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Abstract

The Cymbopogon citratus leaves were popularly known as the Lemon grass leaves in the form of its aromatic tea as an ancient 
tradition providing soothing flavor aiding in the treatment of many ailments especially the respiratory tract infections due to the 
release of essential oils in the tea while boiling. The fresh Lemon grass leaves of Cymbopogon citratus were procured from the 
local hypermarket from Jeddah, Kingdom of Saudi Arabia and the essential oils were extracted by the European Pharmacopoeia 
methodology of employing Clevenger-type apparatus. The Gas Chromatography-Mass Spectrometry analysis for the Cymbopogon 
citratus leaves essential oil was performed by the creating the compound creation examination of qualitative and quantitative analysis 
of the extracted essential oil from the leaves were by deploying a Hewlett Packard 5890 Series II gas chromatograph outfitted with a 
flame Ionization Finder (FID) and a slim HP-5 section. The multi-drug resistant clinical isolates Proteus vulgaris were procured from 
the nosocomial patients by following the standard microbiological isolation and purification technique protocol.

The same standard protocol was deployed for the standard strain of the Proteus vulgaris. The standard antibiotic qualitative 
method of Kirby-Bauer disc diffusion method along with the standard quantitative methods of minimal inhibitory concentration 
and minimal bactericidal concentration test protocol were deployed towards both the multi-drug resistant clinical isolates Proteus 
vulgaris and standard strain of the Proteus vulgaris to investigate the efficacy of the standard antibiotics with that of the essential 
oil. The procured test results were recorded and compared which shown exceptional test results for the study which proved the 
necessity for carrying such investigations to bring the hidden facts to the limelight regarding the alarming rise in the multi-drug 
resistant variants which could have been controlled by the proper implementation of the standard available tests to choose a specific 
antibiotic for a specific infection instead of broad-spectrum drug. This study also shows the importance of naturally abundant 
essential oils in combating even the multi-drug resistant pathogens.
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Introduction
The Lemon grass leaves variety which is the native of southeast 

Asian continent being popular in the form of its aromatic herbal tea 
rich in essential oil being consumed on regular basis as a traditional 
ancient herbal drink for its soothing flavor which also helps in 
solving many ailments without the knowledge of many. Besides 
the rich aromatic flavor of this herbal tea, it also possesses several 
important chemical components present in its essential oil which 
is being released while boiling the leaves of this lemon grass [1,2]. 
The phytochemical components present in the essential oil released 
from this herbal tree provides a vital antimicrobial component 
against many ailments. The antimicrobial properties of the essential 
oil released from the leaves of this lemon grass variety acts as good 
phenolic substance in eliminating the pathogens especially from 
the respiratory system. for asthma, headache, coughs, and colds, 
etc., [1,3]. Besides the respiratory ailments, the essential oil derived 
from this lemon grass leaves were useful against other ailments 
such as stomach, cramps, flatulence, indigestion, treat wounds and 
swollen glands, etc., [4,5].

The essential oil present in the leaves of this lemon grass 
variety not only serves as an aromatic flavored herbal drink but 
also resolves many ailments without any side effects which makes 
these types of herbal medicine as a natural boon to the mankind 
to treat several diseases naturally without seeking the need for 
the chemical solvents. The forgotten past of the ancient medicinal 
therapies needs to be resurrected by exploring and ploughing 
the available natural medicine form the herbal source [6,7]. This 
research was an effort to study the Phyto-chemical components 
present in the essential oil of this lemon grass variety by Gas 
Chromatography-Mass Spectrometry analysis and to analyze its 
antimicrobial efficacy against the clinical isolates of Multi-Drug 
Resistant Proteus Vulgaris (MDRPV) which emerging as a potential 
threat to the mankind in the form of nosocomial hospital borne 
infection during prolong admission in the hospitals by person-to-
person contact [8,9]. The emergence of this MDRPV is also due to 
the mishandling of the antibiotics due to the wrong prescriptions 
which is generally termed as antibiotic abuse in medical field.

