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This study was designed to evaluate the antimicrobial activity of dried and fresh
form of Garlic (Allium sativum) extract against the starchy food spoilage bacteria
Bacillus cereus. Bacillus cereus strains 10, 110 and 555 obtained from the bacterial
stock of the University of Wolverhampton (UK) were prepared and tested on
tryptone soya agar (TSA) and in couscous (raw and cooked) using the agar radial
diffusion, MICs and MBCs procedures at variable temperatures, garlic extract
concentrations and in presence or absence of salt. Results indicated less than 6hrs
mean generation time for all the three B. cereus strains in TSA and broth growth
media with less growth on TSA containing cooked couscous and high contamination
in raw couscous. Agar diffusion results show high zone of inhibition of 48 mm/dm
for B. cereus 555 at 20% concentration of aqueous dry garlic extract followed by
relatively low activity at 1.25% and 0.625% concentrations. While low inhibition
was found using aqueous extracts of fresh garlic. However MBC, MIC and ½ MIC
values 0.625, 0.156 and 0.078% w/v concentration of aqueous dry garlic extract
proves to have an antimicrobial effect on B. cereus found in cooked couscous with or
without salt. Furthermore, the results indicated the effect of cooking temperature of
100oC capable of killing the pathogen and 4°C capable of growth inhibition. Optimum
growth temperature of B. cereus was shown to be at 30oC with slow and steady
growth in between 15- 25oC. Thus, overall results indicated that dried garlic aqueous
extract concentrations exhibited antimicrobial activity with MIC values of 0.039%,
0.155%, 0.078% and MBCs of 0.3%, 0.625%, and 0.3% concentrations against B.
cereus 555, 110 and 10 respectively in cooked couscous with no significant inhibition
using ½ MIC dilution assays.
Keywords: Garlic extracts; B. cereus; Couscous; Agar radial diffusion; MBC; MIC

INTRODUCTION
Foodborne disease is a global issue with significant
impact on human health which involves foodborne
illnesses caused by micro-organisms or their
components that affects the host due to consumption of
contaminated foods (WHO, 2015). Different food
© 2018 Ewemen Resources Limited / EJMR. All rights reserved

pathogen including Salmonella enteritidis/typhi,
Bacillus cereus, E. coli O157: H7, Shigella spp, and
Campylobacter jejuni to name a few, accounts for 91%
of all outbreaks of food borne diseases globally
(Hoffmann et al., 2015). Moreover NCDC (2015)
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estimated that roughly 48 million people get sick each
year with over 9.4 million hospitalized and close to
3,000 people die of foodborne diseases/illnesses. For
instance, Glasset et al. (2016) and Mohammed (2016)
reported a global outbreak of over 24.6 million strongevidence
foodborne
cases
associated
with
contaminated starchy foods and vegetables found in
association with a collection of 564 strains of Bacillus
cereus between 2007 and 2014.
Bacillus cereus is a Gram-positive, facultative anaerobe
that belongs to the genus Bacillus and it exists in
different shapes such as rod-shaped, flagellated and
spore forming. It is commonly found in soil as well as
contaminated food and its responsible for majority
(75%) of foodborne illnesses associated with starchy
foods (Ceuppens et al., 2013). Bacillus cereus or B.
cereus is a bacterium that produces toxins which are
responsible for two types of illness: one type is
characterized by diarrhoea and abdominal cramp,
while the other, called emetic toxin and responsible for
food poisoning, is characterised by nausea and
vomiting (Chang et al., 2015; Granum, 2013). According
to Coskum (2013) and Granum (2013), B. cereus can be
found naturally in raw starchy foods such as rice,
potato as well as processed food such as macaroni and
couscous to name a few, in concentrations as high as
1.7 104 cfu/g. Furthermore, B. cereus can survive
normal cooking as a heat-resistant spore, and then
produce a large number of cells if the storage
temperature is incorrect (de Sarrau et al., 2012: Helmy
et al., 1984). In addition, FSA, (2012): McGee, (2004),
reported that poor kitchen hygiene and inappropriate
food handling also contributing in the growth of B.
cereus in almost all cooked starchy foods that might
lead to emetic food poisoning. In addition, de Sarrau et
al., (2013) reported that B. cereus present in foods can
multiply quickly at room temperature, depending on
pH and water activity or moisture content of the food
material as shown in Table 1.
Table 1: Growth of B .cereus in different food products at
30 °C (86 °F)
Food Product
Milk
Couscous (starchy food)
Infant formula

