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Abstract

Foodborne pathogens are a major source of illness in the United States. In 2010, the
Centers for Disease Control and Prevention (CDC) estimated that 1 in 6 Americans are sickened
by a foodborne illness each year. While many steps in the farm to table process are well researched
and regulated, little information is known about the time between purchase and plate. This study
evaluated current food safety recommendations made by the Partnership for Food Safety
Education on FightBAC.org. An online survey of consumers was conducted to determine how
often they perform the recommended practices to reduce the risk of foodborne pathogens at home.
A total of 1,034 consumers responded to the survey. The majority of respondents indicate they
practice good personal hygiene, take steps to reduce cross contamination, and store food properly.
Safe handling and proper cooking of meat and poultry are areas where consumers are inconsistent
and knowledge of recommended practices could be reinforced to decrease the risk of foodborne

illness.
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Introduction

Foodborne illness is estimated by the Centers for Disease Control and Prevention (CDC)
to affect 1 in 6 Americans each year (CDC, 2010). Food preparation and handling practices in
the home are a leading source of foodborne illness cases (Scott, 1996). Food safety experts
believe sporadic cases and small outbreaks caused at home are more common than larger case
counts recognized as outbreaks. More than $1.3 billion dollars are spent annually to reduce the
burden of foodborne illness. Itis necessary to understand what areas are of the most concern and
where knowledge gaps still exist so resources can be spent appropriately (PEW Trusts, 2018).
The purpose of this project was to identify behaviors between purchase and plate that may lead
to a foodborne illness, identify what pathogens are linked to those behaviors, and determine how
likely they are to occur. The information presented in this study can be used to guide future

studies or direct resources to areas of concern.

Review of Literature

Foodborne illness continues to be a burden across the country causing illness,
hospitalizations, and in some cases death. The CDC estimates that 48 million people get sick,
128,000 people are hospitalized, and 3,000 people die annually from a foodborne illness
(“Foodborne Ilinesses and Germs,” 2018). It has been estimated that sporadic cases of
foodborne illness are as much as 100 times greater than those reported by outbreak data and most
of those cases are due to food prepared and consumed at home (Fein, Lin, & Levy, 1995).
Previous studies suggest that private homes are the source of more outbreaks of foodborne illness
than all other reported locations (Scott, 1996, Griffith, Worsfold, & Mitchell, 1998). While food
safety experts recognize the risk in home kitchens, most consumers do not believe they are at

risk of contracting a foodborne illness at home (Byrd-Bredbenner, Berning, Martin-Biggers, &
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Quick, 2013). Multi-state outbreaks of foodborne illness and large recalls of food products are
more likely to receive media attention than sporadic cases of illnesses acquired at home causing
consumers to believe contaminated products or restaurants are the cause of illness not their own
unsafe practices (Medeiros, Hillers, Kendall, & Mason, 2001).

With the passage of the Food Safety Modernization Act in 2011, those that produce,
process, transport, and sell food were required to take preventative steps to reduce the risk of
foodborne illness (Taylor, 2011). Consumers also have a responsibility to handle, prepare, and
store food properly. Failing to take precautions at home or practice proper hygiene and handling
recommendations can undermine steps taken earlier in the food chain to reduce contamination
(Byrd-Bredbenner, Berning, Martin-Biggers, & Quick, 2013).

The Partnership for Food Safety Education recognize the need for consumers to take
preventative measures to protect their health and categorize food handling and preparation at
home into four core practices: clean, separate, cook, and chill (Partnership for Food Safety
Education, 2011). It is not possible to eliminate all risk, but the core four practices include

recommendations to reduce the risk of contracting a foodborne pathogen at home.

Clean

Some of the key practices recommended by the Partnership for Food Safety Education
include proper hand washing, washing cutting boards, utensils, and surfaces, and rinsing or
washing fresh fruits and vegetables (“The Core Four Practices,” n.d.). A number of foodborne
infections can be prevented through simple and effective cleaning practices (Scott, 1996). One
of the first steps in food preparation and most important food safety measures is proper hand
washing. In 39% of domestic foodborne outbreaks, hands have been documented as a

contributing factor in the spread of illness (Fischer et al., 2007). Unwashed hands can introduce
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pathogens to food during preparation and contaminate other ingredients, utensils, and surfaces in
the kitchen and home (Scott, 1996). Aiello, Coulborn, Perez, and Larson cited handwashing as
an important intervention strategy and found that hand washing reduces the number of
gastrointestinal illnesses by 31% (2008).

In addition to washing hands, washing produce is another critical preventative measure.
As consumption has increased, fresh produce has been linked to a growing number of foodborne
illnesses including large, multi-state outbreaks of Salmonella and Escherichia coli (E. coli)
(Bennett et al., 2018). Fruits and vegetables are often consumed raw or not heated to eliminate
pathogens. The simple acts of washing and rinsing can reduce pathogens on produce prior to
consumption (Yeni, Yavas, Alpas, & Soyer, 2016). It is important to wash whole produce, but
pre-packaged produce that has been commercially cleaned or triple washed does not require
additional washing at home. Washing pre-packaged salads at home can increase the risk of
cross-contamination from other items in the food preparation area, unwashed knives or cutting
boards, or unclean hands (Palumbo et al., 2007).

