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ABSTRACT

Six extracts-based natural antimicrobials were evaluated for their
ability to inhibit the growth of Escherichia coli O157:H7, Escherichia
coli NRRL3008 and Salmonella sp. Degree of inhibition was
determined by the disk-diffusion assay. Results revealed the inhibitory
effect of extracts (Without dilution and the same volume). Garlic extract
had the strongest effect against E.coli NRRL3008 (24.00mm),
Escherichia coli O157:H7 (22.00mm) and Salmonella sp. (18.00mm).
Clove extract had stronger action against E. coli 0157:H7 (35.00mm),
E. coli NRRL.3008 (27.00mm) than Salmonella sp. (23.00mm). The
most powerful effect of ginger extract was against E. coli O157:H7
(30.00mm), E.coli NRRL.3008 (26.00mm) followed by Salmonella sp.
(22.00mm). E. coli O157:H7 (28.00mm) and E. coli NRRL.3008
(23.00mm) were strongly influenced by cardamom extract. Cinnamon
extracts effective action against E. coli O157:H7 (31.00mm) followed
by E. coli NRRL3008 (28.00mm) than Salmonella sp. (23.00mm).
Rosemary extract strongly affected against E. coli NRRL3008
(25.00mm), E. coli O157:H7 (23.00mm) and Salmonella sp. (22.00mm).
Extract mixture (clove, cinnamon and ginger) at level of 0.6% had
stronger effect against E. coli 0157:H7 (36.00mm), followed by E. coli
NRRL3008 (34.00mm). The effectiveness of the ethanolic extracts
against the growth of E. coli O157:H7 during 7 days of storage period
at 37°C followed the order: ginger > cinnamon > rosemary >
cardamom > garlic> clove. It can be concluded that natural extracts of
clove, cardamom, cinnamon, rosemary, ginger and garlic differ in their
inhibitory activity against Escherichia coli O157:H7, Escherichia coli
NRRL and Salmonella sp. so, these natural extract could be considered
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as natural food preservatives against pathogenic toxic bacteria and
generally recognized as safe.
Key words: In Vitro, natural plant extracts against, Escherichia coli

0O157:H7, Escherichia coli NRRL, Salmonella sp.

INTRODUCTION

Escherichia coli have been identified as a food borne pathogen since
1982 (Doyle, 1991). Escherichia coli O157:H7 generally, survives well in
foods at refrigeration temperatures. Minimum water activity for growth is
0.95 (ICMSF, 1996). Meat probably becomes contaminated at the time of
slaughter and grinding may compound the problem by introducing the
pathogen into the interior of the meat, where it is more likely to survive
cooking (Mead and Griffin, 1998).

The relatively recent emergence of E. coli O157:H7 as a food borne
pathogen has a significant impact on the food industry (McClure, 2000).

Ground beef is the most susceptible form of meat to microbial
contamination during processing and handling and it is the most susceptible to
discoloration (Nam and Ahn, 2003).

Natural extracts are part of a group of substances considered as
“tolerated” but not admitted as additives in a strictly legal way. Vegetal
extracts would be included in the additive group classified as “aromatic and
flavoring substances”, in which are included all the natural products and
relevant synthetic products and that can be used on all animal species, without
any restriction regarding age of product dosage . Because these products are
well accepted by consumers, they are a promising alternative to growth
promoter antibiotics, and the search of new substances represents an
important research area in the field of food additives. Many of the plants used
today were known to the people of ancient cultures throughout the world and
they were valued their preservative and medicinal powers. Scientific
experiments on the antimicrobial properties of plants and their components
have been documented in the late 19th century. Naturally, occurring
microbial inhibitors have been recovered from a wide variety of foods
including onions, garlic, fruits, vegetables, cereals and spices, many of these
antimicrobials contribute to the foodstuffs natural resistance to deteriorations.
The flavour components consist of such compounds as alcohols, aldehydes,
esters, terpens, phenols, organic acids and others, some of which have not yet
been identified (Merih, and Buket, 2009).
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The aim of this research was to find out possible antimicrobial effect of some
plants extracts traditionally used as food spices on the growth of some
pathogenic bacteria E. coli 0157:H7, Escherichia coli NRRL and Salmonella
sp. in vitro.

MATERIALS AND METHODS

Materials:

Plants: Clove (Syzygium aromaticum), Cardamom (Elettaria cardamom),
Cinnamon (Cinnamomum zeylanicum J), Rosemary (Rosmarinus officinalis),
Garlic (Allium sativum) and Ginger( Zingiben officinale) were purchased from
local market at Mansoura City, Dakahlia Governorate, Egypt, cleaned, air-dried
at electric oven at 50 °C for 12 hours, according to Mohdy (2001) and ground in
the blinder. The powder of each sample was kept in polyethylene bags and
preserved in deep freezer (- 18 °C) until use.

Solvent: Ethanol 95% (L14100) was bought from Algomhoria company
Mansoura city- Dakahlia Governorate, Egypt.

Culture media: Nutrient Broth (M002) and MacConkey Agar (w/0.15%Bilts,
CV and NaCl M081) SS agar (Salmonella Shigella agar) B31were obtained
from Algamhoria Company Cairo.

