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Abstract 
Background: The pharmacological properties of Allium family have been 
reported to include antibacterial, antioxidant, anticancer, anti-aging and anti-
lipidemic properties. This investigation was conducted to evaluate the anti-
bacterial properties of ethanolic and aqueous extracts of Allium sativum and 
Allium porrum on both Gram-positive and Gram-negative organisms from 
chronic wound infections. Methods: Ten (10) isolates were obtained from 
infected open wounds from patients at Chukwuemeka Odumegwu Ojukwu 
University teaching Hospital Amakwu and Nnamdi Azikiwe University 
Teaching Hospital Nnewi, Anambra state, Nigeria. Gram reaction and other 
biochemical tests namely: Indole, Citrate, Catalase, coagulase and oxidase 
tests were done for identification of the isolates. The isolates are K. pneumo-
niae (three), S. aureus (two), Enterococcus (two), P. aeruginosa (two) and E. 
coli (one). The antibacterial properties of ethanolic and aqueous extracts of 
Allium sativum and Allium porrum were determined using the agar well dif-
fusion method while Gentamicin (10 mcg) and Tetracycline (30 mcg) were 
used as positive controls. Result: The results of the study showed that the 
ethanolic extract of Allium sativum (500 mg/ml and 250 mg/ml) respectively 
had an inhibitory effect on all the bacteria isolates under study, except a strain 
of P. aeruginosa which was also resistant to Allium porrum and the conven-
tional antibiotics (Gentamicin and Tetracycline) used as positive controls. 
The ethonolic extract of Allium porrum (500 mg/ml and 250 mg/ml) respec-
tively inhibited all the bacteria under investigation except one strain of P. ae-
ruginosa and E. coli. Worthy of note is that the extracts of both plants inhibited 
two (2) strains of K. pneumoniae and one (1) strain of S. aureus that were re-
sistant to Gentamicin and Tetracycline. The combination of these two plant ex-
tracts did not produce any synergistic effects. Conclusion: The present study 
provides evidence that extracts of Allium sativum and Allium porrum possess 
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antibacteria properties and could serve as alternatives to conventional anti-
biotics in the treatment of bacterial infections from wounds. 
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1. Introduction 

Since ancient times, many plants have been used to treat many diseases. Medi-
cinal plants and microorganisms were the major sources of medicine over many 
centuries [1]. While a majority of new drugs have been generated from natural 
products and their derivatives [2] [3]. 

One of the most important genera of Alliaceae family is Allium species and 
also among the oldest cultivated vegetables which have been used as ornamen-
tals, spices, vegetables, or as medicines for curing various diseases. This activity 
is mainly attributed to the presence of the sulfur compounds in their composi-
tions [4] [5]. Most common species in this genus include: Allium sativum (Gar-
lic), Allium cepa (Onion), Allium ascalonicum (Shallot), Allium porrum (Leek), 
Allium toberosum (Chinese Chive), Allium schoenoprasum (Chive) Allium sa-
tivum (Garlic) and Allium cepa (Onion) [4]. 

Leek (Allium porrum) is one of the allium families consumed in all continents 
as food and traditional medicine. It contains bioactive components with health 
promoting properties such as antimicrobial, antitumorigenetic, immunomodu-
latory properties and more [6]. Allium sativum (garlic) is known to contain a 
variety of biologically active chemical constituents, such as alliin, allicin, alliinase, 
S-allylcysteine and other organo-sulfur compounds. The antimicrobial properties 
of garlic have been attributed to the presence of alliin and allicin. This is suggestive 
that garlic could be active against bacteria associated with wound infection [7] [8]. 

Chronic wound management is a burden to patients all over the world, espe-
cially in poor countries with inadequate health care facility [9]. An infected 
wound activates leukocytes which in turn release cytolytic enzymes. This induces 
an imbalance between pathological local factors and integrity of immune de-
fenses. This promotes colonization of both Gram-positive and Gram-negative 
bacteria such as, particularly Staphylococcus, Enterococcus, Enterobacter, Pseu-
domonas and Finegoldia [10] [11] [12]. 

This study is designed to determine the antibacterial effect of garlic (Allium 
sativum) and leek (Allium porrum) on wound isolates assessing and to deter-
mine their synergistic effects. 