While washing fresh produce is a recommended food safety practice, washing or rinsing
meat and poultry prior to cooking is not recommended. Raw meat and poultry introduce
foodborne pathogens such as Campylobacter, E. coli, and Salmonella into the home kitchen
environment. Poultry is a primary source of Campylobacter, a foodborne pathogen recognized as
the leading cause of bacterial gastroenteritis, and handling raw chicken in the kitchen is linked to
an increased risk of infection (Friedman et al., 2004). Previous studies have shown that handling
raw meat and poultry can readily spread pathogens to surrounding work surfaces and hands

(Friedman et al., 2004, Dawkins, Bolton, & Hutchinson, 1984).
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Separate

The Partnership for Food Safety Education has only one recommendation in this
category: Do not cross-contaminate (“The Core Four Practices”, n.d.). Reducing the risk of
cross-contamination is done by separating raw meat and poultry from other ingredients and clean
areas of the home. Hands, kitchen knives, utensils, and cutting boards can spread bacteria
between food products and throughout the kitchen (Byrd-Bredbenner, Berning, Martin-Biggers,
& Quick, 2013). Organisms including Campylobacter, Salmonella, and E. coli from cutting
boards and knives have been shown to transfer easily to lettuce and other vegetables
(Ravishankar, Zhu, & Jaroni, 2010). A 2004 study evaluated the transfer rate of Salmonella and
Campylobacter from cutting boards and knives to fresh cucumber slices and concluded both
bacteria are readily transferred from contaminated kitchen surfaces to foods (Kusumaningrum,

Van Asselt, Beumer, & Zwietering, 2004).

Cook

Undercooked meat and poultry can expose consumers to Salmonella, E. coli, and
Campylobacter, and other foodborne pathogens which lead to serious cases of foodborne illness
(Klontz, Timbo, Fein, & Levy, 1995). It is important to not only visually inspect but also
confirm meat or poultry has reached the proper temperature. The recommended internal cooking
temperatures for meat and poultry are listed in Table 1.

In 1996, the United States Department of Agriculture (USDA) advised consumers to use
a meat thermometer when cooking hamburgers to confirm they are safe to eat and no longer rely
on a visual inspection (Lyon, Berry, Soderberg, & Clinch, 2000). This guidance reversed
previous literature that suggested ground beef patties should be cooked until they are hot and

steaming or using the internal color of cooked meat to determine if it is safe to eat. A 1996 study
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found that the internal color varied in ground beef patties cooked to an internal temperature of
160°F (Lyon, Berry, Soderberg, & Clinch, 2000). Additional studies on pork and chicken
produced similar results. Refrigeration, meat quality, pH, and marinades can all affect the
internal color of meat and this research concluded color is not a reliable indicator of endpoint

temperature (Yang & Chen, 1993, Lien et al., 2002).

Table 1
Recommended Internal Cooking Temperatures
Product Minimum Internal Temperature

Beef, Pork, Veal, & Lamb (steaks, roasts, and chops) 145°F

Ground meat 160°F

Poultry 165°F

Ham (fresh or smoked) 145°F

Leftovers 165°F

Note. The recommended cooking temperatures were taken from Keep Food Safe! Food Safety Basics published
by the Food Safety and Inspection Service (FSIS) on 20 December 2016 and retrieved from
https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/safe-
food-handling/keep-food-safe-food-safety-basics/CT_Index

Chill

Improper cooling of prepared food has been linked to outbreaks of food poisoning and
gastroenteritis (Bryan, 1988). Often this happens unintentionally as hot food is left out with the
intention to put it in the refrigerator once it has cooled. With enough time and at the right
temperature, bacteria are given an opportunity to multiply within the food (Bryan, 1988).
Current guidance from the Partnership for Food Safety Education recommends promptly storing
perishable food items (“The Core Four Practices”, n.d.). Allowing food to sit at room

temperature for 12 or more hours between preparation and consumption carries the most risk and


https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/safe-food-handling/keep-food-safe-food-safety-basics/CT_Index
https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/safe-food-handling/keep-food-safe-food-safety-basics/CT_Index
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this practice has been linked to outbreaks caused by Bacillus cereus, Clostridium perfringens,
Salmonella, Vibrio parahaemolyticus, and staphylococcal enterotoxin (Bryan, 1988).

Maintaining a proper temperature in the refrigerator and routinely removing leftover food
are practices included in the recommendations by the Partnership for Food Safety Education
(“The Core Four Practices”, n.d.). Refrigerators should maintain a temperature of 4°C (40°F) or
below but most consumers do not know the recommended temperature or monitor the
temperature of their refrigerators. Kennedy et al. surveyed 100 domestic refrigerators and found
the temperatures ranged from -1.7 to 11.8°C with the majority (n=71) having an average
temperature above 5°C (2005). Leftover food in the refrigerator can also be a source of
foodborne pathogens. A study on the microbiological quality of leftover food found that
Enterobacteriaceae and B. cereus were detected in 10.7% of samples. The same study found
that after 3 days at an improper storage temperature (10°C), the number of surveyed bacteria
increased by 2 log units (Beumer & Kusumaningrum, 2003). When reheating leftovers, it is
important they reach an internal temperature of 165°F to reduce the risk of foodborne illness.
(“Leftovers and Food Safety”, 2013).

