ABSTRACT

BAUTISTA, CHARISSE. The Systematic Development and Evaluation of a Food Safety
Training Program for Frontline Manufacturing Employees Using a Cooperative Extension
Program Development Approach

Food safety training for frontline employees working in food manufacturing is a legal
requirement enforced through federal and state authorities, as well as a marketing requirement
outlined in third-party auditing schemes. Standardized training curricula exist in the restaurant
industry and for food manufacturing management personnel, however, there is not a recognized
comprehensive training program relevant to frontline employees despite their impact on food
safety. There is a need to systematically develop, implement, and evaluate a food safety training
program specific to job function and responsibility for this population. The overall goal of this
thesis is to develop, deliver, and evaluate a standardized food safety training program for
frontline employees in food manufacturing settings utilizing a framework defined by cooperative
extension. This program development model involves three stages of education program
planning identified in extension education: planning, design and implementation, and evaluation
and accountability. This framework provides food safety educators with the tools to identify key
characteristics and needs for the target population, develop and conduct training interventions,
and then evaluate the program for effectiveness. The development of a robust training program
can positively contribute to a company’s food safety culture.

Chapter one provides an overview of theories in adult education and education models to
understand the best practices in developing food safety training for frontline employees. It then
applies these theories and models to the three-stages of program design as identified in
Cooperative Extension. Chapter two focuses on the planning step by conducting a needs

assessment with industry (n=63) and regulatory personnel (n=15) to understand necessary



training content, gaps to current training practices, and barriers to training. Results highlighted
the need for the development of robust food safety training programs to contribute to a
company’s food safety culture. Chapter three focuses on the design, implementation, and
evaluation of the training program. The needs assessment in chapter one informed the design of a
training curriculum along with regulatory and third-party auditing standards. Ten training
workshops were delivered to 117 participants. The evaluation consisted of surveys for participant
satisfaction, pre and post tests to measure knowledge, and interviews to gauge attitude and
behavior change. The training was effective in increasing participant knowledge and positive
attitudes surrounding food safety. These can contribute to improved employee behaviors and
personnel practices. However, results also indicated the need to better tailor the curriculum and
evaluation tools to Spanish-speaking participants. This study outlined a systematic model for
developing a food safety training program that can be utilized across multiple sectors of the food

industry to meet legal and third-party auditing requirements.
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CHAPTER 1

LITERATURE REVIEW: AN OVERVIEW OF DEVELOPING FOOD SAFETY TRAINING

PROGRAMS AND KEY CONSIDERATIONS FOR SUCCESS



AN OVERVIEW OF DEVELOPING FOOD SAFETY TRAINING PROGRAMS AND
KEY CONSIDERATIONS FOR SUCCESS
Abstract
Training is an important tool in providing employees with the knowledge and skills needed to
perform their job. Food safety training is required by regulation and third-party auditing schemes
for all employees involved in manufacturing food. While food safety training is not a novel
concept, limited studies have developed training that incorporates educational theory to ensure
effectiveness. This review considers implications of adult education and current theories in
education to understand best practices for communicating learning to a target audience. These
theories are then incorporated into developing educational programs. Boone et al. (2002)
considers Cooperative Extension program development as a three-stage process: 1) planning, 2)
design and implementation, and 3) evaluation and accountability. Planning identifies the needs
gap 1n a target audience. The design and implementation stage determines educational methods
needed to close the gap and performs the training program. Then, evaluation is needed to ensure
goals and objectives are met. This review explores the development of food safety training
through the lens of extension education programming. The development of robust training
programs can play a key role in contributing to a company’s food safety culture.
1.1 Introduction
Food safety training is a requirement mandated by the U.S. Food and Drug

Administration (FDA) and is included in third-party auditing schemes. These trainings are
required for all individuals involved in the processing, manufacturing, or distribution of food and
must cover basic food safety and employee hygiene and any other food safety topics related to

the job responsibilities of the employees (U.S. FDA, 2017). The responsibility of developing



these training programs have largely been given to the companies themselves where a potential
lack of resources is available to support these programs. The development and evaluation of food
safety training interventions has been widely studied in the food industry (Barone et al., 2020;
Insfran-Ricarola et al., 2020; Young et al., 2020; Syrko & Kaylegian, 2015; Olsen et al., 2012;).
However, more research is needed to develop systematic procedures for building effective food
safety training programs. University Cooperative Extension programs can provide important
resources for manufacturers to better understand current issues in food safety (Snyder et al.,
2018). Extension education also identifies established and verified procedures for developing
education programs which can then be used in food safety.

Program design for university extension programs can be allocated into three basic
processes: 1) planning; 2) design and implementation; and 3) evaluation and accountability
(Boone et al., 2002). During the planning stage, the program developers assess the target
audience to identify and understand specific knowledge gaps and risk areas. The design and
implementation stage involves identifying appropriate learning objectives and the best methods
to meet those objectives for the target audience. The evaluation and accountability stage ensures
that the program is implemented and effective as intended to meet the needs of the target
audience. This process is cyclical in nature and results from the evaluation prompts educators to
return to the planning phase for continuous program improvement (Figure 1.1). Other program
models such as the Analyze, Design, Develop, Implement, and Evaluate (ADDIE) model build
off this concept to systematically develop training programs (Branch, 2009). Its steps can be
categorized to the three stages of extension education program development: planning, design
and implementation, and evaluation. Outlining these steps (planning, design and implementation,

and evaluation) can help companies build better and more effective training programs by



focusing on the learner and looking for continuous feedback to ensure educational methods are
appropriate and identified needs are met (Cotter et al., 2023). Similarly, systematically
developing food safety training programs can benefit companies by establishing specific
objectives to indicate positive employee performance. Communicating feasible food safety
performance goals for employees allows them to understand company expectations of them and
can help give them the support to achieve these goals (Yiannas, 2008).

While the development of food safety training programs is necessary in the processing
environment to ensure the safe manufacturing of food, many studies conducted do not implement
needs assessments. A systematic review conducted by Cotter et al. (2023) found that less than
half (11/23) studies did not perform a needs assessment and of these, five focused solely on
characterizing the demographic population. This reveals two issues: the lack of a comprehensive
list of relevant training topics for frontline employees and the lack of information on the best
educational tools to reach the demographic population. Without a thorough needs assessment,
educational programs may not properly address the needs gap of the target audience or align with
their specific educational requirements and circumstances. Conducting needs assessments, then,
can better improve current training practices through understanding what the industry currently
lacks.

The design and implementation phase of developing food safety training has largely been
based on regulatory guidance and third-party auditing schemes (BRCGS, 2020; SQFI, 2020; US
FDA, 2017; FSSC, 2016). Additional efforts have been made to develop industry-specific
training content (Ledo et al., 2021; Malavi et al., 2021; Soon & Baines, 2012; Nieto-Montenegro
et al., 2008). Studies, however, focus on reporting the implementation of this phase and give

limited guidance on the methods of educational design (Cotter et al., 2023). This limits the



resources available for companies and researchers for understanding specific best practices in
disseminating and communicating effective educational materials. Additionally, limited studies
focus on relevant educational theory to develop training materials (Kwol et al., 2020; Young et
al., 2020; Soon & Baines, 2012; Nieto-Montenegro et al., 2008; Rennie, 1995). Therefore, while
the development of food safety educational interventions is not novel, more research is needed to
ensure these interventions are rooted in educational theory and instructional design to improve
efficacy.

The evaluation stage ensures that the program meets desired outcomes and objectives. If
established benchmarks are not met, the evaluation stage would then prompt the program
designers to revisit the needs assessment and reevaluate the needs gap (Boone, 2002). The
evaluation stage, then, plays a key role in establishing the importance, effectiveness, and
feasibility of a program for its target audience and stakeholders. While most studies surrounding
food safety education evaluate the effectiveness of these programs, they tend to focus on
knowledge gained by the educational interventions (Cotter et al., 2023; Insfran-Ricarola et al.,
2020; Young et al., 2020). Increased knowledge can signal potential behavioral change in
employees; however, it does not ensure that employees will implement what they learned in their
working environment (Clayton et al., 2015; Soon & Baines, 2012). Evaluation should be
designed to measure if the program met its learning objectives and if the program addressed the
gaps identified in the needs assessment (Boone et al., 2002). If the evaluation focuses solely on
knowledge change but the needs assessment identified employee behavior as an issue, the
evaluation plan may not measure the intended outcome and therefore will not give accurate

information as to whether the program is effective. Furthermore, the evaluation helps to ensure



program accountability. If the program is not effective, this points the designers back to the needs
assessment for continuous improvement.

The goal of this literature review is to analyze current research in food safety training
through the lens of Cooperative Extension programing and instructional design. By developing
systematic procedures for building food safety training programs and understanding best
practices in food safety education, interventions can be more effective, have a greater impact on
targeting employee behavior, and therefore have better outcomes on public health and food
safety.

1.2 Understanding Adult Education

When considering developing educational programs for frontline employees, it must be
noted that the methods and environment in effective adult learning are different from children.
While pedagogy is the study of learning, Knowles popularized the term “andragogy” to describe
adult learning and identified six assumptions for adult learners as listed in Table 1.1 (St. Clair &
Kapplinger, 2021; Knowles et al., 1998).

These assumptions influence how adult learners interact with their learning environments
and impact their relationship with the facilitator to ensure the content is engaging, practical, and
aligned with how adults most effectively learn. Unlike traditional youth educational settings,
adults must be self-motivated and directed to learn. Additionally, their previous experiences and
expertise can impact their willingness to learn, however, these experiences can also be harnessed
to enhance their learning. These assumptions will be addressed throughout this review.

Andragogy aims to develop a universal theory or model to explain adult learning.
Historically, this has resulted in its study to focus on observations of a white, middle-class, male

population to make inferences for the whole adult population (St. Clair & Kapplinger, 2021;



Brookfield, 1986). Further research is needed to evaluate the applicability of these assumptions
on other populations. Nonetheless, the purpose of this section is to give a brief overview of how
assumptions of andragogy impact the learning environment for adult learners, particularly the
role of the instructor as a facilitator and the development of a collaborative learning
environment.
1.2.1 The role of the instructor as a facilitator for learning objectives

Knowles' first assumption in particular impacts the relationship between the facilitators
and participants. Adults are independent and self-determining. They establish their own learning
objectives and, therefore, may benefit from an exploratory learning environment that allows
them to discover learning at their own pace that aligns with their motivations (Knowles, 1978). If
adults determine what they want to learn, the role of the facilitator is to guide learning as
opposed to creating pre-determined objectives as in a traditional pedagogical setting (Brookfield,
1986). Guiding adults to learning helps align their motivations by helping them understand the
benefits and purpose of the objectives, satisfying the conditions in assumptions five and six.
Assumptions five and six determine internal and external factors driving participant motivations
to choose what they want to learn (St. Clair & Kapplinger, 2021). Catering to their motivations
can increase their engagement with learning by helping them understand the benefits for specific
content. The result is the facilitator does not take on the role of an instructor, but instead
promotes learning based on the goals of the participants (Brookfield, 1986). Therefore, the
relationship is less like that of an instructor and student as in pedagogical settings. Instead,
language used should replace those terms to describe the relationship as that of a facilitator and
participant. For example, facilitators can introduce basic learning concepts but it is up to the

participant to be receptive and build off new information. Learning is a collaborative effort



between the facilitator and the participants to apply content to the participant’s direct and current
situation (Brookfield, 1986). This changes the power dynamic between the facilitator and the
participant, allowing the participants to view the facilitator more similarly to a peer.

However, in a structured work environment with established skill sets, this style of
learning may contradict the goals of institutional learning. Within institutional learning, learning
objectives are set for the participants based on the responsibilities of the role and goals of the
company. As a result, the adult participants lose their self-direction. Adults may be less likely to
accept learning if they do not see the relevance to their situation (Kenner & Weinerman, 2011).
The facilitator, then, must focus more on catering to the motivations of the participants, as in
assumptions five and six, so that even if they do not have the chance to establish their learning
objectives, they can align their personal learning goals with that of the company. Studies
exploring effectiveness of food safety training interventions have tried to understand the impact
of targeting participant motivations in learning and behavior change (Soon & Baines, 2012).
Adult educational theories suggest that internal motivators, such as participant attitudes, and
external motivators, such as available environmental resources, can influence a participant’s
willingness to learn and implement behavior change (Kwol et al., 2020; Glanz & Rimmer, 2005).
Facilitators, then, can contextualize food safety training to focus on the importance and impact of
food safety on public health to increase participant buy-in and willingness to learn.

1.2.2 Acknowledging the participant experiences

Knowles’ second assumption highlights another key difference between andragogy and
pedagogy, which focuses on child learning. Children often enter the learning space with little to
no knowledge of the intended educational topic whereas adults come with prior experiences that

shape their motivations, attitudes, and beliefs (Knowles, 1978). As a result, the facilitator is not



the only knowledge expert in adult learning. They can use the adult participants as sources of
information to expand and foster discussion to facilitate deeper learning and understanding
(Brookfield, 1986).

While information included in food safety training programs is often established by
regulatory requirements and may be driven by company policy, this should not be the sole
determinant of training content. Frontline employees, specifically, experience the day-to-day
application of a company’s policies and processes and may better understand the feasibility and
practicality of specific practices. Creating a collaborative learning environment that allows
participants to speak to their experiences can foster the sharing of information between
employees. Employee experiences can become a key tool to define content and enrich participant
learning by increasing the knowledge and provide feedback to the facilitator who can also learn
from participant experiences.

1.3 Identifying Relevant Educational Theoretical Frameworks

The design and implementation stage of educational program development establishes
learning objectives based on the gaps identified from the needs assessment. Then, methods to
achieve those learning objectives must be developed with relevant educational theory in mind to
ensure effectiveness. The objective of this section is to review different theoretical frameworks
used to develop or evaluate food safety training interventions and understand the implications
and benefits on their implementation for frontline employee education.

1.3.1 Knowledge, Attitudes, and Practice (KAP) Model

The Knowledge, Attitudes, and Practice (KAP) model provides researchers with an easy

and accessible means of developing educational programs and measuring effectiveness. The

KAP model theorizes that knowledge and attitudes are indicators of practices and behavior



(Launiala, 2009). This model builds off Albery Bandura’s Social Learning theory that states
behavior is influenced by learner observation, modeling, and reinforcement (Bandura, 1976). The
KAP model, then, suggests that educational interventions can focus on knowledge gained in
participants to predict behavioral intention and change post training. For this reason, the KAP
model has been used as a viable framework to develop food safety training within the food
industry (Kwol et al., 2020; Husain et al., 2016). Additionally, even without specifically
referencing the KAP model, knowledge has been commonly targeted as a measurable indicator
of behavior change in evaluating the effectiveness of educational interventions (Husain et al.,
2016; Adesokan et al., 2015; Neal Jr et al., 2011).

The KAP model provides a simple and feasible method of measuring outcomes, such as
through post-testing or surveys. Surveys and post testing requires less resources as opposed to
developing methods to observe behavior changes with employees (Soon & Baines, 2002).
Additionally, developing methods to observe behavior changes require longer-term partnerships
with companies. Companies may not be as willing to spend the time to conduct these studies
whereas a post-test or survey can be implemented shortly after the educational intervention
(Nieto-Montenegro et al., 2008). Despite the convenience of the KAP model, findings are mixed
as to whether knowledge gained alone can be an indicator of behavior change. This could
indicate that the model does not illustrate the complexity of learning within the adults in the
workplace setting. Additionally, environmental factors such as the availability of necessary tools
or equipment (for example, soap and paper towels at a handwashing station) and convenience
(accessibility to a handwashing station) can impact an employee’s willingness to transfer

knowledge into practice (Soon & Baines, 2012). While it could be a good starting point for

10



developing educational programs, it must be used in conjunction with other models to ensure
behavior change.
1.3.2 Theory of Planned Behavior (TPB) Model

The Theory of Planned Behavior (TPB) model is often used in health application settings
to predict not just knowledge gained but also behavior change (Glanz & Rimmer, 2005). The
theory proposes that beliefs, attitudes, and intentions impact behavior change (Ajzen, 1991).
Therefore, developing educational programs that target these factors can better predict the
implementation of specific skills or actions. This model can be useful in a manufacturing setting
because it targets the assumptions for adult learners as indicated by Knowles. These include that
adults are self-directed, have previous experiences, and need internal and external motivators to
learn.

Learner agency includes the ability to control one’s own behavior and external ability to
perform the behavior, such as having the necessary resources. This implies that employee
behavior change is not just dependent on the quality of learning within the educational
intervention, but also the motivational support to apply their learning after the training. For
example, an educational intervention teaching hand washing developed by Soon & Baines
(2012) evaluated attitudes, subjective norms, and behavioral intentions among produce farm
workers. This study found that the only factor influencing behavior intention to wash hands for
farm workers was behavioral control, meaning the workers may have positive attitudes towards
washing hands, but may not have the needed resources or time to perform the action. This study

highlighted the need for management support in influencing positive food safety behaviors.
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1.3.3 Health Action Model (HAM)

Similar to the TPB model, the Health Belief Model (HBM) focuses on understanding
how internal and external forces affect or can predict if employees apply their knowledge and
produce behavior change. While the TPB model focuses on understanding how attitudes and
norms affect behavioral intention and therefore behavioral change, the HBM looks at specific
factors that target if the participant believes the consequences or outcomes are worth the
behavior change (Glanz & Rimmer, 2005). The HBM theorizes that people’s decisions to action
depend on their perceived susceptibility to risk, the perceived severity of the risk, the perceived
benefits to taking action, the perceived barriers to completing the action, having external cues,
and their perceived ability to implement the behavior. Building off this, the Health Action Model
(HAM) focuses on how knowledge and beliefs from educational interventions interact with
attitudes, values, and environmental constraints can influence behavioral intention and therefore
action (Tones, 1987).

While the HAM was initially developed for a health education setting, there have been
efforts to apply the model to a food safety education setting by focusing on how employee
knowledge of food safety from workplace training interacts with perceived risk of adverse
effects, environmental attitudes towards food safety (food safety culture), motivations, and the
resources to implement actions all influence the ability of the employee to follow through with
positive food safety actions (Nieto-Montenegro et al., 2006; Rennie, 1995). To apply this theory,
Nieto-Montenegro et al. (2008) developed a food safety educational program that focused on
both knowledge change and changing employee motivations through supervisor support to
influence behaviors surrounding handwashing, hair net usage, and jewelry. This study found that,

as predicted by the HAM, knowledge alone was not enough to influence behavior change in
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employees and that upper management commitment, such as modeling positive behaviors and
consistent coaching, was needed to ensure that employees complied with positive food safety
actions. Therefore, the HAM can be used as a potential theoretical framework for developing
food safety programs and argues that the focus on programs should not be on the educational
intervention alone, but also overall company food safety environment and management
commitment to food safety.

1.4 Key Considerations for the Development of Food Safety Training Programs for
Frontline Employees

The United States Food and Drug Administration (U.S. FDA) requires that manufacturing
employees receive training not just in food safety and hygiene but also training relevant and
applicable to their specific job responsibilities (U.S. FDA, 2017). These job responsibilities
should guide the learning objectives for frontline employees. However, assumptions of adult
learners indicate that adults are motivated better when they establish their own learning
objectives (Knowles et al., 1998). Therefore, the development stages of educational
programming must take into consideration baseline knowledge, attitudes, sociocultural norms,
and individual perceptions of the target audience (Jacob et al., 2010).

In all three stages of program planning, the target audience should be considered the
driver of the goals and objectives. The needs assessment and planning stage provides the
foundation for the educational program through identifying and analyzing the target audience
followed by a determination of their needs. Learning objectives and educational methods
selected in the design and implementation stage must be tailored to the learning styles and
circumstantial constraints of the target audience. This is especially important when considering
facilitating training with adult audiences that may have diverse experiences and levels of prior

knowledge with the desired training content. These learning objectives must be effectively
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assessed in the evaluation stage to ensure the target audience’s needs are met and the needs gap is
fulfilled by the program.

Therefore, understanding the target audience through needs assessments is necessary to
lay the foundation for the goals and objectives of the program and ensure the program is
effective. For the purpose of this review, the target audience identified are frontline employees in
the food manufacturing industry. The authors of this paper define frontline employees as
production employees, including machine operators, maintenance, and sanitation technicians,
directly involved with the production or handling of food products.

1.4.1 Planning: Characterizing the Target Audience

Within the food manufacturing industry, production-related employees account for
51.03% of the workforce (U.S. Bureau of Labor Statistics, 2023). Within this, 46.09% (more
than 800,000 workers) fall under the description of non-supervisory frontline production
employees. Additionally, transportation and distribution and maintenance employees account for
17.41% and 6.31% respectively. This suggests that employees directly related to the production
or handling of food products account for over half of the food manufacturing workforce.
Therefore, a standardized and comprehensive training program could have major benefits for the
industry as a whole.

Food and beverage manufacturing contributed to 2.1 million jobs in 2022 with the top
three major commodities including meat and poultry, bakeries, and beverages (Zachary, 2023).
Additionally, agriculture and farm workers contributed another 2.6 million jobs. Understanding
the major commodities and job responsibilities among frontline workers can help identify skills
needed for employees to fulfill their work and inform necessary training content. Processes,

applicable regulations, and required knowledge can vary across industries, therefore, narrowing
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down the most impactful industries can help identify the educational material that would be
applicable across majority of the industry.

