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• J Food Prot. 2007 Apr;70(4):901-8. Antimicrobial effects of alginate-based films containing essential oils on Listeria monocytogenes and Salmonella typhimurium present in bologna and ham.



Oussalah M, Caillet S, SalmiÃ©ri S, Saucier L, Lacroix M. Research Laboratory in Sciences Applied to Food, Canadian Irradiation Center, Institut National de la Recherche Scientifique, Institut Armand-Frappier, UniversitÃ© du QuÃ©bec, 531 Boulevard des Prairies, Laval, QuÃ©bec, Canada H7V IB7. Bologna and ham slices (300 of each) were inoculated with Salmonella Typhimurium or Listeria monocytogenes at 10(3) CFU/cm(2). Alginate-based edible films that had been immersed in a 2 or 20% (wt/vol) CaC12 solution and contained 1% (wt/ vol) essential oils of Spanish oregano (O; Corydothymus capitatus), Chinese cinnamon (C; Cinnamomum cassia), or winter savory (S; Satureja montana) were then applied to slices to control pathogen growth. On bologna, C-based films pretreated with 20% CaC12 were the most effective against the growth of Salmonella Typhimurium and L. monocytogenes. L. monocytogenes was the more sensitive bacterium to O-, C-, and S-based films. L. monocytogenes concentrations were below the detection level (


Singh G, Maurya S, Delampasona MP, Catalan CA. Chemistry Department, DDU Gorakhpur University, Gorakhpur 27 3009, India. The antioxidant, antifungal and antibacterial potentials of volatile oils and oleoresin of Cinnamomum zeylanicum Blume (leaf and bark) were investigated in the present study. The oleoresins have shown excellent activity for the inhibition of primary and secondary oxidation products in mustard oil added at the concentration of 0.02% which were evaluated using peroxide, thiobarbituric acid, p-anisidine and carbonyl values. Moreover, it was further supported by other complementary antioxidant assays such as ferric thiocyanate method in linoleic acid system, reducing power, chelating and scavenging effects on 1,1'-diphenyl-2picrylhydrazyl (DPPH) and hydroxyl radicals. In antimicrobial investigations, using inverted petriplate and food poison techniques, the leaf and bark volatile oils has been found to be highly effective against all the tested fungi except Aspergillus ochraceus. However, leaf oleoresin has shown inhibition only for Penicillium citrinum whereas bark oleoresin has caused complete mycelial zone inhibition for Aspergillus flavus and A. ochraceus along with Aspergillus niger, Aspergillus terreus, P. citrinum and Penicillium viridicatum at 6muL. Using agar well diffusion method, leaf volatile oil and oleoresin have shown better results in comparison with bark volatile oil, oleoresin and commercial bactericide, i.e., ampicillin. Gas chromatographic-mass spectroscopy studies on leaf volatile oil and oleoresin resulted in the identification of 19 and 25 components, which accounts for the 99.4% and 97.1%, respectively of the total amount and the major component was eugenol with 87.3% and 87.2%, respectively. The analysis of cinnamon bark volatile oil showed the presence of 13 components accounting for 100% of the total amount. (E)-cinnamaldehyde was found as the major component along with delta-cadinene (0.9%), whereas its bark oleoresin showed the presence of 17 components accounting for 92.3% of the total amount. The major components were (E)-cinnamaldehyde (49.9%), along with several other components. PMID: 17408833 [Pubmed - as supplied by publisher] J Food Prot. 2006 Jul;69(7):1579-86. Antimicrobial activity of essential oils on Salmonella enteritidis, Escherichia coli, and Listeria innocua in fruit juices. •



Raybaudi-Massilia RM, Mosqueda-Melgar J, MartÃn-Belloso O.