Minutes
double
20-36
26-31
56

to

Hours to multiply
by 1,000,000
6.6 - 12
8.6 - 10.3
18.6

Source: de Sarrau et al. (2013)

Couscous is a starchy food (energy giving) that
provides 112 calories (100 g of couscous) and also
offer vitamin B6, minerals and iron on consumption
(Coskun, 2013). As per nutrition data, the nutrition
content of couscous is outlined in Table 2. However,
www.ewemen.com

Mohammad, (2016) reported that consumers are
exposed to about 105cfu/g or more of B. cereus on a
weekly basis due to consumption of couscous in Turkey
and some parts of the Asian continent.
Table 2: Nutrition data of couscous.
Nutrition
Facts
couscous
Serving Size of 1 cup
Calories from Fat
Calories
% Daily Values
Total Fat

of
2
176

0.25g
Saturated Fat
Polyunsaturated Fat
Monounsaturated Fat
Cholesterol
0mg
Sodium
8mg
Potassium
91mg
Total Carbohydrate
36.46g
Dietary Fibre
Sugars
Protein 5.95g

0.046g
0.1g
0.035g

0%
0%
0%
0%

2.2g
0.16g

12%
9%

Source: Coskun, (2013).

Global trend in antibiotic resistance by several
pathogenic micro- organisms including food- borne
pathogens compels the World Health Organisation
(WHO) to intensify scientific research on the use of
natural remedies as oppose to synthetic remedies (FSA,
2015; WHO, 2015). Although, this natural remedies has
been in existence from time immemorial as traditional
medicine, the advent of orthodox medicine alongside
synthetic (pharmaceutical) remedies necessitate
universal conversion towards modern healthcare
system (Martínez-Graciá et al., 2015). However, the
emergence of new pathogenic (microbes) strains,
possessing a high degree of drug resistance abilities
brings about a closer look into the natural remedies
using plant extracts (WHO, 2015). These plants
extracts including spices have been used traditionally
for centuries as medicine and also to enhance flavour,
aroma and colour in foods (Hintz et al., 2015).
However, recently researches have proven the ability
of these spices to serve as anti-oxidants and
preservatives due to their antimicrobial nature
(Mogosanu et al., 2015). Thus, the use of spices extracts
as natural antimicrobials to control spoilage and
pathogenic microorganisms is gaining a renewed
interest, not only due to antibiotic resistance by some
pathogens, but owing to the awareness and concern of
consumers that chemical preservatives may have some
toxic or even carcinogenic effects (Ganjre et al., 2015).
An antimicrobial is any substance of natural, semi
synthetic or synthetic origin that kills or inhibits the
growth of microorganisms while causing minimal
damage to the host and spices extracts, such as garlic
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containing essential oils (EOs) within the concentration
of 0.05–0.1% have demonstrated growth inhibition
ability of food pathogens including B. cereus (Marwaha
et al., 2015: Nazzaro et al., 2013)
Garlic (Allium sativum) is a natural plant which belongs
to the Liliaceae family and falls within the group of
onion, like mountain onion and shallot. In addition to
being used as food base on its nutritional content, it
also being used as folk medicine across the globe for
many centuries based on its antibacterial activity
against many common pathogenic bacteria (Hannan, et
al., 2011; Alorainy, 2011). Recent studies indicated that
the use of garlic can increase the shelf life and decrease
the possibilities of food poisoning and spoilage in
processed foods (Nejad et al., 2014). The composition
of the garlic bulb is approximately 84.09% water,
13.38% organic matter and 1.53% inorganic matter,
while the leaves are 87.14% water, 11.27% organic
matter, and 1.59% inorganic matter (Guo et al., 2014).
Fresh or crushed garlic yields the sulfur-containing
compounds such as alliin, ajoene, diallylpolysulfides,
vinyldithiins and S-allylcysteine as shown in Figure 1
(Ankri and Mirelman,1999). The main antimicrobial
effect of garlic aqueous extract is due to the interaction
of allicin with important thiol-containing enzymes of
pathogens (Muller et al., 2016). Allicin was found to
strongly inhibit the cysteine proteinases, alcohol
dehydrogenases as well as the thioredoxin reductases
at concentrations of < 10 μg/mL, which are critical for
maintaining the correct redox state within the parasite
(Ranjbar et al., 2015).
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MATERIALS AND METHODS
Materials
All equipment used including fume cupboard/Laminar
flow, incubator and centrifuge manufactured by
Manmouth scientific (UK) and Thermo Scientific
HerathemTM respectively, and were located within the
microbiology and biotechnology laboratory, University
of Wolverhampton (UK). The Tryptone Soya Agar and
broth chemical reagents used were manufactured by
Thermo Scientific and obtained from the University of
Wolverhampton stock reagents collection. The test
organisms - Bacillus cereus strains (555, 110, and 10),
were obtained from the University of Wolverhampton
(UK) bacterial stock collection. The test organisms
were cultured on TSA plate and stored in the
refrigerator at 4°C. Subcultures were made at twoweek intervals to ensure cell viability.
Collection of and extraction of plant sample
The dried and fresh forms of garlic as well as the food
sample (couscous) were purchased from different local
market within Wolverhampton (UK) metropolis.
Aqueous extracts of dried garlic was prepared
according to a procedure described by Martins et al.
(2016), while aqueous extracts of fresh raw garlic were
prepared according to procedure described by
Szychowski et al. (2018).
Preparation of media
Tryptone Soya Agar (TSA) and Broth (TSB) preparation
methods as outlined by Pervical and Williams (2014)
and El-Hadedy and El-Nour (2012) respectively, were
followed.
Preparation of inoculum

