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Abstract 

Background and Aim: Due to the problems caused by the formation of biofilms in industry and medicine as 

well as the development of drug resistance, new methods are required to inhibit resistant microorganisms, 

particularly in the biofilm form. The aim of the present research was to determine the effect of garlic and ginger 

on the biofilm formation of Pseudomonas aeruginosa.  

Materials and Methods: In this study, the minimum inhibitory concentration (MIC) and the minimum 

bactericidal concentration (MBC) of garlic and ginger extracts against Pseudomonas aeruginosa were assessed 

by microtiter plate method. Biofilm formation was investigated by the use of microtiter plate method and 

staining with crystal violets.  

Results: The minimum inhibitory concentrations of garlic and ginger extracts against ATCC 27853 standard 

strain Pseudomonas aeruginosa were 40 and 2.5 mg / ml respectively. Moreover, it was 80 and 20 mg / ml for 

ESBL, KPC and ESBL + KPC generating strains respectively. The mean percentages of the biofilm inhibition 

of Pseudomonas aeruginosa by garlic and ginger extracts were 61.98% and 66.81% respectively.  

Conclusion: Garlic and ginger extract might be used in different compounds to inhibit Pseudomonas 

aeruginosa and its biofilm formation.  
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Introduction 

As an opportunistic pathogen, pseudomonas 

aeruginosa (P. aeruginosa) is one of the major causes 

of death in in hospital burn patients and patients with 

cystic fibrosis. P. aeruginosa is capable of forming 

biofilms in different environments (1, 2). Biofilms 

contain microorganisms attached to living and non-

living surfaces that are molded into a hydrous 

polymeric matrix (3). The most prominent feature of 

the biofilm is its resistance to antimicrobial agents (4). 

In fact, biofilm is the biggest failure factor for biocides 

and antibiotics in the treatment of infections (5). 

Biofilms pose many problems in medical, industrial 
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and environmental fields (6). High doses of 

antibiotics are needed to eliminate biofilms, and one 

of the goals of microbiologists today is to discover 

new ways to combat biofilms and reduce the 

effective dose of antimicrobial agents (7). Antibiotic 

resistance in bacteria, particularly in Gram-negative 

bacteria, has been recently increasing worldwide (8). 

This phenomenon makes researchers consider the use 

of effective antimicrobial agents with less side 

effects instead of less effective antimicrobial agents 

with more unwanted side effects (9, 10).  

Medicinal herbs are of particular value and 

significance in the health and well-being of 

communities both in terms of treatment and 

prevention of diseases. Investigators' attempts to 

introduce compounds with anti-biofilm properties 

have resulted in the identification of plant 

compounds that naturally use plants to defend 

themselves against bacterial establishment (11, 12). 

These compounds include are alkaloids, terpenoids, 

flavonoid and coumarins, peptides, glycosides, 

nucleosides and polyphenols (13, 14). 

Ginger plant, scientifically known as Zingiber 

officinale, is an edible herb that has long been used 

in the treatment of various diseases (15). Ginger that 

contains gingerol, vitamins, minerals and 

antioxidants promotes high levels of health. As a 

heart conditioner, ginger has anti-nausea, anti-

clotting, antibacterial, antioxidant, anti-cough, anti-

liver toxins, diuretic and anti-flatulence properties. It 

could increase intestinal and gastric secretions and 

lower cholesterol level. Moreover, it is a digestive 

stimulant, and is used as an analgesic for toothache. 

Finally, it is used in the treatment of colds and flu 

(16, 17). Traditional medicine uses ginger to treat 

rheumatoid arthritis and gastric ulcer. The 

androgenic antioxidant activity of ginger has been 

known worldwide to treat diseases (18). Ginger 

consists of a family of tropical plants which is 

especially abundant in India and Malaysia. This plant 

has more than 1200 species and 53 genera. The 

genus zingiber comprises nearly 85 species of 

aromatic plants ranging from East Asia to the 

tropical regions of Australia. Zingiber is a Sanskrit 

word for ginger rhizome which means "horn-

shaped"(19, 20). 

