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Abstract 

The increasing reliance on plant-based healthcare products, including herbal medicines and dietary supplements, emphasizes the 

global significance of traditional remedies. Aloe Vera with 400 reported species, has been widely used herbal remedy for health 

practices worldwide. Despite its extensive historical use and therapeutic reputation, recent studies have raised concerns about 

potential adverse effects, challenging the notion of Aloe Vera as a universally safe functional food material. This study aimed to 

analyze the phytochemical composition of whole leaf extracts at various maturation stages of Aloe Vera and assess their 

antibacterial effect against Staphylococcus aureus. The qualitative phytochemical analysis revealed a concentration gradient, 

with older leaves exhibiting higher concentrations compared to medium and young leaves, suggesting a dynamic 

maturation-related variation. The antibacterial assay demonstrated age-dependent inhibitory activities, with older leaves 

displaying the highest, medium leaves following, and young leaves exhibiting the least inhibition. A consistent minimum 

inhibitory concentration of 12.5 mg/ml was observed across all leaf ages. These findings stress the need for cautious Aloe Vera 

consumption, especially in rural communities where whole-leaf extraction is prevalent, as recent studies have reported adverse 

effects and potential health risks associated with certain compounds. Safer alternatives, and regulating consumption practices are 

recommended, emphasizing sustainable practices to maximize plant benefits and minimize waste. 
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1. Introduction 

There has been an increase in reliance on plant-based 

products for health care, particularly herbal medicines and 

dietary supplements [1]. In 2013, the World Health Organi-

zation(WHO) acknowledged and reported that over 80% of 

the global population relies on plant-based medicines to meet 

their healthcare needs [2]. According to a study [3], approx-

imately 79% of cancer survivors and 68% of cancer-free 

adults reported using one or a combination of complementary 

and alternative medicines including herbal medicines and 

dietary supplements. 

Aloe Vera has been used from prehistoric times to provide 

health benefits and is one of the most frequently used herbal 

remedies throughout the globe. There are more than 400 spe-

cies of Aloe reported but the most widely utilized species is 

Aloe barbadensis Miller (also known as Kigajji(Ganda) 

commonly referred to as Aloe Vera). It’s name is derived 

from two Arabic words; “alloeh” meaning “bitter shiny sub-

stance” and “vera” meaning “truth” [4]. 
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Aloe Vera is a “wonder” perennial xerophyte, with a short 

stem, drought-resisting succulent leaves in which large 

amounts of water is stored [4]. It belongs to the family Lilia-

ceae, a family reported to have 400 species of Aloe. The 

useful parts utilized are the whole leaf extract, gel, and the 

latex [5]. Due to its therapeutic values, the plant has been 

cultivated globally for over 200 years in areas like Australia, 

China, United States, India, South Africa, Kenya as well as 

Uganda [6]. 

Aloe Vera has received strong global reputation due to its 

widespread usage in cosmetics industry to treat sunburns, 

acne, dandruffs, and healing chronic wounds [7]. The latex 

has been used as a laxative in the treatment of disorders and 

ailments such as x-ray and radium burns, and psoriasis, con-

stipation, external and internal ulcers, hyperlipidemia, and 

diabetes in the United States, Egypt and India [8]. According 

to a study by [9], the plant has been utilized in the treatment of 

gastrointestinal conditions, inflammatory conditions, in for-

mulating of cosmetics, and also as an additive in food and 

beverages industries. In Kenya, the plant has been used to 

treat diarrhea and Newcastle disease in poultry birds [10]. For 

our local communities in Uganda, Aloe Vera has been used in 

a number of ways as full or adjunct therapy, and Aloe Vera 

products are used as over-the-counter medications, 

self-medication, as home remedies, dietary supplements and 

as treatment for poultry animals [11]. 

Despite its extensive use, recent studies have raised con-

cerns about potential adverse effects, challenging the percep-

tion of Aloe Vera as a universally safe functional food mate-

rial [12]. Recently, the reported adverse effects in humans and 

toxicity, genotoxicity and carcinogenicity in both in vitro and 

in vivo studies raise questions as to whether the components 

in Aloe Vera may have tumor-promoting activities in humans 

[13]. Taking Aloe whole-leaf extract by mouth as seen in most 

of our rural communities in Uganda, is unsafe at any dose, 

since it has been reported to cause side effects such as stom-

ach pain, with long term use of large amounts being linked to 

serious side effects including kidney and heart problems, and 

hypertensive reactions [14]. According to a study by [12], 

Aloin is the most active compound of Aloe vera, it is a type of 

anthraquinone metabolized by human gut microflora, result-

ing in the formation of aloe-emodin anthraquinone, later be-

ing associated with several harmful effects such as carcino-

genicity, genotoxicity, nephrotoxicity, and purgative. Simi-

larly, several alkaloids and polysaccharides present in the 

plant are reported to cause hepatotoxicity and male infertility, 

respectively [12]. 

