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ABSTRACT

| ' Spices purchased by the Army, Navy, Marines, and Air Force were
tested for incidence and levels of Bacillus cereus. One handred and ten
processed spices, including bay leaves, red pepper, chili powder,
cinnamon, garlic powder, mustard powder, and oregano were tested.
Bacillus cereus was found in 53% of the spices and counts ranged from
50'to 8500 per gram. Eighty-nine percent (88/99) of the isolates tested
were toxigenic in rabbits, by the vascular permeability assay, and
toxigenic B. cereus was found in each kind of spice. These data have.
significant implications for food safety and sanitation and for
fumigation of spices by gas, or irradiation.

“During a recent investigation of the microbiology of
processed spices (10) appearance of Bacillus cereus type
colonies was noted on aerobic plate count plates and this
observation prompted further investigation. In addition
to-‘determining the microbiological safety of spices
purchased by the military, examination of spices for B
cereus has important implications for writing military
specifications and for the possible application of
irradiation technology for radicidation (reduction of
specific pathogens), or radappertization (destruction of
all organisms) of spices.

" Bacillus cereus has been recognized as the etiological
agent in food poiSoning outbreaks in Europe as far back
as 1906 (4). In Hungary, it was ranked as the third most
common cause of food poisoning during the period
1960-1966 (4). In the following 2 years it was responsible
for 15.2%of all cases of food poisoning of known etiology
(). Tt is interesting to note that the high incidence of B.
cerens food poisoning in meat was attributed to the
Hungarian custom of highly seasoning meat dishes with
spices which often contain large numbers of aerobic

-sporeformers. Numerous reports of B. cereus foodborne
iliness in Furope have been cited by Goepfert et al. (4).

In the United Kingdom, 12 reports were made of B..
cereus food poisoning in Chinese restaurants between
1971 and 1973, Fried ot boiled rice were implicated in all
of the outbreaks (13). _

Only 7 outbreaks of B. cereus foodborne illness were
reported in the United States between 1968 and 1973

~(I3). The most recent outbreak occurred in 1975 ina.,
family of four which purchased a meal at a fast food ey
restaurant. Mashed potatoes from the- suspéét meal -
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BACILLUS CEREUS IN SPICES

transferred to 125-mi shake flasks containing 40 ml of HY case (S. F.
Sheffield, 2%), yeast extract (2%), Na,HPO, (0.3%), Dextrose 0.4%),
and 1 ml per liter of trace minerals (5.0% MgS0,, 0.5% MnSO, and
0.5% Fe citrate). The medium was adjusted to pH 8.0. Cultures were
shaken at 200 rpm, in a inch circular orbit, in a constant
temperature water bath at 37 C and incubated for approximately 6 h.
The pH was maintained above 7.0 at all times by adding 0.5 N NaOH,
Cultures were then centrifuged at 7,900 X g for 20 min. The supernatant
fluid was recovered and stored at 4 C overnight.

The enterotoxigenicity of each isolate was assessed by testing
supernatant fluid from each culture for activily in the vascular
permeability assay of Glatz et al. (3). Female New Zealand white
rabbits, weighing 2.0-2.5 kg, were used. Two determinations on each of
three rabbits were averaged for each test sample. A B, cereus isolate
was considered an enterotoxin producer when the zone of activity
averaged greater than 15 mm?. Sterile medium, which was used as a
negative control, produced a reaction area which averaged 1 mm?, or
less.

. RESULTS
Bay leaves
Eleven samples of bay leaves were analyzed. B. cereus

~ 2. was found in seven samples and counts rarged from 50 to
.+ 275/g (Table 1). Three samples had counts between 100

and 275/g. Eighty-two percent (9/11) of the 1solates

" tested were toxigenic.

. Cayenne pepper L
~ Eighteen samples of ground cayenne pepper were
~analyzed. B. cereus was found in 12 samples and counts

._ i ranged from 30 to 3500/g (T'able 1). Eleven samples had
.- counts greater than 100/g and four samples had counts
.. greater than 1000/g. Ninety six percent (24/25) of the

_isolates tested were tox1gen1c.

" Chili powder

: Sixteen samples. of ch111 powder were analyzed B.
. cereus was found in only four samples and the counts.

" ranged from 50 t0-500/g (Table 1). Three samples had

.+ counts between 100 and SOO/g All lsolates tested (4/4)
weére toxigenic. -

Cinnamon

S:xteen sarnp]es of ground cinnamon were analyzed §
“"B."cereus counts ranged from 50 to 8500/g and ‘was "

" found in alf samples except 1 (Table.1). Twelve samples

" had. counts greater than. 100/g and six samples had ©

- counts greater than 1000/g. Eighty three percent (24/29)_
. of the isolates tested were: tﬂmgemc.

B. cereus ir processed spices

o contaminants. The difficulty one has with the medium is

- reaction was most casily discerned by holding the plate
‘up to the ceiling light. In a few instances when plates =

Garlic powder

Seventeen samples of garhc powder were analyzed
cereus was found in only five samples and counts ranged
from 50 to 1000/g (Fable 1). Three samples had counts
greater than 500/g. One hundred percent (11/11) of t
isolates tested were toxigenic. :

Mustard powder

Fourteen samples of mustard powder were analyze
B. cereus was found in only one sample and only. one
colony was isolated from the 1:10 dilution. The resultm
count was 50/g (Table 1). The single 1solate was
toxigenic.

