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Background and Aim: Bacillus species are widely distributed microorganisms in nature that are 
responsible for outbreaks of food poisoning and a common cause of food spoilage. This study aimed 
to isolate and identify foodborne Bacillus species from meat and to determine the antimicrobial 
activities of commercial essential oils and spices powder extracted from certain medicinal plants.
Methods: Sixty meat samples were collected in Assiut city and subdivided into raw meat 
and processed meat. Bacillus spp were isolated and identified according to their cultural 
characters, biochemical reactions, serological typing, and 16S rRNA gene sequencing. The 
antibacterial activity of essential oils and spices powder was measured by using well- 
diffusion and microbial count techniques.
Results: The prevalence of Bacillus spp. in the examined raw meat samples and processed 
meat samples was 13.34%, and 26.67%, respectively. There was a marked decrease in the 
total Bacillus species count after treatment of minced beef with essential oils and spices 
powder compared to the untreated one. Black seed oil was the most potent antibacterial 
essential oil among the tested oils present in this study.
Conclusion: Essential oils and spices powder of certain medicinal plants (cumin: Cuminum 
cyminum, black seeds: Nigella sativa, cloves: Syzygium aromaicum, cinnamon: 
Cinnamomum zeylanicum, and Marjoram: Origanum majorana) have a potential in vitro 
antimicrobial activity against Bacillus spp. Furthermore, Nigella sativa oil exhibited the most 
potent antibacterial activity against Bacillus spp.
Keywords: Bacillus spp., essential oils, processed meat, fresh meat, sequencing, 
antibacterial activity

Introduction
Meat is a daily part of the internationally human diet. It contains proteins (with all 
the essential amino acids), vitamins (A, B12, B6, D, and E), and minerals (iron and 
zinc), which are very important to human growth and well-being.1 Because of its 
nutrient content, meat is a highly perishable food since it represents good media for 
microorganism proliferation.1,2 According to the World Health Organization, 30% 
of the inhabitants in industrialized countries suffer every year from foodborne 
diseases3 with most of the cases attributed to the consumption of meat.4

Bacillus species are widely distributed microorganisms in nature. They have 
often been found to be responsible for outbreaks of food poisoning and are 
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a common cause of food spoilage.5,6 Bacillus cereus is the 
most frequently isolated of naturally occurring bacilli. 
However, accurate identification for these bacterial species 
in many cases is difficult since they share many important 
morphological and biochemical properties.7

Different types of culture media such as MYP (manni-
tol–egg yolk–phenol red–polymyxin–agar) and PEMBA 
(polymyxin–pyruvate–egg yolk–mannitol–bromthymol 
blue-agar) were used for detection and the selective isola-
tion of Bacillus spp. from food. The selectivity of these 
media is based on the hydrolysis of egg yolk lecithin and 
the absence of the use of mannitol by Bacillus spp. besides 
the presence of selective compounds like polymyxin.8

Several previous studies reported the emergence of 
multidrug-resistant bacterial pathogens that call for the 
need of natural herbal alternatives to the commonly used 
antimicrobial agents.9–14

Several molecular techniques that rely on DNA 
sequencing have been used to reveal the genetic relation-
ship of bacillus strains.15 Enterobacterial repetitive inter-
genic consensus-PCR (ERIC-PCR) was used to screen for 
genetic relatedness. On the other hand, the application of 
pulsed-field gel electrophoresis (PFGE) has been proven to 
be useful for the discrimination and epidemiological char-
acterization of B. cereus group strains.16

The 16S rRNA gene sequencing will continue to be the 
gold standard for identifying bacteria. The automation of 
this technique could enable it to be used routinely in 
clinical microbiology laboratories to replace the traditional 
phenotypic tests.17

Bacillus oceanisediminis H2T was first isolated from 
sediment of the South Sea in China18 and was found to be 
most closely related to Bacillus firmus19 and Bacillus 
infantis20 by 16S rRNA gene analysis. Recently, Bacillus 
oceanisediminis species is a rod-shaped aerobic bacterium, 
Gram-positive and spore-forming, and first isolated from 
marine sediment of the South Korean coast.21

The genus Brevibacillus was reported by Shida22 with 
the reclassification of 10 species of the genus Bacillus. 
A recent study reported that, 25 bacterial isolates were 
identified by 16S rRNA sequences analysis collected 
from public tap water in India, from the 25 isolates, 5 
were of Bacillus (B. pumilus, B. flexus, B. megaterium, 
B. marisflavi and B. oceanosediminis).23

