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Abstract 

   
There are several bacterial infections that are associated with the use of medical devices in patients. 

Compromised immune system tend to play an important role in the pathogenesis of disease. In this research 

work, the microbial flora of medical devices of the patients being treated at OPD (Out Patient Door) wards of 

three local tertiary care hospitals was investigated. After the morphological, biochemical, and molecular 

characterization of the most common bacterial isolate, it was found to be Staphylococcus haemolyticus. For the 

determination of antibacterial and bioactive potential of O. vulgare, its extracts were prepared and examined for 

their antibacterial potential. The results demonstrated that the methanolic extract was the most effective against 

S. haemolyticus. It was selected on this basis for further analysis. The suppression of proteins in case of both 

extracts was also observed during the quantitative and qualitative analysis of proteins by Bradford assay and 

SDS-PAGE, respectively. The phytochemical analysis of various compounds of the methanolic extract comprised 

of the Thin Layer Chromatography (TLC) and GC/MS analysis, respectively. TLC demonstrated the presence of 

compounds of Rf values of 0.9 and 0.81, respectively. The GC/MS analysis of O. vulgare extract revealed the 

presence of 12 phytochemical compounds in the methanolic extracts. 
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Introduction 

The coagulase negative Staphylococci (CoNS) are the 

part of microbial flora which resides on skin and in 

mucous membranes, ear canals and respiratory 

passage of humans. The coagulase-negative 

Staphylococci (CoNS) are a heterogeneous group of 

staphylococcal species classified clinically by the 

absence of the blood-clotting enzyme coagulase 

(Nguyen et al., 2017). In 1961, the first strain of CoNS 

was isolated in hospital laboratory in UK, but at that 

time, it was not considered as pathogen to humans 

(Czekaj et al., 2015). The commensal bacterium 

changes into a pathogen due to acquisition of genes. 

According to a report, CoNS are considered as the 

fifth most common pathogen causing hospital 

acquired infections (Deyno et al., 2018). In the group 

of CoNS, many species are involved such as S. 

haemolyticus, S. simulans, S. epidermidis, S. 

lugdunensis, S. caprae. S. homini and S. xylosus. The 

methicillin resistant CoNS are the major cause behind 

the infectious diseases. It was found after the analysis 

of mecA gene that the sequence similarities among 

the three strains of Staphylococcus species including 

S. aureus, S. haemolyticus and S. epidermidis were 

about 99 % (Gilling et al., 2014). 

 

Origanum vulgare belongs to Labiatae family which 

is widely used in pharmaceuticals, cosmetics and food 

industry. The Mediterranean countries are the main 

producers of aromatic plants. The Egyptians have 

been using oregano as a preservative and as a 

pharmaceutical for a long time. Turkey exports 

oregano leaves and its oils all over the world in the 

markets to meet the basic needs of life. Oregano is a 

perennial herb belonging to the tropical and 

mountainous regions, having white and purple 

flowers with angular stem. The aerial parts of the 

oregano plant are covered by the glandular trichomes 

which has some major components of oregano which 

give it a unique taste. The chemical composition of 

the medicinal plants varies because of their diverse 

environmental conditions. The height and yield are 

dependent on the oregano cultivation conditions 

(Manandhar et al., 2019). The presence of different 

volatile compounds in plants increasing the aroma of 

a plant, for which these herbs are also used in food. 

These volatile compounds are present in different 

parts of plant such as stems, flowers, resins, buds, 

seeds, roots and leaves (Butnariu and Sarac, 2018). It 

is also used for food preservation. When oregano is 

combined with other natural extracts, it extends the 

shelf life of food products (Arambula et al., 2019). 

The antioxidant properties of the medical herbs used 

in food products, when compared with each other 

showed that it has more efficient properties than 

butylated hydroxy anisole (BHA) and butylated 

hydroxytoluene (BHT) (Ibanez and Blazquez, 2017).  

 

The plant has the antibacterial activity against S. 

aureus, B. subtilis, E. coli and P. aeruginosa. This is 

due to the two main secondary metabolites which are 

present in the plant including carvacrol and thymol 

constituting about 75-86 % of oregano (Perez et al., 

2015). The antimicrobial activity of oregano is caused 

by the disturbance of cell homeostasis which leads to 

cell death and growth inhibition. The rosmarinic acid, 

quercetin and gallic acid are present in the leaves of 

oregano which plays an important role in inhibiting 

different microbes and in decreasing inflammation 

(Rodríguez-Calleja et al., 2015). The antioxidant 

properties of O. vulgare are due to the presence of 

phenolic content. These compounds are present 

abundantly in this plant and their concentration gets 

increased with change in weather conditions. They 

damage the cells and tissues of the body. The 

consumption of these herbs can provide a defence 

mechanism against invasive diseases (Özer et al., 

2020). 

  

This research work was carried out to determine the 

antibacterial potential of O. vulgare against S. 

haemolyticus which was isolated from the medical 

devices used in OPD wards of the tertiary care 

hospitals. The phytochemical compounds and their 

presence were also evaluated in the later part of the 

study.  

 

Materials and methods 

Sample collection from OPD wards 

The samples were collected from fifty subjects of OPD  
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(Out-Patient Door) wards of three local tertiary care 

hospitals in Lahore city, Punjab. By using sterile 

swabs, the samples were collected from the medical 

devices used on patients who were being treated 

there.  

