ejpmr, 2020,7(6), 351-356 SJIF Impact Factor 6.222

EUROPEAN JOURNAL OF PHARMACEUTICAL Review Article
AND MEDICAL RESEARCH ISSN 2394-3211
EJPMR

ANTIMICROBIAL ACTIVITY OF LEAVES OF PSIDIUM GUAJAVA LINN — AN
OVERVIEW

Dr. Deena Mendez* and Dr. Mamatha Kunder

Assistant Professor, Department of Biochemistry, Sri Devaraj Urs Medical College, Sri Devaraj Urs Academy of
Higher Education & Research, Tamaka, Kolar, Karnataka, India, 563103.

*Corresponding Author: Dr. Deena Mendez
Assistant Professor, Department of Biochemistry, Sri Devaraj Urs Medical College, Sri Devaraj Urs Academy of Higher Education & Research,
Tamaka, Kolar, Karnataka, India, 563103.

Article Received on 11/04/2020 Article Revised on 01/05/2020 Avrticle Accepted on 22/05/2020

ABSTRACT

In recent years, plant extracts have gained popularity in treatment of several diseases and a lot of attention is paid
on the production of medicine from natural sources. Psidium guajava (Guava) has a history of being used for
medicinal purposes. The potential of the leaf extract of Psidium guajava in treatment of bacterial infections has
been attributed to the bioactive compositions of the leaves which are rich in tannins, flavonoids and essential oils.
This review article compiles the results of the antimicrobial activity of the guava leaves so that further research can
be focused on identification and purification of bioactive compounds from the leaves which can be an efficacious
treatment against bacterial infections as guava leaf extract appears to be a suitable candidate in the search for a
natural antimicrobial agent.
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INTRODUCTION for medicinal plant extraction includes maceration,
percolation, Soxhlet extraction and aqueous- alcoholic
extraction by fermentation. Maceration is a crude form of
extraction where the solvents diffuse into solid plant
material and solubilize compounds with a similar
polarity.® Antimicrobial activity is usually determined
by using Agar well diffusion method or Disc diffusion
methods. "8

Plants have been used for medicinal purposes for several
hundreds of years. Psidium guajava is one such plant.
Psidium guajava Linn popularly known as guava is a
small tree belonging to Myrtaceae family.™ It is a native
to tropical countries and hence is grown widely in
countries having tropical and subtropical climate.[! The
leaves of guava plant are essentially rich in
phytochemicals such as cineol, tannins, triterpenes,
flavonoids, resin, eugenol, malic acid, cellulose,
chlorophyll, mineral salts and a number of other fixed
substances.® ¥ These phytochemicals are non-nutritive
chemicals produced by plants for their own protection
but have been found to protect humans against diseases
and all of them work in a different manner.®! The plant is
known for its antimicrobial, anti-inflammatory,
hypoglycemic, anti-diarrheal and anti-oxidant properties
which can be attributed to the presence of these
phytochemicals.™

Aqueous and organic extracts of the leaves have been
shown to have anti-bacterial as well as antifungal
activity. However, the antifungal activity appeared to be
less when compared to the inhibitory effect on that of
bacteria.’® ™ *I Anti-bacterial activity of the leaf extracts
have been shown to have inhibitory action against both
gram positive and gram negative bacteria.l®*121314l
When treated with these plant extracts, bacterial cells
may be killed by the rupture of cell walls and membranes
and by irregular disruption of intracellular matrix.!*>*%!

The inhibitory effects against Staphylococcus aureus
strains have been documented in several studies.*"8
and good antimicrobial activity against nine different
strains of Staphylococcus aureus were shown.? There
have been contrasting reports on the type of solvent
which can bring about maximum inhibition. In one
study, Sanches et al., found that the ethanol extract of the
leaves was more active than the aqueous extract against
Staphylococcus aureus.*¥ Methanolic extract of the
leaves have been shown to have an inhibitory effect on
the growth of different strains of bacteria such as

AIM

The aim of this review article was to examine the
beneficial effects of guava leaves and summarize its
antimicrobial activities invitro.