Project Design & Methodology

A review of materials provided by the Partnership for Food Safety Education and
available at FightBAC.org identified behaviors from purchase to plate that could either reduce
the risk of contracting a foodborne pathogen or increase the risk to consumers. An online survey
was created using Qualtrics, a web-based survey platform, to determine how often these
behaviors occur. The questions were presented in chronological order from preparation of
ingredients and food handling to storing food that has been prepared. Responses were recorded

anonymously.
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The survey was distributed through email and social media to a target audience of United
States residents over the age of 18. The social media link circulated on Facebook generated 869
completed survey responses. The post was made public and shared 36 times by other Facebook
users to their personal pages. The Facebook post and attached survey link were shared on
several network pages in an effort to increase the size and diversity of the sample population.
These network pages included local and regional neighborhood pages and professional and social
organization pages. The link sent via email generated 165 completed responses. The email was
distributed to personal contacts, family members, and coworkers. A picture of the Facebook post
is included in Appendix A, Figure A.1. The survey questions are included in Appendix A, Table

Al

Results

A total of 1,034 responses were collected from the Qualtrics survey. Eighty-nine percent
of respondents were female (n=924) and 10.1% of respondents were male (n=107). The
remaining 0.29% (n=3) preferred not to answer. The majority of respondents (57.8%, n=598)
were between 35-54 years of age. To report the results, the response data was organized into the

core four practices presented by the Partnership for Food Safety Education.
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Table 2
Demographic data of survey respondents
. Responses
Question n %
What is your gender identity?
Male 107 10.4%
Female 924 89.4%
Not listed 0 0.0%
Prefer not to answer 3 0.3%
What is your age?
18-24 years old 36 3.5%
25-34 years old 229 22.2%
35-44 years old 364 35.2%
45-54 years old 234 22.7%
55-64 years old 123 11.9%
65-74 years old 37 3.6%
75 years or older 10 1.0%

Demographic Significance

Chi-squared tests were performed to determine if the surveyed behaviors were related to
the age and gender identity of respondents. Gender identity and age were considered to be
related to food handling practices if there was a significance level of 0.05 or lower (p-value <
0.05). There was a significant relationship between gender identity and the following behaviors:
washing hands after handling raw meat or poultry, washing fruit before consumption, and eating
prepared food that has been in the refrigerator an unknown amount of time. Males were less
likely than females to wash their hands after handling raw meat and poultry and wash fruit before
consuming it. Males were more likely than females to consume food from the refrigerator that
had been there for an unknown period of time. There were several behaviors that showed a
significant relationship to age group. These behaviors were hand washing, rinsing or washing
raw meat and poultry, rinsing or washing fruits and vegetables before consumption, and using

the same cutting board for animal products and produce. Respondents over the age of 55 were
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more likely to always adhere to the clean practices including hand washing and washing fruits
and vegetables. The same age groups were also more likely to always perform behaviors that
can lead to cross contamination including washing and rinsing raw meat and poultry (Figure 1)

and using the same cutting board for meat, poultry, and produce. (Appendix A, Tables A.2 &

A3)
How often do you rinse or wash raw meat or poultry?
50% 46:3% 4429 o
o 45% 41.7%
é o 35.1%
S 35% 30.6%
2 30% 27.1%
[}
@ 25% 22.2%
kS 200/2 6.7% 9.0%  18.0%
g 15% 0.5% 1.3% 13.5%
(&)
5 10%
o 5%
0%
18-24 25-34 35-44 45-54 55-64 65 - 74 75+

Age Group

m Never = Always

Figure 1. Age demographics and handling of raw meat and poultry. Survey respondents over the age of 55 are more likely to
rinse or wash raw meat and poultry than those between the ages of 18-44.

Clean

Almost half (49.3%) of respondents reported always washing their hands prior to
handling food. Close to half of female respondents (49.8%) report always washing their hands
compared to 43.9% of males. The percentage of respondents that reported always washing their
hands increased with age. Only 36.1% of respondents between the ages of 18-24 reported
always washing their hands but in the age groups from 45 years of age and older, over 50% of

respondents in those age groups reported always washing their hands. Ninety-one percent
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(91.3%) of respondents reported always washing their hands after handling raw meat or poultry
and this response was consistent across gender identity and age groups.

A majority of those surveyed reported always washing produce before consumption with
60.1% always washing their fruit and 60.2% always washing their vegetables and leafy greens
before eating them raw. The number of respondents who reported always washing their
vegetables and leafy greens before using them in a recipe was lower at 50.2%. Very few
respondents (10.6%) always wash prepackaged produce and leafy greens before consumption.
Washing produce followed the same trends as hand washing. Females (61.4%) were more likely
than males (49.5%) to always wash their produce. The percentage of respondents who reported
always washing their produce increased with age. The 18-24 year old and 25-34 year old age
groups had less than half (38.9% and 49.8%, respectively) of respondents report always washing
their produce before consuming raw. In the age groups from 35 years of age and older, more
than 60% of respondents in each age group reported always washing their produce.