In a recent study, Fancello et al reported that 72 isolates 
were purified from olive samples collected in Italy and 
according to the 16S rDNA sequencing analysis, the bacter-
ial isolates primarily fitting to Bacillus spp., Brevibacillus 

spp., Micrococcus spp., Pantoea spp., Kocuria spp., 
Staphylococcus spp., Lysinibacillus spp. and Lactobacillus 
spp. From them 17 isolates belonging to Bacillus spp. as 
follows: 11 strains as B. amyloliquefaciens, 5 strains as 
B. subtilis and 1 strain as B. megaterium. Also, 18 isolates 
belonging to Brevibacillus spp. as follows: 9 strains as Br. 
agri, 6 strains as Br. invocatus and 3 strains as Br. 
parabrevis.24 This study aimed to isolate and identify the 
foodborne Bacillus species by using conventional and mole-
cular techniques and to determine the antimicrobial activ-
ities of commercial essential oils and spices powder 
extracted from certain medicinal plants (cumin: Cuminum 
cyminum, black seeds: Nigella sativa, cloves: Syzygium 
aromaicum, cinnamon: Cinnamomum zeylanicum, and 
Marjoram: Origanum majorana).

Materials and Methods
Sample Collection and Processing
Sixty meat samples (n = 60), including raw meat (n = 15), 
and processed meat (n = 45), were collected from butchery 
and markets in Assiut city, Egypt. The collected samples 
were transferred to the microbiology laboratory at the 
Faculty of Science (Al-Azhar University, Assiut Branch, 
Egypt) as soon as possible. The obtained samples were 
immediately cut and minced aseptically with a grinder 
through a 4 mm sterilized plate diameter (AC110V, 
China). All samples were kept at −20 °C for further 
analysis. The raw meat samples included beef, mutton 
meat, veal meat and chicken, while the processed meat 
samples included beef burgers, beef luncheon, ground 
beef, ground chicken, beef sausage, basterma, chicken 
luncheon and chicken burgers.

Isolation and Identification of Bacillus spp
Isolation of Bacillus spp
Three media were used for the isolation, and identification 
of Bacillus species; nutrient agar (Difco), Mannitol Egg 
Yolk Polymyxin agar (MEYP) (Difco, USA) (It depends 
on 1) selective inhibitory agent; polymyxin that inhibit the 
growth of other bacterial pathogens and contaminants. 2) 
Indicator systems; mannitol and phenol red, and egg 
yolk)25 and trypticase soy agar (Difco, USA) (support 
the growth of a wide variety of fastidious 
microorganisms).26 Twenty-five grams from each sample 
have been aseptically weighed and added to 225 mL of 
peptone water and overnight incubation at 37 °C in 
a shaker incubator. After 24 hours of enrichment, 0.1 mL 
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of the broth was streaked on nutrient agar, MEYP agar, 
and trypticase soy agar plates and incubated at 37 °C for 
24–48 hours. The characteristic colonies on MEYP agar 
are pink in color and were surrounded by a precipitate 
zone with the same color.

Phenotypic Identification of Bacillus spp
The obtained pure suspected colonies were identified 
according to their culture characters on nutrient agar, 
MEYP agar, and trypticase soy agar, morphological char-
acters using Gram’s stain, and biochemical reactions 
including oxidase test, urease test, catalase test, indole 
production test, Voges–Proskauer test, citrate utilization 
test, and sugar fermentation pattern.27,28

Molecular Typing of Bacillus spp
A single pure colony of the isolate was taken and streaked 
on a nutrient agar plate and incubated overnight at 37 °C 
until a good colony morphology and size were obtained. 
DNA extraction was carried out according to the QIAamp 
DNA Mini Kit (Qiagen, USA). The 16S rRNA gene was 
amplified as described by Lane,29 using the universal pri-
mers 27F and 1492R. The PCR conditions were as follows: 
initial denaturation at 94 ºC for 5 min, then 30 cycles of 
denaturation at 94 ºC for 40 sec., annealing at 52 ºC for 30 
sec., and extension at 72 ºC for 1 min., and final extension at 
72 ºC for 7 min.30

The PCR amplicon was purified by the QIAquick gel 
extraction kit (Qiagen, USA) and sequenced using the 
same pair of primers. The sequence of the PCR amplicon 
was visualized and annotated using the Applied Biosystem 
Automated 3730XL DNA sequencer (Solgent Company, 
Daejeon, South Korea).

