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Evaluation of the in-vitro antimicrobial activity of clove 

and oregano essential oils against foodborne microbes 

and its comparison with antibiotics 
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Abstract 
The growing concern about the harmful effects of synthetic preservatives and rising stringency on the use 

of natural preservatives, is compelling the scientist to search for natural methods of preservation of meat 

products. The consumers are desperate for products preserved by natural preservatives with effective 

antimicrobial characteristics against food borne microbes. The present study evaluated the in vitro-

antimicrobial efficacy of clove and oregano essential oils against selected foodborne microbes and their 

comparison against selected antibiotics. GC-MS analysis of essential oils revealed the carvacrol and 

eugenol as the principal component of the oregano and clove essential oil, respectively. The in-vitro 

antimicrobial activity of essential oils and their comparison with antibiotics, MIC (Minimum Inhibitory 

Concentration) and MBC (Minimum Bactericidal Concentration), revealed that oregano essential oil had 

significantly higher (P<0.05) antimicrobial activity than clove essential oil and was as effective as 

antibiotics against selected foodborne microorganisms. Pseudomonas aeruginosa was the most resistant 

to essential oils among the selected microbes, whereas clove essential oil was utterly ineffective against 

it. The results indicated that both essential oils have colossal scope for utilization as natural preservative 

for meat and meat products. 

 

Keywords: Essential oils, foodborne microorganisms, natural preservation, MIC, MBC 

 

Introduction 

The use of synthetic preservatives has a negative perception among the consumers, and using 

natural preservatives for meat and meat products dodging synthetic preservatives is considered 

as a remarkable development (Marques et al., 2019) [1]. Natural preservatives in spices and 

condiments are used for centuries in various cuisines worldwide (Maria et al., 2016) [2]. 

Besides providing flavour and taste in the meat products, they have a unique ability to inhibit 

food pathogens and spoilage microorganisms (Bhavaniramya et al., 2019) [3]. Essential oils, 

which form the active principle of spices, have been used to enhance shelf-life and microbial 

inhibition in various meat (Radhakrishnan et al., 2014; Mupalla et al., 2014, Petrou et al., 

2012) [4, 6] and meat products (Sojic et al., 2019; Pabast et al., 2018; Peasvento et al., 2015; 

Radunaj et al., 2019; Nikmaram et al., 2018) [7, 8] without affecting sensory characteristics.  

Plants synthesize essential oils to protect themselves from pathogens, but they also possess 

medicinal properties which benefit human health (Patel and Gogna, 2015; Zuzarte and L. 

Salgueiro, 2015; Islam et al., 2016; Lenardao et al., 2016) [12, 13, 14, 15]. The essential oils are a 

complex mixture of several volatile components obtained from various aromatic plants (Dima 

and Dima, 2015), and antimicrobial activity is mainly attributed to phenolic compounds 

(Pesavento et al., 2015) [9] such as carvacrol and thymol. Several spices are known for their 

essential oil content and biological activity, and oregano and clove essential oils are among the 

most commonly used essential oils that form an essential part of the spice mixture used in 

various cuisines worldwide. Several reports have confirmed antibacterial and antioxidant 

activities of these essential oils and their components (Mith et al., 2014; Radhakrishnan et al., 

2014; Pinheiro et al., 2015 Sokovic et al., 2010; Bassanetti et al., 2016) [17, 4, 18, 19, 20].  

The composition and percentage of the active component as well as the efficacy of essential 

oils vary with several factors such as species, subspecies or variety of plants (. Sarac and Ugur, 

2008) [21], geographical locations (Sarac and Ugur 2008; Mechergui et al., 2010) [21, 22], drying 

methods (Di Cesare et al., 2003) [23] extraction methods (Burt, 2004; Karakaya et al., 2011) [24, 

25]. However, determination of in-vitro antimicrobial activity provides a preliminary idea of 

essential oil and its intended use in the food system and its use as natural preservatives.
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Therefore, the present study was planned to estimate the in-

vitro antimicrobial activity of clove and oregano essential oils 

and compare their antimicrobial efficacy with antibiotics 

against foodborne microbes. 

