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Abstract 

The present study was a potential application of Clove Essential Oil (CEO) in 
industrial fresh double cream cheese in order to lengthen its conservation and 
to improve its antioxidant potential. In this work, CEO was extracted by hy-
dro distillation, and then analyzed by GC-MS; 24 components of clove essen-
tial oil were identified. Eugenol was the major component (57.66%). Its anti-
microbial properties against E. coli, Salmonella enteritidis and Staphylococ-
cus aureus, were evaluated by disc diffusion method and minimal inhibitory 
concentration (MIC). As for, the antioxidant activity of CEO was evaluated 
by DPPH assay method. An optimum content of CEO (0.37%) was calculated 
by mixing plan carried out by Expert design software and then added to stu-
died cheese. The responses, fixed from the beginning, for this mixing plan 
were: minimum inhibitory concentration (MIC), antioxidant activity (IC50), 
taste and odor intensity and global appreciation. The results found on the 
cheese supplemented with the optimum content of CEO showed antioxidant 
activity (IC50 = 0.146) was relatively important compared to conventional 
cheese (IC50 = 0.477). In fact, the incorporation of CEO in cheese may 
strongly improve its oxidative stability. Cheese antioxidant activity was not 
affected during the storage period for 13 days. Results showed also that the 
fresh double cream cheese could be stored at refrigerated temperature with 
good taste and odor during the period of 13 days due to antimicrobial prop-
erties given by CEO, that suggest lengthening its shelf life. 
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1. Introduction 

Cheese is a fermented dairy product widely consumed in the world and which 
contains, in addition to its water content, other nutrients such as proteins, car-
bohydrates, vitamins and especially fat which gives it a very important nutri-
tional value. However, this composition can make the cheese subject to different 
types of physicochemical and microbiological alterations [1]. From a hygienic 
and sensory point of view, an alteration in the nutritional quality of cheese can 
affect the health of the consumer. This alteration which is generally invisible is 
due to the proliferation and development of the pathogenic microorganisms re-
sponsible for food poisoning. These alterations can also modify the organoleptic 
characteristics such as alteration of taste, rancidity and odor defect, which make 
the product unmarketable. Recently, to fight against these types of deterioration 
and considering the increasing consumer demand for natural ingredients, sever-
al studies working in functional dairy products, investigated the incorporation of 
natural substances in cheese in order to enhance its preservation and its func-
tionality. In fact, [2] [3] [4] studied the incorporation of the lysozyme, an anti-
microbial agent in milk for cheese production thanks to its antimicrobial activity 
against a high number of pathogens. In other studies [5] [6] [7], different plant 
and fruit extracts with positive properties, commonly added to different types of 
cheese, in order to increase their functionality and their antioxidant capacity. 

Most natural plant-derived antimicrobials can be highly effective in control-
ling foodborne pathogenic bacteria and extending shelf-life [8]. In addition, as in 
most cases, plants or their extracts are believed to be relatively safe for humans 
[9] [10]. In particular, many essential oils from various plants including edible 
and medicinal plants, herbs, and spices have been reported to be safe and possess 
strong antimicrobial effects [11] [12]. 

Several plant essential oils were also investigated due to their biological prop-
erties such as antimicrobial, antifungal and antioxidant activities [13] [14] [15]. 
These oils are classified as generally recognized as safe food additives in the 
United States [16]. Their use in foods has primarily been limited to flavor addi-
tives in soft drinks and sweets, and more recently as preservatives. In fact, ac-
tually, essential oil incorporation in foods, naturally in cheese, is among the hot 
topics in food functionalization branch, serving to lengthen their shelf life and 
increase their functionality [17] [18] [19] [20]. The World Health Organization 
(WHO) Expert Committee on Food Additives has established the acceptable 
daily human intake of CEO at 2.5 mg/Kg body weight for humans [21]. 

The aim of this study was a potential application of Clove Essential Oil (CEO) 
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in industrial fresh double cream cheese in order to increase its preservation. In-
deed, clove oil has shown several biological potentials [22] [23] [24]. Only a few 
studies have used CEO as a natural food preservative in soft cheese [25] [26], 
showing that CEO exhibited antimicrobial effectiveness against several food 
borne pathogens and high antioxidant activity in cheese.  

