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ABSTRACT 
Background: There is growing interest in the application of natural antimicrobial compounds as safe 
replacers to food chemical preservatives. Plants and herbs are considered to be an excellent source of 
natural preservatives. Among preservatives, essential oils of some herbs and plants were traditionally 
used for the preservation of wide variety of foods. Objectives: The present study aimed to evaluate 1) 
the antimicrobial activity of essential oils extracted from selected plants, including thyme (Thymus 
vulgaris), sage (Salvia officinalis), cinnamon (Cinnamomum verum), clove (Syzygium aromaticum), cumin 
(Cuminum cyminum), oregano (Origanum vulgare), basil (Ocimum basilicum L.), parsley (Petroselinum 
crispum) and ginger (Zingiber officinale) against Staphylococcus aureus, Escherichia coli and 
Saccharomyces cerevisiae and 2) the impact of extracted essential oils on physico-chemical, 
microbiological and sensorial characteristics of labneh and fermented milk. Results: The inhibitory 
effect of herbal extracts against target microorganisms dependent on type of herb and its concentration. 
Agar diffusion test showed that cinnamon and thyme were the most effective extracts against 
Escherichia coli and Staphylococcus aureus, while cumin, cinnamon, parsley and basil extracts had great 
ability to inhibit S. cerevisae. When tested in broth media, thyme, cinnamon, clove and oregano extracts 
appeared to have a strong bactericidal effect against all tested microorganisms even at low 
concentration (0.5µl/ml). Cumin, parsley, basil and ginger extracts exhibited variable inhibitory effect 
and could reduce viable counts of such organism by 0.5 to 8.0 log cycle/ml after 24 h incubation. The 
inclusion of herbal extracts at concentration of 1 µl/g into stirred fermented milk and labneh had major 
impact on flavor but insignificant affect (P> 0.05) on texture and body, appearance and color 
characteristics. Among tested extracts, cinnamon did not appear to have adverse effect on flavor of both 
products. Results also revealed that the incorporation of cinnamon extract could successfully suppress 
growth of Escherichia coli, Staphylococcus aureus, and Saccharomyces cerevisiae during 7 days of cold 
storage of labneh. Conclusion: Essential oil extracts had different inhibitory effects which could be 
attributed to their diversity in composition. The diversity in the inhibitory action of tested oil extracts 
can offer numerous opportunities to suppress growth of wide variety of food-borne and food spoilage 
microorganisms. Among tested extracts, cinnamon extract had an effective antimicrobial activity against 
tested microorganisms and could be recommended to be used as natural antimicrobial compound to 
extend shelf-life of fermented dairy products without disturbing their sensorial quality. 
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INTRODUCTION 

 

Food spoilage can take place due to application of insufficient heat treatment during processing, cross and 

post contamination after heat treatment, defects of packaging material and handling and storage under 

inappropriate conditions. Preservation techniques against microbiological spoilage have been improved in recent 

years to minimize growth of micro-organisms particullarly pathogens [1]. Consequantley, there has been a 

constant increase in the search of alternative and efficient compounds for food preservation, aimed at partial or 

total replacement of chemical antimicrobial additives. This led to the development of the concept of bio-

preservation to minimize the application of chemical preservatives to extend food shelf-life. The bio-

preservatives are wide range of natural products from plants, animals and microorganisms that can be useful in 

extending foods shelf-life. The effects of applying bio-preservatives are to reduce or eliminate survival 

pathogenic bacteria and to increase overall food quality. Numerous natural biological compounds have a number 

of antimicrobial properties, behaving as antioxidants, breaking down cellular membranes, and disrupting 

biosynthetic microorganism’s pathways [2 and 3].  

Plants and spices are excellent sources of biologically active compounds with potential antimicrobial 

activity. Essential oils, secondary metabolites produced by plants, have valuable capability of suppressing 

growth of wide variety of food-spoilage and food-borne microorganisms including bacteria, yeasts and molds. 

