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Abstract
Chemical preservatives have been used to preserve our foods against spoilage and pathogenic microorganisms
over the years. Consumers now frown at this hence the need to source for preservatives from natural sources. In
this investigation fifteen samples of vegetable salad were collected from retail outlets in Lagos, Nigeria dilutions
of which were plated on Brilliance Bacillus cereus agar. Isolates were identified based on morphological,
biochemical characteristics and reactions to API 20E and API 50 CHB/E test kit. Two strains of Bacillus cereus;
B. cereus 1 and B. cereus 2 were isolated. The organism was spread evenly on Mueller -Hinton agar and wells of
5mm in diameter were made on the inoculated agar with sterile cork borer. Different dilutions (1, 0.1, 0.01, 0.001
mg/ml) of essential oils extracted from three African spices; Aframomum melegueta, Xylopia aethiopica and
Piper guineense by hydro distillation method were introduced into the wells in triplicate. After incubation
diameter of zones of inhibition were measured. The essential oils of the spices inhibited growth of the two strains.
A. melegueta produced the greatest zone of inhibition (14 to 24 mm) and with the lowest minimum inhibitory
concentration (MIC) of 31.25 mg/ml, followed by X. aethiopica (10 to 18 mm) with MIC of 62.5 mg/ml and P.
guineense (11 to 15 mm) and MIC of 125 and 250 mg/ml against B. cereus 1 and B. cereus 2 respectively. P.
guineense was the least inhibitory. However, B. cereus 1 was more sensitive (inhibition zone of 12 to 24 mm) to
the essential oils of the spices than B. cereus 2 (inhibition zone of 10 to 17 mm). The higher the concentration of
the essential oils the greater the resultant zones of inhibition. The spices especially A. melegueta have proved
very efficient in the inhibition of B. cereus a pathogen obtained from vegetable salad. The spices can therefore
help in ensuring food safety.
Keywords: spices, essential oils, zone of inhibition, Bacillus cereus, vegetable salad
1. Introduction
According to World Health Organization (2007), consumption of foods contaminated with pathogenic
microorganisms is a threat to human health. Friedman et al. (2007) reported that food processors, food safety
researchers have been increasingly concerned with the growing number of food borne illness outbreak caused by
some pathogens. There have been well-documented reports substantiating the role of B. cereus as a food
poisoning organism (Whong & Kwaga, 2007). According to Arnesen et al. (2008), B. cereus has a wide
distribution in nature, frequently isolated from soil and growing plants, but it is also well adapted for growth in
the intestinal tract of insects and mammals. It is frequently isolated from milk and dairy products. It is found in
rice, rice products, oriental dishes and ingredient. Emetic syndrome caused by B. cereus is highly associated with
rice and rice products (Narang, 2004).
Reduction in the incidence of food poisoning has been a major challenge to researchers. As a result of this and
negative consumer perceptions of artificial preservatives, attention is shifting towards alternatives that are
obtained from plant extracts (Mihajilov-Krstev et al., 2010). Dobre et al. (2011) reported that in the variety of
techniques available for conservation, food industry is investigating other techniques to replace traditional
methods of conservation due to high demand by consumers for tasty and natural food. Spices are very important
in human diet. They have been used for many years to improve the flavor, colour and aroma of food. In addition
to boosting flavor, spices are also known for their preservative and medicinal value which forms one of the
oldest sciences and modern science has started paying attention to the properties of spices (Chaudhry & Tariq
2006; Lai, 2004). According to Levetin and Mc Mahon (2006), there is no evidence of how primitive people first
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discovered spices, but it is reasonable to assume that they were attracted to the pleasant aromas of these plants
and found many uses of them. According to Ceyhan et al. (2012), medicinal plants such as spices and aromatic
vegetable materials, have been used for a wide variety of purposes for many thousands of years in Turkey and all
over the World.
According to Delamare et al. (2007), it has long been recognized that some essential oils have antibacterial
properties and these have been reviewed in the past as the antibacterial properties of spices but relatively recent
enhancement of interest in ‘green’ consumerism has led to the renewal of scientific interest in these substances.
According to Fleischer et al. (2008) essential oils or their constituents are odoriferous substances from plants and
are extensively used as medicinal products, in the food industry as flavors and in the cosmetic industry as
fragrances. Many of these oils have been shown to exert broad spectrum antimicrobial activity. Although the
flavor of spices may have been the initial reason for their use by people, their antimicrobial properties may have
been an added benefit for their continued use. Study, which summarized many laboratory tests, has shown
compelling evidence that spices inhibit or kill many food-borne bacteria. These researches suggest that food
preservation may have been the main reason why spices were incorporated into the human diet (Levetin & Mc
Mahon, 2006). Biological activity of essential oils depends on their chemical composition, which is determined
by the plant genotype and is greatly influenced by several factors such as geographical origin and environmental
and agronomic conditions. Many spices exert antimicrobial activity due to their essential oil fractions. The
composition, structure, as well as functional groups of the oils play an important role in determining their
antimicrobial activity. The compounds containing phenolic groups are usually most effective (Rota et al., 2004).
Friedman et al. (2007) stated that several antimicrobial wine recipes, each consisting of red or white wine
extracts of oregano leaves with added garlic juice and oregano oil were bactericidal against B. cereus,
Escherichia coli O157:H7, Listeria monocytogenes, and Salmonella enterica. Olive powder also exhibited
bacteriostatic effect against B. cereus (Ferrer et al., 2008). Carvacrol, a natural antimicrobial compound present
in the essential oil fraction of oregano and thyme, is bactericidal towards B. cereus (Ultee et al., 2002). The use
of chemical preservatives in the prevention of pathogenic and spoilage microorganisms in foods has lead to
negative health effects. Microorganisms have also been known to have acquired resistance against most of the