2. Materials and Methods 
2.1. Clove Essential Oil (CEO) Extraction and Analysis 

Cloves were purchased from a supermarket (Ariana, Tunisia). They were crushed 
and then dried at 105˚C for 4 h. The dried material was subjected to hydrodistil-
lation, using a Clevenger-type apparatus for 4 h. The EOs were measured direct-
ly in the extraction burette and the amount of oil obtained (%) was calculated 
as volume (ml) of EO per 100 g of dry clove material. The oils obtained were 
dried over anhydrous sodium sulphate and stored in amber vials at 4˚C before 
analysis [27]. 

2.2. The Identification of CEO Constituents 

The constituents in CEO were identified through gas chromatography coupled 
to mass spectrometry-GC-MS under the following conditions: HP-5MS capillary 
column (30 m × 0.25 mm, 0.25 μm). The highest temperature of the column in 
oven for the elution was set to maximum 350˚C. The system was connected to a 
Perkin Elmer Clarus 60˚C MS detector for identification of chemicals. The flow 
rate (1.0 mL/min) of carrier gas helium (He) of ultra-high purity was maintained 
constant during the whole separation process. The temperatures were set at 
290˚C, 280˚C and 270˚C for injection, transfer line and ion source, respectively. 
The 70 eV chemical ionization energy was used for MS. The mass spectral data 
were collected in the scan range of 40 - 550 amu by running the full-scan mass. 
The volatile oil was diluted and the 1 mL of sample was injected at a split ratio of 
150:1. The temperature of the oven was programmed at 60˚C and was increased 
gradually to 280˚C with a constant rate of 3˚C/min. The chemical class and na-
ture of the compounds were established by matching the mass spectral data of 
CEO with the reference mass spectra. 

2.3. Total Polyphenols Determination 

Powdered CEO (5 g) was extracted by maceration in ethanol at room tempera-
ture for one hour. The extract was filtered through Whatman no. 4 paper. The 
ethanolic extracts were evaporated at 35˚C to dryness then stored in the dark at 
4˚C until use. Before testing, the dryness extract was freshly re-dissolved in 
ethanol at a final concentration of 100 mg/mL of ethanolic extract. Total poly-
phenols were carried out by the Folin-Ciocalteu method described by [28]. The 
Folin-Ciocalteu reagent has a yellow color, in an alkaline medium. It is reduced 
by phenols to a mixture of blue oxides of tungsten and molybdenum. Oxidation 
causes a color change from yellow to blue which absorbs at a wavelength λ = 750 
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nm. This coloration is proportional to the levels of phenolic compounds present 
in the sample. A calibration curve was prepared using gallic acid as a standard. 
The content of phenolic compounds was expressed in mg of gallic acid equiva-
lent per g of CEO (mg GAE/g CEO). 

2.4. Antimicrobial Activities 
2.4.1. Microorganisms and Growth Conditions 
The E. coli ATCC 25922, Salmonella enteritidis AT4 and S. aureus ATCC 25923, 
strains used in this study were obtained from Department of Biological engineer, 
Free University of Tunis (ULT), Tunis, Tunisia. The stock cultures were main-
tained in cryvials at −80˚C. 

Inocula of pathogenic bacteria strains used in antimicrobial testing were ob-
tained after preparing suspensions in sterile saline solutions (0.85% NaCl p/v), 
from overnight cultures grown in BHI agar at 37˚C. Each strain was grown in 
BHI broth at 37˚C for 18 - 20 h, harvested through centrifugation (4500 g, 15 
min, 4˚C), washed twice in sterile saline solution and re-suspended in BHI broth 
to obtain standard cell solutions at which the OD reading at 660 nm was 0.1 
which provided viable cell counts of approximately 8 log CFU/mL for pathogen-
ic strains when pourplated onto BHI agar [29]. 

