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Survival of Bacteria at a Subfreezing Temperature (-1  °C)
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Preservation of foodstuffs at temperatures around —IC has attracted special interest
recently. We investigated whether bacteria contaminating foodstuffs, especially con-
taminating fish, were killed or survived at —C compared with 37C. Survival rates of
Escherichia coliK12 and Staphylococcus aureu$012732 innutrient broth at —1°C for 7
days were 52% and 31%, respectively. élvever, the survival rate ofVibrio parahaemo-
lyticus in nutrient broth containing 3% NaCl at —1°C for 7days was only 0.03%. When
the bacteria were kept in a soy sauce solution containing alcohol and some seasonings
(the soy sauce solution) at =C, survival rates ofE. coli K12 and S. aureuslFO12732
after 2 days were 56% and 54%, respectively, bof. parahaemolyticusvas completely
killed after 24 h at —1°C in the soy sauce solution. WhekR. coli K12 and 0157 andv.
parahaemolyticuswere incubated at —2C in the soy sauce solution containing some
pieces of raw fish (the improved soy sauce solution), 3 strains of the bacteria were not
killed. These results indicate that bacteria contaminating fish are not killed at °C
and that storage of fish at —1C is not always effective in diminishing food poisoning.

Key words: Escherichia coli Staphylococcus aureusubfreezing point; survival rat¥jbrio haemo-
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During distribution and storage, many foodbegan to swim in warm sea water (Yamane,

commodities need to be kept without loss 01996). In order to keep foods fresh for longer

food quality. Food spoilage may be caused bymes, foodstuffs such as viable fish, meats or

bacterial growth and bacterial metabolitesyegetables, are increasingly stored atG:1

which lead to pH-changes and formation oHowever, it is not clear whether microorgan-

toxic compounds, off-odors and gas, and bysms contaminating the foods are viable &CG-1

oxidation of lipids and pigments, which lead toor not. In this study we investigated bacterial

formation of compounds with undesirablesurvivals at —1C, and the contaminating bac-

flavor and discoloration (Barnes, 1994; Huigeria attached to the surface of the fish after

in't Veld, 1996). soaking them in the soy sauce, which is a Japa-

Many methods have been developed fonese original cooking addition.

maintaining the quality of foods, such as de-

hydration of foods, smoking of meats or fish,

preservation with salt and cold storage. There Materials and Methods

are 2 main methods for cold storage of foods:

storage in the refrigerator and in the freezer. | . . .
facter/al strains and preparation of bac-

e

recent years, great interest has been taken in ) .
erial suspension

storage of foods and aging of processed foo
stuffs at a subfreezing temperature {€) Escherichia coliK12, Staphylococcus aureus
(Yamane, 1986, 1987, 1996). For example, a flatFO12732 and a clinically isolated strain of
fish which was kept for several hours af€1 Vibrio parahaemolyticusall stored in our labo-
Abbreviation: CFU/mL, colony forming units per milliliter
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ratory at —88C, were used in these experi-broth medium (final concentration of appro-
ments. Escherichia coliO157, which was an ximately 1¢ organisms/mL). The tubes were
isolate from a patient with hemolytic colitis in placed in an incubator with a refrigerating ma-
Tottori Prefecture in 1996. chine (Hitachi Incubator CR-14C, Tokyo), and
E. coliandS. aureusvere separately trans- the bacteria were cultured at>€lor 37C with
ferred from a stored culture to a nutrient agashaking (reciprocating motion at 120 times/min)
slant, which consisted of 0.5% (w/v) beef exfor up to 7 days. Pure water begins to freeze at
tract (Bacto beef extract, Difco Lab., Detroit,0°C, but bacterial suspension in nutrient broth
MI), 1% polypeptone (Nihon Seiyaku Co., Ltd.,did not freeze at =C. In order to certify bac-
Tokyo, Japan), 0.5% NaCl and 1.5% agarterial survival after incubation at 2C for
After incubation overnight at 3€, a loopful of various intervals, 0.2 mL of bacterial culture
bacteria was inoculated into fresh nutrienkept at —2C was transferred to a test tube con-
broth, which consisted of 0.5% beef extract, 1%aining fresh nutrient broth and incubated at
polypeptone and 0.5% NaCl. The cultures werg7°C with shaking.
incubated at 3T overnight with shaking. Bac- In another experiment, |8 of bacterial sus-
teria in the stationary phase were collected bgensions were transferred into 5 mL of a soy
centrifugation at 3,000 revolutions/min for 10sauce containing alcohom(rin) and some
min, resuspended in fresh nutrient broth andeasonings (the soy sauce solution), and incu-
prepared at a concentration of approximatelpated at —AC or 37C with shaking.
10° organisms/mL. Bacterial suspensions in The soy sauce solution itself was further
test tubes were put in ice-water before use. improved giving it a milder taste by incubating
WhenV. parahaemolyticus/as used for the it at —1°C for 24 h with small pieces of raw fish
experiment, the medium was nutrient brottmeat before adding the bacterial suspension. A
containing 3% NaCl or nutrient agar containingblock of fish at a size of approximately 1.5 8m
3% NacCl. 1.5 cmx 2 cm was put into the 2¥130 mm test
tube and 5 mL soy sauce solution was added
(the improved soy sauce solution), and the tube
was kept at —IC for 24 h. To this suspension 5
Five microlitters of bacterial suspensions werglL of bacterial suspension was inoculated and
placed into tubes with 5 mL of fresh nutrientincubated at <*IC or 37C with shaking.

