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Abstract

In this study, the survival of Salmonella, Campylobacter and Escherichia coli O157: H7, when exposed to a range of

constant temperatures (47–60 jC), in hard or soft water, in the presence/absence of detergent (0–0.3%) and organic matter, and

during drying, was investigated. Further experiments used a washing-up process simulation, where soiled dishes contaminated

with bacteria were washed in a bowl of warm water containing detergent. In addition, this study considered the risk of bacterial

transfer onto (1) sterile dishes and sponges via contaminated water, (2) kitchen surfaces wiped with a contaminated sponge, (3)

items placed in direct contact with a contaminated kitchen surface, (4) food placed on a contaminated dish or (5) dishes from

contaminated food. A proportion of dishes remained contaminated with all pathogen types after a typical washing-up. Water

hardness did not appear to affect survival. E. coli, and to a lesser extent Salmonella, survived towel- or air-drying on dishes and

after towel-drying the cloth became contaminated on every occasion, regardless of the test organism. A proportion of sterile

dishes washed after contaminated dishes became contaminated with pathogens but transfer from dishes onto food was rare.

Washing-up sponges frequently became contaminated with pathogens. The results of this study highlight the potential for

survival and cross contamination of food borne pathogens in the kitchen environment.

D 2002 Elsevier B.V. All rights reserved.
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1. Introduction

Previous estimates suggest that 16% of food poison-

ing outbreaks in England and Wales may be associated

with meals prepared in private houses (Cowden et al.,

1995). A large proportion of fresh, raw retail chickens

in England are contaminated with Campylobacter or
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Salmonella (Jørgensen et al., 2002; Kramer et al., 2000;

FSAwebsite (www.food.gov.uk)) and, accordingly, the

commonest vehicle implicated in private house out-

breaks was poultry (44/101 outbreaks, Ryan et al.,

1996). Cross contamination was described as a con-

tributory factor in 28/101 outbreaks (Ryan et al., 1996)

and other publications confirm that food preparation

can lead to the cross contamination of other sites in the

kitchen (de Boer and Hahné, 1990).

Clearly, raw ingredients that are contaminated with

foodborne pathogens are handled frequently in the

domestic kitchen and the process of ‘washing-up’ is a

control point for preventing cross contamination in

this environment. Washing items that have been soiled

during the preparation or consumption of food serves

to physically remove organic matter and associated

microorganisms, such that they can be re-used with a

minimal risk of causing cases of food poisoning.

A limited survey of consumer homes showed that,

on average, UK consumers use a 0.12% detergent

solution in the sink and at the end of an average

washing up, the soiled washing-up water contained

0.4% w/v organic matter (Procter & Gamble, unpub-

lished). No suds would be present on the surface of

washing-up water containing z 2.4% (w/v) organic

matter and typical detergent concentrations. It is

unlikely that an informed consumer would continue

to use such water and so 2.4% organic matter can be

considered the maximum concentration likely to be

present in washing-up water. The average washing-up

water temperature in the UK is 48 jC at the start, as in

most Northern European countries (Procter & Gam-

ble, unpublished) and this will fall by a few degrees

during the washing-up process.

The upper limit for growth of Salmonella, Escher-

ichia coli and Campylobacter is reported to be

approximately 46–47 jC (Anonymous, 1996, 2002;

Hazeleger et al., 1998; Solomon and Hoover, 1999),

so growth could not occur at the average European

washing-up water temperature. The rate of death in

broth or buffer over this temperature range can be

predicted from the existing published literature and is

likely to be relatively slow, for example the D50 jC for

E. coli O157:H7 is approximately 20 min (Stringer et

al., 2000). Therefore, we hypothesise that Salmonella,

E. coli O157 and Campylobacter may be able to

survive a typical washing-up process and persist

subsequently on dish surfaces or washing-up sponges.

During washing-up, however, the combination of high

temperature with high concentrations of detergent,

organic matter and/or fat make it difficult to predict

the inactivation kinetics of pathogens and experimen-

tal data are required.

If Salmonella, E. coli O157 and Campylobacter can

survive washing-up, it will be important to determine

whether they can survive subsequent stresses that

might be encountered, for example desiccation associ-

ated with towel- or air-drying. Having established that

cross contamination occurs frequently in the kitchen

(de Boer and Hahné, 1990; Scott and Bloomfield,

1990), the potential for transfer of bacteria that have

survived washing-up requires investigation. Such sce-

narios could include transfer from; contaminated wash-

ing-up water onto clean dishes and washing-up

sponges; contaminated sponges onto kitchen surfaces

during wiping; contaminated surfaces onto items

placed on it; contaminated dishes to clean foods placed

on it and from contaminated food to clean dishes.

In this study, the survival of Salmonella, Campy-

lobacter and E. coli O157: H7 in food debris on soiled

dishes, during the washing-up process and subsequent

drying, and the potential for transfer of surviving

pathogens was assessed. Our results demonstrate that

bacterial pathogens were not always inactivated dur-

ing washing-up and E. coli O157 in particular could

withstand subsequent drying on dishes. The risk of

transfer from contaminated dishes to a sterile food

was low but the contamination of towels and washing-

up sponges that may be used to wipe hands and work

surfaces, respectively, was of more concern. This

work will help to define the risks associated with

bacterial survival during washing-up.

