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ABSTRACT

This report, Food Traceability:
Current Status and Future Opportuni-
ties, is a joint project of the Council for
Agricultural Science and Technology
(CAST) and the Institute of Food Tech-
nologists (IFT). Its purpose is to provide
an overview of food traceability, so
readers in the food industry, academia,
state and federal government agencies,
production agriculture, trade associations
and everyone involved in supplying and
distributing food can obtain a basic un-
derstanding of this critical area. It is not
intended as a comprehensive, exhaus-
tive, review, but rather as a fundamental
primer, to provide information about the
history, significance, nomenclature, regu-
lations, technology, and future of food
traceability.

Food traceability has been defined
as “the ability to track and trace any

food through all stages of production,
processing and distribution” (including
importation and at retail). Though food
traceability supports numerous use cases
(e.g., supply chain optimization, sustain-
ability efforts, and product differentia-
tion), food safety remains one of the
most critical applications. Food trace-
ability enables corrective actions (such
as a product recall) to be implemented
quickly and effectively when something
goes wrong. When a potential food
safety problem is identified, an effec-
tive traceability system can help iden-
tify, isolate and prevent contaminated
products from reaching consumers. Food
traceability not only facilitates con-
sumer awareness of potentially harmful
products but can also be used to provide
desirable information about provenance.
The technology and enabling archi-
tecture of food traceability is rapidly
advancing in response to demand from

consumers, food producers, distributors,
retailers, the food service industry and
food safety regulators. There have been
several technological and regulatory de-
velopments that make clear that credible,
functional, interoperable and impactful
food traceability is likely to soone be-
come a reality in the United States.

FOREWORD

Over the past five years, I had the
honor and privilege of serving under
two different administrations as the
Deputy Commissioner for Food Policy
and Response at the U.S. Food and Drug
Administration (FDA), a position I held
from 2018 to 2023, after spending 30
years in public health leadership roles
for two industry giants: Walmart and the
Disney Company. It’s because of these
experiences, both public and private, that
I’ve often said that while today’s modern
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food system is impressive, it does have
an Achilles heel — a lack of food trace-
ability.

People often talk about the food sup-
ply chain, but in reality, it isn’t a chain
at all. The food system today—the way
we get our food from farm to table—has
evolved into a complex, decentralized,
and distributed network that is inter-
dependent on many entities including
farmers, processors, distributors, grocery
stores, foodservice establishments, and
more. And while there is no question that
today’s food system provides consumers
with a more diverse, convenient, and eco-
nomical source of food, it also presents
risks and challenges.

For example, in today’s food system,
the output from one ingredient producer
could end up in thousands of products on
a grocery store shelf. We saw evidence
of this during a Salmonella outbreak in
2009, caused by contaminated peanut
paste produced by the Peanut Corpora-
tion of America (PCA), which lasted for
months as suppliers slowly became aware
that their products contained PCA’s pea-
nut paste. In the end, nearly 4,000 food
items were recalled.

Yet another example, readers may
recall an outbreak of E. coli 0157:H7 in
the United States in 2006 that resulted
in all spinach produced, regardless of
source, being pulled from grocery store
shelves. This outbreak served as a warn-
ing signal of the need for better traceabil-
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ity capabilities within the food system.
Fast forward to the fall of 2018, more
than a decade later, and yet again the na-
tion was experiencing another multistate
outbreak of E. coli 0157:H7 involving
leafy greens, this time romaine lettuce.
After the CDC and FDA issued adviso-
ries directing consumers to avoid eating
romaine lettuce, regardless of source, it
was clear that not much had changed in
the 12 years since the spinach outbreak.
Our nation’s food traceability capabilities
had not significantly improved or kept up
with the digital modernization that has
happened in the world around us.

Until recently, there has not been a
widely adopted regulatory standard for
what and how each segment of the food
system should track and record data for
food traceability purposes. Therefore,
the current system has been limited to
traceability capabilities that are often de-
scribed as “one step forward and one step
back” without much specificity.

However, things are changing. Be-
cause of these limitations, Congress in-
cluded in the passage of the Food Safety
Modernization Act (FSMA) a require-
ment for FDA to develop a Food Trace-
ability Rule, often referred to as Section
204 (Additional Record Keeping for
Certain Foods). On November 15, 2022,
the FDA published the final version of its
Food Traceability regulation. The rule’s
enforcement date is January 20, 2026.

The main elements of the rule, which

you will learn about in this paper, are

the establishment of Key Data Elements
(KDEs), Critical Tracking Events (CTEs),
a Food Traceability Lot Code, as well

as a List of Foods that will require these
additional data keeping requirements.
I’ve personally described the establish-
ment of these standards as the equivalent
of creating a universal language of food
traceability.

The benefits of a more traceable food
system are obvious and it’s more than
mere containment. First, being able to
trace a contaminated food to its source
in the midst of an outbreak allows a
culprit food to be identified earlier in an
epidemic curve, allowing the food to be
pulled from commerce, thus, prevent-
ing additional illnesses. This is a form
of prevention, albeit secondary preven-
tion. In addition, it enhances our ability
to not needlessly affect the livelihood
of food producers whose products are
unaffected. Second, enhanced traceability
allows public health officials to identify
an affected food product involved in an
outbreak sooner, thereby, allowing a more
timely and relevant root cause investiga-
tion to take place that could strengthen
our ability to prevent future, similar, re-
curing outbreaks. Again, this would also
strengthen prevention. Lastly, better food
traceability ultimately results in greater
transparency and numerous behavioral
science studies have shown how power-
ful a force transparency is to inhibiting
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undesired behaviors and influencing
conformance to more desired behaviors
and outcomes.

Lastly, the cost benefit analysis of
FDA’s final Food Traceability Rule dem-
onstrates that there is a favorable return
on investment, from a public health
perspective alone, on better food trace-
ability. When you consider other features,
such as the potential to enhance supply
chain efficiencies, reduce food waste, and
improve sustainability, the public health
and business case are undeniable.

In closing, better food traceability
can’t wait. Our ability to provide safe,
affordable, and sustainable food for this
generation and the next depends on it.

— Frank Yiannas, Former U.S. Food
and Drug Administration Deputy Com-
missioner, Food Policy and Response

INTRODUCTION

Keeping track of one’s possessions
and their location has been an important
human behavior of people throughout
the ages. Tracking and tracing items are
not new concepts and have been in place
since the beginning of recorded history.

It is thought that the practice of iden-
tifying animals by the use of markings
began at the beginning of civilization.
Some of the earliest information about
traceability dates back to 1700 BCE in
the Middle East to Mesopotamian shep-
herds who marked animals from different
owners with color dyes to distinguish
them. This is believed to be the earliest
form of identification used to differenti-
ate between who owned which animals
(Blancou 2001). Identification of individ-
ual, live animals with body markings has
been practiced for more than 3,800 years
(Code of Hammurabi) using a variety of
techniques such as branding, ear inci-
sions, other indelible markings or tags.
This identification, used in many regions
of the world, served as a sign of owner-
ship, assertion of rights, and protection
against loss or theft (Blancou 2001; Lan-
dais 2001). The marking of animals and
then, the link to written documents often
held by regulatory authorities, certify-
ing their origin, evolved with time. This
trend continued for many centuries, with
traceability being used almost exclusively
for very high value assets, like horses
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and other prized animals (Blancou 2001).
During the Middle Ages, in European
countries with large cattle grazing re-
gions, branding animals with a hot iron
was widely practiced.

As European powers expanded their
territories during the colonial era, the
practice of branding to identify cattle
spread around the globe. By the middle
of the 18th century in the Americas, cattle
raising became a large enterprise and hot
metal branding spread throughout North
America (Ketchum 2017).

This practice of marking animals
expanded and continued to track and
trace the movement of domestic livestock
as the industry grew. With advances in
veterinary medicine, it was important
to monitor disease control and maintain
health certification standards to prevent
epidemics among herd animals (Ketchum
2017). Today, a National Uniform Eartag-
ging System (NUES) is in effect in the
United States. It is a numbering system
for the official identification of individual
animals that provides a nationally unique
identification number for each animal and
enables the tracing of livestock move-
ment interstate (USDA 2020).

