LUISS

Department of Business and Management

Course of Marketing: Market Relationship & Consumer Engagement

Creating Consumer Awareness to Food
Additives via A Modified Traffic Light Food
Labeling System

Prof. Giacomo Sillari Molly Petrucci

SUPERVISOR CANDIDATE

Academic Year 2023/2024



TABLE OF CONTENTS

1.0 Chapter ... 2
L 6315 o T L To7 51 ) s DO 2
2.0 Chapter 2 ... 6
2.1 Common FOod AdditiVEs .......oviiiiiii i e 6
2.1.1 Color AddItIVES. . ...t 6
2.1.2 Flavor AdditiVes. ... ...oueiii i 10
2.1.3 Preservative Additives ..........coeiiiiiiiiiii i 14
2.2 Nutrition Labels ... 17
221 Back of Pack .....oooiniii 18
222 Front of Pack ......o.oiiii 20
2.3 Regulation PractiCes .........oiuiiriintiiiit i 23
2.3.1 Food Additive Regulation ..............coooiiiiiiiiiiiiiiiiii e 23
2.3.2 Food Label Regulation ............ccooiiiiiiiiiiiiiiiiiiei e 24
2.4 Processed FOOAS .......iuiititi i 25
2.4.1 Minimally Processed FOOdS ..........cooiiiiiiiiiiiiiiiiiiciee, 25
2.4.2 Processed FOOdS ......o.uiniiiiii 26
2.4.3. Ultra Processed FOOdS .......coviiiiiiiii e, 26
B0 Chapter B ..o 24
BT RESEAICH .ot 26
B2 MEthOAS et 28
3.3 PartiCIPants ...o.ueiinte ittt e e e 28
T 1 ) S 30
40 Chapter 4 ... e 39
A1 RESUILS .ot 39
4.1.1 Traditional Vs. Traffic Light ... 39
4.1.2 Consumer Preference, Soda .......c.c.vvviiiiiiiiiii i 41
44

4.1.3 Consumer Preference, Candy .............coooiiiiiiiiiiiiiii i,



4.1.4 Soda and Demographics ............ccoeviiiiiiiiiiiiiii 46

4.1.5 Candy and Demographics ..........ccoviiiiiiiiiiiiiiiiiieieee e, 48
T L 1 B 1 1] ) o< 50
5.1 Discussion and Conclusion ...............oiiiiiiiii i 50
5.1.1 Traffic Light vs. Traditional .............c.ooooiiiiiiiiiiiiie, 50
5.1.2 Candy: Smart Sweets vs. Sour Patch...................ooo 51
5.1.3 Soda: Mountain Lightning vs. Mountain Dew .............................. 52
5.1.4 Demographics and Candy/Soda
5.2 IMPIICATIONS ...ttt et 53
5.3 LIMIEATIONS .ottt ettt et ettt et et e e e e 55
6.0 Tables & CRarts ...... ... e 58
ToO REFEI@ICES ... e 73



Chapter 1: Introduction
INTRODUCTION

As consumer trends shift, the American public are paying more attention to what they are
putting in their body and have a stronger focus on healthier eating. However, according to a
PEW research report, although attention of consumers is focused on healthy eating, behavioral
implementation of these practices is lacking (Funk & Funk, 2024). While healthy eating is the
goal, the term is subjective in nature and without a full understanding one has no way to know
and then implement what healthy eating is. A healthy diet, and healthy eating today means
cutting back on food items with high fat, sodium, and sugar content (Grimmelt et al., 2022) and

including a mix of fresh fruits, vegetables and wholegrains.

Food items with high fat, sodium, and sugar content, also known as processed foods, are
becoming increasingly produced and has led to a drastic shift in dietary patterns and
consumption lifestyles (World Health Organization: WHO, 2020). This change in consumption
patterns can be attributed to the uptick in obesity and overweight individuals in the U.S, where
nearly 1 in 3 adults are overweight and 2 in 5 are obese (Overweight &Amp,; Amp, Obesity
Statistics, 2024). It can also be attributed to the heightened risk for many health problems,

including heart disease, types of cancer, diabetes, etc.



With consumption levels of processed food heightened, it is pivotal to note the majority
of these food items contain an abundance of food additives, which are utilized to improve the
overall appearance, shelf life, and consistency of food products (“Food Toxicology,” 2016).
However, according to the International Food Information Council’s Food and Health Safety
report, 34% of respondents found food additives and ingredients including caffeine, MSG,
flavors, colors, preservatives etc. as their top issue regarding food safety (International Food
Information Council, 2022). This furthers the evidence of a shift in consumer trends, and
expanding the need for change regarding how consumers decipher between processed food

items.

We are presently seeing a monumental shift in food additive policy in prominent food
producing sectors within the United States. Fast food restaurants are one of the main sectors in
the U.S. that contribute to an unhealthy diet and offer foods with high contents of additives and
preservatives. Burger King, a prominent international fast food chain, has begun to change this
narrative with its campaign “Beauty of No Artificial Preservatives”. The campaign illustrates
their initiative of eliminating harmful food additives in their products by advertising a spoiled
burger, a natural phenomenon that occurs a few days after no consumption. This ensures to the
public that there are no additives preserving shelf life or product appeal in this campaign.

Burger King has acknowledged the shift of health-conscious consumers, and created a marketing

campaign to depict a healthy and unaltered burger (Lithos & LithosPOS, 2024).

In a policy setting, some states are beginning to understand the importance of knowing

what we put in our body and the health effects they may cause, and take action. The first



administrative body within the United States of America to take strict action regarding harmful
additives is the state of California. Gavin Newsom, the Governor of California, has passed a law
that bans harmful food additives, including a popular food color additive, red dye number 3. The
California Food Safety Act, Assembly Bill 418, prohibits the sale, manufacture, or distribution of
the food dye, along with 3 other chemical food additives including potassium bromate,

brominated vegetable oil and propylparaben (Hernandez, 2023).

It is pivotal to continue to research and explore effective approaches to ensure the
consuming body has accurate and transparent information regarding food additives, allowing for
the execution of autonomous decision making with respect to healthy eating. A tool that assists
consumers with healthier dietary choices is the Nutrition Facts label found on the back of almost
all packaged foods in the United States (Christoph et al., 2018). Nutrition Facts are regulated by
the Food and Drug Administration and have been required since the legislation passed the
Nutritional Labeling and Education Act of 1990 (Pintauro, 2018). In recent years there has been
a push to make labels easier to understand with regards to both formatting and content (Food

Labeling: Revision of the Nutrition and Supplement Facts Labels. Final Rule, 2016).

Two types of food labels, front of pack and back of pack, are present on food packaging.
Front of pack labels are designed to attract the attention of consumers, while back of pack labels
are present as an informative guideline for ingredients and nutrients present in the food item. In
this research we will focus predominantly on front of pack labels, and more specifically that

which follows a traffic light system.



The traffic light label system presents nutrient information in a way that illustrates a
range of nutrient categories with corresponding colors. Traditionally, the four categories are fat,
saturated fat, sugar, and salt levels in a product. The corresponding colors are “red” indicating a
high level of that nutrient, “orange” indicating a medium level, and “green” indicating a low
level of nutrient (Sacks et al., 2009). While there is ample research on traffic light food labels,
mostly residing in the United Kingdom and Ecuador, continued research is needed for the United

States.

While traditional food traffic labels focus on nutrition facts, my research focuses on the
effectiveness of using a modified traffic light food labeling system in increasing consumer
awareness of food additives. While the traditional system focuses on nutritional content—such as
fat, sugar, and salt—this research will assess how well it can communicate the presence of
additives in common food products. To what extent a modified traffic light food labeling system,
designed to communicate the safety of food additives, improves consumer awareness and
influences healthier purchasing decisions compared to traditional nutrition labels in the U.S. will

be explored through this research.

My literature review will give a comprehensive background on common food additives,
their history, and their present cause for concern, while also touching upon governing bodies
surrounding the food additive and food label landscape. Then I will explore U.S. consumer
perceptions on food additives and the concept of traffic light labels. Finally, I will explore the
effectiveness of a modified traffic light food labeling system to a traditional nutrition food

labeling system in the context of popular packaged food items in the U.S.



The findings of this research will contribute to ongoing efforts in assisting the American
public with making more well-informed and healthy food choices, while also raising awareness

about the presence of food additives in our everyday food.

Chapter 2: Literature Review

COMMON FOOD ADDITIVES

The Food and Drug Administration (FDA) defines a food additive as “any substance in
which the intended use may, directly or indirectly, affect the characteristic of any food —
including any substance used in producing, manufacturing, packing, processing, preparing,
treating, packaging, transporting, or holding food” according to Section 201(s) of the Food,
Drug, and Cosmetic Act (Program, 2018). It is important to note that these ingredients are
typically not consumed as food by themselves, nor are they used as typical ingredients in foods,
and that they are substances added to food for the purpose of improving color and quality
perceptions, flavor, freshness, or for preservation purposes (Abedi-Firoozjah & Tavassoli, 2024).
Common food additives in the scope of this research can be categorized as a coloring additive, a

flavoring additive, or a preservative additive.

Color Additives:

Adding color to foods is a long standing custom that dates back to the early Indus Valley
civilizations in 3500 BC and became common practice around 1500 BC when natural extracts
and wine were supplemented to enhance the appeal and appearance of some food items

(Unesco, 2008). The use of artificial food colors in modern practice didn’t emerge until 1856,



when Sir William Henry Perk discovered the first synthetic organic dye, mauve, marking
significant shifts in the world of food color technology (Science History Institute, 2024). 50
years later, the first policy addressing concerns with adulterated foods, including that of artificial
colors, was enacted in the 1906 Pure Food and Drug Act. Later the 1938 Food, Drug, and
Cosmetic Act established the regulatory framework for food additives that remains in place

today.

The presence of color additives in food products serves several purposes. They provide
uniformity and consistency in color presentation, compensate for potential color loss during food
processing, and impart vibrancy to bland or colorless foods (Program, 2023 & Frick, 2003).
Additionally, color additives propose a significant influence over consumers sensory experiences
with food, specifically in terms of taste, attraction, perception, and quality (Lehto et al., 2017;

Program, 2023; Burrows, 2009).

Color is a critical attribute as it pertains to consumer preferences, selections, and desires
of food items (Su & Wang, 2024) and research shows that our experience of taste and flavor is
largely determined by our created expectations prior to consumption (Shankar et al., 2010), and
thus color creates a psychological expectation that is difficult to overturn (Shankar et al., 2010).
Color associations can be argued to be a combination of evolutionary practices and cultural
norms. From an evolutionary perspective, animals and human beings alike understand food
condition according to its color, a practice dating back to homo sapiens evolution 3 million years
ago (Luca et al., 2010). Thus, one could argue that our preference for brighter colored food is

credited to our evolutionary adaptation. The color pigmentation of food items like certain meats,



fruits, and vegetables can indicate ripeness, while dull and grey items often signal spoil and harm

(Luca et al., 2010).

