Clemson University

TigerPrints

All Theses Theses

5-2013

BACTERIAL RECOVERY, TRANSFER TO
HANDS AND SURVIVAL ON RESTAURANT
MENUS

Ibtehal Alsallaiy

Clemson University, ialsall@g.clemson.edu

Follow this and additional works at: https://tigerprints.clemson.edu/all theses

b Part of the Food Science Commons

Recommended Citation

Alsallaiy, Ibtehal, "BACTERIAL RECOVERY, TRANSFER TO HANDS AND SURVIVAL ON RESTAURANT MENUS" (2013).
All Theses. 1616.

https://tigerprints.clemson.edu/all_theses/1616

This Thesis is brought to you for free and open access by the Theses at TigerPrints. It has been accepted for inclusion in All Theses by an authorized

administrator of TigerPrints. For more information, please contact kokeefe@clemson.edu.


https://tigerprints.clemson.edu?utm_source=tigerprints.clemson.edu%2Fall_theses%2F1616&utm_medium=PDF&utm_campaign=PDFCoverPages
https://tigerprints.clemson.edu/all_theses?utm_source=tigerprints.clemson.edu%2Fall_theses%2F1616&utm_medium=PDF&utm_campaign=PDFCoverPages
https://tigerprints.clemson.edu/theses?utm_source=tigerprints.clemson.edu%2Fall_theses%2F1616&utm_medium=PDF&utm_campaign=PDFCoverPages
https://tigerprints.clemson.edu/all_theses?utm_source=tigerprints.clemson.edu%2Fall_theses%2F1616&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/84?utm_source=tigerprints.clemson.edu%2Fall_theses%2F1616&utm_medium=PDF&utm_campaign=PDFCoverPages
https://tigerprints.clemson.edu/all_theses/1616?utm_source=tigerprints.clemson.edu%2Fall_theses%2F1616&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:kokeefe@clemson.edu

BACTERIAL RECOVERY, TRANSFER TO HANDS
AND SURVIVAL ON RESTAURANT MENUS

A Thesis
Presented to
the Graduate School of
Clemson University

In Partial Fulfillment
of the Requirements for the Degree
Master of Science
Food, Nutrition and Culinary Sciences

by
Ibtehal A Alsallaiy
May 2013

Accepted by:
Dr. Paul Dawson, Committee Chair
Dr. Julie K. Northcutt
Dr. Ronald L. Thomas



ABSTRACT

Some non-food contact surfaces such as restaurant menus are not routinely
cleaned or evaluated for microbial contamination and thus may be a potential
contamination risk. The main objectives of this study were to detect bacteria on restaurant
menus, test the rate of bacteria transfer from menus to consumers and determine the
survival rate of bacteria on the menu surface. Evaluation of samples can “find” that
menus harbored detectable levels of Total Plate count and Staphylococcus spp. The
average mean of Total Plate count (TPC) was 28 CFU/15cm? sampling area on a menu
during busy periods and 15 CFU/15cm? sampling area on a menu during less busy
periods. The Staphylococcus count had an average mean of 6 CFU/15cm? sampling area
on a menu during busy periods and 2 CFU/15cm? sampling area on a menu during less
busy periods. The interaction between the restaurant and traffic periods in regards with
Staphylococcus spp. was significantly different (P= 0.0212) at a P-value of <0.05. The
interaction between the restaurant and traffic periods in regards with TPC was
significantly different (P< 0.0001) at a P-value of <0.05. The average transfer rate was
11.17%, with a high variability between subjects (10.45% standard deviation). Survival
rate of bacteria was 1.40% after 24 hours and 1.34% after 48 hours, respectively. These
results indicate bacteria can transfer from a menu to the consumer’s hands and that
bacteria can survive on menus even after 48 hrs. This study will inform the general public
and restaurant personnel about the importance of menu hygiene. Future research may
include standard sanitation procedures to reduce possible cross contamination from

menus. Keywords: Restaurant menu, cleanliness, Staphylococcus spp., Total Plate Count.
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CHAPTER ONE
INTRODUCTION
1.1 WHY IS IT NECASSARY TO HAVE CLEAN MENUS?

Menu hygiene should be considered for inclusion in standard sanitation operating
procedures for restaurants. Not only should non-food and food-contact surfaces be
sanitized to standard hygiene quality, but also the menu should also be kept clean and
hygienic. Menu cleanliness may be a critical control point for retail food establishments
(Aycicek et al., 2005). Cross-contamination between hands and food or food-contact
surfaces has been studied extensively. Effective interventions to decrease cross
contamination include adequate hygiene of hands and the environment surrounding food
contact surfaces (Moore and Griffith, 2002).

Research has found that 70% of consumers will never return to an establishment
at which they contracted food poisoning (Food Safety Agency, 2009). Thus so cleanliness
should be paramount for any establishment. In 2005, it was estimated that restaurants
served 170 billion meals in the United States (Angulo and Jones, 2006). Additionally,
47% of all money spent on food in the U.S. is spent at restaurants. Food service and
industrial employee payments account for 19% of the nation’s workforce income. It is
also estimated that 4 in 10 Americans dine at a restaurant sometime each day and 1 in 6
consumes 15 meals in a restaurant each week (Angulo and Jones, 2006).

Public dining places such as restaurants, cafeterias, and bars are the most often
cited locations where foodborne illnesses and food-related diseases are contracted

(Redmond and Griffith, 2003). These frequently identified establishments were



responsible for 54% of outbreaks in the UK between 1993 and 1998 (WHO, 2000) and
were associated with 45% of outbreaks in the US (Olsen et al., 2000). When a particular
foodborne outbreak occurs and a restaurant is identified as the responsible setting
financial losses (reduced number of customers, lawsuits...etc.) may occur and these may
lead to fines or bankruptcy (Clayton and Griffith, 2004).

Restaurants are the third most often reported high risk settings at 14.1% out of all
food-related settings. Restaurant settings are targeted by public health interventions since
the public perceives that restaurants offer nutritious food (Lee and Middleton, 2003).
Studies show that foodborne illnesses are often related to consuming food outside the
home. Case-control studies have found that people with foodborne illnesses traditionally
consume more of their food outside the household compared to their non-ill controls
(Green et al., 2005). Observation records point out that an important fraction of known

foodborne outbreaks are related to restaurants (Olsen et al., 2000).
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CHAPTER TWO
LITERATURE REVIEW

2.1 FOOD SAFETY

The definition of ‘food safety’ can be specific or general. In a specific way, food
safety can be expressed as food risk for example it could be the possibility of not getting
infected by an illness that was a result of ingesting a certain type of food. In the general
way, food safety can be defined as the wide spectrum of food’s nutritional values,
chemical composition and the concerns that evolve in regards with newly introduced
foods that have an unfamiliar composition, as in the uneasiness regarding genetically

modified foods (Seward et al, 2003).

Two types of food safety include objective measures and subjective perception.
Objective food safety is a scientist’s measure regarding the evaluation of the risks that
come with a certain food. Subjective is a consumer’s perception in regards with the safety
of a certain food. It is generally recognized that objective and subjective food safety
diverge in many situations (Grunert, 2005). In developed countries it is more obvious that
the public are concerned about health risks related to food safety and proper sanitary

standards (Pinstrup-Andersen, 2000).

Food safety is very important for restaurants. Once a restaurant is implicated in a
foodborne illness; it can result in damaging publicity, consumer interest and trust loss, as
well as community health regulation and legal charges. Considering the significance of

food safety, it is astonishing how there are few studies that examine the consumers’



awareness of food safety at restaurants. Even though food safety complications can arise
during any part of food production, restaurants are a crucial final step in this series from
the farm to fork (Seward et al, 2003).
2.2 CONTROLLING FOODBORNE ILLNESSES

Controlling and preventing foodborne illnesses are two tasks that are difficult to
accomplish during food handling, as each step in the food production can reduce or
proliferate foodborne pathogens. HACCP (Hazard Analysis Critical Control Point) is a
scientific-based method that targets prevention of foodborne illnesses along with
reducing and controlling associated food safety hazards. However, when an illness
requires methods of complete elimination it is not as easy as minimizing the illness

source and so these methods need to be intricate and accessible (Medeiros et al., 2001)

HACCP programs have been applied to the food industry legally since 1995 for
specific food industry processing and these are juice, seafood, poultry and meat
processing (USDA.gov). In a restaurant establishing these programs could include menu
sanitation. If HACCP principles were applied to restaurant menu sanitation this may
benefit food safety. The implementation of HACCP necessitates that managing

personnel make it a priority (Codex Alimentarius Commission, 2003).

The USDA-FSIS demands Good Manufacturing Practice (GMP) and Sanitation
Standard Operating Procedures (SSOPs) as prerequisites to HACCP for meat, poultry and
egg products (Wallace and Williams, 2001). SSOPs are procedures that involve cleaning

and sanitizing actions that result in increased pathogen control. Actions such as



monitoring and controlling rodent infestations, the dripping of condensation water

particles, and further causes of harmful contaminants (Ollinger and Moore, 2009)

FSIS completed the spread of the PR/HACCP rule on January 31, 2000 and this
rule was that all meat and poultry slaughter and processing plants were required to
produce, apply, and account for SSOPs and a HACCP program. The rule also requires
that all slaughter plants conduct mandatory generic E. coli microbial tests to confirm that
they had control over fecal contamination. The third constituent of the rule was to act in
accordance with Salmonella standards recognized by FSIS by all slaughter and ground

meat plants (Ollinger and Moore, 2009).

2.3 RESTAURANT CLEANLINESS

The purpose of routine restaurant inspections is to prevent food-borne illness by
promoting safe food handling and preparation. Although different jurisdictions enforce
different standards of sanitation and cleanliness, inspections are required by food
sanitation codes in the US. Food safety is the basis of these restaurant inspections and
abiding by the food safety rules is a necessity to obtain a good inspection grade (Meng

and Doyle, 2002).

Olsen et al. (2000) stated that restaurant inspections scores with poorer results on
inspections were more likely to have food-borne disease outbreaks. These outbreaks were
a result of violating critical laws, and family to use food protection practices, and this
reflected on the inspection time period (how long it took to inspect) and the overall

grading of the restaurant. HACCP guidelines are incorporated into the Food and Drug



Administration’s Food Code and are followed by the food industry, but restaurant
inspections are done by past measures and have not been updated. Moreover some
restaurants operate under their states food codes, which may be different from the federal
food code. Although HACCP systems do control hazardous food processes and monitor
continually dangerous conditions, inspection criteria and serious violations that were
applicable in the past decade may possibly inadequately reflect the reasons of restaurant

foodborne outbreaks these days (Meng and Doyle, 2002).

From a publicity viewpoint, it may be helpful for restaurants to advertise their
food safety standards and policies (Cruz et al., 2001). Snyder (2005) speaks about a
HACCP program for marketing manufacturing processes. Jin and Leslie (2005), endorse
the acceptance of hygiene grading methods at restaurants. They consider that hygiene
grading cards may provide an economic incentive for restaurants to improve hygienic

standards and public health outcomes (Meng and Doyle, 2002; Lee et al, 2009).

It is vital to comprehend in what way customers observe all the settings in the
food chain to conceptualize awareness of restaurants, as food safety occurs within a food
system. Additionally, food safety concerns may possibly influence where customers buy
their meals. For instance, if restaurants are seen as being less safe than supermarkets,
customers might choose to buy ready to eat meals at the supermarket instead of eating
their meals at a restaurant. In spite of the greater emphasis on food safety by the
restaurant business, an important proportion of restaurants still conduct insufficient food

safety practices. The U.S. Food and Drug Administration’s (FDA) Retail Program



Steering Committee (2000) report stated that only 60 % of full-service restaurants and 74
% of fast-food restaurants were in compliance with the FDA Food Code in regards to the

five risk factors that are associated with foodborne illness (Knight et al, 2007).