Experimental microorganisms' strains:-

Escherichia coli O157:H7 ATCC 51659, M, Escherichia coli ATCC8739-
NRRL3008and Salmonella sp. strains were obtained from Cairo
Microbiological Resources Center (MIRCENT), Faculty of Agriculture, Ain
Shams University, Egypt.

Methods:
Ethanolic extraction:

The extraction procedure for ethanolic extraction was carried out according
to El-Badrawy (1996) who modified by (Ahmed et al., 2009). Hundred grams
of each milled plant samples were macerated in 250 ml of ethanol over night at
room temperature, then filtered and the ethanolic crude extracts were collected.
Another portion of 100ml of ethanol were added to plant residue and boiled for
two hours under reflux condenser in a water bath and then filtered (with filter
paper15.0cm), the filtrate was added to the previous crude extract. The solvents
were evaporated under vacuum using rotary evaporator. The crude extract was
kept in dark bottles and stored in a deep freezer until use.
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Percentage of extraction=Weight of ethanol free extract/Weight of sample %100

Microbial examination:

Preparation of mixture of natural ethanolic extract from cinnamon, clove
and Ginger with (1:1:1):

Different concentrations were prepared (0.4-0.5-0.6%) of ethanol extracts
of plants clove, ginger, cinnamon and mixed by 1 ml: 1 ml: 1 ml of each extract
for studying their effects on some pathogenic toxic bacteria.

Determination of the antimicrobial activity:

The disc diffusion method was used to determine the antimicrobial activity
of the natural extracts. The volume of 0.1ml (approximately 10° cells / ml) of
the tested microorganisms grown in liquid growth media at 37°C was
inoculated on MacConkey growth media for E. coli and SS agar media for
Salmonella sp. then spread on the entire surface of the Petri dish using a sterile
swab. Discs (6mm diameter of whatmam.No.1 fitter paper) with 30 ul absorbed
natural extracts were placed on the MacConkey agar by pressing gently. The
plates were incubated at37°C for 48 hours. After the incubation period, the
inhibition zones around the paper discs were measured in millimeters. The
sensitivity of the individual oil was classified by the diameter of inhibition zone
as per the procedure of the experiment was repeated in duplicate for all of the
test strains.

Non-sensitive (total diameter smaller than 8 mm)
Sensitive (total diameter between 9 — 14 mm)
Very sensitive (total diameter between 15 —19 mm)
Extremely sensitive (total diameter larger than 20 mm) according to
(Moreira etal., 2005).

Determination of inhibition percentage of ethanolic plants extracts against
the growth of E. coli O157:H7 (toxic bacteria) during 7 days of storage
period at 37°C:

Natural extracts were added to Ethanol 95%, bottles after autoclaving to
make concentration (0.4 - 0.5 - 0.6%) for each substance (except one bottle as a
control) under aseptic condition. Each bottle was inoculated by E. coli
0157:H7 to have a final number ranging from 10° to 107ctu /ml.  The
osculated bottles were incubated at 37 °C for 7days. Every day, 1 ml from each
bottle was taken and E. coli O157:H7 was enumerated by using MacConkey
agar media then the inoculated plates were incubated at 37 °C for 24-48 hr.
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Inhibition percentage was calculated according to Sagdic, et al.( 2002) as

follows:

Inhibition percentage = Control count — Treatment count / Control count x 100
All experiments were carried out duplicates and the results are

expressed as average values of inhibition.
RESULTS AND DISCUSSION
Data in Table (1) showed that the extraction rate of the plants was at

the following decreasing order: ginger (7%), cinnamon (5%), clove (5%),
cardamom (2.5%) and rosemary (2%) and garlic (1.5%).

Table 1. Ethanolic extraction percentage.

Name of sample Percentage of extraction
Cinnamon 5.0
Cardamom 2.5
Ginger 7.0
Rosemary 2.0
Clove 5.0
Garlic 1.5

Antibacterial activity (inhibition zones (mm) of ethanolic extracts
against various pathogenic bacteria (Escherichia coli 0157, Escherichia
coli NRRL3008 and Salmonella sp):

Antimicrobial activity (inhibition zone (mm) of ethanolic extracts
(Without dilution and the same volume) of garlic, clove, cardamom, ginger,
cinnamon, and rosemary against Escherichia coli 0157, Escherichia coli
NRRL3008 and Salmonella sp. is shown in Table (2). Results showed that
Escherichia coli showed high susceptibility with natural extracts (Without
dilution), for disc diffusion methods. Clove extract had the strongest effect
against E. coliO157:H7 (35.00mm), followed by cinnamon (31.00mm), ginger
(30.00mm), rosemary (23.00mm) and garlic (22.00). However, cinnamon
extract was the strongest antibacterial against E.coli NRRL3008 (28.00mm),
followed by clove (27.00mm) and ginger extract (26.00mm). On
the other hand, clove and cinnamon had the same most powerful effect against
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Table 2. Antibacterial activity of ethanolic extract of garlic, clove,
cardamom, ginger, cinnamon and rosemary (without dilution)
against various pathogenic bacteria:

; Inhibition zone ( mm)
Pathognic -
bacteria Garlic | Clove Cardamom| Ginger/Cinnamon m(;sri/-
E. col 22.00 | 35.00 2800 [30.00 | 3100 23.00
0157:H7 ' ' : : . .
E. coli
NRRL3008 24.00 27.00 23.00 26.00 28.00 25.00
Salmonella sp. 18.00 23.00 19.00 22.00 23.00 22.00

mm = Millimeter

Salmonella sp., followed by cardamom. Antibacterial activity of natural
extracts of clove may be attributed to eugenol according to Wendakoon and
Sakaguchi (1995) by inactivation of enzymes and genetic material. Also,
Blaszyk and Holley (1998) concluded that eugenal inhibited the growth of
Escherichia coli O157:H7.

