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ABSTRACT 

 

A total of 75 pyogenic samples were collected 

from patients examinated for pyogenic infection in 

Sednawy hospital and Elmokhtaber laboratories. 

S. aureus isolated from pleural fluid out of five S. 

aureus (+ve coagulase, MSSA) exhibits resistant 

against all the concentration of Ciprofloxacin 0.5-

20, Gentamycin 0.5- 5.0 µg/100µl and Amikacin 1 

µg/100µl. The highest potent of phytoextracts ei-

ther extracted by water or methanol was detected 

by clove comparing with mint, thyme, sage and 

garlic, whereas garlic essential oil gave completely 

abolish of S. aureus (P.F). The highest synergism 

was obtained in combination between the lowest 

inhibitory concentration of Gentamycin 10 µg/100µl  

or Vancomycin 1 µg/100µl or Amikacin 2.5 

µg/100µl with thyme Eso (1:3), which resulted to 

increase the efficacy by 4.4 or 1.5 or 1.6 respec-

tively  comparing to recommended dose of the 

tested antibiotics alone. Increasing the concentra-

tion of garlic essential oil (GEso) from 10 up to 100 

µl/well increment the efficacy of inhibition up to 10, 

3.7 and 4.5- fold when standard dose of Gentamy-

cin, Vancomycin and Amikacin were used individ-

ually against S. aureus P.F. The minimum bacteri-

cidal concentration of garlic essential oil was rec-

orded at 2 µl/ml as it resulted to reduce the count 

to be 0.04%. Analysis of garlic essential oil by GC-

MS dedicated six sulfur compounds represented 

88.8644% of total detected compounds in garlic 

essential oil. 

INTRODUCTION 

 

Antimicrobial agents produced by plants are 

active against plant, human and animal pathogens. 

The use of plant extracts and phytochemicals, both 

with known antimicrobial properties, can be of 

great significance in therapeutic treatments. Ac-

cording to WHO, medicinal plants would be the 

best source to obtain a variety of drugs and herbal 

medicines serve the health needs of about 80% of 

the world’s population, especially for millions of 

people in the vast rural areas of developing coun-

tries (WHO, 2001). Therefore, such plants should 

be investigated to better understand their proper-

ties, safety and efficiency. In recent years, different 

reports, from different countries were published 

showing the antimicrobial activities of medicinal 

plants include studies of medicinal plants from 

Greece (Proestos et al 2006), Palestine (Abu-

Shanab et al 2006), Lebanon (Barbour et al 

2004) Turkey (Uzun et al 2004), Ethiopia (Tadeg 

et al 2005), Iran (Bonjar, 2004) and India (Nair et 

al 2005).   

S. aureus can cause a range of illnesses, from 

minor skin infections, such as pimples, impetigo, 

boils (furuncles), cellulitis folliculitis, carbuncles, 

scalded skin syndrome, and abscesses, to life-

threatening diseases such as pneumonia, meningi-

tis, osteomyelitis, endocarditis, toxic (TSS), bacte-

remia, and sepsis. Its incidence ranges from skin, 

soft tissue, respiratory, bone, joint, endovascular to 

wound infections. It is still one of the five most 

common causes of nosocomial infections and is 

often the cause of postsurgical wound infections. 

)Huggan et al 2008 and Marioara et al 2009). 

http://en.wikipedia.org/wiki/Infection
http://en.wikipedia.org/wiki/Pimple
http://en.wikipedia.org/wiki/Impetigo
http://en.wikipedia.org/wiki/Boil
http://en.wikipedia.org/wiki/Cellulitis
http://en.wikipedia.org/wiki/Carbuncle
http://en.wikipedia.org/wiki/Scalded_skin_syndrome
http://en.wikipedia.org/wiki/Abscess
http://en.wikipedia.org/wiki/Pneumonia
http://en.wikipedia.org/wiki/Meningitis
http://en.wikipedia.org/wiki/Meningitis
http://en.wikipedia.org/wiki/Osteomyelitis
http://en.wikipedia.org/wiki/Bacteremia
http://en.wikipedia.org/wiki/Bacteremia
http://en.wikipedia.org/wiki/Sepsis
http://en.wikipedia.org/wiki/Wound_infection
http://en.wikipedia.org/wiki/Nosocomial_infection
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This work aimed to investigate the most effec-

tive antibiotic against pathogenic S. aureus and 

also the antibacterial activities of some plant ex-

tracts in addition the effect of combination ratios 

between lowest concentration of antibiotic and 

phytoextract on S. aureus .Identified the effective 

compared in the most effective plant use GC-MS. 
 

