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Bacillus species 

 sporeforming bacteria are ubiquitous and exhibit a wide range of 

diversity in phenotypic behavior 

 Persistance of sporeformers in industrial plants 

& huge economical losses 

 high prevalence of spores in raw materials and ingredients, 

representing dormant but highly resistant contamination 

 in food, when conditions are favourable, germination, growth and 

cell multiplication of specific strains may lead to food poisoning or 

food spoilage 



 food safety, i.e. emetic and/or diarrheic toxins yielding to food 

poisoning outbreaks, with a few fatal cases 

 food spoilage, i.e. deterioration of food texture and sensory 

attributes that renders foodstuffs no longer suitable for human 

consumption 

 World food consumption patterns may yield 

increasing food quality & safety issues  

associated to B. cereus 

 food poisoning mainly occurs with takeaway and catering 

restaurant due to temperature abuse and improper handling/storage 

  

Bacillus cereus 



 no food safety criteria in regulation EC No 2073/2005, but only a 

process hygiene criteria for dried infant formula (50-500 CFU/g) 

 B. cereus are ubiquitous, resist physical and chemical treatments 

and may grow at refrigeration temperatures 

How to assess risk and distinguish pathogenic 

  level of 1 000 CFU/g to screen raw material or end product 

  

Industrial issues 

  
 How to assess risk regarding B. cereus hazards ? 

dried infant formula/dietary food  



Content 



Complex life cycle 01

Spore contamination in 

raw material, ingredient, 

environment, surface 
 

> Process & sanitation 
 

Avoid spore germination, outgrowth 

and cell multiplication in food  

during shelf-life 
 

> Food safety & quality issue 



Complex life cycle 01

 Sporulation
 synthesis of a resistant, dormant spore, 

usually due to unfavorable nutrient conditions 

Transmission electron micrograph of Bacillus anthracis endospore  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC303457 

 well described cycle, progressive resistance 

to UV, chemical, radiation and heat treatments  

 spore may remain dormant for extended 

time period … until favorable growth conditions  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC303457/


Germination 
& outgrowth

Complex life cycle 01

 

Stringer et al. 2005 

 rapid process but combination of factor is 

needed to activate super dormant spores 

 loss of resistance and initiation of vegetative 

growth when presence of germinant (=nutrient) 

 germinosome, temporal gene expression … 

germination.avi


Strong impact of 

environmental conditions on 

spore load, resistance and 

germination ability 

per treatment 

pre treatment 

post treatment 

Complex life cycle 01
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Baril et al., IAFP Milwaukee, 31 july-1 august 2011 

Complex life cycle 01

 Impact of sporulation conditions on spore resistance 

 B. weihenstephanensis KBAB4  

spore heat resistance (D90°C) is lower when 

spores are produced at 10°C than at 30°C 

 Comfort classical lab practices & robustness of             

    challenge test assays 
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File: t12.FCS   Date: 22-01-2015  Time: 14:51:06    Particles: 1331509   Acq.-Time: 386 s    Concentration: 3924095 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 600569  600569  1795390 45.10 45.10 0.10    0.11    24.70 0.88    1.82    276.57
RN1 <None> 615918  615918  1799050 46.26 46.26 1.28    1.40    46.82 -    -    -    
Q2 <None> 726188  726188  2114150 54.54 54.54 1.11    1.29    93.54 10.08   12.62   124.95
Q3 <None> 4728    4728    14490 0.36 0.36 0.10    0.10    5.21 0.18    0.18    9.46
RN2 <None> 1080777 1080777 3159345 81.17 81.17 5.60    9.13    96.20 -    -    -    
RN3 <None> 39749   39749   108480 2.99 2.99 0.92    0.95    24.46 -    -    -    
Q4 <None> 24      24      65    0.00 0.00 1.08    1.79    156.07 0.15    0.16    20.82
QA1 Q2 757680  699287  2033665 52.52 96.30 1.11    1.25    48.51 14.18   15.19   35.78
QA2 Q2 1792    1792    4950  0.13 0.25 6.86    8.52    157.62 36.57   46.73   78.12
QA3 Q2 569743  22817   68335 1.71 3.14 0.77    1.02    86.02 0.18    0.29    128.46
QA4 Q2 2294    2292    7200  0.17 0.32 8.81    10.58   79.73 0.12    0.15    125.76
RN4 <None> 143249  143249  195580 10.76 10.76 5.28    5.83    38.02 -    -    -    
RN5 <None> 720313  720313  2072850 54.10 54.10 13.43   14.36   33.52 -    -    -    
RN6 <None> 21735   21735   62795 1.63 1.63 3.79    4.23    69.71 -    -    -    
RN7 <None> 680514  680514  2090200 51.11 51.11 14.90   15.69   34.69 -    -    -    