Results obtained by Leuschner and lelsch (2003) indicated that
Escherichia coli O157 was found to be highly sensitive to garlic action
followed by Escherichia coli NRRL.

Antibacterial activity (inhibition zones (mm) of garlic ethanolic extracts
against pathogenic bacteria:

Antibacterial activity (inhibition zones mm) of garlic ethanolic extracts
against pathogenic bacteria (E. coli O157:H7, E. coli NRRL3008 and
Salmonella sp) are show in Table (3). Data showed that the most effective
concentration of garlic extract was at level of 0.6%. It had the strongest effect
against E.coli NRRL3008 (22.00mm), followed by Salmonella sp. (16.00mm),
then E.coli O157:H7 (14.00). Also, the concentration at level of 0.5% take the
same trend as it was more effective against E.coli NRRL (19.00mm) than
Salmonella or E.coli 0157:H7 (13.00mm). However, the differences were at
the lowest at level of 0.5%. The minimum inhibitory concentration of the garlic
extract on the organism was observed to be 0. 6 %.Ethanol extract of garlic was
highly effective against Escherichia coli, and Salmonella were sensitive to
ethanol extract they also reported that 4% (wi/v) fresh garlic in extract inhibited
the growth of E. coli, and Salmonella (Al-Delaimy and Ali, 1971). Garlic is
suggested as a natural herb could be used to extend the shelf life of meat
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Table 3. Minimum inhibitory zone of various concentrations of garlic
ethanolic extract on the growth of pathogenic bacteria

Concentrations of garlic ethanolic extract (%)
Pathogenic
bacteria 0.4 0.5 0.6
Minimum inhibition zone (mm)
E. coli O157:H7 8.00 13.00 14.00
E. coli NRRL.3008 9.00 19.00 22.00
Salmonella sp. 8.00 13.00 16.00

products, providing the consumer with food containing natural (Tsai et al.,
1982). Chowdhury et al.(2000) recorded that garlic extract inhibited the growth
of Salmonella on | agar plate with diameter of zone of inhibition averaging
18mm which agree with our results.

Garlic is rich in anionic components such as nitrates , chlorides and
sulfates as well as other water soluble components common in most plants
which may be responsible for its anti bacterial activity (Chah et al., 2003).

Antibacterial activity (inhibition zones (mm) of cinnamon ethanolic
extracts against pathogenic bacteria:

Antibacterial activity (inhibition zones (mm) of cinnamon ethanolic
extract against of pathogenic bacteria is presented in Table (4). The ethanol
extracts of cinnamon showed better results as compared to Garlic. The most
effective concentration of cinnamon extract was at level of 0.6%. It had the
strongest effect against E. coli O157:H7 (26.00mm) followed by E. coli
NRRL3008 (19.00mm), then Salmonella sp, (17.00mm). In addition, the
concentration at level of 0.5% takes the same trend as it was more effective
against E.coli O157:H7or E. coli NRRL3008 (19.00mm) than Salmonella
sp. (14.00mm). However, the weakest effect was at the level of 0.5%. The
activity of the ethanolic extracts is mainly due to the Vanillin, Zingiberene,
which are responsible for antimicrobial activity. The most representative
compound called o-methoxy cinnamaldehyde and other compounds to
achieve the inhibition of microorganisms Morozumi, (1978) characterize
cinnamon. Srinivasans, et al., (2001) found that ethanol extract of cinnamon
showed better zones at all concentrations against E.coli as compared to the
aqueous extracts, as well as its effect against Escherichia coli (Friedman
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Table 4. Minimum inhibitory zone of various concentrations of cinnamon
ethanolic extract on the growth of pathogenic bacteria.

Concentrations of cinnamon ethanolic extract(%o)
Pathogenic bacteria 0.4 | 0.5 | 0.6
Minimum inhibition zone (mm)
E. coli O157:H7 12.00 19.00 27.00
E. coli NRRL.3008 9.00 18.00 20.00
Salmonella sp. 7.00 14.00 17.00

et al., 2002). Kalemba and Kunicka (2003) reported that cinnamon oil was
among the strongest antimicrobials from plants and species. Valero and
Salmeron (2003) also indicated a very strong effect of cinnamon extract against
Salmonella. Cinnamon extract possess effective antibacterial properties against
Salmonella and E.coli (Ooi et al., 2006).

Antibacterial activity (inhibition zones (mm) of rosemary ethanolic extract
against pathogenic bacteria:

Antibacterial activity (inhibition zones (mm) of ethanolic extracts of
rosemary against pathogenic bacteria is show in Table (5). Data showed that the
most effective concentration of rosemary extract was at level of 0.6%.
Rosemary extract had the strongest effect against E. coli O157:H7 (19.00mm)
Followed by E.coli NRRL3008 (18.00mm), then Salmonella sp (14.00 mm). In
addition, the concentrations at level of 0.5% take the same trend, as it was more
effective against E.coli O157:H7 or E. coli NRRL3008 (14.00mm) than
Salmonella sp (9.00 mm). However, the differences were at the lowest at level
of 0.5%. As the extract of rosemary leaves contains a-pinene and camphor,
which are responsible for antimicrobial activity (Daferera, et al., 2003). These
results came in agreement with what was mentioned by (zinka, 2004).
Moderate antimicrobial activity of rosemary have been reported by several
authors (Quispe, 2005), (Celiktas, 2007) and (Gachkar, 2007).