From chemistry point of view, they consist of aromatic and volatile compounds which play an important role in 

plant defense and possess antimicrobial properties [4]. They can be extracted from different parts of plants 

including flowers, roots, bark, leaves, seeds, peel, fruits, wood, buds and the entire plant [5 and 6]. Beside their 

medical application, essential oils have been used for centuries in perfume and cosmetic industries and also in 

food industry as flavouring agents and preservatives. Several investigators attempted to apply essential oils as 

potential bio-preservative to extend shelf-life and improve microbiological quality of dairy products [7, 8, 9, 10 

and 11]. 

The exact composition of essential oils extract has been shown to vary widely depending on the season of 

harvest and the methods used to extract the oil products [12 and 13]. Thus the antimicrobial activity of an 

essential oil extract could not be attributed to a single molecule because it may contain up to 45 different 

constituents [14 and 15].These constituents are characterized as low molecular weight organic compounds with 

wide spectra of antimicrobial activity and can be divided into 3 main groups according to their chemical 

structure: terpenes, terpenoids and phenylpropenes. Among constituents in the essential oils extract, phenolic 

compounds have been recognized as the most bioactive components for the antimicrobial activity. Most plant 

phenolic compounds are classified as generally recognized as safe (GRAS) substances; therefore they could be 

used safely to prevent growth of many food-borne and food spoilage microorganisms [2]. 

The present work was undertaken to evaluate the antimicrobial potency of essential oils extracted from 

thyme, sage, cinnamon, clove, cumin, marjoram, basil, parsley and ginger against Escherichia coli, 

Staphylococcus aureus and Saccharomyces cerevisiae. The ability and effectiveness of extracted oils of 

previous plant on chemical, microbiological and sensorial qualities of fermented milk and labneh was also 

evaluated.  

 

MATERIALS AND METHODS 

 

1- Materials:  

1.1. Herbs: 

Cinnamon barks (Cinnamomum verum), clove buds (Syzygium aromaticum), thyme leaves (Thymus 

vulgaris), oregano leaves (Origanum vulgare), basil leaves (Ocimum basilicum L.), parsley leaves (Petroselinum 

crispum), cumin seeds (Cuminum cyminum), ginger rhizomes (Zingiber officinale) and sage leaves (Salviao 

officinalis) were obtained from Local market in Alexandria city. 

 

1.2. Microorganisms: 

Escherichia coli H15147 (E. coli), Saccharomyces cerevisiae ATCC4126 (S. cervisiae) and Stapylococcus 

aureus (Staph. aureus) NRRL-B767 were obtained from National Center for Agricultural Utilization Research 

in Peoria, Illinois, USA. Yoghurt starter dried culture composed of Lactobacillus delbrueckii subspecies. 

bulgaricus and Streptococcus thermophilus at ratio of 1:1 was obtained from Chr. Hansen Ltd. (Boege Allé 10-

12 2970 Hoersholm Danmark).  

 

1.3. Culture Media: 

Brain heart infusion, mannitol salt, sabourado dextrose, nutrient and violet red bile agar medium were 

prepared as described in Difco manual [16]. 

http://www.ars.usda.gov/main/site_main.htm?modecode=36-20-00-00
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2. Methods: 

2.1. Extraction of essential oils: 

Plant materials were separated, grounded into fine powder and hydro-distilled by using Clevenger type 

apparatus for 4 hours according to the method described previously [17]. The extracted oils were dried for an 

overnight over anhydrous sodium sulphate in a dissector. The obtained essential oil were sterilized by using 

Millipore filter with pore diameter 0.22µm and stored at 4˚C until use. 

 

2.2. Screening extracted essential oils for antimicrobial activity: 

The antimicrobial activity of the extracted essential oils against E. coli, Staph. aureus and S. cervisiae was 

assessed by agar diffusion method described previously [18]. The assessment was carried out using semi solid 

(containing 0.75% (w/v) agar) nutrient, brain heat and sabourado dextrose media for E. coli, Staph. aureus and 

S. cervisiae, respectively. Briefly, 25 ml of molten semi solid medium were cooled at 47ºC and seeded with 1% 

(v/v) overnight culture of the target microorganism. After solidification and drying agar, wells (6 mm in 

diameter) were cut from agar plates using a sterilized stainless steel borer. Then filter-sterilized essential oils 

were dissolved in 50% ethanol-Tween 80 at final concentration of 0.5 and 1.0 µl/ml and 100 µl of this solution 

was applied to the agar wells. The plates were left at 5°C for 2 h to allow diffusion of the tested extracts and 

then incubated aerobically at 37°C for both bacteria or at 25°C for S. cervisiae for 48 h. Following incubation, 

absence or presence of inhibition zones as well as their diameters were recorded in mm.  

