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ABSTRACT
Solutions of selected household products were tested for their effectiveness against Listeria monocytogenes, Escherichia
coli O157:H7, and Salmonella Typhimurium. Hydrogen peroxide (1.5 and 3%), vinegar (2.5 and 5% acetic acid), baking soda
(11, 33, and 50% sodium bicarbonate), household bleach (0.0314, 0.0933, and 0.670% sodium hypochlorite), 5% acetic acid
(prepared from glacial acetic acid), and 5% citric acid solutions were tested against the three pathogens individually (fivestrain composites of each, 108 CFU/ml) by using a modified AOAC International suspension test at initial temperatures of 25
and 55⬚C for 1 and 10 min. All bleach solutions (pH 8.36 to 10.14) produced a ⬎5-log reduction of all pathogens tested after
1 min at 25⬚C, whereas all baking soda solutions (pH 7.32 to 7.55) were ineffective (⬍1-log reduction) even after 10 min at
an initial temperature of 55⬚C. After 1 min at 25⬚C, 3% hydrogen peroxide (pH 2.75) achieved a ⬎5-log reduction of both
Salmonella Typhimurium and E. coli O157:H7, whereas undiluted vinegar (pH 2.58) had a similar effect only against Salmonella Typhimurium. Compared with 1 min at 25⬚C, greater reductions of L. monocytogenes (P ⬍ 0.05) were obtained with
all organic acid and hydrogen peroxide treatments after 10 min at an initial temperature of 55⬚C. The efficacies of household
compounds against all tested pathogens decreased in the following order: 0.0314% sodium hypochlorite ⬎ 3% hydrogen
peroxide ⬎ undiluted vinegar and 5% acetic acid ⬎ 5% citric acid ⬎ baking soda (50% sodium bicarbonate). The sensitivity
of the tested pathogens to all tested household compounds followed the sequence of Salmonella Typhimurium ⬎ E. coli O157:
H7 ⬎ L. monocytogenes.

Escherichia coli O157:H7, Salmonella, and Listeria
monocytogenes are three major pathogens frequently involved in outbreaks of foodborne disease. Foods such as
milk, cheeses, ice cream, raw meat, various ready-to-eat
foods, and vegetables that are brought into homes could be
contaminated with these pathogenic bacteria (6). Areas in
the kitchen, particularly food contact surfaces, may acquire
pathogens from contaminated foods during food preparation (9). The incidence and persistence of Salmonella, Campylobacter, E. coli, and Staphylococcus aureus in domestic
kitchen environments has been established (9, 10). In a
study of interior surfaces of 342 domestic refrigerators, S.
aureus was recovered from 6.4% of the examined refrigerators, L. monocytogenes and E. coli were recovered from
1.2%, and Yersinia enterocolitica was recovered from 0.6%
(11). Gorman et al. (9) found that when a lunch was prepared with a total of 25 chickens (2 positive for Salmonella,
11 positive for Campylobacter and S. aureus, and 7 positive
for E. coli), the frequency of cross-contamination in the
kitchen was 18% for Campylobacter, 16.6% for Salmonella, 9.5% for E. coli, and 19.7% for S. aureus.
Bacteria may survive on food contact surfaces for
hours or days after contamination, and the contaminated
areas may serve as niches or harborage sites and sources
* Author for correspondence. Tel: 970-491-7703; Fax: 970-491-0278;
E-mail: john.sofos@colostate.edu.