Usually, the natives from local communities obtain the 

whole-leaf extract in cups of approximately 500mL. Basing 

on the available literature, this practice becomes dangerous to 

the lives of the natives continuing to carry it out. Additionally, 

there is a tendency of wasting the leaves of plants available as 

the people harvesting, pick anything they find. Given that the 

beneficial properties of Aloe Vera have been addressed 

comprehensively, and that the components possess medicinal 

properties, this study aimed at analyzing the phytochemical 

composition of whole leaf extracts at various stages of mat-

uration and the antibacterial effect of the leaf extracts against 

a gram-positive bacterium, Staphylococcus aureus. Through 

this research, we aspired to contribute valuable insights that 

inform safer and more informed practices regarding the uti-

lization of Aloe Vera for health-related purposes especially in 

our underserved communities. 

2. Materials and Methods 

2.1. Study Area 

The study was carried out in the biological sciences de-

partment's microbiology laboratory at Kyambogo University's 

Faculty of science. The samples of Aloe vera were obtained 

from Kyambogo University, at the gardens behind the bio-

logical science laboratory. 

2.2. Bacterial Sample Collection 

The bacterial sample Staphylococcus aureus stock culture, 

ATCC 43300 was obtained from the microbiology laboratory 

at Department of biological sciences, Faculty of Science, 

Kyambogo University, maintained at -800c in glycerol stocks. 

This was maintained on MHA at 4ºC. 

2.3. Plant Collection and Extraction 

Due to their widespread distribution in the region, fresh 

Aloe vera leaves free of disease were obtained. The collected 

leaves were cleaned with sterile distilled water and tap water 

to get rid of any dust, then they were dried for a fortnight in 

the shade. The dried leaves were ground into a fine powder 

using a clean mortar and pestle. This was then stored in an 

airtight container and kept at room temperature for further 

research. 

2.3.1. Preparation of Crude Extracts 

The extraction of phytochemicals was carried out using the 

solvent extraction method by maceration. For this, 20g of 

each powdered Aloe vera leaf extract were macerated in 200 

ml of ethanol in a conical flask, covered with aluminum foil, 

and kept at room temperature while shaking at various inter-

vals for 72 hours to permit full extraction. Whatman filter 

paper number one was used to filter the extract after 72 hours. 

The solvent was extracted from the filtrate under reduced 

pressure, and then it was collected and dried in a hot air oven 

with a 40°C temperature setting. The crude extract was 

weighed and the percentage yield of each plant was calculated 

and then stored at 4ºC. 

2.3.2. Media Preparation 

The media was prepared while following manufacturer's 
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instructions. 38g of MHA in a liter of distilled water as per the 

manufacturer’s instructions, stirred to dissolve with a mag-

netic stirrer (UK type) to ensure complete dissolution, and 

then autoclaved for 15 minutes at 121 ºC to sterilize. The 

MHA was then administered sterile plastic Petri dishes (20ml) 

and allowed to stand and set for an hour in the sterile biosafety 

cabinet until the media solidified. 

2.3.3. Preparation of Bacterial Inoculum Suspension 

S. aureus was acquired from Kyambogo University's mi-

crobiology lab. The Staphylococcus aureus inoculum was 

prepared by direct colony method as described by [15]. Dis-

crete colonies were picked up directly from the plate with a 

sterile wire loop and suspended into sterile 0.85% saline. A 

single bacterial colony was grown in an MHB medium at 

37°C until it reached an optical density of 0.5, which corre-

sponded to 108 CFU, as measured with the aid of a UV spec-

trophotometer. 

2.4. Statistical Investigation 

The mean and standard deviation (SD) of all the experi-

mental data were calculated. One-way Anova was used to 

calculate the experimental result. Data from statistical sources 

were analyzed using Graph Pad Prism version 10. 

