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Abstract 

Background:  The increase in the demand for synthetic drugs due to the surge in the cases of drug-resistant infec-
tious organisms has led to the search for new medicines in plants. Some plants have phytochemicals that can serve 
medicinal purposes. This study focuses on the antibacterial activity and antioxidant potential of Allium sativum and 
Allium cepa extract on bacterial isolates isolated from the wound of diabetic patients. Agar well-diffusion method was 
used for the antibacterial susceptibility. Proteus mirabilis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococ-
cus aureus, and Escherichia coli were used for this study. The total phenolic content of the extract was determined 
using standard Spectrophotometric techniques.

Results:  The ethanolic extract of each plant had higher inhibitory effects against the bacterial isolates than the aque-
ous extracts. The zone of inhibition of each ethanolic section ranged from 3 to 12.5 mm, while the aqueous extracts 
ranged from 4 to 10 mm. The highest antimicrobial activity was observed at 150 mg/ml in A. sativum ethanolic extract 
when tested against Staphylococcus aureus, which resulted in a zone of inhibition of 12.5 mm. The aqueous and etha-
nolic extracts of A. cepa have higher phenolic content than that of A. sativum.

Conclusion:  This research showed that the ethanolic and aqueous extracts of both plants vary in their abilities to 
serve act as antioxidants and antimicrobials.
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Background
The past decades saw traditional systems of medicine 
become a topic of global importance. It played a signifi-
cant role in providing primary health care among the 
people in developing countries (Mosihuzzaman 2012). It 
has been estimated that a large proportion of the popu-
lace in developing countries relies heavily on medicinal 
plants and traditional medicine to meet their primary 

health demands. As direct care services, herbal medicine 
specialists have made significant contributions to human 
well-being over the ages, according to historical records 
(Hou et  al. 2010). The compounds of flavonoids, phe-
nols, alkaloids, terpenes, steroids, cardiac glycosides, stil-
benes, tannins, saponins, and many more phytochemical 
constituents of medicinal plants are responsible for the 
preventive or therapeutic effects attributed to medicinal 
plants (Raina et al. 2014).

There has been a growth in the use of plant prod-
ucts as medicines for a variety of human ailments as a 
result of an increasing human population, the lack of 
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synthesized pharmaceuticals, the high cost of therapies, 
and the array of synthesized drugs’ negative impacts, 
and more. Therefore, phytomedicine involving phyto-
chemical extracts sub-fractions or pure compounds of 
single phytochemical serve medicinal purposes through 
single or multiple interactions with the target cells, tis-
sue, or organ to effect pharmacological or physiological 
changes in the disease conditions where it functions as 
laxatives, antidiabetics, anticoagulants, anticardiovas-
cular diseases, antibiotics, antimalarial, antioxidants, 
antihyperlipidemia, antihypertension, and so many oth-
ers (Rasool and Bassam 2012).

According to Sofowora (2008), a medicinal plant is any 
plant that possesses therapeutic value in any of its parts, 
including the leaves, stem, bark, roots, flower, or fruits to 
be used to prepare medicinal concoctions or as precur-
sors for the production of pharmaceutical drugs. It can 
also be defined as those plants that are commonly used 
in traditional, alternative/complementary medicine for 
the prevention and treatment of specific ailments and 
diseases (Schulz et  al. 2001; Chintamunnee and Maho-
moodally 2012). They can be found to grow either as wild 
plant species naturally present in terrestrial ecosystems 
habitats devoid of direct human activities. Medicinal 
plants can also be planted domestically through selected 
breeding and management for commercial purposes as a 
source of bioactive compounds required in pharmaceuti-
cal drug production (Calixto 2000; Hassan et al. 2010).

Phytochemical constituents of medicinal plants have 
been the basis to which its therapeutic effects are attrib-
uted, and the essential phytochemicals are flavonoids, 
alkaloids, sterols, terpenoids, phenolic acid, stilbenes, 
lignin’s, tannins, and saponins (Okigbo et  al. 2008). 
Alkaloids are one of the commonly known phytochemi-
cals that give the bitter-tasting of the plants medicinal 
extracts and are concentrated in the plant parts, such 
as the stem, roots, and partly in the leaves or protecting 
against parasites feeding on the plants (Smith-Hall et al. 
2012).