of cross-contamination of foods by pathogenic microorganisms. At 103 and 10 CFU/cm2, S. aureus survived for 4
and 2 days, respectively, on stainless steel, and this microorganism was readily transferred to cucumber and chicken
fillet slices at rates of more than 62% (14). The home environment may contribute to 90% of Salmonella infections
(5). Thus, cross-contamination with foodborne pathogens
via hands, cloths, utensils, handles, and food contact surfaces is a major concern in the home (4, 9). Failure to
effectively reduce contamination in domestic kitchens can
have serious implications for the transmission of foodborne
illness. Householders need various methods of inactivating
pathogens in their kitchens and of avoiding creation of contamination niches.
Some products commonly available in the household
contain chemicals, such as the acetic acid in vinegar and
the hypochlorite in bleach, that are capable of reducing microbial numbers (7, 23). These common household products
are convenient and inexpensive and may be useful for sanitizing surfaces in the home (23). Although recipes to formulate cleaning solutions with household products may be
available from official or unofficial sources, limited published scientific information exists regarding the effectiveness of these solutions against foodborne pathogens. The
purpose of this study was to evaluate selected household
products for their efficacy against L. monocytogenes, E. coli
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TABLE 1. Household compounds and their dilutions used in the suspension test
Compound

Active ingredient

Concn (%)

pH

Clorox bleach

Sodium hypochlorite

0.0314
0.0933
0.670

8.36
9.00
10.14

Baking soda

Sodium bicarbonate

Dilution method

1 teaspoon of bleach (5 ml) ⫹ 1 qt of water (950 ml)
1 tablespoon of bleach (15 ml) ⫹ 1 qt of water (950 ml)
0.5 cup of bleach (120 ml) ⫹ 1 qt of water (950 ml)

11

7.32

33
50

7.50
7.55

2 tablespoons of baking soda (30 g) ⫹ 1 cup of water (240
ml)
0.5 cup of baking soda (120 g) ⫹ 1 cup of water (240 ml)
1 cup of baking soda (240 g) ⫹ 1 cup of water (240 ml)

Acetic acid

2.5
5

2.78
2.58

1 cup of vinegar (240 ml) ⫹ 1 cup of water (240 ml)
Undiluted

Hydrogen peroxide

Hydrogen peroxide

1.5

2.82

3

2.75

1 cup of hydrogen peroxide (240 ml) ⫹ 1 cup of water (240
ml)
Undiluted

O157:H7, and Salmonella Typhimurium. Based on the results, scientific and practical instructions for use of household compounds to decontaminate food contact surfaces
could be developed.
MATERIALS AND METHODS
Household compounds. Vinegar, baking soda, household
bleach, and hydrogen peroxide were purchased from a local supermarket. Their active ingredients and in-use dilutions are listed
in Table 1. These dilution methods were chosen because of the
easy availability of the measuring tools (e.g., cup, teaspoon, and
tablespoon) in the home. All household compounds at their use
dilutions were prepared with sterile distilled water on the day of
the evaluation. Solutions of acetic acid (5%, pH 2.70) and citric
acid (5%, pH 2.31) were made by adding 2.5 ml of glacial acetic
acid (Mallinckrodt Baker Inc., Phillipsburg, NJ) and 2.5 g of citric
acid (Fisher Scientific, Fair Lawn, NJ) to 47.5 ml of distilled water, respectively.
Bacterial strains and growth conditions. The five strains
each of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium used in the experiment are listed in Table 2 (2, 8, 21).
All strains were kept on slants at 4⬚C. E. coli O157:H7 and Salmonella Typhimurium strains were transferred twice in tryptic soy
broth (TSB; Difco, Becton Dickinson, Sparks, MD) at 35⬚C for
24 h. L. monocytogenes strains were activated by two successive
transfers in TSB containing 0.6% yeast extract (Acumedia, Lansing, MI) at 30⬚C for 24 h. Each strain was washed with phosphate-buffered saline (PBS, pH 7.0) by centrifuging (Eppendorf
model 5810 R, Brinkmann Instruments, Inc., Westbury, NY) at
4,629 ⫻ g for 15 min at 4⬚C and resuspended in PBS. Equal
volumes (10 ml) of cell suspensions of each strain (5 ⫻ 109 CFU/
ml) were combined to form composites for the suspension test.
Suspension test. The AOAC suspension test (1) was used with
some modifications to evaluate the effectiveness of household compounds against L. monocytogenes, E. coli O157:H7, and Salmonella
Typhimurium. The household compounds and distilled water were
preequilibrated to an initial temperature of 25 or 55⬚C in a water
bath before testing. Bacterial suspension (0.1 ml of the 5 ⫻ 109
CFU/ml culture) was added to 9.9 ml of distilled water and each
household compound at the concentrations to be tested, and test
tubes were held at room temperature (25⬚C) for 1 or 10 min. Exposed cultures (1.0 ml) were transferred to 9.0 ml of D/E neutralizing broth (Difco, Becton Dickinson). According to the manufacturer’s information (http://www.bd.com/ds/technicalCenter/inserts/

