe(CsHs0)6]* (violet
colour complex)+ 3HCI + 3H*

Test for glycosides: To test for glycosides,
Iml of the extract was mixed with 5 ml of
dilute sulphuric acid in a test-tube and heated
for 15 min in a water bath, then cooled and
neutralized with a 20% KOH solution. A
mixture of equal volumes of Fehling's
solution A and B was added to 10 ml of water
and heated for five minutes. The presence of
glycoside was identified by a more dense
brick red precipitate.
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Test for Steroids: Steroids was tested by
extracting a known quantity of the extract in
chloroform and filtered. The filtrate was then
carefully mixed with 2 ml of conc. H,SO4 to
form a lower layer of sulphuric acid. The
presence of a steroidal ring was indicated by a
reddish-brown color in the interphase.

Test for Terpenoids: 5ml of aqueous extract
of the sample was mixed with 2ml of CHCl;
in a test tube and 3ml of conc. H,SO4 was

C30H480H+(CH3CO)20—>C30H4SOCOCH3+CH3COOH &

Colored Complex.

Test for Flavonoids: Test for flavonoids was
done heating a portion of extract for 3 minutes
in ethylacetate (10 ml), then the solution was
filtered and chilled. After that, 1 mL of dilute
ammonia solution was added to the filtrate (4
ml), and flavonoids were indicated by intense
yellow colorations.

Test for amino acid: Two drops of ninhydrin
solution (10mg of ninhydrin in 200ml of
acetone) were added to 2 ml of aqueous
filtrate. A characteristic purple colour
indicates the presence of amino acids.

Test for Phlobatannins: 1ml of the extracts
was added to 1% HCI. A red precipitate
indicates the presence of phlobatannins.
Preparation of Bacteria Media

Nutrient Agar (NA) was utilized in
accordance ~ with  the  manufacturer's
instructions to cultivate the bacteria: Using a
Sensitive Mettler weighing scale, 7.5g of
nutrient agar (NA) was weighed and
transferred into a sterile 250ml conical flask.
In order to properly homogenize the contents,
about 250 milliliters of distilled water were
added to the flask and it was maintained in a
water bath at 100 degrees Celsius. After that,
it spent 15 minutes autoclaved at 121°C.
Collection of organism

Staphylococcus aureus and Escherichia coli

were obtained from Microbiology Department
of the Institute of Agricultural research and

Training, Moor Plantation, Apata Ibadan,
Nigeria

Infusion of the extract and inoculation of
the two strains of bacteria

After sterilizing and cooling to a temperature
of between 40 and 45 degrees Celsius of the
media, an aseptic addition of Moringa oleifera
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carefully added to the mixture to form a layer.
An interface with a reddish brown coloration
is formed if terpenoids constituent is present.
Test for Triterpenes Five (5) drops of acetic
anhydride was added to 1ml of the extracts. A
drop of concentrated H>SO4 was then added
and the mixture was steamed for 1 hour,
neutralized with NaOH followed by the
addition of chloroform. A blue green colour
indicates the presence of triterpenes.

C30H4sOCOCH;3+H,SO4—

methanol/ethanol extract was made to the
Nutrient Agar. Five (5) holes were then drilled
using a 5 mm flame-sterilized cork borerand the
plate was left to stand for 24 hrs full day. After
either Staphylococcus aureus or Escherichia
coli was left out of the incubation for 24 hours,
the Staphylococcus aureus and Escherichia coli
were employed to replace the hole with a sterile
corkscrew with the same diameter. There are
distinct species in every hole. (one species per
two holes). Zone of inhibition were measured
after 24 hours using a ruler and expressed in
centimeters.