 

Isolation of bacteria from patient samples and their 

characterization 

For the isolation of bacteria from patient samples, the 

swabs were processed on basic media like Luria 

Bertani (LB) as well as selective media like mannitol 

salt agar (MSA), and blood agar (Cheesbrough, 2001). 

The bacterial culture was then streaked onto the 

plates which were then incubated overnight.  

 

The results were observed the next day. The 

identification of the selected bacterial isolate was 

carried out at morphological (size, shape, 

pigmentation, margin, elevation, texture) and 

biochemical level. For the molecular characterization 

(16s rRNA sequencing), the bacterial DNA was 

isolated by the CTAB (Cetyltrimethylammonium 

bromide) method (Wilson, 2001) followed by 

horizontal gel electrophoresis.  

 

Preparation of Origanum vulgare extract 

The leaves were purchased, washed and ground into a 

fine powder. It (50 g) was macerated in 1 L of 

respective solvents (ethanol, methanol, chloroform, 

n-hexane, petroleum ether, and distilled water) and 

left to stand at room temperature for seven days.  

 

The extracts were then filtered using Whatman filter 

paper and were then subjected to rotary evaporation 

for extract preparation. The prepared extracts were 

lyophilized, transferred to sterile falcon tubes and 

were labelled properly prior to storing them in the 

refrigerator (Ishnava et al., 2013).  

 

Determination of the antibacterial potential of O. 

vulgare extract 

The antibacterial potential of O. vulgare extract was 

carried out according to the method of Okeke et al. 

(2001), with slight changes. The LB agar was 

prepared, autoclaved and poured into sterile Petri 

plates and were left to solidify. The plates were then 

streaked with pure bacterial culture in the form of a 

mat. The holes were made by using the back end of a 

sterile Pasteur pipette, and 100 µl of respective 

extracts of O. vulgare were poured into the wells.  

 

The plates were then incubated at 37 ºC for 24 hours. 

The results were observed the following day, and the 

zones of inhibition, if any, were measured using a 

calibrated ruler.   

 

Protein analysis  

The quantitative protein estimation was carried out 

by Bradford assay (Bradford, 1976).  

 

TLC (Thin-layer chromatography) 

For TLC, the margin was drawn on a silica gel plate 

where the extract was placed and dried. The solvent 

mixture was placed in the beaker which comprised of 

butanol: methanol: water (1:1:1). The silica gel plate 

containing the samples was placed in the solvent 

mixture beaker and was covered. The samples were 

allowed to travel upwards the plate. Once the solvent 

mixture had covered enough distance, the plate was 

removed from the beaker and the compounds were 

immediately visualized. The Rf value of the 

compounds was then calculated (Dwivedi and Mehta, 

2011). 

 

Phytochemical analysis using Gas chromatography-

Mass spectrometry (GC/MS) (3.9 is deleted from the 

beginning of this heading) 

The evaluation of the phytochemical compounds of O. 

vulgare extract was performed using GC/MS. The GC 

equipment (GC 7890 A) and mass spectrometer (MS 

5975 A) was coupled with a capillary column (HP-

5MS) where the gas used was Helium with specified 

velocity and flow rate.  

 

The injection volume was specified at 1 µl of extract 

sample, with a mass scan of low and high mass of 40-

700 m/z, respectively. The total run time of the 

process was 28 minutes. The results of the mass 

spectra were obtained in the form of peaks which 

were then analyzed (Rukhsana et al., 2017).  
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Results 

(Both figures 1 and 2 are deleted) 

Isolation, morphological, biochemical and molecular 

characterization of the selected bacterial isolate  

Out of fifty, thirty-five samples were culture positive 

(Table 1) as revealed by the growth on Luria Bertani 

agar, blood agar and mannitol salt agar medium 

(Table 2). The Gram staining revealed the 

morphology to be positive, with purple hued cocci 

shaped bacteria appearing to be in clusters.  

 

The different series of biochemical tests were carried 

out for the determination of the bacterial isolate KR-

8. The results are summarized in Table 3. The 16s 

rRNA sequencing elucidated the bacterial isolate to be 

Staphylococcus haemolyticus.  

 

Table 1. Sample collection from different hospitals in Lahore. 

Sr. No. Hospitals No. of samples collected No. of positive samples 

1. Hospital 1 16 12 

2. Hospital 2 17 13 

3. Hospital 3 17 10 

Total no. of samples 50 35 

 

Evaluation of the antibacterial potency of O. vulgare 

Among different extracts of O. vulgare checked 

against S. haemolyticus, the methanolic extract was 

found to be most effective exhibiting the zone of 

inhibition of 3.1 mm. 

 

Quantitative estimation of protein 

The protein concentration was found to be less in the 

methanolic extract as compared to the control (Table 

4). 

 

TLC 

The Rf values in TLC were 0.9 and 0.81. 