D㛮E㛮Neutralizing㛮Agar.pdf), the D/E neutralizing broth used in our
study contains five neutralizers: lecithin, polysorbate 80, sodium
bisulfite, sodium thioglycollate, and sodium thiosulfate. These neutralizers inactivate a variety of disinfectant and antiseptic chemicals;
sodium bisulfite neutralizes aldehydes, sodium thioglycollate neutralizes mercurials, sodium thiosulfate neutralizes iodine and chlorine, lecithin neutralizes quaternary ammonium compounds, and
polysorbate 80 (a nonionic surface active agent) neutralizes substituted phenolics.
Initial (pretreatment) inoculum levels were determined by
adding 0.1 ml of bacterial suspension to 9.9 ml of distilled water
(25⬚C). After 10 min, 1.0 ml of this solution was transferred to
9.0 ml of D/E neutralizing broth. Neutralized samples were serially diluted 10-fold in 0.1% buffered peptone water (Difco, Becton Dickinson) and surface plated onto both nonselective media,
i.e., tryptic soy agar (TSA; Difco) containing 0.6% yeast extract
(Acumedia) (TSAYE) for L. monocytogenes and TSA for E. coli
O157:H7 and Salmonella Typhimurium, and selective media, i.e.,
PALCAM agar (Difco, Becton Dickinson) for L. monocytogenes,
sorbitol-MacConkey agar (Difco, Becton Dickinson) with cefixime-tellurite supplement (Invitrogen Dynal AS, Oslo, Norway)
(SMAC-CT) for E. coli O157:H7, and xylose lysine deoxycholate
agar (XLD; Acumedia) for Salmonella Typhimurium. Colonies on
SMAC-CT and XLD agar plates were counted after incubation at
35⬚C for 48 h, and colonies on PALCAM agar plates were counted
after incubation at 30⬚C for 48 h.
Statistical analysis. All tests were performed in two independent replication trials with three samples for each. The reduction of cells due to the action of household compounds at 25⬚C
was calculated as the difference in cell numbers before treatment
and after treatment. The reduction of cells due to the action of
household compounds at the initial temperature of 55⬚C for 1 min
was calculated as the difference in cell numbers after treatment
with water (initial temperature of 55⬚C, 1 min) and after treatment
with each household compound (initial temperature of 55⬚C, 1
min). The reduction of cells due to the action of household compounds at the initial temperature of 55⬚C for 10 min was calculated as the difference in cell numbers after treatment with water
(initial temperature of 55⬚C, 10 min) and after treatment with each
household compound (initial temperature of 55⬚C, 10 min). Inoculation levels of the five-strain cocktails of L. monocytogenes,
E. coli O157:H7, and Salmonella Typhimurium and their survival
after exposure to the water treatment at an initial temperature of
55⬚C for 1 and 10 min are summarized in Table 3. Data were
analyzed using the general linear mixed model procedure, Proc
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TABLE 2. L. monocytogenes, E. coli O157:H7, and Salmonella strains used in the suspension test (2, 8, 21)
Strain

L. monocytogenes
J1-177
C1-056
N3-013
R2-499
N1-227

Lineage

Serotype

I
II
I
II
I

1/2b
1/2a
4b
1/2a
4b

E. coli O157:H7
ATCC 43889

Human, sporadic
Human, sporadic
Food, epidemic
Human, epidemic, sliced turkey
Food, epidemic

