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Comparative assessment of garlic extract versus amikacin against  
some common pathogens: A prospective experimental study 

 

Iqra Kanwal1, Sheikh Abdul Khaliq2, Bilqees Fatima3 
 

ABSTRACT 
 

Objective: To compare antibacterial effect of garlic, (a natural product) against four pathogens (Escherichia. coli, Klebseilla. 
pneumoniae, Staphylococcus. aureus and Pseudomonas.aeruginosa) in comparison with a standard antibiotic Amikacin.  
Study Design: Prospective experimental study.   
Place and Duration: Pharmaceutical Microbiology Lab, Department of Pharmaceutics, Faculty of Pharmacy, Hamdard University, 
Karachi from 02

nd
 January 2018 to 25

th
 June 2018.  

Methodology: A number of 150 selected micro-organisms that are Escherichia. coli, Klebseilla. pneumoniae, Staphylococcus. aureus 
and Pseudomonas. aeruginosa, are collected from clinical laboratories of Karachi. Minimum sample size of study is 143 isolates. 
Disks of Amikacin (30 µg) were used for this purpose and garlic was taken as 100% crude extract.  Disk diffusion method and well 
diffusion method were employed for Amikacin and garlic respectively. Student t-test was applied to detect the significance.  
Results: Crude garlic extract is more effective than Amikacin against three out of four pathogens used in this study; E.coli, S. aureus 
and P.aeruginosa (p=0.0001), while in case of K. pneumoniae Amikacin has similar efficacy in contrast to crude garlic extract. Overall 
efficacy of crude garlic extract was better against standard antibiotic Amikacin (p=0.0001). 
Conclusion: Garlic has a potent effect against a variety of micro-organisms especially those who have developed resistance to the 
standard antibiotics. It is also found to be effective against organisms that have developed multidrug resistance. 
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INTRODUCTION 
 
The discovery of powerful and safe antibiotics is evidently the 
most prominent medicinal advancement ever, which has 
greatly decreased the rate of mortality as well as morbidity 

related to the infectious diseases
1
. But with an increased use of 

these agents the antibiotics are developing the resistance 
against them day by day

2
. Fleming and Walter were first to 

notify about the ability of micro-organisms to adapt to the 
changing environment while accepting the noble prize in 1945

3
.  

The antibiotic resistance has extended throughout the world
4
. 

With the passage of time, the resistance is increasing widely 
and frequently in community as well as hospitals

5
. The 

antibiotic resistance is a leading danger to mankind,
6
 as its 

outcomes includes the failure of treatment resulting in 
dangerous concerns specifically in patients with critical illness

7
.  

The scientists have recognized that extended usage of 
antimicrobials may brought about resistance and is the 
fundamental factor for development of resistance with high 
rate

8
. Based upon these findings, scientists have directed their 

concentration towards plant derived products
9
. Garlic is known 

for treatment of various diseases including infectious diseases 
for years

10
. Pasteur was the one who pointed out the 

antimicrobial properties of garlic first time in the late 50’s
11

. In 
addition to antibacterial activity, garlic can also act against 
cancer, low blood sugar level, cardiac issues and inflammatory 
processes

10,12
. Garlic has a broad spectrum of activity and act 

against both Gram-negative as well as Gram-positive 
pathogens. It is observed that garlic also work against those 
organisms that have developed resistance to standard 
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antibiotics
9
.
 
So we conducted this study with an objective to 

compare antibacterial effect of garlic, (a natural product) 
against four pathogens (Escherichia. coli, Klebseilla. 
pneumoniae, Staphylococcus. aureus and 
Pseudomonas.aeruginosa) in comparison with a standard 
antibiotic Amikacin. 
 

METHODOLOGY 
 
This Prospective experimental study was conducted in the 
Pharmaceutical Microbiology Biology Laboratory of 
Department of Pharmaceutics, Faculty of Pharmacy, Hamdard 
University, Karachi. Duration of study is 2

nd
 January 2018 to 28

th
 

June 2018. Minimum sample size of study was determined by 
precision analysis technique i.e. 143 isolates

13
.  