Specific considerations must also be made to understanding employee demographics that
can influence the use of certain education methods to best meet the needs of the population,
including cultural and educational differences. For example, a study by Nieto-Montenegro et al.
(2006) targeted Mexican migrant workers with low income, low educational level backgrounds
that made up 95% of the mushroom worker population in Pennsylvania. The Spanish-speaking
population in the food manufacturing workforce continues to grow as in the meat-processing
industry where they increased from under 10% in 1980 to almost 30% by 2000 (Kandel, 2006).
Olsen et al. (2012) found that 66.93% of Spanish speaking employees from the meat industry
that were trained only completed a grade 9 education or lower. This is not, however, exclusive to
Spanish-speakers, however, as 62.10% of English-speaking participants also only received a
GED, high school diploma, or lower. Additionally, a survey conducted by Acosta et al. (2025)
found that the highest level of education of 60% of participating foodservice workers was a
GED, high school diploma, or lower. This means that not only does the language matter in
communicating to employees, but written resources may not be as effective in transferring the
message.

1.4.2 Planning: Training Barriers

Needs assessments related to identifying barriers to training programs often use company
size as a proxy for determining economic value of a company because costs are associated with
developing and implementing training (Barone et al., 2020). The threshold to determine a small
or large manufacturer has varied between studies. Smaller manufacturers have expressed issues

including the lack of adequate resources to develop such programs, including dedicated
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personnel required to develop and conduct training or adequate space or locations to conduct
trainings (Fox, 2020). Specifically, companies with less than 100 frontline employees are more
likely to have no more than two employees dedicated to training in comparison to larger
companies (more than 500 frontline employees) which can have five or more employees
dedicated to training (Intertek Alchemy, 2024). Another option could be to outsource training to a
third party or consultant group to provide and implement established curricula. However, costs
associated with third party sources may deter small companies (less than 10 employees) with
limited training budgets (Barone et al., 2020). This can indicate that university extension efforts
for small companies should include developing resources to help establish in-house training
programs within the limitations of their company.

Larger manufacturers, on the other hand, reported more issues with having enough time
to implement training as compared to small manufacturers (Intertek Alchemy, 2022; Worsfold et
al, 2004). Larger companies may have access to more resources to implement training, as
opposed to smaller manufacturers, but having more employees would impact the frequency of
their trainings, especially if they include reinforcement or refresher trainings within their
programs as required by third-party standards. Scheduling training sessions can pull employees
away from their roles and impact production so companies may be hesitant to commit to longer
trainings. Similarly, companies with higher turnover rates may have to increase frequency of
training to ensure new hires have the necessary skills to perform their jobs (Intertek Alchemy,
2022). As a result, companies may opt to sacrifice training to fulfill production needs. This can
also impact companies that frequently employ temporary, seasonal, or part-time workers.

Besides the training itself, higher turnover rates can impact measuring the efficacy of

training. In a study conducted by Nik Husain et al. (2016), employees dropped out over time due
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to lack of employment with the original company. This can impact the ability to measure
knowledge and behavior change due to training over time. Additionally, when employees leave
the company, they also take away key experiences and information that may not be passed on to
the next hires. The company must take additional time and resources to train these employees to
reach the same level of aptitude as the previous staff.

Companies that report language barriers may not have the resources to translate necessary
training content to the most appropriate language for their employees. However, the FDA
requires that training must be conducted such that it is understood by the employee being trained
(US FDA, 2015). Besides language barriers, ethnic populations introduce specific cultural and
social factors that can impact the efficacy of communication methods (Jacob et al., 2010).

A study by Olsen et al. (2012) found that English speaking employees had a higher
baseline knowledge of food safety in comparison to Spanish-speakers, however, the use of
training materials appropriate to their language and educational level was effective and brought
participant post test scores similar to the English-speaking group. Therefore, the training must be
developed to communicate to the target audience effectively by using appropriate language and
education.

When considering the development and implementation of in-house training programs,
adequate knowledge of food safety concepts is needed to design effective interventions that
result in changed employee behavior. Similarly, while food industry professionals are not trained
educators, basic understanding of different learning theories can help benefit the development of
effective training programs and help them understand how to better support the employees they
train (Mukhalalati & Taylor, 2019). A robust program, as opposed to a singular intervention,

would require the company to develop written and documented procedures, conduct multiple
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scheduled and routine trainings, and monitor and evaluate employee proficiency, requiring
additional dedicated personnel and removing employees from work. Companies that view
training as an expense as opposed to opportunities for employees may be less willing to justify
expending the costs (Barone et al., 2020). As a result, the development of training programs
requires not just resources and time but also company commitment to food safety.

1.4.3 Planning: Identification of Content

The needs assessment stage of educational program development is used to understand
the target audience and identify the gap between their current skill set and the necessary
competency levels for them to perform their roles adequately (Boone et al., 2002). This is
essential to understand what needs to be accomplished by the training intervention and how the
intervention will achieve it. Without an effectively executed needs assessment, the intervention
may unknowingly target a need that does not actually exist, wasting key resources.

Needs assessments for frontline employee training tend to focus on exploring the
demographics of the target audience. Limited studies have performed needs assessments that
involve understanding what knowledge, skills, and attitudes (KSA) are needed for employees to
perform their jobs (Cotter et al., 2023). Within institutional education, learning objectives are
often predetermined for the participants based on established job requirements. However,
assessments focused on content generation can help identify skills or knowledge still lacking in
current training practices.

The U.S. federal and state regulations require training to not only cover basic employee
health and hygiene but also include specific job responsibilities tied to the role of the employee.
These regulatory requirements also satisfy Knowles’ fourth assumption of adult learners. If

training is directly relevant to the current situation and environment of the participant, they are
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more likely to be motivated to learn and apply the training to their work. While health and
hygiene training can be universally developed to serve the industry, other training topics, such as
allergen training, may be important to specific industries but may not be applicable to others.
Employees are less likely to adhere to food safety protocols after attending one-size-fits all
trainings and are likely to tune out training that is irrelevant to their industries (Intertek Alchemy,
2022). This suggests that the more tailored the training is to the employee, down to the industry,
company, and role, the more likely the employee is to pay attention and apply their gained
knowledge and skills. Therefore, developing site-specific training may save companies money,
resources, and time by being more effective. If initial training is more effective, the company
may not need to invest more resources into retraining their employees. Additionally, keeping
training site-specific and removing training topics that are irrelevant to employees can cut down
on the time spent on training and help employees stay more engaged and motivated (Adesokan et
al., 2015). If time, resources, and costs were identified as barriers to implementing training,
having access to specific and relevant training can help ease that burden.

The FDA requires food safety training to include personal health and hygiene as well as
any additional food safety knowledge needed to perform the specific responsibilities of the role
(US FDA, 2017). The diversity of responsibilities within a manufacturing plant, as well as the
diversity of processes across the industry can make identification of a comprehensive and
exhaustive list of training topics difficult. While the authors of this paper were unable to identify
a single comprehensive list of food safety training topics or learning objectives essential for
frontline employees in food manufacturing environments, studies have identified and evaluated
specific topics relevant to training across the industry. These include basic food safety concepts

across the industry, like personal hygiene, hand washing, use of personal protective equipment
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(PPE), cross-contamination, process control, and cleaning and sanitizing, or industry specific
training (Ledo et al., 2021; Malavi et al., 2021; Young et al., 2020; Niteto-Nontenegro et al.,
20006).

For example, an intervention developed by Soon & Baines (2012) identified concepts
needed to effectively communicate proper handwashing practices. Topics included information
on the risk of biological hazards on public health, sources of contamination on the farm level,
and relevant regulations to the employees. The presentation of this topic can be used to model
how food safety behaviors are introduced to employees: understanding of impact, source of
hazards or risk, and relevant regulations and policies to model positive behavior.

1.4.4 Design and Implementation: Delivery of Training

After the identification of the learning objectives and appropriate educational frameworks
for knowledge and behavior change, training methods for achieving these learning objectives
guided by the educational theory can be developed. Training methods encompass how an
educator communicates learning to a participant. This can include the style of delivery or
activities used. Most training in the food industry is conducted in-person by management or
supervisors either informally or in a classroom (Intertek Alchemy, 2024; Barone et al, 2020;
Young et al., 2020). In-person and in-house training may be more convenient for companies who
need more control over the training schedule and content of the training. However, it is up to the
facilitator to keep the participants engaged in these longer training courses. The use of eLearning
may also give companies larger access to training resources and by allowing participants to learn
at their own pace (Li et al., 2022; Neal Jr et al., 2011). However, eLearning has its own set of
challenges. Companies must provide employees with the technology and resources needed to

complete these training courses (Intertek Alchemy, 2024). Companies must also be able to
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evaluate training to ensure employees follow through (Neal Jr et al., 2011). As a result,
companies must be able to identify which methods best work for their company and their
employees.

The learning intervention and content should be driven by the needs of the target
audience. The methods should reflect the learning characteristics of the target audience and be
appropriate for the environment in which they will be applied. For example, a variety of
educational methods are implemented in university extension education programs, including
lectures, games, case studies, or role plays, with varying effects on the impact of knowledge or
skill development (Malik et al., 2023). Therefore, using various teaching methods might be
beneficial to meeting the learning needs of different participants and improving participant
understanding (Ledo et al., 2021). Trainings that included hands-on experiences and active
learning activities increased employee awareness of food safety behaviors (Insfran-Ricarola et
al., 2020). Keeping employees engaged with their learning content can help shape their
motivations for learning. A study by Acosta et al. (2025) developed food safety training for
employees with low literacy levels that incorporated videos and pictures with limited words.
Soon & Baines (2012) found that using videos and hands-on activities using resources like
GloGerm® was effective in increasing employee intention and behavior towards hand washing.
1.4.4.1 Reinforcement training

Third party auditing schemes include additional requirements for refresher and
reinforcement training. Refresher and reinforcement training can be useful in encouraging
implementation of food safe practices, such as handwashing, so that they become habitual for
employees (Pragle et al., 2007). Programs that involve only initial training may not be sufficient

to sustain learning and behavior change. Over time, participants are likely to forget or lose
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information from learning however successive relearning in the form of spaced training session
after the initial training can help reinforce memory recall and therefore long-term retention
(Vaughn et al., 2016; Rawson et al., 2013). Additionally, even though subsequent training
sessions may require more time and resources for the company to invest in their employees,
these sessions require less time and resources to be effective while still ensuring knowledge
gained (Rawson et al., 2013). Therefore, planned and intentional refresher trainings are a useful
tool in targeting knowledge gain.

These refresher trainings do not need to be formal learning sessions like initial training
for frontline employees. Informal on-the-floor coaching of food safety training and shortened
refresher trainings were both associated with positive food safety behaviors (Intertek Alchemy,
2022; Adesokan et al., 2015). Therefore, if resources and time are associated with barriers to
training, the additional costs associated with refresher trainings may be less in comparison to
formal initial training as well as better support already learned skills by providing employees
with additional opportunities to practice.

Refresher trainings can also be introduced to employees in the form of microlearning.
Microlearning breaks up larger training concepts and presents information to participants in a
short, focused, and compact manner (Maddox, 2018). As a result, the larger, comprehensive
initial training can be reinforced to participants in smaller, “bite-sized” formats. Microlearning
can help overcome some barriers to cost and time because it presents content quickly and can be
conducted regardless of time or location (Dolasinski & Reynolds, 2020). By incorporating
intentional, regular, and scheduled micro learnings as refresher trainings, companies can ensure
employee training is continuous and food safety knowledge is retained post their initial training.

Hesse et al. (2019) found that microlearning sessions that covered singular topics and had a
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duration of no greater than 10 minutes in length were effective in reinforcing knowledge in dairy
personnel. This concept of microlearning can be applied in the food industry to support food
safety knowledge in frontline employees.

1.4.4.2 Management support

Supervisor-led and on-the-floor coaching can also be considered as management
supporting and reinforcing positive food safety behavior. Management encouraging employee
behavior positively increases food safety compliance (Insafran-Ricarola et al., 2020; Green &
Selman, 2005). This includes not just coaching but also modeling practices and following the
behaviors they correct in their employees, impacting employee commitment to food safety (Taha
et al., 2019; Nieto Montenegro et al., 2008). Management support can help satisfy Knowles’
sixth assumption of adult learning by appealing to employee motivations. Management
reinforcement can help establish boundaries in job compliance, making employees more likely to
follow modelled behaviors.

On the other hand, lack of management support can have the opposite effect. Pressure
from management to achieve specific yields or production can cause employees to cut corners
and devalue food safety in the attempt to increase performance (Clayton et al., 2015). Therefore,
management attitudes and behaviors can also have an impact on employee behavior. This implies
that employees can receive effective food safety training but if it is not followed up or supported
by the management, employee behavior may not be possible even if the employee has intentions
to follow through. Food safety training programs should focus not only on frontline employees
but also providing managers and supervisors with the resources and knowledge to help support

and reinforce knowledge post training intervention.
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Similarly, management needs to provide employees with the resources needed to follow
through with these learned behaviors. For example, a study by Nik Husain et al. (2016) found
that despite a food safety training intervention and positive intentions and knowledge gained,
employees were unlikely to implement usage of thermometers to measure temperatures in food
service applications if companies were unable to provide them with the necessary tools. This can
also be seen in the practice of handwashing. If handwashing stations are inadequate or
inconvenient, employees will not be likely to implement proper or frequent hand washing
behaviors (Soon & Baines, 2012; Pragle et al, 2007; Green & Selman, 2005). This management
support and resources are compliant with both the TPB model and HAM in helping transfer
knowledge gained into behavior change. By normalizing the behavior and removing the barriers
to compliance, employees are more likely to commit to the action.

1.4.5 Evaluation and Accountability

Besides the training itself, third party auditing schemes are increasingly requiring firms to
have training programs that are continuous and have some means to measure or verify the
efficacy of trainings (BRCGS, 2020; SQFI, 2020; FSSC, 2016;). These requirements support the
idea that the development of training should not focus solely on the singular workshop or class
but on creating robust and wholistic training programs. Training interventions alone are not
sufficient to ensure positive food safety outcomes (Taha et al., 2019). Regular evaluations can
ensure the program meets its goals and objective. Kirkpatrick’s Training Evaluation Model was
developed to target efficacy of educational interventions (Kirkpatrick & Kirkpatrick, 2016). For
that reason, it is often used in workplace and business settings to evaluate planned institutional

learning (Tamkin et al., 2002).
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Kirkpatrick’s model identifies four levels of evaluation: reaction, learning, behavior, and
results. ‘Reaction’ measures participant satisfaction and interest in the program. ‘Learning’
measures knowledge gain whereas ‘behavior’ determines if the knowledge gain contributed to
implementation of actions. Finally, ‘results’ involves the overall impact of the training outside of
the individual basis, but rather the larger company. The assumption of the model is that each tier
is hierarchical and change in any level cannot occur if the previous tier is not satisfied (Reio et
al., 2017). Therefore, if behavior change is not satisfied, the Kirkpatrick model also allows
educators to identify where the program failed — either by knowledge or reaction.

Current training practices have focused on the use of pre and post tests as indicators of
knowledge gained to predict behavior change (Insfran-Rivarola et al., 2020; Young et al., 2020).
However, the TBP model and HAM indicate that knowledge and behavior are two separate
outcomes of training (Glanz & Rimmer, 2005). The Kirkpatrick model indicates that these two
outcomes must be evaluated separately, therefore pre and post tests are not appropriate means of
measuring behavior change in employees. Instead, other methods of evaluation should be used
specifically for level three (behavior). This can include observations of employee behavior,
interviews with management, or microbiological analysis of product and environment (Malavi et
al., 2021; Adesokan et al., 2015; Nieto-Montenegro et al., 2008). While studies have not
intentionally used Kirkpatrick’s model to evaluate participant outcomes, designing training
programs with an evaluation plan that measures at least to level three (behavior) can increase
impact of training (Cotter et al., 2023).

1.5 Impact on Food Safety Culture
Best practices for food safety training interventions for frontline employees point not just

to the education itself, but also the quality of the environment, reinforcement, and support given
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to the employee after the training has been completed. This implies that the development of a
frontline employee training program can be a tool to support positive food safety culture by
cultivating motivations not just with frontline employees, but also with the management to create
a top-down effect (Yiannas, 2008). Food safety culture encompasses the collective attitudes,
values, and beliefs within a company that influences actions and behaviors taken (Griftith et al.,
2010). Therefore, it is the responsibility of the management to establish and model positive
attitudes and values for frontline employees to follow. For training to be effective, management
must create an environment where the employee is motivated to listen and learn about food
safety, understands that food safety is valued within the company, and has the resources to follow
up on their behavior.
1.5.1 Depth of education: providing opportunities for growth

Food safety training provides employees with a unique opportunity to explain the ‘how’
and ‘why’ of their expectation. Effective training covers both how to perform required behaviors
and helps employees understand why company policies and procedures are implemented the way
they are. The ‘how’ provides employees with the skills and resources to perform necessary
actions, however, the ‘why’ is just as necessary because it targets employees’ motivations and
attitudes to follow through with these actions (Yiannas, 2008; Green & Selman, 2005). Educating
the employees with the food safety theory surrounding company policies and procedures can also
challenge them and provide them with the tools to make critical decisions on-the-job. The goal of
effective food safety training should be to empower employees to be engaged with their work, be
proactive in recognizing food safety issues, and either have the skills to problem solve or have a
voice to go to management for help (Intertek Alchemy, 2024). In a survey conducted by Pragle et

al. (2007), food employees expressed wanting to know and understand more about food safety
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topics and the consequences of not following procedures. Employees may know general
information about hazards such as bacteria but may not fully understand how their actions impact
public health and the safety of their consumers.

Challenging employees in this way also satisfies Knowles’ fourth and fifth assumptions
on adult learners. Understanding their impact on food safety connects the training to their actions
as an employee. Additionally, it outlines the employee’s responsibility to public health and
illustrates that their actions matter. By shifting motivations from following given procedures
because that is expected of them to complete the action to manufacture safe food, employees
may be more likely to uphold positive behaviors and be less likely to deviate when it is
inconvenient (Intertek Alchemy, 2022; Clayton et al., 2015). Jespersen et al. (2016) identified
five dimensions to characterize a company’s food safety culture. “People systems” describes the
roles and responsibilities of working groups within the company. A company with employees
that value food safety and are proactive in recognizing issues would be assigned a maturity level
of stage 4 (predict). This maturity level describes companies that has proactive food safety
management systems and is focused on preventing risks,

1.5.2 Investment in training programs

Food safety training is a factor in food safety management systems that can indicate or
measure overall culture within a company (Tomasevic et al., 2020). While it is not the only
factor, program characteristics such as the use of refresher training and the quality of training can
indicate that a company is willing to spend the time and resources to ensure their employees are
given the knowledge, skills, and resources to complete their work. Companies that spend the
most budget on training are more likely to continue to increase their budgets and invest in better

training programs because they value it more (Intertek Alchemy, 2022). If the management is
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willing to invest in their employees’ education, the employees can see the standard as modelled
by their employers and may be more likely to commit to positive behaviors (Taha et al., 2019).
Therefore, company investment on food safety training programs is not investment on the
intervention itself but the growth of their employees and producing positive attitudes and
environments towards food safety.

1.6 Conclusion

The systematic development of food safety training programs is key to ensuring training
meets the company and employees’ needs, meets the intended learning objectives, and is
effective in changing employee behavior. While training interventions have been developed in
the past, more research is needed in all three of these development steps. Tailored needs
assessments are important to understand the learning gaps between employee performance and
company expectations. Educational interventions should be grounded in educational theory and
use methods appropriate to the audience to help ensure effectiveness. Besides Kirkpatrick’s
evaluation model, other program evaluation models should be explored to help evaluate
intervention impact on behavior change. Cooperative extension can play a key role in helping
companies by providing them with the knowledge and resources needed to develop and improve
their training programs.