ATCC 43894
EO139
Salmonella
Typhimurium ATCC 14028
Typhimurium DT104
ATCC 700408
Typhimurium DT104 UK 1

Tissue, animal
ACSSuT, trimethoprim-sulfamethoxazole
Equine outbreak isolate (Dr. J. W. Foster,
University of South Alabama, Mobile)
Fed plant

Typhimurium DT104
(var. Copenhagen)
Typhimurium DT104
(var. Copenhagen)

Fed plant

ACSSuT, amoxicillin–clavulanic
acid, ampicillin
ACSSuT, amoxicillin–clavulanic
acid, trimethoprim-sulfamethoxazole

ACSSuT, ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline.

Mixed, in SAS release 9.1.3 (SAS Institute, Cary, NC). To determine the significance of the effects (P ⬍ 0.05), least-square means
were compared using t tests.

RESULTS
Baking soda solutions (11, 33, and 50% sodium bicarbonate) caused ⬍1-log reductions based on counts from
nonselective media for all the tested foodborne pathogens
under all evaluated conditions (data not shown). Because
baking soda did not have a sufficient bactericidal effect
against the tested foodborne pathogens, the data for this
compound were not included in the statistical analysis. All

tested concentrations of household bleach solutions
(0.0314, 0.0933, and 0.670% sodium hypochlorite) reduced
all foodborne pathogens tested from the inoculum level of
approximately 8 log CFU/ml to below the detection level
of 2 log CFU/ml after 1 min of exposure at 25⬚C (Table
4).
After 1 min at 25⬚C, treatment with undiluted vinegar
and 5% acetic acid resulted in ⬎5-log reductions of Salmonella Typhimurium (Tables 5 and 6). The other organic
acid treatments (Tables 5 through 7) achieved ⬍5-log reductions after 1 min of exposure at 25⬚C. Therefore, extending the exposure time to 10 min and/or increasing the

TABLE 3. Initial inoculum levels of five-strain cocktails of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium and
their surviving populations after exposure to water treatment
Mean ⫾ SD population (log CFU/ml)
Exptl time

Initial temp Exposure
(⬚C)
time (min)

Mediuma

L. monocytogenes

E. coli O157:H7

Salmonella Typhimurium

8.05 ⫾ 0.15
7.83 ⫾ 0.34

8.37 ⫾ 0.05
8.18 ⫾ 0.12

At inoculation

25

10

Nonselective
Selective

7.79 ⫾ 0.13
7.77 ⫾ 0.11

After water treatment

55

1

55

10

Nonselective
Selective
Nonselective
Selective

7.04
6.85
6.62
6.55

a

⫾
⫾
⫾
⫾

0.20
0.17
0.29
0.26

7.32
7.16
7.25
5.80

⫾
⫾
⫾
⫾

0.10
0.08
0.13
0.75

7.36
7.10
7.18
6.91

⫾
⫾
⫾
⫾

0.06
0.05
0.05
0.07

Nonselective: TSAYE for L. monocytogenes and TSA for E. coli O157:H7 and Salmonella Typhimurium. Selective: PALCAM agar
for L. monocytogenes, SMAC-CT for E. coli O157:H7, and XLD agar for Salmonella Typhimurium.
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TABLE 4. Surviving populations of five-strain cocktails of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium on
nonselective and selective media after treatments with bleach
Mean population (log CFU/ml)b
% sodium
hypochlorite

Initial temp
(⬚C)

Exposure time
(min)

