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Abstract

A randomized sampling of 50 households in Riyadh City, Saudi Arabia was conducted to determine microbial and Aspergillus
spp contaminants in domestic kitchens between May and June 2006. Samples were taken from open air in the kitchen and from
used kitchen sponges. Inoculation procedures were varied from direct inoculation of the sponge into the medium to dilution of a
cut portion of the sponge. A total of 200 samples were taken from which, 700 culture plates were done (BAP and Nutrient agar).
Identification by the API system of identification (Analytical Profile Index, BioMerieux) revealed Pseudomonas aeruginosa,
Klebsiella pneumonia, Staphylococcus epidermidis, Enterobacter cloacae, Diphtheroids and Bacillus cereus, Aspergillus spp. was
isolated and identified microscopically. Among the isolates, Staphylococcus epidermidis , Staphylococcus aureus was isolated in
90% of the plates followed by Pseudomonas aeruginosa (83%) , Klebsiella pneumonia ; Bacillus cereus (63%).and Aspergillus
spp (15%) These opportunistic pathogens may be harmful especially in immunocompromised hosts. In this setting, there is a
constant risk of contamination and transfer to willing hosts, thus appropriate measures should be implemented such as the use of

disposable sponges.
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Introduction

Pathogenic organisms continuously enter the home
with foods (foodborne) or through water (waterborne),
through foods prepared in the home by an infected person
(person-to-person spread), through the air (airborne),
by insects or via pets(Beumer et al.1999). These are
considered as the primary sources of potential harmful
microorganisms in the home.

In the domestic environment, the kitchen is
particularly important in spreading infectious diseases.
(Bryan 1988 ) indicated that a colonized person handling
the implicated food was the most frequently identified
factor that contributed to staphylococcal food poisoning,
shigellosis and typhoid fever. Several studies on bacterial
contamination in the kitchen were carried out in the past
decades(Finch et al. 1978; Speirs et al.1995). Bacterial
load of hand towels, dishcloths, tea towels, steel sinks
and working surfaces were implicated to be the frequent

Saudi Journal of Biological Sciences Vol. 14, Nol, June, 2007

sites( Finch et al. 1978; Borneff et al.1988; Josephson
et al.1997; Tkawa and Rossen 1999; Kusumaningrum et
al.2002).

Foodborne diseases associated with foods prepared
in contaminated kitchen include Sa/monella as the most
common culprit (Holah and Thorpe.1990; Dufrenne
et al.2001; Kusumaningrum et al. 2004). Some other
bacterial infections associated with contaminated kitchen
environment are caused by Campylobacter, Listeria,
Staphylococcus aureus, Bacillus cereus and Escherichia
coli (Dufrenne et al.2001; Regnath et al. 2004).

Fungi such as Aspergillus niger has also been
implicated to cause heavy environmental contamination
in the a kitchen (London et al. 1996).

These studies have revealed that domestic kitchen
sites have been found repeatedly contaminated with a
variety of bacterial contaminants. Wet areas including
sponges, dishcloths and sink drains continually appear to
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act as a reservoir that harbours and encourages the growth
of potential pathogens (Josephson ez al. 1997; Enriquez et
al. 1997, Hilton and Austin 2000; Beumer et al.1996).

In Saudi Arabia, very few literatures have identified
bacterial contaminants in the domestic kitchens. This
study therefore aimed to investigate and identify the
in kitchens of 50 different
homes in Riyadh, Saudi Arabia.

bacterial flora and fungi

Materials and Methods

Setting: Randomly selected 50 different homes in
Riyadh City, Saudi Arabia were surveyed for potentially
harmful pathogens in the domestic kitchen between May
and June 2006.

Collection of samples and Methodology

We collected 50 samples of used kitchen sponges from
these 50 different households from different districts
of Riyadh City. Each collected sample was placed in a
sterilized plastic bag. Sampling was done in four parts
as follows:

Part I. Samples were taken from the open air from 50
kitchens. Two kinds of culture media, Blood Agar Plate
(BAP) and Nutrient Agar Plate (NA) two replicas were
placed on top of the kitchen sink and wash area, left open
for one hour, then incubated for 24 hours at 28°C.

Part II. Fifty kitchens were sampled by taking their
sponges used in cleaning the dishes and wash area. A
small sample (5 cumm.) was taken from each sponge and
was individually placed in 50 ml. distilled water, shaken
and mixed well. The mixture was allowed to settle well
and sample was taken from the mixture and inoculated
into a BAP, then incubated for 24 hours at 28°C.

Part III. Fifty loops were inserted into each kitchen
sponge from 50 different homes for at least one hour.
After one hour, each inserted loop was inoculated into
BAP by streak method and two replicates of the plates
were incubated for 24 hours at 28°C.

Part IV. Another piece (5 cumm.) of the kitchen sponge
from 50 different kitchens were taken, cut and placed
directly on to the center of the BAP. The two replicates
of the plates with the sponge sample were incubated for

24 hours at 28°C.