2.5. Antimicrobial Activity of Aloe vera 

Aloe vera's effect and potency were assessed using the 

modified Agar well diffusion method described by [16]. Us-

ing sterile swabs, 80µL of standardized bacterial suspension 

with an OD value of 0.5 was seeded over 4mm of MHA. After 

allowing the surface to dry for 5 minutes, five wells with a 

diameter of 0.5mm were drawn. On each plate, three wells 

were filled with approximately 100µL of plant extracts. The 

two empty wells in each plate were filled with an equal 

volume of each of the two controls; the positive control, 

which had a concentration of 5mg/ml Tetracycline; and the 

negative control(water). The inhibition zone was measured in 

millimeters using a ruler on all the plates after 24-hour incu-

bation period at 37°C. 

2.6. Qualitative Phytochemical Screening 

Using the protocols outlined in [16-18] the phytochemicals 

(bioactive compounds) present in the ethanol extracts were 

identified. 

2.6.1. Alkaloids (Wagner’s Test) 

1% Sulphuric acid was added to a powdered plant extract, 

which was then left to stand for two hours before being filtered. 

The filtrate was then added to a test tube along with five drops 

of Wagner's reagent, which is created by combining 2g of io-

dine and 3g of potassium iodide in a small amount of distilled 

water to make 100ml of water. An amorphous brown precipi-

tate that formed suggested the presence of an alkaloid. 

2.6.2. Saponins (Froth Test) 

2 mg of extract was dissolved in 20 ml of distilled water 

and boiled for five minutes. To create the froth, 10 ml of the 

filtrate and 5 ml of distilled water were thoroughly combined. 

The development of an emulsion after mixing the froth with 3 

drops of olive oil confirmed the presence of saponins. 

2.6.3. Flavonoids (Shinoda Test) 

2ml of an aqueous extract was combined with 5ml of di-

luted ammonia solution and 2ml of concentrated sulfuric acid 

in a test tube. The presence of flavonoids was revealed when 

the solution turned yellow after being left to stand. 

2.6.4. Glycosides (Borntrager’s Test) 

Individually, 5ml of concentrated hydrochloric acid was 

used to hydrolyze 2mg of dried plant extract for two hours in a 

water bath before filtering it through Whatman filter papers. 

Two ml of filtered hydrolysate were placed in a test tube, 

along with 3ml of chloroform, and were thoroughly mixed. A 

10% ammonia solution was added to a layer of chloroform 

after it had been separated. The presence of glycosides was 

indicated by a pink color formation. 

2.6.5. Phenolic Substances (Test Using Iron (III) 

Chloride) 

2mL of the extract was added to 2ml of the iron (III) chlo-

ride solution. The presence of phenol was established by the 

formation of a deep bluish-green solution. 

2.6.6. Tannins (Ferric Chloride Test) 

2mL of an aqueous extract and two drops of a 5% aqueous 

ferric chloride solution were put in a test tube. Tannins were 

detected by a bluish-black color that vanishes after adding a 

few ml of sulfuric acid. 

2.7. Determination of the Minimum Inhibitory 

Concentrations (MICs) 

The broth dilution method was used to determine the MIC 

for the highly active crude extracts [19]. The dried ethanolic 

extracts of leaves of Aloe vera were used as the test solutions. 

The MIC was determined by serial diluting the extracts in-

dependently to required concentrations (50, 25, 12.5, 6.25, 

3.125, 1.5625 and 0.78125mg/ml). Equal volumes of 1ml 

extracts at the concentration of 50mg/ml was added to 1ml of 

nutrient broth and serially diluted to obtain exact concentra-

tions of 25, 12.5, 6.25, 3.125, 1.5625 and 0.78125mg/ml in 

seven (7) different test tubes uniformly mixed by pipetting up 

and down several times to create a two-fold serial dilution 

(1:1). The positive control was setup with only plant extract 

and broth without the inoculum, while the negative control 
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was only the inoculum and broth. To each test tube, 100μl of 

1x108cfu/ml of Staphylococcus aureus strain was inoculated 

with an equal volume of Mueller Hinton Broth (MHB) Me-

dium. All tubes were incubated for 24 hours at 37oC. The MIC 

is the lowest concentration of antimicrobial agent that com-

pletely inhibits growth of the organism in tubes or micro- 

dilution wells as detected by the unaided eye, as a result, the 

lowest concentration of the extracts that produced no visible 

bacterial growth (no turbidity) in the 24 hours when compared 

with the control test tubes was considered the MIC. 