2.4.2. Disc Diffusion Method 
The disc diffusion method was conducted for the determination of antimicrobial 
activities of CEO against E. coli, Salmonella and S. aureus. Freshly cell suspen-
sion (0.1 mL) adjusted to 108 CFU/mL for bacteria was spread in the plastic 
plates containing sterile Muller-Hinton-media (Bio Rad, France). Before use, 
CEO was diluted in DMSO to 10% v/v, and sterilized by filtration through a 0.2 
μm pore size filter. A Sterile filter paper discs (6.0 mm in diameter) were soaked 
with 10 μL already prepared CEO and placed on the surface of inoculated agar 
plates. All plates are left at room temperature for 30 min to allow diffusion of oil 
before inverting the plates for incubation. Salmonella plates, S. aureus plates and 
E. coli plates were incubated at 37˚C for 24 h. Control plates lacked exposure to 
CEO. The antibacterial activity was evaluated by measuring the diameter of the 
inhibition zone (mm) around each disc. All tests were performed in triplicate 
[30].  

2.4.3. Minimal Inhibitory Concentration (MIC) Test 
The minimum inhibitory concentration (MIC) of CEO was determined using a 
macro-broth dilution technique. Inocula of pathogenic bacteria strains (E. coli, 
Salmonella enteritidis and S. aureus) were obtained after preparing suspensions 
from overnight cultures grown in BHI agar at 37˚C as mentioned above provid-
ing viable cell counts of approximately 8 log CFU/mL. 

Serial 2-Fold dilutions of the CEO were made in tubes in a total volume of 10 
mL of DMSO that increase the solubility of the CEO. The concentration of clove 
oil in the test tubes ranged from 0.0008% to 1% (vol/vol). Broth cultures (0.5 mL 
of 108 CFU/mL) of E. coli, Salmonella enteritidis and S. aureus already prepared, 
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were then added to the tubes separately. Positive controls contain no CEO or 
DMSO. Negative controls were tubes containing DMSO but no EO.  

The E. coli tubes, the Salmonella tubes and the S. aureus tubes were incubated 
at 37˚C for 24 h. Turbidity was visually determined for tubes containing patho-
gen strains, and least concentration of the oil at which no visible growth was 
recorded as the MIC of CEO on the selected strain. Results are reported as mean 
values from 3 replicate trials with each dilution used [24]. 

2.5. Investigation of Antioxidant Activity by DPPH Assay Method 

CEO was investigated for its ability to scavenge free radicals by using 0.01 mM 
DPPH in ethyl acetate as per the reported method of [21]. The experiment was 
performed in triplicate. The % inhibition of DPPH radical was computed by the 
following formula: 

1
The % inhibition 100S

C

A
A
−

= ×  

where, AC = Absorbance of control without sample (containing DPPH. solution 
except clove oil), and AS = Absorbance in the presence of clove essential oil. 
DPPH. decreases significantly upon exposure to proton radical scavengers. IC50 
which denotes the amount (μg) of clove oil in 1.5 mL solution required to reduce 
initial concentration of DPPH radicals by 50% was also calculated. 

2.6. Determination of Optimal Concentration of CEO in Fresh  
Double Cream Cheese 

The incorporation of CEO in cheese aims to improve its oxidative and microbi-
ological stability. As a result of this incorporation, the organoleptic properties of 
the cheese change, mainly the taste and smell. Therefore, we resorted to the use 
of a mixing plan using the Expert Design software (version 12), the aim of which 
is to set the optimal concentration of the CEO based on the results of antimi-
crobial and antioxidant activities and the sensory intensity (taste and smell) and 
global appreciation.  

2.7. Preparation of Inoculums 

E. coli, Salmonella enteritidis and S. aureus inoculums, that will be introduced 
into the cheese, part of this present study explained below, were prepared as de-
scribed by [31]; cultures were activated in BHI broth. Cells were harvested by 
centrifugation (10,000 g/for 10 min at 4˚C), washed three times and re-suspended 
in Ringer’s solution. The resulting pellet was washed once with Ringer’s solution 
to remove residual organic material, re-centrifuged, and then re-suspended to a 
final volume of 10 mL. The final inoculums were prepared with a final level of 5 
log CFU/ml. 0.1 mL of each pathogen was inoculated into pasteurized milk be-
fore manufacturing cheese in the second experiment.  