2. Materials and methods

2.1. Preparation of bacterial cells for inoculating

washing-up water

The bacterial strains used in this study were Cam-

pylobacter jejuni strain 77 (originally isolated from

poultry), Salmonella enterica serovar Typhimurium

DT104 strain 30 (Mattick et al., 2000), S. enterica

serovar Enteritidis PT4 strain E (Humphrey et al.,

1995b) and a non-toxigenic E. coli 0157 NCTC12900

strain. While the present work was being carried out,
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other studies demonstrated that the E. coli O157

NCTC strain was considerably less stress-resistant

than a number of other E. coli O157 strains (Wilde

et al., 2001; Francis and O’Beirne, 2001). We therefore

also carried out a number of experiments using E. coli

O157 strain ATCC11229 (a non-pathogenic strain,

Sommer et al., 2000) and compared the drying resist-

ance of the NCTC strain to that of a verocytotoxigenic

E. coli O157 strain E100793 isolated from beef (phage

type 21, verotoxin types 1 and 2, highly stress tolerant;

Wilde et al., 2001).

Bacteria were stored at � 20 jC on Protect beads

(Mast Diagnostics, Merseyside). To generate cultures

of E. coli and Salmonella, a bead was streaked onto 5%

horse blood agar (Columbia Agar Base, Oxoid, Hamp-

shire, containing horse blood, E & O Laboratories,

Bonnybridge, Scotland) and incubated at 37 jC for 24

h. Stationary phase cultures were prepared in nutrient

broth (NB, Oxoid) as described previously (Mattick et

al., 2000). The culture was adjusted to an optical

density of 0.2 at 600 nm (equivalent to approximately

108 CFU ml� 1) and serial dilutions were prepared in

maximal recovery diluent (MRD, Oxoid).

A Campylobacter cell suspension was prepared by

streaking a bead onto blood agar, incubating in a

microaerobic environment at 37 jC for 48 h, sub-

culturing and incubating under the same conditions

for a further 24 h. Growth was removed from the

blood agar plate and suspended to homogeneity in

MRD to an optical density of 0.1 at 600 nm (equiv-

alent to approximately 108 CFU ml� 1). Serial dilu-

tions were prepared in MRD, as before.

2.2. Survival of pathogens in food debris

Food residue was simulated using real grease soil

(Procter & Gamble, unpublished). This was prepared

by homogenising 1 tin of Tyne Brand minced beef

(370 g), a whole raw egg, 101 g Smash dried potato,

36 g McDougalls sponge mix, 242 g full cream UHT

milk, 14.2 g Bisto gravy granules and 105 g Mazola

corn oil in a Blender (Braun). The gravy granules and

corn oil were first mixed and microwaved for 1.5 min

at 780 Watt. The soil was not sterilised and contam-

inating colonies of Bacillus spp. were sometimes

observed but negative controls for the test pathogens

ensured that those recovered were the same ones that

were inoculated.

To investigate the survival of bacteria in food

debris on dishes prior to washing-up, cultures or cell

suspensions of Salmonella, E. coli O157 or Campy-

lobacter were inoculated into soil and mixed to give

an initial cell count of approximately 1�106 CFU

ml� 1. Aliquots (20 Al) of inoculated soil were then

placed onto small squares of kitchen-grade Formica

and left exposed to the air for up to 72 h at 21 jC.
Bacterial numbers were determined over time by

rehydrating the soil on a Formica square in 10 ml of

MRD for 15 min, then mixing vigorously to re-

suspend the soil. The suspension was diluted further

in MRD, plated onto blood agar using the method of

Miles and Misra (1938) and incubated at 37 jC for

either 24 h (Salmonella and E. coli) or 48 h (Campy-

ylobacter, microaerobically), prior to enumeration. A

selective medium was not required due to the low

level of background contamination in the soil, so

blood agar was used for its ability to recover injured

bacteria cells (Mattick et al., 2001a,b). Data analysis

was performed in Microsoft Excel 97 using a two-

sample Student’s t-test assuming equal variance.

2.3. Inactivation of bacteria in water containing

detergent and soil

Aliquots of sterile tap water (50 ml) with a water

hardness of 26 ppm were added to sterile honey jars.

Non-antibacterial concentrated supermarket detergent

was added at concentrations of 0, 0.1 or 0.3% v/v,

chosen as a range of concentrations around the UK

average (0.12%). Soil was added to the water samples

to a final concentration of either 0 or 0.4%, the latter

being the average concentration of organic matter in

washing-up water (Procter & Gamble, unpublished).

The solution was mixed and the honey jars were

placed into a pre-heated stirrer water bath at temper-

atures between 47 and 60 jC and left for 30 min to

equilibrate. The water temperature was maintained at

the stated temperature throughout the experiment.

Salmonella, E. coli O157 or Campylobacter cells

were inoculated to an initial bacterial cell concentra-

tion of approximately 106 CFU ml� 1. At pre-deter-

mined time intervals, aliquots of the washing-up water

were removed and immediately diluted in MRD to

reduce the temperature and thus prevent further bac-

terial death. Surviving Campylobacter, Salmonella

and E. coli cells were enumerated as before. Regres-
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sion analysis for the effect of water temperature on

time to achieve a 3 log10 reduction was performed

using Sigmaplot 2001 (SPSS, Richmond, CA, USA).

Pre-chilled cells were investigated, since meal pre-

paration often involves handling refrigerated food in-

gredients, for example meat or poultry, that may be

contaminated with foodborne pathogens and pre-chill-

ing may affect pathogen survival during washing-up.

Fresh cultures (Salmonella and E. coli O157) or fresh

cell suspensions (Campylobacter) were standardised

as before and refrigerated at 6 jC for 15 h, prior to

inactivation in simulated washing-up water. Control

cultures were not refrigerated.

