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Abstract

Aim: In recent years, there has been a growing interest in researching and
developing new antimicrobial agents from various sources to combat micro-
bial resistance. The study was aimed at determining the phytochemical con-
stituents and in vitro antibacterial activity of methanol and aqueous extracts
of Psidium guajava leaves and stem bark on Escherichia coli, Salmonella ty-
phi, Staphylococcus aureus and Proteus sp. in Ugbokolo, Nigeria. Materials
and Methods: The phytochemical screening of the plant materials for various
bioactive components was conducted between July and December, 2019 using
standard laboratory techniques. The extracts were purified using column
chromatography. The identity of the test isolates were confirmed using mor-
phological characteristics, gram stain, motility and appropriate biochemical
tests such as indole, catalase, coagulase, triple sugar iron agar. The suscepti-
bility of the isolates to each bioactive component was determined using the
agar well diffusion method. The broth dilution method was employed for the
determination of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of the extracts. Results: The result of the
study showed the presence of phenol, tannins, flavonoids and saponins as
bioactive compounds. The antibacterial susceptibility of the isolates to aqueous
and methanol extracts of leaf and stem bark of Psidium guajava varied signif-
icantly (P < 0.05). Staphylococcus aureus was the most susceptible isolate at
200 mg/ml concentration with average zone of inhibition of 13.05 mm for leaf
extract and 15.34 mm for stem bark extract. Proteus sp. is the least susceptible
with average zone of inhibition of 8.88 mm for the leaf extract and 12.36 mm
for the stem bark extract respectively. Minimum Inhibitory Concentration
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and Minimum Bactericidal Concentration of aqueous and methanol extract
of P. guajava leaf and stem bark showed that dilutions of various concentra-
tions of aqueous and methanol extracts can inhibit and/or kill the isolates.
Lower MIC (3.125 mg/ml) was shown by methanol extract than aqueous ex-
tract. MBC of methanol extract ranges between 6.25 - 25.0 mg/ml. Statistical
analysis of the result showed methanol extract is more effective than aqueous
extract while the stem bark of the plant showed higher efficacy than the leaf.
Conclusion: The findings of the study imply that the extract of Psidium gua-
java has shown promising properties against tested microorganisms. Further
study of the extract is therefore recommended.
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1. Introduction

Plants have been a source of medicinal agents for treating illnesses since the be-
ginning of human civilization [1]. Recently, there has been a lot of attention fo-
cused on producing medicines and products that are natural [2]. Several leaves,
stems and their extracts have been found to exhibit antimicrobial and antioxi-
dant activities [1]. Researches into traditional plants and herbs have received a
major boost due to increasing resistance of microorganisms to orthodox medi-
cine [3]. Muhammad et al [3] suggested that there is a need to search for new
organic molecules of plants with antimicrobial properties.

The presence of bioactive components in medicinal plants makes them effec-
tive in treating human infections. These components are naturally occurring
compounds in the medicinal plants such as tannins, saponins, flavonoids and
they exhibit various important pharmacological activities against microorgan-
isms, inflammation and cancer [4]. The World Health Organization (WHO) has
categorized more than 20,000 plant species with medicinal properties and their
use is gaining attention due to their availability, cost effectiveness, proven nature
of specificity, biodegradability, low toxicity and minimum residual toxicity in
the environment [5] [6] [7].

Guava (Psidium guajava) belongs to the family Myrtaceae and it is believed to
have originated from South America. Guava tree grow in tropical and sub tropi-
cal area of the world like Asia and Africa. Guava has been reported by several
researchers to be rich in tannins, phenols, flavonoids, essential oils, saponins.
Birdi et al [8] opined that P. guajava leaves have a broad spectrum of antimi-
crobial action against a wide range of pathogens. They further reported that gu-
ava leaf extract has analgesic, anti-inflammatory, antimicrobial, hepato protec-
tive and antioxidant activities.