2.8. Manufacture of Cheese 

The fresh double cream cheese used in this work was manufactured according to 
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the following procedure: raw cow’s milk is acidified with lactic acid bacteria and 
rennet was added. When the curd pH reached a value of about 6, the whey was 
removed and the curd was pressed. Then the cream and the salt were added and 
the whole was then kneaded. Samples about 16 g were packaged in polypropy-
lene in square form. The samples were stored at 4˚C. 

Two experiments were done after preliminary experiments carried out for the 
mixing plan in order to determine the optimal dose of CEO to incorporate into 
the cheese: 

The first experiment served as control experiment. The first batch was fresh 
double cream cheese (−CEO) manufactured as described below and the second 
batch was the cheese supplemented with the optimum concentration of CEO 
(+CEO). At intervals of 0, 2, 7 and 13 days of storage at 4˚C, samples were ana-
lyzed for total coliforms (TC) count, fecal coliforms (FC) count and for antioxi-
dant activity. 

The second experiment was used to evaluate the antimicrobial activity of CEO 
in cheese. The first batch was artificially inoculated with mixture culture from E. 
coli, Salmonella enteritidis and S.aureus without CEO and served as the control. 

The second batch was artificially inoculated with mixture culture from E. coli, 
Salmonella enteridis and S. aureus and supplemented with the optimum con-
centration of CEO. At intervals of 0, 2, 7 and 13 days of storage at 4˚C, samples 
were analyzed for E. coli, Salmonella enteritidis and S. aureus count during sto-
rage. The whole experiment was run in triplicate. 

2.9. Microbial Cheese Characterization 

Once the optimization is done by the mixing plan and the CEO concentration is 
set, the cheese samples; the cheese incorporated with CEO and the standard one 
(−CEO) are analyzed: 

Three samples were microbiologically examined for each type of cheese 
(standard and cheese with CEO) after 0, 2, 7 and 13 days of production. 25 g of 
cheese samples were added aseptically to 225 mL of sterile peptone saline dilu-
ents and homogenized in a stomacher. Total coliform was enumerated on Mac-
Conkey agar with a double layer of the same medium at 37˚C for 24 h. Fecal co-
liforms were counted on MacConkey agar at 44˚C for 24 h. E. coli strain was 
counted on Muller Hinton agar at 37˚C for 24 h. S. aureus was counted on 
Baired Parker agar at 37˚C for 24 h. 

For Salmonella isolation, 25 g cheese samples were placed in 225 mL of pep-
tone water and incubated at 36˚C ± 1˚C for 8 to 18 h. A 1-mL aliquot of 
pre-enriched culture was trans-ferred to a 10-mL aliquot of tetrathionate (TT) 
broth and selenite cystine (SC) broth. The TT was incubated at 42˚C ± 1˚C and 
SC at 36˚C ± 1˚C for 18 to 24 h. One loop of TT broth was streaked onto bis-
muth sulfite and SC broth onto Hektoen enteric (HE; Beijing Land Bridge 
Technology Co. Ltd.) agars. The BS plates were incubated at 36˚C ± 1˚C for 40 
to 48 h and HE plates for 18 to 24 h, and examined for the presence of Salmo-
nella as described by [32].  
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2.10. Cheese Antioxidant Activity Determination 

The antioxidant activity of the new fresh double cream cheese with CEO was al-
so determined as follows: One mL of (0.1 Mm) ethanolic solution of DPPH was 
added to 3 mL of different water extracts (10 - 250 μg/mL). After 30 min of in-
cubation at room temperature, the absorbance was measured against a blank at 
517 nm and the inhibition of free radical DPPH in percent (%) was calculated as 
described below [26]. 

2.11. Sensory Evaluation 

Samples of fresh double cream cheese supplemented with different concentra-
tions of CEO using in the mixing plan as preliminary experiment were sensorial 
evaluated in order to choose the optimal concentration of CEO to incorporate 
into the cheese.  

