
468

Journal of Food Protection, Vol. 71, No. 3, 2008, Pages 468–472
Copyright �, International Association for Food Protection

Growth and Toxin Production of Proteolytic
Clostridium botulinum in Aseptically Steamed Rice Products at

pH 4.6 to 6.8, Packed under Modified Atmosphere, Using a
Deoxidant Pack

BON KIMURA,1* RYUSUKE KIMURA,1 TETSUYA FUKAYA,2 KINYA SAKUMA,3 SATOKO MIYA,1 AND TATEO FUJII1

1Department of Food Science and Technology, Faculty of Marine Science, Tokyo University of Marine Science and Technology, 4-5-7 Konan, Minato,
Tokyo 108-8477, Japan; 2Food Product R and D Group, Research Institute, Kagome Company, Limited, Naka-ku Nagoya, Aichi 460-0003, Japan;

and 3Research and Development Section, Nitto Aliment Company, Limited, Shibata, Nigata 957-0356, Japan

MS 07-333: Received 26 June 2007/Accepted 5 November 2007

ABSTRACT

Demand for aseptically steamed rice products has been increasing rapidly in Japan over the past 10 years. In our previous
study, we showed that proteolytic Clostridium botulinum produce toxins in steamed rice products packaged under a modified
atmosphere of �0.3% oxygen. In the present study, we examined the effect of pH to control botulism risk in steamed rice
products packaged under modified atmosphere (5% CO2 and 95% N2 as the balance) with the inclusion of a deoxidant pack
to produce an oxygen concentration of �0.3%. A mixture of 10 strains of proteolytic C. botulinum (5 type A strains and 5
type B strains) was inoculated into steamed rice products at pH values between 4.6 and 6.8 prior to packaging. All samples
were stored at 30�C for 24 weeks. Samples at higher pH showed earlier starts of neurotoxin production. Neurotoxin was
detected after 2 weeks of incubation in samples at pH 5.4 or above, whereas it took 4 weeks for the toxin to be detected in
samples at pH 5.2 to 5.3 and 12 weeks in samples at pH 5.0 to 5.1. In samples at pH 4.9 or below, no toxin was detected
during the experimental period. Apparent sample spoilage did not occur before C. botulinum produced neurotoxin in most of
the samples. Based on these results, we conclude that aseptically steamed rice products must be packaged at pH 4.9 or below
under modified atmosphere containing �0.3% oxygen, with the inclusion of a deoxidant pack.

Aseptic packaging, which is commonly used for milk,
soup, pasta, and other foods, has also been used for steamed
rice products in Japan. Packaged rice products can be stored
for 6 months, or even longer, at room temperature and only
require microwave oven heating preparation. These prod-
ucts are often packed under modified atmosphere: some
contain 5 to 10% oxygen, and some are packed under mod-
ified atmosphere with the inclusion of a deoxidant pack so
that oxygen concentration nearly reaches 0%. Modified at-
mosphere packaging (MAP) has become a popular means
of extending shelf life of precooked foods, such as fresh
pork (12), fish fillets (10, 13), vegetables (6, 11, 16), and
other food items (3, 17), by preventing growth of aerobic
bacteria, molds, and yeasts. However, MAP may permit
growth of and toxin production by anaerobic spore-forming
bacteria such as Clostridium botulinum. Although asepti-
cally steamed rice products are packaged after cooking and
steam sterilization, using an ultrahigh-temperature flash-
heating process (generally �8 s at 135�C; F0 � 3.1) to
eliminate primary contamination, these products still carry
a slight risk of secondary contamination of C. botulinum
spores. In fact, production of neurotoxin by proteolytic C.
botulinum was demonstrated in commercially manufactured
steamed rice with MAP (pH 6.5) (8). In our previous study
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(8), therefore, we examined the effect of oxygen concen-
tration on preventing toxin production by this pathogen in
these products, and we determined 10% oxygen to be most
effective. However, we still considered lower oxygen con-
centrations to be desirable in order to inhibit the growth of
aerobic microorganisms. In fact, atmospheric conditions of
nearly 0% oxygen with the inclusion of a deoxidant pack
has already been adapted for the manufacture of some of
these products in Japan in order to prevent the growth of
aerobes, including molds.