Cultures of S. Typhimurium DT104 strain 30 were

inoculated into soft (26 ppm) or hard water (230 ppm)

containing 0%, 0.1% or 0.3% detergent, pre-heated to

48 jC. The local water company kindly provided the

samples of soft and hard water. Subsequent work used

soft water, since this was more readily available. The

distribution of log10 reductions in S. Typhimurium

DT104 was determined using Bestfit 4.0.2 (Palisade,

Newfield, NY, USA).

2.4. Washing-up process simulation

The laboratory simulation of the washing-up proc-

ess mimicked that of a typical consumer in the United

Kingdom. Aliquots of sterile tap water (5 l) were used,

with a water hardness of 26 ppm. Non-antibacterial

concentrated supermarket detergent was added to give

a concentration of 0.12% v/v, the average used in the

UK. The water was pre-heated to 48 jC at the start of

washing-up, and then allowed to decrease towards

ambient during the process, as would happen naturally.

Aliquots (6 g) of soil were inoculated with a pre-

determined number of bacterial cells, mixed and

spread evenly over the surface of each of 20 dishes

(26 cm in diameter). Therefore, when 1000 cells were

mixed with soil and spread onto 20 dishes, there was

120 g soil and 2� 104 bacterial cells on the 20 dishes,

giving a predicted maximum concentration of 2.4% w/

v soil and 4 CFU ml� 1 bacteria in the 5 l of washing-

up water. After contamination, the dishes were stacked

with the top dish covered and used within 1 h.

The soiled dishes were washed individually by

hand (wearing rubber gloves) in the simulated wash-

ing-up water, using a washing-up brush to remove soil

(eight clockwise and eight anti-clockwise strokes on

the upper surface; four clockwise and four anti-clock-

wise strokes on lower surface). The time taken to

wash 20 dishes and the final temperature were

recorded, for each washing-up simulation.

Four dishes (numbers 4, 9, 14 and 19) were exam-

ined for the presence of pathogens immediately after

washing-up by pouring an indicator agar over the

surface, allowing it to solidify for 1 h at 21 jC and

then incubating at 37 jC for 48 h. For Salmonella, the

agar used was plate count agar (MC463, Oxoid)

containing 2.5 g l� 1 sodium thiosulphate and 1 g

l� 1 ferric ammonium citrate, with incubation for 48

h at 37 jC. For E. coli O157, the agar used was CLED
medium (CM301) containing Andrade indicator

(Oxoid CM423), with incubation for 24 h at 37 jC.
For Campylobacter, the agar overlay method could not

be used, due to the requirement for blood or charcoal in

the agar, making it difficult to visualise colonies.

Therefore, dishes were placed in a sterile bag and

mixed with 250 ml modified Exeter broth for 1 min,

avoiding unnecessary aeration. The latest modification

of Exeter broth (using Bolton broth as the base) was

prepared by adding 1 vial of Campylobacter growth

supplement (SR084E, Oxoid; sodium pyruvate,

sodium metabisulphite and ferrous sulphate, all at

0.125g per vial), 5 ml lysed defibrinated horse blood,

10 mg l� 1 trimethoprim, 2 mg l� 1 amphotericin and

15 mg l� 1 cefoperazone to 500 ml Bolton broth

(CM983, Oxoid). After rinsing the dish, the broth

was decanted into a sterile container, such that little

headspace remained, and placed at 37 jC for 6 h, after

which 5 mg l� 1 rifampicin and 2500 IU l� 1 poly-

myxin were added. Delayed addition of rifampicin and

polymixin to the Exeter broth has previously been

shown to improve recovery of injured Campylobacter

cells (Humphrey, 2002). The broths were then further

incubated for 42 h at 37 jC. Aliquots of broths (10 Al)
were sub-cultured onto Charcoal Cefoperazone Des-

oxycholate Agar (mCCDA, CM739, SR155, Oxoid))

plates and incubated at 37 jC for 48 h under micro-

aerobic conditions. Presumptive colonies were con-

firmed as Campylobacter by sub-culturing onto blood

agar and nutrient agar for purity and performing a

Gram stain and an oxidase test.

After washing dish numbers 5, 10, 15 and 20, a

sterile dish was dipped into the water for 5 s and the

presence of pathogens was assessed as before, to

assess transfer of bacteria from the water to dishes.
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2.5. Effect of dish drying method on pathogen

survival after washing-up

After washing dishes that had been inoculated with

bacterial cells, dish numbers 5, 10, 15 and 20 were

either air-dried on a washing-up rack h at 21 jC for 24 h

(and 72 h in the case of E. coli O157). This procedure

was then repeated but this time dish numbers 5, 10, 15

and 20 were dried manually with a tea-towel. After

drying, dishes were assessed for the presence or ab-

sence of bacteria, by the methods described previously.

After towel-drying, the cloth was cultured for the

presence or absence of the pathogens. For Campylo-

bacter, the method was the same as that used for

detecting this organism on the dishes. For Salmonella,

the towel was placed into 250 ml buffered peptone

water (BPW) and incubated for 24 h at 37 jC. An
aliquot (0.1 ml) from each broth was sub-cultured into

10 ml Rappaport Vassiliadis enrichment broth (RV,

Oxoid code CM669) and incubated at 41.5 jC for 24

h. Ten-microlitre aliquots of the selective broths were

sub-cultured onto xylose lysine deoxycholate (XLD,

Oxoid) and incubated at 37 jC for 24 h. Presumptive

Salmonella isolates were streaked onto blood agar and

incubated at 37 jC for 24 h to obtain pure cultures.

