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Background: Ethiopian flora is a source of innumerable cures for several infections. The 
medicinal potential of A. americana has been evaluated in some studies. The current study 
aimed to investigate the antimicrobial effect of A. americana leaf extracts on selected 
bacterial strains and to determine the phytochemical components.
Purpose: To determine the phytochemical constituents and in vitro antibacterial activity of 
leaf extracts of Agave americana against Staphylococcus aureus, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Salmonella species, and Eshercia coli.
Methods: The macerated and Soxhlet crude extracts of Agave americana were further fractio
nated to petroleum ether, chloroform, acetone, and methanol fractions. The agar well diffusion 
method and disc diffusion methods were used to test the antibacterial effect and determine the 
minimum inhibitory concentration (MIC) of the plant extract. Standard methods of determination 
were used to determine the phytochemical components of Agave americana.
Results: The percentage yield of crude extracts of A. americana was 15.11%. Alkaloids, 
saponins, tannins, polyphenols, and flavonoids were identified as phytochemical constituents 
of A. americana. The crude and solvent fractions of A. americana have an antibacterial 
activity comparable to gentamycin, with zones of inhibition ranging from 17 to 40mm and 
minimum inhibitory concentration (MIC) of 2.5 mg mL for S. aureus, P. aeruginosa, and 
S. typhi strains and 10 mg mL for E. coli strains. S. aureus and E. coli were the most 
and least susceptible bacteria among the four bacterial test strains tested.
Conclusion: The crude and solvent fractions of A. americana have antibacterial activity 
against S. aureus, P. aeruginosa, and S. thyphi, comparable to gentamycin.
Keywords: antibacterial activity, phytochemical screening, Agave americana, minimum 
inhibitory concentration, zones of inhibition

Introduction
Diseases of infectious origin are among the most common causes of human 
mortality in the globe. Even though a higher burden is observed in countries around 
the tropics, developed countries are also affected significantly. The problem is 
further complicated by the development of antimicrobial resistance.1 One way to 
tackle this problem is to search for new potential antimicrobials from plants.2 Plants 
have been used as human medicines since antiquity.3 A report by the World Health 
Organization (WHO) indicated the primary use of drugs from herbal sources by 
more than 80% of people in the world, especially those living in rural areas.4 

Several studies have identified herbs as sources of development for the majority of 
currently used conventional drugs and potential for the future discovery of novel 
agents against a range of disorders.5,6
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Approximately 12% of endemic plants are found in 
6500–7000 species of Ethiopian flora. They have been 
sources of innumerable cures, making up 95% of folk 
remedies used throughout the country.7

The majority of drugs that are currently in use are 
derivatives of secondary plant metabolites identified from 
crude extracts. Secondary metabolites have multiple non- 
essential, but regulatory roles for the plants. The presence 
of these secondary metabolites is responsible for the ther
apeutic effectiveness of most medicinal plants.8 Secondary 
metabolites are classified into different phytochemical 
groups based on their physical and chemical 
characteristics.9 Among the range of these phytochemical 
groups’ alkaloids, flavonoids, saponins (steroidal sapogen
ins), polyphenolics, and glycosides (spirostanol and furos
tanol) with a range of pharmacological activities, including 
antimicrobial, antioxidant, anti-inflammatory and cyto
toxic activities, were identified and characterized in the 
agave genus.10–12

Agave americana is a plant in the Asparagaceae family 
with a global occurrence, except the Frigid Zone growing in 
areas with a range of climates and altitudes.13 Twenty species 
and 6 genera of this plant inhabit Ethiopia among 200–300 
species found worldwide.14–16 Even though it is considered 
an offensive plant in southern parts of Africa, Agave amer
icana is widely cultivated for ornamental purposes because 
of its pale yellow margin leaves and ease of breeding and 
cultivation. Seasonal and age-wise variation of some ingre
dients of the leaves was identified earlier.13,15

