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Aim of this work to study Bacillus spp. associated with common spices to 

understand if any harm they can cause to the consumers. A total 40 spores-

formers Bacillus were isolated from different spices samples were 

characterized using Biochemical test, growth on Chromogenic media and 

further characterization by PCR technique using Ribosomal 16SrRNA. 

Results showed variation in biochemical test as well as the total count was 

higher with fennel spice 44.6 × 10 
5
 and lesser  count with Shawerma spice 

0.21 × 10 
5
. Seven isolates were identified with 16S rRNA gene-specific 

PCR. In conclusion it is clear that raw spices may be contaminated with 

microbial pathogens and spores forming Bacillus. 
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INTRODUCTION 
Spices is a term generally means a group of substances of vegetable origin rich in aromatic and resinous principles 

and essential oils used as a condiment or, if necessary, in the pharmaceutical sector and cosmetics (1). At the time of 

collection, an inevitable contamination by the most different microorganisms originating in soil, in particular aerobic 

spore-forming bacteria and anaerobes (2). Most of them, moreover, are produced in tropical and subtropical 

countries where conditions general hygiene may be lacking, for which if not properly handled and stored, represent 

an important source of food contaminations to which they are added (3). Spices are dried and consequently have a 

low active water value, this means that the products are microbially stable (4). Because of their origin and the way 

of drying, they are highly microbially contaminated, after rehydrations by addition of moist ingredients, the end of 

products are susceptible to spoilage (5).  In order to reduce the contamination of these products and the potential 

hazards arising from their use, the use of decontamination techniques, such as irradiation, is of fundamental 

importance. Testing of spices for pathogens is useful to screen for high rates of contamination entering a plant (6). 

Although spices have not been historically associated with outbreaks or product recalls due to some bacterial 

pathogens (e.g. Listeria monocytogenes, Clostridium perfringens, Bacillus cereus, Staphylococcus aureus, etc.), they 

have been associated with foodborne illness due to E. coli and Salmonella contamination (7). Bacteria in the spices 

such as Bacillus can cause a variety of foodborne illnesses especially when the spiced food are improperly 

refrigerated or when leftovers are improperly stored for several days (8; 9). The main impact being on public health 

risks is when using these spices and herbs as an addition to ready-to-eat foods (10). This is especially true for those 

that undergo little further processing after being added to these foods. Studies have shown that overall 3.0 % of 

herbs and spices contained high counts of B. cereus (11). For instance, issues have been raised concerning spices 

imported from India (12). Four unprocessed Indian spices sampled at the point of export were shown to be highly 

contaminated with bacteria. B. cereus detected in more samples of these spices than any other spore-forming aerobe 

(13). The present work was aimed to study Bacillus spp. associated with common spices to understand if any harm 

they can cause to the consumers. 
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Materials and Methods  
Bacillus Isolation 

15 different types of spices were collected from local Iraqi markets of Baghdad city .Samples were rehydrated in 

sterilized glass bottles by adding sterilized distilled water. By adding 500µl of spice suspension to 500 µl of Ethanol 

2(CH3)O (100%) and preparing serial dilutions after 30 minutes of 2(CH3)O exposure, the sample was cultured on 

L.B agar. 

Chromogenic media 

Briefly, each sample of rehydrated spices mixed with an equal volume of 100%. Ethanol and incubated at room 

temperature for 30 min. one drop (100 µl) was then incubated onto HiCrom Bacillus Agar M1651 (Himedia), and 

the plates were incubated at 37°C under aerobic conditions for 24-48h. 

 

Chemical and biochemical tests 

Isolates were tested for catalase, motility, production of lecithinase, reduction of nitrate, the Voges – Proskauer 

reaction, tyrosinase activity, mannitol and arabinose utilization, anaerobic utilization of glucose, and starch and 

gelatin hydrolysis, according to standard protocols (14; 15; 16). Isolates were tested for hydrolysis of lecithin after 

incubation in egg-yolk nutrient agar, to detect production of phosphate acetylcholine hydrolase (17), and for 

haemolytic activity and production of a discontinuous haemolytic pattern on blood agar plates (18). When necessary, 

API 50 CHB strips (Biomerieux ux®) were used for further identification. 

Extraction of chromosomal DNA from Bacillus  

A fresh colony of Bacillus spp. isolates was inoculated in 7 ml of LB with the specific antibiotic and incubated at 

37C° overnight. After incubation, bacterial cells centrifuged at 7000 rpm for five minutes, the pellets was washed 

with five ml of Lysis Buffer consisting of : 50 mM EDTA and 0.1 M NaCL then centrifuged again and resuspended 

cells with 1 ml of Lysis Buffer to which added 0.250 ml of lysozyme, after that we incubate  for 10 min. at 37C°. 