 

GC-MS analysis of methanolic extract of O. vulgare 

GC-MS analysis of the methanolic extract is  

demonstrated in Fig 1. It yielded the presence of 12 

compounds in the methanolic extract, namely 1, 3, 5-

Cycloheptatriene, 3,7,7-trimethyl-, Thymol, Phenol, 

4-methoxy-2,3,6-trimethyl-, Hexadecanoic acid, 

methyl ester, n-Hexadecanoic acid, 9, 12-

Octadecanoic acid (Z, Z)-, methyl ester, 6- 

Octadecanoic acid, methyl ester, (Z)-, Oleic acid, 

Ethyl oleate, Lupeol, Piperine, and Lup-20(29)-en-3-

ol, acetate, (3β)-, respectively.  

 

Discussion 

In humans, S. haemolyticus is most commonly 

isolated pathogen from hospital acquired infections.  

 

It causes infection mainly in immunocompromised 

patients (Szemraj et al., 2019).  

 

Table 2. Colony morphology of S. haemolyticus on different growth media. 

Sr. No. Growth medium Colony morphology 

1. Luria Bertani agar Small, circular colonies with regular boundaries and yellow sheen colonies 

2. Blood agar Beta hemolysis, small size and dull white pigmented colonies 

3. Mannitol salt agar Beige colored colonies, circular, entire and firm boundary, smooth surface, flat 

elevation and mucoid texture 

 

The pathway crossed by the microbes in causing 

infections has following steps: colonization of 

microbes, host response, antibiotic resistance and 

disease development. Among all the CoNS species, 

the most resistant species to antibiotics is S. 

haemolyticus which prolongs the recovery time of the 

illnesses caused by this bacterium. When the whole 

genome sequence of S. haemolyticus was performed, 

it was revealed that many resistance genes are present 

(Takeuchi et al., 2005).  
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The ability of CoNS to survive in hospital 

environment is higher than S. aureus (Ahmed et al., 

2019). A great number of CoNS were isolated from 

blood cultures and medical devices, it was because 

they have the ability to penetrate deeply into the skin, 

which also helped other opportunistic organisms to 

cause infections. It penetrated into the deep tissues 

and membrane barriers through which it entered into 

the bloodstream. Children were reported to be more 

prone to these infections (Salguiro et al., 2019).

 

Table 3. Biochemical tests of the selected bacterial isolate. 

Sr. No. Parameters Characteristics 

1. Gram staining Gram +ve 

2. Catalase +ve 

3. Coagulase -ve 

4. Oxidase -ve 

5. Indole -ve 

6. Urease -ve 

7. Citrate +ve 

8. MR -ve 

9. VP -ve 

10. Motility -ve 

 

Among all nosocomial pathogens, it is also known as 

the second most frequently isolated pathogen from 

blood samples after S. epidermidis. It was found 

earlier that intravenous catheters and medical devices 

are the leading cause of bloodstream infections. Less 

than half of the bloodstream infections, especially in 

intensive care unit (ICU), are caused by CoNS. The 

patients undergoing dialysis treatments have a higher 

chance of contracting the infection and about more 

than half of infections are caused by CoNS (Pinder 

and Viau, 2018). It is really important to solve this 

problem by removing medical devices when not 

needed and not keeping them intact for a longer 

period time. Some superantigen toxins are present in 

CoNS which are the cause of sepsis in humans. CoNS 

are less contagious as compared to S. aureus. In 

CoNS, phenol soluble modulin (PSM) are the toxins 

responsible for sepsis and biofilm formation. The 

sepsis occurs more commonly in neonates (Da et al., 

2017). Due to the presence of a wide range of 

virulence factors and its expression at the main parts 

of the innate immune system turns as a success for 

the bacterium to act as an infectious agent (Pietrocola 

et al., 2017). The virulence factors which play a 

significant role in the pathogenicity of the 

Staphylococcus species are toxins, bacterial adhesins, 

biofilm formation, enzyme formation and immune 

evasion (Chew et al., 2018). 

 

The formation of biofilms in S. haemolyticus 

increases its resistant to antibiotics. The medical 

devices implicated in hospitals are the main reason in 

development of biofilms which leads to infections. 

The bacterial biofilm develops on the medical devices 

due to the adhesion process involving cell wall 

proteins and enzymes. It is really important to control 

the development of biofilms (Seng et al., 2017). Being 

an opportunistic pathogen, it has become a major 

health concern because of its high prevalence of 

resistance species to antibiotics.  

 

It has been now a great challenge to eradicate these 

infections due to high prevalence of resistance to 

numerous antibiotics (Czekaj et al., 2015). They are 

usually resistant to antibiotics such as rifampin, β-

lactams, aminoglycosides, daptomycin, macrolides 

and vancomycin (Soumya et al., 2017). Now there is a 

need of some new and novel therapies to be 

introduced for the treatment using antimicrobial 

agents. Because when inflammation occurs, it 
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damages body tissues and causes infections. Many 

mediators such as cytokines, prostaglandins, 

serotonin and histamine are produced which causes 

inflammation. Some medicinal plants such as 

rosemary, thyme and oregano have some anti-

inflammation properties which can inhibit the 

mediators (Lopez et al., 2017). In ancient years, 

medicinal herbs because of their antimicrobial 

activity are being used as an alternate to the 

conventional medicines (Yuan et al., 2016). 

 

Table 4. Estimation of protein by Bradford assay. 