Onion (Allium cepa L.) and garlic (Allium sativum 
L.) are examples of medicinal herbaceous plants that 
are among the oldest plants purposefully cultivated to 
serve as food and also for medicinal uses (Martins et al. 
2016). Onion is a vegetable with long medicinal folk-
lore where the onion bulbs serve culinary functions as a 
food flavoring and therapeutic use. Likewise, the leaves, 
stalk, and roots do in medicinal applications and can 
be used in preparing dishes (Guarrera and Savo 2013). 
The ethno medicinal effects of onion have positively 
impacted the circulatory system as diuretics, antiarte-
riosclerosis through lowering blood LDL cholesterol, 
and formation of blood clotting during tissue injuries. 
It has been applied to controlling diabetes through its 

antihyperglycemic effect and prevents fungal and bacte-
rial infections (Hannan et al. 2010).

In case of wounds and wasp sting, onion juice can be 
applied where it helps to reduce inflammations or swell-
ing, and skin boils. Thiosulfate chemical compound 
in onion has effectively killed many common bacteria, 
including Salmonella typhi, Escherichia coli, and Pseu-
domonas aeruginosa (Shinkafi and Dauda 2013). Onion 
covers vast medicinal properties of cardiovascular pro-
tectives, antioxidant, antimicrobial activity, antihyper-
glycemic, and prevention of respiratory tract infections. 
Onion is an essential source of phenols, flavonoids, and 
volatile organosulfur antioxidant molecules (Gazuwa 
et al. 2013a, b).

Garlic (A. sativum L.) is also an example of a bulb-
producing herbaceous plant that belongs to the family 
of Amaryllidaceae and is medically effective in treating 
atherosclerosis and reducing LDL cholesterol triglyceride 
levels in respiratory infections. The bioactive compound 
present in garlic is mostly alliin, the primary ingredient in 
garlic with a similar chemical structure to sulfur-contain-
ing amino acid cysteine. Freshly harvested garlic is rich 
in sulfur-containing compounds diallyl polysulfide, vinyl-
dithiins, alliin, and S-allylcysteine. It also contains non-
sulfur-containing compounds of flavonoids, terpenes and 
cardiac glycosides, and enzymes (Onyeagba et al. 2004).

Garlic has a higher concentration of sulfur compounds 
(allicin, diallyl disulfide, S-allylcysteine, and diallyl tri-
sulfide), responsible for its therapeutic properties. Gar-
lic sources various biologically active phytomolecules, 
including organosulfur compounds, phenolic acids, allyl 
thiosulfinates, flavonoids, vitamins, and minerals (Chen 
et  al. 2013). Garlic contains minerals like germanium, 
calcium, copper, iron, potassium, magnesium, selenium, 
zinc, vitamins A, B1, C, fiber, and water (Gebreselema 
and Mebrahtu 2013). Research has proved that garlic 
has medicinal effects on a wide range of pathologic con-
ditions of ringworm, Candida, and vaginitis due to its 
fungicidal, tonic, antiseptic, and parasiticidal activities, 
which are of high benefit in the management of the ill-
health condition (Peni et al. 2012).

The antibacterial effect of garlic showed that it pro-
duces growth inhibitory effects on gram-negative typhoid 
or paratyphoid or enteritis group of bacteria, given scien-
tific evidence that garlic possesses a high capacity to kill 
germs and reduce the proliferation amoebic enteritis that 
causes dysentery (Modaresi and Heidari 2015).

Several health benefits of garlic are seen in the area 
of wounds, flu, ulcers, athlete’s foot and skin infections 
treatment, reduction in viral load, Streptomyces, worms, 
respiratory ailments, blood thinning, high blood pres-
sure, colic, cancer of the stomach, colds, bladder prob-
lems, kidney problems, and many more (Borek 2001; 
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Bhandari 2012). Allicin and Ajuein are the most criti-
cal garlic compounds responsible for their smell and 
medicinal values. It has been observed that garlic reduces 
cholesterol aggregation, triglyceride, and lipid peroxida-
tion in humans and animals and has antibiotic activities 
(Kumar et al. 2010).

These compounds can directly or indirectly act as an 
antioxidant by modulating the oxidative pro-apoptotic 
pathway or by stimulating the synthesis of endogenous 
antioxidant molecules or enzymes. The ability of the anti-
oxidants to scavenge free radicals generated during cellular 
respiration and protect the human body from diseases has 
led to the increasing interest in the discovery of new anti-
oxidant phytochemicals (Pohare et al. 2017). Clinical stud-
ies have shown that regular consumption of garlic powder 
of about 300  g/day protects the endothelial cells of body 
organs and tissues from free radicals oxidative damage. It 
possesses anti-inflammatory, anticardiovascular, antican-
cer activities, antibacterial effects, and antioxidants (Wang 
2017). This study aims to examine the antimicrobial activ-
ity and antioxidant potential of A. sativum and A. cepa 
extract on bacterial isolates from the wound of diabetic 
patients using the agar diffusion method.

