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Abstract
The aim of the present study was to investigate and compare between the antibacterial properties of some essential oils derived from some medicinal plants and food additives against food borne pathogens Salmonella enteritidis, Staphylococcus aureus and E. coli. The antimicrobial potential was determined performing the disc diffusion assay and also minimal inhibitory (MIC) and bactericidal (MBC) concentrations. The inhibitory ability manifested by the essential oils and food additives against the bacterial strains varied significantly depending fundamentally on concentration, but also on bacterial species. Essential oils were the most bactericidal agents against the tested bacteria. The MIC and MBC values between 0.125 and 1.0 μg/ml for the most active essential oil of Thymus vulgaris followed by Salvia officinalis and Achillea santolina which had MIC and MBC against the tested bacteria ranged from 0.5- 4.0μg/ml and 1.5-6.0μg/ml for MIC and MBC respectively. The most active food additives against the tested bacteria were acetic acid and tartrazine while nisin and phloxine B had no effect on gram negative bacteria.
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Introduction

Food borne illness resulting from consumption of food contaminated with pathogenic bacteria has been of vital concern to public health. Many naturally occurring compounds found in plants, herbs, and spices have been shown to possess antimicrobial functions and serve as a source of antimicrobial agents against food borne pathogens [1]. Certain plants and their extracts used as flavouring agents are known to possess antimicrobial activity offering a potential alternative to synthetic preservatives. To reduce health hazards and economic losses due to food borne microorganisms, the use of natural products as antibacterial compounds seem to be an interesting way to control the presence of pathogenic bacteria and to extend the shelf life of processed food [2]. Consumer demand for less use of synthetic preservatives has led to research and use of naturally derived antimicrobials, desiring fewer synthetic additives in foods together with their increased safety, quality and shelf-life [3]. Food preservative help to prevent food spoilage by preventing the growth and proliferation of cereus and Staphylococcus aureus [4]. Food preservative is a class of food additive, which are defined as chemical substances deliberately added to foods, directly or indirectly in known quantities for purposes of assisting in the processing of foods; preservation of foods; or in improving the flavour, texture, or appearance of foods [5]. This definition includes any substance used in the production, processing, treatment, packaging, transportation or storage of food [6].

Thyme (Thymus vulgaris L.) from family Lamiaceae is a small herbaceous perennial shrub with lots of branches and light purple to pink flowers. It is aromatic and has a pleasant, pungent, clover flavor. This is one of the most widely used genera in folk medicine [7]. Common thyme is native to southern Europe, where it is often cultivated as a culinary herb and used as a spice in many foods. Thyme herb contains tannins, flavonoids, triterpene compounds, and up to 2.5 % of essential oils [2]. The essential oils of T. vulgaris are known to have antiseptic, antiviral and antimicrobial activities. Salvia officinalis L. is a perennial, evergreen sub shrub, with woody stems, grayish leaves, and blue to Lamiaceae and is native to the Mediterranean region, though it has naturalized in many places throughout the world [8]. The antimicrobial activity of S. officinalis was recognized decades ago and was attributed to the presence of 1,8- cineole, α-thujone and camphor [9]. The genus Achillea L. family Asteraceae is commonly found in the Northern Hemisphere, mostly in Europe and Asia [10,11]. A. santolina L. belong to the oldest medicinal plants that are used in folk medicine and for pharmaceutical purposes due to the presence of a complex of different pharmacological compounds, such as, alkaloids, bitters, flavonoids, tannins, terpenes etc. [12]. Achillea species are used for healing wound, curing stomachache, diarrhea and antiseptic and infection preventing properties, and have also been used as antimicrobial agent [11].