chemical preservatives over the years, the aim of the present investigation therefore, is to isolate and identify B.
cereus from vegetable salad and also assess the antibacterial effect of essential oils of some African spices on the
isolated B. cereus with a view to establishing the possible role of these spices in enhancing food safety.
2. Materials and Methods
2.1 Collection of Vegetable Salad
A total of fifteen samples of vegetable salad were purchased from food outlets at Mushin, Oshodi and Yaba in
Lagos, Nigeria. They were taken to the laboratory for analysis without delay.
2.2 Isolation of Bacillus cereus
Using aseptic technique, 50 g of the sample was weighed and introduced into sterilized stomacher, 450 ml sterile
distilled water was added and blended for 2minutes at high speed (10,000-12,000 rpm). Serial dilutions were
made up to 10-6 and approximately, 1ml aliquots of dilutions were surface plated in duplicates on Brilliance
Bacillus cereus Agar. The plates were incubated at 37 ºC for 24 h. Following incubation, the plates were
examined, left at room temperature (25 ºC) for another 24 h and re-examined. Presumptive Bacillus cereus
colonies were green in colour. Representative colonies of B. cereus were gram-stained (Whong & Kwaga, 2007)
2.3 Characterization and Identification of Bacterial Isolates
Pure cultures of bacterial isolates were identified on the basis of their morphology, biochemical characteristics
and reactions to API test kits. API 20E was used in conjunction with API 50 CHB/E test kit
2.4 Collection of Spices
Dried fruits of Aframomum melegueta, Xylopia aethiopica and Piper guineense used for this work were
purchased from Mushin market in Lagos State, Nigeria. The spices were identified in Botany Department,
University of Lagos, Nigeria.
2.5 Extraction of Essential Oil
Dried fruits of A. melegueta, X. aethiopica, P. guineense were processed by exposing two hundred grams of fresh
plant material to air dry at room temperature (28 ºC ± 2) in the laboratory for 4-5 days. The materials were
pulverized in a Waring Moulineax blender for 3-5 minutes and passed through a sieve of 0.1 mm mesh size to
standardize particle size. They were kept in brown envelopes at room temperature before extraction of the
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essential oil. Extraction of the essential oil was by Hydrodistillation method. Two hundred gram (200 g) of the
powdered plant material was hydrodistilled using a modified Clevenger type apparatus. This allowed the oils to
be captured in the steam and extracted into n-hexane at 100-110 ºC for 3 h. The oil extracted into 2 ml n-hexane
was carefully dispensed, dried with Na2SO4 and kept in tinted vials at 4 ºC until further analysis. The n-hexane is
volatile and so will esvaporate from the essential oil at the end of extraction and after exposure. The isolation
was carried out three (3) times on the plant material for sufficient quantity for bioassay (U.S Pharmacopeia,
2007).
2.6 Antimicrobial Activity
The testing of the bacterial cultures for the inhibitory effect of essential oil of A. melegueta, X. aethiopica, P.
guineense at different concentrations (1, 0.1, 0.01, 0.001 mg/ml) using dimethyl sulfoxide (DMSO) as diluent,
was performed by using well diffusion method (Das et al., 2010). The active cell suspension (0.1 ml) of the test
organism was spread uniformly with the help of sterile swab stick on Mueller -Hinton agar. Four wells of 5 mm
diameter each were made on the inoculated agar medium using sterilized cork borer. Measured quantity (100 µl)
of each concentration was introduced into the wells with sterilized pipette. For each test organism, plates were
prepared in duplicate per extract. Negative control was prepared using the diluent and extracting solvent.
Streptomycin and Chloramphenicol (30 µg/ml) were used as positive control against the test organism. Plates
were incubated at 37 ºC for 24 hours before being examined for zones of inhibition (Jeyakumar et al., 2011).
2.7 Determination of Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration of each spice extract was determined by a slight modification of the tube
dilution method (Bryant, 1981). In a set of ten sterile capped test tubes using DMSO as diluent, doubling
dilutions were made from the different extracts to get graded concentrations in mg/ml of 1000, 500, 250, 125,
62.5, 31.25, 15.63, 7.81, 3.91, 1.95 and a tube containing only the diluent as the sensitivity control. The active
cell suspension (0.1ml) of the test organism was spread with the help of sterile swab stick on Mueller - Hinton
agar. Wells of 5mm diameter each were made on inoculated agar using sterilized cork borer. Measured quantity
(100 µl) of each concentration was introduced into the wells with the help of pipette. For each test organism,
plates were prepared in duplicate per extract (Jeyakumar et al., 2011). The wells were sufficiently spaced to
avoid overlapping of zones of inhibition. The minimum concentration of the different spice extracts that
inhibited the growth of the test organisms was taken as the MIC.
3. Result
The isolates obtained from the vegetable salad were about 5 mm in diameter and had distinctive rough turquoise
to peacock blue colour. They were gram positive endospore forming rods, catalase and casein positive.
Bacillus cereus isolates were further identified as B. cereus 1 and B. cereus 2 using the API 50 CHB medium. B.
cereus 1 fermented glycerol, D-ribose, D-glucose, D-fructose, D-mannose, N-acetyl glucosamine, arbutin,
esculin ferric citrate, salicin, D-celiobiose, D-maltose, D-saccharose, D-trehalose, amidon, glycogen and
potassium gluconate. B. cereus 2 fermented the above sugars except glycerol, D-mannose and postassium
gluconate.
Both strains identified did not ferment erythritol, D-xylose, L-xylose, D-adonitol, methyl-βD-xylopyranoside,
D-galactose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl-cd-mannopyranoside,
methyl-ad-glucopyranoside, amygdalin, D-lactose,D-melibiose, inulin, D-melezitose, D-raffinose, xylitol,
gentiobiose, D-turanose, D-lyxose, D-tagatose, D-fucose,L-fucose, D-arabitol, L-arabitol, potassium
2-ketogluconate and potassium 5-ketogluconate. These fermentation results helped in the identification of the
two strains.
Table 1 shows the plant part, volume of solvent used, amount of spices used and volume of each extract. The
colour of the spices oils was yellow, with spicy characteristic odour. The oil yield was found to be 2.05% (v/w)
in A. melegueta, 4.08% (v/w) in X. aethiopica (which is similar to that obtained by Elhassan et al. (2010), and
4.05% (v/w) in P. guineense. X.aethiopica appears to be richer in oil than other spices, while A. melegueta was
the poorest.
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Table 1. Yield of extract of spices
volume of hexane used