0.0314

25

0.0933
0.670

Mediuma

L. monocytogenes

E. coli O157:H7

Salmonella Typhimurium

1

Nonselective
Selective

⬍2.00
⬍2.00

⬍2.00
⬍2.00

⬍2.00
⬍2.00

25

1

Nonselective
Selective

⬍2.00
⬍2.00

⬍2.00
⬍2.00

⬍2.00
⬍2.00

25

1

Nonselective
Selective

⬍2.00
⬍2.00

⬍2.00
⬍2.00

⬍2.00
⬍2.00

a

initial temperature to 55⬚C was evaluated for improving effectiveness. Significantly greater reductions (P ⬍ 0.05) in
L. monocytogenes and E. coli O157:H7 with undiluted vinegar and 5% acetic acid and in Salmonella Typhimurium
with 5% citric acid were achieved by either extending the
exposure time to 10 min or increasing the initial temperature to 55⬚C (Tables 5 through 7). Increasing the initial
temperature to 55⬚C was more effective than extending the
exposure time to 10 min for reducing L. monocytogenes
and E. coli O157:H7 with 1:1 diluted vinegar (Table 5).
Combined effects of the initial temperature of 55⬚C and 10
min always caused significantly greater reductions (P ⬍
0.05) in all three foodborne pathogens tested (Tables 6 and
7).

Undiluted hydrogen peroxide reduced Salmonella Typhimurium (8.37 log CFU/ml) and E. coli O157:H7 (8.05
log CFU/ml) to below the detection limit of 2 log CFU/ml
after 1 min at 25⬚C (Table 8). The 1:1 diluted hydrogen
peroxide reduced pathogenic bacteria to below the detection
limit after 1 min at 25⬚C for Salmonella Typhimurium, 10
min at 25⬚C or 1 min at the initial temperature of 55⬚C for
E. coli O157:H7, and 10 min at the initial temperature of
55⬚C for L. monocytogenes (Table 8).
The tested pathogens were not significantly different
(P ⱖ 0.05) in their sensitivity to the bleach treatments. The
sensitivity of the tested pathogens to the organic acid and
hydrogen peroxide treatments was dependent on initial temperature and exposure time. The sensitivity of Salmonella

TABLE 5. Surviving populations of five-strain cocktails of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium on
nonselective and selective media after treatments with white vinegar
Mean ⫾ SD population (log CFU/ml)b
White vinegar
treatment

Undiluted
(5% acetic acid)

1:1 diluted
(2.5% acetic acid)

a

Initial temp Exposure
(⬚C)
time (min)

25

1

25

10

55

1

55

10

25

1

25

10

55

1

55

10

Mediuma

L. monocytogenes

E. coli O157:H7

Nonselective
Selective
Nonselective
Selective
Nonselective
Selective
Nonselective
Selective

5.99 ⫾ 0.29 EF
4.26 ⫾ 1.44 ab
2.22 ⫾ 0.32 A
2.22 ⫾ 0.34 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a

6.01 ⫾ 0.46 E
2.63 ⫾ 0.35 a
2.72 ⫾ 0.73 A
⬍2.00 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a

Nonselective
Selective
Nonselective
Selective
Nonselective
Selective
Nonselective
Selective

7.04 ⫾ 0.10 F
6.89 ⫾ 0.15 c
7.03 ⫾ 0.10 F
6.90 ⫾ 0.10 c
4.82 ⫾ 1.29 DE
4.30 ⫾ 1.52 b
2.73 ⫾ 0.45 AB
⬍2.00 a

7.36 ⫾ 0.27 E
5.52 ⫾ 0.43 b
6.09 ⫾ 0.04 E
⬍2.00 a
2.82 ⫾ 0.42 AB
⬍2.00 a
⬍2.00 A
⬍2.00 a

Salmonella Typhimurium

⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00

A

a
A

a
A

a
A

a

5.10 ⫾ 0.02 CD
3.29 ⫾ 0.11 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a

Nonselective: TSAYE for L. monocytogenes and TSA for E. coli O157:H7 and Salmonella Typhimurium. Selective: PALCAM agar
for L. monocytogenes, SMAC-CT for E. coli O157:H7, and XLD agar for Salmonella Typhimurium.
b The initial cell density of the suspensions is given in Table 3. Survival data are the mean of six samples. Some values were below
the detection limit (2.00 log CFU/ml). Within both rows and columns, means not followed by the same uppercase letters are significantly
different (P ⬍ 0.05). Within both rows and columns, means not followed by the same lowercase letters are significantly different (P
⬍ 0.05).
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TABLE 6. Surviving populations of five-strain cocktails of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium on
nonselective and selective media after treatments with 5% acetic acid (prepared from glacial acetic acid)
Mean ⫾ SD population (log CFU/ml)b
Initial temp
(⬚C)