Nisin (E234) is a group of closely related polypeptides composed of 34 amino acids, and is produced by certain strains of the bacterium as Lactococcus lactiss sp. lactis. It has a narrow spectrum of activity affecting primarily vegetative cells and spores of Gram-positive bacteria [13]. Bacteria susceptible to nisin include other lactic acid bacteria, Bacillus, Clostridium, Listeria, and Streptococcus genera. In the absence of other preservation methods, nisin does not inhibit Gram-negative bacteria, yeasts, or moulds. Consequently nisin is often used in combination with other synergistic preservation methods (known as hurdle technology) such as low pH and high salt concentrations [14]. The colorant phloxine B known as D&C red no. 28 has a bactericidal effect on S. aureus and has a potential as a useful antibiotic agent. This colorant is added as an inactive ingredient to drugs like the antibiotic Amoxicillin, has been used as a food colorant, and has been approved as a color additive for cosmetics by the Food and Drug Administration [15]. Acetic acid is written as E260 on products sold in Europe. It is a natural component of vinegar but generally manufactured from wood [16]. It is used as a preservative, acid or colour diluent. Found in pickles, bottled sauces and chutneys. Tartrazine (E102) was one of a mixture of colours which has been deemed safe for use by the European Food Safety Authority which has recommended a safe level of consumption. Tartrazine is a commonly used food colourant which creates a yellow colour and can be seen on many different packaging of foods. Specifically it is found in foods, cosmetics, and beauty products, and in its basic form it is a yellow powder manufactured from coal tar [17]. In the context of the information provided above, the objectives of this study have been undertaken in order to compare the bactericidal effects of some essential oils from medicinal plants and selected food additives on some food-borne pathogenic bacteria.

Experimental

Plant material

Thymus vulgaris (L.), Achillea santolina (L.) and Salvia officinalis (L.) samples were collected during April 2015. Essential oils from fresh aerial parts were obtained by steam distillation.

Essential oil extraction

Aerial parts of the three plants were subjected to steam distillation for 3.0 - 4.0 h and yielded essential oils from 1.0 % (v/w) of plant. The obtained essential oils were dried after decanting over anhydrous sodium sulfate and then stored in refrigerator at -4°C until needed [18].

Food additives

A number of food additives include; nisin, phloxine B, acetic acid and tartrazine were chosen. Food additives were purchased from Sigma–Aldrich.

Microbial strains and culture condition

The essential oils of three medicinal plants and selected food additives were individually tested against the most food poisoning bacterial species Salmonella enteritidis, Staphylococcus aureus and Escherichia coli which selected for this study. These strains were obtained from Department of Botany, Faculty of Science, Mansoura University. The Bacteriological agar and Luria-Bertani (LB) broth were obtained from Difco.

Antimicrobial Activity test

The antimicrobial activities of essential oils and food additives were measured in vitro against the three bacterial cultures by using disc diffusion method [19]. The bacterial suspensions were adjusted with sterile saline to a 5 concentration of 1.0 × 10 cfu/ml. The inocula were prepared o daily and stored at +4 C until use. Filter paper discs (5 mm diameter) were placed on the pre-inoculated LB agar surface and impregnated with 30 μl essential oil dissolved in Tween 80 or food additive dissolved in distilled water. The plates o were incubated at 37 C for 24 h before the diameter of the inhibition zones around each disc were measured in (mm). All the tests were performed in duplicate and repeated twice. Streptomycin (Sigma P 7794) was used as a positive control, and 1 μl was applied to the discs from stock solution (1 mg/ml). While sterile paper discs with distilled water and Tween 80 (which have no anti-bacterial activities) were considered as negative controls. The antibiotic potency of the tested essential oils and food additives were performed by disc diffusion method by using the following concentrations in mg/ml; 0.1, 0.5, 1.0, 5.0, 10, 20, 50, 75,100 and 150.

