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Abstract

The beneficial effect of many types of plant extract used as seasoning agents in foods have been claimed for centuries. The purpose of
this study was conducted to investigate the antibacterial activity of essential oils from i.e., ginger, thyme, coriander, marjoram, mustard,
chamomile, licorquorice and nigilla against some bacterial strains of food borne pathogen (Bacillus cereus, Staphylococcus aureus,
Salmonella typhimurium and £. coll). Two different methods named the optical density assay and the well diffusion method were applied
in the present study. The antibacterial effect of the essential oils coriander, thyme and ginger gave the highest antibacterial effect on all
strains with inhibition percentages ranged from 90-99% and their inhibition zone ranged between 80-90 mm in diameters for both
method used. While, marjoram, mustard and chamomile were moderate effect with inhibition percentages values ranged from 60-89%
with inhibition zone between 50-70 mm. The lowest inhibitory effects were recorded for licorquorice and nigilla with inhibition
percentages ranged from 33-65 and their inhibition zone of 8-45 mm. Bacillus cereus and Staphylococcus aureus were more resistant
than Salmonella typhimurium and E. coli with all the examined essential oils. The results of this study revealed that these essential oils
possesses some antibacterial properties as antibiotics, therefore, they can be used as a potential source of active ingredients for food
preservatives.
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INTRODUCTION

Food safety is an increasingly important public health
issue. Antimicrobial drugs are subjected to the microbial
resistance and this has become a growing problem in recent
years. Therefore, sufficient research to discover potent natural
antibiotics is desirable and compulsory. Since many essential
oils have been reported to possess strong antimicrobial effects
(Orhan et al, 2012). Essential oils are aromatic oily liquids
obtained from plant material which have been long known for
exhibiting antibacterial, antifungal, antiviral activities and they
are regularly used in medicine and in the food industry
(Bassole and Juliani, 2012). It is now acceptable by public and
green food consumers to use essential oils with low taste
concentrations in food to keep it safe and extend its shelf-life
(Burt, 2004).

Essential oils or their components have been shown to
exhibit insecticidal antiviral, antitoxigenic, antiphrastic and
antimycotic properties. Those characteristic are possibly
related to the function of those compounds in plants
(Mahmoud and Croteau, 2002). The essential oils or their
compounds extracted from various types of plants i.e,,
mustard, thyme, coriander, ginger, chamomile, nigella,
liquorice and marjoram have been used for preserving foods
and drinks have an inhibitory effect on the growth of
microorganisms, which used as spices or aromatic herbs to
give special aromas or flavors to foods are also known to have
antimicrobial properties (Burt, 2004). Essential oils showed
antimicrobial activity against a wide range of bacteria
including antibiotic resistant species and fungal species. They
can affect both Gram positive and Gram negative bacteria in
addition to yeasts and filamentous fungi (Soniand Soni, 2014).

Elgayyar et al. (2001) evaluated the inhibition of essential
oils from some herbs and mentioned that organo, coriander
and basil showed the greatest inhibition effect while anis has
no particularly inhibitory effect to bacteria. Donaldson et a/.
(2005) tested the activity of different essential oils and
essential oil blends against Staphylococcus aureus and
Condiaa albicaus and found that all essential oils were active
against both microorganisms.

The antibacterial activity of essential oils of thyme,
marjoram, chamomile was investigated against Bacillus cereus
and Bacillus subtilis by Gurgulova et al (2006) and
Abd El Mageid et a/. (2009) and they reported that the highest
antibacterial activity recorded for the essential oils of thyme
and wild marjoram for all strains and the oil of chamomile had
low antibacterial activity against the same strains. Also,
Witkowska et a/ (2013) indicate that crude extracts of some
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herbs and spices possess /n vitro activity against food spoilage
and pathogenic bacteria, displayed bactericidal or
bacteriostatic activities with consequent damage to bacterial
cell membranes of both Gram positive and Gram negative
bacteria. The reduction of the microbial population depends
on the concentration of the essential oil where high
concentrations of essential oil gave high antibacterial effect
and may completely inhibit the growth of microorganisms
(Kalemba and Kunicka, 2003). There are many methods that
quantify microbiological activity of essential oils includes
assays such as optical density, agar well diffusion, disk
diffusion and hole plate diffusion (Burt, 2004).