 

2.3. Effect of extracted essential oils on viability of target microorganisms: 

The impact of different extracted essential oils on the viability of target microorganisms (E. coli, Staph. 

aureus and S. cervisiae) was also assessed in broth media. Essential oils were dissolved in 50% ethanol-Tween 

80 solvent and filter sterilize through 0.45-µm pore size membrane (Cameo 25 N, MSI, Westboro, MA) before 

being incorporated into broth media at final concentration of extracted essential oils of 0.5 and 1.0 µl/ml broth. 

Nutrient, brain heat and sabourado dextrose broth media with added essential oils were inoculated with an 

overnight culture of E. coli, Staph. aureus and S. cervisiae, respectively, at level of 1% (v/v). After 24h 

incubation at 37°C for both bacteria and 25°C for the yeast, serial dilution of each culture was made in a saline 

solution and appropriate dilutions were enumerated on violet red bile, mannitol salt and sabourado dextrose agar 

media to determine the viable counts of E. coli, Staph. aureus and S. cervisiae, respectively. Results expressed 

as colony forming unit (CFU)/ml of broth medium [19]. 

 

2.4. Manufacturing of herbal stirred fermented milk and labneh products: 

A mixture of fresh cow and buffalo milk at ratio of 1:1 with the following characteristics, titrtable acidity = 

0.17%, pH = 6.56, total solids = 15.7% and fat = 3.5%.was obtained from the pilot farm of the Faculty of 

Agriculture, Alexandria University. Milk was used in the manufacture of stirred fermented milk and labneh as 

outlined in Figures 1 and 2, respectively. 

Mixed milk was standardized by adding 1% (w/v) skimmed milk powder, heat treated at 85ºC/15 min, 

cooled at 45ºC, inoculated with activated yoghurt starter culture at 2% (w/w) and incubated at 45ºC for 4h or 

until pH reached 4.8. Then curd was agitated and divided equally into 5 batches to which clove, oregano, thyme 

and cinnamon essential oils were added separately at level of 1µl/g of agitated curd. The fifth batch with no 

added essential oils served as control. Following addition of extracts, batches were stirred properly using mixer 

for each treatment packed and kept at 5±1˚C for 12h. Following refrigeration, samples were subjected to 

sensorial assessment as described below. 

For labneh manufacture, same procedure was followed as described for stirred fermented milk except that 

agitated curd was salted at 1% (w/w), put in cheese cloth and drained overnight at 5ºC. Then essential oils were 

added and labneh packed, kept at 5±1°C for 12 h and subjected to sensorial assessment. 

 

2.5. Challenge study for essential oils in labneh: 

Labneh with added cinnamon extracted essential oils at concentrations 0.25 and 0.5 µl/g was prepared as 

described above. Overnight cultures of E. coli, Staph. aureu and S. cerevisiae were diluted 100-fold in saline 

solution (0.85% w/v, NaCl) to get final bacterial or yeast concentration of 5.0–5.5x105 CFU/g labneh. Samples 

were packaged and kept at 5±1ºC for 168 h (7days). Samples were taken at 0.0, 36, 96 and 168 h of refrigerated 

storage to enumerate viable counts of E. coli, Staph. aureu and S. cerevisiae on violet red bile, brain heart 

infusion and sabourado dextrose agar media, respectively. Results were expressed as log CFU/g labneh. 