Garlic, with the scientific name Allium sativum, is 

one of the foods that has long been considered for 

nutritional values and therapeutic effects (21, 22). It 

has many health benefits such as being an immune 

enhancer. Moreover, it has anti-allergic, 

anticonvulsant, and anti-cancer properties. It is also 

used as a cholesterol-lowering agent. Furthermore, it is 

used in the treatment of throat infection, influenza, 

colds, hepatitis, constipation, and in the controlling of 

bacterial infections, fungi and yeasts (23). Researchers 

have indicated that garlic is able to prevent the growth 

of Gram-positive, Gram-negative and toxic acid-

producing bacteria (22). The higher antibacterial 

properties of garlic are due to functional differences of 

thiol-disulfide between sulfur compounds and thiol 

group in bacterial enzymes such as RNA and DNA 

polymerase, thioredoxin reductase and trypsin which 

can cause this disorder (24). The aim of the present 

study was to investigate the impact of garlic and 

ginger on the ability of biofilm formation in the 

clinical isolates of P. aeruginosa ATCC27853, ESBL-

producing, and KPC-producing P. aeruginosa isolates. 

Materials and Methods 

Bacterial Strains  

In this descriptive in vitro study, strains of ESBL and 

KPC – producing P. aeruginosa were prepared from 

Pasteur Institute of Iran, and the lyophilized P . 

aeruginosa ATCC 27853 strain was prepared from 

Iranian Scientific and Industrial Research Center.  

Sample Collection and Preparation of Extracts  

Ginger (Zingiber officinale) and garlic (Allium 

sativum) used in this research were purchased from 

the local market of Khorramabad, Iran. Soaking the 

extracts was done by the maceration method. After 

crushing the garlic and grating the ginger root, they 

were dried at room temperature and shade, and then 

weighed with digital scales.  20 g of dry ginger was 

mixed with 200 ml of absolute ethanol, and 50 g of 

dry garlic was mixed with 500 ml of absolute ethanol, 

and was subsequently placed on a shaker for 48 hours 

at ambient temperature. It was then mixed with 

Whitman filter paper. No. 1 that was filtered and dried 

at 40°C in the oven. Finally, various concentrations 

were prepared and stored at 4°C (25).  

Phenotypic Screening and Confirmatory Tests for 

ESBL and KPC–Producing Strains  

Screening of ESBL and KPC–producing strains was 
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performed based on the disc diffusion method. 

ESBL-producing strains were identified using 

ceftazidime (30µg), cefotaxime (30µg), ceftriaxone 

(30 µg), Cefoxitin (30 µg), alone and combined with 

clavulanic acid (Rosco , Denmark) according to the 

criteria proposed by Clinical Laboratory Standards 

Institute (CLSI) (26). Strains were tested for KPC 

carbapenemases production on disks containing 

imipenem and imipenem with 400 μg of boronic acid 

on Muller Hinton medium. When the diameter of the 

growth inhibitory zone around the imipenem with 

boronic acid was ≥ 5 mm larger than that around 

imipenem disc alone, it was regarded positive for the 

identification of KPC production (27).  

Antimicrobial Assay Using Disc Diffusion Method 

100 µl of the microbial suspension was poured onto 

the Mueller-Hinton agar culture medium and was 

spread on the culture medium. Subsequently, a blank 

paper disk (prepared by Antibody Tab) was placed 

on the culture medium, and 15 µl of the extract was 

extracted on the disk. It was dumped. Plates were 

incubated at 37°C for 24 hours, and then the diameter 

of the inhibition zone was measured by a ruler. 

Finally, the diameter of the auras was compared with 

positive control (gentamicin antibiotic) and negative 

control (solvent) (28). 

Determination of Minimum Inhibitory 

Concentration (MIC) and Minimum Bactericidal 

Concentration (MBC) 

MIC and MBC of different ginger and garlic extracts 

were determined by dilution method in 96-well 

microplates. Thus, after culturing the bacteria on 

Muller-Hinton agar medium and holding it at 37°C 

for 24 hours, it was adjusted to a final density of 8 

log CFU/mL. The dilution of the extracts was carried 

out ranging from 100 mg/ml to 0.01 mg/ml for MIC 

against P. aeruginosa in 96-well microliter plates. 

