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Abstract 
Psidium guajava leaves possess distinctive medicinal properties useful in 
curing many health problems.  The present investigation is undertaken to 
explore the broad spectrum antibacterial effect of the extract of Psidium 
guajava leaves and also to analyse their mechanism of action.  The 
antibacterial potential of Psidium guajava leaf extracts prepared using 
various solvents differing in their polarity were screened using agar well 
diffusion assay and MIC/MBC assays.  Further, the mechanism of action of 
the plant extract was studied using three different methods, viz., the 
changes in the whole cell protein profile through SDS-PAGE, effect on 
membrane permeability through crystal violet assay and morphological 
changes on the bacterial cell wall using scanning electron microscopy 
(SEM), all on a drug resistant MRSA strain.  The Psidium guajava leaf 
extract which demonstrated considerable antibacterial effect was also 
shown to be affecting the whole cell protein content as well as the 
integrity of the cell wall of bacterial cells.  The results of the experiments 
clearly imply that the extracts of Psidium guajava possessed broad 
spectrum antibacterial activity and is effective even against drug resistant 
MRSA strains. 
Key words: Psidium guajava, antibacterial activity, MRSA, SEM, SDS-PAGE, 
crystal violet assay. 

INTRODUCTION 
Psidium guajava is a plant that belongs to the family Myrtaceae which is considered to 

have originated in Tropical South America.  The plant is widely grown in tropical and 

subtropical countries as a food crop and is found to have important medicinal 

applications.  In folk medicine, extracts of root bark and leaves are used to treat 
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gastroenteritis, vomiting, diarrhoea, dysentery, wound, ulcers, toothache, cough, sore 

throat, inflamed gums and a number of other conditions [1]. The long history of guava 

use has been an inspiration to scientists to further explore the phytochemical 

compounds of the plant for its medicinal properties. Few studies have reported 

antimicrobial [2], anti-inflammatory [3], antioxidant [4], antimalarial [4], anticancer [5] 

and antihyperglycemic [6] activities of P. guajava.   

Flavonoids are the most important group of phytochemicals present in P. guajava [7]. 

Considerable degree of antimicrobial effect of flavonoids of P. guajava has been 

demonstrated in several investigations [8][9]. Quercetin, guaijavarin, morin-3-O-

arabinoside, morin-3-O-a-L-lyxopyranoside and Quercetin-3-O-arabinoside are the few 

flavonoids present in the leaves of Psidium guajava which were demonstrated to have 

antimicrobial activity [7].  Regardless of types of guava leaves, quercetin and morin-3-O-

arabinoside are the most and least abundant flavonoids, respectively [9].  

The purpose of the present study was to evaluate the broad spectrum antibacterial 

potential of various extracts of Psidium guajava prepared using four different solvents 

against ten clinical isolates and four standard strains.  The bactericidal extracts were 

further analysed to study their mechanisms of action, in order to help design better 

drugs against the vulnerable pathogens. 

MATERIALS AND METHODS 

Plant material collection 

Fresh and healthy leaves of Psidium guajava free from disease were collected from the 

Botanical garden of University of Calicut, Kerala, India.  The plant material was washed 

with water and rinsed with sterile distilled water, shade dried and powdered using 

mechanical grinder.  The powdered material was then extracted using four different 

solvents (chloroform, methanol, ethanol and water).  Dried extract was stored in an air 

tight container and maintained at 4oC in a refrigerator. 

Extraction of plant material  

Cold method [10] 

10 gm powder of the dried plant material was added to 100ml of the solvent.  It was 

mixed well and kept on an orbital shaker at 200 rpm for 15 to 20 hours at room 



Journal of Global Biosciences             Vol. 9(4), 2020 pp. 7171-7183 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7173 

temperature.  The extract was then filtered using Whatman no.1 filter paper.  The 

procedure was repeated for three times or until clear supernatant solvent was formed.  

The supernatant was collected and evaporated to dryness.  The residue thus obtained 

was weighed and used for further analysis. 

 

Soxhlet method [11] 

Soxhlet method makes use of high temperature extraction.  In this method 10 gm of the 

powdered plant material was taken and wrapped in a good quality filter paper and put 

in a Soxhlet apparatus.  The extract was collected and evaporated to dryness.    