We added 0.075 ml of 20% Sarkosyl, stirred by vigorously and centrifuged at 1000 rpm 4C° for 1min. then moved 

to precipitation of DNA by adding 0.1 volume of sodium acetate and 2.5 volumes of 2(CH3)O. Subsequently, the 

precipitated DNA was washed with 2(CH3)O 70%, and centrifuged again in same conditions above, the obtained 

pellets resuspended in 500 µl of sterilized deionized water. Analysis was performed by electrophoresis in a 1.6% 

agarose gel as previously described (19). 

   

PCR amplification and analysis of 16S rRNA 

Tow universal Primers derived from highly conserved areas of the 16S rRNA molecules U1  

(5'CGTGCCAGCAGCCGCGGTAAT3';514 TO 534 E.coli numbering) and 

U2(5'AAGGAGGTGATCCAGCCGCA 3'; 1541 to 1522 E.coli numbering)  described by (20) were used for PCR 

amplification of the 16S rRNA from B. cereus isolates. They were derived from conserved regions amplifying a 

DNA fragment of about 1.1 kb, of 16S rRNA genes from Bacillus spp. and closely related genera. PCR mixtures and 

amplifications were carried out as described previously (19). 

 

Results and discussion 
Bacterial morphology, chemical and biochemical tests 

Morphological studies of vegetative cells and microscopic examination of spores also physiological and biochemical 

tests of the Bacillus spp. isolates are performed and the results summarized in Table1 .All isolates are Gram positive, 

catalase test was showed a positive reaction . All isolates hydrolyzed gelatin, and did not produced acid from 

arabinose. Variable results obtained for lecithinase activity, V–P reaction, mannitol utilization, starch hydrolysis, 

tyrosinase activity and reduction of nitrate to nitrites. Haemolytic activity shown by 95% of the isolates, of these, 

11% produced a discontinuous haemolytic pattern, which usually correlated with the presence of haemolysin BL 

(18). All the isolates had ellipsoidal spores that occupied a central position without distention of the sporangium. 

None of the isolates presents a parasporal inclusions. A number of physiological and biochemical properties have 

been used to differentiate the Bacillus sp. have been recorded by other research groups (13). They found a variation 

in biochemical as well as fermentative reactions particularly with maltose and millibiose.  However, distinct type of 

bimolecular being produced by them and perhaps in the present study, variation was observed with xylose and other 

sugars. This would clearly indicate that bacillus having specific phenotypic line  
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Table 1: Biochemical characterization of isolated spore forming isolates  

 

* O=Orange, R=Red, Y=yellow, P=pink, D.O =dark orange  

1-Acid from Xylose, 2- Acid from Arabinose, 3- Acid from Glucose, 4- Acid from Mannitol, 5- Gelatin, 6- Gas 

formation during Glucose Utilization, 7- Citrate utilization, 8- Growth at 8 ° C, 9- Growth at 30 ° C, 10- 

Growth in 2% NaCl, 11- Growth in 5% NaCl, 12- Growth in 6.5% NaCl, 13- Growth in 10% NaCl, 14 -  

Anaerobic growth, 15- Growth at pH 5.7 nutrient broth, 16- Growth at pH 6.8 nutrient broth, 17-  pH 8 in 

V.P broth, 18 - pH 5.5 in V.P broth, 19- Growth on MR-VP medium, 20 – Starch, 21- Casein.  

 

 

 

 

 

Spices are known to be heavily contaminated with microorganisms. Fennel and Kabab spices may carry as many as 

44.6x10
5
and 39.2x10

5
 bacteria / g. Curry, to a lesser extent, may also be infected (2, 5, 6, 11). most bacteria present 

in spices are aerobic spore-former. In the present study we have obtained results quite similar with four species of 

Bacillus being identified as shown in (Figure 1).. Among the species, we isolated only few of them have been 

associated with food poisoning. Indeed, B. cerus recognized as the etiological agent of food poisoning outbreaks in 

Europe as far back as 1960 (8). Black peeper contaminated with aerobic spore formers enormously increased the 

microbial count of meat like sausage. Aerobic spore formers also detected in Black peeper powder (9). 

 

 

 

 

 

 

 

 

 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

    Isolate 

No. 