The evaluation was carried out by fifteen panelists who were selected accord-
ing to their interest in the sensory evaluation of dairy products. Cheese samples 
were equilibrated to room temperature immediately before testing and then 
evaluated for “odor” and “taste” intensity and global judgment using a 5 point 
scale: 0 = not perceptible, 1 = barely perceptible, 2 = low intensity, 3 = medium 
intensity, 4 = great intensity, and 5 extreme intensity. 

2.12. Statistical Analysis 

Data were statistically analyzed using ANOVA variance analysis through the 
general linear model (GLM) procedure of the statistical analysis software (SAS, 
version 9.1). Least significant differences were used to separate means at p < 
0.05. 

3. Results and Discussion 
3.1. Percentage Yield and Chemical Composition of Extracted CEO 

CEO was obtained in 5% v/w yield and was lower than the amount (8.23%) re-
ported in a study previously done [33]. CEO yield variation as well as its chemi-
cal composition depend on various factors including environment, time of col-
lection, cultivation practices and the methods used to extract it [33] [34]. 24 
compounds representing 99% of the total detected constituents were identified 
with the help of GC-MS analysis. Eugenol (57.66%) and caryophyllene (14.57%), 
acetyl eugenol (5.96%), α-caryophyllene (4.57 %) were identified as CEO major 
constituents. These constituents were identified in previous studies with compa-
rable amounts [35] [36]. 

Numerous studies have identified and quantified similar chemical compounds 
in the essential oils of Syzigium aromaticum, revealing that this species has a 
similar chemotype to eugenol-rich chemotype. Eugenol was identified as a major 
compound (90.3%) in an essential oil extracted from the south of Brazil, in addi-
tion to β-caryophyllene (4.83%) and eugenol acetate (1.87%) [37], while another 
study, also on essential oil of cloves from the south of Brazil, observed the pres-
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ence of eugenol (56.06%) and caryophyllene (39.63%) in greater quantities [38], 
very similar to the amount found in the present study. Syzigium aromaticum es-
sential oils obtained in China [39] and in Italy [40] also had eugenol as their 
major compound, with 90.84% and 77.9%, respectively. [41] confirmed by GC-MS 
the presence of eugenol (53.23%) as the major compound. 

3.2. Total Phenol Compounds Content 

The total phenolic compounds content in CEO was 12.05 mg GAE/g, which was 
lower than values reported by [42] (18.59 mg GAE/g) and higher than values 
reported by [38] (9.07 GAE mg/g). Total phenolic compounds concentration is 
dependent on the oil extraction method and the characteristics of the sample. 
The phenolic components and more precisely methoxy phenols are known to be 
strong scavengers of free radicals; therefore, the antioxidant activity of CEO 
could be attributed to its major phenolic compound eugenol. 

Previous studies also showed that clove had a high level of phenolics [43] [44]. 
The variation in the recovery of phenolics from natural products may be influ-
enced by the type of plant material, the chemical nature of the extractable 
compounds and the effectiveness of extraction solvents to solubilize such com-
pounds [45]. 

3.3. Antimicrobial Activity 

In the present study, the CEO was able to inhibit growth of tested pathogenic 
bacteria. The results were discussed on the basis of the diameter of zone of inhi-
bition in mm. The CEO had varying degrees of growth inhibition against the 
tested microorganisms; the value of the zone inhibition ranged from 11 to 23 
mm (Table 1). In previous works, the antibacterial activity of clove essential oil 
was tested against various strains of pathogens in particular strains tested in our 
work. Results have shown that CEO was with a wide spectrum of antibacterial 
activity [46] [47]. The CEO, used at the rate of 10 μL/disc had the widest ZI with 
Staphylococcus aureus (p < 0.05%), a smaller ZI for E. coli and the most re-
stricted ZI for Salmonella enteritidis. The results of the zones of inhibition 
against these pathogens displayed in Table 1 of CEO showed that S. aureus and 
E. coli presented higher sensitivity to CEO (ZI > 20 mm), while Salmonella ente-
ritidis was less sensitive (ZI = 11 mm). The inhibition zone of CEO against Sal-
monella obtained in the present study was similar to the findings of previous study 
 
Table 1. Zone of inhibition of E. coli, Salmonella enteritidis and S. aureus By CEO de-
termined by disc diffusion assay. 

