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BACKGROUND: medicinal plants are rich in a numerous variety of secondary metabolites of 

antimicrobial properties. Psidium guajava is one of the parts in folk medicine that has been used 

for the management of various disease conditions and is believed to be active. As a consequence of 

the intense fight against infections, bacteria have evolved through numerous defenses against 

antimicrobial agents. OBJECTIVE: to determine the inhibitory effect of P guajava Linn. stem bark 

extracts on multidrug resistant methicillin-resistant Staphylococcus aureus’isolates. MATERIALS 

AND METHODS: Stock cultures of 51 Staphylococcus aureus’isolated from healthy individuals 

maintained on nutrient agar slants at 4°C were used for this study. The disc diffusion method was 

used to determine the resistance of the Staphylococcus aureus isolates to methicillin (oxacillin) 

and to other conventional antibiotic susceptibility discs using standard concentration. The plant 

materials were extracted and phytochemicals quantified using standard techniques. The agar well 

diffusion procedure was used for the assessment of the sensitivity of the extracts. RESULTS:  nine 

isolates were resistant to at least 4 of the antibiotics used. The mean inhibition zone diameter (IZD) 

of the extracts ranged from 10-16 mm with ethanolic extracts exhibiting higher activities. Five 

isolates showed complete resistance to Psidium guajava extracts. Inhibitory activities of both 

water and ethanolic extracts were distributed across 4 isolates with organism E14 showing maximum 

susceptibility profile. The phytochemicals estimated in mg/g dry body weight included: total phenol 

(111.86±0.47), tannin (141.92±0.51), flavonoids (3.37±0.04), vitamin C (1.67±0.03), saponin 

(285.76±0.81), and alkaloid (111.065±0.38). The extracts of Psidium guajava stem bark though 

showed high phytochemical contents have relatively low inhibitory activity on the multidrug 

resistant (MDR) community acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) 

isolates. CONCLUSION: the results of this study demand the introduction of antimicrobials with 

novel modes of action. 

 

INTRODUCTION: Staphylococcus aureus (S. aureus) is the most pathogenic species of the known 

five clinically important species of the genus and is implicated in a variety of infections. 
25Staphylococcus aureus’has been increasingly implicated in serious, hospital as well as community 

acquired infections. This pathogen has been particularly efficient at developing resistance to 

antimicrobial agents, hence, the antimicrobial chemotherapy for the species has always been 

empirical.11CA-MRSA is susceptible to numerous antimicrobial agents, in contrast to the multidrug 

resistant (MDR) nosocomial acquired methicillin resistant Staphylococcus aureus’(NA-MRSA) 

phenotype, because it carries the staphylococcal cassette chromosome mec (SCC mec) type IV or V, 

rather than type I, II or III. The high virulence of CA-MRSA has been linked to Panton-Valentine 

leukocidin (PVL), a virulence factor found in most of these strains.21 
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Because one criterion for defining a community acquired methicillin resistant 

Staphylococcus aureus’(CA-MRSA) isolate has been non-multidrug resistance, it was concerning 

when multidrug resistant (MDR) clones of CA-MRSA were documented in Taipei, Taiwan (strain 

USA1000, sequence type 59 [ST59] and in San Francisco and Boston (strain USA300, ST8).6 The 

USA300 MDR isolates were all mupirocin resistant. The MDR strain of USA300 was especially 

concerning because USA300 isolates are virulent and readily transmissible.6 The emergence of MDR 

strains of Staphylococcus aureus, especially the methicillin-resistant Staphylococcus aureus (MRSA), 

has made the chemotherapy of staphylococcal infections in community and hospital settings 

increasingly challenging.17 

As a consequence of the intense fight against infections, bacteria have evolved through 

numerous defenses against antimicrobial agents.28The main mechanisms whereby the bacteria 

develop resistance to antimicrobial agents include enzymatic inactivation, modification of the drug 

target(s), and reduction of intracellular drug concentration by changes in membrane permeability or 

by the over expression of efflux pumps.27 

Medicinal plants are rich in a numerous variety of secondary metabolites of antimicrobial 

properties such as saponins, tannins, alkaloids, alkenyl phenols, glycoalkaloids, flavonoids, 

sesquiterpenes lactones, terpenoids and phorbol esters.1Psidium guajava (P. guajava)Linn. 