Many of the studies for determining antimicrobial
activity of the leaves involve preparation of crude
extracts of the air dried, coarsely powdered leaf material.
The extracts are then dissolved in suitable solvents such
as water, methanol, ethanol and acetone. The techniques
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Escherichea coli, Pseudomonas aeruginosa, Proteus spp
and Shigilla Sp.?"! Both the agueous and organic extract
of the leaves were found to be active against
Staphylococcus aureus and Proteus Sppf®? while other
studies showed that water extracts more active
compounds than methanol.”®! Again, contradicting these
are studies reporting that methanol leaf extracts brought
about a greater degree of inhibition than water.'® 1
Gitika et al., in their study showed that the methanol and
ethanol extracts of the leaves had significant inhibition
against gram positive  M.lutens, B.subtilis and
Streptococcus sp as well as gram negative bacteria
E.coli, Pseudomonas aeruginosa and S.typhimurium and
their study also showed that the aqueous extracts were
not as effective as those from alcoholic solvents.® The
reason for these contrasting results may be because the
chemistry involved in boiling, soaking and rubbing these
plant extracts is quite complex. It thus does not seem
likely that active compounds present in these water
extracts are the same as those present in
methanol/ethanol extracts. However, it should be
remembered that in traditional medicine, plant extracts
are prepared with water for decoctions or infusions and
plasters. Moreover, besides the fact that different
solvents are being used, there will be variation in
extraction methods such as length of extraction period,
solvent to sample ratio, concentration of the solvent, the
quantity of the extracts used and the temperature at
which extraction was done and this can lead to variations
in the results obtained. Thus, the type of plant extract
used can result in the type of microbial inhibition.
Besides, the secondary metabolism of plants is quite
complex and leads to a large variety of metabolic
products. So, a high degree of variability can be
expected.

Contrasting results have also been obtained with some
studies which claim that the leaf extracts are virtually
inactive against gram negative bacteria such as E. coli
and Pseudomonas aeruginosa.”? It was suggested that
Gram negative bacteria may be more resistant to the leaf
extract due to its cell wall structure.” Gram negative
bacteria have an effective permeability barrier made up
of a thin lipopolysaccharide membrane which probably
restricts the penetration of the plant extract while Gram
positive bacteria have a mesh like peptidoglycan layer
which is more permeable to the extracts.””?! The results
that gram negative bacteria are not inhibited by the leaf
extracts has been opposed by several other studies which
showed significant inhibitory activity against Salmonella
sp, Pseudomonas aeruginosa and E.colj.[24252930.31.32]

Guava leaves have been used in the treatment of diarrhea
and have been shown to have significant inhibitory
activity against E.coli, Vibrio cholera,Vv.
parahemolyticus, Aeromonas hydrophila and Salmonella
spp.E3*43I Crude aqueous mixtures and methanol extract
from leaf of Psidium guajava have shown strong anti-
bacterial activity against multidrug resistant V.

cholera.®™ and it reduced production of cholera toxin by
binding to gangliosidemonosialic acid.F®!

Guava leaves are traditionally used for wound healing as
well as for treatment of ulcers on the skin.E"*8% At the
wound site, bacteria release proteolytic enzymes to
promote their invasive power. Bacterial Elastase is one
such enzyme which is an important virulence factor in
several types of infection. The invasive effect of elastase
by Pseudomonas aeruginosa has been well documented
and this enzyme is commonly found in chronic
ulcers.l***I The host secretes Human Neutrophil Elastase
(HNE) as the first line of defense against invasive
microorganisms. HNE is also found to be elevated in
wounds which are slow in healing.“? High levels of
proteases at a wound site impair healing as they degrade
the extracellular matrix.*? So, application of these
leaves can facilitate the healing of wounds as they inhibit
these enzymes.

Psidiumguajava leaf extract (5gm/kg) caused reduced
occurrence of cough which was induced by capsaicesi
aerosol by 54% within 10 minutes and since
Staphylococcus aureus and f-streptococcus is inhibited
by aqueous and chloroform extract of leaves it can be
given for cough.”® The methanolic leaf extract showed
good inhibition of influenza viruses including
Oseltamivir resistant strains.[®*4

Though, there is a wide variation in the results due to the
degree of variability in the extraction methods, what
really matters is the powerful inhibitory effect of guava
leaves on many pathogenic bacteria.