Several previous studies have reported the potential 
Agave americana to be used in the management of 
a range of disorders. A study by Thaker VS and 
Maharshi AR showed that 80% methanolic extracts of 
five species of Agave plant, including Agave americana, 
had an inhibitory effect on the hyphal growth of common 
pathogenic fungi.16 The presence of saponin-based com
ponents with antifungal activity against conidial germina
tion of A. brassicae in the leaf extracts of Agave 
americana was reported by Guleria S and Kumar A.17 

In another study, Santos et al identified significant anti
fungal activity of hydroethanolic extracts of A. sisalana 
leaves against C. albicans.18 Bouaziz et al formulated 
a method to extract insoluble fibers from Agave ameri
cana, which can be used to treat and prevent a range of 
disorders, including colon cancer, constipation, diabetes, 
and coronary heart disease.19 The ability of Agave four
croydes powder to increase the growth performance and 
serum concentration of IgG in rabbits when used as 

a dietary supplement was also reported.20 The potential 
antioxidant and cytotoxic activity of A. sisalana and 
antioxidant and the antibacterial activities of six other 
Agave species have been identified earlier.21,22 Another 
study by Alcázar et al reported that steroidal saponins 
from Agave durangensis had a strong growth inhibitory 
effect on two yeast strains, S. cerevisiae and 
K. marxianus.23 The beneficial physiometabolic effect 
was observed in Wistar rats upon their exposure to fruc
tans extracted from Agave salmiana.24 In this study, we 
evaluated the in vitro antibacterial activity of leaf extracts 
of Agave americana against Staphylococcus aureus, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Salmonella species, and E. coli.

Materials and Methods
Plant Material
The leaves of A. americana were collected in 
February 2018 in Addis Ababa, and plant identification 
and authentication was done with the help of local floras. 
The specimen was preserved in the Addis Ababa 
University herbarium with a voucher number of 064988. 
Fresh leaves of A. americana were dried under a shed and 
powdered with a mechanical grinder. The powder was then 
passed through a sieve with sieve No. 40 and stored in an 
airtight container until extraction.

Preparation of Extracts
An 80% methanolic extract of 100 g leaf powder made by 
maceration for 48 h, which was performed five times with 
continuous stirring, filtration using filter paper, and 
a combination of the five portions. The final extract was 
then concentrated under reduced pressure in a rota vapor at 
40 °C, and further dried for 48 h in an oven at 40 °C to 
produce dry powder, packed in a vial, and kept in 
a desiccator containing silica until the in vitro experiments 
were performed. Similarly, 100 g of A. americana leaf 
powder was used to produce petroleum ether, chloroform, 
acetone, and methanol fractions by sequential injection of 
the solvents into the extraction section of the Soxhlet 
apparatus. Concentration, oven drying (24 h), packaging, 
and storage were performed for the four extracts, similar to 
the crude extract described above.

Testing for Antibacterial Effects
Standard strains of one gram-positive (S. aureus) and three 
gram-negative (E. coli, S. typhi, and P. aeruginosa) were 
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used for antibacterial effect determination. The antibacterial 
activities of the crude and solvent fraction extracts of Agave 
americana were determined using the agar well diffusion 
method. The cultures of all the standard strains were grown 
in 5% sheep red blood agar plates at 37 °C for 18 to 24 
h. Four to five colonies of all bacteria were then transferred 
to TSY liquid broth with a sterilized inoculating loop. The 
liquid medium containing the colonies of the standard bac
teria was then incubated for 6 h at 37 °C until it achieved 
a turbidity equivalent to 0.5 McFarland turbidity standard.25

A serialized swab was then used to streak a sample of 
each inoculum of the standard bacteria taken from the 
liquid broth into nonselective agar plates to assure forma
tion of uniform growth throughout incubation. A sterile 
cork borer was then used to form bores of 10mm size on 
the nutrient agar plates and 100 μL of the test extracts or 
0.1 mg mL gentamycin solution (positive control) was 
applied to fill bores using a micropipette. All the plates 
containing the test extract and the control drug were then 
kept at room temperature for 1 to 2 h. Finally, the mea
surement of the diameter of zones of inhibition was per
formed for each plate after 24 h incubation at 37°C.25–28