Treatment of bacteria at -1 °C and 37 °C
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Fig. 1. Survival rate oEscherichia coliK12 in nutrient broth at 2C. Approximately x 10° E. coliK12 in

5 mL of nutrient broth were incubated af€lor 37C with shaking. At various intervals, 0.2 mL of bacterial
culture was removed and viable cells were counted by colony counting methods using 10-fold serial dilutions.
A: Survival curve oE. coliK12 at —2C (O ) and 37C (®). B: Survival rate oE. coliK12 after incubation

at-’C (O)forup to 7 days. Ondays 0, 1, 2, 3, 4 and 7, 0.2-mL aliquots of bacterial culture were put into 5
mL of fresh nutrient broth and incubated atG{® ).
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10 1 °

Colony forming units and calculation of 9
survival rate

At various intervals after incubation at>€lor
37°C, 0.2-mL aliquots of the bacterial suspen-2 ;
sions were removed, diluted serially with saline= 64 !

and plated onto nutrient agar plates with off ] L LF i
without 3% NacCl for bacterial enumeration by O\O\Q/CF—O\O
colony counting. Survival rate was calculated

10)/mL

IN
!

by division of colony forming units per milli- 510 "1 2 3 4 5 6 7 8
liter (CFU/mL) on fixed day by CFU/mL on Day
day 0. Fig. 2. Survival rate ofStaphylococcus aureus

IFO12732 after incubation in nutrient broth af€1

(O)for7days. OndaysO0,1,2,3,4and 7,0.2mL

of bacterial culture was put into the fresh nutrient
Results broth, and grown at 3T (@).

Survival rates in nutrient broth parahaemolyticusvas kept in nutrient broth

Bacterial broth medium in test tubes did notontaining 3% NaCl at =C, viable cell count
freeze at —IC for at least 7 days even in staticdecreased gradually, with 15% survival on day
cultures. Wherk. coli K12 was incubated at 1, 6.2% on day 2, 0.6% on day 4, and 0.03% on
—1°C for 24 h, viable cell count was 100%, andday 7. At each time, transfer of a 0.2-mL
the number of organisms did not increase (Figliquot ofV. parahaemolyticusulture to 5 mL
1A). The survival rate oE. coli K12 after of fresh nutrient broth containing 3% NacCl re-
incubation at —C for 7 days was 52%. When vealed that the bacteria could grow to saturation
0.5 mL ofE. coliK12 kept at —1C for 7 days within 14 h (Fig. 3).

was put into fresh nutrient broth medium and

incubated at 3C, the bacteria grew to satura-
tion within 24 h (Fig. 1B).