Antibacterial activity (inhibition zones (mm) of ginger ethanolic extracts
against pathogenic bacteria

Antibacterial activity (inhibition zones (mm)) of ginger ethanolic extracts
against pathogenic bacteria is presented in Table 6. Data showed that the most
effective concentration of ginger extract was at level of 0.6%.it had the
strongest effect against E. coli O157:H7 (27.00mm), followed by E.coli
NRRL.3008 (19.00mm) then Salmonella sp. (14.00mm).
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Table 5. Minimum inhibitory zone of various concentrations of rosemary
ethanolic extract on the growth of pathogenic bacteria:

Concentrations of Rosemary ethanolic extract,%

Pathogenic bacteria
04 0.5 0.6

Minimum inhibition zone (mm)

E. coli O157:H7 9.00 11.00 17.00
E. coli NRRL.3008 10.00 13.00 19.00
Salmonella sp. 4.00 9.00 14.00

Table 6.  Minimum inhibitory zone of various concentrations of ginger
ethanolic extract on the growth of pathogenic bacteria

Pathogenic concentrations of ginger ethanolic extract, %
bacteria 04 | 05 | 06
Minimum inhibition zone (mm)
E. coli O157:H7 11.00 17.00 27.00
E. coli NRRL.3008 6.00 9.00 19.00
Salmonella sp. 6.00 10.00 14.00

Also, the concentration at level of 0.5% was more effective against
E.coli O157:H7 and salmonella sp.(17.00mm). However, the lowest inhibition
zone was recorded for E. coli NRRL3008 (9.00mm). On the other hand, the
differences were at the lowest level at the concentration of 0.5%. The results
obtained in our study agree with those reported by Roy et al. (2006) who
explained that bioactive compounds of ginger rendering microbial activity are
volatile in nature and antimicrobial activity of ginger extract decreases upon
storage. It was reported that sesquiterpenoids are the main component of ginger
that attributes to its antibacterial activity (Malu et al., 2008).

Antibacterial activity (inhibition zones (mm) of Cardamom ethanolic extracts
against pathogenic bacteria:

Antibacterial activity (inhibition zones (mm) of cardamom ethanolic
extracts against pathogenic bacteria is show in Table (7). Results showed that
the antimicrobial activity assayed indicated that cardamom extract at different
concentration had inhibitory activity on E. coli, salmonella. Data showed that
the most effective concentration of cardamom extract was at level of 0.6%., it
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Table 7. Minimum inhibitory zone of various concentrations of cardamom
ethanolic extracts on the growth pathogenic bacteria
Concentrations of cardamom ethanolic extracts

Pathogenic bacteria 04% | 05% | 0.6%
Minimum inhibition zone (mm)

E. coli O157:H7 14.00 17.00 23.00

E. coli NRRL.3008 12.00 17.00 21.00

Salmonella sp. 9.00 11.00 16.00

had the strongest effect against E. coli O157:H7 (23.00mm) followed by E.coli
NRRL.3008 (21.00mm) than salmonella sp. (16.00mm). Moreover, the
concentrations at level of 0.5% take the same trend as it was more effective
against E.coliO157:H7 or E. coli NRRL3008 (17.00mm) than salmonella sp.
(11.00mm). However, the differences were at the lowest level of
0.5%.Antimicrobial characteristics of the plant are due to various chemical
compounds including volatile oils, alkaloids, tannins and lipids that are
presented in their tissue (Baytop, 1984) and (Con et al., 1998). The obtained
results agree with Fardiaz (1995) and Sema et al. (2005) who studied the
antimicrobial effect of seed extract of cardamom.

Antibacterial activity (inhibition zones (mm) of clove ethanolic extracts
against pathogenic bacteria:

Antibacterial activity (inhibition zones (mm) of clove ethanolic extracts
against pathogenic bacteria (E.coli O157:H7, E. coli NRRL3008 and
Salmonella sp.) is shown in Table (8). Data showed that the most effective
concentration of clove extract was at level of 0.6%.It had the strongest effect
against E. coli O157:H7 or E. coli NRRL.3008 (27.00mm) than salmonella sp.
(18.00mm). In addition, the concentration at level of 0.5% was more effective
against E.coli O157:H7 or E. coli NRRL3008 (19.00mm), followed by
salmonella sp. (13.00mm). However, the differences were at the lowest at level
at the concentration of 0.5%. Clove has biological activities, such as
antibacterial, antifungal, insecticidal and antioxidant properties, and is used
traditionally as flavoring agent and antimicrobial material in food (Lee and
Shibamoto, 2001), (Huang et al., 2002) and (Velluti et al., 2003). These results
agree with Saeed, and Tariq (2008) who studied the chemical analysis and
antimicrobial activity of the essential oil of Syzigiumaromaticum (clove).