 

2.6. Sensory evaluation: 

Stirred fermented milk and labneh samples were sensory evaluated (flavor, body and texture, appearance, 

product acidity and container and closure) by eight well trained staff members of the Department of Dairy 

Science and Technology aged from 40 – 65 years, beside 25 volunteers. Fermented milk and labneh samples 

were sensorially evaluated according to the method outlined previously [20]. 
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2.7. Statistical analysis: 

All experiments had analyzed in completely randomized design (CRD) with three replicates. F-test and 

analysis of variance of treatments difference was performed according to Steel and Torrie [21]. Statistical 

analysis was done by ANOVA, F-test, and L.S.D procedures available within SAS software package (version 

9.0 2004). Linear correlation analysis was used to determine the antimicrobial activity of different types of 

herbal essential oils on the growth of pathogenic microorganisms. Simple correlations were calculated among all 

measurements using SPSS software package version 16. The linear regression function between concentration 

of different essential oils and each of the studied measurements were predicted as described previously [22]. 

Differences between treatments with P< 0.05 were considered to be statistically significant. 

 

RESULTS AND DISCUSSION 

 

Screening antimicrobial activity of essential oils: 

The antimicrobial activity of the nine essential oil extracts against E. coli, Staph. aureus and S. cerevisae 

was tested by agar diffusion method (Table 1, Figure 3). The essential oils were tested at two concentrations 5 

and 10 µl/ml. It appears from Table 1 that the diameter of the inhibition zone correlated positively with the 

concentration of tested essential oils extract. Generally, essential oil extracts at concentration of 10 µl/ml 

resulted in greater inhibition zone (P< 0:05) compared with concentration of 5 µl/ml. Also there were significant 

(P< 0:05) variations in size of zone of inhibition depending on the type of essential oils extract used.   

Parsley, sage and basil essential oils had no inhibitory effect against E. coli even at concentration of 10 

µl/ml, while ginger produced a very limited inhibition at both concentrations. On the other hand, cinnamon 

extract had the highest inhibitory effect against E. coli as it could produce the largest zone of inhibition. The 

inhibition produced by essential oil extracts against E. coli was in the order cinnamon > clove > thyme > 

oregano > cumin, respectively. 

Among tested extracts cumin, oregano and ginger had the least inhibition against Staph. aureus. Contrary to 

E. coli, parsley, sage and basil extracts had a remarkable inhibitory effect against Staph. aureus. This effect was 

proportionally correlated with tested concentration. Cinnamon and thyme extracts had the highest inhibitory 

effect against Staph. aureus compared to the remaining extracts. Both herbs produced inhibitory zones of the 

same size at each concentration. The inhibitory of effect of tested essential oil extracts was in the order 

cinnamon and thyme > clove > sage > basil > parsley, respectively. 

  S. cerevisae exhibited different behavior against tested extracts compared to E. coli and Staph. aureus. At 

a concentration of 5 µl/ml, oregano and ginger extracts had no inhibitory effect against S. cerevisae but they 

became inhibitory at concentration of 10 µl/ml. S. cerevisae appeared to be more susceptible to cumin, 

cinnamon, parsley and basil extracts compared with E. coli and Staph. aureus. At a concentration of 10 µl/ml, 

the inhibitory effect of tested essential oil extracts against S. cerevisae was in the order cinnamon > thyme > 

basil> cumin, clove and oregano > parsley > sage > ginger, respectively. 

Concerning the antimicrobial activity reported in this study, E. coli appeared to be more resistant to 

essential oil extracts compared to Staph. aureus and S. cerevisae. This was in accordance to results reported in 

previous study which concluded that Gram-negative bacteria were generally less susceptible to essential oil 

extracts than Gram-positive bacteria [23]. The tolerance of Gram-negative bacteria to the inhibitory effect of 

essential oils has been attributed to the unique composition of their outer membrane due to the presences of high 

ratio of hydrophilic lipopolysaccharides. The lipopolysaccharides can act as a barrier toward macromolecules 

and hydrophobic compounds like those found in essential oil extracts [24]. 