Although, scientists have identified several phytochemicals in guava, only
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small fractions have been studied closely and each one works differently [9]. Be-
gum et al. [10] reported the extraction of triterpenoids guavanoic acid and gua-
vacouremic acid from the leaves of guava. Four flavonoids were isolated and
identified by Arima and Danno [11] to inhibit the growth of Sa/monella enteriti-
dis and Bacillus cereus. The study was aimed at determining the phytochemical
constituents and in vitro antibacterial activity of methanol and aqueous extracts
from Psidium guajava leaves on Escherichia coli, Salmonella typhi, Staphylo-

coccus aureus and Proteus spp in Ugbokolo, Nigeria.

2. Materials and Methods

Test Isolates

The study was conducted between July and December, 2019. The test organ-
isms for the study; pure isolates of Salmonella typhi, Staphylococcus aureus,
Escherichia coli and Proteus spp were obtained from stool and blood samples of
patients attending health centres in Ugbokolo, Benue State, Nigeria. The isolates
were confirmed at the Microbiology Laboratory, Benue State Polytechnic, Ug-
bokolo using morphological and appropriate biochemical tests such as Indole,
motility, Triple sugar iron, catalase and coagulase and stored in refrigerator at
4°C.

Collection of Plant Materials

Leaf and Stem bark of Psidium guajava were collected from residential areas
in Ugbokolo, Benue State. Identification and authentication of the plant mate-
rials was done at the Department of Botany, University of Agriculture, Makurdi,
by a botanist, Dr Okoh. S.

Preparation of Extracts

Aqueous and methanol extracts of Psidium guajava leaves and stem barks
were prepared separately. The leaves and stem barks were washed in water and
air dried on the desk in the laboratory for two weeks. They were frequently
turned to achieve uniform dryness. The dried leaves were then crushed and pul-
verized by grinding using local mortar and pestle. 50 g powder of the leaves and
stem barks was soaked in 500 ml each of distilled water and methanol respec-
tively. The flasks were kept at room temperature for 3 days with intermittent
shaking. Filtration was done using Whatman filter paper. The extracts were
evaporated at 70°C in water bath with shaker until dried extract samples were
obtained. The extracts were purified and separated based on polarity into dis-
crete fractions of bioactive components by column chromatography by a method
described by [12].

Phytochemical Screening

The screening of the plant materials for bioactive components was done by a
method decribed by Sofowora [13] and Trease and Evans [12]. The extract was
tested for the presence of the following bioactive compounds:

Test for Phenol:

2 ml of the extract was measured and dispensed into a test tube, subsequently
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followed by 3 drops of ferric chloride. Dark blue or dark green colouration indi-
cated the presence of phenol.

Test for Saponins

Frothing method was used to determine the presence of saponins in the ex-
tract. 3 ml of distilled water was measured and added to 1ml of the extract in a
test tube and agitated vigorously for stable persistent froth. Formation of froth
that is stable for up to 10 min is an indicative of the presence of saponins.

Test for Flavonoids

The ethanol and water extracts (5 ml) each was added differently to a concen-
trated sulphuric acid (1 ml) and 0.5 g of Mg. A pink or red coloration that dis-
appear on standing (3 min) indicates the presence of flavonoids.

Test for Tannins

1 ml of the ethanol extract was added in 2 ml of water in a test tube. 2 to 3
drops of diluted ferric chloride solution was added and observed for green to
blue-green (catechic tannins) or blue-black (garlic tannins) coloration.

Test for Alkaloids

20 ml of ethanol extract was evapourated and the dry residue dissolved in 5 ml
of HCl (2N) and filtered. A few drops of Mayer’s reagent and Wagner were
added, the presence of precipitate indicates the alkaloids.