MATERIALS AND METHODS 
 

Samples  
 

Seventy five clinical specimens were randomly 

collected at the period from June to October 2014; 

from the patients attending the out clinics of 

Sednawy hospital and Al-Mokhtabar laboratories. 

These specimens include boils and abscess in 

face (30), tumor in breast (15), pleural fluid (15) 

and wound swaps (15).   

 

Media used 

 

- Baird Parker medium and Blood agar medium 

(Baird-Parker, 1962) were used for isolation and 

enumeration of coagulase-positive staphylococci.  

- Brain heart infusion broth (BHI) (Greenberg et al 

1995) was used as enrichment media. 

- Biochemical reactions: were carried out accord-

ing to APHA, 1992 (Catalase activity test), Cap-

puccino and Sherman 1996 (Mannitol fermen-

tation) and Mackie and McCartney 1996 (Coag-

ulase test). 

- Detection of MRSA (methicillin –resistant strain) 

or MSSA (methicillin –sensitive strain, were car-

ried out according to Koneman et al (1997). 

Biofilm production of investigated S. aureus 

isolate was performed using micro titer plate (MtP) 

assay according to Christensen et al (1982) and 

Hossain and Uddin, (2014).  

 

Antibiotics used: Gentamycin, ciprofloxacin, Van-

comycin, Amikacin, Oxicillin and Cefoxitine  

 

Plants used: Floral buds of clove (Syzygium aro-

maticum), Grass and leaves of mint (Mentha 

piperita), Grass of thyme (Thymus vulgaris), Lobes 

of Garlic (Allium sativium) and Leave & stems of 

Sage (Salvia officinalis).  

 

Preparation of plant extracts 

 

Aqueous and Solvent (methanol) extractions 

were procedure according to Parekh et al (2005). 

The essential oils of the used plants were prepared 

by extraction and aromatic oil unit in National Re-

search Center (NRC).  

Antibacterial activity of Antibiotic or plant ex-

tracts by well diffusion method 

 

Antibacterial activity of antibiotics or plant ex-

tracts was determined by the well diffusion method 

according to NCCLS, (1993). Petri plates contain-

ing 25 ml of Muller Hinton agar medium (Mueller 

and Hinton, 1941) were inoculated with 1ml 

standard inoculums (20×10
8
 CFU/ml) of S. aureus 

(P.F). Agar wells were made by using sterile cork 

borer (7 mm diameter). Each well was filled with 

100 μl of the tested plant extract or antibiotic and 

the plates were incubated at 37°C for 24 h. All 

tests were performed in duplicate and the antibac-

terial activity was expressed as the mean diameter 

of inhibition zones (mm). Methanol (99%) was 

tested against the S. aureus as a control. 

 

Minimal inhibitory concentration assay (MIC) 

 

The extracts that showed antibacterial activity 

were tested to determine the minimal inhibitory 

concentration (MIC) for bacterial sample. The bac-

terial sample S. aureus was grown in nutrient broth 

for 24 h then 200 μL of 20×10
8
 CFU/ml was inocu-

lated in tubes with nutrient broth supplemented 

with different concentrations (1 – 10 μl/100 μl) of 

the garlic Eso.  Afterwards 24 h at 37 °C, the MIC 

of each sample was determined by measuring the 

optical density in the spectrophotometer (620nm), 

comparing the sample readout with the non-

inoculated nutrient broth. The MICs were deter-

mined as the lowest concentration of garlic Eso 

inhibition visible growth of the lasted culture on the 

agar plate (Mahdi et al 2013). 

 

Determination of minimal bactericidal concen-

tration (MBC) 

 

Based on the results of the MIC assay, essen-

tial oil of garlic that showed a high level of bacterial 

inhibition were used for determination MBC by 

using broth dilution method reported by Davidson 

and Parish (1989) with some modifications as 

follows: before autoclaving media (Nutrient broth), 

a 2% (v/v) tween 80 (Scharlau Chemie) was added 

in order to facilitate dispersion of the Eso. Lambert 

et al (2001) reported that MIC or MBC are affected 

by the dispersion agent used, and that their values 

be lower if this agent is absent. The experiment 

was performed by adding bacterial suspension at a 

concentration of 20x10
8
 CFU/ml and garlic Eso 

with a final concentrations 1-10μl/100μl, each tube 

containing 1000μl of sterile nutrient broth with 2% 
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tween 80. The control was prepared using the me-

dium with 2% tween 80 without Eso were incubat-

ed at 37ºC for 24hr. A 100μl aliquot was spread on 

bard parker plates and nutrient broth in order to 

determine bacterial count and optical density at 

620nm. the lowest concentration of garlic Eso or 

compound resulted in a viable count of less than 

0.1% of the original inoculum (CFU/ml) considered 

MBC as compared to the turbidity of the McFarland 

0.5 standard (NCCLS, 2008) 