Exposure time
(min)

25

Mediuma

L. monocytogenes

1

Nonselective
Selective

6.02 ⫾ 0.42 B
5.24 ⫾ 0.48 b

25

10

Nonselective
Selective

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

55

1

Nonselective
Selective

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

55

10

Nonselective
Selective

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

E. coli O157:H7

5.49 ⫾ 0.78
⬍2.00 a

Salmonella Typhimurium

⬍2.00 A
⬍2.00 a

B

Nonselective: TSAYE for L. monocytogenes and TSA for E. coli O157:H7 and Salmonella Typhimurium. Selective: PALCAM agar
for L. monocytogenes, SMAC-CT for E. coli O157:H7, and XLD agar for Salmonella Typhimurium.
b The initial cell density of the suspensions is given in Table 3. Survival data are the mean of six samples. Some values were below
the detection limit (2.00 log CFU/ml). Within both rows and columns, means not followed by the same uppercase letters are significantly
different (P ⬍ 0.05). Within both rows and columns, means not followed by the same lowercase letters are significantly different (P
⬍ 0.05).

Typhimurium to the organic acid treatments for 1 min at
25⬚C was higher (P ⬍ 0.05) than the sensitivity of E. coli
O157:H7 and L. monocytogenes except for treatment with
5% citric acid, whereas Salmonella Typhimurium and E.
coli O157:H7 had significantly higher sensitivity than L.
monocytogenes to hydrogen peroxide treatments. The sensitivity of Salmonella Typhimurium, E. coli O157:H7, and
L. monocytogenes was not different (P ⱖ 0.05) when the
exposure time was extended to 10 min and the initial temperature was increased to 55⬚C.
The minimum required conditions to reduce the tested
foodborne pathogens from approximately 8 log CFU/ml
(Table 3) to below the detection limit of 2 log CFU/ml is
summarized in Table 9. In most cases, after 1 min at 25⬚C,
Salmonella Typhimurium was reduced to below the detection limit by all the tested household compounds except the

1:1 diluted vinegar and 5% citric acid. The higher initial
temperature of 55⬚C was necessary for reducing L. monocytogenes to below the detection limit except for treatment
with household bleach (25⬚C for 1 min). When 1:1 diluted
hydrogen peroxide and 1:1 diluted vinegar were used, increasing exposure time to 10 min resulted in a reduction of
E. coli O157:H7 similar to that achieved with undiluted
hydrogen peroxide and vinegar.
DISCUSSION
Five products commonly available in households were
tested for their effectiveness against common foodborne
pathogens. Baking soda (sodium bicarbonate) is a naturally
occurring mild alkali. White vinegar is a weak organic acid
containing 5% acetic acid. Citric acid (5%), also a weak
organic acid, was used to simulate lemon and lime juice.

TABLE 7. Surviving populations of five-strain cocktails of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium on
nonselective and selective media after treatments with 5% citric acid
Mean ⫾ SD population (log CFU/ml)b
Initial temp
(⬚C)

Exposure time
(min)