Antibacterial Susceptibility test

The sensitivity of each extract was determined by using the agar well diffusion
method as described by Ahmed and Beg [14] and Arora and Arora [15]. The
concentration of the test organisms was adjusted to 0.5 McFarland standard us-
ing Phosphate buffered saline (PBS). The inoculums were spread over the entire
sterile surface of sterile Mueller-Hinton agar plate, rotating the plate to ensure
an even distribution using a sterile cotton swab dipped into the suspension. A
sterile 6 mm diameter cork borer was used to bore 6 wells in the agar medium.
0.1 ml of the extract were dispensed into the wells at different concentrations of
50, 100, 150 and 200 mg/ml with utmost care to prevent the spillage onto the
surface of the agar. DMSO was dispensed into the fifth hole and Amoxicillin into
the sixth hole as negative and positive control respectively. The plates were al-
lowed to stand on the laboratory bench for 1 hour for proper diffusion of the ex-
tract into the medium. The plates were then incubated at 37°C for 24 hours. The
zones of inhibition were observed and measured at the end of the incubation pe-
riod around the agar well to the nearest millimeter using a ruler.

Determination of Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration (MIC) of the extracts was determined
using broth dilution technique as described by Ali et al [16]. Two fold serial di-
lutions of the extracts were prepared by adding 5 ml of 100 mg/ml of the extract
into a test tube containing 5 ml of Nutrient broth and mixed vigorously, thus
producing a solution containing 50 mg/ml of the extract. The process continued
serially up to the fifth test tube and the last 5 ml was discarded leaving equal vo-
lume in the tubes, hence producing the following concentrations; 50, 25, 12.5,
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6.25 and 3.125 mg/ml. The sixth test tube does not contain extracts and therefore
serves as the negative control. 50 pl of 0.5 McFarland standards of test organisms
were introduced into the test tubes and incubated at 37°C for 24 hours. The test
tubes were observed for turbidity. The least concentration with no turbidity was
taken as the MIC.

Determination of Minimum Bactericidal Concentration (MBC)

The minimum inhibitory concentration (MBC) of the extracts was deter-
mined by a process described by Ali et al. [16].

Minimum bactericidal concentration (MBC) was performed to determine if
the test microorganisms in the tubes without turbidity were killed or inhibited.
10 pl was aseptically transferred from tubes with different concentrations that
showed no turbidity onto the solidified Mueller-Hinton agar medium and incu-
bated at 37°C for 24 hours. The MBC was recorded as the lowest concentration
of the extract that had less than 99% growth on the agar plates.

Statistical Analysis

The data of average zone of inhibition produced by the isolates against the ex-
tracts used was analyzed using One-way ANOVA on the Statistical Package for
Social Sciences (SPSS 20). Significance level for the differences was set as P <
0.05.

3. Results

Phyto-chemical screening
The phytochemical constituents of P. guajava leaf and stem bark are as pre-
sented in Table 1. The result showed the presence of saponin, flavonoid, tannin

and phenol.

4. Antibacterial Activity of the Extracts

Leaf Extracts

The antibacterial activity of aqueous and methanol leaf extracts of Psidium
guajava on the isolates is as shown in Table 2. The result showed that Staphylo-
coccus aureus is the most susceptible isolate at 200 mg/ml concentration with
zone of inhibition of 11.9 mm (ALE) and 19.0 mm (MLE) and Proteus sp. is the
least susceptible with zone of inhibition of 8.5 mm (ALE) and 12.4 mm (MLE).

Stem Bark Extract

The antibacterial activity of aqueous and methanol stem bark extract of Psi-
dium guajava on the isolates is as presented in Table 3. The result showed that
Staphylococcus aureus is the most susceptible isolate at 200 mg/ml concentra-
tion with zone of inhibition of 14.1 mm (ASE) and 22.3 mm (MSE). Proteus sp.
is the least susceptible with zone of inhibition of 13.6 mm (ASE) and 17.4 (MSE).

MIC and MBC

Minimum Inhibitory Concentration and Minimum Bactericidal Concentration
of aqueous and methanol extract of P. guajava leaf and stem bark is represented

in Table 4. The result showed dilutions of various concentrations of aqueous
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Table 1. Phytochemical constituents of P. guajavaleaf and stem bark extracts.

S/N  Phytochemicals Test Leaf extract  Stem bark extract
1 Saponin Foam test + +
2 Flavonoid Lead acetate test + +
3 Tannin Gelatin test + +
4 Phenol Ferric chloride test + +

Table 2. Antibacterial activity of aqueous and methanol leaf extracts of Psidium guajava.