This type of drug resistance arose when the antibiotic was 
given to the individuals without the proper investigations by the 
physician and the best example is MRSA variant which become 
potent threat due to antibiotic abuse. There were series of abundant 
studies regarding the antimicrobial activity of the essential oil of 
the lemon grass leaves of the Cymbopogon citratus plant were 
performed towards the respiratory infections of the Gram-positive 
cocci especially Streptococcus species infections and many studies 
were also performed towards Gram negative Enterobacteriaceae  

 
species. Hence, the focus of our study was to study the antimicrobial 
efficacy of this lemon grass variety essential oil towards one of the 
Gram negative Enterobacteriaceae member bacilli Proteus vulgaris 
but in a different perspective by selecting the clinical isolates of 
Proteus vulgaris only from the nosocomial multi-drug resistant 
variants to make the study more beneficial to the podium [1,10,11]. 
Hence, the findings of this study will be fascinating to determine the 
efficacy of the Cymbopogon citratus essential oil containing plenty 
of phyo chemical components released by the lemon grass leaves as 
an antimicrobial agent towards the MDRPV clinical isolates and the 
obtained results were assessed [2,10,12].

Materials and Methods
Requirements

The major requirements for the conduct of this study were 
Fresh leaves of Lemon grass of Cymbopogon citratus, Anhydrous 
sodium sulfate, Hewlett Packard 5890 Series II gas chromatograph, 
Cysteine Lactose Electrolyte Deficient agar plates, Mueller Hinton 
Agar plates, Nutrient liquid media, Peptone Water, Stuart’s 
Transport media, Sterile swabs, Inoculation loop, Test tubes, 
Pasteur pipettes, Laminar air flow type-2 chamber, Bacteriological 
Incubator, Gram’s staining kit, Biochemical reagents kit for Indole, 
Methyl red, Voges Proskauer, Citrate test identification, Microscope. 
MDRPV Nosocomial Clinical Samples, Standard strain culture of the 
Proteus vulgaris

Essential oil extraction method

The fresh wild Lemon grass leaves of Cymbopogon citratus 
were procured from the local hypermarket from Jeddah, Kingdom 
of Saudi Arabia. The leaves were washed well and sundried for 
5 to 8 days depending upon the weather conditions. The well 
sun dried lemon grass leaves were powdered with the help of 
mortar and pestle. The European Pharmacopoeia methodology by 
employing Clevenger- type apparatus applied for the extraction of 
the essential oil from the sundried leaves of the Lemon grass leaves 
of Cymbopogon citratus. The duration of the extraction process of 
the essential oil was around six hours to collect a greenish colored 
oil from the dried leaves. The traces of moisture in the essential oil 
were removed by treating it with the anhydrous sodium sulfate. The 
extracted essential oil was then transferred to the brown colored 
bottle and was ready to be used for the analysis [13,14].

Gas Chromatography-Mass Spectrometry Analysis of the 
Essential Oil 

The Gas Chromatography-Mass Spectrometry analysis for 
the Cymbopogon citratus leaves essential oil was performed by 
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the creating the compound creation examination of qualitative 
and quantitative analysis of the extracted essential oil from the 
leaves were by deploying a Hewlett Packard 5890 Series II gas 
chromatograph outfitted with a flame Ionization Finder (FID) and 
a slim HP-5 section (80m×0.85mm; 0.55μm film thickness); the 
injector and locator temperature were principle tainted at 550°C 
and 570°C, individually. Infusion size of 0.5μL, split mode. Helium 
was utilized as a transporter gas at a flow pace of 1mL/minute. For 
rejuvenating balms the broiler was modified as follows: 70°C (1 
moment), 70-185°C at a pace of 1.5°C/minute), 185°C (1 moment), 
185-575°C at a pace of 9°C/minute), 575°C (5 minutes) with a 
split proportion 80:1. Gas Chromatography-Mass Spectrometry 
(GC-MS) examination was done on a HP 7890 gas chromatograph 
(Agilent Technologies, Buenos Aires, Argentina) coupled to a 
HP 5978 quadrupole mass spectrometer (Agilent Technologies) 
outfitted with a PerkinElmer Elite-5MS slim sections (5% phenyl 
methyl siloxane, length 80m, internal width 0.55mm, film thickness 
0.55μm).