While the training is focused on the frontline employee, the development of training
programs indicates that education effectiveness is increased with the involvement, modeling, and
support of the management. Employees are more likely to follow through with positive food
safety behaviors with reinforcement, management support, and adequate resources. Therefore,
the focus on food safety training of frontline employees should not be on the employees

themselves but instead developing more mature food safety cultures within companies.
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Table 1.1: Assumptions of adult learners identified by Knowles et al. (1998)

Assumption Explanation
1  Self-concept Adults choose their learning goals
2 Experience Adults bring previous experiences to learning spaces
3 Readiness to learn Internal and external factors affect an adult’s readiness to accept
learning

4  Orientation to learning  Learning goals must be applicable to the adult’s immediate

situation
5 The need to know Adults must see the benefit to their learning
6  Motivation Adults must be internally motivated to learn

Figure 1.1: A Cooperative Extension program development model from Seevers et al. (1997)

Planning

Evaluation and Design and
accountability implementation
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CAROLINA

Abstract

While food safety training is a regulatory and market-driven requirement, there is a lack
of comprehensive and easily accessible training programs for frontline employees that address
the needs of the manufacturing industry regarding top inspectional citations and concerns that are
relevant to the industry. The purpose of this study was to assess the current needs and
deficiencies of food safety practices among North Carolina food processors to inform the
development of a comprehensive training program for food manufacturers through observations
from industry professionals and state regulators. Two separate Qualtrics surveys were emailed to
industry professionals (n=63) and North Carolina Department of Agriculture regulators (n=15).
Both groups received the survey through an internal program listserv. The surveys consisted of
Likert scales, ranking, and short answer questions. Descriptive analyses using JMP were
conducted to evaluate the results. Industry reported personnel practices, such as employee
hygiene and the improper use of personal protective equipment, as the greatest deficiencies in
facilities (49%). However, regulators reported a lack of adherence to standard operating
procedures and improper documentation as the deficiencies most often observed during
inspections (17%). Based on FDA’s list of most common inspectional citations since 2018, both
groups agreed that processing controls are the most critical factor in relation to safe
manufacturing. However, the lack of employee training was ranked higher by regulators than by
the industry. Based on short answers within the survey, regulators noted the need for a deeper

understanding of food safety to support compliance with company policies. Through an
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improved understanding of food safety practices, this survey study identified the different
deficiencies as seen by both regulators and industry professionals. Results identified the need for
a training program that emphasizes the importance of comprehension of food safety for frontline
workers to inform behavioral change.

2.1 Introduction

According to the United States Centers for Disease Control and Prevention (CDC),
foodborne illnesses caused by seven major foodborne pathogens in the United States accounted
for an estimated 9.9 million illnesses, resulting in 53,300 hospitalizations, and 931 deaths
annually since 2019 (Scallan Walter et al., 2025). The employee handling food products can
directly introduce food safety hazards into processing environments and must be controlled to
support the production of safe food (Green & Selman, 2005). These food manufacturing
employees account for 15.4% of all manufacturing employees in the U.S. (U.S. Department of
Commerce, 2022); therefore, ensuring regular and adequate training in food safety and hygiene
practices for these employees is necessary to protect the consumer.

As required by 21 Code of Federal Regulations (CFR) Part 117, all individuals who
manufacture, process, pack or hold food must receive basic health and hygiene training in
addition to food safety training related to their specific job responsibilities (US FDA, 2017).
Third party certification bodies also require food safety training, including regular refresher
trainings, as well as prove that these trainings are effective (BRCGS, 2022; SQFI, 2020; FSSC,
2020) Therefore, four criteria can be used to define a robust food safety training program: 1) the
establishment of a basic food safety, health, and hygiene training curriculum; 2) additional
training tailored to the job responsibilities of the individual employee; 3) refresher trainings to

reinforce food safety concepts; and 4) evidence that trainings are effective.
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To achieve this, companies face multiple barriers when implementing effective training
which can limit the frequency, quality, and consistency of training programs across the
workforce. The lack of time and resources, such as employees and budget allocations, have been
identified as major barriers to building adequate training programs (Intertek Alchemy, 2024;
Barone et al., 2020). Smaller manufacturers may not have the resources or knowledge to develop
comprehensive training programs while large manufacturers with higher turnover rates may
struggle to keep up with employee training (Intertek Alchemy, 2022). University Cooperative
Extension programs can help offset some of these barriers by providing manufacturers with the
knowledge and education needed of current and growing issues in food safety to better develop
employee training (Snyder et al., 2018).

Developing food safety training for industry is not a novel concept. The Food and Drug
Administration (FDA) Food Code serves as a regulatory model for local, state, and federal
jurisdictions to protect public health (2022) in retail settings. Programs such as ServSafe®, have
been developed and nationally recognized to provide retail and restaurant employees with
training that aligns with the FDA Food Code (National Restaurant Association Educational
Foundation, 2024). Similarly, the Food Safety Preventative Controls Alliance (FSPCA) has
developed the Preventive Controls for Human Food course to align with regulations outlined in
21 CFR 117 (FSPCA, 2016) where completion of the course meets the requirements for a
preventive controls qualified individual (PCQI). This course, including others such as Juice
HACCP and Seafood HACCP are reviewed and recognized by the FDA. The content of these
courses, while generally cover concepts of food safety regulations, go outside the scope of the
job responsibility of frontline employees in a food processing environment and are intended for

managers and/or supervisors. This paper defines the term “frontline employee” as manufacturing
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personnel involved in production, maintenance, and/or sanitation activities who work with food
products, equipment, or processes related to the production of food. Unlike the aforementioned
recognized curricula, there is a notable deficiency of standardized food safety training programs
specifically designed for frontline employees in food manufacturing, despite their critical role in
preventing contamination in the processing environment.

Multiple studies have been published to improve understanding of knowledge gaps in the
industry to develop basic personnel health and hygiene training for all manufacturers and
specific processes (Barone et al., 2020; Young et al., 2020; Syrko & Kaylegian, 2015; Olsen et
al., 2012; Nieto-Montenegro et al., 2006). These studies have identified topics such as employee
hygiene, hand washing, sanitation, process control, allergen control, cross-contamination, and
other industry-specific concepts as necessary topics for food safety training. While training plays
a key role in supporting positive food safety behaviors, factors such as industry-specific content,
accessible languages, and appropriate materials and training formats must be developed to ensure
effectiveness. Despite these studies, food safety and safe manufacturing of foods continues to be
an issue within the industry. Better understanding of training and the development of effective
programs is needed to ensure employees comply with procedures to produce safe food for the
public. The authors recognize the need to build upon these needs assessments and continuously
understand the knowledge and behavioral gaps that persist following training. The overall goal of
this work is to conduct a needs assessment that will support the development of a
comprehensive, standardized, and nationally recognized training program geared specifically for
frontline employees. While the previously mentioned studies focused on the gaps in training as
evaluated by industry needs, a key difference in this study includes the exploration of regulatory

perspectives on training needs for food manufacturing.
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Strategically targeted food safety trainings are needed to effectively communicate key
food safety concepts related to frontline employees (Jacob et al., 2010). Therefore, designing
relevant training materials intended for frontline employees and their specific job responsibilities
can help improve current training trends in industry. The purpose of this needs assessment is to
address the gaps of current food safety training trends focusing on both content and delivery by
understanding the perspectives of both industry professionals and inspectors from a state
regulatory agency. The data will subsequently be used to develop a relevant food safety
extension program to assist food manufacturers.

2.2 Materials and Methods
2.2.1 Participant Selection

The industry survey was developed to gauge the perspectives of managers and
supervisors of frontline employees. This population was chosen because they were identified as
personnel overseeing employee compliance with company food safety and health policies and
have influence over the implementation and coaching of these policies. The survey was emailed
to 295 recipients through an internal NCSU listserv containing manufacturing companies that
had attended previous extension programs such as Preventive Controls for Human Food (PCHF)
courses and various food safety workshops. The PCHF training targeted managers, supervisors,
and other personnel that oversee frontline employees.

The regulatory survey was emailed through an internal contact at the North Carolina
Department of Agriculture and Consumer Services (NCDA&CS) Food Program and further
disseminated to both compliance officers and inspectors. The purpose of surveying regulatory

personnel was to gain insights based on observations made during routine inspections that
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identify trends associated with compliance deficiencies among frontline employees and training
programs.
2.2.2 Survey Design

Two unique surveys were developed using Qualtrics® software. The surveys were
developed based on previously completed needs assessments documented in scientific literature.
These surveys were then reviewed through two rounds of peer evaluation by food safety
extension specialists before administering. Questions included Likert scales, ranking, and short
answer questions to probe frontline employee practices, barriers to food safety training, and
needed resources. The study was submitted to the Institutional Review Board (IRB) at North
Carolina State University and was granted exemption status (#26074). The voluntary and
anonymous surveys were emailed to food processing companies and NCDA&CS regulators
through an internal NCSU listserv in May 2023 and results were collected until October 2023.

Appendix A outlines the questions included in the survey that probed demographic
information, current training practices, and needs for future resources. Incentivization was
provided to participants through a gift card raffle.

The regulator survey consisted of a total of ten questions probing experience in
inspections, observed deficiencies in manufacturing practices, and perceived needs for training
programs. These questions are included in Appendix B.

2.3 Results

A total of 106 industry responses were received. After removing incomplete surveys, 61
surveys were included in the analysis. A total of 21 regulator responses were received. Responses
were sorted and incomplete surveys removed (n=14). The responses were evaluated based on

descriptive statistical analyses using Microsoft Excel and JMP.
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2.3.1 Industry Survey

Responses represented over 15 different commodities where the top five reported
industries were bakery (30.9%), warehousing and distribution (17.6%), produce (8.8%), shelf-
stable or dry goods products (5.9%), and seafood (5.5%) (Table 2.1). Participants were allowed
to report multiple commodities or operations if applicable (i.e. warehousing and distribution and
seafood).

Figure 2.1 reports the size of manufacturing facilities as separated into three categories
based on the number of employees: small (<15 employees), medium (15-74 employees), and
large (>74 employees). Over half of the responses (57.4%) came from large manufacturers. Size
demographics were used to stratify results for further questions.

Over half of all respondents (60.7%) already received third-party certifications (Table
2.2). The majority of large facilities (82.9%) reported participating in a third-party audit. Of the
facility sizes, small companies (33.3%) were the most likely to report either being interested in
or preparing for third-party certification in the future. However, over half of small companies
(53.3%) reported not participating in third-party certifications.

Participants were asked to indicate how food safety training was conducted for their
frontline employees. They were able to report using multiple training methods if applicable. Both
small and large manufacturers reported using in-person training as the most common method of
delivering training to frontline employees (Table 2.3). While medium-sized manufacturers also
reported using in-person training from management, they also reported using informal training
from on-the-job experiences. Medium and large facilities were more likely to indicate utilizing at

least two methods of training.
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Participants reported multiple deficiencies in employee practices as issues where more
than half of the industry participants (52.5%) reported personnel practices as the most common
issue seen. Personnel practices included issues with employee hygiene, personal protective
equipment (PPE) usage, and employee-related good manufacturing practices (GMPs) (Figure
2.2). The terms “proper” and “adherence” were referenced throughout the industry responses in
relation with different company policies or standard operating procedures (SOPs). This could
imply that while these manufacturers have specific programs and training in place for their
employees, they have issues with behavior compliance. Specifically, responses reported finding
issues with “employees adhering to their training” and “documentations being followed
through”.

Industry participants were asked to rank how likely they were to attend different types of
training workshops on a five-point Likert scale. These methods of delivery included: off-site
trainings held at a county extension office, private workshops held at their facility, or train-the-
trainer sessions. Scales were assigned a numerical value (extremely unlikely=1, extremely
likely=5) and the means were compared using an ANOVA test. Statistically significant groups
were identified using Tukey’s HSD test. Overall, companies were least likely to report being
interested in sending employees to an off-site location (Table 2.4). The highest rated method of
training delivery was the train-the-trainer workshop. When broken down by facility size, this
same relationship is seen in large facilities. Small facilities, specifically, were more likely to be
interested in participating in a train-the-trainer workshop as opposed to hosting an in-house
private workshop. Of the different sized facilities, small manufacturers were least likely to be

interested in hosting the Cooperative Extension programs for a private workshop.
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2.3.2 Regulator Survey

Both regulators and industry participants were asked to rank the top FDA citations by
how critical the observation is in an inspection. Ranking a citation as “first” indicated the most
critical, whereas a citation ranked “ninth” indicated the least critical of the given list of citations.
The means of the rankings of each citation were taken and compared between the industry and
regulator groups by an independent t test. Top FDA citations were used to gauge training topics
needed for industry. Of the citations, regulators ranked the lack of employee training as a more
critical citation than the industry participants (Figure 2.3).

Regulators reported seeing the most deficiencies with documentation (26.7%) and
sanitation controls (26.7%) (Figure 2.2). In addition to regulators identifying lack of
documentation as an issue, regulators also reported problems with adhering to written
procedures. However, besides compliance, regulators reported wanting employees to have more
than just knowledge surrounding company policy. One regulator responded wanting employees
not just to “go through the motion of filling [documentation] out... [but also] understand why it’s
important for food safety.” Besides documentation, another regulator reported wanting
employees to “understand and recognize the hazards associated with the foods they are
manufacturing.”

Regulators were asked to report perceived barriers for companies to implement effective
food safety trainings. Regulators were allowed to indicate multiple barriers if identified. The top
three barriers reported point to management deficiencies in food safety commitment or
knowledge (Figure 2.4). The remaining four barriers (time, turnover, resources, and language)

relate to characteristics of frontline employees and the nature of their role in the company.
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2.4 Discussion

Observed deficiencies in manufacturing facilities were assessed to help determine topics
needed to be addressed by a food safety training curriculum. Besides general employee health
and hygiene, companies may identify product or industry-specific training needs or may find
specific concepts as needing more emphasis for employees to be compliant (Ledo et al., 2021;
Malavi et al, 2021; Woh et al., 2016; Jacob et al, 2010; Nieto-Montenegro et al, 2008). Even
though manufacturers reported already having a training program for their employees, the
behavioral deficiencies indicate these programs may not be effective. Therefore, besides the
baseline employee health and hygiene training, these identified gaps should be targeted
specifically. Companies may have been more likely to report issues with personnel hygiene
because of their ability to observe personnel behavior on a day-to-day basis whereas regulators
focus more on documentation and sanitation issues because they are only in facilities for a short
period of time. Documentation and sanitation practices are used to indicate a company’s overall
compliance with regulatory requirements.

The identification of personnel practices as issues within facilities imply that
manufacturers are concerned with the implementation of written procedures. Regulators, as
indicated by the survey, emphasized the need for employees to understand the reason for these
procedures and understand how food safety applies to their work. Compliance with a company’s
food safety plan is important to ensure the risk of hazards are minimized. Understanding the
underlying food safety concepts behind procedures can help employees better implement these
procedures. Other studies have explored the use of aligning food safety curriculum with
recognized educational models to encourage behavior change in employees (Cotter et al., 2023;

Soon & Baines, 2012; Nieto-Montenegro et al., 2008). These studies suggest that a focus on
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increasing both food safety knowledge and motivation can help improve employee behaviors.
Increasing worker knowledge through training has corelated with mixed results on the worker
compliance with food safety policy (Ledo et al., 2021; Malavi et al., 2021; Insfran-Rivarola et
al., 2020; Young et al., 2020; Adesokan et al., 2015; Soon & Baines, 2012;). Other factors such
as management support, targeting employee motivations, and reinforcement of training can
increase positive food safety behaviors in employees (Taha et al., 2021; Green & Selman, 2005).
Regulators’ suggestions to focus on employees’ understanding of food safety concepts and policy
can help target employee motivations. This would then influence industry needs for behavior
change, thus compliance with policies and SOPs.

Additionally, the difference in deficiencies identified by industry and regulatory
personnel highlights the differences in their roles and how their experiences in the manufacturing
environment inform the needs of frontline employees. Manufacturing personnel interact with
frontline employees on a day-to-day basis therefore they are more likely to report deficiencies
observed in the production environment. Similarly, their role requires consistent coaching and
monitoring of employee behavior. On the other hand, regulators spend limited time in production
facilities during their inspections. They rely on documentation and sanitation practices to gauge
overall compliance of a company to regulation. Additionally, frontline employees may act
differently under the observation of regulatory personnel and may be more conscious of
personnel practices. Therefore, the lower reporting of personnel practice deficiencies by
regulators does not indicate it is a non-issue. Instead, this is reflective of the time they spend in a
manufacturing facility, the interactions between regulators and manufacturing personnel, as well

as their goals in inspecting food facilities.
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Facilities were least likely to report being interested in sending employees to off-site
trainings, such as county extension offices. Cost and time have been identified as major barriers
to training for manufacturing companies. (Intertek Alchemy, 2024; Barone et al., 2020;). Off-site
trainings may be seen as more difficult for companies to participate in. There is the added cost of
transportation for employees as well as resources needed to cover the labor of the employees
unable to contribute to normal production scheduling. The scheduling of off-site trainings is also
dictated by the extension program, so coordination is needed on the end of the manufacturer to
have employees available. Similarly, lack of resources can also be attributed to the small
facilities’ lack of interest in private workshops. Small facilities may not have the space to host a
workshop on-site or may not have the resources to cover the costs associated with private
training. This is consistent with their current training practices as most manufacturers hold food
safety training in-house led by management. Overall, as noted in the results, the development of
a train-the-trainer workshop was ranked highest in overall interest. A train-the-trainer workshop
could address both the issues of cost and time. Having a manager or supervisor attend the
training instead of multiple frontline employees would limit the loss of labor. The company
could then facilitate training for their employees following their own schedule. Train-the-trainer
workshops could also support already existing training programs. Companies with already
existing training programs may still need additional resources to improve current practices or
want to cross-reference current training objectives with vetted programs to ensure compliance
with regulatory requirements.

At the same time, while larger companies may be compliant with third-party auditing
schemes, over half of industry participants reported having issues with reinforcing employee

behaviors surrounding personnel hygiene and practices. This could indicate that while their
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training programs may meet content and implementation requirements, they may not be effective
in ensuring employee compliance with policies, which is an additional standard set by third-party
auditing bodies. Current studies developing food safety training programs have had limited focus
on creating evaluation plans which tend to focus on knowledge gained by the participant (Cotter
et al, 2023; Insafran-Rivarola et al., 2020). Knowledge alone may not be a good enough indicator
of program effectiveness if behavior changes in employees are desired. Common evaluation
models in extension education include Kirkpatrick’s Model that focus on four levels of
evaluation: reaction, learning, behavior, and results (Kirkpatrick & Kirkpatrick, 2016; Tamkin et
al., 2002). Developing training programs that include evaluation plans can help companies be
better compliant with third party standards and ensure effectiveness of their training programs by
identifying areas of improvement.

Besides basic food safety and hygiene training, third-party auditing bodies require that
training programs include consistent refresher trainings to reinforce food safety concepts
(BRCGS, 2022; SQFI, 2020; FSSC, 2020). For this reason, manufacturers that are either third
party certified or are working towards certification may implement more robust training
programs in their facility. Larger facilities were more likely to already be compliant with a third-
party auditing scheme. Over half of these participants implemented multiple routes of training
for their employees. While most small companies reported not participating in any third-party
audits, one-third reported either preparing for or planning to participate in the future. However,
only 20.0% of small companies reported using multiple routes of training for their employees.
This could indicate a need for small manufacturers develop their training programs to help
become compliant with third-party auditing schemes. The burden of cost, time, and knowledge

or expertise towards building training programs can be greater for smaller manufacturers
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(Intertek Alchemy, 2024; Barone et al., 2020; Buckley, 2015). Developing resources for small
manufacturers to adapt to their processes can help ease this burden.

In practice, the implementation of a training program that focuses on a deeper
understanding of food safety may contribute to added costs for the manufacturer. The proposed
program would require more than just a training workshop but instead include manager and
supervisor involvement with the training program, regularly scheduled refresher trainings, and
continuing support for the employee. With cost already recognized as a barrier to training,
achieving higher levels of understanding for employees may be harder for manufacturers to
comply with. Similarly, smaller manufacturers already struggle with not having the resources and
knowledge to develop baseline training (Intertek Alchemy, 2022). Creating more complex
programs can present more challenges to small to mid-sized companies. While initial intentions
of this needs assessment were to address gap in employee training, results indicated that targeting
managers and supervisors instead to provide resources to build training programs could be more
effective in ensuring employee behavior.