Isolates/zone of inhibition (mm)

Leaf extracts ~ Conc. (mg/ml)  E. coli S. typhi S. aureus  Proteus sp.
50 9.5 8.6 10 7.0
100 9.9 8.8 10.8 7.2
ALE
150 10.0 9.0 11.5 7.9
200 11.1 10.4 11.9 8.5
50 9.6 8.8 10.9 7.6
100 12.6 10.8 12.8 8.8
MLE
150 15.1 12,5 17.5 11.6
200 16.8 13.1 19.0 12.4
Control (Amox.) 100 17.4 15.0 21.7 13.1

x=10.731, P < 0.05. Key: ALE: Aqueous Leaf extract, MLE: Methanol Leaf Extract.

Table 3. Antibacterial activity of aqueous and methanol stem bark extracts of Psidium

guajava on Isolates.

Isolates/Zone of inhibition (mm)

Stem bark extracts Conc. (mg/ml) E. coli S. typhi  S. aureus  Proteussp

50 11.6 10.2 12.0 9.0
100 12.0 11.8 12.8 9.8

ASE
150 12.8 12.0 13.6 10.4
200 13.8 13.7 14.1 13.6
50 12.8 12.0 12.9 9.9
100 13.4 14.9 15.2 12.7

MSE 150 18.9 17.4 19.8 16.0
200 21.6 19.0 22.3 17.4
100 17.4 15.0 21.7 13.1

X = 26.036, P < 0.05. Key: ASE: Aqueous Stem Bark Extract. MSE: Methanol Stem Bark
Extract.

and methanol extracts can inhibit and/or kill the isolates. Lower MIC (3.125
mg/ml) was shown by methanol extract than aqueous extract. MBC of methanol

extract ranges between 6.25 - 25.0 mg/ml.
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Table 4. MIC and MBC of Psidium guajava extracts.

MIC/MBC (mg/ml)
Extracts S. typhi S. aureus E. coli Proteus sp.
Aqueous Leaf Extract 12.5/25.0 6.25/12.5 12.5/25.0 25.0/50.0

Aqueous Stem bark Extract 6.25/12.5 6.25/6.25 12.5/25.0 12.5/25.0
Methanol Leaf Extract 6.25/12.5 3.125/6.25 6.25/12.25 12.5/25.0
Methanol Stem bark Extract 6.25/6.25 3.125/6.25 3.125/6.25 6.25/12.5

5. Discussion

The findings of this study showed the presence of flavonoids, saponins, alkalo-
ids, Tannins and Phenol as bioactive compounds from the phytochemical
screening of leaf and stem bark extracts of P. guajava. This agrees with the find-
ings of Uboh et al [17] and Offor [18] who reported the presence of alkaloids,
tannins, steroids and flavonoids as bioactive compound in the P. guajava ex-
tracts. Ibe and Maduagwu [4] and Nwanneka et a/. [19] also reported the efficacy
of Alkaloids as anti-imalaria, anticancer and antiasthma. Ngene et al [20] re-
ported that tannins are effective in treating intestinal disorders such as diarrhea
and dysentery.

Results of the study showed that the zone of inhibition of the extracts on the
isolates varied significantly. The extracts exhibited the highest antimicrobial ac-
tivity at a concentration of 200 mg/ml against S. aureus as compared to E. colj, S.
typhi and Proteus sp. This could be as a result of the susceptibility of Gram posi-
tive bacteria to therapeutic agents than Gram negative bacteria which may be at-
tributed to inhibition of cell wall development by the extracts. This result is
supported by findings of Aliyu et al [21], Joseph and Priva [22] and Muhammad
et al. [3] who revealed that the leaf and stem extracts of P. guajava had more an-
tibacterial activity on Gram positive bacterium (Staphylococcus aureus) than
Gram negative bacteria (Escherichia coli and Pseudomonas aeruginosa).