 

Polymerase chain reaction (PCR) and sequenc-

ing of S. aureus isolate from pleural fluid  

 

It’s carried out by Molecular Genetic laboratory 

(Rashid's lab), Genetics department, Faculty of 

Agriculture, Ain - shams University. 

 

GC-MS analysis of garlic essential oil  

 

GC-MS spectrometry analyses were performed 

on a gas chromatograph Agilent technology 7890B 

GC system equipped with an DB-5MS (30 m - ID 

0.25 mm - Film thickness 0.1 micro meter) and 

interfaced with an Agilent 5977A MSD mass selec-

tive detector. The oven temperature was pro-

grammed at 40°C (3 minute) to 280°C at 

50°C/minute and held isothermally for 5 minutes. 

Ionization mode was electron impact (EI) (70 eV), 

with scan range 40–650 amu and scan time 1.5 

seconds. inlet pressure 7.38 psi, injector tempera-

ture 280°C, detector temperature 280°C and split 

ratio 1:10. Nitrogen was used as carrier gas at a 

flow rate of 2 mL/minute. Identification of the es-

sential oil components was based on the molecular 

mass of compounds. All mass spectra were com-

pared with the data system libraries (Nist05a.L, 

Wiley 7Nist0.5. L), and other published spectra, 

Adams (2001), as well as by comparison of their 

retention index with data from the mass spectral 

library ‘Terpenoids and Related Constituents of 

Essential Oils’ (Dr Detlev Hochmuth) using then 

Mass Finder 3 software (http://www.massfinder.com).       

 

RESULTS AND DISCUSSION 

 

Antibacterial activity of different concentration 

of antibiotics (µg/100µl) against S. aureus  

(Pleural fluid)  

 

Four selected antibiotics namely Gentamycin, 

Ciprofloxacin, Vancomycin and Amikacin were 

tested for their antibacterial activity against S. au-

reus isolated from Pleural fluid (coagulase positive, 

MSSA and unable to form biofilm).  It is apparent 

from illustrated data by Fig. (1), that there is great 

variation of sensitivity toward the tested antibiotics, 

the isolate exhibits resistant against all the concen-

trations of Ciprofloxacin 0.5-20, Gentamycin 0.5-

5.0 µg /100 µl and Amikacin 1 µg/100 µl. It`s wor-

thy of note that the MIC of Gentamycin and Amika-

cin were 10 and 2.5 µg /100 µl respectively, as no 

inhibition zone could be detected on agar well dif-

fusion method at lower concentrations. The re-

sistance of S. aureus (P.F) against Ciprofloxacin 

may be due to the increased use of Ciprofloxacin 

which resulted to development of their resistance 

Derrida, (2003). 

 

Antibacterial activity of some phytoextracts by 

different methods on the viability of the S. au-

reus (P.F). 

 

 The results of the antibacterial screening assay 

of the crude extracts of the tested plants are 

shown in Fig. (2). It is apparent from the illustrated 

data that the highest potent of phytoextracts either 

extracted by water or methanol was detected by 

clove comparing with mint, thyme, sage and garlic, 

whereas garlic essential oil gave completely abol-

ish of S. aureus (P.F). As can be seen from the 

results, clove is the most active medicinal plants of   

S. aureus. The other phytoextracts included in the 

present study were also found to be active on at 

least one of the extract type (aqueous, methanol or 

essential oil). These results are coincides with 

those obtained by Bayoub et al (2010) who re-

ported that the antibacterial activity of clove etha-

nolic extract has been attributed to the presence of 

some active constituents in the ethanol extracts. 

The data also presented in Fig. (2) clearly 

show that thyme and sage methanolic extracts 

were active against the isolate. These results may 

be due to that the active substances were more 

soluble in organic solvents and, therefore not pre-

sent in water extracts. The obtained data are in 

line with those obtained by De Boer et al (2005). 