While industry personnel indicated having issues with frontline employee behaviors,
regulators associated barriers to training with issues with management commitment and
knowledge. This could indicate that while management may be able to identify malpractice, they
may lack the resources to be able to effectively correct and enforce behaviors to support positive
food safe environments. Programs for frontline employee training, then, should focus on
equipping management with the skills to coach and reinforce food safety concepts for
employees. While the quality of food safety training can be an indicator of a company’s food
safety culture, other factors such as management support and leadership also play key roles in

employee compliance with positive food safety behaviors (Taha et al, 2021; Ko & Kang, 2019;
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Nyarugwe et al., 2018; Pragle et al., 2007; Green & Selman, 2005) Regulator observations
highlighted the need for a top-down implementation of food safety training. When considered
with results indicating that regulators ranking a lack of employee training as a more critical
citation than industry participants, it seems that regulators overall value food safety training more
than the industry respondents. These deficiencies all play a part in developing companies with
positive food safety cultures. Previous studies focusing on industry perceptions on training needs
identified cost, time, and resources as major barriers to implementing adequate programs
(Intertek Alchemy, 2024; Barone et al., 2020). However, this survey with regulators revealed
they perceived food safety culture to play a bigger impact on the lack of training. Train-the-
trainer workshops can play a key role in targeting manager and supervisor motivations to
develop stronger food safety cultures within companies. Manager and supervisor involvement in
training can help create positive working environments, engage employees, and therefore
increase commitment to food safety policies (Taha et al., 2021).
2.5 Limitations

The authors acknowledge the limitations of this study. The industry survey had an
estimated response rate of 20.7%. This response rate is less than the expected rate for needs
assessment surveys conducted with a known list of respondents and, therefore, may not be
representative of the whole population of food manufacturers in North Carolina (Archer, 2008;
Cook et al., 2000). While authors did not have access to the complete list of contact in
NCDA&CS and were not able to calculate an accurate response rate, based on current estimates
of employed personnel, the response rate of the regulator survey is estimated to be 33.3% which,

while higher than the industry survey, still may not capture the full population (Nicholas, 2024).
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2.6 Conclusion

The goals of this needs assessment were to identify content and best practices for delivery
of food safety training to frontline employees. Results were able to determine deficiencies in
employee behavior, such as personnel, documentation, and sanitation practices that can be
targeted to develop a food safety training curriculum that meets the requirements for regulatory
and third-party auditing schemes. The developed training curriculum can help target improved
knowledge surrounding food safety concepts and should also help employees understand policies
and processes implemented in their facilities. However, results also revealed the greater need to
develop complete programs for the training workshops that include a train-the-trainer component
to encourage manager and supervisor support for the employees. Additionally, the program
should include refresher material to reinforce employee compliance. These company-led steps to
the training program can also allow companies to adapt training to their processes and make
content more relevant and relatable for their employees, thus saving time and potentially
improving the likeliness of behavioral change and implementation of learned concepts. Overall,
this top-down approach to food safety training may be used to improve a company’s food safety

culture.
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Table 2.1: Demographic breakdown of industry participants based on commodity (n=61)

Commodity n (%)
Bakery 21 (34.4)
Warehousing and Distribution 12 (19.7)
Produce 6(9.8)
Seafood 4 (6.6)
Shelf-Stable or Dry Goods 4 (6.6)
Meat & Poultry 3(4.9)
Confectionary 3(4.9)
Ready-to-eat (RTE) Products 2(3.3)
Beverage 2(3.3)
Retail or Food Service 2(3.3)
Dairy 1 (1.6)
Condiments or Sauces 1 (1.6)
Other 7(11.5)

Table 2.2: Demographic breakdown of facilities participating in third party audits by size

Yes No In the future
n (%) n (%) n (%)
All (n=61) 37 (60.7) 18 (29.5) 6 (9.8)
Small (n=15) 2 (13.3) 8(53.3) 5(33.3)
Medium (n=11) 6 (54.5) 4 (36.4) 19.1)
Large (n=35) 29 (82.9) 6(17.1) 0 (0)
Table 2.3: Current trends in training delivery methods based on facility size.
Non-
classroom
In-person In-person training
training training conducted via Multiple
conducted by  conducted by on-the-job Online methods
management a 3rd party experiences training indicated
n (%) n (%) n (%) n (%) n (%)
All (n=61) 43 (70.5) 19 (31.1) 15 (24.6) 13(21.3)  28(45.9)
Small (n=15) 11(73.3) 3 (20.0) 1(6.7) 3 (20.0) 3(20.0)
Medium (n=11) 6 (54.5) 3(27.3) 7 (63.6) 0 (0) 5(45.5)
Large (n=35) 26 (74.3) 13 (37.1) 7 (20.0) 10 (28.6)  20(57.1)
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Table 2.4: Industry preferred methods of training delivery based on a five-point Likert scale*

Train-the-trainer

Facility Size Extension Workshop In-house Workshop Workshop
Overall 2.82+1.352 3.44+1.36° 3.87+1.16°
Small 2.8+1.47¢ 2.4+1.40%4 3.87+1.19¢
Medium 2.8141.33¢ 3.81£1.33¢ 3.73+1.19°
Large 2.83+1.33f 3.77+1.348 3.91+1.178

abedef? oroups between rows statistically significant at p<0.05

*Likert scale based on how likely companies were to attend different modes of training
workshops (1=extremely unlikely, 2=somewhat unlikely, 3=neither likely nor unlikely,
4=somewhat likely, S=extremely likely)
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Small, 15

Large, 35

Medium, 11

Figure 2.1: Demographic breakdown of participating facility sizes based on number of employees (n=61)
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Figure 2.2: Top reported deficiencies in employee practices identified by industry and regulators
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® Industry
m Regulators

Inadequate Inadequate = Lack of  Inadequate Infrequent Lack of Lack of pest Inadequate Poor storage

Average Ranking Score
S~ N W B U0 N

processing knowledge personnel sanitation sanitation  employee control or unsafe  conditions
controls of equipment practicies operations operations  training* sanitizing
design substances

Figure 2.3: Perceived Importance Based on Rankings of Top FDA Citations (*indicates a statistically significant difference at p<0.05)
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Lack of resources
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Figure 2.4: Top barriers to implementing food safety training as reported by regulator participant
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DEVELOPMENT AND EVALUATION OF A FOOD SAFETY TRAINING PROGRAM
FOR FRONTLINE EMPLOYEES
Abstract
Food safety training is required for all employees who manufacture, process, pack, or

hold food, however, a standardized curriculum and evaluation of these training programs is
needed to ensure effectiveness in changing knowledge and behavior. The purpose of this study
was to 1) develop a recognized food safety training curriculum for frontline employees, and 2)
determine the effectiveness of the program in influencing knowledge and behavior change
towards food safety practices in food processing facilities. A curriculum framework was
developed through 1) a review of regulatory requirements and third-party auditing standards; 2)
an alignment with existing learning objectives in the retail and restaurant space; and 3) a needs
assessment among industry and regulatory contacts. Ten trainings were conducted in both
English and Spanish from October 2024 to May 2025. Pre- and post-test evaluations were used
to measure knowledge change. Interviews with managers and supervisors of the participants
were used to evaluate behavior change. From the ten trainings, 104 completed tests were
received and included in the statistical analyses. Paired t-tests indicated that the training was
effective in meeting the program’s learning objectives and increasing participant food safety
knowledge (p<0.01). However, in comparison to participants who completed the training in
English (n=63, p = 82.68%), Spanish-speaking participants (n=41, p = 60.90%) had post-test
scores lower than English-speaking participants. This highlights the need for the curriculum to be
adapted for different demographic groups to ensure effective communication. Interviews with
management found the training was effective in motivating employees to comply with food

safety policies and take ownership of their roles. This study establishes the foundation for a
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standardized food safety training program for the manufacturing industry and highlights the
importance of meeting the diverse demographics of frontline employees given the impact of their
role in food manufacturing.
3.1 Introduction

Frontline employees play an essential role in producing safe foods and protecting public
health, as they are directly involved with the handling, manufacturing, packing, transportation, or
storage of food products. Frontline employees’ responsibilities include production, sanitation,
maintenance, or transportation employees. Adequate education and training are necessary to
ensure that employees understand the proper methods for producing safe food (Malik et al.,
2023; Green & Selman, 2005). Additionally, training and documentation are required by
regulations, as well as third party auditing schemes to prove manufacturers are providing their
employees with the knowledge, skills, and tools to perform their job responsibilities (BRCGS,
2020; SQFTI, 2020; US FDA, 2017; FSSC, 2016). Despite this requirement, there is a lack of a
standardized training curriculum specific to frontline employees. The diversity of processes, job
responsibilities, and demographics across the industry can make developing a universal
curriculum specific and comprehensive enough for an individual employee difficult for
educators. Companies may use existing training programs such as ServSafe®, developed for the
restaurant and retail industry, but it may not be tailored enough for a frontline employee and may
require additional training (National Restaurant Association Educational Foundation, 2024).

As aresult, the industry may rely on developing their own in-house training programs
which poses its own challenges. Larger manufacturers may have issues keeping up with the
frequency training due to turnover and its volume of employees while medium-sized and smaller

manufacturers may not have sufficient money, knowledge, or staff to develop and conduct

68



trainings (Intertek Alchemy, 2024; Intertek Alchemy, 2022; Barone et al., 2020; Yapp & Fairman,
2006). Cooperative Extension programs can play a key role in disseminating science-based
resources, knowledge, and tools for food manufacturing companies to develop food safety
training programs (Snyder et al., 2018). However, other considerations including accessibility of
training, including cost and location, can impact a company’s willingness to attend extension
programs (Parraga et al., 2025). Additionally, the frontline employee population can include a
larger demographic of low-literacy food handlers that may require specific or enhanced training
methods to ensure understanding (Acosta et al., 2025; Jacob et al., 2010).

Third-party auditing schemes require evidence the training meet specific objectives
(BRCGS, 2020; SQFI, 2020; FSSC, 2016). While studies have been conducted to develop food
safety training for food handlers (Ledo et al., 2021; Malavi et al., 2021; Husain et al., 2016;
Adesokan et al., 2015; Soon & Baines, 2012 Nieto-Montenegro et al., 2008;), evaluations mostly
focus on knowledge gained or self-reported attitudes instead of behavior change (Cotter et al.,
2023; Insafran-Rivarola et al., 2020; Young et al., 2020). There is a need for systematic
procedures for developing food safety training programs to ensure effective interventions for
frontline employees (Cotter et al, 2023).

The development of extension education programs is often structured into three key
phases: planning, design and implementation, and evaluation and accountability (Boone et al.,
2002). The planning stage involves identifying and investigating a specified target audience to
understand a needs gap. The design and implementation stage develops educational methods to
fill the needs gap and conducts the intervention. The evaluation and accountability stage ensures
the program meets the goals and objectives as intended or points back to the planning stage if the

program was unsuccessful. Kirkpatrick’s evaluation model is used for evaluating training
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interventions within institutional learning settings (Reio et al., 2017). It outlines four levels of
evaluation to determine effectiveness of a training intervention: reaction, learning, behavior, and
impact (Kirkpatrick & Kirkpatrick, 2016). Reaction refers to the overall participant satisfaction
with the training. Learning measures knowledge gained with specific milestones. Behavior refers
to actions taken by the participants following what learning. Impact of the program suggests that
larger change is made to the overall company as opposed to just on the individual level. This
could refer to economic impacts, culture impacts, or other implications such as results after
inspections or audits. The purpose of this study was to systematically develop a food safety
training program for frontline employees following extension education program design.
3.2 Materials and Methods
3.2.1 Planning

A food safety training framework was developed based upon FDA regulatory
requirements, third-party auditing standards, and a needs assessment among industry and
regulatory contacts. These three resources were evaluated to identify requirements specific to the
job responsibility of a frontline employee. The Employee Food Safety Training Guidance
Document, based on the 2017 FDA Food Code, provides guidance for food safety training
specific to the retail and restaurant industry (Conference for Food Protection Employee Food
Safety Training Committee, 2023). Training topics identified by this guidance document
provided the foundational content for this curriculum. The US 21 Code of Federal Regulations
(CFR) 117 is the FDA regulation that outlines requirements for current food manufacturing
practices (cGMPs), hazard analysis, and preventive controls for the manufacturing of human
foods. This regulation was evaluated to ensure the curriculum was aligned with requirements for

food manufacturing. Third-party auditing schemes, such as the Brand Reputation Compliance
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Global Standards (BRCGS) Global Standard Food Safety Issue 9 and Safe Quality Food (SQF)
Food Safety Code: Food Manufacturing Ed 10 Part B, was evaluated for responsibilities and
knowledge required for a frontline employee to perform their duties. Finally, a needs assessment
that identified specific training gaps was also incorporated into the learning objectives. A
summary of topics identified from the needs assessment are listed in Table 3.1. The topics
relevant to frontline employees, as identified from these resources, were used to develop a food
safety training curriculum tailored to their job responsibilities and roles.
3.2.2 Design and Implementation

Nine modules and related learning objectives were identified based on a review of FDA
regulations and guidance, third-party auditing schemes, and a needs assessment (Table 3.2).
Each module was intended to be standalone so that the curriculum could be adaptable to the
needs of a specific company. For example, if a module covered a topic that was not applicable to
a process or product, the company could opt to omit it from the training. Learning objectives
were then identified for each module and followed the Knowledge, Attitudes, and Practice
(KAP) model. The KAP model theorizes that participant knowledge impacts attitudes which
impacts behavior (Kwol et al., 2020). Learning objectives were classified as knowledge, attitude
(motivation), or practice (behavior) change. The Theory of Planned Behavior (TPB) model
suggests that employee attitudes and motivations influence intentions and therefore behavior
(Ajizen, 1991). For this reason, the curriculum highlighted the impact of employee behaviors on
public health and consumer safety through sample scenarios and engaging hands-on activities.
Appropriate educational materials and methods were then developed to achieve these objectives
including visual PowerPoint presentations, employee handbook, and hands-on activities

(Appendix C). Each module was designed to be taught in 20-30 minutes and followed the same
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general structure: introduction of learning objectives, training content, hands-on activity,
scenario-based knowledge check questions. All course materials were translated into Spanish and
reviewed by Spanish speakers with backgrounds in food safety or with industry experience.

Additionally, resources to reinforce learning from the curriculum were developed in the
form of “huddle cards” intended to be implemented by managers and supervisors after the initial
training (Appendix D). These “huddle cards” consisted of a series of questions or prompts that
referenced specific topics in the curriculum and were intended to be 5-10 minute discussions
between facilitators and employees. The Health Action Model (HAM) suggests that external
environmental factors such as resource availability and company attitudes towards food safety
can impact employee behavior (Rennie, 1995). By creating resources for upper management to
implement after training, management can model behaviors and beliefs from training curriculum
to set company expectations for employees. These “huddle cards” were not evaluated due to lack
of time.
3.2.3 Evaluation and Accountability

The training was evaluated following Kirkpatrick’s evaluation model. Figure 1 outlines
the overall program evaluation plan based on Kirkpatrick’s model which includes four levels of
evaluation. Level four (impact) was not evaluated at this time. All evaluations and tests were
optional to the participants, as required for IRB exemption (#27187). Participants chose
assessments in their main speaking language, either English or Spanish. All assessments were
anonymous, and participants were assigned a random three-digit code.

Level one (reaction) was measured using course evaluation surveys directly following the
training intervention. The course evaluations asked participants to rank their agreement of a

statement on a five-point Likert scale (strongly agree, agree, unsure, disagree, and strongly
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disagree) (Table 3.3). Scales were assigned a numerical value (strongly disagree=1, strongly
agree=5) and the means were taken using JMP.

Level two (learning) was measured through administering a pre and post test to the
participants. Participants were asked to complete a pre test prior to the start of the training and
the post test was given at the completion of the final training module. The pre and post tests
(Appendix E) were identical and consisted of a series of fifteen multiple choice and true or false
questions directly related to the training learning objectives (Table 3.2). Pre and post test
questions were adjusted for abridged trainings based on the module topics presented.
Assessments were evaluated by paired t-tests using JMP® Student Edition 18.2.0.

Level three (behavior) was measured through semi-structured interviews with managers
or supervisors of frontline employees that participated in the training. Questions probed company
food safety culture, overall evaluation of the program, and employee behavior and attitudes
towards food safety. Sample questions are included in Table 3.4. Participants received a list of
questions prior to the interview. Six interviews were conducted at least one month post training.
Each interview was conducted with at least one manager or supervisor from the company whose
was involved with the company’s food safety training programs and monitoring employee
practices. These personnel were present with the frontline employees during the training. The
interviews were led by three NCSU extension personnel over Zoom for around one hour each.
Notes were taken manually during the interviews and reviewed for common themes. Level four

(impact) was not evaluated due to lack of time.
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3.3 Results
3.3.1 Design and Implementation

Ten trainings to 117 participants were conducted from October 2024 to May 2025 by five
NCSU Extension personnel. Trainings were held either as open enrollment at cooperative
extension facilities or as private, onsite workshops with a company and took about five hours
each. Of these trainings, three were conducing in Spanish by a Spanish-speaking instructor and
seven were conducted in English. Private workshops allowed the facilitators to tailor the
curriculum to a specific company by teaching only the applicable modules.
3.3.2 Evaluation and Accountability
3.3.2.1 Level 1 — Reaction

Of the participants (n=117), 104 completed reaction surveys were received. Participants
reported highly positive reactions to the program content, the facilitators, and towards food
safety (Figure 3.2). In general, all statement were rated with a mean of at least 4.60, where a
rating of 5 indicated “strongly agree”. The top-rated statements related to content relevance and
attitudes towards food safety.
3.3.2.2 Level 2 — Learning

Of the total participants, 88 completed pre and post tests were received. Participants were
given the option to take the assessments in either English (n=63) or Spanish (n=41) based on
their most comfortable spoken language. Results were stratified based on the language of the
evaluation. According to Table 3.5, all groups showed a statistically significant increase in test
scores after the training intervention. Across groups, English-speaking participants scored higher
than Spanish-speakers in both the pre and post tests (p<0.01). There was no statistical difference

between the increases in pre and post test scores between groups.
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Correct response rates were calculated for each question to determine the effectiveness of
each training topic (Table 3.6). Questions with response rates below 65% were determined to
need further evaluation. Two questions fell below this range: Q6 and Q8. These questions came
from Module 4 (Cross Contamination and Hygienic Zoning) and Module 5 (Cleaning and
Sanitizing). Question 5 (Pest Control), Q7 (Cross Contamination and Hygienic Zoning),
Q9(Cleaning and Sanitizing), and Q10 (Allergen Control) had response rates close to the cut-off
and could also be considered for further evaluation.
3.3.2.3 Level 3 — Behavior

Six interviews were conducted with managers or supervisors of frontline employees that
participated in the food safety training. Of the six companies interviewed, four managers
reported already having a formal training program for their frontline employees. This included
on-boarding training for new hires and annual training for current employees. Three managers
reported conducting regular refresher trainings that included 15 to 30-minute sessions covering a
different food safety topic either weekly or monthly, while one participant reported the company
wanted to incorporate refresher trainings in the future. Common issues reported with employee
behaviors included jewelry use, handwashing, PPE, and bringing outside items or beverages onto
the production floor. These deficiencies, as stated by the interviewees, could be attributed to
difficulty in communicating with employees if there was a language barrier or employees needed
regular reminders of appropriate behaviors.

Improvements in employee attitudes included increased awareness of food safety post
training. This included a better understanding of their role in food safety and the impact their
actions had on protecting food products. Participants noted that the content helped employees

understand why the company maintains specific standards for safety and employee expectations.

75



Managers reported that this increased awareness of food safety contributed to employees taking
on stronger ownership of their role and confidence in their actions. Managers reported employees
being more engaged with food safety, including asking more questions during refresher trainings
because they wanted to make sure they were following the correct process.

Managers reported seeing improvements in employee behavior. Three managers reported
employees adhered to hand washing practices and two reported seeing fewer personal belongings
and water bottles on the production floor. Additionally, one manager reported improvements in
employees adhering to proper documentation procedures, including making suggestions to
amend documentation that lacked complete information. Additionally, it was reported that
employees started self-regulating and correcting behaviors among their peers. A manager
specifically mentioned their employees regularly referenced the employee training manual to
remind each other of proper handling procedures. However, one manager noted that as time
passed post training, they needed to increase on-the-floor coaching and were more likely to
correct employee behavior again, specifically with jewelry use on the production floor. This
participant suggested implementing refresher training to support the initial training intervention.

When asked about improvements to the curriculum, it was noted that the content needed
to be more specific to their process and facilities even with the modular format. Companies
agreed that while the training was beneficial as foundational training for general concepts, they
needed to follow up with additional content specific to their process.

3.4 Discussion

Studies have identified the importance of creating tailored food safety trainings to meet

the needs of specific demographic groups (Acosta et al., 2025; Parraga et al., 2025; Soon &

Baines, 2012; Jacob et al., 2010). This highlights the difficulty of developing a one-size-fits-all
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training when there is diversity in the demographic group, industry processes, and industry needs
and regulations. The challenge for food safety educators is to make training accessible for
industry while allowing companies to adapt content and methods to their needs. The goals of the
curriculum were to apply to as much of the industry as possible through a modular approach.
However, the feedback indicates companies still need to supplement training with details specific
to their facility. For example, Module 5 (Cleaning and Sanitizing) includes information related to
best practices for cleaning and sanitizing. However, companies must still train employees how to
follow their site-specific sanitation standard operating procedures (SSOPs). Therefore, this
curriculum is not an all-encompassing training but can serve as a foundation for companies to
build upon.

Positive participant reactions to training content and delivery increase participant
willingness to attend future trainings (Reio et al., 2017). While not directly related to the overall
goals and objectives of the program, participant satisfaction can be a key factor in their
willingness to learn. Research on characterizing adult learners has found that adults need be in an
environment where they are willing to accept learning in order for training to be effective
(Knowles et al., 1998). Participants felt they were engaged by the training and that the hands-on
activities were helpful in gaining an understanding of key concepts.

Pre and post test evaluations are used in extension education due to their ease of
implementation, low costs, and minimal time commitment (Lamm et al., 2013). For that reason,
pre and post test evaluations are also implemented in the food industry to indicate knowledge
gain and behavior intention for frontline employees (Cotter et al., 2023; Insafran-Rivarola et al.,
2020; Young et al., 2020). However, if the target audience has limited reading and writing

abilities, pre and post tests may not be the best evaluation tool to assess knowledge. The pre and
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post test scores indicated that the training was effective in increasing participant knowledge in
food safety for both English and Spanish-speaking populations. This supports current research
that has found training as an effective method to supporting worker food safety knowledge
(Acosta et al., 2025; Ledo et al., 2021; Husain et al., 2016; Adesokan et al., 2015; Nieto-
Montenegro et al., 2008). Of note, however, is the English-speaking group generally scored
higher than the Spanish-speaking group in both pre and post test scores. This indicates that
English-speaking participants had a stronger understanding of food safety prior to attending the
training program.