The present study was aimed to evaluate the potentiality
of essential oil of some commonly used spices and herbs
against of different pathogenic bacteria by the optical density
assay and by the well diffusion method.

MATERIALS AND METHODS

Type of essential oils: The volatile oils of thyme (7Aymus
vulgaris), ginger (Zingiber officinale), corinander (Coriandrum
stativum), mustard (Brassica alba), chamemil (Matricaria
chamomilla), marjorum (Majorame hortensis), nigella (Nigella
sutiva) and liquorica (Glycyrrhizza glabra) were obtained from
Kato Aromatic Company, Egypt and they were isolated by
hydro distillation.

Bacterial strain: Four bacterial strains of significant
importance were used to test the antibacterial properties of
the essential oils. Two of them were Gram positive (Bacillus
cereus ATCC6538 and Staphylococcus aureus ATCC25923)
and the others were Gram negative (£ co/iATCC25922 and
Salmonella typhimurium ATCC9027). The cultures of strains
used in this study were obtained from Microbiological
Resources Centre (MIRCEN), Faculty of Agriculture, Ain
Shams University, Cairo, Egypt. Bacterial strains were
inoculated into Mueller Hinton broth (Difco) and incubated at
37°Cfor 24 h.The cultures were subjected to three successive
24 h. transfers before use. All cultures were adjusted to
108 CFU mL~" prior to use.

Media: Muller Hinton liquid and solid media (Difco) were used
in this study. The liquid medium was sterilized by autoclaving
at 121°Cfor 20 min and then used for subculture and optical
density assay. Solid media was used for agar-well diffusion
assay.

Well diffusion assay: Twenty milliliter of Muller Hinton agar
was placed into 10 mL petri dishes and 0.1 mL of the active
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cultures was spread over the plate using a sterile glass
spreader in order to get a uniform microbial growth for all
plates (Donaldson et a/, 2005). A well was done using a 6 mm
diameter cork borer in the agar plate. The wells were filled
with 10, 20 or 30 L of the essential oil. All plates were sealed
by parafilm with sterile laboratory conditions to avoid
evaporation of the agar plates. The plates were left for 30 min
at room temperature to allow the diffusion of oil and then
plates were incubated at 37°C for 24 h. The inhibition zone
was measured with a caliper. Values were performed in
triplicate and the mean value was recorded.

Optical density assay: The tested essential oils were
emulsified into 5% propylene glycol aqueous solution and
then the essential oils were added to sterile test tube
contained Muller Hilton Broth (MHB) to obtain final
concentrations of 2, 4, 6, 8 and 10 uL mL=". All tubes were
inoculated with an active 24 h bacterial culture (500 uL per
tube). Then all tubes were incubated in shaking incubator at
37°Cfor 24 h then microbial growth was measured, by taking
the optical density at 600 nm and the results was expressed as
growth inhibition percentage in order to compare the
inhibitory effect of essential oil on the culture growth
(Kalemba and Kunicka, 2003). Standard curves for microbial
growth against optical density were executed.

Statistical analysis: The data analysis of this experiment was
carried out by using the statistical analysis system by
Robert (1990) and SAS (1996). Measured data was analyses by
ANOVA. Least significance difference test was used to
determine differences between means. Significance was as
summed at p<0.05.

RESULTS

Table 1-4 show the effect of different essential oils on the
growth of bacterial strains using the turbidity method and the
effect was expressed as inhibition percentage. All essential oils
showed aninhibitory effect against the tested bacterial strains
(Salmonella typhimurium, E. coli Bacillus cereus and
S. aureus) and the inhibition increased with increasing oil
concentration. Ginger, thyme and coriander revealed the
highestinhibitory activity (90-99%), while marjoram, mustered
and chamomile showed moderate effect against the bacterial
strains (60-90%), the lowest inhibition was found with
licquorice for all strains (33-57%). The same effect was noticed
for nigella, marjorum and mustered on Bacillus cereus
(51-63%). With, regard to S. aureus this effect was obtained
with the same essential oils and chamomile. Also, nigilla and
chamomile exhibited the lowest effect on Sa/monella, E. coli
and Baciflus, respectively (Table 1 and 2).