 

Materials and Methods 

Essential oils, Antibiotic discs, Chemicals, Broth and 

Culture Media 

Clove and oregano essential oils were purchased from 

Synthite Industries (Kerala, India) and stored at 4°C before 

use. Antibiotic discs viz. chloramphenicol (30mcg), 

streptomycin (10mcg), ampicillin (10mcg), oxytetracycline 

(30mcg) and ceftriaxone (30mcg) of 6 mm size were procured 

from HiMedia®, India. Sterile discs were also procured from 

HiMedia®.All Chemicals, broth and culture media used were 

of analytical grade and procured from HiMedia®, India. 

 

GC-MS analysis of EOs 

The GC-MS analysis of EOs was performed using Agilent-

6890 N gas chromatograph with an HP 5973 mass 

spectrometer detector using HP-5Ms capillary column (30.0 

m × 0.25 mm × 0.25 μm). Helium (99.999%) was used as the 

carrier gas with a flow rate of 1.0 ml/min, the injection 

volume was 1μl, and the split ratio was 1:1. Initially, the 

temperature was maintained at 100°C for 3 min, then raised to 

250°C in steps of 20°C min- l. Compounds in the extracts were 

identified by matching their mass spectra and retention times 

with pure compounds.  

 

Procurement Bacterial Strainsand preparation of stock 

culture 

The microbial cultures were procured from The Microbial 

Type Culture Collection and Gene Bank, Chandigarh, Punjab. 

For assessing the antibacterial properties of essential oils, four 

strains of foodborne microbes were used, viz. Salmonella 

Typhimurium MTCC 98, Staphylococcus aureus MTCC 902, 

Pseudomonas aeruginosa MTCC 2453 and E. coli MTCC 

723. Colonies of the isolates were inoculated in tryptone 

soybroth and incubated at 37 oC for 24 hrs. After incubation, 

the culture suspension was poured into sterile centrifuge tubes 

and centrifuged at 5,000rpm for 10 min (Remi, Model R-

2912M). After centrifugation, the supernatant was discarded, 

and the pellet was re-suspended in10 ml of sterile phosphate 

buffer and centrifuged again as previously described. The 

final supernatant was discarded, and the pellet was re-

suspended in 1 mL of tryptone soybroth with 30% glycerol 

lsolution in a 2 ml cryovial. Stock cultures were stored at -

45oC until ready for use. 

 

Comparison ofin-vitro antimicrobial activity of EOs with 

antibiotics 

The procedure of Mith et al. (2014) [17] was used tocompare 

the in-vitro antimicrobial activity of EOs with antibiotics. 

Disc diffusion method (zone of inhibition/agar diffusion 

assay) is a direct contact method used to measure 

antimicrobial activity. For the disc diffusion test, 100µl of 

one-day-old bacterial suspension from each Brain Heart 

Infusion (BHI) broth inoculated with different 

microorganisms containing a bacterial concentration of 

106CFU/ml was poured over Mueller Hinton (MH) agar 

plates, and uniform spreading was done using L-spreader. For 

comparison with antibiotics, antibiotics discs were placed in 

the corners of the petri dish while plain sterile discs of 6mm 

size incorporated with 1µl of essential oil were placed in the 

centre. After 24-48hrs of incubation of plates at 37oC under 

aerobic conditions, the visible zone of inhibition around each 

disc (colony free perimeter) was measured with Vernier 

caliper. 

