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Abstract

Medicinal plants are considered as safe, significant and effective antimicrobial agents worldwide. The
objective of present study is to determine antibiofilm potential and chemical composition of petroleum ether
soluble fraction (PG-PES) of leaves extract of Psidium guajava Linn. (Guava; family Myrtaceae). Psidium
guajava is a well known plant of tropical and subtropical region which is commonly used in various folkloric
remedies. To the best of our knowledge, the scientific information on antibiofilm activity of non-polar fraction
of this plant along with its chemical composition is first time reported. The antibiofilm activity was tested
against seven human clinical pathogens with the comparison of standard drug ciprofloxacin. The strong
antibiofilm effect was observed against Escherichia coli (84.5%), Staphylococcus aureus (84.0%),
Pseudomonas aeruginosa (82.0%), Klebsiella pneumoniae (74.8%), Serratia marcescens (68.8%), while it
showed moderate result against Streptococcus pyogenes (36.0%) and little effect against Staphylococcus
epidermidis (7.9%).The chemical composition of this fraction identified the presence of seventeen compounds
by GC/GC-MS analysis. The main constituents were D-friedoolean-14-en-3-one (13.75%), tert-butyl 1-[4-(2,6-
ditert-butyl-4-methoxyphenoxy)-3-nitro-4-oxobutyl]pyrrolidine-2-carboxylate(13.15%),globulol (12.23%),
4,4,8-trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-diol (11.22%) and isoaromadendrene epoxide (7.79 %).These
investigations endorsed the incidence of various bioactive phyto constituents and also explored the use of PG-
PES as an efficient, natural anti-biofilm agent against tested bacteria.

Key words: Psidium guajava, petroleum ether soluble fraction, antibiofilm activity, GC/GC-MS analysis,
phytochemical constituents
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Introduction

Psidium guajava Linn. (Family: Myrtaceae) commonly known as Guava tree native to tropical Central
America from Southern Mexico to Northern South America, is used as a nutritional medicinal plant globally.
Indigenous system of medicine have seen the use of different parts of this plant to heal from diarrhea, vomiting,
pulmonary disorders, ulcers, bowels infections and cough (Fazlin, Ahmad, & Lim, 2002; Lin, & Lin, 2020;
Parvez, Shakib, Khokon, & Sanzia, 2018). Several pharmacological investigations have also confirmed
antimicrobial, antipyretic, anti-inflammatory, antioxidant, antidiabetic, anticancer, antihypertensive,
antimalarial, antispasmolytic, cardio, neuro and hepato-protective properties of this plant (Anand et al., 2016;
Diaz de Cerio, Verardo, GOmez-Caravaca, Fernandez-Gutiérrez, & Segura-Carretero, 2017; Sultana et al.,
2020). Literature of the plant also revealed the presence of medicinally important chemical constituents
including tannins, lectins, vitamins, flavonoids, terpenoids and carotenoids responsible for antibacterial activity
(Bhagavathy, Mahendiran, & Kanchana, 2019; Lin & Lin, 2020; Ugboko, Nwinyi, Oranusi, Fatoki, &
Omonhinmin, 2020).

The world population is continuously overwhelmed with the increasing threat of multidrug-resistant
bacteria which have become one of the crucial concerns for public health. The microbial communities known as
biofilms, endure in the antagonistic atmosphere are extremely resistant against antimicrobial agents to produce
harmful infections. The bacteria have shown adhesion ability on to a biotic surfaces which play significant role
in food industries through biofilm formation to contaminate food processing environment (Costa et al., 2018).1t
is reported that more than 90% food borne human illness is caused by consumption of contaminated pathogenic
microbial food which is a great problem for public health (Friedman, Henika, & Mandrell, 2002; WHO, 2015,
2020).