Samples Protein concentration (μg/ml) 

Control 0.272 

Bacteria + methanolic extract 0.134 

 

In our study, the antibacterial assay of the ethanolic 

and methanolic extract of O. vulgare was carried out, 

where the results demonstrated the inhibition of the 

growth of S. epidermidis, thereby demonstrating 

visible zones of inhibition in both extracts. The 

findings of Fournomiti et al. (2015) agreed with the 

results of our study, where the ethanolic extract of O. 

vulgare was observed to be effective against various 

Gram negative bacteria, with mean minimum 

inhibitory concentrations of 1.0 and 10.0 µg/mL, 

respectively. The results of the study conducted to 

examine the ethanolic extract of O. vulgare L. agreed 

with the conclusions of our study, where the ethanolic 

extract was found to inhibit the bacterial growth of 

many Gram positive and negative bacterial isolates 

(Coccimiglio et al., 2016). In different studies, the 

antibacterial effects of oregano have been reported 

against C. perfringens, S. typhimurium, S. aureus 

and P. aeruginosa. According to the findings of 

Chouhan et al. (2017), it was proved that these 

compounds inhibited some bacteria such as 

Salmonella, L. monocytogenes and S. aureus and 

antibacterial activity was observed in S. aureus as 

well as S. epidermidis due to the presence of 

compound thymol. Liu et al. (2017) reported 

antibacterial property of oregano essential oil against 

Enterobacter gergoviae, S. carnosus, Enterobacter 

lactobacilli, Lactobacillus sakei, Enterobacter 

gergoviae, Lactobacillus carvatus, Enterobacter 

amnigenus and S. xylosus. When the study was 

performed to check the antibacterial action of 

decoction of oregano against some clinical bacteria, it 

was found that the highest inhibitory activity was 

observed against S. aureus followed by E. coli and K. 

pneumoniae (Swamy et al., 2016; Kandasamy et al., 

2017). According to a report by Dahiya and 

Sharmishta, (2012), the oregano inhibited S. aureus 

and E. coli completely and was antifungal for A. 

niger. The oregano showed strong antimicrobial 

activity against pathogens S. aureus, E. coli, L. 

monocytogenes, S. typhi and P. fluorescens which in 

result suggested that in food formulation, oregano 

can be used as an antimicrobial (Mith et al., 2014).  

 

A study conducted by Rostro-Alanis et al. (2019) 

demonstrated the presence of volatile compounds o-

cymene and thymol in the essential oil of O. vulgare 

L., as well as highlighting the antioxidant, and 

antimicrobial activities of the herb oil. Similar results 

were reported by Kocić-Tanackov et al. (2012). 

Generally herbal plants belonging to Laminaceae 

family are acknowledged for having antimicrobial 

effects because of the phenolics present in the plants 

which are known to have strong antioxidant activity 

due to which numerous medical plants have attract 

attention to use in organic medicine (Othman et al., 

2019). In plants, polyphenols contain about 10,000 

different types of compounds but the most popular 

among them are thymol and carvacrol and their 

biogenetic precursor’s γ-terpinene, saponins, 

cymenene, terpene, linalol, terpenoids, p-cymene, 

gammacariofilene, tannins and limonene.  

 

All these have antimicrobial activity against a wide 

range of pathogens with various spectrums of activity 

(Guimarães et al., 2019). Both thymol and carvacol 

make membrane permeable, although the structure 

for both of them is similar but they differ in the 
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position of the hydroxyl group in phenolic ring. They 

make the cell membrane permeable. According to a 

study, carvacol and menthol were more proficient to 

work on S. aureus infection as compared to thymol 

(O’Bryan et al., 2015). The carvacrol and terpinenol-4 

are the active compounds present in the oregano 

which plays an important role as an antiseptic and 

create a source for making new medicines increasing 

the effects of conventional antimicrobials which will 

improve the quality of treatment and possibly will 

decrease its cost (Marchese et al., 2018). It was found 

that among all the components present in the 

essential oils of spices, carvacol is the most significant 

component having various pharmacological actions 

and in oregano it has a great impact in having aroma 

in food (Bhavaniramya et al., 2019).  

 

Fig. 1. Compounds detected in the methanolic extract of Origanum vulgare, as shown in the figure from (a) to 

(l).
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The Turkish oregano has the highest number of 

phenolic compounds among all species of oregano, 

involved in several pharmacological roles. In oregano, 

the highest quantity of compound monoterpene is 

present with a range of 93.05 % (Shaaban, 2020). 

Nowadays, there is a huge expansion of developing 

medicines made of herbs and many phyto-chemists 

are showing their interest in order to substitute the 

antibiotics with plant-based medicine, especially 

because of the ban imposed in 2006 in European 

Union countries on antibiotics and the restriction on 

their use outside the Europe (Lillehoj et al., 2018). 

The phytoncides which are derived from different 

plant substances showed several biostatic activities 

relating to Staphylococci (Abd El-Aziz and Sohaila, 

2013). These biostatic activities helped in fighting the 

threat caused from Staphylococci (Steinka, 2018).  

 

These compounds are present in different types of 

aromatic plants. The phytochemicals are present in 

different parts of plants such as seeds, leaves, tubers, 

stems, fruit, roots and leaves. One research reported 

that oregano is the source of phytochemicals that are 

active inhibitors of the Staphylococci (Maqbul et al., 

2020). These polyphenols play an important role 

against different types of stress providing defence 

against parasites, UV light, nitrogen species, 

pathogens and reactive oxygen (Mozjer et al., 2016). 