Figure 1: Chemical structures of the major components of
garlic (Ankri and Mirelman, 1999).

This study aimed at evaluating the antimicrobial effect
of extracts of fresh and dried garlic against B. cereus
bacteria in couscous by complete elimination or growth
inhibition. The effect of chemical preservative including
salt (NaCl) and variable temperatures of 4°C, 15°C,
25°C and 30°C as well as cooking temperature on
growth of B. cereus was also investigated.
www.ewemen.com

Inoculation method as outlined by (Haddadi et al.,
2014) was used for bacterial cells of B. cereus strains
(555, 110, and 10) and aseptic conditions were
maintained via test- tube mouth flaming.
Microbial assessment of couscous (starchy food)
Food sample assessment method as outlined by
Danezia et al. (2016), while food contaminants
identification method via gram staining as outlined by
Thomason et al., (1992). Note that processes were
conducted under sterile conditions in a laminar air flow
cabinet.
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Antibacterial tests
Agar well diffusion method to ascertain antimicrobial
activity of aqueous extract of fresh and dried garlic as
outlined by Balouiri et al. (2016), while minimum
inhibitory concentrations (MICs) and minimum
bactericidal concentrations (MBCs) were determined
by using the micro-dilution method as described by
Andrews (2001).

3). This and the arrangement of the cells in chains
indicated the organism were Bacillus like.
a

b

Growth of Bacillus cereus in couscous
To determine the effect temperature(s) (4°C, 15°C,
25°C and 30°C) and salt upon B. cereus spp. growth in
couscous, B. cereus strain 110 was chosen and
experimental design as outlined by Carlin and Nguyen,
(2013) was adopted.

Figure 2: TSA plates containing (a) cooked and (b) raw
couscous with B. cereus contamination

The assay was carried out in order to check for the
antimicrobial activity of dried garlic aqueous extract
against B. cereus 110 in cooked couscous (with or
without salt). Using sterile distilled water, the selected
concentrations of the dried garlic aqueous extracts
were made and MBC, MIC and ½ MIC of the pathogen
(B. cereus 110) were determined. All experiments were
conducted in duplicate and under sterile conditions.
Statistical analysis
Data obtained for viable count were statistically
analysed and showed as graphs using Microsoft excel
(2013). Results of agar radial diffusion were expressed
as mean ±standard deviation. The mean generation
time of the organism tested in cooked couscous was
determined at temperatures of 4°C, 15°C, 25°C and
30°C. All experiments were performed in duplicates
RESULTS AND DISCUSSION
Microbial contamination analysis of raw and
cooked couscous
Initial experiments were conducted to detect the
presence of bacterial contamination in the
experimental food sample couscous (cooked and
uncooked). Thus, TSA plates containing cooked and
uncooked couscous were observed at 24hrs and 48hrs
at 30oC and the results (Figure 2a) indicated that less
growth/contamination was observed in the cooked
food sample (couscous). However, the results (Figure
2b) indicated high contamination (too numerous to
count) in the uncooked couscous. Further gram stain
analysis of the contaminants revealed the presence of
gram positive rod shaped bacteria with spores (Figure
www.ewemen.com

Figure 3: B. cereus under light microscope after gram
staining reaction.