Helium was utilized as the transporter gas at a flow pace of 
1mL/minute. GC-MS interphase, particle source and particular mass 
identifier temperatures were kept up with at 580°, 580° and 150°C, 
individually; ionization energy: 70eV. The broiler temperature 
program was equivalent to for the GC-FID examination. The parts 
rate was taken from capillary GC follows with the FID [15,16]. The 
identification of the singular parts depended on (I) PC coordinating 
with the Wiley 575 and National Institute of Standards and 
Technology (NIST) libraries gave PC controlling GC-MS framework; 
(ii) comparison with spectra accessible in our files and writing 
information (9-11); and (iii) correlation of their GC math lists 
(AI) on a HP-5 segment. The AIs for the essential oil parts were 
determined utilizing a homologous series of n-alkanes C8-C18. For 
oleoresins, a homologous series of n-alkanes C8-C55 was utilized 
[17,18].

Isolation and Purification of MDRPV nosocomial Clinical 
Isolates

The nosocomial clinical samples of the MDRPV patients 
were collected and processed at an aseptic condition in the 
microbiological laboratory. The collected MDRPV samples include 
abscess, catheters, urine, pus, stool, wound swab, High Vaginal 
swabs, skin sample, along with aspirate and surgical samples. 
The samples were aseptically inoculated by performing streak 
culture technique on to the Cysteine Lactose Electrolyte Deficient 
agar plates which is the special selective differential media for the 
Proteus vulgaris promoting the inhibition of the characteristic 
swarming motility demonstration of the bacterium. The samples 
were inoculated on to each separate culture plates respectively and 
incubated at 37°C for 24 hours. After incubation the confirmatory 

biochemical test procedure set up was proceeded to confirm the 
bacterium for each separate samples. The procured results were 
well tabulated and confirmed with the test control sample results 
of the standard strain of the Proteus vulgaris with the same culture 
and biochemical identification set up for the authenticity of the 
results [19,20].

Antimicrobial susceptibility testing

The standard conventional Kirby-Bauer disc diffusion method 
was deployed to determine the qualitative efficacy of the essential 
oil obtained from the lemon grass leaves of the Cymbopogon 
citratusplant along with the standard antibiotic disc towards 
the obtained clinical isolates of the MDRPV from the nosocomial 
patients to demonstrate antimicrobial vulnerability effects 
separately by inoculating on to separate Mueller-Hinton agar plates 
for each isolate samples incubated at 37°C for 24 hours [21,22]. The 
susceptibility result was determined by the appearance of clear 
zone measuring more than 14cm in diameter while intermediate 
sensitivity was measured with the zone of 7 to 14 cm diameter 
while resistant was determined by a null zone of less than 7cm in 
diameter or no zone. The standard conventional minimal inhibitory 
concentration and minimal bactericidal concentration test protocol 
were deployed to determine MIC and MBC values which reflects the 
quantitative efficacy of the essential oil obtained from the lemon 
grass leaves of the Cymbopogon citratus plant along with the 
standard antibiotic disc towards the obtained clinical isolates of the 
MDRPV from the nosocomial patients. The exact test set up of the 
qualitative and quantitative was deployed for the standard strain 
culture of the Proteus vulgaris to compare the test values for the 
authenticity of the results [23,24]. The obtained test results were 
well tabulated with appropriate figures.

Result 
The Lemon grass leaves essential oil extract of Cymbopogon 

citratus analyzed by GC-MS method by employing HP 7890 gas 
chromatograph (Agilent Technologies, Buenos Aires, Argentina) 
coupled to a HP 5978 quadrupole mass spectrometer (Agilent 
Technologies) outfitted with a PerkinElmer Elite-5MS slim sections 
5% phenyl methyl siloxane, length 80m, internal width 0.55mm, film 
thickness 0.55μm shown absolute forty-six chemical. These forty-
six chemical constituents analyzed in the study from the procured 
utilized essential oil proved to be the most important factors for the 
antimicrobial activities of this lemon grass leaves of Cymbopogon 
citratus the details of all the GC-MS analyzed chemical constituents 
present in the utilized procured essential oil lemon grass leaves of 
Cymbopogon citratus along with the retention time and percentage 
of each individual compound is well tabulated in Table 1. Described 
comparative of the obtained results described in the Figure 1.
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Table 1: Gas Chromatography-Mass Spectrometry Analysis of Essential Oil.