 

Determination of minimum inhibitory concentration 

(MIC) of selected EOs 

Determination of MIC of selected EOs by disc diffusion 

method 
For the determination of MIC by the disc diffusion method, 

the procedure of Sharma et al. (2017) [26] was followed with 

suitable modifications. For the disc dilution method, sterile 

6mm discs (HiMedia®, Mumbai, India) with different 

dilutions of each essential oil were deposited over Mueller 

Hinton (MH) agar plates inoculated with 100µl of one-day-

old BHI broth having a bacterial count of 106CFU/ml. For 

clove essential oil, the volume deposited per disc varied from 

0.125 to 10.0µl, while for oregano essential oil, the volume 

varied from 0.015625 to 8.0 µl. After 24-48 hours of 

incubation of plates at 37oC under aerobic conditions, the 

visible zone of inhibition around each disc (colony free 

perimeter) was measured with Vernier caliper. The disc with 

the highest dilution of EOs showing a visible zone of 

inhibition was considered as MIC of essential oil against the 

test organism. 

 

Determination of MIC of selected EOs by Macro-tube 

dilution method 

For the determination of Minimum Inhibitory Concentration 

(MIC) of clove and oregano essential oil against selected 

foodborne pathogens by Macro-tube dilution method, the 

procedure of Mith et al. (2014) [17] was followed with 

modifications. 5.0ml of BHI broth was added to sterile culture 

tubes, and an increasing volume of essential oils was added to 

each tube. For clove essential oil, the volume added per tube 

varied from 0.25 to 2.5µl, while in the case of oregano 

essential oil, it varied from 0.25 to 10 µl. After that, 100μl of 

the diluted microbial suspension having abacterial count of 

106CFU/ml was inoculated into each sterile tube containing 

5ml of BHI broth and incubated overnight at 37oC. The tube 

with the minimum volume of essential oil showing an absence 

of turbidity after overnight incubation was considered MIC. 

 

Determination of Minimum Bactericidal Concentration 

(MBC) of selected EOs 

The method of Mith et al. (2014) [17] was followed for the 

determination of minimum bactericidal concentration. The 

MBC was determined by subculturing 100μl from each 

negative culture tube onto Plate Count Agar (PCA) plates. 

MBC was defined as the lowest concentration resulting in a 

negative subculture or giving the presence of only one colony 

after incubation. 

 

Statistical analysis 

All experiments were replicated thrice in duplicate (6 

determinations in total per test condition). For statistical 

analysis purposes, the value of the six determinations was 

used per sample such that the statistics describe the variation 

between samples with n=6. The data generated were compiled 

and analyzed using SPSS (Statistical Package for Social 

Sciences, version 26.0 for Windows; SPSS, Chicago, IL, 

USA) with randomized block design and subjected to analysis 

of variance. Duncan’s multiple range test (27) was carried out 

for comparing means. The smallest difference (D5%) for the 
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two means to be significantly different (p<0.05) was reported. 

 

Results and Discussions 

GC-MS analysis of clove and oregano essential oils 

The results for the GC-MS analysis of clove and oregano 

essential oils are presented in Table 1. The results revealed 

carvacrol and eugenol as the principal component in oregano 

and clove essential oil are carvacrol (64.90%) and eugenol 

(75.17%) in oregano and clove essential oil, respectively. 

Similarly, carvacrol and eugenol were the principal 

ingredients in oregano and clove essential oil, respectively, 

with a concentration of 46.37% of carvacrol and 84.75% of 

eugenol. However, the varied concentration of carvacrol and 

thymol, respectively, in oregano essential oil and eugenol in 

clove essential oil has been reported in different studies 

(Radhakrishnan et al., 2014) [4]. This disparity in the 

concentration of active components could be attributed to the 

various factors viz. species, subspecies or variety of plants 

(Sarac and Ugur, 2008) [21], geographical locations 

(Mechergui et al., 2010) [22], harvesting seasons (Donaldson et 

al, 2005) [28], drying methods (Di Cesare et al., 2003) [23], and 

extraction methods (Karakaya et al., 2011) [25]. 