Isolation and Identification of microbes

After 24-48 hours of incubation, the colonies that
appeared visually dissimilar were chosen, counted and
subcultured to fresh BAP and incubated at 37°C for
24 hours.
commence until it was evident that a pure culture had

Identification of microorganisms did not

been obtained.

Colonies were observed for size, texture, color
and hemolytic reactions. Colonies are Gram stained
and individual bacterial cells were observed under the
microscope. The bacteria were speciated using these
isolated colonies (Beumer et al. 1996).

Further identification of enteric organisms was done
using the API 20E system (Analytical Profile Index,
BioMerieux, Durham, NC, USA). Colonies from BAP
were harvested and mixed with 0.5 ml McFarland
standard until turbidity of the solution and a bacterial
suspension was obtained. Using a sterile pipette, the
bacterial suspension was inoculated to rehydrate each of
the wells making sure that the end of the pipette touched
the end of the cupule, allowing capillary action to draw
the fluid into the well as bulb was slowly squeezed.
Inoculation of specific test wells was done according
to the manufacturer’s inctructions. The strips were
incubated for 18 to 24 hours at 37°C. Test results were
logged to an API 20E chart to determine the bacterial
code which was compared to the API 20E Codebook for
accurate identification of the organism.

Fungi was grown and cultured in Nutrient Agar
plates for 18 to 24 hours at 28°C and inoculated into
Potato Dextrose agar (PDA) for identification. Fungal
isolates were identified microscopically.

Many other additional tests were done for further
identification of the microorganism. Also done were API
20 Staph, API 20 Strep, API 20 Anaerobes and many
traditional morphological, biochemical and physiological
tests were selected for the study. The API system was
then used with the additional tests to collect necessary
data for the exact identification of the microorganisms.

Results

The following results were obtained and summarized in
table 1:

Part TA-Isolated microorganism on BAP from open
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air sampling revealed growth of 4 microorganisms.
Gram negative Klebsiella pneumonia and Pseudomonas
aeruginosa were identified by the API system of
identification.  Staphylococcus  epidermidis ~ was
identified by the API1 202Staph and coagula negative test.
Diphtheroids were identified by the API 20E system.
Among these 4 isolates, Pseudomonas aeruginosa
accounted for 96% of isolates (48 colony types from 50
plates), followed by Staphylococcus epidermidis (90%),
Klebsiella pneumonia (74%) and Diphtheroids (60%).

Part IB-Isolated microorganisms when grown on
nutrient agar from open air sampling of kitchen sinks
and wash area revealed Klebsiella pneumonia and
Pseudomonas aeruginosa. Aspergillus spp. was identified
through its microscopic morphological characteristics.
Pseudomonas aeruginosa accounted 90% (40 colony
types from 50 plates) whereas Klebsiella pneumonia
accounted 60% of colony types from 50 plates and
Aspergillus spp accounted for 30% (15 colony types
from 50 plates).

Part II-Isolated microorganism grown on BAP from
akitchen sponge diluted in 50 ml. distilled water revealed
Pseudomonas

Klebsiella  pneumonia, aeruginosa

and Staphylococcus  epidermidis. All  organisms
were identified by the API system. Staphylococcus
accounted for 90% (45 colony types

from 50 plates), Pseudomonas aeruginosa (60%) and

epidermidis

Klebsiella pneumonia (56%).
Part III. Isolated microorganisms grown on BAP
taken from the loop inserted into the kitchen sponge

Bacterial and Aspergillus spp. contamination of domestic kitchens

revealed Bacillus cerus and Diphtheroids. Bacillus cerus
accounted for 36% (18 colony types from 50 plates) and
Diphtheroids, 30% (15 colony types from 50 plates).

Part IV. Isolated microorganisms grown on BAP
taken from kitchen sponge samples directly placed into
the culture media revealed Pseudomonas aeruginosa
and Enterobacter cloacae. Pseudomonas aeruginosa
colonies accounted 96% from 50 plates whereas
Enterobacter cloacae accounted 20%.

Discussion

Domestic kitchen environments are potential places for
harboring and spreading pathogenic bacteria including
Pseudomonas  aeruginosa, Klebsiella pneumonia,
Diphtheroids,
and Staphylococcus epidermidis. According to the
(Kusumaningrum et al. 2002; Tumwine et al. 2003;
Borneff et al.1985,1989) these pathogens survive on

surfaces for hours or days, depending on the species.

Bacillus  spp, Enterobacter cloacae

They also stated that wiping of surfaces (physical
removal) tends to transfer and spread microorganisms
from one surface to the other (Ojima et al. 2002a)
bacteria are readily spread from cloths and sponges
during wiping(Cogan et al. 2002; Ojima et al. 2002b;
Gorman et al. 2002).

Enterobacter cloacae are frequently encountered
as microflora of household kitchen sponges. They are
isolated up to 55% of kitchen sponges (Beumer et al.
1996). This is because E. cloacae is less susceptible
to chlorination. Enterobacter species better survive

Table 1. Microorganisms isolated and identified from 50 domestic kitchens in Riyadh, Saudi Arabia.

