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ANTIMICROBIAL ACTIVITY OF GARLIC

LLA ENTERITIDIS AND § TAPHYLOCOCCUS
AUREUS*
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JIELESIC, MIRA MIHAJLOVIC-UKROPINA, ANA TAKAC. VESNA
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S'L"Mﬂﬂ RY: Worldwide emergence of antimicrobial resistance among zoonotic
pathogens imposes a need for an alternative approach to antibacterial therapy. The
aim of this study was to evaluate activity of raw garlic extract against locally isolated
serotypes of Salmonella Enteritidis and Staphylococcus aureus. For this purpose,
standard antibiogram method was used. Results showed high efficacy of full garlic
concentration, excepl in the case of one isolate of S.aurcus, and varving efficacy of
half extract doses, which was higher for S. aureus than for S. Enteritidis.
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INTRODUCTION

Bacteria from genus Salmonella represent an important zoonotic pathogen of
economic significance in both humans and animals. Salmonella Enteritidis (S.
Enteritidis) and Salmonella Typhimurium are the serovars most frequently associated
with human illness. Human cases of S. Enteritidis infection are most commonly
associated with the consumption of contaminated eggs and poultry meat, and usually
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' of varying severity (EFSﬁf a_nfl’ "(j‘)c-?‘”}h).

el A s bactcremia and meningitis may occur in ,
h :mc of asympmma!ic carrier (convalescent of
b ans and animals (D’Aoust, 199},

rointesti
s of the diseasé, suc
while the
present in both hum

result in gast
Invasive form
smaller subset of patients,
chronic) may be frequently
EFSA and ECDC, 2013b).
Staphylococcus aurcus (
recognized as on¢ of lhcl
worldwide. It is also rcspon.;: p
ranging from minor skin infection fet :
andbmegningitis (Normanno et al., 2007.; Sasidharan e'l d.l,,f?()t! I)_‘ et e
Although mild and self-limiting 1n many ca.sc.s, infec mrhlg ; ‘f{- b m'_b_ .
pathogens may also tum dubious, or even fatal, in the absence ol eliicient antibiotic

therapy. Worldwide number of reports on antimicrobial resistance in both human and

animal bacteria is increasing, making it an important public health concem

(Normanno et al., 2007). The resistance develops as a consequcnce of extensive
prophylactic and therapeutic usage of antimicrobial drugs, often in ‘subtherapt?utlc
concentrations, and due to their administration as growth promoters in food animal
production, where large number of animals is being exposed irrespectively of their
health (De Oliveira et al., 2005; Yildirim et al., 2011). Consequently, antimicrobial-
resistant bacteria in food animals may threaten the efficacy of human drugs if
antimicrobial-resistant bacteria or antimicrobial-resistance genes become incorporated
into human bacterial populations (De Oliveira et al., 2005).

Results of studies on complementary and altermative medicine practices suggest
that introduction of plant extracts, such as garlic extract, in antimicrobial therapy may
significantly decrease this emerging burden of drug resistance (Cirkovi¢ et al., 2012).

Garlic (4/lium sativum L.) is a hardy annual monocotyledon plant, and one of the
oldest cultivated vegetable crops. The earliest record of the medical properties of
garlic and directions for its use come from historian Herodotus and Hippocrates, ,,the
father of western medicine* (Jones and Mann, 1963; Rabinowich and Brewster,
1990). It is a well known fact that garlic has been used to treat infections for centuries
(Onyeagba et al.? 2006). Today, garlic’s antidiabetic, antibiotic and perhaps anticancer
;z::ir:r:u:;i?;zgthae S:«c:}ci;iﬁdeltr.ecognitior{ due to the abundance of scientific

. It is also believed th
and antioxidant effect (Lalo3evi¢ i sar., 2013).
The aim of this study was to evaluate antimicro

extract concentrations against locally
aureus.
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leading causes iimial d
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< to life threatening conditions, such as pncumonia

at garlic has hepatoprotective,

' bial activity of two crude garlic
Isolated serotypes of S. Enteritidis and S.