 E. coli Salmonella enteritidis S. aureus 

Clove oil ZI (mm) 23 ± 0.5a 11 ± 0.2b 21 ± 0.4c 

a-cWithin columns, means without common subscripts are significantly different (p < 
0.05%). Zone of inhibition is expressed as diameter in millimeters. Values represent 
means of inhibition zones of 2 independent experiments; n = 8. Individual undiluted es-
sential oils were used at the rate of 10 mL/disc. 
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of the same essential oil [48]. However, the zones inhibitions of CEO against E. 
coli and S. aureus tested were distinct of those observed by [31].  

3.4. MIC Determination 

The macro-broth dilution method was used to confirm the findings of the disc 
diffusion assay and to determine the inhibitory concentrations. Essential oils are 
not soluble in water due to their hydrophobic compounds, and it was therefore 
necessary to add DMSO as emulsifier. The negative controls with DMSO showed 
no antibacterial activity. The MIC against the studied bacteria (Table 2) was 
about 0.23% - 0.40%. These concentrations of the CEO gave a maximum inhibi-
tory effect on bacterial pathogens while an increase in concentration did not 
produce any significant changes and gave unacceptable sensorial attributions in 
cheese. The inhibitory concentrations reported in other clove essential oil studies 
varied from 0.04% to 2% [24] [48] [49]. The antimicrobial activity of CEO was 
mainly due to eugenol; its major compound. However, in some studies, re-
searches have suggested that the whole CEO has a higher antibacterial effect 
than individual components, suggesting that the minor components in the oil 
are also crucial for the observed activity [24].  

3.5. CEO Antioxidant Activity 

The antioxidant activity of CEO against 1,1diphenyl picrylhydrazyl (DPPH) 
radical was determined by in vitro colorimetric assay. This method was adopted 
to study antioxidant activity because of the stability and unique purple color of 
free radicals of DPPH at room temperature. The intensity of purple color (lmax = 
517 nm) diminished after being reduced by electron or hydrogen radical do-
nated by antioxidant compound. Therefore the antioxidant power of volatile oil 
is determined by their ability to reduce DPPH radical which is measured by re-
cording the lowering in absorbance values. The results were shown by IC50 value, 
which is the concentration of a compound that will induce half of the maximum 
action. 

The DPPH scavenging activity of CEO at the concentration of 40 μg/mL was 
85.4%. A similar stronger DPPH scavenging activity was found for the CEO; [21] 
reported 83.6% of scavenging at the concentration level of 45 μg/mL. The IC50 
value of CEO used in this present work was calculated as 0.096 mg/mL indicat-
ing it to have good antioxidant potential but less important that the antioxidant 
potential found by [20] (EC50 = 0.021 mg/mL). 
 
Table 2. Minimum inhibitory concentration of CEO on E. coli, Salmonella enteritidis and 
S. aureus1. 

 E. coli Salmonella enteritidis S. aureus 

Clove oil (%) 0.023 ± 0.05 0.04 ± 0.05 0.023 ± 0.02 

1Inhibitory concentrations are average values of two independent trials. Each value is an 
average of 3 observations. The minimum inhibitory concentration was run in a total vo-
lume of 10 mL. 
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It was mentioned that the effect of geographic origin can influence the anti-
oxidant activity of EOs. These variations were probably due to differences in 
phenolic compounds’ content [27]. Due to their hydroxyl groups that allow 
them to inhibit DPPH free radicals, phenols were considered as the major factor 
contributing to antioxidant activity of plants. Indeed, [50] showed a positive 
correlation between total phenolic compounds content and antioxidant activity. 

Thanks to its higher antioxidant activity, CEO could be proposed as a poten-
tial alternative to natural antioxidants.  

3.6. Optimal Concentration of CEO in Fresh Double Cream Cheese 

In order to determine the appropriate dose of CEO to incorporate into the fresh 
double cream cheese, we used “Expert Design” software which served us as a 
mixing plan with 4 answers, namely, taste, smell, global judgment and rating of 
antioxidant activity. These different responses were at the origin of a series of 8 
experiments carried out on our cheese according to the mixing plan (Table 3).  