commonly known as guava is a plant of the family Myrtaceace. The morphology and distribution of 

the plant have been reported by many authors.10, 16 P. guajava is one of the parts in folk medicine that 

has been used for the management of various disease conditions and is believed to be active. The 

phytochemical analysis revealed that the P. guajava plant extracts contain alkaloids, flavonoids, 

phenols and tannin which may either individual or in combination are responsible for the 

antibacterial activity.5Various parts of the plant have been used in traditional medicine to manage 

conditions 5, extracts of root bark and leaves are used to treat gastroenteritis, vomiting, diarrhoea, 

dysentery, wound, ulcers, toothache, cough, sore throat, inflamed gums and a number of other 

conditions.10 The aim of the present study was to determine the inhibitory effect of P. guajava Linn. 

stem bark extracts on the growth of 9 multidrug resistant community acquired methicillin-resistant 

Staphylococcus aureus’isolates. 

 

MATERIALS AND METHODS:  

Cell cultures: Stock cultures of 51Staphylococcus aureus’isolated from healthy individuals 

maintained on nutrient agar slants at 4°C at the Department of Plant Science and Biotechnology 

Laboratory, Abia State University, Nigeria were screened for multidrug resistant strains and used for 

this study. These stock cultures were sub cultured on mannitol salt agar and incubated at 37°C for 

24 hours to check for their purity and re-identification. The colonial morphology of the different 

bacterial isolates were observed and identified accordingly. After 24 hours of incubation of the 

organisms in a mannitol salt agar plates, a single colony of each bacterium isolate was picked and 

streaked on a fresh mannitol agar plate and incubated at 37°C for another 24 hours. A pure colony of 

the pure culture was Gram stained and examined for Gram positive cocci in cluster. This was 

followed by testing the ability for DNAse production on agar plates as well as the ability to produce 

catalase and coagulase enzymes. Once the identity of each isolate was confirmed by Bergey’s 

manual26 according to Al-Jumaily et al 2, the isolates were each inoculated onto nutrient agar slant, 

incubated overnight and then stored at 4°C until needed for further studies. 
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Oxacillin Susceptibility Testing: The oxacillin discs used were procured from Oxoid, Germany. The 

antimicrobial susceptibility testing of the isolates was determined using the disc diffusion assay as 

described by Orji et al. 19 The other discs used were prepared by MAYO diagnostic laboratory, 

Nigeria according to the recommendation by Clinical and Laboratory Standard Institute.8 

With a sterile wire loop, few colonies of each of the isolates were emulsified in 5ml of sterile 

peptone water to a turbidity corresponding to 0.5 McFarland standard (corresponding to 

approximately 108cfu/ml). Then 0.5 ml of each inoculum was dispensed onto the surface of dried 

Mueller Hinton agar plate using sterile Pasteur pipette. These were spread evenly on the agar 

surface with sterile swab stick (one for each inoculum). The excess inocula were discarded into a 

disinfectant jar. The inoculated plates were kept on the bench for 3 minutes to dry. The oxacillin disc 

(1 μg) was then placed centrally on the inoculated plates aseptically using a sterile forceps. 

The preparations were incubated aerobically for 24 hours at 35oC. The diameter of zone of 

inhibition produced by each of the disc was measured, recorded and the isolates were classified as 

resistant (≤ 10 mm) or sensitive (≥ 13 mm) based on the standard interpretative chart as described 

by the Clinical and Laboratory Standard Institute.8, 9 

 

Susceptibility Testing of MRSA Isolates to other Conventional Antibiotics: The following 

antimicrobial sensitivity discs were used: ampicillin (10μg), ciprofloxacin (5μg), ofloxacin (5μg), 

erythromycin (15μg), gentamicin (10μg), vancomycin (30μg), amoxicillin (10μg), and ceftriaxone 