Pure isolates were confirmed as Salmonella using

serology (O and H antigen).

For E. coli, the towel was placed into 250 ml TSB

and incubated at 37 jC for 24 h. Aliquots (10 Al) of
the enrichment broth were then sub-cultured onto

cefixime tellurite sorbitol MacConkey agar (CT-

SMAC) and agar plates were incubated at 37 jC for

24 h and examined for typical colonies.

2.6. Transfer of pathogens from washing-up sponge to

surfaces

Prior to use, the sponge was washed to remove all

trace of preservatives and other chemicals that may

have an antibacterial effect. The spongewas placed into

a sterile bag with 100 ml sterile cold tap water and 2 ml

washing-up liquid, and the bag contents were mixed for

60 s. The sponge was removed from the bag, rinsed

thoroughly with cold water and squeezed to remove

excess liquid. The sponge was then boiled in sterile

distilled water for 10 min, excess water was removed

and the sponge was dried overnight in an oven. The

weight of the sponge was recorded.

The sponge was used to wash 20 dishes that had

been evenly spread with 6 g soil per dish containing

between 103 and 106 CFU dish� 1 S. Typhimurium

DT104 strain 30, E. coli NCTC12900 or E. coli

ATCC11229. After washing-up, excess water was

removed from the sponge by wringing and the sponge

was weighed. The wet sponge was wiped over a

Formica surface, weighed and left to dry overnight

on a Petri dish at 21 jC. Three areas of the wiped

surface (10� 10 cm square = 100 cm2) were swabbed

immediately first using a swab pre-moistened in BPW

(for Salmonella) or TSB (for E. coli) and then using a

dry swab. Three further areas were left to dry overnight

at 21 jC, prior to swabbing. After overnight drying, the
sponge was weighed again, used to wipe three further

areas and these areas were swabbed immediately.

To detect Salmonella, the swabs were placed into

18 ml buffered peptone water (BPW), incubated,

subjected to selective enrichment and plated onto

selective agar as above. To detect E. coli, swabs were

placed into 18 ml TSB, incubated, subjected to selec-

tive enrichment and plated onto selective agar, as

before. For E. coli (non-O157) the selective agar used

was MacConkey agar (MAC).

2.7. Enumeration of pathogens in sponge rinse

After washing-up, the number of bacteria contam-

inating the sponge was determined. The sponge to be

tested was placed into a stomacher bag containing 100

ml BPW (for Salmonella) or TSB (for E. coli). The

sponge and broth were mixed for 90 s to mechanically

remove pathogens. The broth was then squeezed from

the sponge and decanted into a sterile container. A

second rinse was produced in the same way.

A five-tube most probable number (MPN) test was

performed on the rinse broth to enumerate Salmonella,

E. coli or E. coli O157. Five aliquots of 10 ml rinse

broth were added to 10 ml aliquots of double strength

BPW (for Salmonella) or TSB (for E. coli or E. coli

O157). In addition, five aliquots of 1 ml and five of 0.1

ml rinse broth were added to 10 ml aliquots of single

strength BPWor TSB. All broths were incubated for 24

h. For E. coli O157 and E. coli, respectively, aliquots

(10 Al) of TSB were sub-cultured onto SMAC and

MAC, respectively, and incubated for 24 h at 37 jC.
For Salmonella, an aliquot (100 Al) of BPW was sub-

cultured into 10 ml RV and incubated for 24 h at 41.5
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jC. A further aliquot (10 Al) was sub-cultured to XLD

and incubated for 24 h at 37 jC. The proportion of

tubes yielding Salmonella or E. coli O157 for each

dilution was used to calculate a CFU ml� 1 using the

five-tube MPN chart (Anonymous, 1995).

2.8. Cross contamination from washed dishes to foods

To prepare contaminated, simulated washing-up

water, a culture of E. coli O157 NCTC12900 was

pre-chilled at 6 jC for 15 h, diluted in MRD and

inoculated into simulated washing-up water containing

2.4% soil and 0.12% detergent to achieve the initial cell

concentrations of 100, 500, 1000 and 5000 CFU

dish� 1.

Twenty dishes were surface sterilised using alco-

hol wipes and dipped individually into the water for

5 s per dish. After this, dishes were placed on a

draining rack to air dry. Ten dishes were air dried for

15 h and 10 for 72 h. After air-drying, small Petri

dishes completely filled with solidified CLED agar

containing Andrade indicator (Oxoid CM423) were

used to assess transfer from dish to food. The water

activity of the agar was measured. The agar was

placed onto each dish and used to investigate four

different contact times (1, 5, 10 and 20 min). The

small Petri dishes were then removed from the dish

and incubated agar side up in a larger Petri dish with

a lid at 37 jC for 24 h. Two dishes from each set of

10 were also covered with CLED agar containing

Andrade medium in order to observe whether E. coli

cells were present on the dish but had failed to

transfer to the small Petri dishes containing agar.

Contact with pressure was examined by placing an

evenly spread weight (100 g) on top of the agar block

during contact. Transfer to MacConkey agar (Oxoid)

was also examined, to compare agars with different

selectivity and as an indication of the level of injury

of the transferred cells.

In addition, a comparison of towel drying and air-

drying for 15 h was made. Four small Petri dishes

containing CLED with Andrade indicator were in-

verted statically on the surface of dishes that had either

been towel-dried (60 s contact time) or air-dried (20

min).