File: t22.FCS   Date: 22-01-2015  Time: 15:01:50    Particles: 1447145   Acq.-Time: 437 s    Concentration: 3885630 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 731205  731205  2009860 50.53 50.53 0.10    0.10    20.62 0.77    1.60    286.40
RN1 <None> 641506  641506  1688135 44.33 44.33 1.48    1.61    45.90 -    -    -    
Q2 <None> 709533  709533  1857735 49.03 49.03 1.33    1.54    77.89 11.38   14.11   123.86
Q3 <None> 6373    6373    17955 0.44 0.44 0.10    0.10    4.87 0.18    0.18    9.27
RN2 <None> 1088582 1088582 2871020 75.22 75.22 5.76    9.81    96.10 -    -    -    
RN3 <None> 32316   32316   75815 2.23 2.23 0.92    0.95    24.83 -    -    -    
Q4 <None> 34      34      80    0.00 0.00 1.37    2.39    146.64 0.18    0.18    9.43
QA1 Q2 726028  680784  1780355 47.04 95.95 1.34    1.49    46.08 18.53   19.76   34.78
QA2 Q2 2952    2952    7670  0.20 0.42 6.26    7.26    94.53 41.40   52.34   97.38
QA3 Q2 715425  23059   62345 1.59 3.25 0.79    1.06    86.90 0.16    0.24    139.28
QA4 Q2 2740    2738    7365  0.19 0.39 8.77    10.61   82.28 0.12    0.15    137.25
RN4 <None> 81227   81227   140970 5.61 5.61 4.56    5.19    45.81 -    -    -    
RN5 <None> 652388  652388  1636835 45.08 45.08 16.81   17.92   31.19 -    -    -    
RN6 <None> 42199   42199   113435 2.92 2.92 3.65    3.94    60.16 -    -    -    
RN7 <None> 681642  681642  1805280 47.10 47.10 18.80   19.98   36.13 -    -    -    

File: t35.FCS   Date: 22-01-2015  Time: 15:15:27    Particles: 1476135   Acq.-Time: 393 s    Concentration: 4890875 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 826382  826382  2895440 55.98 55.98 0.10    0.10    18.63 0.87    2.08    296.92
RN1 <None> 612279  612279  1880060 41.48 41.48 1.84    2.02    44.54 -    -    -    
Q2 <None> 642671  642671  1970315 43.54 43.54 1.74    2.00    97.19 10.97   13.62   149.96
Q3 <None> 7052    7052    25015 0.48 0.48 0.10    0.10    4.91 0.18    0.18    8.89
RN2 <None> 1105660 1105660 3576490 74.90 74.90 5.14    8.93    103.44 -    -    -    
RN3 <None> 31237   31237   94475 2.12 2.12 0.92    0.94    24.57 -    -    -    
Q4 <None> 30      30      105   0.00 0.00 1.70    2.39    105.41 0.16    0.16    18.38
QA1 Q2 654560  607926  1860320 41.18 94.59 1.75    1.92    41.45 21.47   22.50   30.91
QA2 Q2 10472   10472   34920 0.71 1.63 5.38    5.95    129.73 47.07   50.04   51.99
QA3 Q2 808423  21598   67080 1.46 3.36 0.77    1.03    88.45 0.16    0.23    133.45
QA4 Q2 2680    2675    7995  0.18 0.42 9.76    13.35   135.44 0.13    0.17    130.62
RN4 <None> 49791   49791   154685 3.37 3.37 3.79    4.33    50.38 -    -    -    
RN5 <None> 539000  539000  1693435 36.51 36.51 18.51   19.46   27.17 -    -    -    
RN6 <None> 94942   94942   305735 6.43 6.43 3.61    3.78    45.01 -    -    -    
RN7 <None> 632094  632094  1937330 42.82 42.82 21.44   22.68   35.28 -    -    -    
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File: t47.FCS   Date: 22-01-2015  Time: 15:26:38    Particles: 1471152   Acq.-Time: 451 s    Concentration: 3736500 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 782514  782514  1895400 53.19 53.19 0.10    0.10    19.10 0.91    2.09    293.46
RN1 <None> 663406  663406  1777080 45.09 45.09 2.48    2.71    42.71 -    -    -    
Q2 <None> 682673  682673  1826090 46.40 46.40 2.39    2.73    87.91 12.27   15.23   152.94
Q3 <None> 5947    5947    14970 0.40 0.40 0.10    0.10    4.30 0.18    0.18    9.47
RN2 <None> 1142948 1142948 2914870 77.69 77.69 5.61    9.88    100.97 -    -    -    
RN3 <None> 30832   30832   77405 2.10 2.10 0.92    0.95    24.73 -    -    -    
Q4 <None> 18      18      40    0.00 0.00 1.23    2.27    151.09 0.17    0.17    10.74
QA1 Q2 655669  608120  1629240 41.34 89.08 2.32    2.49    35.29 28.92   29.93   24.94
QA2 Q2 48412   48412   132100 3.29 7.09 5.46    5.68    74.43 52.87   54.69   36.21
QA3 Q2 763910  22981   56830 1.56 3.37 0.79    1.07    87.44 0.15    0.22    134.37
QA4 Q2 3161    3160    7920  0.21 0.46 9.97    14.53   155.35 0.14    0.19    141.74
RN4 <None> 51639   51639   134325 3.51 3.51 3.76    4.26    49.03 -    -    -    
RN5 <None> 295098  295098  842670 20.06 20.06 20.01   21.55   29.42 -    -    -    
RN6 <None> 272644  272644  740940 18.53 18.53 3.74    3.88    35.08 -    -    -    
RN7 <None> 668538  668538  1793265 45.44 45.44 29.67   31.33   33.24 -    -    -    