(30μg), to determine the susceptibility profile of all the methicillin-resistant strains using the  disc 

diffusion assay as described by Orji et al.19The antibiotic concentration of each disc used was as 

recommended by Clinical and Laboratory Standard Institute.8 

With a sterile wire loop, few colonies of each of the isolates were emulsified in 5 ml of sterile 

peptone water to a turbidity corresponding to 0.5 McFarland standard. Then 0.5 ml of each of the 

inoculum was dispensed unto the surface of dried Mueller Hinton agar plate using sterile Pasteur 

pipette (one for each inoculum). These were then spread evenly on the agar surface with sterile 

swab sticks (one for each inoculum). The excess inocula were discarded into a disinfectant jar. The 

plates were kept on the bench for 3 minutes to dry. The various discs were placed on the inoculated 

plates at 25 mm away from one another and 15 mm away from the edge of the plates aseptically 

using a sterile forceps. 

The preparations were incubated aerobically for 24 hour at 35oC. The diameter of the zone of 

inhibition produced by each of the discs was measured, recorded and interpreted based on the 

standard interpretative chart as recommended by the Clinical Laboratory Standard Institute.8 

 

Plant Collection and Preparation: Fresh stem bark of Psidium guajava (guava) was collected from 

Uturu, Abia State, Nigeria. The plant materials were identified and authenticated in the taxonomy 

unit of Department of Plant Science and Biotechnology, Abia State University, Nigeria. The plant 

materials were chopped into small pieces, air-dried at room temperature and ground into powder 

using a manual blender. Exposure to direct sunlight was avoided to prevent the loss of active 

components. The dried powder was stored at 4o C until further analysis. Analysis was done at the 

Department of Plant Science and Biotechnology Laboratory, Abia State University, Nigeria. 

Analytical grade ethanol, BDH and distilled water were used for extraction. Reagents for 
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phytochemical screening of extracts were freshly prepared using standard methods. 

Preparation of Plant Materials Aqueous Extract: This was done according to Soniyaet al. 24 with 

minor modification. Fifty grams of dried powdered plant (stem bark) materials was macerated with 

500 ml of distilled water and allowed to stand for 24 hours while agitating at regular time intervals. 

The extract was filtered through Whatman No. 1 filter paper, and evaporated to dryness at 40o C. 

 

Preparation of Plant Materials Solvent Extract: Fifty gram of dried powdered plant (stem bark) 

materials was soaked separately for 24 hours in 500 ml 50% (v/v) ethanol. The soaked material was 

agitated at regular time intervals. After 24 hours the soaked material was filtered using Whatman 

filter paper No. 1 on separate filtration setups. The final filtrates was collected in wide mouthed 

evaporating bowls and evaporated to dryness at 40o C. 

The dried extracts were weighed to calculate the extractability percentage. The extracts were stored 

at 4°C until further use. 

 

Sensitivity Test: Agar Well Diffusion Assay: The assay was conducted using agar-well diffusion 

method described by Esimoneet al.10 An 80 mg/ml concentration of both ethanol and water extracts 

of P. guajava was constituted by dissolving 0.16 g in 2 ml each of 20% v/v dimethyl sulfoxide 

(DMSO) and 2-fold serial dilutions made. A single colony of the isolates each was suspended in 2 ml 

of sterile peptone water. The suspension of each isolate was standardized as stated previously and 

used to inoculate the surface of the Mueller Hinton agar and the excess fluid drained into 

disinfectant jar. The inoculated agar surface was allowed to dry and the plates appropriately labeled. 

Using a cork borer, two wells of 4 mm in diameter were bored in the inoculated Mueller Hinton agar. 

With a micropipette, 50 μl of each concentration of the test extract was delivered into each well. The 

plates were left on the bench for 30 minutes to allow the extract to diffuse into the agar. Thereafter, 

the plates were incubated at 37°C for 24 hours. After incubation, the plates were observed for 

inhibition zones around the wells. The diameters of the zones were measured with metre ruler to 

the nearest whole millimeter. Each test was carried out thrice and the mean inhibition zone 

diameter (IZD) recorded to the nearest whole millimetre. 