Oregano

Eighteen samples of oregano were analyzed. B. cereus
was found in 14 samples and counts ranged from .50 _to .
3800/g (Table 1). Twelve samples had counts greater.
than 100/g and five had counts greater than 1000/g.’
Eighty three percent (15/18) of the isolates tested were:_..
toxigenic.

DISCUSSION

Bacillus cereus was found in 53% (58/110) of the spices -
analyzed and in each kind of spice. The incidence was
higher than previously found in spices (40%) and more
than double the incidence found in selected dry products = -
(8). Counts ranged from 50 to 8500/g, but most of the " -
spices (59%) had counts less than 100/g (Table 1). Only -

15 samples (13.6%) had counts greater than 1000/g. No
counts were obtained from 52 samples @47%) at the
lowest dilution (1:10} and were reported as less than
100/g, since 0.1 ml of the 1:10 dilution (0.01 g of spice)
was spread on each plate. Eighty nine percent (88/99) of
the isolates tested produced enterotoxin (Table 1). _

KG agar is considered a presumptive medium for B.-
cereus . because it is not completely selective for
theorganism (7).However, it is a differential medium and
colonies of B. cereus are easily distinguished from other

discerning the “turbid zone” (egg yolk reaction) around a -
colony even on plates which are not crowded with other
‘contaminating colonies. We found that the egg yolk

TABLE 1.

: - ] g Percent Number of samples containing {per gram)

) No. of Range of isolates - - 5001 to

Bpices i samples counts/g toxigenic <1092 100-500  501-1006  1001-5000 10,000 >16,000

Bay leaves 1 50 t0 275 82(9/11P) 4 4 3 0 0 S0

Cayenne (Red) R o . 3 . o
pepper o0 18 50 t0 3500 96 (24/25)

Chili powder 16 . 50103000 . 100@/4)

Cinnamon - 16 50 to 8500 . 83(24/29)

Garlic powder . 17 50 101000 100 (11/11)

Mustard powder. 14 : <100 W00 E1) -

QOregano : ) 18 - 30 to 3800 83 (15/18)

Total - 110 50-8500 89 (88/9%)

2No counts per gram at 1:100 dilution.
DNumber positive over {otal number of isolates.




i _fresh KG agar plates for confirmation and isolation.

~:-colonies were always positive for the egg yolk turb1d1ty
.- factor.

- were 'o{rerly crowded 'Wifh ofhef" “bacterial: colonie
: -SUSpected B. cereus colonies had to be transferred
Only colonies which exhibited typlcal morphology 7

o .9) and were also positive for the egg yolk tutbldlty factor
" were counted as B. cereus. It was observed that typical

. Because aberrant and deviant strains of B. cereus are
common, no attempt was made to characterize isolates
by ‘the usual biochemical tests (nitrate reduction;
hydrolysis of starch and gelatin, acetylmethylcarbinol:
production, and anaerobic utilization of glucose.).-Thé-
usefulness of these tests is questionable because;. in
addition to being time consuming they were often found
to be erratic (7). Consequently, in the interest of saving
time and effort, confirmation was simplified’ by
examining five colonies from each plate mlcroscopicaliy, : '_:
for large celled, Group I bacilli (5, 11, 12). Motility in -
cystine trypticase agar was also observed. Absence of -~
parasporal inclusion bodies within the sporangium "
excluded Bacillus thuringiensis and absence of rhizoidal
growth on KG agar excluded Bacillus mycoides. Egg yolk .
reaction excluded Bacillus megaterium. All isolates were ="
motile which excluded Bacillus anthracis and B
mycoides. :
With the exclusion of these closely related organisms
the demonstration of exterotoxigenicity in rabbits served
as additional confirmation of B. cereus, since only B.
cereus, B. thuringiensis, and B. mycoides, of the bacilli
tested by Glatz et al., produced vascular permeability
factor activity (2, 3). However, these studies (2, 3) as well
as this report, also indicate that 10 to 12% of the B.
cereus strains tested may not elicit toxigenic activity. Of
the 11 %isolates which were not toxigenic by our criteria,
only three failed to give any response. The remaining
isolates gave measurable zones of activity, but they were
less than 6 mm? and were considered negative. '

These findings and our earlier report (1) point out
that spices may be a source of contamination in the

kitc‘ht’:r%, and may introduco signiﬁcant numbers of - 5 Smith, N. R R.
bacilli into food. Under certain circumstances 8. cereus Spc,ref,,,mmg bac
could multiply sufficiently to cause food poisoning. For 13. U.S. Department:
example, foods which are highly seasoned such as Bacillus céresis foo

Hungarian meat dishes ), and particularly foods Mortality Reports
seasoned after cooking, such as Pommes de terre.

duchesse (6), may, if held at room temperature for several

14,




