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This study was investigated the bactericidal effects of calcium oxide (CaO) on three common
foodborne pathogenic bacteria: Escherichia coli, Listeria monocytogenes, and Salmonella
typhimurium. Each bacteria level was determined in a CaO solution (0.01, 0.03, 0.05, 0.10,
0.15, and 0.20% [w/v]) exposed for either15 sec, 30 sec, 1 min, 2 min, 3 min, 5 min, 10 min, or
30 min. All three bacteria were not greatly affected by CaO solutions at concentrations of 0.01
and 0.03%, however, the decline of E. coli (99%,; 2.78 log(«CFU/mL), L. monocytogens (45%;
1.44 log,(CFU/mL), and S. typhimurium (70%,; 2.08 log,(CFU/mL) was greatest when they
were exposed to 0.05% CaO solution for 10 min. Moreover, the bactericidal action of CaO was
maintained for at least 24 h of storage. The results of this study provide evidence that CaO, as
a substitute for synthetic chemical substances has potential for use in the disinfection and san-
itization of foods and food processing equipment.
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INTRODUCTION 1995) although the chemical methods are popular
because of their convenience and cost. Therefore,
Approximately 10,000 Korean people suffered from increasing demands for alternative and preferably natural
food borne illnesses in 2004. Therefore, attention to the  biological disinfectants and sanitizers to be used by food
existing physical, chemical, and biological methods used processing plants are on the rise.
to control food borne pathogens has become increasingly Scallop shells are regarded as waste products because
important, especially in food processing plants (Cho etal., in the scallop harvesting districts of Korea, a great
2004, 2005; Lim et al, 2005). The physical methods quantity of shells, when accumulated at the seaside,
available include high voltage pulsed electric fields (Kim et produces critical social and environmental problems such
al., 2003; Qin et al., 1995), oscillating magnetic fields, high  as the discharge of offensive odors and soil pollution from
hydrostatic pressures (Kalchayanand et al, 1994), the heavy metals left in the residual mollusk viscera. Heat
sonication, and microwave treatments (Park et al., 2004; treatment at higher than 700, however, converts calcium
Shin and Pyun, 1997). Chemical methods in use include carbonate (CaCO,), the main component of scallop
disinfectants and sanitizers such as alcoholic compounds  shells, to calcium oxide (CaQ) which is known to possess
(Shin et al., 2001), quaternary ammonium compounds, antibacterial properties (Sawai et al., 1996a, 1995, 1996b,
iodopores, acid/alkali solutions (Kim et al, 2001a, 2001b; 1997, 1999, 2003., 2001a, 2001b). Therefore, we have
Shin et al., 2001) and surfactants. Most food processing examined the possible bactericidal effects of CaO on
plants tend to avoid using synthetic chemical substances  pathogenic bacteria for the potential use of CaO as a
over concerns about the toxicity and safety (Jin et al., practical disinfectant and sanitizer of foods and food
processing equipments.
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MATERIALS AND METHODS

Test bacteria

Microflora consisting of Escherichia coli ATCC 10536, a
cocktail of Listeria monocytogenes (ATCC 19112, 19113,
and 19115), and Salmonella typhimurium resistant to
novobiocin (NO) and nalidixic acid (NA) were used to test
the bactericidal effects of CaQ (Sufcera Chemicals,
Tokyo, Japan). Each strain of bacteria was maintained at
-70°C in tryptic soy broth (TSB, Difco Laboratories,
Detroit, MI, U.S.A)) containing 50% glycerol until use;
each strain was thawed at room temperature and evenly
spread on tryptic soy agar (TSA, Difco Laboratories,
Detroit, MI, USA) and incubated at 37°C for 12 to 24 h.

Determination of CaO effects

CaO was added to sterile distilled water in differing
volumes to obtain six different concentrations (0.01, 0.03,
0.05, 0.10, 0.15, and 0.20% [w/v]) mixed with a magnetic
stirrer. The following amounts of microflora were inoculated
in the CaO solution: 2.88 log,(CFU/mL of E. cofi, 3.18
log«oCFU/mL of L. monocytogens, and 3.7 log,CFU/mL
of S. typhimurium NO/NA. Each strain was exposed in the
CaO solution for 15 sec, 30 sec, 1 min, 2 min, 3 min, 5
min, 10 min, or 30 min. After each exposure, 50 mL of the
CaO0 solution was plated as pouring on TSA (tryptic soy
agar) plate. The amounts of each surviving strain were
determined by colony counting and the results expressed
as CFU/mL; the data were converted to values of
log+xCFU/mL.

Determination of CaO stability for potential bacte-
ricidal effects

CaO was added to sterile distilled water to obtain three
different concentrations (0.05, 0.10, and 0.20% (w/v)) and
mixed with a magnetic stirrer. The CaO solutions were
stored at room temperature (25°C) for two days. Five
point thirty three log,,CFU/mL of E. coli ATCC 10536 were
exposed to the CaO solution for five min immediately and
thereafter every 3, 6, and 12 h of storage. Fifty uL of the
CaO solution were pour-plated on a TSA plate after every
3, 6, and 12 h. The number of surviving E. coli colonies
were counted and the results expressed as CFU/mL; the
data were converted to values of log,,CFU/mL.