Table 1: Inhibition percentage of different essential oils against Sa/monella typhimurium by optical density assay

Essential oil concentration (uL mL~")

Essential oil types 2 4 6 8 10

Ginger 4980 68P: 78% 865 g7Ma
Thyme 59¢ 708 99 9ona 99
Coriander 450b 61 7580 98 994
Marjoram 408 46P¢ 67% 738¢ 834¢
Musterd 208 330d 51¢d 758¢ 89ne
Chamomile 34E¢ 360 58 698 90%°
Licquorica 198 230 34¢e 428 57Ad
Nigilla 188 250 30¢ 398 43he

Data in the column followed by different letters are significantly different at p<0.01 according to ANOVA test

Table 2: Inhibition percentage of different essential oils against £scherichia coli by optical density assay

Essential oil concentration (uL mL™")

Essential oil types 2 4 6 8 10

Ginger 60° 720 80% 928 99na
Thyme 58t 6400 78% 868e 96%2
Coriander 578 63 81¢ 89¢a 994
Marjoram 178 340¢ 49¢be 518e 674
Musterd 14Ed 370e 45¢ 635 70%
Chamomile 228 36 54 636 7240
Licquorica 108 140e 23¢d 288 33Ad
Nigilla 158 29bd 42¢¢ 4884 574

Data in the column followed by different letters are significantly different at p<0.01 according to ANOVA test
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Table 3: Inhibition percentage of different essential oils against Bacillus ceruse by optical density assay

Essential oil concentration (uL mL~")

Essential oil types 2 4 6 8 10

Ginger 5300 5500 74 838 92ha
Thyme 58t 670 77% 8982 96"
Coriander 60° 710a 82c 918 97ha
Marjoram 29k 390¢ 47% 528¢ 60"
Musterd 32% 440¢ 50% 588¢ 63"
Chamomile 188 2204 31« 388d 42hd
Licquorica 178 2004 28¢e 34¢8e 40M
Nigilla 230d 25bd 37¢d 438d 574¢

Data in the column followed by different letters are significantly different at p<0.01 according to ANOVA test

Table 4: Inhibition percentage of different essential oils against Staphylococcus aureus by optical density assay

Essential oil concentration (uL mL=")

Essential oil types 2 4 6 8 10

Ginger 518 60" 74 828 90"
Thyme 58¢e 6402 78¢ 86° 96
Coriander 558 6202 75¢ 838 94ha
Marjoram 178 340¢ 49¢ 508b¢ 67"
Musterd 23k 4100 53 568 70%
Chamomile 19k 320¢ 45¢ 5480 68
Licquorica 13k 20bd 38 458¢ 52h¢
Nigilla A 3600 42¢ 5380 65%

Data in the column followed by different letters are significantly different at p<0.01 according to ANOVA test

Table 5: Inhibition zone of different essential oils against some pathogenic bacteria by well diffusion method

Concentration

Microorganisms (UL well=") Ginger Thyme  Coriander  Marjoram Mustered Chamomile Licoquorica Nigella
Salmonella typhimurium 10 15¢¢ 758 165 15¢¢ 508° 8cd 8cd 17¢
20 338 (-)ha 5580 208 (-)ha 158 138 288
30 (_)Aa (_)Aa (_)Aa 85Aa (_)Aa 25Ac ‘IQA( 38Ab
Escherichia coli 10 18% 3280 17¢ 20¢¢ 50 15 7¢e 25¢¢
20 38 (e 245 38 80% 178 130 395
30 (_)Aa (_)Aa (_)Aa 8’| Ab (_)Aa 4OA( 'I 8Ad 45A(
Bacillus ceruse 10 35 35¢ 20 17 15¢ 22 7¢d 15¢
20 508° 658 308 258 358¢ 365 108e 2284
30 8o (e 85 46/ 604 48 124 465
Staphylococcus aureus 10 25¢ 34¢ 22 19¢ 25¢ 18 8 17%
20 405 60 405 27 48% 356 178 2584
30 (-)ha (-)ha (-)he 367 70M 604¢ 13 357d