This trend was also observed in the responses to the question about rinsing or washing
raw meat and poultry. While only 16.0% of the responses overall reported always washing or
rinsing raw meat or poultry, 27.1% of respondents 55-64 years of age, 35.1% of those between
the ages of 65-74, and 44.4% of respondents 75 years of age and older reported always washing
or rinsing raw meat or poultry. These percentages are double the percentage of respondents from
the 18-24 age group. Of those respondents between 18-24 years of age, only 16.7% reported

always doing this.
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Table 3

Survey responses to questions about cleaning and hygiene practices

Number (%) of Responses

Consumer Behavior
Never Sometimes Ha_lf the Most of Always N/A
time the time
Wash your hands before you start 13 117 79 316 510 0
cooking (1.3%) (11.3%) (7.6%) (30.5% (49.3%) (0.0%)
Wash your hands after handling 1 12 4 45 945 28
raw meat or poultry (0.1%) (1.2%) (0.4%) (4.4%) (91.3%) (2.7%)
Rinse or wash raw meat or poultry 385 245 74 131 165 32
before preparation (37.3%) (23.7%) (7.2%) (12.7%) (16.0%) (3.1%)
Rinse or wash fruits and berries 16 " 92 228 623 0
(1.5%) (7.4%) (8.9%) (22.0%) (60.1%) (0.09%)
Rinse or wash whole vegetables 13 81 66 248 622 4
or leafy greens before eating (1.3%) (7.8%) (6.4%) (24.0%) (60.2%) (0.4%)
Rinse or wash whole produce 46 129 86 246 517 7
before using in a recipe (4.5%) (12.5%) (8.3%) (23.9%) (50.1%) (0.7%)
Rinse or wash prepackaged 409 293 86 124 109 12
produce before eating (39.6%) (28.4%) (8.3%) (12.0%) (10.6%) (1.2%)
Rinse or wash prepackaged 302 289 111 165 152 1

produce before using in a

recine (29.3%)  (28.1%)  (10.8%)  (16.0%)  (14.8%) (1.1%)

Separate

Consumers were not likely to use the same knife and cutting board for meats and
produce. Of those who responded, 68.9% of consumers never use the same cutting board and
69.2% of consumers never use the same knife for meat and produce when they are preparing

food.
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Table 4

Survey responses to questions about using separate utensils for meat, poultry, and produce.

Number (%) of Responses
Consumer Behavior
Never Sometimes Ha_lf the Most of Always N/A
time the time
Use the same cutting board for 710 135 30 77 56 23
meats and produce (68.9%) (13.1%) (2.9%) (7.5%) (5.4%) (2.2%)
Use the same knife for meats and 713 128 37 79 52 22
produce (69.2%) (12.4%) (3.6%) (7.7%) (5.0%) (2.1%)

Cook

The majority of respondents (67.8%) said they always confirm food is fully cooked
before serving, but only 8.8% of respondents reported always using a meat thermometer. Almost
27% of respondents reported never using a meat thermometer when cooking. Females and older
respondents were more likely to use a meat thermometer than males and those between the ages

of 18-24.

Table 5

Survey responses to questions about cooking practices

Number (%) of Responses
Consumer Behavior Half the Most of

Never Sometimes time the time Always N/A
Confirm food is fully cooked 17 56 19 231 700 9
before serving (1.7%) (5.4%) (1.8%) (22.4%) (67.8%) (0.9%)
274 352 103 185 91 28

Use a meat thermometer

(265%)  (34.1%)  (10.0%)  (17.9%) (8.8%) (2.7%)
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Frequency of Safe Cooking Practices

80%
67.8%

2 70%
S 60%
£ 60%
o 50%
3
o 40% 34.1%
—
S 30% 26.5% 22.4%
S ou 17.9%
o P 5 4% 10.0% 8.8%
2 10% 17% 70 1.8%

0% [ —

Never Sometimes About half the time  Most of the time Always
Axis Title
m Confirm food is fully cooked before serving? Use a meat thermometer?

Figure 2. Frequency of Safe Cooking Practices. A majority of respondents said they always confirm their food is fully cooked, but only 8.8% of
survey respondents always confirm the internal temperature of their food with a meat thermometer.

Chill

Overall, the majority of respondents do not allow food to sit at room temperature for an
extended period of time. Almost 60% of respondents said they never allow food to sit at room
temperature for 4 hours and 87.4% and 95.3% said they never allow food to sit out for 6 or 12
hours, respectively. Very few respondents (7.5%) always defrost meat or poultry at room
temperature, but only 25.5% never do this. Most of the respondents (75.3%) reported never
eating leftover food from the refrigerator if they did not know how long it had been there. Males
were more likely than females to eat leftovers from the refrigerator. Of female respondents,
77.5% reported never eating leftover food if they did not know long it had been in the
refrigerator compared to 55.7% of males. Almost half (46.4%) of respondents reported that they

sometimes eat food from the refrigerator as long as it looks and smells okay.
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Table 6