Determination of minimum inhibitory
concentration (MIC) of methanol and ethanol
extract of Moringa oleifera

The method of Eucast (2003) with little
modifications was adopted. A dilution method
was employed in the determination of minimum
inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC). In test tubes
containing sterile nutritional broth,
ciprofloxacin was diluted into several
concentrations: 200, 150. 100, 50 and 25 mg/ml.
Inoculation of either Staphylococcus aureus or
Escherichia coli into the test tube was done
according to the method described by Eucast,
2003. In this method, 10 pl of either E. coli
culture or S. aureus methanol or ethanol extract
of Moringa oleifera with 0.5 McFarland
standard was added into the nutritional broth.
An addition of 1 ml of the various ciprofloxacin
concentrations was also added into the test tube.
After 18 to 24 hours of incubation at 37°C, the
tubes were checked for growth or turbidity. A
loopful of broth from every test tube that did not
exhibit growth was then added to a nutrient agar
plate as an inoculant. Unaided eye examination
of agar plates was performed to check for
growth or
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turbidity as done to indicate MIC (CLSI,
2012).

Determination of minimum bactericidal
concentration (MBC) of methanol/ethanol
extract of Moringa oleifera

Minimum bactericidal concentration (MBC)
for the two strains of the bacteria was
determined using the subculture from MIC.
After 48 hours of incubation at 37°C, a
volume of 0.1 mL was extracted from the
wells in the microtiter plates and inoculated
onto the surface of Tryptic soy agar plates and
MBC was determined to be the lowest
concentration of the etxract of Moringa
oleifera at which colonies did not form under
these conditions, and they were cultured for
48 hours at 37°C.

RESULTS

Results of qualitative and quantitative
phytochemical  composition of the
Methanol leaf extract of Moringa oleifera
Table 1 provides a comprehensive overview
of the qualitative phytochemical composition
of both methanol and ethanol extracts of
Moringa oleifera leaves. The analysis reveals
that both extracts contain saponins, phenolics,
glycosides, terpenoids, coumarins, flavonoids,

and alkaloids, indicating a rich array of
bioactive compounds. Notably, the methanol
extract exhibits a broader spectrum of
phytochemicals, including tannins and
steroids, which are absent in the ethanol
extract. Conversely, the ethanol extract lacks
triterpenes, anthocyanins, amino acids, and
phlobatanins. This variation suggests that
methanol is a more effective solvent for
extracting certain phytochemicals from
Moringa oleifera leaves. Figure 1 presents the
quantitative phytochemical composition of the
methanol extract of Moringa oleifera leaves,
detailing the concentrations of various
compounds measured in mg/g.
Similarly, Figure 2 illustrates the quantitative
phytochemical composition of the ethanol
extract. Both figures provide essential insights
into the relative abundances of specific
phytochemicals present in each extract. By
comparing these quantitative data with the
qualitative findings from Table 1, it becomes
evident how different extraction methods can
influence both the presence and concentration
of bioactive compounds in Moringa oleifera.
This information is vital for understanding the
potential therapeutic applications of these
extracts in antimicrobial research and other
medicinal uses.

Table 1: Qualitative phytochemical composition of Methanol and Ethanol extracts of

Moringa oleifera leaves

Phytochemicals Methanol extract

Ethanol extract

Saponin +
Tannin
Phenolics
Glycosides
Steroids

+ o+ o+

Terpenoids
Triterpenes -
Coumarins

+ o+

Flavonoids
Anthocyanine -
Amino acid -
Phlobatanin -
Alkaloids +

J’_

J’_
+

+

Key: + = Present: - = Absent
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Figure 1: Quantitative Phytochemical composition (mg/g) of the Methanol
extract of  Moringa oleifera leaves (mg/g)
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Figure 2: Quantitative Phytochemical composition (mg/g) of the Ethanol
extract of  Moringa oleifera leaves (mg/g)
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Antibacterial Sensitivity Test

The results from the antimicrobial assays of
Moringa oleifera extracts, as presented in
Tables 2, 3, 4, and 5, provide valuable
insights into the antibacterial properties of
both methanol and ethanol extracts against
common pathogens, specifically E.
coli and S. aureus. In Table 2, the methanol
extract demonstrates a clear concentration-
dependent effect on bacterial inhibition. At
the highest concentration of 200 mg/ml, the
zone of inhibition measured 19 mm for E.
coliand 18 mm forS. aureus. As the
concentration decreases to 25 mg/ml, the
zones of inhibition also diminish to 10 mm
and 11 mm respectively. Notably, the
positive control (Ciprofloxacin) showed
significantly larger zones of inhibition (22
mm for E. coliand 21 mm for S. aureus),

