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Deinococci with radiation resistance greater than that of Deinococcus radiophilus (ATCC 27603) were isolated
from three commercial oyster extracts stored at 4, 20, and 30°C. During storage the number of other bacteria
declined and deinococci became the predominant group in the microflora, particularly at 20°C, although at
30°C the number of deinococci as well rapidly declined. The results suggest that the natural habitat of deinococci
is an aerobic environment containing a slightly elevated saline content, soluble protein, and low sugar levels.

The deinococci were originally classified as members of the
genus Micrococcus when the first species, Deinococcus radio-
durans R1, (previously named Micrococcus radiodurans) was
isolated from cans of meat subjected to sterilizing doses of UV
radiation in the megarad range (1). Brooks and Murray (2)
assigned them to a new family, Deinococcaceae, because these
organisms were not included in the Approved Lists of Bacterial
Names (17).

Deinococcus spp. are radiation resistant, strictly aerobic,
catalase-positive, gram-positive, tetrad-forming cocci. How-
ever, their natural habitat has not been well defined because all
of the extant species are chemoorganotrophic, require complex
media for growth, and have been isolated from a diversity of
sites. These include materials, surfaces, and dust contaminated
by humans and animals as well as soil, soil contaminated by
animals, animals contaminated by soil (3, 7, 9–12, 14, 15), meat
(5), and animal feces and sewage (8). Their desiccation and
radiation resistance properties probably allow them to persist
in dust and cause aerial contamination at a low level in many
sites, including clean rooms. Although they are not pathogenic,
their unusual radiation resistance makes them of interest.

Commercial oyster extract is a heavily salted liquid produced
from oysters in eastern Asia in various ways. It contains about
20% NaCl, 65% water, 6.4% crude protein, and 11% carbo-
hydrate/lipid and has a water activity of about 0.79 and a pH of
5.4, although there is considerable variation (3, 16). The pro-
duction steps include a heating step to concentrate the extract
which is used to make oyster sauce, a condiment commonly
used to flavor cooked meals, such as Chinese stir-fried foods.

In a study of the growth of microorganisms in oyster extract,
red colonies were often detected on the plates. In this report
we show that these organisms were deinococci, revealing a new
source for these radiation-resistant bacteria.

Three oyster extract samples, A, B and C, were obtained
from a local oyster sauce manufacturer in Hong Kong. Their
place of manufacture (outside of Hong Kong) was not revealed
to us for commercial reasons. They were stored at 4°C for 115
days, 20°C for 114 days, and 30°C for 113 days. They were
sampled for total aerobic bacterial (TAB) counts at appropri-
ate times (see Fig. 1). On receipt, samples were diluted 1:10

and salinity was measured with a salinity meter (YSI model 33)
at room temperature.

Prepoured and dried standard plate count agar (SPCA) (Ox-
oid) plates were used for TAB counts by the spread plate
method and for isolation and purification of Deinococcus spp.;
incubation was at 25 6 1°C for 5 days. The bacterial colonies
were statistically isolated using Harrison’s disc and method (6).
The number of colonies selected was the square root of the
TAB count of each agar plate.

All the isolates with red colonies were catalase-positive,
strictly aerobic, gram-positive nonmotile cocci up to 2 mm in
diameter, in pairs and tetrads. They required 5 days at 25°C to
form visible red colonies on SPCA. None produced acid from
glucose in standard peptone medium, 28% reduced nitrate,
42% were weak nitrate reducers, and 30% did not reduce
nitrate. UV irradiation resistance was tested as follows. Cul-
tures were spread on SPCA plates and placed, with lids re-
moved, under and 70 cm away from a 30-W UV germicidal
lamp (Philips) in a safety cabinet for 0, 1, 2, 4, and 8 min and
then incubated at 25°C for 5 days. Control cultures included
Deinococcus radiophilus (ATCC 27603) (positive) and Esche-
richia coli (ATCC 10536) (negative). The cultures and D. ra-
diophilus survived 8 min under the conditions described above,
but the E. coli culture did not survive 30 s under the same
conditions. The oyster extract cultures exhibited greater toler-
ance to UV radiation than the D. radiophilus culture, which
grew very little after 8 min of UV exposure. The results, com-
bined with TAB counts, were plotted and expressed as the
probability of isolating deinococci during storage at the tem-
peratures used.

The TAB counts (not shown) for all oyster extract samples
showed a decline in number over time and the decline rate
increased as storage temperature rose from 4 to 30°C. A sim-
ilar pattern has been seen in salted butter stored over similar
temperature ranges (13).

Generally, presumptive deinococci were more frequently
isolated from samples A and B than from sample C (Fig. 1). At
storage temperatures of 4 and 20°C, they were also more fre-
quently isolated than at 30°C as time progressed, except for
sample C (Fig. 2). It was also noted that at the lower storage
temperature, more deinococci were isolated at the later stage
of storage than at the earlier stage, and deinococci were less
frequently isolated later at the higher storage temperature.
The results indicate that deinococci were more resistant to the
relatively high-saline conditions in the oyster extract than the
other initial bacterial populations. At extremely high salinity,
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the probability of isolating deinococci was also very low; see,
e.g., data for sample C (Fig. 2 and Table 1).

The difficulty of isolating deinococcal species at the low
storage temperature was mainly due to the higher proportion
of other bacterial species in the oyster extract, particularly
early in the storage period. This reduced the chance of isolat-
ing deinococci. Increasing the storage temperature caused the
demise of other bacteria and left the more-resistant deino-
cocci.

It was found that 20°C was the most suitable selective tem-
perature for deinococci in oyster extract. It provided a mild
selectivity pressure for eliminating other bacterial species and
retaining a stable proportion of deinococci in oyster extract.
However, the level of salinity in the sample must be suitable,
as high salinity seemed to reduce deinococcal numbers rap-
idly.

The ultimate source of these organisms is not known, but
given the nature of these samples, which are produced in a
marine environment, it is likely that the natural habitat of these
isolates is an aerobic environment containing a slightly ele-
vated saline level, soluble protein, and low levels of sugar.

FIG. 1. The probability of isolating deinococci from oyster extract sample A
(a), sample B (b), and sample C (c) at 4, 20, and 30°C for up to 114 days.

FIG. 2. The probability of isolating deinococci from oyster extract samples A,
B, and C after storage at 4°C (a), 20°C (b), and 30°C (c) for up to 114 days.

TABLE 1. The salinity levels of three commercial oyster extract
samples and the overall probability of isolating deinococci

Oyster extract
sample

Relative salinity,
% NaCl (wt/vol)

Overall average percentage
for isolation of deinococci, %a

A 15 5.2
B 17 10.2
C 24 2.5

a Percentage at all three storage temperatures.
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