2.9. Transfer from food to dishes

Five hundred grams of minced beef (20% fat)

was contaminated with pre-chilled E. coli 0157

NCTC12900 or E. coli ATCC11229 at three levels

(103, 104 and 105 cells). The contaminated beef was

then used to prepare meat patties on a dish. The patties

were then removed and CLED agar containing

Andrade indicator was poured over the dish. The agar

was allowed to solidify, the dishes were incubated at

37 jC for 24 h and typical colonies of E. coli 0157

were recorded photographically.

3. Results

3.1. Survival of pathogens in food debris

Cell numbers of E. coli 0157 and S. Typhimurium

DT104 decreased by only approximately 0.5 log10

Table 1

Survival of foodborne pathogens in soil at 21 jC for 24 h

Log10 reduction

in cell number

S. Typhimurium DT104 strain 30 � 0.41 (F 0.05)

E. coli O157 strain E100793

(toxigenic)

� 0.53 (F 0.03)

E. coli O157 NCTC12900

(non-toxigenic)

� 1.00 (F 0.07)

C. jejuni strain 77 >� 5.00 (F 0.00)

Fig. 1. Time to achieve a 3 log10 reduction on Salmonella

Typhimurium DT104 in washing-up water from 53 to 60 jC.
Closed circles represent plain water; open circles represent water

containing 0.4% soil and 0.1% detergent. Regression lines are solid,

and 95% prediction interval lines are dotted.
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CFU ml� 1 during 24 h of air-drying in soil at 21 jC,
whereas Campylobacter decreased by >5.0 log10 CFU

ml� 1 (Table 1). Cell numbers of toxigenic E. coliO157

strain E100793 decreased less during air-drying in soil

on a surface for 24 h at 21 jC than the non-toxigenic E.

coli 0157 strain NCTC12900 (P= 0.006, Table 1).

3.2. Effect of detergent and soil concentration, pre-

chilling and water hardness on inactivation of

Salmonella during washing-up

Preliminary experiments using Salmonella showed

< 3 log10 reduction in S. Typhimurium cell numbers

when suspended in washing-up water at 47 or 50 jC
for 60 min, even in the presence of 0.4% soil and

0.1% detergent (data not shown). At the higher

temperatures tested (53–60 jC), however, cell death
in water was much faster and the addition of soil and

detergent resulted in an increased cell death (Fig. 1).

As temperature increased, the difference due to added

soil and detergent decreased, for example, at 60 jC

the time to achieve a 3 log10 reduction in cell numbers

was 7.5 min for water alone or 2.9 min for water

containing 0.4% soil and 0.1% detergent (Table 2).

Regression analysis of the effect of temperature on

time to 3 log10 reduction show good correlations for

Salmonella survival in water alone (r2 = 0.9817) and

in water with soil and detergent (r2 = 0.9659). Care

should be taken in extrapolating inactivation rates to

lower temperatures, because predicted inactivation

times at 47 or 50 jC were shorter than those observed.

Pre-chilled cells usually died more rapidly than

fresh ones and this appeared to be particularly evident

in water containing detergent (Table 3). The detrimen-

tal effect of detergent was confirmed, with a typically

greater log10 reduction in cell numbers when detergent

was present, regardless of whether the cells were fresh

or pre-chilled. A detergent concentration of 0.3% v/v

did not appear to be significantly more detrimental to

cell viability than 0.1%. The two Salmonella strains

showed similar levels of inactivation, giving confi-

dence that the Salmonella data in this study may be

representative for the genus. There was no clear

difference in survival of S. Typhimurium DT104

strain 30 when soft (26 ppm) or hard (230 ppm) water

was used for washing-up, regardless of detergent

concentration (Table 4).

Data from 35 individual log10 reduction observa-

tions and the exponential distribution that describes

them are shown in Fig. 2. Seventeen of the 35

observations showed essentially no reduction in S.

Typhimurium DT104 after 15 min at 48 jC. Progres-
sively fewer samples showed a greater reduction, with

one sample showing about a 0.5 log10 decrease. The

distribution of differences in log10 reductions was

Table 2

Survival of S. Typhimurium DT104 strain 30 in water or simulated

washing-up water at constant elevated temperature

Temperature

(jC)
Time to achieve a 3 log10 reduction in cell

numbers (min)

Water Water plus 0.4% soil

and 0.1% detergent

47 >60 (F 0.00) >60 (F 0.00)

50 >60 (F 0.00) >60 (F 0.00)

53 35.3 (F 0.72) 18.5 (F 0.29)

57 16.2 (F 0.12) 11.8 (F 0.12)

60 7.5 (F 0.17) 2.9 (F 0.48)

Table 3

Log10 reduction in cell number during heat challenge at 48 jC for 10 min

Detergent Log10 reduction in cell numbers

concentration
E. coli O157 NCTC 12900 C. jejuni strain 77 S. Typhimurium DT104 strain 30 S. Enteritidis PT4 strain E

(% v/v)
Fresh Pre-chilled Fresh Pre-chilled Fresh Pre-chilled Fresh Pre-chilled

0 � 0.05

(F 0.03)

� 0.81

(F 0.19)

� 0.43

(F 0.01)

� 0.40

(F 0.00)

0.00 � 0.23 � 0.01 � 0.12

0.1 � 0.23

(F 0.03)

� 1.21

(F 0.11)

>� 4.30

(F 0.00)

>� 4.30

(F 0.00)

� 0.03

(F 0.01)

� 1.83

(F 0.06)

� 0.21

(F 0.01)

� 2.03

(F 0.05)

0.3 � 0.09

(F 0.02)

� 1.29

(F 0.01)

>� 4.30

(F 0.00)

>� 4.30

(F 0.00)

� 0.01

(F 0.00)

� 1.87

(F 0.12)

� 0.20

(F 0.01)

� 2.00

(F 0.04)

Initial level 106 CFU ml� 1.
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described by an exponential distribution with a mean

(b) of 0.15250. The goodness of fit for this distribu-

tion, by root-mean squared error, was 0.0129. This

particular example demonstrates the descriptive power

available when larger datasets are used. Since 35

observations were available, the distribution of cell

reductions could be calculated with a high degree of

precision. The creation of distributions like that shown

in Fig. 2 is very useful later in the development

of quantitative risk assessments (Montville et al.,

2002).