Department of Food Technology, University of Lleida, UTPV-CeRTA, Avenida Alcalde Rovira, Roure, 191, 25198 Lleida, Spain. The antimicrobial properties of essential oils (EOs) and their derivatives have been known for years. However, the information published about the minimal effective concentration of EOs against microorganisms in fruit juices is scarce. In this study, both MIC and MBC of six EOs (lemongrass, cinnamon, geraniol, palmarosa, or benzaldehyde) against Salmonella Enteritidis, Escherichia coli, and Listeria innocua were determined by the agar and broth dilution methods, respectively. All of the six EOs inhibited the microbial (Salmonella Enteritidis, E. coli, and L. innocua) growth at a concentration from 1 microl/ ml (MIC). These studies led to choosing the three most effective EOs. Lemongrass, cinnamon, and geraniol were found to be most effective in inhibiting the growth of the microorganisms and thus were used for the MBC analysis. On this last point, significant differences (P < 0.05) among EOs, their concentrations, and culture media (apple, pear, and melon juices, or tryptone soy broth medium) were found after comparing the results on MBC for each microorganism. A concentration of 2 microl/ml from lemongrass, cinnamon, or geraniol was enough to inactivate Salmonella Enteritidis, E. coli, and L. innocua in apple and pear juices. However, in melon juice and tryptone soy broth medium, concentrations of 8 and 10 microl/ml from cinnamon, respectively, or 6 microl/ml from geraniol were necessary to eliminate the three microorganisms, whereas lemongrass required only 5 micro/ml to inactivate them. These results suggest that EOs represent a good alternative to eliminate microorganisms that can be a hazard for the consumer in unpasteurized fruit juices. The present study contributes to the knowledge of MBC of EOs against pathogenic bacteria on fruit juices. Publication Types: Research Support, Non-U.S. Gov't PMID: 16865889 [Pubmed - indexed for MEDLINE] • J Food Prot. 2006 May;69(5):1046-55. Mechanism of action of Spanish oregano, Chinese cinnamon, and savory essential oils against cell membranes and walls of Escherichia coli O157:H7 and Listeria monocytogenes.



Oussalah M, Caillet S, Lacroix M. Canadian Irradiation Center and Research Laboratory in Sciences Applied to Food, Institut Nacional de la Recherche Scientifique, Institut Armand-Frappier, UniversitÃ© du QuÃ©bec, 531 Boulevard des Prairies, Laval, QuÃ©bec, Canada. The mechanism of the antimicrobial action of Spanish oregano (Corydothymus capitatus), Chinese cinnamon (Cinnamomum cassia), and savory (Satureja montana) essential oils against cell membranes and walls of bacteria was studied by the measurement of the intracellular pH and ATP concentration, the release of cell constituents, and the electronic microscopy observations of the cells when these essential oils at their MICs were in contact with Escherichia coli O157:H7 and Listeria monocytogenes. E. coli O157:H7 and L. monocytogenes, two pathogenic foodborne bacteria, were used as gram-negative and gram-positive bacterial models, respectively. Treatment with these essential oils at their MICs affected the membrane integrity of bacteria and induced depletion of the intracellular ATP concentration. Spanish oregano and savory essential oils, however, induced more depletion than Chinese cinnamon oil. An increase of the extracellular ATP concentration was observed only when Spanish oregano and savory oils were in contact with E. coli O157:H7 and L. monocytogenes. Also, a significantly higher (P < or = 0.05) cell constituent release was observed in the supernatant when E. coli O157:H7 and L. monocytogenes cells were treated with Chinese cinnamon and Spanish oregano oils. Chinese cinnamon oil was more effective to reduce significantly the intracellular pH of E. coli O157:H7, whereas Chinese cinnamon and Spanish oregano decreased more significantly the intracellular pH of L. monocytogenes. Electronic microscopy observations revealed that the cell membrane of both treated bacteria was significantly damaged. These results suggest that the cytoplasmic membrane is involved in the toxic action of essential oils. Publication Types: Comparative Study, Research Support, Non-U.S. Gov't PMID: 16715803 [Pubmed - indexed for MEDLINE] • Am J Chin Med. 2006;34(3):511-22. Antimicrobial activities of cinnamon oil and cinnamaldehyde from the Chinese medicinal herb Cinnamomum cassia Blume.



Ooi LS, Li Y, Kam SL, Wang H, Wong EY, Ooi VE. Department of Biology, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, People's Republic of China. Both Cinnamomum verum J.S. Presl. and Cinnamomum cassia Blume are collectively called Cortex Cinnamonmi for their medicinal cinnamon bark. Cinnamomum verum is more popular elsewhere in the world, whereas C. cassia is a well known traditional Chinese medicine. An analysis of hydro-distilled Chinese cinnamon oil and pure cinnamaldehyde by gas chromatography/mass spectrometry revealed that cinnamaldehyde is the major component comprising 85% in the essential oil and the purity of cinnamaldehyde in use is high (> 98%). Both oil and pure cinnamaldehyde of C. cassia were equally effective in inhibiting the growth of various isolates of bacteria including Gram-positive (1 isolate, Staphylococcus aureus), and Gram-negative (7 isolates, E. coli, Enterobacter aerogenes, Proteus vulgaris, Pseudomonas aeruginosa, Vibrio cholerae, Vibrio parahaemolyticus and Samonella typhymurium), and fungi including yeasts (four species of Candida, C. albicans, C. tropicalis, C. glabrata, and C.