As defined by the Food and Drug Administration, a color additive is any dye, pigment, or
substance that can impart color to a consumable product, pharmaceutical, cosmetic, or even the
human body (Program, 2023). Color additives fall into two categories: natural sources, which
are exempt from certification, and synthetic or artificial sources, which require batch
certification. This distinction highlights the difference between substances that are naturally

occurring, and those that are chemically synthesized (“Encyclopedia of Food Chemistry,” 2019).

Presently in the United States, the FDA has approved nine synthetic food colors
additives, all of which require batch certification. Below is an overview of these certified color

additives.

Require Batch Certification:

1. FD&C Blue No. 1: Also known as Brilliant Blue FCF disodium is an additive known for
its coloring agents, which is commonly used in processed foods, pharmaceuticals, dietary
supplements, and cosmetics (Shahmohammadi et al., 2016).

2. FD&C Blue No. 2: Referred to as Indigo Carmine or indigotine, its molecular formula is
CI12H19N305. 1t is used in desserts, baked goods, snacks, and dairy products, as well as
in medical diagnostics and pharmaceutical formulations (“Food Chemistry,” 2021).

3. FD&C Green No. 3: Known as Fast Green FCF, this additive is turquoise in color and

used in vegetables, jellies, sauces, and baked goods (Pereira et al., 2024).



4. Orange B: Once used in sausage casings, Orange B is no longer in use in the United
States and has not been certified for the past decade (Synthetic Food Dyes: A Rainbow of
Risks, 2024 & Arnold et al., 2012).

5. Citrus Red No. 2: This color additive is used to dye the skin of oranges but is only
allowed for oranges consumed as fresh produce (Synthetic Food Dyes: A Rainbow of
Risks, 2024).

6. FD&C Red No. 3: Known as erythrosine, this pink dye is used in candy, ice pops, and
cake-decorating gels. While its use in food and ingested medications remains
unrestricted, its application in cosmetics and topical drugs is prohibited (Garg, 2024).

7. FD&C Red No. 40: Also called Allura Red AC, this is one of the most widely used
synthetic food dyes, found in food, drugs, cosmetics, and even tattoo ink (Oplatowska-
Stachowiak & Elliott, 2016).

8. FD&C Yellow No. 5: Known as Tartrazine, this dye is used in food products, cosmetics,
and pesticides (Oplatowska-Stachowiak & Elliott, 2016).

9. FD&C Yellow No. 6: Also called Sunset Yellow FCF, this dye is used in gelatin, frozen
desserts, carbonated beverages, and bakery products (Oplatowska-Stachowiak & Elliott,

2016).

Exempt from Batch Certification

It is relevant to point out that colorants exempt from certification frequently originate
from plant, mineral, insect, or other naturally occurring origins, embodying naturalness, however

not all exempt colors stem strictly from nature (Program, 2023). In the US regulatory framework,



there isn't a distinct category for "natural" color additives. Instead, regulations classify color
additives simply as either subject to certification or exempt from certification, without
differentiation based on their origin as natural or synthetic (2/ CFR Part 170 -- Food Additives,
n.d.). You can view the list of colors that are exempt from batch certification in the charts section

labeled table 3.0.

Flavor Additives:

Flavor additive practices can be distinguished throughout history by various cultures and
for a plethora of reasons (Wang et al., 2023). The British Museum of History credits the
Assyrian Empire, an early Mesopotamian civilization, with the earliest mentioned herb on record
as sesame, where it was used as a source to enhance flavor to food, wine, and oil (Parry, 1955).
Flavor enhancement through an additive substance is also described in the Holy Bible’s Old
Testament where it can be noted that spices from the “traffics of the spice merchants” were
“employed to make food more palatable” (Parry, 1955). Fast forward to the 1850s, where the
first synthetic substance used to flavor candy was created, not from the extract of a fruit, but in a
lab and using the chemical compound amyl acetate (Berenstein, 2018). From this discovery, we
continue to add and enhance a variety of food items with synthetic food flavoring, spanning from

refreshments, confections and jellies, to pasties, syrups and sauces (Berenstein, 2018).

Flavor additives are any substances added to supplement, enhance, or modify the original
taste or aroma of food items (CFR - Code of Federal Regulations Title 21, n.d). Flavor itself is a
multisensory experience of the gustatory, olfactory, and somatosensory systems (Small, 2012),

where flavor of a food can only be determined when taste and smell are present (Institute for

10



Quality and Efficiency in Health Care (IQWiG), 2023) and combined with our individual

experiences with food and food products (Myers, 2018).

Flavoring agents are chemicals that impart flavors or fragrances and are added to food to
modify its aroma or taste. It is important to note these are the most common type of additives
used in foods and have hundreds of variations (World Health Organization: WHO, 2023). The
U.S. Food and Drug Administration, FDA, regulates the use of flavorings in food products
through the Code of Federal Regulations, CFR, Title 21, Part 101.22. The regulatory agent states
that all flavorings used in food products must be safe for consumption and properly labeled (CFR
- Code of Federal Regulations Title 21, n.d.) According to the FDA, a flavoring additive can be
defined as “any substance with the function of imparting flavor, which is used or intended for
use in imparting flavor to a food, including any substance that functions in this manner as a result

of an interaction with other substances” (CFR - Code of Federal Regulations Title 21, n.d.).

Artificial Flavor:

The term artificial flavor, or artificial flavoring is defined by any substance, the function
of which is to impart flavor, which is not derived from a spice, fruit or fruit juice, vegetable or
vegetable juice, edible yeast, herb, bark, bud, root, leaf or similar plant material, meat, fish,
poultry, eggs, dairy products, or fermentation products thereof as defined by the Food and Drug
Administration classified in the Code of Regulations Title 21 Section 101.22 (CFR - Code of
Federal Regulations Title 21, n.d.). Those which constitute an artificial flavor additive can be

summarized by the charts proceeding the reference page and titled by Table 4.1-7 which are

11



reflective of substances characterized under SS 172.515 and Table 5.1 which are reflective of

substances categorized under section CFR 182.60.

Natural Flavor:

As in opposition, the term natural flavor or natural flavoring means the essential oil,
oleoresin, essence or extractive, protein hydrolysate, distillate, or any product of roasting,
heating or enzymolysis, which contains the flavoring constituents derived from a spice, fruit or
fruit juice, vegetable or vegetable juice, edible yeast, herb, bark, bud, root, leaf or similar plant
material, meat, fish, poultry, eggs, dairy products, or fermentation products (CFR - Code of
Federal Regulations Title 21, n.d.). Those which constitute a natural flavor additive can be
summarized by the charts proceeding the reference page and titled by Table 6.1 -reflective of
substances characterized under section CFR 182.10; Table 7.1-3 — characterized by substances
classified under CFR 182.20; Table 8.1-2 — defining substances under CFR 182.40; Table 9.1
reflecting substances under CFR 182.50; Table 10.1-2 — analyzing the natural substances under

S172.510.

Flavor Additive Health Implications:

Brominated Vegetable Oil

Brominated Vegetable Oil is a food additive and emulsifier which is used to stabilize and
prevent the citrus flavors from separating in soft drinks and other beverages. Currently, it is
authorized for its usage in small amounts, but is not approved to exceed 15 parts per million
(Hetter, 2023). Brominated Vegetable Oil, or BVO, was previously listed under the “generally

recognized as safe” list, and has since been removed. For now, until the ban gains approval, its

12



usage is limited. Although popular soft drink companies like PepsiCo and Coca-Cola have
removed BVO from their products due to on-going concern, it is still used and found in smaller
store and discount store-brand soft drinks (Hetter, 2023). The consumption of BVO has shown
heart, kidney, and liver damage in pigs (Farber et al., 1976); accumulations of sodium benzoate’s
derivatives in the heart, liver, fat, and has led to changes in the thyroid and thyroid cells of rats

(Farber et al., 1976).

Artificial Sweeteners:

Artificial sweeteners are food additives which mimic the effect of sugar on taste, known
as sugar substitutes (Chattopadhyay et al., 2011). Prominent sugar additives in the United States
are Aspartame, Acesulfame-K, Neotame, Saccharin, Sucralose, Cyclamate and Alitame. These
provide a low calorie high sweetness ratio to consumers (Chattopadhyay et al., 2011). These
sugar additives are generally found in sugar packets, soft drinks, candy items, and low calorie
food items. The acceptable daily intake of these sweeteners vary from 2mg/kg per day
(Neotame) to 50mg/kg a day (Aspartame) (Chattopadhyay et al., 2011). It is important to note
that portion sizes have dramatically increased in the last few decades, which has aided to an
increase in consumption of many unhealthy food products (Dobson & Gerstner, 2010). The daily
limit is arguably impossible to achieve with supersize and gulp size sodas, coupled with other
items of aspartame like sugar packets and other artificially sweetened foods. (Chattopadhyay et
al., 2011 & Dobson & Gerstner, 2010). As per the World Health Organization, long term usage
of artificial sweeteners are linked to an increased risk of type 2 diabetes and cardiovascular

diseases (World Health Organization, 2023), as well as the Internation Agency for Research on

13



Cancer indicating that some artificial sweeteners (Aspartame) can be classified as “possibly

carcinogenic to humans” (Marques et al., 2019).

Preservative Additives:

Food preservation methods, both chemical and naturally occurring, have been
commonplace for over 8,000 years (Institute for Quality and Efficiency in Health Care (IQWiG),
2023). The ancient Egyptians were among the first to conceptualize the preservation possibilities
of salt. Using this knowledge they would draw the bacteria-causing moisture out of foods, then
dry the food, ensuring an effective meat storing process without the use of a refrigerator (Henney
etal., 2010 & Kamel & Ahmed, 2022). Similar to the ancient relevance of color and flavor
additives, food preservatives date back to the time of ancient civilizations (Sen, 2022).

In the ancient Roman empire, sheep and goats were used for meat and sacrificial
purposes, and they were known for salting their meat for consumption (Graff, 2017). Forward to
more modern times, French confectioner Nicolas Appert discovered the preservation properties
of food in airtight glass jars and bottles in 1809 (Christensen, 2023), yet the implications of
scientific principles and biological laws weren’t fully understood until Chemist Louis Pasteur
coined the term pasteurization in 1865. As the next 100 years progressed, knowledge and
innovation regarding bacteria continued, and the first chemical preservations - salicylic acid and
benzoic acid- were studied for their inhabitation of bacteria growth (Hugo, 1995).