File: t55.FCS   Date: 22-01-2015  Time: 15:36:39    Particles: 1305250   Acq.-Time: 404 s    Concentration: 3294900 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 606973  606973  1513470 46.50 46.50 0.10    0.10    19.78 0.85    1.81    288.64
RN1 <None> 675871  675871  1725215 51.78 51.78 3.21    3.49    39.53 -    -    -    
Q2 <None> 693191  693191  1768715 53.11 53.11 3.12    3.52    67.88 12.37   15.15   137.70
Q3 <None> 5072    5072    12675 0.39 0.39 0.10    0.10    5.53 0.18    0.18    9.04
RN2 <None> 1041651 1041651 2629145 79.80 79.80 6.30    10.60   93.84 -    -    -    
RN3 <None> 28797   28797   70765 2.21 2.21 0.92    0.94    24.74 -    -    -    
Q4 <None> 14      14      40    0.00 0.00 1.96    3.00    101.55 0.16    0.16    18.73
QA1 Q2 580156  533043  1351055 40.84 76.90 2.81    2.98    30.00 28.08   29.35   28.70
QA2 Q2 137927  137926  362785 10.57 19.90 5.57    5.73    48.50 45.84   47.81   33.85
QA3 Q2 584402  19458   48185 1.49 2.81 0.80    1.08    87.53 0.16    0.24    136.14
QA4 Q2 2765    2764    6690  0.21 0.40 9.91    14.34   143.69 0.13    0.16    125.40
RN4 <None> 49702   49702   126025 3.81 3.81 3.83    4.35    48.58 -    -    -    
RN5 <None> 298872  298872  1024540 22.90 22.90 19.56   21.05   29.85 -    -    -    
RN6 <None> 458611  458611  1187635 35.14 35.14 4.09    4.25    32.82 -    -    -    
RN7 <None> 683925  683925  1745810 52.40 52.40 30.44   32.68   38.67 -    -    -    

File: t68.FCS   Date: 22-01-2015  Time: 15:46:40    Particles: 1256456   Acq.-Time: 396 s    Concentration: 3293895 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 589034  589034  1537470 46.88 46.88 0.10    0.10    19.71 0.83    1.76    287.35
RN1 <None> 638980  638980  1680765 50.86 50.86 3.61    3.89    37.73 -    -    -    
Q2 <None> 662410  662410  1743160 52.72 52.72 3.54    3.98    61.30 11.83   14.37   147.60
Q3 <None> 4988    4988    13200 0.40 0.40 0.10    0.10    3.71 0.18    0.18    9.36
RN2 <None> 993587  993587  2604520 79.08 79.08 6.12    10.05   92.60 -    -    -    
RN3 <None> 24284   24284   62015 1.93 1.93 0.92    0.95    24.60 -    -    -    
Q4 <None> 24      24      65    0.00 0.00 1.82    2.27    60.27 0.17    0.18    11.01
QA1 Q2 484633  442728  1145180 35.24 66.84 3.02    3.16    26.67 34.79   36.40   28.68
QA2 Q2 197858  197857  541830 15.75 29.87 5.77    5.96    41.00 55.68   58.36   34.20
QA3 Q2 571199  19060   49165 1.52 2.88 0.80    1.08    87.12 0.15    0.22    136.34
QA4 Q2 2766    2765    6985  0.22 0.42 10.04   14.06   129.92 0.12    0.16    123.53
RN4 <None> 45687   45687   119615 3.64 3.64 3.89    4.41    47.85 -    -    -    
RN5 <None> 129629  129629  475605 10.32 10.32 17.39   19.89   40.21 -    -    -    
RN6 <None> 499614  499614  1334745 39.76 39.76 4.37    4.58    35.64 -    -    -    
RN7 <None> 650798  650798  1713620 51.80 51.80 39.37   42.61   40.19 -    -    -    

File: t78.FCS   Date: 22-01-2015  Time: 15:58:02    Particles: 1348318   Acq.-Time: 476 s    Concentration: 3364940 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 677918  677918  1687275 50.28 50.28 0.10    0.10    19.72 0.83    1.81    283.14
RN1 <None> 621820  621820  1555150 46.12 46.12 4.26    4.57    34.72 -    -    -    
Q2 <None> 664594  664594  1663315 49.29 49.29 4.25    4.81    60.50 12.45   15.29   139.87
Q3 <None> 5779    5779    14275 0.43 0.43 0.10    0.10    3.91 0.18    0.18    8.83
RN2 <None> 1037805 1037805 2590975 76.97 76.97 6.07    10.38   96.35 -    -    -    
RN3 <None> 23537   23537   57695 1.75 1.75 0.92    0.95    24.79 -    -    -    
Q4 <None> 27      27      75    0.00 0.00 2.24    4.15    191.47 0.18    0.18    9.17
QA1 Q2 345033  304285  750190 22.57 45.79 3.21    3.35    24.62 39.34   41.43   31.22
QA2 Q2 335067  335065  851730 24.85 50.42 6.07    6.28    36.37 63.11   65.87   32.00
QA3 Q2 665018  22048   53580 1.64 3.32 0.82    1.11    86.44 0.14    0.21    137.62
QA4 Q2 3200    3196    7815  0.24 0.48 10.20   15.06   150.75 0.12    0.15    123.59
RN4 <None> 45062   45062   112190 3.34 3.34 3.89    4.39    47.68 -    -    -    
RN5 <None> 64932   64932   191645 4.82 4.82 13.03   16.12   56.71 -    -    -    
RN6 <None> 570550  570550  1435535 42.32 42.32 4.96    5.24    36.92 -    -    -    
RN7 <None> 648418  648418  1623985 48.09 48.09 49.25   53.51   39.91 -    -    -    