 

Effect of essential oils on viability of target microorganisms: 

The effect of different essential oil extracts (at concentrations 0.5 or 1.0 µl/ml) on the viability of E. coli, 

Staph. aureus and S. cerevisae in broth media is shown in Table 2. Results revealed that the inhibitory effect of 

herbal extracts against different microorganisms dependent on type of herb and its concentration. Among herbs, 

thyme extract appeared to have a bactericidal effect against all tested microorganisms even at low concentration 

(0.5µl/ml). No viable count of tested microorganisms could be detected even in 1.0 ml sample. While the viable 

count of the tested microorganisms in control trials ranged from 10 to 11 log cycle of CFU/ml after 24 h 

incubation. Thyme extract has been shown to contain many active antibacterial constituents including, thymol 

(63.8%), α-phellandrene (13.3%) and cis-sabinene hydroxide (8.1%). These compounds have been found to 

damage bacterial cell envelope [25]. 

Also, cinnamon and clove extracts appeared to have a bactericidal effect against the tested microorganisms 

even at concentration 0.5µl/ml. Staph. aureus showed slight resistance to cinnamon and clove extracts at 

0.5µl/ml.  At this concentration, the viable count of Staph. aureus reduced by approximately 8 and 9 log cycle 

of CFU/ml in media containing clove or cinnamon extract, respectively. Cinnamon essential oil extract has been 

reported to contain the following constituents: E cinnamaldehyde (73.35%), β-caryophyllene (4.09%), linalool 
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(3.55%), cinnamyl acetate (2.96%), eugenol (2.68%) [26]. These active constituents have been shown to 

depolarize and permeabilize membranes; induce leakage and coagulation of cytoplasmic content; inhibit 

respiration activity in Enterobacter aerogenes Pseudomonas aeruginosa, E. coli and Staph, aureus [27 and 28]. 

Clove extract has been found to contain eugenol (64%), eugenylacetate (16.3%), caryophyllene (14.5%). 

Eugenol, the main and the most studied component, has proven to inhibit the activity of the following enzymes: 

ATPase, histidine decarboxylase, amylase, and protease [26 and 29]. Inhibition of the ATPase may be the most 

important inhibitory action by the eugenol because energy generation is extremely needed for cell to remain live 

[29].  

Oregano extract showed a bactericidal effect against the target microorganisms and could suppress the 

viability of Staph. aureus. Oregano oil extract has been found to contain carvacrol (68.1%), thymol (15.9%), p-

cymene (2.6%) and γ-terpinene (2.0%). Carvacol, the main constituent of oregano extract, has been found to 

disrupt the outer membrane particularly in Gram negative bacteria [30].  Also it can act on cytoplasmic 

membrane, resulting in passive transport of ions across the membrane. The disturbance in cation transportation 

lead to the accumulation of H+ into the cytoplasm and remove more K+ from the inside [31 and 32].  

For the remaining extracts, cumin, parsley, ginger, sage and basil, showed variable ability to inhibit target 

microorganisms and could reduce the viable counts of such microorganism by 0.5 up to 8 log cycle of CFU/ml. 

E. coli appeared to be more resistant to these extracts than Staph. aureus and S. cerevisae. 

 

Acceptability of herbal stirred fermented milk and labneh: 

Based on antimicrobial results, clove, cinnamon, thyme and oregano extracts were selected because of their 

higher antimicrobial activity compared with other extracts. Essential oils of these herbs were incorporated into 

stirred fermented milk and labneh at concentration of 1 µl/g. The effect of such herb extract on the sensorial 

properties of stirred fermented milk and labneh is shown in Tables 3 and 4. The inclusion of herbal extracts into 

stirred fermented milk and labneh had significant (P< 0.05) impact on flavor but insignificant (P> 0.05) on 

texture and appearance characteristics. Among tested extracts, cinnamon did not appear to have adverse effect 

on flavor characteristics of both products. Flavor score given to products with added clove, thyme and oregano 

were significantly lower compared with control trials. It may be possible that a concentration of 1 µl/g of these 

herbs was higher than levels accepted by consumer.  