Seals were an important part of
identifying goods that were being traded.
Stamp seals were used on products that
were traded during the Bronze Age (3300
BC to 1200 BCE) in Mesopotamia (Hirst
2019). These seals were impressions that
were carved into stone and pressed into
moist clay. These clay seals were used
to indicate product authenticity and were
tied to packages and used to seal products
to be traded. In an article on seals, Hirst
mentions that “the impressions on the
seals often listed the contents, or origin,
or destination or the number of the goods
in the package, or all of the above.”
Cylinder seals were used to form impres-
sions that branded products, authorized
transactions, and controlled the move-
ment and storage of goods (Mark 2015).
These seals were most likely one of the
earliest examples of tracking goods that
were traded (Hirst 2019).

Evolving from simply keeping track
of and safeguarding expensive assets
in early civilization, traceability now
encompasses a comprehensive system
that enables food companies to assure
quality and safety by tracing and tracking

their products and ingredients through the
entire food supply chain, from beginning
to end.

Supply Chain Complexity

Global trade in food commodities
most likely began more than 2,000 years
ago as people moved across borders and
brought spices and other luxury items
with them to trade. Through technologi-
cal innovations and improved transporta-
tion, global trade increased during the
16th and 17th century, the scientific and
industrial revolutions, and after World
War II (World Economic Forum 2019).
Benefitting from the second and third in-
dustrial revolutions, global food trade in-
creased at a rapid pace (World Economic
Forum 2019). Now, foods and ingredients
are sourced from all over the world.

The global food supply chain is enor-
mous, extremely complex, and dynamic,
involving multiple stakeholders. Ac-
cording to Simpson, “Food really drives
the world and apart from clean water,
access to adequate food is the primary
concern for most people on earth. This
makes agriculture one of the largest and
most significant industries in the world;
agricultural productivity is important not
only for a country's balance of trade but
the security and health of its population
as well” (Simpson 2022).

The growing, harvesting, process-
ing, transportation, storage, distribution,
preparation, and merchandising of food
is most likely the world’s single largest
economic activity. Agriculture provided
work for 866 million people in 2021 and
this represented 27% of the global labor
force (FAO 2022a). The total area of agri-
cultural land represents almost 50% of its
vegetated area and 38% of the earth’s ter-
restrial surface (Gladek et al. 2017). Total
food from animals exceeds 1.1 billion
metric tons annually and that is derived
from 31 billion animals kept as livestock
(Gladek et al. 2017). The global fisheries
and aquaculture sectors produced about
178 million tonnes of seafood in 2020
(FAO 2022b) and this represents a sig-
nificant protein source for more than 3.3
billion people. Food produced globally
from cultivated agriculture (i.e., primary
crop production) was 9.3 billion tonnes in
2020 (FAO 2022a). The FAO estimates
that by 2050 food production will need to
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Employment in agriculture, food, and related industries, 2021

21.1 million jobs*
(10.5 percent of U.S. employment)

Food services, eating
and drinking places
(5.9% of U.S.
employment)

Farms
(1.3%)

Forestry, fishing,
and related activities
(0.5%)

Food, beverage,
and tobacco
manufacturing
(1.0%)

0.4 Textile, apparel, and
leather manufacturing
(0.2%)

20

Food and
beverage stores
(1.7%)

*Full- and part-time jobs. Categories may not sum to total because of rounding.
Source: USDA, Economic Research Service using data from U.S. Department of
Commerce, Bureau of Economic Analysis (SAEMP25N), data as of September 30, 2022,

Figure 1. Employment of workers in the United States working in agriculture, food,

and related industries.

increase 60—70% over the 2005 levels to
meet the needs of the world’s estimated
9.8 billion people (FAO 2009).

According to the USDA, as of 2022,
there were more than 21 million indi-
viduals employed in the United States
in agriculture, food, and related indus-
tries (USDA 2023). Of these 21 million
individuals, 2.6 million were employed
on farms, 2 million were employed in
food, beverage, and tobacco manufactur-
ing, 11.8 million were employed in the
foodservice, restaurant, and drinking
establishment workforce, and 3.3 million
people worked in food and beverage
stores. (Figure 1).

As of July 5, 2023, the U.S. Food and
Drug Administration’s (FDA) Food Facil-
ity Registry contained 88,774 domestic
manufacturing facilities and 111,999
foreign facilities, for a total of 200,773
FDA-registered food manufacturing
facilities registered globally (US FDA
2023b). According to the United Sates
Department of Agriculture’s (USDA)
most recent report, in the United States
food is produced on more than 2 million
farms (USDA 2022b) and sold in 115,526
food stores (USDA 2022a). In 2021, the
food service sector had more than one
million restaurant locations in the United
States. (Finances Online 2023).
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These statistics convey the size, scope,
and complexity of the food system in the
United Stares and globally. In addition,
there are many other factors that contrib-
ute to food system complexities, includ-
ing social, political, economic, environ-
mental, sustainability and demographic
concerns in countries throughout the
world. The sheer number of operations
from production agriculture, fisheries,
processors, transporters, distributors,
warehouses, food retailers, food service
operations and others involved in supply-
ing food to populations throughout the
world, provides the rationale for a robust
food traceability system to keep track of
and document food and ingredient trans-
actions around the globe.

Tracking and tracing food products
(food traceability) is a vital component of
a safe, effective, efficient, and sustainable
food system. But, tracking and tracing
food products and ingredients through the
complex, intricate and multifaceted food
system described above requires a robust,
well-organized, and systematic approach
(Zhang and Bhatt 2014).

Foodborne Outbreaks, Product

Recalls, and Traceability
Despite the increased understanding

of foodborne illness causes, mandatory
reporting by industry, use of more mod-
ern processing methods, enhanced food
safety management systems, advances in
microbiological testing and adoption of
new government regulations, foodborne
illness outbreaks continue to be a serious
public health problem. The number of
foodborne outbreaks in the United States
fluctuate from year-to-year and in a 23-
year span, from 1998 to 2021, ranged
from a high of 1,403 outbreaks in 2000 to
a low of 313 outbreaks in 2020. (Figure
2) (CDC 2023). The trend in Figure 3 il-
lustrates that foodborne outbreaks during
this period have not declined markedly
until 2020 and are now showing signs of
increasing.

According to the National Outbreak
Reporting System (NORS) dashboard
(CDC 2023a), from 1998 to 2021, there
were 28,601 outbreaks, 533,847 illnesses,
23,170 hospitalizations and 606 deaths.
Figure 3 illustrates the number of food-
borne outbreaks by year from 2009-2021.
During that time frame, almost 5,000
outbreaks were of unknown origin. The
CDC noted a marked decrease in the in-
cidence of foodborne illness outbreaks in
2020, continuing in 2021, most likely due
to public health practices used to slow the
spread of COVID-19 (Collins et.al. 2022;
Ray et al. 2021).

Biological, chemical, and physical
hazards continue to cause concerns in the
food industry. Bacteria such as Salmo-
nella, Shiga toxin—producing E. coli
(STEC), Listeria, and Campylobacter,
enteric viruses including Norovirus and
hepatitis A, and a parasite, Cyclospora,
have all been implicated in large-scale
foodborne outbreaks (Scallon et al. 2011;
US FDA 2023a).

Many national and international food
safety incidents have highlighted the
importance and challenge of being able to
quickly identify, isolate, and recover un-
safe foods (or ingredients) from the sup-
ply chain, prevent them from reaching the
consumer to protect public health. There
have been many foodborne outbreaks and
product recalls over the years involving
a number of pathogens and foods (Qiu et
al. 2021). The multistate outbreaks shown
in Table 1, illustrate the variety of micro-
organisms and food products involved, as
well as the large number of people debili-