File: t90.FCS   Date: 22-01-2015  Time: 16:08:32    Particles: 1235164   Acq.-Time: 408 s    Concentration: 3624800 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 620052  620052  1827390 50.20 50.20 0.10    0.10    19.63 0.87    1.91    267.81
RN1 <None> 546281  546281  1593520 44.23 44.23 4.97    5.29    31.77 -    -    -    
Q2 <None> 609728  609728  1781735 49.36 49.36 5.07    5.71    52.46 13.20   16.18   136.31
Q3 <None> 5362    5362    15610 0.43 0.43 0.10    0.10    5.45 0.18    0.18    9.24
RN2 <None> 955475  955475  2791770 77.36 77.36 6.41    10.97   94.82 -    -    -    
RN3 <None> 21198   21198   61110 1.72 1.72 0.92    0.94    24.70 -    -    -    
Q4 <None> 22      22      65    0.00 0.00 3.00    3.78    46.75 0.17    0.17    12.56
QA1 Q2 206344  171176  490620 13.86 28.07 3.29    3.45    24.16 44.38   47.67   37.16
QA2 Q2 417010  417007  1229160 33.76 68.39 6.55    6.79    33.89 71.85   74.65   30.57
QA3 Q2 609099  18840   54290 1.53 3.09 0.81    1.10    87.11 0.15    0.21    138.43
QA4 Q2 2711    2705    7665  0.22 0.44 10.12   14.58   141.91 0.12    0.14    99.72
RN4 <None> 37812   37812   110200 3.06 3.06 3.90    4.43    48.58 -    -    -    
RN5 <None> 36932   36932   113090 2.99 2.99 9.39    11.54   67.60 -    -    -    
RN6 <None> 560604  560604  1641685 45.39 45.39 5.69    6.03    36.31 -    -    -    
RN7 <None> 596824  596824  1745345 48.32 48.32 60.56   65.62   37.39 -    -    -    

File: t102.FCS   Date: 22-01-2015  Time: 16:29:12    Particles: 1551341   Acq.-Time: 527 s    Concentration: 3836605 / ml