 

Conclusion 

The study was conducted to examine the bioactive 

compounds of O. vulgare against S. haemolyticus 

which was isolated from the medical devices of OPD 

patients of local tertiary care hospitals. There are 

many diseases and medical ailments that require the 

use of antibiotics. These antibiotics are becoming 

weaker day by day against the resilient bacteria that 

are also becoming resistant and stronger. From this 

standpoint, the medicinal plants and herbs are much 

more significant than antibiotics. Their bioactive 

potential helps to treat various benign as well as life-

threatening infections that are known menaces to 

men. Furthermore, recent advances in science and 

computational sciences help to enlighten man more 

about the mode of action of these traditionally used 

plants and search more about new ones, respectively. 

In silico studies can help to ascertain the structures of 

the bioactive compounds, in order to purify them and 

use them for molecular studies which can lead to the 

formulations of various medical concoctions.  

 

Acknowledgment 

This work was financially supported by The 

University of Lahore, Pakistan. 

 

References  

Abd E-Aziz DM, Ali SFH. 2013. Antibacterial 

activity of extracts of some species on growth of 

methicillin resistant Staphylococcus aureus strains. 

Annals Food Science and Technology 14(2), 327-329.  

 

Ahmed EH, Hassan HM, El-Sherbiny NM, 

Soliman AMA. 2019. Bacteriological monitoring of 

inanimate surfaces and equipment in some referral 

hospitals in Assiut City, Egypt. International Journal 

of Microbiology 2019, 1-9.  

http://dx.doi.org/10.1155/2019/5907507 

 

Arámbula CI, Diaz CE, Garcia MI. 2019. 

Performance, chemical composition and antibacterial 

activity of the essential oil of Ruta chalepensis and 

Origanum vulgare-5th IMRMPT. Journal of Physics, 

Conference Series 1386(1), 1-7.  

http://dx.doi.org/10.1088/17426596/1386/1/012059 

 

Bhavaniramya S, Selvaraju V, Saleh AAM, 

Rajendran V, Dharmar B. 2019. Role of essential 

oils in food safety. Antimicrobial and antioxidant 

applications. Grain and Oil Science and Technology 

2(2), 49-55.  

http://dx.doi.org/10.1016/j.gaost.2019.03.001 

 

Butnariu M, Sarac I. 2018. Essential oils from 

plants. Journal of Biotechnology and Biomedical 

Sciences 1(4), 35-43.  

http://dx.doi.org/10.1302/issn.2576-6694.jbbs-18-

2489 

 

Bradford MM. 1976. A rapid and sensitive method 

for the quantitation of microgram quantities of  

http://dx.doi.org/10.1155/2019/5907507
http://dx.doi.org/10.1088/17426596/1386/1/012059
http://dx.doi.org/10.1016/j.gaost.2019.03.001
http://dx.doi.org/10.1302/issn.2576-6694.jbbs-18-2489
http://dx.doi.org/10.1302/issn.2576-6694.jbbs-18-2489


 

313 Zaheer et al. 

 

Int. J. Biosci. 2020 

protein utilizing the principle of protein-dye 

binding. Analytical Biochemistry 72, 248-254.  

http://dx.doi.org/10.1016/0003-2697(76)90527-3 

 

Cheesbrough M. 2001. Biochemical tests to identify 

bacteria. District laboratory practice in tropical 

countries. Part 2, 63-70. 

 

Chew SC, Yam JKH, Matysik A, Seng ZJ, 

Klebensberger J, Givskov M, Doyle P, Rice SA, 

Yang L, Kjelleberg S. 2018. Matrix polysaccharides 

and SiaD diguanylate cyclase alter community 

structure and competitiveness of Pseudomonas 

aeruginosa during dual-species biofilm development 

with Staphylococcus aureus. MBio 9(6), 1-13.  

http://dx.doi.org/10.1128/mBio.00585-18 

 

Chouhan S, Sharma K, Guleria S. 2017. 

Antimicrobial activity of some essential oils-Present 

status and future perspectives. Medicines 4(3), 58-

79.  

http://dx.doi.org/10.3390/medicines4030058 

 

Coccimiglio J, Alipour MZH, Gottardo 

C, Suntres Z. 2016. Antioxidant, antibacterial, and 

cytotoxic activities of the ethanolic Origanum 

vulgare extract and its major constituents. Oxidative 

Medicine and Cell Longevity 2016, 1-8.  

http://dx.doi.org/10.1155/2016/1404505 

 

Czekaj T, Ciszewski M, Szewczyk EM. 2015. 