INSTITUTE OF FOOD TECHNOLOGISTS



Foodborne lliness Outbreaks, Per Year

Outbreaks per Year*
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I Figure 3. Foodborne Outbreaks and
those outbreaks of unknown
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2001 2007 2010 2013 2016 origin from the years
2009-2021. (CDC National
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Figure 2. Number of foodborne outbreaks reported per year, along with average Outbreak Reporting System
trendline. (NORS), 2023
tated by these foodborne illnesses. Table 1. Selected Multistate Foodborne lliness Outbreaks from 2006-2023.
These multistate food product recalls (CDC 2023)

have received widespread media atten-

. Reported Reported
tion and caused consumer concerns about

; Year Causative Agent Food linesses Deaths Citation
the safety of foods. They often result in . : °
a temporary decline in purchases of the 2006 E. coli O157:H7 Bagged Spinach 205 3 CDC 2006
implicated foods for some time after they 2007 Clostridium botullinum Hog Dog Chili 5 0 CDC 2007
have occurred. The Economic Research 2009 Salmonella Typhimurium Peanut Butter Products 714 9  CDC 2009a
Service (ERS) of the USDA noted that ) ) )
after the spinach outbreak of 2006, con- 2009 E. coli O157:H7 Raw Cookie Dough 72 0 CDC 2009b
sumers were SlOW to return to their previ_ 201 0 Salmone”a Enteritidis EggS 1939 O CDC 201 O
ous spinach purchases. After analyzing 2011  Salmonella Heidelberg ~ Ground Turkey 136 1 CDC20M
retail scanner data, agency resear.chers 2011 L. monocytogenes Cantaloupe 147 33 CDC 2012
found that lost consumer expenditures at
U.S. grocery stores totaled $60.6 million 2015 Salmonella Poona Cucumbers 907 0 CDC 2016a
for all fresh leafy greens (spinach and 2016 E. coli 0157:H7 Flour 63 0 CDC 2016¢c
lettuces) between the September 2006 2016  Hepatitis A Frozen Strawberries 143 0 CDC 2016d
outbreak and December 2007 (USDA : _ :
2013). This is one example of how the 2018 E. coli O157:H7 Romaine Lettuce 210 5 CDC 2018
publicity from foodborne outbreaks can 2020 Cyclospora Bagged Salad Mix 701 0 CDC 2020a
impact consumers and affect the sale of 2020 Salmonella Newport Onions 1127 0  CDC 2020b
implicated foods.
Some highly publicized foodborne 2022 L. monocytogenes Ice Cream 28 1 CDC 2022
outbreaks include: 2023 Salmonella Saintpaul Ground Beef 18 0 CDC 2023b
= 2008-2009: Peanut butter and peanut 2023 Salmonella Enteritidis ~ Raw Cookie Dough 26 0  CDC 2023d
paste - One of the largest food recalls
in U.S. history occurred in 2008—09
and was caused by Salmonella con- affected were hospitalized (CDC food, contained peanuts, peanut paste,
taminated peanut butter and peanut 2009a). In addition to the contami- or peanut butter produced by PCA.
paste (CDC 2009a; Whittenberger and nated peanut butter products being Since this outbreak involved so many
Dohlman 2010). The Peanut Corpora- recalled, they were used in almost different foods where Peanut Corpora-
tion of America (PCA) shipped peanut 4,000 food products from over 200 tion of America peanut products were
butter contaminated with Salmonella companies, resulting in recalls of those used, they were difficult to trace. This
Typhimurium that resulted in the foods and driving some companies to outbreak and recall underscored the
illness of 714 people in 46 states and bankruptcy. Recalled products, such as need for a system to quickly identify,
one person in Canada, resulting in cakes, candy, cookies, peanut crackers, track, and trace food and food ingre-
nine deaths. About 24% of the people ice cream, snack mixes and even pet dients as they were transported from
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their source to brokers, formulators,
manufacturers, distributors, and retail-
ers.

2015: Mexican cucumbers - Sal-
monella from cucumbers imported
from Mexico infected 907 people in
40 states. This outbreak resulted in
the hospitalization of more than 200
persons and six deaths. The distributor
of the cucumbers issued two separate
recalls (CDC 2016a).

2015: Chipotle Mexican Grill fast
food restaurant - Between October and
November, an E. coli 026 outbreak
with about 55 people in 11 states
becoming ill, 22 reported hospitaliza-
tions and no deaths, after eating at the
restaurant during the initial outbreak.
In a second outbreak attributed to the
restaurant, there were five illnesses
from a different strain of E. coli. An
investigation by regulatory officials
was unable to identify a single food
item or ingredient that could explain
either outbreak (CDC 2016b).

2018: Romaine lettuce - Another
notable foodborne outbreak occurred
in April 2018 when illnesses were re-
ported and then attributed to romaine
lettuce grown in Yuma, Arizona. The
outbreak resulted in 210 cases of E.
coli O157:H7 in 36 states, with 96
hospitalizations, five deaths, and 27
people developing hemolytic uremic
syndrome (HUS), a type of kidney
failure (CDC 2018). Epidemiologic,
laboratory, and traceback investiga-
tions linked the outbreak strain to E.
coli found in water samples taken
from an irrigation canal in the Yuma
growing region (CDC 2018). The E.
coli O157:H7 outbreak certainly high-
lighted traceability challenges with
leafy greens, as well as the inability
for foodservice operators and indi-
vidual consumers to identify the re-
gional source of their romaine lettuce
(IFPA 2023). When an FDA outbreak
advisory alerted consumers to discard
romaine from the Yuma, Arizona
growing region, many discarded all
their romaine lettuce, since they did
not know the regional source of the
lettuce they purchased (IFPA 2023).
These highly publicized foodborne
outbreaks have triggered major recalls,
caused consumer concerns about the
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safety of foods and in at least two cases,
resulted in criminal prosecution and pris-
on time for company senior management.
They often negatively impact the entire
food sector they are a part of, resulting
in a temporary decline in purchases of
the implicated foods for some time after
the outbreak has ended. While a product
traceability system may not necessarily
prevent a recall, it can certainly improve
the response by quickly identifying
contaminated ingredients or products and
retrieving them quickly before they reach
consumers.

In this new era of smarter food
safety, it is imperative that companies
in the food industry advance measures
to strengthen food traceability in their
organizations, as well as through supply
chain partners around the world. If this is
successfully carried out, the food supply
will be safer, more effective, efficient and
more sustainable.

Importance of Food Traceability

The term “traceability” was originally
mentioned in 1994 in the International
Organization for Standardization (ISO)
8402 standard that defined quality man-
agement and quality assurance terminol-
ogy (ISO 1994; Walaszczyk and Galinska
2020). Traceability was defined in that
standard as the ability to trace the history,
application, or location of an entity by
means of recorded identifications. Since
the original reference to traceability in
ISO 8402, food traceability has been used
to describe a system that documents the
history of a product through and along
its entire production chain from primary
raw materials to the final consumable
products (Montet and Ray 2018). Simply
stated, food traceability is a record keep-
ing system designed to track the flow of
product (or product attributes) through
the supply chain (USDA 2004).

Since sourcing of foods and ingredi-
ents from around the world has become
commonplace and the complexities of the
food supply chain have increased, food
traceability has received considerable
attention by the international community.
It has become the focus of many research
projects, technical and technological in-
novations, and national and international
legislation and regulations (Olsen and

Borit 2018). This trend has resulted in
many media stories, scientific publica-
tions and symposia and conferences on
this important subject. A concern has
been the lack of uniformity and the use
of inconsistent terminology and defini-
tions of traceability and the components
of a traceability system (Olsen and Borit
2018).

To provide a scientific framework for
food traceability, the FDA commissioned
the Institute of Food Technologists (IFT)
in 2008 to conduct an in-depth review
of traceability systems and technolo-
gies used by the food industry, as well
as systems used in international markets
and provide recommendations. IFT as-
sembled a team of experts and collected
information from 58 food companies and
more than 200 stakeholders throughout
the food supply chain. In a 2009 report
presented to FDA, the IFT team devel-
oped and shared a product tracing plan
and first used the terms Critical Tracking
Events (CTEs) and Key Data Elements
(KDEs) (Mejia et al. 2010a). These im-
portant terms provide the underpinnings
of a robust food traceability system and
have gained broad acceptance in the food
industry.

To be accepted by all stakeholders
in the food supply chain, a traceability
system needs to be simple, user friendly,
globally accepted, and be easily incorpo-
rated into current industry practices and
systems. The design of such a system
should be open and interoperable, with
each supply chain partner having the
ability to select methods and technolo-
gies that suit their operations (IFT 2011).
Traceability is an important business and
food safety tool that will help a company
identify the location of their products
(and ingredients) through every step in
the supply system, quickly determine the
quantity that is available, and effectively
provide an overview of inventory control.
Having quick access to this information
is critical on a daily basis and especially
during a crisis (Thesmar 2015).