Survey responses to questions about proper cooling and storage questions

Number (%) of Responses

Consumer Behavior
Never Sometimes Ha_lf the Most of Always N/A
time the time
Defrost meat or poultry at room 264 333 130 190 78 39
temperature (25.5%) (32.2%) (12.6%) (18.4%) (7.5%) (3.8%)
Allow cooked food to cool 85 296 179 350 123 0

completely before refrigerating (8.2%) (28.7%) (17.3%) (33.9%) (11.9%) (0.0%)
Allow prepared food to sit at

room temperature for more 615 364 39 15 ! 0
ey e (59.5%)  (35.2%)  (3.78%) (1.5%) (0.1%) (0.0%)
Allow prepared food to sit at 902 110 13 6 0 1
:ﬁ;’r’]‘“gﬂgﬂ’gm“re for more (87.4%)  (10.7%) (1.3%) (0.6%) (0.0%) (0.1%)
Allow prepared food to sit at 980 45 2 1 0 0
:ﬁg?ltze?gj:‘t”re for more (95.3%) (4.4%) (0.2%) (0.1%) (0.0%) (0.0%)
Eatl:ﬁr)t\(l)vvﬁ(r)\]:\? ?(;jnlgf i)iohua;j (l;r;etn in m 217 19 " . .
the refrigerator (75.3%)  (21.0%) (1.84%) (1.4%) (0.4%) (0.1%)
Eat food from the refrigerator as 239 479 101 165 48 1
'Ookr;%,as itlooks and smells (23.1%)  (464%)  (9.8%)  (160%)  (47%)  (0.1%)
Discussion

The purpose of this project was to identify behaviors between purchase and plate that
may lead to a foodborne illness and determine how likely they are to occur. Despite studies
indicating that the majority of foodborne illnesses occur at home, the majority of consumers do
not believe it is common to become ill as a result of the way food is handled or prepared at home
(Cody & Hogue, 2003). Underestimating the risk of food handling, preparation, and
consumption at home can determine the recommendations consumers choose to practice (Li-
Cohen & Bruhn, 2002).

The majority of respondents self-reported following recommended food safety practices

always or most of the time. As with similar studies, the survey relied on self-reporting which
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can vary from actual practices (Griffith, Worsfold, & Mitchell, 1998). The questions focused on

how often behaviors occur in the home and did not assess consumers’ knowledge of or attitude
about food safety. The favorable response to the key food safety practice questions indicate that
consumers are aware of recommendations they should be following and have a basic knowledge
of food safety. The survey did not include questions to assess knowledge. A limitation of this
study was that no observational study was done to validate the results of the survey. General
behaviors recommended to the public were included but the survey did not ask how adequately
or accurately the behaviors are followed. Future studies could include observation of consumers
at home to verify survey results, a knowledge assessment, or more detailed questions to
determine how accurately recommendations are followed.

For one to become infected with a foodborne illness, the pathogen must be introduced to
the food, survive on the food, multiply to infectious levels, and be ingested by a person (Bryan,
1988). The recommendations in each of the core four practices are important and it is important
to follow all of the practices: clean, separate, cook, and chill. The recommended practices build
on each other to protect individuals from becoming ill due to food safety mistakes at home.
Survey responses indicate a willingness to follow hygiene, washing, and storage practices. Most
of the recommended practices are easy to follow, but consumers are more likely to accept food
safety practices that require little effort and do not affect the quality and taste of the food they are
preparing.

Iconic chef Julia Child taught viewers how to roast a chicken in 1971 and started the
process by rinsing the raw poultry. She said at the time, “I just think it’s a safer thing to do”
(Godoy, 2013). Today, we know that this practice can contaminate hands, surfaces, and utensils

and cause foodborne illness. At one time it was recommended to cook hamburgers until they
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were hot and steaming or use the internal color to determine doneness. In 1996 new research
showed neither of those methods determined if meat and poultry was actually safe to eat. Food
safety recommendations can change over time as more research is done and new information
becomes available. Recommended practices may change but consumer behaviors may not
change with them. Consumers continue to follow outdated recommendations when preparing
and cooking meat and poultry. The results of this study show that there is an opportunity to
reinforce the risks associated with raw and undercooked meat and poultry and additional

research may be needed to determine why consumers continue to follow unsafe practices.

Acknowledgements
I would like to thank my advisor, Dr. Sally Paulson, for her advice, guidance, and
support. | would also like to thank Dr. Joe Eifert and Dr. Laura Strawn for agreeing to work with
me and be a part of my advisory committee. Thank you to Dr. Renee Boyer for joining my
committee and ensuring my defense was completed in time. | would like to thank my friends
and family for their help and support during this process. Finally, I’d like to thank my husband,

Mike, for his unwavering support and encouragement from start to finish.



CONSUMER BEHAVIORS AT HOME 20

References

Aiello, A. E., Coulborn, R. M., Perez, V., & Larson, E. L. (2008). Effect of hand hygiene on
infectious disease risk in the community setting: a meta-analysis. American journal of
public health, 98(8), 1372-1381.using a

Bennett, S. D., Sodha, S. V., Ayers, T. L., Lynch, M. F., Gould, L. H., & Tauxe, R. V. (2018).
Produce-associated foodborne disease outbreaks, USA, 1998-2013. Epidemiology &
Infection, 1-10.

Beumer, R. R., & Kusumaningrum, H. (2003). Kitchen hygiene in daily life. International
biodeterioration & biodegradation, 51(4), 299-302.

Bryan, F. L. (1988). Risks of practices, procedures and processes that lead to outbreaks of
foodborne diseases. Journal of food protection, 51(8), 663-673.

Byrd-Bredbenner, C., Berning, J., Martin-Biggers, J., & Quick, V. (2013). Food safety in home
kitchens: a synthesis of the literature. International journal of environmental research and
public health, 10(9), 4060-4085.

Centers for Disease Control Prevention (CDC). 2010. CDC reports 1 in 6 get sick from
foodborne illnesses each year. Centers for Disease Control and Prevention, Atlanta, GA.
http://www.cdc.gov/media/pressrel/2010/r101215.html.