While Spanish-speaking populations saw an increase in post test scores, their average
scores were still below 65%. Studies have found a growing population of Spanish-speaking
migrant workers both in the produce and meat industries (Kandel, 2006; Nieto-Montenegro et al.,
2006). These workers may also come from low income and low educational level backgrounds
where considerations must be made to best communicate information to the participants.
PowerPoint presentations or curricula heavy with words may not be the best means of teaching.
Written pre and post tests may also not be the most appropriate means of evaluating knowledge
for this population. Therefore, educators must use alternative methods for evaluation and
curriculum that are more appropriate for lower literacy level. This can include curricula that
utilize pictures with limited words or oral assessments. Previous studies have indicated
incorporating illustrations into curricula can be effective in increasing food safety knowledge for
employees with lower literacy levels (Acosta et al., 2025). Additionally, language barriers must
be considered for this population. Aside from curricula needing to be translated into basic
Spanish, curricula should match the specific language used in the industry (Long, 2017). While

this curriculum was evaluated by Spanish speakers familiar with the food manufacturing
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industry, continuing evaluation is needed. Therefore, despite increasing knowledge in food
safety, this curriculum alone was not enough to bridge the needs gaps for the target audience to
knowledge levels competent with their job responsibilities.

Post test questions from two modules produced the lowest correct response rate scores
which included Module 5 (Cross Contamination and Hygienic Zoning) and Module 6 (Cleaning
and Sanitizing). More research is needed to understand the cause of the low scores. According to
the steps outlined in educational program design, if an objective is not met in the evaluation
phase, the program leaders must revisit the planning phase (Boone et al., 2002). The planning
phase identifies and characterizes the target audience as well as the gap between their current
skill and knowledge set and the ideal level they need to perform. The planning phase indicates
the learning objective either is not applicable to the target population or the methods used to
communicate the information were not appropriate. With the assumption that the learning
objectives are accurate to frontline employees because they align with regulatory requirements
and third-party auditing schemes, the low correct response rates for these modules indicate the
curriculum may need to be reevaluated to improve delivery of the information to employees.
However, understanding the target audience can also point to the evaluation tool itself as the
issue. It is possible that the learning was accomplished, however, the questions themselves may
not have been clear and were difficult for the participants to answer, especially when taking into
consideration the literacy levels of the target audience. Reevaluation of the pre and post test tool
may be needed.

Positive participant attitudes can be good indicators of intention and motivation for
participants to commit knowledge change to action. Many educational models outline the impact

motivations have on learning and behavior change. Established assumptions for adult learners
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directly reference motivations as necessary conditions that must be satisfied for adults to learn
(Knowles et al., 1998). The TPB model identifies participant beliefs, attitudes, and intentions as
contributing to behavior (Glanz & Rimmer, 2005). Similarly, HAM builds on this idea and
identifies not only internal factors but also adds external motivators such as management support
and resource availability (Nieto-Montenegro et al., 2006; Rennie, 1995). This study indicated
that participants increased their awareness of food safety and understood the importance of their
roles. Additionally, all companies reported behavior change in employees, including improved
handwashing practices, jewelry usage, and following company policy surrounding bringing
personal belongings to the production areas. This aligns with the educational theories that state
motivations and attitudes influence behavior change. Other studies have also found that training
is effective in influencing employee behavior (Malavi et al., 2021; Husain et al., 2016; Adesokan
et al., 2015; Soon & Baines, 2012; Nieto-Montenegro et al., 2008), however, unlike this study,
these do not capture information on employee motivations and intentions, which according to
educational theory could also be indicators of behavior change and retention of those actions.
According to the KAP model, participant knowledge influences attitudes which can then inform
practices (Kwol et al., 2020). Results from this study found participant attitude and behavior
change, however, Spanish-speaking populations had generally lower knowledge scores. It is
possible that knowledge change did occur but was not captured by the testing method. This
further supports the idea that the use of written pre and post tests was not appropriate for the
target audience.

However, a company found employees expressed behavior change that regressed with
time after the training. This indicates this curriculum alone may not be enough to ensure

consistency with employee behavior. The company should routinely reinforce training concepts
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to support habitual behaviors and long-term knowledge retention (Vaughn et al., 2016; Rawson
et al., 2013; Pragle et al., 2007). Future research can focus on developing and evaluating
refresher training based on the curriculum created. These can be presented to participants in the
form of microlearning. Microlearning can be an impactful form of refresher training because it
breaks up larger curricula or concepts into smaller learning sessions that cover a single topic
(Maddox, 2018). A study by Hesse et al. (2019) has shown that microlearning is effective in
reinforcing knowledge, beliefs, and skills in dairy personnel. Furthermore, the use of
microlearning can ease the time burden that training places in the industry (Dolasinski &
Reynolds, 2020).

Companies reported their employees supporting their peers and correcting behaviors
within the group. Jespersen and Wallace (2017) identified people systems as one of five
dimensions that characterize a company’s food safety culture. Food safety culture is the
collective beliefs, attitudes, and values of a company that influence action (Griffith et al., 2010).
Within people systems, key words such as involvement, communication, and behavior were used
to describe a company’s maturity in that dimension. Employees being proactive in supporting
and contributing to food safety culture describe these companies as having a higher maturity
within the people systems dimension (Jespersen et al., 2016). Therefore, it can be assumed that
the training not only increased employee knowledge and behavior change but also contributed to
the overall food safety culture within those companies.

3.5 Limitations

While this work provides an example of a standardized training, it does have limitations.

Level three (behavior) results relied on managers and supervisors self-reporting employee

practices. This method was chosen due to resource and time limitations but inherently has bias.
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Factors affecting reliability of self-reporting include the recall period, selective recall, social
desirability, or the interview situation (Fadnes et al., 2009). For example, it is possible the
participants misremembered information or selectively remembered only positive outcomes of
the training because they were impactful. Additionally, the personnel leading the interviews were
the same personnel involved with implementing the training. It is possible the participants
reported positive outcomes to appease the interviewers and appear favorable. Instead, future
evaluations should introduce other methods of evaluation such as employee observation of
specific behaviors, such as handwashing or proper personal protective equipment (PPE)
gowning, pre and post intervention. Additionally, according to the Kirkpatrick model, level four
(impact) should be evaluated to understand how the training influenced not just the employees
but also the company. The study lacked time and resources to make additional evaluations. While
some of the results could be used to begin assessing company culture, future research can focus
on evaluating if the training program had an impact on company audit and inspection results,
recall or customer complaint history, or sales and other economic indicators.
3.6 Conclusion

The goal of this study was to systematically develop a food safety training program for
frontline food manufacturing employees following the three stages of program planning as
outlined in extension education: planning, design and implementation, and evaluation. The
planning stage identified the necessary training content as stated by regulatory and third-party
auditing requirements as well as a needs assessment with the industry and regulatory personnel.
The resulting curriculum, therefore, can help companies across the manufacturing industry meet
regulatory and third party auditing requirements. The curriculum framework from this study can

be used to develop additional training resources for the industry. This can include refresher
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learning, online resources, and training resources for companies to implement their own
programs. Training workshops were conducted and results indicated that the program met
participants’ satisfaction, increased participant knowledge in food safety, and contributed to
behavior change. While the program increased participant knowledge, it is important to note that
English-speaking populations scored higher overall than Spanish-speaking populations. This
highlights the need for food safety educators to better adapt training to meet the needs across
demographic groups and explore appropriate methods of measuring knowledge, particularly for
the growing number of Spanish-speaking frontline employees. Additionally, interviews with
managers highlighted the ability of the training to increase employee awareness of food safety
and motivation to comply with food safety policy. This was paired with reports of employees
better adhering to company policies surrounding personnel practices. Managers noted employees
took greater responsibility for their roles and actions, thus potentially contributing to a positive

food safety culture.
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Table 3.1: Food safety training topics as identified by a needs assessment conducted with food

industry professionals and regulators

Training Topic

Personnel practices

Documentation

Sanitation

HACCP/hazard control

SOP compliance

Pest control

Cross-contact and cross-contamination
Labelling

Equipment maintenance

Warehouse/receiving/shipping
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Table 3.2: Proposed framework for a food safety training curriculum with module and learning objectives

Module Content Learning Objective KAP*  Reference
Ml Foundations of Food 1.1 Define the three food safety hazards: K FDA Training Guidance**
Safety biological, chemical, and physical.
1.2 Recognize the public health burden of food A
safety hazards.
1.3 Identify the three sources of food safety K
hazards in food processing: people,
ingredients, and environment.
M2 Employee Health and 2.1 Recognize the consequences of working when A FDA Training Guidance
Hygiene sick and the adverse impact on food safety. 21 CFR 117.10
2.2 Apply federal and state guidelines when P SQF Food Safety Code: Food
washing hands. Manufacturing Ed 10 Part B 11.3
2.3 Identify the different types of personal K BRCGS Ed 9 Part 7
protective equipment (PPE) and how to wear
them properly.
2.4 Explain why handwashing and use of PPE are K
effective means of minimizing the risk of
introducing hazards.
M3 Pest Control 3.1 Name common pests in food facilities. K 21 CFR 117.35 (¢)

3.2 Identify potential points of entry and
harborage sites for pests.

K SQF Food Safety Code: Food
Manufacturing Ed 10 Part B
11.1.5

3.3 Apply different measures to prevent pest
infestation.

BRCGS Ed 9 Part 4.14
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Table 3.2 (continued)

M4 Cross Contamination 4.1 Define cross contamination. FDA Training Guidance
and Hygienic Zoning 21 CFR 117.20
SQF Food Safety Code: Food
4.2 Define and identify the different hygienic Manufacturing Ed 10 Part B
. ) 7 11.4;11.7
zones in a food manufacturing facility.
— . BRCGS Ed 9 Part 4.3; 4.4; 4.6; 8
4.3 Apply hygienic zoning to prevent cross
contamination in a food manufacturing
setting.
M5 Cleaning and 5.1 Describe the difference between cleaning and FDA Training Guidance
Sanitation sanitizing. 21 CFR 117.35: 117.37
5.2 Identify food and non-food contact surfaces. SQF Food Safety Code: Food
Manufacturing Ed 10 Part B
, . 11.2.5; 11.8
5.3 Identify the five steps of the cleaning and
sanitizing process. BRCGS Ed 9 Part 4.11; 4.12
M6 Allergen Control 6.1 Identify the nine major most common FDA Training Guidance
allergens. 21 CFR 117.20
6.2 Define allergen cross-contact. SQF Food Safety Code: Food
6.3 Apply methods of segregation manage Manufacturing Ed 10 Part B 2.8
allergen cross-contact in a food manufacturing BRCGS Ed 9 Part 5.2; 5.3
setting.
6.4 Identify key features on labels for allergen
identification.
M7 Process Controls 7.1 Define critical control point. FDA Training Guidance
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Table 3.2 (continued)

7.2 Describe the acronym FATTOM (food, acid,
time, temperature, oxygen, and moisture) in
relation to controlling biological hazards.

7.3 Identify different processing measures used to
control food safety hazards.

21 CFR 117.80

SQF Food Safety Code: Food
Manufacturing Ed 10 Part B
11.7.3; 11.7.4

BRCGS Ed 9 Part 4.9; 4.10

M8 Document Control 8.1 Describe the importance of documentation. SQF Food Safety Code: Food
— Manufacturing Ed 10 Part B 2.2
8.2 Identify important features of a document or
log and how to edit them. BRCGS Ed 9 Part 3.2
8.3 Describe what to do in case of a deviation
from standard processes.
M9 Food Fraud and 9.1 Define food fraud and food defense. SQF Food Safety Code: Food
Defense Manufacturing Ed 10 Part B 2.7

9.2 Describe the differences between food fraud
and food defense.

9.3 Apply the acronym FIRST in identifying
methods to protect product from intentional
harm.

BRCGS Ed 9 Part 4.2

*KAP: Learning objectives identified as impacting knowledge (K), attitude (A), or practices (P)
** Employee Food Safety Training Guidance Document, based on the 2017 FDA Food Code
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Table 3.3: Questions for an evaluation survey to measure participant satisfaction in training.

Question Evaluation

Survey Questions

Number Category

Ql Content I feel that what I learned in today’s training is essential for my
Relevance job.

Q2 Facilitator I was comfortable with the pace of the program.
Delivery

Q3 Facilitator The information and content was easy to understand.
Delivery

Q4 Facilitator Style I was well engaged during the session.

Q5 Program The training activities were helpful to me when learning the
Evaluation food safety material.

Q6 Aspiration I intend to use what I learned today in my work.

Q7 Attitudes Toward Frontline employees play an important role in food safety.
Food Safety

Q8 Attitudes Toward The company I work for values food safety.

Food Safety
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Table 3.4: Sample interview questions for management measuring behavior change.

Evaluation

Category Questions

Company Food Does your company have a routine food safety training program for your
Safety Culture  frontline workers?

Company Food How often do you have to coach or correct employee behavior? What
Safety Culture  behaviors are you having to correct?

Company Food = When correcting employee behavior, what is the reason for their deviation?
Safety Culture  (ex: mistake, intentional, unable to accomplish job)

Program Impact

Program
Evaluation
Employee
Attitudes
Employee
Behavior
Employee
Behavior

How has your company benefitted (or not) from the training? Do you feel
the training was worthwhile? Please explain.

Do you have any suggestions to improve the training?
Have your employee’s attitudes towards food safety changed? If so, how?

Have any behaviors improved (or changed) in the facility since the training?

Are your employees more involved in the decision-making process with
regards to food safety? Have they made any suggestions to improve your
current processes? If so, what were they?

Table 3.5: Participant pre and post test scores based on language taken.

Pre-Test Score Post-Test Score Ap
Overall (N = 104) 64.73+ 18.12 74.10+ 17.81 9.34 +1.35*%
English (n = 63) 74.06 + 12.41 82.68 £ 11.54 8.62 +1.23*
Spanish (n = 41) 50.39 £ 16.11 60.90 + 17.78 10.51 +£2.87*

*indicates a statistically significant difference at p<0.01
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Table 3.6: Correct response rate of post test questions based on module

Question Module Question Correct
Number Response Rate
Ql Foundations of Food =~ What are the three food safety hazards?  95.19%
Safety
Q2 Foundations of Food =~ What are the three sources of food 74.04%
Safety safety hazards in food processing?
Q3 Employee Health and How long should employees lather their 97.11%
Hygiene hands when washing?
Q4 Employee Health and Handwashing and wearing PPE can 96.15%
Hygiene prevent biological hazards from being
introduced to food.
Q5 Pest Control Which of the following are possible 69.23%
areas where pests can hide?
Q6 Cross Contamination ~ What is NOT a hygienic zone? 12.50%
and Hygienic Zoning
Q7 Cross Contamination ~ Cross contamination occurs when 68.27%
and Hygienic Zoning is transferred from one
surface to another.
Q8 Cleaning and Cleaning is the process of killing 40.38%
Sanitizing pathogenic bacteria from a surface.
Q9 Cleaning and What are the five steps of cleaning and  65.38%
Sanitizing sanitizing?
QI10* Allergen Control Allergen cross-contact is defined as 66.67%
QI1* Allergen Control Allergens must be clearly declared 88.89%
using their common name on a
packaging label.
QI12%* Process Controls Cooking to a specific temperature is a 94.44%
processing step used to control
biological hazards in food.
QI13* Process Controls Which of the following are NOT 88.89%
included in the acronym FATTOM?
Q14 Document Control What information is required on 85.58%
documentation?
Ql5 Food Fraud and If I see a person I do not recognize in 96.15%
Defense the facility, I must inform management.

*n=64 corresponding modules were not taught at two private workshops due to content not being

applicable to company processes. Participants were instructed not to answer these questions
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Figure 3.1: Program evaluation plan using Kirkpatrick’s Training Evaluation Model.
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Figure 3.2: Participant reactions to food safety training program
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Appendix A: A survey tool for food manufacturers

Qualified Individual Training Survey

This anonymous survey includes questions about your company or organization’s food
safety training needs. Through a better understanding of training needs, the NC State
University extension team will be better prepared to develop a relevant training program
that benefits companies. This survey includes nine questions and will take approximately
10-15 minutes to complete. Questions will include general information about your
company, your role, and your insight to training needs and behavior gaps related to food
safety. Completing this survey is voluntary and you can stop at any time by exiting the
Qualtrics program. Participants can save their responses and continue at a later time. If
you have any questions about the survey, please contact Kate Nicholas, researcher, at
katenicholas@ncsu.edu and (919) 513-2795. You can also contact the faculty advisor for
this research, Lynette Johnston at lynette_johnston@ncsu.edu and (919) 515-0303. If you
have questions about your rights as a participant or are concerned with your treatment
throughout the research process, please contact the NC State University IRB Director at
IRB-Director@ncsu.edu, 919-515-8754, or fill out a confidential form online at
https://research.ncsu.edu/administration/compliance/research-compliance/irb/irb-forms-
and-templates/participant-concern-and-complaint-form/. You must be 18 years of age or
older and reside in the United States to participate in this study. If you agree to complete
this survey, please click the red arrow below to start the survey.
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Thank you for taking the time to complete this short, anonymous survey for NC State's
Food Safety Extension Lab. We are creating food safety training materials for frontline
employees and operators to assist with regulatory and third-party certification compliance.
For the purpose of this project, a frontline employee or operator will include FT, PT and
temp staff who are involved in the manufacturing, processing, packing, or holding of food.
You will be able to leave the survey and return to complete at a later time. All responses will
be anonymous without names, company information or IP data collected.

What industry category aligns with your company's operation?

Bakery (1)

Dairy (2)

Meat & Poultry (3)

Produce (4)

Seafood (5)

Warehousing and Distribution (6)

Other: (7)
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How many employees does your company employ?

Lessthan5 (1)

5-14 (2)

15-29 (3)

30-74 (4)

75+ (5)

Does your company participate in 3rd party audits? (e.g., SQF, BRC, etc.)

Yes (1)

No (2)

In the future (3)
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How is your company currently conducting basic food safety training for frontline
employees or operators? (May select multiple options)

In-person training conducted by Management (1)

In-person training conducted by a 3rd party (consultant or company such as
Alchemy) (2)

Training is conducted 100% online (3)

Training is conducted via on-the-job experiences only (hon-classroom
training) (4)

Other, please explain: (5)

Below are some of the top inspection citations related to the safe manufacturing,
processing, packing, or holding of foods. Please rank (click and drag) the citations in order
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of most to least importance in relation to your company's training needs. Examples listed in
parenthesis. (Source: FDA's Compliance Dashboard data for 2022).

Lack of pest control (Understanding of pests and how they enter) (1)

Inadequate processing controls for reducing food safety risks (Not monitoring and
documenting correctly) (2)
__ lLackof personnel practices (Lack of proper PPE & adhering to sick policy) (3)

Inadequate knowledge of equipment design and maintenance (How to properly care
for equipment) (4)

Inadequate plant sanitation operations (Not cleaning well enough) (5)

Food contact surface sanitation at inadequate frequency (Not cleaning frequently
enough) (6)

Poor storage and distribution conditions (Receiving, Warehousing, and
Transportation) (7)

Lack of employee training (Training and Record Keeping) (8)

Inadequate or unsafe cleaning and sanitizing substances (Using chemicals
incorrectly) (9)

What food safety topic(s) does your company constantly have to reinforce with frontline
employees or operators? In other words, what food safety topics do you find yourself
repetitively correcting? (You may list more than one.)
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An objective of this project is to improve accessible routes of food safety training to meet
regulatory and 3rd party auditing requirements. Please note the likelihood of your company
participating in the following training formats:

Neither likely

Extremely Somewhat nor unlikely Somewhat Extremely
unlikely (1) unlikely (2) 3) likely (4) likely (5)
Send frontline
employees
and operators
to a4-hour

workshop at a
local County
Extension
Office (1)

Hostan NC
State
Extension
training team
at your facility
for a 4-hour
training
(minimum
capacity
required). (2)

Participate in
a Train-the-
Trainer
session, so
leadership
can return to
company and
self-train
frontline
employees
and operators

(3)
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Identify supplemental training modes your company would use to reinforce training. (May

select multiple options)
Routine huddle trainings (1)
Training topics as posters & infographs to post around facility (2)
Training materials provided in both English & Spanish languages (3)

Multi-media presentations for breakroom/common areas (e.g., videos) (4)

Beyond Spanish, does your company have a need to translate this curriculum into other
languages? If so, what languages?