2. Materials and Methods 
2.1. Ethical Approval 

The proposal for this study was submitted to the ethical committee for approval 
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at Chukwuemeka Odumegwu Ojukwu University Teaching Hospital, Amaku, 
Anambra State, Nigeria. After due consideration, the approval was issued. 

2.2. Study Period 

This study was carried out over a period of six (6) months; December 2021 to 
May 2022. 

2.3. Wound Sample Size 

The sample size was decided based on the availability of patients with clinical 
evidence of wound infections at the time of sample collection. 

2.4. Collection of Plant Samples 

Garlic and leek were collected from the local market at Awkuzu, in Anambra 
state, Nigeria. The bulbs were identified and authenticated at the Department of 
Agricultural Sciences, Chukwuemeka Odumegwu Ojukwu University, Igbariam, 
Anambra State, Nigeria. 

2.5. Ethanolic Extraction Method 

Following the method by [13], fresh garlic (Allium sativum) and leek (Allium 
porrum) bulbs were purchased from local market. Two kilograms (2.0 kg) each 
of garlic and leek bulbs were purchased. The garlic and leek bulbs were washed 
thoroughly under tap running water, aseptically cut into small pieces with a 
knife and then kept in the shade for 7 days at 32˚C - 35˚C. The semi-dried pieces 
were then crushed using pestle and mortar, and left to dry in the shade at room 
temperature for further 7 days. The dried garlic materials were further ground to 
powdery form with an electric blender. Two hundred gram (200 g) of garlic 
powder was extracted with 500 ml of ethanol for 24 hours by using Soxhlet ap-
paratus. The extracts were concentrated using a rotary evaporator at 40˚C. 

2.6. Aqueous Extraction Method 

The dry peel around the bulbs of Garlic and Leek were removed and they were 
used to prepare extract. Both aqueous extracts were prepared using 100 g of 
fresh rootless bulbs and 100 ml of distilled/deionized water. Both plants were 
ground in a blender for 10 minutes and filtered using qualitative paper filters, 
and sterilized through 0.2um membrane filters using a vacuum pump. All resi-
dues were weighed, and the concentration of the final solution of both extracts 
was considered 25% (w/v) or 250 mg/ml, as previously described [8]. 

2.7. Collection of Wound Swabs 

The wound swabs were obtained after cleaning the wound surfaces with saline 
from patients with clinical evidence of wound infection at Chukwuemeka Odu-
megwu Ojukwu University Teaching Hospital Amakwu and Nnamdi Azikiwe 
University Teaching Hospital Nnewi, both in Anambra state, Nigeria. Each swab 
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was placed in separate tubes containing transport medium and sent to the Mi-
crobiology laboratory for further culture analysis. Ten samples were collected 
from ten different patients when they visited the hospital [14]. 

2.8. Microbiological Analysis 

The swabs were streaked on blood agar and MacConkey agar and incubated at 
35˚C - 37˚C for 24 - 48 hours. Bacteria colonies were identified by morphologic 
characteristics such as haemolysis on blood agar, changes in physical appearance 
in differential media and enzyme activities of the organisms. Gram reaction and 
other biochemical tests namely: Indole, Citrate, Catalase, coagulase and oxidase 
tests were also done for identification of the isolates using methods described by 
[15]. 

2.9. Antibacterial Susceptibility Testing 

Susceptibility testing was performed by agar well diffusion technique. The in-
ocula were suspended in sterile normal saline and the density of suspension was 
determined by comparison with McFarland 0.5 Barium sulphate solution. The 
test organism was uniformly seeded over the Mueller-Hinton agar surface. The 
plates were allowed to dry for 15 minutes and wells with a 6 mm diameter were 
punched out using a cork borer. The extracts from garlic and leek were used to 
fill the wells respectively at a concentration of 250 mg/ml and 500 mg/ml respec-
tively. Gentamicin and Tetracycline were used as positive controls. The plates 
were incubated for 24 hours and inhibition zone diameters were measured to the 
nearest millimeter. 

2.10. Statistical Analysis 

The statistical analytical method employed in this study was Bonferroni test used 
for statistical analysis (P ≤ 0.05) to show if there are any significant differences 
among all studies obtained (Hamza, 2015). 