The BLAST tool from the National Center of 
Biotechnology Information (NCBI) website has been 
used to analyze the sequence obtained. Phylogenetic ana-
lysis of sequence was constructed using the software 
MEGA 6.0.31

Assessment of Antibacterial Activity of 
Some Medicinal Plants
Plant Samples Collection and Preparation
Five plant samples including cumin (Cuminumcyminum), 
black seeds (Nigella sativa), cloves (Syzygium aromai-
cum), cinnamon (Cinnamomum zeylanicum), and mar-
joram (Origanum Majorana) have been used in the 
treatment of beef meat samples. The powder samples 
were collected from the local market in Assiut city. The 

plant volatile oil samples were collected from National 
Research Center—Unit of oils extraction.

Treatment of Minced Beef Meat Samples with Both 
the Spices Powder and Essential Oils of the Plant 
Samples Separately for the Bacterial Count
Minced beef samples were mixed in a sterile mixer with 
spices powder (0.5% and 1% of minced beef meat as 
weight/weight), and the essential oils (0.25% and 0.5% 
of minced beef meat as volume/weight). Three groups 
were made from the samples; the first group was treated 
with either 0.5% or 1% spices, the second group was 
treated with either 0.25% or 0.5% essential oils, and the 
third group was kept as a control group. Each sample was 
packed in polyethylene bags and stored at 4 °C ± 1, and 
the bacterial count was done at intervals of 0, 3, 6, 9, 12, 
and 15 days.

Antimicrobial Activity of Essential Oils and Spices 
Powder of the Plant Samples Using the 
Well-Diffusion Assay
The antibacterial activity of essential oils and spices pow-
der was examined in a well-diffusion assay, by adding the 
essential oils or the powder extract into the well of agar 
plates inoculated with the isolated strain that was con-
firmed to be Bacillus species based on culture character-
istics, biochemical reactions, and 16S rRNA gene 
sequence analysis.32

The agar plates were prepared as follows: a pure cul-
ture of Bacillus spp. was grown in nutrient broth at 37 °C 
for 18–24 hours in shaker incubator until the final concen-
tration was 108 CFU/mL. Twenty millilitres of plain nutri-
ent agar was poured into each sterile petri dish. A 6 mm 
well punched in the solid agar plates via a sterile cork 
borer. Each plate was surface inoculated by 0.2 mL of the 
culture of Bacillus spp. broth in triplicates.

Serial concentrations of each tested essential oil were 
made (% w/v) in dimethylsulfoxide (DMSO) (10% aqu-
eous) solvent as follows: 50 and 100 mg/mL and steri-
lized by filtration by passing through a 0.22-μm 
membrane filter. DMSO without the essential oil was 
used as a control. For spices powder, 100 g of the powder 
was dissolved in 500 mL ethyl alcohol34 and left for 72 
hours at room temperature on a shaker,33 then the extract 
was dried by rotary evaporator with a vacuum at 25 °C. 
The residues obtained were weighed and reconstituted by 
ethyl alcohol and sterilized by filtration by passing 
through a 0.22-μm membrane filter. The concentrations 
made from each residue were as follows: 50 and 100 mg/ 
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mL. Fifty microlitres of each tested sample was pipette to 
the wells of the inoculated agar plates aseptically.35–37 

The plates were incubated at 35 °C for 24 hours. After 
incubation, the inhibitory zones were measured in 
millimeters.

Statistical Analysis
GraphPad Prism program version 8.0.1 (244) (San Diego, 
CA, USA) was used for statistical analysis. P-values less 
than 0.05 were considered significant. Kruskal–Wallis test 
was used when groups compared to the control group to 
analyze the results for statistically significant differences.

Results
Isolation and Identification of Bacillus spp
Conventional Methods (Cultural and Biochemical 
Methods)
Only 14 isolates out of 297 presumptive isolated colonies 
have been characterized as Bacillus species among all the 
examined samples. The details are as follows: Bacillus 
spp. have been detected in 2 out of 6 fresh chicken meat 
samples (33.34%), 3 out of 12 beef luncheon samples 
(25.0%), 5 out of 12 ground beef samples (41.67%), only 
1 out of 6 basterma samples(16.67%), and 3 out of 3 beef 
burger samples (100.0%), while Bacillus spp. has not been 
detected in fresh veal meat, fresh mutton meat and chicken 
luncheon samples (Table 1).

