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Abstract

Restaurant menus could represent a source of cross contamination between consumers’ hands and food due to
the daily manipulation, being a possible vector of certain food borne diseases if not cleaned and disinfected on a
regular basis. To the question if those menus are included in daily cleaning protocols, the present study aims to
demonstrate the actual bacterial contamination present in their surface. For this purpose, twelve menus from
Basque Culinary Center’s historical archive made on plastic material and paper/paperboard material are tested in
order to find any presence of aerobic microorganisms. In addition, twelve plastic menus from several restaurants in
San Sebastian (Spain), which were currently in use, were also sampled to detect presence of aerobic
microorganisms, specifically E.coli and S. aureus. Unable to find paper menus in restaurants, the question of
whether plastic material is a really hygienic option arises. Therefore, a follow-up study is designed, consisting
inoculation of two different types of menu materials (plastic and paper/paperboard) with a known concentration of E.
coli and S. aureus to determine bacterial survival at different times. This second part of the study intends to
demonstrate material would be the most appropriate in restaurant menus due to its ability to maintain a minimum
level of contamination and bacterial persistence.
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Introduction
Foodborne diseases represent a serious public health problem. A

total of 5,196 food-borne outbreaks were reported in 2013 by 24
reporting Member States and 3 non Member States, according to The
European Union Summary Report on Trends and Sources of
Zoonoses, Zoonotic Agents and Food-borne Outbreaks in 2013. 22.2%
of them took place in restaurants, cafes, pubs, bars and hotels [1,2].
6,043 confirmed cases of Verocytotoxigenic Escherichia coli [VTEC]
infections were reported in the EU in 2013 of which 13 resulted in
death and 73 represented food-borne outbreaks. In the case of S.
aureus there were 386 food-borne outbreaks caused by staphylococcal
toxins, which resulted in 3203 cases, 210 of which ended in
hospitalization but there was no case of death. It is estimated that a
large percentage of food-borne illnesses are not reported and therefore
go unnoticed.

Escherichia coli is a bacterium that is found in the intestines of
healthy humans and animals, and which is part of the natural bacterial
flora, but some E. coli strains can cause serious diseases and lead to
infection. VTEC [verocytotoxin-producing Escherichia coli] is a group
of pathogenic E. coli bacteria can cause bloody diarrhea and hemolytic
uremic syndrome. (In humans can lead to kidney failure). People get
infected with VTEC by handling or consuming contaminated food or
water or through contact with infected animals or by person-to-person
transmission [3].

Staphylococcus aureus is a common bacteria present on skin and in
mucous membranes in 20-30% of healthy people. It may sometimes

cause infections in humans, typically local skin and wound infections
but occasionally more severe infections in the body. It produces a
highly stable enterotoxin, resistant to heat, freeze and irradiation.
Ingestion of food contaminated with this toxin courses with symptoms
like nausea, vomiting, stomach and abdominal pains. For at risk
groups, the disease can lead to more serious problems, such as
dehydration, muscle cramps and alteration of blood and coronary
pressure [4].

Currently there are many studies describing bacterial contamination
food contact surfaces in restaurants and bars, and many cleaning
protocols describe in detail the proper way of cleaning and disinfect
cookware, machinery and surfaces [5-8]. However, restaurant menu
cleanliness, due they are not a food contact surface, they could be
under-estimated and not covered by those protocols [9-11]. This fact
means that restaurant menus could turn into a source of crossed
contamination between consumers’ hands and food, being a possible
vector of foodborne diseases.

To the author’s knowledge, there is not much scientific literature to
date describing this topic. There is a study from 2013 analyzing
presence of aerobic microorganisms in six menu cards taken from two
restaurants [12]. Choi J et al. That compared bacterial contamination
in regularly cleaned and uncleaned restaurant menus [13]. And there is
a thesis analyzing bacterial total count and S. aureus in menus from
different restaurants [14]. The aim of this study is to determine
bacterial presence in restaurant menus, both on stored menus and on
menus currently in use.