 

Antimicrobial activity screening 

The antibacterial activity of the plant extracts was analysed against ten clinical strains 

and four standard strains in the study.  The clinical strains were obtained from Calicut 

Medical College.  The bacterial strains used in the study were Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Acinetobacter baumannii, Proteus vulgaris, 

Proteus mirabilis, Salmonella typhi, Shigella flexneri and two different strains of 

methicillin-resistant Staphylococcus aureus (MRSA-I and II).    Escherichia coli MTCC 

1687, Pseudomonas aeruginosa MTCC 1688, Staphylococcus aureus MTCC 737 and 

Klebsiella pneumoniae MTCC 109 were the standard strains used.   Agar well diffusion 

method [12] was employed to screen the antimicrobial activities of plant extracts. The 

media used for bacteria was Mueller-Hinton agar.  Wells (6 mm in diameter) were cut 

from agar plates using sterilized stainless steel borer.  Fifty microliters of extracts of 

leaves at a concentration of 1 mg/ml were used against the test microorganisms.  

The MIC and MBC [13] assay was carried out for extracts which exhibited zones of 

inhibition greater than 10 mm in agar well diffusion method using the microtiter plate 

method.  100 µl of the plant extract (1 gm/ml) was diluted by double fold serial dilution 

and having obtained the different concentrations of the extracts, each concentration 

was inoculated with 0.01ml of the standardized overnight bacterial cell suspension (107 

CFU/ml) and incubation was done at 37˚C for 24 hours.  The lowest concentration of the 

extract that inhibited the growth of the organisms, as detected by lack of visual 

turbidity, was designated as the minimum inhibitory concentration (MIC).  The lowest 
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concentration of the extract which showed no visible bacterial growth on the agar plate 

was designated as the minimum bactericidal concentration (MBC).   

 

Mechanism of action of plant extracts 

The strain MRSA-I was used for the study of action mechanism of Psidium guajava 

extract. 

SDS-PAGE analysis [14] 

The two selected plant extracts were used for action mechanism study in MRSA-I.  The 

plant extracts at different sub MBC concentrations were added to a series of test tubes 

containing 10 ml of standardized overnight bacterial cell suspension (107 CFU/ml).  The 

final concentrations of the extracts of Psidium guajava in nutrient broth ranged between 

1 to 2.5 mg/ml.  After incubation for an hour, the culture was centrifuged at 5000 rpm 

for 20 minutes.  The pellet of the bacteria was washed with sterile phosphate buffered 

saline at pH 7.   Finally, the pellet was incubated in 100 µl of lysozyme (0.1%) at 37˚C for 

30 minutes.  An equal volume of lysis buffer was added to it and incubated for 5-10 

minutes in a water bath maintained at 100 ˚C.  The lysed samples were centrifuged at 

11,600 rpm for 10 minutes to remove cell debris.  The supernatant was subjected to 

analysis by SDS-PAGE. 

Crystal violet assay [15] 

The alteration in membrane permeability of MRSA-I by the effect of the plant extract 

under test was analysed by crystal violet assay.  Suspensions of bacterial cells were 

prepared in 2 ml of nutrient broth (107 CFU/ml).  The bacterial pellet after 

centrifugation was washed twice and resuspended in 1 ml of phosphate buffered saline.  

The test substance, i.e. the plant extract having concentration equal to MIC/MBC was 

added to the cell suspension and incubated at 37˚C for 30 minutes.  Control samples 

were prepared similarly, but without the addition of the test substance.  The cells were 

harvested at 9000 rpm for 10 minutes.  After that the cells were again resuspended in 

PBS containing 0.01% of crystal violet and   incubated at 37˚C for 10 minutes.  The 

suspension was then centrifuged at 12000 rpm for 15 minutes and the OD590 of the 

supernatant was measured in Shimatzu UV-VIS spectrophotometer.  The OD value of the 

crystal violet solution, which was originally used in this assay was considered as 100%.  
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The percentage of crystal violet uptake of the bacterial cells was calculated using the 

following formula: 

 
Scanning electron microscopy [16] 