 A total of 150 clinical isolates were collected from a 
pathological laboratory, which consisted of E.coli (n=66), K. 
pneumoniae (n=43), S. aureus (n=24) and P.aeruginosa (n=17), 
these isolates are from individuals with one infection only. 
Those individuals found to have more than one infection were 
excluded from study.  
Garlic was purchased from a local market at Karachi. Garlic 
cloves were peeled and washed with ethanol for sterilization. 
When ethanol completely evaporated, the cloves were crushed 
using sterile mortar and pestle. The paste was then filtered by a 
muslin cloth, and the extract obtained was said to be a 100% 
crude garlic extract

14
. Disk diffusion method was used for 

testing Amikacin with a disk content of 30 µg as described in 
Kirby-Bauer method

15
, while in case of crude garlic extract, agar 

well diffusion method was used.
9
 The isolates were first 

inoculated in trypton soya broth and then kept at 37℃ for 
growth of micro-organisms. The 0.5 McFarland standard was 
used to compare the growth of micro-organisms in trypton 
soya broth. The isolates were then spread at Mueller Hinton 
agar using a sterile cotton swab. The disks of Amikacin were 
placed on the external surface of agar using sterile forceps

9
. A 

hole of 10 mm diameter was created in agar using sterile cork 
borer,

16
 and 50 µl crude garlic extract was poured in the hole 

using a micropipette.
2
 The medium was then placed in an 

autoclave for 24 hours at 37 ℃ for incubation. After 24 hours 
the plates were taken out and zone of inhibition (ZOI) were 
measured using a ruler

17
.
  

 

Data Analysis: The data analysis was carried out using SPSS 20 
software. Student t-test was used to compare the results of 
Amikacin and crude garlic extract for finding the differences 
and significance in zone of inhibitions at a 95% confidence 
interval, the p<0.05

18
 

RESULTS 
 

Among 150 clinical isolates, Escherichia coli was found to be 
most frequent specie with 44%(n=66) followed by K. 
pneumoniae 28.67%(n=43), S. aureus 16%(n=24) and 
P.aeruginosa 11.33%(n=17) (Fig-1). 
P.aeruginosa was found to be most susceptible towards 
Amikacin with ZOI 91.66% while S. aureus was most resistant 
with ZOI 52.94%. (Table-I). 

Figure- 1: Frequency distribution of microorganisms (N=150) 
 

The zone of inhibitions (ZOI) of Amikacin was compared with 
the zone of inhibition of crude garlic extract. The maximum 
zone of inhibition of garlic extract was against S. aureus and 
minimum zone was formed against K. pneumoniae. In case of 
P.aeruginosa, S. aureus and E.coli the zone of inhibition formed 
by crude garlic extract was greater than that of Amikacin while 
in case of K. pneumoniae Amikacin was found to have similar 
effect like crude garlic extract. (Table-II) 
 

DISCUSSION 
 
The present study was conducted to evaluate the antibacterial 
effect of garlic against different pathogens. It is reported in 
various studies that garlic has an antibacterial activity against a 
wide variety of micro-organisms including those that have 
become resistant to the standard antibiotics

11,19
. Current study 

focuses the antibacterial effects of garlic compared with 
Amikacin. The study reveals that S. aureus have developed 
highest resistance against Amikacin among the four micro-
organisms; E.coli, K. pneumoniae, S. aureus and P.aeruginosa 
while P.aeruginosa is most susceptible organism. 
In contrast to Amikacin, garlic has been proved to have better 
efficacy against three of the four micro-organisms that are 
E.coli, S. aureus and P.aeruginosa (p=0.0001) which is also 
documented in some other studies

9,20
. While in case of K. 

pneumonia, Amikacin and garlic extract have similar 
antibacterial efficacy (p>0.05). Momoh et al. reported the 
activity of garlic against S. aureus and P.aeruginosa

21
. In 

another study it was found that garlic can inhibit growth of 
E.coli, K. pneumoniae, S. typhi, S. mutans andB. cereus

22
. 

Iwalukon et al. in their study suggested that garlic is effective 
against susceptible as well as resistant strains of common 
pathogens including S. pneumoniae, S. pyogenes, H. influenza, 
P. aeruginosa, C. albicans, E.coli, Shigella sp. as well as S. 
typhi

20
. Palaksha et al. also reported high sensitivity of E.coli 

and S. aureus towards garlic
14

. 
Gulfraz et al. also reported the antibacterial activity of different 
extracts of garlic against S.aureus, P. aeruginosa, E. coli, K. 
pneumoniae and S. epidermidis

10
. 
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Table-I: Zone of Inhibitions in millimeter (mm) by Amikacin (Standard Antibiotic) (N=150) 

MICRO-ORGANISMS AMIKACIN  [R= ≤ 14mm, I= 15-16 mm, S= ≥ 17 mm] 

 S* I** R*** 

 
ZOI**** 

(mm) 
%S 

ZOI**** 
(mm) 

