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ABSTRACT
The objective of the study was to assess the antimicrobial potential of the cinnamon bark with a view of searching a novel extract as a remedy
for dental caries pathogens. Acetone, ethanol, methanol and aqueous (cold and hot) extracts of dalchini, the bark of Cinnamomum zeylanicum,
were tested against three bacteria and two yeasts causing dental caries using agar well diffusion method. The ethanolic, methanolic and
acetonic cinnamon bark extracts showed greater antimicrobial activities than the water extracts against the tested bacteria (Streptococcus
mutans and Staphylococcus aureus) and the yeasts (Candida albicans and Saccharomyces cerevisiae) while Lactobacillus acidophilus
was resistant to all the five extracts. Of the five extracts of cinnamon bark screened, the acetonic extract showed greater antimicrobial activity
than the corresponding water and alcoholic extracts. Strongest antimicrobial activity was observed in the acetonic extract against C.albicans
(zone of inhibition 29.30mm and 12.5mg/ml MIC) showing higher inhibition zone than the standard antifungal drug amphotericin B (zone of
inhibition 13mm).
Keywords: Cinnamon bark, antibacterial activity, antifungal activity, minimum inhibitory concentration (MIC), Dental caries.
INTRODUCTION
Medicinal plants are part and parcel of humans since the dawn of
civilization. In India they form the backbone of several indigenous
traditional systems of medicine. Pharmacological studies have
acknowledged the value of medicinal plants as potential source of
bioactive compounds (1, 2, 3, 4, 5). The emergence of resistant
bacterial and fungal strains due to overuse of antibiotics is a cause of
worldwide concern (6). The use of plant extracts and phytochemicals
with known antimicrobial properties may have great significance in
therapeutic treatments (1, 7, 8, 9, 10). Cinnamomum zeylanicum Blume,
a member of the family Lauraceae, is a tropical evergreen tree, native
to Sri Lanka and the Malabar Coast of India, called differently in
different languages such as dalchini in Hindi, cannelle in French,
kaneel in German, canela in Spanish, yook gway in Chinese and
kurunda in Sinhalese. The botanical name Cinnamomum is derived
from the Hebraic and Arabic term amomon, meaning fragrant spice
plant (11). In India, Southeast Asia, United States and in the European
countries, cinnamon is used for flavouring foods, beverages, boiled
beef, pickles, chutneys and ketchup. Medicinally, cinnamon is used
in the treatment of diarrhoea, flatulent dyspesia, poor appetite, low
vitality, kidney weakness and rheumatism, influenza, cough,
bronchitis, fever, arthritic angina, palpitations, hypertension and
nervous disorders, stimulating the circulatory system and capillary
circulation, spasms, vomiting and controlling infections, reducing
blood sugar levels in diabetics and as a skin antiseptic (8, 12, 13, 14,
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15). It is sometimes used alternatively with damiana (Turnera diffusa)
to promote conception (16). It is proven to be particularly effective
against some species of toxicogenic fungi as well as respiratory tract