3. Results 
3.1. Bacterial Profile 

A total of (10) bacteria isolates were obtained, four (4) were Gram-positive and 
six (6) were Gram-negative bacteria: three (3) Klesiella pneumoniae, two (2) 
Staphylococcus aureus, two (2) Enterococcus spp, two (2) Pseudomonas aerugi-
nosa and one (1) E. coli. Table 1 shows the morphological characteristics of the 
organisms on blood and Mac Conkey agar. It also highlights the results of the 
Gram staining reaction and other biochemical tests carried on each of the iso-
lates. 

3.2. Antibacterial Susceptibility Testing 

Both the aqueous and ethanolic extracts of garlic and leek were tested against the 
isolated and identified bacteria strains, with Gentamicin and Tetracycline as  
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Table 1. Morphological characteristics of the cultured organisms on blood and MacConkey agars, Gram-staining and biochemi-
chal test results. 

Isolates BA MCA HM GS CaT CoT OxT CT InT SO 

A 

Entire Entire beta hemolytic + + + − − − S. aureus 

Light yellow Pale pink 
        

Convex convex 
        

B 

Entire Entire beta hemolytic + − − − − − Enterococcus 

Creamy Red 
        

Convex Convex 
        

C 

Wavy Irregular - − + + + + − P. aeruginosa 

Greyish white Green-brown 
        

Flat Flat 
        

D 

Entire Entire - − + + + − + E. coli 

Greyish white Pink 
        

Convex Flat 
        

E 

Entire Entire beta hemolytic + − − − − − Enterococcus 

Creamy Red 
        

Convex Convex 
        

F 

Wavy Irregular - − + + + + − P. aeruginosa 

Greyish white Green-brown 
        

Convex Flat 
        

G 

Entire Entire - − + − − + − K. pneumoniae 

Greyish-white Pink 
        

Convex Convex 
        

H 

Entire Entire beta hemolytic + + + − − − S. aureus 

Light yellow Pale pink 
        

Convex Convex 
        

I 

Entire Entire - − + − − + − K. pneumoniae 

Greyish-white Pink 
        

Convex Pink 
        

J 

Entire Entire - + − − − + − K. pneumoniae 

Greyish-white Pink 
        

Convex Pink 
        

Key: BA = Blood Agar; MCA = MacConkey Agar; HM = Hemolysis; GS = Gram-staining; CaT = Catalase Test; CoT = Coagulase 
Test; OxT = Oxidse; CT = Citrate Test; InT = Indole Test; SO = Suspected Organism. 
 

positive controls. Freshly prepared 500 mg/ml and 250 mg/ml of the ethanolic 
extracts of Garlic and Leek, and 250 mg/ml of aqueous extracts of both plants 
were tested against each of the 10 selected bacteria isolates. A mixture of 500 
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mg/ml each of the ethanolic extracts of both plants was also tested against each 
of the isolated organisms. The decision to use 250 mg/ml and 500 mg/ml con-
centrations was informed by a study where concentrations below 25% (250 
mg/ml) of leek (Allium porrum) produced no effect against tested organisms 
[16] obtained are as follows: 

Figure 1 shows the antimicrobial inhibition zones of aqueous garlic and leek 
and conventional antibiotics (gentamicin and tetracycline) on the bacterial spe-
cies. All the bacteria isolates were resistant to aqueous garlic extract except one 
strain of P. aeruginosa which produced 20 mm zone of inhibition. Aqueous ex-
tract of leek produced zones of inhibition against both strains of Enterocuccus 
(19 mm and 17 mm respectively), all the strains of K. pneumoniae (16 mm, 16 
mm and 20 mm respectively), one strain of P. aeruginosa (20 mm) and one 
strain of S. aureus (19 mm). 

Figure 2 shows the antibacterial inhibition zones of ethanolic extracts of garlic 
and leek. One strain of P. aeruginosa was observed to be resistant to both etha-
nolic extracts of garlic and leek but susceptible to gentamicin and tetracycline 
with 18 mm and 22 mm zones of inhibition respectively. Two (2) strains of K. 
pneumoniae and one strain of S. aureus which were resistant to gentamicin and 
tetracycline were susceptible to the ethanolic extracts of both garlic and leek at 
both concentrations used producing varying degrees of zones of inhibition. The 
maximum inhibition zone to garlic ethanolic extract (500 mg/ml) was observed 
against one strain of P. aeruginosa (30 mm) and that of leek ethanolic extract 
(500 mg/ml) was observed against same organism (22 mm). 