The need to preserve food for future use is still prevalent in our life in order to maintain
the integrity of food products (Msagati, 2012) , improve the quality of food, and preserve food
from different types of bacteria or fungi (Sen, 2021). Chemical preservative agents assist with

both the deceleration and prevention of bacteria, mold, and yeast growth in food, and contribute

14



to the avoidance of toxin development and spoilage. Chemical preservative agents are defined as
any chemical that, when added to food, tends to prevent or retard deterioration thereof. Common
salt, sugars, vinegars, spices, oils extracted from spices, and chemicals applied for insecticidal or
herbicidal properties are not considered chemical preservative agents (CFR - Code of Federal

Regulations Title 21, n.d.).

Preservative classification can be split into two class groups: Class I and Class II.

Class I preservatives can be characterized by common salt, sugar, dextrose, glucose, spices,
vinegar, acetic acid, edible vegetable oils, and honey (Khuntia et al., 2020). Class II
preservatives include compounds that are chemically synthesized, such as elements like benzoic
acid, sulphureous acids, nitrates of sodium or potassium, nisin, sodium and calcium propionate
(Khuntia et al., 2020). Class II can further be classified into three subgroups: antimicrobial

agents, antioxidants, and chelating reagents.

Antimicrobial agents — yeast, mold, bacteria - are often used to prevent the development,
action, and presence of microorganisms by reducing moisture levels and increasing acidity, thus

creating an environment which inhibits growth (Khuntia et al., 2020).

Antioxidants and other antimicrobials help in the preservation process of food through

the control of atmospheric oxidation, which prevents the breakdown and reaction with free

radicals (Khuntia et al., 2020).

15



Chelating agents help to bind with metals, which in turn prevents the natural ripening and

oxidation process from occurring (Khuntia et al., 2020).

Presently, there are 20 approved chemical preservatives as recognized by the FDA and
can be classified as follows: ascorbic acid, erythorbic acid, sorbic acid, thiodipropionic acid,
ascorbyl palmitate, butylated hydroxytoluene, calcium ascorbate, calcium sorbate, dilauryl
thiodipropionate, potassium bisulfite, potassium metabisulfite, potassium sorbate, sodium
ascorbate, sodium bisulfite, sodium metabisulfite, sodium sorbate, sodium sulfite, sulfur dioxide,

and tocopherols (21 CFR Part 182 Subpart D -- Chemical Preservatives, n.d.).

Preservative Additive Health Implications:

Sodium Benzoate

Sodium benzoate, the salt of benzoic acid, is a widely used food preservative and
microbial substance, used in various food products, fruit juices, carbonated drinks, and cosmetics
(Zengin et al., 2011), however soft drinks are the predominant dietary source (Tfouni & Toledo,
2002). Sodium benzoate inhibits the growth of bacteria, yeast and mold, and was the first food
preservative to be approved by the Food and Drug Administration. It is pivotal to note that these
preservatives are listed under the “generally regarded as safe” or GRAS agents by the FDA
(Lennerz et al., 2015). Presently, acceptable daily intakes made by the World Health
Organization of sodium benzoate reside at Smg/kg or 0-2.27mg/Ib of body weight per day (Nair,
2001). Furthermore, the FDA caps the maximum level in food to be at 0.1% presence (21 CFR

184.1733 -- Sodium Benzoate., n.d.). One must consider that the above mentioned daily intake

16



would require mathematical attention and expertise, as well as great attention to detail with
regards to food packaging and labeling. This will further be extended upon later in the research.
Sodium benzoate is a perfect example of the importance of updated nutrition labels when

pertaining to food additives.

There are a few causes of concern in regards to sodium benzoate. Most notably, it is
known for its harmful reaction with ascorbic acid (Vitamin C). When both sodium benzoate and
ascorbic acid are present and exposed to heat and sunlight, the formation of benzene occurs
(Program, 2022). Benzene is a carcinogen which is associated with blood disorders and leukemia
(Benzene - Cancer-Causing Substances, 2024). Potassium bromate is an oxidizing agent that is
used for its quick, efficient, and economical oxidation process in bread and other baked goods
(Shanmugavel et al., 2020). Potassium bromate is a colorless and odorless powder or crystal. The
FDA presently allows for 75mg/kg as a daily limit intake on potassium bromate (Nkwatoh et al.,
2023). Explained further, this means that 75 milligrams per 1 kilogram of flour, or in U.S.
metrics, 1 teaspoon of potassium bromate per 800 cups of flour (Center for Research on
Ingredient Safety, 2023). Potassium bromate has been classified as a human carcinogen under the
classification of many governing bodies (Shanmugavel et al., 2020).. Furthermore, potassium
bromate has been linked to toxicity in the liver, bone and blood, cardiac, and kidney regions in

mice (Shanmugavel et al., 2020).

NUTRITION LABELS
Nutrition labeling has a purpose of providing consumers in purchasing settings with

information about the food product, allowing for consumers to practice autonomous choice in
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nutritional food selection (Grunert & Wills, 2007). Consumers often understand key and simple
terms respective to that of food labeling, but with higher complexity of information that
understanding begins to fall. In numerous studies, consumers indicated that informational aids
with regard to food items are a useful tool (Grunert & Wills, 2007). The relationship between
front of pack and back of pack is important in that back of pack complex information, can
arguably be summarized and simplified to create a clear and concise front of pack label, that

assists consumers with their overall decision making process (Grunert & Wills, 2007).

Nutrition Facts Label:

Nutrition Facts labels allow consumers to make informed decisions about their food
consumption (Roberto & Khandpur, 2014) . The front, back and sides of packaging is often filled
with information informing the consumer what the item contains and provides guidance in
selecting healthier options (Understanding Food Labels, 2024). Nutrition Facts labels have been
required on packaged foods in the United States since the Nutritional Labeling and Education
Act of 1994 (Christoph et al., 2018 & H.R.3562 - 101st Congress (1989-1990): Nutrition
Labeling And Education Act of 1990, n.d.). According to the Nutrition Labeling and Education
Act (NLEA), a “Nutrition Facts’ label must be displayed and easily identify health related
information such as calories, saturated fats, cholesterol, and sodium (Variyam, 2007).
Unfortunately, the array of numbers, percentages, and complex-sounding ingredients on these
labels often causes confusion to the observer (Understanding Food Labels, 2024) Food labels

can be characterized as front of pack (FOP) labels and back of pack (BOP) labels.

Back of Pack:

18



Back of pack labels provide a key source of nutritional information to consumers,
however they lack aesthetic appeal. These labels include four main categories: Serving

Information, Calories, Nutrients, and Daily Value Percentages.

Serving Size:

Serving information includes both the servings per container/package and the serving
size. Serving sizes are provided in units such as cups or pieces, and then followed by a metric
amount, typically in grams. Although the serving size is often thought to be a recommendation of
how much you should eat or drink, it is actually a reflection of the amount people typically

consume (Program, 2024).

Calorie:

Calories are also a prominent factor to be considered on back of pack nutritional labels. A
calorie is a unit of energy often used to express the nutritional value of foods. In labeling food
products in the United States, a calorie refers to that of a kilocalorie. Thus, 1 food calorie equals
1 kcal, or the amount of energy needed to raise 1kg water by 1 degree of Celsius (Buchholz &
Schoeller, 2004). 2,000 calories per day is a typical baseline for consumption amount, however
intake can be higher or lower depending on your age, sex, height, weight, physical activity, etc.

(Program, 2024).

Nutrients:

Another main component to the BOP nutrition facts label is the list of key nutrients that

have an impact on your health. This includes items like total fat content, cholesterol, sodium,
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total carbohydrate index, protein composition, as well as key vitamins and minerals. Per the
FDA, consumers should limit their intake of items high in Saturated Fat, Sodium, and Added
Sugar, while striving to increase their intake of dietary fiber, Vitamin D, Calcium, Iron, and

Potassium (Program, 2024).

Percent Daily Value:

The Percent Daily Value (%DYV) is coupled with each listed nutrient, and informs the
consumer of the percentage each nutrient accounts for in a standard 2,000 calories per day diet.

A value of less than 5% is considered low, while a value exceeding 20% is considered high

(Program, 2024).

Front of Pack:

Front of pack labels on the other hand, offer little nutritional information, however
because of their location, these labels are often more noticeable. These labels allow for quick
decision making about nutritional content of an item because of the simple, recognizable and
interpretable format (Kanter et al., 2018). These labels often offer detail specific nutrients, with
noticeable text, symbols, color or logos that promote specific attributes (i.e. hearth health, vegan,
gluten free, etc.). (Becker et al., 2015 & Hodgkins et al., 2012). Standardization of front of pack
systems has yet to be regulated, despite their popularity. Without cohesive guidance, front of
pack formats are often found to be confusing, misleading, and offer manipulative information
(Hawley, 2012). Some common front of pack labeling includes health logos, traffic light

labeling, and warning labels.
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The introduction of front-of-pack (FOP) labeling systems, such as the modified traffic
light labeling system I propose, aims to combat the issue of confusing information by providing
a more intuitive method for consumers to assess the nutritional quality and safety of food
products. In this research, we will focus our attention on a modification of the traffic light
system, as it pertains to food additives and their relative cause of concern to consumers. The
traffic light system coined its name due to its color scheme usage which describes nutrient
content in respect to its level of healthfulness. The traffic light system uses red, yellow, and
green indicators to alert customers to the level of fat, sugar, and salt in foods (Office of the

Commissioner, 2018), reflected in the images below.

Each serving (30g) of cereal contalns
ENERGY FAT SATURATES
wow | 078 0.1g

110kcal 10w LOw
(39 % 1%

% of adult's referance intake,
Typical values per 100g: Energy 1530k)/ 360kt

Table 1. Traditional Traffic Light Labeling Sysem, Example 1 (Adapted from World Cancer Research Fund, 2023).

Each Serving (100g) contains

of an aduit's reference intake
Typical values (as sold) per 100g: 1569k)/375kcal

Table 2. Traditional Traffic Light Labeling System, Example 2 (Adapted from Razavi & Xue, 2023).

Numerous studies illustrate that color coded traffic light systems are easily understood

by consumers (Becker et al., 2015). While many traffic light systems focus on food nutrients,
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more specifically the levels of fat, saturated fat, sugar and salt in foods, the focus of this research
is to determine if a traffic light system will be effective in the overall consumer understanding of

the food additives present in their consumable item.