 

Phytochemical Analyses: These analyses determine the biologically active non-nutritive 

compounds that contribute to the flavor, colour, and other characteristics of plant parts. Quantitative 

analyses were done at the International Institute of Tropical Agriculture (IITA), Ibadan. 

 Preparation of methanolic extract 

Methanolic extract of the guava powder (stem bark) was prepared following the method of 

Chan et al.7, by adding 25 ml of methanol to 0.5g of sample contained in a covered 50 ml centrifuge 

tube, and shaked continuously for 1 hour at room temperature. The mixture was centrifuged at 

3,000 rpm for 10 minutes, and then the supernatant was collected and store at -4oC for further 

analysis. 

 

Determination of total phenol content (TPC): The total phenol content of sample methanolic 

extract was determined according to the Folin–Ciocalteu method reported by Chan et al.7 Briefly, 

300 µL of extract was dispensed into test tube (in duplicates). To this was added 1.5 ml of Folin–

Ciocalteu reagent (diluted 10 times with distilled water), followed by 1.2 ml of Na2CO3 solution 
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(7.5% w/v). The reaction mixture was mixed, allowed to stand for 30 minutes at room temperature 

before the absorbance was measured at 765 nm against a blank prepared by dispensing 300 µL of 

distilled water instead of sample extract. TPC was expressed as gallic acid equivalent (GAE) in mg/g 

material. 

 

Determination of tannin content: Tannin content of sample was determined according to the 

method of Padmaja20 as follows. Sample (0.1 g) was extracted with 5 mL of acidified methanol (1% 

HCl in methanol) at room temperature for 15 minutes. The mixture was centrifuged at 3,000 rpm for 

20 minutes. 0.1 mL of the supernatant was added with 7.5 ml of distilled water, 0.5 ml of Folin-Denis 

reagent, 1 ml of 35% sodium carbonate solution and diluted to 10 ml with distilled water. The 

mixture was shaken well, kept at room temperature for 30 minutes and absorbance was measured 

at 760 nm. Blank was prepared with water instead of the sample. Tannin content was expressed as 

tannic acid equivalent (TAE) in mg/g material. 

 

Determination of total flavonoid content (TFC):  Total flavonoid content was determined using 

aluminum chloride method as reported by Kale et al.14 0.5 ml of methanolic extract was dispensed 

into test tube, followed by 1.5 ml of methanol, 0.1 ml of aluminum chloride (10%), 0.1 ml of 1 M 

potassium acetate and 2.8 ml of distilled water. The reaction mixture was mixed, allowed to stand at 

room temperature for 30 minutes, before absorbance was read at 514 nm. TFC was expressed as 

quercetin equivalent (QE) in mg/g material. 

 

Determination of vitamin C content: The vitamin C content of the aqueous extract was determined 

using the method reported by Benderitter et al.4 Briefly, 75 µL DNPH (2 g dinitrophenyl hydrazine, 

230 mg thiourea and 270 mg CuSO4.5H2O in 100 ml of 5 M H2SO4) was added to 500 µL reaction 

mixture (300 µL appropriate dilution of hydrophilic extract with 100 µL of 13.3% trichloroacetic 

acid and distilled water). The reaction mixture was subsequently incubated for 3 hours at 37oC, then 

0.5 ml of 65% H2SO4 (v/v) was added to the medium, and the absorbance was measured at 520 nm, 

and the vitamin C content of the sample was subsequently calculated from the calibration curve 

prepared with ascorbic acid standard. 