3.3. Washing-up simulation

During washing-up of dishes that had been inocu-

lated with organic matter and bacterial pathogens, the

temperature of the washing-up water decreased with

time and the concentration of organic matter and

pathogens in the water increased. The washing-up

process took 12 min on average and the water temper-

ature was observed to drop approximately 10 jC
(from 48 to 38 jC).

With bacteria inoculated at a concentration of 103

CFU dish� 1, a proportion of the dishes were still con-

taminated with C. jejuni, E. coli O157 or S. Typhimu-

rium DT104 after washing (Table 5, Fig. 3). Therefore,

these bacteria could survive the washing-up process,

although Campylobacter appeared to survive least

well and E. coli O157 appeared to survive best (Table

5). Not surprisingly, when dishes were inoculated with

106 CFU dish� 1, a higher proportion of dishes had

viable Salmonella cells present after washing-up,

compared with the situation when dishes were inocu-

lated with 103 CFU dish� 1 (Table 5).

3.4. Survival of bacteria on dishes during drying

Campylobacter cells were very sensitive to towel-

or air-drying and were not recovered on the dishes after

drying (Table 5), whereas E. coli O157 survived better

than the other bacteria tested and was still recovered

from dishes after air-drying for 72 h (data not shown).

Salmonella cells did not survive air-drying but a

proportion of dishes remained contaminated after towel

drying. When dishes were inoculated with a higher

concentration of Salmonella cells, all dishes remained

contaminated after towel drying but only half after air-

drying.When dishes were dried using a towel, the cloth

became contaminated on every occasion, regardless of

the test organism.

Table 4

Survival of S. Typhimurium DT104 strain 30 after 15 min at 48 jC
with different detergent concentrations in soft and hard water

Detergent Log10 reduction in cell numbers

concentration

(% v/v)
Soft (26 ppm) Hard (230 ppm)

0 � 0.11 (F 0.05) � 0.07 (F 0.03)

0.1 � 0.08 (F 0.03) � 0.19 (F 0.07)

0.3 � 0.23 (F 0.09) � 0.10 (F 0.04)

Fig. 2. Frequency distribution of Salmonella Typhimumrium DT104

log10 reductions after 15 min in 48 jC water. Bars represent 35

individual observations and solid line represents an exponential

distribution with a mean (b) of 0.1525.

Table 5

Proportion of dishes containing viable cells after washing-up and

subsequent drying, and proportion of sterile dishes that became

contaminated when washed subsequent to the inoculated dishes

Initial

CFU

dish� 1

Wet,

washed

dish

Towel

dried,

washed

dish

Air

dried,

washed

dish

Sterile dishes

contaminated

during

washing

C. jejuni strain 77 103 2/4 0/4 0/4 1/4

E. coli O157

NCTC12900

103 4/4 3/4 4/4 4/4

S. Typhimurium

strain 30

103 3/4 1/4 0/4 1/4

S. Typhimurium

strain 30

106 4/4 4/4 2/4 4/4
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3.5. Transfer of bacteria to sterile dishes during

washing-up

A proportion of sterile dishes washed subsequent to

the contaminated dishes became contaminated with E.

coli, Salmonella or Campylobacter (Table 5). Transfer

of S. Typhimurium DT104 strain 30 to sterile dishes

occurred more frequently when there was a higher

number of bacteria in the washing-up water (Table 5).

3.6. Transfer of pathogens from washing-up sponge to

surfaces

Before the washing-up process, unused, dry, clean

sponges weighed 5.8 g (F 0.12) on average. After

washing-up and squeezing out the excess water,

sponges weighed 20.1 g (F 1.9) on average, having

gained approximately 16 g of potentially contami-

nated washing-up water. After wiping a kitchen

surface (approximately 20� 30 cm, or 600 cm2),

the sponges weighed 19.3 g (F 1.9) on average, so

0.8 g liquid had been deposited onto the 600 cm2

surface (equivalent to 0.0013 g cm� 2 on average).

After standing at 21 jC for 15 h (overnight), the

sponges weighed 7.4 g (F 0.5), indicating that on

average 11.9 g moisture had been lost through

evaporation.

When washing-up water was inoculated at an

initial cell concentration of 103 CFU Salmonella

dish� 1 and the washing-up sponge was used to wipe

a kitchen surface, no Salmonella cells were recovered

from the surface, even when it was wiped imme-

diately after washing-up and swabs were taken

straight away (Table 6). At the same initial cell

concentration, some E. coli cells were detected by

surface swabbing but strain ATCC11229 was recov-

Fig. 3. A dish contaminated with Salmonella (the black areas) after washing-up (left) and the control (right). The indicator agar (plate count agar

(MC463, Oxoid) containing 2.5 g l� 1 sodium thiosulphate and 1 g l� 1 ferric ammonium citrate) was poured over the surface of the dishes and

these were then incubated at 37 jC for 48 h. The Salmonella-positive dish was contaminated during a simulated washing-up procedure, using

dishes inoculated with Salmonella. The indicator agar was poured on the dish immediately after washing up.