This project received support from The Golden LEAF Foundation.
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Appendix B: A survey tool for food regulators

Qualified Individual Training Survey -
Regulators

You are being asked to complete an anonymous survey for research purposes. The survey
includes questions about training needs and gaps among food processors. Through a
better understanding of gaps and training needs among food processors, the NC State
University extension team will be better prepared to develop a relevant training program
that benefits companies and ultimately improves the safety of the food supply. This survey
will take roughly 10 to 15 minutes to complete. You must be 18 years of age or older and
reside in the United States to participate in this study. For this study, you will answer ten
questions. The questions will include general information about your role and insight to
training needs and behavior gaps related to food safety. Completing this survey is voluntary
and you can stop at any time by exiting the Qualtrics program. Participants can save their
responses and continue at a later time. If you have any questions about the research or
how itis implemented, please contact Kate Nicholas, researcher, at
katenicholas@ncsu.edu and (919) 513-2795. You can also contact the faculty advisor for
this research, Lynette Johnston at lynette_johnston@ncsu.edu and (919) 515-0303. If you
have questions about your rights as a participant or are concerned with your treatment
throughout the research process, please contact the NC State University IRB Director at
IRB-Director@ncsu.edu, 919-515-8754, or fill out a confidential form online at
https://research.ncsu.edu/administration/compliance/research-compliance/irb/irb-forms-
and-templates/participant-concern-and-complaint-form/ If you consent to complete this
survey, please click the red arrow below to start the survey.
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Thank you for taking the time to complete this short, anonymous survey for NC State's
Food Safety Extension Lab. Your diverse knowledge of real-world practices and
implementation will provide insight into food manufacturers' needs across North Carolina.
We are creating training materials for frontline employees or operators to fulfill the
requirement of employees being 'qualified individuals' for their workplace. For the purpose
of this program, a frontline employee or operator will include FT, PT and temp staff who are
involved in the manufacturing, processing, packing, or holding of food. This survey is only
10 questions long and should take less than 10 minutes to complete. You will be able to
leave the survey and return to complete at a later time. Allresponses will be anonymous
without names, email, or IP data collected.

Please identify your regulatory affiliation.

NCDA&CS Food and Drug (1)

NCDA&CS Meat & Poultry Inspection Division (2)
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How long have you been inspecting food manufacturing, processing, packing, or holding
facilities?

Less than 1 year (1)

1-3years (2)

4 - 5years (3)

6 - 10years (4)

More than 10 years (5)

How many inspections do you conduct in an average week?

1-2inspections (1)

3-5inspections (2)

5 +inspections (3)
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Below are some of the top federal inspection citations related to the safe manufacturing,
processing, packing, or holding of foods. Please rank the citations (click and drag) in order
of most to least importance in relation to training needs in inspected facilities.

Lack of pest control (1)

Inadequate processing controls for reducing food safety risks (2)
Lacking personnel practices (3)

Inadequate knowledge of equipment design and maintenance (4)
Inadequate plant sanitation operations (5)

Food contact surface sanitation at inadequate frequency (6)
Poor storage and distribution conditions (7)

Lack of employee training (8)

Inadequate or unsafe cleaning and sanitizing substances (9)

In addition to topics in the question above, are there additional food safety topics you
expect a frontline employee or qualified individual to know?

What food safety problems do you see in repetition when visiting firms? Consider topics
that firms are having trouble addressing/correcting or topics that firms are refusing to
address.
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Assess food safety training needs within the following departments of food manufacturers.

Not needed Slightly Neutral need Large need Greatly
atall (1) needed (2) (3) (4) needed (5)

Purchasing &
Receiving (1)

Production (2)

Sanitation (3)

Warehousing
& Distribution
(4)

Management
(5)

How do you assess if a company's food safety training is adequate? What do you look for to
ensure the training's implementation is keeping food safe?

How often do you encounter a manufacturing or processing firm that has inadequate food

safety training?
Weekly (1)
Monthly (2)

Almost never (3)
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When interacting with a firm that has inadequate food safety training, what barriers to
training does the firm commonly encounter? (May select as many as applicable)

Lack of time to train employees (1)

Not knowing that food safety training is a regulatory requirement (2)

A lack of commitment to food safety (lacking a positive food safety culture)

Management does not hold food safety knowldge needed to train others (4)

Other: (5)

This project received support from The Golden LEAF Foundation.
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Appendix C: A frontline employee handbook for a food safety training program

Food Safety Gui dc¢

An Employee's Manual for Proper Food Handling,
Compliance, and Hazard Prevention

LEAF

FOUNDATION

This project received financial support from the Golden Leaf Foundation.
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Copyright © 2025 All rights reserved.
No part of this publication may be copied, reproduced in any format, by any means,

electronic or otherwise, without prior consent from the copyright owner and publisher
of this publication.
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® Getting Started

Introduction

The employeeds role in food production and
food to consumers. The food supply chain is made up of a complex series of steps

from production, harvesting, processing, packaging, distribution, and retail. Food
manufacturing is the process of adding value to food. Whether it is fresh tomatoes or

canned tomato sauce, the food must be handled and processed in a way to keep it

safe to eat. Much of our processed food is handled by multiple employees before it

reaches the consumer. Every step, from production to distribution, is important and

relies on safe handling by employees.

The basic food supply chain starts with raw materials from the farm or ranch,
processed at the manufacturing plant, and then delivered to the grocery stores or
distribution centers before it makes its way to the consumer.

B ®& &

73 7 7

NN,

Farm Manufacturer Distributor Consumer

Figure A: Food Supply Chain
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One of the most important roles of the manufacturer is to make sure food products
are safe for consumption. The basic steps of food manufacturing are 1) receiving raw
materials; 2) processing; 3) packaging; and 4) shipping or distribution.

=W e i

Raw Materials Processing Packaging Shipping

Figure B: Food Manufacturing

Contamination from food safety hazards can occur at any step within the food supply
chain. Employees at each step of the process play a key role in keeping food safe to
eat.

According to the  Center for Disease Control (CDC) , 1 in 6 people experience
foodborne diseases annually in the United States. This is the same as 48 million
Americans per year. Food recalls occur often due to undeclared food allergens. In
addition, there have been large recalls due to physical hazards, s uch as hard plastic
found in processed foods.

1 in 6 Americans Experience Foodborne Diseases Annually

o @ [ @ o @
Figure C: Public Health Burden

The public relies on companies and their employees to produce safe and quality food.
Failure for manufacturers to do so can lead to severe consequences to the public and
possible recalls for the company. As the people directly handling and processing food,
employees at each step have the responsibility to protect the public.
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Foundations of Food Safety

Key Points

Food safety hazards are any biological, chemical, or physical
agents that can cause illness or injury.

Food safety hazards can come from people, ingredients, or the
manufacturing environment.

Every step in the food supply chain, from grower to consumer,
has the responsibility to prevent or minimize the risk of food
safety hazards.

? 9?9

Food Safety Hazards

Understanding where and how hazards occur in food production and processing plays

a key role in preventing them from impacting consumers. Food safety hazards are
agents that can cause illness or injury and include biological, chemical, and physical

agents. These hazards are a concern because failure to control them can make food

unsafe for consumption and lead to foodborne outbreaks and recalls.

Biological hazards include pathogenic bacteria, molds, viruses, and parasites.
Pathogens  are microorganisms that can cause illness. While most microorganisms
are not harmful, there are specific pathogens that are of concern to food such as
Listeria, Salmonella, pathogenic E. coli, and norovirus. The younger, older, pregnant,

and immunocomprom ised ( YOPI ) populations are more susceptible to biological
hazards. In other words, more severe consequences, including death, can occur to
those in the YOPI population

Chemical hazards can be categorized into food -related or nonfood -related
compounds. These can either be inherent to the food product or be accidentally added
to the product during the manufacturing process. Examples of chemical hazards
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include allergens, pesticides, or sanitation chemicals. People with food allergies may
experience symptoms such as itchiness, skin rashes, hives, or anaphylactic shock.
Other chemical hazards can cause excessive vomiting, and in worst case scenarios,
lead to organ failure, cancer, and death.

Physical hazards
materials that can cause choking, cracked teeth, or internal injuries when ingested.

Figure la:

——/

Types of Hazards

include foreign objects in foods like wood, plastic, metal, or other

Biological
Bacteria, yeast, viruses, and
other pathogenic microorganisms

Chemical
Food related or non -food related
compounds

Physical

Wood, plastic, metal, or other
materials that can cause hazards
or injury

These hazards are introduced to the manufacturing process through three main
sources: people, ingredients, and environment

Sources of Hazards

Figure 1b:

Ingredients

Environment

Food Safety Hazard Sources
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Hazards from people typically include bacteria and viruses. These hazards that occur
in foods are often the result of improper hygiene. For example, not washing hands,
wearing dirty clothes, or handling food while sick can contaminate foods.

Ingredients entering a facility can be sources of food safety hazards. For example,
raw chicken or fresh produce that is contaminated during the raising or growing of
commodities on a farm can introduce biological hazards into a facility. Roasted
peanuts i n a chocolate manufacturing facility introduces a chemical hazard as an
allergen. Improper storage and temperature abuse may increase the risk of biological
hazards.

Hazards from the environment can include unsanitary conditions in processing areas
that may lead to contamination of food. For example, the presence of pests or rodents
can contaminate stored food. Another example includes inadequate sanitation of
surfaces that can allow for the buildup of food and bacterial growth over time.

Food safety hazards can include biological, chemical, and physical hazards. Failure to
control these during the manufacturing process can lead to illnesses, injury, and in
worst cases, death. Understanding the sources of these hazards, such as people,
ingr edients, and environment, can help the food industry prevent their occurrence.

Notes

Write down notes, questions, and comments on the lines below.

Summary

This chapter revealed that food safety hazards are biological, chemical, or physical
agents that have the potential to cause injury or illness. These hazards can come
from either people, ingredients, or the environment and must be controlled in order
to pr otect the safety of our customers.

The next chapter focuses on people as hazard sources along with how to implement
and minimize the risk of introducing hazards through personal hygiene.
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Employee Health and
Hygiene

Key Points

People can be carriers of harmful bacteria and viruses that may
contaminate food during handling.

Employees must not work with or around food products when
sick.

Keep personal belongings, such as jewelry and electronics, out
of the food manufacturing areas.

Proper handwashing is important to prevent contamination of
food by employees.

Personal protective equipment (PPE) provides a barrier to
protect food from hazards, but is not a replacement for proper
handwashing.

929979

Sources of food safety hazards include people, ingredients, and the environment. As

the people working directly with the food products, employees play a key role in
maintaining food safety. As a result, they have to be aware of how they interact with
products to ensure they do not introduce these hazards.
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Personal Health

People can be carriers of disease and spread harmful bacteria and viruses to the food
they handle. This can lead to foodborne illness outbreaks. Therefore, sick employees

must not handle food.

Employees must report to their manager or supervisor if they are experiencing:

Vomiting

Fever

Diarrhea

Jaundice

Sore throat

Infected, uncovered wounds

= =4 —a —a -8 -9

Unhygienic personal practices, for example not washing hands, can increase the

spread of disease throughout a facility and to other employees.

Personal Cleanliness

It is important for employees to report to work with clean clothing and adhere to
jewelry and fingernail policies. Not only can jewelry fall into products, they may also
prevent thorough hand washing. Crevices in jewelry can harbor bacteria and viruses
thu s making it difficult to clean and may also be a point of contamination.

Employees should leave personal belongings in designated spaces and not in the
production areas. Bringing personal belongings such as phones, medication, or food
into production areas can unintentionally introduce hazards to the food environment.

Nails Fingernails should be

' natural, kept short,
: Q and without nail polish

Electronics Avoid cell phones,

D earbuds, watches, and
ik smart devices
Medication Medications should be
T kept in locker or
;' designated personal
areas

Figure 2a: Avoid in the Food Environment

Jewelry Avoid jewelry,

A R accessories, and
ok J/ 2 buttons that can fall
— into product
Behavior Eating, drinking,

| ‘ smoking, and vaping

o

should only occur in
designated areas

Employee food should

be kept in designated
break room areas - not
in lockers
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Handwashing

Handwashing is an effective means of controlling contamination if conducted properly
and frequently. All employees should follow the Center for Disease Control and

Prevention (CDC) guidance for

Wet hands

Scrub palms,
fingers, thumbs,

handwashing.

Use soap

Rinse with clean
water

nails, and wrists
vigorously for 20
seconds

Use towel to turn
faucet off

Dry hands

Figure 2b: The 6 Handwashing Steps

Handwashing is important throughout the day. Hands touch many different surfaces
and can be a major source of contamination.

Employees must wash hands:

After using the restroom

When entering the production area

Returning from a break or the bathroom

After their hands become contaminated (for example, handling raw meat, or
handling trash)

1 After sneezing, coughing, blowing nose

=A =4 4 =4

Consider how employees interact with different objects and surfaces during an 8 or
10 hour shift. The danger is not just interacting with contaminated surfaces, but
spreading that contamination to other objects. Therefore, hand washing is important
not jus t at the beginning of a shift but frequently throughout the day!
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Personal Protective Equipment (PPE)

The use of PPE in the food industry is important for both food safety and employee

safety.  Personal protective equipment (PPE) is intended to prevent
contamination from employees to the food product. This includes hair and
contamination from street clothes. PPE is also meant to protect employees from
processes they are conducting (.i.e., using chemical sanitizers).

Examples of PPE that can directly impact the sanitary quality of food includes gloves,
hairnets, shoe covers, smocks or gowns, and employees must follow company policy
for PPE use, including hairnets and beard nets, gloves, or smocks.

Gloves

Figure 2c: Examples of Proper Use of PPE

Gloves are not a replacement for handwashing. Handling gloves without clean hands
can contaminate them. Hand washing and PPE must be used in tandem to ensure
safe production of food. While PPE can be used to protect food, if not used properly,
it can be a possible route of contamination.

Best practices for glove use include:

1 Wash hands before putting on or changing gloves

1 Change gloves when they are ripped

Change gloves when they are contaminated (for example, touching the floor,
handling raw meat, handling trash)

Change gloves when working with different foods

Throw gloves away after each use

Never wash or reuse disposable gloves

Avoid touching the mouth or face

Change PPE and wash hands whenever they are contaminated

=

=A =4 =4 4 -4
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People can be carriers of disease. As a result, it is important to recognize that
employees have a responsibility to keep food safe for their customers.

Notes

Write down notes, questions, and comments on the lines below.

Summary

This chapter detailed how people are a source of hazards in food production but
behaviors such as good handwashing, use of PPEs, and other general GMPs can help
reduce the risk.

The next chapter addresses the importance of preventing pests from having access
to food manufacturing facilities and other ways to maintain clean working
environments.
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Key Points

929?99

Pest Control

Ll fi’[ \

Pests can carry pathogenic  microorganisms that can spread to
foods. Therefore, preventing pest entry into a facility is very
important.

Employees should look for evidence of pests, such as
droppings, damaged product, dead insects, or insect eggs.

Pest prevention includes reducing pest access to food, water,
and shelter, keeping entrances to the exterior closed, and
ensuring all entry points are properly sealed.

Keep the facility clean and remove waste to avoid attracting
pests.

Pest infestations should only be handled by a licensed
contractor. Employees should focus on prevention of pests in
the facility.

Common Pests

Pests, such as insects, rodents, and birds, can carry pathogenic microorganisms that

can spread to ingredients and packaged foods. Besides biological hazards, pests are
a source of physical hazards by causing damage to ingredients and packaging. Pests

can enter the facilities through open areas or gaps in the walls and entrance or exit

areas. Proper maintenance and repair of manufactu ring facilities is the best way to
prevent pest infestations and contamination within the processing areas.
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Insects Rodents Reptiles Birds

Figure 3a: Types of Pests

Employees should look for pests throughout their shift. This includes looking for
evidence of pest infestations such as rat droppings, insect eggs, torn boxes, damaged
product. This should be reported to a manager or supervisor for further action.

Pest Control and Prevention

Control and prevention of pests is based on four actions: eliminate, close, seal and

monitor. Eliminating entrance points is key to keeping pests from having access to
facilities. Entrances and exits to the building, including doors of loading docks, should

be closed when notin use. Repairs and maintenance of proper seals within the facility
must be made if holes to the exterior are found or if doors cannot be properly closed.

These issues must be  monitored and reported to a manager or supervisor.

Eliminate pest access to Entrances to exterior
food, water, and shelter must remain closed when
to prevent them from not in use.

entering facility.

¢ Monitor
Seal open gaps to the Monitor facility for
facility. Report to evidence of pests before
maintenance or it becomes an issue.
management.

Figure 3b: Pest Prevention

Waste accumulation provides harborage sites for pests. Interior and exterior waste

bins or dumpsters must remain clean and covered. Vegetation, standing water, and
trash around the outside of the facility can also provide harborage points for pests,
making it more likely for them to find access to the interior of the building. The
removal of harborage points where pests can re side will deter them from staying in
or around a facility.

124



w

Processing facility should be kept clean

=

Avoid waste accumulation suurrounding the facility

3%

Remove vegetation from perimeter of facility

Figure 3c: Pest Prevention - Waste Management

If a pest problem becomes an infestation, it should never be handled in -house. They

must be treated by a licensed service provider using approved chemicals and

methods. Therefore, preventative measures are the best means for employees to be
proactive in controlling pests.

Notes

Write down notes, questions, and comments on the lines below.

Summary

This chapter addresses the importance of pest control in food manufacturing facilities
and different methods we can implement to prevent the presence of pests in
production areas.

The next chapter reveals how hygienic zoning, sometimes referred to as the

segregation of different processes, can help minimize the risk of introducing hazards.
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Key Points
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Cross Contamination and
Hygienic Zoning

1] i
3| 2

Cross contamination is the physical movement or transfer of
bacteria and other microorganisms from one person, object,
or place to another.

Cross contamination can come from people handling food,
dirty surfaces, or direct transfer between foods.

Hygienic zoning is the separation of different areas within a
facility that dictates the level of hygiene to be maintained.

Separation by physical barriers, distance, or selective
equipment and utensils is an effective means of preventing
cross contamination.

PPE usage and hygiene procedures must be followed in basic
GMP and high hygiene areas, where food product is handled
and processed.

Cross Contamination

Cross contamination is the physical movement or transfer of bacteria and other
microorganisms from one person, object, or place to another. Allergens can also be
transferred from one surface to another, which is known as cross contact.
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Three important routes must be considered throughout a facility.

People Handling Food Dirty Surfaces Transfer Between Foods

1 Working without T Food can coni M Working without
washing hands can surfaces or s washing hands can
cause bacteria from our all ergens cause bacteria from our
hands to move onto hands to move onto

T Food dropped
product . product
floor i s gar

1 Employees touching shoul d NOT be Y Employees touching
dirty surfaces, including producti on dirty surfaces, including
the floor, can . the floor, can

. . T Utensil s and . .
contaminate their hands contaminate their hands
shoul d not t
and then touch product floor and then touch product
T Receiving tru
be cleaned
hauling food

Figure 4a: Routes of Cross Contamination

When cooking at home, it is common practice to use multiple cutting boards in a

kitchen to reduce the risk of cross contamination. The separation of these actions
and the use of different equipment are behaviors that can also be adapted to a food
manufacturing facility to prevent cross contamination on a larger scale.

Hygienic Zoning

Hygienic zoning is like having separate cutting boards but on a larger scale to prevent
cross contamination. Different areas of a facility that dictates the level of hygiene
that needs to be maintained.

Raw Material Shipping

Processing

Distribution

Product
Receiving

Packaging

Figure 4b: Cutting Boards and Hygienic Zoning
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Food can become contaminated with hazards, such as bacteria, from the
manufacturing environment. These hazards are introduced and move throughout the

facility by people, equipment, ingredients, and air. Hygienic zoning reduces the
spread of hazards across different areas within a facility. It includes the separation

of areas and dictates the level of hygiene that needs to be maintained.

In a food manufacturing facility, hygienic zones include the following areas: non -
manufacturing, transition, basic good manufacturing (GMP), and high hygiene.

1 Non -manufacturing areas include offices, where there is a low food safety
risk to the product. Production does not occur in these areas.

! Transition areas act as barriers between non -manufacturing and
manufacturing areas. These zones are designated for gowning PPE prior to
entering the production plant.

1 Basic good manufacturing practice (GMP) areas are where raw material
and work -in-progress (WIP) products are handled. The product at this point is
still being processed. Basic sanitary and hygiene practices, such as PPE usage
and handwashing, are required in these areas.

1 High hygiene areas include the handling of exposed (unpackaged) ready to
eat products. The foods in these areas require no additional preparation by the
consumer. If the exposed product becomes contaminated, there are no further
steps to remove food safety hazards. For this reason, stricter levels of sanitary
and hygiene practices are applied in these zones. For example, these areas
may only be accessible to certain employees and sanitation procedures are
extremely important in these areas.

The purpose of separate hygienic zones is to control potential hazards within each

area; hygienic zoning also prevents outside hazards from being introduced into higher
risk areas.
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Non - Manufacturing Transition GMP High Hygiene

Area Areas Areas Areas
Offices Receiving Packaging
and Finished
Products

Ingredient Storage

Raw Ingredients Final Product
Breakrooms
General Food
Processing Packaging
Gowning Services
Warehousing
Bathroom and
Facilities Transition Areas Distribution

Employees, food ingredients, and equipment can spread hazards from one area to
another throughout a facility. Product should move from lower risk areas to higher

areas as it is processed. Employees should not move from handling raw materials to
finished pr oducts as they can unintentionally contaminate it from hazards from the

raw materials.