Determination of Minimum Inhibitory 
Concentrations
The minimum inhibitory concentrations of the crude 
extract and fractions were determined using the tube diffu
sion method. Concentrations 25, 50, 75, and 100 mg mL of 
Agave americana extract fractions were formed by dissol
ving the dried extracts in chloroform (for chloroform and 
petroleum ether fractions) and methanol (for acetone and 
methanol fractions). Negative controls of the experiment 
were formed using 80% chloroform and methanol solvents 
alone. Antibacterial activity of all samples was determined 
by measuring the diameter of the zones of inhibition.29,30

Phytochemical Screening
Standard extraction and screening procedures were used to 
determine the phytochemical components of A. americana 
crude extract.

Test for Alkaloids
Stirring 500mg of the crude extract and 5mL of 1% HCl in 
steam and addition of a few drops of Mayer’s and 
Dragendorff’s reagents to 1mL of the filtrate was per
formed to confirm the presence of alkaloids. Turbidity 
and precipitation indicated the presence of alkaloids.31,32

Test for Saponins
Shaking 500 mg of the crude extract with water in a test 
tube was performed to confirm the presence of saponins. 
The formation of froth that persists on warming was con
firmatory for saponin content.31 Another evidence for the 
saponin content of the crude extract was also obtained 
using normal phase thin layer chromatography (TLC). 
Silica gel was used as the stationary phase and the mobile 
phase constituted of a mixture of chloroform-glacial acetic 
acid-methanol-water (64:32:12:8). The formation of blue, 
blue-violet, red, or yellow-brown zones by spraying vanil
lin-sulfuric acid indicator on the TLC plates containing the 
chromatogram of the crude extract was used to identify the 
saponin content.33

Test for Tannins
Stirring 500 mg of the crude extract of Agave americana in 
10 mL of distilled water and filtration was performed to 
confirm the presence of tannins. The formation of blue, blue- 
black, green, or blue-green color upon the addition of FeCl3 

to the filtrate was used as a tannin confirmatory test.34

Test for Flavonoids
In total, 0.5 grams of the crude extract was dissolved in 
2 mL of methanol in a test tube and a few drops of 2% 
lead acetate were added to the mixture. The formation of 
orange or yellow color was indicative of flavonoid 
content.35

Tests for Phenolic Compounds
A few drops of a mixture of 1 mL 1% ferric chloride FeCl3 

and 1 mL potassium ferrocyanide were added to 2 mL of 
the crude extract dissolved in distilled water. The forma
tion of green-blue color was a positive result for phenolic 
compounds.36

Test for Anthraquinones
The test for anthraquinones was performed by stirring 5 
g of the crude extract in 10 mL of benzene. The mixture 
was filtered and 5 mL of 10% ammonium hydroxide was 
added to the filtrate. The formation of red, violet, or pink 
color at the bottom of the test tube upon shaking was 
a positive test for anthraquinones.37

Results
The percentage yields of A. americana crude extracts 
indicated in Table 1 (15. 11%), the leaves of the plant 
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lose a significant amount of moisture upon drying. 
However, the yields obtained adequate for further analysis. 
The results of antibacterial activity tests on the crude 
extracts of A. americana on the selected bacterial strains 
are shown in Table 2. The percentage yields of the differ
ent fractions of A. americana extracts are presented in 
Table 3. The antibacterial effects of petroleum ether, 
chloroform, acetone, and methanol fractions of 
A. americana extracts on the selected bacterial strains are 
shown in Table 4. The minimum inhibitory concentration 
(MIC) values of A. americana crude extracts determined 
to demonstrate the antibacterial potency are shown in 
Table 5. Phytochemical screening of A. americana extracts 
indicated the presence of alkaloids, saponins, phenols, 
flavonoids, and tannins (Table 6).