pathogens, including species belonging to the genera Aspergillus,
Candida, Cryptococcus and Histoplasma (17). Aqueous and alcoholic
extracts of cinnamon have demonstrated antibacterial effects against
Helicobacter pylori (18, 19). The antimicrobial properties of some
spices and their components have been documented (20, 21, 22, 23)
and the studies confirm that cinnamon inhibits the growth of both
Gram positive and Gram negative food borne pathogens or spoilage
bacteria, yeast and molds (24, 25).
The objective of this study was to assess 1) the in vitro antibacterial
and antifungal properties of different extracts of cinnamon against
common dental caries pathogens, 2) determination of minimum inhibitory concentration (MIC) of each extract against each pathogen with
a view of searching a novel extract as a remedy for dental caries.
MATERIALSAND METHODS
Bark of Cinnamomum zeylanicum (dalchini) was collected from the
local market of Delhi, India. It had a pale yellowish colour, sweet
aroma and had a sweet finish in the after taste. Dr. B.D.Vashishta
(Botany Department,Kurukshetra University, Kurukshetra) confirmed
the identification of the specimen.
Extraction
The samples were carefully washed under running tap water followed
by sterile distilled water. These were air dried at room temperature
(30OC) for two days and pulverized to a fine powder using a sterilized
mixer grinder and stored in air-tight bottles. Four different solvents
namely ethanol, methanol, acetone and aqueous (hot and cold) were
used for extraction. A 10g amount of pulverized bark was separately
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soaked in 100ml of acetone, ethanol, methanol, and cold sterile dis- of each test organism was spread onto the specific media plates so as
tilled water for 24h. Also the same amount (i.e. 10g) of pulverized bark to achieve a confluent growth. The agar plates were allowed to dry
was immersed in 100ml of hot sterile distilled water (100OC) and al- and wells or cups of 8mm were made with a sterile borer in the inoculowed to stand for 30min on a waterbath with occasional shaking and lated agar plates and the lower portion of each well was sealed with a
kept undisturbed for 24h. Each preparation was filtered through a little specific molten agar medium. The extracts were reconstituted in
sterilized Whatman No.1 filter paper and the filtered extract was con- 20% DMSO for the bioassay analysis (32). A 100µl volume of each
centrated under vacuum below 400C using Heidolph, VE-11 extract was propelled directly into the wells (in triplicates) of the inrotaevaporator (7, 26). The dried extract thus obtained was exposed oculated specific media agar plates for each test organism. The plates
to UV rays for 24h and checked for sterility on nutrient agar plates were allowed to stand for 10 minutes for diffusion of the extract to
and stored in labelled sterile bottles in a freezer at 4oC until further use take place and incubated at 37OC for 24h (33, 34). Sterile DMSO served
as the negative control and ciprofloxacin (for bacteria) and amphot(27).
ericin-B (for fungi) served as the positive control. The antimicrobial
Test Microorganisms