The Benefits and Costs of

Food Traceability

Tracking and tracing foods through
the supply chain have some distinct
advantages for companies that have
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Figure 4. Investments in an effective food
areas of the business such as product trust, quality control, and risk
mitigation.

implemented and maintained robust food
traceability systems. Companies with an
effective traceability system often see re-
turns in time, labor efficiency, employee
productivity, cost savings, supply chain
and business management improvements,
enhanced communications, and busi-
ness partnerships, as well as increased
market opportunities (Fisher 2015; IFT
GFTC 2016). In addition to the economic
benefits for the companies involved, there
are also benefits for customers. Compa-
nies with robust traceability systems have
seen increased consumer confidence and
customer loyalty, as well as improved
brand reputation. Traceability also pro-
vides consumers with proof that products
possess specific attributes as claimed
(Fisher 2015; IFT GFTC 2016). Figure 4
provides a view of the many advantages
of a food traceability system.

A food traceability system is compat-
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traceability system can improve other

ible and complements the components
of other food safety and quality manage-
ment systems that may be implemented
within a food company, and this is illus-
trated in Figure 5.

From a business perspective, the cost
of prevention almost always outweighs
the consequences and expenses involved
in a food safety incident. The conse-
quences of a foodborne outbreak and
costly product recalls can be devastat-
ing to a company. In a 2011 publication,
the Grocery Manufacturers Association
(now the Consumer Brands Association),
Covington & Burling LLP, and Ernst &
Young estimated the average cost of a
product recall at $10 million (Philpot
2021). That amount just covers the direct
cost of recovery and disposal of the de-
fective product, while indirect costs (such
as litigation, lost sales and impact on
market value and brand reputation) could

Figure 5. Compatibility of food trace-
ability systems with other
food safety and quality
management systems
(IFT, GFTC).

reach hundreds of millions of dollars
(Philpot 2021).

While a food traceability system
may not prevent a recall, it can certainly
improve the response to one by identify-
ing contaminated products and retrieving
those that are still in the market. It has
been found that integrated traceability
systems can reduce the direct costs of
recalls 90% for short shelf life products
and 95% for longer shelf life products
(IFT 2022).

Several early reviews of costs as-
sociated with implementing traceability
systems and technologies in the food
industry were conducted through discus-
sions with food companies and technol-
ogy providers. (Mejia et al. 2010a; Mejia
et al. 2010b). From these discussions, it
was found that most firms have adopted
various types of warehouse management
systems and other techniques, but the
product tracing information varied in
breadth, depth, precision, and accessibili-
ty to supply chain partners (USDA 2004).

The Global Food Traceability Center
developed a calculator to assess the costs
and benefits of implementing traceability
systems compliant with guidance through
the Global Dialogue on Seafood Trace-
ability. Companies can use this calculator
to determine the financial benefits for
their organization based on their sec-
tor, revenue, current level of traceability
and other critical factors like legal costs,
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Interoperability

Progress still needs to be made in expanding traceability for food safety, environmental, climate,
nutrition, and labor purposes and aligning tech solutions around data, formatting, and

communications standards.

j — Support and Infrastructure
v 9 Investing in infrastructure and support is critical for participation, therefore it is important that investment in
V- the digital transformation is equitably distributed amongst all stakeholders that stand to gain from it.

O

1l
o

o,

Usability

Cost Considerations

Figure 6. Achieving End-to-End Traceability in the Food System

recalls, information management, and
the cost of product losses (shrink) (IFT
2022). The tool was developed with input
from industry members and is available
through the Global Food Traceability
Center.

In 2022, through a contract with FDA,
IFT reported on tech-enabled food trace-
ability trends based on information from
90 teams that participated in the 2021
FDA Low-or No-Cost Tech -Enabled
Traceability Challenge (IFT 2023). The
report concluded that “the knowledge,
means and technology have been devel-
oped to make end-to-end tech-enabled
traceability a reality, but it will not be
realized without the collective action and
continued innovation among the diverse
food industry community.” To continue to
expand traceability systems, it is crucial
that low-cost traceability solutions be
intuitive to all levels of experience, avail-
able in multiple languages, promote the
use of data standards and data commu-
nication protocols and consider applica-
bility to specific supply chain segments
or commodities (IFT 2023). Figure 6
illustrates the areas of continued innova-
tion and improvement in interoperability,
support and infrastructure, usability and
cost considerations that must be ad-
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dressed as traceability solutions advance
(IFT 2023)

According to FDA guidance an
interoperable traceability system “encom-
passes the ability to exchange product
tracing information accurately, efficiently,
and consistently among trading part-
ners”. The term “interoperable” appears
numerous times in FDA’s “Traceability”
regulation yet standards for interoper-
able exchange of traceability information
is still emerging (addressed later in this
paper).

Every company is unique and will
encounter different costs to implement
electronic tracking depending on its or-
ganization, structure, and circumstances.
Variables include costs associated with
designing, implementing, and maintain-
ing an effective food traceability system
that will meet Food Safety Moderniza-
tion Act (FSMA) requirements (US FDA
2022b). Several other factors include the
sector of the food industry, size of the
company, its technological sophistication,
the nature of their product(s), where they
are sourced, harvested and/or packed,
how they are manufactured, how they are
packaged and shipped, their perishabil-
ity, and whether they are used in further
processed products. Costs will also

Food systems employ a wide variety of people with different language skills, experience with technology,
and/or working in settings not conducive for data entry. It is important to creatively design solutions with
these end users in mind to ensure valuable data is captured correctly and consistently.

Transparency and due diligence around expectations for technology life-cycle costs will help investors
evaluate risk and plan for the future. It is also important that cost effective solutions continue to be
developed for all user types.

depend on whether the technology is “off
the shelf” or needs to be custom designed
(Mejia et al. 2010b). Costs clearly go
beyond the initial purchase of equipment
and companies should consider the long-
term costs of system implementation and
maintenance (IFT 2023). Some of the
fixed and variable cost components of a
traceability system (IFT 2023; Mejia et
al. 2010b) include:
= Capital equipment (computer systems,
scanners & labeling equipment)
= Installation and configuration of
equipment
= Software licenses and subscriptions
= Custom software updates
= External consultants
= Staff training
= Data collection
= Data storage
= Data migration
= Customization
= Integration
= Labor for operating the system
(recordkeeping)
= Supplies and materials for operating
the system
= Effects of efficiency of operations
= System maintenance and retrieval
costs
= Tech infrastructure

INSTITUTE OF FOOD TECHNOLOGISTS



= [T support
= Unforeseen or unidentified costs
associated with the system

In the past, inadequate record keeping,
inaccuracy and errors, difficulty linking
records of the supply chain partners and
delays in obtaining critical data and in-
formation, especially during a foodborne
disease outbreak (Badia-Melis, Mishra,
and Ruiz-Garcia 2015), frequently
characterized food traceability systems.
Today, a wide variety of innovative
electronic technologies provides more
efficient, secure, and faster access to
product information. These technologies
can be used to identify products, track
inventory, keep accurate records and
store data, share data about the move-
ment of products and trace ingredients
and products through the supply chain. In
today's world, if a food safety incident or
other triggering event occurs, companies
must respond quickly and efficiently to
identify, track down, recover, and remove
defective or violative products from the
marketplace.

TRACEABILITY
FOUNDATIONS

Some terms and concepts are founda-
tional to discussing and assessing trace-
ability systems. At the highest level, these
concepts can be thought of as the way
products are uniquely identified, the way
this information is shared and communi-
cated through the supply chain, and how
the information is captured and stored.
Because traceability is used to understand
the movement of products through the
supply chain, it’s important that members
of this chain can understand the informa-
tion provided to them. Alignment around
data standards and interoperability is
needed to achieve efficient, effective,
supply chain wide traceability.