Extracted Components Rate Percentage (%) Retention Time (minutes) 

 Eicosane aldehyde 30.45 28.076

Hepta-9, 10, 11-trienoic acid 26.05 20.565

Octadecanoic acid 0.96 12.556

Hexadecanoic acid 0.85 13.085

1-ethoxyoctadecane 21.55 24.644

2-ethenyltetradecan-1-ol 22.45 23.545

Borneol 1.55 15.405

Germacrene D 8.88 15.587

Cis-Pulegone Oxide 0.95 15.778

Piperitone oxide 11.05 15.881

β-Bourbonene 0.88 10.017

Menthyl acetate 0.77 10.824

Isopulegone 0.70 10.895

β-Elemene 0.79 11.000

Caryophyllene 8.19 11.149

Dihydrocarvone 8.85 11.550

Menthol 0.71 11.595

Pulegone 15.45 11.814

Trans-β-Farmesene 1.07 11.890

α-Humulene 0.81 15.044

α-Terpineol 0.78 15.809

1,8-Cineole 4.87 5.897

cis-Ocimene 1.81 5.749

β-trans-Ocimene 1.78 8.091

Menthone 19.81 9.724

Neryl acetate 0.91 15.985

delta-Cadinene 0.40 18.075

Neodihydrocarveol 0.99 18.849

Dihydrocarveole 1.75 18.748

Limonene oxide 0.41 18.788

Geraniol 0.77 14.070

p-menth-1,8-dien-8- one 0.45 14.117

8-Terpinolenone 5.77 15.118

Caryophllene oxide 1.57 15.781

Germacrene D-4-ol 0.44 17.895

Spathulenol 0.74 17.175

Eugenol 0.55 17.704

Thymol 0.70 17.701

α-Cadinol 0.44 18.578

Phytol 0.49 51.887

α-Pinene 0.77 8.040

Camphane 0.48 8.505

β-Pinene 1.55 8.995

Sabinene 1.08 4.155

β-Myrcene 1.05 4.708

Limonene 7.10 5.570

The details of all the GC-MS analyzed chemical constituents present in the utilized procured essential oil lemon grass leaves of Cymbopogon 
citratus along with the retention time and percentage of each individual compound well described in the form of the chart figure 1.
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Figure 1: Gas Chromatography-Mass Spectrometry Analysis of Essential Oil.

The results procured from the of the Kirby-Bauer Disc 
diffusion susceptibility of MDRPV nosocomial clinical isolates 
showed that most of the clinical MDRPV isolates were resistant to 
all the standard synthetic antibiotics tested. The best and worst 
antibiotic zone diameters which determines the susceptibility for 
the standard synthetic chemical antibiotics against the nosocomial 
clinical isolates MDRPV were 23mm and 2mm, respectively when 
compared with 27mm and 15mm respectively towards the organic 
lemon grass essential oils. Among the ten nosocomial clinical 
isolates of MDRPV, the abscess sample isolate was resistant to 6 out 
of the 7 standard synthetic chemical antibiotics, and susceptible 
only to Cephalosporin with a zone diameter of 19mm. but was 
susceptible towards lemon grass essential oil with 23mm diameter 
of the zone formation. This isolate did not have any intermediate 
sensitivity towards any standard antibiotics. Hence, the nosocomial 
clinical MDRPV isolates from the abscess sample was the most 
multidrug-resistant among the ten isolates studied in this work.