Three dental caries causing bacteria Streptococcus mutans activity, indicated by an inhibition zone surrounding the well contain(MTCC*497), Staphylococcus aureus (MTCC 740), Lactobacillus ing the extract, was recorded if the zone of inhibition was greater than
acidophilus (MTCC *447) and two yeasts Candida albicans (MTCC 8mm (35). The experiments were performed in triplicates and the mean
227) and Saccharomyces cerevisiae (MTCC 170) were procured from values of the diameter of inhibition zones with ± standard deviation
Microbial Type Culture Collection, IMTECH, Chandigarh. The micro- were calculated.
organisms were subcultured on the specific media recommended for Determination of Minimum Inhibitory Concentration (MIC)
different microorganisms such as Brain heart infusion agar (S.mutans), MIC is defined as the lowest concentration of a compound/extract/
Nutrient agar (S.aureus), Lactobacillus MRS agar (L.acidophilus), drug that completely inhibits the growth of the microorganism in 24h
Malt yeast agar (C.albicans and S.cerevisiae) and incubated aerobi- (36). The MIC for the acetonic, methanolic and ethanolic extract was
cally at 37OC. The media were procured from HiMedia Laboratory Pvt. determined by following the modified agar well diffusion method (31).
Ltd., Bombay, India. Identification of all the strains was confirmed by A twofold serial dilution of each extract was prepared by first reconstituting the powder in 20% dimethylsulphoxide (DMSO) followed by
standard biochemical and staining methods (28, 29, 30).
dilution in sterile distilled water to achieve a decreasing concentraScreening for Antimicrobial Activity
The acetone, methanol, ethanol, cold and hot water cinnamon bark tion range of 50mg/ml to 0.39mg/ml. A 100 µl volume of each dilution
extracts were used for the screening. Antimicrobial activity of various was introduced into wells (triplicate) in the specific media agar plates
6
extracts was determined by the agar well diffusion method (31). In this already seeded with 100µl of standardized inoculum (10 cfu/ml) of
method, pure isolate of each microbe was subcultured on the recom- the test microbial strain. All test plates were incubated aerobically at
o
mended specific media for each microorganism at 37OC for 24h. A 37 C for 24 hrs and observed for the inhibition zones. The lowest
plate of each microorganism was taken and a minimum of four colo- concentration of each extract showing a clear zone of inhibition, connies were touched with a sterile loop and transferred into normal sidered as the MIC, was recorded for each test organism (27).
saline (0.85%) under aseptic conditions. Density of each microbial RESULTS AND DISCUSSION
suspension was adjusted equal to that of 106 cfu/ml (standardized by We chose Streptococcus mutans, Lactobacillus acidophilus and
0.5McFarland standard) and used as the inoculum for performing Candida albicans as test microorganisms for our study because they
agar well diffusion assay. One hundred microlitre (100µl) of inoculum have been implicated in dental caries (37, 38). C.albicans is also the
Table 1: Antimicrobial activity of Cinnamon bark extracts on dental caries pathogens determined by agar well
diffusion method on specific media for each test microorganism.
Cinnamon bark
extracts (mg/ml)