When C. botulinum spores alone were inoculated into
a medium made from cooked meat medium, toxin produc-
tion was strictly limited below pH 4.6 (21). However, since
aseptically steamed rice products with pH adjusted below
4.6 taste acidic, most products currently distributed in Japan
have a higher pH, mostly around 6.5.

In this study, we examined the pH threshold for con-
trolling the risk of C. botulinum packaging that achieves
�0.3% oxygen concentration through the used of modified
atmosphere and the inclusion of deoxidant pack. To deter-
mine the safety level of pH that prevents C. botulinum–
toxin production, proteolytic C. botulinum (types A and B)
were inoculated into steamed rice adjusted to pH values
between 4.6 and 6.8.

MATERIALS AND METHODS
Bacterial strains. Five type A strains (56A, 62A, 97A, Hall

A, and Renkon-1 A) and five type B strains (9B, 213B, 407-1 B,
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Fukuyama B, and Okra B) of proteolytic group I were used in
this study. The 56A, Hall A, Renkon-1 A, 213 B, 407-1 B, and
Fukuyama B strains were kindly provided from the culture col-
lection of H. Nakano (Laboratory of Food Microbiology and Hy-
giene, Hiroshima University, Hiroshima, Japan). The other C. bot-
ulinum strains (62A, 97A, 9B, and Okra B (proteolytic, group I)
were kindly provided by the National Institute of Infectious Dis-
eases (Tokyo, Japan).

Rice samples. Steamed, sterilized rice was prepared in a pilot
plant. Briefly, after the rice bran had been sufficiently removed,
the rice was washed and soaked in water for 30 min. After re-
moving the water, the rice was steam sterilized using an ultrahigh-
temperature flash-heating process (generally �8 s at 135�C; F0 �
3.1), followed by cooling. Packaging and the entire processing
beyond the sterilization were carried out in a clean room (class
1,000). The sterilized rice was soaked in sterilized cooking water
adjusted using gluconic acid to yield steamed rice with a pH of
4.6 to 6.8. The pH of water before cooking was equal to the pH
of rice after cooking. And the rice was cooked at a rice:water ratio
of 1:1 to produce a final cooked product with a water content of
60% (water activity of 0.98 to 0.99), which is representative of
commercial products currently distributed in Japan. The soaked
rice was then steam cooked at approximately 100�C, without con-
trolling pressure for 30 min. The color of the acidically adjusted
rice did not change after cooking, and it was identical to rice
cooked normally. The steam-cooked rice was then aseptically
packed in commercial packaging, with sample sizes of approxi-
mately 110 g, using a plastic plate and aseptically sealing with
plastic film. These rice samples were stored at 30�C for 1 week
and were visually inspected prior to inoculation with C. botuli-
num.

Preparation of C. botulinum spores. Preparation of C. bot-
ulinum spores and the subsequent enumeration were conducted
under anaerobic conditions. C. botulinum strains were precultured
in cooked meat medium (Eiken Chemical Co., Tokyo, Japan) at
37�C overnight. Spores of each strain were produced at 37�C over
7 days in Trypticase Peptone yeast broth (pH 7.0) with 5% (wt/
vol) Trypticase Peptone (Difco, Becton Dickinson, Sparks, Md.),
0.5% (wt/vol) Bacto Peptone (Difco, Becton Dickinson), and
0.1% (wt/vol) Bacto yeast extract (Difco, Becton Dickinson). Be-
fore harvest, spores were checked with a phase contrast micro-
scope (Olympus Co., Tokyo, Japan) for the dominance of refrac-
tile spores (�90%). Spore crops of each strain were centrifuged
at 21,480 � g for 10 min at 4�C (SRX-201, Tomy Seiko Co.,
Tokyo Japan), and pellets were washed with sterile distilled water.
Each crop was resuspended in sterile distilled water and frozen at
�20�C until use. Spores of each strain were counted by the three-
tube most-probable-number method after heat-shock treatment
(80�C for 10 min, followed by rapid cooling).