Critical Tracking Events and
Key Data Elements as a

Framework for Traceability
Prior to 2010, terminology around
traceability distinguished between
internal and external traceability. Inter-
nal traceability referred to the ability
of a company to understand how prod-
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uct moved within the four walls of its
operation, including any manufacturing,
processing, packaging, etc. that occurred
(Schuitemaker and Xu 2020). Even at
that time, most companies self-reported
having good traceability, because they
viewed traceability from a company, not
supply chain perspective. Some compa-
nies expanded the concept of “internal
traceability” to include the movement
of product throughout their company,
including transfers between locations
owned by the same company. External
traceability referred to the movement of
product from one entity to another or one
ownership to another. However, the terms
internal and external traceability have
been largely replaced by concepts that
more simply describe traceability prin-
ciples: Key Data Elements and Critical
Tracking Events (Mejia et al. 2010).
Critical Tracking Events (CTEs) are
“critical points of product transfer and
transformation”, including “points in
a supply chain...where data capture is
necessary to follow product movement.”
(McEntire and Bhatt 2012). Some CTEs
relate to “external traceability”” such as
transportation between different loca-
tions (farms, facilities, warehouses, etc.).
CTEs also encompass events internal to a
company such as, commingling, process-
ing, or manufacturing, where data need
to be captured to link ingredients with a
new product but may not be shared with
external trading partners CTEs can also
indicate the removal of a product from
the supply chain through either depletion
or disposal (Bhatt et al. 2013). Although
both transportation and transforma-
tion are types of CTEs, a fundamental

More Industry
Impacted

Product Common Name (e.g.. Tomato)

difference is that during transportation,
the product, and therefore its lot number
and associated identifiers are unchanged.
However, the physical location of the
product changes. In contrast, during
transformation, the location remains the
same (e.g., the transformation is occur-
ring within one facility location), how-
ever the lot number generally changes
because a new product has been formed.
In both cases, information about the
product pathway is changing, and that
information needs to be captured. The
information to be captured at each CTE is
termed “Key Data Element” (KDE).

Key Data Elements are the informa-
tion, or attributes, for each CTE. The de-
termination of which data elements truly
are “key” to product tracing depends on
the granularity with which one wants
to trace, as illustrated in Figure 7 which
first appeared in the 2012 IFT traceability
pilot report (McEntire and Bhatt 2012).
Different use cases may require more or
less granularity, and therefore may dictate
which data elements are “key” for that
situation.

Since these terms were introduced,
several examples and resources have
been developed to further describe how
the CTE/KDE concepts apply to dif-
ferent supply chains and commodities.
Early work by IFT, the originator of these
terms, laid out some fundamental data el-
ements, distinguishing between “current-
ly required KDEs” and “linking KDEs”.
These essentially cover the “who”,
“what”, “when” and “where” for each
CTE (McEntire and Bhatt 2012). Subse-
quent IFT work (Zhang and Bhatt 2014)
recommended specific CTEs and KDEs

Less Precise

Product Style (PLU; e.g.. Roma)

Brand Name (Smith Farms)

Product ID (GTIN or SKU)

Shi

ID (PO ber, BOL)

P

Product Control Date (Sell By, Packed on, Expires)

Batch/Lot ID

d ducti b

9 P ),

Pallet ID (SSCC with ASN)

Case ID (case serial number)

Item ID (item serial number)

Limited Industry
Impacted

More Precise

(GTIN= Global Trade Item Number; SKU = Stock Keeping Unit; PO = Purchase Order; BOL = Bill of Lading; SSCC = Serial Shipping

Container Code; ASN = Advance Ship Notice)

Figure 7. Specificity of information and impact to industr .

INSTITUTE OF FOOD TECHNOLOGISTS 9



for several different food sectors, includ-
ing processed foods, meat, produce,

and dairy (Zhang and Bhatt 2014). The
Global Dialogue on Seafood Traceability
has tailored the CTE terminology to ap-
ply to the seafood industry (e.g., specify-
ing “on vessel processing” and “landing”
as CTEs), and identified industry-specific
terms and processes that constitute KDEs
(GDST 2020a). As discussed later, FDA
has adopted the CTE/KDE framework
and specified how they apply to foods
covered by the traceability rule.

Standards and Interoperability
Enable Traceability

If the goal of traceability is to be
able to ascertain how a product moved
through a supply chain, even if the physi-
cal product is long gone, these fundamen-
tal pillars of traceability—the who, what,
when, and where—must be unambigu-
ously communicated through the supply
chain. A 2008 outbreak of Salmonella
highlighted the difficulty regulators had
in following product information from
the point of sale or service back to the
farm. Initially, the epidemiological inves-
tigation suggested tomatoes as a possible
vehicle. Trying to determine if tomatoes
in different parts legs of the traceback in-
vestigation came from a common source
was complicated by the varying ways dif-
ferent supply chain entities described the
product name. Investigators noted that:
“Traceback issues such as commingling,
repacking, varying degrees of product
documentation throughout the supply
chain, difficulty in linking incoming with
outgoing shipments to the next level in
the distribution chain, and the complex-
ity of the distribution chain continue to
hinder product-tracing efforts. Improve-
ments in product-tracing systems and the
ability of the systems to work together
are needed for more rapid tracing of
implicated products through the supply
chain” (Barton Behravesh et al. 2011).
The naming or identification of products
is not the only area where confusion can
exist. Worldwide, the expression of dates
varies. For example, if a production date
is indicated as 06/05/23—is that June 5
or May 6?

Standards seek to provide a common
structure that harmonizes practices and
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decreases opportunities for confusion.
Several types of standards are relevant to
traceability: standards to identify KDEs
and standards to convey KDEs through
the supply chain both in physical form as
well as electronically. The global, neutral,
not-for-profit organization, GS1 collabo-
rates with industry to develop and main-
tain a system of supply chain standards
that support businesses processes. Many
of the standards used to support trace-
ability today leverage the GS1 system of
standards. For many data elements, such
as location, there are several options one
can choose, and the industry continues to
work to determine which should be used.

Identification Standards

Products within the supply chain can
be identified with varying degrees of
granularity. For example, bulk produce
items are differentiated based on their
Price Look Up (PLU) number. While it
can distinguish a banana from an apple
(the “what”), it does not provide
information about the brand or grower
(the “who”) and does not allow the
differentiation between an apple
harvested at different times (the “when”)
or from different locations (the “where”).

Many items in North America are
marked with Universal Product Codes, or
U.P.C, at point of sale. The U.P.C
encodes the product’s Global Trade Item
Number or GTIN. A GTIN is a GS1
identification key that is used to identify
a trade item which could be a product
that you may sell or a service that you
may offer in an online listing or in a brick
-and-mortar store. It is a globally unique
number that is used to identify a specific
product or service. It identifies who owns
the product (brand owner) and what the
item is.

The GTIN consists of three elements:
A unique GS1 Company Prefix that is
licensed from GS1, a unique item
reference number assigned by the brand
owner, and a calculated check digit. The
item reference number is unique to the
type of product (variety, ingredients, etc.)
as well as the way the item is packaged
(quantity, count, etc.). Brand owners have
the option to share information to decode
the barcode via the GS1 Registry
Platform.

Locations can also be communicated
in a variety of ways. There are street
addresses and latitudes and longitudes,
which are generally decipherable,
although still prone to confusion (will
different systems recognize that Drive is
the same as Dr.?). Food facilities that
manu-facture, process, pack or hold food
to be consumed in the United States must
reg-ister with FDA and are assigned a
non-public facility registration number.
Many supply chain entities, such as
farms, and retail and foodservice
establishments, do not have this number.
The growing areas within a farm may be
a distance from the street address.
Locations can also be identified using a
Global Location Num-ber (GLN). Like
the GTIN construct, the GLN begins with
the company prefix, followed by the
location reference and a check digit.

Called “the most key KDE”, the lot
code is currently considered to provide
the appropriate level of granularity for
traceability. Lot codes are highly vari-
able in construct. There is no standard
that specifies that, for example, the first
three digits of a lot code must be the
Julian date of production. The volume
of product associated with one “lot” is
also highly variable. Some producers
distinguish lots based on “clean up to
clean up”; others use a set time (e.g.,
eight hours of production); yet others
use the raw material or ingredient lots to
guide the size of the finished product lot
number. The way that a producer dif-
ferentiates one lot from another is not
standardized. Lots may be very large,
spanning large volumes produced over
long timeframes, or could be very small.
Obviously, when lots are large, there are
fewer lots to track, but if there is an issue
with that lot, a recall will be much larger.
The characters used to identify a lot, and
whether other KDEs are embedded in the
lot number (e.g., indicating date, produc-
tion line, facility location, etc.) are highly
variable and unlikely to be standardized
in the future.

Communication Standards

Together, CTEs and KDEs (Figure
8) (US FDA 2022c) establish a useful
framework that can be overlaid with
standards as described above. However,
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Figure 8. The relationship between CTEs and KDEs. (US FDA 2023c).
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Figure 9. Harmonized PTI Label, illustrating the use of Application Identifiers in

the GS1-128 barcode.

even if the data elements are standard-
ized, additional “ingredients” are required
for a functional traceability system. As
described by the global standards organi-
zation, GS1, traceability requires identi-
fication (the KDEs at each CTE) as well
as data capture and data sharing. Stan-
dardizing the way KDEs are identified

is not enough. The information needs a
mechanism to be communicated through
the supply chain, ideally simply and with
great accuracy.