krusei), filamentous molds (4 isolates, three Aspergillus spp. and one Fusarium sp.) and dermatophytes (three isolates, Microsporum gypseum, Trichophyton rubrum and T. mentagraphytes). Their minimum inhibition concentrations (MIC) as determined by agar dilution method varied only slightly. The MICs of both oil and cinnamaldehyde for bacteria ranged from 75 microg/ml to 600 microg/ml, for yeasts from 100 microg/ml to 450 microg/ml, for filamentous fungi from 75 microg/ml to 150 microg/ml, and for dermatophytes from 18.8 microg/ml to 37.5 microg/ml. The antimicrobial effectiveness of C. cassia oil and its major constituent is comparable and almost equivalent, which suggests that the broad-spectrum antibiotic activities of C. cassia oil are due to cinnamaldehyde. The relationship between structure and function of the main components of cinnamon oil is also discussed. Publication Types: Research Support, Non-U.S. Gov't PMID: 16710900 [Pubmed - indexed for MEDLINE] Int J Food Microbiol. 2006 Mar 15;107(2):180-5. Epub 2005 Nov 2. Antimicrobial activity of cinnamon and clove oils under modified atmosphere conditions. •



Matan N, Rimkeeree H, Mawson AJ, Chompreeda P, Haruthaithanasan V, Parker M. Faculty of Agro-Industry, Department of Product Development, Kasetsart University, Bangkok 10900, Thailand. Mixtures of cinnamon and clove oils were tested for inhibitory activity against important spoilage microorganism of intermediate moisture foods. Four fungal species (Aspergillus flavus, Penicillium roqueforti, Mucor plumbeus and Eurotium sp.), four yeasts species (Debaryomyces hansenii, Pichia membranaefaciens, Zygosaccharomyces rouxii and Candida lipolytica), and two bacteria species (Staphylococcus aureus and Pediococcus halophilus) inoculated separately on agar plates were sealed in a barrier pouch and exposed to essential oil volatiles under a modified atmosphere of low O2 (


Tampieri MP, Galuppi R, Macchioni F, Carelle MS, Falcioni L, Cioni PL, Morelli I. Dipartimento di SanitÃ Pubblica Veterinaria e Patologia Animale, UniversitÃ di Bologna, Italy. Many volatile oils are known to possess antifungal properties and are potentially applicable as antimycotic agents. By studying the efficacy of essential oils against different pathogenic mycetes, we have evaluated the in-vitro inhibiting activity of some essential oils and their main constituents against a strain of Candida albicans. Sixteen commercial essential oils and forty-two pure constituents (alcohols, aldehydes, ketons, phenols and hydrocarbons), were tested by using a semisolid agar antifungal susceptibility (SAAS) method. Gas chromatography/mass spectroscopy analyses of the oils tested were performed. The essential oils of Origanum vulgare, Satureja montana, Mentha piperita, Cinnamomum verum, Cymbopogon flexuosus showed maximum inhibitory activity (MIC = 500 ppm) after 7 days. According to the results of the examination of pure constituents, betaphellandrene proved to be the most interesting component among cyclic monoterpenic hydrocarbons as it showed a strong activity (MIC = 50 ppm). The most active of phenols was carvacrol (MIC 100 ppm). The open-chain alcohol 1-decanol was the most active of alcohols at 50 ppm. Finally, among aldehydes, a strong activity was shown by trans-cynnamaldehyde (MIC 50 ppm). Publication Types: Comparative Study, Research Support, Non-U.S. Gov't PMID: 15883716 [Pubmed - indexed for MEDLINE] • J Food Prot. 2004 Feb;67(2):371-7. Inactivation of Salmonella typhimurium and Escherichia coli O157:H7 in apple juice by a combination of nisin and cinnamon.



Yuste J, Fung DY. Department of Animal Sciences and Industry, Kansas State University, Manhattan, Kansas 66506, USA. Pasteurized apple juice with nisin (0, 25, 50, 100, and 200 ppm, wt/vol) and cinnamon (0 and 0.3%, wt/vol) was inoculated with