Antibacterial activity (inhibition zones (mm) of ethanolic extracts of

cinnamon, clove and ginger with (1:1:1) against pathogenic bacteria:
Antibacterial activity (inhibition zones (mm)) of ethanolic extracts of

mixture against pathogenic bacteria is show in Table ( 9). E. coli showed high
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Table 8. Minimum inhibitory zone of various concentrations of clove
ethanolic extracts on the growth pathogenic bacteria.

Concentrations of clove ethanolic extracts, %
Pathogenic bacteria 0.4 | 0.5 | 0.6
Minimum inhibition zone (mm)
E. coli O157:H7 14.00 19.00 27.00
E. coli NRRL.3008 12.00 19.00 27.00
Salmonella sp. 9.00 13.00 18.00

Table 9. Antibacterial activity zone of mixture of ethanol extract of cinnamon
clove and ginger (1:1:1) on the growth pathogenic bacteria.

Pathogenic bacteria Concentrations of cinnamon clove and ginger (1:1:1), %
0.4 \ 0.5 | 06
Minimum inhibition zone (mm)
E.coliO157:H7 27.00 32.00 36.00
E.coliNRRL3008 25.00 30.31 34.00
Salmonella SP. 23.00 26.00 28.00

susceptibility with high concentration of extracts, for disc diffusion methods.
Data showed that the most effective concentration of mixture extract was at
level of 0.6%. It had stronger effect against E. coli O157:H7 (36.00mm), E.coli
NRRL3008 (34.00mm) than Salmonella sp, (28.00mm). Also the concentration
at level of 0.5% take the same trend as it was more effective against E.coli
0157:H7 (32.00mm) or E.coli NRRL3008 (30.00mm) than salmonella sp.
(26.00mm). However, level of 0.5% the produce lower effect. The antibacterial
activities of the extracts are expected perhaps due to the compounds like
flavonoids and volatile oil, which were dissolved in organic solvents. The
results obtained in our study agreed with those reported by Roy et al. (2006)
who explains that bioactive compounds of ginger rendering antimicrobial
activity are volatile in nature and antimicrobial activity of ginger extract
decreases up on storage. The main compound present in Cinnamon extracts
were Vanillin .The antimicrobial activity of combinations of clove, ginger and
Cinnamon extracts have not been reported before Individual extracts contains
complex components, when combined with each other, may lead to additive,
synergistic or antagonistic effects. It is reported that trans-6-shogaol are the
main component of ginger, which attributes to its antibacterial activity (Malu
et al., 2008).
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Effect of ethanolic extracts of plants on the growth of E. coli O157:H7
during 7 days of storage period at 37°C:

Antimicrobial activity (inhibition percentage (%) of ethanolic extracts
mixture of garlic, clove, cardamom, ginger, cinnamon and rosemary against
Escherichia coli O157:H7. Results in Table (10) showed that E.coli
0157:H7showed high susceptibility with high concentration of natural extracts,
for disc diffusion methods. Therefore, the effect of ethanolic extracts against
growth of E. coli O157:H7 on broth media was investigated. Data showed that
the most effective concentration of ethanolic extracts of garlic, clove,
cardamom, ginger, cinnamon and rosemary was at level of 0.6% throughout the
7 days of the storage period. On the first day, the highest effect was by
cinnamon extract (53.76%), followed by ginger (46.08%), rosemary (43.05%)
and garlic (37.85%), cardamom (33.59%), and then clove (27.31%). On the
second day, ginger extract had the highest effect (100.00%), followed by
cinnamon (75.84%), rosemary (57.62%), cardamom (52.03%), clove (51.47%)
and garlic (48.10%). On the third day, the highest effect was recorded by ginger
and cinnamon (100.00%) followed by garlic (74.63%), rosemary
(72.21%),while clove had the lowest effect (57.20%).0n day4, ginger,
cinnamon and rosemary (100.00%) were the most effective followed by garlic
(67.41%),cardamom (66.42%) and clove extract (61.47%) .On day 5, data
showed that the most effective concentration of extracts was ginger, cinnamon
and rosemary at level of 0.6% ,it had the strongest effect against E. coli
0157:H7 (100.00%), however clove had the weakest effect (56.49%). In
addition, the concentrations at level of 0.5% take the same trend and it was
more effective against E.coli O157:H7 by ginger extract.

Data showed that, on day 6, the most effective concentration of
ethanolic extracts of ginger, cardamom, cinnamon and rosemary was at level of
0.6%. it had the strongest effect against E. coli 0157:H7 (100.00%), followed
by clove (71.89%) and garlic(61.44%).Also the concentrations at level of 0.5%
take the same trend as it was more effective against E.coli O157:H7 for ginger
and cinnamon. On day7, the most effective concentration of ethanolic extracts
of ginger, cinnamon, rosemary and garlic was at level of 0.6%.it had the
strongest effect against E. coli O157:H7 (100.00%), followed by clove
(74.09%),garlic (61.44%). In addition, the concentrations at level of 0.5%
tended to the same behavior, as it was more effective against E.coli O157:H7
for ginger, cinnamon, cardamom, and rosemary. Some workers such as
Cosentino et al. (1999), Dorman and Deans (2000) and Rauha et al. (2000)
reported that ginger extract showed an inhibitory effect on E. coli O157:H7.
Cinnamon at 0.5 and 0.6 % showed the bactericidal effect on the third and sixth
days, respectively, Which are coinciding with Burt and Reinders (2003).