Staphylococcus haemolyticus–an emerging threat in 

the twilight of the antibiotics age. Microbiology 

161(11), 2061-2068.  

http://dx.doi.org/10.1099/mic.0.000178 

 

Da F, Joo HS, Cheung GY, Villaruz AE, Rohde 

H, Luo X, Otto M. 2017. Phenol-soluble modulin 

toxins of Staphylococcus haemolyticus. Frontiers in 

Cellular and Infectious Microbiology 7, 206-217.  

http://dx.doi.org/10.3389/fcimb.2017.00206 

 

Dahiya P, Sharmishta P. 2012. Phytochemical 

screening and antimicrobial activity of some 

medicinal plants against multi-drug resistant bacteria  

from clinical isolates. Indian Journal of 

Pharmaceutical Sciences 74(5), 443-450.  

http://dx.doi.org/10.4103/0250-474X.108420 

 

Deyno S, Sintayehu F, Sisay S. 2018. Prevalence 

and antimicrobial resistance of coagulase negative 

staphylococci clinical isolates from Ethiopia: A meta-

analysis. BMC Microbiology 18(1), 1-11.  

http://dx.doi.org/10.1186/s12866-018-1188-6 

 

Dwivedi BK, Mehta BK. 2011. Chemical 

investigation of aliphatic compounds of Piper betle 

(leaf stalk). Journal of Natural Product and Plant 

Resource 1(2), 18-24. 

 

Fournomiti M, Kimbaris A, Mantzourani I, 

Plessas S, Theodoridou I, Papaemmanouil V, 

Kapsiotis I, Panopoulou M, Stavropoulou E, 

Bezirtzoglou EE, Alexopoulos A. 2015. 

Antimicrobial activity of essential oils of cultivated 

oregano (Origanum vulgare), sage (Salvia 

officinalis), and thyme (Thymus vulgaris) against 

clinical isolates of Escherichia coli, Klebsiella 

oxytoca, and Klebsiella pneumoniae. Microbial 

Ecology in Health and Disease 26, 23289-23296.  

http://dx.doi.org/10.3402/mehd.v26.23289 

 

Gilling DH, Kitajima M, Torrey JR, Bright KR. 

2014. Antiviral efficacy and mechanisms of action of 

oregano essential oil and its primary component 

carvacrol against murine norovirus. Journal of 

Applied Microbiology 116(5), 1149-1163.  

http://dx.doi.org/10.1111/jam.12453 

 

Guimarães AC, Meireles LM, Lemos MF, 

Guimarães MCC, Endringer DC, Fronza M, 

Scherer R. 2019. Antibacterial activity of terpenes 

and terpenoids present in essential oils. Molecules. 

24(13), 2471-2482.  

http://dx.doi.org/10.3390/molecules24132471 

 

Ibáñez MD, Blázquez MA. 2017. Herbicidal value 

of essential oils from oregano-like flavour species. 

Food and Agricultural Immunology 28(6), 1168-

1180.  

http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1128/mBio.00585-18
http://dx.doi.org/10.3390/medicines4030058
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4804097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4804097/
http://dx.doi.org/10.1155/2016/1404505
http://dx.doi.org/10.1099/mic.0.000178
http://dx.doi.org/10.3389/fcimb.2017.00206
http://dx.doi.org/10.4103/0250-474X.108420
http://dx.doi.org/10.1186/s12866-018-1188-6
http://dx.doi.org/10.3402/mehd.v26.23289
http://dx.doi.org/10.1111/jam.12453
http://dx.doi.org/10.3390/molecules24132471


 

314 Zaheer et al. 

 

Int. J. Biosci. 2020 

http://dx.doi.org/10.1080/09540105.2017.1332010 

 

Ishnava KB, Chauhan JB, Barad MB. 2013. 

Anticarcinogenic and phytochemical evaluation of 

Eucalyptus globules Labill. Saudi Journal of 

Biological Sciences 20(1), 69-74.  

http://dx.doi.org/10.1016/j.sjbs.2012.11.003 

 

Kandasamy M, Sowmya N, Sumathi G, 

Nithyalakshmi J, Suria V. 2017.  Antibacterial 

activity of aqueous infusion and decoction of dried 

leaves of oregano (Origanum vulgare) on clinical 

bacterial isolates. Indian Journal of Microbiological 

Research 4(7), 442-447.  

http://dx.doi.org/10.18231/2394-5478.2017.0099 

 

Kocić-Tanackov SD, Dimić GR, Tanackov IJ, 

Pejin DJ, Mojović LV, Pejin JD. 2012. Antifungal 

activity of Oregano (Origanum vulgare L.) extract on 

the growth of Fusarium and Penicillium species 

isolated from food. Hemijska Industrija 66(1), 33-41.  

http://dx.doi.org/10.2298/HEMIND110614073K 

 

Lillehoj H, Liu Y, Calsamiglia S, Fernandez-

Miyakawa ME, Chi F, Cravens RL, Oh S, Gay 

CG. 2018. Phytochemicals as antibiotic alternatives 

to promote growth and enhance host health. 

Veterinary Research 49, 76-94.  

http://dx.doi.org/10.1186/s13567-018-0562-6 

 

Liu Q, Xiao M, Ya L, Cai-Ning Z, Gao-Yi T, 

Hua-Bin L. 2017. Antibacterial and antifungal 

activities of spices. International Journal of Molecular 

Sciences 18(6), 1283-1345.  

http://dx.doi.org/10.3390/ijms18061283 

 

Leyva-López LN, Gutiérrez-Grijalva EP, 

Vazquez-Olivo G, Basilio-Heredia J. 2017. 