25

a

Mediuma

L. monocytogenes

E. coli O157:H7

Salmonella Typhimurium

1

Nonselective
Selective

7.13 ⫾ 0.06 F
7.12 ⫾ 0.06 c

6.84 ⫾ 0.30 EF
6.15 ⫾ 0.36 b

7.13 ⫾ 0.16 EF
5.72 ⫾ 0.14 b

25

10

Nonselective
Selective

5.96 ⫾ 0.17 DE
5.75 ⫾ 0.12 b

6.59 ⫾ 0.10 DE
5.38 ⫾ 0.08 b

4.01 ⫾ 0.01 AB
⬍2.00 a

55

1

Nonselective
Selective

4.73 ⫾ 0.77 CD
4.53 ⫾ 0.94 b

4.45 ⫾ 0.56 C
3.32 ⫾ 0.75 a

⬍2.00 A
⬍2.00 a

55

10

Nonselective
Selective

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

⬍2.00 A
⬍2.00 a

Nonselective: TSAYE for L. monocytogenes and TSA for E. coli O157:H7 and Salmonella Typhimurium. Selective: PALCAM agar
for L. monocytogenes, SMAC-CT for E. coli O157:H7, and XLD agar for Salmonella Typhimurium.
b The initial cell density of the suspensions is given in Table 3. Survival data are the mean of six samples. Some values were below
the detection limit (2.00 log CFU/ml). Within both rows and columns, means not followed by the same uppercase letters are significantly
different (P ⬍ 0.05). Within both rows and columns, means not followed by the same lowercase letters are significantly different (P
⬍ 0.05).
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TABLE 8. Surviving populations of five-strain cocktails of L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium on
nonselective and selective media after treatments with hydrogen peroxide
Mean ⫾ SD population (log CFU/ml)b
Initial temp Exposure
Hydrogen peroxide
(⬚C)
time (min)

Undiluted (3%)

1

25

10

55

1

55

10

25

1

25

10

55

1

55

10

L. monocytogenes

Nonselective
Selective
Nonselective
Selective
Nonselective
Selective
Nonselective
Selective

4.02 ⫾ 0.55 B
2.59 ⫾ 0.69 a
2.37 ⫾ 0.37 A
⬍2.00 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a

⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00

Nonselective
Selective
Nonselective
Selective
Nonselective
Selective
Nonselective
Selective

6.04 ⫾ 0.23 C
5.44 ⫾ 0.16 b
4.21 ⫾ 0.11 B
2.14 ⫾ 0.36 a
5.48 ⫾ 0.91 C
4.45 ⫾ 1.30 b
⬍2.00 A
⬍2.00 a

4.04 ⫾ 0.90
⬍2.00 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a
⬍2.00 A
⬍2.00 a

E. coli O157:H7

Salmonella Typhimurium

⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00

A

a
A

a
A

a
A

a
B

⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00
⬍2.00

A

a
A

a
A

a
A

a
A

a
A

a
A

a
A

a

a

Nonselective: TSAYE for L. monocytogenes and TSA for E. coli O157:H7 and Salmonella Typhimurium. Selective: PALCAM agar
for L. monocytogenes, SMAC-CT for E. coli O157:H7, and XLD agar for Salmonella Typhimurium.
b The initial cell density of the suspensions is given in Table 3. Survival data are the mean of six samples. Some values were below
the detection limit (2.00 log CFU/ml). Within both rows and columns, means not followed by the same uppercase letters are significantly
different (P ⬍ 0.05). Within both rows and columns, means not followed by the same lowercase letters are significantly different (P
⬍ 0.05).

Household bleach (sodium hypochlorite as the active ingredient) and hydrogen peroxide kill microorganisms by
oxidation. Most of these materials are not harsh chemicals
and are economical, safe, and environmentally friendly. To
our knowledge, this is the first report of the effectiveness
of a variety of household compounds against the foodborne

pathogens L. monocytogenes, E. coli O157:H7, and Salmonella Typhimurium.
Our results suggested that the antimicrobial activities
of these household compounds (at 25⬚C for 1 min) from
the highest to the lowest were 0.0314% sodium hypochlorite ⬎ 3% hydrogen peroxide ⬎ undiluted vinegar and 5%

TABLE 9. Summary of reaction time and initial solution temperature needed to reduce tested foodborne pathogens to below the detection
limit of 2 log CFU/ml on nonselective mediaa
Reaction temp and time
Ingredient
and concn