J. Product. & Dev., 17(3),2012 379

Table 10. Effect Inhibition percentage (%) of ethanolic plants extracts
against the growth of E. coli O157:H7 during 7 days of
storage period at 37°C.

Extracts First 2nd 3rd 4t 5 6" 7t

Additives, % day day day day day day day

04 1235 3954 4290 37.01 5339 4510  73.68

Cardamom (o5 3265 5521 6345 6454 6211 6169  100.00

06 3359 5203 5847 66.43  67.13 108'0 100.00

04 3468 5231 5335 4998 3571 29.03 45.79

Cinnamon 05 4377 50.76 62.01 6481  63.03 108'0 100.00

0.6 5376 75.84 108'0 108'0 100.00 108'0 100.00

04 2462 4564 3584 4993 5503 57.12 61.68

. 05 3584 4604 6202 5668 10000 1990 10000
Ginger 0

0.6 46.08  100.00 108'0 108'0 100.00 108'0 100.00

0.4 33.03 4754 5071 5659 66.35 56.38  62.58

Rosemary 0.5 39.83 4693 60.25 66.82 71.23 7834  100.00

0.6 43.05 5762 7221 108'0 100.00 108'0 100.00

0.4 2517 4413 4241 3403 4115 30.23  46.49

Garlic 05 3850 4923 5484 3839 6227 6144  64.85

06 37.85 4810 7436 67.41 7504  65.35  100.00

04 1634 3652 5444 4993 5092 5414 57.38

Clove 05 2556 4413 56.16 6281 56.06  60.3  62.06

06 2731 5147 5720 6174 6549 7189  74.09

Rosemary extract at 0.5 and 0.6% showed bactericidal effect for
seventh and third days, respectively. Which are in agreement with Hammer
et al. (1999) and Pintore et al. (2002).Cardamom extract has bactericidal effect
at0.5 and 0.6% for sixth and seventh days, respectively. These results are
coinciding with those obtained by Palmer et al.(1998), Hammer et al.(1999)
and Dzcan and Erkmen (2001).Three percent of garlic extract was bactericidal
at seventh day. While, clove extract has a bacteria static effect with all
concentrations. These results are in harmony with (Palmer et al., 1998) and
(Hammer et al., 1999).
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Conclusively, it can be concluded that natural extracts of clove,
cardamom, cinnamon, rosemary, ginger and garlic differ in their inhibitory
activity against Escherichia coli O157:H7, Escherichia coli NRRL and
Salmonella sp. so, these natural extract could be considered as natural food
preservatives against pathogenic toxic bacteria and generally recognized as
safe.

REFERENCES

Ahmed, N.; Rahman, Z. U.; Shahzadbukhari, M. and Akhtar, N.
(2009). Extraction efficiency and estrogen or a like activity of
ethanolic and aqueous extracts of different parts of calotropis
procera. International Journal of Agricultural & Biology, ISSN
Print: 1560-8530; ISSN Online: 1814-9596.

Al-Delaimy, K. and Ali, M. F. (1971). Antimicrobial and Preservative
Activity of Garlic on fresh Ground meat. J. Sci. Food Agric.,22:96.

Baytop, T. (1984). Turkiye’de Bitkiler ile Tedavi. 1.U. Yay. No: 3255,
Eczacilik Fak. No: 40, Istanbul.

Blaszyk, M. and Holley, R. A. (1998). Interaction of monolaurin, eugenol
and sodium citrate on growth of common meat spoilage and
pathogenic organisms. J. Food Microbiology, 39: 175-183.

Burt, S.A. and Reinders, R.D. (2003). Antibacterial activity of selected
plant essential oils against Escherichia coli O157:H7. Letters Appl .
Microbial., 36 (3):162-167.

Celiktas, O. (2007). In vitro antioxidant activities of Rosmarinus officinalis
extracts treated with supercritical carbon dioxide. Food Chemistry,
101 :1474-1481.

Chah, K. F.; Ezeh, C. and Oloha, B. N. (2003). Frequency and
antimicrobial resistance of aerobic bacteria isolated from surgical
sites in humans and animals in Nsukka, Southern Nigeria. Niger.
Vet. J., 24(1):1-9.

Chowdhury, S. R.; Chowdhury, S. D. and Smith, T. K. (2000). Effects
of dietary garlic on cholesterol metabolism in laying hens. Poult.
Sci., 81: 1856-1862.

Con, A. H,, Ayar, A. and Gokalp, H. Y. (1998). Antimicrobial activity of
the essential oils extracted From some spices . Food., 23:171-175.

Cosentino, S.; Tuberoso, C. I. G. and Pisano, B. (1999). In vitro
antimicrobial activity and chemical composition of Sardinian
Thymus essential oils. Letters Appl. Microbiol., 29: 130-1



J. Product. & Dev., 17(3),2012 381

Daferera, D.; Ziogas, B. and Polissiou, M. (2003). The effectiveness of
plant essential oils in the growth of Botrytis cinerea, Fusarium sp.
and Clavibucter michiganensis subs Crop production, Athens, 22
(1):39-44.

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

Doyle,M.P. (1991). Escherichia coli O157:H7 and its significance in foods.
Food Microbial, 12(4):289-301.

Dzcan, M. and Erkmen, O. (2001). Antimicrobial activity of the essential
oils of Turkish plant spices. Eur. Food Res.Technol., 212: 658-660.