Since biofilm is considered as a crucial virulence factor therefore new strategies to control microbial
infections by biofilm inhibition is of great interest (Parrino et al., 2019). Naturally occurring active compounds
in plants strive as anti-microbial agents and plays a vital role to inhibit biofilm formation in the wide range of
infections (Khameneh, Iranshahy, Soheili, & Fazly Bazzaz, 2019; Slobodnikova, Fialova, Rendekova, Kovag, &
Mucaji, 2016; Trentin et al., 2015). To the best of our knowledge, there has been no scientific information on
antibiofilm activity of non polar fraction of P. guajava leaves extract against mentioned bacteria using crystal
violet (CV) reduction assay with its chemical composition by GC-FID and GC-MS techniques.

Materials and Methods

Sample collection: The collection of plant was achieved from Karachi, Pakistan in summer (March 2018). A
herbarium voucher specimen number (KUH-GH NO0.53976) is deposited in University of Karachi at the
Department of Botany after identification at the same department. Petroleum ether soluble fraction (PG-PES)
was obtained by systematic fractionation of alcoholic extract of the leaves(Begum et al., 2014).

Anti-biofilm Assay: Anti-biofilm activity of petroleum ether fraction was analyzed by crystal violet method
with little modification (O'Toole, 2011). Bacteria were cultured in special borosilicate glass tubes (Minitek,
USA) in a nutrient broth medium (2 ml) and PG-PES (30 mg/ml) at 37°C for overnight. Ciproflaxcin was used
in this experiment as positive control and nutrient broth was used as negative control. The attached cells were
stained by crystal violet (0.1%, 125 pul) after incubation and removal of broth medium. Incubation of
Borosilicate tubes were carried out at room temperature for 15 minutes. The excess of unattached cells and dye
was removed by rinsing with water. After completing the staining of film, acetic acid (30%) was gradually
added to dissolve crystal violet. The above mentioned conditions were adopted for incubation of this solution.
Quantification of solubilized crystal violet was done at 550nm by using a SHIMADZU UV-1601
spectrophotometer (30% acetic acid in water was used as blank).

Gas Chromatography (GC): The analysis of PG-PES was accomplished by gas chromatography on Shimadzu
17-A equipped with Zebron™ ZB-5 capillary column. The required conditions for Gas chromatography (GC)
were as follows: flame ionization detector temperature (260°C), sample injector temperature (240°C), column
temperature (75°C for 3mint, increased to 200°C at a rate of 7°C/mint, and then held at 240°C for 30 mint),
carrier gas (Nitrogen with flow rate 10.939 mL/mint, 89 kPa).

Gas Chromatography-Mass Spectrometry (GC-MS): GC-MS—experiments were performed on Agilent
Technologies 7000 GC/MS Triple Quad gas chromatograph, equipped with ZB-5MS combined with a Jeol
(JIMS-600H) mass spectrometer functioning in EI mode with ion source at 250°C with 70 eV. Depending upon
the response of the detector, the volume of carrier gas was adjusted from 1.0-5.0 mL/min.
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Identification of the Constituents: The petroleum ether fraction (loc. cit) was analyzed by gas chromatography
(GC-FIDand GC-EIMS) (Masada, 1976).The recognition of components were done by comparison of reported
mass spectral data in NIST retention index data base library (NIST, 1998).

W Pathogens 0O Ciproflaxcin PG-PES
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Fig 1.Biofilm Inhibitory Potential of PG-PES

Table 1. Composition of the Petroleum Ether Soluble Fraction (PG-PES) of Psidium guajava Linn. Leaves

Compounds? RI % Compounds® RI %
Caryophyllene 1494 | 1.34 (3E,12Z)-nonadeca-1,3,12-triene-5,14-diol 2241 | 4.25
a-Cubebene 1344 | 4.39 Hexahydrofarnesyl acetone 1754 | 1.99
(+)-Epi-bicyclosesquiphellandrene 1435 | 2.73 4,48- 1840 | 11.22

Trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-
diol
Acetic acid, 7-hydroxy-1,3,4,5,6,7- | 1740 | 1.38 Ethyl palmitate 1978 | 3.39
hexahydro-2H-naphthalen-4a-yl-
methyl ester
Globulol 1537 | 12.23 | 2-(2-ethylhexoxycarbonyl)benzoic acid 2162 | 3.87
2-Methylene-6,8,8-trimethyI- 1599 | 2.75 Tert-butyl 1-[4-(2,6-ditert-butyl-4- 3553 | 13.15
tricyclo[5.2.2.0(1,6]undecan-3-ol methoxyphenoxy)-3-nitro-4-
oxobutyl]pyrrolidine-2-carboxylate
[S-Caryophyllene oxide 1507 | 3.2 D-Friedoolean-14-en-3-one 2869 | 13.75
2-Naphthalenol, 2,3,4,4a3,5,6,7- | 1901 | 3.8 Stigmast-4-en-3-one 2714 | 3.55
octahydro-1,4a-dimethyl-7-(2-
hydroxy-1-methylethyl)
Isoaromadendrene epoxide 1281 | 7.79 Total identified 94.78

& List of compounds are based on their elution order from a Zebron™ ZB-5 capillary column;
® RI (retention index): RI-non isothermal Kovatsretention indices on an ZB-5MS column relative to C10-C30 n-

alkanes.

Results and Discussion

The antibiofilm activity of the fraction was evaluated against seven human clinical pathogens including four

Gram-negative (Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Serratia marcescens) and
three Gram-positive(Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes,) bacteria
causing food poisoning, pneumonia, skin, urinary and respiratory infections (Prestinaci, Pezzotti, & Pantosti,
2015; Sizar & Unakal, 2019). The PG-PES fraction has shown remarkable inhibition of biofilm against tested
bacterial pathogens when compared with standard drug (ciprofloxacin) (Fig.1). The strong antibiofilm effect of
this non-polar fraction was observed against E. coli (84.5 %), S. aureus (84.0%), P. aeruginosa (82.0%), K.
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pneumoniae (74.8%), S. marcescens (68.8%), while it showed moderate effect against S. pyogenes (36.0%). The
difference in the antibiofilm activity is probably due to surface chemical affinity between the plant constituents
and the biofilm matrix.

The results obtained by chemical analysis of PG-PES are presented in Table 1. Seventeen constituents from
different classes of natural products have been identified by GC and GC-MS were found to be 94.78 % of the
fraction. The main constituents of the fraction were D-friedoolean-14-en-3-one (13.75%), tert-butyl 1-[4-(2,6-
ditert-butyl-4-methoxyphenoxy)-3-nitro-4-oxobutyl]pyrrolidine-2-carboxylate (13.15%), globulol (12.23%),
4,4,8-trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-diol (11.22 %) and isoaromadendrene epoxide (7.79 %).

Conclusion

The current phytochemical analysis of non polar fraction of P. guajava leaves confirms the presence of
different bioactive components and strongly suggests the use of PG-PES as an effective natural biofilm
disrupting agent against tested bacteria.

Acknowledgment

Syed Nawazish Ali is grateful to the University of Karachi for providing Dean Faculty of Science Research
Grant 2017-18.

References

Anand, V., Manikandan, Kumar, V., Kumar, S., Pushpa, and Hedina, A. (2016). Phytopharmacological
overview of Psidium guajava Linn. Pharmacognosy Journal, 8(4): 314-320.

Begum, S., Ali, S. N., Tauseef, S., Ali, S. T., Hassan, S. 1., Siddiqui, B. S. and Ahmad, A. (2014). Chemical
constituents and antioxidant activity of fresh leaves of Psidium guajava cultivated in pakistan. Journal of
the Chemical Society of Pakistan, 36(1): 119-122.

Bhagavathy, S., Mahendiran, C. and Kanchana, R. (2019). Identification of glucosyl transferase inhibitors from
Psidium guajava against Streptococcus mutans in dental caries. Journal of Traditional and Complementary
Medicine, 9(2): 124-137.

Costa, G. A,, Rossatto, F. C., Medeiros, A. W., Correa, A. P. F., Brandelli, A., Frazzon, A. P. G. and MOTTA,
A. D. S. (2018). Evaluation antibacterial and antibiofilm activity of the antimicrobial peptide P34 against
Staphylococcus aureus and Enterococcus faecalis. Anais da Academia Brasileira de Ciéncias, 90(1): 73-84.