RESULTS AND DISCUSSION

Bactericidal effects of CaO

The bactericidal action of the CaO solutions against E.
coli at room temperature are shown in Fig. 1. The
reduction rate of E. coli colonies appeared to increase as
the concentrations of CaO solutions increased of and as
exposure time increased. E. coli was not reduced by CaO
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solutions at the lower concentrations of 0.01 and 0.03%.
The overall decrease of E. coli when immersed in the
0.05% of CaO solution for 10 min, 0.10% of CaO solution
for 5 min, and over 0.15% of CaO solution for 2 to 3 min,
were 99% (2.78 log;CFU/mL), 80% (2.18 log,,CFU/mL),
and more than 80-90% (2.18-2.48 log,,CFU/mL), respec-
tively.

The bactericidal action of the CaO solutions against L.
monocytogenes at room temperature is shown in Fig. 2.
The reduction of L. monocytogenes also appeared to
increase as the concentrations of CaO solution increased
and exposure times increased. L. monocytogenes was
not reduced by CaO solutions at the lower concentrations
of 0.01 and 0.03%. The overall decrease of L. monocyto-
genes immersed in the 0.05% of CaO solution for 10 min,
0.10% of CaQ solution for 5 min, and over 0.15% of CaO
solution for 2 to 3 min were 45% (1.44 log,CFU/mL),
40% (1.36 log+CFU/mL), and 30-50% (0.99-1.57 log,,CFU
/mL), respectively. The decreases of L. monocytogenes
colonies were less than those of E. coli and S. typhimurium
when the CaO effects were evaluated for bacterial survival.
L. monocytogenes appeared to be more resistant to CaO
solutions than E. coli and S. typhimurium.

The bactericidal action of the CaO solution against S.
typhimurium at room temperature is shown in Fig. 3. The
same responses as identified for E. coli and L. monocyto-
genes to concentrations of CaO solutions and exposure
times also appeared to be the case for the decreases of S.
typhimurium i.e. increased as the concentrations of CaO
solution and exposure times increased. S. typhimurium
colonies were not reduced by CaO solution at concen-
trations of 0.01 and 0.03%. The overall decreases of L.
monocytogenes immersed in the 0.05% of CaO solution
for 10 min, 0.10% of CaO solution for 5 min, and over
0.15% of CaO solution for 2 to 3 min were 70% (2.08
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Fig. 1. Effects of CaO concentrations on the survivability of E. coii.
Effects of the CaO concentrations (0.01% (), 0.03% (M), 0.05% (a),
0.10% (x), 0.15% (), 0.20% (®)) on survival of E. coli were
compared. The ordinate is the ratio of E. coli cfu post-treatment (N)
divided by non-treated cfu (No) to represent the survival ratio; the
abscissa is the time of exposure.
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Fig. 2. Effects of CaO concentrations on the survivability of L.
monocytogenes. Effects of CaO concentrations (0.01% (#), 0.03% (M),
0.05% (a), 0.10% (x), 0.15% (*), 0.20% (®)) were compared. The
ordinate was the ratio of L. monocytogenes cfu post-treatment (N)
divided by non-treated cfu (No) and represented the survival ratio.
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Fig. 3. Effects of CaO concentrations on the survivability of S.
typhimuriuim. Effects of CaO concentrations ((0.01% (@), 0.03% (M),
0.05% (a), 0.10% (x), 0.15% (*), 0.20% (@)) were compared. The
ordinate was the ratio of S. typhimurium cfu post-treatment (N) divided
by non-treated cfu (No) and represented the survival ratio.

log+cCFU/mL), 60% (1.93 log:,CFU/mL), and 40-50% (1.31-
1.59 log;,CFU/mL), respectively.

The pH values of CaO solutions at each of the six
concentrations approximated 11-12. Increases in the CaO
solution concentrations were accompanied by increases
in the pH of the CaO solution (data not shown),
suggesting that the bactericidal action of CaO is a pH
effect (Catalano et al., 1994; Kinner and Moats, 1981;
Laird et al, 1991; Pearson et al, 1987; Sawai et al.,
2001a; Southam et al., 1987). Moreover, the bactericidal
actions of CaO may just as likely reflect the action of
activated oxygen generated from CaO (Sawai et al.,
1996a; Sawai et al., 2001a).

CaO stability for bactericidal effects
The stability of the CaO solutions against E. coli at room
temperature during two days of storage are shown in Fig.
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Fig. 4. The stability of diluted CaO solutions against E. coli during two
days of storage. The stability of CaO solutions (0.05% (), 0.10% (),
0.20% (a4)) against E. coli was compared according to their storage

times. The bactericidal action of CaO was expressed as 100% at the
initiation of storage.

4. Bactericidal actions of the CaO solution steadily
decreased over the time of storage and most profoundly
decreased after 24 h of storage. This observation
suggests that CaO solutions for sanitization should be
used within 24 h of preparation. Based on the results of
this study, CaO would be expected to be used as a
practical disinfectant and sanitizer for foods and for food
processing equipment. The optimum concentration of
Ca0 and the exposure time for sanitation were essentially
0.05% and 10 min, respectively. The treatment protocol of
0.05% of CaO for 10 min had some merits such as no
residual effects, low cost, and reasonable decreases of
bacteria. The CaO solutions should be used within 24 h
for the greatest bactericidal effects. Therefore, we suggest
that CaO can be used as a practical disinfectant and
sanitizer for foods and food processing equipments.
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