Salmonella Typhimurium and Escherichia coli O157:H7 at 10(4) CFU/ml and stored at 5 and 20 degrees C. Counts on tryptic soy agar (TSA), selective medium (xylose Lysine desoxycholate agar for Salmonella Typhimurium, and MacConkey sorbitol agar for E. coli O157:H7), and thin agar layer (TAL) were determined at 1 h and 1, 3, 7, and 14 days. The TAL method (selective medium overlaid with TSA) was used for recovery of sublethally injured cells. The pathogens were gradually inactivated by the acidic pH of apple juice. Nisin and cinnamon greatly contributed to the inactivation. The killing effect was more marked at 20 degrees C, with counts in all treated samples being undetectable by direct plating in 3 days for Salmonella Typhimurium and 7 days for E. coli O157:H7. Thus, several factors influenced the decrease in counts: low pH, addition of nisin and cinnamon, and storage temperature. The TAL method was as effective as TSA in recovering injured cells of the pathogens. The combination of nisin and cinnamon accelerates death of Salmonella Typhimurium and E. coli O157:H7 in apple juice and so enhances the safety of the product. Publication Types: Research Support, Non-U.S. Gov't PMID: 14968972 [Pubmed - indexed for MEDLINE] • J Food Prot. 2002 Oct;65(10):1663-6. Inactivation of Listeria monocytogenes Scott A 49594 in apple juice supplemented with cinnamon.



Yuste J, Fung DY. Department of Animal Sciences and Industry, Kansas State University, Manhattan 66506-1600, USA. Normal (pH 3.7) and adjusted (pH 5.0) pasteurized apple juice containing cinnamon (0, 0.1, 0.2, and 0.3%) was inoculated with Listeria monocytogenes Scott A 49594 at 10(4) CFU/ml and stored at 5 and 20 degrees C for 7 days. Counts on tryptic soy agar (TSA), modified Oxford (MOX) medium, and thin agar layer (TAL) were determined at 1 h and 1, 3, and 7 days. The TAL method (MOX medium overlaid with TSA) was used for the recovery of injured cells. In apple juice, both at normal and adjusted pH, with any doses of cinnamon, no L. monocytogenes (a 4.6-log CFU/ml reduction) was detected after 1 h of storage at both temperatures, and no growth occurred at any points of storage. Therefore, cinnamon by itself (regardless of pH) had a pronounced killing effect. A further enrichment step with brain heart infusion agar showed that L monocytogenes was completely inactivated in apple juice stored at 20 degrees C, except in pH 5.0 samples with 0.1% of cinnamon. The TAL method was as effective as TSA in recovering injured cells of L. monocytogenes. Cinnamon considerably inactivates L. monocytogenes in apple juice and thus enhances the safety of this product. Publication Types: Research Support, Non-U.S. Gov't PMID: 12380758 [Pubmed - indexed for MEDLINE] • Food Chem Toxicol. 2002 Nov;40(11):1669-75. Effect of oil extracted from some medicinal plants on different mycotoxigenic fungi.



Soliman KM, Badeaa RI. Food Technology and Dairy Departments, National Research Center, Dokki, Cairo, Egypt. Essential oils of 12 medicinal plants were tested for inhibitory activity against Aspergillus flavus, A. parasiticus, A. ochraceus and Fusarium moniliforme. The oils of thyme and cinnamon (< or = 500 ppm), marigold (< or = 2000 ppm), spearmint, basil, quyssum (3000 ppm) completely inhibit all the test fungi. Caraway was inhibitory at 2000 ppm against A. flavus, A. parasiticus and 3000 ppm against A. ochraceaus and F. moniliforme. A. flavus, A. ochraceus, A. parasiticus and F. moniliforme were completely inhibited by anise at< or = 500 ppm. However, chamomile and hazanbul at all concentrations were partially effective against the test toxigenic fungi. The results indicate that the test toxigenic fungi are sensitive to the 12 essential oils, and particularly sensitive to thyme and cinnamon. The results also showed that the essential oils of thyme, cinnamon, anise and spearmint have more effect on fungal development and subsequent mycotoxin production in wheat grains. The extent of inhibition of fungal growth and mycotoxin production was dependent on the concentration of essential oils used. PMID: 12176092 [Pubmed - indexed for MEDLINE] • Lett Appl Microbiol. 2002;35(3):208-11. Fungicidal activity of essential oils of Cinnamomum zeylanicum (L.) and Syzygium aromaticum (L.) Merr et L.M.Perry against crown rot and anthracnose pathogens isolated from banana.



Ranasinghe L, Jayawardena B, Abeywickrama K. Department of Chemistry, University of Kelaniya, Kelaniya, Sri Lanka. AIMS: To develop a post-harvest treatment system against post-harvest fungal pathogens of banana using natural products.