Scanning electron microscopy (SEM) analysis was performed to explore the mode of 

action of plant extracts under test on bacterial cell morphology.  Overnight broth 

cultures of MRSA-I were prepared in nutrient broth (107 CFU/ml).  The cells were 

treated with test samples having concentration equal to that of their MBC for 3 hours at 

37 ˚C.  After that the cells were harvested by centrifuging the culture at 9300 rpm for 15 

minutes.  The pellet was washed with PBS (pH 7.4) and fixed in 2.5% glutaraldehyde in 

PBS for one hour.  The fixed bacterial pellet was then dehydrated in graded alcohol 

series.  Control samples without the treatment of test plant extracts were prepared and 

examined as mentioned above. The cells were dried and coated with a thin layer of gold 

and finally observed under scanning electron microscope. 

RESULTS AND DISCUSSION 

Determination of antibacterial activity 

The antimicrobial activity of plant extracts from Psidium guajava was evaluated in vitro 

against ten bacterial pathogens and four standard strains using agar well diffusion 

assay.  The plant extracts were prepared using four different solvents i.e. chloroform, 

ethanol, methanol and water.  DMSO serves as a negative control. Table 1 and 2 

illustrates zones of inhibition of different extracts against the ten clinical strains and 

four standard strains using agar well diffusion method. 

Most of the plant extracts studied here were observed to have better antimicrobial 

activity against gram positive bacteria, compared to gram negatives.  The significant 

antimicrobial activity of various plant secondary metabolites against gram positive 

bacteria owe to lack of an outer membrane in their cell wall, which acts as an effective 

barrier to amphipathic compounds in the case of the gram negatives [17].  The 
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antibacterial profile obtained in minimum inhibitory and minimum bactericidal assay 

was similar to the pattern observed in agar well diffusion assays (Table 3).   

Mechanism of action of plant extracts: 

After allowing the methanolic extract to act on the cells of MRSA-I strain effectively, the 

mechanism of action on bacterial cells was studied by analysing changes in the whole 

cell protein pattern, membrane permeability and scanning electron microscopy.  

Whole cell protein profiling: 

Whole cell protein profiling of the MRSA-I strain exposed to the selected plant extracts 

at sublethal concentrations was analysed to study the effect of plant extracts on protein 

expression (Figure 1).   

Figure 1: Whole cell protein profiling of MRSA-I strain after treatment with plant 

extracts 

 
 

Lane 1 - Molecular weight marker (14-220 kDa), Lane 2-  MRSA control, Lane 3 -  

Treated (1 mg/ml Psidium guajava extract), Lane 4 - Treated (1.5 mg/ml Psidium 

guajava extract), Lane 5 - Treated (2 mg/ml Psidium guajava extract), Lane 6 - Treated 

(2.5 mg/ml Psidium guajava extract). 

Whole cell protein profiling of an MRSA strain exposed to the selected plant extracts at 

sublethal concentrations showed that bacterial protein expression is affected by the 
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presence of Psidium guajava extracts as per this study.  In the case of Psidium guajava 

even an extract concentration of 2 mg/ml, which is much lower than its MIC value, was 

found to be affecting the expression of proteins in the MRSA cell.   

 It has been reported that Psidium cattleianum (strawberry guava) leaf extract is 

effective in reducing expression of proteins at low concentrations [18].  Extracts of 

Psidium guajava was also shown to be proteolytic in S.aureus strains when the 

concentration exposed to was equal to minimum bactericidal concentration[19].    

Crystal violet assay 

The uptake of crystal violet after treatment with the plant extract was measured to 

study the effect of the extract on membrane permeability of the MRSA-I strain.   The 

uptake was measured in terms of the   percentage removal of crystal violet from the 

solution in which the organisms were suspended (Figure 2).   

 

 

Figure 2: Crystal violet assay for cell content leakage analysis. 

The uptake of crystal violet by MRSA was 25% in the absence of any of the test plant 

extracts.  The antibiotic tetracycline which was used as a negative control elicited no 

detectable difference in uptake when compared to control cell suspension. The leaf 

extract of guava showed an increase in uptake of crystal violet, i.e., 60% at a 
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concentration equal to that of its MIC.  When the concentration of extract was at its 

MBC, the percentage of uptake of crystal violet was further increased up to 68%.   