weight of spices

volume of extract

(ml)

(g)

(v/m)

fruits

2

200

2.08

yellow

X. aethiopica

fruits

2

200

4.08

yellow

P. guineense

seeds

2

200

4.05

yellow

Spices

plant part

A. melegueta

oil colour

The essential oils of A. melegueta, X. aethiopica and P. guineense inhibited growth of the two strains, B. cereus 1
and B. cereus 2 (Tables 2-4). This was shown by the production of zones of inhibition which ranged from 10 to
24 mm, which means that the isolates were sensitive to all the spice extracts with different zones of inhibition at
different concentrations. The essential oil of A. melegueta had the greatest inhibitory property with zone of
inhibition of 14 to 24 mm (Table 2), followed by X. aethiopica with inhibition zone of 10 to 18 (Table 3) and P.
guineense with zone of inhibition of 11 to 15 (Table 4). However, B. cereus 1 (with inhibition zone of 12 to 24
mm) was more sensitive to the essential oils than B. cereus 2 (with inhibition zone of 10 to 17 mm). The higher
the concentration of the essential oils the greater the resultant zones of inhibition. Streptomycin (positive control)
also produced zones of inhibition of 21 and 19 mm against B. cereus 1 and B. cereus 2 respectively. The DMSO
(negative control) showed no antimicrobial activity on the test organisms because no zone of inhibition was
produced.
Table 2. Antibacterial activity of essential oil from Aframomum melegueta
Concentration of spice (mg/ml)

Zones of inhibition (mm)
Bacillus cereus 1

Bacillus cereus 2

1

24

17

0.1

24

16

0.01

22

14

0.001

20

14

-

-

21

19

Negative control (Dimethyl sulfoxide)
Positive control (Streptomycin)
-: No zone of inhibition.