Henson et al. (2006) found that hygiene was the most often mentioned
characteristic used by customers to define food safety at restaurants. Other characteristics
used by consumers to assess food safety at restaurants included: general excellence of the
restaurant, density of customers, and outside data, such as restaurant reviews, different
views of visitors such as friends and family, and inspection grading cards. Even though
restaurants in the US undergo inspections by their local health departments, studies have
constantly shown that a large proportion (60% restaurants) regularly have insufficient
food hygiene practices (Knight et al, 2007). Even though health departments inspect
restaurants on a routine basis to see if the restaurant in abiding by the established
hygienic standards, little data is accessible in regards with the effectiveness of the
hygiene standards in preventing foodborne illness (Knight et al, 2007).

The impact of a restaurant hygiene grading system on foodborne- illness
hospitalizations in Los Angeles County was described by Buchholz et al (2005). This
restaurant hygiene grading system utilized publicly posted grade cards on the doors of
restaurants reflecting the hygienic levels of that restaurant. The grading system was
introduced in January 1998, (Buchholz et al., 2002; Simon et al, 2005) and patient
hospital discharge files on foodborne illness cases during the period of 1993-2000 were
examined in the Los Angeles County area and, as a control, for the rest of California

(Simon et al, 2005). In 1999 the restaurant hygiene grading program was associated with



a 13.1 percent decrease (P < 0.01) in the number of foodborne- illness hospitalizations in
Los Angeles County than the previous year when the program was implemented. From
1999 to 2000 the percentage decrease was still constant. Thus, the study results suggested
that the hygiene grading program with letter grade posting was a successful method for
decreasing the frequency of foodborne illnesses.

The sanitary practices in restaurants are becoming progressively vital. First, a
growing number of meals in the U.S. are consumed in or bought from restaurants. As part
of the preclusion of restaurant-related foodborne incidents (FBIs), the local health
departments regularly review restaurants. In Los Angeles County, approximately $10
million per year is devoted to these reviews. Counties promote plans to target restaurants
that are likely to have these FBIs, and then these restaurants will get extra recurrent
assessments. Modifications in inspection protocols could contain a stronger weight on
particular assessment results and other features of the setting that are related with
foodborne illness outbreaks reports (Buchholz et al, 2002).

Griffith and Moore (2002) concluded that visual evaluation underestimates the
level of surface contamination on restaurant surfaces. Furthermore, prevention of
contamination is the most effective technique to fight the respiratory and gastrointestinal
diseases that cause over 6 million annual deaths, worldwide (Reynolds et al., 2005).
Ilinesses that result from foodborne pathogens have become one of the most prevalent
public health issues in the world today (Reynolds et al., 2005) Foodborne illnesses related
to microbes, biotoxins, and chemicals in food have been found to be the most serious

threats to the health of millions of consumers (Reynolds et al., 2005)


http://www.ncbi.nlm.nih.gov/pubmed?term=Buchholz%20U%5BAuthor%5D&cauthor=true&cauthor_uid=11848569

Customers think about food safety in general and mainly when eating at restaurant
establishments. Although most consumers specified that restaurants were performing
adequately, and were proficient and dedicated to food safety, in contrast to other settings,
restaurants were categorized significantly inferior to farmers, food processors and
manufacturers, and grocery stores and supermarkets in terms of food safety (Knight et al,
2007). Outcomes of restaurant food poisoning support the significance of food safety in
restaurants, mainly in the areas of personal hygiene and workplace sanitation, food
management, and food preparation. Unlike food prepared at home, a single food safety
blunder by a foodservice employee can affect many people (Knight et al, 2007)

2.3.1 OUTBREAK DATA

According to foodborne illness outbreaks reported in the US, information
indicated that there is an association between eating in restaurants and reported outbreaks
(Angulo et al, 2006) Data from 1998 to 2004 showed that an average of approximately
1290 foodborne illness outbreaks involving an average of 25,600 people annually were
reported to the Centers for Disease Control and Prevention (CDC). The entire period
from 1998 to 2004 yielded approximately 9040 foodborne illness outbreaks and 4675
(52%) of these outbreaks were associated with restaurants or delicatessens.
Approximately 622 (13%) of these restaurant outbreaks were caused by bacteria, 535
(11%) were caused by viruses, and 3377 (72%) were of unknown etiology (Angulo,
2006).

It is estimated by the CDC that a total 48 million cases of foodborne illnesses,

128,000 hospitalizations, and 3000 deaths each year (CDC, 2011). The exact number can

10



be difficult to determine because a large number of foodborne illnesses go unreported.
Although most of these bouts were mild cases; there were still deaths and acute
infections. The cost of these mild, acute and chronic illnesses is in billions of dollars

annually (Simon et al., 2005).

Olsen et al. (2000) reported that from 1993 to 1997, foodborne bacteria had
caused the greatest proportion of outbreaks (~ 75%) and also the greatest proportion of
cases (~ 86%) of food borne illnesses. However, 68% of these bacteria were of unknown
etiology, thus reflect the need for advanced epidemiologic studies and laboratory testing
(Olsen et al, 2000). The burden of foodborne illnesses is greatly underestimated.
Foodborne outbreaks are believed to often go unrecognized and under reported since
reporting is based on consumer awareness and physician documentation. State and public
health agencies are responsible for reporting outbreaks and informing the public of all

necessary actions and precautions (Olsen et al, 2000).

Dalton et al., (2004) surveyed state and territory health departments in Australia
from 1995 to 2000 and found 293 outbreaks were recognized, with 214 being of
foodborne origin. Restaurants and commercial caterers were linked with the highest
number of outbreak reports and cases. Outbreaks result from pathogens that are not
always considered in clinical, epidemiologic, and lab investigations such as Giardia
lamblia, B. cereus or enterotoxigenic E. coli and it is difficult to identify their etiology

(Olsen et al, 2000).
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2.3.2 THE INCIDINCE OFFOODBORNE ILLNESSES IN RESTAURANTS

Most outbreaks reported causing severe symptoms, are interstate and require
hospitalization. This is an indication whether an outbreak is considered as a foodborne
pathogen illness or a foodborne toxin illness. Short incubation periods such as those
caused by a chemical agent or an enterotoxin are more likely to be recognized as
common source foodborne illness outbreaks than diseases with longer incubation periods

such as Hepatitis A (Olsen et al, 2000).

Widespread investigation has been conducted by epidemiologists from the US
Centers for Disease Control and Prevention (CDC) to estimate the extent of foodborne
ilinesses and food-related diseases in the industrial countries (Simon et al., 2005). State
and local health departments report to the CDC once an outbreak occurs. Data is
generated when two or more individuals experience the same symptoms indicating that
the illnesses are similar, which then prompts investigation by the state or local health
department, and it is determined if a certain food is the common source between the two

diseases (Medeiros et al., 2001).

The increase in foodborne illnesses has resulted in numerous deaths and
disabilities worldwide. In industrial countries, such as the US, it is estimated that
approximately 1/3 of the population is affected by foodborne illnesses annually. The most
common symptom of foodborne bacterial infections is self-limiting diarrhea and although
it does not usually require medication or a physician’s visit, although some do require

antibiotic treatment, especially when the infection is systematic such as bacteremia and

12



especially when it is involves patients such as the elderly or immuno-compromised.
Appropriate antimicrobial treatment is needed when the contagion spreads beyond the
intestinal tract; it is considered obligatory. Action taken towards severe foodborne
illnesses may not be effective because many foodborne pathogens have evolved a

resistance to antimicrobials (Medeiros et al., 2001).

In the past diarrhea was thought to be a symptom of waterborne diseases, known
as Kaferstein disease (waterborne pathogen disease), but it is now known that there are
many foodborne illnesses that elicit this same symptom. The need to assess foods is used
to increase the safety of foods including water and sanitary requirements are needed to

decrease the occurrence of diarrheal episodes (Scott, 2003).

As the increase of foodborne illnesses rises, there has been an emphasis on
developing pathogen detection techniques for better results and a quicker diagnosis.
Some of these techniques include serological test culture isolation, PCR assays, and DNA
probes. Biosensors and microarray are newer tools that have been developed for
numerous applications such as environmental toxins to foodborne pathogens. Together
with emerging and changing microbiological concerns in food safety, innovative
equipment that is technologically advanced has helped to control the rise in foodborne

infections (Medeiros et al., 2001).

Promulgation of the occurrence of foodborne illnesses in the future will result
from changes in the food manufacturing environment, new food product processing

formulations, handling food failures, and consumer perception of raw or undercooked

13



foods. Advanced technologies are being developed to control and kill pathogens, reduce
contamination, treat food, and retain freshness, quality and flavor. The safety and quality
of foods is a necessity as the world evolves and more pathogens become difficult to

control and eliminate (Meng and Doyle, 2002).

When a person is infected by a foodborne illness, the employees where the person
ate or purchased the food including the producers will also be affected financially
(Clayton and Griffith, 2004). The UK loses % of a billion pounds annually paying for the
costs of infectious intestinal diseases (I1ID) that are sometimes caused by a foodborne
pathogen (Roberts et al., 2003). In the US the diseases that are entirely caused by food
pathogens alone are estimated to cost 35 billion dollars annually. A study done by Buzby
et al. (2001), examined how consumers reacted legally after contracting a food borne
iliness from different food system settings. According to this study restaurants were
expected to be sued as a result of foodborne illness more than other settings in the food

industry such as supermarkets, food suppliers, or food companies.

The CDC works with certain state health departments, the US Department of
Agriculture Food Safety Inspection Service, and the US Food and Drug Administration in
a cooperative plan called the Foodborne Diseases Active Surveillance Network
(FoodNet). The FoodNet is under the sponsorships of the Emerging Infections Program at
the CDC. FoodNet sites administered a large population (12,7550) -based telephone
study between 1998-1999 that showed a conceivable connection amongst the increase in

restaurant dining and the increase in the occurrence of gastroenteritis. Exclusions from

14



the study included persons with prolonged gastrointestinal disease or who had gone

through gastrectomy (Medeiros et al., 2001).

Food safety accreditation of kitchen managers seems to be a significant outbreak
prevention measure, and management of food employee sicknesses should be highlighted
throughout food safety exercise programs. Although only a trivial amount of foodborne
ilinesses are related with outbreaks, four unconnected case-control studies conducted by
FoodNet revealed a relationship between consumption of foods outside the household
with a greater risk for particular foodborne illnesses. Therefore, consumption in
restaurants seems to be a significant overall risk aspect for foodborne illness spread in the

U.S. (Hedberg et al., 2006).

The CDC, in cooperation with the U.S. Food and Drug Administration and the
U.S. Department of Agriculture, established The Environmental Health Specialists
Network (EHSNet) The EHSNet mandate was to recognize how and why foodborne
illness and outbreaks arise in food service settings and to interpret those outcomes to
create better preclusion efforts using a systems-based method. EHSNet was established
as a cooperative plan with FoodNet sites in, Minnesota, Colorado, Georgia, California
Connecticut, New York, Oregon, and Tennessee. Its primary purpose was to bring
together environmental health experts with retail food knowledge, epidemiologists, and
laboratory researchers to study the reasons of restaurant-associated foodborne illness

(Hedberg et al., 2006).
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It is estimated that 185,000 of foodborne illnesses in the US annually are caused
by Staphylococcal food poisoning. Staphylococcal food poisoning is generally self-
limiting and toxin mediated thus antibiotics are not used as a treatment. During some
outbreak investigations some S. aureus isolates may not tested for antibiotic
susceptibility, and thus antibiotic resistant strains may go unrecognized as an acute
gastroenteritis outbreak causing pathogen. Some of these antibiotic resistant
Staphylococcus bacteria are Methicillin-resistant strains of S. aureus. These are as much

likely to produce enterotoxins as are the methicillin-sensitive strains (Jones at al., 2002).