The uptake of crystal violet by MRSA-I strain treated with the plant extract revealed that 

these compounds increased the permeability of bacterial cell wall.  These findings are in 

agreement with the observations of previous studies which proved the membrane 

damaging effect of the extracts of Psidium guajava and the major constituent identified 

to be present in it, i.e. quercetin.  Quercetin, has been shown to induce bacterial cell 

membrane damaging effect in clinical isolates of MRSA [20].  Psidium guajava leaf 

extracts were reported to possess the ability to cause loss of viability and cell 

membrane leakage of Kocuria rhizophila, Salmonella typhimurium, Listeria 

monocytogenes and Escherichia coli O157:H7 [21].  

Scanning electron microscopy (SEM) 

Morphological changes occurring on bacterial cell surface after treatment with the two 

selected plant extracts were studied using scanning electron microscopy.  MRSA-I was 

the strain used for this purpose. 

 

Figure 3: SEM image of MRSA-I strains (control) 
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Figure 4: SEM image of MRSA-I strain treated with Psidium guajava extract 

 

It can be clearly observed from the images (figure 3 and 4) that bacterial cell surface 

treated with the methanolic extract of Psidium guajava appeared to be considerably 

disintegrated and enlarged in size when compared to the untreated cells.  These 

findings indicate the bactericidal ability of the plant extract and its damaging effect on 

the cell wall of MRSA-I cells. 

CONCLUSION 

As part of the attempts going on for developing alternate therapies worldwide, this 

study was conducted in search of new plant based compounds which possess high 

antibacterial activity.  The results of the experiments clearly imply that the extracts of 

Psidium guajava possessed broad spectrum antibacterial activity and is effective even 

against drug resistant MRSA strains.  Whole cell protein profiling of the MRSA strains 

exposed to the selected plant extracts showed that bacterial protein expression is 

affected by the presence of plant extracts.  In the crystal violet assay, the uptake of 

crystal violet by MRSA cells treated with the plant extract revealed that the compounds 

present in the plant extract increased the permeability of bacterial cells.  Findings of the 

scanning electron microscopic analysis demonstrated that the cells of MRSA treated 

with the test plant extract exhibited considerable morphological changes when 
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compared to the control bacterial cells, that are untreated.  Thus, the present study 

emphasizes the antibacterial effect of the phytocompounds present in the leaves of 

Psidium guajava even against drug resistant MRSA strains.    

Table 1: Agar well diffusion analysis of various extracts of Psidium guajava leaves 

against clinical strains 

Microorganism 
Zone of inhibition of plant extracts (in mm) 

Methanol Ethanol Water Chloroform       Soxhlet 

MRSA I 22±1.0 20±0.57 14±1.0 12±0.05 21±1.0 

MRSA II 23±1.0 23±0.057 15±0.57 22±1.5 23±1.5 

E. coli - - - - - 

K. pneumoniae - - - - - 

P. vulgaris 13±1.15 - - 12±1.15 - 

P. mirabilis 13±1.0 13±0.57 - 13±1.0 - 

S. flexneri - 12±0.05   - 13±1.0 - 

P. aeruginosa 13±1.15 15±1.15 - 15±0.57 - 

S. typhi - - - 15±1.15 - 

A. baumannii - - - - - 

-: No zone of inhibition 

Table 2: Agar well diffusion analysis of various extracts of Psidium guajava leaves 

against four standard strains 

Name of the 

Extract 

S.aureus 

MTCC 737 

E. coli MTCC 

1687 

K. pneumoniae 

MTCC 109      

P. aeruginosa 

MTCC 1688       

PS1 8±1.0 8±1.0 8±1.0 - 

PS2 8±1.0 - - - 

PS3 - - - - 

PS4 8±1.0 8±1.0 8±1.0 - 

 -: No zone of inhibition 
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Table 3: Minimum inhibitory concentrations (MIC) and minimum bactericidal 

concentrations (MBC) of methanol extract of Psidium guajava leaves against 

clinical strains 

Microorganism MIC (mg/ml) MBC (mg/ml) 

MRSA I 3.5 7 

MRSA II 3.5 7 

P. aeruginosa 14 28 

P. vulgaris 14 28 

P. mirabilis 14 28 
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