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Introduction

Antibacterial resistance threatens to render existing 
antibiotics ineffective [1]. Failure of several classes of 
antibiotics to inhibit previously susceptible bacteria was 
already reported in tertiary hospitals in Asia, America, and 
India [2-4].  Accordingly,  common pathogens like 
Staphylococcus aureus and Escherichia coli have been 
associated with greater hospital costs and worse clinical 
outcomes in patients [5-8]. Antibacterial-resistant infections 
cause at least 50,000 deaths annually in Europe and the 
United States and are estimated to result in a global economic 
loss of US $100 trillion by 2050 [9]. Hence, there is an urgency 
to discover novel antibacterial leads from different ecological 
fields such as plants [10].

An example of a plant used in ethnomedicine is Persea 
americana, also known as avocado. Its leaves were used by 

Plants are recognized as an important source of medicines 
[11]. Extracts of various plant species were reported to 
possess several pharmaceutical properties which include 
bacterial growth inhibition [12-14]. The bioactivities of plant 
extracts are derived from their secondary metabolites such 
as phenols, alkaloids, and lectins, which are affected by 
environmental factors such as light, temperature, humidity, 
and soil quality, as well as by predation and pathogenesis [15-
17]. Around 80% of the population of developing countries 
have relied on plants as a form of primary health care which 
further demonstrates their medicinal value [18].

 

R E S E A R C H C O M M U N I C A T I O N

Background: Antibacterial resistance poses a significant health and economic burden worldwide. Relatedly, plant-
based drug discovery remains an important adjunct to modern pharmaceutical research and development. Plants 
have an extensive record of being used as a form of alternative healthcare. For instance, the leaves of Persea 
americana Mill. (avocado) were used by traditional medicinal healers in Africa and the Philippines to alleviate 
common ailments such as skin ulcers and diarrhea. 

ABSTRACT

Objectives: To determine their antibacterial activity, leaves of different P. americana variants maintained at the 
National Plant Genetic Resources Laboratory, University of the Philippines Los Baños were subjected to disk 
diffusion assay.
Methodology: Four P. americana leaf ethanol extracts (Cardinal, Morado, Semil 1, and Semil 2 variants) were 
tested in a range of concentrations (5 mg to 5 µg) against S. aureus (ATCC 25923) and E. coli (ATCC 25922) using 
standard disc diffusion.
Results: At 5 mg, all four P. americana leaf variants exhibited an inhibitory activity against S. aureus. Furthermore, 
Semil 2 variant showed the strongest relative antibacterial potential with activity at lower concentrations of 1.25 
mg and 0.31 mg. On the other hand, all four variants did not suppress E. coli growth at the concentrations used. 
Conclusion: The results indicate the potential antibacterial activity of P. americana leaf variants against S. aureus 
which is consistent with their ethnomedicinal use as a skin ulcer treatment since S. aureus is a common etiologic 
agent of skin ulcers. Furthermore, the findings suggest the four P. americana leaf variants, particularly Semil 2, as 
possible sources of novel antibacterial compounds against S. aureus.
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traditional healers in Africa, America, and India to treat various 
diseases including skin ulcers, tuberculosis, and bronchitis [19-
22]. These practices may be supported by the in vitro 
antibacterial activity of P. americana leaf alcohol extracts 
against E. coli, S. aureus, and Mycobacterium tuberculosis, 
among others [23-26]. In the Philippines, the metabolites of P. 
americana leaves are concentrated through boiling in hot 
water and consumed as a decoction to treat diarrhea [27]. 
Even though secondary metabolite production is affected by 
geographical differences and growth conditions, only one 
other study has been done to substantiate the ethnomedicinal 
applications of P. americana leaves in the Philippines [28]. In 
this study, the authors tested the leaf ethanol extracts of four 
Philippine P. americana variants using  standard disc diffusion 
against S. aureus and E. coli—which are significant etiologic 
agents of skin infections and diarrhea, respectively [29,30]. The 
study recorded the antibacterial effects of four P. americana 
leaf variants (Cardinal, Morado, Semil 1, and Semil 2) in a range 
of concentrations (5 mg to 5 µg) against S. aureus and E. coli.