This result was fascinating and encouraging that the organic 
lemon grass essential oils were more effective than standard 
synthetic antibiotics even against the most MDRPV nosocomial 
clinical isolate. The procured wound sample from the MDRPV 
nosocomial clinical isolates showed better susceptibility towards 
the standard antibiotic with the resistant to only one antibiotic 
ampicillin with two intermediate sensitivities towards Cefazolin 
and Ceftriaxone, with four susceptibility results. The best among 
being against the standard antibiotic Cephalosporin with 23mm 
diameter susceptibility but comparatively less susceptible than 
the organic lemon grass essential oil which shown susceptibility 
results of 27mm diameter. The susceptibility results for other 
nosocomial clinical MDRPV isolates shown mixed results which are 
mostly resistant towards the standard antibiotics but encouraging 
fact was that all the isolates were susceptible towards the organic 
lemon grass essential oil. The procured susceptibility results from 
the study were well tabulated in the table 2 and depicted in the 
form of figure 2.
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Table 2: Antimicrobial Susceptibility Testing-DISC DIFFUSSION METHOD (mm).

MDRPV Isolates
A N T I B I O T I C Essential oil

Ampicillin Cefazolin Gentamicin Ceftriaxone Quinolone  Aztreonam Cephalosporin Lemon grass

Abscess 2R 3R 2R 4R 2R 2R 19S 23S

Urine 131 2R 3R 2R 4R 22S 20S 25S

Pus 4R 3R 2R 4R 2R 20S 20S 21S

High Vaginal 5R 2R 2R 4R 2R 21S 21S 22S

 Catheters 4R 3R 2R 4R 2R 10I 10I 18S

Skin 2R 4R 2R 21S 20S 22S 20S 26S

Stool 2R 4R 2R 4R 2R 21S 20S 22S

Wound 2R 12I 20S 10I 20S 20S 23S 27S

Aspirate 4R 3R 2R 4R 2R 9I 11I 15S

Surgical 11I 10R 9I 11I 22S 20S 20S 21S

Mean 7.5 4.6 11 11.5 11 12 16.5 21.2

Standard Strain 16S 18S 14S 17S 24S 22S 19S 29S

Figure 2: Antimicrobial Susceptibility Testing-DISC DIFFUSSION METHOD (mm).

The Minimal Inhibitory Concentration and Minimal Bactericidal 
Concentration test results were in align with the susceptibility 
results of the disc diffusion method for nosocomial clinical MDRPV 
isolates which showed that the organic lemon grass essential 
oil values fared better than that of the standard antibiotics. The 
procured MIC and MBC results from the study were well tabulated in 
the table 3 and depicted in the form of figure 3. The most important 
aspect of the study was the surprising yet fact prevailing results 
obtained from the standard strain culture of the Proteus vulgaris. 
The standard strain was susceptible towards all the seven standard 

antibiotics tested and against the lemon grass essential oil. The 
obtained susceptible zone diameter results of the standard strain 
culture of the Proteus vulgaris were as follows Ampicillin-16S, 
Cefazolin-18S, Gentamicin-14S, Ceftriaxone-17S, Quinolone-24S, 
aztreonam-22S, Cephalosporin-19S, Lemon grass essential oil-29S. 
The results were well tabulated in the Table 2 and compared in the 
figure 2. The best susceptible result for the standard strain culture 
of the Proteus vulgaris was 29S obtained against the organic lemon 
grass essential oil and against standard antibiotic Quinolone-24S.
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Table 3: Antimicrobial Susceptibility Testing-Minimal Inhibitory Concentration (μg/ml).

MDRPV Isolates
A N T I B I O T I C Essential oil

Ampicillin Cefazolin Gentamicin Ceftriaxone Quinolone  Aztreonam Cephalosporin Lemon grass

Abscess 1 1 1 0.55 0.55 0.5 0.5 0.5

Urine 1.55 0.5 1 1 0.55 0.5 0.5 0.5

Pus 1 1 1 0.55 0.55 0.5 1 1

High Vaginal 1 1 1 0.55 0.55 0.5 0.5 0.55

 Catheters 1 1 1 0.55 0.55 0.5 1 1

Skin 0.55 0.55 0.5 1 1 0.55 1 1

Stool 0.55 0.5 0.5 0.5 0.55 0.5 0.5 0.5

Wound 1 1 1 0.55 0.55 0.5 0.55 0.5

Aspirate 0.55 0.55 0.5 1 1 1 1 1

Surgical 0.55 0.5 0.5 0.5 0.55 0.55 0.5 0.5

Mean 0.75 0.755 0.75 0.755 0.755 0.755 0.755 0.755

Standard Strain 0.55 0.55 0.5 0.5 0.55 0.55 0.55 0.5

Figure 3: Antimicrobial Susceptibility Testing-Minimal Inhibitory Concentration (μg/ml).