Also Ali and Aboud (2010) reported that Methanol 

extracts of Salvia officinalis have had higher solu-

bility for more phytoconstituents, consequently the 

highest antibacterial activity. All aqueous extracts 

of the tested plants were inactive against of S. au-

reus (P.F) except clove. This results are agree-

ment with De Boer et al (2005) and Nzeako et al 

(2006) who stated that aqueous extracts showed 

less activity than ethanol extracts possibly be-

cause:  
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Fig. 1. Antimicrobial activity of different concentration of antibiotics (µg/100µl) against S. aureus (P.F)  

isolate express as inhibition  zone (mm). 

 

 

 

 

 

 
 

C.Aq: clove. Aqueous, C.Al: clove. Alcohol, C.Eso: clove essential oil, M.Aq: mint. Aqueous, M.Al: mint. 

Alcohol, M.Eso: mint essential oil, T.Aq: thyme. Aqueous, T.Al: thyme. Alcohol, T.Eso: thyme essential oil,   

S.Aq: sage. Aqueous, S.Al: sage. Alcohol, S.Eso: sage essential oi, G.Aq: garlic. Aqueous, G.Al : garlic. 

Alcohol, G.Eso: garlic essential oil 

 

Fig. 2. Antibacterial activity of some phytoextracts by different methods   on the viability of the isolated S. 

aureus (P.F) express as zone inhibition (mm). 
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1) The same active substances were present in 

water extracts, but in lower concentrations. 

2) Active substances were more soluble in organ-

ic solvents and, therefore, not present in water 

extracts.  

In this study, sage essential oil was inactive 

against S. aureus (P.F) isolate. This results are 

contrast with Monika et al (2015), who showed 

that the Salvia sclarea essential (sage) oil has the 

strong anti-staphylococcal activity against clinical 

strains isolated from wound infections. 
 

Efficacy of synergism (expressed as folds) be-

tween the lowest inhibitory concentration of 

the antibiotic with different ratios of plant ex-

tracts against S. aureus (P.F) comparing to 

phytoextract or standard dose of antibiotics 

 

Our results present in Tables (1-3) clearly 

showed that combination between Gentamycin (10 

µg/100µl) and essential oil of thyme at ratio 1:3, 

gave the highest efficiency against S. aureus (P.F), 

inhibition being 4.4 fold related to recommend con-

centration of Gentamycin (10µg/100µl) alone. 

Whereas, it`s gave 1.5 and 1.6 fold in combination 

between Vancomycin (1 µg/100µl) and Amikacin 

(2.5µg/100µl) respectively against the same iso-

late. This implies that the essential oil of thyme 

increased the antibacterial activity against the test-

ed isolate, and showed synergistic interaction 

against S. aureus (P.F). 

Generally, it could be noticed that the essential 

oils of clove, and  mint gave variation in figures 

being 2.3, 3.1 & 0.8, 1.3 & 1.0, 1.3 fold comparing 

with recommended concentration of Gentamycin 

(10 µg/100µl), Vancomycin (30 µg/100µl) and Ami-

kacin (30 µg/100µl) alone respectively.  

As regards to the efficacy of phytoextract by 

methanol, the presented data revealed that it de-

pends on the used antibiotic, since it gave 1.8, 1.4, 

and 1.8 fold of inhibition against S. aureus (P.F) by 

using methanolic extract of clove, thyme and sage 

respectively by comparing with recommended con-

centration of Gentamycin (10µg/100µl). On the 

contrary, all the data related to Vancomycin and 

Amikacin were reduced which implied that there is 

no synergistic interaction could be detected be-

tween them.  

The combination between lowest inhibitory 

concentration of Gentamycin (10μg/100μl) and 

clove extract by aqueous with ratio of 1:3 en-

hanced the inhibition of S. aureus (P.F) by 1.6 fold 

comparing with recommended concentration of 

Gentamycin (10 µg/100µl). Whereas, no synergis-

tic interaction could be detected in a combination 

with Vancomycin (1μg/100μ) or Amikacin 

(2.5μg/100μl). 

In this study, synergism effect resulting from 

the combination of antimicrobial agents with es-

sential oil were verified for all plants. In vitro stud-

ies Braga et al (2005), Yang et al (2005) and Es-

imone et al (2006) have reported synergistic ef-

fects significant reduction in the MIC of the antibi-

otics, resulting for the combination of antibiotics in 

the different crude plant extracts against S. aureus 

strains  .  