indicating that while Moringa extracts
exhibit antibacterial activity, they are less
potent than standard antibiotics. Table 3
presents similar findings for the ethanol
extract of Moringa oleifera. Here, the
maximum zones of inhibition at 200 mg/ml
are slightly lower than those observed with
the methanol extract, measuring 18 mm
for E. coliand 17 mm forS. aureus. This
suggests that while both extracts possess
antimicrobial properties, the methanol
extract may be more effective overall. The
diminishing effect with lower concentrations
is consistent across both extracts, reinforcing
the idea that higher concentrations yield
better antibacterial activity. The negative
control (sterile water) showed no inhibitory
effect, further validating the efficacy of both
extracts.

Table 2: Zone of inhibition of antimicrobial Assay of Methanol extract of M. oleifera

Concentration of the extract

Zone of Inhibition (mm) of the ethanol extract of

Moringa oleifera on the organisms used

(mg/ml) E. coli S.aureus
200 19 18
150 15 17
100 12 15
50 11 13
25 10 11
Control (-ve) 19 20
Control (+ve) 22 21

Key: +ve = Negative control (Sterile water): -ve = Positive control (Ciprofloxacin)

Table 3: Zone of inhibition of antimicrobial Assay of Ethanol extract of M. oleifera

Concentration of the extract

Zone of Inhibition (mm) of the ethanol extract of

Moringa oleifera

(mg/ml) E. coli S. aureus
200 18 17
150 15 17
100 12 13
50 10 12
25 10 11
Control (-ve) 20 18
24 20

Control (+ve)

Key:+ve = Negative control (Sterile water); ve = Positive control (Ciprofloxacin)
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Results of  minimum Inhibitory mg/ml down to 25 mg/ml). This suggests
Concentration (MIC) and minimum that while Moringa oleifera extracts can
bactericidal concentration (MBC) of the inhibit  bacterial  growth at  high
Methanol leaf extract of Moringa oleifera concentrations, they may not be suitable for
The Minimum Inhibitory Concentration therapeutic use at lower concentrations
(MIC) and  Minimum  Bactericidal without further enhancement or formulation
Concentration (MBC) results in Tables 4 adjustments. The findings highlight the
and 5 provide additional context regarding potential of Moringa oleifera as a natural
the effectiveness of the methanol extract. antimicrobial agent but also emphasize the
Both tables indicate an MIC and MBC of need for further research to enhance its
200 mg/ml for both E. coli and S. aureus, efficacy against pathogenic bacteria

where growth was inhibited at this practical applications.
concentration but not at lower levels (150

Table 4: Minimum Inhibitory Concentration (MIC) of methanol extracts of Moringa
oleifera

Minimum inhibitory concentration (MIC) of the Microorganisms
Methanol extract of Moringa oleifera (mg/ml) E coli S aureus
200 NG NG

150 G G

100 G G

50 G G

25 G G

Key: NG — Growth inhibited; G - Growth; MIC= 200mg/ml

Table 5: Minimum Bactericidal Concentration (MBC) of methanol extracts of Moringa

oleifera

Minimum Bactericidal concentration (MBC) Microorganisms

of the methanol extract of Moringa oleifera  E. coli S. aureus
(mg/ml)

200 NG NG

150 G G

100 G G

50 G G

25 G G

Key: G=Growth; NG= Growth inhibited; MBC = 200mg/ml

Concentration (MIC) and Minimum

Results of minimum  Inhibitory Bactericidal Concentration (MBC)
Concentration (MIC) and minimum determined to be 150 mg/ml. At this
bactericidal concentration (MBC) of the concentration, growth of both bacterial
ethanol leaf extract of Moringa oleifera strains is completely  inhibited,

The results presented in Tables 6 and 7 indicated by the "NG" (No Growth)
indicate that the ethanol extract of results. However, at lower concentrations
Moringa oleifera exhibits significant (100 mg/ml and below), bacterial growth
antibacterial activity against E. coli and S. resumes, as evidenced by the "G"
aureus, with both the Minimum Inhibitory (Growth) notation, suggesting that the

ethanol extract loses its efficacy at these
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levels. These findings highlight the
potential of Moringa oleifera's ethanol
extract as an effective antimicrobial agent,
particularly at higher concentrations. The
consistent MIC and MBC values reinforce
the idea that a concentration of 150 mg/ml
is necessary to achieve both inhibition and
bactericidal  effects  against  these

pathogens. This suggests that while
Moringa oleifera may serve as a natural
alternative  for combating  bacterial

infections, further research is needed to
explore its practical applications in
therapeutic  contexts, particularly at
concentrations that are safe and feasible
for use in clinical settings.