The least but fair enough susceptibility when compared 
to MDRPV nosocomial clinical isolates was observed against 
Ampicillin with 16S susceptibility. All the diameter values were 
calculated as mm. The Minimal Inhibitory Concentration and 
Minimal Bactericidal Concentration test results were in align 
with the susceptibility results of the disc diffusion method for the 
standard strain culture of the Proteus vulgaris. The MIC result 
values were almost 0.5μg/ml for all the seven standard antibiotics 

as well for the organic lemon grass essential oil. The results were 
well tabulated in the Table 3 and compared in the figure 3 Similarly 
the MBC result values were almost 0.5μg/ml 0 for the five standard 
antibiotic and for the organic lemon grass essential oil 0.75μg/ml 
along with Gentamicin and Ceftriaxone, standard antibiotics which 
was an exceptional result when compared to the MDRPV variants of 
the nosocomial clinical isolates. The results were well tabulated in 
the Table 4 and compared in the figure 4.
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Table 3: Antimicrobial Susceptibility Testing-Minimal Bactericidal Concentration (μg/ml)

MDRPV Isolates
A N T I B I O T I C Essential oil

Ampicillin Cefazolin Gentamicin Ceftriaxone Quinolone  Aztreonam Cephalosporin Lemon grass

Abscess 1 1 1 0.55 0.55 0.5 0.5 0.5

Urine 1.55 0.5 1 1 0.55 0.5 0.5 0.5

Pus 1 1 1 0.55 0.55 0.5 1 1

High Vaginal 1 1 1 0.55 0.55 0.5 0.5 0.55

 Catheters 1 1 1 0.55 0.55 0.5 1 1

Skin 0.55 0.55 0.5 1 1 0.55 1 1

Stool 0.55 0.5 0.5 0.5 0.55 0.5 0.5 0.5

Wound 1 1 1 0.55 0.55 0.5 0.55 0.5

Aspirate 0.55 0.55 0.5 1 1 1 1 1

Surgical 0.55 0.5 0.5 0.5 0.55 0.55 0.5 0.5

Mean 0.75 0.755 0.75 0.755 0.755 0.755 0.755 0.755

Standard Strain 0.5 0.5 0.75 0.75 0.5 0.5 0.5 0.75

Discussion
The chemical substance extracted from the essential oil of 

the Lemon grass leaves of Cymbopogon citratus analysed by GC-
MS method by employing HP 7890 gas chromatograph (Agilent 
Technologies, Buenos Aires, Argentina) coupled to a HP 5978 
quadrupole mass spectrometer (Agilent Technologies) outfitted 
with a PerkinElmer Elite-5MS slim sections 5% phenyl methyl 
siloxane, length 80m, internal width 0.55mm, film thickness 0.55μm 
shown absolute forty-six chemical compounds. These procured 
forty-six chemical compounds were distinguished addressing 100% 
of the essential oil. These compounds were being separated from 
natural essential oil of the lemon grass Cymbopogon citratus leaves. 
The fundamental chemical compounds present in the essential oil 
were Menhone, Pulegone, Piperitone, Dihydrocarvon, Limonene, 
8-Terpinolenone, 1,8-Cineole, Germacrene D, Caryopyllene. Besides 
these fundamental chemical compounds high level of eicosane 
aldehyde, hepta-9, 10, 11-trienoic acid, 1-ethoxyoctadecane and 
2-ethenyltetradecan-1-ol with low level of octadecanoic acid and 
hexadecanoic acid were present.