Offices Receiving Packaging

and Finished
‘ Products

Ingredient Storage

Raw Ingredients Final Product
Breakrooms ‘ »
General Food » »
Processing Packaging

Gowning Services

Warehousing

Bathroom and
Facilities Transition Areas Distribution

Figure 4c: Product Workflow
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Non - Manufacturing Transition GMP High Hygiene

Area Areas Areas Areas
Offices Receiving Packaging
and Finished
Products

Ingredient Storac_;e

Raw Ingredients Final Product
Breakrooms
General Food '
Processing Packaging
Gowning Services
Warehousing
Bathroom and
Facilities Transition Areas Distribution

Figure 4d: Employee Workflow

Besides keeping raw products separated from finished products by physical distance,

using separate utensils and equipment is good practice in minimizing cross
contamination. Equipment, utensils, or bins for separate processes can be indicated
by color. Color coding is when specific processes and tools are designated specific
colors for use. While color coding is not required, it is good practice and provides the

visual identification of a possible hazard.

Keeping employees, product, and equipment in designated or segregated areas is a

good practice in keeping hazards controlled within manufacturing facilities and
preventing cross contamination.

Notes

Write down notes, questions, and comments on the lines below.
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Summary

This chapter focused on the concept of hygienic zoning and how segregating different
steps in the manufacturing process can protect food products from biological
hazards.

The next chapter details how cleaning and sanitation is used to remove the presence
of hazards in the environment.
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Cleaning and Sanitizing

Key Points

Cleaning and sanitizing are important to reduce the likelihood
of contamination of food from surfaces.

Food contact surfaces are  any surfaces that directly come into
m contact with product and primary packaging. These surfaces
must be routinely clean and sanitized.

is the reduction of microorganisms on a surface. Both are

c Cleaning is the removal of visible debris on surfaces. Sanitizing
important to ensure a sanitary surface.

Chemicals used in the cleaning and sanitizing processes must
m be wused according to manufactu
optimal sanitation procedures.

Throughout a production day, food and microorganisms can build up on surfaces and
may become difficult to remove in the absence of sanitation procedures. Regular
cleaning can also prevent accumulation of waste in the environment that can attract
pests. Ade quate cleaning and sanitizing procedures are essential to ensuring we
maintain proper environments to produce safe food.
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Food and Non -Food Contact Surfaces

Food contact surfaces are those surfaces that directly contact food. Equipment,
utensils, and primary packaging are examples of food contact surfaces. These
surfaces can directly impact the safety of the product and must be routinely cleaned
and sanitized.

Non -food contact surfaces are surfaces that do not come into contact with product,
however, they may be in the vicinity of the product. While these surfaces may not
touch the food, cross contamination can occur. Therefore, sanitation procedures must

be performed.

Image: Example of equipment with food and non -food contact surfaces

The Cleaning and Sanitizing Process

Cleaning and sanitizing is a process used to remove organic material, residues,

and microorganisms from the environment. Cleaning is the use of detergents to

remove visible debris from a surface, but does not necessarily kill microorganisms.
Sanitizing is the step used to reduce the number of microorganisms on a surface.

Sanitizing is most effective when the vis ible debris and organic material (i.e., food

particles) are removed from the surface first. Both are needed to ensure the total
cleanliness of a surface.
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Both actions are
done sequentially,
and are needed to

ensure the total

: cleanliness of a A
Cleaning surface. Sanitizing

Used to kill
microorganisms from a
surface and is most
effective when a
surface is properly
cleaned

Removal of visible
debris from a surface,
but does not include
the killing of
microorganisms

Figure 5a: Cleaning and Sanitizing

There are five basic steps to cleaning and sanitizing: debris removal, pre -rinse,
cleaning with a detergent, post -rinse, and application of sanitizer.

Step 1: Step 2: Step 3: Step 5:
Remove Debris Pre-Rinse Clean Sanitize

Remove large Use potable Scrub surfaces Use potable Follow sanitizer

debris from water to remove  and follow water to wash off manufacturing

surfaces smaller debris detergent detergent guidelines for
stuck on manufacturing chemical
surfaces and guidelines concentration
prepare the and how long
surface for sanitizer must
detergent stay on surface
application

Figure 5b: The 5 Steps of the Cleaning and Sanitizing Process
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All cleaning and sanitizing chemicals must be used in accordance with the
manufacturer label and instructions. This includes proper time, action, concentration,
and temperature (  TACT ). Time refers to the duration the chemical stays in contact

with the surface. Action is any physical force, such as scrubbing, that is recommended

to be used along with the chemical to remove food or soil residue. Concentration is

the amount of chemical used and must be monitored if facilities manually dilute or

mix chemicals. Refer to the label for optimum temperatures when using detergents

and sanitizers.

Concentration Temperature

Figure 5¢c: TACT

Verification is important to ensure that processes are being followed as intended.
While bacteria reduction cannot be seen by the naked eye, visual inspection is an
important verification that proper sanitation has occurred. Some facilities may
conduct swa bbing procedures to assess organic residue or bacteria presence after
sanitation as additional verification steps.

When completed properly, cleaning and sanitizing are key procedures to ensure an
adequate environment for producing food. By minimizing the build  -up of food debris
and microorganisms in the environment, food safety hazards can be controlled and
prevented from coming into contact with food products.

Notes

Write down notes, questions, and comments on the lines below.
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Summary

In this chapter, information distinguishing between cleaning and sanitizing and why

both are important in ensuring biological hazards do not persist on the surfaces we

work with was presented. Both food contact and non -food contact surfaces must be
cleaned at appropriate frequencies. The steps for cleaning and sanitizing include dry
cleaning, pre -rinse, detergent application, post -rinse, and sanitizer application.

The next chapter addresses how the concepts of hygienic zoning and sanitation can
also apply to allergen control as well as other practices used to minimize the risk of
allergen cross -contact.
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Key Points
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Allergen Control

There are nine major food allergens regulated by the Food
and Drug Administration (FDA) milk, eggs, fish, shellfish,
soy, wheat, peanuts, tree nuts, and sesame.

Allergen cross -contact is the unintentional incorporation of an
allergen into a food.

Allergens cannot be removed from the product once cross -
contact has occurred.

Allergen cross -contact can come from people handling food,
dirty surfaces, or direct transfer between foods.

Separation by physical barriers, distance, processing schedule,
or selective equipment and utensils is an effective means of
preventing cross -contact. Sanitation can also be used to
remove allergen residue from a surface.

Labels must clearly declare food allergens in the product.
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Allergens

While allergens do not affect everyone, they can cause serious reactions such as
rashes, hives, swelling, stomach pain, or difficulty breathing, to name a few. Food
facilities that handle any of the nine food allergens regulated by the FDA must
implement ¢ ontrol measures to: 1) reduce the risk of cross  -contact; and 2) ensure
proper allergen labeling.

What allergens does your company work with ? Indicate allergens present in
your facility by circling the image(s) from the Major 9 Allergens  diagram.

> \ Milk Crustacean | Wheat
Shellfish A i\
- .

’ fm'w Eggs Tree Nuts Soybeans

AN

- g _/

Fish Peanuts Sesame

Figure 6a: Major 9 Allergens
Prevention of Allergen Cross - Contact
Allergen cross -contact is the physical movement or transfer of allergens from one
person, object, or place to another. The risk of cross -contact can be prevented or
minimized by physical separation of allergens and through proper sanitation.
Allergens cannot be removed from the product once cross -contact has occurred,

therefore the focus of allergen control should be preventative measures.

Physical Separation

Similar to using hygienic zoning to control cross contamination, separation is often
used as a means to prevent allergen cross -contact in food manufacturing facilities.
Programs can include the following:

1 Production separation - dedicating specific areas or rooms for allergenic
ingredients
1 Designated equipment and utensils - separating food contact surfaces for

specific processes and allergens. Using a color coding system for tools can also
give a visual indicator of possible allergen presence.

1 Production scheduling - arranging the schedule to produce allergenic products
after non -allergenic products
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Sanitation

After working with allergens, surfaces must be cleaned to remove allergens from food
contact surfaces. Adequate sanitation is the only way to ensure the removal of
allergens from an environment.

Allergen Labeling

Undeclared allergens are the top reason for recalls in the US. Allergens must be

clearly declared on the label. They can either be included in the ingredients list or

called out by a AContainsod statement. Failure to
a product can lead to severe consequences to consumers with allergies to food

products and can lead to a recall. Employees responsible for label inspection are the

last line of defense in protecting these customers.

Nutrition Facts

LYINBRASYGIAXK202t 1 0GS 6{ dAl b
/| K202t 4GSz £l yAttlox /2Ny
/ NA&aLISR wiOS 6wAOSz: {dAl NE
t NPOGSAVY hdlfoadzYAv 6933053

Nutrition Facts

LYaNBRASYOIAXK202t1 4GS 6&adAal b
OK202t+ 085 GILyAattl oz 02Ny
NAOS OoNAROSsS &adzaAFNE &l faz v

Figure 6b: Examples of Allergen Labeling
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Allergens must be declared by their common name either in the ingredients list or

directly under the ingredient list, in a contains statement.

While allergens do not affect the entire population, they cause severe reactions to
the population with food allergies. With undeclared allergens as the leading cause for
recalls, it is important that employees follow company programs to ensure allergen

cross-contact is prevented and that allergens are properly labeled on packaging to
keep consumers informed.

Notes

Write down notes, questions, and comments on the lines below.

Summary

This chapter focused on allergens and cross -contamination. Allergens are important
to control because of the risk they have towards a small population. We can use
segregation of equipment and processes as well as proper order of operations to keep

allergens segregated. Labels also need to be clearly declared for allergenic products.

The next chapter reveals how processing foods controls chemical and other hazards
associated with ingredients.
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Process Controls

f

Key Points

Critical control points (CCP) are the processing steps at which
specific food safety hazards are significantly controlled.

Processors rely on CCPs to make safe food. FATTOM (food,
acid, time, temperature, oxygen, and moisture) are ways that
food processors control biological hazards.

CCPs are also important for control of chemical and physical
hazards.

CCPs must be monitored and documented as proof that the
process is operating as intended.

99?9

Critical Control Point

In addition to  preventative measures, processing of food products can also be used

to reduce or eliminate hazards inherent in the products. The step at which a specific

hazard is controlled or the risk is significantly reduced is called a critical control
point (CCP) . These steps must be monitored and documented as proof that the
process is operating as intended.
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Factors Used to Control Bacteria

@

Temperature

Figure 7a: FATTOM

Bacteria can be controlled many different ways. FATTOM is an acronym used to
remember the different conditions we can control to prevent bacteria from growing
in food. FATTOM stands for: food, acid, time, temperature, oxygen, and moisture.

1 Food refers to the composition of food that may support or inhibit microbial
growth. Some nutrients, such as sugar and protein, found in food create the
perfect environment for bacteria to grow. However, ingredients, such as
preservatives, can be added to preve nt microorganisms from growing.

1 Acid or pH levels can be controlled to prevent the growth of bacteria. Bacteria
do not grow well in acidic conditions. The addition of acids, like citric acid or
vinegar, or processes that naturally produce acids, like fermentation, can be
used to preserve  food due to its low pH. For some shelf -stable products, a pH
of less than 4.6 is important to reduce the risk of illnesses like botulism.

1 Time and Temperature are two factors that work together to control bacteria
growth. Bacteria thrive between 40°F and 140°F. This temperature range is
called the temperature danger zone . Holding food at temperatures above
140°F can kill bacteria and refrigerating food below 40°F can prevent bacteria
from growing.
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100°C

212°F i
cooking
temperature
60°C
140°F
Danger Zone
hacteria grow
and multiply
rapidly
4°C/40°F -
fridge temperature
0°C/32°F
Figure 7b: Danger Zone Temperatures
Remember to keep food out of the Danger Zone (40 to 140 °F) as much as possible.

Actions can include only removing ingredients from the refrigerator when needed,

cooking foods to appropriate temperatures, cooling products quickly, or keeping
refrigerated and frozen products at appropriate temperatures. In genera I, it is
recommended to never leave food out of refrigeration longer than 2 hours.

On the other hand, some manufacturers rely on a cook step to reduce the likelihood
of pathogens in foods. In this case, it is important to heat the food to an acceptable

temperature for an appropriate time. Time and temperature are two factors
extremely im portant for many foods, and in most cases, must be documented.

1 Oxygen is another factor that can be used to control bacteria. Like humans,
some bacteria need oxygen to grow. Vacuum sealing products or canning them
removes the presence of oxygen, preventing some bacteria from growing.
However, a few bacteria thrive with out the presence of oxygen; this includes
Clostridium botulinum. Many vacuum packaged meats, seafood, and produce,
for example, must be kept frozen or refrigerated to limit the growth of this
dangerous pathogen.

1 Moisture is another key factor that can be used to either support or reduce the
growth of bacteria. Bacteria need water in order to multiply. Drying products
or adding ingredients like salt or sugar can reduce the availability of water to
prevent bacteria from growing.
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CCPs to Control Chemical and Physical Hazards

Chemical hazards can be introduced through ingredient -related processes. While food
additives can prevent bacteria from growing in food, excess amounts can also create
chemical hazards. The inclusion of additives such as preservatives of food dyes should

always follow the product formula.

With physical hazards, metal -on-metal contact or items from the environment can
become a foreign object in product. Procedures, such as routine blade checks or x
ray machines, can be put in place to control these hazards when identified.

Monitoring CCPs

Monitoring includes routine checks that prove processes are operating as intended.

For example, monitoring cook temperatures and time are important to assure that

the process is effective in controlling or killing bacteria. Refrigerators and freezers
are often monitored to assure they are maintaining the proper temperature. The table
provides examples of monitoring procedures for factors of FATTOM.

Monitoring equipment for loose parts or breakages can help prevent a physical hazard
from occurring in foods. In addition, monitoring the correct amounts of ingredients
in products can prevent chemical hazards from occurring. Another example includes
assur ing proper sanitizer levels are used during sanitation procedures to reduce the
likelihood of a chemical residue on food contact surfaces.

Table A: Examples of Monitoring Procedures for Factors that Can Control Bacteria

(FATTOM)
FATTOM \ Monitoring Procedure Examples \
Food Employee following a specific recipe
(Formulation of
a food product)
Acidity Using a calibrated pH meter or test strip
Time Using a clock or stopwatch
Temperature Using a calibrated thermometer

Assuring proper oxygen removal or checking seals on jars or

Oxygen cans

Using thermometers to assure proper temperature and
Moisture stopwatch for proper time; following a recipe for proper
amount of salt or sugar
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One of the main purposes of food processing is to reduce or eliminate hazards found
inherently in food to a safe level. The role of the employee is to ensure these
processes occur as intended so that the consumer can trust that the product is safe
to eat.

Notes

Write down notes, questions, and comments on the lines below.

Summary

This chapter revealed how different processing steps can be used to control hazards.

For example, FATTOM is an acronym used to remember different factors that control
the growth or survival of pathogens in foods.

The next chapter outlines how to effectively implement essential practices and
methods to maintain proper documentation.
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Document Control

Key Points

Documentation is proof that processes are being followed and
parameters are being met.

Documentation should include the title of the document, the
value or measurement for the process, the name of the person
responsible, and the date.

Employees must follow correct procedures when completing
documents related to food production. For example, mistakes
or edits should be clearly visible and documented.

? 99

Documentation

Documentation plays a key role in proving that processes adhere to written
procedures. Documentation is the written (or electronic) history of key activities and

events that occur to support safety and quality of food production. Written
documentation is required by law for many activities within a facility. Both inspectors

and customers depend on manufacturers to keep proper documentation to prove the
products made are safe to eat. I f an action
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Meeting CCP Frequency of Receiving
Parameters Sanitation Documents

Allergen Labeling Product Formulation Lot Codes

Figure 8a: Examples of Documented Procedures

Steps that could have documentation procedures include meeting CCPs, sanitation

procedures, and other steps that can prove that hazards are controlled. These steps
can vary between processors, so it is important to understand the specific policies for
an individual facility.

Sunshine Egg Company
123 Egg Street
Anytown, USA 12345

?2YAR20100q¢ qRY L
RUFAGeal Ua

ooler Temperature Ibg |

Cooler | Temp

4 ¢B) Comments

Name Date Time

)

Name or initials of éf" )
! CH W2k | 30uP) 3

35
documentation
, b
@ LA/2% | 30PM 6 \iu/ :

Name or initials of

personnel conducting EJ | vz | TerM | 3 38

SEE

task

Nata anAd tima

Figure 8b: Checklist of Documentation Requirements

Documentation should include information such as who completed the process, the
date and time the process was completed, and some indication the process being
documented met the standard. This allows inspectors and the company to trace the
event backtoa specific personnel and time if more information is needed.
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What if | make a mistake?

v

v

Documents must be filled
out in the time it occurred

Documents must  only be
filled out using pen

Mistakes should be clearly
visible and corrected only
by a single line with the
date and initial of the
person correcting

White out or erasable
utensils should never be
used

Electronic documents
cannot be edited

Figure 8c: Key Points When Filling Out Documentation

If errors are made when filling out a record, pencils, erasers, or white out should
never be used. Only a pen should be used to fill out a form and mistakes should only

that the mistake is still clearly visible. This should
be accompanied with the initials of the personnel making the correction. This allows
inspectors and the company to trace the edit back to the specific personnel.

be corrected with a singular line so

Sunshine Egg Company

123 Egg Street
Anytown, USA 12345

Cooler Temperature Log

Cooler | Temp

Name Date Time 4 CF) Comments
CH | /2 | 304PM 3 35
4/0/7L% LH
CH |=4423- 3iPM 6 3k
EJ | wa/2s | T6PM 3 38

Image: Example of document correction
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Documentation is important evidence that manufacturers are following the correct
procedures to make safe food. Lack of documentation leads to uncertainty regarding
the safety of a product. If it is not documented, it did not happen!

Notes

Write down notes, questions, and comments on the lines below.

Summary

This chapter detailed why documentation is important in recording the manufacturing
process and the best practices we can employ to ensure our documents are accurate
and readable.

The next chapter provides an overview of food fraud and defense and how employees
can protect food products and customers from outside risks.
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Food Defense and Fraud

Key Points

ingredient to falsely increase value or lower cost for economic
gain. It also includes misrepresenting or mislabelling a product
to deceive the consumer.

c Food fraud is intentional addition or substitution of an

Food defense are actions we can take to protect food from
malicious adulteration with intention to harm others.

Employees should stay vigilant while working to ensure the
product and the customer is safe.

? 9

While food safety hazards can be inherent to the manufacturing process, they can
also come from outside sources. Unauthorized personnel can gain access to the
facility and intentionally tamper with products to cause harm. Producers must ensure
their custom ers are protected from harm.

Food Fraud

Foodfraud i s the act of deceiving consumer s
The intentional addition or substitution of an ingredient to falsely increase value or
lower cost to the producer is a type of food fraud. It also includes misrepresenting or
mislabe lling a product to deceive the consumer.

An example of food fraud would be selling or replacing a more expensive olive oil
with canola oil. In these scenarios, the consumer is not aware of the substitution and

is being deceived by the manufacturer to make more money. In some cases, the
addition o fa cheaper ingredient can lead to a food hazard. An example could include
an allergen added to food as a cheaper substitute.

fo
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Figure 9a: Examples of Food Fraud

Corn syrup is a cheaper ingredient that has been added to honey to add volume. The
same has occurred with canola oil in olive oil. Steelhead trout has been sold as
salmon. This can introduce a different allergen hazard to customers.

Food Defense

Food defense  occurs when manufacturers take steps to protect food products from
malicious adulteration with intention to harm others. Manufacturers may establish
visitor policies or implement security cameras to prevent unauthorized personnel
from having access to the facility and therefore the food. Employees, however, also
can take actions to protect the product.

Food

Defense

Adding
unwanted
HEES

Adding
toxins to
harm

Malicious
intnetion

Economic
Motive

Figure 9b: Food Fraud and Food Defense
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The FDA recommends using FIRST as a reminder of actions that can be taken in food
defense. It defines  actions that employees can take to stay aware of suspicious
activity that could lead to harm for both employees and consumers.

Follow company food defense plan and procedures.
Inspect  your work area and surrounding areas.
Recognize  anything out of the ordinary.

Secure all ingredients, supplies, and finished product

Tell management if you notice anything unusual or suspicious.

Figure 9c: FIRST

As the personnel handling the product, frontline workers play a key role in protecting
the consumer. It is important to stay vigilant as you work and always report anything
that seems wrong.

Notes

Write down notes, questions, and comments on the lines below.

Summary

This final chapter provided an overview of external threats to products and the actions
to protect them.

The employeebds role and responsibility to food
with food manufacturing, and a variety of methods and practices employed to prevent

them is crucial. While each facility has its own company policies, we hope you will be

able to use and implement proper food safety practices when you return to your

workplace!
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Glossary

Allergen cross  -contact: the physical movement or transfer of
allergens from  one person, object, or place to another

Basic GMP areas: areas in a facility where food handling occurs

Biological hazard: hazards coming from microorganisms such as
bacteria, mold, parasites, and viruses

Centers for Disease Control and Prevention (CDC): federal
regulatory agency overseeing public health

Chemical hazard: a hazard from chemicals naturally occurring in
foods or unwanted chemicals introduced from the environment

Clean: removal of visibly dirt or debris

Critical control point (CCP): a step at which control can be
applied and is essential to prevent or eliminate a food safety
hazard or reduce it to an acceptable level

Cross contamination: physical movement or transfer of
contamination from one person, object, or place to another
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Danger zone: the temperature between 40°F -140°F where
bacteria grow rapidly

Documentation: written (or electronic) history of key processes
and events throughout processing

FATTOM: food, acid, time, temperature, oxygen, moisture.