Table 6: Minimum Inhibitory Concentration (MIC) of ethanol extracts of Moringa

oleifera
Minimum  inhibitory = concentration Microorganisms
(MIC) of the ethanol extract of Moringa
oleifera (mg/ml) E. coli S.aureus
200 NG NG
150 NG NG
100 G G
50 G G
25 G G

Key: NG = Growth inhibited: G = Growth: MIC = 150mg/ml

Table 7: Minimum bactericidal concentration (MBC) of ethanol extracts of

Moringa oleifera

Minimum Bactericidal concentration Microorganisms

(MBC) of the ethanol extract of

Moringa oleifera (mg/ml) E. coli S.aureus
200 NG NG

150 NG NG

100 G G

50 G G

25 G G

Key: NG =Growth inhibited; G = Growth; MBC = 150mg/ml

Discussion
The outcome of the  qualitative
Phytochemical  composition of  the

Methanol leaf extract of Moringa oleifera
indicated the presence of saponin, tannins,
phenolics, glycosides, steroids, terpenoids,
coumarin, flavonoids and alkaloids. The
qualitative composition of Moringa oleifera
extracted with ethanol shows that it
contains the same phytochemicals as that
extracted with methanol, although it lacks
tannins and steroids. Phytochemicals,
which are beneficial compounds found in
plants, tend to be polar. Ethanol and
methanol are both polar solvents, they are
both  good at  dissolving  these
phytochemicals. As a result, the types and
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amounts of phytochemicals extracted from
plants using ethanol will be very similar to
those extracted using methanol which is
related to the report given by Bitwell et al.
(2023).

Some renowned authors have posited that
the extract of Moringa oleifera are fully
packed with phytochemical compounds of
phenol, flavonoids, steroids, [B-carotenes,
vitamin A, C, D, etc (Metsopkeng et al.,
2019; 2020). The results of the ethanol
extract devoid of steroids is in tandem with
the earlier reports of Idris and Abubakar,
(2016) and the argument put forward was
that the functional group in the
phytoconstituents/phytochemicals may
have been hydrolyzed by acid, which could
have depended on the steroid structure and
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conjugation site hence the absence of
steroids.

The  result of the  quantitative
phytochemical constituent of both the
methanol and ethanol extract of Moringa
oleifera leaves presented in Fig 1 and 2 is
the quantitative result of the Methanol
extract and ethanol extract respectively.
This findings agrees with the research of
Royani et al. (2023) where different
composition of the phytochemicals were
reported in Moringa oleifera extract.

It is therefore evident from Table 1, Figures
1 and 2 that Moringa oleifera leaves extract
of both methanol as well as ethanol origin
are fully packed with phytochemical
compounds which tend to reduce oxidative
stress and perhaps stop or slow down
oxidation (Chaudhary et al., 2023; Jomova
et al., 2023). This result corroborate with
the findings of Royani et al. (2022).in a
research where Moringa oleifera leaf
extract was analysed for antimicrobial
agent.