Viability of S. aureusvas also good (31%)
after 7 days in nutrient broth at2c (Fig. 2). WhenE. coli K12 was kept in the soy sauce
By contrasty. parahaemolyticus/as not resis- solution, the survival rates at 2@ and 37C
tant to the low temperature (2@). WhenV. after 2 days, were 56% and 0%, respectively

Survival of bacteria in the soy sauce solu-
tion
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Fig. 3. Survival rate oWibrio parahaemolyticusn nutrient broth with 3% NaCl at €. Symbols are the
same as shown in Fig. 1.
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Table 1. Survival of E. coli, S. aureus and V. parahaemolyticus after incubation at -1 °C and
37°C in the soy sauce solution

Bacteria Temperature CFU (lggmL
of
incubation on day O onday 1 on day 2
E. coliK12 -1rc 6.57 6.52 6.32
37°C 6.57 0** 0**
S. aureudFO12732 -1C 5.75 5.60 5.48
37°C 5.75 0** 0**
V. parahaemolyticus -1°C 4.12 0** 0**
37°C 4.12 0** 0**

Data are typical of 2 or 3 experiments.
** P < 0.01 relative to the value on day 0.

(Table 1, from the expression: &10%5"x  sauce solution at 3T (Table 2).E. coli0157
100). in the improved soy sauce solution was gradu-
In contrast to growth in nutrient broth, coli  ally killed by incubation at 3C, but was not

K12 in the soy sauce solution could not grow akilled completely on day 2. Survival rates\of
37°C, and was instead killed at"®7. S. aureus parahaemolyticusn the improved soy sauce
also survived for 2 days at 2@ (54%), but was solution at —1C and 37C on day 1 were 1.1%
killed at 37C. V. parahaemolyticusas killed and 0.08%, respectively, and those on day 2
in the soy sauce solution both af€land 37C. further decreasedE. coliK12 and 0157 in the
soy sauce solution and the improved soy sauce
solution, andv. parahaemolyticug the im-
proved soy sauce solution were more easily
killed at 37C than at —1C, but when the raw

E. coliK12 was not killed in the improved soy fish suspended in the soy sauce solution was
sauce solution at =€, and also retained viabil- incubated at 37for 2 days it was partially de-
ity after a 1-day incubation in the improved soygraded by enzymes of the fish itself.

Survival of bacteria in the improved soy
sauce solution

Table 2. Survival of E. coli K12 and E. coli O157 after incubation at —1 °C and 37 °C in the soy
sauce solution containing some pieces of raw fish (the improved soy sauce solution)

Bacteria Temperature CFU (lgymL
of
incubation on day O onday 1 on day 2
E. coliK12 -1C 6.74 6.56 6.79
37°C 6.74 3.40 O**
E. coli 0157 -1°C 6.96 7.06 6.90
37°C 6.96 5.58 2.00**
V. parahaemolyticus -1°C 5.25 3.30 2.17
37°C 5.25 1.86** O**