On the other hand, most of the menus founded were laminated. In
view of this fact, the question of whether plastic material is really the
most appropriate and whether there is a more hygienic alternative
option arises. Neely & Maley [15] ensure that S. aureus is able to
survive for a period of up to 90 days in different plastic surfaces at
ambient temperature [22’9-24’5 ºC]. In a similar study Neely [16]
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demonstrates that E. coli has the ability to survive on plastic surfaces
up to 25 days at room temperature. Another study [17] shows the
ability of both S. aureus and E. coli to survive on paper for more than 7
days at 21-25°C [This study also describes how E. coli is able to pass
from hand to paper and from paper to hand].

The second part of the study intends to demonstrate which material
would be the most hygienic option for using in restaurant menus.
Therefore, we have designed a follow-up study consisting of the
inoculation of menus of two different types of materials, plastic
[laminated] and paper or paperboard, with a known concentration of
E. coli and S. aureus, and determining bacterial survival at 0, 2, 6, 12
and 48 hours.

Materials and Methods

Measure of bacterial persistence in stored menus
We took 6 laminated menus, 4 paper menus and 2 paperboard

menus which had been stored for a period longer than one month and
less than two years. For sampling we used a 25 cm2 Rodac TM Contact
Plate (Conda Labs, Spain). The two culture Medias used were A.P.H.A.
[Standard Method Agar] (Panreac AppliChem, Spain) to determine
total viable count and E.M.B. [Eosin Methylene Blue Agar] (Panreac
AppliChem, Spain) to determine Gram-negative enteric bacteria, and
specific for E. coli.

For sampling, the plate’s agar surface is directly applied to the
menu’s surface exerting moderate pressure, as is described by Montes,
Lloret & López [18]. The samples were taken from the area with higher
probability of contamination, at the bottom of the menu, left or right
[13]. Then, samples were incubated for 48 hours at 37ºC. We proceed
to a plate counting of both media after 48 hours of incubation. Data
were represented as means +/- SD of n= 6 samples per group and were
analyzed by Student's t test

Measure of bacterial persistence in menus currently in use
In this part of the study 12 laminated and 1 paper restaurant menu

were sampled with 25 cm2 RodacTM Contact Plates (Conda Labs,
Spain). The selected culture media were APHA, EMB and Baird-
Parker. Baird Parker [Baird-Parker Agar Base], (Cultimed laboratories,
Spain) is a selective media for determination of Staphylococci.

The procedure consisted on testing menus of a total of twelve San
Sebastian restaurants over a period of 11 days. The menus were tested
with 25 cm2 RodacTM Contact Plates. For this purpose we designed a
system, consisting of a hermetically sealed plastic container with three
RodacTM Contact Plates (Conda Labs, Spain) [one per each type of
culture media], in a thermal bag, keeping them chilled with vacuum-
packed ice. The samples were kept under cooling conditions until they
were incubated at the laboratory for 48 hours at 37ºC. Paper menu was
discarded.

Measure of bacterial persistence in plastic and paper menu

Preparation of bacterial inoculum
Two drains of BCC’s facilities were sampled with some EMB

RodacTM Contact Plates (Conda Labs, Spain) in order to isolate some
colonies of E. coli. However, S. aureus was isolated from the colonies
founded in a Baird-Parker RodacTM Contact Plate (Conda Labs,
Spain) at sampling one of the restaurants in the previous experiment.

Both were incubated for more than 72 hours at 37ºC until the
experiment was performed.

Then they were diluted with a sterile loophole in 10 ml of peptone
water. Actual bacteria concentration in each inoculum was determined
by serially diluting until 10-4 and plating the samples onto sterile Petri
dishes, following the method described by Montes, Lloret & López
[18]. The obtained concentrations were 6 x 103cfu/ml for E. coli
inoculum, and 81 x 104cfu/ml for S. aureus inoculum. The difference of
inoculum concentration selected for both microorganism is due at
previous data about microorganism survival in surfaces [19].

Preparation of plastic and paper materials
We prepared a bench work in a remote area of the laboratory. Its

surface was cleaned with Assert Lemon (Ecolab, Spain), and dried with
paper hand towels. Then, 4 laminated menus and 4 new paper menus
[2 made of paper and 2 made of paperboard] were collected from 8
restaurants. Laminated menus were cleaned and dried following the
same procedure. After that, laminated and paper menus were allocated
into a designated area on the bench work, and two 10x10 cm plastic
templates were placed on each one, corresponding one per E. coli and
one per S. aureus. Menus were stored at room temperature [21-22ºC]
until the end of the experiment.