Food and Drug Administration (FDA): federal regulatory
agency overseeing the safety of medicine, food, and cosmetics

Food -contact surfaces: - surfaces that come into contact with
product or primary packaging during production

Food defense: protecting food from malicious adulteration with
intention to harm others

Food fraud:  intentional addition or substitution of an ingredient
to falsely increase value or lower cost; it also includes
misrepresenting or mislabelling a product to deceive the consumer

Food safety hazard: any biological, chemical (including
radiological), or physical agent that has the potential to cause
illness or injury (FDA 21 CFR 117.3)

Good manufacturing practices (GMPSs): general behaviors or
policies that can be implemented in a facility to help prevent
hazards from being introduced to the food production process

High hygiene areas: areas in a facility where product is exposed
to the environment after processing

Hygienic zoning: the segregation of different areas of a facility
that dictates the level of hygiene that needs to be maintained
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Non -food contact surfaces: surfaces that do not come into
contact with product or primary packaging but may be in the
vicinity of them

Non - manufacturing areas: areas where there is a low risk of
contamination to food; examples include offices, break rooms, or
chemical storage areas.

Pathogens:  microorganisms that cause illness

Personal protective equipment (PPE): garments including (but
not limited to) hairnets, beard nets, smocks, or gloves use to
protect products and personnel from contamination

Physical hazard : hazards from foreign objects introduced to
product that cause injury or choking

Sanitize:  reduce the number of microorganisms on a surface

Transition areas: areas in a manufacturing facility that act as
barriers between non  -manufacturing and manufacturing areas

United States Department of Agriculture Food Safety and
Inspection Service (USDA -FSIS): federal regulatory agency
overseeing the safety of meat, poultry, and egg products

YOPI population: a population including young, old, pregnant,
and other immunocompromised people who are more susceptible
to getting severely ill from biological hazards
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Appendix D: “Huddle Cards” to reinforce learning of a food safety training curriculum

= 7z,
Module 1: Foundations of Food O Module 1: Foundations of Food \j
Safety FRONTLINE Safety FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point: Guided Discussion

Biological hazards include
o bacteria, yeast, viruses,

and other pathogenic
microorganisms.

Either research a recall that occurred to a product similar to
one yours due to biological hazards or share customer
complaints reported. Does your company have procedures
in place to prevent this hazard?

Application Questions: Application Questions:

1.What biological hazards are a concern with your products or processes?
2.What consequence can these hazards have on our customers?

1.What biological hazards are a concern with your products or processes?
2.What consequence can these hazards have on our customers?

= ?
Module 1: Foundations of Food O Module 1: Foundations of Food \/
Safety FRONTLINE Safety FRONTLINE

FOOD SAFETY

FOOD SAFETY

Key Point: Guided Discussion
Chemical hazards include food
related and non-food related
compounds and can either be

O inherent to the food product or be

accidentally added to the product

during the manufacturing process.

Either research a recall that occurred to a product similar to
one yours due to chemical hazards or share customer
complaints reported. Does your company have procedures
in place to prevent this hazard?

Application Questions: Application Questions:

1.What chemical hazards are a concern with your products or processes?
2.What consequence can these hazards have on our customers?

1.What chemical hazards are a concern with your products or processes?
2.What consequence can these hazards have on our customers?

= 2
Module 1: Foundations of Food O Module 1: Foundations of Food \/
Safety FRONTLINE Safety FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point: Guided Discussion
Either research a recall that occurred to a product similar to
one yours due to physical hazards or share customer
complaints reported. Does your company have procedures
in place to prevent this hazard?

Physical hazard are hazards from
foreign objects introduced to
product that cause injury or
choking.

Application Questions: Application Questions:

1.What physical hazards are a concern with your products or processes? 1.What physical hazards are a concern with your products or processes?

2.What consequence can these hazards have on our customers? 2.What consequence can these hazards have on our customers?
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Module 1: Foundations of Food O Module 1: Foundations of Food \/
Safety FRONTLINE Safety FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point: Guided Walkthough

Food safety hazards can

come from people,
o_“ ingredients, or the
manufacturing
environment.

Walk your facility and lock for possible hazards. Identify if

they are introduced by people, ingredi , or the
environement?

Application Questions: Application Questions:

1.1dentify the hazards of concern for your product. Are they introduced
by people, ingredients, or the environment?

1.ldentify the hazards of concern for your product. Are they introduced
by people, ingredients, or the environment?

2.What can we do to prevent these hazards? 2.What can we do to prevent these hazards?

[ — —_—

— —
Module 1: Foundations of Food O Module 1: Foundations of Food \j
Safety FRONTLINE Safety FRONTLINE

FOOD SAFETY FOOD SAFETY

1in 6 Americans Guided Discussion

experience foodbarne diseases annually
for 48 million Ame

IARRAR

1.What actions do you perform when working to prevent or minimize the
risk of food safety hazards in your product?

Key Point:

All frontline employees

have the responsibility to
o-" prevent or minimize the

risk of food safety hazards.

Discuss instances where you or a family member have
encountered food borne illness. How did you get sick and
what happened?

Application Questions: Application Questions:

1.What actions do you perform when working to prevent or minimize the
risk of food safety hazards in your product?

ﬂ

7z, 7,
Module 2: Personal Health and \} Module 2: Personal Health and \/
Hygiene FRONTLINE Hygiene FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point: Guided Walkthrough
People can be carriers of
harmful bacteria and viruses

o-" that may contaminate food

during handling.

actions should you be mindful of in order to ensure

p While working, evaluate your personal practices. What
product is safe as you handle it?

Application Questions: Application Questions:

1.What should employees do when they feel sick?

2.What are some actions employees do that can cause contamination in
food?

1.What should employees do when they feel sick?
2.What are some actions employees do that can cause contamination in

food?

[ P

—= —
Module 2: Personal Health and \/ Module 2: Personal Health and \/
Hygiene FRONTLINE Hygiene FRONTLINE

FOQD SAFETY FOOD SAFETY

Guided Walkthrough
Inspect employee handwashing stations. Are they
p adequately stocked and prepared to use as a

Key Point:

Proper handwashing is

important to prevent
o-" contamination of food by
employees.

dedicated handwashing station? Are they
maintained in proper condition? If not, what
corrective actions are needed?

Application Questions: Application Questions:

1. What are the steps to handwashing?
2.What are the consequences if we do not properly wash our hands?

1. What are the steps to handwashing?

2.What are the consequences if we do not properly wash our hands?
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Module 2: Personal Health and \/ Module 2: Personal Health and \/
Hygiene FRONTLINE Hygiene FRONTLINE

FOOD SAFETY FOGD SAFETY

Key Point:
Personal protective
equipment (PPE) provides
a barrier to protect food
from hazards, but is not a

replacement for proper

handwashing

Guided Walkthrough

Inspect PPE holding stations. Are they adequately
stocked with PPE? Are the PPE held in a way that
prevents contamination of the PPE? If not, what
corrective actions are needed?

Application Questions: Application Questions:

1.What PPE are used in your facility?
2.When and how often should you change PPE?
3.Why is handwashing important if we wear PPE?

1.What PPE are used in your facility?
2.When and how often should you change PPE?
3.Why is handwashing important if we wear PPE?

— =i

7 -2

Module 3: Pest Control \/ Module 3: Pest Control \j
FRONTLINE FRONTLINE

FOOD SAFETY FOODSAFETY

Key Point: (s Guided Walkthrough
H H Eliminate pest access to Enfrancas to exterior
PBS‘ preventlo" IHCIUdes food, water, and shelter must remain closed when
reducing pest access to food, to prevent them from notin use.
entering facility.

water, and shelter, keeping

o T entrances to the exterior
B © Monitor
closed, and ensuring all entry
. Seal open gaps to the Monitor facility for

points are properly sealed. facilily. Report to evidence of pests before

maintenance or it becomes an issuc
management

Walk around to all entrances to the facility. Can they be
properly closed? Do they have sufficient seals to the
exterior of the facility? If not, what corrective actions are
needed?

Application Questions: Application Questions:

1.What are some pests associated with your facility?
2.What should you do when you see an open door?

1.What are some pests associated with your facility?
2.What should you do when you see an open door?

—

—= =
Module 3: Pest Control \/ Module 3: Pest Control \/
FRONTLINE FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point: Guided Walkthrough
Employees should look
for evidence of pests,

o-" such as droppings,
damaged product, dead

insects, or insect eggs.

Walk around the production areas, including storage
areas. Do you see evidence of pests? What can
employees do to prevent pest infestations?

Roach

Application Questions: Application Questions:

1.What are some examples of pest evidence in your facility? 1.What are some examples of pest evidence in your facility?

2.What should employees do if they see evidence of pest?

2.What should employees do if they see evidence of pest?

—_— —
— —=
Module 3: Pest Control \/ Module 3: Pest Control \/
FRONTLINE FRONTLINE
Key Point: 74 Guided Walkthrough

Processing facilty shoud be kept clean

Investigate the exterior of the facility. Are there

Keep the facility clean and

= h :
o te t id m any evidences of vegetation or waste that can be
remove waste fo avol Avoid wasta accumulafion surrounding the facility harborage sites for pest? If yes, what corrective

attracting pests.

actions are needed?

3%

Remove vegetation from parimeter of facility

Application Questions: Application Questions:

1.What can you do to ensure waste is not accumulated within 1.What can you do to ensure waste is not accumulated within

the facility?
2.What should you do if you see pests or pest evidence?

the facility?
2.What should you do if you see pests or pest evidence?
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Module 4: Cross Contamination \/ Module 4: Cross Contamination \/
and Hygienic Zoning FRONTLINE and Hygienic Zoning FRONTLINE

FOOD SAFETY

FOOD SAFETY

Key Point: Guided Walkthrough

Sepa.ration b!_! e | - Go to your equipment or utensil storage areas. Is
physical barriers, Raw Lo | p there adequate signage to communicate the color

Material
coding policy? Are the color coded equipment

c distance, or Processing Packaging
equipment and stored separately?

utensils is an
effective means of preventing cross contamination.

Application Questions:
1.What does your company do to keep areas, equipment, or utensils

separate?
2.Does your company have a color coding policy for specific equipment

Application Questions:
1.What does your company do to keep areas, equipment, or utensils

separate?
2.Does your company have a color coding policy for specific equipment or

utensils? What do these colors designate? or utensils? What do these colors designate?

— —

— —
Module 4: Cross Contamination O Module 4: Cross Contamination \/
and Hygienic Zoning FRONTLINE and Hygienic Zoning FRONTLINE

FOOD SAFETY FOOD SAFETY

Recenmg Packaged and
Faiches

Key Point: Guided Walkthrough
PPE usage and hygiene
procedures must be
followed in basic GMP and

o-“ high hygiene areas, where
food product is handled

and processed.

Ingredient Siorage Progucts

Raw ngradiants | Final Product

Genersi Foct

Walk your facility and identify the basic GMP
areas and high hygiene areas in your facility.

warenuwsing

Faciiles

Dtibuton

Application Questions: Application Questions:

1.What are the basic GMP or high hygiene areas in your facility?

2.What practices are employed in these areas to prevent cross
contamination?

1.What are the basic GMP or high hygiene areas in your facility?
2.What practices are employed in these areas to prevent cross
contamination?

— —

7, 7
Module 5: Cleaning and \/ Module 5: Cleaning and \/
Sanitizing FRONTLINE Sanitizing FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point:
Cleaning is the removal of
visible debris on surfaces.
Sanitizing is the reduction of

O=n microorganisms on a
surface. A dirty surface
cannot be sanitized.

Guided Walkthrough

Inspect either equipment or a surface that was
recently cleaned using a flashlight. Was the
cleaning and sanitizing performed adequately?
How else can we verify this?

Application Questions: Application Questions:

1.Why does both cleaning and sanitizing need to be performed?
2.Why is adequate sanitation important to the safety of food processing?

1.Why does both cleaning and sanitizing need to be performed?
2.Why is adequate sanitation important to the safety of food processing?

P\ P-.

Z, Z,
Module 5: Cleaning and \/ Module 5: Cleaning and O
Sanitizing FRONTLINE Sanitizing FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point:
Food contact surfaces are any
surfaces that directly come into
contact with product and primary
packaging. These surfaces must
be cleaned and sanitized
according to your SSOPs

Guided Walkthrough

Investigate any piece of equipment used in your
process. ldentify the food and non-food contact

surfaces on this equipment. What is the cleaning
and sanitizing procedures for these surfaces?

Application Questions: Application Questions:

1.Does your facilty have written SSOPs? Where can you find this
information?

1.Does your facilty have written SSOPs? Where can you find this
information?

2.Do you follow your SSOPs when cleaning and sanitizing? 2.Do you follow your SSOPs when cleaning and sanitizing?
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FRONTLINE

FOOD SAFETY

Module 5: Cleaning and

Sanitizing

Key Point: 5@
Chemicals used in cleaning and £LEED
sanitizing processes must be used
o—“ according to manufacturer's
directions to ensure optimal
sanitation procedures. Tomperature

Application Questions:

1.Where can you find the instructions for using cleaning chemicals?

2.Where can you find instructions for using sanitizing chemicals?

—
——

Module 5: Cleaning and O

Sanitizing FRONTLINE

FOOD SAFETY

Guided Walkthrough

Identify the cleaning and sanitizing chemicals
used in your facility. Review the labels. Do your
labels reflect the manufacturer’s instructions for
proper usage?

Application Questi

1.Where can you find the instructions for using cleaning chemicals?
2.Where can you find instructions for using sanitizing chemicals?

—

</
FRONTLINE

FOOD SAFETY

Module 6: Allergen Control

Key Point:

Separation by physical
barriers, distance,
processing schedule,
equipment, and cleaning are
effective means of
preventing cross-contact.

O—n

Application Questions:

1.How does your facility keep allergens segregated from non-allergen
products?

2.How does your facility manage processing schedules with different
allergens?

—

o
FRONTLINE

FOOD SAFETY

Module 6: Allergen Control

Cocoa CTis|icrBaTommms
te Candy with Crisped |

Nutrition Facts

Key Point:
Labels must clearly declare

©-==yu food allergens in the food
product.

Application Questions:

1.Allergen labelling is the leading cause of recall in the U.S. What can we
do to ensure our products are labeled correctly?

<
FRONTLINE

FOOD SAFETY

Module 5: Cleaning and

Sanitizing
Guided Walkthrough

Identify the cleaning and sanitizing chemicals
used in your facility. Review the labels. Do your
labels reflect the manufacturer’s instructions for
proper usage?

Application Questions:

1.Where can you find the instructions for using cleaning chemicals?
2.Where can you find instructions for using sanitizing chemicals?

—

</
FRONTLINE

FOOD SAFETY

Module 6: Allergen Control

Guided Walkthrough

Allergens are the number one cause of recalls in the US.
Research a recall that occurred to a product similar to one
yours due to allergens. Does your company have
procedures in place to prevent this hazard?

Application Questions:
1.What allergens does you facility handle?
2.Do you consume allergens in your break room? How do you handle them?
3.If your facility handes allergens, are they specific to certain products?

=

</
FRONTLINE

FOOD SAFETY

Module 6: Allergen Control

Guided Walkthrough

P

Application Questions:
1.How does your facility keep allergens segregated from non-allergen

products?
2.How does your facility manage processing schedules with different
allergens?

Inspect your ingredient storage areas. How are allergens
kept separated from non-allergen ingredients? Are there any
opportunities for possible allergen cross-contact?

P

<7
FRONTLINE

FOOD SAFETY

Module 6: Allergen Control
Guided Walkthrough

P

Application Questions:

Inspect your finished product labels. Where and
how does your company declare any allergens
used in your product?

1.Allergen labelling is the leading cause of recall in the U.S. What can we

do to ensure our products are labeled correctly?
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Module 7: Process Controls \/ Module 7: Process Controls \/
FRONTLINE FRONTLINE

FOOD SAFETY

FOOD SAFETY

Key Point:
Critical control points (CCPs)
are the processing steps at
which food safety hazards,

O-n including biological,
chemical, and physical, are
significantly controlled.

Guided Walkthrough

What exact parameters are your CCPs? How often
do you monitor them?

Application Questions: Application Questions:

1.Does your process have any CCPs? If so, what are they and what
hazards do they control?

1.Does your process have any CCPs? If so, what are they and what
hazards do they control?

;‘ | —=
= 7
Module 7: Process Controls \/ Module 7: Process Controls \/
FRONTLINE FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point: Guided Walkthrough
CCPs must be monitored and
documented as proof that the

o L] process is operating as

intended.

Review the required documentation related to
each CCP (pH, time/temperature logs, etc.). What
is the actual value or measurement being
recorded to control the hazard?

Application Questi Application Questions:

1.Does your process have any CCPs? If so, how do you monitor and
document them to ensure hazards are controlled?

1.Does your process have any CCPs? If so, how do you monitor and
document them to ensure hazards are controlled?

A
<, ,
Module 8: Documentation Module 8: Documentation \/
FRONTLINE FRONTLINE
Key Point: (onlerrcmperuture)»gl I Guided Walkthrough
Documentation should e
include the title of the ol e el s Inspect a blank copy of your documents to identify criteria
document, the value or caes B i p needed for documentation. Is there any way the document
o T measurement for the process, {1(o o [su [ 6 [G)T can be improved?
the name of the person & e | | 3 | 38
responsible, and the date.
Application Questio Application Questions:
e or ide ome do e ou complete d g proce g. Do 1.Name or identify some documents you complete during processing. Do
ecord the e, value o ea eme ame, and date they record the title, value or measurement, name, and date?
P\
7, 7,
Module 8: Documentation Module 8: Documentation
FRONTLINE FRONTLINE

FOOD SAFETY FOOD SAFETY

Key Point:
Employees must follow
procedures when correcting
documents related for food

O=n product. Mistakes or edits
should be clearly visible and
documented.

Guided Walkthrough

Cooler Temperature Log

avn | mwe | 1 | Conter [ Temp
n o | | e

Fy

processing. Was it filled out or corrected according to
correct procedures?

p Inspect any recent documentation completed during

Application Questions: Application Questions:

1.How should mistakes or edits to documentation be documented? 1.How should mistakes or edits to documentation be documented?
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Module 9: Food Fraud and O

Defense FRONTLINE

FOOD SAFETY

Key Point:

Follow company food gefense plan and procedures.

Food defense are actions
we can take to protect
food from malicious
adulteration with
intention to harm others.

Inspect your work area and sunounding arees.

(BB Recognize anything out of the ordinary.

- T —

Tell mansagement if you notica anything unususl er suspicious.

Application Questions:
1.What actions are taken by your company’s food defense plan to protect

your product from intentional harm?

2.What actions should you take if you see a suspicious or unfamiliar
person in your company?

—

/
Module 9: Food Fraud and \/
Defense FRONTLINE

FOOD SAFETY

Guided Walkthrough

p Inspect facility signs, sign-in sheets, and other food defense

precautions.

Application Questions:
1.What actions are taken by your company's food defense plan to protect

your product from intentional harm?
2.What actions should you take if you see a suspicious or unfamiliar
person in your company?
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Appendix E: Pre and post test assessment for a food safety training curriculum to measure
knowledge change

Food Safety Pre/Post Assessment

Trainee # Date

Write the letter of the correct answer in the blank beside the number.

Answer

1. What are the three food safety hazards?
A. Dbiological, chemical, physical
B. public, private, governmental
C. accidental, intentional, unintentional

2. What are the three sources of food safety hazards in food processing?
A. people, ingredients, and environment
B. pesticides, chemicals, and food coloring
C. environment, additives, microorganisms

3. How long should employees lather their hands when washing?
A. 5 seconds
B. 10 seconds
C. 20 seconds
D. scrubbing is not necessary

4. Handwashing and wearing PPE can prevent biological hazards from being
introduced to food.
A. True B. False

5. Which of the following are possible areas where pests can hide?
vegetation around the perimeter of the facility
covered trash receptacles

cleaned drains

none of the above

00w
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10.

11.

12.

What is NOT a hygienic zone?
A. non-manufacturing
B. primary pathogen control
C. basic GMP
D. cleaning

Cross contamination occurs when is transferred from one
surface to another.

A. allergens

B. bacteria

C. food

D. people

Cleaning is the process of killing pathogenic bacteria from a surface.
A. True B. False

What are the five steps of cleaning and sanitizing?
A. detergent application, dry-clean, sanitizer application, rinse, air dry
B. dry-clean, pre-rinse, detergent application, post-rinse, sanitizer
application
C. sanitizer application, dry-clean, pre-rinse, detergent application,
post-rinse
D. none of the above

Allergen cross-contact is defined as .
A. processing foods with allergens
B. the unintentional incorporation of an allergen into a food
C. having multiple allergens in a product

Allergens must be clearly declared using their common name on a packaging
label.
A. True B. False

Cooking to a specific temperature is a processing step used to control
biological hazards in food.
A. True B. False
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Which of the following are NOT included in the acronym FATTOM??
A. Food
B. Acid
C. Organic
D. Temperature

What information is required on documentation?
A. name or initials of personnel
B. actual value
C. date
D. all of the above

If | see a person | do not recognize in the facility, | must inform management.
A. True B. False
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