0.1 1 10 100 1000
0

10000

20000

30000

40000

50000

FSC  -

c
o

u
n

ts

0.1 1 10 100 1000
0

5000

10000

15000

20000

25000

SSC  -

c
o

u
n

ts

0.1 1 10 100 1000
0.1

1

10

100

1000

FSC  -

S
S

C
  

-

0.1 1 10 100 1000
0

10000

20000

30000

40000

50000

FL1  -

c
o

u
n

ts

0.1 1 10 100 1000
0

5000

10000

15000

20000

25000

FL2  -

c
o

u
n

ts

0.1 1 10 100 1000
0.1

1

10

100

1000

FSC  -

F
L

1
  

-

0.1 1 10 100 1000
0.1

1

10

100

1000

FL1  -

F
L

2
  

-

0.1 1 10 100 1000
0

50

100

150

200

250

FL2  -

<
n

o
 s

e
le

c
ti

o
n

>
  

0.1 1 10 100 1000
0

10000

20000

30000

40000

50000

FSC  -

c
o

u
n

ts

RN1
RN6

0.1 1 10 100 1000
0

5000

10000

15000

20000

25000

SSC  -

c
o

u
n

ts
RN2

0.1 1 10 100 1000
0.1

1

10

100

1000

FSC  -

S
S

C
  

-

Q1: 53.33%
1998630 / ml

Q2: 46.31%
1824375 / ml

Q3: 0.36%
13535 / ml

Q4: 0.00%
65 / ml 0.1 1 10 100 1000

0

10000

20000

30000

40000

50000

FL1  -

c
o

u
n

ts

RN3
RN4

RN5

RN7

0.1 1 10 100 1000
0

5000

10000

15000

20000

25000

FL2  -

c
o

u
n

ts

Gate: Q2

0.1 1 10 100 1000
0.1

1

10

100

1000

FSC  -

F
L

1
  

-

QA1: 14.02%
254555 / ml

QA2: 82.11%
1508445 / ml

QA3: 3.36%
53610 / ml

QA4: 0.50%
7765 / ml

0.1 1 10 100 1000
0.1

1

10

100

1000

FL1  -

F
L

2
  

-

0.1 1 10 100 1000
0

50

100

150

200

250

FL2  -

<
n

o
 s

e
le

c
ti

o
n

>
  

partec PAS

Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 827382  827382  1998630 53.33 53.33 0.10    0.10    19.56 1.01    2.12    243.94
RN1 <None> 518260  518260  1312765 33.41 33.41 5.60    6.02    31.59 -    -    -    
Q2 <None> 718351  718351  1824375 46.31 46.31 6.31    7.22    48.06 15.97   19.78   115.88
Q3 <None> 5584    5584    13535 0.36 0.36 0.10    0.10    6.30 0.18    0.18    10.53
RN2 <None> 1244107 1244107 3106180 80.20 80.20 6.39    12.29   102.02 -    -    -    
RN3 <None> 20199   20199   46875 1.30 1.30 0.93    0.96    24.82 -    -    -    
Q4 <None> 24      24      65    0.00 0.00 2.11    3.61    101.97 0.18    0.18    12.31
QA1 Q2 132955  100746  254555 6.49 14.02 2.98    3.24    31.00 51.53   59.86   50.96
QA2 Q2 589832  589830  1508445 38.02 82.11 7.77    8.11    32.36 84.27   88.31   31.54
QA3 Q2 824938  24165   53610 1.56 3.36 0.82    1.12    86.47 0.13    0.19    143.37
QA4 Q2 3616    3610    7765  0.23 0.50 9.84    13.93   138.33 0.12    0.14    112.74
RN4 <None> 39951   39951   99855 2.58 2.58 3.66    4.11    47.11 -    -    -    
RN5 <None> 30318   30318   81315 1.95 1.95 8.27    10.30   73.14 -    -    -    
RN6 <None> 667368  667368  1703345 43.02 43.02 7.17    7.63    35.91 -    -    -    
RN7 <None> 690841  690841  1763235 44.53 44.53 77.51   83.30   34.85 -    -    -    

File: t128.FCS   Date: 22-01-2015  Time: 16:45:40    Particles: 1462253   Acq.-Time: 525 s    Concentration: 3599435 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 774798  774798  1848405 52.99 52.99 0.10    0.11    20.16 1.10    2.33    224.56
RN1 <None> 317979  317979  807630 21.75 21.75 5.48    6.06    35.52 -    -    -    
Q2 <None> 682370  682370  1739220 46.67 46.67 7.59    8.86    46.75 19.18   23.86   103.09
Q3 <None> 5063    5063    11785 0.35 0.35 0.10    0.10    5.38 0.18    0.18    9.88
RN2 Q2 1184409 679180  1732500 46.45 99.53 19.24   23.15   60.51 -    -    -    
RN3 <None> 18465   18465   43230 1.26 1.26 0.93    0.96    24.71 -    -    -    
Q4 <None> 22      22      25    0.00 0.00 1.78    3.08    122.35 0.19    0.19    5.84
QA1 Q2 94504   65294   167000 4.47 9.57 2.60    2.92    37.99 57.96   73.23   60.97
QA2 Q2 589854  589853  1512690 40.34 86.44 9.34    9.80    32.76 108.19  113.90  32.22
QA3 Q2 774413  23745   52295 1.62 3.48 0.81    1.11    86.99 0.14    0.19    141.98
QA4 Q2 3482    3478    7235  0.24 0.51 9.94    13.98   132.37 0.12    0.14    130.76
RN4 <None> 36370   36370   91110 2.49 2.49 3.62    4.06    46.70 -    -    -    
RN5 <None> 26243   26243   69150 1.79 1.79 7.90    9.71    72.68 -    -    -    
RN6 <None> 633020  633020  1620960 43.29 43.29 8.79    9.40    35.82 -    -    -    
RN7 <None> 638827  638827  1638515 43.69 43.69 98.68   106.17  32.85 -    -    -    

File: t140.FCS   Date: 22-01-2015  Time: 17:01:44    Particles: 1528080   Acq.-Time: 525 s    Concentration: 4068840 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 782393  782393  2000390 51.20 51.20 0.10    0.11    20.47 1.23    2.52    202.39
RN1 <None> 198950  198950  559725 13.02 13.02 4.92    5.64    42.02 -    -    -    
Q2 <None> 740990  740990  2056930 48.49 48.49 9.47    11.24   46.62 25.68   32.22   81.33
Q3 <None> 4679    4679    11475 0.31 0.31 0.10    0.10    5.63 0.18    0.18    10.02
RN2 Q2 1276882 737726  2049140 48.28 99.56 25.77   31.61   60.08 -    -    -    
RN3 <None> 14483   14483   37510 0.95 0.95 0.94    0.97    24.82 -    -    -    
Q4 <None> 18      18      45    0.00 0.00 1.79    3.04    126.67 0.17    0.18    18.86
QA1 Q2 74273   53552   150970 3.50 7.23 2.43    2.78    41.21 50.02   69.82   78.23
QA2 Q2 659620  659619  1840240 43.17 89.02 11.60   12.30   34.96 130.63  140.78  36.62
QA3 Q2 790863  24498   58460 1.60 3.31 0.80    1.10    87.68 0.14    0.20    146.32
QA4 Q2 3324    3321    7260  0.22 0.45 9.58    13.16   129.52 0.11    0.13    119.90
RN4 <None> 28252   28252   78830 1.85 1.85 3.22    3.55    46.29 -    -    -    
RN5 <None> 23199   23199   69465 1.52 1.52 10.55   13.40   63.87 -    -    -    
RN6 <None> 691898  691898  1927870 45.28 45.28 10.98   11.86   36.97 -    -    -    
RN7 <None> 627333  627333  1778490 41.05 41.05 111.96  122.48  34.75 -    -    -    