Diaz-de-Cerio, E., Verardo, V., Gomez-Caravaca, A. M., Fernandez-Gutiérrez, A. and Segura- Carretero, A.
(2017). Health Effects of Psidium guajava L. Leaves: An Overview of the Last Decade. International
Journal of Molecular Sciences, 18(4): 897.

Fazlin, A., Ahmad, Z. and Lim, H. (2002). Compendium of Medicinal Plants Used in Malaysia, vol. 2, Herbal
Medicine Research Centre. Institute for Medical Research, Aktif Bestari Sdn Bhd, Kuala Lumpur, Malaysia.

Friedman, M., Henika, P. R. and Mandrell, R. E. (2002). Bactericidal activities of plant essential oils and some
of their isolated constituents against Campylobacter jejuni, Escherichia coli, Listeria monocytogenes, and
Salmonella enterica. Journal of Food Protection, 65(10), 1545-1560.

Khameneh, B., Iranshahy, M., Soheili, V. and Fazly Bazzaz, B. S. (2019). Review on plant antimicrobials: A
mechanistic viewpoint. Antimicrobial Resistance & Infection Control, 8(1): 118.

Lin, H.-C. and Lin, J.-Y. (2020). Characterization of guava (Psidium guajava Linn) seed polysaccharides with
an immunomodulatory activity. International Journal of Biological Macromolecules, 154(2020): 511-520.

Masada, Y. ( 1976). Analysis of Essential Qils by Gas Chromatography and Mass Spectrometry. New York:
John Wiley & Sons.

NIST. ( 1998). Mass Spectral Search Program.

O'Toole, G. A. (2011). Microtiter dish biofilm formation assay. Journal of Visualized Experiments : JOVE(47):
2437.

Parrino, B., Schillaci, D., Carnevale, 1., Giovannetti, E., Diana, P., Cirrincione, G. and Cascioferro, S. (2019).
Synthetic small molecules as anti-biofilm agents in the struggle against antibiotic resistance. European
Journal of Medicinal Chemistry, 161, 154-178.

Parvez, G. M., Shakib, U., Khokon, M. and Sanzia, M. (2018). A short review on a nutritional fruit: guava. Opn
Acc Toxicology & Research, 1(1): 1-8.

Prestinaci, F., Pezzotti, P. and Pantosti, A. (2015). Antimicrobial resistance: a global multifaceted phenomenon.
Pathogens and Global Health, 109(7): 309-318.

Sizar, O. and Unakal, C. G. (2019). Gram Positive Bacteria StatPearls [Internet]: StatPearls Publishing.

Slobodnikova, L., Fialova, S., Rendekova, K., Kovag, J. and Mugaji, P. (2016). Antibiofilm Activity of Plant
Polyphenols. Molecules, 21(12): 1717-1731.



SARA ET AL (2020), FUUAST J.BIOL., 10(2): 71-75 75

Sultana, C., Kundo, N., Islam, S., Ahmed, R., Afrin, S., Saqueeb, N. and Ibne Wahed, M. I. (2020). Antioxidant,
analgesic and antimicrobial activities of different fractions from methanolic extract of Psidium guajava L.
Leaves. International Journal of Pharmaceutical Sciences and Research, 11: 2733.

Trentin, D. S., Silva, D. B., Frasson, A. P., Rzhepishevska, O., da Silva, M. V., Pulcini Ede, L. and
Macedo, A. J. (2015). Natural Green coating inhibits adhesion of clinically important bacteria. Scientific
Reports, 5: 8287.

Ughoko, H. U., Nwinyi, O. C., Oranusi, S. U., Fatoki, T. H. and Omonhinmin, C. A. (2020). Antimicrobial
Importance of Medicinal Plants in Nigeria. The Scientific World Journal, 2020, 7059323.

WHO. (2015). WHO estimates of the global burden of foodborne diseases: Foodborne disease burden
epidemiology reference group 2007-2015: World Health Organization.

WHO. (2020). Food Safety.