Phytochemicals present in Guava leaves: The
antimicrobial activity of the guava leaves as mentioned
above is related to the phytochemicals present which are
extracted in various solvents both aqueous and organic.
As different regions have different climatic conditions
ranging from soil, rainfall availability, temperature and
humidity this can result in plants having different
bioactive compounds though they are of the same
species.[*”!

Tannins are polyphenolic compounds and exhibit anti-
microbial activity by binding to proline rich protein thus
inhibiting protein synthesis.[** %647 %81 The effect may be
further compounded due to the ability of tannins to
inactivate microbial adhesions, enzymes and cells that
transport proteins.* The anti- microbial effect could
also be related to the concentration of gallic acid and
catechen present.** as well as butulinic acid and
lupeol !

Flavonoids are hydroxylated polyphenolic compounds
with properties like free radical scavenging, inhibition of
hydrolytic and oxidative enzymes, anti-inflammatory
action as well as antimicrobial activity.***? This
property could be attributed to their ability to form
complexes with extracellular soluble proteins and
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bacterial cell walls.®® Flavonoids such as guaijavarin
and quercetin are anti-inflammatory and
antimicrobial.®**®! Two new flavanoid glycosides,
morin-3-O-alpha lyxopyranoside and morin-3-O-alpha
arabopyranoside which have been identified were
effective against Salmonella enteritides and against
Bacillus cereus respectively.>**! Guaijaverin showed
anti-plaque effect by inhibiting growth of Streptococcus
mutans.”® The guava leaf extract has trypanocidal
properties which may be due to iron chelating activity of
flavonoids and tannins present.®? The leaves of guava
are rich not only in quercetin but also quercetin
glycosides as well as polyphenols such as B-sitosterol,
Uvaol, Oleanolic acid, Urasolic acid and triterpenoid-
guajanoic acid.2%"

The essential oils from Psidium guajava have been
analyzed and identified by GC-MS. The major
components were carophyllene, copaene, azulene and
eucalyptol.®®  Other volatile oils obtained by
hydrodistillation of the leaves and identified by GC-MS
are o-pinene, 1,8-cinole and p-bisabolol.”® There is
much variation in the essential oil compositions which
depends on the particular chemotype present and this
may also have implication in its traditional uses and
biological activity.®” Goncalves et al., showed the
antimicrobial effect of essential oils obtained from the
leaves against Staphylococcus aureus and Salmonella sp
could be the source of a potential new antimicrobial
compound.® The mechanism by which they can inhibit
microorganisms is by penetration of the lipid bilayer of
the cell membrane making it more permeable and
leading to a leakage of the cell contents.®%5%!

Saponins which are glycosides and terpenoids are also
potential agents against bacteria.’® Saponin from the
leaves was found to interfere with the envelop subunit
gp41 from the critical 6-HB structure, thus inhibiting the
entry of HIV into target cells.® Several triterpinoids
isolated from leaves of Psidium guajava have been
identified by NMR spectroscopy as guajavanoic acid,
obtusiningoreishic acid, guavanoic acid, guavacoumaric
acid along with 2a-hydroxyurosolic acid, jacomaric acid,
isoneriucoumaric  acid, asiatic acid, p-sitosterol,
guajavolide, guavenoic acids along with a pentacyclic
terpenoid psidiumoic acid. 8%

In a detailed study on the chemical examination of the
leaves by spectroscopic analysis, it was found that
specific compounds such as quercetin and 6B-20pB-
dihydroxy-12-ursen-28-oic acid and the methanolic,
chloroformic and ethyl acetate fraction were found to
bring about the inhibition of elastase enzyme and thus
promotes wound healing.[*>%!

A study by this author had aimed to identify a specific
protease inhibitor of proteinous nature in the leaves but
failed in its attempt as an aqueous extract of the leaves
after removal of all phenolic compounds did not exhibit
any recordable inhibitory activity on elastase showing

there was no specific inhibitor of protein nature.” The
study also showed that aqueous and methanolic extract
of the leaves were found to have an inhibitory effect on
elastase enzyme of Pseudomonas aeruginosa as well as
HNE. However, inhibition brought about was due
probably to phenolic compounds such as tannins as well
as flavonoids and triterpernoids and not due to a specific
protease inhibitor. The practice of using these leaves for
wound healing however can be justified as there was
inhibitory effect on elastase released by both
Pseudomonas aeruginosa and HNE.