-: No growth or complete inhibition, Data in the column followed by different letters are significantly different at p<0.01 according to ANOVA test

In particular, Bacillus cereus was more sensitive for
coriander and thyme which exhibit the highest percentage of
97 and 96% and it was more resistant for licquorica. While,
S. aureuswas more sensitive for thyme and coriander and
it was also more resistant for liquorica (Table 3 and 4). Thyme
was significantly the most effective essential oil used against
Salmonella typhimurium as it resulted inhibition percentage
of 99% when it was used with concentration of 6 yL mL™,
while coriander gave the same result at concentration of
10 uL mL~". These mean that Sa/monella typhimuriumis the
most sensitive strain this strain was more resistant for
treatment of nigilla (Table 1). The highest effect of essential
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oils on £ coliwas obtained when it was treated with ginger
and coriander at concentration of 10 uL mL™" as it exhibited
inhibition percentage of 99% (Table 2). Also £ coli was more
sensitive for liquorices.

Data presented in Table 5 and illustrated in Fig. 1
summarize the effect of each essential oil against some tested
bacterial strains using the well-diffusion assay and data
presented as diameter of zone inhibition (mm) of Table 5 and
inhibition percentage of Fig. 1. As noticed from the data,
ginger and coriander showed similar trend as they possess
complete inhibition of Salmonella typhimurium, E. coliand
S. aureus when it used in concentration of 30 L per well,
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Fig. 1(a-d): Inhibition percentage of different essential oils against some pathogenic bacteria by well diffusion method,
(a) Salmonella typhimurium, (b) E. coli; (c) Bacillus cereusand (d) Staphylococcus aureus

this concentration was the most effective concentration of
ginger and coriander against Bacillus ceruse.

Thyme is significantly the most effective essential oil
against all tested strains where it showed a complete
inhibition against Sa/monella typhimurium and E. coliat a
concentration of 20 uL per well. The same result was obtained
for all tested strains when thyme was added in concentration
of 30 pL per well. Salmonella typhimurium was significantly
more sensitive for mustered than £ cofias it exhibit complete
inhibition when it was treated with mustered in
concentrations of 20 or 30 uL per well, while £ coli showed
complete growth reduction only at a concentration of
30 plL per well.

Regarding to Bacillus ceruseand S. aureus mustered did
notshow completeinhibition it gave inhibition zone diameter
of 60 and 70 mm. with inhibition percentage of 67 and 78%,
respectively. Marjoram showed high effect on Sa/lmonella
typhimurium and E. coli when concentration of 30 uL per well
was used, but Bacillus cereus and S. aureus were more
sensitive for marjorum as they showed inhibition zone
diameter of 46 and 36 mm. With inhibition percentage of 51
and 39%, while Sa/monella typhimurium and E. coli gave
inhibition zone of 85 and 81 mm with inhibition percentage of
93 and 83%.

Both of Bacillus ceruseand S. aureus were more sensitive
For chamomile oil while Sa/lmonella typhimurium and E. coli
were more resistant. Nigella showed lower effect on growth of
all strains if it compared with the offer mention essential oils.
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The growth of £ coliand Bacillus ceruse were affected with
nigella more than Sa/imonella typhimurium and S. aureus.
Finally, liquorice oil has the lowest inhibition effect on growth
of all strains ranged from 10-19 mm. inhibition zone diameters
with inhibition percentage of 13and 21%, respectively. Where
Bacillus cereusand S. aureus were slightly more resistantthan
Salmonella typhimurium and E. coli.