Antibacterial tests Agar radial diffusion technique
Experiments were conducted using 20%, 10%, 5% and
2.5% concentration of both aqueous garlic extracts
(dried or powder/fresh sample) in order to ascertain
the antimicrobial activity as well as evaluate the
inhibitory effect of the extracts on the growth of
Bacillus cereus (555, 110 and 10) on TSA plates. The
results (Table 3 and Figure 4) indicated that garlic
powder has a high antimicrobial activity on Bacillus
cereus 555 at 20% concentration aqueous garlic
extract. The result (Table 3) also indicated that
aqueous extract of dried garlic powder inhibited the
growth of all 3 strains of B. cereus with B. cereus 555
having the highest zone of inhibition of 42 mm, 37 mm,
28 mm and 14 mm at concentrations of 20%, 10%, 5%,
2.5% and 1.25% respectively. This means B. cereus 555
is the most sensitive strain to garlic aqueous extract
while, B. cereus strains 110 and 10 have almost the
same values of zones of inhibition as shown in Table 3,
making these two strains the most resistant. Hence, the
result shows that the zone of inhibition diameter
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increases with increase in garlic concentration, thus
20% aqueous extract concentration was selected and
used for subsequent experiments

a

c

b

Figure 4: Agar radial diffusion results of dried Garlic in 6mm
wells against strains of B. cereus; (a) 10; (b) 110; (c) 555
Table 3: Agar radial diffusion of dried garlic aqueous extract
against 3 strains of Bacillus cereus in 8 mm wells
Concentration
(w/v)

Diameter of zone of inhibition (mm) ± SD
B. cereus 555
42 ±0.32
37 ± 0.69
28± 0.43
14±0.46
NA
NA

20%
10%
5%
2.5%
1.25%
0.625%

B. cereus 10
38±4.2
35±4.0
24±0.67
11±0.25
NA
NA

B. cereus 110
38±4.2
34±3.0
23±0.46
12±0.25
NA
NA

NA: not active; n=2.

On comparison using fresh garlic juice, the results
(Table 4 and Figure 5) indicated less zone of inhibition
than the dried garlic extract. However, the results
(Table 5) showed similar antimicrobial effect with that
of the dried garlic extract indicating B. cereus 555 as
the most sensitive and B. cereus 110 the most resistant.
Table 4: Results of agar radial diffusion of fresh garlic
extracts against 3 strains of Bacillus cereus in 8mm wells
Concentration
(w/v)
20%
10%
5%
2.5%
0.625%

Diameter of zone of inhibition (mm) ± SD
B. cereus 555 B. cereus 10 B. cereus 110
40±3.1
37±2.7
35±2.3
30±2.0
27±0.43
25±0.43
25±0.67
20±0.67
13±
15± 0.67
15±0.67
NA
NA
NA
NA

NA: not active.

a

b

c

Figure 5: agar radial diffusion results of fresh garlic in 6mm
wells against strains of B. cereus: (a) 10; (b) 110; (c) 555
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Determination of MICs and MBCs
Based on the agar diffusion results, experiments were
carried out in order to determine the MICs and MBCs
using dried garlic aqueous extracts in liquid media at
20% concentrations. These are the minimum
concentrations needed to inhibit the visible growth of
pathogens and also the minimum concentration needed
to kill the pathogens respectively. The results (Table 5)
after 24 hours incubation at 30°C showed that dried
garlic aqueous extract had antimicrobial activity
because some of the tubes were clear indicating growth
of inhibition.
Table 5: Results of MICs and MBCs of garlic aqueous extracts
(20%) against three strains of Bacillus cereus
Organism
Bacillus cereus 555
Bacillus cereus 110
Bacillus cereus 10

Dried garlic
MIC (%)

MBC (%)

0.039
0.15
0.078

0.3
0.6
0.3

n=2.