Cody, M. M., & Hogue, M. A. (2003). Results of the home food safety—It’s in your hands 2002
survey: Comparisons to the 1999 benchmark survey and healthy people 2010 food safety
behaviors objective. Journal of the American Dietetic Association, 103(9), 1115-1125.

Dawkins, H. C., Bolton, F. J., & Hutchinson, D. N. (1984). A study of the spread of

Campylobacter jejuni in four large kitchens. Epidemiology & Infection, 92(3), 357-364.



CONSUMER BEHAVIORS AT HOME 21
Fein, S. B., Lin, C. T. J., & Levy, A. S. (1995). Foodborne illness: Perceptions, experience, and

preventive behaviors in the United States. Journal of Food Protection, 58(12), 1405-
1411.

Fischer, A. R., De Jong, A. E., Van Asselt, E. D., De Jonge, R., Frewer, L. J., & Nauta, M. J.
(2007). Food safety in the domestic environment: an interdisciplinary investigation of
microbial hazards during food preparation. Risk Analysis: An International Journal,
27(4), 1065-1082.

Foodborne Ilinesses and Germs. (2018, February 16). Retrieved from
https://www.cdc.gov/foodsafety/foodborne-germs.html

Friedman, C. R., Hoekstra, R. M., Samuel, M., Marcus, R., Bender, J., Shiferaw, B., ... & Carter,
M. (2004). Risk factors for sporadic Campylobacter infection in the United States: a case-
control study in FoodNet sites. Clinical infectious diseases, 38(Supplement_3), S285-

S296.

Godoy, M. (2013, August 23). Julia Child Was Wrong: Don't Wash Your Raw Chicken, Folks.
Retrieved July 1, 2018, from
https://www.npr.org/sections/thesalt/2013/08/27/213578553/julia-child-was-wrong-don-

t-wash-your-raw-chicken-folks

Griffith, C., Worsfold, D., & Mitchell, R. (1998). Food preparation, risk communication and the

consumer. Food control, 9(4), 225-232.

Keep Food Safe! Food Safety Basics. (2016, December 20). Retrieved August 1, 2018, from
https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-

safety-fact-sheets/safe-food-handling/keep-food-safe-food-safety-basics/CT_Index


https://www.cdc.gov/foodsafety/foodborne-germs.html

CONSUMER BEHAVIORS AT HOME 22
Kennedy, J., Jackson, V., Blair, I. S., McDowell, D. A., Cowan, C., & Bolton, D. J. (2005). Food

safety knowledge of consumers and the microbiological and temperature status of their

refrigerators. Journal of food protection, 68(7), 1421-1430.

Klontz, K. C., Timbo, B., Fein, S., & Levy, A. (1995). Prevalence of selected food consumption
and preparation behaviors associated with increased risks of food-borne disease. Journal

of Food Protection, 58(8), 927-930.

Kusumaningrum, H. D., Van Asselt, E. D., Beumer, R. R., & Zwietering, M. H. (2004). A
quantitative analysis of cross-contamination of Salmonella and Campylobacter spp. via

domestic kitchen surfaces. Journal of Food Protection, 67(9), 1892-1903.

Leftovers and Food Safety. (2013, June 15). Retrieved August 1, 2018, from
https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-

safety-fact-sheets/safe-food-handling/leftovers-and-food-safety

Li-Cohen, A. E., & Bruhn, C. M. (2002). Safety of consumer handling of fresh produce from the
time of purchase to the plate: a comprehensive consumer survey. Journal of food

protection, 65(8), 1287-1296.

Lien, R., Hunt, M. C., Anderson, S., Kropf, D. H., Loughin, T. M., Dikeman, M. E., & Velazco,
J. (2002). Effects of endpoint temperature on the internal color of pork loin chops of

different quality. Journal of Food Science, 67(3), 1007-1010.

Lyon, B. G., Berry, B. W., Soderberg, D., & Clinch, N. (2000). Visual color and doneness
indicators and the incidence of premature brown color in beef patties cooked to four end

point temperatures. Journal of food protection, 63(10), 1389-1398.



CONSUMER BEHAVIORS AT HOME 23
Medeiros, L. C., Hillers, V. N., Kendall, P. A., & Mason, A. (2001). Food safety education: what

should we be teaching to consumers?. Journal of Nutrition Education, 33(2), 108-113.

Palumbo, M. S., Gorny, J. R., Gombas, D. E., Beuchat, L. R., Bruhn, C. M., Cassens, B., ... &
Osterholm, M. T. (2007). Recommendations for handling fresh-cut leafy green salads by

consumers and retail foodservice operators. Food Protection Trends, 27(11), 892-898.

Partnership for Food Safety Education. (2011). Scientific Basis of the Core Four Messages.
Ellen Steinberg. Retrieved from: http://www.fightbac.org/wp-

content/uploads/2015/08/scientific-basis-of-core-four-messages.pdf

PEW Trusts. (2018, March 28). Foodborne Iliness Costs Nation $152 Billion Annually - Nearly
$39 Billion Loss Attributed to Produce [Press release]. Retrieved May 1, 2018, from
http://www.pewtrusts.org/en/about/news-room/press-releases-and-
statements/0001/01/01/foodborne-illness-costs-nation-$152-billion-annually-nearly-$39-

billion-loss-attributed-to-produce

Ravishankar, S., Zhu, L., & Jaroni, D. (2010). Assessing the cross contamination and transfer
rates of Salmonella enterica from chicken to lettuce under different food-handling

scenarios. Food microbiology, 27(6), 791-794.