DISCUSSION

Generally, all of tested essential oils reduced the growth
of the bacterial strains used in this experiment in different
rates depending on the type and the concentration of
essential oil and the type of tested organisms. These results
arein agreement with Paster eta/ (1990) and Mardafkan et al.
(2015), who concluded that Gram positive and Gram negative
organisms were both susceptible to the essential oils. As
shown from data of optical density assay experiment, the
essential oils of coriander, thyme and ginger gave the highest
antibacterial effect on all strains while marjorum, mustered
and chamomile are of moderate effect. The lowest effect was
recorded for liquorice and nigella. In this respect Singh et a/.
(2007) found that coriander posse excellent antibacterial
activity against some Gram positive and Gram negative
bacterial strain tested and Ghaly (2006) reported that thyme
oilgave the maximum inhibitory action against all the bacteria
examined in their study followed by marjoram oil. Thyme and
coriander exhibit the highest inhibition effect on both
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S. aureus and Bacillus cereus. The obtained result is
agreement with those reported by Dorman and Deans (2000)
and Donaldson et a/ (2005).

The antibacterial activity of thyme towards Bacillus cereus
can be explained by the presence of a compound in oil
fraction of thyme «called carvacol regarding to all
concentrations (Ultee et a/, 2000). Thyme showed the highest
inhibition effect on Sa/monella typhimurium when it was used
with a concentration of 6 uL mL™", these data is a good
agreement with the previously reported by Donaldson et a/.
(2005). Present data of the present study showed that, ginger
and coriander were the most effective essential oils on growth
of £ colias it exhibit the highest inhibition percentage at a
concentration of 10 uL mL~". In this regard, Elgayyar et a/.
(2001) found that the oil of coriander completely inhibited the
growth of 5. aureus and it was less effective in inhibiting £
coli although it still strongly has inhibitory effect. Also,
Chaisawadi et a/ (2005) agreed with the obtained data for
ginger oil in this study as they found that ginger oil showed
higher antibacterial properties against Bacillus cereus,
Salmonella typhimurium and S. aureus.

The antibacterial effect of essential oils
unchanged with changing the method used in determination
of the antibacterial effect, but the only difference lies with oil
concentration used. Where, similar trends were obtained
when the same essential oils tested either by well diffusion
assay or optical density assay. Complete inhibition of growth
of all tested strains was obtained when treated with thyme at
concentrations of 20 and 30 pL per well and 6-10 uL mL™,
respectively. Also, ginger and coriander gave the same results
with Salmonella typhimurium, E. coli and 5. aureus. While,
mustard showed the same trend with both Sa/lmonella
typhimurium and E. coli. Generally, inhibition growth of
bacterial strains increased by increasing the concentration of
essential oils. These data agreement with Ghaly (2006), who
reported that thyme oil gave the maximum inhibitory action
against all bacteria tested including, £ coli and S. aureus
using well diffusion method and it was followed by marjoram
oil. Additionally, this study indicated that optical density assay
is a good method for determination of strength of
antibacterial properties perhaps this is due to the direct
attachment between the microorganism and the antibacterial.
While, well diffusion assay is useful in screening for
antibacterial activity of essential oils (Donaldson et a/, 2005).
The high efficacy of optical density assay in determining the
antibacterial effect of essential oils may be referred to the
direct contact of essential oil molecules with the microbial
cells rather than in diffusion through agar media.

remains
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It could be concluded that all tested essential oils exhibit
high significant inhibition effect on both Gram positive and
Gram negative strains used in this study, also there was a high
significant differences between the concentrations of essential
oils examined. Regardless, the oil concentration the same
trend of growth inhibition of the examined essential oils was
recorded using both methods. Therefore, they can be used as
a potential source of active ingredients for food preservatives.

REFERENCES

Abd El Mageid, M.M,, S.A. Helmy, L.A. Hareedy and M.T. Hussein,
2009. The protective effect of Origanum majorana essential
oil as antimicrobial and antioxidant. Egypt. J. Biotechnol,,
31:285-302.

Bassole I.H.N. and H.R. Juliani, 2012. Essential oils in combination
and their antimicrobial properties. Molecules, 17:3989-4006.