Hence, the plates contained the serial dilutions of the 

ginger and garlic extracts on MHB.  The extracts 

were diluted ranging from 100 mg/ml to 0.01 mg/ml 

for MIC against P. aeruginosa. In this method, the 

bacterial culture and broth without the plant extract 

were used as positive control. The incubation of the 

contents of each well was carried out at 37°C for 24 

h. Subsequently, the visual indication of bacterial 

growth was fulfilled using 

2, 3, 5-triphenyltetrazolium chloride. The MIC of the 

essential oils was considered as the lowest 

concentration that indicated zero growth. Each test 

was performed in triplicate. We identified the last well 

that lacked turbidity due to microbial growth as MIC. 

To determine the MBC of the wells that we considered 

to be MICs, we planted two wells on the neutron agar 

medium and placed them in the incubator at the 

appropriate temperature and time. We considered 

MBC as the concentration of wells at which the germs 

had not grown (29).  

The Effect of the Extracts on the Biofilm 

Formation of P. aeruginosa Isolates  

Microtiter plate staining and 0.1% crystal violet 

staining were used to examine the effect of the 

ethanolic extracts of garlic and ginger on the biofilm 

formation of Pseudomonas aeruginosa. First, each well 

was plated in every well of 96-well 100 µl Müller 

Hinton broth, and in all wells of the first column 

except 100 µl negative control wells of the extract 

prepared at the initial concentration of 80 mg / ml. 

Liter (in triplicate) was added. Similar to MIC, the 

extract was transferred to subsequent wells. However, 

the final volume of wells in the MIC assay was 100 µl, 

but the final volume of each well was 200 µl for 

biofilms. Subsequently, 100 µl of diluted bacterial 

suspension was added to all wells (except the negative 

control wells) with the dilution of 2˟106 CFU / ML. 

Finally, the bacterial concentration of each well was 

equivalent to 106CFU / ML. The 96-well plate was 

incubated at 37 ° C for 24 hours. The wells were then 

emptied and washed three times with sterile PBS 

buffer. The microtiter plate was then dried at room 

temperature and 200 μL of ethanol was added to each 

well to stabilize the biofilm population. After 15 

minutes, the ethanol wells were discarded and the 96-

well plate was dried at room temperature. Then, to 

each well, 200 µl 0.1% crystal violet was added for 5 

min. Subsequently, the additional dyes were washed 

with water and the 96-well plate was dried at room 

temperature. In the next step, 200 µL of 33% glacial 

acetic acid was added to each well, and the dyes 

attached to the wells were dissolved in acid. The light 

absorption at 630 nm was then measured by ELISA 

reader (30-32). 

Percentage reduction of the biofilm production of 

Pseudomonas aeruginosa was calculated based on the 

following formula (33): 
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((ODC-ODB) - (ODT-ODB)) / (ODC-ODB)} × 

100% = percent reduction in biofilm production 

(ODC: Optical absorption of positive control wells, 

ODB: Optical absorption of Blanc wells (Negative 

control) and ODT: Optical absorption of wells 

treated with extract). 

Statistical Analysis 

Data were analyzed using SPSS software, version 23, 

and analysis of variance, as wells as Duncan test at 

the significance level less than 0.05. 

Results and Discussion 

Antimicrobial Effect of the Disk Diffusion Method 

Garlic and ginger extracts at the concentration of 40 

mg / ml caused 12 and 16 mm growth zone around 

ATCC 27853 standard strain. However, no growth 

zone was observed at lower concentrations. On the 

other hand, as the extract concentration increased 

above 40 mg / ml, the growth zone around the well 

also increased. The solvent showed no growth halo 

while the gentamicin halo diameter was 24 mm for 

ATCC 27853 strain which was higher than both 

extracts in all the three dilutions (Table 1). 