File: t154.FCS   Date: 22-01-2015  Time: 17:15:57    Particles: 1633080   Acq.-Time: 522 s    Concentration: 4210515 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 840289  840289  2088210 51.45 51.45 0.10    0.10    19.55 1.22    2.46    208.57
RN1 <None> 144150  144150  385705 8.83 8.83 4.49    5.28    46.23 -    -    -    
Q2 <None> 787829  787829  2110540 48.24 48.24 11.50   13.76   46.37 30.27   37.98   73.34
Q3 <None> 4950    4950    11725 0.30 0.30 0.10    0.10    6.64 0.18    0.18    11.06
RN2 Q2 1365730 783712  2100355 47.99 99.48 30.33   37.31   58.74 -    -    -    
RN3 <None> 39272   39272   98845 2.40 2.40 0.89    0.91    24.72 -    -    -    
Q4 <None> 12      12      40    0.00 0.00 1.72    4.58    215.42 0.18    0.18    9.57
QA1 Q2 91949   46891   126915 2.87 5.95 2.22    2.62    46.07 55.07   78.92   78.79
QA2 Q2 715353  715353  1925395 43.80 90.80 13.92   14.89   36.17 172.22  183.91  36.02
QA3 Q2 822411  22219   50865 1.36 2.82 0.82    1.12    87.54 0.16    0.25    135.84
QA4 Q2 3367    3366    7365  0.21 0.43 9.64    13.14   129.33 0.12    0.15    103.59
RN4 <None> 39779   39779   100380 2.44 2.44 3.65    4.20    52.33 -    -    -    
RN5 <None> 43857   43857   119085 2.69 2.69 9.95    11.49   53.81 -    -    -    
RN6 <None> 736608  736608  1979200 45.11 45.11 13.16   14.30   37.04 -    -    -    
RN7 <None> 504506  504506  1306975 30.89 30.89 115.89  132.64  36.10 -    -    -    

File: t183.FCS   Date: 22-01-2015  Time: 17:47:24    Particles: 2045862   Acq.-Time: 515 s    Concentration: 5660115 / ml
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Region Gate Ungated Count Count/ml %Total %Gated GMn-x Mean-x CV-x% GMn-y Mean-y CV-y%
Q1 <None> 826740  826740  2178640 40.41 40.41 0.10    0.10    17.76 1.27    2.43    209.56
RN1 <None> 245112  245112  710105 11.98 11.98 5.28    6.02    38.57 -    -    -    
Q2 <None> 1215270 1215270 3471235 59.40 59.40 12.82   15.43   52.25 37.73   47.59   68.52
Q3 <None> 3837    3837    10205 0.19 0.19 0.10    0.10    4.81 0.18    0.18    11.90
RN2 Q2 1813634 1200640 3426205 58.69 98.80 37.28   46.14   59.18 -    -    -    
RN3 <None> 38019   38019   98840 1.86 1.86 0.87    0.89    24.57 -    -    -    
Q4 <None> 15      15      35    0.00 0.00 2.28    2.89    64.52 0.16    0.17    19.68
QA1 Q2 90239   52873   152815 2.58 4.35 1.90    2.33    54.28 53.12   72.85   69.94
QA2 Q2 1141065 1141063 3267920 55.77 93.89 14.64   16.27   46.16 177.39  195.94  44.66
QA3 Q2 811561  18339   43515 0.90 1.51 0.85    1.16    85.77 0.14    0.22    145.32
QA4 Q2 2997    2995    6985  0.15 0.25 9.83    13.47   127.24 0.12    0.14    116.90
RN4 <None> 33988   33988   88750 1.66 1.66 3.72    4.28    51.67 -    -    -    
RN5 <None> 39229   39229   110265 1.92 1.92 9.97    11.50   53.58 -    -    -    
RN6 <None> 1118801 1118801 3198685 54.69 54.69 13.70   15.18   42.52 -    -    -    
RN7 <None> 693971  693971  1953000 33.92 33.92 113.17  125.53  34.57 -    -    -    
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30°C, pH’7.40  

Trunet et al. , session IAFP à Cardiff, 20-22 avril 2015 

Complex life cycle 01

 Impact of process on germination abilities 



Gauvry et al. , session IAFP Brussels, 29-31 march 2017 

Complex life cycle 01

 Mathematical modelling to account for 

complex life cycle of Bacillus  

Tmin , Topt , Tmax 
pHmin , pHopt , pHmax  Growth cardinal values may be used to 

account for all complex life cycle of Bacillus 

 Generic concept validated for several 

strains of Bacillus, i.e. psychrotolerant, 

mesophilic, thermophilic species 



 

 

 

B. cereus biodiversity 02



 

 

 