 

Challenge study for essential oils in labneh: 

Based on sensorial acceptability of labneh containing cinnamon extract, a challenge study was designed to 

evaluate the ability of cinnamon extract at concentrations 0.25 and 0.50 µl/g to suppress growth of E. coli, 

Staph. aureus and S. cerevisae during 1 week of refrigerated storage (Table 5). Generally viable counts of each 

microorganism decreased significantly as the concentration of cinnamon essential oil increased and refrigerated 

storage progressed. Results also indicated that cinnamon oil was an excellent antagonistic agent, exhibited broad 

range of antimicrobial activity against tested microorganisms which include Gram positive and Gram negative 

bacteria as well as yeast.  

 

 
Fig. 1: Manufacture of herbal stirred fermented milk 
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Fig. 2: Flow sheet for manufacturing of herbal labneh 
 

Table 1: Antimicrobial activity*1 of essential oils against Escherichia coli, Staphylococcus aureus and Saccharomyces cerevisae 

Microorganism Essential oils 
concentration 

(µl/ml) 

Inhibition zones (mm)*2 

Cumin Clove Thyme Oregano Cinnamon Parsley Ginger Sage Basil 

Escherichia 
coli 

5  0.33f 15.00d 16.00d 6.00e 23.67bc 0.00f 3.33ef 0.00f 0.00f 
10 2.00f 26.33b 21.00c 13.67d 32.00a 0.00f 3.5ef 0.00f 3.00ef 

           

Staphylococcus 
aureus 

5  0.0f 17.67c 26.33b 0.00f 27.33ab 8.33de 0.00f 10.33d 9.67d 
10 1.67f 25.00b 32.20a 3.10ef 32.00a 10.00d 3.00ef 17.33c 17.30c 

           

Saccharomyces 
cerevisae 

5  16.00gef 13.67gef 12.00ghf 0.00i 36.00b 11.00gh 0.00i 7.00 h 16.67ef 

10  17.00def 17.67de 24.67c 16.67ef 44.67a 14.00gef 8.00h 13.33gef 22.00dc 
*1 Determined by agar diffusion test. 
*2 Means followed by the same upper case letters (a,b,c,d,e and f) for each microorganism are insignificantly (P> 0:05) different. 

 

 
Fig. 3: Agar diffusion test showing antimicrobial activity of some essential oil extracts at concentration of 

(5µl/ml) against Staphylococcus aureus, Escherichia coli and Saccharomyces cerevisae 
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Table 2: Viable counts (CFU/ml broth medium)*1 of Staphylococcus aureus, Escherichia coli and Saccharomyces cerivisae inhibited by 

different type of essential oils 

Essential oils Concentrations (µl/ml) 
Escherichia coli  Staphylococcus aureus Saccharomyces 

cerivisae 

Control 0 11.2912 a  10.3411 a 10.1654a 

Cumin 
0.5 7.5528 e  2.8704g 3.2154g 
1 7.6630 e  ND*2 1.7014h 

Clove 
0.5 ND  2.5565g 2.6058g 

1 ND  ND ND 

Thyme 
0.5 ND  ND ND 

1 ND  ND ND 

Oregano 
0.5 3.1771 f  ND 3.0823g 
1 1.8025 g  ND 2.7008g 

Cinnamon 
0.5 ND  0.8350h ND 

1 ND  ND ND 

Parsley 
0.5 10.5965 bc  5.7733e 6.3170d 

1 10.1476 c  4.6114f 6.0673d 

Ginger 
0.5 10.3406bc  10.2275ab 10.3328a 
1 10.2352 bc  9.6583b 10.2150a 

Sage 
0.5 10.1267 c  8.5456c 8.0803bc 

1 10.0393 cd  5.282e 7.7596c 

Basil 
0.5 10.9046 ab  4.6334f 5.4352e 

1 10.6657 ab  4.2498f 4.7500f 
*1 Escherichia coli, Staphylococcus aureus and Saccharomyces cerivisae were cultured, respectively, in nutrient, brain heat and sabourado 
dextrose broth media containing the desired essential oil extract.    

*a,b,c,d,e,f,g and h : means followed by the same upper case letters in the same column are in significantly different (P> 0:05). 
*2ND: Not detected in 1.0 ml. 
 