Communication of KDEs can be done
through physical vehicles that carry data,
such as printed human readable infor-
mation, printed scannable bar codes, or
sensors such as RFID tags. Regardless
of the vehicle—from rudimentary to
sophisticated—the same KDEs should
be communicated. A benefit of using
physical vehicles is that KDEs accom-

pany the physical product, such as a bar
code on case. KDEs can be, and should
be, digitized, but require varying degrees
of labor. For example, although entering
information manually into a database is
possible, it is labor intensive and error
prone. A variety of bar code options are
available, with the GS1-128 bar code
being utilized by most industry-driven
traceability initiatives owing to its ability
to carry several data elements that can be
decoded via the use of application identi-
fiers. An example of application identi-
fiers in a GS1-128 bar code are shown in
Figure 9, an illustration of the Harmo-
nized Label for the Produce Traceability
Initiative. The industry-driven group has
identified that the bar code will be used to
convey the following key data elements:
GTIN (as indicated by the application
identifiers (01)); pack date or best by date

(indicated by application identifiers (13)
or (15), respectively), and lot number (as
indicated by the application identifiers
(10).

Scanning bar codes is faster than read-
ing and transcribing information off a box
or piece of paper, but still requires line
of site with each unit to be scanned and
assumes that the bar code quality enables
scanning. The technology associated with
RFID tags, which require even less labor,
but more are more expensive in terms of
infrastructure, has advanced, but ques-
tions around the ability to capture data
as well as environmental consequences
of used tags remain (Zuo 2022). This
technology is being explored by segments
of the foodservice industry in the United
States.

Increasingly, there is a desire by both
regulators and companies to share trace-
ability information between supply chain
partners electronically (Gemba 2020; US
FDA 2023c). The standards, systems and
tools that support electronic exchange
of information ventures outside food
safety and into the world of information
technology.

Interoperability

Given the volume of data to be shared
between hundreds of thousands of supply
chain partners, it is critical that data is
standardized and that systems are in-
teroperable. Interoperable systems allow
information to be shared in a standard-
ized fashion between different systems.
Imagine if a bank card only worked at
the ATM of that bank, instead of any
ATM around the world, or if a phone
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could only call the exact same make and
model of phone. As traceability software
solutions were being developed, some
systems required that all traceability

data be stored in one system, similar to
everyone using the same bank, or having
the same phone. It is extremely unlikely
that the global food supply chain will
agree to house all traceability data in one
centralized system. This would be akin

to everyone in the world having the same
type of phone, same service provider and
same data plan. Because different compa-
nies will want to use traceability related
information in different ways (e.g., for
marketing insights, to measure system
inefficiencies, etc.), the marketplace

must develop a variety of options for the
industry that encourages innovation while
facilitating interoperable communication.

To encourage the development of sys-
tems to handle traceability information
in no or low-cost ways, FDA launched a
challenge (US FDA 2021). An analysis
by IFT found that just over half of the
systems assessed were characterized as
“does not require custom integration
to communicate with other platforms,
information capture AND sharing aligns
with existing data standards” (14%) or
“Enables information sharing via custom
integration with other platforms, informa-
tion capture/sharing aligns with existing
data standards” (47%). The authors note
“even if two solutions scored a 3 [most
interoperable], it doesn’t necessarily
mean that they are interoperable with
each other” (IFT 2023).

In 2021, GS1 US conducted a study in
collaboration with the Global Dialogue
on Seafood Traceability (GDST), Insti-
tute of Food Technologists (IFT), Beaver
Street Fisheries, Bumble Bee Seafood,
Chicken of the Sea, FoodLogiQ, IBM
Food Trust, Insite Solutions, Norpac,
ripe.io, SAP, Walmart, and Wholechain
to explore the challenges associated with
data sharing in the food supply chain. The
solution providers all offered traceability
platforms, which were powered by vari-
ous blockchain, distributed ledgers, and
cloud-based technologies.

A key motivator was to bring atten-
tion to the data being shared across the
food system. “It’s important to remember
that any one solution does not inherently
make the data being shared more trust-
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worthy—bad data can be recorded on

a blockchain too, for example. A single
solution also does not, by itself, provide
end-to-end supply chain visibility. To
achieve a truly visible and traceable sup-
ply chain, the integration of internal and
external business processes must occur.
This means that the internal processes a
company uses to track a product within
its operation is integrated into a larger
system of external data exchange and
business processes that take place be-
tween trading partners to move the prod-
uct. Therefore, to solve whatever supply
chain challenge has been identified—in
this case, seafood traceability—the focus
must really be on the network of trading
partners sharing data and then trusting in
that data via the audit trail of those trans-
actions.” (Fernandez 2021)

To enable interoperability, the food
industry needs to add role-based permis-
sions not only for data access, but also
for platform-to-platform data exchange.
Business to business data sharing is
only one part of the food ecosystem and
involves known trading partners. If we
are to enable sharing between disparate
solutions and unknown partners, then we
will need to employ new ways of verify-
ing, validating, and routing these data
requests. The technology and standards
are in place to share the data, but this
crucial step is not yet determined. This
topic has been under discussion for many
years, and references can be found in the
McEntire and Bhatt’s 2012 report, “Pilot
Projects for Improving Product Tracing
Along the Food Supply System — Fi-
nal Report”. The participating solution
providers recommended: “Business and
proprietary data can be protected with
encryption and bank-level data security,
but still needs to be quickly and easily
accessible to the regulators in order to
protect public health.”

Next Steps to Build the

Foundation

In July 2011, IFT convened a group of
thought leaders as part of a Traceability
Improvement Initiative (a predecessor
to the GFTC) to envision traceability in
the future. The group predicted the state
of traceability in 2012, 2016 and 2021
(Newsome, Bhatt, and McEntire 2013).

The degree of standardization and data
sharing anticipated by 2021 has not been
accomplished. Progress has been slower
than anticipated, in part because much of
the U.S. food industry was reluctant to
evolve their systems and processes in ad-
vance of having regulatory requirements.
FDA’s final traceability rule provides
definitions and expectations that should
allow the community to evolve beyond
the foundations. A team approach to
traceability implementation, inclusive of
food safety, regulatory, supply chain, and
information technology, is required to
maximize the likelihood that a traceabil-
ity system will meet its intended purpose.

GOVERNMENT TRACE-
ABILITY REGULATIONS

Hazards in food such as bacteria, al-
lergens, and foreign objects can pose a
risk in everyday life. However, foodborne
illnesses and injuries are never identified
because of poor recordkeeping that limits
or prevents traceability.

Based on several foodborne illnesses
that have occurred where their cause
or source could not be identified, many
countries have adopted traceability
legislation that requires or encourages
the food industry to establish systems to
identify the source of food ingredients
and raw materials (one step backward)
and to who their food products were
sold (one step forward). If all parts of
the food supply chain can effectively
implement the one step backward and
one step forward, then the time needed
to identify food safety issues or the cause
of foodborne illness can be significantly
reduced and the likelihood of identifying
a root cause increased, potentially saving
lives, and reducing foodborne illnesses.
The various technologies to trace food
ingredients and raw materials backward
to their source or forward to the next
customer are addressed in another section
of this paper.

United States Federal
Government System of Food

Safety and Traceability

The U.S. federal government has
primary responsibility for food safety,
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including investigating and identifying
the root cause of foodborne illnesses and
deaths using epidemiology and trace-
ability. Unlike many countries who have
consolidated their food safety programs
into one agency, there are a number of
different U.S. federal agencies (see brief
listing below) that together share this
responsibility in a coordinated effort to
minimize the impact of any food safety
problems while sharing information to
maximize the ability to trace the source
of the food safety issue, either before
(preventive) or after the food reaches the
consuming public.