CONCLUSION

This review article indicates that the leaves of the guava
plant possess compounds which can suppress bacterial
growth when extracted with a suitable solvent. This
article gives a scientific insight to further investigate the
pharmacological properties of guava leaves and its
possible application as an adjunct to conventional
therapy. This review article has made an attempt to shed
light on the therapeutic potential of the guava leaf and its
beneficial antimicrobial effects. The extensive literature
survey has shown that the leaves which have a proven
history of treating microbial infections has to be further
investigated to utilize its full potential. On the basis of
this article, the leaves of Psidium guajava appears to be
an ideal candidate in the search for a natural
antimicrobial agent as prolonged treatment by allopathic
drugs has led to drug resistance and this is most
frequently seen during antimicrobial therapy.

ACKNOWLEDGMENT: Nil
CONFLICT OF INTEREST: Nil

REFERENCES

1. Morton JF. Myrtaceae - Psidium guajava (Guava).
In: Fruits of warm climates, USA, Creative resource
Systems, Inc: 1987; 356-63.

2. Salazar DM, Melgarejo P, Martinez R, Martinez JJ,
Hernandez F, Burguera M. (Phenological stage of
the guava tree [Psidium guajava L]) Sci. Hortic,
2006; 108: 157-61.

3. Burkill HM. (Myrtaceae - Psidium guajava). In: The
useful plants of West Tropical Africa, Royal Botanic
Gardens (2"%d.), 1997; 845-6.

4. Ncube NS, Afolayan AJ, Okoh Al. (Assessment
technique of antimicrobial properties of natural
compounds of plant origin: current methods and
future trends). African Journal of Biotechnology,
2008; 7(12): 1797-1806.

5. Yadav RNS, Aragawala M. (Phytochemical analysis
of some medicinal plants). Journal of phytology,
2011; 3: 10-14.

6. Green RJ. (Antioxidant activity of peanut plant
tissues). MS. Thesis of North Carolina State
University, Raleigh, NC USA, 2004.

7. Bauer AW, Kirby WMM, Sherris JC, Turk M.
(Antibiotic susceptibility testing by a standardized

WWW.ejpmr.com

353




Deena et al.

European Journal of Pharmaceutical and Medical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

single disc method). Am. J. Clin Pathol, 1966; 45(4):
493-6.

Dhiman A, Nanda A, Narasimhan B. (In vitro
antimicrobial activity of methanolic leaf extract of
Psidium guajava). J. Pham. Bioallied Sci, 2011; 3:
226-9.

Saleh B, AL-Halab L, AL Mariri A. (Invitro leaves
and twigs antimicrobial properties of Psidium
guajava L [Myrtaceae]). Herba Polonica, 2015;
61(3): 93-104.

Ahmed RS, Yagouh SO. (In Vitro antimicrobial
activity of Psidium guajava extracts). Research
Journal of Microbiology, 2007; 2(11): 845-50.

Nair R, Chanda S. (In vitro antimicrobial activity of
Psidium guajava L leaf extracts against clinically
important pathogenic microbial strains). Braz. J.
Microbiol, 2007; 38: 452-8.

Fernandes MRV, Dias ALT, Carvalho RR, Souza
CRF, Oliviera WP. (Antioxidant and antimicrobial
activities of Psidium guajava spray dried extracts).
Ind. Crops. Prod, 2014; 60: 39-44.

De Araujo AA, Soares LAL, Ferreira MR, de Souza
Neto MA, da Silva GR, de Araujo RF et al.
(Quantification of polyphenols and evaluation of
antimicrobial, analgesic and anti-inflammatory
activities of aqueous and acetone water extracts of
Libidibiaferrea, Parapiptadeniarigida and
Psidiumguajava). J. Ethnopharmacol, 2014; 156:
88-96.

Nisha K, Darshana M, Madhu G, Bhupendra MK.
(GC-MS analysis and antimicrobial activity of
Psidium guajava grown in Malva region of India).
Int. J. Drug Dev. Res, 2011; 3: 237-45.