Table 3. Antibacterial activity of essential oil from Xylopia aethiopica
Concentration of spice (mg/ml)

Zones of inhibition (mm)
Bacillus cereus 1

Bacillus cereus 2

1

18

14

0.1

17

14

0.01

13

12

0.001

12

10

-

-

21

19

Negative control (Dimethyl sulfoxide)
Positive control (Streptomycin)
-: No zone of inhibition.

The result of the minimum inhibitory concentrations of the different spice extracts is shown on Table 5. The MIC
ranged from 31.25 to 250 mg/ml. The least minimum inhibitory concentration obtained was 31.25 mg/ml and
from A. melegueta which also produced the largest zones of inhibition against the test organisms and hence the
most inhibitory of the three spices. This was followed by MIC obtained from X. aethiopica which was 62.5
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mg/ml and this spice was the second most inhibitory of the spices. P. guineense produced the highest MIC of 125
and 250 mg/ml against B. cereus 1 and B. cereus 2 respectively; it was the least inhibitory spice against the test
organisms and especially B. cereus 2.
Table 4. Antibacterial activity of essential oil from Piper guineense
Concentration of spice (mg/ml)

Zones of inhibition (mm)
Bacillus cereus 1

Bacillus cereus 2

1

15

13

0.1

15

12

0.01

14

11

0.001

12

10

-

-

21

19

Negative control (Dimethyl sulfoxide)
Positive control (Streptomycin)
-: No zone of inhibition.

Table 5. Minimum inhibitory concentration (MIC) of the tested essential oils
Minimum inhibitory concentration (mg/ml)
Bacterial strains

A. melegueta

X. aethiopica

P. guineense

B. cereus 1

31.25

62.5

125

B. cereus 2

31.25

62.5

250

4. Discussion
This study has demonstrated that essential oils from these spices have antimicrobial properties against the tested
organisms. Different parts of medicinal plants are usually selected for antimicrobial activity. Factors such as
antimicrobial efficacy, sensory properties and presence of different components in the essential oils contribute to
what part of the plant that is used (Gutierrez et al., 2008). Ntonifor (2011) stated that the plant, especially the
spicy edible fruit is used as a spice and flavouring agent in food but also medicinally as well as to control plant
pests and diseases. This conforms to the results obtained since the spices were discovered to possess
antimicrobial activities against the test organisms.
The activity of the extract against the test organisms reduced with decrease in concentration of the essential oils.
Therefore, the antibacterial activities of these extracts may be related to the concentration of the bioactive
compounds present which gradually decreased with each successive dilution. This is in line with the work
carried out by Ultee et al. (2002) who observed a decrease in the sensitivity of B. cereus towards carvacrol after
growth in the presence of non-lethal carvacrol concentrations. A. melegueta showed the greatest zones of
inhibition against the test organisms. This was followed by X. aethiopica and P. guineense respectively.
Considering the test organisms, B.cereus 1 was more sensitive than B.cereus 2 to the essential oils from these
spices. Streptomycin which served as a positive control showed equivalent antimicrobial activity, while dimethyl
sulfoxide (DMSO) which served as a negative control showed no antimicrobial activity. The MIC of the plant
extracts showed that the MIC of A. melegueta for the test organisms was the lowest, followed by that of X.
aethiopica, and the highest was from P. guineense. The MIC obtained from the spices corresponds with their
level of inhibitory property towards the test organisms. This proves a possible greater efficacy of A. melegueta at
a lower concentration than the other spices especially P. guineense from which the highest concentration was
required to inhibit the test organisms. The results obtained are comparable with previous study (Jeyakumar et al.,
2011), where essential oil of Mentha piperita was used against B. cereus.
5. Conclusion
However, the spices investigated in this study will serve as useful antibacterial agents especially with regards to
B. cereus. Therefore, they will be useful in ensuring food safety since B. cereus is a known food pathogen. The
spices are natural preservatives and so they are of advantage over chemical preservatives which consumers now
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shy away from because of their negative health effects and the resistance that microorganisms develop towards
some of them. The only limitation however, is the very low concentration of these spices applied normally in our
foods which may not be enough to give results obtained in this study especially in foods contaminated with this
pathogen.
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