Household compound

Clorox bleach

Sodium hypochlorite
(0.0314%)
Sodium hypochlorite
(0.0933%)
Sodium hypochlorite
(0.670%)

pH

L. monocytogenes

E. coli O157:H7

Salmonella Typhimurium

8.36

25⬚C, 1 min

25⬚C, 1 min

25⬚C, 1 min

9.00

25⬚C, 1 min

25⬚C, 1 min

25⬚C, 1 min

10.14

25⬚C, 1 min

25⬚C, 1 min

25⬚C, 1 min

25⬚C, 1 min
25⬚C, 10 min or
55⬚C, 1 min
55⬚C, 1 min
55⬚C, 10 min

25⬚C, 1 min
25⬚C, 1 min

Hydrogen peroxide

3%
1.5%

2.75
2.82

55⬚C, 1 min
55⬚C, 10 min

White vinegar

Acetic acid (5%)
Acetic acid (2.5%)

2.58
2.78

55⬚C, 1 min
NAb

Acetic acid (prepared from
glacial acetic acid)

5%

2.70

55⬚C, 1 min

25⬚C, 10 min or
55⬚C, 1 min

25⬚C, 1 min

Citric acid

5%

2.31

55⬚C, 10 min

55⬚C, 10 min

55⬚C, 1 min

a
b

Initial concentrations of the pathogens are indicated in Table 3.
NA, not available; none of the tested conditions reduced the tested pathogen to below the detection limit.

25⬚C, 1 min
25⬚C, 10 min or
55⬚C, 1 min
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INACTIVATION OF FOODBORNE PATHOGENS WITH HOUSEHOLD COMPOUNDS

increasing the initial temperature of 1:1 diluted vinegar to
55⬚C enhanced inactivation of L. monocytogenes and E.
coli O157:H7 more than did extending the exposure time
to 10 min. Significantly higher efficacy (P ⬍ 0.05) was
always achieved at the initial temperature of 55⬚C for 10
min than at 25⬚C for 1 min, indicating that preparation of
household compounds with warm water or prewarming
household compounds before use plus a longer contact time
would be helpful for limiting the survival of acid-adapted
bacterial cells.
The differences in the sensitivities of foodborne pathogens to household compounds may be explained by differences in membrane structures between gram-positive and
gram-negative bacteria. It is generally believed that the undissociated molecules of organic acids diffuse into the cell,
release protons in the cytoplasm, and cause cell death (3).
Gram-positive bacteria have a much thicker peptidoglycan
layer than do gram-negative bacteria, which may cause
some difficulties in the diffusion of organic acids. L. monocytogenes was the pathogen least sensitive to the household
compounds tested. Salmonella Typhimurium was the most
sensitive to organic acid and hydrogen peroxide treatments,
although the strains used in the present study were multidrug resistant (2).
In conclusion, the efficacies of household compounds
against all tested pathogens from the highest to the lowest
(at 25⬚C for 1 min) were 0.0314% sodium hypochlorite ⬎
3% hydrogen peroxide ⬎ undiluted vinegar and 5% acetic
acid ⬎ 5% citric acid ⬎ baking soda (50% sodium bicarbonate). The sensitivity of tested foodborne pathogens to
organic acid and hydrogen peroxide treatments at 25⬚C for
1 min was Salmonella Typhimurium ⬎ E. coli O157:H7 ⬎
L. monocytogenes. The household bleach solution
(0.0314% sodium hypochlorite) prepared by adding 1 teaspoon (5 ml) of bleach into 1 quart (950 ml) of water was
the most effective against all tested foodborne pathogens
when applied at 25⬚C for 1 min. When the other household
products were used against L. monocytogenes, an initial
temperature of 55⬚C was required for maximum effectiveness. It is important to note that our data were obtained
with a suspension test in which microorganisms are highly
susceptible to inactivation. Therefore, the results presented
may not fully demonstrate the exact efficacy of these household compounds against microorganisms on surfaces, especially in the presence of food debris. Hard surface sanitation studies should be undertaken to further determine the
effectiveness of these household compounds and to compare their effectiveness with that of commercial sanitizers.
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