Determination of Minimum Inhibitory 

Concentration (MIC) and Minimum Lethal 

Concentration (MBC) of the Ethanol Extracts of 

Garlic and Ginger 

The antibacterial effect of garlic extract at different 

concentrations showed that despite the relative 

resistance of most strains to the concentrations used, 

the highest sensitivity was at 80 mg / ml and the 

minimum inhibitory concentration was 80 mg / ml of 

garlic extract in which three beta-lactamase generating 

strains were inhibited at this concentration. However, 

MIC which is the standard strain of ATCC27853 at 40 

mg/ml of the garlic extract completely disappeared at 

80 mg / ml. The antibacterial effect of ginger extract at 

different concentrations also indicated that despite the 

relative resistance of most strains to the concentrations 

used, the highest sensitivity was observed at 

concentrations of 40 mg/ml and 80 mg / ml. The 

highest MIC was 20 mg/ml of the ginger extract 

inhibited by beta-lactamase producing strains (Table 

3). While the highest MBC was in the 40 mg / ml 

concentration of the garlic extract, 100% of the 

bacteria were killed and the strain ATCC27853 was 

completely destroyed at 5 mg/ml (Table 2). 

Biofilm Formation in the Presence of the Extract 

The results of the biofilm formation of P. aeruginosa 

strains showed that beta-lactamase generating strains 

and ATCC27853 strain were able to form biofilms by 

microtiter plate staining and crystal violet staining. 

The investigation of the effect of these extracts on the 

biofilm formation of P. aeruginosa indicated that the 

in vitro ethanol extract of garlic and ginger was also 

effective on biofilm formation. The results of the 

Table 1: Diameter of inhibition zone of P. aeruginosa ATCC27853 (mm) after treatment with different concentrations of ethanol 

extract of garlic, ginger and antibiotic.  

 Ginger 

 

Garlic  

Gentamicin 30 mg/ml 40mg/ml  50mg/ml  30 mg/ml 40mg/ml  50mg/ml  Strains  

- - mm13 14 mm - - - ESBL+  

- - 13mm 14 mm - - - KPC+ 

- - 13 mm 14 mm - - - ESBL+KPC 

24mm  - 16 mm 17 mm - 12mm  15 mm ATCC27853 
 

Table 2: Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MBC) of garlic and ginger ethanolic 

extracts against P. Aeruginosa ATCC27853 (mg / ml).  

Ginger  Garlic   

MBC MIC MIC MBC Strains 

40 20 80 - ESBL+ 

40 20 80 - KPC+ 

40 20 80 - ESBL+KPC 

5 2.5 40 80 ATCC27853 
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effect of distinct concentrations of these extracts on 

the biofilm formation of P. aeruginosa have been 

presented in Table 4. The effect of the ethanol extract 

of garlic on the biofilm formation of P. aeruginosa 

showed that it was effective on biofilm formation. 

Moreover, the effect of ginger ethanolic extract on 

the formation of P. aeruginosa biofilm showed that 

the extract had a greater ability to inhibit biofilms, 

and on average, 66.81% inhibited the biofilm 

formation. P. aeruginosa was concentration-

dependent by the ethanol extract of garlic and ginger. 

The highest rate of the inhibition of biofilm 

formation at 80 mg/ml concentration and the lowest 

rate of the inhibition of biofilm formation at the 

concentration of 0.625 mg/ml were determined. 

The statistical analysis of the effect of garlic and 

ginger extracts on biofilm formation indicated that 

ginger extract could not exhibit a significant 

difference with garlic extract (P <0.05). Regarding 

the impact of the ethanolic extract of ginger on the 

biofilm formation of beta-lactamase-producing 

strains and standard strain ATCC27853, no 

significant difference was observed between the 

beta-lactamase-producing strains and standard strain 

ATCC27853 (p=0.56). The effect of the ethanol 

extract of garlic on the biofilm formation of beta-

lactamase producing strains and standard strain of P. 

aeruginosa was significant (p=0.001). 