In this study synergistic effect was observed 

against isolate S. aureus, during the association of 

antibiotics with methanolic extracts from clove 

(Syzygium aromaticum), thyme (Thymus vulgaris). 

These results were consistent with the results pre-

viously cited by Nascimento et al (2000) who re-

poted that a synergistic effect was observed 

against different bacterial species, during the as-

sociation of antibiotics with ethanolic extracts from 

clove (Caryophyllus aromaticus), jambolan (Syzy-

gyum joabolanum), pomegranate (Punica gran-

atum) and thyme (Thymus vulgaris(.Also,  Gislene 

et al (2000) & Gupta et al (2009) found that  the 

growth of S. aureus was inhibited when clove wa-

ter extracts were combined with all tested antibiot-

ics. Darwish et al (2002) reported that plants 

showed synergistic interactions in combination with 

chloramphenicol, gentamicin, erythromycin and 

penicillin G against S. aureus. 
 

Comparative studies between different concen-

trations of Garlic essential oil and standard 

concentration of effective antibiotics against S. 

aureus (P.F) expressed as efficacy fold   
 

Data which illustrated by Fig. (3) revealed that 

there is a direct relationship between the concen-

tration of GEO and their efficacy against S. aureus 

(P.F). Increasing the GEO concentration from 10 µl 

to 100 µl /well resulted to increment the efficacy 

from 2.2 to 10, from 0.8 to 3.7 and from 1.0 to 4.5 

fold comparing to recommended dose of Gen-

tamycin, Vancomycin and Amikacin alone respec-

tively against S. aureus. 

Therefore, more serial dilutions of garlic essen-
tial oil were required in the following experiment in 
order to detect the minimum bactericidal concen-
tration. From the experimental data, it could be 
stated that 2μl/ml represent minimum bactericidal 
concentration of garlic essential oil which reduce 
the total viable count (20×10

8
 CFU/ml) to 0.04%. 

These result was coinciding with NCCLS, (2008) 

which stated that the lowest concentration of a 
tested extract or compound resulted in a viable 
count of less  than  0.1%  of  the  original  inoculum 
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Table 1.  Efficacy of synergism (expressed as folds) between the lowest inhibitory concentration of 

the antibiotic with different ratios of plant extracts against S. aureus (P.F) comparing to phytoextract 

or standard dose of Gentamycin 

The data given are mean (n=3) ± standard error 

 

Table 2. Efficacy of synergism (expressed as folds) between the lowest inhibitory concentration of the an-

tibiotic with different ratios of plant extracts against S. aureus (P.F) comparing to phytoextract or standard 

dose of Vancomycin. 

 

The data given are mean (n=3 )±  standard error 

Combination Type extracts 

Inhibition zone of diameter 

IZD (mm) 
Efficacy of G: P (1:3) 

by fold to 
Gentamycin : phytoextract 

1:1 1:2 1:3 Phytoextract 
Gentamycin 

(10μg/100µl 

Gentamycin+clove Aqueous 

 

12±0.000 13±0.333 15±0.000 1.0 (15/15)     1.6 (15/9) 

Gentamycin+clove Methanolic 15±0.333 16±0.333 17±0.333 0.7 (17/24) 1.8 (17/9) 

Gentamycin+clove Essential oil 19±0.000 20±0.000 21±0.000 1.4 (21/29) 2.3 (21/9) 

Gentamycin+ mint    Essential oil 20±0.000 22±0.333 28±0.000 0.8 (28/20) 3.1 (28/9) 

Gentamycin+thyme Methanolic 11±0.333 12±0.000 13±0.000 1.1 (13/15) 1.4 (13/9) 

Gentamycin+thyme Essential oil 28±0.000 35±0.000 40±0.000 1.1 (40/34) 4.4 (40/9) 

Gentamycin +sage Methanolic 13±0.000 15±0.000 17±0.000 1.1 (17/16) 1.8 (17/9) 

Combination 
Type  

extracts 

Inhibition zone of diameter IZD 

(mm). Efficacy of V: P (1:3) by fold to 

Vancomycin : phytoextract 

1:1 1:2 1:3 Phytoextract 
Vancomycin 

(30μg/100µl) 

Vancomycin +clove  Aqueous 13±0.000 14±0.000 15±0.000 1.0 (15/15) 0.6 (15/24) 

Vancomycin +clove Methanolic 16±0.000 17±0.000 19±0.666 0.7 (19/24) 0.7 (19/24) 