The preparation of leaf ethanol extracts was adapted 
from the methods of Das et al. (2010) [31]. Persea americana 
leaves in an amount of 2 kg were collected for Cardinal, 
Morado, Semil 1, and Semil 2 variants from the National Plant 
Genetic Resources Laboratory (NPGRL), University of the 
Philippines Los Baños (UPLB). The leaves were washed with 
distilled water and air-dried in a well-ventilated and shaded 
area for 3 days. Afterwards, the leaves were oven-dried at 
40°C for 7 days to remove residual moisture. The dried leaves 
were milled to a fine powder and sent to the Institute of 
Pharmaceutical Sciences, National Institutes of Health 
University of the Philippines Manila for the preparation of 
leaf ethanol extracts in the following manner. For each P. 
americana variant, milled leaves were placed in a sterile glass 
container containing adequate 95% ethanol to submerge the 
sample (250 g leaf powder/2 L ethanol). The solutions were 
stirred every 12 hours for 3 days at room temperature. Each 
suspension was filtered using Whatman no. 1 filter paper, 
and the filtrates were dried in vacuo at 40°C. The leaf ethanol 

extracts were stored in dark amber-colored bottles at ∼4°C 
prior to the antibacterial assay. 

Methodology

 
Preparation of P. americana Leaf Ethanol Extracts

 
The growth and standardization of bacteria were adapted 

from the methodology of the Clinical and Laboratory 

Growth and Standardization of Test Bacteria

 

 

Standards Institute (CLSI) (2018a) [32]. The Staphylococcus 
aureus (ATCC 25923) and E. coli (ATCC 25922) were obtained 
from the Department of Medical Microbiology, College of 
Public Health, University of the Philippines Manila. The stock 
cultures of the test bacteria were initially grown in Mueller 
Hinton broth (MHB) incubated at 36±1 °C for 24 hours and 

refrigerated at ∼4 °C afterwards. Prior to the assay, overnight 
cultures of the test bacteria were prepared by streaking the 
stock cultures on fresh Mueller Hinton agar (MHA) plates and 
incubating them for 24 hours at 36±1 °C. The isolated colonies 
from the MHA plates were suspended in sterile 0.85% saline 
solution and visually adjusted to match the turbidity of a 0.5 
McFarland standard, which is roughly equivalent to 10⁸ 
colony-forming units per milliliter (CFU/ml).

The preparation of discs was adapted from the methods 
of Das et al. (2010) [31]. For each P. americana variant, 100 
mg of leaf ethanol extract was dissolved in 1 ml of 95% 
ethanol solution to make a stock solution. The stock solution 
was serially diluted four-fold with 95% ethanol to yield six test 
solutions with concentrations of 100 mg/ml, 25 mg/ml, 6.25 
mg/ml, 1.5 mg/ml, 0.39 mg/ml, and 0.098 mg/ml. From the 
test solutions, 50 µl aliquots were impregnated into 6 mm 
blank discs (Bioanalyse) to yield a final weight of 5 mg, 1.25 
mg, 0.31 mg, 78 µg, 20 µg, and 5 µg leaf extract per disc. Fifty 
microliters of 95% ethanol absorbed in a 6 mm blank disc was 
used as negative control. Discs were air-dried overnight. 
Commercial discs of 30 µg cefoxitin (Bioanalyse) and 10 µg 
ampicillin (Bioanalyse) were used as positive control for S. 
aureus (ATCC 25923) and E. coli (ATCC 25922), respectively. 
Positive controls were used due to the following reasons: (1) 
S. aureus (ATCC 25923) and E. coli (ATCC 25922) are 
inherently sensitive to cefoxitin and ampicillin, respectively; 
(2) cefoxitin and ampicillin are primarily recommended in 
many clinical laboratories for routine susceptibility testing of 
S. aureus and E. coli, respectively [32]. 