B. cereus biodiversity 02

 data sheet on B. cereus foodborne biological hazards 

-Growth limit : 4 °C (Tmin), 55°C (Tmax) 

 4.3-5 (pH min), 6-9.3 (pHmax) 

0.92-0.93 (aw min) 

 Rapid cooling of cooked food & proper 

temperature storage (4°C< >63°C) 

-Toxin production : 10-40°C 

-Heat resistance : D120°C :0.03-2.3min 

 

 

safe food 

pH<4 

aw<0.92 

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDg4vEtZfUAhVQrRQKHV1GBLEQjRwIBw&url=https%3A%2F%2Fpixabay.com%2Ffr%2Fphotos%2Fok%2F&psig=AFQjCNF9cIRq8FqVblG0u-xRkKFHI-z9oA&ust=1496226821545510


 

 

 
B. cereus group = B. cereus sensu lato (DNA/DNA homology >98%) 

Growth @refrigeration 

Growth @refrigeration 

Anthrax 

Food poisoning 

Microbial pest control 

Food poisoning 

 B. anthracis (Smith 1952) 

 B. cereus sensu stricto (Smith 1952) 

 B. mycoides (Nakamura 1995) 

 B. pseudomycoides (Nakamura 1998) 

 B. thuringiensis (Smith 1952) 

 B. weihenstephanensis (Lechner 1998) 

 B. cytotoxicus (Guinebretière 2013) 
 

B. toyonensis (Jimenez 2013) 

B. cereus biodiversity 02

 Wide biodiversity of B. cereus strains which could 

be involved in both food quality & food safety issue 

Morris & Goscinny ® 
Probiotic 



 

 Psychrotolerant bacteria, growth at 4-7°C. 

 PCR distinction targeting specific biomarker 

(16SrDNA, CspA cold shock protein) 

 Some strains may produce emetic toxin at 
temperatures >20°C (Thorsen et al. 2006) 

 Food spoilage of dairy, RTE, egg-based products… 

 

B. cereus biodiversity 02



 

 Large diversity of virulence factors, i.e. Vip protein,  

thuringiensine, and parasporal body=crystal 

 Crystal = protein inclusion (cry et cyt encoding 
genes) produced during sporulation and showing 

insecticidal properties 

B. cereus biodiversity 02



 

 Large diversity of virulence factors, i.e. Vip protein,  

thuringiensine, and parasporal body=crystal 

 Crystal = protein inclusion (cry et cyt encoding 
genes) produced during sporulation and showing 

insecticidal properties 

 Different Bt serovars comply with EC regulation ( 

kurstaki, aizawa, israelensis etc…) , +300 commercial 

product formulations 

 Worldwide crop protection against caterpillars, 

beetles, flies and mosquitoes 

 

B. cereus biodiversity 02



 

 Hemolytic and motile strains 

 Food poisoning due to temperature abuse and 

improper handling/storage of cooked products  

 Diarrheic strain 

 Heat-labile enterotoxins (NHE, HBL, CytK), during growth in small 

intestine after consumption of contaminated food.  

 Optimal production of enterotoxins at 32°C [10-43°C] 

 Emetic strain 

 Often associated to consumption of contaminated cooked rice 

 Cereulide, heat stable toxin, pre-formed in food.  

 Optimal production at 12-15°C [12-37°C] 

B. cereus biodiversity 02



    

 More distant cluster  

 Heat tolerant strains, growth at 20-50°C, highly 

virulent strains. PCR distinction using cytK1 marker 
(Guinebretiere et al. 2013) 

 5-10 clinical isolates but high prevalence in 

dehydrated ingredient (Contzen et al. 2014) 

 
 

 Higly monomorphic and clonal lineage 

 Ethiological agent of anthrax, mammals and human zoonotic 

pathogen, may be lethal 

 Virulence factors harboured by 2 mega-plasmids encoding for 
anthrax toxins (pXO1) and capsule (pXO2) 

B. cereus biodiversity 02



B. cereus biodiversity 02

 B. cereus strains show great genome plasticity 

leading great adaptation ability 

 While certain virulence factors are located on 

large plasmids, genes encoding for diarrheic 

toxins are  chromosomally 

… which makes it difficult to distinguish 

pathogenic strains ! 



Methods 03



Methods 03

 B. cereus diarrheal toxin detection using commercial kits 

TECRA BDE-VIA (NheA du NHE), OXOID BCET-RPLA (L2 du HBL)  

 B. cereus emetic toxin detection, no commercial kit 
 

+ EN ISO 18465, Mai 2017- Quantitative determination of 

emetic toxin (cereulide) using LC-MS/MS 
 

 PCR gene quantification (ces, hbl, cytK …) 

Ehling-Schulz et al. 2005  

Guinebretiere et al. 2006 

Fricker et al. 2007  
 

 



Methods 03

 B. cereus enumeration 

ISO 7932:2004 – Horizontal method for the enumeration of 
presumptive Bacillus cereus – colony count at 30°C 

MYP, reference agar medium 

- Colonie : pink (mannitol-),  
+/- precipitate (lecithinase+/-) 

- Confirmation : hemolysis at 30°C 



Bacara / Compass 



Methods 03

 B. cereus enumeration 

ISO 7932:2004 – Horizontal method for the enumeration of 
presumptive Bacillus cereus – colony count at 30°C 