Regarding the phenotypic characteristics; Bacillus 
oceanisediminis is a Gram-positive, rod-shaped, aerobic, 
motile, catalase-positive, and endospore-forming microor-
ganism. The optimal growth temperature was 37 °C; the 
optimal pH was 7.0. Also, according to the results 
obtained from the API 50 CHB/E medium, the character-
istics strongly confirmed that the isolate belongs to the 
genus Bacillus. Concerning the phenotypic characteristics 
of Brevibacillus invocatus; it is a Gram-positive, motile, 
rod-shaped, strictly aerobic microorganism. The growth at 
30 °C is initially slow, with a more rapid increase in 
growth rate following 24 hours’ incubation; after 3–4 
days, the slightly umbonate colonies are 1–8 mm in dia-
meter, with slightly irregular margins. Colonies are brown-
ish yellow, some with a single whitish concentric zone at 
the margin, and they are butyrous and have silky surfaces; 
the centers are opaque and the edges are translucent. 
Brevibacillus invocatus is catalase-positive. Nitrate reduc-
tion-negative. Casein, gelatin, starch, and urea are not 
hydrolyzed and indole is not produced) (Table 2). Ta
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Molecular Identification of Bacillus spp. Using 16S 
rRNA Gene Sequencing
Two isolates (AKM5 & AKM6) from those, which identi-
fied to be Bacillus species, were chosen to be additionally 
confirmed via 16S rRNA gene sequence analysis using the 
BLASTn tool of the National Center of Biotechnology 
Information (NCBI). The isolate AKM5 was related to 
Bacillus oceanisedimins and the isolate AKM6 was related 
to Brevibacillus invocatus. Our sequences were submitted 
to the GenBank database with the accession numbers 
KX863513 for AKM5 isolate and accession number 
KX863514 for AKM6 isolate (Table 3).

A phylogenetic tree based on the assessment of the 16S 
rRNA sequence with reference strains was created. The 
phylogenetic analysis was made with 1,500 bp and 2000bp 

sequences for Bacillus using the software MEGA 6 
(Figure 1).

Assessment of Antibacterial Activity of 
Some Medicinal Plants
Treatment of Minced Beef with Plant Samples for the 
Microbial Count
The results show that the treatment of minced beef with 
a level of 0.50% essential oil has more antibacterial activ-
ity than 0.25% essential oils of the same plant on Bacillus 
species and the same matter for spices powder. The differ-
ences between the control group and each treated minced 
beef sample after 15 days’ storage were statistically sig-
nificant, except for samples treated with 0.25% essential 
oil of marjoram it was non-significant. Generally, the 
essential oils have better antibacterial activity than spices 
powder of the same plants. The details of the results were 
as follows:

Changes in Bacillus species Log10 count (CFU/g) in 
minced beef samples treated with essential oils during 
storage at 4±1°C up to 15 days:

Bacillus spp. was counted in different minced sam-
ples contain essential oils of cumin, black seeds, cloves, 
cinnamon, and marjoram under levels of 0.25% and 
0.50% and control sample during storage at 4±1°C up 
to 15 days. The results revealed that Bacillus spp. counts 
increased in the control sample; thus, its counts at zero 
time were (3.333 log10 CFU/g) and reached to (3.439 
log10 CFU/g) at the end of storage periods. However, 
for the treated samples, after 12 days of the refrigerated 
storage, the microbial count reached zero except samples 
treated with marjoram oil 0.25%, it reached zero count 
after 15 days of storage. After 15 days of storage, the 
difference between the control group and the samples 
treated with 0.25% essential oil of cumin, black seeds, 