Diameter of growth of inhibition zones ( mm )
Streptococcus
Staphylococcus Lactobacillus
Candida
Saccharomyces
mutans
aureus
acidophilus
albicans
cerevisiae
a
b
Acetone
12.31 ±0.57
16±0
29.30±1.15
16.65±0.57
Methanol
12.94±1
14.31±0.57
18.96±1
17.65±0.57
Ethanol
14.95±1
14.65±0.57
11.64±0.57
18.32±0.57
Hot water
10.64±0.57
14±0
Cold water
10±0
10.31±0.57
Ciprofloxacin (5 µg/ml)
27.32±0.57
34.66±0.57
25.65±0.57
Nt
Nt
Amphotericin B (100 units/ ml) Nt
Nt
Nt
13±0
11.94±1
DMSO
0
0
0
0
0
(-) = no activity, Nt = not testeda Values, including diameter of the well (8 mm), are means of three replicates b ± Standard deviation

Table 2: MIC of Cinnamon bark extracts against dental caries pathogens on specific media for each microorganism
determined by modified agar well diffusion method.
Cinnamon
bark extracts
Acetone
Methanol
Ethanol

Streptococcus
mutans
-

MIC (mg/ml)
Staphylococcus
aureus
25
25
25

Lactobacillus
acidophilus
Nt
Nt
Nt

Candida
albicans
12.5
25
50

Saccharomyces
cerevisiae
50
50
50

(-) = no activity, Nt = not tested
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most common yeast isolated from the oral cavity, and is associated mon bark is rich in cinnamaldehyde (50.5%) which is highly electronewith fungal oral infections, endocarditis and septicemia (39). Staphy- gative and interferes in biological processes involving electron translococcus aureus, a major human pathogen, is responsible for a num- fer and react with nitrogen containing components, e.g. proteins and
ber of hospital – acquired infections and propagates mainly in mouth nucleic acids and therefore inhibit the growth of the microorganisms
and hands in the hospital environment (40, 41, 42). Saccharomyces (47). Cinnamaldehyde has been proven to be active against many
cerevisiae considered to be an opportunistic pathogen in the oral pathogenic bacteria (48, 49) including S.aureus, E.coli 0157:H7 (50)
cavity, may induce significant oral risks by acting as a tertiary colo- and Salmonella typhimurium (51). It is among the most active comnizer in the progress of dental caries thus causing both superficial ponent against Gram positive and Gram negative bacteria (52). The
and invasive infections (43).
cinnamon bark also contains tannins consisting of polymeric 5,7,3’,4’The results of antimicrobial properties of ethanol, methanol, acetone tetrahydroxy flavan-3,4–diol units (10, 53). Flavanols present in the
and aqueous (hot and cold) extracts of cinnamon bark as well as the bark might be responsible for the highly significant antifungal activpositive control ciprofloxacin (for bacteria) and amphotericin-B (for ity exhibited by the acetonic extract of cinnamon against C.albicans,
fungi) are presented in Table 1 and the MIC of the three extracts as the active components extracted in acetonic extracts are flavanols
(ethanol, methanol and acetone) against the test pathogens are pre- (1). Of the five extracts of cinnamon bark screened, the acetonic exsented in Table 2 . The antimicrobial activity of cinnamon bark ex- tract showed greater antimicrobial activity than the corresponding
tracts on the agar plates varied greatly in different solvents. Both the water and alcoholic extracts. Thus from the overall result it is evident
positive controls produced significantly sized inhibition zones against that the acetonic extract has been found to have a better antimicrobial
the test bacteria (ciprofloxacin) and yeasts (amphotericin-B). How- activity, substituting the findings of earlier workers (1, 2, 54), who
ever, the negative control produced no observable inhibitory effect. rated acetone as the best solvent followed by methanol, ethanol and
Of the five extracts screened for antifungal activity, acetone, metha- water.
nol and ethanol showed antifungal activity against both the yeasts CONCLUSION
Candida albicans and Saccharomyces cerevisiae. However, water On comparison of the antimicrobial activities of all the five extracts
extracts, both hot and cold, showed no activity against the test strains. tested against the bacterial and fungal strains, it was finally conThe acetonic extract was most effective against C.albicans showing cluded that acetone cinnamon extract emerged as the potent agent