MIC and MBC Determinations

The minimum inhibitory concentration (MIC) was defined as the lowest concentration that prevents visible growth of the bacteria [20]. The minimum bactericidal concentration (MBC) was determined as a concentration where 99.9% or more of the initial inoculum is killed [21]. The essential oils were dissolved in Tween-80 (0.05%) and food additives dissolved in distilled water(100μg/ml).The MIC and MBC concentrations were determined by serial dilution with LB 5 broth. The bacterial cell number was adjusted at 1.0 × 10 cfu/ml for the all strains tested. All samples were incubated at 37°C during 18-24 h. To confirm results of MBC, the experimental suspensions were sub-cultured in nutrient agar plates according to the method described by Ronda [22] and were incubated at 37°C during 18-24 h. We have used this method because it is more sensitive than the agar dilution.

Statistical analysis

The Student t-test was employed for statistical analysis. Significance was tested at the P < 0.05 level. Experiments were repeated twice.

Results and Discussion

Because of Salmonella enteritidis, Staphylococcus aureus and Escherichia coli are important bacteria among food borne pathogens, they were selected for the comparison between antibacterial assay of the essential oils and food additives in this study. The results in Table (1) showed variable degrees of antibacterial activity of the investigated essential oils and food additives against the tested organisms. T. vulgaris and S. officinalis exhibited highest antibacterial activity against S. enteritidis, St. aureus and E. coli (ranging from 26-40mm) followed by A. santolina (ranging from 18-28mm) while acetic acid and tartrazine gave moderate activities (ranging from 14-22mm). Nisin and phloxine B showed weak activities against S. enteritidis and E. coli ranged from 8-10mm, but showed moderate activity against St. aureus not exceed 18mm.

Table (2) showed the antimicrobial potentiality of different concentrations of essential oils (EOs) and food additives on S. enteritidis. The results were indicated that the smallest concentrations of both essential oils of T. vulgaris and S. officinalis were affected on S. enteritidis while this concentration of A. santolina essential oil and other food additives had noeffect on it. The concentrations more than 5.0 mg/ml up to 150 mg/ml of all tested oils and food additives were affected on S. enteritidis. All concentrations of nisin and phloxine B had no effect on the tested organism.

Table 1. Inhibition zone (mm) of essential oils and food additives by disc diffusion method (mean of duplicate tests)[image: Table 1. Inhibition zone (mm) of essential oils and food additives by disc diffusion method (mean of duplicate tests)]
Results present in Table (3) showed the effect of different concentrations of essential oils and food additives on St. aureus. The low concentrations of essential oils had moderate effect on St. aureus (10-18mm) while the same concentrations of food additives had no effect on studied bacteria. The inhibitory effect of all essential oil and food additives at concentrations from 10 to 150 mg/ml were very high (18-25mm).

The effect of essential oils and food additives at different concentrations on E. coli were illustrated in Table (4). It was observed that the concentration of (1.0 mg/ml) of the three essential oils gave low effect on E. coli (10mm) while the concentration of (5.0 mg/ml) for the essential oils had moderate effects (11-18mm). The concentrations from 5.0- 50 mg/ml of acetic acid and tartrazine had the same effects. The concentrations from 10- 150 mg/ml of all essential oils were showed very high inhibitory effect while the same effect were observed at concentrations of 75-150 mg/ml of acetic acid and tartrazine. All concentrations of nisin and phloxine B had no inhibitory effect on the tested organism except concentrations of 100 and 150 mg/ml which had low effects.

The use of plant essential oils as antimicrobial agents can be of great significance in food preservation techniques. In the last few years, a number of studies have been conducted in different countries to prove such efficiency [23]. Many plants have been used as food spices because of their antimicrobial agents, which are dueto compounds synthesized in the secondary metabolism of the plant. Several studies indicate that the essential oils of the herbal belonging to Lamiaceae family possess biological activity against several bacteria and yeast [24,25]. The tested essential oils were performed best antimicrobial activities. Fournomiti [26] demonstrated that thyme and sage essential oils are promising natural components suitable for use as antimicrobial agents. The antimicrobial activities of EOs derived from those plants have captured the attention of scientists as they could be used as alternatives to the increasing resistance of traditional antibiotics against pathogen infections. On the other hand, Also haili and Alfawwaz [27] said that Achillea fragrantissima essential oil showed significant high antimicrobial activity against all tested microorganisms.