Test 

- O -  O - O - - - R  + Y - R  + y - ± y - R - - - 1 

- O - O - O - D.O - O - R  - O + Y - O - O - + y + y ± y -  O 2 

+ + + - R + Y -  R  + Y + Y + Y  + + + + + + y 3 

+ + + W+ 

D.O 

+ - R + Y + Y + Y W+ 

O 

+ y - p + y - P W+ 

O 

4 

+ + + - - - - - - - + + + + - 5 

- - - -R - Y -Y - O - R  - O - - - - - - 6 

- - - - + + + + + + - + - + - 7  

- - - - - - - - - - - - - - - 8  

+ + + + + + + + + + + + + + + 9 

+ + + + + + + + + + + + + + + 10 

+ + + + + + + + + + + + + + + 11 

+ + + + + + + + + + + + + + + 12 

     - - - - - - - - - - 13  

+ + + + + + + + + + + + + + + 14  

+ + + + + + + + + + + + + + + 15 

+ + + + + + + + + + + + + + + 16 

     - - - - - - - - - - 17  

- - -   - - - - - - - - - - 18 

+ + + - + - - - - + - + - - + 19 

+ + + - - - - - - - + y + - O + - 20 

   + + + + - + + + - + + + 21 
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Table 2. Number of bacterial counts  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The chromogenic plating medium provides selectivity for members of the Bacillus spp., the sensitivity and speed of 

detection depend upon the samples treatment that may contain mixed flora. In the present study, we show that Hi 

Crom Bacillus Agar M1651, now commercially available can also enhance the growth of Bacillus spp. spores. A 

chromogenic culture medium enables rapid isolation of Bacillus spp. recent development in synthetic enzymatic 

substrates has allowed improved detection and identification of microorganisms in various specimens. Chromogenic 

culture media contain multiple substrates that allow bacteria to form colored colonies depending on their enzymatic 

activity. This feature facilitates the differentiation of target pathogens with polymicrobial cultures with high 

specificity (16, 17). In our study, the proportion of Bacillus spp.  showing a high extent of growth and was greater 

on HiCrom Bacillus Agar, although the colors were not significantly different on days 1-2 (Figure 1). The 

chromogenic enzymatic substrates and suitable germinate in HiCrom Bacillus Agar may allow better production of 

Bacillus spp. colonies on this medium than other conventional medium.  

 

            
 

Figure 1. comparison of the extent of the growth by culture for Bacillus spp. on HiCrom Bacillus Agar (A), and L.B 

agar (B). 

                                                                                       

In the present study we have focused on identification of Bacillus spp. using a specific fragment of  16S-Rrna. The 

universal primer set used in this study generated 1.1- Kb amplicon after PCR amplification.  Each isolates is 

identified with Ribosomal 16S-rRNA gene-specific PCR allowed for seven strains (indicated in Figure- 2) to be 

identified subsequently as positive. Of the 40 isolates, 15 isolates were chosen for molecular characterization. Ten 

isolates were further characterized by PCR using U1 and U2 primer to identify up to species level. A characteristic 

banding pattern compare with molecular marker determined as the Bacillus cereus. As many researchers have 

Number of bacteria Cfu/mg           Common name 

2.0 × 10 
5
 Cubeb 

0.42 × 10 
5
 Cloves 

1.4 × 10 
5
 Nutmeg 

14.0 × 10 
5
 Black pepper 

1.2 × 10 
5
 Cinnamon 

44.6 × 10 
5
 Fennel 

12.1 × 10 
5
 Cumin 

11.3 × 10 
5
 Chili pepper 

2.7 × 10 
5
 Turmeric 

22.5 × 10 
5
 Curry 

0.22 × 10 
5
  Biryani spices 

0.21 × 10 
5
 Shawerma spices 

39.2 × 10 
5
 Kabab spices 

0.38×  10 
5
 Bastirma spices 

0.6 × 10 
5
 Dolma spices 
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developed a lot of  different Bacillus specific primers i.e. (21), synthesized a Bacillus specific primer pair which was 

used to amplify a 257bp sequence near the 5' end of 16S rDNA gene and this sequence was very specific for 

identification and classification  of Bacillus strains (22) developed a Bacillus specific primer pair (Bac F and Bac R). 

Specificity of both primers was checked independently and some species of Bacillus have shown 100% similarity 

with primer pair with 6 different Bacillus spp. Vardan et al (23) developed variable region in 16S rDNA gene of 

Bacillus. 

 
Figure (2): Representative  PCR  products  showing  amplicons  of  six  B.  cereus  isolates. 

Lanes   molecular size marker 100 .  

 

Conclusions 

Although it is clear that raw spices may be contaminated with microbial pathogens, there are treatment and testing 

options available to ensure food safety and minimize risk. Comprehensive food safety plans must always include 

knowledge of ingredients, controlling the supply chain, auditing suppliers, and planning for supply chain 

interruptions. Food manufacturers must then consider these programs when determining if use of a treated or 

untreated spice. All of this is taken into account to design a sound sampling and testing regime can help to minimize 

food safety risk. 
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