Essential oils of oregano: Biological activity beyond 

their antimicrobial properties. Molecules 22, 989-

1013.  

http://dx.doi.org/10.3390/molecules22060989 

 

Maqbul MS, Alhasel HMB, Majid DH, Momen 

TN, Alhazmi HAM, Jeddani FMSA, Malki 

RTWA, Khan AA, Iqubal SMS. 2019. Chemical 

analysis (GC-FID-MS) and antimicrobial activity of 

Parmotrema perlatum essential oil against clinical 

specimens. Oriental Journal of Chemistry 35(6), 

1695-1701.  

http://dx.doi.org/10.13005/ojc/350610 

 

Manandhar S, Luitel S, Dahal RK. 2019. In vitro 

antimicrobial activity of some medicinal plants 

against human pathogenic bacteria. Journal of 

Tropical Medicine 2019, 1-6.  

http://dx.doi.org/10.1155/2019/1895340 

 

Marchese A, Arciola CR, Coppo E, Barbieri R, 

Barreca D, Chebaibi S, Sobarzo-Sánchez E, 

Nabavi SF, Nabavi SM, Daglia M. 2018. The 

natural plant compound carvacrol as an antimicrobial 

and anti-biofilm agent: mechanisms, synergies and 

bio-inspired anti-infective materials. Biofouling 

34(6), 630-656.  

http://dx.doi.org/10.1080/08927014.2018.1480756 

 

Mith H, Dure R, Veronique D, Abdesselam Z, 

Georges D, Antoine C. 2014. Antimicrobial 

activities of commercial essential oils and their 

components against food-borne pathogens and food 

spoilage bacteria. Food Science and Nutrition 2(4), 

403-416.  

http://dx.doi.org/10.1002/fsn3.116 

 

Mojzer EB, Hrnčič MK, Škerget M, Knew Z, 

Bren U. 2016. Polyphenols: extraction methods, 

antioxidative action, bioavailability and 

anticarcinogenic effect. Molecules 21(7), 901-939.  

http://dx.doi.org/10.3390/molecules21070901 

 

Nguyen TH, Matthew PD, Michael O. 2017. Host 

response to Staphylococcus epidermidis colonization 

and infections. Frontiers in Cellular and Infection 

Microbiology 7, 1-7.  

http://dx.doi.org/10.3389/fcimb.2017.00090 

 

O’Bryan AC, Sean PJ, Phiplip CG, Steven RC. 

2015. Potential of plant essential oils and their 

components in animal agriculture - in vitro studies on 

http://dx.doi.org/10.1080/09540105.2017.1332010
http://dx.doi.org/10.1016/j.sjbs.2012.11.003
http://dx.doi.org/10.18231/2394-5478.2017.0099
http://dx.doi.org/10.2298/HEMIND110614073K
http://dx.doi.org/10.1186/s13567-018-0562-6
http://dx.doi.org/10.3390/ijms18061283
http://dx.doi.org/10.3390/molecules22060989
http://dx.doi.org/10.13005/ojc/350610
http://dx.doi.org/10.1155/2019/1895340
http://dx.doi.org/10.1080/08927014.2018.1480756
http://dx.doi.org/10.1002/fsn3.116
http://dx.doi.org/10.3390/molecules21070901
http://dx.doi.org/10.3389/fcimb.2017.00090


 

315 Zaheer et al. 

 

Int. J. Biosci. 2020 

antibacterial mode of action. Frontiers in Veterinary 

Sciences 2, 1-8.  

http://dx.doi.org/10.3389/fvets.2015.00035 

 

Okeke MI, Iroegbu CU, Jideofor CO, Okoli AS, 

Esimone CO. 2001. Antimicrobial activity of ethanol 

extracts of two indigenous Nigerian Species. Journal 

of Herbs, Spices and Medicinal Plants 8(4), 39-46. 

http://dx.doi.org/10.1300/J044v08n04_05 

 

Othman L, Ahmad S, Roula MAM. 2019. 

Antimicrobial activity of polyphenols and alkaloids in 

Middle Eastern plants. Frontiers in Microbiology 10, 

1-28.  

http://dx.doi.org/10.3389/fmicb.2019.00911 

 

Özer Z, Çarıkçı S, Yılmaz H, Kılıç T, Dirmenci 

T, Gören AC. 2020. Determination of secondary 

metabolites of Origanum vulgare subsp. hirtum and 

O. vulgare subsp. vulgare by LC-MS/MS. Journal of 

Chemical Metrology 14, 25-34.  

http://dx.doi.org/10.25135/jcm.33.20.04.1610 

 

Perez ALD, Nayely LL, Erick GGP, Basilo H. 

2015. Phenolic compounds: Natural alternative in 

inflammation treatment, A review. Cogent Food and 

Agriculture 2(1), 113-1412.  

http://dx.doi.org/10.1080/23311932.2015.1131412 

 

Pietrocola G, N Giulia, Simonetta R, Speziale 

P. 2017. Staphylococcus aureus manipulates innate 

immunity through own and host-expressed proteases. 

Frontiers in Cellular and Infection Microbiology 7, 1-

15.  

http://dx.doi.org/10.3389/fcimb.2017.00166 

 

Pindar C, Viau RA. 2018. Staphylococcus 

haemolyticus epididymo-orchitis and bacteraemia: A 

case report. JMM Case Reports 5(7), 1-3.  

http://dx.doi.org/10.1099/jmmcr.0.005157 

 

Rodríguez-Calleja JM, Cruz-Romero MC, 

López MLG, Kerry JP. 2015. Antimicrobial and 

antioxidant activities of commercially available 

essential oils and their oleoresins. Journal of Herbal  

Science 3(3), 1-16. 