METHODS AND RESULTS: Colletotrichum musae was isolated and identified as the causative agent responsible for anthracnose peel blemishes while three fungi, namely Lasiodiplodia theobromae, C. musae and Fusarium proliferatum, were identified as causative agents responsible for crown rot. During the liquid bioassay, cinnamon [Cinnamomum zeylanicum (L.)] leaf, bark and clove [Syzygium aromaticum (L.)] oils were tested against the anthracnose and crown rot pathogens. The test oils were fungistatic and fungicidal against the test pathogens within a range of 0.03-0.11% (v/v). CONCLUSIONS: Cinnamon and clove essential oils could be used as antifungal agents to manage post harvest fungal diseases of banana. SIGNIFICANCE AND IMPACT OF THE STUDY: Cinnamon and clove essential oil could be used as alternative post-harvest treatments on banana. Banana treated with essential oil is chemically safe and acceptable to consumers. Benomyl (Benlate), which is currently used to manage fungal pathogens, can cause adverse health effects and could be replaced with volatile essential oils. Publication Types: Research Support, Non-U.S. Gov't PMID: 12180942 [Pubmed - indexed for MEDLINE] • Biochem Biophys Res Commun. 1997 May 19;234(2):506-10. A novel inhibitor of bacterial endotoxin derived from cinnamon bark.



Azumi S, Tanimura A, Tanamoto K. Division of Microbiology, National Institute of Health Sciences, Tokyo, Japan. A substance that inhibits the activity of bacterial endotoxin (LPS) was found in cinnamon bark. The inhibitor, extracted from dry cinnamon bark with 67% ethanol/water, was purified by using Limulus gelation activity as an indicator of endotoxin activity. The inhibitor suppressed the activity of the LPS when it was mixed with the inhibitor prior to the assay. The reduction of the LPS activity depended on the concentration of both the inhibitor and LPS when mixed, and also on the incubation time. The inhibitor suppressed the activity of all LPS and lipid A preparations tested regardless of the origin of the bacteria. The inhibitor alone did not affect the Limulus system. These results indicate that the inhibition was caused by direct interaction of the inhibitor with the LPS molecule. Furthermore the inhibitor abrogated the pyrogenicity of the LPS. Although it is uncertain whether the inhibitor actually plays a role in the defense mechanism in cinnamon bark, this is the first report that an inhibitor of bacterial endotoxin exists in a plant. PMID: 9177302 [Pubmed - indexed for MEDLINE] • Am J Chin Med. 1996;24(2):103-9. In vitro activity of Cinnamomum zeylanicum against azole resistant and sensitive Candida species and a pilot study of cinnamon for oral candidiasis.



Quale JM, Landman D, Zaman MM, Burney S, Sathe SS. Department of Medicine, Department of Veterans Affairs Medical Center at Brooklyn, New York USA. Fluconazole-resistant Candida species are an emerging problem. In this report, the in vitro activity of C. zeylanicum against fluconazole-resistant and-susceptible Candida isolates is described. The MICs of the bark of C. zeylanicum ranged from < 0.05-30 mg/ml, and were slightly better than commercially available cinnamon powder. Trans-cinnamaldehyde and Omethoxycinnamaldehyde had MICs of 0.03-0.5 mg/ml. The MICs of selected cinnamon candies and gums generally ranged from 25-100 mg/ml. Five patients with HIV infection and oral candidiasis received a commercially available cinnamon preparation for one week. There of the five patients had improvement of their oral candidiasis. Clinical trials will be necessary to determine the usefulness of cinnamon for the treatment of mucosal candidiasis. Publication Types: Clinical Trial PMID: 8874667 [Pubmed - indexed for MEDLINE] • Allergy. 1995 Dec;50(12):995-9. Cinnamon bark oil, a potent fungitoxicant against fungi causing respiratory tract mycoses.



Singh HB, Srivastava M, Singh AB, Srivastava AK. Centre for Biochemical Technology, Delhi, India. Cinnamic aldehyde has been identified as the active fungitoxic constituent of cinnamon (Cinnamomum zeylanicum) bark oil. The fungitoxic properties of the vapours of the oil/active constituent against fungi involved in respiratory tract mycoses, i.e., Aspergillus niger, A. fumigatus, A. nidulans A. flavus, Candida albicans, C. tropicalis, C. pseudotropicalis, and Histoplasma capsulatum, were determined in vitro as minimum inhibitory concentration (MIC), minimum lethal concentration (MLC), inoculum density sustained, and exposure duration for fungicidal action at MIC and higher doses, as well as effect of incubation



temperatures on fungitoxicity. It is concluded that these inhalable vapours appear to approach the ideal chemotherapy for respiratory tract mycoses. Publication Types: Comparative Study PMID: 8834832 [Pubmed - indexed for MEDLINE]
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