A significant body of evidence supports the real-world impact of the traffic light system
in improving consumer behavior and public health outcomes. For example, a study by Sacks et
al. (2009) demonstrated that traffic light labeling helped consumers quickly identify healthier
food options, leading to better-informed purchasing decisions. Similarly, studies done by Machin
et al. (2017) extend upon nutrition labels portrayal of three important items, motivation, ability,
and triggers, and how these effect consumer behavior. The argument here is by emphasizing one
of these elements, you can then in turn change the way in which they are perceived (Machin et
al., 2017). Machin argues that by using an effective front of pack food label, which highlights
the high content of a nutrient that has been linked to negative health conditions, you can in turn
increase consumer awareness of unhealthy products and encourage healthier alternatives by
using the element of motivation (Machin et al., 2017). In light of my research, the same
principles apply. Using the modified traffic light label as a front of pack label, which highlights
the level of concern for each food additive ingredient present in a food item, will ideally increase
awareness of unhealthy products with cautious food additive elements, and assist consumers with

selecting items with less additives present.

While the use of traditional traffic light labels are effective in aiding consumers to

healthier decisions with regards to nutritional facts, it is my goal to take this effectiveness and
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relay it to a more important surfacing issue in that of food additives, and their prominence and

ambiguity in US food items.

REGULATION PRACTICES
Food Additive Regulation:

In the United States, the U.S. Food and Drug Administration (FDA) is a scientific,
regulatory and public health agency that oversees food products, human and animal drugs,
cosmetics, animal feed, etc. (Office of the Commissioner, 2018). The FDA as we know it today
dates back to 1906 with the passage of the Federal Food and Drugs Act, which is known for its
prohibition of the manufacturing, sale, or transportation of any food, drug, medication, or liquor
which is misbranded or poisonous (7he Food and Drug Administration: The Continued History
of Drug Advertising | Weill Cornell Medicine Samuel J. Wood Library, n.d.). This act is credited
with the first federal law to address product adulteration, production, distribution, as well as the

marketing of food and beverages (Barkan, 1984).

While the 1906 act was a pivotal stepping stone in food regulation practices in the United
States, this initiative was flawed with its presumption that food was deemed safe until proven
otherwise. This changed with the introduction of the 1958 Food Additives Amendment and the
1960 Color Additives Amendment, which required the FDA to approve food safety prior to
consumption and usage. Presently, “food additives” covers 400 of the approximate 2,600
substances intentionally added to foods (National Academies Press (US), 1982). Not included in

this criteria are the 500 or so food ingredients termed “Generally Recognized as Safe”, or GRAS.
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GRAS:

GRAS, or generally recognized as safe, was a response to the Food Additives
Amendment, and created an entire class of substances that are excluded from the food additive
definition, which then avoids its mandated premarket approval process (Burdock & Carabin,
2004). GRAS designation is applied when a group of qualified experts agree that a product is
known to be safe when used as intended. A clear history of use before 1958 or an assessment of
safety must be present to assign this label to a substance (Frestedt, 2018). The FDA is not
required to review GRAS substances, such as spices and preservatives, and therefore food
manufacturers may determine a substance as GRAS without the FDA’s approval or knowledge

(Food Safety:(GRAS), 2010).

Delaney Clause:

Another important piece of legislation regarding the regulation of food additives is the
Delaney Clause. The Delaney Clause is a clause of the Federal Food, Drug and Cosmetic Act of
1958 and addresses concerns that potentially cancer causing, harmful chemicals were present in
foods. (Krishan et al., 2021). There are three Delaney Clauses in the FFDCA, one that applies to
food additives, one that applies to color additives, and one that applies to animal drugs (Krishan
et al., 2021). The Delaney Clause’s vague definition and interpretation, coupled with ongoing
advancements in technology and cancer research, make this clause an on-going contention in the

world of food additives (Krishan et al., 2021).

Label Regulations:
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The late 1960s saw the first legislation changes to nutrition labeling. Prior to this,
nutrition labeling was typically voluntary or non-existent (Dumoitier et al., 2019). The Nutrition
Labeling and Education Act of 1990 (NLEA), created by the Food and Drug Administration, was
the first regulatory practice to communicate present nutrients in packaged foods and allow for
consumers to make informed and healthy decisions pertaining to consumption (Dumoitier et al.,

2019).

PROCESSED FOODS

Ultra-processed foods and food additives exist everywhere in the modern human diet
(Whelan et al., 2024). It is important to note that almost all foods are processed to some extent,

for a variety of purposes.

Minimally Processed Foods:

Minimally processed foods, which fall under the category of unprocessed foods, undergo
industrial processes such as drying, crushing, grinding, roasting, boiling, pasteurization,
refrigeration, freezing, and vacuum packaging. These methods aim to extend the shelf life and
facilitate the storage and preparation of various foods, without adding salt, sugar, oils, fats, or
other substances (Monteiro et al., 2019). Culinary ingredients derived from minimally processed
foods or natural sources, including oils, fats, sugar, and salt, are obtained through processes like
pressing, centrifuging, refining, extracting, or mining. These ingredients are used in preparing,

seasoning, and cooking foods (Monteiro et al., 2019).
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Processed Foods:

Processed foods are created by adding salt, sugar, or other substances to minimally
processed foods or culinary ingredients. Preservation techniques such as canning, bottling, and
non-alcoholic fermentation (used in products like bread and cheese) are utilized to improve

durability and sensory qualities (Monteiro et al., 2019).

Ultra Processed Foods:

Then we have ultra processed foods. These foods are formulations of several ingredients
which include salt, sugar, oils, and fats as well as substances not used in culinary preparations
such as color, flavor and emulsifier additives (Monteiro et al., 2019) to imitate sensory qualities
or to disguise undesirables of the final product (Ares et al., 2016). Ingredients characteristic of an
ultra-processed food are those in which you would not find in a kitchen, or have no or rare
culinary use (Monteiro et al., 2019). Processes and ingredients used for the manufacturing of
ultra-processed foods are designed to be highly profitable products which contain low-cost

ingredients and a long shelf life (Monteiro et al., 2019).

Chapter 3: Research
RESEARCH
Through the foundational research, it is evident that navigating the world of food
additives and present food labeling systems is complex, and future research needs to be
conducted to assist consumers in making informed decisions about the products they purchase,

and in turn, consume.
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This thesis aims to assess whether a modified traffic light system could be effective in
guiding consumer choices regarding common food additives found in processed food items.
Traditional traffic light labeling systems typically categorize nutrients such as fats, sugars, and
sodium with corresponding colors (red, yellow, green) to reflect healthfulness. However, this
research will adapt the traffic light system by expanding the color depth from only 3 colors (red,
yellow, and green) to 5 (red, orange, yellow, light green, and dark green). Additionally, the color
coding context will no longer reflect red as high level, yellow as moderate level, and green as

good level. Instead, the system will expand into how harmful or safe an item is.

The proposed traffic light system would be characterized by a five-level rating scale,
adapted from the Center for Science in the Public Interest's Chemical Cuisine Additive Safety

Ratings (CSPI’s Food Additive Safety Ratings, 2024):

e Safe: Indicated by bright green, meaning the additive poses little to no health risk to
consumers.

e Cut Back: Represented by soft green, indicating the additive is not toxic but should be
consumed in moderation due to potential nutritional concerns.

e Certain People Should Avoid: Indicated by yellow, suggesting the additive may trigger
allergic reactions, intolerances, or other issues for specific groups.

e Caution: Represented by orange, meaning the additive may pose risks and requires
further testing and research. It is recommended to avoid products with these substances.

e Avoid: Marked by red, indicating the additive is unsafe at typical consumption levels or

poorly researched. Consumers should avoid buying products with these ingredients.
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The Center for Science in the Public Interest has identified 140 chemical additives, listing
their names, purposes, and associated health concerns (CSPI’s Food Additive Safety Ratings,
2024). These will be used as the foundation for categorizing additives within the traffic light

system.

The central research question guiding this study is speculation on whether or not a traffic
light food labeling system that effectively communicates the presence and risk level of food
additives can improve consumer understanding of additives in a food item and in turn influence
healthier food selections. By focusing on whether this adapted traffic light system can enhance
consumer awareness of additives and influence healthier food choices, this research aims to
contribute to ongoing efforts to increase effectivity in marketing food items and improve public

health through better food labeling transparency.

Methods

This study utilized a quantitative survey methodology to assess the impact of a modified
traffic light labeling system, centered on food additives, on consumer preferences for packaged
food items, specifically soda and candy brands. The survey aimed to collect data on how
different labeling systems (traditional and traffic light) influence consumer decision-making,

with a particular emphasis on ingredients and food additives.

Participants

The target population for this research was adults over the age of 18 residing in the
United States. This group was selected due to the limited existing data on their purchasing

preferences, specifically regarding the use of traffic light food labels, both in a traditional context
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and with the added focus on food additives in this study's modified approach. Additionally, this
population represents individuals responsible for their own consumption habits, making them a

suitable reflection of purchase behavior within the U.S.

The initial sample included 212 respondents. However, after cleaning the data for
incomplete responses, non-U.S. residents, and duplicate records, the final sample consisted of

138 valid responses.

The majority of respondents (75.4%, or 104 out of 138) identified as female, with males
accounting for 22.46% (31 out of 138), and 2.17% (3 out of 138) identifying as a third gender.
The age range of respondents varied, with the largest group (59.4%) falling between 25 and 32
years old. Other age groups represented included 18-24, 33-44, 45-54, and 55+, though these
categories had fewer respondents. The estimated average age of participants, based on the

provided age ranges, is approximately 27.55 years.

In terms of racial demographics, the sample was relatively homogeneous, with White
respondents making up 89.1% (123 out of 138). Other racial identities included Black or African

American (3.6%), Asian (4.3%), American Indian (<1%), and Other (2.2%).

Regarding education, 55.1% (76 out of 138) of respondents had completed a Bachelor’s
degree, followed by 25.4% with a Master’s degree, 4.3% with a Doctorate, 3.6% with an

Associate’s degree, and 11.6% with only a high school education.

Finally, the geographic distribution of respondents was largely concentrated in New
York, with 77.5% (107 out of 138) residing in the state. Other states represented included

California and Colorado (2.9% each), Minnesota (1.4%), and Texas, North Carolina,
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Pennsylvania, Illinois, Massachusetts, Maryland, Oregon, and Connecticut, each with one

respondent.

Survey

Participants were encouraged to complete the survey at their convenience. The only prior
information given was that the survey was part of a master's thesis and would take approximately

five minutes to complete. They were assigned to all conditions and questions in the same order.

The survey was divided into four sections. The first section focused on respondents’
habits, opinions, and behaviors regarding food additives and nutrition labels as currently found in
the U.S. The second section aimed to gauge consumers’ awareness of, and appeal toward, a
traffic light label system. The final two sections presented practical examples comparing

traditional and traffic light labels, using popular soda and candy brands in the U.S.

The survey employed several question formats, including multiple choice, Likert scale
responses, open-ended, and non-binary questions. Most questions were multiple choice, as the
responses were categorical with limited options (e.g., “Very important,” “Unhealthy,”
“Sometimes”). Likert scale questions, such as Q1 ("How important is the labeling of food
additives?"), were used to measure the intensity of respondents' opinions, with classifications
ranging from "Slightly important" to "Extremely important." This allowed for clear insights into

respondents' preferences, attitudes, and concerns.