The results indicated that nisin has a narrow spectrum of activity against gram negative bacteria. This was agreed with the results of Bauer and Dicks [14] who demonstrated that nisin had affected vegetative cells and spores of Grampositive bacteria but had a weak effect activity against gram negative bacteria. In the absence of other preservation methods, nisin alone generally does not inhibit Gramnegative bacteria, yeasts, or moulds. Consequently, to widen its efficacy, nisin may be used in hurdle technology, in which synergistic preservation methods such as low pH and high salt concentrations are combined [28].

Table 2. Effect of different concentrations of essential oils (EOs) and food additives on S. enteritidis[image: Table 2. Effect of different concentrations of essential oils (EOs) and food additives on S. enteritidis]
Table 3. Effect of different concentrations of essential oils (EOs) and food additives on St. aureus.[image: Table 3. Effect of different concentrations of essential oils (EOs) and food additives on St. aureus.]
Table 4. Effect of different concentrations of essential oils (EOs) and food additives on E. coli.[image: Table 4. Effect of different concentrations of essential oils (EOs) and food additives on E. coli.]
Table 5. Antibacterial activity of the essential oils (MIC and MBC - μg/ml)[image: Table 5. Antibacterial activity of the essential oils (MIC and MBC - μg/ml)]
Where T. v. Thymus vulgaris; A. s. Achillea santolina and S. o. Salvia officinalis Our results showed that phloxine B has very low activity Rasooly [29] who said that phloxine B has no activity dye for gram-negative bacteria may require the use of other agents to increase the permeability of the cell outer membrane. Acetic acid and tartrazine from our results were showed moderate activities against the tested three organisms. These results were confirmed the previous findings of Etsuzo [16] who said that the effect of vinegar on growth of food-borne pathogenic bacteria including E. coli (EHEC) O157:H7 was inhibited with a 0.1% concentration of acetic acid. This inhibition was generally increased in the presence of sodium chloride or glucose. Tartarzine, which is used as a colouring agent, had bactericidal activity against gram-positive and, at the higher concentrations, against some Gram-negative bacteria. Inetianbor [4] said that colouring agent had variable antibacterial, antifungal activities, and were effective against some viruses.

Essential oils of T. vulgaris, A. santolina and S. officinalis showed strong antimicro bial activity (both MIC and MBC) against the food borne pathogens tested (Table 5) at concentrations that ranged from 0.125 -4.0μg/ml for MIC and 1.5-6.0μg/ml for MBC. T. vulgaris essential oil showed significant bactericidal effects against the bacterial strains tested, with minimal bactericidal concentration 1.0μg/ml. S. officinalis and A. santolina essential oils also displayed an antimicrobial activity, however, less efficient comparing to T. vulgaris essential oil as MIC and MBC against the tested bacteria ranged from 0.5- 4.0μg/ml and 1.5-6.0 μg/ml for MIC and MBC respectively. From the results S. enteritidis and E. coli were resistant to nisin and phloxine B i.e. these additives had no effect as food preservatives on gram negative bacteria. On the other hand, they gave bactericidal concentration of 32μg/ml on St. aureus. Acetic acid and tartrazine had a similar intermediate effect on all studied bacterial species. MIC and MBC values of acetic acid were ranged between 4.0-8.0μg/ml and 5.0-16μg/ml on tested bacteria while tartrazine had MIC and MBC values ranged from 8.0-32μg/ml and 18-64μg/ml respectively.

The essential oils are promising natural component suitable for use as an antimicrobial agent with a particular interest for the pharmaceutical industry as it represents an inexpensive compound.

Moreover, a focus must be upon the bactericidal or bacteriostatic activity of the EOs which is tightly dependent on the concentration used [30,31].The effects of food additives may be immediate or may be harmful in the long run if one has constant exposure or accumulations. Immediate effects may include headaches, change in energy level, and alterations in mental concentration, behavior, or immune response [32]. Long-term effects may increase one’s risk of cancer, cardiovascular disease and other degenerative conditions. Food that has no additives at all is to be preferred, most especially if it is to be used to feed children. Many foods available in the market contain different types of preservatives. These chemicals can give rise to certain health problems [5].