Fig. 4. E. coli ATCC 11229 on dishes contaminated during the preparation of meat patties, spiked with 103 (left), 104 (middle) or 105 (right) E.

coli cells. Indicator agar (CLED medium (CM301) containing Andrade indicator (Oxoid CM423)) was poured over the surface of the dishes

after the contamination and the dishes were then incubated for 24 h at 37 jC.
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ered from surfaces much more frequently than strain

NCTC12900 (Table 6). When higher initial levels of

Salmonella or E. coli ATCC11229 were used to con-

taminate the organic matter spread onto the dishes,

the surfaces were more frequently contaminated with

bacteria (Table 6).

When the sponge was rinsed twice in broth,

Salmonella and E. coli inoculated at a level of 103

CFU sponge� 1 were recovered from the liquid on

every occasion but the second rinse always had a

lower level of contamination than the first (Table 7).

When E. coli ATCC11229 was inoculated at 106 CFU

sponge� 1 the concentration of bacteria in the first

rinse was the same as when inoculated at the lower

level but the concentration in the second rinse ap-

peared slightly higher (Table 7).

3.7. Transfer of E. coli O157 from washed dishes to

simulated foods

Food was simulated by using a block of CLED

agar containing Andrade indicator agar. The water

activity of this agar was 0.99. The frequency of

transfer of E. coli 0157 NCTC12900 from the surface

of a washed, air-dried dish to a simulated food was

assessed and found to be low (Table 8). In addition,

when the simulated food was replaced by selective

agar, no cells were recovered, indicating that the cells

undergoing transfer were injured (data not shown).

Control washed, dried dishes were overlaid with

indicator agar and indicated that viable E. coli O157

cells were present on the dishes but failed to transfer

to the food. The application of pressure (designed to

simulate the weight of food) sometimes appeared to

increase the chance of transfer but the relationship

was not clear (Table 8).

A comparison of the transfer frequency of bacteria

from towel- or air-dried washed dishes onto food

Table 6

Proportion of positive surface swabs taken after wiping surface with a washing-up sponge

Bacteria Strain Initial cell

concentration

(CFU dish� 1)

Timepoint at which

sponge used to wipe

surface (h)

Timepoint at

which surface

swab taken (h)

Proportion

of swabs

positive

S. Typhimurium DT104 strain 30 103 0 0 0/9

0 24 0/9

24 0 0/9

104 0 0 3/3

0 24 0/3

24 0 0/3

105 0 0 3/3

0 24 1/3

24 0 0/3

E. coli NCTC12900 103 0 0 0/12

0 24 1/12

24 0 1/12

ATCC11229 103 0 0 5/6

0 24 4/6

24 0 3/6

ATCC11229 106 0 0 6/6

0 24 3/6

24 0 3/6

Table 7

Number of viable bacteria in sponge rinses after washing-up

Strain Initial cell

concentration

(CFU dish� 1)

Concentration

bacteria

(CFU ml� 1)

Rinse 1 Rinse 2

S. Typhimurium DT104

strain 30

103 0.2 0.1

E. coli NCTC12900 103 0.1 < 0.02a

ATCC11229 103 8.2 4.6

ATCC11229 106 8.2 8.0

a Positive by enrichment.

K. Mattick et al. / International Journal of Food Microbiology 85 (2003) 213–226222



indicated that transfers occurred more frequently

from towel-dried dishes to food than from air-dried

dishes. With E. coli ATCC11229 and E. coli 0157

NCTC12900, respectively, 1/20 and 2/20 transfers

occurred following towel drying, whereas 0/20 and 0/

20 transfers occurred following air-drying.

3.8. Transfer from food to dishes

The transfer of bacteria from minced beef (inocu-

lated with different levels of E. coli O157) to sterile

dishes was investigated. Visual inspection of the

dishes overlaid with agar demonstrated that increasing

the level of E. coli strains NCTC12900 or ATCC11229

present in the minced beef gave rise to an increase in

the contamination level on the dish (Fig. 4).

4. Discussion

This study investigated factors affecting the sur-

vival of Campylobacter, Salmonella and E. coli O157

during a typical washing-up process and the subse-

quent potential for transfer of bacteria to sites in the

kitchen. The water temperature, detergent concentra-

tion and organic matter concentration was designed to

simulate the range used by a typical UK consumer,

identified during preliminary studies.

Air-drying in organic matter, as would occur if

dirty dishes were left for some time prior to washing-

up, showed that Campylobacter survived very poorly

in comparison with Salmonella and E. coli. This

confirms previous reports that Campylobacter is very

sensitive to desiccation (Humphrey et al., 1995a),

whereas Salmonella can survive air-drying for at least

24 h (Humphrey et al., 1995b; Bradford et al., 1997)

and E. coli may survive even longer (Bale et al.,

1993).