The first set of questions explored participants' health perceptions and nutritional
awareness. When asked how important a healthy diet is, the most common responses were “Very

important” (53.6%) and “Extremely important” (37.0%). This reflects a high level of health
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consciousness among participants. In a follow-up question, respondents were asked how healthy
they perceive the average American diet to be. Most categorized it as "Unhealthy" (61.6%) or
"Very Unhealthy" (27.5%), indicating their awareness of dietary issues in the U.S. When asked
to identify the unhealthiest aspect of the American diet, 67.9% cited the "high consumption of
processed foods," followed by concerns about artificial additives and preservatives (10.9%). This
suggests that many respondents see a direct link between processed foods and diet-related health

issues, along with concerns about the long-term impact of food additives.

Besides diet and overall health, a collection of survey questions aimed to understand the
behavioral background of respondents regarding food labels. In terms of behavior, respondents
were asked how often they check the nutrition facts label when purchasing packaged food. Many
reported doing so "Most of the time" (32.6%) or "About half the time" (25.4%). This suggests
that while consumers are aware of the importance of checking labels, it may not be a consistent
habit for everyone, possibly due to external factors like time constraints or a lack of trust in label
clarity. When asked about their concerns regarding harmful additives, most respondents
expressed being either "Concerned" (50.0%) or "Very Concerned" (21.0%), indicating a high

level of concern about the presence of additives in food.

Another set of questions focused on the respondents’ appeal toward traffic light labels.
When asked to rate the effectiveness of traffic light labels in helping make healthier food
choices, the majority selected "Effective" and "Very Effective." Similar ratings were given for
the labels' ability to display clear, easily understood information. Additionally, 52.2% of
respondents were “Very Interested” and 20.3% were “Extremely Interested” in seeing the traffic

light labeling system implemented on more packaged goods. These trends suggest that traffic

31



light labels are a powerful tool for influencing consumer behavior and that there is demand for

wider implementation of such labels.

Label Comparisons:

Following the exploratory data, the survey featured two key sections: one comparing a
traditional nutrition label with a traffic light nutrition label, and another focused primarily on the

traffic light labeling system’s effectiveness using popular U.S. packaged food items.

For the traditional nutrition label comparison, participants were first presented with two
images of a popular soda brand, Mountain Dew. Next to the soda, where both price and brand
remained constant, a traditional food additive label was included (Option A) and the proposed

traffic light food labeling system for food additives (Option B). See Figure below.
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This section aimed to evaluate the effectiveness of two food labeling systems—
traditional nutrition labels and traffic light nutrition labels—in communicating the presence of
food additives. Based on the existing literature, which suggests that color-coded labeling systems
such as traffic light labels are more intuitive and easier for consumers to interpret (Balcombe et
al., 2010; Cecchini & Warin, 2016), it was hypothesized that the traffic light label would be
perceived as more effective in conveying information about food additives compared to the

traditional label. The hypothesis for this is as follows:

(Ho): There is no difference in perceived effectiveness between the traffic light label and the

traditional label in communicating food additives.
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(H1): There is a significant difference in perceived effectiveness between the traffic light label

and the traditional label in communicating food additives.

To assess whether there was a significant difference in the perceived effectiveness of the
two food labeling systems (traditional vs. traffic light) in communicating food additives, a chi-
square goodness-of-fit test was used. This test was selected because it is designed to compare
observed frequencies with expected frequencies under the assumption of no preference between

the two labels.

The second main section focused primarily on the traffic light labeling system, a visual
representation using colors to indicate the levels of nutrients or additives. This section involved
comparing traditional food labels for two prominent soda items, then again with two popular

candy brands.

For the soda, the brands used in the study were Mountain Lightning (Option A), a
generic, lower-cost soda brand, and Mountain Dew (Option B), a well-known national soda
brand. These sodas were chosen due to their similar flavor profiles but contrasting market
positions, allowing the study to investigate whether labeling systems could shift consumer

preferences between an economy brand and a more recognizable brand.

The first part of the survey presented respondents with the traditional nutrition labels for
both soda brands, including information on calories, sugar content, fat, sodium, and other

relevant nutrients as mandated by the FDA. Respondents were asked to select which soda they
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would purchase based on the traditional label information. See image below.
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The second part of the survey introduced the traffic light food labeling system, which
uses shades of green, yellow, and red to signify the level of concern from safe to avoid. This
labeling system was used to visually convey the relative healthiness of each soda option.

Respondents were then asked to select their preferred soda based on the traffic light labels.
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To determine whether the proportions of respondents choosing Mountain Lightning
(Option A) versus Mountain Dew (Option B) differed significantly between the two labeling
conditions, a chi-squared test for independence was performed. This test compares the observed
frequencies in each group (traditional label vs. traffic light label) to see if the distribution of
preferences is significantly different from the expected frequencies under the null hypothesis.

The hypothesis for these can be reflected below:

Ho: The traffic light labeling system does not significantly influence the choice of soda.

Hi: The traffic light labeling system significantly influences the choice of soda.

This process was then repeated for the candy brands. The two candy brands selected for

the study were Smart Sweets (Option A), a low-sugar candy marketed as a healthier option, and
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Sour Patch Kids (Option B), a traditional candy with higher sugar content. These brands were
chosen because they represent contrasting nutritional profiles, making them ideal for assessing

the potential impact of different labeling systems on consumer purchasing behavior.

Again, the first part of the survey presented respondents with the traditional nutrition
labels for both the candy brands and were formatted in the standard table format commonly seen

on food packaging. See table below.

Compare the WO Rems and ther Iespective nutrEion faces label. Which would you choose?

In the second condition, participants were presented with the same two candy brands, but

the nutritional information was displayed using the traffic light label for food additives. For each
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labeling system, respondents were asked to indicate which candy (Smart Sweets or Sour Patch)

they would prefer to purchase.
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To determine whether the proportions of respondents choosing Smart Sweets (Option A)
versus Sour Patch (Option B) differed significantly between the two labeling conditions, a chi-
squared test for independence was performed. This test compares the observed frequencies in
each group (traditional label vs. traffic light label) to see if the distribution of preferences is
significantly different from the expected frequencies under the null hypothesis. The hypothesis

for these are as follows:

Ho: The traffic light labeling system does not significantly influence the choice of candy
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Hi: The traffic light labeling system significantly influences the choice of candy

Chapter 4: Results
Traditional vs. Traffic light

A chi-square goodness-of-fit was conducted to evaluate whether there was a significant
difference in respondents' perceptions of the effectiveness of two types of food labels—
traditional and traffic light—in communicating food additives. Out of the 138 respondents, 128

selected the traffic light label as more effective, while only 10 selected the traditional label.

To test the hypothesis that there is a difference in perceived effectiveness between the
traffic light label and the traditional label in communicating food additives, we compared the
observed values to the expected values under the assumption that there would be no preference
between the two labels (i.e., the responses would be equally split between the two). Our observed
values included a traffic light label (128) and a traditional label (10). Given n =138, the

expected values, assuming there was no preference between the labels, is 69.

The chi-square statistic was then calculated using the following formula:

" ~ [} — E;})*
=y

In the formula, Oy is the observed value, while £ is the expected value.

For the traffic light label, the following formula reflects the chi-square value:
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(128 — 68)*  (59)* 3481

50,45
69 69 ga

For the traditional food label, the following reflects the chi-square value:

(10 - 69)* _ (—-509)2 _ 3481

— E _dr
59 60 g~ o0-As

Thus, the total chi-square value would then be 100.90, because 50.45+50.45 = 100.90.

- 4
Furthermore, with one degree of freedom, the corresponding p-value was ¥ ™ 9.68 = 10 .

Given that the p-value is significantly smaller than the conventional significance level p < 0.05,

the null hypothesis was rejected:

Ho: There is no difference in perceived effectiveness between the traffic light label and the

traditional label in communicating food additives.
This in turn, provides strong evidence to accept the alternate hypothesis:

(H:): There is a significant difference in perceived effectiveness between the traffic light label

and the traditional label in communicating food additives.

The results of this study provide strong evidence that the modified traffic light food
labeling system is significantly more effective than the traditional label in communicating the
presence of food additives. The overwhelming preference for the traffic light label (128 out of
138 respondents) over the traditional label (10 respondents) was significant, as indicated by the

chi-square test (%> = 100.90, p < 0.001). These findings reject the null hypothesis and support the
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alternative hypothesis, which combined with the survey question results, suggest that the traffic

light label would be perceived as more effective in conveying information about food additives.

The findings suggest that color-coded systems such as the traffic light label can play an
important role in enhancing consumer understanding of nutritional content and food additives,
particularly for individuals who may lack detailed nutritional knowledge. This could have
significant implications for public health, as more intuitive labeling systems may encourage

healthier food choices and reduce the consumption of products with undesirable additives.

Consumer Preference, Soda:

A chi squared test for independence was conducted to evaluate whether the labeling

system (traditional vs. traffic light label) significantly affected consumer preference between two

soda brands: Mountain Lighting (Option A) and Mountain Dew (Option B). A contingency table

included below summarizes the observed frequencies of soda choices under each labeling

condition.
Mountaip Lighting Mountgin Dew Total
(Option A) (Option B)
Traditional Label 75 62 137
Traffic-Light Label 38 98 136
Total 113 160 273
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After organizing the data into a contingency, it was then important to calculate the

expected frequencies. The expected frequency for each cell in the table is calculated using the

following formula:

(Row Total) = (Column Total)

Expected Frequency -
t : : Csrand Total

These calculations can be reflected into the expected contingency table, Figure xx.

Mountaip Lighting Mountgin Dew Total
(Option A) (Option B)
Traditional Label 55.67 80.33 137
Traffic-Light Label 56.33 79.67 136
Total 113 160 273

The chi-squared statistic was then calculated using the following formula:
" — [y — EH
I D

For the Traditional Label (Option A):

(75 — 56.67)°  _
' —5.88
X 56.67 !

(=)

For the Traditional Label (Option B):

(62 — B0.33)°
\ A
X %0.33

(B
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For the traffic-light Label (Option A):

, (38 - 56.33)°
ab. 43

G 36

For the traffic -Light Label (Option B):

. (98 - TO.67)°
79.67

4.05

Thus, the chi-squared statistic was calculated as 20.49 with 1 degree of freedom. The
corresponding p-value was 1.23 x 107>, Given that the p-value is much smaller than the

significance level of 0.05, we reject the null hypothesis:

(Ho): The traffic light labeling system does not significantly influence the choice of soda

Concluding that the traffic light labeling system did significantly influence respondents’ soda

choice within the sample set.