TClinical isolate from a patient with hemorrhagic colitis in Tottori Prefecture in 1996.
** P < (.01 relative to the value on day 0.
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killed in the soy sauce solution at*€land at
Discussion 37°C during a 24-h period (Table 1). Killing of
V. parahaemolyticuat —’C might be due to
The relationship between bacterial growth anthe low temperature and inhibitory components
temperature has been investigated in detaiih the soy sauce solution, such as NaCl and
(Ratkowsky, 1982; Heitzer, 1991; Zwietering,alcohol, and killing at 37TC might be due to
1991). Theoretical models of bacterial growttmetabolic activities of bacteria and the inhib-
were developed for temperatures between 5 aiithry components in the soy sauce solution.
50°C. However, it is well known that bacterial  In Japan and other countries in South-East
growth is inhibited at temperatures beloWC4 Asia, a soy sauce solution containing alcohol
(Davey, 1994). As an exception, psychrophiliand seasoning (the soy sauce solution) is often
bacteria, yeasts and moulds can grow at tenused for marinating raw fish before cooking.
peratures below°€ (Huis in't Veld, 1996; Berry, The soy sauce attaches and sinks into the fish,
1997). Preservation of foods by low feenature which makes it taste good. It is important to
is one of the best strategies for keeping foodsnow whether raw fish containirig coliin the
fresh (Yamane, 1986). soy sauce solution might be killed or not. We
There are many studies on the bacteriahtended to test bacterial survival in the soy
growth in food (Majeed, 1990; Nerbrink, 1993;sauce solution following the cooking procedure
Baranyi, 1994; Barnes, 1994). Deterioration ohs closely as possible. Another reason for
food quality is partially due to spoilage bytesting the survival rate d. coliin the soy
bacteria. Furthermore, up to this time in exsauce solution is an outbreak of food poisoning
perimental laboratories, bacteria in stab mediby E. coli 0157 all over Japan in 1996 (Infec-
have been stored in the refrigerato?@} for tious Disease Surveillance Center, 1997). As
short terms, and bacteria in an appropriate supeople in Japan often eat raw fish, they were
pending media have been preserved in thafraid that fish were contaminated with
freezer (-30C or —85C) or in liquid nitrogen pathogenic microorganisms such Escoli
(<196 C) for longer terms. So, it is important toO157,SalmonellaV. parahaemolyticysetc.
know whether food-contaminating bacteria can In contrast to our expectation that survival
survive at low temperatures, especially &G;1 rates ofE. coliK12 and O157 an¥l. parahae-
or not. molyticusin the improved soy sauce solution
In our study, whelk. coli, S. aureusandV. were the same as those in the soy sauce solu-
parahaemolyticusvere suspended in nutrienttion, 3 strains of the bacteria suspended in the
broth with or without 3% NaCl and incubated aimproved soy sauce solution survived atG1
—1°C or at 37C, the 3 species of bacteria usedor 2 days and also at 3C for at least 1 day
grew at 37C, but did not grow at °C. How- (Table 2). The improved soy sauce solution
ever,E. coliandS. aureusn the soy sauce solu- may contain some components of relatively low
tion were killed at 37C and only partially kill- molecular weight, which oozed from the fish
ed at —1C. Because the soy sauce solution corand might have neutralized the toxic substances
tains high concentrations of NaCl and alcoholin the soy sauce solution against bacteria. An-
E. coliandS. aureuswith higher metabolic other possibility is that the fish meat may
activity (i.e., at 37C) might have been more absorb the unsuitable substances for bacteria
easily killed than resting bacteria (i.e., a8&L  surviving in the soy sauce solution, such as
However,V. parahaemolyticudid not survive NaCl, alcohol and other ingredients. We used
well at —-C. Species oYibrio vary with re- codfish in our experiment, and as we get
spect to the temperatures at which growtleodfish commercially, the condition of the fish
occurs. V. parahaemolyticugrows at tempera- was different with the change of season. Some-
tures above 2@, but viability decreases gradu-times the fish was contaminated, and gram-
ally at temperatures below 46 (Baumann, positive rods and fungi were multiplied after 1-
1984). V. parahaemolyticuswas completely or 2-day culture. Thus, the details of the
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experimental methods exhibit difficulties, such

bacterial growth. Int J Food Mocrobiol 1994;23:

as the components of soy sauce and alcohg] 295-303.

(mirin), the kinds and conditions of fish (frozen

and thawed, or fresh raw); in these cases, we

could only show general tendencies.

From these data, we conclude that when
foods are preserved at*€l, most contaminat-
ing bacteria can survive for a long time, just as
the bacteria on the food can survive (or grow) g
4°C. Heating of the fish stored at>*cl may be
necessary for complete killing of bacteria. Al-
though the quality of foodstuffs might be
maintained at —IC for a relatively long term, g
bacteria on the foods might also survive at this
temperature.
foodstuffs, especially fish at 2C, can not al-
ways prevent food poisoning.

Consequently, the storage of
10 Nerbrink E, Borch E. Evaluation of bacterial

6 Heitzer A, Kohler HP, Reichert P, Hamer G.

Utility of phenomenological models of de-
scribing temperature dependence of bacterial
growth. Appl Environ Microbiol 1991;57:2656—
2665.

7 Huis in't Veld JHJ. Microbial and biochemical

spoilage of foods: an overview. IntJ Food Micro-
biol 1996;33:1-18.

Infectious Disease Surveillance Center. Vero-
cytotoxin-producingEscherichia coli(entero-
hemorrhagicE. coli) infections, Japan, 1996—
June 1997. Infect Agents Surveil Rep (IASR)
1997;18:153-154.

Majeed KN, MacRae IC, Egan AF. Production
of exotoxins byAeromonasspp. at 5C. J Appl
Bacteriol 1990;69:332—-337.

contamination at separate processing stages in
emulsion sausage production. Int J Food Micro-
biol 1993;20:37-44.

11 Ratkowsky DA, Olley J, McMeekin TA, Ball A.
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