Bacterial inoculation of laminated and paper menus
One ml of each bacterial inoculum was placed on each menu card

using sterile pipettes [hence, 1ml of E. coli (E. coli J53-R (Lac +) from
Reading University Collection) inoculum in one of the templates and
one ml of S. aureus (Staphylococcus aureus subsp. aureus Rosenbach
(ATCC® 29213™) from quality control strain for API), inoculum in the
second template] and spread with sterile cotton swabs.

Sampling of menus
Immediately thereafter, a sample of each template was taken with a

sterile swab. The procedure consisted in brushing 10 times horizontally
and 10 times vertically [5 from left to right and 5 from right to left].
Then, swabs were streaked onto the surface of the media contained in
Petri dishes, as the protocol described by JS Baker [20]. Culture media
was EMB for E. coli and Baird-Parker for S. Aureus (Cultimed
laboratories, Spain). This part of the study corresponded to Time 0.
The same procedure was performed at 2, 6, 12 and 24 hours. Petri
dishes were stored 48 hours at 37ºC. We proceed to a plate counting of
both media after 48 hours of incubation for each time (0, 2, 6, 12 and
24 hours). Data were represented as means +/- SD of n= 4 samples per
group (80 samples in total) and were analyzed by two way ANOVA
followed by Bonferroni test.

Results

Stored menus
At plate counting, we obtained negative results in all plates with

EMB media. On the other hand, we obtained positive results in all
plates with APHA media. Figure 1 shows the comparison of total plate
count in APHA media in plastic material and paper material. The
results show no significant differences between both types of materials.
Results are expressed in cfu/cm2.
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Figure 1: Comparison of means and standard deviation of the total
plate count obtained in APHA media at sampling of laminated and
paper/paperboard menus. Data are means +/- SD of n= 6 samples
per group and are analyzed by Student's t test (p<0.05).

Menus currently in use
It proceeds to a quantitative count of the cfu in all plates of the three

media at 48 hours. As in the previous experiment, all results in APHA
media were positive. Nevertheless in this part of the study we
surprisingly found two positives of E. coli in EMB media, and unusual
number positives in Baird-Parker media corresponding to S. aureus.
Table 1 shows the results obtained at plate counting of the three types
of culture media in all laminated restaurant menus tested. The table
shows positive and negative results and the rates of positives. Results
are expressed in cfu/25 cm2.

Measure of bacterial persistence in plastic and paper menus
We proceed to a plate counting of both media after 48 hours of

incubation for each time [0, 2, 6, 12 and 24 hours]. E. coli survives in
menus in both types of material for a period longer than 12 hours and
less than 24 hours, while in laminated menus there is a high rate of
bacterial growth until 6 hours, in paper bacterial growth is significantly
decreased at 2 hours. On the other hand, S. aureus has the ability to
survive beyond 24 hours in both types of material, while in laminated
menus it is able to survive without barely perceptible variations in its
growth, in paper bacterial growth decreases progressively from the
beginning. Figure 2 and Figure 3 show bacterial survival of E. coli and
S. aureus respectively at 0, 2, 6, 12 and 24 hours comparing plastic and
paper material. Results are expressed in cfu/plate/100 cm2.

Culture Media Sampled Positives Negatives Rate of positives

APHA (Total viable count) 12 12 0 100%

EMB (E. coli determination) 12 2 10 16,67%

Baird-Parker (S. aureus determination) 12 9 3 75%

Table 1: Comparison of results achieved at plate counting of the three types of culture media obtained at plastic menus testing.

Discussion
At a microbiological analysis in stored menus no significant

differences between both types of materials are observed, which may
indicate that the existing residual bacterial contamination may be due
to the environmental contamination. Also no presence of S.aureus has
been observed in stored menus (data not shown), obviously due to
long storage time.