These results suggest that when presented with the traffic light labeling system,
consumers were more likely to choose Mountain Dew over Mountain Lightning, whereas under
the traditional labeling system, preferences were more evenly split between the two soda brands.
This significant shift in soda preference suggests that the traffic light labeling system is effective
in portraying food additives and influencing consumer behavior. While more research is needed
to confirm, one can theorize that the traffic light label better displayed the undesirable additive of
Brominated Vegetable Oil, which was categorized in the red ‘Avoid’ section. Thus, the results

not only provide evidence that the traffic light label significantly influences the choice of soda,
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but also provide the potential implication that this labeling system drives consumers to make

more health-conscious decisions.

Consumer Preference, Candy:

A chi-squared test for independence was conducted to examine the effect of labeling

systems (traditional nutrition label vs. traffic light label) on consumer preferences between two

candy brands: Smart Sweets (Option A) and Sour Patch (Option B). Table 1 presents the

observed frequencies of candy choices under each labeling condition.

Smart 'Sweets Sour .Patch Total

(Option A) (Option B)
Traditional Label 87 51 138
Traffic -Light Label 119 19 138
Total 206 70 276

The expected frequencies, calculated under the null hypothesis that the labeling system has no

impact on candy choice, are also provided in Table 2. These values were computed based on the

marginal totals from the contingency table.
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Smart.Sweets Sour_Patch Total

(Option A) (Option B)
Traditional Label 103 35 138
Traffic -Light Label 103 35 138
Total 206 70 276

The chi-squared statistic was then implemented using the following formula:
" — [y — EF
Y= =

For the Traditional Label (Option A):

s (8T — 103.13)°

2.66
g 103.13 "
For the Traditional Label (Option B):
. (51— 34877 _
. 34.87 :
For the Traffic-light Label (Option A):
. (119 — 103.13)* _
. 103.13 4
For the Traffic-Light Label (Option B):
, (19 — 34.87)°
¢ L =732

S1.8T
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The chi-squared test revealed a significant difference in consumer choices between the
two labeling conditions, x%(1, N = 276) = 18.39,p < 0.0001. The calculated chi-squared
statistic was well above the critical value of 3.841 at the 0.05 significance level, allowing for
rejection of the null hypothesis. The corresponding p-value of 0.000018 further confirms that the

probability of observing such a difference by chance is exceedingly small.

The results of this test propose that when presented with the traffic light label, consumers
were more likely to choose Smart Sweets over Sour Patch, whereas under the traditional
nutritional labeling system, preferences were more evenly distributed between the two. This
change in consumer preference between the two highlights the effectiveness of the traffic light
labeling system with regard to the presence of food additives and influencing consumer
decisions. While further research is needed, one could argue that the traffic light labeling system
is effective, even in the terms of recognizable and prominent brands, such as Sour Patch.
Furthermore, the labeling system impacts both consumer choice and can offer a guide to

consumers when making informed decisions with health and snack purchasing.

Soda and Demographics

To further understand the data, a logistic regression was performed to investigate the
relationship between respondents’ age range, gender, and education level and changes in the
soda preference based on the two labeling systems. To do this, an additional column was added
to the dataset which reflected our dependent variable. This variable, called soda_change, was
then coded where 1 indicated a change in soda preference, while 0 meant no change in
preference. Demographic data, such as age range, gender, and education level would then be

classified as our independent variables. The groups within each of these demographics have
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sufficient representation in the survey. While ethnicity data was collected, ethnicity was not
included as an independent variable due to the fact that 90% of respondents identified as ‘White’
and therefore non-White ethnic groups may be under-represented, significantly lowering the

model’s ability to detect accurate differences between ethnic groups.

The logistic regression can be reflected by the function below

'PI:-F llx-:l 1 - l:.'i-u' .._\'.-_5_,_1.‘_,.. - l..-ll.-.:

where P(Y = 1]X) is the probability of a change in soda preference. X1, Xz, X, are reflective of
our independent variables, while So, B1, . are the coefficients estimated by the model. The
logistic regression was fit using the Maximum Likelihood Estimation (MLE) method, which

finds the coefficients that maximize the likelihood of observing the given data.

The logistic regression, using soda_change as the dependent variable and gender, age
range, and education as independent variables, yields a pseudo r-squared value of 0.003423, a
log-likelihood value of -94.154, and a LLR p-value of 0.8857. These values inform us that the
model explains very little variation in soda preference change, is a poor fit, and isn’t statistically

significant.

The logistic regression also yields the following coefficients and p-values for the
intercept and independent variables: a coefficient of -0.1874 and a p-value of 0.6 for the
intercept; a coefficient of -0.2561 and a p-value of 0.477 for the independent variable, Gender; a
coefficient of -0.0479 and a p-value of 0.779 for the independent variable, Age; a coefficient of

0.0228 and a p-value of 0.858 for the independent variable, Education. The high p-values of each
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independent variable coefficient implies that none of these variables have a significant

relationship with the dependent variable.

This logistic regression model shows that gender, age, and education do not significantly
predict soda choice changes in this dataset. The model explains very little variation, and no

variable is statistically significant.

Candy and Demographics

In a similar fashion, a logistic regression was performed to investigate the relationship
between respondents’ age range, gender, and education level and changes in the candy
preference based on the two labeling systems. Again, an additional column was added to the
dataset which reflected our dependent variable. This variable, called candy change, was then
coded where 1 indicated a change in candy preference, while 0 meant no change in preference.
The same demographic data of age range, gender, and education level would then be classified as

our independent variables.

The logistic regression can be reflected by the function below

PI:-F llx.:l 1 - |:|'i-|' |._'|I'.._5_,_1|'_,.. e ||.-H.-.:

where P(Y = 1]X) is the probability of a change in candy preference. X1, X2, X, are reflective of

our independent variables, while So, B1, . are the coefficients estimated by the model. The
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logistic regression was fit using the Maximum Likelihood Estimation (MLE) method, which

finds the coefficients that maximize the likelihood of observing the given data.

The logistic regression, using candy change as the dependent variable and gender, age
range, and education as independent variables, yields a pseudo r-squared value of 0.03076, a log-
likelihood value of -76.771, and a LLR p-value of 0.1814. These values inform us that the model
explains very little variation in candy preference change, is a poor fit, and isn’t statistically

significant.

The logistic regression also yields the following coefficients and p-values for the
intercept and independent variables: a coefficient of -1.7232 and a p-value < 0.001 for the
intercept; a coefficient of 0.5963 and a p-value of 0.112 for the independent variable, Gender; a
coefficient of 0.0941 and a p-value of 0.616 for the independent variable, Age; a coefficient of
0.1892 and a p-value of 0.185 for the independent variable, Education. The high p-values of each
independent variable coefficient implies that none of these variables have a significant
relationship with the dependent variable. Interestingly, the intercept coefficient is negative and
statistically significant. This suggests that when all independent variables are set at their
reference level, a change in candy preference based on the two different labeling systems is not
likely to occur. The reference levels for gender, age range, and education were Male, 18-24, and

High School Diploma, respectively.

Similar to soda, this logistic regression model shows that gender, age, and education
independently do not significantly predict candy choice changes in this dataset. The model

explains very little variation, and no variable is statistically significant.
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Chapter 5: Discussion

DISCUSSION

Traffic light vs. Traditional

The findings from the studies presented in the last section offer important insights into
how a modified traffic light labeling system for food additives, compared to the traditional
nutritional fact labeling, can influence consumer decision making. The studies demonstrated that
these newly adapted labels are significantly more effective at communicating food additives than
traditional labeling practices, while also providing evidence that the labels impact consumer

decision making in a practical setting.

The overwhelming preference for the traffic light label (128 out of 138 respondents) over
the traditional label (10 respondents) was highly significant, as indicated by the chi-square test
(x* =100.90, p < 0.001). These findings reject the null hypothesis and support the alternative
hypothesis, which posited that the traffic light label would be perceived as more effective in

conveying information about food additives.

Candy: Smart Sweets vs. Sour Patch

The chi-squared test for independence revealed that the traffic light food additive labeling
system significantly influenced the choice between Smart Sweets (Option A) and Sour Patch
(Option B). Under the traditional nutrition label, 87 respondents chose Smart Sweets, while 51
opted for Sour Patch. However, when presented with the traffic light labeling system that

highlighted food additives, 119 respondents selected Smart Sweets, and only 19 chose Sour

50



Patch. The p-value of 0.000018 from the chi-squared test confirms a statistically significant shift

in consumer preference.

This shift suggests that consumers were influenced by the color-coded warnings on the
additives used in Sour Patch, particularly those additives flagged with cautionary (yellow and
orange) or avoid (red) labels. In contrast, Smart Sweets, which was primarily labeled with green
(safe) for additives such as citric acid and stevia leaf extract, was perceived as the safer, healthier
option. These results are consistent with previous findings that suggest simplified labeling
systems can improve consumer understanding of complex ingredient information, thereby
promoting healthier choices (Hersey et al., 2013). The focus on additives rather than broad

nutritional content may have made health-related risks more tangible to consumers.

Soda: Mountain Lightning vs. Mountain Dew

Similarly, the traffic light food additive label significantly influenced the soda choices.
Under the traditional nutrition label, 75 respondents chose Mountain Lightning, while 62 chose
Mountain Dew. However, under the traffic light label, only 38 respondents selected Mountain
Lightning, while 98 favored Mountain Dew. The p-value of 0.0000123 from the chi-squared test
indicates a strong statistical significance, suggesting that the traffic light food additive labels had

a considerable impact on consumer preference.

Interestingly, Mountain Lightning contains Brominated Vegetable Oil (BVO), which was
flagged in red under the traffic light system as an additive to avoid. This likely played a role in
the reduced preference for Mountain Lightning when the traffic light label was used, as

consumers were steered away from the product due to the presence of this additive. In contrast,
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Mountain Dew does not contain BVO, and while it includes other additives like sodium benzoate
(flagged in orange), the absence of a "red flag" additive may have made it more appealing under

the traffic light label system.

This suggests that consumers may be particularly sensitive to red warnings (additives to
avoid) when making their purchasing decisions. The significant drop in preference for Mountain
Lightning under the traffic light label highlights the effectiveness of such a label in

communicating safety concerns about specific food additives.

Demographics and Candy / Soda

The key takeaway from the regression model analysis for both soda and candy is that the
results indicate all demographic groups surveyed may be influenced by the modified traffic light
labeling system equally. In other words, a female and male will react in similar ways when
exposed to the traffic light label. The female and male could both be equally likely to change
their preference from Mountain Lightning to Mountain Dew, and from Sour Patch to Smart
Sweets when presented with the traffic light label compared to the traditional label, for example.
Likewise, people in their forties are just as likely to change their preferences as people in their
twenties, and those with Master’s degrees operate no differently than those with a High School
diploma. This is a positive sign, as it suggests the effectiveness of the traffic light labeling
system is not exclusive to specific demographic groups, and instead has the ability to influence

consumer behavior across diverse backgrounds.