The result (Table 5) showed that dried garlic aqueous
extract had MICs of 0.039%, 0.15%, 0.078% and MBCs
of 0.3%, 0.6%, 0.3% against B. cereus strains 555, 110
and 10 respectively. Results of both MIC and MBC of
garlic aqueous extract showed that B. cereus strain 110
is the most resistant and B. cereus 555 the most
sensitive despite having the same MBC with B. cereus
10.
Growth of Bacillus cereus in couscous
Initial experiments were carried out in order to
evaluate the optimum temperature at which B. cereus
grow in cooked couscous. This experiment was
performed in order to check for the optimum growth
and spoilage temperature of the bacterium generally in
the absence and presence of salt (0.2% w/v) at 4°C,
15°C, 25°C, and 30°C and B. cereus 110 was selected
based on its higher resistivity to garlic (fresh and
dried) extracts in agar diffusion, MIC and MBC
experiments than the other experimental microbes (B.
cereus 555 & 10) and the results summarised in Figure
6 & 7.
Bacillus cereus 110 in cooked couscous without salt
(Figure 6) shows increase in cell count from 4.0 Log
cfu/mL to 5.6 Log cfu/mL, 7.2 Log cfu/mL and 8.5 Log
cfu/mL after 6, 24 and 48hrs at 30°C incubation
respectively. At 25°C 5.5 Log cfu/mL, 6.3 Log cfu/mL
and 8.3 Log cfu/mL from initial colonies of 4.0 Log
cfu/mL at 6, 24 & 48 hrs respectively. While cell count
of 4.1 Log cfu/mL, 6.2 Log cfu/mL and 8.2 Log cfu/mL
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Log viable count (Log
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Figure 6: Growth of Bacillus cereus strain 110 in cooked
couscous without salt at temperatures of 4°C, 15°C, 25°C, and
30°C after 6, 24 and 48 hours incubation. (0.2%): n=2

10.5
4 degrees

9.5
8.5

15 degrees

7.5

Antimicrobial effect of aqueous extract of dried
garlic
Experiments were conducted in order to evaluate the
antimicrobial activities of dried garlic aqueous extracts
in cooked couscous within 24 hours of incubation at
30°C in the presence (0.2%w/v) and absence of salt.
The results of this experiment given in Figure 8 and 9.
12

MBC (0.625)

10
MIC (0.156)

8
6

½MIC (0.078)

4
2
0
0

5

10
15
Time (hour)

6.5
25 degrees

5.5
4.5

30 degrees

3.5
0

10

20

30

40

50

Time (hour)

Figure 7: Growth of Bacillus cereus strain 110 in cooked
couscous with salt at temperatures of 4°C, 15°C, 25°C, and
30°C after 6, 24 and 48 hours incubation. (0.2%): n=2

Figure 7 indicated increase in initial microbial colonies
of Bacillus cereus 110 in cooked couscous with salt
incubation from 4.0 Log cfu/mL to 5.8 Log cfu/mL, 8.0
Log cfu/mL and 9.2 Log cfu/mL after 6, 24 & 48 hrs
incubation at 30°C. At 25°C 4.5 Log cfu/mL, 7.2 Log
cfu/mL and 8.3 Log cfu/mL was obtained from initial
colonies of 4.0 Log cfu/mL at 6, 24 & 48 hrs
respectively. Cell count of 4.5 Log cfu/mL, 6.3 Log
cfu/mL and 8.1 Log cfu/mL was obtained from initial
count of 4.0 Log cfu/mL after 6, 24 & 48 hrs incubation
at 15°C. While a decrease in cell count was observed
from 4.0 Log cfu/mL to 3.9 Log cfu/mL after 6 hours of
incubation at 4°C followed by slight increment from
4.2- 5.0 Log cfu/mL between 24 -48hrs. The results
also indicated mean generation time (mgt) of B. cereus
strain 110 within the range of 40min - 1hr 30 min for
30°C, 25°C,15°C and no cell count at 4°C after 6 hours.
Thus, the results (Figure 6 and 7) indicated almost
www.ewemen.com

20

25

Control
(without
extract)

Figure 8: : Growth and survival of B. cereus strain 110 in
cooked couscous without salt containing garlic aqueous
extract (20%) at 3 different concentrations and control
(without plant extract) after incubation at 30°C for 4 and 24
hours. (0.2%); n=2.
12

MBC (0.625)

10

Log viable cont (Log10
cfu/mL)

Log viable count (Log cfu/mL)

11.5

similar effect between cooked couscous with salt and
without salt at all temperature with a bit of exception
at 4°C. Hence, based on this results (Figure 6 and 7) the
optimum temperature of Bacillus cereus 110 to be 30°C
as such 30°C was chosen as the optimum temperature
in the subsequent experiments in this study.