Vancomycin +clove  Essential oil 18±0.333 19±0.333 20±0.333 0.6 (20/29) 0.8 (20/24) 

Vancomycin + mint   Essential oil 20±0.000 29±0.333 32±0.333 1.6 (32/20) 1.3 (32/24) 

Vancomycin+thyme  Methanolic 15±0.000 16±0.333 17±0.000 1.1 (17/15) 0.7 (17/24) 

Vancomycin+thyme  Essential oil 27±0.000 30±0.000 36±0.333 1.0 (36/34) 1.5 (36/24) 

Vancomycin + sage Methanolic 16±0.333 

 

17±0.000 18±0.000 1.1 (18/16) 0.7 (18/24) 
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Table 3. Efficacy of synergism (expressed as folds) between the lowest inhibitory concentration of the 

antibiotic with different ratios of plant extracts against S. aureus (P.F) comparing to phytoextract or 

standard dose of Amikacin. 

 

The data given are mean (n=3) ± standard error 

 

 

 

 

 

 

Fig. 3. Comparative studies between different concentrations of Garlic essential oil and standard 

concentration of effective antibiotics against S. aureus (P.F) expressed as efficacy fold. 

 

 

100µl/well50µl/well25µl/well10µl/well

10 fold 
8.1 fold 

2.6 fold 2.2 fold 

3.7 fold 3.0 fold 

1.0 fold 0.8 fold 

4.5 fold 3.6 fold 1.2 fold 1.0 fold 

Garlic oil Gntamycin (10µg/100µl)

Vancomycin (30µg/100µl) Amikacin (30µg/100µl)

Concentration of Garlic essential oil (G Eso) /well  

Combination Type extracts 

Inhibition zone of diameter IZD (mm). Efficacy of A: P (1:3)  

by fold to 
Amikacin : phytoextract 

1:1 1:2 1:3 Phytoextract 
Amikacin 

(30μg/100µl) 

Amikacin+clove Aqueous 13±0.000 15±0.333 17±0.000 1.1(17/15) 0.8 (17/20) 

Amikacin+clove  Methanolic 15±0.333 16±0.333 17±0.333 0.7 (17/24) 0.8 (17/20) 

Amikacin +clove Essential oil 19±0.000 

 

20±0.000 21±0.33 0.7 (21/29) 1.0 (21/20) 

Amikacin + mint  Essential oil 25±0.333 26±0.333 27±0.000 1.3 (27/20) 1.3 (27/20) 

Amikacin+thyme  Methanolic 13±0.000 14±0.333 15±0.333 1.0 (15/15) 0.7 (15/20) 

Amikacin+thyme Essential oil 29±0.667 31±0.333 32±0.000 0.9 (32/34) 1.6 (32/20) 

Amikacin   + sag Methanolic 17±0.333 18±0.333 19±0.333 1.1 (19/16) 0.9 (19/20) 
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(CFU/ml) considered MBC as compared to the 

turbidity of the McFarland 0.5 standard. These 

recorded results in the present study could be ex-

plained on the light of what have been reported by 

other authors Mahady, (2001) & Groppo et al 

(2002) and Alli et al (2011)) who have attributed 

the turbidity which reduced with the introduction 

and increase in concentration of the garlic extract 

was due to antimicrobial effect of the garlic extract 

on the tested organism. 

Also, similar trend of garlic essential oil 

strength was found by Lemar et al (2005) and Eja 

et al (2007) who reported that allicin from garlic 

blocks the action of bacterial enzymes by reacting 

with this's thereby inhibiting the growth  of the mi-

crobe. It could also be concluded from the findings 

of this study that the mode of action of garlic ex-

tract as an antibiotic is by affecting the nucleus 

(DNA or RNA synthesis). 

 

Molecular Identification of the S. aureus isolate 

 

16S rRNA sequence analysis is an important 

tool for identification of microbial species than 

morphological, physiological and biochemical 

characterization due to cumbersome and time-

consuming (Poorani et al 2009). 

This method of identification is mainly based on 

the conserved 16S rDNA domains among bacterial 

speciesand being variable in certain regions that 

reflect it nature of being species specific. That, 

each species has a unique 16S rDNA sequence 

which reflects the validity of the test. In this meth-

od, the total genomic DNA was isolated, purified 

and used as a template for PCR amplification. The 

analysis of 16S rRNA gene of S. aureus (PF) rev-

eled the forward sequence (223 bp) and reverse 

sequence (243 bp) that was assembled to form a 

sequence of 272 bp length. CG% was 51.9% with 

nucleotide frequencies of T= 27.2%, C= 33.4%, G 

= 18% and A= 21.3%.  