Inoculation with C. botulinum. Equal numbers of C. botu-
linum spores from each of 10 different strains were mixed and
adjusted to a concentration of approximately 4 log spores per ml.
The spore mixtures were heat shocked (80�C for 10 min, followed
by rapid cooling) and then 100 �l of the spore mixture was in-
oculated into each rice sample at each of 10 points (total of 1 ml
of inoculum per rice sample) to avoid contingency differences
among the samples. Cell counts of the samples and time-zero in-
oculum were determined by the serial dilution and pouch method
(2, 5), using clostridia count agar (Nissui Pharmaceutical Co., To-
kyo, Japan). Inoculated samples were packaged in high-gas-barrier
film bags (Basela, Kureha Chemical Industry Co., Tokyo, Japan),
using a Tospack V 400 gas changer (Tosei, Ohito, Shizuoka, Ja-

pan) along with a deoxidant pack (Mitsubishi Gas Chemical Co.,
Inc., Tokyo, Japan) under atmospheric conditions of 0% oxygen,
5% carbon dioxide, and 95% nitrogen. All samples were incubated
at 30�C. The samples were tested at weeks 0, 2, 4, 12, and 24.
All the experiments were conducted in triplicate.

pH and atmospheric composition measurements. Head-
space gas was analyzed for the concentration of carbon dioxide
and oxygen, using a G5000A gas chromatograph (Hitachi, Tokyo,
Japan). Subsamples (10 g) were placed in plastic bags (80 ml;
Organo Co., Tokyo, Japan) with 10 ml of sterilized distilled water
and mixed by hand for approximately 1 min to achieve a suffi-
ciently homogeneous mixture without damaging the rice grains.
Prior to the experiments, we confirmed that hand mixing was suf-
ficient to mix the samples for microbiological counts while avoid-
ing shredding rice grains as occurs when samples are mixed with
a stomacher. pH was measured with a glass electrode pH meter
(Horiba, Kyoto, Japan). The remainder of each sample (approxi-
mately 100 g) was placed in a stomacher bags (400 ml; Organo)
with 100 ml of sterilized phosphate buffer (0.4% [wt/vol]
Na2HPO4 and 0.2% [wt/vol] gelatin, pH 6.2) and mixed by hand
(1 to 2 min). A portion of the mixture was used for microbiolog-
ical analysis, and approximately 13 ml was transferred to sterilized
centrifuge tubes (15 ml; Labcon, Petaluma, Calif) and stored at
�20�C until neurotoxin assay.

Sensory evaluation. After incubation, the packages were
opened, and the appearance and odor of the samples were assessed
for spoilage by a panel of five judges with no special training. A
sample was regarded as spoiled when all five people judged the
sample as inedible, but an edible judgment by just one person was
sufficient to consider the sample unspoiled.

Microbiological analysis. Anaerobic cell counts were car-
ried out by serial dilution and pouch methods (2, 5) with Clos-
tridia count agar. Portions of the same samples were used for
contamination checks on PCA (Eiken) by the pour-plate method.
Uninoculated samples were also checked for aerobic and anaero-
bic counts to confirm the absence of all bacteria.