 
Table 1: The composition of oregano and clove essential oil 

 

Sr. No. Oregano essential oil Clove essential oil 

1 Component Percent (%) Component Percent (%) 

2 Carvacrol 64.90 Eugenol 75.17 

3 Linalool 10.80 Beta Caryophyllene 11.57 

4 M- Cymene 5.80 Eugenyl Acetate 6.14 

5 Gamma terpinene 2.50 Humulene 1.38 

6 Thymol 2.10 Minor components 5.74 

7 Beta Caryophyllene 1.90   

8 Terpinene- 4-ol 1.68   

9 Minor components 10.32   

n=6, Expressed as percentage of the total peak area. 

 

Evaluation of the in-vitro antimicrobial activity of EOs 

and comparison with antibiotics 

The Mean±S.E. of the diameter of zone of inhibition against 

selected foodborne microorganisms created by different 

antibiotics and essential oils are presented in Figure 1. 

Oregano EO produced a significantly larger (p<0.05) zone of 

inhibition against E. coli as compared to clove essential oil 

and all other antibiotics. Even the diameter of the zone of 

inhibition produced by 4thgeneration antibiotics, i.e. 

ceftriaxone, was significantly smaller (p<0.05) than oregano 

EO. The diameters of the zone of inhibition of 

chloramphenicol, streptomycin, ampicillin and oxy-

tetracycline against E. coli were significantly smaller (p<0.05) 

than oregano EO. The clove essential oil also produced a 

significantly larger (p<0.05) zone of inhibition than 

streptomycin and ampicillin, but no significant (p>0.05) 

difference was found between oxytetracycline and clove 

essential oil. 

The diameters of the zone of inhibition produced by 

antibiotics and essential oils against Staphylococcus aureus 

was significantly (p<0.01) different from each other. Critical 

difference analysis revealed that the diameter of the zone of 

inhibition created by ampicillin was significantly (p<0.05) 

higher than ceftriaxone, oregano and clove essential oils. 

Clove oil was the least effective against Staphylococcus 

aureus among all the antibiotics and essential oils. The results 

revealed that oregano essential oil was significantly (p<0.05) 

more effective than clove essential oil against Staphylococcus 

aureus. However, both of them were significantly (p<0.05) 

less effective than ampicillin and ceftriaxone. Salmonella 

Typhimurium was the most sensitive to ceftriaxone among all 

the antibiotics and essential oils, followed by oregano 

essential oil. In contrast, clove essential oil was the least 

effective among all the antibiotics and essential oils against it. 

 

 
 

Fig 1: In-vitro antimicrobial activity of essential oils against foodborne microorganisms and their comparison with antibiotics (Mean±S.E.); n=6; 

Mean±S.E. with different superscripts differ significantly (p<0.05)
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The results indicated that the antimicrobial efficacy of 

essential oils was comparable to that of antibiotics against 

foodborne microorganisms, where oregano essential oil was 

more effective than clove essential oil. It has been reported 

that oregano essential oil was more effective against E. coli 

O157: H7 than clove essential oil (Mith et al., 2014) [17]. 

Further, it has also been reported that oregano EO and its 

active components, i.e. thymol and carvacrol, exhibited the 

highest efficacy against Staphylococcus aureus among 

different essential oils, which corroborated with the findings 

in the present study (Hussain et al., 2008) [29]. The results 

were in accordance with the GC-MS analysis of the oregano 

and clove EOs, where carvacrol concentration was 64.90% 

compared to clove EO, where eugenol was present in a 

concentration of 75.17%.  

The increased antimicrobial activityof oregano essential oil 

could be sttributed to the phenolic compounds having 

oxygenated terpenes viz. carvacrol and thymol (Sokovic et al., 

2010; Castilho et al., 2010) [19, 30]. In contrast, eugenol, an 

oxygenated molecule but not derived from terpene, has lesser 

antimicrobial activity (Clarke, 2008) [31]. Similar results 

against Listeria monocytogenes, Salmonella Typhimurium, E. 

coli and Bacillus thermosphacta have been observed where 

inhibitory diameter produced by eugenol was significantly 

smaller (p<0.05) than carvacrol and thymol (Mith et al., 2014) 

[17]. 