2.8. Determination of the Minimum Bactericidal 

Concentration (MBCs) of Aloe vera Leaf 

Extracts 

The MBC of each plant extract was determined according to 

the guidelines by [20] by sub-culturing all of the MIC tubes that 

failed to exhibit any signs of growth. These were then incu-

bated overnight where the least concentration that did not show 

any sign of growth on the plate was considered to be the MBC. 

3. Results 

3.1. Phytochemical Test 

The present study was conducted on the Aloe vera leaf ex-

tracts at different ages and revealed the presence of photo-

chemical of probable medicinal value. The phytochemicals 

were qualitatively analyzed and the results are presented in 

Table 1 below. The results were recorded based on the color 

intensity of the test as shown in figure 1 below. The phyto-

chemicals were more concentrated in the older leaves fol-

lowed by the medium and finally the young leaves due to the 

differences in the color intensity of the test solutions ob-

served. 

Table 1. Phytochemicals Present in the Aloe Vera Leaf Extracts. 

Phytochemical 
Young leaves 

extract 

Medium 

leaves extract 

Old leaves 

extract 

Saponins ++ ++ ++ 

Tannins + ++ ++ 

Phenols + ++ +++ 

Alkaloids + + + 

Glycosides _ + ++ 

Flavonoids + + _ 

Key: (+) least; (++) represents moderate; and (+++) represents most 

abundant; (_) Absence. 

 
Figure 1. Colour Changes Confirming Presence of Phytochemicals. 

3.2. Antibacterial Activity of Different Leaf Ages 

of Aloe vera Extracts on Staphylococcus 

aureus Bacteria 

The results obtained from the study revealed that the older 

leaves possessed a higher inhibitory activity of 18.50 ± 0.00 

mm followed by the medium leave with 17.50 ± 0.00 mm and 

finally the young had the least activity of 16.00 ± 0.00 mm 

and the results were tabulated in the Table 2 below though the 

results still show that there is no significant difference be-

tween the tested Old and Medium ages of the Aloe vera and 

the positive control (tetracycline) with a p-value ranging from 

0.2552 to 0.7557 but significantly different from the Young 

aged leaves with the p-value of < 0.0001. The results still 

showed no significant difference between the different leaf 

ages of the Aloe vera with the p-value ranging between 

0.4645 and 0.7557 but all the treatments used were signifi-

cantly different from the negative control (water) used in the 

study after Tukey’s multiple comparison tests were run as 
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shown in the Table 3 and Figure 2. 

Table 2. Antibacterial Activity of Leaf Extracts against S. aureus 

showed by zones of inhibition. 

Treatments Inhibition zone (mean ± Sd) mm 

Water 0.00 ± 0.00 

Tetracycline 19.50 ± 0.00 

Young 16.00 ± 0.00 

Medium 17.50 ± 0.00 

Old 18.50 ± 0.00 

 
Figure 2. Antibacterial Activity of Leaf Extracts against S. aureus 

showed by zones of inhibition. 

The comparisons of the activities of different parts of the 

Aloe vera leaves extracts were made to check for significant 

differences. The results obtained using Tukey's multiple 

comparisons test were recorded. 

Table 3. One-way ANOVA analysis (Tukey’s analysis test). 

Tukey's multiple com-

parisons tests 

Mean 

Diff. 

Signifi-

cant? 

Adjusted P 

Value 

water vs. Tetracycline -19.50 Yes <0.0001 

water vs. young -16.00 Yes <0.0001 

water vs. Medium -17.50 Yes <0.0001 

water vs. Old -18.50 Yes <0.0001 

Tetracycline vs. young 3.500 Yes 0.0427 

Tetracycline vs. Medium 2.000 No 0.2552 

Tetracycline vs. Old 1.000 No 0.7557 

Tukey's multiple com-

parisons tests 

Mean 

Diff. 

Signifi-

cant? 

Adjusted P 

Value 

young vs. Medium -1.500 No 0.4645 

young vs. Old -2.500 No 0.1371 

Medium vs. Old -1.000 No 0.7557 

3.3. The Minimum Inhibitory Concentration of 

Different Leaf Ages of Aloe vera Plant 

Extracts on Staphylococcus Bacteria 

The results obtained after serially diluting the different ex-

tracts of different leaf ages of the Aloe vera plant showed that 

they all exhibited a similar minimum inhibitory concentration 

of 12.5 mg/ml of the initial concentration which was 50 mg/ml. 

the results were recorded in the Table 4 and Figure 3. 