%I 
ZOI**** 

(mm) 
%R 

E.coli 18.9 81.81% 15.83 4.54% 13.44 13.63% 

K. pneumoniae 18.55 62.79% 15.37 9.30% 13.2 27.90% 

P.aeruginosa 17.93 91.66% ~ ~ 12.55 8.33% 

S. aureus 17.64 41.17% 15 5.88% 13.61 52.94% 

*Sensitive, **Intermediate, ***Resistance, ****Zone of inhibitions 
 
Table-II: Comparative mean zone of inhibitions of Amikacin 
and Garlic extract (N=150)  

Micro-
organisms 

Amikacin 
Garlic 

Extract 
t-test 

p-
value 

E.coli 
17.45 
mm* 

20.15 
mm* 

t=3.646  
at 95%CI 

0.0001 S. aureus 
17.48 
mm* 

27.62 
mm* 

P.aeruginosa 
15.35 
mm* 

25.12 
mm* 

K. 
pneumoniae 

16.77 
mm* 

16.02 
mm* 

t=0.669  
at 95%CI 

>0.05 

*millimeter 
  
Fratianni et al. also found out a high sensitivity of E.coli, P. 
aeruginosa and S. aureus to garlic extract

23
.  

Study can give comprehension that garlic has a potent effect 
against most of the microbes that have developed resistance 
against other antimicrobial agents. Garlic is also found to be 
effective against nosocomial infections, which does not 
respond to the standard antibiotics

2
. Many studies suggested 

that crude garlic is more effective against pathogens in contrast 
to the standard antibiotic

24
.  

Pathogens are capable of adaptation with their environments 
rapidly due to which the antimicrobial resistance is increasing 
day by day

6,8
. This uncontrolled and growing resistance has 

become a real danger to mankind. Consequences of such 
resistance may rise in ratio of morbidity and mortality versus 
treatment failures and high cost of health care

4,25
. In this era, 

the need of agents other than antibiotics is greatly increased 
than ever

9
. Researchers are focusing towards the natural 

products especially plant derived compounds
9
. 

 

CONCLUSION 
 

Garlic has a potent effect against a variety of micro-organisms 
especially those who have developed resistance to the 
standard antibiotics. It is also found to be effective in case of 
multidrug resistance in selected micro-organisms. So in future 
it can work to eradicate infections, formulations development 
is required containing garlic as anti-infective. 

 

CONTRIBUTION OF AUTHORS 
 

Kanwal I: Conceived idea, Manuscript writing 
Khaliq SA: Study supervisor, Designed the study, Final 
proofreading.  
Fatima B: Literature search, Statistical analysis 
 
Disclaimer: None. 
Conflict of Interest: None. 
Source of Funding: None. 

 
REFERENCES 

 
1. Louis RB. Federal Funding for the Study of Antimicrobial 

Resistance in Nosocomial Pathogens. The J of Inf Diseases. 
2008;197(8). 1079-1081 

2. Li G, Ma X, Deng L, Zhao X, Wei Y, Gao Z, et al. Fresh Garlic 
Extract Enhances the Antimicrobial Activities of Antibiotics 
on Resistant Strains in Vitro. Jundishapur J of Microbiol. 
2015;8(3). e14814 

3. Nathan C, Cars O. Antibiotic Resistance — Problems, 
Progress, and Prospects. The N Eng J of Med. 
2014;371(19). 1761-1763 

4. Laxminarayan R, Duse A, Wattal C, Zaidi AKM, Wertheim 
HFL, Sumpradit N, et al. Antibiotic resistance—the need for 
global solutions. The Lancet Inf Dis. 2013;13(12). 1057-
1098. 

5. Khare A, Kothari S, Misra V. Incidence and sensitivity 
pattern of Klebsiella pneumoniae, Escherichia coli and 
Pseudomonas aeruginosa in a tertiary care hospital. Int J 
Basic & Clin Pharmacol. 2017;6(2). 329 

6. Holmes AH, Moore LSP, Sundsfjord A, Steinbakk M, Regmi 
S, Karkey A, et al. Understanding the mechanisms and 
drivers of antimicrobial resistance. The Lancet. 
2016;387(14). 176-187 

7. McKay R, Bamford C. Community- versus healthcare-
acquired bloodstream infections at Groote Schuur 
Hospital, Cape Town, South Afr. South Afr Med J. 
2015;105(5). 363 

8. Byarugaba DK. Antimicrobial resistance in developing 
countries and responsible risk factors. Int J of Antimicrobial 
Agents. 2004;24(2). 105-110 

9. Salah SZa-a, Iman TAaSSA-S. The synergism effect of 
aqueous garlic extract and ciprofloxacin against some 



Iqra Kanwal   et al                                                                                             Isra Med J. | Volume 11 - Issue 4 – Part B | Jul – Aug 2019 