MYP, chromogenic agar medium 

- Colored colonies 

- No confirmation needed 



Methods 03

 affiliation to phylogenetic B. cereus group 

Guinebretiere et al. 2008, 2010 based on panC sequences 



Methods 03

 affiliation to phylogenetic B. cereus group 

Guinebretiere et al. 2008, 2010 based on panC sequences 



Methods 03

 affiliation to phylogenetic B. cereus group 

Guinebretiere et al. 2008, 2010 based on panC sequences 



Methods 03

 determination of molecular fingerprint 
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adhesion  
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adhesion 

- normalisation and biostatistic analysis 

- cluster strain (M13 RAPD, Rep-PCR) 

- Trace strain ( PFGE) 

 



Methods 03

 for detection and count or presumptive B. cereus 

 for growth/destruction of population as a function of food 

formulation/process/shelf-life in food  

 

For a given food : 

-Is food formulation supporting growth of B. cereus? 

-Is pasteurisation process ensuring destruction of B. cereus? 

-Is food safe during shelf-life? 

 for characterization and typing of B. cereus isolates 



Methods 03

Case study

Raw material

Mixing

Heat treatment

2°C / 4 days

8°C / 1 hour

90°C / 45 min

Fast cooling

Storage / Distribution 4°C / 20 days

up to 2°C

Packaging

End product pH =6, aw=0.98
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End product pH =6, aw=0.98

Does food formulation 
allow B. cereus growth ?

Methods 03

1.
Raw material

Mixing

Heat treatment

2°C / 4 days

8°C / 1 hour

90°C / 45 min

Fast cooling

Storage / Distribution 4°C / 20 days

up to 2°C

Packaging

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwidkJTUmpXUAhULfhoKHdyDC6UQjRwIBw&url=http%3A%2F%2Fwww.foodandwine.com%2Frecipes%2Fcoconut-arborio-rice-pudding&psig=AFQjCNHjHaN7f4QwPaN1-q7yl9ZUo_MUJw&ust=1496150908517838


Methods 03

 determination of growth/no growth boundaries for B. cereus 

9 strains, aw = 0.98 

#1: 4°C, pH6 

#2: 8°C, pH6 

 Food formulation supports growth of B. cereus, 

but what would be the impact of a light change 



9 strains, aw = 0.97 

Methods 03

 determination of growth/no growth boundaries for B. cereus 

#1: 4°C, pH5.5 

#2: 8°C, pH5.5 

 Unless strictly stored at 4°C, food formulation 

supports growth of B. cereus 



Does heat treatment
ensure destruction of B. cereus ?

Raw material

Mixing

Heat treatment

2°C / 4 days

8°C / 1 hour

90°C / 45 min

Fast cooling

Storage / Distribution 4°C / 20 days

up to 2°C

Packaging

Methods 03

1.

2.

Does heat treatment
ensure destruction of 

End product pH =6, aw=0.98
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 decimal reduction ~2 

 simulation of population destruction by this given heat treatment 

Methods 03

90°C-45min 

Targeted reduction:5 

B. cereus strain A 



Methods 03

90°C-45min 

Targeted reduction:5 

B. cereus strain A 
 decimal reduction ~2 

B. cereus strain C 

 decimal reduction <5 

 Depending of contaminating strain, targeted 

population reductions are not achieved by treatment 

 simulation of population destruction by this given heat treatment 



Raw material

Mixing

Heat treatment

2°C / 4 days

8°C / 1 hour

90°C / 45 min

Fast cooling

Storage / Distribution 4°C / 20 days

up to 2°C

Packaging

3.
What about B. cereus population 
during shelf-life ?

Methods 03

What about 
during shelf

End product pH =6, aw=0.98
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 simulation of B. cereus growth during shelf-life 

Methods 03

Based on 1 challenge test,  

growth rate is determined  

for a given combination  

contaminant/foodstuff 



 If refrigerated storage condition is ensured, 

food shelf-life of 20days is validated 

 simulation of B. cereus growth during shelf-life 

Methods 03

temperature storage scenario: 

1/3 @4°C, 2/3 @8°C 

during 20 days 

 

 



 simulation of B. cereus growth during shelf-life 

Methods 03

For less stringent refrigeration 

conditions or the contamination of 

psychrotolerant strain,  

B. cereus population will develop 

during shelf-life 



 In a few clic, evolution of targeted population may 

be predicted for relevant industrial scenarii 

 simulation of B. cereus growth during shelf-life 

Methods 03

For less stringent refrigeration 

conditions or the contamination of 

psychrotolerant strain,  

B. cereus population will develop 

during shelf-life 



Take home message 

Impact of cell history
on resistance & recovery03

01
Growth ability of Bacillus strains

involved in ropy bread
B. cereus group shows a wide range of 
behaviour & adaptation abilities 

Bacillus diversity on a phenotypic & 
genotypic aspect02

Food poisoning outbreaks are mainly due to 

temperature abuse and  improper handling / 

storage of cooked food 

Already available tools allow to account  

for biodiversity in order to ensure food safety & 
quality 
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