One of the important findings of this work is that Psidium guajava methanol
extracts showed higher antibacterial activity compared to aqueous extracts. This
could be attributable to better solubility of the active component by the metha-
nol than water. This corroborates the findings of Nwanneka et a/ [19] who re-
ported that ethanol extracts of P. guajava showed higher inhibition against bac-
teria and fungi than aqueous extract. However, this disagrees with the findings
of Elekwa ef al [23] and Egharevba et al [24] who reported that aqueous ex-
tracts of P. guajava had higher inhibitory effect than ethanol extract.

The results of the present research on the antibacterial activity of P. guajava
extracts of leaf and stem on tested isolates revealed that stem bark extracts pos-
sessed higher antibacterial activity than the leaf extract. This agrees with/or
holds true with the findings of Elekwa et al [23] which showed that stem bark
was more effective than leaf extract.

The minimum inhibitory concentrations (MICs) of the extract against the
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isolates showed that aqueous leaf and stem bark extracts inhibited the growth of
S. aureus and S. typhi at 6.25 mg/ml while methanol leaf and stem bark extracts
inhibited the growth of S. aureus at 3.125 mg/ml. This corroborates the findings
of Sushmita et al [2]. Ngene et al [20] equally reported that Gram positive or-
ganisms exhibited smaller MIC when exposed to extracts of Psidium guajava
than those of Gram negative organisms. The Minimum Bactericidal Concentra-
tion showed that the leaves and stem extracts of the plant can kill the isolates at
12.5 - 50 mg/ml. Methanol leaf and Stem bark extracts however, exhibited MBC
at 6.25 mg/ml. S. aureus had the least MBC. This is consistent with the findings
of Biswal et al. [25], El-Ahmady et al [26] and Muhammad et a/. [3].

6. Conclusion

The phytochemical screening of leaf and stem bark extract of P. guajava showed
the presence of flavonoids, saponins, Tannins and Phenol as bioactive com-
pounds. The antibacterial activity of the extracts showed that methanol extracts
had higher antibacterial activity as compared to aqueous extract. The result
equally showed that the Gram positive bacterium was more susceptible to the
extracts than the Gram negative bacteria. The findings of this study justify the
antibacterial efficacy of leaf and stem bark extracts of P. guajava in the treatment

of infections of bacterial origin.

Limitations of the Study

Paucity of funds did not allow for quantitative analysis of the phytochemicals.

Authors Contributions

AP. and E.E.T. designed the study, did the experimental studies, Bench work
and data acquisition for analysis. A.J. did the data analysis and interpretation of
results. A.P. did the drafting of the manuscript. Revision of the manuscript for
critical intellectual content was done by A.P., O.G.E., AY. and H.A.O. All au-

thors gave final approval of the version to be published.

Conflicts of Interest

There is no conflict of interest between the authors. All authors of the manu-
script have read and agreed to its content and are accountable for all aspects of
the accuracy and integrity of the manuscript. The submitted article is our origi-
nal work and it is not being considered or reviewed by any other publication,

and has not been published elsewhere in the same or a similar form.

References

[1] Mounyr, B., Moulay, S. and Koraichi, I. (2016) Methods for in Vitro Evaluating An-
timicrobial Activity: A Review. Journal of Pharmaceutical Analysis, 6, 71-79.
https://doi.org/10.1016/j.jpha.2015.11.005

[2] Sushmita, C., Latika, S. and Manoranjan, P.S. (2012) Phytochemical and Antimi-

DOI: 10.4236/2im.2022.1210039

576 Advances in Microbiology


https://doi.org/10.4236/aim.2022.1210039
https://doi.org/10.1016/j.jpha.2015.11.005

P. Adikwu et al.

(4]

(5]

(10]

(11]

(12]
(13]

(14]

(15]

(16]

(17]

crobial Screening of Psidium guajava Leaf Extracts against Clinically Important Ga-
strointestinal Pathogens. Journal of Natural Product and Plant Resources, 2,
524-529.