It is the mild cases that go undetected and the more severe and fatal cases are
reported once a patient has visited a doctor or been admitted to a hospital. It is estimated
that approximately 95 % of foodborne illness cases are sporadic. Reports from the CDC
regarding foodborne outbreaks include restaurants and delicatessens together in one
category and not each establishment as a single setting. This makes it more difficult to
determine outbreaks associated with restaurants only. Sporadic “non-outbreak-
associated” cases of foodborne illness are also difficult to determine because these are

seldom reported or taken seriously (Griffith and Redmond, 2003).

The EHSNet identifies fundamental aspects causing disease occurrences and
translates those outcomes into better preclusion efforts. In a one year study that started
from June 2002 through June 2003, EHSNet lead systematic environmental assessments

in 22 restaurants in which outbreaks had occurred and 347 restaurants in which outbreaks
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had not occurred. Both outbreak and non-outbreak restaurants were alike in regard to

numerous characteristics (Hedberg et al., 2006)

EHSNet uses several methods to gather information on food preparation practices
in restaurants and their connection to foodborne illness. These methods include
observation of foodborne illness risk aspects in restaurants assessments of restaurant
managers regarding particular food preparation practices and policies (Lee and
Middleton, 2003), and focus groups with restaurant workers regarding factors associated
with safe food preparation (Green and Selman, 2003). The information from these
research studies improves the understanding why these foodborne illnesses happen in
restaurants. To prevent the occurrence of foodborne illnesses, EHSNet conducted a
survey with workers from food service facilities asking them a series of questions
regarding the way they prepare and handle foods at the establishments (Hedberg et al.,

2006).

The study offers facts on the self-reported occurrence of these food employees’
safe and unsafe food preparation practices, and on factors related to those practices. This
ongoing work done by EHSNet is clarifying these factors. It will also increase our
knowledge of how food service employees’ food preparation practices are associated
with foodborne illness. These outcomes can help in developing and improving effective

food safety guidelines and foodborne illness prevention methods (Hedberg et al., 2006).
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2.4 BACTERIAL TRANSFER RATE

In some cases, a previous consumer may have transferred bacteria to a menu that
was then transferred to another consumer (Aycicek et al., 2005). The surface type affects
the rate of transfer and a non-porous surface increases the possibility of bacterial transfer
to skin more than a porous surface (Julian, 2010). Allwood et al. (2004) found that only
52 % of the individuals responsible for retail food establishments were able to elucidate
hand washing processes as defined in the Minnesota Food Code, and only 48 % of
foodservice employees were able to exhibit code-obedient hand washing. A study by the
Food Standards Agency in the UK, found that 55 % of foodservice employees did not
wash their hands before the handling and preparation of food, and about 33 % had not

received their basic hygiene record (Rudder, 2006).

Personnel are advised to wash their hands after handling each meal however the
overall compliance with this Food Code recommendation for frequency during restaurant
service is 5%. Thus restaurant workers are washing their hands less often than the Food
Code recommendation. This may lead to bacterial transfer from restaurant staff onto
menus since workers handle menus more often than a single customer (Meyer et al,

2008).

Griffith et al (2000) indicated that hand contact surfaces in restaurants were
contaminated and do not meet food industry standards for preventing any food-borne
illnesses. Taku et al (2002) reported that restaurants may be harboring Hepatitis A virus

and that repetitive hand contact with tainted surfaces increase the spread of Hepatitis A
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virus from consumer to consumer including restaurant staff. In November 2003, 601
patrons contracted Hepatitis A due to an outbreak at a single restaurant in Pennsylvania,

resulting in, 124 hospitalizations and three deaths (Wheeler et al., 2005).

2.5 BACTERIAL SURVIVAL RATE

Research has shown that certain types of surfaces harbor bacteria very well and
plastic is one of these surfaces. It is commonly known that bacteria can exist on nearly all
public surfaces and any unwanted pathogens present on these can potentially cause health
risks (Aycicek et al., 2005). Menus are often laminated with plastic to prolong their
lifetime. Plastic also gives menus an elegant look and covers the paper underneath from
water and spilled food. Thus plastic surfaces can harbor bacteria, especially when these
plastic surfaces are tainted with food residue that supports bacterial growth. Food residue
such as droplets of juice, food particles, and moisture will support bacterial growth and
survival. Varying environmental conditions and time would affect the bacterial
populations on menus and affect the risk, if any, to consumers (Teixeira et al, 2007).
Some bacteria have the ability to attach to plastic but exactly how this occurs is not
entirely understood. L. monocytogenes can adhere to surfaces and the rate of adherence
depends on the type of surface. Since L. monocytogenes can adhere to the surface of
plastics, there is the possibility that this pathogen can be present on the plastic that covers

menus (Araujo et al, 2007).

The literature discussed above emphasizes the significance of launching and

imposing food safety procedures at restaurants, especially in regards with menu
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sanitation, employee personal hygiene workplace, food preparation, and food

management (Todd et al, 2010).
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CHAPTER THREE
BACTERIAL PRESENCE, TRANSFER TO HANDS AND SURVIVAL ON
RESTAURANT MENUS

4.1 INTRODUCTION

It is estimated that an American of average income eats 25% meals at a restaurant
(Americans’ Dining-Out Habits) but this may differ from consumer-to-consumer
depending on income. The actual number of individuals eating in restaurants may be
underestimated for some populations. During mealtime, consumers may visit the
restroom prior to ordering the meal and not use proper hand hygiene prior to handling the

menus. Many people may not think about hand cleanliness before and after meals.

Restaurant personnel do their best at maintaining food safety requirements when
handling food but may neglect menu sanitation. While food may be handled to prevent
the consumption of foodborne pathogens by the consumer many are not aware that
pathogens can survive on surfaces such as menus. The menu is one of the surfaces that
we touch and open and bend and lay our hands on multiple times. The menus at
restaurants may not be cleaned regularly and certainly not after each use as are silverware
and dishes. There may be an occasional wipe down of food from menus that have food
spilled on them. Restaurant inspections generally do not include a thorough assessment of
the concentration of bacteria on menus since these tests take up to 48 hours to complete

and indicate if there are bacteria (Choi, 2011).
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Research shows that the application of Hazard analysis and Critical Control point
(HACCP) system increases the self-assurance of food safety during inspection by
regulatory specialists, and thus, if applied to restaurant menus will increase food safety
(Codex Alimentarius Commission, 2003). Cleanliness of a restaurant is assessed visually
and therefore the menu is evaluated by the consumers and microscopic organisms cannot
be seen. However, any restaurant can remedy this problem by including menu sanitation
in restaurant cleaning protocols. Menus that are covered in a plastic cover are easier to
clean than those that are not. The most sanitary types of menus are disposable since as
soon as it is used by a consumer it is thrown away. Other possible options are menus that
are posted such as the ones found in fast-food chain restaurants and privately owned

restaurants.

In this research project, bacteria were collected from local restaurant menus to
determine levels Total Plate count and Staphylococcus spp. on the surfaces of menus. The
aims of this study were to analyze the level of bacteria on menus and thus whether menus
might facilitate in the transfer of foodborne illnesses. Once the potential hazards of
unclean menus are established then further research could be done to produce a sanitation
standard operating procedure that would benefit the entire restaurant industry and
minimize transfer from consumer to consumer with the menu being the vehicle. It is
important to examine how menus can be a hazard in the restaurant industry because it is
shown that once a person gets food poisoning at a certain restaurant; it is likely that he

will not return again.
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4.2 METHOD AND MATERIALS
4.2.1 EXPERIMENT 1. Presence of bacteria on restaurant menus
4.2.1.2 Preliminary test

To determine menu-sampling methodology, a preliminary test was conducted to
identify the areas most often touched by consumers when handling menus. A study at
Purdue University found that most customers often touch the two far sides of the menu
(Choi, 2011). In the current experiment, 6 participants covered their hands with a
luminous cream (Glo germ gel lotion, Science Bob Store, Newton, MA, USA) and then
held an A4 sized paper in their hands as if they were holding a restaurant menu. They
turned the paper around in different ways and directions, and participants did this as if
they were at a restaurant and holding a menu. The paper size was chosen because it was
similar to the size used by most local restaurants. The paper was then observed under UV
light (UVP, 8 watt hand held model, Upland, CA, USA) and the locations touched by
hands glowed bright green.

The purpose of this pretest was to assess the areas mostly touched by consumers
and thus design a protocol for swabbing these areas on local restaurant menus. The
pretest showed that most consumers touch the left and right edges of the menu while
other consumers may touch the middle of the menu when pointing at a meal choice. The
end result was that most consumers touch the menu in a similar way and that most of the
area was covered. The UV light helped show the areas that had been touched since these

areas were glowing under UV light.
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4.2.1.3 Restaurant Menu Bacterial Counts

Several local restaurants were chosen of different types that may have differences
in their serving methods to create a cross section of samples. The research period was
eight months of collecting samples throughout the fall and the spring months of the
university school year. A total of 216 samples were collected over a period of two
semesters. There were a total of 118 in the fall and 98 during the spring. The high traffic
period was the busy hours and these were during the lunch and dinner time (Lunch=
11:30am - 3:00pm, Dinner= 5:00pm — 8:00pm), while the low traffic period was the non-
busy hours and these were during times other than these. These different times were

chosen to determine if the consumer traffic affected the presence of bacteria on menus.

Swabs (3M Swabs, 3M Company, St. Paul, MN, USA) were chosen since they are
simple to use, affordable and rapid for retrieving environmental samples (Clemons,
2010). Swabs were kept cool prior to use and also after the menus had been swabbed.
Several undergraduate students participated in collecting a portion of the samples and
they were instructed and practiced they menu sampling technique used in this study.
Participants took the swabs to the restaurant in a cooler bag (Everest cooler bag, Wal-
Mart, Central, SC, USA) and the swabs were kept cool at all times until plating was
completed. It was important that the samples be kept cold to prevent growth of the

bacteria after sampling until plating.

The sterile swab was removed from the tube and used the same way in every

sample collection. The technique was simple; the red snap valve was bent and broken to
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transfer all the broth into the tube as per manufacturer directions. The swab’s cotton tip
was then rubbed slowly and thoroughly over the surface. The targeted area was swabbed
according to the protocol that was designed for the menu sampling technique. The
swabbing technique utilized a zigzag pattern of a total of 5 lines from left to right, from
top to bottom, and from the top left corner to the bottom right corner, and also from the
top right corner to the bottom left corner (for a total of 20 lines). The sizes of the
restaurant menus were similar in several restaurants and the areas of the restaurant were
~768, 603 and 1207 cm?. The average linear distance covered was 57 cm and the average

area covered was 11cm?.

After the surface was swabbed, the swab was placed back in the tube. The cap
was screwed on tightly and the tubes were transported to lab for analysis in the cooler
bag. Tubes were vigorously shaken by hand for 10 seconds under a biosafety hood
(Labconco Purifier 36208-02 Class II/A Laminar Flow Biohazard Hood, LABEQUIP
LTD, Markham, Ontario, Canada) to release bacteria from the swab. The swab cotton tip

was then squeezed with fingers against the tube, to gather all the solution in the tube.

Staphylococcus spp. and Total Plate Count (TPC) Petrifilm™ plates (3M
Company, St. Paul, MN, USA) were placed on a flat surface. The top sheet of the film
was lifted. The tube was then placed perpendicular to the Petrifilm™ plate, and 1ml was
placed (entire Letheen broth solution content) onto the center of the bottom part of the
film. The sheet was released and allowed to drop slowly (rolling gently if needed). When

using the TPC Petrifilm™, a spreader was placed on the top and gently applying pressure
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on the spreader to distribute inoculum over circular area, making sure not to twist or slide

the spreader (3M spreader, 3M Company, MA, USA). The spreader was then lifted.