Kim SS, Hyun CG, Lee J, Lim J, Kim J, Park D. (In
vitro screening of Jeju medicinal plants for
cosmeceutical materials). J. Appl. Biol. Chem, 2007,
50: 215-20.

Kim S, Fung DYC. (Antibacterial effect of crude
water soluble arrowroot tea extracts on food borne
pathogens in liquid medium). Letters in Applied
Microbiology, 2004; 39(4): 319-25.

Milyani R. (Inhibitory effect of some plant extracts
on clinical isolates of Staphylococcus aureus).
African Journal of Microbiology, 2012; 6: 6517-24.

Anas K, Jayashree PR, Vijayakumar T, Manisha
Kumar PR. (In vitro antibacterial activity of Psidium
guajava Linn leaf extract on clinical isolates of multi
drug resistant Staphylococcus aureus). Indian. J.
Exp. Biol, 2008; 46: 41-6.

Sanches NR, Cortez DAG, Schiavini MS,
Nakamurou CV, Filho BPD. (An evaluation of
antibacterial  activities of Psidium guajava).
Brazilian Archives of Biology and Technology,
2005; 48(3): 429-36.

Gnan SO, Demello MT. (Inhibition of
Staphylococcus aureus by aqueous Gioaba extracts).
Journal of Ethnopharmacology, 1999; 68(1): 103-8.

Chah KF, Eze CA, Emuelosi CE, Esimone CO.
(Antibacterial and wound healing properties of

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

methanolic extract of some Nigerian medicinal
plants). J. Ethnopharmacol, 2006; 104: 164-7.
Ngbolua KN, Lufuluabo GL, Lengbiye EM, Gedion
NB, Clement IL et al. (A view on the
Phytochemistry and Pharmacology of Psidium
guajava and Future Direction). Discovery
Phytomedicine, 2018; 5(2): 7-13.

Esimone CK, Anthony AA, Kwaliafon SM,Nneka
N, Kennedy FC. (Antimicrobial activity of Psidium
guajava Linn. Stem extracts against Methicillin
resistant Staphylococcus aureus). African Journal of
Biotechnology, 2012; 11(89): 1556-9.

Mendez D, Kutty AVM, Prasad SR. (Preferential
Inhibition of bacterial elastase over Human
Neutrophil Elastase by leaf extracts of Psidium
guajava: an in vitro study). National Journal of
Physiology, Pharmacy and Pharmacology, 2016;
6(2): 123-7.

Gitika, Manoj Kumar. (Antibacterial activity of
Psidium guajava leaves extract against some gram
positive and gram negative bacteria). European
Journal of Pharmaceutical and Medicinal Research,
2016; 3(10): 261-6.

Ifeanyichukwu I, Chika E, Emmanuel N, Anthonia
O, Ngozi A, Agabus N. (Preliminary investigation of
the Antibacterial activity of Psidium guajava
extracts). European Journal of Medicinal Plants,
2015; 7(1): 26-30.

Ramesh Kumar KB, George V, Shiburaj S.
(Chemical constituents and antibacterial activity of
the leaf oil of cinnamomum chemungianum).
Journal of Essential Oil Research, 2007; 19(1):
98-100.

Stefanello MEA, Cervi AC, Ito 1Y, Salvador,
Wisniewski Jr A, Simionatto EL. (Chemical
composition and antimicrobial activity of essential
oils of Eugenia chlorophylla [Myrtaceae]). Journal
of Essential Oil Research, 2008; 20(1): 75-8.
Chanda S, Kaneria M. (Indian nutraceutical plant
leaves as a potential source of natural antimicrobial
agents). Science against Microbial pathogens:
Communicating Current Research and
Technological Advances, 2011; 2: 1251-9.

Vieira RHSDE, Rodrigues DDI, Goncalves FA,
Menezes FGR, Aragao JS, Sousa OV. (Microbicidal
effect of medicinal plant extracts [Psidium guajava
Linn and Carica papaya Linn] upon bacteria isolated
from fish muscle and known to induce diarrhea in
children). Revisita do Instituto de Medicina Tropical
de Sao Paulo, 2001; 43(3): 145-8.