Muhammad, S.A., Farouk, S.N. and Muhammad, A. (2019) Antibacterial Activity of
Psidium guajava Leaf and Stem Bark Extracts against Clinical Isolates of Staphylo-
coccus aureus and Salmonella typhi. International Journal of Research in Pharmacy
and Biosciences, 6, 11-17.

Ibe, C. and Maduagwu, N.L. (2013) Antibacterial Activity of Psidium guajava Stem
Bark Extracts on Multi-Drug Resistant (MDR) Community Aquired Methicil-
lin-Resistant Staphylococcus aureus (CA-MRSA). Journal of Evolution of Medical
and Dental Sciences, 12, 6251-6260. https://doi.org/10.14260/jemds/1127

Ogbo, E.M. and Oyibo, A.E. (2008) Effects of Three Plant Extracts (Ocimum gratis-
simum, Acalypha wikesiana and Acalypha macrostachya) on Post-Harvest Patho-
gen of Persea americana. Journal of Medicinal Plants Research, 2, 311-314.

Nwinyi, O.C., Chinedu, N.S., Ajani, O.0., Ikpo, C.O. and Ogunniran, K.O. (2009)
Antibacterial Effects of Extracts of Ocimum gratissimum and Piper guineense on
Escherichia coli and Staphylococcus aureus. African Journal of Food Science, 3,
77-81.

Kunle, O.F. and Egharevba, H.O. (2013) Chemical Constituents and Biological Ac-
tivity of Medicinal Plants Used for the Management of Sickle Cell Disease—A Re-
view. Journal of Medicinal Plants Research, 7, 3452-3476.

Birdi, T.J., Daswani, P.G., Brigesh, S. and Tetali, P. (2011) /n Vitro Antiguardial and
Antiviral Activities of P. guajava Leaf. Indian Journal of Pharmacology, 43, 616-617.
https://doi.org/10.4103/0253-7613.84990

Yadav, R. and Agarawala, M. (2011) Phytochemical Analysis of Some Medicinal
Plants. Journal of Phytology, 3, 10-14.

Begum, S., Hassan, S.I. and Siddiqui, B.S. (2002) Two New Triterpenoids from the
Fresh Leaves of Psidium guajava. Plant Medica, 68, 1149-1152.
https://doi.org/10.1055/s-2002-36353

Arima, H. and Danno, G. (2002) Isolation of Antimicrobial Compounds from Gua-
va (Psidium guava L) and Their Structural Elucidation. Bioscience, Biotechnology
and Biochemistry, 66, 1727-1730. https://doi.org/10.1271/bbb.66.1727

Trease and Evans (2009). Pharmacognosy. 16th Edition.

Sofowora, A. (1996) Research on Medicinal Plants and Traditional Medicine in
Africa. Journal of Alternative and Complementary Medicine, 2, 365-372.
https://doi.org/10.1089/acm.1996.2.365

Ahmed, I. and Beg, A.Z. (2001) Antimicrobial and Phytochemical Studies on 45 In-
dian Medicinal Plants against Multi-Drug Resistant Human Pathogens. Journal of
EthoPharmacology, 174, 113-123. https://doi.org/10.1016/50378-8741(00)00335-4

Arora, D.R. and Arora, B. (2011) A Text Book of Microbiology. 3rd Edition, CBS
Publishers PV Ltd., New Delhi, 352, 368-373, 376, 382, 385, 410-412.

Ali, M., Yahaya, A., Zage, A.U. and Yusuf, Z.M. (2017) In- Vitro Antibacterial Ac-
tivity and Phytochemical Screening of Psidium guajava on Some Enteric Bacterial
Isolates of Public Health Importance. Journal of Advances in Medical and Pharma-
ceutical Sciences, 12, 1-7. https://doi.org/10.9734/JAMPS/2017/31126

Uboh, F.E., Okon, LE. and Ekong, M.B. (2010) Effect of Aqueous Extract of Psi-
dium guajava Leaves on Liver Enzymes, Histological Integrity and Haematological
Indices in Rats. Gastroenterology Research, 3, 32-38.