Scott, E. (1996). Foodborne disease and other hygiene issues in the home. Journal of Applied

Bacteriology, 80(1), 5-9.

Taylor, M. R. (2011). Will the Food Safety Modernization Act help prevent outbreaks of

foodborne illness?. New England Journal of Medicine, 365(9), e18.


http://www.fightbac.org/wp-content/uploads/2015/08/scientific-basis-of-core-four-messages.pdf
http://www.fightbac.org/wp-content/uploads/2015/08/scientific-basis-of-core-four-messages.pdf
http://www.pewtrusts.org/en/about/news-room/press-releases-and-statements/0001/01/01/foodborne-illness-costs-nation-$152-billion-annually-nearly-$39-billion-loss-attributed-to-produce
http://www.pewtrusts.org/en/about/news-room/press-releases-and-statements/0001/01/01/foodborne-illness-costs-nation-$152-billion-annually-nearly-$39-billion-loss-attributed-to-produce
http://www.pewtrusts.org/en/about/news-room/press-releases-and-statements/0001/01/01/foodborne-illness-costs-nation-$152-billion-annually-nearly-$39-billion-loss-attributed-to-produce

CONSUMER BEHAVIORS AT HOME 24

The Core Four Practices. (n.d.). Partnership for Food Safety Education. Retrieved from:

http://www.fightbac.org/food-safety-basics/the-core-four-practices/

Yang, C. C., & Chen, T. C. (1993). Effects of refrigerated storage, pH adjustment, and marinade

on color of raw and microwave cooked chicken meat. Poultry science, 72(2), 355-362.

Yeni, F., Yavas, S., Alpas, H. A. M. I, & Soyer, Y. E. S. I. M. (2016). Most common foodborne
pathogens and mycotoxins on fresh produce: a review of recent outbreaks. Critical

reviews in food science and nutrition, 56(9), 1532-1544.



CONSUMER BEHAVIORS AT HOME

Appendix A

< Julie Reynolds
: " April 17 - &

| need your 'tude about handling food! Can
you spare 5 minutes of your time to complete
this survey?

It is a part of a research project to complete
my degree of Master of Agricultural and Life
Sciences in Food Safety and Biosecurity from
Virginia Tech. The results will be used in my
final project to evaluate the frequency of
consumer behaviors when handling and
preparing food at home. Respondents must
be 18 years of age or older and live in the
United States to participate. Participation is
voluntary and anonymous. Please share it
with your friends and colleagues. Feel free to
contact me at jutaylor@vt.edu if you have any
questions. Thank you very much!

VIRGINIATECH.QUALTRICS.COM
Online Survey Software | Qualtrics Survey

Figure A.1. A picture of the Facebook post used to share the consumer survey link



CONSUMER BEHAVIORS AT HOME

Table A.1

Questions and available responses from the consumer survey

Question Response Choices

Male

Female

Not Listed

Prefer not to answer

What is your gender identity?

18-24 years old
25-34 years old
35-44 years old
What is your age? 45-54 years old
55-64 years old
65-74 years old
75+ years old

Before preparing food at home, how often do you...

Wash your hands before you start cooking?

Wash your hands after handling raw meat or poultry?

Defrost meat or poultry at room temperature?

Rinse or wash raw meat or poultry before preparation?

Rinse or wash fruits (e.g. apples, berries) before consuming raw?

Rinse or wash whole vegetables (e.g. carrots, peppers) and leafy greens
before consuming raw?

Rinse or wash prepackaged vegetables (e.g baby carrots) and leafy greens
(e.g. salad mixes, bagged spinach) before consuming raw?

Never

Sometimes

About half the time

Most of the time

Always

N/A - | do not prepare or
consume this food at

Rinse or wash whole produce before using it in a recipe? home
Rinse or wash prepackaged produce before using it in a recipe?
While preparing food at home, how often do you...
Never
Use the same cutting board for meats and produce? Sometimes
Use the same knife for meats and produce? About half the time
Use a meat thermometer? Most of the time
Confirm food is fully cooked before serving? Always

N/A - | do not prepare or
consume this food at

home
At home, how often do you...

Allow cooked food to cool completely before refrigerating? Never

Allow prepared food to sit at room temperature for more than 4 hours? Sometimes

Allow prepared food to sit at room temperature for more than 6 hours? About half the time

Allow prepared food to sit at room temperature for longer than 12 hours or | Most of the time
overnight? Always

Eat leftovers if you don’t know how long they have been in the N/A - | do not prepare or
refrigerator? consume this food at

Eat food from the refrigerator as long as it looks and smells okay? home
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Table A.2

Survey responses for questions that showed a significant relationship between gender identity
and the frequency the behavior occurs