Log viable count (Log10
cfu/mL)

was obtained ml from initial colonies of 4.0 Log cfu/mL
at 6, 24 & 48 hrs respectively. Thus, at 4°C, the results
indicated Log cfu/mL within the range of 4.0- 4.6
between 6- 48hrs of incubation.

8

MIC (0.156)

6
4

½MIC
(0.078)

2
0
0

5

10
15
Time (hour)

20

25

Control
(without
extract)

Figure 9: Growth and survival of B. cereus strain 110 in
cooked couscous with salt containing garlic aqueous extract
(20%) at 3 different concentrations and control (without
plant extract) after incubation at 30°C for 4 and 24 hours.
(0.2%); n=2.

An initial starting colonies/population of 2.4 Log
cfu/mL of B. cereus 110 was added and the results
(Figure 8) indicated that the MBC of garlic (0.625%) in
cooked couscous without salt to have the highest effect
as low cell count of 1.9 Log cfu/mL and 0.3 Log cfu/mL
was observed after 4 and 24hrs incubations at 30oC,
respectively. The MIC effect of garlic (0.156) in cooked
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couscous without salt had low cell count of 3.2 Log
cfu/mL and 4.0 Log cfu/mL from initial cell
count/colonies 3.0 Log cfu/mL after 4 and 24hrs
incubation at 30oC. 4.1 Log cfu/mL and 6.4 Log cfu/mL
was obtained from initial cell count of 4.0 Log cfu/mL
of B. cereus 110 after 4 and 24hrs incubation at 30oC
when half (½) MIC of garlic extract was used in cooked
couscous without salt, thus exhibiting less inhibitory
effect. While the control exhibit the least inhibitory
effect as expected due to absence of extract with the
highest cell count of 4.9 Log cfu/mL and 9.0 Log cfu/mL
from initial cell count of 4.0 Log cfu/mL after 4 and 24
hrs incubation at 30oC. The results thus shows that
MBC of garlic to have the highest antimicrobial effect
followed by MIC and subsequently (½) MIC, showing a
good antimicrobial effect of dried garlic even in
aqueous state.

killed the organisms. However, high contamination was
found in the uncooked couscous, which agrees with the
reports in several literatures including Bonventre and
Johnson (2013) and FSA (2012), which reported high
concentration of B. cereus strains in uncooked starchy
food. The activities shown by the extracts against the
three different strains of B. cereus revealed that it was
concentration dependent. Highest zone diameter was
48mm/dm at 20% concentration which indicated that
the B. cereus was highly sensitive to the bio-active
ingredients contained in garlic aqueous extract. There
was no activity at concentrations of 1.25% and 0.625%.
These results agree with Nejad et al. (2014) and Ankri
(1999). Statistically, the result shows no significant
differences between couscous with and without salt
with p < 0.05 his contradicts with the report of Helmy
et al. (1984).

Figure 9 shows the inhibitory or antimicrobial effect of
aqueous garlic in cooked couscous with salt (0.2%w/v)
and the results indicated almost same results as that
without salt. Thus, a low cell count of 1.9 Log cfu/mL
and 0.3 Log cfu/mL was obtained from initial cell count
of 2.4 Log cfu/mL via MBC treatment using 0.625
concentration of garlic while 3.2 Log cfu/mL and 4.0
Log cfu/mL was obtained from initial cell population of
3.0 Log cfu/mL via MIC treatment using 0.156 of garlic.
Hence, ½ MIC and the control shows the least
antimicrobial effect of aqueous garlic (0.078) with cell
count of 4.1 Log cfu/mL and 6.4 Log cfu/mL as well as
4.8 Log cfu/mL and 9.0 Log cfu/mL from initial cell
counts of 3.8 Log cfu/mL and 4.2 Log cfu/mL after 4
and 24hrs incubation at 30°C respectively.

The graph results (6 to 9) indicates relationship
between periods of cultivation (time), temperature
(4°C, 15°C, 20°C & 30°C) with colony forming unit
(number of organisms grown). The result suggests that
temperature and cultivation time determine growth of
the bacteria. The optimum temperature of B. cereus
was evaluated to be 30oC which is supported by
existing literatures (Pankaj et al., 2012). The MIC were
regarded as the lowest concentration of extract that
inhibited visible growth of the test organisms in the
tubes after 24hrs incubation at 30°C .