Implications / Further Research
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Although the results of this study indicate that a traffic light food additive labeling system
can be a powerful tool for informing consumers about the safety of ingredients in packaged food
items, further research is needed to conclude its effectiveness. In this study involving consumer
choices of soda, when provided the choice between Mountain Lightning or Mountain Dew when
only being exposed to the original nutrition facts label, 75 chose Mountain Lightning and 62
chose Mountain Dew. In this question, price was included where Mountain Lightning cost $1.00
and Mountain Dew cost $2.18. One could argue that the higher selection of Mountain Lighting

could be attributed to the lower price, although the survey did not distinguish this.

Once the traffic light labels were introduced, 38 participants chose Mountain Lightning
and 98 chose Mountain Dew. With the change in selection from the nutrition label to the traffic
label, one could make the argument that people are willing to spend more for a food item that has
less harmful food additives present in the traffic-light food additive label. Further research

would need to be explored to test this implication.

In this research, brand names were explicitly used and defined in the survey questions.
According to research by Grewal, Krishnan, Baker, and Borin (1998), the knowledge of brand
name helps increase perceptions of quality and oftentimes a consumer has a favorable brand
when shopping. With this in mind, it is possible that consumers selected their answers to the
survey questions reflective of their personal attachments to the food items, vs the nutritional and
food additive information displayed. For future research, it may be advisable to take this into
consideration and conduct a blind survey, where brand names are excluded when asking

participants to choose a selection.
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Policy makers often make the argument that a consumer’s health and choices are
dependent on their own decisions, ignoring the facts that nutrition and food additive labels are
often difficult to decipher (Grimmelt et al., 2022). The aim of this research was to offer an
alternative tool to consumers to be able to make health conscious decisions regarding packaged
food effectively. While the modified traffic light food labeling system for food additives was
introduced to address these concerns, it is important to recognize that too much information may
cause an aversive effect. Therefore, future implications may want to consider how many
additives per color does a consumer find helpful, as well as find harmful to their purchasing

decisions.

In terms of marketing, brands that use fewer harmful additives may use this modified
traffic light food labeling system to create an effective competitive advantage and distinguish
themselves from their competitors. The labeling system can become an effective marketing tool
for brands of food products who would like to emphasize the safety, and the quality of their
products. This in turn would assist producers in their ability to attract target consumers, those
who are health conscious and care about the quality of their food. Products like those of the
smart sweet candy example would benefit from the usage of this modified traffic light labeling

system.

In the same breath, if the modified traffic food labeling system became a trusted and well
respected tool for consumers with regards to food safety, companies failing to comply may lose
market share, popularity and a loyal customer base. As consumers gravitate toward brands
offering the transparency of the modified traffic light labeling system, companies who don’t face

SEvere consequences.
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Furthermore, the success of the proposed traffic light labeling system can be attributed to
influencing consumer behavior. An uptick in changed behavior and consumer demand may
inspire a larger and more widespread adoption of the method, which could lead to those of
government regulating bodies or prominent industry leaders. We have already seen this pattern
with the discontinuance of usage of brominated vegetable oil, and top industry leaders Coke and
Pepsi. This would then have the potential to shift the overall marketing dynamics and set new

industry standards for food labeling, and perhaps in turn food additive usage overall.

Limitations:

While the research at hand is a stepping stone to the implication and usage of traffic light
food labeling systems with the United States, a few limitations presented themselves through the
research. It is important to note that this study was conducted in a controlled, survey-based
environment, which may not have fully captured the complexity of a real-world purchasing
scenario. In actual shopping context, consumers may be influenced by additional factors such as
availability, price, convenience, brand loyalty, or social influences, which were not accounted for
in this research. The study’s findings may overestimate the impact of the traffic light labeling
system because participants were asked to focus specifically on the label information without the

distractions of a real-world setting.

Another limitation to be considered is the demographics of the research and survey data.
The sample size, although statistically adequate for chi-squared testing, may not be an accurate

representation of the broader population of the American people. In this research, the majority
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of responses came from women of white descent who were adequately educated and living in
New York State. In the United States, there is a very large range of people in terms of gender
classification, race, education status, and location that may not have been appropriately reflected
in this research. In addition, demographic consideration of income was not accounted for, which

may have an effect on consumer spending habits which relates to this research.

The traffic light labeling system in this study focused on food additives rather than
nutritional information (e.g., calories, sugar, fat). While this was intentional, it may limit the
applicability of findings to labeling systems that aim to convey broader nutritional information.
Some consumers may prioritize calorie or sugar content over the presence of certain additives, as

briefly considered in the survey.

For future research, it would be advantageous to explore this research further with an
improved surveying system. In the survey presented in this research, all participants were
exposed to all survey conditions, which may have posed biases to the questions. Continued
research could conduct a survey where participants are segmented, some getting the control
condition of the regular nutrition facts labels, others getting the scenario regarding soda, and

others with the candy. In this way, the data could more effectively be compared without biases.

With more resources, further research could illustrate the effectiveness of the label when
physically fixated on the product, as well as in a purchasing environment. In present research,
the label was only presented next to a product, not on it and displayed in a virtual setting. With
more time and resources, seeing how effective the food additive labeling system is in a real

world scenario could offer a further exploratory framework.
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Tables and Charts

Table l-.ﬂ.]:i-.nnl'mmmpt colors and thelr FDA® and
INS® numbers.

Mamral eolomni FIA E number
Cuarcurman T30 [LLT
Tameric Olearein THAS0 Mone
Riboflavin T5.450 LLLTEL
Carmine/Cochineal T3, 100 120
Eh]nmphyl]i Mose 140 10010
K-Cu=chlomphyll Mone 141
Ma-C-cRloraphyll Ti135 1415
Cua-chlorphyll Mone 141z
Carame] [ T1E5 150a
Carans] 11 T3R5 1541
Caranel 11 Tha5 150
Caramel 1V 73185 1304
Vegemble Carbon Mone I33
Caratenss Mome T i
Careot Ohls T5.300 Momne
h-carotene T3.950 16{a) to im
b-apo-8"-careencac acid {camoeneal) TH .M 1l
Annano-bixin T35 (LE
Annsto-norbixin TH MM il
Paprika 75540 Muome
Paprika cleoresins T3.345 16ic)
Lycopens TH.3R5 1R, i3, 1ia
Laitein Mone 161{k}
Canthaxanthin T3.750 lalg
Beet red T340 I62
Al yarnien Mome L
Girape codor extract 75,169 Mome
Frust juice T3.250 Mone
Vigetable juice T3.260 MNone
Emacianin {{Grepe skin exrract) Ta3.170 163u
Saffron, crocetn, and crocin 3,500 Moqe
Tianiam deoxade T3575 171
Iran Oixides T30 172
SFum]iru Blae TA.530 Mopmne
Spdrulina Green Mane Mome
Gardenia Bhae Monic Mome
Gandenia Yellow Mane IMpme
Gandenia Foed MMome Meqe
Monasous Red Mone MNoaie
Monaseus Yellow Mame Mome
Carthamuan Yellow Mone Mome
Carthamma Red Manme Mpme
Flaovoarthin MNome Moae
Huaia { Caenipa amencans)! [apaa Mone Pone

* ;ud.lhug Adminiaraiion from the Federal Fool, Prsg, and Coenetse A, 21
CER 478,
F Lzl Mumbeseng Syseen (Eusopesn Unbos) by Codex Alimentinis,

Table 3.0: Colors Exempt From Batch Certification (Adapted from 2/ CFR Part 170 -- Food Additives, n.d.)



E172.515 E‘ﬁ'll-'lllﬂh fAavoring  sub-
stances and adjuvants.

Synthetic Mavoring substances and
adjuvants may be safely used in food In
accordance with the following condi-
tions.

(@) They are used in the minkmum
gquantity required to produce their in-
tended effect, and otherwlse In accord-
ance with all the principles of good
manufacturing practice.

(b} They consist of one or more of the
following, used alone or In combination
with flavoring substances and adju-
vants generally recognized as safe in
food, prior-sanctioned for such use, or
regulated by an appropriate section In
this part.

Acetal: acetaldehyde diethyl acetal,

Acetaldehyde phenethyl propyl aceval.

Acetandsole; 4-methoxyvacetophenone.

Acetophenone; methyl phenyl Betone.

Allvl antbrani late.

.llll:,rl bt vrate.,

Allyl cinnamate,

Allyl eyelohexaneacetate,

Allvl cvelohexanebut yrate,

Allyl eyvelohexanehexanoate.

Allyl cyclohexanepropriomate.

Allyl cvelohexamevalerate.

Allyl disulfide,

Allyl Z-ethvlbutyrate.

Allyl hexanoate; allyl caproate,

Allyl a-fossane: 1- (2.6 6-trimaethyl-2-cvclo-hex-
ene-1-v1-1, 8- hepradiene-3-ome

Allyl sothiccyanate: mustard oil.

Allvl isovalerate,

Allyl mercaptan; 2-propone-1-thiol,

Allvl nonanoate,

Allyl sctanoate,

Allvl phenoxyvacetabe.

Allyl phenylacetate,

Allyl proplonate.

Allyl sorbate; allyl 2 4-hexadienoate.

Allyl sullide,

Allyl  tiglate:  allyl
bastenoate,

Allyl HEundecenmate.

Ammanium isovalerate.

Ammonium sulfide.

Amyl aleohol: pentyl aleolwl.

Amyl butyrate,

-y lcinmamaldehyde.

a-Anwylcinnamaldelyde dimethyl scetal.

a-Amnylcinnamyl acetate,

a-Amylcinnamyl aloohal.

a-fumylcinnamyl formate.

g-Amylcinnamyl isovalerate,

Amyl formate,

Amyl heptanoate.

Amyl hexanoate,

Amyl octanoate,

Anisole; methoxoybenzene,

Anisyl acetate.

Anisyl alcohol; pamethoxybeneyl aloohol

Anisy] butyrate

Anisyl formate,

Anisyl phenylacetate.

.-lnlsi.d Ionats,

Crsosole,

Benenldehyde dimethyd acetal,

Bescealdehyde glyceryl acetal; 2-phenyl-ar-di-
ot -Seanl.

Benealdehyde propylens  glycol acetal; 4-
e liyl-2- phirog ] -m-dioxolamne.

Beneenethiol; thisphenol,

H-t'll:.':u.'lhl 2-hydrosy- 2-phenyvlacetophenone,

Fhermm: diphenylketons,

Hﬂm_l.. acelate.