Petrifilm™ were placed in an incubator (VWR® symphony Gravity Convection
Incubator, Radnor Corporate Center, Radnor, PA, USA) for 24 hours for the
Staphylococcus spp. Petrifilm™ and 48 hours for the TPC Petrifilm™ at 37C. After
incubation, bacteria were counted using a colony counter (Quebec® Darkfield Manual
Colony Counter (220V/50Hz), Reichert Technologies World Headquarters & North
American Service Center, Depew, NY, USA). Bacterial populations were reported as

colony forming unit per 15cm2 sampling area on a menu (CFU/15cm?sampling area).
4.2.1.4 Statistical Analysis

Menus from 18 different restaurants were sampled during high (during Lunch and
Dinner hours) and low (during other hours of the day) traffic periods. Six different menus
(2 per visit (replication) were sampled at the high and low traffic periods each for a total
of 12 samplings per restaurant. Restaurants were grouped into the following types for
analysis: Mexican (4), bar (3), pizza (2), steakhouse (2), upscale (4), and other (3). The
data were analyzed as a randomized complete block design using SAS (SAS, 2010,
Version 9.2 Cary, NC) examining the main effects (high/low traffic, restaurant type,
replication, day of week) and 2-way interactions for main effects for significance at the
P<0.05 level. When main effects or interactions were significant, the pdiff option of SAS
was used to determine statistical differences between means and to generate standard

error of the mean.
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4.2.2.1 EXPERIMENT 2. Transfer of bacteria to hands from menus
4.2.2.2 Bacterial growth, Cultivation and growth medium

Escherichia coli JM 109 culture was held in a -80°C freezer in vials containing
tryptic soy broth (Becto™ Tryptic Soy Broth, Becton Dickinson and company Sparks,
MD, USA) supplemented with 20% (v/v) glycerol (Sigma, St. Louis, MO, USA). The
frozen vial was thawed at room temperature prior to culturing. From this thawed vial, 0.1
ml of culture was transferred to 10 ml Tryptic soy broth (TSB) (DIFCO) containing 0.5%
ampicillin (Sigma, St Louis, MO, USA) in 2 loosely screw-capped tubes and then the
tubes were incubated for 16-18h at 37°C with vigorous shaking (Thermolyne Maxi-Mix
I11 type 65800, Barnstead/ Thermolyne, Dubuque, 1A). The second transfer was prepared
from this first transfer culture by adding 0.1 ml from the first transfer tube to another
fresh 10 ml TSB (DIFCO) with 0.5% ampicillin (Sigma), and again incubated for 16-18h

at 37°C with shaking.

After incubation, the cells were harvested by centrifugation at 3000 rpm (12009)
(IEC HN-SII Centrifuge, International Equipment CO., Inc., Needham Heights, MA,
USA), then the pellet resuspended in 10 mL of sterile peptone solution (0.1%) (Bacto
peptone, Becton Dickinson) to obtain a population of approximately 6-7 log CFU/ml.
Initial cell populations were verified by enumeration of the cells following surface plating
in TSA containing 0.5% ampicillin (DIFCO™ Tryptic Soy Agar, Becton Dickinson and

company Sparks, MD, USA) and incubating at 37°C for 24h.
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4.2.2.3 Transfer rate of bacteria from the menu to consumers’ hands

The menus used in this test were 12.7 x 20.32cm index cards (Staples index cards,
Staples Charlotte, NC, USA) that were laminated using an office-laminating machine
(Xyron Ezlaminator, Staples, Henderson, NC, USA) (Polyethylene Terephalate- PTET)
(European Patent, 2012). The menus were covered in paper towels, foil (Kitchen cooking
foil, Kirkland, Costco, Greenville, SC, USA) and autoclaved and kept sealed. The
submersion of the menus was performed using 160 ml of bacterial inoculum solution
containing approximately 5-6 log CFU/ml. The inoculum solution was made from
resusupended bacteria pellet in 80 ml of sterile peptone solution (0.1%), with the addition
of 80 ml of sterile peptone (0.1%) more. The menus were placed into a stainless steel
sterile tray (31.12 x 19.69 x 5.72cm instrument tray, Polar Ware Company, Kiel, WI,
USA) with the depth of 5.72cm and the width of 19.69cm and the length of 31.12cm. The
size of the tray was appropriate to cover the entire. Sterile forceps were used to transfer
inoculated menus onto a sterile test tube rack (Endicott-Seymour, Labsource
Incorporated, Romeoville, IL, USA) and then into the subject’s hands. The test tube
support was a sterilized and it carried more than 8 menus, so space was left in between

them to facilitate drying. The drying process of the menus was 30 minutes.

Instructions were presented so that all the subjects followed the same handling
technique. The subject was handed the menu and was told to hold the menu as if in a
restaurant setting and making menu choice. Holding and moving over the menu with
fingers was performed for 1 minute. Two sterile bags were filled with 20 ml of sterile

peptone solution (0.1%) and a third bag with 40 ml of sterile peptone solution (0.1%) and
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these were used for the recovery of bacteria from the menu and the hands. The menu was
put into a stomacher bag (Stomacher® 400 Classic Bags, 177 x 305mm, 80-400ml,
Seward, Dominion House, Worthing, West Sussex, UK) with 40ml sterile peptone
solution and massaged for 30 seconds and then each hand singly (left and right) were

massaged in sterile peptone thoroughly for 30 seconds each.

Nine ml test tubes of sterile peptone solution (0.1%) were used for serial dilution of
samples (Clark et al., 1958). Then from the first sterile peptone solution (0.1%) test tube,
0.1 ml was pipetted and spread onto a petri dish as 10 dilution. From the second sterile
peptone solution (0.1%) test tube, 0.1ml was pipetted and spread onto a petri dish as 10
dilution and finally from the third sterile peptone solution (0.1%) test tube, 0.1 ml was
pipetted and spread onto a petri dish as10™ dilution. These were held in place for 5-10
minutes to settle and then were inverted and kept in the incubator at 37°C for 24 hours for
optimum bacterial growth. The next day the plates were inspected under the UV light and
the appropriate petri dishes were chosen for counting. The plates were counted and
recorded according to the number of colony forming units on the plate. The plates with a
number ranging from 25 to 250 CFU/plate were counted and then these were multiplied
by the dilution number that was used in the plating process. Plates were examined under
the UV light and only the fluorescent bacteria were counted as this was the study
pathogen (E. coli JM109). This fluorescence characteristic in these bacteria was

beneficial in achieving a correct count.
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4.2.2.4 Statistical Analysis

Eight subjects completed the study participating in 3 replications on different
days. The mean and standard deviation were calculated using SAS (SAS, 2010, Version
9.2 Cary, NC) for all measurements overall, based on gender and the predominant hand
(right-handedness or left-handedness). A t-test was also conducted paired by subject to
determine if the average transfer to right hand (log CFU Right Hand) differed from
transfer to left hand. The paired t-test was conducted for transfer overall, for left handed
subjects and for right handed subjects.
4.2.3.1 EXPERIMENT 3. Survival of bacteria on restaurant menus
4.2.3.2 Bacterial growth, Cultivation and growth medium

Escherichia coli JM 109 culture was held in a -80°C freezer in vials containing
tryptic soy broth (Becto™ Tryptic Soy Broth, Becton Dickinson and company Sparks,
MD, USA) supplemented with 20% (v/v) glycerol (Sigma, St. Louis, MO, USA). The
frozen vial was thawed at room temperature prior to culturing. From this thawed vial, 0.1
ml of culture was transferred to 10 ml TSB (DIFCO) containing 0.5% ampicillin (Sigma,
St Louis, MO, USA) in 2 loosely screw-capped tubes and then the tubes were incubated
for 16-18h at 37°C with vigorous shaking (Thermolyne Maxi-Mix Ill type 65800,
Barnstead/ Thermolyne, Dubuque, 1A). The second transfer was prepared from this first
transfer culture by adding 0.1 ml from the first transfer tube to another fresh 10 ml TSB
(DIFCO) with 0.5% ampicillin (Sigma), and again incubated for 16-18h at 37°C with

shaking.
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After incubation, the cells were harvested by centrifugation at 3000rpm (1200g9)
(IEC HN-SII Centrifuge, International Equipment CO., Inc., Needham Heights, MA,
USA), then the pellet resuspended in 10 mL of sterile peptone solution (0.1%) (Bacto
peptone, Becton Dickinson) to obtain a population of approximately 6-7 log CFU/ml.
Initial cell populations were verified by enumeration of the cells following surface plating
in TSA containing 0.5% ampicillin (DIFCO™ Tryptic Soy Agar, Becton Dickinson and

company Sparks, MD, USA) and incubating at 37°C for 24h.

4.2.3.3 Bacterial survival rate

For testing the survival of bacteria on a menu after 24 and 48 hours, 3 menus were
inoculated with 5-6 log of Escherichia coli JM109 inoculum that was prepared prior to
the experiment. E. coli JM109 was chosen because it is luminous under the black light
and then it would be accurate when counting. The accuracy of counting is important
because other than the subject bacteria there is bacteria in the surrounding environment
and when the subject bacteria guaranteed the accuracy of counting, results are accurate.
Twenty seven menus were inoculated and allowed to dry for 30 minutes then placed in an
incubator at room temperature for 24 and 48 hours. Three of the menus were rinsed using
peptone solution (0.1%) at the initial time and were not incubated and these were
recorded as zero time. These values were used to calculate the survival rate. After 24 or
48 hours the 3 menus for each time period were washed with the peptone solution (0.1%)
in stomacher bags (Stomacher® 400 Classic Bags, 177 x 305mm, 80-400ml, Seward,
Dominion House, Worthing, West Sussex, UK) with 40 mL of sterile peptone solution

(0.1%) and massaged for 30 seconds, 10 seconds for each side and an additional 10
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seconds prior to plating. The recovery water wash was used for plating to yield the
amount of bacteria that were living on the menu. The plates counted after an incubation
time of 24 hours at 37° C. Both menu incubation time periods were done in replicates of

3.

4.2.3.4 Statistical Analysis

Menus were inoculated then held for 48 hour under ambient conditions (~270C,
~5% RH) and sampled for E. coli populations at 0, 24 and 48 hours. Three replications
using 3 menus per sampling time were utilized for a total of 27 menus. Data were
analyzed as a randomized complete block using SAS (SAS, 2010, Version 9.2 Cary, NC)
examining the main effects (replication, menu and holding time) and 2-way interactions
for significance at the 5% level.
4.3 RESULTS
4.3.1 EXPERIMENT 1. Presence of bacteria on restaurant menus

The only effects tested (replication, restaurant, traffic, day, restaurant by traffic
and traffic by day) having a significant effect on TPC and Staphylococcus spp. were
restaurant, traffic and the restaurant by traffic interaction. Restaurants were grouped into
types, the only effects tested were replication, restaurant type, traffic, day, traffic by
restaurant type and traffic by day); only restaurant type had a significant effect on TPC
with no significant effects on Staph population. The minimum Total Plate count was
below detection levels at some restaurants during both busy hours and non-busy hours.
The minimum Staph count was also below detection levels at certain restaurants during

both busy and non-busy hours.
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The maximum TPC was 150 CFU/15m? sampling area on a menu during busy
hours and 68 CFU/15cm? sampling area on a menu during non-busy hours, indicating the
presence of bacteria on menus with high variation. The maximum Staph count was 42
CFU/15cm? sampling area on a menu during busy hours and 10 CFU/cm? sampling area
on a menu during non-busy hours. For both TPC and staph count, the minimum during
both traffic periods was below detection levels. Staphylococcus spp. often indicates
human handling and can be a potential health threat. The mean TPC of all the sampled
restaurant menus was 27 CFU/15cm? sampling area on a menu during busy periods and
15 CFU/ 15 cm? sampling area on a menu during less busy periods. The mean Staph of
all the sampled restaurants was 6 CFU/15 cm? sampling area on a menu during busy
periods and 2 CFU/15 cm? sampling area on a menu during less busy periods. The mean
TPC and mean Staph for each restaurant separately can be seen on figures 1-4 for both

high traffic and low traffic periods of time.
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Figure 1. The Total Plate count collected during high traffic periods
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Figure 2. The mean Total Plate count collected during low traffic periods
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Figure 3. The mean Staphylococcus spp. count collected during high traffic periods
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Figure 4. The mean Staphylococcus spp. count collected during low traffic periods
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Restaurants were categorized into groups based on their type and these group
types were bar, Mexican, pizzeria, steakhouse, upscale and other (restaurants other than
these categories). The mean TPC and standard deviation of each type of restaurant can be
seen in Table.1.