= Food and Drug Administration
(FDA) primarily through its Center
for Food Safety and Applied Nutrition
(CFSAN) and Office of Regulatory
Affairs (ORA) investigative field staff.
Responsible for the safety of all hu-
man foods and animal feed, whether
produced domestically or imported
except for foods under the responsibil-
ity of USDA and beverages containing
alcohol.
USDA Food Safety Inspection
Service (FSIS) and its approximately
6,000 resident inspectors. Responsible
for regulating all meat (beef, poultry,
pork), liquid egg products and Siluri-
formes, including catfish.
Environmental Protection Agency
(EPA) regulates the use of various
chemicals for treating food crops,
cleaning food processing equipment
and any chemical considered as a pes-
ticide. EPA works cooperatively with
both FDA and FSIS on acceptable
chemicals and use levels intended to
be applied to food or food crops.
USDA Agricultural Marketing
Service (AMS) has responsibility for
establishing and enforcing a voluntary
grading program to designate the qual-
ity of many different types of food in-
cluding meat, fruits, vegetables, eggs,
raw milk and some dairy products, as
well as collecting information on the
level of pesticide residues in foods.
AMS also administers and enforces
the mandatory “Country of Origin”
food labeling requirements as well as
the U.S. organic foods program.
USDA Federal Grain Inspection
Services (FGIS) is responsible for
providing testing methodologies,
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grade designations and enforcement of
U.S. grain standards to both buyers
and sellers of grain, pulses, oilseeds
and related raw agricultural.

USDA Animal Health and Plant In-
spection Service (APHIS) is respon-
sible for ensuring that imported live
animals, plants, plant seeds and animal
semen are pest and disease-free.
Bureau of Alcohol, Tobacco, Fire-
arms, and Explosives (ATF) has
regulatory responsibly for foods and
beverages with an alcohol content of
more than 1.2% alcohol by volume
(vol.). ATF works closely with FDA
on some food safety and labeling is-
sues.

Federal Trade Commission (FTC)
has oversight and enforcement author-
ity to ensure that advertising of all
products including food is truthful and
non-deceptive.

Since the U.S. federal government
responsibility for human food safety lies
primarily with the FDA and USDA FSIS,
we will limit our discussion related to
traceability to these two agencies. Both
the FDA and FSIS also have working
agreements or MOUs with other federal
agencies such as EPA, CDC, ATF, and
various state government counterparts.
Notwithstanding these understandings,
both agencies always retain their federal
pre-emptive food safety regulatory and
enforcement authority.

Food and Drug Administration
(FDA)

Starting in the first decade of the
21st Century, the United States experi-
enced increases in some microbial-based
foodborne illnesses with no sustained
decrease in others (Figures 2 and 3). The
cause of many of these outbreaks was
never identified because of a lack of
traceability records as the raw materials,
food ingredients, and finished foods
moved through supply chains.

FDA Foob TRACEABILITY
REGULATION

Prelude to FDA’s Traceability

Regulation
Prior to the passage of the Food Safety

Modernization Act (FSMA) on Janu-

ary 4, 2011, and implementation of its
associated regulations, the FDA did have
some traceability requirements for infant
formula (21 CFR 106). Also, facilities
required to register with FDA resulting
from the 2002 Bioterrorism Act were sub-
ject to traceability recordkeeping require-
ments, commonly known as the “one step
backward and one step forward”.

FSMA’s traceability requirements
included:

= Establishing a product tracing system
to allow FDA to effectively track and
trace food consumed in the United

States

= Conduct traceability pilots of produce

and processed food sectors with 180

days
Before publishing any traceability regula-
tion, in 2011 FDA commissioned a study/
pilot conducted by the Institute of Food
Technologists (IFT) to provide more
detailed and practical insight into the
U.S. food industry’s use of traceability,
its effectiveness and to conduct trace-
ability pilots with different companies
representing different food sectors. IFT
collaborated with representatives from
more than 100 organizations, including
the USDA, state departments of agricul-
ture and public health, industry, consumer
groups, and not-for-profit organizations to
implement the pilots. Two product tracing
pilots of foods were conducted. One food
pilot focused on the tracing of chicken,
peanuts, and spices in processed foods;
the other pilot focused on the tracing of
tomatoes.

IFT conducted 14 mock tracebacks/
traceforwards, ranging from simple to
complex. In summary, IFT found there
were several areas that required industry
to make improvements, such as uni-
formity and standardization, improved
recordkeeping, enhanced planning and
preparedness, better coordination and
communication, and the use of technol-
ogy which if adopted, would increase the
speed at which tracebacks and tracefor-
wards could be conducted, both by FDA
and the food industry.

In 2021, the FDA identified traceabil-
ity of food and food ingredients as a key
component as part of its new “Foodborne
Outbreak Response Improvement Plan”.
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FDA Traceability Regulation

Details

From the signing of FSMA in January
2011 until FDA’s publication of the final
version of its Food Traceability regula-
tion on November 15, 2022, FDA’s regu-
latory expectations were that each node
in the supply chain needed to have the
capability of tracing their food, food in-
gredients or raw food one step backward
to their supplier and one step forward to
their customer. The traceability regulation
became effective 60 days after publica-
tion, but FDA established an enforcement
date of January 20, 2026, when all food
processors making foods on the “Food
Traceability List (FTL) needed to be in
full compliance. The traceability regula-
tion contains the following sections:

= General Provisions

= Traceability Plan

= Records of Critical Tracking Events

= Procedures for Modified Requirements
and Exemptions

= Waivers

= Records Maintenance and Availability

= Consequences of Failure to Comply

= Updating the Food Traceability List

FDA Food Traceability List

Of the many parts of the Food Trace-
ability regulation, the most impactful is
the “Food Traceability List” (FTL) (Table
2). This list identifies those foods that
are subject to the FDA Food Traceability
regulations. Food identified as a “listed”
food or if the “listed food” is used as an
ingredient and remains in the same form
in which it appears on the list (example
soft cheese such as mozzarella melted
on a cheese pizza), then almost all points
in the supply chain incur some respon-
sibility for maintaining the traceability
regulation record keeping requirements.
If a food or food ingredient does not
appear on the list, at this time, FDA will
not be enforcing this regulation on these
other foods.

This “list” was developed based on
the following risk-ranking criteria (in no
order of priority):

= Frequency of outbreaks and occur-
rences of illnesses

= Severity of illness

= Likelihood of contamination
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= The potential for pathogen growth,
with consideration of shelf life
= Manufacturing process contamination
probability and industry-wide inter-
vention
= Consumption rate and amount con-
sumed
= Cost of illness
The written traceability plan is required
to identify how FTL foods are handled,
and assign traceability lot codes to all
FTL foods that includes:
= A description of the procedures used
to maintain the records, including
format and record location.
= A description of the procedures used
to identify foods on the FTL that you
manufacture, process, pack or hold.
= A description of how traceability lot
codes are assigned to foods on the
FTL.
= [dentifying a point of contact for ques-
tions regarding traceability plan and
records.
= [f food on the FTL is grown or raised
(other than eggs), a farm map is re-
quired, showing the areas where such
foods are raised, including geographic
coordinates and any other information
needed to identify the location of each
field or growing area. For aquaculture
farms, the farm map must show the
location and name of each pond, pool,
tank, or cage in which the seafood on
the FTL is raised, including geograph-
ic coordinates and any other informa-
tion needed to identify the location of
each pond, pool, tank, or cage.
Parties that grow or raise a FTL food
(other than eggs) for commercial dis-
tribution or sale are required to keep a
farm map identifying where the FTL
food is grown or raised, including geo-
graphic coordinates for the growing/
raising area.
Harvesters and coolers of raw agri-
cultural commodities (RACs) (not
obtained from a fishing vessel) that are
on the FTL must keep records of their
activities and provide information
to the initial packers of these RACs.
These initial packers, along with the
first land-based receivers of FTL foods
obtained from a fishing vessel, as
well as entities that transform an FTL
food (by manufacturing/processing
a food or by changing the food or its

packaging or labeling), must assign a
traceability lot code to the food to help
ensure accurate identification of the
food as it moves through the supply
chain.
Shippers and receivers of FTL foods
must keep records of these actions,
and shippers must provide the trace-
ability lot code and other information
identifying the food to the recipients
of the food, including information
relating to the traceability lot code
source.
To avoid disclosing confidential informa-
tion about their suppliers, instead of di-
rectly identifying the traceability lot code
source of an FTL food, the shipper may
instead choose to provide a traceability
lot code source “reference,” such as an
FDA Food Facility Registration number
or a web address (which could be config-
ured to require authentication for access),
and taken together, these fundamental re-
quirements are intended to provide a sys-
tem of traceability information for FDA
to more rapidly and effectively identify
the source of contamination when investi-
gating a foodborne illness outbreak.
Exemptions: The final rule exempts
certain small producers (including small
produce farms, shell egg producers, and
other producers of RACs) and, at the
other end of the supply chain, certain
small retail food establishments (RFEs)
and restaurants. The rule also provides
several other exemptions, including, but
not limited to:
= farms when food is sold or donated
directly to consumers
= food produced and packaged on a farm
whose packaging maintains product
integrity and prevents subsequent
contamination
= foods that receive certain types of
processing, including produce that
receives commercial processing that
adequately reduces the presence of
microorganisms of public health
significance
= shell eggs that receive a certain treat-
ment
= foods that are subjected to a patho-
genic kill step
= foods changed such that they are no
longer on the FTL
= produce rarely consumed raw
= certain raw bivalve molluscan shellfish
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Table 2. Products that are included in the FDA Food Traceability list (US FDA 2023c). See footnotes.