MATERIAL AND METHOD

In the experimental work of the stid
Enteritidis, originating from human swab, w
identified in the Center for Microbiolog
Vojvodina in Novi Sad. In this scientific w
S Enteritidis were used.

The sensitivity of strains to crude garlic extract w
technique according to Kirby-Bauer on Muller-
After autoclaving, the prepared substrate was pou
An overnight culture of the bacterial suspension
concentration of 6x10% cfu ml™ (the 2% scale
Inoculation of bacterial strains on Mu

ere included. All strains were 1solated and
Y, of the Institute of Public Health of
ork, 9 strains of S aureus and 13 strains of

as tested by the disk diffusion
Hinton agar (pH 7.3 + 0.1 at 25°C).
ired into Petri dishes thickness 4 mm.
was prepared in physiological saline,
per McFarland (Klement et al, 1990.)).

ller-Hinton agar was performed with sterile
swab. Thirty minutes afier application of the bacterial suspension, filter disks size 6

mm, immersed in 4 crude extract of garlic and distilled water, were placed on the
surface of the substrate at regular intervals. The crude extract of winter garlic (4/lium
sativum Var. viigarc) was obtained by the mechanical pressing of cloves, after
previous immersion it 73% alcohol and rinse with water for surface disinfection.
Concentrated extrzct, and 50% solution of the extract, were used for testing, while
sterile distilled w 2ier was used as control.

The incubation period was 20 hours at 37 + 1° C. After that, measuring of the
inhibition zones, in mm, was carried out. Performing the procedure by disk-diffusion
method and reading the results was performed according to the recommendation and
guidance made by Clinical and Laboratory Standards Institute (CLSI 2010). The
experiment was set up in three replication.

Statistical analysis was performed using software package Statistica 10.
Interspecies differences in susceptibility to garlic were investigated with t-test, for
level of significance of 95% (p<0.05 was considered significant), Differences in mean
inhibition zone values were compared using Duncan test.

RESULTS

Antibacterial activity of crude garlic extract was observed in all clinical isolates of
S. aureus and S. Enteritidis from the study. For both 100% and 50% ex}ract
concentrations, highest average inhibition zone was found in S. aureus thén."n S.
Enteritidis (Table 1), but the observed difference could ncft b_e cons:dc?red statistically
significant (p-value was well above 0,05). However, significant d:ffere?cis wert;
observed when sensitivity to crude garlic extract wa:‘s compared between rso.atr;st (i)n
the same species/serotype (Graph 1 and Graph 2) which appeared more promine
the case S. aureus.



Table 1: Average inhibition zones, given for the 100% and 50% f:oncentralion of garlic extract
able 1: Ave ,

Inhibition zone of bacteria (mm)
Extract S. aureus S. Enteriditis p-Value
concentration
Average 100% 21.6 21.4 0‘;‘;12
50% 12.1 11.6 0.

Graph 1: Comparison of susceptibility of isolates within the S. aureus species
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Graph 2: Comparison of susceptibility of isolates within the S. Enteritidis serotype
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DISCUSSION

According to the European Food Safety Authority (EFSA) and European Centre
for Disease Prevention and Control (ECDC) (2013a), a statistically significant
decrease in the number of human salmonellosis cases was observed in the European
Union (EU) over the period 2008-2011. On the other hand, studies around the world
report an increase in antimicrobial resistance of this pathogen, with resistance
prevalence varying between and within countries as well as between Salmonella
serotypes (De Oliveira et al., 2005). Serotype with the lowest antimicrobial resistance
seems to be S. Enteritidis, despite the fact that it is being most frequently isolated
from samples. Along with the prevalence, varies the pattern of antimicrobial
resistance. Fortunately, resistance to the critically important antimicrobials for human
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mcdiciﬂc-- ccﬁna%ume (‘ﬂ third-generation cephalosporin) and ciprofloxaci
fluoroquinolone) is relatively Jow (EFSA and ECDC 2013b). In Serbia rc'n -
' ¥ , . I8 » Tesistant
strains ot'S: Ercrmfim have been con firmed in both human and animal samples (Stogi¢
et al.. 2006; Petrovic et al., 2008: Kozoderovi¢ et a]. 2012) o
In smphylococm._ the n?ethi(:i]lin-resistance is considered to be the most
significant form of antimicrobia] resistance, because is conferred by the presence (I)f