Conclusion

Food borne illness and diseases caused by food borne pathogenic bacteria is continuing to increase every day and it has become an important topic of concern among various food industries. Many types of synthetic antibacterial agents have been used in food processing and food preservation; however, they are not safe and have resulted in various health-related issues.

References

References
	Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy SL, Jones JL, Grif-fin PM: Foodborne illness acquired in the United States-major pathogens. Emerging Infect. Dis. 2011; 17:7–15.

	Anžlovar S, Dea B, Jerneja A, Koce jk: Thyme essential oil as antimicrobial additive. Food Technol. Biotechnol. 2014; 52 (2):263–268.

	Bautista-Banos S, Hernandez-Lauzardo AN, Velazquez-del Valle MG, Hernandez-Lopez M, Barka EA, Bosquez-Molina E et al. : Chitosan as a potential natural compound to control pre and postharvest diseases of horticultural commodities. Crop Protection 2006; 25:108–118.

	Inetianbor JE, Yakubu JM, Ezeonu SC: Effect of food additives and preservatives on man: a review. Asia Journal of Science and Technology 2015; 6:1118-1135.

	Abdulmumeen HA, Ahmed N R, Agboola RS: Food: Its Preservatives, additives and applications. Int. J. of Chemical and Biochemical Sciences 2012; 1:36-47.

	Kunkel EM, Barbara HD: The Gale Group Inc., Macmillan Reference USA, New York, Gale Nutrition and Well-being A to Z. 2004.

	Ruiz-Navajas Y, Viuda-Martos M, Sendra E, Perez—Alvarez JA, Fernández-López J: Chemical characterization and antibacterial activity of Thymus moroderiand Thymus piperella essential oils, two Thymus endemic species from south east of Spain. Food Control 2012; 27:294–

	

	Petrová J, Adriana P, Hleba L, Pochop J, Rovná K, Miroslava K: Antimicrobial effect of Salvia officinalis L. against selected group of bacteria isolated from chickens meat. Animal Science and Biotechnologies 2013; 46 (2):123-127.

	Pierozan MK, Pauletti GF, Rota L, Atti dos Santos AC, Lerin L, di Luccio M et al.: Chemical characterization and antimicrobial activity of essential oils of Salvia L. species. CieˆncTechnol Aliment 2009: 29.

	Radulovic NS, Blagojevic PD, Skropeta D, Zarubica AR, Zlatkovic BK, Palic RM: Misidentification of Tansy, Tanacetum macrophyllum, as yarrow, Achillea grandifolia: a health risk or benefit. Nat. Prod. Commun. 2010; 5:121-127.

	Motavalizadehkakhky A, Shafaghat A, Zamani HA, Akhlaghi H, Mohammad hosseini M, Mehrzad J, Ebrahimi Z: Composition sand the in vitro antimicrobial activities of the essential oils and extracts of two Achillea species from Iran. Journal of Medicinal Plants Research 2013; 7: 1280-1292.

	Aburjai T, Hudaib M: Antiplatelet, antibacterial and antifungal activities of Achillea falcate extracts and evaluation of volatile oil composition. Pharmacog. Mag. 2006; 2:191-198.

	EFSA: Opinion of the scientific panel on food additives, flavourings, processing aids and materials in contact with food on a request from the commission related to the use of nisin (E 234) as a food additive. The EFSA Journal 2006; 314:1-16.

	Bauer R, Dicks LMT: Mode of action of lipid II-targeting antibiotics. International Journal of Food Microbiology 2005; 101:201-216.

	Food and Drug Administration: Phloxine B. Fed. Regist. 1982; 47: 42566–42569.