There were different terpenoids and phenolic compounds 
present which were the factors that influence the structure and yield 
of the natural essential oil acquired. In certain examples it is hard to 
isolate these variables from one another since many are associated 
and impact each other. These factors might incorporate occasional 
and development variety, topographical beginning, hereditary 
variety, development stages, some portion of plant used and 
postharvest drying and capacity .Hence these medicinal essential 
oils were the result of a transcendently organic interaction further 
examinations are expected to assess assuming the announced 
qualities of every populace are kept up with at the degree of 

individual plants and along the reproducing and choice program 
when developed under climatic conditions. The significant parts of 
the essential oil of this lemon grass leaves of Cymbopogon citratus 
portrayed fundamentally by the presence of subbed intensifies 
cis-piperitone epoxide, pulegone, piperitenone oxide, menthone, 
isomenthone, trans-piperitone epoxide and carvone.

The examination on the unstable oil recovered from of the 
essential oil of this lemon grass leaves of Cymbopogon citratus 
such as menthol, menthone, pulegone, 1,8-cineole, terpineol-4 
and piperitone tracked down that cis and trans-piperitone oxides 
were the fundamental constituents. The test of this essential 
oil had menthyl acetic acid derivation, menthone, menthol and 
menthofuran as the fundamental chemical constituent. Those 
examination has a few similitudes with the principle essential 
oil constituents of the analyzed essential oil of this lemon grass 
leaves of Cymbopogon citratus utilized in this study. The piperitone 
oxide-rich chemotypes and piperitenone oxide-rich chemotypes 
were significant compounds analysed in this study. The essential 
il analysis also portrayed 8-cineole, piperitone  and cis-piperitone 
oxide  was found as the principle constituent in and pulegone 
accomplished comparative discoveries in this study for the pace of 
pulegone and piperitone in the essential oil which plays a vital role 
in the antimicrobial activities along with the presence of phenolic 
compounds against many pathogens along with other chemical 
constituents present in the essential oil such as menthone, 
piperitone oxide, carvone and linalool are generally answered to 
involve significant degrees of antimicrobial movement.

Menthone, piperitenone oxide and carvone additionally showed 
considerable antimicrobial exercises. Pulegone is a monoterpene 
ketone present in natural essential oil in many lemon grass species 
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and a second significant constituent procured from the essential oil 
utilized in this study and is one of the major antimicrobial agents 
present in the oil. These forty six chemical constituents analyzed in 
the study from the procured utilized essential oil proved to be the 
most important factors for the antimicrobial activities of this lemon 
grass leaves of Cymbopogon citratus The details of all the GC-MS 
analyzed chemical constituents  present in the utilized procured 
essential oil lemon grass leaves of Cymbopogon citratus along with 
the retention time and percentage of each individual compound is 
well tabulated in Table 1 and described comparative of the obtained 
results described in the figure 1.The results procured from the of 
the Kirby-Bauer Disc diffusion susceptibility of MDRPV nosocomial 
clinical isolates showed that most of the clinical MDRPV isolates 
were resistant to all the standard synthetic antibiotics tested. 
The best and worst antibiotic zone diameters which determines 
the susceptibility for the standard synthetic chemical antibiotics 
against the nosocomial clinical isolates MDRPV were 23mm 
and 2mm, respectively when compared with 27mm and 15mm 
respectively towards the organic lemon grass essential oils.

Among the ten nosocomial clinical isolates of MDRPV, the abscess 
sample isolate was resistant to 6 out of the 7 standard synthetic 
chemical antibiotics, and susceptible only to Cephalosporin with 
a zone diameter of 19mm. but was susceptible towards lemon 
grass essential oil with 23mm diameter of the zone formation. 
This isolate did not have any intermediate sensitivity towards any 
standard antibiotics. Hence, the nosocomial clinical MDRPV isolates 
from the abscess sample was the most multidrug-resistant among 
the ten isolates studied in this work. This result was fascinating 
and encouraging that the organic lemon grass essential oils were 
more effective than standard synthetic antibiotics even against 
the most MDRPV nosocomial clinical isolate. The procured wound 
sample from the MDRPV nosocomial clinical isolates showed better 
susceptibility towards the standard antibiotic with the resistant to 
only one antibiotic ampicillin with two intermediate sensitivities 
towards Cefazolin and Ceftriaxone, with four susceptibility results. 
The best among being against the standard antibiotic Cephalosporin 
with 23mm diameter susceptibility but comparatively less 
susceptible than the organic lemon grass essential oil which shown 
susceptibility results of 27mm diameter.