Figure 3 shows the antibacterial inhibition zones of combined ethanolic ex-
tracts of garlic and leek (500 mg/ml each). The combination of both ethanolic 
extracts produced no effect against one of the strains of P. aeruginosa just like  

 

 
Figure 1. Antibacterial activity of aqueous extract of Allium sativum and Allium porrum. 
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Figure 2. Antibacterial activity of Ethanolic extract of Allium sativum and Allium porrum. 

 

 
Figure 3. Antibacterial activity of combined ethanolic extracts of Allium sativum and Allium porrum. 

 
the individual extracts. It produced no synergistic or additive effects on any of 
the organisms tested, only antagonistic and indifferent effects. 

4. Discussion 

In management of wound infections, antibiotic treatment is recommended and 
paramount, but then, an antibiotic susceptibility test should be performed [14]. 
The incidence of wound infection is more common in males than in females as 
70% of the wound swabs collected were from male patients in the two facilities 
under study. These statistics agree with a study done in Ethiopia where the inci-
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dence of wound infection was more common in males (89.7%) than in females 
(81.4%) [15]; and in Nigeria where a study showed that the incidence of wound 
infection is higher in males (59.3%) than in females (40.7%) [17]. This might be 
explained by the fact that traditionally, in these countries, men are involved in 
occupations that may expose them to occupational hazards. 

The organisms identified namely Klebsiella pneumoniae (30%), Staphylococ-
cus aureus (20%), Pseudomonas aeruginosa (20%), Enterococcus (20%) and E. 
coli (10%) are similar to the findings of Mama et al., (2014) where S. aureus and 
E. coli were the most isolates from wounds. The high prevalence of S. aureus 
therefore is not unexpected since the organism is a normal flora on the skin. 
Since K. pneumoniae are typically nosocomial infections, patients may have 
contracted the infection through contaminated hands of medical personnel or 
through contaminated medical equipments and from the hospital environments 
[18]. The high percentage of mono microbial growth reported in this study 
which may be due to pre treatment by the patients before hospital visits were al-
so confirmed by [19] [20] with 86% - 100% mono prevalence rate. 

It was observed in this study that the ethanolic extracts (250 mg/ml and 500 
mg/ml) of both plants acted as better antibacterial agents than the aqueous ex-
tracts. The aqueous extract of garlic produced antibacterial effect on P. aerugi-
nosa strain, while the ethanolic extract had effect on all the isolates except a 
strain of P. aeruginosa in both concentrations. Similar studies by Akrayi [16] 
and Evans & Cowan [21] done with ethanolic exracts of Allium porrum and Le-
pidium sativum produced better inhibition zones than their aqueous extracts of 
the same concentration. The P. Aeruginosa isolate which was resistant to both 
plant extracts was susceptible to the two conventional antibiotics, Gentamicin 
and Tetracycline used as positive controls. It was also observed that there were 
wider inhibition zone diameters with 500 mg/ml when compared to half the con-
centration. This was also observed by Akrayi [16] in their study where slight in-
crease in zones of inhibition diameter was observed with the ethanolic leek extract. 

Combination of both plant extracts did not produce any synergistic effect as 
no appreciable increases in inhibition zone diameters were observed. This sug-
gests that the extracts produce better activities against the isolated organisms 
when used separately than in combination, though this may require further in-
vestigation. The antibacterial activity of crude extracts of garlic and leek were 
also compared with the conventional antibiotics used as positive controls in this 
study, as was also observed in a study by Naem & Hadi [22]. 

The findings in this study with extracts of Allium sativum and Allium porrum 
confirm their antibacterial activities against both Gram-positive and Gram-negative 
organisms and may be considered as alternative treatment especially with con-
tinuous rise in antibiotic resistance. 

5. Limitation of the Study 

The authors of this study did not determine and isolate the active phytochemical 
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constituents of these plant extracts responsible for antibacterial activity. 

6. Conclusion 

The applications of herbal products for the control of infections are emerging 
alternatives due to rapid development of resistance against antibiotics. This 
study underscores the potentials of Allium sativum and Allium porrum in the 
treatment of wound infections. Further studies on dosage, purification and iden-
tification of phytochemical components with antibacterial effect are advised. 
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