Methods
Collection of plant materials
Fresh A. sativum and A. cepa were purchased from the 
Ede Market, Osun State, Nigeria, and were transported 
to the Department of Microbiology Laboratory, Adeleke 
University, Ede, Osun State. Oyawoye, O.M formally 
identified the plant specimens by checking their physi-
cal features. There are no vouchers attached to these 
specimens.

Preparation of plant extract
The raw A. sativum and A. cepa were sliced, crushed, 
dried in the oven, and then pulverized to powder. The 
extraction was performed by soaking 100 g of the pulver-
ized garlic and onion in 1000 ml of distilled water and 95% 
ethanol solution to extract bioactive from the garlic clove, 
according to Shuford et al. (2005). The mixture was kept 
at room temperature for 48  h in a sterile flask covered 
with aluminum foil to avoid evaporation. The residue and 
the filtrate were obtained by filtering the soaked garlic (A. 
sativum) and onion (A. cepa) using Whatman No. 1 filter 
paper. The extract evaporated in a rotary evaporator. The 
residue was dried on a cardboard paper, and the filtrate 
was obtained as extract and was kept in the refrigerator 
for biochemical and microbiological studies.

Preparation of extracts serial dilution
Three serial dilutions of each extract were prepared in a 
sterile test tube. Different concentrations of ethanol and 
aqueous extract of A. sativum and A. cepa 50  mg/ml, 
100  mg/ml, and 150  mg/ml were prepared aseptically. 
The dilution standard used were 0.5  g of the extract 
in 10 mls of sterile distilled water to make 50  mg/ml, 
1 g in 10 mls of sterile distilled water to make 100 mg/
ml, and 1.5 g of the extract in 10 mls of sterile distilled 
water to make 150 mg/ml.

Collection of bacteria samples
The test organisms used in this study were obtained 
from the Culture Collections of the Department of 
Medical Microbiology and Parasitology, University Col-
lege Hospital, Ibadan,  Oyo State. The bacteria used in 
this study were: Escherichia coli, Klebsiella pneumo-
niae, Pseudomonas aeruginosa, Staphylococcus epider-
midis, and Proteus vulgaris. The test organisms were 
streaked on the Nutrient Agar slants and were incu-
bated overnight at 37 °C. The cultures were kept under 
refrigerated conditions.

Screening and determination of total phenolic compound
Total phenol will be extracted by boiling 2 g of sample 
with 50 ml of diethyl ether in water bath for 15 min. The 
estimation will be carried out by calorimeter assay. 1 ml 
of sample will be mixed with 1 ml of Folin–Ciocalteu’s 
phenol reagent for 15  min which will be then cooled 
and poured in petri plates under sterilized condition 
of laminar flow hood. The wells of 6 mm will be bores 
in each plate and the plates will be inoculated with 30 
ul of inoculum. Then, 1000 µg/75 µl of each of sample 
will be pipetted in each well and plates were incubated 
at 37 °C for 24 h. After 24 h, ones of inhibition will be 
measured in millimeter (mm).

Determination of diameter (mm) of zone of inhibition
Onyeagba et  al. (2004) revealed that an inoculum sus-
pension was swabbed uniformly to solidify 20  mL, 
Nutrient Agar for bacteria, and the inoculum was 
allowed to dry for 5 min. Holes of 6 mm diameter were 
made in the seeded agar using a micropipette. An ali-
quot of 0.5 ml from each plant crude extract (50, 100, 
150  mg/ml) was added into each well on the seeded 
medium and allowed to stand on the bench for one h 
for proper diffusion and after that, incubated at 37  °C 
for 24 h. The resulting inhibition zones were measured 
in millimeters (mm).
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Results
The total phenolic contents of A. cepa and A. Sati-
vum are represented in Figs. 1 and 2 and Table 1. The 
phenolic contents of A. cepa (onions) and A. sativum 
(garlic) are interpreted in Table  1 for both the aque-
ous extract and ethanol extracts. The highest phenolic 
content was observed in the A. cepa aqueous extract 
and the lowest in A. sativum ethanol extracts. Garlic, 
red, brown, and white onions showed a varying num-
ber of phytochemicals. The aqueous extract of A. cepa 
(0.5550 ± 0.36) and A. Sativum (0.2543 ± 0.21) was 
significantly higher in phenolic content compared to 
the ethanolic extract (0.1520 ± 0.15) and 0.1322 ± 0.10, 
respectively, as shown in Figs. 1 and 2.