El-Badrawy, S. B. Y. (1996). Biochemical studies on some natural plant
products. Ph. D. Thesis, Fac. Of Agric., Mansoura Univ., Egypt.

Fardiaz, S. (1995). Antimicrobial Activity of Coffee (Coffea robusta)
Extract. ASEAN "Food-Journal, 10 (3): 31.

Friedman, M. Henika, P. R. and Robert E. M. (2002). Bactericidal
activities of plant essential oil and some of their isolated constituents
against campy. Escherichia coli, Listeria Monocytogenes and
Salmonella. J. Food Protection, 65(10):1545.

Gachkar,L.(2007).Chemical and  biological  characteristics  of
Cuminiucyminum and Rosmarinus officinalis essential oils. Food
Chemistry Tehran,120:898-900.

Hammer, K. A., Carson, C. F. and Riley, T.V. (1999). Antimicrobial
activity of essential Oils and other plant extracts. J. of Appl.
Microbiol., 86, 985-990.

Huang, Y.; Ho, S. H., Lee, H. C. and Yap, Y.L. (2002). Insecticidal
properties of eugenol, isoeugenol and methy leugenol and their
effects on nutrition of Motsch. (Coleopteran: Curculionidae) And
Tribolium castaneum (Herbst). J. Stored-Prod. Res., 38: 403-412.

ICMSF, (1996).Chapter 14: Salmonellae. In Microorganisms in Foods 5
Characteristics of Microbial Pathogens the international Commission
on Microbiological Specifications for Foods (ICMSF) of the
International Union of Biological Societies. Blackie Acadermic and
Professional, London, 5:668-669.

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

Lee, K.G. and Shibamoto, T. (2001). Antioxidant property of aroma
extract isolated from clove buds [Syzygium aromaticum (L.)}Merr.
Et Perry] Chem., 4: 443-448.


http://www.ncbi.nlm.nih.gov/pubmed?term=Kalemba%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12678685
http://www.ncbi.nlm.nih.gov/pubmed?term=Kunicka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12678685
http://www.ncbi.nlm.nih.gov/pubmed/12678685

382 EL- SHAWAF et al.

Leuschner R.G., lelsch V. (2003). Antimicrobial effects of garlic, clove
and red-hot chilli on Listeria monocytogenes in broth model systems
and soft cheese. International Journal of Food Science and
Nutrition, 54: 127-133.

Malu,S.P;Obochi, G.O; Tawo, E.N and Nyong, B.E. (2008). Antibacterial
activity and medicinal properties of ginger (Zingiber officinale).
Global J. Pure Appl Sci., 15:365-368.

McClure, W. (2000). The impact of E. coli O157:H70n the food industry.
World. J. Of Microbia. and Biotechnol., Vol.16, Issue 8-9, pp 749-
755.

Mead, P. S. and Griffin, P. M. (1998).Escherichia coli O157:H7. Lancet, 35
(2):1207-1212.

Merih, K.and Buket ,K. (2009). Isolation and identification of lactic acid
bacteria From Boza and their microbial activity against Several
reporters Turk. J. Biol,, 35 (2011) 313-324- TUBITAK- doi:
10.3906/biy-0906-6.

Mohdy,S.H.(2001). Chemical physical and microbial studies on mushroom
and its some Products. M. SC. Thesis, Faculty of Home Economic, Minufia
University, Egypt. Carbohydrate Polymers, 82 : 202—-208.
Moreira, M. R.; Ponce, A. G.; Del Valle, C. E. and Roura, S.I. (2005).
Inhibitory parameters of essential oils to reduce a Food borne

pathogen. LWL, 38:565.

Morozumi, S. (1978). Isolation, purification, and antibiotic activity of
o-methoxycinnamaldehyde from cinnamon. Appi. Environ.
Microbiol., 36: 577-583.

Nam, K.C.and Ahn, D.U. (2003) Use of antioxidants to reduce lipid
oxidation and off-odor Volatile irradiated pork homogenates and
patties. Meat Sci., 63:1-8.Vol. 68, Nr. 5,

Ooi, L.S;Kam,S.L and Wong,E.Y. (2006). Antimicrobial activities of
cinnamon oiL and Cinnamaldehyde from the Chinese Medicinal
herb cinnamomum cassia. Am. J. Chin. Med., 34(3):511-22

Palmer,S; Stewart, J. and Fyfe, L. (1998). Antimicrobial properties of
plant essential oils and essences against five important food borne
pathogens. Letter Appl. Microbial., 26: 118-122.

Pintore, G.; Usai, M.; Bradesi, P.; Juliano, C.; Boatto, G.; Tomi, F.;
Chessa, M.;Cerri, R. and Casanova, J. (2002). Chemical
composition and antimicrobial activity of Rosmarinus officinal is
oils from Sardinia and Corsica. Flav . And Frag. Journal, 17:5-19.


http://link.springer.com/journal/11274/16/8/page/1
http://www.ncbi.nlm.nih.gov/pubmed/16710900

J. Product. & Dev., 17(3),2012 383

Quispe, S. (2005). Global vyield isotherms and kinetic of artemisinin
extraction from Artemisia annua L. Leaves using supercritical
carbon dioxide. Journal Of Supercritical Fluids, Sao Paulo/
Hamburg, 36 (1): 44-52.