	Etsuzo E, Mito A, Shigetomo T, Yoshinori T, Michio O: Antibacterial Action of Vinegar against Food-Borne Pathogenic Bacteria Including Escherichia coli O157:H7. Journal of Food Protection 1998; 8:953-959.

	Botes S: Tartrazine is not just a good colourant. Retrieved October 11, 2014.

	Hamedo HA: Studies on the antimicrobial activities of some essential oilproducing plants. PhD. thesis, El-Mansoura University 2003.

	Lambert RJ, Skandamis PN, Coote PJ, Nychas GJ: A study of the minimum inhibitory concentration and mode of action of oregano essential oil, thymol and carvacrol. J. Appl. Microbiol. 2001; 91:453-462.

	Delaquis PJ, Stanich K, Girard B, Mazza G: Antimicrobial activity of individual and mixed fractions of dill, cilantro, coriander and eucalyptus essential oils. Int J Food Microbiol. 2002; 74: 101-9.

	Canillac N, Mourey A: Antibacterial activity of essential oil of Piceaexelsaon Listeria, Staphylococcus aureus and coliform bacteria. Food Microbiol. 2001; 18:261.

	Ronda L, Akins M, Rybak J: Bactericidal activities of two daptomycin regimens against clinical strains of glycopeptide intermediate-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus faecium, and methicillin-resistant Staphylococcus aureus isolates in an in vitro pharmacodynamic model with simulated endocardial vegetations. Antimicrob Agents Chemother. 2001; 45:454-9.

	Niculae M, Marina S, Sandru C, Brudasca F, Cadar D, zakacs B, Scurtu I, Olfa P and Mates CI: Antimicrobial potential of some Lamiaceae essential oils against animal multi-resistant bacteria. Lucrari Stiniifice MedicinaVeterinara. 2009; XLII:170-175.

	Pasqua R, di Feo V, de Villani F, Mauriello G: In vitro antimicrobial activity of essential oils from Mediterranean Apiaceae, Verbenaceae and Lamiaceae against food borne pathogens and spoilage bacteria. Annals of Microbiology 2005; 55(2):139-143.

	Sarac N, Ugur A: Antimicrobial activities and usage in folkloric medicine of some Lamiaceae species growing in Mugla, Turkey. EurAsia J BioSci. 2007; 1(4):28-34.

	Fournomiti M, Kimbaris A, Mantzourani I, Plessas S, Theodoridou I, Papaemmanouil V, Kapsiotis I, Panopoulou M, Stavropoulou E, Bezirtzoglou E and Alexopoulos A: Antimicrobial activity of essential oils of cultivated oregano (Origanum vulgare), sage (Salvia officinalis), and thyme (Thymus vulgaris) against clinical isolates of Escherichia coli, Klebsiellaoxytoca, and Klebsiella pneumonia. Microbial Ecology in Health & Disease 2015; 26: 1-7.

	Alsohaili SA, Al-fawwaz TA: Composition and antimicrobial activity of Achillea fragrantissima essential oil using food model media. European Scientific Journal 2014; 10:156-165.

	Ariyapitipun T, Mustapha A, Clarke AD: Microbial shelf life determination ofvacuum-packaged fresh beef treated with polylactic acid, lactic acid, and nisin solutions. J. Food Protect. 1999; 62:913-920.

	Rasooly R: Expanding the bactericidal action of the food color additive phloxine B to gram-negative bacteria. FEMS Immunology and Medical Microbiology 2005; 45:239–244.

	Hyldgaard M, Mygind T, Meyer R: Essential oils in food preservation: mode of action, synergies and interactions with food matrix components. Frontiers in Microbiology 2012; 3:1-24.

	Silva JPL, Fraga de Souza E, Modesta RC, Gomes IA, Freitas-Silva O, Franco BDJ: Antibacterial activity of nisin, oregano essential oil, EDTA, and their combination against Salmonella enteritidis for application in mayonnaise. Vigil. sanit. Debate. 2016; 4(1):83-91.