Discussion
The results of the current study indicate a higher percen
tage yield of A. americana obtained when extracted with 
acetone and petroleum ether (Table 3). The positive test 
results for alkaloids, saponins, and flavonoids phytochem
ical screening in the current study (Table 6) are supported 
by the results of another study by Pandey et al However 
confirmatory test results for polyphenols and tannins in 
this study contradict the same study. The variation may be 
due to the difference in climate, soil, and other environ
mental conditions for plant growth in the current study 
(Ethiopia) and Nepal.38

Plant extracts having chemicals with antimicrobial 
activity usually belong to alkaloids, flavonoids, phenolics, 
saponins, and their derivatives.39,40 The positive test result 
for alkaloids confirmed in the current study is due to the 
ability of the metallic atom in the reagent (bismuth and 
mercury) to form an ion pair with the nitrogen in the 
alkaloid, leading to the formation of a precipitate.32 The 
formation of froth that persists on warming due to the 
saponin content of Agave americana in the saponin con
firmatory test is due to the surfactant nature of saponins 
due to the presence of polar carbohydrate groups and 
nonpolar sapogenin groups in their structure.41 The color 
change observed in TLC plates upon addition of vanillin- 
sulfuric acid indicator used in the phytochemical screening 
is due to the interaction between triterpene saponins 

Table 1 Percentage Yields of the 80% Methanol Extracts of 
Dried and Powdered Agave americana, Addis Ababa, June 2018

Plant 
Species

Part 
Extracted

Weight of 
Agave 
Americana 
Leaf 
Powder 
(g)

Weight 
of 
Crude 
Extract 
(g)

Percentage 
Yield w/w 
the 80% 
Methanol 
Crude 
Extracts 
(%)

Agave 
americana

leaf 100 15.11 15.11

Table 2 Antibacterial Effects of Agave americana Crude Extracts on Selected Strains of Bacteria, Addis Ababa, June 2018

Test Sample Concentration mg mL Zone of Inhibition on Bacterial Strains (mm)

Agave americana SA 

(ATCC25925)

EC 

(ATCC25922)

PA 

(ATCC27853)

SAL 

(ATCC83859)

100 34 23 28 28
75 28 21 24 25

50 25 20 21 23

25 21 19 20 21
Gentamycin# 0.1 32 25 26 29

Note: #Positive controls. 
Abbreviations: SA, S. aureus; EC, E. coli; PA, P. aeruginosa; SAL, S. typhi.

Table 3 Percentage Yields of Solvent Fractions of Agave americana, Addis Ababa, June 2018

Plant 
Species

Part 
Extracted

Petroleum Ether 
Fractional Extract

Chloroform 
Fractional Extract

Acetone Fractional 
Extract

Methanol Fractional 
Extract

Agave 
americana

leaf Weight 
(gm)

% yield w/ 
w

Weight 
(g)

% yield w/ 
w

Weight 
(g)

% yield w/ 
w

Weight 
(g)

% yield w/ 
w

0.0345 3.45 0.019 1.9 0.0546 5.46 0.243 2.43
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oxidized by sulfuric acid and vanillin.42 The ability of 
tannins to form tannic acid – ferric complexes upon addi
tion of ferric chloride is the mechanism behind tannin 
identification test use in the current study.43 The bacterial 
strains used for the determination of antimicrobial activity 
in the current study were the common causes of illness in 
the community. Similar antibacterial effects of the crude 
extract and the solvent fractions of Agave americana were 
obtained in the current study against different strains of 
bacteria. This indicates the intermediate polarity of the 
component of the plant material responsible for antibacter
ial activity. The results of the current study indicated that 

Table 4 Antibacterial Effect of Solvent Fractions of Agave americana Against Selected Strains of Bacteria, Addis Ababa, June 2018

Test Sample Solvent Fraction Concentration mg mL Zone of Inhibition on Bacterial Strains (mm)

Agave americana SA 
(ATCC25925)

EC 
(ATCC25922)

PA SAL 
(ATCC83859)(ATCC27853)

Petroleum ether 75 40 27 22 23

50 36 25 21 21
25 32 21 20 19

Chloroform 75 36 22 23 25

50 30 21 22 23

25 37 19 20 22

Acetone 75 34 22 24 23
50 32 19 22 22

25 27 17 19 18

Methanol 75 33 23 24 24

50 29 22 20 22

25 25 19 18 21

crude 75 35 22 25 27
50 28 21 22 23

25 24 19 22 20

Abbreviations: SA, S. aureus; EC, E. coli; PA, P. aeruginosa; SAL, S. thyphi.