The Expert Design optimization module will look for a combination that si-
multaneously meets the requirements for each response. In this case, the suitable 
dose is presented in Table 4. 

The optimal dose of CEO determined by mixing plan was about 0.37% (v, w) 
which corresponds to an antioxidant activity equal to 0.15, expressed by IC50. 
More IC50 is reduced, more the antioxidant activity is important. In fact, we no-
ticed that the IC50 value decreased significantly (more than three times) from 
IC50 = 0.477 (cheese − CEO, trials 2 and 3) to IC50 = 0.15 (Cheese + optimal dose  
 
Table 3. Mixing plan developed by expert design software. 

Run 
Component 

A: CEO 
% 

Component 
B: Cheese 

% 

Response 
1 

Taste 

Response 
2 

Smell 

Response 3 
Global 

appreciation 

Response 4 
Antioxidant 

activity (IC50) 

1 0.38 99.63 1.92 3.33 1.91 0.21 

2 0.00 100.00 0.84 0.53 2.69 0.48 

3 0.00 100.00 0.84 0.53 2.59 0.48 

4 0.25 99.75 1.84 2.07 1.76 0.24 

5 0.13 99.88 1.60 1.76 2.23 0.44 

6 0.50 99.50 2.92 3.76 1.00 0.0007 

7 0.25 99.75 1.84 2.07 1.76 0.24 

8 0.50 99.50 2.92 3.76 1.00 0.0007 

 
Table 4. Optimization of the suitable CEO concentration by expert design software. 

Solutions 
Number 

A 
% 

B 
% 

Taste Smell 
Global 

appreciation 
Antioxidant 

activity 

1 0.37 99.63 1.96 3.00 1.50 0.15 
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of CEO). Thanks to the high antioxidant activity given, we can conclude that the 
incorporation of CEO in cheese may strongly improve its oxidative stability. 
This optimum CEO concentration was used for the new formulation which is 
controlled for 13 days of storage at 4˚C. 

Flavor is the sensation produced by a material taken in the mouth, perceived 
mostly by the senses of taste and smell. Data shown in Table 4 indicated the new 
formulation with the optimum CEO concentration presented a weakly intense 
taste and moderately intense smell. Compared to the results of cheese used as 
control (run 2, Table 3), CEO showed a significant effect on the taste, smell and 
global appreciation. 

This difference can be explained by the nature of its chemical composition; 
CEO consists of a mixture of aliphatic and cyclic volatile terpenes and phenyl-
propanoids, which are considered as very aromatic compounds [51]. 

3.7. Pathogenic Bacteria in Fresh Double Cream Cheese  
Supplemented with CEO 

Cheese is a food rich in nutrients, which makes it a favorable environment for 
development of microorganisms. For this reason, the count of germs will be es-
sential to know total and fecal coliforms, in cheese samples used for the first ex-
periment (batch 1; Control cheese and batch 2; Cheese incorporated with opti-
mum dose of CEO). 

Total coliform were present in cheese samples from batch 1 and batch 2 (ex-
periment 1) with a lower concentration in cheese from batch 2 (+CEO). The 
presence of coliform in cheese can be due to a lack of hygiene in the environ-
ment of the cattle, either during treats or at the storage level. The presence of 
fecal coliform is also due to fecal contamination of animal origin [52]. The re-
sults show that in the presence of essential oil of clove, the number of total coli-
form decreased by about half and fecal coliform weakly present in cheese 
(−CEO) (experiment 1, bach 1) were completely eliminated in cheese supple-
mented with CEO (experiment 1, bach 2). These changes were preserved for 13 
days of cold storage. The reduction in the bacterial count confirmed the antimi-
crobial action of bioactive compounds in CEO which mainly contain phenolic 
compounds causing bacteriostatic and antiproliferative actions against bacterial 
growth. 

Total coliform count for cheese form batches 1 and 2 increased during cold 
storage. The magnitude of increase in total coliform count was more important 
in cheese from batch 1, compared with cheese from batch 2. The microbiological 
monitoring of the 2 batches of cheese (first experiment) during storage is pre-
sented in Figure 1. 