the highest zone of inhibition (29.30mm) followed by the methanolic exhibiting even much higher antifungal activity than the standard
(18.96mm) and ethanolic extract (11.64mm). C.albicans was found to antifungal drug amphotericin-B. The need of the hour is to perform
be most sensitive pathogen which survived upto 6.25mg/ml in the more and more screening of the natural products or plant parts as
acetonic extract, thus having a MIC of 12.5mg/ml followed by the such screening experiments form a primary platform for further phymethanolic extract (25mg/ml) and the ethanolic extract (50mg/ml). The tochemical and pharmacological studies that may open the possibiliinhibition zones produced by the three solvents against S.cerevisiae ties of finding new clinically effective antifungal and antibacterial
ranged between 16.65mm and 18.32mm. S.cerevisiae was found to be compounds against the dental caries pathogens and the resistant
comparatively more resistant than C.albicans as it survived upto bacterial and fungal pathogens.
25mg/ml, thus having a MIC of 50mg/ml in all the three extracts tested. ACKNOWLEDGEMENT
Interestingly the acetonic extract showed much more potent activity We would like to thank Dr. B.D. Vashishta, Department of Botany,
against C.albicans (29.30mm) than that of the standard drug ampho- Kurukshetra University, Kurukshetra, for rending help in confirmatericin-B (13mm) thus having a great potential to control candidiasis. tion of the identification of the plant, Dr. Tapan Chakrabarti, Institute
Methanolic extract showed almost equal antibacterial activity against of Microbial Technology, Chandigarh, for providing the microbial
both Streptococcus mutans (14.95mm) and Staphylococcus aureus cultures and the Chairperson of the Department of Microbiology for
(14.65mm). S.aureus was found to be more sensitive to all three ex- providing laboratory facilities.
tracts and survived upto 12.5mg/ml of the extract, thus having a MIC
REFERENCES
of 25mg/ml. S.mutans was found to be comparatively resistant bacte1. Cowan MM, Plant products as antimicrobial agents, Clin Microbiol
Rev, 12, 1999, 564-582.
rium as it survived upto 50mg/ml of each extract, thus having a MIC of
2. Nair R, Kalariya T, Sumitra C, Antibacterial activity of some selected
100mg/ml (Table 2). The ethanolic, acetonic and methanolic bark exIndian medicinal flora, Turk J Biol, 29, 2005, 41-47.
tracts showed greater antimicrobial activities than the water extracts
3. Parekh J, Chanda S, In vitro screening of antibacterial activity of
against the tested bacteria and yeasts while Lactobacillus acidophiaqueous extracts of various Indian plant species against selected pathogens from Enterobacteriaceae, Afr J Microbiol Res, 1, 2007, 92-99.
lus was resistant to all the five extracts. Lactic acid bacteria are known
4. Prusti A, Mishra SR, Sahoo S, Mishra SK, Antibacterial activity of
to produce acetaldehyde, hydrogen peroxide, diacetyl, carbon dioxsome Indian medicinal plants, Ethnobotanical leaflets, 12, 2008, 227ide, polysaccharides and bacteriocins (44, 45) some of which may act
230.
antagonistically as antimicrobials. The absence of antifungal activity
5. Samy RP, Antimicrobial activity of some medicinal plants from India, Filoterapia, 76, 2005, 697-699.
and limited spectrum of antibacterial activity in the aqueous extracts
6. Palmer NOA, Martin MV, Pealing R, Ireland RS, An analysis of antiof cinnamon might either be due to the more solubility of the active
biotic prescriptions from general dental practitioners in England, J
principles in analytical solvents than the aqueous solvents (3, 27) or
Antimicro Chemo, 46, 2000, 1033-1035.
presence of active components in insufficient quantities in the crude
7. Bag A, Bhattacharya SK, Bharati P, Pal NK, Chattopadhyay RR,
Evaluation of antibacterial properties of Chebulic myrobalan (fruit of
extracts to show the activity with the dose levels employed (46).
Terminalia chebula Retz.) extracts against methicillin resistant StaThe antimicrobial activity shown by the cinnamon extracts may be
phylococcus aureus and trimethoprim-suphamethoxazole resistant
due to the presence of cinnamaldehyde, an aromatic aldehyde. CinnaJournal of Pharmacy Research Vol.2.Issue 9.September 2009
1387-1390