Burt, S., 2004. Essential oils: Their antibacterial properties and
potential applications in foods: A review. Int. J. Food
Microbiol., 94: 223-253.

Chaisawadi, S., D. Thongbute, W. Methawiriyasilp, N. Pitakworarat
and A. Chaisawadi et a/, 2005. Preliminary study of
antimicrobial activities on medicinal herbs of thai food
ingredients. Acta Horticulturae, 675: 111-114.

Donaldson, J.R., S.L. Warner, R.G. Cates and D.G. Young, 2005.
Assessment of antimicrobial activity of fourteen essential oils
when using dilution and diffusion methods. Pharmaceut.
Biol., 43: 687-695.

Dorman, H.J.D. and S.G. Deans, 2000. Antimicrobial agents from
plants: Antibacterial activity of plant volatile oils. J. Applied
Microbiol., 88: 308-316.

Elgayyar, M., F.A. Draughon, D.A. Golden and J.R. Mount, 2001.
Antimicrobial activity of essential oils from plants against
selected pathogenic and saprophytic microorganisms. J. Food
Protect., 64: 1019-1024.

Ghaly, M.F., 2006. Synergistic effect of volatile oils and antibiotics
against some gram positive and negative pathogenic
bacteria. Arab Univ. J. Agric. Sci., 14: 121-132.

Gurgulova, K., P. Nenchev, I. Zhelyazkova and D. Pavlov, 2006.
Study on biological activity of some essential oils to
microorganisms Bacillus cereus and Bacillus subtilis.
Zhivotnov dniNauki, 43: 42-45.

Kalemba, D. and A. Kunicka, 2003. Antibacterial and antifungal
properties of essential oils. Curr. Med. Chem., 10: 813-829.

Mahmoud, S.S. and R.B. Croteau, 2002. Strategies for transgenic
manipulation of monoterpene biosynthesis in plants. Trends
Plant Sci., 7: 366-373.

Mardafkan, N., M. [ranmanesh, K. Larijani, P. Mahasti, F. Nazari and
M. Zojaji, 2015. Chemical components and antibacterial
activities of essential oils obtained from iranian local
Lavandula officinalis and Thymus  vulgaris  against
pathogenic bacteria isolated from human. J. Food Biosci.
Technol,, 5: 31-36.



Res. J. Microbiol, 11 (1): 28-34, 2016

Orhan, L.E,, B.Ozcelik, M. Kartaland Y.Kan, 2012. Antimicrobial and
antiviral eff ects of essential oils from selected Umbelliferae
and Labiataeplants and individual essential oil components.
Turk. J. Biol., 36: 239-246.

Paster, N., BJ. Juven, E. Shaaya, M. Menasherov, R. Nitzan,
H. Weisslowicz and U. Ravid, 1990. Inhibitory effect of
oregano and thyme essential oils on moulds and foodborne
bacteria. Lett. Applied Microbiol., 11:33-37.

Robert, L., 1990. Quality of fruits and vegetables scientific status
summary. Food Technol., 44: 99-106.

SAS., 1996. User's Guide. Statistical Analysis System, Carry, NC.

Singh, G.,S.Maurya, P.Marimuthu, H.S. Muraliand A.S. Bawa, 2007.
Antioxidant and antibacterial investigations on essential oils
and acetone extracts of some spices. Nat. Prod. Radiance,
6:114-121.

Soni, S.and U.N. Soni, 2014. /n-vitro Anti-bacterial and anti-fungal
activity of select essential oils. Int. J. Pharm. Pharmaceut. Sci.,
6:586-591.

Ultee, A, R.A. Slump, G. Steging and E.J. Smid, 2000. Antimicrobial
activity of carvacrol toward Bacillus cereus on rice. J. Food
Protect., 63: 620-624.

Witkowska, A.M., D.K. Hickey, M. Alonso-Gomez and M. Wilkinson,
2013. Evaluation of antimicrobial activities of commercial
herb and spice extracts against selected food-borne bacteria.
J. Food Res., 2: 37-54.

34



	jm.pdf
	Page 1