Neurotoxin assay. Frozen rice samples were thawed, mixed,
and centrifuged at 2,190 � g for 10 min. Two mice (approxi-
mately 20 g) were each intraperitoneally injected with 0.5 ml of
supernatant. Samples were considered toxic if typical respiratory
symptoms of botulism occurred and both mice died during the
48-h observation period (19). For samples producing toxic reac-
tions, neurotoxin was tested for serum type by inoculating sample
into mice protected with A and/or B antiserum (two mice for each
treatment; six mice total) (Chiba Serum Institute, Chiba, Japan).
Following the manufacturer’s instructions, antiserum protection
was established with a 0.5-ml intraperitoneal injection of 2 U/ml
adjusted type A and/or B antiserum and the same volume of sam-
ple incubated for 1 h at room temperature. If mice protected with
B antiserum died while those protected with A antiserum lived
during the 48-h observation period, then the toxin was considered
to be type A. Conversely, if mice protected with A antiserum died
while those protected with B antiserum lived, then the toxin was
considered to be type B. If mice protected with both A and B
antiserum lived while the other mice died, then both toxin types
A and B were considered present.

RESULTS

Measurements of pH and atmospheric composition.
Atmospheric composition and pH values are shown in Ta-
ble 1. The oxygen concentration at the time of packaging
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TABLE 1. Analysis of rice samples inoculated with Clostridium botulinum (type A, B) sporesa

Initial pH
Incubation time

(wk)

No. of samples
spoiled/no. of
samples tested

Sample with
toxin

Sample parameters

pH O2 (%) CO2 (%)
Anaerobic count

(log CFU/g)

Anaerobic
count

(log CFU/g)b

4.6–4.7 0 0/1 NDc 4.7 0.8 1.8 2.1 ND
2 0/3 ND 4.7 � 0.0 0.2 � 0.0 0.0 � 0.0 2.1 � 0.1 ND
4 0/3 ND 4.7 � 0.1 0.2 � 0.1 0.0 � 0.0 2.0 � 0.0 ND

12 0/3 ND 4.8 � 0.1 0.2 � 0.1 0.0 � 0.0 1.8 � 0.1 ND
24 0/3 ND 4.8 � 0.1 0.1 � 0.1 0.0 � 0.0 1.9 � 0.0 ND

4.8–4.9 0 0/1 ND 4.9 0.8 1.8 2.1 ND
2 0/3 ND 4.8 � 0.1 0.2 � 0.0 0.0 � 0.0 2.3 � 0.1 ND
4 0/3 ND 5.0 � 0.0 0.2 � 0.1 0.0 � 0.0 2.0 � 0.0 ND

12 0/3 ND 5.0 � 0.1 0.3 � 0.2 0.0 � 0.0 1.9 � 0.1 ND
24 0/3 ND 5.0 � 0.0 0.1 � 0.0 0.0 � 0.0 2.5 � 0.2 ND

5.0–5.1 0 0/1 ND 5.2 0.8 1.5 2.1 ND
2 0/3 ND 5.1 � 0.0 0.2 � 0.0 0.0 � 0.0 2.3 � 0.3 ND
4 0/3 ND 5.2 � 0.0 0.2 � 0.1 0.0 � 0.0 2.0 � 0.1 ND

12 0/2 ND 5.5 � 0.0 0.2 � 0.1 0.0 � 0.0 2.0 � 0.1 ND
0/1 A 5.6 0.3 0 3.8 ND

24 0/3 A (3/3)d 5.4 � 0.0 0.1 � 0.0 0.0 � 0.0 4.2 � 0.2 ND
5.2–5.3 0 0/1 ND 5.4 0.8 1.6 2.1 ND

2 0/3 ND 5.3 � 0.0 0.2 � 0.0 0.0 � 0.0 4.4 � 0.1 ND
4 0/3 A (1/3)e 5.4 � 0.1 0.3 � 0.1 0.0 � 0.0 4.5 � 1.1 ND

12 0/3 ND 5.5 � 0.1 0.2 � 0.1 0.0 � 0.0 2.7 � 0.6 ND
24 0/3 A (3/3) 5.5 � 0.1 0.1 � 0.1 0.0 � 0.0 4.4 � 0.0 ND

5.4–5.5 0 0/1 ND 5.5 0.8 1.6 2.1 ND
2 0/3 A (3/3) 5.5 � 0.0 0.2 � 0.0 0.0 � 0.0 4.9 � 0.0 ND
4 0/3 A�B (3/3) 5.6 � 0.1 0.2 � 0.0 0.0 � 0.0 4.7 � 0.1 ND