Food Traceability List (FTL)

Description

Cheeses, Cheese (made from pasteurized Includes soft unripened/fresh soft cheeses. Does not include cheeses that are frozen,
other milk), fresh soft or soft unripened shelf stable at ambient temperature, or aseptically processed and packaged.
than hard Cheese (made from pasteurized Includes soft ripened/semi-soft cheeses. Does not include cheeses that are frozen,
gg:iiis;” milk), soft ripened or semi-soft  shelf stable at ambient temperature, or aseptically processed and packaged.

ifi :

y Cheese (made from unpasteur- Includes all cheeses made with unpasteurized milk, other than hard cheeses. Does
ized milk), other than hard not include cheeses that are frozen, shelf stable at ambient temperature, or aseptically
cheese[1] processed and packaged.

Shell eggs Shell egg means the egg of the domesticated chicken.
Nut butters Includes all types of tree nut and peanut butters. Does not include soy or seed butters.
Cucumbers (fresh) Includes all varieties of fresh cucumbers.
Herbs (fresh) Includes all types of fresh herbs.
Leafy greens (fresh) Includes all types of fresh leafy greens. Does not include banana leaf, grape leaf, and
leaves that are grown on trees.
Leafy greens (fresh-cut) Includes all types of fresh-cut leafy greens, including single and mixed greens.
Melons (fresh) Includes all types of fresh melons. Examples include, but are not limited to, canta-
loupe, honeydew, muskmelon, and watermelon.
Peppers (fresh) Includes all varieties of fresh peppers.
Sprouts (fresh) Includes all varieties of fresh sprouts (irrespective of seed source), including single
and mixed sprouts.
Tomatoes (fresh) Includes all varieties of fresh tomatoes.
Tropical tree fruits (fresh) Includes all types of fresh tropical tree fruit. Does not include tree nuts such as coco-
nut. Does not include pit fruits such as avocado. Does not include citrus.
Fruits (fresh-cut) Includes all types of fresh-cut fruits. Fruits listed in § 112.2(a)(1) are exempt from the
requirements of the rule under § 1.1305(e).
Vegetables other than Includes all types of fresh-cut vegetables other than leafy greens.
leafy greens (fresh-cut)
Finfish Finfish, (histamine Includes all histamine-producing species of finfish.
(fresh and producing species)
gs:si%ally' Finfish, species potentially Includes all finfish species potentially contaminated with ciguatoxin.

contaminated with ciguatoxin

Finfish, species not associated
with histamine or ciguatoxin

Smoked finfish
(refrigerated and frozen)

Includes all species of finfish not associated with histamine or ciguatoxin.

Includes all types of smoked finfish, including cold smoked finfish and hot smoked
finfish.[4]

Crustaceans (fresh and frozen)

Molluscan shellfish, bivalves
(fresh and frozen)[5]

Ready-to-eat deli salads
(refrigerated)

Includes all crustacean species. Examples include but are not limited to shrimp, crab,
lobster, and crayfish.

Includes all species of bivalve mollusks.

Includes all types of refrigerated ready-to-eat deli salads. Does not include meat
salads.

[1] Hard cheese” includes hard cheeses as defined in 21 CFR 133.150, colby cheese as defined in 21 CFR 133.118 and caciocavallo
siciliano as defined in 21 CFR 133.111. Examples of hard cheese include, but are not limited to, cheddar, romano, and parmesan.

[2] For a more comprehensive list, see Chapter 3 of the Fish and Fishery Products Hazards and Controls Guidance.

[3] Data for catfish were excluded from the Risk-Ranking Model because Siluriformes fish (such as catfish) are primarily regulated by
the U.S. Department of Agriculture.
[4] “Smoked finfish” refers to a finfish product that meets the definition of a smoked or smoke-flavored fishery product in 21 CFR

123.3(s).

[5] Under 21 CFR 123.3(h), molluscan shellfish means any edible species of fresh or frozen oysters, clams, mussels, or scallops, or
edible portions of such species, except when the product consists entirely of the shucked adductor muscle.

Note: Foods for animals are not included in our current risk-ranking model and are not included on the FTL, and therefore not covered
by the final rule.
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= persons who manufacture, process,
pack, or hold FTL foods during or
after the time when the food is within
the exclusive jurisdiction of the USDA
= commingled RACs (not including
fruits and vegetables subject to the
produce safety regulation)
= RFEs and restaurants purchasing
directly from a farm; certain ad hoc
purchases by RFEs and
= restaurants from other such entities;
farm to school and farm to institution
programs; fishing vessels; transport-
ers; nonprofit food establishments; and
food for research or evaluation.
Any entity or company subject to the
rule who manufacture, process, pack, or
hold foods on the FTL, maintain records
containing KDEs associated with specific
CTEs is required to provide records on
traceability including traceability lot
codes to the FDA within 24 hours after
FDA makes the request or within some
reasonable time to which the FDA has
agreed. The final rule applies to domestic
as well as foreign firms producing food
for U.S. consumption, along the entire
food supply chain in the farm-to-table
continuum.

Specific FDA Traceability

Recordkeeping Examples

In order to know which KDEs are
required for each CTE, FDA has provided
an excellent interactive webpage which
can be found at https://www.fda.gov/
media/163132/download.

In addition, for specific food sectors,
FDA has provided detailed examples to
help the industry identify CTE and their
associated KDEs (see bulleted list with
hyperlinks below).

= Produce: https://www.fda.gov/
media/163054/download

= Seafood: https://www.fda.gov/
media/163055/download

= Cheese: https://www.fda.gov/
media/163056/download

= Additional Supply Chain Examples
including:

o Aquacultured tilapia

o Canned tomatoes

o Canned salmon

o Imported mangoes

o Shell eggs

o Fresh produce meant for meal kits:
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https://www.fda.gov/media/169511/
download

U.S. DEPARTMENT OF
AGRICULTURE FooD

SAFETY INSPECTION
Service (FSIS)

Program Overview

The USDA Food Safety and Inspec-
tion Service (FSIS) regulates meat, shell
eggs, and Siluriformes, including catfish,
under the Federal Meat Inspection Act,
the Poultry Products Inspection Act, and
the Egg Products Inspection Act. Some
foods that contain a meat and another
food may be subject to “dual regulation”
by both FDA and USDA. One example of
this dual regulation/jurisdiction is pizza.
A cheese pizza is exclusively regulated
by the FDA while a pepperoni-topped
pizza is regulated primarily by the USDA
(pepperoni being a meat) with the FDA
responsible for the nutritional informa-
tion on the pepperoni pizza label.

The Federal Meat Inspection Act
(FMIA) and the associated regulations
have a very strong traceability require-
ment that requires records for traceback
to the farm or ranch that supplied the
live animal prior to slaughter. In addi-
tion, these regulations require all ani-
mals slaughtered for human food (e.g.,
beef, pork, and chicken) and sold for
consumption into interstate commerce
in the United States to originate from a
facility that receives on-site inspection
by USDA-FSIS trained and employed
inspectors. These inspection personnel
also conduct post-mortem inspection to
ensure that the meat from the carcass and
internal organs are fit for human food.
Each live animal is identified by a tag or
other unique identifying “mark of inspec-
tion” so any disease or other abnormality
identified post-mortem can be traced back
to the seller of that animal.

USDA FSIS regulations, with few
exceptions, require the meat products
from a slaughtering and meat process-
ing facility receive a USDA ink stamp
or mark if the facility meets applicable
USDA FSIS requirements, authorizing its
sale. Examples of the stamp are shown in
Figure 10.

In general, the requirements on trace-
ability enforced by USDA FSIS can be
found in 9 CFR 320 and more specifi-
cally, the