Kamal Rai Aneja et al. / Journal of Pharmacy Research 2009, 2(9),1387-1390
8.

9.

10.

11.
12.

13.

14.
15.
16.
17.

18.
19.

20.
21.
22.

23.

24.

25.

26.

27.

28.
29.
30.
31.

32.

uropathogenic Escherichia coli, Afr J Plant Sciences, 3, 2009, 25-29.
Broadhurst CL, Polansky MM, Anderson RA, Insulin-like biological
activity of culinary and medicinal aqueous extracts in vitro, J Agric
Food Chem, 48, 2000, 849.
Bugno A, Nicoletti MA, Almodovar AAB, Pereira TC, Auricchis MT,
Antimicrobial efficacy of Curcuma zeodoria extract as assessed by
linear regression compared with commercial mouthrinses, Braz J
Microbiol, 38, 2007, 440-445.
Leung AY, Foster S, Encyclopedia of Common Natural Ingredients
Used in Food, Drugs and Cosmetics, John Wiley and Sons Inc, New
York, 1996.
Radhakrishnan VV, Madhusoodnan KJ, Kuruvilla KM, Cinnamon-the
spicy bark, Spice India, 5, 1992, 12-13.
Khan A, Safdar M, Khan AMM, Khattak KN, Anderson RA, Cinnamon improves glucose and lipids of people with type 2 diabetes,
Diabetes Care, 26, 2003, 3215-3218.
Lee KG, Shibamoto T, Determination of antioxidant potential of
volatile extracts isolated from various herbs and spices, J Agric Food
Chem, 50, 2002, 4947-4952.
Martinez M, Las Plantas Medicinales de Mexico, Editorial Botas,
Mexico City, 1989.
Skidmore-Roth L, Handbook of Herbs and Natural Supplements, 2nd
edition, St. Louis, Mosby, 2003.
Adame J, Adame H, Plantas Curativas del Noreste Mexicano, Ediciones
Castillo, Monterrey, Mexico, 2000.
Inouye S, Yamaguchi H, Takizawa T, Screening of the antibacterial
effects of a variety of essential oils on respiratory pathogens, using a
modified dilution assay method, J Infect Chemother, 7, 2002, 251254.
Tabak M, Armon R, Neeman I, Cinnamon extracts inhibitory effect
on Helicobacter pylori, J Etnopharmacol, 67, 1999, 269-277.
O’Mahony R, Al-Khtheeri H, Weerasekera D, Fernando N, Vaira D,
Holton J, Basset C, Bactericidal and anti-adhesive properties of culinary and medicinal plants against Helicobacter pylori, J Gastroenterol,
11, 2005, 7499-7507.
Shelef LA, Antimicrobial effects of spices, J Food Safety, 6, 1983, 2944.
Hirasa K, Takemasa M, Spices Science and Technology, Marcel Dekker
Inc, New York, USA, 1998.
Nevas M, Korhonen AR, Lindtrom M, Turki P, Korkeala H, Antibacterial efficiency of Finnish spices essential oils against pathogenic
and spoilage bacteria, J Food Prot, 67, 2004, 199-202.
Kim J, Marshall MR, Wei C, Antibacterial activity of some essential
oil components against five food borne pathogens, J Aric Food Chem,
43, 1994, 2839-2845.
Snyder OP, Antimicrobial effects of spices and herbs. Hospitality
Institute of Technology and Management. St.Paul, Minnaesota.http:/
/www.hitm.com/Documents/Spices.html. 1997.
Paster N, Menasherov M, Ravid U, Juven B, Antifungal activity of
oregano and thyme essential oils applied as fumigants against fungi
attacking stored grain, J Food Prot, 58, 1995, 81-85.
Ogundiya MO, Okunade MB, Kolapo AL, Antimicrobial activities of
some Nigerian chewing sticks, Ethnobotanical leaflets, 10, 2006,
265-271.
Nkere CK, Iroegbu CU, Antibacterial screening of the root, seed and
stem bark extracts of Picralima nitida, Afr J Biotech, 4, 2005, 522526.
Aneja KR, Experiments in Microbiology Plant Pathology and Biotechnology, New Age International Publishers, New Delhi, 2003.
Benson HJ, Microbiological Applications: Laboratory Manual in General Microbiology, McGraw Hill Publication, USA, 2004.
Cappuccino JG, Sherman N, Microbiology Lab Manual, BenjaminCummings Publishing Company, USA, 1995.
Okeke MI, Iroegbu CU, Eze EN, Okoli AS, Esimone CO, Evaluation
of extracts of the root of Landolphia owerrience for antibacterial
activity, J Ethnopharmacol, 78, 2001, 119-127.
Rajasekaran C, Meignanam E, Vijayakumar V, Kalaivani T, Ramya S,

33.

34.

35.

36.

37.

38.
39.
40.

41.
42.