The survival of these bacteria during a simulated

washing-up was then investigated. The bacterial con-

centrations used are probably higher than many real

situations, for example very low numbers of Salmo-

nella are present on raw, retail poultry (Jørgensen et

al., 2002), but the high levels enabled an accurate

description of the bacterial inactivation during wash-

ing-up to be made. Using this model, we found that a

small elevation in washing-up water temperature

could bring about a large increase in bacterial death

rate and it is unlikely that any of the pathogens tested

would survive a standard cycle in a dish-washing

machine, which usually involves temperatures of ap-

proximately 60 jC. The addition of detergent (0.1%)

ensured a more rapid decline in bacterial numbers

than washing in the absence of detergent even in the

presence of organic matter. Detergent has been shown

to promote cell lysis of cell membranes, for example

in molecular biology applications (Popowska et al.,

1999); however, increasing the amount of detergent

further (from 0.1% to 0.3%) was unlikely to signifi-

cantly affect bacterial survival. Organic matter may

have no effect on Salmonella heat tolerance, for

example in chicken scald-tanks (Humphrey, 1981)

but the ‘real grease’ soil had a high fat content which

has been reported to protect microorganisms against

high temperature (Senhaji, 1977; Line et al., 1991;

Juneja and Eblen, 2000), although other reports are

less conclusive (Kadan et al., 1963; Kotrola and

Connor, 1997). Clearly, if soil did have a protective

effect, then this was masked by the detrimental effect

of the detergent.

Bacteria contaminating perishable food products

are likely to have been exposed to chill temperatures

in the refrigerator prior to food preparation and the

washing-up process. In this study, pre-chilled cells of

Salmonella and E. coli O157 survived exposure to the

high temperature conditions associated with washing-

up less well than control cells, as reported previously

in other substrates (Humphrey, 1990; Semanchek and

Golden, 1998). There was no clear effect of pre-

chilling with Campylobacter cells in this study and

this may be due to its atypical response to growth

arrest and stressful conditions (Kelly et al., 2001).

Table 8

The influence of contact time, application of weight and bacterial

concentration on the proportion of successful transfers of E. coli

O157 NCTC12900 from contaminated dishes to a surrogate food

Initial CFU Weight Contact time (min)

dish� 1

5 20 60 900

100 � 2/4 2/4 0/4 2/4

+ 0/4 0/4 0/4 0/4

500 � 0/4 0/4 0/4 0/4

+ 2/4 2/4 2/4 0/4

1000 � 0/4 0/4 0/4 0/4

+ 0/4 0/4 0/4 0/4

5000 � 0/4 0/4 0/4 0/4

+ 0/4 2/4 2/4 1/4
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Water hardness varies by region in the UK and hard

water has been reported to detrimentally affect deter-

gent performance, with effectively less detergent

present (Shere, 1948; Asbury, 1983). In this study,

however, there was no clear effect of water hardness

on microbial survival during washing-up.

A laboratory simulation of the washing-up process

was subsequently developed, using a washing-up

bowl, implements and a draining rack. A proportion

of dishes that had been inoculated with E. coli,

Salmonella or Campylobacter remained contaminated

after a typical washing-up process, so not all bacteria

were physically removed or inactivated. The transfer

of pathogens onto dishes and sponges from contami-

nated water and then onto kitchen surfaces wiped with

a contaminated sponge, onto items placed on conta-

minated surfaces, from contaminated dishes to a

sterile food placed on it or from contaminated food

placed on a sterile dish was subsequently investigated.

E. coli O157, Salmonella and Campylobacter were

detected on a proportion of sterile dishes washed

subsequent to contaminated dishes, indicating that

transfer of bacteria via contaminated washing-up

water occurred. The potential risk associated with

the survival of Campylobacter during washing-up

and cross contamination in the kitchen environment

was considered to be small due to its sensitivity to

detergent and desiccation, thus subsequent studies

focussed on Salmonella and E. coli.

When an initial cell concentration of 103 CFU

dish� 1 was used to contaminate the organic matter

smeared onto dishes, E. coli transferred onto washing-

up sponges and onto surfaces wiped with a contami-

nated sponge but Salmonella was not recovered from

surfaces. Fresh sponges were used for these experi-

ments, so the possible build-up of pathogens on

washing-up cloths that may occur in real kitchens

was not considered, for example previous studies have

reported a high prevalence and number of potential

pathogens in dishcloths (Tebbutt, 1984, 1986; Beumer

et al., 1996). With higher initial levels of bacteria,

both E. coli and Salmonella were recovered from

kitchen surfaces and a higher proportion of swabs

was contaminated. The two E. coli strains investigated

(NCTC12900 and ATCC11229) were recovered from

surfaces with differing frequencies, despite surviving

similarly in washing-up water at 48 jC and during air-

drying for 72 h at 20 jC. It appears that E. coli 0157

NCTC12900 may attach to the sponge more firmly and

therefore transfer less frequently than E. coli

ATCC11229, highlighting the importance of strain

choice when using one isolate to represent a larger

group of bacteria. Bacteria transferred from dishes onto

food more frequently when the dish had been towel-

dried rather than air-dried but the overall frequency of

transfer was low. Moisture was lost during overnight

storage of a wet sponge at 21 jC, probably exposing

remaining bacterial contaminants to increased desic-

cation stress. This could explain the decrease in the

proportion of contaminated surface swabs when the

stored sponge was used to wipe the surface.

From this study, we recommend that washing-up

water is used at the maximum possible temperature

(using gloves to achieve this) and, if possible, a dish-

washing machine is used that can reach much higher

temperatures. There is a relatively small risk of viable

bacteria that have survived washing-up and drying on

dish surfaces being able to contaminate food placed

onto the dish but the contamination of tea towels and

washing-up sponges has implications for domestic

hygiene. Frequent replacement or decontamination of

tea towels and washing-up sponges is recommended.
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