Rauha, J. P., Remes, S., and Heinonen, M. (2000). An antimicrobial
effect of Finnish plants extracts Containing flavonoids and other
phenolic compounds. Int. Food Microbial., 56: 3-12

Roy, J; Shakaya, D.M; Callery, P.S and Thomas, J.G. (2006). Chemical
constituents and antimicrobial Activity of a traditional herbal
medicine containing garlic and black cumin. Afr. J. Trad., 3:1-7.

Saeed, S. and Tariqg, P. (2008).In vitro antibacterial activity of Clove
against Gram negative bacteria. Pak. J. Bot., 40(5): 2157-2160.

Sagdic,0.; Kuscu,A. and Ozcelik,S.(2002). Effects of Turkish spices
extracts at various concentrations of the growth of Escherichia coli
0157:H7. Food Microbiology, 19 (5):473-480.

Sema, A.; Nursel, D. and Suleyman, A. (2005). Antimicrobial Effect of
Seed Extract of Cardamom (Elettaria cardamomum Maton).YU Vet
Fak Derg, 16 (2):99-101.

Srinivasans, S;Nathan, Tand Suresh, P.L. (2001). Antimicrobial activity of
certain Indian medicinal Plants used in folkloric medicine. J.
Ethnopharm., Vol. 16: 74-87.

Wendakoon, C. N. and M. Sakaguchi. (1995). Inhibition of amino acid
decarboxylase activity of Enterobacter aerogenes by active
components in spices. J. Food Prot., 58:280-28.

Tsai, T. F.; Banker, S.; Mccormick, J. B.and Kurta, T. (1982). Intracerebral
inoculation of suckling mice with Hantaan virus. Lancet fi, 503-504.

Valero, M and Salmeron, M.C. (2003). Antibacterial activity of 11 essential
oils against Bacillus cereus, in tyndallized carrot broth. Int. J. Food
Microbiol., 85(1-2):73-81

Velluti, A; Sanchis, V, Ramos, A.J and Marr’n, S. (2003). Inhibitory effect
of cinnamon, clove, lemongrass,Oregano and  palm arose essential
oils on growth and Fumonisin B1 production by Fusarium proliferatum
in maize grain. Int. J. Food Microbiol., 89: 145-15

Zinka, S. (2004). The impact of a number of plants extracts on the growth of
some types of pathogenic bacteria.” M.Sc. Thesis, /Faculty of
Science-University of Anbar, Iraq. ISSN 2222-1727 (Paper), ISSN
2222-2871—-Vol.4, No.l.



384 EL- SHAWAF et al.
O88 88l LS e Al ALl claliiund! Jadal) il
i) b S galled) g Aabed] g duca paall

— T sl dana Aakald - 3l dena ciad y G pdl - 1 G gdl) daaa o sal) 2
A ss dana daa) duw dana AL

e — G 38 31 Aals — el L 5] S A LIV 5 36 sl and )

ean— by geaiall daala — Lo il Ay ) A Aaala¥) asle 5 Akl and Y

daanbll Gbg Sl Glabias (e 4l Glaldioe s 00 du) O
OVl L iS5 E.coli 0157:H7 Yaabadl sl 8l L i gai Jans e g3l
ok by Lol da 5o s o35 i salludl s E.coli NNRL 3008, daia _yaall
Lidl il ol gl cedSy ga @l Je LSl e W) ddki)
(Y £) E.coli NNRL 3008, sl asill il (581 (IS auddd (50 ilialiinnall
Ji 8l Galdivud (S 5(pa) A) Sisalladl Leali ( (YY) E.coli O157:H7
(YY) E.coli NNRL 3008 4L (mYO)E.coli O157:H7 aa il 4
E.coli 0157:H7 2 Juai 3l paliiud (o 891 58l Laiy (aeaY ¥ S gelludl
i Oleall (S 5(aa¥ V) Sl gallidll Leali (aaY 1) E.coli NNRL 30085 (a<Y +)
i salludl 5 (aeYY) E.coli NNRL 3008 4l (a<YA) E.coli 0157:H7 _still
(YY) E.coli O157:Hte 4l Ldls def o an g 4 il alidive Wl (ae) 9)
s il Sy (aeYY) Shisallals (aeYA) E.coli NNRL 3008 4
E.coli 0157:H7 4l (a<Y®) E.coli NNRL 3008 3 sk sl (aldin
Jii_jill-ad jill) e ¢ oSl cilaliiuall il (S5 (aa¥ Y) D galldl s (ae¥ T
E.coli O157:H7 2 8 Ll %71 35S 5 e (Agsbade iy Jaai il
Glaldiue byl Aa jn o) Ba gy (mT€)E.coli NNRL 3008 Leali ¢(aeV)
Ao YV da ) e adll e o) A IS Eocoli O157:H7 sl J 50!
Jaall < a sl < Gleaall < s la sl <ad Al daa 1 AV CilS 4 i
leanlly Jaijall s 488 (e dpdall clialiiuall of N palss o) (e
E.coli st sl L _iSs o Jadiall Ledalilis 8 alias o gill 5 Jaa 30 5 5 le 5 )0
.0157:H7
LSl s aledall ddadls 30leS dprgadall cilialiinal oda i) (Say 1dua gil)
Al Ll e L gae Lo o yimall g bl 5 (2al pad dsal)