Number (%) of Responses
Consumer Behavior
Never Sometimes Ha_If the Most of Always N/A
time the time
Wash your hands after handling
raw meat or poultry
Male 1 2 0 12 91 1
(0.9%) (1.9%) (0.0%) (11.2%) (85.1%) (0.9%)
Female 0 10 4 33 849 27
(0.0%) (1.1%) (0.4%) (3.6%) (92.0%) (2.9%)
Rinse or wash fruits and berries
Male 6 8 16 27 50 0
(5.6%) (7.5%) (15.0%) (25.2%) (46.7%) (0.0%)
Female 10 68 75 201 570 0
(1.1%) (7.4%) (8.1%) (21.8%) (61.7%) (0.0%)
Eat leftover food if you don’t
know how long it has been in
the refrigerator
Male 59 32 9 4 2 0
(55.7%) (30.2%) (8.5%) (3.8%) (1.9%) (0.0%)
Female 715 185 10 10 2 1
(77.5%) (20.0%) (1.1%) (1.1%) (0.2%) (0.1%)
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Table A.3
Survey responses for questions that showed a significant relationship between age and the
frequency the behavior occurs
Number (%) of Responses
Consumer Behavior . Halfthe  Most of the
Never Sometimes . . Always N/A
time time
Wash hands before cooking
18-24 years of age 1 (2.8%) 6 (16.7%) 2 (5.6%) 14 (38.9%) 13 (36.1%) 0 (0.0%)
25-34 years of age 5 (2.2%) 40 (17.5%) 25 (10.9%) 82 (35.8%) 77 (33.6%) 0 (0.0%)
35-44 years of age 5 (1.4%) 44 (12.1%) 28 (7.7%) 111 (30.5%) 176 (48.4%) 0 (0.0%)
45-54 years of age 2 (0.9%) 18 (7.7%) 15 (6.4%) 68 (29.2%) 130 (55.8%) 0 (0.0%)
55-64 years of age 0 (0.0%) 6 (4.9%) 4 (3.3%) 30 (24.4%) 83 (67.5%) 0 (0.0%)
65-74 years of age 0 (0.0%) 3 (8.1%) 4 (10.8%) 8 (21.6%) 22 (59.5%) 0 (0.0%)
75+ years of age 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (20.0%) 8 (80.0%) 0 (0.0%)
Rinse or wash raw meat or poultry
18-24 yearsof age | 15 (41.7%) 8 (22.2%) 3 (8.3%) 3 (8.3%) 6 (16.7%) 1 (2.8%)
25-34 yearsofage | 106 (46.3%) 53 (23.1%) 11 (4.8%) 26 (11.4%) 24 (10.5%) 9 (3.9%)
35-44 yearsofage | 161 (44.2%) 86 (23.6%) 25 (6.9%) 41 (11.3%) 41 (11.3%) 10 (2.8%)
45-54 yearsofage | 71 (30.6%) 53 (22.8%) 21 (9.1%) 35 (15.1%) 44 (19.0%) 8 (3.5%)
55-64 yearsofage | 22 (18.0%) 31 (25.4%) 11 (9.0%) 21 (17.2%) 33 (27.1%) 4 (3.3%)
65-74 years of age 5 (13.5%) 13 (35.1%) 2 (5.4%) 4 (10.8%) 13 (35.1%) 0 (0.0%)
75+ years of age 2 (22.2%) 1(11.1%) 1 (11.1%) 1(11.1%) 4 (44.4%) 0 (0.0%)
Rinse or wash whole vegetables
before eating
18-24 years of age 2 (5.6%) 3 (8.3%) 5 (13.9%) 11 (30.6%) 14 (38.9%) 1 (2.8%)
25-34 years of age 3 (1.3%) 24 (10.5%) 23 (10.0%) 64 (28.0%) 114 (49.8%) 1 (0.4%)
35-44 years of age 4 (1.1%) 25 (6.9%) 22 (6.0%) 92 (25.3%) 219 (60.2%) 2 (0.6%)
45-54  years of age 2 (0.9%) 17 (7.3%) 14 (6.0%) 56 (24.1%) 143 (61.6%) 0 (0.0%)
55-64 years of age 1 (0.8%) 8 (6.5%) 2 (1.6%) 17 (13.8%) 95 (77.2%) 0 (0.0%)
65-74 years of age 1(2.7%) 4 (10.8%) 0 (0.0%) 6 (16.2%) 26 (70.3%) 0 (0.0%)
75+ years of age 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 10 (100.0%) 0 (0.0%)
Use the same cutting board for
meat and poultry
18-24 yearsof age | 20 (55.6%) 5 (13.9%) 2 (5.6%) 7 (19.4%) 1 (2.8%) 1 (2.8%)
25-34 yearsofage | 150 (65.5%) 36 (15.7%) 10 (4.4%) 10 (4.4%) 15 (6.6%) 8 (3.5%)
35-44 yearsofage | 270 (74.4%) 38 (10.5%) 5 (1.4%) 24 (6.6%) 19 (5.3%) 7 (1.9%)
45-54 yearsofage | 165 (70.5%) 26 (11.1%) 9 (3.9%) 15 (6.4%) 14 (6.0%) 5 (2.1%)
55-64 yearsofage | 81 (66.9%) 20 (16.5%) 3 (2.5%) 12 (9.9%) 4 (3.3%) 1 (0.8%)
65-74 yearsofage | 18 (48.7%) 8 (21.6%) 1(2.7%) 7 (18.9%) 3 (8.1%) 0 (0.0%)
75+ years of age 5 (50.0%) 2 (20.0%) 0 (0.0%) 2 (20.0%) 0 (0.0%) 1 (10.0%)
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