P. aeruginosa is considered as an opportunistic 

pathogen. The increasing bacterial resistance that has 

become multiple resistance has hindered the curing of 

infections caused by this bacterium (34, 35). Given the 

significance of biofilms in the pathogenicity and 

antibiotic resistance of P. aeruginosa, an attempt to 

find antimicrobial compounds that can kill biofilm-

producing bacteria at lower densities seems necessary 

(36). Therefore, The aim of the present study was to 

evaluate the effect of the ethanol extracts of garlic and 

ginger on the biofilm formation of beta-lactamase 

producing strains and ATCC27853 P. aeruginosa. 

The results showed that the effect of ginger extract on 

P. aeruginosa for the concentration of 40 mg/ml 

diameter of the growth zone for ATCC 27853 strain 

were 16 and 13 mm on average for ESBL and KPC 

producing strains respectively. Increasing the extract 

concentration increased the inhibitory zone diameter 

Table 3: Inhibitory pattern of P. aeruginosa strains at different concentrations of ethanol extract of garlic and ginger (mg/ml).  

Different concentrations of ethanol extract of 

ginger (mg/ml) 

Different concentrations of ethanol extract of 

garlic (mg/ml) 

 

0.625 1.25 2.5 5 10 20 40 80 0.625 1.25 2.5 5 10 20 40 80 Strains 

2 2 2 2 2 1 0 0 2 2 2 2 2 2 2 1 ESBL+ 

2 2 2 2 2 1 0 0 2 2 2 2 2 2 2 1 KPC+ 

2 2 2 2 2 1 0 0 2 2 2 2 2 2 2 1 ESBL+KPC 

2 2 1 0 0 0 0 0 2 2 2 2 2 2 1 0 ATCC27853 

2:  Indicates the enormous growth of microorganisms 

1:  Indicates low growth of microorganisms 

0:  Indicates the lack of growth of microorganisms 
 

Table 4: Percentage inhibition of biofilm formation of P. aeruginosa strains by different concentrations of garlic and ginger.  

  (mg/ml )Different concentrations of ethanol extract of 

ginger 

 (mg/ml )Different concentrations of ethanol extract 

of garlic 

Strains 80 40 20 10 5 2.5 1.25 0.62

5 

80 40 20 10 5 2.5 1.2

5 

0.62

5 

ESBL+ 95.5 95.5 92.6 87.8 72.2 68.8 35.3 28.9 89.1 84.2 82 75

.6 

75.6 55.5 40.

6 

28.9 

KPC+ 89.6 88.7 70.6 66.3 57.7 55.1 50 40.6 95.7 92.2 92.2 85

.3 

72.2 66.3 35.

3 

22.5 

ESBL+KP

C 

71.9 66.2 57.3 53.9 50.5 48.3 47.1 35.3 88.7 86.5 84.1 72

.5 

68.1 53.9 41.

7 

23.9 

ATCC278

53 

65.1 65.1 61.7 0 0 0 0 0 100 100 95.5 85

.6 

78.5 22.9 22.

9 

20 

mean 80.5

2 

78.8

7 

70.5

5 

69.3

3 

60.1

3 

57.4 44.1

3 

34.9

3 

93.3

7 

90.7

2 

88.4

5 

79

.7

5 

73.6 49.6

5 

35.

12 

23.8

2 

 



Antibacterial Effect of Garlic and Ginger                                                                                                                   Gharibi et al.

   

                                                                                                65                              Herbal Medicines Journal. 2020; 5(2):60-8 

by 50 mg / ml to the standard strain ATCC27853, 

and this was the case with ESBL and KPC producing 

strains. However, lower growth zone concentrations 

were not observed. According to the study conducted 

by Cimanga et al., if the growth zone diameter is 15 

mm or above this level, the activity will be very high, 

the growth zone diameter between 15 and 10 mm 

indicates moderate activity and the growth zone 

diameter is less than 10 mm. M indicates the 

inactivation of the extract (37). Gull et al. reported in 

a study of the antibacterial effect of the ethanolic 

extract of this plant on P. aeruginosa that the average 

diameter of the inhibition zone formed against the 

bacterium was about 14 mm. However, in this study 

a ginger extract against P. aeruginosa inhibited 16 

mm growth zone indicating the stronger antibacterial 

effect of ginger extract against this bacterium in the 

present study (15). 