 

Rostro-Alanis MJ, Báez-González J, Torres-

Alvarez C, Parra-Saldívar R, Rodriguez-

Rodriguez J, Castillo S. 2019. Chemical 

composition and biological activities of oregano 

essential oil and its fractions obtained by vacuum 

distillation. Molecules 24, 1904-1915.  

http://dx.doi.org/10.3390/molecules24101904 

 

Rukshana MS, Doss A, Kumari PR. 2017. 

Phytochemical screening and GC-MS analysis of leaf 

extract of Pergularia daemia (Forssk) Chiov. Asian 

Journal of Plant Science and Research 7, 9-15. 

 

Salgueiro VC, Natalia IPL, Marcelle FC, 

Raiane CC, Dos Santos KRN. 2017. Methicillin 

resistance and virulence genes in invasive and nasal 

Staphylococcus epidermidis isolates from neonates. 

BMC Microbiology 17(1), 1-10.  

http://dx.doi.org/10.1186/s12866-017-0930-9 

 

Seng R, Kitti T, Thummeepak R, Kongthai P, 

Leungtongkam U, Wannalerdsakun S, 

Sitthisak S. 2017. Biofilm formation of methicillin-

resistant coagulase negative staphylococci (MR-coNS) 

isolated from community and hospital environments. 

PLoS One 12(8), 1-13.  

http://dx.doi.org/10.1371/journal.pone.0184172 

 

Shaaban HA. 2020. Essential oil as antimicrobial 

agents: Efficacy, stability, and safety issues for food 

application. Essential oils-bioactive compounds, new 

perspectives and applications. In: Phytochemistry 

(Ed. de MS Oliveira, S Silva, da Costa WA). Intech 

Open, p 183.  

http://dx.doi.org/10.5772/intechopen.92305 

 

Steinka I. 2018. Identification and assessment of the 

behavior of methicillin-resistant Staphylococci in 

cheese. Journal of the Association of Official 

Analytical Chemists International 101(4), 960-963.  

http://dx.doi.org/10.5740/jaoacint.17-0451 

 

Soumya KR, Suja P, Sheela S, Jyothis M,  

http://dx.doi.org/10.3389/fvets.2015.00035
http://dx.doi.org/10.1300/J044v08n04_05
http://dx.doi.org/10.3389/fmicb.2019.00911
http://dx.doi.org/10.25135/jcm.33.20.04.1610
http://dx.doi.org/10.1080/23311932.2015.1131412
http://dx.doi.org/10.3389/fcimb.2017.00166
http://dx.doi.org/10.1099/jmmcr.0.005157
http://dx.doi.org/10.3390/molecules24101904
http://dx.doi.org/10.1186/s12866-017-0930-9
http://dx.doi.org/10.1371/journal.pone.0184172
http://dx.doi.org/10.5772/intechopen.92305
http://dx.doi.org/10.5740/jaoacint.17-0451


 

316 Zaheer et al. 

 

Int. J. Biosci. 2020 

Radhakrishnan EK. 2017. Virulence factors 

associated with Coagulase Negative Staphylococci 

isolated from human infections. 3 Biotech 7(2), 1-10.  

http://dx.doi.org/10.1007/s13205-017-0753-2 

 

Swamy MK, Akhtar MS, Sinniah UR. 2016. 

Antimicrobial properties of plant essential oils against 

human pathogens and their mode of action: An 

updated review. Evidence-Based Complementary and 

Alternative Medicine 2016, 1-21.  

http://dx.doi.org/10.1155/2016/3012462 

 

Szemraj M, Tomasz C, Jacek K, Eligia SM. 

2019. Differences in distribution of MLS antibiotics 

resistance genes in clinical isolates of staphylococci 

belonging to species: S. epidermidis, S. hominis, S. 

haemolyticus, S. simulans and S. warneri. BMC 

Microbiology 19(1), 1-9.  

http://dx.doi.org/10.1186/s12866-019-1496-5 

 

Takeuchi F, Shinya W, Tadashi B, Harumi Y, 

Teruyo I, Yuh M, Makoto K, Longzhu C, Mikio 

T, Akiho A, Shin-Chi B, Shigehiro F, Jean LC, 

Keiichi H. 2005. Whole-Genome sequencing of 

Staphylococcus Haemolyticus uncovers the extreme 

plasticity of its genome. Society 187(21), 7292-7308. 

http://dx.doi.org/10.1128/JB.187.21.7292-7308.2005 

 

Wilson K. 2001. Preparation of genomic DNA from 

bacteria. Current Protocols in Molecular Biology 56, 

2.4.1-2.4.5. 

 

Yuan H, Qianqian M, Li Y, Guangchun P. 2016. 

The traditional medicine and modern medicine from 

natural products. Molecules 21(5), 1-9.  

http://dx.doi.org/10.3390/molecules21050559 

 

 

 

 

 

 

 

http://dx.doi.org/10.1007/s13205-017-0753-2
http://dx.doi.org/10.1155/2016/3012462
http://dx.doi.org/10.1186/s12866-019-1496-5
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.3390/molecules21050559