 

Minimum Inhibitory Concentration (MIC) of selected 

essential oils 

The results for Minimum Inhibitory Concentration (MIC) of 

essential oils against the foodborne microbes by disc diffusion 

and macro-tube dilution method are presented in Table 2. In 

general, the MIC of oregano essential oil was significantly 

lower (p<0.05) than clove essential oil against selected 

microorganisms. For oregano essential oil, E. coli was the 

most sensitive, while Salmonella Typhimurium and 

Staphylococcus aureus were equally susceptible. 

Pseudomonas aeruginosa was the most resistant against 

oregano essential oil, while clove essential oil was found 

ineffectual against it. Clove essential oil was the most 

effective to Salmonella Typhimurium, while it was equally 

susceptible to E. coli and Staphylococcus aureus. The 

resistance of Pseudomonas aeruginosa towards several 

antibiotics and essential oils could be attributed to its pretty 

impermeable membrane, constitutively expressed and 

inducible efflux systems, and a chromosomally encoded 

inducible 𝛽-lactamase system (El-Hosseiny et al., 2014) [32]. 

 
Table 2: MICs of essential oils tested in-vitro against foodborne microorganisms using disc diffusion method (μl/disc) and macro-tube dilution 

method (μl/ml of BHI broth) 
 

 Disc diffusion method EOs (μl/disc) Macro-tube dilution method (μl/ml of BHI broth) 

Microorganisms Clove EO Oregano EO Clove EO Oregano EO 

Salmonella Typhimurium (MTCC 98) 0.125b 0.03125a 0.5b 0.05a 

Staphylococcus aureus (MTCC 902) 0.25b 0.03125a 0.4b 0.1a 

Pseudomonas aeruginosa (MTCC 2453) No inhibition even in 10µl 1.0 Negative 2.0 

E. coli (MTCC 723) 0.25b 0.015625a 0.5b 0.05a 

n=6; Mean with different superscripts differ significantly (p<0.05) 

 

The macro-tube dilution also reported a significantly higher 

(p<0.05) efficacy of oregano essential oil than clove essential 

oil. Oregano essential oil was equally inhibitory to Salmonella 

Typhimurium and E. coli, followed by Staphylococcus 

aureus, while Pseudomonas aeruginosa was the most 

resistant. Salmonella Typhimurium and E. coli were equally 

susceptible to clove EO, while Staphylococcus aureus was 

more susceptible than both of them. Similarly, oregano 

reported the highest antimicrobial activity among different 

essential oils against various foodborne pathogens (Sokovic et 

al., 2010; Hussain et al., 2008) [19, 29].  

The results obtained in the present study could be attributed to 

the inhibitory action of essential oils, which is related to 

hydrophobicity. The hydrophobicity is directly associated 

with the partitioning behaviour of the lipophilic compounds in 

octanol/water (log P) and their partition in the cytoplasmic 

microbial membranes (Lanciotti et al., 2003) [33]. The 

compound with the most hydrophobic properties tends to be 

the most toxic, with the cytoplasmic membrane as the primary 

site of toxicity (Sikkema et al., 1995; Weber and de Bont 

1996) [34, 35]. The lipophilic compounds possess a high affinity 

for cytoplasmic membranes, and their insertions induce lipid 

ordering and bilayer stability, resulting in a decrease in the 

membrane integrity and anincrease of passive proton flux 

across the membrane. This effect is notably reported with the 

compound having logP higher than 3. In this context, 

carvacrol, with a logP of 3.52, was found to be the most 

efficient antimicrobial compound. In contrast, eugenol with 

logP of less than 3 showed a lower efficiency than carvacrol 

towards E. coli, Staph. aureus, B. subtilis and S. cerevisiae 

(Ben Arfa et al., 2006) [36]. 

Moreover, the weak antimicrobial effect of eugenol could also 

be due to the presence of a methoxyl group in the ortho 

position, inhibiting the OH group from releasing its proton 

quickly and limiting proton exchanging ability which in turn 

reduces the antimicrobial activity (Ben Arfa et al., 2006).) [36]. 