Preparation of Discs

Antibacterial Susceptibility Test

Standard disc diffusion was carried out according to the 
methodology set by CLSI (2018a) [32]. On separate MHA 
plates, standardized bacterial suspensions of S. aureus and 
E. coli were uniformly spread on the surface of MHA plates 

using a sterile cotton swab. The lids were left ajar for ∼5 
minutes to allow excess surface moisture to evaporate. Each 
bacterium was tested against twenty-four discs containing 
the leaf ethanol extracts (4 leaf variants x 6 concentrations), 
one positive control disc, and one negative control disc, 
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The findings of this study indicate that Philippine P. 

americana leaf extracts inhibit the growth of S. aureus but 
not E. coli at the studied concentrations, producing zones of 
inhibition ranging from 8 to 12 mm at 5 mg concentration. 
Similarly, Ogundare and Oladejo (2014) reported that the 
leaf methanol extract of P. americana at 4 mg concentration 
inhibited the growth of S. aureus (6 mm ZOI) but failed to 
inhibit E. coli [24]. In contrast, Boadi et al. (2015) reported 
that the leaf methanol extract of P. americana inhibited the 
growth of both S. aureus (> 1 mm ZOI) and E. coli (> 0.8 mm 

exerted no antibacterial effect on E. coli at the concentrations 
tested. The positive control cefoxitin induced 30±1.15 mm 
ZOI against S. aureus, while ampicillin produced a 23±0.58 
mm ZOI against E. coli. In contrast, the negative control of 
95% ethanol produced no inhibition zone against both S. 
aureus and E. coli (Table 1). Both positive controls were 
effective at inhibiting their respective test bacterium, 
according to their susceptibility breakpoint criteria [33].

Discussion

placed on the surface of MHA plates. The inoculated MHA 

with the discs were incubated for ∼18 hours at 36±1 °C. 
Afterwards, the diameter of the zone around each disc 
showing no bacterial growth was measured to the nearest 
whole millimeter. Three replicates of disc diffusion were 
performed, and the mean and standard deviation of the 
zones of inhibition were reported.

Results

To determine the antibacterial activity of leaf ethanol 
extracts of four Philippine P. americana variants (Cardinal, 
Morado, Semil 1, and Semil 2) against S. aureus and E. coli, 
the authors conducted standard disc diffusion. At 5 mg, all 
four P. americana variants inhibited the growth of S. aureus. 
The inhibition zones ranged from 8 to 12 mm, with Semil 2 
displaying the highest activity. Additionally, Semil 2 
continued to show activity down to concentrations of 1.25 
mg (12±0.58 mm zone of inhibition [ZOI]) and 0.31 mg (9±1 
mm ZOI) against S. aureus, whereas the other variants did 
not. On the other hand, all four P. americana leaf variants 

Table 1. Zones of Inhibition of Leaf Ethanol Extracts of P. americana Variants at Different Concentrations against S. aureus 
and E. coli in Disc Diffusion.

Antibacterial Agent Zone of Inhibition (mm)

S. aureus E. coli

Semil 2
Semil 1

Morado

P. americana Leaf Ethanol Extract (5 mg)

Cardinal 8±1.15
8±1

12±1.73

9±0.58

0
0

0

0

Cardinal
Morado

P. americana Leaf Ethanol Extract (1.25 mg)

Semil 1
Semil 2

0

0
12±0.58

0 0

0
0

0

Semil 1
Cardinal

Semil 2
P. americana Leaf Ethanol Extract (0.31 mg)

Morado

9±1
0
0
0

0

0

0

0

P. americana Leaf Ethanol Extract (78 μg – 5 μg)

Semil 1
Semil 2

Morado
Cardinal

0

0

0
0

0
0

0
0

Controls

Cefoxitin (30 μg)

95% Ethanol
Ampicillin (10 μg)