Table 3: Sensory evaluation of herbal stirred fermented milk manufactured with 1µl/g of different essential oils 

Essential Oils Flavour (10) Body & Texture (5) Appearance (5) Acidity (2) Container and Closure (3) 

Control 7.47 a 3.93 a 4.13 a 1.33 a 2.50 ab 
Clove 4.60 b 3.60 ab 3.60 ab 1.23 ab 2.30 ab 

Cinnamon 7.53 a 3.90 a 4.00 a 1.60 a 2.53 a 

Oregano 2.07 c 3.26 b 3.06 b 1.20 b 2.26 ab 
Thyme 1.40 c 3.23 b 3.27 b 1.07 b 2.13 b 

*a,b and c : means followed by the same upper case letters in the same column are in significantly different (P> 0:05).  

 
Table 4: Sensory Evaluation of herbal-Labneh manufactured with 1µl/g from of different essential oils 

Essential Oils Flavour (10) Body & Texture (5) Appearance & Color (5) 

Control 8.03 a 3.83 a 3.93 a 

Clove 4.67 b 3.33 b 3.50 a 
Cinnamon 7.00 a 3.73 ab 3.93 a 

Oregano 1.87 c 3.50 ab 3.73 a 

Thyme 3.80 b 3.60 ab 3.53 a 

*a,b and c : means followed by the same upper case letters in the same column are in significantly different (P> 0:05).  
 

Table 5: Viable counts (cfu/g) of Escherichia coli, Staphylococcus aureus and Saccharomyces cerevisiae during refrigerated storage of 

labenh-containing different concentrations of cinnamon essential oils 

Microorganism  

Storage 

period  

(h) 

Concentrations of cinnamon essential oil 

(µl/g labneh) 

0 µl 0.25 µl 0.5 µl 

Escherichia coli 

0.0 5.0966a 4.3438bc 3.5405de 

36 4.9960ab 3.4562de 2.8377ef 

96 4.7228ab 2.9611ef 2.6003f 

168 3.7849cd 2.1926g 2.1674g 

     

Staphylococcus aureus 

0.0 4.8099b 4,6179b 4.4135bc 

36 4.7242b 3.8486d 3.4628de 

96 4.5162bc 3.5053de 3.1802e 

168 4.5256a 3.3775de 3.1625e 

     

Saccharomyces 

cerevisiae 

0.0 5.6418ab 4.6421cd 4.6900cd 

36 4.0464ef 3.6014fg  3.6753fg 

96 5.0528bc 3.5054fg 3.4986fg 
168 6.1833a 3.5464fg 3.3502g 

*a, b, c, d, e, f and g : means followed by the same upper case letters in the same column are in significantly different (P> 0:05).  

 

Conclusion: 

The incorporation of herbal essential oils into fermented dairy products appeared to affect sensorial 

attributes of tested products depending on type and concentration of tested extract. Among tested extracts, 

cinnamon had the least impact of sensorial characteristics of tested products. Cinnamon, thyme, clove and 

oregano had significant ability to suppress growth of E. coli, Staph. aureus and S. cerevisae either in synthetic 

media or in a food system (labneh). The inhibitory effect of an herb oil extract dependent on its concentration 
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and type of target microorganism. The different performances of essential oil extracts showed in this study can 

be linked to their chemical composition such as their content of phenols, aldehydes and alcohols. The diversity 

in the inhibitory action of tested oil extracts can offer numerous opportunities to suppress growth of wide variety 

of food-borne and food spoilage microorganisms through various mechanisms with minimal chance to develop 

resistance against them.  

Based on its effective antimicrobial activity, it could be recommended to add cinnamon extract to fermented 

dairy products as bio-preservative. This flavouring agent did not appear to have adverse impact on sensorial 

characteristics of fermented dairy products tested in this study.  

In the future, it would be necessary to study the ability of some microorganism to acquire resistance against 

essential oil extracts and the possible strategies to overcome this circumstance. Also, the inhibitory effect of 

combined extracts would be necessary to be evaluated against common food-borne and food spoilage 

microorganisms.   
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