Table 4. Minimum Inhibitory Concentration Of Aloe Vera Leaf Ex-

tracts at Different Ages. 

Treatments MIC (mg/ml) 

Young 12.5 

Medium 12.5 

Old 12.5 

 
Figure 3. Minimum Inhibitory Concentration Of Aloe Vera Leaf 

Extracts. 

3.4. The Minimum Bactericidal Concentration 

of Different Leaf Ages of Aloe vera on 

Staphylococcus aureus Bacteria 

All the tested extracts from the different leaf ages of the 

Aloe vera plant still exhibited a similar MBC of 25 mg/ml on 

the test organism as shown in Table 5 and Figure 4. 

Table 5. Minimum Bactericidal Concentration of leaf extracts of 

Aloe Vera at Different ages. 

Treatments MBC (mg/ml) 

Young 25 

Medium 25 
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Treatments MBC (mg/ml) 

Old 25 

 
Figure 4. Minimum Bactericidal Concentration Of Aloe Vera Leaf 

Extracts. 

4. Discussion of Results 

4.1. Phytochemical Analysis 

The phytochemical screening revealed the presence of 

some active compounds which include saponins, glycosides, 

flavonoids, alkaloids phenols, and tannins as presented in 

table 1 above. Secondary metabolites identified in plant ma-

terial have been reported as having inhibitory action against 

pathogenic microorganisms [11]. The presence of the 

above-named secondary metabolites in the various Aloe Vera 

extracts in different leaf ages could attribute to the inhibitory 

activities observed in the antimicrobial tests conducted 

against Staphylococcus aureus. 

Saponins and tannins were highest in the old and medium 

leaf extract of Aloe vera extract when compared to the young 

leaf extract, while glycosides had the highest intensity in the 

old leaf extract, least in the medium, and not present in the 

young leaf extract. Phenols were more abundant in the old leaf 

extract, moderate in the medium leaf extract and least in the 

young leaf extract of Aloe vera. Flavonoids are least present 

in the young and medium leaf extract and absent in the old 

leaf extract of Aloe vera. Finally, the alkaloids are least pre-

sent in all the different leaf ages of Aloe vera that is the young, 

medium, and old leaf extract. 

Tannins bind to the cell walls of bacteria, thus inducing 

bacterial stasis and protease activity [21]. Tannins also interfere 

with bacterial cell wall development causing disintegration of 

bacterial colonies thus inhibiting microbial growth through 

precipitating the microbial protein thus depriving them of nu-

tritional proteins needed for their growth and development [22]. 

Phenolics and Polyphenol inhibit the growth of microorgan-

isms through enzyme inhibition by the oxidized compounds, 

possibly through reaction with sulfhydryl groups or through 

more nonspecific interactions with the proteins [23]. 

The current study has also revealed that the amount of the 

phytochemicals in the extracts varied in the different ages of 

leaf extracts. The difference in the nature and amount of these 

phytochemicals in the leaves extract accounts for the differ-

ence in their antimicrobial activity. The more the amount of 

these phytochemicals an extract contains, the higher the an-

timicrobial activity it possesses [3]. The findings from the 

study about the present phytochemicals in different leaf ages 

of the Aloe vera are in line with other researchers who carried 

out the phytochemical test on the leaves of the plant without 

considering the difference in ages and found out the present 

phytochemicals which were, reducing sugar, phenolic com-

pounds, steroids, terpenoids, carbohydrate, amino acid, fla-

vonoids, tannins saponins, glycosides, alkaloids, and glyco-

sides [24]. 

There is a slight disagreement in the phytochemicals pre-

sent whereby we found out that tannins were present when 

Aloe vera leaves of different ages were extracted with ethanol 

though according to a study [25] who reported that they were 

absent when he used the same extracting solvent. 