Table 2 Biochemical Reaction Results of Selected Strains

Bacillus oceanisedimins Brevibacillus invocatus

Test Result Test Result

Isolation source Minced 

beef

Isolation source Minced 

beef
Motility +ve Motility +ve

Morphology Spore 

forming 
rods

Morphology Spore- 

forming 
rods

Gram-stain +ve Gram-stain +ve

Temperature for 
growth

37 Growth 
temperatures range

15−35

Temperature 

optimum range

25–45 pH range 6–8.5

pH for growth 7 Catalase +ve

pH optimum range 6–9 Indole Weight

NaCl for growth (%) 0–12 Nitrate reduction -ve
Indole -ve Casein hydrolysis -ve

Methyl red +ve Gelatin hydrolysis -ve

Voges-Proskauer -ve Urea hydrolysis -ve
Catalase +ve Starch hydrolysis -ve

Glycerol +ve Assimilation of:

Ribose +ve D-Alanine -ve
Galactose +ve L-Alanine +ve

Glucose +ve L-Aspartate -ve

Fructose -ve D-Fructose -ve
Mannitol -ve Fumarate -ve

Maltose -ve D-Gluconate -ve

Lactose -ve Glutamate +ve
Saccharose -ve DL-Glycerate -ve

Strach -ve Lactulose -ve
Gelatin +ve Maltose -ve

Sucrose -ve

Abbreviations: +ve, positive; -ve, negative.

Table 3 Sequence Analysis of the 16S rDNA Gene by BLASTn 
Tool

Isolates Name Of 
Closely 
Associated 
Strain

Identity 
%

Gene Bank Accession 
Number of Closely 
Associated Strain

AKM5 Bacillus 
oceanisediminis 
strain C22

96.18% MT457440.1

AKM6 Brevibacillus 
invocatus strain 
B32

99.23% MH587029.1
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cloves and cinnamon was statistically significant (p = 
0.0138, 0.0011, 0.0052 and 0.0088, respectively). 
Moreover, after 15 days of storage, the difference 

between the control group and all samples treated with 
0.5% essential oil of cumin, black seeds, cloves, cinna-
mon and marjoram was statistically significant (p = 

Figure 1 Phylogenetic dendrogram based on 16S rRNA gene sequences showing the site of strain AKM5 & AKM6 between members of diverse genus species. The 
evolutionary history was inferred using the UPGMA method.59 The optimal tree with the sum of branch length = 0.13321378 is shown. The tree is drawn to scale, with 
branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 
2-parameter method60 and are in the units of the number of base substitutions per site. The analysis involved 21 nucleotide sequences. All positions containing gaps and 
missing data were eliminated. There were a total of 258 positions in the final dataset. Evolutionary analyses were conducted in MEGA6.61

Table 4 Changes in Bacillus spp. Log10 Count (CFU/g) of Minced Samples Treated with Essential Oils During Storage at 4±1°C Up to 
15 Days

Variables 0 3 6 9 12 15 Mean±SD P value

Control 3.333 3.349 3.372 3.379 3.405 3.439 3.380±0.038 –

Cumin 0.25% 3.101 2.978 2.904 2.654 0.00 0.00 1.940±1.509 0.0138
Cumin 0.50% 3.049 2.813 2.532 0.00 0.00 0.00 1.399±1.541 0.0010

Black seeds 0.25% 2.876 2.749 2.708 0.00 0.00 0.00 1.389±1.522 0.0011

Black seeds 0.50% 2.557 2.079 0.00 0.00 0.00 0.00 0.77±1.207 0.0001
Cloves 0.25% 2.939 2.881 2.741 2.579 0.00 0.00 1.857±1.444 0.0052

Cloves 0.50% 2.929 2.827 2.613 0.00 0.00 0.00 1.395±1.531 0.0013

Cinnamon 0.25% 3.194 2.898 2.807 2.699 0.00 0.00 1.933±1.506 0.0088
Cinnamon 0.50% 3.153 3.101 2.807 0.00 0.00 0.00 1.510±1.659 0.0037

Marjoram 0.25% 3.207 3.162 3.121 2.987 2.793 0.00 2.545±1.256 0.1412

Marjoram 0.50% 3.144 3.072 2.893 0.00 0.00 0.00 1.518±1.665 0.0047

Note: P: Significance between control group and each tested spices powder. 
Abbreviation: S.D, std. deviation.
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0.0010, 0.0001, 0.0013, 0.0037 and 0.0047, respectively). 
However, the difference was non-significant between the 
control group and the samples treated with 0.25 essential 
oil of marjoram (p = 0.1412) after 15 days of storage 
(Table 4) (Figure 2).