Lin J, Puckree T, Mvelase TP. (Anti-diarrhoeal
evaluation of some medicinal plants used by Zulu
traditional healers). Journal of Ethnopharmacology,
2002; 79(1): 53-6.

Metwally AM, Omar AA, Harrciz FM, El Sohafy
SM. (Phytochemical investigation and antimicrobial
activity of Psidium guajava leaves). Pharmacogn.
Mag, 2010; 6: 212-8.

Chanu TR, Pai V, Chakraborty R, Raju B, Lobo R,
Ballal M. (Screening for antidiarrheal activity of

WWW.ejpmr.com

354




Deena et al.

European Journal of Pharmaceutical and Medical Research

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

Psidium guajava. A possible alternative in the
treatment against diarrhea  causing enteric
pathogens). J. Chem. Pharm. Res, 2011; 3: 961-7.
Thiyagarajan S, Jamal A. (Evaluation of lethal
activity of Psidium guajava L extracts on bacterial
pathogens causing diarrheal infections). Int. J. Res.
Ayurveda Pharm, 2015; 6: 111-7.

Rahim N, Gomes DJ, Watanake H, Rahman SR,
Chomvarin C, Endtz AP et al. (Antibacterial activity
of Psidium guajava leaf and bark against multi drug-
resistant Vibrio cholerae: Implication for cholera
control). Jpn. J. Infect. Dis, 2010; 63: 271-4.

Birdi T, Daswani P, Brijesh S, Tetali P, Natu A,
Anita N. (Newer Insights into the mechanism of
action of Psidium guajava leaves in infectious
diarrhea). BMC Complementary and Alternative
Medicine, 2010; 10(1): 33.

Leonti M, Vibrans H, Stiche O, Heinrich M. (Ethno
Pharmacology of the Popoluca, Mexico: an
evaluation). J. Pharmacy Pharmacol, 2001; 53:
1653-69.

Joseph B, Priya RM. (Review on nutritional,
medicinal and pharmacological properties of
Guava). Int. J. Pharma Bio Sci, 2011; 2: 53-9.
Fernandes KPS, Bussadon SK, Marques MM, Wadt
NSY, Bach E, Martins MD. (Healing and cytotoxic
effects of Psidium guajava [Myrtaceae] leaf
extracts). Brazilian Journal of Oral Sciences, 2010;
9(4): 449-54.

Morihara K, Tsuzuki H, Oda K. (Protease and
Elastase of Psuedomonas aeruginosa: inactivation
of human plasma alphal—proteinase inhibitor).
Infection and Immunity, 1979; 24: 188-93.
Schmidtchen A, Wolff H, Hansson C. (Differential
proteinase expression by P. aeruginosa derived from
chronic leg ulcers). Acta. Derma. Venereology,
2001; 81: 406-9.

Beidler SK, Douillet CD, Berndt DF. (Multiplexed
analysis of Matrix Metalloproteinases in leg ulcer
tissue of patients with chronic venous insufficiency).
Wound Repair Regeneration, 2008; 16: 642-8.

Jairaj P, Khoohaswan P, Wongkrajang Y,
Peungvicha P, Suriyawong P, Saraya ML et al.
(Anticough and antimicrobial activities of Psidium
guajava leaf extract). Journal of
Ethnopharmacology, 1999; 67(2): 203-12.
Sriwilaijaroen N, Fukumoto S, Kumagai K,
Hiramatsu H, Odagiri T, Tashiro M et al. (Antiviral
effects of Psidium guajava tea on the growth of
clinical isolated H1N1 viruses: its role in viral
hemagglutination and neuraminidase inhibition).
Antiviral Res, 2012; 94(2): 139-46.

Kidaha ML, Alakonya Al, Nyende AB. (Bioactivity
determination of methanol and water extracts for
leaves and roots of Kenan Psidium guajava L
landraces against pathogenic bacteria). Springerplus,
2013; 2: 2-7.

Ulubelen A. (Cardioactive and
terpenoids  from  some  Salvia
Phytochemistry, 2003; 64(2): 395-9.

antibacterial
species).

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Akiyama H, Fujii K, Yamasaki O, Oono T, Iwatsuki
K. (Antibacterial actions of several tannins against
Staphylococcus aureus). Journal of Antimicrobial
chemotherapy, 2001; 48(4): 487-91.