Tablel. Restaurant type, frequency, mean TPC and correlation

Restaurant Type Frequency Mean Total
Plate Count

Bar 36 7.1°

Mexican 48 41.0°%

Pizzeria 24 9.8°

Steakhouse 24 2.2°

Upscale 48 9.9°

Other 36 3.5°

0 Means with different superscripts are significantly different (P<0.05).

The Staph count was significantly different between restaurants (P=0.0054) at a
P-value of < 0.05. The Staph count was also significantly different between both periods
of traffic (P=0.0279) at a P-value of <0.05.The interaction between the restaurant and
traffic periods in regards with Staph was significantly different (P= 0.0212) at a P-value
of <0.05. The TPC was significantly different between the restaurants (P<0.0001) at a P-
value of <0.05. The TPC was also significantly different between both periods of traffic

high and low (P=0.0099) at a P-value of <0.05. The interaction between the restaurant
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and traffic periods in regards with TPC was significantly different (P< 0.0001) at a P-
value of <0.05.
4.3.2 EXPERIMENT 2. Transfer of bacteria to hands from menus

The results of the transfer rate study showed that bacteria did transfer from the
menu to the hands of the participants with a large variation in transfer and some hands
showing no detectable cells. This may be due to differences in hand size, touch
technique, or capability of bacteria attaching to skin. Thus there was variability between
subject receiving bacteria from menus due to handling. Transfer of microorganisms, even
in small numbers can result in foodborne illness.

The mean transfer rate of bacteria from a menu to a subject’s hands was 8% on
the right hand, 3.15% on the left hand and 11.17% on both hands. The standard deviation
of the transfer rate of bacteria from a menu to the subject’s hands was 9.58% on the right
hands, 4.83 % on the left hands and 10.45% for both hands.

There was variation between the subjects’ mean transfer rates. This indicates that
a person may have a different transfer rate than another person that may be due to
different gender and how they touch a menu. Males had larger hands thus the larger area
to surface contact and so the more bacteria that could adhere to their hands and cause
higher transfer rates, while female subjects had smaller and thinner hands resulting in
lower transfer rates. Different contact techniques was noticed during the handling of the
menus and this may also have caused a variation in the transfer rates of these subjects,
since some touched the menus gently and touched them a few times while other subjects

had a greater contact with menus.
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The gender of the subjects was recorded during the transfer rate experiment and
the results of the effect of gender on the transfer rate can be seen in Table. 2. The transfer
rate of males on their right hands was smaller than that of females, but the opposite in
regards with left hands. For both hands, the transfer rate of males was larger than that of
females. These results can be seen clearly in Table. 2.

Table 2. Gender effect on transfer rate of bacteria from menu to hands

Variable Male TR (%) Female TR (%)

RH? 7.8+7.9 8.2+11.2

LH® 3.945.7 2.4+3.7

BH* 11.748.9 10.6+12
Male log Female log
CFU/hand® CFU/hand®

RH 4.5+0.9 4.9+0.4

LH 3.9+0.9 3.9+0.9

TC® 5.8+0.68 6.3+0.53

N= 24 for both males and females *BH=Both Hands
TR= Transfer Rate CFU/ hand=CFU count for hand sampling
’RH= Right Hand TC= Total Count of bacteria from hands and menu

SLH=Left Hand
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The preference of right handedness and left handedness were tested. The
handedness of the subjects in regards with transfer rate and if handedness affected
transfer rate was analyzed. The number of subjects that were right handed were 3 times
that of left handed subjects (N of R=36, N of L=12). The handedness was analyzed in
regards with affecting the transfer rate on the right, left and both hands. The results of this
analysis can be seen in Table.3.

Table. 3 Handedness effect on transfer rate of bacteria from menu to hands

Handedness ~ Hand TR (%) Log CFU?
RH® R 9.9+10.3  4.820.6

L° 2.0+£2.4 3.9+0.9

B° 12.0£11.0  3.9£0.9
LH’ R 2.1#1.2 4.2+0.8

L 6.6+8.0 6.1+0.6

B 11.7489  5.9+0.9
TR= Transfer rate *R= Right Hand, N=36 observations
2CFU= Colony Forming Unit °L= Left Hand, N=12 observations
RH= Right handedness ®B= Both Hands

"LH= Left Handedness

The transfer of bacteria from the menu to the right hand was compared with that
of left hand these were significantly different (P=0.030) at a P-value of < 0.05 for the
total bacteria count. The transfer of bacteria from the menu to the right hand was
compared with that of left hand these were significantly different (P=0.030) at a P-value

of < 0.05 for the right-handed subjects. The Log CFU/right hand was compared to that of
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the left hand and in both the total bacterial count and the right-handed subjects were
significantly different at a P-value of <0.05 (Table.4).
Table.4 t-test results for testing if transfer rate and log population was different for

transfer to right hand versus transfer to left hand.

Variable N P-value for the test statistic comparing:

Transfer to RH' vs transfer to LH? (%) Log CFU/RH vs Log CFU/LH

Total Bacteria 48 0.030 0.0001
Left-Handed 12 0.059 0.4545
Right-Handed 36 0.001 0.0001
RH'= Right Hand LH?= left Hand

4.3.3 EXPERIMENT 3. Survival of bacteria on restaurant menus

The survival of E.coli JIM109 was tested on plastic laminated menus at after 0, 24 and 48
hours at room temperature (20+3°C) and the results of the mean CFU/menu can be seen
in Table. 5.

Table. 5 Survival (log CFU/Menu) of bacteria on menus after different times

Time Mean Std Dev*
Zero time 5.5 0.4
24 hours 3.7 0.3
48 hours 3.7 0.3

IStd Dev= Standard Deviation

2| og CFU/Menu= Log Colony Forming Unit per Menu
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The survival rate was calculated according to the equation N/NO x 100 = survival
rate, where NO is the number of CFU ml™ at zero time and N is the number of CFU ml™
in the samples after they had been kept at room temperature for 24 hours and 48 hours.
Testing the survival of bacteria yielded 1.39%, 2.06% after 24 hours as the mean survival
rate and the survival rate standard deviation respectively and 1.34%, 1.89% after 48 hours
as the mean survival rate and the survival rate standard deviation respectively.

4.4 DISCUSSION

The possible role of pathogens on menus in the transmission of food borne
ilinesses requires further research as this study has proved that bacteria is present on
menus and does transfer from restaurant menus to the consumers’ hands. Foodborne
illnesses resulting from a restaurant are often assumed to be due to foods and food-
contact surfaces and non-food contact surfaces such as menus are overlooked. A primary
step that could help assess the risk of transfer from contaminated menus is to evaluate the
transfer efficiency rates of different types of foodborne pathogens from menu to hands.
This is the first study to examine the hygiene of restaurant menus, asses the transfer of
bacteria from a menu to a consumers hands and to test the survival rate of bacteria after
24-48 hours at room temperature.

Results found that restaurant menus do harbor bacteria and thus may be a
potential health risk for diners. In the future, more precise survival data could be obtained
by testing the survival of bacteria on menus in higher temperatures that are presented at
restaurants. The testing of bacterial survival on menus that have media on the surface to

simulate food juices/particles on menus may be another possible study. Testing the
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transfer rate of different types of foodborne pathogens and their adherence to menus
could also be determined as well as the effect of menu material to determine how the
different porosity of materials affects the transfer rate and survival rate. The findings of
this study can be used as a basis for such research ideas as well as determining menu
hygiene and safety sanitation protocols that effectively, minimize menu contamination
with foodborne pathogens.

4.4.1 Staphylococcus aureus and staphylococcal food poisoning

Staphylococcus aureus is a pathogen that is toxin-mediated, invasive, and
antibiotic resistance. This bacterium causes nosocomial illnesses and illnesses spread by
the community. The infections that are caused by this bacterium can be foodborne
ilinesses as well as non-food illnesses that are caused by mediators other than food. The
symptoms that resulting from staphylococcal infections of non-food mediators can be
from a simple pimple to furuncles, toxic shock syndrome and sepsis. The different
symptoms depend on different virulence factors. Staphylococcal food poisoning relies on
one single type of virulence factor: the staphylococcal enterotoxins (SEs) (Baron et al,
2003).

Staphylococcal enterotoxins (SEs) are produced by some of strains of
Staphylococcus that cause staphylococcal food poisonings. Staph does not form spores so
contamination can be avoided by sterilizing the menus and keeping them sanitized. Staph
can be found in warm-blooded animals’ nostrils, on their skin and hair. Approximately
30-50% of the human population carry Staphylococcus spp.. Staphylococcus spp. can live

and thrive in different temperatures that range from 7°C to 48.5°C with an optimum of 30
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to 37°C. S aureus can also live between the pH of 4.2 to 9.3, with an optimum of 7 to 7.5
and a sodium chloride concentration of up to 15% sodium chloride. The wide range of
these characteristics is what enables Staphylococcus spp to grow in different settings
(Baron et al., 2003).

The symptoms of staphylococcal food poisoning are nausea, abdominal cramps,
vomiting, sometimes followed by diarrhea. The start of symptoms is rapid starting as
soon as 30 min after exposure to 8 hours and there is usually an unprompted remission is
observed after 24 hours (Baron et al., 2003).

There is a considerable amount of literature that describes the different types of
SEs, according to their chronological proceedings of identification and their significance
in staphylococcal food poisoning. Until now 23 different SE types have been identified,
which are similar in structure and sequencing (Gaebler and de Souza, 2010). The SEs are
can be categorized as short proteins that are secreted in the medium and that are soluble
in water and saline solution. They are capable of keeping their activity in the digestive
system after ingestion because they are highly stable due to their resistance to most
proteolytic enzymes, such as pepsin or trypsin that are found in the digestive tract. They
are also capable of resisting chymotrypsine, rennin and papain (Baron et al, 2003)

Some SEs such as Staphylococcal enterotoxin B can be destroyed by proteolytic
enzymes but only at very low pH which is generally not found in the digestive tract, such
as pepsin that needs a pH of 2 to be degraded. Staphylococcal enterotoxins are also
resistant to heat and are thought to be more resistant to heat in foods than in laboratory

culture medium. On the other hand, they can be inactivated by heat treatments that are
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used in the sterilization process of canned foods if they are present at low concentrations
(Baron et al., 2003).

Restaurant menus harbor Staphylococcus aureus and this may be a potential
health risk as explained above. The presence of these pathogens may be very dangerous
for the immuno-compromised, causing severe symptoms and hospitalization. The
presence of pathogens on restaurant menus is also a financial risk for the restaurant
business and may result in fines or incarceration if an outbreak or a severe case were to
occur. The Infective dose of Staphylococcus aureus is a toxin dose of < 1.0 ug in tainted
food will cause symptoms of staphylococcal intoxication. This level of toxicity is
achieved when S. aureus populations are more than 100,000 per gram (BBB -
Staphylococcus aureus USFDA, 2013). The numbers found by this study are different
from restaurant to restaurant and the highest numbers are less than the infective dose that
was established by the FDA.

There were 16 Staphylococcal food poisoning outbreaks (N=530), 25.6 cases
(N=6451), 17.1 (872) hospitalizations and no deaths (N=7) in France between 1999 and
2000 (Baron et al., 2003). These cases were reported to be of Staphylococcus spp.
presence in the food, but menus were could contribute to these outbreaks due to cross
contamination between customers and restaurant workers. Menus should also be
addressed as a possible illness source if contaminated with pathogens.