Changes in Bacillus species Log10 counts (CFU/g) in 
minced beef samples treated with spices powder through-
out storage at 4±1°C up to 15 days:

Bacillus spp. was counted in different minced samples 
contain spices powder of cumin, black seeds, cloves, cin-
namon, and marjoram under levels of 0.5% and 1.0% and 

control sample during storage at 4±1°C up to 15 days. The 
results revealed that Bacillus spp. count increased in the 
control sample; thus, its counts at zero time were (3.333 
log10 CFU/g) and reached to (3.439 log10 CFU/g) at the 
end of storage periods. Concerning the treated samples, the 
microbial count reached zero after 12 days of the refriger-
ated storage, except samples treated with cinnamon and 
marjoram spices powder under the level of 0.5%, which 
reached zero count after 15 days of storage. After 15 days 
of storage the difference between the control group and the 
samples treated with 0.5% spices powder of cumin, black 
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Figure 2 Changes in Bacillus spp. Log10 counts (CFU/g) of treated minced samples with essential oils during storage at 6±1°C for up to 15 days.
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seeds, cloves, cinnamon and marjoram was statistically 
significant (p = 0.0229, 0.0082, 0.0136, 0.0114 and 
0.0184, respectively). Furthermore, the difference between 
the control group and the samples treated with 1% spices 
powder of cumin, black seeds, cloves, cinnamon and mar-
joram was statistically significant (p = 0.0029, <0.0001, 
0.0014, 0.0044 and 0.0049) after 15 days of storage 
(Table 5) (Figure 3).

Antimicrobial Activity of Essential Oils and Spices 
Powder Using the Well-Diffusion Assay Technique
The growth inhibition zones were measured are listed in 
Table 6. The black seeds had the highest antibacterial 
activity followed by marjoram then cloves then cumin 
and finally the least antibacterial activity for cinnamon. 
Generally, the antibacterial activity of essential oils is 
stronger than the spices powder for the same plant 
(Table 6).

Discussion
The uncontrolled widespread use of antibiotics in veterin-
ary and health sectors as well as the bacterial antibiotic- 
resistant genes are incriminated in the development of 
such multidrug-resistant strains.38–41 The emergence of 
multidrug-resistant bacteria call for the need of natural 
herbal alternatives to the commonly used antimicrobial 
agents.42–51 The foodborne diseases resulting from the 
consumption of Gram-positive and Gram-negative bac-
teria-contaminated food have been of vital concern to 
public health. Good hygiene practices, adequate preserva-
tive techniques for processed foods and the use of 

antimicrobial substances such as antibiotics are the various 
control and treatment methods in developed countries.52

Many studies stated that food analysis is a useful tool 
for identifying bacterial species including Bacillus spp. 
which cause foodborne diseases.53,54 Our results showed 
that 14 isolates were identified as Bacillus spp. by cultural, 
biochemical, and serological characteristics. Bacillus spp. 
was not recognized in fresh veal meat samples, 2 of 6 fresh 
chicken meat samples (33.34%), not recognized in fresh 
mutton meat, 3 of 12 beef luncheon (25.0%), not recog-
nized in chicken luncheon, 5 of 12 ground beef (41.67%), 
only 1 of 6 basterma (16.67%), and 3 of 3 beef burger 
(100.0%). These results assure the fact that Bacillus spp. 
are associated with food from animal sources either fresh 
or processed and not specifically with beef.

In light of our results, we found that the highest occur-
rence of Bacillus spp. is in beef burger samples, which 
may indicate that the prevalence of Bacillus spp. is higher 
in processed meat than in fresh meet. According to 16S 
rRNA gene sequence analysis, the two identified isolates 
are Bacillus oceanisedimins and Brevibacillus invocatus; 
thus to our knowledge, this is the first report isolating both 
Bacillus oceanisedimins and Brevibacillus invocatus from 
both fresh and processed meat samples, and more investi-
gations are required to identify their roles in meat samples.