 

- Forward direction: 223 bp 

 

TTGGGCGTAAGCGCGCGTAGGCGGTTTTTTA-

AGTCTGATGTGAAAGCCCACGGCTCAACCGT-

GGAGGGTCATTGGAAACTGGAAAACTTGAGT-

GCAGAAGAGGAAAGTGGAATTCCATGTGTAG-

CGGTGAAATGCGCAGAGATATGGAGGAACAC-

CAGTGGCGAAGGCGACTTTCTGGTCTGTAAC-

TGACGCTGATGTGCGAAAGCGTGGGGATCAA-

ACAGGA 

 

- Reverse direction: 243 bp 

 

CAGCGTCAGTTACAGACCAGAAAGTCGCCTT-

CGCCACTGGTGTTCCTCCATATCTCTGCGCAT-

TTCACCGCTACACATGGAATTCCACTTTCCTC-

TTCTGCACTCAAGTTTTCCAGTTTCCAATGAC-

CCTCCACGGTTGAGCCGTGGGCTTTCACATC-

AGACTTAAAAAACCGCCTACGCGCGCTTTAC-

GCCCAATAATTCCGGATAACGCTTGCCAC-

CTACGTATTACCGCGGCTGCTGGAA 

 

- Consensus sequence (Forward + reverse): 

272 bp 

 

TCCTGTTTGATCCCCACGCTTTCGCACATCA-

GCGTCAGTTACAGACCAGAAAGTCGCCTTCG-

CCACTGGTGTTCCTCCATATCTCTGCGCATTT-

CACCGCTACACATGGAATTCCACTTTCCTCTT-

CTGCACTCAAGTTTTCCAGTTTCCAATGACCC-

TCCACGGTTGAGCCGTGGGCTTTCACATCAG-

ACTTAAAAAACCGCCTACGCGCGCTTTACGCC-

CAATAATTCCGGATAACGCTTGCCACCTACGT-

ATTACCGCGGCTGCTGGAA 

 

The sequenced strain compared with the other 

sequenced bacteria in using BLAST tool in  NCBI 

based on the  in Gene- Bank and the 16S riboso-

mal database, that showed similarity with some 

sequences belonging to the 16S small subunit 

rDNA Staphylococcus aureus (KY007579). 

 

Sequence 

Accession 

Sequence 

Length 

% 

Identical 
Organism %GC 

KY007579 270 99.8% 
Staphylococcus 

aureus 
51.9% 

KY176381 270 99.8% 
Staphylococcus 

aureus 
51.9% 

 

Top results obtained from BLAST search were 

downloaded in FASTA format and aligned with the 

isolate sequence using ClustalW method, in which 

an alignment of 271 bp length was obtained, with 

zero differences (Fig. 4). 
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Fig. 4. Multiple sequence alignment of S.aureus partial nucleotide sequence of 16s rDNA gene 

 

 

 

The tree was generated using neighbor joining 

(NJ) a distance-based algorithm of phylogenetic 

analysis. Bacterial isolate (S.aureus P.F) was 

grouped with genus Staphylococcus. The  

sequence of S. aureus PF was most closely relat-

ed to S. aureus accession number KY007579 and 

KY176381 with bootstrap support (confidence lev-

el) of 100% for both accessions Fig. (5). 

 

 

 

 

 
 

Fig. 5. Phylogenetic relation of S.aureus . The dendogram wa generated by the neighbor-joining method 

using BLASTn. 
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Analysis of garlic essential oil by GC-MS spec-

trometry  

 

Data presented in Table (4) showed the quali-

tative and quantitative analysis of hydro-distilled 

garlic essential oil sample which used in present 

investigation. GC-MS spectra dedicated that twen-

ty-one compounds were identified and the major 

detected compounds were dominated to sulfur 

compounds. Diallyl disulphide (28.1784%) and 

trisulfide, di-2-propenyl (27.128%) were identified 

as major constituents. they are counting 55.3064% 

of total identified compounds. 3-(methylthio) penta-

2,4-dione (12.928%), diallyl sulfide (9.556%) and 

trisulfide, methyl-2-propenyl (7.851%) and 1-allyl-3-

(2-(allylthio)propyl) trisulfane (3.223%) were also 

identified. Those four compounds represent 

33.558% of overall detected compounds. Chroma-

tographic analysis quantitively showed that six 

sulfur compounds out of 21 represent 88.8644% of 

total detected compounds in garlic essential oil. 