carbapenems), making methic]ilin-resistant
antibiotics (Weese and van Duijkeren, 2010).
Until recently, human isolates of methicillin

usually associated with hospital-acquired infections; currently, it became evident that
MRSA‘may also _represent a challenge as both community-acquired infections and
colonizing zoonotic agent in companion and food producing animals (Normanno et
al., 2007; Weese and van Duijkeren, 201 0). Although recent data showed decreasing
or stabilizing MRSA percentages in most European countries, they exceeded 25 % in
eight states (EFSA and ECDC, 2013b) making MRSA a lingering human public
health priority and = ;i fect candidate for alternative medical approaches.

Garlic has been described as one of the most significant plants of complementary
and alternative mcdicine. It holds up the highest concentration of sulfur compounds
such as allicin and other biologically active components. These are responsible not
only for its pungent smell but also for its medicinal value (Kemper, 2000). The
thiosulfate allicin has confirmed anti-microbial properties, but other non-sulphur
constituents, like proteins, saponins and phenolic compounds, may also contribute to
its anti-microbial activity (Corzo-Martinez et al., 2007). The mechanism of
antibacterial activity of garlic has not been fully elucidated. According to Feldberg et
al. (1988) allicin from garlic extract, directly or indirectly blocks the synthesis of
bacterial RNA, without significant effect on DNA and protein synthesis. Therefore, it
is considered that the primary tool of allicin is the blocking of RNA formation.

In our previous work, antimicrobial activity of garlic extract was established
against different species of zoonotic pathogenic bacteria, such as: Escherichia coll,
Klebsiella pneumoniae, Salmonella typhimurium, S. Enteritidis, S. bovismorbificans
and S. qureus (Vlaji¢ et al.,, 2013). The experiment, however, included only one
1solate of both S. Enteritidis and S. aureus, in contrast to the present study, where 9
isolates of S. aureus and 13 isolates of S. Enteritidis were examined. Cunfent results
showed a slightly higher sensitivity of S. aureus isolates in companison to S.
Enteritidis isolates; furthermore, variations in sensitivity bcf"’fe'e" isolates were
diStinmi"ely higher within S. aureus than within S _ Enteritidis groku[tiéf;g:ff
Sensitivity of S. aureus was also observed by ofhc'r Serbian al;:l:tnir:1 ifc ; ;rb i:l efﬁcac;
2012), although their research was of the quantltat'we na-ture. e e T
- of garlic against Sa/monella and Staphylococcus, including the resista ’

-resistant S, qureus (MRSA) were
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around the world, in both in vitro (Shokrzadeh e-t al., 2.006;
b abscmvésd O auth(.wrs JJeuith et al., 2010) and in vivo (Tsao et al., 2003; Bakri and
Das A, e 20(;1[3;:(1 Igwe,, 2005; Adebolu et al., 2011) studies. All these
[?03'%: S.rezp?r:;duzoclx:centmlimwdose-dependcnt antimicrobial efficacy of garlic
o is i ¢ i sults.
CO“‘I;‘::;E:;::‘B i(::::isn:ﬂln Z?“g:;::w\i;ﬂll? (\):x:sre(jhscrved in comhinat'inn with some
antibi;\ticsb (Tsao et al., 2003; Cirkovi¢ et al, 2012), and sugge.stlfm (,6;:3:;(; ?nld
Mirelman, 1999) that development of resistance to beta-laf}tam al?t.lbl()thS IS 00-fo d
easier than development of resistance to allicin from garlic, additionally contribute to
existing antibacterial potential of garlic.

CONCLUSION

Both S aureus and S. Enteritidis human isolates from our study proved
susceptible to the crude garlic extract indicating its therapeutic potential. Average
inhibition zones were slightly higher for S. aureus isolates, which also exhibited

reciprocal differences in susceptibility levels. Correlation between crude garlic extract
concentrations and diameter of inhibition zones was observed.
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