The susceptibility results for other nosocomial clinical MDRPV 
isolates shown mixed results which are mostly resistant towards the 
standard antibiotics but encouraging fact was that all the isolates 
were susceptible towards the organic lemon grass essential oil. The 
procured susceptibility results from the study were well tabulated 
in the Table 2 and depicted in the form of figure 2. The Minimal 
Inhibitory Concentration and Minimal Bactericidal Concentration 
test results were in align with the susceptibility results of the disc 

diffusion method for nosocomial clinical MDRPV isolates which 
showed that the organic lemon grass essential oil values fared 
better than that of the standard antibiotics. The procured MIC and 
MBC results from the study were well tabulated in the Table 3 and 
depicted in the form of figure 3. The most important aspect of the 
study was the surprising yet fact prevailing results obtained from 
the standard strain culture of the Proteus vulgaris. The standard 
strain was susceptible towards all the seven standard antibiotics 
tested and against the lemon grass essential oil.

The obtained susceptible zone diameter results of the standard 
strain culture of the Proteus vulgaris were as follows Ampicillin-16S, 
Cefazolin-18S, Gentamicin-14S, Ceftriaxone-17S, Quinolone-24S, 
aztreonam-22S, Cephalosporin-19S, Lemon grass essential oil-29S. 
The results were well tabulated in the Table 2 and compared in the 
figure 2. The best susceptible result for the standard strain culture 
of the Proteus vulgaris was 29S obtained against the organic lemon 
grass essential oil and against standard antibiotic Quinolone-24S. 
The least but fair enough susceptibility when compared to MDRPV 
nosocomial clinical isolates was observed against Ampicillin with 
16S susceptibility. All the diameter values were calculated as mm. 
The Minimal Inhibitory Concentration and Minimal Bactericidal 
Concentration test results were in align with the susceptibility 
results of the disc diffusion method for the standard strain culture 
of the Proteus vulgaris. The MIC result values were almost 0.5μg/ml 
for all the seven standard antibiotics as well for the organic lemon 
grass essential oil. The results were well tabulated in the Table 
3 and compared in the figure 3 Similarly the MBC result values 
were almost 0.5μg/ml 0 for the five standard antibiotic and for the 
organic lemon grass essential oil 0.75μg/ml along with Gentamicin 
and Ceftriaxone, standard antibiotics which was an exceptional 
result when compared to the MDRPV variants of the nosocomial 
clinical isolates. The results were well tabulated in the Table 4 and 
compared in the figure 4.

Conclusion
The obtained test results had clearly proved once again the 

significance of the studies belonging to this category. The study 
showed a clear daylight difference in the test results between the 
nosocomial clinical MDRPV isolates with that of standard strain 
culture of the Proteus vulgaris. These results were due to the 
abundance misuse of the antibiotics especially the broad-spectrum 
drugs and over the counter medication without the application 
of proper test protocols available to select the specific antibiotic 
if needed to treat the disease. These type of lethargy in creating 
the antibiotic scenario had led to the increase of more multi-drug 
resistant variants of the pathogens which was once susceptible to 
the minimal doses of specific antibiotics. The chemical substance 
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extracted from the essential oil of the Lemon grass leaves of 
Cymbopogon citratus analyzed by GC-MS method had shown the 
presence of forty chemical constituents in abundant natural source 
which proved to be an excellent antimicrobial substance against 
both the test results between the nosocomial clinical MDRPV 
isolates with that of standard strain culture of the Proteus vulgaris. 
The study had also shown the proven facts in treating these types 
of multi-drug resistant pathogens with the aid of several naturally 
abundant essential oil source as a potential anti-microbial substance 
in combating many threats full pathogens to the mankind.
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