Antibacterial activities of the Methanol
leaf extract of Moringa oleifera

Table 3 and 4 shows the minimum
Inhibitory  Concentration (MIC) and
minimum bactericidal concentration (MBC)
of methanol extracts of Moringa oleifera on
the activities of Escherichia coli (E.coli)
and Staphylococcus aureus (S. aureus). The
minimum bactericidal concentration also
known as MBC is not to be confused with
the minimum inhibitory concentration
(MIC). This is because the lowest
concentration at which an antimicrobial
drug can prevent observable bacterial
growth is called MIC while the minimum
concentration required to destroy the
bacteria is indicated by the MBC. It is
worthy of note therefore to say that the
MIC represents the lowest concentration
required to stop the bacterium from
growing. For this research, the MIC and
MBC against the bacteria were 200mg/ml
for the methanol extract of Moringa
oleifera leaves (Table 3 and 4). These
results indicated that both extracts of M.
oleifera  exhibited high antibacterial
activities against E. coli and S. aureus, as
shown in Table 2 and 3. This result agrees
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with the findings of Obrohet et al., 2021
where the efficacy of Moringa oleifera leaf
extract was reported on some strains of
Gram-positive and Gram-negative bacteria.
Furthermore, the zone of inhibition reported
in this research is quite large. For example
in 200mg/ml of the methanol extract 19mm
was recorded for E. coli, 18mm for
S.aureus, and for 25mg/ml, 10mm was
recorded for E.coli and 11mm for S. aureus
(Table 2). Similar trends was seen with the
ethanol extract of Moringa oleifera (Table
3). This result contradicts that of Obrohet et
al. 2021 in comparison to the zone of
inhibition because smaller zone of
inhibition was reported in their research.
The reason for difference in results could
be because of the synergistic use of
Moringa oleifera leaf extract with the
extract of Gongronema latifolium.

The ability of Moringa oleifera to impede
the growth of the two strains of bacteria
examined in this research could be
associated with the presence of valuable
antioxidant such flavonoids (Table 1)
which has been reported to impede the
growth of several other bacteria strains
(Al-Khalasi et al., 2021; Ribeiro et al.,
2022).

In addition, one important phytochemical
confirmed to be present in the leaf extract
of M. oleifera is phenols. Meanwhile some
notable authors have submitted that phenol
is involved in cell membrane activities
responsible for the release of functional
enzymes, which could command the
Deoxyriblonucleic acid of the cell to either
impede or enhance the growth of
microorganisms (Silva et al., 2020; Ribeiro
etal., 2022).

Table 5 shows the minimum Inhibitory
Concentration (MIC) and minimum
bactericidal  concentration (MBC) of
ethanol extracts of Moringa oleifera on the
activities of It can be deduced from the
table that with 150 and 200mg/ml of the
ethanol extract of M. oleifera there was no
growth in the two organisms incubated
while with the application of 100, 50, 25
mg/ml of the extract there were bacterial
growth observed. This indicates that the
MIC and MCB for ethanol extracts of
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Moringa oleifera was 150 mg/ml (Table 5).
The growth of the two strains of bacterial
examined revealed that there was higher
activity in the zone of inhibition. It
becomes imperative therefore to say that
low concentration of the extract encourages
the growth of both bacteria but reverse was
the case at high dosage for both extracts.
This result agrees with the result
documented by Metsopkeng et al. (2022)
where it was concluded that the leaf of
Moringa oleifera is bacteriostatic in nature.
The term "bacteriostatic" describes a
substance that stops bacteria from growing,
or maintains them in the stationary phase of
growth. Traditional remedies made from
Moringa oleifera may be exploited to create
more affordable, safe, and effective
medicinal agents according to Naeem et al.
(2022).

The mode of action of M. olefeira generally
target important cellular functions like
transcription, replication, protein synthesis,
and cell wall formation as the case in this
research (Smith et al., 2020). Mostafa et al.
(2018) further posited that terpenoids,
alkaloids, and phenolic compounds could
alter the functionality of the cellular
membrane of the microbes which could
cause a flux of protons to scatter towards
the outside of the cell thereby interfering
with the synthesis of amino acid needed for
growth by the microbes and thus cell
aptosis. Additional research by Adeyemi et
al. (2021) and Unuigbe et al. (2014)
demonstrated the application of Moringa
oleifera's various parts to have strong in
vivo and in vitro antioxidant activity.
Conclusion

Conclusively, methanol extracted tannins
and steroids which was not extracted by
ethanol and this is one of the few researches
to report this on Moringa oleifera.
Furthermore, this study found a wide zone
of inhibition of the microorganisms
(Escherichia coli (E.coli) and
Staphylococcus aureus (S. aureus) in
contrast to prior studies that found a narrow
zone of inhibition.
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