4.2. Antimicrobial Activity 

The antimicrobial properties of the leaf extract depend on the 

type and amount of chemical constituents and exhibit different 

modes of action depending on the main components present. The 

antimicrobial activities of Aloe vera leaf extracts at different leaf 

ages against S. aureus were quantitatively analyzed using inhi-

bition zone diameters, MIC, and MBC values. The older leaves 

proved to be highly significant for use in the treatment of Staph-

ylococcus infections rather than the medium and young leaves 

due to the possession of most vital phytochemical concentrations 

giving the older leaves a chance to exhibit larger inhibition zones 

through interfering with the growth of the organism. The results 

are in line with the findings of [25], who found out that leaf 

extracts of Aloe Vera have antibacterial activity on a number of 

bacterial strains and a few fungal strains. As reported by [26] 

who evaluated the activity of Aloe vera extract against patho-

genic bacteria and found that variations in concentrations bring 

about differences in the inhibition zones. The results are not in 

line with some researchers who found that the inhibition zone 

was over 80mm when tested on different fungal diseases such as 

Penicillium notatum [25]. The results obtained are not consistent 

with that of [27] who evaluated an antibacterial activity against 

selected pathogenic organisms of E. coli, Pseudomonas aeru-

ginosa, S. aureus and Bacillus subtilis using ethanol extracts 

from Aloe vera gel and found out that it exhibited no activity 

against the bacterial strains. 

4.3. Minimum Inhibitory Concentration (MIC) 

The MIC obtained from the present study is slightly higher 

than that recorded by [28], who tested the gel from Aloe vera 

leaves on the fungus, gram-positive and negative bacteria of E. 

coli, Pseudomonas aeruginosa, Staphylococcus aureus, and 
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Candida albicans. This might have happened due to variation 

in the present chemicals that affected the bacteria. The results 

obtained from the study agree with those published by [29], 

who carried out phytochemical screening and comparative 

antimicrobial activity of Aloe. vera extracts obtained through 

the use of methanol solvent. The presence of lower phyto-

chemical concentration or possession of quite similar chem-

ical compositions might have resulted in similar MIC values 

although there were deviations of phytochemical in different 

leaf ages but gave equal MIC due to similarities in the 

mechanism of action. 

4.4. Minimum Bactericidal Concentration 

(MBC) 

The MBC obtained from the present study is in line with 

that recorded by [29] who carried out a comparative antimi-

crobial test and phytochemical screening of Aloe vera extracts 

on Bacillus subtilis, Staphylococcus aureus, Proteus mirabilis, 

and Candida albicans, when methanol extracts were used, 

similar results were obtained. The findings of this study de-

viate from those of [24] who evaluated antimicrobial potency 

of Aloe vera leaves on Staphylococcus aureus bacteria and 

got different results. 

5. Conclusion 

The qualitative phytochemical analysis of Aloe vera leaf 

extracts at various ages revealed a concentration gradient, 

with older leaves showing higher concentrations followed by 

medium and young leaves. This observation suggests a dy-

namic maturation-related variation in the phytochemical 

composition of Aloe vera. 

The antibacterial assay against Staphylococcus aureus 

showed varying inhibitory activities among different leaf ages. 

The older leaves had the highest inhibitory activity, followed 

by medium leaves, and young leaves with the least inhibition. 

Our findings indicated that there was no significant difference 

between the inhibitory activities of older and medium-aged 

leaves, but the young leaves exhibited a significantly lower 

inhibition zone. This shows a potential age-dependent varia-

tion in the antibacterial efficacy of Aloe vera leaf extracts 

against Staphylococcus aureus. 

The serial dilution results indicated a consistent minimum 

inhibitory concentration of 12.5mg/ml across all leaf ages. 

Our findings show that, however much variations in phyto-

chemical content and antibacterial activity, the lowest con-

centration of Aloe vera leaf extracts, at which 99.9% of the 

final inoculum of Staphylococcus aureus is killed remains 

consistent for all ages. 

6. Recommendations 

The variations antibacterial activity across different leaf 

ages call for further research. In future more work would go 

deep into the specific phytochemicals for the antibacterial 

efficacy and also their mode of action. By ensuring that only 

mature leaves are collected, we would promote sustainable 

harvesting, to maximize the beneficial properties of the plant 

while minimizing waste. 

Study Limitations 

Delays in plant identification and classification due to 

the country's scarcity of experienced field botanists. Due to 

a lack of financing, collaborative scientific cooperation for 

advanced investigations and bioactivity testing were 

hampered. 

Abbreviations 

WHO World Health Organization 

OD Optical Density 

MBC Minimum Bactericidal Concentration 

MIC Minimum Inhibitory Concentration 

MHA Mueller-Hinton Agar 

MHB Mueller-Hinton Broth 

CFU Colony Forming Units 
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