Table 5 Minimum Inhibitory Concentration (MIC) Values of Crude (80% Methanol) Extracts of Agave americana on the Tested Strains, 
Addis Ababa, June 2018

Plant Species Concentration mg mL Bacterial Strain

SA 
(ATCC25925)

EC 
(ATCC25922)

PA 
(ATCC27853)

SAL (ATCC83859)

Agave americana 20 – – – –

10 – – – –

5 – + – –
2.5 – + – –

1.25 + + + +

0.625 + + + +

Abbreviations: (+), presence of growth; (-), absence of growth; SA, S. aureus; EC, E. coli; PA, P. aeruginosa; SAL, S. typhi.

Table 6 Phytochemical Constituents of Crude Extract of Agave 
americana Leaves Using Chemical Test Methods, Addis Ababa, 
June 2018

Constituent Presence in Crude Extract of Agave 
americana

Alkaloids ++

Saponins +

Tannins ++
Anthraquinones –

Phenolic 

compounds

++

Flavonoids +

Notes: - = negative, ++ = strongly positive, + = positive.
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Agave americana produces comparable antibacterial on 
the test strains of bacteria at a concentration of 75 mg 
mL and greater activity at 100 mg mL as compared to the 
positive control (gentamycin) for some strains (S. aureus). 
No antibacterial activity was observed on the test strains 
for the negative controls (80% methanol and chloroform). 
The results of antimicrobial activity screening also identi
fied S. aureus and E. coli as the most and least susceptible 
bacteria among the four bacterial test strains under study. 
On the other hand, E. coli was found to be the most 
insensitive strain among all bacteria. This also indicates 
the potential effectiveness of the extract of Agave amer
icana on gram-positive bacteria over their gram-negative 
counterparts. Structural differences between gram-positive 
and gram-negative bacteria causing variation in antimicro
bial penetration leading to the concentration of the poten
tially antibacterial compound found in Agave americana in 
gram-positive bacteria could explain such variations in 
susceptibility.44 The inhibitory effect of the extract on 
bacterial cell wall synthesis (peptidoglycan crosslinking), 
which are less concentrated in gram-negative bacteria, 
may also be responsible for their reduced susceptibility 
to the extract and solvent fractions compared to gram- 
positive bacteria. This is also supported by the results 
from Alcázar et al who reported the growth inhibitory 
effect of the steroidal saponin components of Agave dur
angensis and Agave salmiana ssp. crassispina and their 
ability to change the cell wall structure on S. cerevisiae 
and K. marxianus.23 The saponin component identified 
from the extract of A. americana in the current study 
may be responsible for the antimicrobial effect observed. 
However, other phytochemical components identified in 
the crude extract of A. americana such as alkaloids, flavo
noids, tannins, and phenolic compounds have also 
a potential antimicrobial activities. Therefore, further 
experiments should be performed on the isolated phyto
chemical components to determine the exact component 
responsible for the antibacterial activity and perform struc
tural elucidation to obtain a potential antimicrobial agent 
of the future.

Conclusions
The results of the current study showed that the crude and 
solvent fractions of A. americana have antibacterial activ
ity against S. aureus, P. aeruginosa, and S. thyphi compar
able to gentamycin, indicating the potential of compounds 
from A. americana leaf extracts to be used as leads for 
future antimicrobial agents.

Abbreviations
NDA, new drug application; PGE, polarity gradient 
extraction; MIC, minimum inhibitory concentration.
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