The data of our menu hygiene study showed that Staphylococcus spp. can adhere
to plastic and survive on plastic and this was concluded since swabs did pick up these

pathogens during the sampling. These results coincide with the results of a study done by
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Neely and Maley in 2000 as they had found that Staphylococcus aureus is capable of
adhering to plastic and also surviving on plastic for at least 1 day. Some were capable of
surviving even up 56 days on certain plastic materials such as polyester and from 22 to 90
days on polyethylene plastic. Restaurant menu coatings have been cited in the literature
as a polyethylene base laminate (Kavasch and Rivlin, 2003) and this is what was used to
laminate the index cards (Polyethylene Terephthalate) (European Patent, 2012).
4.4.2 Transfer of bacteria from menus to consumer hands

When a food-borne illness is diagnosed, factors such as food, food-contact
surfaces are put into the top factors, but menus are rarely considered a factor. Transfer of
bacteria is affected by the type of surface such as non-porous surfaces (menus laminated
with plastic (Polyethylene Terephthalate -PTET) (European Patent, 2012) increases the
possibility of bacteria transferring to skin more than if the surface was porous (Julian
2010). Our findings prove that bacteria does transfer from plastic laminated menus to
human hands and this is different between person and person and also between gender
and handedness.
4.4.3 E.coli adherence to plastic

E.coli JIM109 was used in the transfer rate study and the survival rate study as the
pathogen. In both studies E.coli JM109 did adhere to the menus plastic lamination
indicating that these results coincided with a study that was conducted by Torres et al,
2005 showing E.coli to be capable of adhering to plastic. The survival rate of E. coli has
been tested before on different surfaces with different textures. A study done by Milling

et al (2005), on the survival of E.coli on plastic particles showed that after 24 hours there
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was 10° CFU/g with an initial of 108 CFU/g of bacterial colonies. This indicates that the
bacteria only decreased in 2 log reduction and that was after 24 hours at 37°C. Similar
results were noticed at 21°C after 24 hours, but at lower temperatures such as 4°C, there
was no decline in bacterial populations even after 48 hours. It was noticed that only after
6 days did the populations start to decrease in 1 log reduction. These research results by
Milling et al (2005), in accordance with our results show that E. coli survives on plastic
and thus on a plastic laminated menu. This can be said about most bacteria and their
survival period on plastic laminated menus.
4.4.4 Survival of bacteria on plastic laminated menus

Menus are often laminated with plastic for extended life, elegant look and to
protect the paper underneath from water and spilled food. Research has shown that plastic
can harbor bacteria. Some bacteria have the ability to attach to plastic but exactly how
this happens is still not entirely understood. L. monocytogenes is one of these bacteria and
the rate of adherence depends on the types of surface. Since L. monocytogenes has the
ability to adhere to the surface of plastics, it is possible that bacteria can adhere to menus
that are covered in plastic (Araujo et al 2007). So therefore it is important to consider
plastic menus as a food-borne illness health risk factor that may be contributing to theses
ilinesses. The results of our study show that E.coli survived on plastic laminated menus
after 0 hours, 24 hours and 48 hours at room temperature.
4.5 CONCLUSIONS

The sampling of restaurant menus and their analyses enabled us to draw several

conclusions about the cleanliness of some of the restaurant menus. This information may
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be useful for restaurant personnel and managers to maintain their menus within hygienic
standards. The general audience may also be interested in the hygiene of restaurant
menus that they touch when dining out. They may want to pay attention to washing their
hands after touching the menu and prior to food consumption. Based on the means and
standard deviations of the restaurant menu hygiene study and descriptive graphs the
variation in TPC and Staphylococcus spp. counts between all the restaurants, the presence
of higher TPC and Staphylococcus spp. at busy hours than they were at non-busy hours
were evident. The data collected from the transfer rate study indicate the possibility
bacterial transfer from contaminated menus to hands. While there was variation between
subjects, there was no subject that had no transfer. Bacteria were found to survive on
menus after 48 hours at room temperature indicating the importance of cleaning menus
daily. Given that organizational health inspectors emphasize the importance of a clean
restaurant surface and utensils, they should also be concerned about the cleanliness of the
restaurants’ menus. More emphasis should be placed on menu sanitation as part of
restaurant sanitation protocol. Future research may include testing different types of
menus and the adherence of bacteria to them. The production of a sanitation method may
also be a future study and testing different types of sanitation methods and their

effectiveness in eliminating the risk of contaminated menus.

51



4.6 REFERENCES

Americans’ Dining-Out Habits. [Online] Available from
http://restaurant.org/tools/magazines/rusa/magarchive/year/article/?articleid=138.html
[accessed 1 January 2013].

Araujo, F., Azeredo, J., Oliveira, R., Silva, S., and Teixeira, P. 2007. Bacterial Adhesion
to Food Contacting Surfaces. [Online]. Institue for Biotechnology and Bioengineering,
Centre for Biological Engineering, University of Minho. Braga. Portugal.

BBB - Staphylococcus aureus. Bad Bug Book: Foodborne Pathogenic Microorganisms
and Natural Toxins Handbook. Staphylococcus aureus. U.S. Food and Drug
Administration. Accessed on 4/6/2013 from
http://www.fda.gov/Food/FoodbornelllnessContaminants/CausesOfllInessBadBugBook/u
c¢m070015.htm

Codex Alimentarius Commission. (2003). Recommended international code of practice
general principles of food hygiene. FAO/WHO.

Choi, J. K. (2011). A Microbiological Assessment of Restaurant Menu Contamination.

Baron F., Gautier M. Loir Y., 2003. Staphylococcus aureus and food poisoning. Genet.
Mol. Res. (2) 1: 63-76.

"FLAME-RETARDANT RESIN SHEET AND FLAT CABLE USING SAME."
European Patent EP 2487694, issued August 15, 2012.

Gaebler, N., & de Souza, M. R. (2010). Staphylococcal enterotoxins: molecular aspects
and detection methods. Journal of Public Health and Epidemiology, 2(3), 29-42.

Kavasch, A., & Rivlin, J. B. (2003). U.S. Patent Application 10/723,919.

Milling, A., Kehr, R., Wulf, A., & Smalla, K. (2005). Survival of bacteria on wood and
plastic particles: Dependence on wood species and environmental conditions.
Holzforschung, 59(1), 72-81.

52


http://www.fda.gov/Food/FoodborneIllnessContaminants/CausesOfIllnessBadBugBook/ucm070015.htm
http://www.fda.gov/Food/FoodborneIllnessContaminants/CausesOfIllnessBadBugBook/ucm070015.htm

Neely, A. N., & Maley, M. P. (2000). Survival of enterococci and staphylococci on
hospital fabrics and plastic. Journal of clinical microbiology, 38(2), 724-726.

Torres, A. G, Jeter, C., Langley, W., & Matthysse, A. G. (2005). Differential binding of
Escherichia coli O157: H7 to alfalfa, human epithelial cells, and plastic is mediated by a
variety of surface structures. Applied and environmental microbiology, 71(12), 8008-
8015.

Julian, T. R. (2010). FOMITES IN INFECTIOUS DISEASE TRANSMISSION: A
MODELING, LABORATORY, AND FIELD STUDY ON MICROBIAL TRANSFER
BETWEEN SKIN AND SURFACES (Doctoral dissertation, Stanford University).

53



APPENDICES

54



Appendix A

Preparation of Study Materials and Methods

A.1 TSA preparation

Two liters of filter water were measured in a graduated cylinder and these were
used to make Enrichment TSA (DIFCO™ Tryptic Soy Agar, Becton Dickinson and
company Sparks, MD, USA). 30 grams of Agar (DIFCO™ Tryptic Soy Agar, Becton
Dickinson and company Sparks, MD, USA) and 60 grams of TSB (DIFCO™ Tryptic
Soy Broth, Becton Dickinson and company Sparks, MD, USA) were measured and added
the 2 liters of the filtered water. The TSB dissolved but the Agar did not and it settled at
the bottom of the container and so the solution had to be steamed for 20 minutes in an
autoclave after covering the container with foil. When the steaming of the agar solution
was over, 200ml graduated cylinder was filled and then this was filled into media capped
vials for sterilization in the autoclave. The caps of these were also sealed and then
slightly loosened, to prevent them from exploding.

These containers were steamed the next day to allow the TSA to change into
liquid form and once they were out of the autoclave and a little cooler, they were quickly
sealed to keep them sterile. Sealing them too early was avoided to prevent the formation
of the vacuum reaction that would form inside the containers. These were then kept in a
water bath that was 48C for more than 20 minutes. Then one by one were kept in warm
water in a container as they were transferred to the hood for pouring into the plates. Each
container had 1ml ampicillin solution added to it prior to pouring so that the media would

be suitable for ampicillin specific bacteria, which were the bacteria that were used for the
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research study. The TSA (DIFCO™ Tryptic Soy Agar, Becton Dickinson and company
Sparks, MD, USA) was poured carefully under the hood to keep the media as sterile as
possible in order to prevent contamination that would cause erroneous results. The plates
were sealed as soon as the media had spread evenly on the plates. The dishes were
stacked and kept to settle for more than an hour and then stacked into their bags carefully
and kept in the refrigerator at 4°C for the study. After the petri dishes were prepared they
were refrigerated until their use and stored upside down (i.e. media in upper dish, cover
on bottom). This kept the condensation from forming in the lid and from dropping onto
and disrupting the bacteria growing surface.
A.2 Peptone solution preparation

Peptone solution (0.1%) (Bacto peptone, Becton Dickinson) was made by mixing
1 gram of peptone with 1 liter of filtered water. It was mixed very well until the peptone
dissolved. Then 0.9 ml and 20 ml of this solution was measured into test tubes. The 0.9
ml test tubes were used for the dilutions and the bacterial culturing, while the 20 ml test
tubes were used for the hand and menu washing. These test tubes were then sealed and
cracked open slightly and put into the autoclave for sterilization for 30 minutes.
A.3 Ampicillin solution preparation

The ampicillin solution was made by mixing 0.3 g of ampicillin in 15 ml of
filtered water. The ampicillin solution was filtered under the biosafety hood using an acro
disc (Acrodisc Sterile Syringe Filters with Super Membrane (25mm diameter), 0.2um

pore size, bx/50 (Pall), MedStore Office, Toronto, ON) and a leur lok syringe (Luer
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Lock Syringe, Disposable Syringes Co.,Ltd., Xuyi, China), avoiding pressing hard on the
syringe to not rupture the disc filter.
A.4 Bacterial Culturing and cultivation preparation

Two TSB test tubes that had been made before by a colleague were used for
transfer culture bacteria. 50 micro liters of ampicillin solution were added in addition to
0.1 ml of frozen E.coli IM109 bacteria culture. The test tubes were then sealed with tape
and left loosely capped so that air was left to enter for the survival of the bacteria .These
test tubes were left for 24 hours in the incubator at 37 C in a shaker at 200 rpm for 24
hours because this was the first transfer of the freezer culture and requires to be longer
than the general 16- 18 hours needed because the bacteria is dormant and needs a longer
period to thrive.

After 24 hours the Bactria culture test tubes were taken out form the incubator and
one was sealed well and put into the refrigerator at 20 C for future work while the other
one was used for the second bacterial transfer and this was done as before with 50
microliters of ampicillin solution and 0.1 ml of bacterial culture from the first bacterial
transfer test tube in 10 ml test tubes of TSB and this was done in triplicates (3 test tubes
of second bacterial culture transfer). The idea of using t 3 test tube samples is to use one
for work on that day, the other for saving and the third was a spare just in case anything
happens. Then these second transfer bacterial test tube culture were also kept in the
incubator on a shaker for 16-18 hours only this time because this was the second transfer
bacteria and the bacteria was not dormant anymore . The first transfer bacterial test tube

that was used was sealed and autoclave to sterile it.
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Now that the bacteria was not dormant it can be used and so after the 18 hour
period one of the bacterial test tubes was centrifuged for 15 minutes to separate the
bacteria from the media and the pellet was retrieved under the hood by pouring out the
supernatant and 10ml of peptone solution (0.1%)was poured to this pellet. The test tube
was vortexed so that the pellet would mix homogeneously together with the peptone
solution (0.1%). The other bacterial culture was kept for future work (labeling the day
that the freezer culture was inoculated so to get rid of this bacterial culture when 2 weeks
pass) sealed and kept in the refrigerator for future work.