It has been reported that compounds with a logP higher than 4 

are generally non toxic, as they cannot reach a toxic 

concentration in the cell membrane due to their insolubility. 

Carvacrol, on the other hand, due to its appropriate 

hydrophobicity, presence of delocalized electron system and 

hydroxyl group could be accumulated in the cell membrane 

and its proton-release ability may induce conformational 

modification of the membrane, depletion of ATP pool and 

eventually tothe cell death (Vermue et al., 1993) [37]. 

Pseudomonas aeruginosa MTCC 2453 was the most resistant 

of all the food bornemicrobes challenged in the present study. 

It was found that Pseudomonas aeruginosa and Proteus 

mirabilis were the most resistant among several tested 

species. In contrast, high antibacterial activity was found with 

oregano essential oil and its principal component, carvacrol, 

against Pseudomonas spp. (Sokovic et al., 2010) [19]. It has 

also been reported that the MIC of Origanum compactum 

against Pseudomonas fluorescens was 1 µl/ml, which was 

twice that of other foodborne microbes (Mith et al., 2014) [17]. 

Similar results were also observed where thyme essential oil 

containing thymol had higher antipseudomonal activity when 

tested against different conventional antibiotics (Clarke, 
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2008) [31]. The higher antimicrobial activity of some of the 

essential oil could be attributed to the presence of oxygenated 

terpene components (El-Hosseiny et al., 2014) [32]. These 

findings corroborated with the results obtained in the present 

study where oregano essential oil containing carvacrol, an 

oxygenated terpene, had more antimicrobial activity than 

clove essential oil containing eugenol, a non-terpenoid 

compound (Clarke, 2008) [31]. 

 

Minimum Bactericidal Concentration (MBC) of selected 

EOs 

The results related to MBC of clove and oregano essential oils 

against the selectedfood borne microorganisms are presented 

in figure 2. The results revealed that oregano was significantly 

inhibitory (p<0.05) to selected microorganisms than clove 

essential oil. Among the selected food borne microorganisms, 

Pseudomonas aeruginosa was the most resistant to both 

essential oils. 

 

 
 

Fig 2: MBCs of essential oils tested in-vitro against foodborne microorganisms. n=6; Mean with different superscripts differ significantly 

(p<0.05). 

 

Clove essential oil was ineffective against the Pseudomonas 

aeruginosa, while oregano essentialoil had an MBC of 

2µl/ml, which was significantly higher p<0.05) than other 

selected microorganisms. The increased resistance of 

Pseudomonas aeruginosa could be attributed to the presence 

of an active efflux mechanism and the barrier function located 

in the outer membrane lipopolysaccharide, which screens out 

and restricts entry of antimicrobial agents or substances inside 

the cell (Cox and Markham, 2007) [38]. 

 

Conclusions 

The antimicrobial activity of oregano essential oil was 

comparable with the selected antibiotics. However, it 

exhibited significantly higher (p<0.05) antimicrobial activity 

than selected antibiotics against E. coli. In contrast, its 

antimicrobial activity was comparable to fourth generation 

antibiotics against Staphylococcus aureus and Salmonella 

Typhimurium. However, clove essential exhibited 

significantly lower (p<0.05) antimicrobial activity than 

selected antibiotics. The MIC revealed that antimicrobial 

activity of oregano essential oil was significantly higher 

(p<0.05) than clove essential oil against selected foodborne 

microorgaisms. Among the selected microorganisms, 

Pseudomonas aeruginosa was the most resistant, as revealed 

by the MIC and MBC. Thus, from the above results, it could 

be concluded that oregano essential oil has potent 

antimicrobial activity comparable to that of the selected 

antibiotics. It can be successfully utilized as natural 

preservatives to preserve meat and meat products without any 

detrimental effects on consumers health and improvement of 

microbial quality and shelf-life of the products. 
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