5.6–5.7 0 0/1 ND 5.6 0.8 1.6 2.1 ND
2 0/3 A�B (3/3) 5.7 � 0.1 0.2 � 0.0 0.0 � 0.0 5.4 � 0.1 ND
4 ND ND ND ND ND ND ND

5.8–5.9 0 0/1 ND 5.9 0.8 1.7 2.1 ND
2 0/3 A�B (3/3) 5.9 � 0.1 0.2 � 0.0 0.0 � 0.0 5.6 � 0.0 ND
4 ND ND ND ND ND ND ND

6.0–6.1 0 0/1 ND 6.1 0.8 1.6 2.1 ND
2 0/3 A�B (3/3) 6.0 � 0.1 0.2 � 0.0 0.0 � 0.0 5.6 � 0.2 ND
4 ND ND ND ND ND ND ND

6.2–6.3 0 0/1 ND 6.2 0.8 1.7 2.1 ND
2 0/3 A�B (3/3) 6.2 � 0.1 0.2 � 0.0 0.0 � 0.0 6.2 � 0.0 ND
4 ND ND ND ND ND ND ND

6.8–6.9 0 0/1 ND 6.8 0.8 1.7 2.1 ND
2 3/3 A�B (3/3) 6.8 � 0.1 0.2 � 0.0 0.0 � 0.0 6.8 � 0.1 ND
4 ND ND ND ND ND ND ND

a Rice sample had 60% water content.
b The limit of detection of viable count is 2 CFU/g.
c ND, not detected.
d Toxin was detected (0.1% oxygen, pH 5.4) in all three samples.
e Toxin was detected (0.3% oxygen, pH 5.4) in one of three samples.

was 0.8%, and it dropped to �0.3% after 2 weeks in all
samples. The initial carbon dioxide concentration was
1.8%, but no CO2 was detected after 2 weeks of incubation
in all sample types. There was no significant change in the
sample pH value over 24 weeks.

Growth of C. botulinum in steamed rice. Growth of
C. botulinum in steamed rice at 30�C is shown in Table 1.
Anaerobic counts were assumed to equal the C. botulinum
counts because rice samples were supposed to be sterile in
the absence of C. botulinum inoculation. Initial C. botuli-
num counts were an average 2.1 log CFU/g for all sample

types. Counts after 2 weeks of incubation increased signif-
icantly in samples initially adjusted to pH 5.2 or above,
ranging from 4.4 log CFU/g in samples at pH 5.2 to 6.8
log CFU/g in samples at pH 6.8. The only exception was
samples at pH 5.2 to 5.3 collected at week 12, in which the
anaerobic counts were lower than the counts of those col-
lected at week 4. Sample spoilage occurred only in samples
at pH 6.8. Increases in anaerobic counts were also detected
in samples of lower pH later in the experimental period.
One of the samples at pH 5.0 showed an increased anaer-
obic count of 3.8 log CFU/g after 12 weeks of incubation
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and an anaerobic count of 4.2 log CFU/g was detected in
all three samples.

No bacterial growth was detected by aerobic cell
counts in any of the samples, as expected.

Neurotoxin assay. Neurotoxin detection data are
shown in Table 1. The higher the sample pH value, the
earlier the start of neurotoxin production was observed.
Neurotoxin was detected after 2 weeks of incubation in
samples at pH 5.4 or above, while it took 4 weeks for the
toxin to be detected in samples at pH 5.2 to 5.3, and 12
weeks in samples at pH 5.0 to 5.1. In samples at pH 4.8 or
below, no toxin was detected during the experimental pe-
riod (24 weeks).

Type A toxin was detected in samples of pH � 5.0.
Type B toxin was detected only in samples of pH � 5.4.