Min BR, Pinchak WE, Merkil R, Walker S, Tomita
G, Anderson RC. (Comparative antimicrobial
activity of tannin extracts from perennial plants on
mastitis pathogens). Scientific Research and Essays,
2008; 3(2): 66-73.

Cowan MM. (Plant products as antimicrobial
agents). Clinical Microbiology Reviews, 1999;
12(4): 564-82.

Mai loa MN, Mahendradatta M, Laga A, Djide N.
(Antimicrobial effects of tannins extract from guava
leaves on pathogens). Int. J. Sci. Technol. Res,
2014; 3: 236-41.

Ghosh P, Mandal A, Chakraborty P, Rasul MG,
Chakraborty M, Saha A. (Triterpenoids from
Psidium guajava with biocidal activity). Indian J.
Pharm. Sci, 2010; 72: 504-07.

Oguntoye SA, Adeyemi OS, Akanji SA. (Ethanolic
leaf extract of Psidium guajava: Phytochemical and
trypanosome brucei). Journal of Medicinal Plant
Research, 2009; 3: 420-3.

Trease GE, Evans WC. Pharmacognosy Macmillan,
London UK, 11" ed, 1989.

Duraipandiyan VM, Ayyanar L, Ignhacimuthu S.
(Antimicrobial activity of some ethnomedicinal
plants). Asian Journal of Microbiology, 2006; 5:
334-7.

Arima H, Danno G. (Isolation of antimicrobial
compounds from guava [Psidium guajava] and their
structural elucidation). Biosci. Biotechnol. Biochem,
2002; 66(8): 1727-30.

Prabhu GR, Gnanamani A, Sadulla S. (Guaijaverin a
plant flavonoid as potential antiplaque agent
Streptococcus mutans). J. Appl. Microbiol, 2006;
101(2): 487-95.

Begum S, Hassan SJ, Ali SN, Siddiqui BS.
(Chemical constituents from the leaves of Psidium
guajava). Nat. Prod. Res, 2004; 18(2): 135-40.

Li J, Chen F, Luo J. (GC-MS analysis of essential
oil from the leaves of Psidium guajava). Zhong Yao
Cai, 1999; 22(2): 78-80.

Dasilva JD. (Essential oils of leaves and stems of
four Psidium Species). Flavors & Fragrances
Journal, 2003; 18(3): 240-3.

Satyal P. (Leaf essential oil composition and
bioactivity of Psidium guajava from Katmandu,
Nepal). American Journal of essential oils & Natural
Products, 2015; 3(2): 11-4.

Goncalves FA, Andrade Neto M, Bezerra JNS.
(Antibacterial activity of guava, Psidiumguajava
Linnaeus leaf extracts on diarrhea - causing enteric
bacteria isolated from sea bob shrimp). Revista do
Institute de Medicina Tropical de Sao Paulo, 2008;
50(1): 11-5.

Burt S. (Essential oils; their antibacterial properties
and potential applications in foods — a review).

WWW.ejpmr.com

355




Deena et al.

European Journal of Pharmaceutical and Medical Research

63.

64.

65.

66.

International Journal of Food Microbiology, 2004;
94(3): 223-53.

Joven BJ, Kanner J, Schved F, Weisslouriz H.
(Factors that interact with antibacterial action of
thyme essential oils and its active constituents).
Journal of Applied Bacteriology, 1994; 76(6):
626-31.

Mao QC, Zhou YC, Li RM, Hu YP, Liu SW, Li XJ.
(Inhibition of HIV-1 mediated cell-cell fusion by
saponin fraction from Psidium guajava leaf). Zhong
Yao Cai, 2010; 33(11): 1751-4.

Begum S, Hassan SJ, Siddiqui BS, Shaheer F,
Ghayur MN, Gilani AH. (Triterpenoids from the
leaves of Psidium guajava). Phytochemistry, 2002;
61(4): 399-403.

Venkateswara Rao G, Sahoo MR, Rajesh GD,
Mukhopadhyay T. (Chemical constituents and
biological studies on leaves of Psidium guajava
Linn). Journal of Pharmacy Research, 2012; 5(4):
1946-8.

WWW.ejpmr.com

356