 

Determination of total saponin content: Total saponin was determined by the method described 

by Makkar et al.15 0.5 g of sample was extracted with 25 ml of 80% aqueous methanol by shaking on 

a mechanical shaker for 2 hours, after which contents of the tubes were centrifuged for 10 minutes 

at 3,000 rpm. In a test tube an aliquot (0.25 ml) of the supernatant was taken to which 0.25 ml 

vanillin reagent (8% vanillin in ethanol) and 2.5 ml of 72% aqueous H2SO4 were added. The reaction 

mixtures in the tubes were heated in a water bath at 60°C for 10 minutes. Then tubes were cooled in 

ice for 4 minutes and then allowed to acclimatize to room temperature. Subsequently, the 

absorbance was measured in a UV/Visible spectrophotometer at 544 nm. Diosgenin was used as a 

standard and the results obtained were expressed as mg diosgenin equivalent per g of sample dry 

matter. 

 

Determination total alkaloid content: The total alkaloid content of the sample was measured 

using 1, 10-phenanthroline method described by Singh et al.23 with slight modifications. 100mg 
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sample powder was extracted in 10 ml 80% ethanol. This was centrifuged at 5000rpm for 10 

minutes. Supernatant obtained was used for the further estimation total alkaloids. The reaction 

mixture contained 1 ml plant extract, 1 ml of 0.025 M FeCl3 in 0.5 M HCl and 1ml of 0.05 M of 1,10-

phenanthroline in ethanol. The mixture was incubated for 30 minutes in hot water bath with 

maintained temperature of 70 ± 2oC. The absorbance of red coloured complex was measured at 510 

nm against reagent blank. Alkaloid contents were estimated and it was calculated with the help of 

standard curve of quinine (0.1 mg/ml, 10 mg dissolved in 10 ml ethanol and diluted to 100 ml with 

distilled water). The values were expressed as mg/g of dry weight. 

 

RESULTS AND DISCUSSION: Multidrug resistance efflux pumps are recognized as an important 

component of resistance in both Gram-positive and Gram-negative bacteria. Some bacterial efflux 

pumps may be selective for one substrate or transport antimicrobials of different classes, conferring 

a multiple drug resistance (MDR) phenotype.12 The isolates were completely resistant to ampicillin, 

amoxicillin and vancomycin. Ofloxacin appeared to be the most effective though not suitable for 

treatment in cases of infections with these strains. Orji et al. 19, defined multidrug resistance as 

resistant to four or more of the antibiotics tested. Thus, the 9isolates of CA-MRSA showed multidrug 

resistant ability to the antibiotics used in this study as shown in table 1. This result is closely related 

to the findings of Okwuet al18, who reported 13 (100%) of the MRSA isolates in their study to be 

resistant to more than 4 antibiotics. These CA-MRSA strains cause serious skin and soft tissue 

infections, necrotizing pneumonia, and sepsis in healthy children.22  About 66.6% of the MRSA 

isolates were resistant to 4 and 6 antibiotics; 33.3% were resistant to 5, 7 and 8 antibiotics used 

(table 2). 

The susceptibility profile of the 9 MDR MRSA isolates to water and ethanolic extracts of P. 

guajava stem bark is presented in table 3. The inhibitory activities ranged from 10-16 mm zone of 

inhibition with ethanolic extracts exhibiting higher activity. Five isolates showed complete 

resistance to P. guajava extracts. Inhibitory activities of both water and ethanolic extracts were 

distributed across 4 isolates with organism E14 showing maximum susceptibility profile. There is a 

correlation between the antimicrobial activity and concentration of extracts used. 

Anaset al. 3in a related study reported three of the four clinical isolates of MDR 

Staphylococcus aureus’to be sensitive to the different extracts of the leaf of P. guajava with one 

clinical isolate showing complete resistance. 