Fig. (6) showed the GC chromatogram of garlic oil, 

Fig. (7), and Fig. (8) represented the MS spectra 

of six major sulfur compounds in garlic oil. While 

the allicin is the main constituent of allyl sulfide 

compounds in garlic oil and resulted from enzymat-

ic conversion of alliin by allinase as presented in 

Schem I, allicin was not detected. This could be 

explained by the high instability of allicin under 

hydro-distillation conditions. Allicin instantly under-

go degradation reactions resulted in different disul-

fide and trisulfide constituents Rainy et al (2014). 

Di and tri sulfides that were detected in garlic oil as 

major constituents in present report clearly con-

firmed the allicin presence. 

 

 
 

Schem I – Enzymatic conversion of Allin to  

Allicin, Bocchini et al (2001)  
 
 

Depending on the previous investigation we 

can conclude that, (1) the main anti-microbial activ-

ity of garlic oil refers to allicin degradation products 

that were detected by GC-MS analysis, (2) It was 

not applicable to separate allicin by preparative 

chromatographic methods under regular analytical 

conditions to test its anti-microbial activity due to 

allicin instability. Dziri et al (2014) identified 17 

components, covering more than 97% of the GC 

profiles of garlic oil extracted with different meth-

ods.  Sulfur components group accounts for more 

than 84% of the total oil and was dominated by 

diallyl trisulfide (37.3–45.9%), diallyl disulfide 

(17.5–35.6%), methyl allyl trisulfide (7.7–10.4%). 

the difference between obtained results and similar 

reports could be explained by the plant genotype 

and environmental factors that affect the garlic oil 

composition. 

 

Table 4. Chemical constituents (%) of garlic oil 

detected by GC-MS spectrometry 

 

 Retention % Compound name 

1 4.9377 9.5559 Diallyl sulfide 

2 5.5808 1.8604 Disulfide, methyl 2-propenyl 

3 6.1166 1.2636 Dimethyl trisulfide 

4 6.7926 0.5942 1-Allyl-2-isopropyldisulfane 

5 7.0441 28.1784 Diallyl disulphide 

6 7.1389 0.7841 
(Z)-1-Allyl-2-(prop-1-en-1-

yl)disulfane 

7 7.176 1.3564 
(E)-1-Allyl-2-(prop-1-en-1-

yl)disulfane 

8 7.4727 7.8507 Trisulfide, methyl 2-propenyl 

9 7.9674 0.3178 
3-Vinyl-1,2-dithiacyclohex-5-

ene 

10 8.0045 0.3664 Tetrasulfide, dimethyl 

11 8.5238 27.128 Trisulfide, di-2-propenyl 

12 8.6434 0.3752 
(Z)-1-Allyl-3-(prop-1-en-1-

yl)trisulfane 

13 9.8387 12.9281 3-(Methylthio)penta-2,4-dione 

14 10.0531 0.414 2-Pentanone, 5-(trimethylsilyl)- 

15 10.4076 0.4206 Cyclic octaatomic sulfur 

16 10.8404 0.9795 5-Ethylthiazole 

17 10.9558 0.5848 
Hexanoic acid, 2-ethyl-, hexa-

decyl ester 

18 11.0918 3.2227 
1-Allyl-3-(2-

(allylthio)propyl)trisulfane 

19 11.5288 0.4222 2-Nitrophenyl-azo-thio-thiol 

20 12.6664 0.4691 Octadecane 

21 13.293 0.9279 Octadecane 
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Fig. 6. GC Chromatogram of garlic oil  

 

 

 

 

 

 

 

 

  
 

 
Fig. 7. MS spectrum of diallyl disulphide (M.W. 146) 28.178% (left), and trisulfide, di-2-propenyl (M.W. 

178) 27.128% (right).  
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Fig. 8. MS spectrum of 3-(Methylthio)penta-2,4-dione (M.W. 146) 12.928% (top left), diallyl sulfide (M.W. 

114) 9.556% (top right), Trisulfide, methyl 2-propenyl (M.W. 152) 7.851% (down left) and 1-Allyl-3-(2-

(allylthio)propyl)trisulfane (M.W. 147) 3.223%(down right). 
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