DOI: 10.4236/2im.2022.1210039

577 Advances in Microbiology


https://doi.org/10.4236/aim.2022.1210039
https://doi.org/10.14260/jemds/1127
https://doi.org/10.4103/0253-7613.84990
https://doi.org/10.1055/s-2002-36353
https://doi.org/10.1271/bbb.66.1727
https://doi.org/10.1089/acm.1996.2.365
https://doi.org/10.1016/S0378-8741(00)00335-4
https://doi.org/10.9734/JAMPS/2017/31126

P. Adikwu et al.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

https://doi.org/10.4021/gr2010.02.174w

Offor, C.E. (2015) Phytochemical and Proximate Analysis of Psidium guajava Leaves.
Quest Journal of Research in Pharmaceutical Science, 2, 5-7.

Nwanneka, L.O., Ndubuisi, M., Chikere, N., Michael, M. and Oluwakemi, A. (2013)
Genotoxic and Antimicrobial Studies of The Leaves of Psidium guajava. Euro-Asian
Journal of Biosciences, 7, 60-68. https://doi.org/10.5053/ejobios.2013.7.0.8

Ngene, A.C., Aguiyi, J.C., Chibuike, C.J., Ifeanyi, V.O., Ukaegbu-Obi, K.M., Kim,
E.G., Ohaeri, U.C. and Onyemegbulem, B.O. (2019) Antibacterial Activity of Psi-
dium guajava Leaf Extract against Selected Pathogenic Bacteria. Advances in Mi-
crobiology, 9, 1012-1022. https://doi.org/10.4236/aim.2019.912066

Aliyu, A.B., Musa, A.M., Ushamini, J.A., Ibrahim, H.A. and Oyewale, A.O. (2008)
Phytochemical Analysis and Mineral Elements Composition of Some Medicinal

Plants of Nothern Nigeria. Nigerian Journal of Pharmaceutical Sciences, 7, 65-73.

Joseph, B. and Priya, R.M. (2011) Review of Nutritional, Medicinal and Pharmaco-
logical Properties of Guava (Psidium guajava L.). International Journal of Pharmacy
and Biosciences, 2, 45-53.

Elekwa, L., Okereke, S.C. and Ekpo, B.O. (2009) Preliminary Phytochemical and
Antimicrobial Investigations of the Stem Bark and Leaves of Psidium guajava L.
Journal of Medicinal Plants Research, 3, 45-48.

Egharevba, H.O,, Iliya, I, Ibekwe, N., Abdulahi, M.S., Okwute, S.K. and Okogun, J.L
(2010) Broad Spectrum Antimicrobial Activity of Psidium guajava Linn. Leaf. Nat-
ural Science, 8, 43-50.

Biswal, B., Kimberly, F.M., Dwaye, D. and Anand, Y. (2013) Antimicrobial Activity
of Leaf Extracts of Guava (Psidium guajava) on Two Gram Positive and Two Gram
Negative Bacteria. International Journal of Microbiology, 2, 7-12.
https://doi.org/10.1155/2013/746165

El-Ahmady, S.H., Ashour, M.L. and Wink, M. (2013) Chemical Composition and
Anti-Inflammatory Activity of the Essential Oils of Psidium guajava Fruits and
Leaves. The Journal of Essential Oil Research, 25, 475-481.
https://doi.org/10.1080/10412905.2013.796498

DOI: 10.4236/2im.2022.1210039

578 Advances in Microbiology


https://doi.org/10.4236/aim.2022.1210039
https://doi.org/10.4021/gr2010.02.174w
https://doi.org/10.5053/ejobios.2013.7.0.8
https://doi.org/10.4236/aim.2019.912066
https://doi.org/10.1155/2013/746165
https://doi.org/10.1080/10412905.2013.796498

	Antibacterial Activity of Psidium guajava Leaf and Stem Bark Extracts on Selected Bacteria in Ugbokolo, Benue State, Nigeria 
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Antibacterial Activity of the Extracts
	5. Discussion
	6. Conclusion
	Limitations of the Study
	Authors Contributions
	Conflicts of Interest
	References