Uninoculated samples were not included in the neu-
rotoxin assay as negative control because they were con-
firmed to be free of bacteria in aerobic and anaerobic
counts.

DISCUSSION

When C. botulinum spores alone were inoculated into
rice samples at a concentration of 2 log CFU/g, counts of
this pathogen increased, and neurotoxin was detected in
samples at initial pH 5.4 or above after 2 weeks of storage
at 30�C. This result indicates that MAP-steamed rice prod-
ucts, which are usually at pH 6.5, are at risk of C. botuli-
num–toxin formation when secondary contamination with
this organism occur. On the other hand, Kazama et al. (9)
reported that at least 1 month was needed before the toxin
could be detected in the same type of sample stored at 30�C,
with much higher inoculation load (4.2 log CFU/g). The
only difference between their experimental design and ours
was the control of atmospheric conditions in the packaging.
They used a deoxidant pack to decrease the O2 content but
did not pack the samples under a modified atmosphere.
Their method might have allowed high initial and subse-
quent O2 content in the package, as our previous experi-
ments showed that the use of deoxidant pack alone is not
sufficient to produce a completely anaerobic atmosphere
(data not shown). In fact, our data show that a long incu-
bation time (2 to 3 months) is required for C. botulinum–
toxin production and growth in rice products stored at ox-
ygen concentration of 0.4% (data not shown). Since Ka-
zama et al. (9) did not indicate the oxygen concentration in
their report, it is not known what O2 content prevents the
growth of C. botulinum. In contrast to their experiments,
our experiments were based on the worst-case scenario, us-
ing oxygen concentration of �0.3%, since we think that
risk assessment of any foodborne pathogen must be carried
out based on the worst-case scenario.

In samples at pH 4.9 or below, anaerobic counts did
not increase from the initial counts, and neurotoxin was not
detected during the entire experimental period used in this
study. It is well reported that toxin production is not limited
above pH 4.6 in pure cultures of C. botulinum isolated from
food contamination cases (21). This inconsistency of pH
threshold may be attributed to the unique properties of

aseptically steamed rice samples. Rice is composed almost
entirely of starch, with little protein (18), and proteolytic
C. botulinum has limited ability to utilize starch as a carbon
source (15), although under optimized conditions, at least
some strains could utilize starch (20), and high-starch foods
such as potatoes could be the source of an outbreak (1).
Moreover, when C. botulinum and Bacillus subtilis were
grown together on rice, B. subtilis was reported to promote
the growth and toxin production of C. botulinum (8), as
amylase produced by B. subtilis digests starch that then
stimulates the growth of C. botulinum. Other researchers
have also reported that the presence of other microbial spe-
cies allows C. botulinum to grow and produce neurotoxins
(6, 14). For example, the presence of molds results in in-
creased C. botulinum growth and allows neurotoxin pro-
duction at pH 4.2 (7). This is possible because molds not
only produce amylase, but also locally increase the pH (7).
In the present study, we inoculated C. botulinum alone into
rice samples. Thus, the effects of co-inoculation with other
microorganisms should be studied further. Also, since bot-
ulinum toxin type A was produced at pH 4.75 and water
activity of 0.97 in vacuum-packed potatoes acidified with
organic acid, other factors contributing to inhibition remain
to be identified (4).

Unexpectedly low anaerobic count corresponding with
no toxin production was observed for samples at pH 5.2 to
5.3 collected at week 12 (Table 1). All three samples had
similar anaerobic counts, and the pH values and atmospher-
ic compositions were sufficient for C. botulinum to multiply
and produce toxins. Therefore, the reason for these results
is not known.

In conclusion, we demonstrated the worst-case scenario
of botulism in steamed rice products after inoculation of C.
botulinum spores alone under an atmosphere of �0.3% ox-
ygen. We conclude that aseptically steamed rice products
must be adjusted to pH 4.9 or below to avoid the risk of
botulism from consumption of these MAP foods.
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