The results of the treatment of minced beef with essen-
tial oils of cumin, black seeds, cloves, cinnamon, and 
marjoram under levels 0.25% and 0.50% during storage 
showed that statistically significant decrease in Bacillus 
spp. counts in comparison to control samples during sto-
rage except for essential oil of marjoram under levels 
0.25%, accordingly we recommend the use of marjoram 

Table 5 Changes in Bacillus spp. Log10 Count (CFU/g) of Minced Samples Treated with Spices Powders During Storage at 4±1°C Up to 
15 Days

Variables 0 3 6 9 12 15 Mean±SD P value

Control 3.333 3.349 3.372 3.379 3.405 3.439 3.380±0.038 –

Cumin 0.50% 3.327 3.221 3.094 2.634 0.00 0.00 2.046±1.602 0.0229

Cumin 1.0% 3.309 3.128 2.717 0.00 0.00 0.00 1.526±1.682 0.0029
Black seeds 0.50% 3.188 3.049 2.833 2.506 0.00 0.00 1.929±1.512 0.0082

Black seeds 1.0% 3.089 2.448 0.00 0.00 0.00 0.00 0.923±1.444 <0.0001

Cloves 0.50% 3.272 3.128 2.935 2.613 0.00 0.00 1.991±1.558 0.0136
Cloves 1.0% 3.194 2.959 2.592 0.00 0.00 0.00 1.458±1.608 0.0014

Cinnamon 0.50% 3.215 2.935 2.741 2.569 2.128 0.00 2.265±1.168 0.0114
Cinnamon 1.0% 3.282 2.974 2.634 2.343 0.00 0.00 1.872±1.484 0.0044

Marjoram 0.50% 3.291 3.042 2.833 2.592 2.302 0.00 2.343±1.198 0.0184

Marjoram 1.0% 3.261 2.949 2.654 2.463 0.00 0.00 1.888±1.487 0.0049

Note: P: Significance between control group and each tested spices powder. 
Abbreviation: S.D, standard deviation.
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essential oil not less than 1% (volume/weight). 
Furthermore, there was an increase in Bacillus spp. count 
in the control sample. Moreover, after storage for 6 days 
Bacillus spp. disappeared in minced beef samples con-
tained black seeds essential oils with level 0.50%. After 
15 days of the refrigerated storage, there were no any 
Bacillus spp. in all studied samples except the sample 
contained marjoram oil at 0.25% and 0.50% and the 
control.

The disappearance of Bacillus spp. in samples treated 
with essential oils of black seeds, cloves, cumin, and 
cinnamon meanwhile increased the Bacillus spp. count in 
a control sample, after 15 days of storage, indicates that 
the disappearance of Bacillus spp. in treated samples may 

be attributed to the antimicrobial activity of these essential 
oils. One of the most important findings of the current 
study was the reduced effectiveness of the major compo-
nents of essential oil compared with whole oil mixtures. 
Many reports of the antibacterial activity of essential oil 
components have tested their efficacy against vegetative 
bacterial cells.55–57

The results of antimicrobial activity of essential oils 
and spices powder using Well-diffusion assays showed 
that the black seeds essential oil had the strongest anti-
bacterial activity (biggest inhibition zone), while the 
Cumin oil had the least antibacterial activity (smallest 
inhibition zone) among the essential oils present in this 
study. The results also showed that the Marjoram spices 
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Figure 3 Changes in Bacillus spp. Log10 counts (CFU/g) of treated minced samples with spices powder throughout storage at 6±1°C for up to 15 days.
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power has the strongest antibacterial activity among spices 
powder tested in this study, while Cumin spices powder 
had the least antibacterial activity among the spices pow-
der tested in this study. Therefore, it is obvious that the 
cumin plant had the least antibacterial among plants pre-
sent in this study. These results are in agreement with 
Özcan et al, which reported that essential oils of some 
spices may be used as antimicrobial agents to prevent the 
spoilage of food products.58

Study limitation and future recommendations: The 
small sample size is the main limitation of this study. As 
part of the antimicrobial activity of essential oils, it is 
better to evaluate the minimum inhibitory concentration 
(MIC) and the minimum bactericidal concentra-
tion (MBC).

Conclusion
Bacillus species are commonly associated with food from 
animal sources that is considered a public health threat. 
The highest prevalence of Bacillus spp. was observed in 
processed meat, especially beef burger. Essential oils and 
spices powder of certain medicinal plants (black seeds: 
Nigella sativa, cloves: Syzygium aromaicum, cinnamon: 
Cinnamomum zeylanicum, and Marjoram: Origanum 
majorana) have a potential in vitro antimicrobial activity 
against Bacillus spp. Furthermore, Nigella sativa oil 
exhibited the most potent antibacterial activity against 
Bacillus spp., while Cumin (Cuminum cyminum) showed 
the least antibacterial activity.
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