After the period of incubation, the cells were harvested by suspending via
centrifugation at 200rpm (IEC HN-SII Centrifuge, International Equipment CO., Inc.,
Needham Heights, MA, USA), the pellet resuspended in 10 mL of sterile peptone
solution (0.1%) (Bacto peptone, Becton Dickinson) to obtain a population of
approximately 4-6 Log CFU/mI. This was done to 3 bacterial culture capped test tubes.
Resulting in 3 capped test tubes of bacterial concentration of 4-6 Log CFU/ml. Initial cell
populations were verified by enumeration of the cells following pour-plating in TSA
(DIFCO™ Tryptic Soy Agar, Becton Dickinson and company Sparks, MD, USA) and
incubating at 37°C for 24h.

A.5 Transfer rate procedure

Eleven petri dishes were used for the first control trial and these were labeled
according to the dilutions that were decided on. The dilutions that were decided on were
10°, 10, 102, 103, and 10™* for the menu recovery water petri dishes. For both right and

left hands 10°, 10™ and107 were used for dilutions of the recovery water Petri dishes. In
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the first trial for the control, contaminating the menu was done by using a 3M swab that
was emptied form its’ 1ml Letheen broth and the tip was left moist so that the tip would
not absorb the bacterial solution that was used to inoculate the menu. The menu was a
laminated A4 piece of card that was made to resemble a restaurant menu.

Inoculation test-tube contained the resuspended bacterial pellet and the peptone
solution (0.1%) (Bacto peptone, Becton Dickinson) and 1ml from it was emptied into the
swabs’ tube and then the swabs’ tip was soaked and then the menu was inoculated by
spreading the bacteria on the menu in 4x5 strokes the same way the menus at restaurants
were sampled. The menu was removed from the stomacher bag using forceps and left to
dry for ten minutes on a sterile holder. When transferring the bacteria to the sterile
menus, it was important that these bacteria did not get contaminated with bacteria from
the environment. Since this was a control trial, only one subject was necessary to be able
to track the progress of the method and notice if there was any modifications that were
needed.

The subject held the menus as if in a restaurant setting. Holding and moving over
the menu with fingers was done for 1 minute. Two sterile bags were filled with 20 ml of
0.1 % peptone solution (0.1%) and a third bag with 40ml of peptone solution (0.1%) and
these were used for the recovery of bacteria from the menu and the hands. The menu was
put into its bag and massaged for 30 seconds and then the hands were also massaged
thoroughly for 30 seconds each. 9 ml test tubes of peptone solution (0.1%) were used for
the dilution process. 1ml of the recovery water for the menu was pipetted in the petri dish

labeled 10° and plated with a sterile spreader. 1ml of the recovery solution was pipetted
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into a 10ml peptone solution (0.1%) and then 0.1ml from the recovery water was spread
on the 10™ petri dish.

Another 9 ml peptone solution (0.1%) test tube was used for dilution and 1ml of
the previous 0.1 % peptone test-tube was added to this current one. Another 10 ml
peptone solution (0.1%) test tube was used for the next dilution and 1ml of the second
peptone solution (0.1%) test tube was pipetted into this current one. Then from the first
peptone solution (0.1%) transfer test tube, 0.1 ml was pipetted and spread onto a petri
dish as 107 dilution. From the second peptone solution (0.1%) transfer test tube, 0.1ml
was pipetted and spread onto a petri dish as 107 dilution and finally from the third
peptone solution (0.1%) transfer test tube, 0.1 ml was pipetted and spread onto a petri
dish as10™ dilution. These were then kept for 5-10 minutes to settle and then were
inverted and kept in the incubator for 24 hours for optimum bacterial growth.

The next day the dishes were inspected under the UV light and the appropriate
petri dishes were chosen for counting. The 107 dilution petri dish was chosen for
counting bacteria that resulted from the menu recovery water because it had a good
significant amount of bacterial colonies (rule 25-250 CFU/plate). The 10° dilution petri
dishes were chosen for counting the bacteria that had transferred from the menu to the
hands. These dishes were counted and the results were recorded and then the calculations
were done. For this control trial the results were accurate and reliable due to some
malfunctions in the menu size and the recovery water volume, so the method needed

modification.
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The size of the menu was changed to a smaller size because the previous test
menu size was too large to be able to cover it with inoculum. The swabbing procedure
was not useful in covering the menu with inoculum, so the procedure was changed to
total submersion. The menu was submersed in a 10ml inoculum fluid and left for 1
minute to soak in the inoculum fluid. The A4 menu was replaced by a 5x8 inch laminated
index card that served as a menu and was half the size of the A4 menu. As stated above,
the size does not factor in error since the bacteria that was on the menu was transferred in
the same way as it transfers from a larger sized menu.

These modifications were tested prior to the testing of the study subjects. The
submersion of the menus into the inoculum for the subject study was done using 160 ml
inoculum fluid. This was done by using 8 bacterial culture capped test tubes that were
centrifuged just as stated above and suspended in peptone solution (0.1%), resulting in 8
capped test tubes of bacterial concentration of 8-9 Log CFU/mI. These test tubes were
mixed with 80 ml of peptone solution (0.1%) to increase the volume of the inoculation
liquid to obtain population of approximately 5-6 Log CFU/ml. This was then placed into
a sterile tray with the depth of 6 inches and the width of 8x10 inches. The size of the tray
was appropriate for entire coverage of the menu and no areas were missed. The use of
forceps helped the transfer of the contaminated menus onto a sterile holder and then into
the subjects hands. The holder was a sterilized and it carried more than 8 menus, so space
was left in between them to encourage drying.

The drying process of the menus was 30 minutes. The menus were handed to the

subjects and were told to hold them as if they were holding a menu at a restaurant.
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Instructions were laid out so that all the subjects followed the same technique. These
instructions were informed to the subjects so that the study mimicked the exact setting of
a restaurant experience, thus resulting in relevant results. The massaging of the hands
with the peptone solution (0.1%) in the stomacher bags was done the same way in the
control trial and the menu was massaged for 30 seconds with ten seconds each side and
an extra 10 seconds prior to plating to get all the bacteria that may be at the bottom
recovery water to be mixed homogeneously through the solution.

The transfer rate study of the subjects was done in triplects with 8 subjects. At first
the time that the study took was a period of 2 % hours of sample collecting, but this was
adjusted to 1 hour. The results that came from this first subject study trial showed that 2
Y% hours was to long of a period to collect samples and this needed to be shorter to
prevent the bacteria form dying off. So when the time period was reduced to 1 hour of
collecting the samples from 8 participants, the time proved the best.

A.6 Bacteria Survival test

For testing the survival of bacteria on a menu after 24 and 48 hours, 3 menus were
inocultaed and kept at room temperature in an incubator, after which time new bacterial
colonies were seen. 3 menus were also inoculated for initial values and these values were
used to calculate the survival rate. After 24 hours the menus were washed with the
“recovery water” in stomacher bags with 40 mL of peptone solution (0.1%). Then the
recovery water wash was used for plating to yield the amount of bacteria that were living
on the menu. The dilutions we used were 10°, 10, 102 and 107, The same was done

after 48 hours. Both menu incubation time periods were done in replicates of 3.

62



Appendix B

Raw Data from Study

Table A.1 Raw results of restaurant menu study

obs Date TPC1 TPC2 Staph 1 | Staph 2
per 15 per 15 per 15 per 15
cm? cm?of | cm®of | cm?of
sampling | sampling | sampling | sampling
area area area area
1 9/24/2012 | 304.0376 | 18.82138 | 0 0
2 289.5596 | 10.13459 | 0 0
1 11/12/2012 | 2.895596 | 8.686789 | O 0
2 1447798 | 11.58239 | 0 0
1 1/12/2013 | 152.0188 | 4.343395 | O 0
2 7.238991 | 4.343395 | O 0
1 10/22/2012 | 130.3018 | 65.15092 | 120.1672 | O
2 136.093 | 72.38991 | 120.1672 | 0
1 11/12/2012 | 101.3459 | 123.0628 | 5.791193 | 0
2 115.8239 | 72.38991 | 0 0
1 1/13/2013 | 78.1811 | 28.95596 | O 0
2 81.0767 | 44.88174 |0 0
1 11/4/2012 | 5.791193 | 7.238991 | 11.58239 | 2.895596
2 2.895596 | 5.791193 | 10.13459 | 1.447798
1 11/10/2012 | 8.686789 | 4.343395 | 7.238991 | 2.895596
2 7.238991 | 18.82138 | 0 0
1 1/10/2013 | 7.238991 | O 0 0
2 0 10.13459 | 0 0
1 11/10/2012 | 22.96837 | O 3.062449 | 1.531225
2 2143715 |0 3.062449 | 1.531225
1 11/13/2012 | 19.90592 | 18.3747 | 3.062449 | 1.531225
2 30.62449 | 32.15572 | 0 1.531225
1 1/20/2013 | 30.62449 | O 0 0
2 13.78102 | 0 0 0
1 11/8/2012 | 34.74716 | 27.50817 | 2.895596 | 1.447798
2 0 0 4.343395 | 2.895596
1 11/12/2012 | O 0 41.98615 | 4.343395
2 0 0 0 5.791193
1 1/8/2013 0 0 0 2.895596
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2 0 0 0 1.447798
1 9/27/2012 | 5.791193 | 0 0 0
2 2.895596 | O 0 0
1 1/23/2013 | 1.447798 | O 0 0
2 2.895596 | O 0 0
1 1/25/2013 | 1.447798 | O 0 0
2 0 0 0 0
1 10/3/2012 | 89.76349 | 112.9283 | 0 0
2 88.31569 | 49.22514 | 0 0
1 1/17/2013 | 92.65908 | O 0 0
2 0 28.95596 | 0 0
1 1/20/2013 | 0 72.38991 | O 0
2 0 0 0 0
1 10/8/2012 | 18.3747 | 45.93674 | 6.124899 | 0
2 6.124899 | 70.43634 | 3.062449 | 0
1 11/13/2012 | O 79.62369 | 1.531225 | 0
2 26.03082 | 137.8102 | 0 0
1 11/19/2012 | 27.56205 | 18.3747 |0 0
2 0 42.87429 | 0 0
1 11/19/2012 | O 20.26917 | O 2.895596
2 0 0 7.238991 | 4.343395
1 1/14/2013 | 18.82138 | 0 0 5.791193
2 0 27.50817 | O 8.686789
1 1/18/2013 | 37.64275 | O 0 0
2 7.238991 | O 5.791193 | O
1 10/17/2012 | 36.26552 | 31.08473 | 2.072316 | 2.072316
2 0 0 9.32542 | 1.036158
1 11/19/2012 | 17.61468 | 8.289262 | 1.036158 | 4.144631
2 0 0 0 0
1 10/17/2012 | 9.32542 | O 0 0
2 1450621 | O 0 0
1 10/19/2012 | 23.16477 | 1.447798 | 7.238991 | O
2 17.37358 | 1.447798 | 11.58239 | 0
1 1/22/2013 | 7.238991 | 1.447798 | 13.03018 | O
2 14.47798 | 1.447798 | O 0
1 1/28/2013 | 4.343395 | O 0 0
2 2.895596 | 0 0 0
1 10/22/2012 | 20.26917 | 2.895596 | O 1.447798
2 17.37358 | 1.447798 | 1.447798 | O
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1 11/29/2012 | 17.37358 | 5.791193 | 2.895596 | 0