43.
44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Premkumar N, Siva R, Jayakumararaj R, Investigations on antibacterial activity of leaf extracts of Azadirachta indica A. Juss (Meliaceae):
a traditional medicinal plant of India, Ethnobotanical Leaflets, 12,
2008, 1213-1217.
Khokra SL, Prakash O, Jain S, Aneja KR, Dhingra Y, Essential oil
composition and antibacterial studies of Vitex negundo Linn. Extracts, Ind J Phar Sci, 70, 2008, 522 – 526.
Rios JL, Recio MC, Villar A, Screening methods for natural products
with antimicrobial activity: a review of the literature, J
Ethnopharmacol, 23, 1980, 127-149.
Hammer KA, Carson CF, Riley TV, Antimicrobial activity of essential oils and other plant extracts, J Appl Microbiol, 86, 1999, 985990.
Thongson C, Davidson PM, Mahakarrchanakul W, Weiss J, Antimicrobial activity of ultrasound-assisted solvent-extracted spices, Lett
Appl Microbiol, 39, 2004, 401-406.
Lee SS, Zhang W, Li Y, The antimicrobial potential of 14 natural
herbal dentifrices: Results of an in vitro diffusion method study, J Am
Dent Assoc, 135, 2004, 1133-1141.
Joshi AR, Joshi K, Ethnobotany and Conservation of Plant Diversity
in Nepal, RubRick, Kathmandu, Nepal, 2005.
Bagg J, Essentials of Microbiology for Dental Students, Oxford University Press, New York, 1999.
Knighton HT, Study of bacteriophage types and antibiotic resistance
of Staphylococci isolated from dental students and faculty members,
J Dent Res, 39, 1960, 906-911.
Lowy FD, Staphylococcus aureus infections, N Engl J Med, 339,
1998, 520-532.
Piochi BJ, Zelante F, Contribution to the study of Staphylococcus
isolated in the mouth.III. Staphylococcus isolated from dental plaque,
Rev Fac Odontol Sao Paulo, 13, 1975, 91-97.
Bonjar GHS, Anti yeast activity of some plants used in traditional
herbal medicine of Iran, J Biol Sci, 4, 2004, 212-215.
De Vuyst L, Degeest B, Heteropolysaccharides from lactic acid bacteria, FEMS Microbiol Rev, 23, 1999, 153-177.
Rodriguez E, Arques JL, Rodriguez R, Nunez M, Medina M, Reuterin
production by lactobacilli isolated from pig faeces and evaluation of
probiotic traits, Lett Appl Microbiol, 37, 2003, 259-263.
Taylor JLS, Rabe T, McGrawLJ, Jager AK, van Staden J, Towards the
scientific validation of traditional medicinal plants, Plant Growth
Regul, 34, 2001, 23-37.
Gupta C, Garg AP, Uniyal RC, Kumari A, Comparative analysis of the
antimicrobial activity of cinnamon oil and cinnamon extract on some
food- borne microbes, Afr J Microbiol Res, 9, 2008, 247-251.
Suresh P, Ingle VK, Vijayalakshima V, Antibacterial activity of eugenol in comparison with other antibiotics, J Food Sci Technol, 29,
1992, 254-256.
Wendakoon CN, Sakaguchi M, Inhibition of amino acid decarboxylase activity of Enterobacter aerogenes by active components of
spices, J Food Prot, 58, 1995, 280-283.
Bowles BL, Sackitey SK, Williams AC, Inhibitory effects of flavor
compounds on Staphylococcus aureus WRRCB124, J Food Safety,
15, 1995, 337-347.
Helander IM, Alakomi HL, Latva-Kala K, Mttila-Sandholm T, Pol L,
Smid EJ, Gorris LGM, Wright AV, Characterization of the action
selected essential oil components on Gram negative bacteria, J Agric
Food Chem, 46, 1998, 3590-3595.
Oussalah M, Caillet S, Lacroix M, Mechanism of action of Spanish
oregano, Chinese cinnamon and savory essential oils against cell
membranes and walls of Eischerichia coli 0157:H7 and Listeria
monocytogenes, J Food Prot, 69, 2006, 1046-1055.
Kumar N, Abdulkader JBM, Rangaswami P, Irulappan I, Introduction
to Spices, Plantation Crops, Medicinal and Aromatic Plants, Oxford
and IBH Publishing, New Delhi, 1997.
Eloff JN, Which extractant should be used for the screening and
isolation of antimicrobial components from plants? J Ethnopharmacol,
60, 1998, 1–8.

Source of support: Nil, Conflict of interest: None Declared
Journal of Pharmacy Research Vol.2.Issue 9.September 2009

1387-1390