In general, essential oils have an important potential to protect foods against 
the growth of pathogens. The antimicrobial activity of essential oils depends on 
their chemical composition, mainly the major volatile compounds. During sto-
rage, the reduction in the rate of germs in the cheese, in the presence of CEO,  
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Figure 1. Total coliform count in fresh double cream cheese (control) and cheeses sup-
plemented with CEO during cold storage (4˚C) for 13 days. 
 
can reduce the risk of cheese spoilage, so the possibility of using this essential oil 
as a natural preservative. 

The data in Figure 2 showed the changes in the level of E. coli, Salmonella 
enteritidis and S. aureus in cheese supplemented with CEO (batch 2, Experiment 
2) compared to cheese without CEO (control) during 13 days of cold storage. 
The cheese was inoculated with a mixture culture of bacteria at 4.15 log 
CFU/mL. In control cheese, the three microorganisms grew with cold storage 
time, with a higher rate of growth in case of E. coli which reached a maximum of 
4.80 log CFU/mL against 4.49 log CFU/mL in case of S. aureus and 4.30 log 
CFU/mL in case of Salmonella enteritidis after 13 days of cold storage. 

Supplementation with optimum concentration of CEO exerted a significant 
reducing effect against the proliferation of the three pathogens. E. coli, Salmo-
nella enteritidis and S. aureus were reduced after 13 days of storage with magni-
tudes of reduction were respectively 1.25, 1.35 and 1.14 log CFU/ml. These re-
sults confirmed the results above concerning the important antimicrobial poten-
tial of CEO in these three pathogens. Based on the findings, it can be stated that 
CEO has general antibacterial activities against pathogens. This high antimi-
crobial power can contribute to keep a good hygienic quality of cheese during 
storage under cold conditions. 

3.8. Cheese Antioxidant Activity Evaluation 

The DPPH scavenging activity was expressed by the IC50 value of clove fresh 
cheese at 4˚C during storage period for 13 days (Table 5). It was demonstrated 
that the incorporation of 0.37% of CEO in fresh double cream cheese, during its 
manufacturing increased significantly (p ≥ 0.005) its antioxidant activity, which 
stayed stable during cold storage period. These results were in agreement with 
the results obtained by [26] [53]. 

Fresh double cream cheese is a very alterable matrix due to its richness in wa-
ter, sugar and fat. The addition of CEO in its formulation enriched it with natu-
ral antioxidants, presenting significant oxidation stability potential. In addition,  
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Figure 2. Changes in the counts of pathogens (E. coli, Salmonella enteritidis, S. aureus) 
inoculated into fresh double cream cheese (control) and cheeses supplemented with CEO 
during cold storage (4˚C) for 13 days. 
 
Table 5. The antioxidant activity (IC50) of fresh double cream cheese supplemented with 
CEO during storage for 13 days at cold storage. 

Storage period 
(4˚C ± 2˚C) 

0 day 2 days 7 days 13 days 

Cheese − CEO 0.477A,a ± 0.33 0.490A,a ± 0.21 0.481A,a ± 0.17 0.468A,a ± 0.33 

Cheese + CEO 0.146B,b ± 0.28 0.144B,b ± 0.33 0.152B,b ± 0.33 0.149B,b ± 0.19 

Means ± Std error. Different Capital letters within the same row are significantly different 
(p ≥ 0.005), different small letters within the same column are significantly different (p ≥ 
0.005). 
 

[53] reported in their study the inhibition of lipid oxidation in cheese supple-
mented with CEO. 

4. Conclusion 

The World Health Organization (WHO) Expert Committee on Food Additives 
has established the acceptable daily human intake of clove oil at 2.5 mg/kg bo-
dyweight for humans. According to the data obtained from the present study, 
CEO was an effective antioxidant and had an antimicrobial potential that af-
fected positively the quality of cheese. Based on the results above, CEO can be 
used for preserving cheese against pathogens and protecting it against lipid oxi-
dation. The incorporation of CEO in cheese serves to maintain its nutritional 
quality and prolong its shelf life. 
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