Culture Medium No. of genus isolated Sampling Microorganisms identified No. of colonies / 50
plates (%)
BAP 4 Open air 1. Staphylococcus aures 45 (90%)
2. Diphtheroides 30 (60%)
3. Pseudomonas aeruginosa 48 (96%)
4. Klebsiella pneumonia 37 (74%)
NA 3 Open air 1. Pseudomonas aeruginosa 40 (90%)
2. Klebsiella pneumonia 30 (60%)
3. Aspergillus spp. 15 (30%)
BAP 3 5 mm? sponge 1. Pseudomonas aeruginosa 30 (60%)
diluted in 50 ml | 2. Klebsiella pneumonia 28 (56%)
distilled water 3. Staphylococcus epidermis 45 (90%)
BAP 2 Loop inserted into | 1. Bacillus cereus 18 (36%)
sponge 2. Diphtheroids 15 (30%)
BAP 2 5 mm? sponge 1. Pseudomonas aeruginosa 48 (96%)
directly into media | 2. Enterobacter cloacae 10 (20%)

Note: BAP-blood agar plate, NA-nutrient agar plate.
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than other non-sporeforming bacteria and become
the predominant microflora in used sponges at room
temperature. Fortunately, Enterobacter species rarely
cause disease in a healthy individual. However, this
opportunistic pathogen possesses an endotoxin and
plays a major role in the pathophysiology of sepsis
and its complications. Individuals at risk are those
who stay in the hospital (especially in ICU), with
malignancies, those using foreign devices (catheters)
and the immunocompromised individuals. They can
cause pneumonia, which can be fatal.

Pseudomonas aeruginosa, an opportunistic pathogen
causes UTI, respiratory tract infection, dermatitis, soft
tissue infection, bacteremia, bone and joint infection,
gastrointestinal infections and a variety of systemic
infections. Ragnath er al showed that Pseudomonas
aeruginosa can also be found in household drains
of showers and in kitchens (Regnath et al. 2004).
Its predilection to moist environment makes it more
possible to exist in kitchen surfaces and used sponges.
Once infection with Pseudomonas is established, it is
hard to control since this organism is frequently resistant
to many commonly used antibiotics(Qarah et al. 2006;
Humphrey 2001).

Generally, Bacillus speciesareneithermorphologically
nor phylogenetically indistinguishable from each
other. Though most of the members of this genus is
considered contaminants, there are 2 members which
are of significant medical importance, B. anthracis and
B. cereus. B. anthracis causes anthrax and B. cereus
causes food poisoning (Cunha2006).

Corynebacterium and diphtheroid infections usually
causes toxic manifestations involving the heart, kidneys
and nerves brought about by the toxins released by the
bacteria to the bloodstream. Mortality rates are very
high especially if it affects the very young and the very
old (Frassetto et al.2006) .

Klebsiella  pneumonia can cause pneumonia,
septicemia, wound infection, burn infection, UTI and
ankylosing spondylitis. Like Pseudomonas, it is an
opportunistic pathogen. Pneumonia caused by Klebsiella
has around 50% mortality, due to the underlying disease
but may reach 90% in untreated cases (Umeh and
Berkowitz 2006).

Staphylococcus epidermidis, Staphylococcus aureuss

causes infections from use of foreign materials like

catheters and prosthesis. Though it is a normal flora of
the skin and mucous membranes and was regarded as a
contaminant, invasion of this organism may cause severe
infection and sometimes can be very fatal (Herchline
2006).

Aspergillus spp. are molds found in organic
matter transmissible via inhalation. It can cause a
broad spectrum of disease in humans, ranging from
hypersensitivity reactions to direct angioinvasion. It
primarily affects the lungs causing bronchopulmonary
aspergillosis, necrotizing pneumonia, aspergilloma and
invasive aspergillosis which is a rapidly progressive,
often fatal infection (Harman and Szwed 2006).

Our study showed that these potentially harmful
pathogens are easily accessible to every individual
through contaminated sources such as a kitchen sponge
and wash cloths. Aside from the previously reported
Enterobacter species that are very common inhabitants
of the kitchen, particularly Pseudomonas and Klebsiella
pneumonia are present too. Though these microorganisms
are opportunistic, they may somehow cause infection to
unaware members of the household.

Our study revealed similar results with those of
(Josephson and Rubino 1997; Scott et al. 1982; De Boer
and Hahne 1990). Enterobacteriaceae like Klebsiella
and Enterobacter, other species like Pseudomonas
and Staphylococcus were similarly reported (Finch et
al.1978; Speirs et al.1995).

Conclusion

Domestic kitchen environments can potentially spread
bacteria. These disease outbreaks maybe related to or
associated to use of contaminated kitchen sponges and
other household practices which harbor these pathogens.
There is constant risk of contamination transfer from the
used surfaces; disposable sponges should be considered
for use whenever possible. Reusable sponges should be
dried after use or immersed in boiling water for 5 min.
Furthermore, hygienic measures and precautions in the
kitchen should be well maintained to reduce harmful
bacterial levels.
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