The extracts of P. guajava stem bark though showed high phytochemical contents which 

could individually or in combination inhibit the growth of microorganisms have low inhibitory 

activity on the MDR MRSA isolates in this study. The main reason for this high level of resistance in 

the isolates could not be explained but could be due to the inability of the antibacterial principles of 

the extracts to act as efflux pump inhibitors noted by Kaatz et al. 13as an efficient resistant 

mechanism in Gram-positive bacteria. The efflux pump provides a self-defense mechanism by which 

antimicrobials are actively removed from the cell. For antibacterials, this results in sublethal drug 

concentrations at the active site that in turn may predispose the organism to the development of 

high-level target-based resistance.27, 28 

The phytochemical contents of P. guajava stem bark are presented in table 4. Phenols have 

been reported to exert anti-inflammatory and anti-carcinogenic effects. Tannin known to be present 

in aqueous and methanolic extracts reportedly have protein-binding activities and can interfere with 
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substances.27The antibacterial action of tannins against S. aureus, is attributed to the antimicrobial 

mechanisms of their (I) astringent property (II) toxicity, and (III) complexation of metal 

ions.10Flavonoids have antioxidant activity and could therefore lower cellular oxidative stress. The 

high flavonoid content of the P. guajava stem bark may contribute to the medicinal properties. 

Saponin has been shown to have virucidal activity, reduction of protein digestibility, antimicrobial 

activity, among others. Alkaloid has been reported to have antibacterial properties and is the most 

efficient therapeutically significant plant substance. Pure isolated alkaloids and their synthetic 

derivatives are used as basic medicinal agents due to their analgesic, and antispasmodic properties. 

As a water-soluble antioxidant, vitamin C is required for healthy bones, gums, teeth and skin, for 

wound healing, as well as for prevention of common cold and attenuation of its symptoms. 

Interestingly, a new class of agent, acyldepsipeptides reported recently kills Gram-positive 

bacteria via controlled proteolysis. Acyldepsipeptides have been shown to activate a major bacterial 

protease, caseinolytic protease, bypassing the requirement of its ATPase mediated activation. 

Caseinolytic protease has a crucial role in the survival and virulence of pathogens during host 

infection.3 

 

CONCLUSION: Multiple drug resistance has become a common feature of many microorganisms 

especially the human pathogens. The low inhibitory activities of P. guajava extracts indicated the 

demand for the introduction of alternative medicine with novel modes of action. Antimicrobial 

agents which act as efflux pumps inhibitors (EPIs) are promising therapeutic agents, as they should 

restore the activity of standard drugs. 
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Table 1: Antibiotic resistance pattern of 9 MDR MRSA 

 

Drug 
Isolate 

U3b N11 E1 E3 E9 E14 E16 E17a E17b 

Ampicillin R R R R R R R R R 

Ciprofloxacin S R R I R R I I I 

Ofloxacin S R I R I R I I I 

Erythromycin R R R R R R R R I 

Gentamicin S R R S S S I R S 

Vancomycin R R R R R R R R R 

Amoxycillin R R R R R R R R R 

Ceftriaxone I R R R R I I I R 

 

Table 2: Prevalence of multidrug resistance amongst 9 CA-MRSA isolates 

 

Parameter Frequency of multidrug resistance Percentage 

Resistance to 4 agents 3 33.3 

Resistance to 5 agents 1 11.1 

Resistance to 6 agents 3 33.3 

Resistance to 7 agents 1 11.1 

Resistance to 8 agents 1 11.1 

 

 



ORIGINAL ARTICLE 

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 33/ August 19, 2013  Page 6260 
 

 

 

 

Table 3: Susceptibility of MRSA to P. guajava stem bark extract 

 

Extract 

(Conc. in (mg/ml) 

Mean IZD of MDR MRSA isolates (mm) 

U3b N11 E1 E3 E9 E14 E16 E17a E17b 

Water    (20) - - - - - - - - - 

(40) - - - - - 15 - 13 - 

Ethanol (20) - - - - - 12 - - - 

(40) 11 - - - 10 16 - - - 

 

Table 4: Total phenol, tannin, flavonoids, vitamin C, saponin, and alkaloid expressed in mg/g dry 

body weight. 

 

Phytochemical P. guajava (stem bark) 

Total phenol 111.86±0.47 

Tannin 141.92±0.51 

Flavonoids 3.37±0.04 

Vitamin C 1.67±0.03 

Saponin 285.76±.81 

Alkaloid 111.065±0.38 

 

Data represent the mean ± standard deviation of duplicate readings. 
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