2 4.343395 | O 1.447798 | O

1 1/6/2013 225.8565 | 10.13459 | 0 0

2 208.4829 | 10.13459 | O 0

1 11/12/2012 | 14.47798 | 137.5408 | 11.58239 | 33.29936
2 0 0 5.791193 | 0

1 11/28/2012 | 60.80752 | 5.791193 | 44.88174 | 4.343395
2 0 4.343395 | 5.791193 | 5.791193
1 1/22/2013 | 20.26917 | 5.791193 | 2.895596 | 4.343395
2 0 7.238991 | 13.03018 | 5.791193
1 1/16/2013 | 1.036158 | 2.072316 | 4.144631 | 2.072316
2 1.036158 | 5.180789 | 4.144631 | 3.108473
1 1/17/2013 | 0 5.180789 | 4.144631 | 4.144631
2 0 0 4144631 | 1.036158
1 1/18/2013 | 0 0 9.32542 | 1.036158
2 0 0 0 1.036158
1 1/20/2013 | 2.895596 | 5.791193 | 14.47798 | 2.895596
2 0 7.238991 | 18.82138 | 4.343395
1 1/24/2013 | 0 8.686789 | 7.238991 | 2.895596
2 0 4.343395 | 7.238991 | 5.791193
1 1/26/2013 | 0 2.895596 | 14.47798 | 1.447798
2 0 0 0 7.238991
1 11/20/2012 | 2.072316 | 1.036158 | O 2.072316
2 0 1.036158 | 0 3.108473
1 1/12/2013 | 0 2.072316 | O 5.180789
2 0 3.108473 | 3.108473 | 5.180789
1 1/23/2013 | 0 1.036158 | 1.036158 | 2.072316
2 0 0 2.072316 | 10.36158
1 11/21/2012 | 2.072316 | 12.43389 | 2.072316 | 2.072316
2 3.108473 | 23.83163 | 3.108473 | 2.072316
1 1/22/2013 | 8.289262 | 4.144631 | 4.144631 | 18.65084
2 8.289262 | 5.180789 | 5.180789 | 2.072316
1 1/27/2013 | 5.180789 | 5.180789 | 10.36158 | 0

2 16.57852 | 3.108473 | 15.54237 | 0

1 11/29/2012 | 1.447798 | O 0 2.895596
2 0 0 0 1.447798
1 1/19/2013 | 0 0 0 0

2 0 0 0 0

1 1/20/2013 |0 0 0 0
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2 | 9 9 9 0

Table A.2 Mean TPC and Mean Staph of overall menu cleanliness study

Mean Mean Mean Mean
TPC1 TPC 2 Staph 1 | Staph 2
27.45159 | 15.14146 | 5.79702 | 1.9482

Table A.3 Menu cleanliness Mean TPC and Mean Staph for each restaurant

Restaurant

Mean
TPC1

Mean
TPC2

Mean
Staphl

Mean
Staph 2

150.0884

9.651988

0

0

107.1371

67.80522

41.02095

0

5.308593

7.72159

4.825994

1.206498

23.22358

8.421736

1.531225

1.020816

5.791193

4.584694

8.20419

3.136896

2.412997

0

0

0

45.12304

43.91655

0

0

13.01541

65.84266

1.786429

0

10.61719

7.96289

2.171697

3.619495

12.95197

6.562332

2.072316

1.208851

11.58239

0.965199

5.308593

0

82.2832

5.067294

0.965199

0.2413

19.11094

30.69332

14.18842

9.555468

0.345386

2.072316

4.317324

2.072316

0.482599

4.825994

10.37589

4.102095

0.345386

1.381544

1.036158

4.66271

7.253104

8.980034

6.735025

4.144631

DO DOIZIZM X<~ |ITIoMMOO|wm >

0.2413

0

0

0.723899
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Table A.4 Raw results of the Transfer rate of bacteria from menus to hands

Rep Subj Obs R-hand L-hand Menu Total % Right % left % both
cfu/ cfu/ cfu/menu cfu/menu RT RT hand
hand hand +hands RT

1 1 1 36000 63000 1600000 | 1700000 | 2.118893 | 3.708064 | 5.83

1 1 2 24000 10000 1560000 | 1590000 | 1.505646 | 0.627353 | 2.13

1 2 1 38000 | 42000 408000 488000 7.786885 | 8.606557 | 16.39

1 2 2 36400 34000 396000 466000 7.80446 | 7.28988 | 15.09

1 3 1 85600 97800 2680000 | 2860000 | 2.989453 | 3.41552 | 6.4

1 3 2 93000 98600 2400000 | 2590000 | 3.588517 | 3.804599 | 7.39

1 4 1 2640 60 60400 63100 4.183835 | 0.095087 | 4.28

1 4 2 1940 180 64800 66900 2.898984 | 0.268978 | 3.17

1 5 1 76000 23000 8400000 | 8500000 | 0.894223 | 0.27062 | 1.16

1 5 2 62000 25600 7000000 | 7090000 | 0.874767 | 0.361194 | 1.24

1 6 1 8200 460 484000 493000 1.664434 | 0.093371 | 1.76

1 6 2 8800 320 548000 557000 1.579552 | 0.057438 | 1.64

1 7 1 29400 33200 2280000 | 2340000 | 1.255016 | 1.417229 | 2.67

1 7 2 32400 38400 1560000 | 1630000 | 1.986755 | 2.354673 | 4.34

1 8 1 88000 1280 5520000 | 5610000 | 1.568829 | 0.022819 | 1.59

1 8 2 95800 | 460 6200000 | 6300000 | 1.521538 | 0.007306 | 1.53

2 1 1 2900 2040 224000 229000 1.266707 | 0.891063 | 2.16

2 1 2 3680 1060 196000 201000 1.833217 | 0.528046 | 2.36

2 2 1 424000 | 230000 | 3000000 | 3650000 | 11.60372 | 6.294472 | 17.9

2 2 2 400000 | 204000 | 3200000 | 3800000 | 10.51525 | 5.362776 | 15.88

2 3 1 2160 2720 80000 84900 2.544769 | 3.204524 | 5.75

2 3 2 1840 3160 160000 165000 1.115152 | 1.915152 | 3.03

2 4 1 266000 | 17000 4120000 | 4400000 | 6.041335 | 0.3861 6.43

2 4 2 320000 | 22000 4400000 | 4740000 | 6.748208 | 0.463939 | 7.21

2 5 1 124000 | 6000 30200000 | 30300000 | 0.408836 | 0.019782 | 0.43

2 5 2 146000 | 8200 3560000 | 3710000 | 3.93086 | 0.220774 | 4.15

2 6 1 230000 | 1200 4480000 | 4710000 | 4.881983 | 0.025471 | 4.91

2 6 2 198000 | 640 4280000 | 4480000 | 4.420985 | 0.01429 | 4.44

2 7 1 94000 16200 212000 322000 29.17443 | 5.027933 | 34.2

2 7 2 124000 | 17000 300000 441000 28.11791 | 3.854875 | 31.97

2 8 1 32400 1840 4400000 | 4430000 | 0.730678 | 0.041495 | 0.77

2 8 2 31400 1540 4920000 | 4950000 | 0.633967 | 0.031093 | 0.67
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3 1 1 114000 | 4600 240000 359000 31.7903 | 1.282766 | 33.07
3 1 2 126000 | 5400 320000 | 451000 27.91316 | 1.196278 | 29.11
3 2 1 166000 | 20400 | 1600000 | 1790000 | 9.292432 | 1.141961 | 10.43
3 2 2 198000 | 25600 | 1600000 | 1820000 | 10.85764 | 1.403817 | 12.26
3 3 1 2000 9400 32000 43400 4.608295 | 21.65899 | 26.27
3 3 2 800 7200 28000 36000 2222222 | 20 2222
3 4 1 130000 | 1600 840000 972000 13.37999 | 0.164677 | 13.54
3 4 2 92000 | 600 600000 693000 13.28328 | 0.08663 | 13.37
3 5 1 174000 | 392000 | 5440000 | 6010000 | 2.897103 | 6.526807 | 9.42
3 5 2 178000 | 350000 | 6080000 | 6610000 | 2.693705 | 5.29661 | 7.99
3 6 1 244000 | 11400 | 496000 751000 3247272 | 1517168 | 33.99
3 6 2 238000 | 19000 | 624000 881000 27.01476 | 2.15664 | 29.17
3 7 1 114000 | 7400 368000 | 489000 23.29383 | 1.512056 | 24.81
3 7 2 90000 | 5600 332000 | 428000 21.04771 | 1.309635 | 22.36
3 8 1 22400 | 168000 | 1120000 | 1310000 | 1.709402 | 12.82051 | 14.53
3 8 2 27000 | 150000 | 1040000 | 1220000 | 2.21857 | 12.32539 | 14.54

Table A.5 Raw results of the bacterial survival rate at zero time

rep subj obs dilution | # of | cfu/menu | LogCFU/menu

colonies

1 1 1 100 199 796000 5.900913
1 1 2 100 127 508000 5.705864
1 2 1 100 210 840000 5.924279
1 2 2 10 260 104000 5.017033
1 3 1 100 222 888000 5.948413
1 3 2 100 239 956000 5.980458
2 1 1 10 380 152000 5.181844
2 1 2 10 398 159200 5.201943
2 2 1 10 410 164000 5.214844
2 2 2 10 426 170400 5.23147
2 3 1 10 432 172800 5.237544
2 3 2 10 412 164800 5.216957
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3 1 1 10 299 119600 |5.077731

3 1 2 100 239 956000 | 5.980458

3 2 1 10 319 127600 | 5.105851

3 2 2 10 372 148800 | 5.172603

3 3 1 10 289 115600 | 5.062958

3 3 2 100 247 988000 | 5.994757

Table A.6 Raw results of the bacterial survival rate after 24 hours
rep subj | obs dilution | # of | cfu/menu | LogCFU/menu | SR%
colonies

1 1 1 1 232 9280 3.967548 2.218091
1 1 2 1 300 12000 4.079181 2.868221
1 2 1 1 256 10200 4.0086 2.437988
1 2 2 1 299 12000 4.079181 2.868221
1 3 1 1 276 11000 4.041393 2.629203
1 3 2 1 311 12400 4.093422 2.963829
2 1 1 1 32 1280 3.10721 0.305944
2 1 2 1 49 1960 3.292256 0.468476
2 2 1 1 45 1800 3.255273 0.430233
2 2 2 1 65 2600 3.414973 0.621448
2 3 1 1 110 4400 3.643453 1.051681
2 3 2 1 80 3200 3.50515 0.764859
3 1 1 1 132 5280 3.722634 1.262017
3 1 2 1 175 7000 3.845098 1.673129
3 2 1 1 85 3400 3.531479 0.812663
3 2 2 1 110 4400 3.643453 1.051681
3 3 1 1 92 3680 3.565848 0.879588
3 3 2 1 67 2680 3.428135 0.640569
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Table A.7 Raw results of the bacterial survival rate after 48 hours

rep subj | obs | dilution | # of | cfu/menu | LogCFU/menu | SR%
colonies

1 1 1 1 272 10900 4.037426 2.605301
1 1 2 1 201 8040 3.905256 1.921708
1 2 1 1 295 11800 4.071882 2.820417
1 2 2 1 312 12500 4.09691 2.98773
1 3 1 1 314 12600 4.100371 3.011632
1 3 2 1 201 8040 3.905256 1.921708
2 1 1 1 73 2920 3.465383 0.697934
2 1 2 1 65 2600 3.414973 0.621448
2 2 1 1 39 1560 3.193125 0.372869
2 2 2 1 27 1080 3.033424 0.25814
2 3 1 1 68 2720 3.434569 0.65013
2 3 2 1 93 3720 3.570543 0.889149
3 1 1 1 113 4520 3.655138 1.080363
3 1 2 1 121 4840 3.684845 1.156849
3 2 1 1 92 3680 3.565848 0.879588
3 2 2 1 60 2400 3.380211 0.573644
3 3 1 1 119 4760 3.677607 1.137728
3 3 2 1 124 4960 3.695482 1.185531
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