Table  1 shows the total phenolic content of A. cepa 
(onions) and A. sativum (garlic) as justified from another 
study by Onyeagba et al. (2004).

Table 2 shows the antibacterial activity of different con-
centrations of aqueous/ethanol extracts of A. Sativum 
against Escherichia coli, Staphylococcus aureus, Pseu-
domonas aeruginosa, Klebsiella pneumonia, and Pro-
teus mirabilis. The zone of inhibition of the organisms 
ranged from 3.0 to 12.5 mm, and the highest inhibition 
was observed in Staphylococcus aureus with 12.5 mm at 
150 mg/ml for ethanol extract. The lowest inhibition was 
3 mm, observed in Pseudomonas aeruginosa at the aque-
ous extract of 150  mg/ml and Klebsiella pneumonia at 
ethanol extract of 100 mg/ml.

Table  3 shows the antibacterial activity of different 
concentrations of aqueous/ethanol extracts of A. cepa 
against Escherichia coli, Staphylococcus aureus, Pseu-
domonas aeruginosa, Klebsiella pneumonia, and Proteus 
mirabilis. The zone of inhibition of the organisms ranged 
from 4.0 to 14 mm. The highest inhibition was observed 
in Staphylococcus aureus with 14  mm at 150  mg/ml 
for ethanol extract, and Klebsiella pneumonia had the 
lowest inhibition at the aqueous extract of 100  mg/ml 
(Fig. 3).
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Fig. 1  Total phenolic concentration of the A. cepa 
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Fig. 2  Total phenolic concentration of the A. sativum 

Table 1  Total phenolic content of A. cepa (onions) and A. sativum 
(garlic)

Plants samples Concentration (mg 
of GA/mg of extract)

Allium cepa aqueous extract 0.5550 ± 0.36

Allium cepa ethanol extracts 0.1520 ± 0.15

Allium sativum ethanol extracts 0.1322 ± 0.10

Allium sativum aqueous extract 0.2543 ± 0.21

Table 2  Antibacterial activity of different concentrations of aqueous/ethanol extracts of A. sativum 

Test bacteria Diameter of inhibition zone (mm) of different concentration

150 mg/ml 100 mg/ml 50 mg/ml

Aqueous Ethanol Aqueous Ethanol Aqueous Ethanol

1. Escherichia coli 7.0 6.0 0 5.2 0 0

2. Staphylococcus aureus 5.5 12.5 0 6.0 0 0

3. Pseudomonas aeruginosa 3.0 6.2 0 5.9 0 0

4. Klebsiella pneumonia 5.2 4.6 0 3.0 0 0

5. Proteus mirabilis 4.0 5.5 0 5.5 0 0
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Discussion
The highest phenolic content was observed in the A. cepa 
aqueous extract and the lowest in A. sativum ethanol 
extracts. Garlic, red, brown, and white onions showed 
a varying number of phytochemicals. This confirmed a 
similar qualitative work on garlic and onions by Gazuwa 
et  al. (2013a, b) and Micová et  al. (2019) who studied 
samples of garlic to confirm its total polyphenols content, 
total sulfur content, and antioxidant activity. The high 

phenolic content of these extract has also proven its anti-
oxidant and medicinal potentials of the plants. The health 
properties of garlic depend on its bioactive compounds 
and especially on phenolic compounds, which have inter-
esting pharmacological properties, and are present in rel-
atively high amounts (Chen et al. 2013).

Phenolic compounds are large groups of secondary 
metabolites that are able to neutralize or quench the free 
radicals. Flavonoids and their derivatives are the largest 

Table 3  Antibacterial activity of different concentrations of aqueous/ethanol A. cepa extracts

Test bacteria Diameter of inhibition zone (mm) of different concentration

150 mg/ml 100 mg/ml 50 mg/ml

Aqueous Ethanol Aqueous Ethanol Aqueous Ethanol

1. Escherichia coli 5.7 10 4.2 8 0 0

2. Staphylococcus aureus 5.2 14 4.0 6 0 0

3. Pseudomonas aeruginosa 5.0 9 3.5 6 0 0

4. Klebsiella pneumonia 4.5 0 3.0 0 0 0

5. Proteus mirabilis 0 6 4 4 0 0

Larger zone of inhibition 
at 150mg/ml of the extract

No inhibition observed at 
50mglml of the extract

Zone of inhibition at 100mg/ml

Fig. 3  Zone of inhibition of onion ethanol extract on Klebsiella pneumonia at 150 mg/ml
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group of polyphenols found in plants (Hounsome et  al. 
2009).