	Pandey RM, Upadhyay SK: Food Additive, Food Additive, Prof. Yehia El-Samragy (Ed.), 2012; ISBN: 978-953-51-0067-6.


Copyright (c) 2016 Hend Abdulhameed Hamedo, Asem Abdel mawgoud Mohamed. This article is distributed under the CC BY-NC-SA 4.0 licence.
Cite as: Hamedo HA, Mohamed AA. Assessment of bactericidal activity of some essential oils from medicinal plants and selected food additives on Salmonella enteritidis, Staphylococcus aureus and Escherichia coli. J Innov Pharm Biol Sci. 2016;3(4):49-54. https://doi.org/10.56511/JIPBS.2016.v3.i04.pp49-54
OEBPS/images/f4.jpg
EOsand food Concentrations (mg/ml)
additives

0.1 0.5 10 5.0 10 20 50 75 100 150

Tv - - + +F ot FFF Ee FFF FFF FFF

As - - + ++ ++ N s s

S - - + B I e
Nicin - - - - - - - - + +
phloxine B - - - - - - - - + +

acetic acid - - - F ¥+ +F F ++F 45 s

Tartrazine - - ++ ++ ++ ++ $44  FEE A 4f

Salvia officinalis, inhibition zone - (no effect), +(<10), ++ (11-18), ++

Where T. v.= Thymus vulgaris; A. s
(18-25mm).





OEBPS/images/f3.jpg
EOsand food Concentrations (mg/ml)

additives
0.1 0.5 10 5.0 10 20 50 75 100 150
Tv ++  FF ++ I A A A
As ++  #f L = T
8.0 + ++ ++ L
nisin - - +* * FFF FFF ++4 +4F +4F 4
phloxine B - - - + +4F F4F 44 +4F +4F 4
acetic acid - - *+ *+ *+4 ++4 ++4 44 44 4
Tartrazine - - ++ R S

Achillea santolinaand S,

Where 7. v= Thymus vulgaris A
(18-25mm).

Salvia officinalis, inhibition zone - (no effect), + (<10), ++ (11-18), +++





OEBPS/nav.xhtml
Contents

		Assessment of bactericidal activity of some essential oils from medicinal plants and selected food additives on Salmonella enteritidis, Staphylococcus aureus and Escherichia coli





OEBPS/images/f5.jpg
EOs and food Salmonella enteritidis Staphylococcus anrens E. coli
additives MIC MBC MIC MBC MIC MBC
v 0.125 1.0 0.5 1.0 1.0 15
A s 4.0 4.5 5.0 6.0 4.0 5.0
So 10 2.0 0.5 15 2.0 2.0
Nisin 0.0 0.0 16 32 0.0 0.0
phloxine B 0.0 0.0 8.0 32 0.0 0.0
acetic acid 8.0 16 4.0 5.0 8.0 16
tartrazine 16 64 32 64 8.0 18
Streptom yein 1.5 2.0 1.0 1.5 2.0 3.0





OEBPS/images/f2.jpg
EOs and food Concentrations (mg/ml)

additives
0.1 0.5 1.0 5.0 10 20 50 75 100 150
Tv - + + P
As - - - ++ ++ I e
S - + ++ ++ ++ I e s
nisin - - - - - - - - - -
phloxineB - . - - - - - - . -
acetic acid - - - +F +F +FF +F+F FFF FFF FF
Tartrazine - - - + + ++ ++ $44 At F4F

Where T. v.= Thymus vulgaris; A s= Achillea sanfolinaand S, 0= Salvia officinalis, inhibition zone - ( no effect), + (<10), ++ (11-18), +++
(18-25mm).





OEBPS/images/f1.jpg
EOs and food & St. E.

additives enteritidis aureus  coli
T vulearis % 40 27
A.santolina 22 28 18
. officinalis 30 40 26
Nisin 8 16 8
phloxine B 10 18 9
acetic acid 18 20 18
Tartrazine 18 22 14

Streptomycin 10 16 12