Furthermore, in restaurant menus that are currently in use, two
positive E. coli and a significant amount of S. aureus have been
observed. Poor hygiene habits of handlers and guests could be one of
the possible reasons. A study by the University of Michigan of 3,749
people [21] ensures that only 5% of the people going to the toilet wash
their hands long enough to kill disease-causing organisms. It also
ensures that 33% do not use soap, and 10% do not even wash them. On
the other hand, this lack of hygiene may be due to the non-inclusion of
restaurant menus in cleaning protocols and its corresponding storage
together, in dirty and wet conditions [22]. Similarly, in official
restaurant inspections, microbiological evaluation is not performed as
part of the inspection process; this is usually done in a visual way and
therefore insufficiently.

The present study demonstrates that E. coli has the ability to survive
in menus for more than 12 hours and S. aureus for more than 24 hours

[12], demonstrated that microorganisms can be transferred from wet
menus to fingertips for more than 24 hours. Due to the intense
manipulation menus suffer from restaurant traffic, lack of hygiene in
menus could turn them into a reservoir of bacteria. Handlers and
guests could be responsible for cross contamination between surfaces,
menus, hands and food, leading to a foodborne illness.

The problem could become especially acute for high-risk groups
[immunocompromised population, people over 65 and children under
5 years], which could suffer major complications in case of foodborne
disease and may end up in hospitalization or even in death [23].

Moreover, according to data obtained in the present study, paper
material seems to support a lower bacterial contamination compared
to plastic material. E. coli is able to survive in both types of material for
a period longer than 12 hours, but in paper bacterial growth is
significantly decreased at 2 hours in comparison with plastic where
there is a high rate of bacterial growth until 6 hours. S. aureus has the
ability to survive beyond 24 hours in both types of material, but while
in laminated menus it is able to survive without any perceptible
variations in its growth, in paper bacterial growth decreases
progressively from the beginning.

This may be due to the adsorption of water by paper and the
remaining water activity on the surface thereof. As plastic is unable to
absorb water, water activity on its surface would be 100% during the
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time it takes to evaporate, which would facilitate bacterial growth. In
contrast, paper, as an absorbent material, favors reduction of water
activity on its surface in a short time, so bacterial growth is faster
diminished. Another possible factor in the antibacterial properties of
paper could be ink presence. Cummings & Stewart [24] showed that
the presence of ink on paper reduces bacterial growth on the surface
thereof, by coating the cellulose fibers and reducing bacterial adhesion
to the substrate.

We must also take into consideration that menus are more
frequently replaced when it comes to paper menus, since dirt is more
easily detectable, and shows an unpleasant aspect for guests.

Figure 2: Survival of E. coli at 0, 2, 6, 12 and 24 hours, comparing
Plastic material and Paper material. Measure of bacterial persistence
in plastic and paper menus: Data are means +/- SD of n= 4 samples
per group and are analyzed by two way ANOVA followed by
Bonferroni test.(**p<0.01, ***p<0.001).

Figure 3: Survival of S. aureus at 0, 2, 6, 12 and 24 hours, comparing
Plastic material and Paper material. Measure of bacterial persistence
in plastic and paper menus: Data are means +/- SD of n= 4 samples
per group and are analyzed by two way ANOVA followed by
Bonferroni test, (**p<0.01, ***p<0.001).

Conclusion
The present study demonstrates that there is a significant bacterial

population [E. coli and S. aureus] in restaurant menus, either due to a
lack of hygiene by the staff [lack in personal hygiene or due to a non-
inclusion of restaurant menus in daily cleaning protocols] or due to
deficiencies in guests’ hygiene [25]. These bacteria’s have also the
ability to survive in restaurant menus for more than 12 hours, so
besides to the unfavorable image of businesses because of the
perception of dirt by guests, these menus could be a source of cross
contamination and cause foodborne illnesses. It must be corrected
with proper education of the population in handwashing, proper
cleaning and disinfection of all elements in the restaurant, not only
food contact surfaces. As an alternative to the daily cleaning of plastic
menus, this study proposes its replacement with paper menus. Paper
represents a more hygienic alternative, not only because of clear
evidence of dirt detection and ease of daily replacement, but also due
to the lower bacterial growth on its surface compared with plastic.
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