Health benefits of garlic depend on its content of bio-
logically active compounds (polyphenols, sulfur com-
pounds, and antioxidant active ingredient), which differs 
between cultivars (Micová et al. 2019). Ren et al. (2017) 
evaluated polyphenolic content and antioxidant activ-
ity in two onion varieties grown under organic and con-
ventional production systems and observed that levels of 
total phenolic and total flavonoids showed a significant 
year-on-year variation and were significantly different 
between organic and conventional production systems. 
Organic cultivation practices resulted in significantly 
higher levels of potential bioactive compounds in onion.

Benkeblia (2005) evaluates the antimicrobial activity of 
different phenolic compounds of three types of onions 
and garlic against two bacteria (Staphylococcus aureus 
and Salmonella enteritidis) and three fungi (Aspergillus 
niger, Penicillium cyclopium, and Fusarium oxysporum). 
Garlic showed the highest inhibition, and green onion 
showed the lowest inhibition. Fusarium oxysporum 
shows the most heightened sensitivity. The antimicro-
bial activities of A. sativum extract obtained in this study 
agree with those of Zakaria and Astal (2003). They stud-
ied the antibacterial effects of garlic extracts on certain 
Gram-positive and Gram-negative bacteria. A study by 
Shobana et al. (2009) revealed that alcohol extract of A. 
sativum has the highest inhibitory activity against all test 
bacteria, while Zakaria and Astal (2003) also reported the 
inhibition of the growth of S. aureus, S. Typhi, and E. coli 
by fresh garlic extract.

Minimum inhibition against Klebsiella pneumonia was 
in agreement with the study of Enejiyon et  al. (2020), 
where Kneumonia pneumoniae acetone extract showed 
no antibacterial activity in all the concentrations used. 
Staphylococcus aureus was the most susceptible test 
isolate, which still correlates with Enejiyon et al. (2020). 
Factors responsible for the high susceptibility of these 
organisms were not confirmed but presumed to be attrib-
uted to the presence of phytochemical constituents. 
Ethanol was the most effective of the three extraction 
solvents, possibly due to the more excellent solubility of 
active chemicals in alcohol. As a result, E. coli was the 
most vulnerable and prone to A. cepa extracts, while S. 
aureus was particularly prone to A. sativum extracts 
(Anyawu and Okoye 2017).

However, the presence of phytoconstituents elements 
in plant extracts is presumed to cause these species’ 
high vulnerability (Bakht et  al. 2013). Extracts col-
lected in this study showed that Allium species strongly 
affected pathogenic bacteria, based on their minimal 
inhibitory concentrations. There were relatively low 
inhibitory concentrations for both A. sativum and A. 

cepa, which indicates that their bioactive components 
have the best antibacterial capability (Gazuwa et  al. 
2013a, b).

A single clove of garlic has the potential to cure a man 
of a large number of diseases by inhibiting the popula-
tion of different strains of bacteria and fungi. Garlic (A. 
sativum) use in cardiovascular therapeutics has an even 
more extended history back over 3000  years to ancient 
times. Different animal studies have established garlic to 
have a cholesterol-lowering effect  (Enejiyon et  al. 2020; 
Anyawu and Okoye 2017). The active chemical in garlic 
is allicin, which is produced when raw garlic is crushed, 
allowing the enzyme alliinase to act on the stable pre-
cursor in garlic’s antidiabetic, antibiotic, and perhaps 
anticancer well-accepted world over because many of 
scientific literature supports these effects. Garlic also has 
hepatoprotective, antioxidant, and anthelmintic effects.

Research for new antimicrobials has been fundamen-
tal in recent times. Because onion is known to act syn-
ergistically with antibiotics, and resistance has not been 
reported for garlic, more dose–response preclinical 
studies and eventually clinical studies should be done to 
assess the use of an antibiotic/garlic combination for bac-
teria that are difficult to eradicate (Micová et al. 2019).

Conclusions
It is concluded from this study that A. cepa and A. sati-
vum extract has antimicrobial activity against Staphylo-
coccus aureus. It is expected that using natural products 
as therapeutic agents will probably not elicit resistance in 
microorganisms. Research must continue to isolate and 
purify the active components of this natural herb.
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