Starchy food (couscous) was selected as the
experimental food sample of choice because most
African nations including Nigeria make use of starchy
food as their major food source. This study focused on
Bacillus cereus which is one of the common bacteria
food pathogen found in starchy food.
The results of tryptone soya agar and broth
antimicrobial test indicated less than 6hrs mean
generation time for all the three B. cereus strains (10,
110, and 555) used. This finding is supported by the
finding of Jacobsen and Nielsen (1995) which reported
that tryptone soya growth media facilitates fast cell
growth due to the presence of essential vitamins. Thus,
Initial experiments were conducted to detect the
presence of bacterial contamination on TSA plates
containing cooked and uncooked couscous and the
results indicated that no growth/contamination was
observed in the cooked food sample (couscous) which
shows that cooking temperature of 100°C might have
www.ewemen.com

Garlic aqueous extract (20%) exhibited antimicrobial
activity with MIC values of 0.039%, 0.15%, 0.078% and
MBCs of 0.3%, 0.6%, and 0.3% against B. cereus 555,
110 and 10, respectively. This result is in agreement
with studies carried out by Tagoe and Gbadago (2010).
The result of experiment conducted to evaluate
antimicrobial effect of salt on Bacillus cereus 110
showed increase in cell count from 4 Log cfu/mL to 5.6
Log cfu/mL, 7.2 Log cfu/mL and 8.5 Log cfu/mL after 6,
24 and 48 hrs at incubation 30°C respectively in
couscous without salt. Bacillus cereus 110 in cooked
couscous with salt had a cell increase from 4.1 Log
cfu/mL to 5.8 Log cfu/mL, 8.0 Log cfu/mL and 9.2 Log
cfu/mL after 6, 24 & 48 hrs incubation at 30°C. The
results indicated almost similar effect between cooked
couscous with salt and without salt at all temperature.
Hence, based on this results optimum growth
temperature of Bacillus cereus 110 was found to be
30°C. However, no existing literature is evident to back
up the results as couscous is mostly a food associated
with African or some Asian countries. Furthermore,
Kharel et al., (2016) reported high salt tolerance of 0.60.75 % w/v NaCl of B. cereus, hence that might be the
reason why much effect was not observed. Hence, it
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could be concluded that the experimental salt
concentration (0.2%) might not be sufficient to prevent
much growth but the used concentration could not be
increased as the food is prone to become not
appropriate for consumption due to high salt
concentration.

starchy foods in the presence or absence of salt.
However, further research is required in order to
evaluate the concentration sufficient enough for
antimicrobial activity and acceptable organoleptic
properties.

Antimicrobial effect of aqueous garlic on B. cereus 110
was evaluated in cooked couscous (with or without
salt) at 30°C and the MBC results at the highest
aqueous garlic concentration of 0.625 in couscous
without salt has the highest antimicrobial effect as low
cell count of 1.9 Log cfu/mL and 0.3 Log cfu/mL was
obtained after 4 and 24hrs incubations at 30°C from
initial cell population of 2.3 Log cfu/mL. While the MIC
effect of garlic (0.156) in cooked couscous without salt
followed with low cell count of 3.2 Log cfu/mL and 4.0
Log cfu/mL from initial cell count/colonies 3.0 Log
cfu/mL after 4 and 24hrs incubation at 30°C. 4.1 Log
cfu/mL and 6.4 Log cfu/mL was obtained from initial
cell count of 4.0 Log cfu/mL of Bacillus cereus 110 after
4 and 24hrs incubation at 30°C when half (½) MIC of
garlic extract was used in cooked couscous without
salt. This indicated that extent of antimicrobial effect of
aqueous garlic is a function of the concentration.
Similar results were reported by Mohsenipour and
Hassanshahian, (2015) stating low population count of
0.7 Log cfu/mL and 0.2 Log cfu/mL when 0.6 and 0.45
concentrations of both aqueous and oil garlic was
added in Irish potato, respectively. Thus, it can be
inferred that aqueous extracts of fresh garlic can inhibit
growth but in relatively high concentrations while
aqueous extracts of dry form can inhibit growth as well
as kill the B. cereus pathogen and in relative low
concentrations which in turn may extend the shelf life
of cooked starchy food in general and that of couscous
in particular.
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