The results of the effect of garlic extract on P. 

aeruginosa for 40 mg / ml non-growth zone diameter 

for standard strain ATCC27853 equals 12 mm. The 

ESBL and KPC-producing strains were not observed 

at the concentrations studied. In a study by Molana et 

al., the comparison of the effect of garlic extract on 

standard and clinical strains showed that garlic 

extract had a inhibitory effect on standard strains but 

had no effect on clinical strains which is not 

consistent with the present study (38). In the research 

carried out by Rostami-Rad et al., garlic extract had a 

greater effect on P. aeruginosa ATCC27853 strain. 

However, it did not show a significant effect on the 

ESBL strain of garlic extract which is consistent with 

the present study (39). Dankert et al. investigated the 

effect of the growth inhibition of garlic extract by 

Agar diffusion test on a number of bacteria including 

P. aeruginosa (41). According to this study, all 

organisms were inhibited by garlic extract but a high 

concentration of garlic extract had a bactericidal 

effect on P. aeruginosa which is consistent with our 

study (40). 

The remarkable results of the present study include 

the confirmation of the inhibitory and lethal effects 

of ginger extract on P. aeruginosa ATCC27853 and 

beta-lactamase producing strains with MIC values of 

2.5 and 20 mg/ml, respectively. MBC values were 

also 5 mg/ml for standard strain ATCC27853 and 40 

mg/ml for beta-lactamase producing strains, 

confirming the good inhibitory and lethal ability of 

ethanolic extract against ginger P. aeruginosa. In other 

studies, the inhibitory and lethal effects of this extract 

were investigated. Yahya et al. investigated the 

inhibitory effect of ginger ethanolic extract on P. 

aeruginosa and a MIC of 12.5 mg/ml (41). 

Differences in the MIC rates reported by different 

researchers are consistent with the present study. One 

of the main reasons is the percentage of different 

compounds of antimicrobial agents in plant extracts 

that depends on the geographical area, plant variety, 

plant age, drying method and extraction method (42). 

In our study, the ethanol extract of garlic had 

inhibitory effect on P. aeruginosa ATCC27853 and 

beta-lactamase producing strains. However, this effect 

was observed only at high concentrations. The highest 

MIC was at 80 mg/ml of garlic extract which inhibited 

three beta-lactamase producing strains. MIC is the 

standard strain of ATCC27853 at a concentration of 

40 mg/ml of garlic extract and is completely 

eliminated at a concentration of 80 mg/ml, which is 

consistent with the study conducted by Dankert et al 

(40). They were inhibited by garlic extract but the high 

concentration of garlic extract had bactericidal effects 

on P. aeruginosa (40). The results of the research 

carried out by Sabahi et al. revealed that clinical 

isolates of P. aeruginosa are resistant to garlic extract 

(43). In the study conducted by Molana et al., 

Chloroform extract of 40 mg / ml had a lethal effect on 

the standard strain of P. aeruginosa and 35 mg / ml 

inhibitory effect on standard and clinical strains (38) 

which is consistent with the present study. 

According to the results of studies in this field, 

treatment of infections caused by biofilm-producing 

strains is still one of the major human problems that 

need further research. It is generally difficult to 

eliminate biofilms after formation (44, 45). Hence, 

further studies are required to evaluate the various 

constituents in the extract of medicinal plants and to 

compare different components of their constituents in 

indigenous areas and to identify superior breeds. 

Conclusion 

The results of the present study indicated that apart 

from having antibacterial effect, in vitro garlic and 

ginger extracts have antibiotic effect against P. 

aeruginosa and the biofilm formation of beta-
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lactamase producing strains and ATCC27853 strain 

of P. aeruginosa. As antibiotic resistance is 

progressively increasing and biofilm formation by P. 

aeruginosa increases antibiotic resistance, further 

studies on these plants are required. These plants 

were used as effective antimicrobial agents. 
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