30±1.15

0
-

-

0
23±0.58

Data are expressed as mean and standard deviation of three replicates (n = 3). Values are inclusive of the 6 mm disc used. 
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ZOI). Additionally, they observed that the antibacterial effect 
was greater for S. aureus compared to E. coli in terms of their 
inhibition zone diameters [25]. Another local study by 
Manuel et al. (2011) on Philippine P. americana corroborated 
this finding, with the leaf methanol extracts at 10 µg 
concentration showing greater inhibition zones for S. aureus 
(16±2.65 mm ZOI) compared to E. coli (8.33±0.58 mm ZOI) 
[28]. In comparison with this study, however, the previous 
study by Manuel et al. (2011) obtained P. americana samples 
from the mountain areas of the Cordillera Administrative 
Region, where the source of P. americana leaves can be 
subjected to uncontrolled environmental and/or 
anthropogenic factors. This may lead to some degree of 
variation in the secondary metabolite profile of the original 
plant source [34-36]. In this regard, this study likely yielded 
more reliable results by obtaining the P. americana 
specimens from a controlled environment at the NPGRL, 
UPLB; thus, ensuring the integrity of the plant source and 
reproducibility of study results. In sum, this study provides 
evidence that contributes to the effectiveness of Philippine P. 
americana leaf ethanol extracts in inhibiting the growth of S. 
aureus, but not E. coli. Possibly, the lack of an outer 
lipopolysaccharide layer predisposes Gram-positive bacteria 
more to the effects of the P. americana leaf extracts [25]. The 
presence of efflux pump systems in Gram-negative bacteria 
may also play a role in conferring antibacterial resistance to P. 
americana leaf extracts [37].

Various phytochemicals have been identified in P. 
americana leaves, which have been implicated as the source 
of their bioactivity [38]. For instance, the presence of 
anthraquinones, tannins, saponins, terpenoids, steroids, 
alkaloids, flavonoids, and glycosides was discovered in 
African P. americana leaf alcohol extracts [24,25]. The 
Persea americana leaves collected from the Cordillera 
Administrative Region of the Philippines possessed a similar 
phytochemical profile, albeit with the exception of alkaloids 
and cyanogenic glycosides [33]. The significance of 
secondary metabolite variation within the same plant 
species had been demonstrated in prior studies. For 
instance, the active anti-hyperglycemic agent in Momordica 
charantia leaves responsible for lowering blood sugar was 
only isolated from 1 out of 15 varieties that were screened in 
the Philippines [39]. Thus, the secondary metabolite profile 
of the same plant—and in extension its bioactivity—may 
differ across geographical areas. This variability in intra-
species secondary metabolite profile may in part explain the 
conflicting reports from previous studies on the 
antibacterial activity of P. americana leaf extracts against S. 
aureus and E. coli.
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In summary, all four P. americana variants—Cardinal, 
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aureus, but not E. coli, at 5 mg concentration. Staphylococcus 
aureus is considered one of the major pathogens of humans 
and a significant cause of skin and soft tissue infections. 
Thus, the present findings contribute to the scientific basis of 
the ethnomedicinal practice of using P. americana leaves to 
treat skin ulcers. Furthermore, the study results suggest the 
significance of Philippine P. americana leaves as a possible 
source of a novel antibacterial compound against this 
important human pathogen.
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The concentrations used in the study could also have 
affected the antibacterial activity of the P. americana leaf 
ethanol extracts against E. coli. Other studies have reported 
that P. americana leaves suppressed Gram-positive more 
than Gram-negative bacteria at similar concentrations 
[25,33].  In the study, the activity of all four variants against S. 
aureus was only observed at the highest concentration (5 
mg).  Hence, the low potency of the leaf ethanol extracts may 
explain their inactivity against E. coli at 5 mg and lower 
concentrations. Accordingly, a natural product could 
potentially contain the pure active component in an amount 
as little as 0.0003% of the dry cell weight used [40]. Hence, 
repeating antibacterial susceptibility testing using either 
higher concentrations of P. americana leaf ethanol extract or 
a purified bioactive component may present a more accurate 
assessment of its antibacterial effects. The crudeness of the 
leaf ethanol extract would also explain the disparity in activity 
between the P. americana leaf extracts and the positive 
controls (cefoxitin and ampicillin) since the controls used 
were pure substances. Nonetheless, the results of the study 
show that all four P. americana variants exhibit antibacterial 
activity against S. aureus. Thus, all four P. americana variants, 
particularly Semil 2, may represent possible sources of novel 
antibacterial compounds against S. aureus.

Conclusion
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