299 

multi-resistant bacteria. J of Micro & Biotech Res. 
2013;3(3). 136-142 

10. Muhammad G, Muammad I, Sobia K, Dawood A, 
Muhammad JA, Kashis SA, et al. A comparative study of 
antimicrobial and antioxidant activities of garlic (Allium 
sativum L.) extracts in various localities of Pakistan. Afr J of 
Plant Sci. 2014;8(6). 298-306 

11. Wu X, Santos RR, Fink-Gremmels J. Analyzing the 
antibacterial effects of food ingredients: model 
experiments with allicin and garlic extracts on biofilm 
formation and viability ofStaphylococcus epidermidis. Food 
Sci & Nut 2015;3(2). 158-168 

12. Mohsenipour Z, Hassanshahian M. The Effects of Allium 
sativum Extracts on Biofilm Formation and Activities of Six 
Pathogenic Bacteria. Jundishapur J of Microbiol. 2015;8(8). 
e18971 

13. Aparasu RR. Sampling methods. In: Aparasu RR, editor. 
Research methods for pharmaceutical practice and policy. 
1. First ed. U.K: Pharma. Press; 2016. p. 107 - 24. 

14. Palaksha MN, Ahmed M, Das S. Antibacterial activity of 
garlic extract on streptomycin-resistant Staphylococcus 
aureus and Escherichia coli solely and in synergism with 
streptomycin. J of Natural Sci, Biol, and Med 2010;1(1). 12 

15. Eja ME, Asikong BE, Abriba C, Arikpo GE, Anwan EE, Enyi-
Idoh KH. A Comparative Assessment Of The Antimicrobial 
Effects Of Garlic (Allium Sativum) And Antibiotics On 
Diarrheagenic Organisms. Southeast Asian J Trop Med Pub 
Health. 2007;38(02). 343-348 

16. Srinivasan Durairaj1, Sangeetha Srinivasan2, P. 
Lakshmanaperumalsamy3. In vitro Antibacterial Activity 
and Stability of Garlic Extract at Different pH and 
Temperature. Electronic J of Biology. 2009;5(1). 5-10 

17. Mukhtar S, Ghori I. Antibacterial Activity Of Aqueous And 
Ethanolic Extracts Of Garlic, Cinnamon And Turmeric 
Against Escherichia Coli Atcc 25922 And Bacillus Subtilis 

Dsm 3256. Int J App Biology & Pharmaceutical Tech. 
2012;3(2). 131-136 

18. Panan R, Vorraruthai T. Fresh garlic extract inhibits 
Staphylococcus aureus biofilm formation under 
chemopreventive and chemotherapeutic conditions. 
Songklanakarin J Sci Technol. 2016;38(4). 381-389 

19. Batool HA-D, Oruba KA. Study the Inhibitory Effect of Garlic 
Extract on S. aureus and E. coli of Multi-Resistance to 
Antibiotics. J of Biotech Res Center. 2015;9(2). 57-61 

20. Iwalokun BA, Ogunledun A, Ogbolu DO, Bamiro SB, Jimi-
Omojola2 J. In Vitro Antimicrobial Properties of Aqueous 
Garlic Extract Against Multidrug-Resistant Bacteria and 
Candida Species from Nigeria. J Of Medicinal Food. 
2004;7(3). 327-333 

21. Johnson M, Olaleye O, Kolawole O. Antimicrobial and 
Antioxidant Properties of Aqueous Garlic (Allium sativum) 
Extract against Staphylococcus aureus and Pseudomonas 
aeruginosa. Bri Microbiol Res J 2016;14(1). 1-11 

22. saravan P, Ramya V, Sridhar H, Balamurugan V, 
Umamaheshwari S. Antibacteriacl activity of Allium 
Sativum L. on pathogenic bacterial strains. Global 
Veterinaria. 2010;4(5). 519-522 

23. Fratianni F, Ombra MN, Cozzolino A, Riccardi R, Spigno P, 
Tremonte P, et al. Phenolic constituents, antioxidant, 
antimicrobial and anti-proliferative activities of different 
endemic Italian varieties of garlic ( Allium sativum L.). J of 
Functional Foods. 2016;21(1). 240-248 

24. Gebreyohannes G, Gebreyohannes M. Medicinal values of 
garlic: A review. Intl J of Med & Med Sci 2013;5(9). 401-408 

25. Dr. Neha Garg DVA. To identify the antimicrobial sensitivity 
and resistance pattern of Bacterial isolates among clinical 
samples from the ICU patients – A prospective study. Int J 
of Sci Res. 2017;6(1). 16-19 
 

 