Benzyl acotoacetate,

Beneey] aleohal.

Benzyl benzoate.

Berey] butyl ether.

Benzyl butyrate.

Beney] cinnamate,

Beneyl Ll-dimethylorotonate; benzyl methyyd
tiglate,

Bemeyl disulfide; dibeney] disul fide,

Benzyl ethyl ether,

Beneyl formate.

trans-2-methyl-2-

Table 4.1: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Food and Drug Adminisiration, HHS
¥Beney]-theptanone;  bereyl dipropyl ke-

Eoinse.

Benzyl isobutyrate

Benayl Isovaleratie.

Beney] mercaplon; a-tolueset hilal.

Benzyl moethexyethyl acetal; acetaldehyds
Iyl et hosyet lwl seetal.

Baney] pleny |lacetate,

Beney] proplamnate.

Benzyl salboylate,

Birch tar oil.

Boameod; dcamphanal,

Barmy] acetate

Borny| formate.

Baormy] Isovalerate,

Haiwiy] vilerate.
- Boaie b i

hflﬂ.l'ﬂ- Esopropy b i, -mset byl -§- metls-

-.:-_l..':lnbl.ni 1224 etlcsee bopsiaitine.

o HLH.H.I'I.M

2. Butnmone, msethy] et ketone,

Bairter achis.

Butter esters.

Butyl acetate.

Butyl acetoacetate.

Butyd alcohal; 1-butanad,

Bkl st homni lake

Bauryl byt

Butyl buryvryllacuane,
oA, buryrare.

- Butylcinnamabde by de

Eauryl cinmamarte.

Buryl Z.decersmati.

Bautyd ethyl malonate

Butyl formate.

B .
Butoh haserate

Butyl phvdrosyvhenmante
Biulﬂ Isobutyrate.
Butyl isovalerate.
Batyl lactate.

Butyl lsurate.

Batyd levulinate.
Butyl phenylacetate,
Bautyl proplonate

¥l stearate,

Bty sulfide.

Batyl M-undecenante.
Butyl valerate.

Butyraliehyde.

1,23, 3a, s, 4,5, 5, Bafl, Bea -

lactic ook,  Butyl

2.2-dimethyl-3-met hybene-

o -Cmrmiphaar
Carvaornd: I-p-cymenol
Carvaory| ethyl ether; 3-et TV TTIERNE.
Carvenl: p-mentha-6E-dien-2-0d.
-Carvomenthenal - I-p-ment hen-8-ol; i
terpdrenal
oix Carvane oxide; 1 f-epoyy-pmenth-B-en-2-
o
Eln-}'= nedate
arvyl propionate.
Caryopho bene.
wllere nlcohod.
Caryophyllene aloohod scetate.

§172.515

ryophyllens  oxide; 4-1L13-trimethyl-8-
F?:H}wlrrlr-l-mnl.rlwlu [LEA N |
Cone,
Cedarwood oll alcobals.
Cedarsnod oll terpemnes.
L Cineode.
Clanamnbiebydo ethylene glveol scotal.
Clrnaimbe ackl
Clranaimy] seetate.
Cilnnaimy] aloalwl; 3-pleavy]-2-prapen-Lal.
Clrinany] bonenats,
Cirmnamy] butyrate.
Clrmamay] cinnamate,
gnmmy} farmate,
FITLETIY i=nbut: L]
Cirnamyl dncrvmlarits.
Clmnamay] pleeny Laceiate.
Clinnamnay] jp mfhu:t.
Civrad .mu acetal, L7-dimethyl 2600t
dienal .ﬂung.-l acetal,
Cierad dimethiyl acetnl; L7-dimetlyl-26-octa-
il el :Ilmtmg,-l uru'r.ll
Citrad p rl:||i|}' stetal.
Citronella JT-dIn'ntl‘u-'l-l-ntlt'nll wheceal b rual
Citronellal; 3L T-dimethyl-G-octen-1-ol; dcit-
roree | ol
Citronellaxwacetaldehode
Citronellvl scetate
Clirronelivl Butyrate.
Clirrone iyl fesinate.
Cirronellyl isoburyrate.
Clirronellyl phernylsoetate.
Clirrosnelbyl proglamate,
Citromellyl valerate.
|

r mealdehyde: cumminal: p-lsopropyd  bene-

Cyelohesaneacetic acid.
g;-:l-uhemmthyl acetate,
1 nowtate.
Cyvelobmxy] anthranilane.
Cvelobssey] but yrate.

pCymene,

yDecalactone:  &-hydroxy-decanodc  acid, 3
lnctone:

vDecalactone:  Shydrogy-decanobe acid. §

B,

3. Decan.2-0ne! byl ideme SOt

Decy] actate.

Dﬂ:}'} st vrate.

Decy] propionate.

Diberoy| ether

- Dibatyl - butyrodpctone; dA-dibut yl-6hy-
diroocy-butyric ackd. ylactone.

Dibutyl sebacate.

Diethy] makate

Diethyl malonnte: ethyl malonate.

Diethy] sebacate.

Diethy] succinate.

Diethyl tartrate.

Table 4.2: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Ed-Diethyliet uran
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% :
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AT
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acetate: benzy ldimethylicarbiny] ac-
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uu-l]l-lmth:-"lplﬂmtlwl aleohal;  dimethyl-
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dirmethylcarbing] butyrate.

wa-Dimethylphencthyl  formate:  beneyldl-
methylcarbiny! formate

' mpun,.hﬂ Ipmp.um' diborzyl k

L3 E-2- o e e

delta-Dodecalactoneg  5-hvdrosydodecanode
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Enctaise.
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thyl acetoacetate,
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beryd

Ethy] scrylate

Ethyl p-ankeste,
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Et iyl beneoate.
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a-Ethylbeney] butyrate, a-phenylpropyl bu-
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ety tridecan-1, 13-dions.
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#-Ethylbutyraldehyde,
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Ethyl cinnamate.

Ethpd crotonate: frans-3-butenolc acid ethyl-
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Et lobexane propdomat e,
E-Ehylfuran
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Eﬁ"ﬂ i -r:'-h-epun.'lz t-ethyl-3-butylacrobein

Et hexmnonte

Etliyl Isirace.

Etliyd lesullnate.

Ethiy]l maltal; 2-ethyl-3-hydrasy AH-pyran-d-
.

21 CFR Ch. | (4=1-00 Edificn)

Ethyl 2-methylbutyrate.

Ethy] myristate

Ethy] nitrite.

Ethy] nomanoate.

Ethy] #-monymoate; ethyl octyne carbonate.
Ethyl ectansate.

Ethyl aleare.

Ethyl plenylacotate,

E'l:lh'u_l,.-J A-privy bt vrate.
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Ethyl #phenylproplonate;  ethyl  hydro-

A e

Ethy] pyruvate,

Ethy] salicylate,
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Ethyl valerate.
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Eugenyl acetate
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Eugeny| formate
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Geramyl pliemylacetute.

Goramy] proglonats.

L [T e R T

Guaincel; @ -met by phenal

Guabacy| poetate; g -methosgypheny] acetabe.

Gunlacy] phenvincotate

Guabene:  LA-dimethyl-7-isopropeny|-28 10-
oo tabyadroam e

Guakd  scetate:  L-dimset byl -T-da- by roogy-
isapropy|1-8, ii-octahydroazulens acetate

'r-rlmtll.ln:l:lw d-hydrosyheptanalc acld, ¢

H-:-pu.lul enant laldelivile,
Hiptanal dimethoyl aceral.
Hieptanal 1,2 I drtnl.
llm-mrmdsrj:f?u:yl vinleryl.

5 Heptan.

2. Heptanone: methy] amyl kitone.
S-Heptanone: ¢ty buty] ketone.
d-Heptanone; dipropyl Ketone.

| Fras .

Table 4.3: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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cis-4-Heptenal: os4-hepten-1-al.
Heptyl soetate.

Hepry] aleslsal; enamthie aloodiod.
Hepayl butyrate.

Hepoyl elnnamate

Hipayl formiate,

Hn-pl:.-l Isaburyrate.

lI:lq.-‘l ot amnat e,

watlecanol; cetyl aloobhnd,

u-i-bl-rxudﬂ:ml-u:lw 1= hoyrdroocy -6-
hexndecenoic acid, ia- lmctone:
ambireg Lol ide

g Hexabactone; 4-hydoosyhesanndc acid, ¢ loc-
tonee; tonkalide,

Hexanal; coproic mldeliyde.

2 :-Hoxanediones, scetyl butyryl

Hexgnode acld; caprale ncid

E-Hoxwenil.

2-Hexen-1-xl.

¥ Hexen-1-0l: leal alcohod.

E-Hexen-1-y] acetate.

FHexenyl I=ovalerme,

¥ Hexenyl I-methylbutyrate,

FHexenyl pheny bacetate: civ-3-hexenyl phen-
wlacetate,

Hoxyl ncerate

E-Hiexyl-d-acetasytetralhydrofsran.

Hexyl alcobhod,

Hixvl butyrate

o-Hewy leinnamaldehivde.

Ilrw?lfnrnutt. e

Hexyl hexanoate,

E-Hexylidense cyclopentanone,

Flegyl Isovnlerate,

eyl Z-enet hy Ehutyrare.

Hiayl o Laale.

Hioxyl plenylacotate. play] phenylacetato.

Bexyl propionate

H_Vdr'ﬂ.l!’}'-l:‘ll.l"ﬂd‘ﬂilﬂ] B Telimmet Iyl 7= bydroogy-
o tarl.

Hydrepcivranslial disthyl acetal.

Hydronpcitromelial dimet byl soetal,

Hiydlraaryci tiaidlal; 1, 7-diwtbiyl1.T-
ot bod.

RN H}ﬂmﬁrd—n‘nﬂm_l,hmuy]]-umumn‘d.dﬁ:
peelag oy | wadill Dy nmmd de

S-Hydrany A-ocrarmsnme; bt yrsin

- ip-Hydeasyplwny [} -2- butanone;,  p-ydrose.
iy ] el .

Eivilale,

a-lomone;  A-02,6, Borrimeet byl -2-cyclahexen. 1.
L N T T

P-Inowise;  A-(2,8,6-rrimet byl -1 yclaheoen-1-
115 bty 2.

a-Iromi 442,56 B-ten raii iyl - Booye bl
1yl 3-basten-2 oo, G-msethylinnone,

Isnarmyl et

(BT TR T

Isoamyl aleshol: Bepentyl aloobal; 3-methyl-
1-Enitard.

Isnanyl bensnate.

Isnamyl butyrats.

Isnanyyl cinmamate.

Doyl formato

Isnamyl 2-furanburyrare; a-lsoamy] furfuryl-
Pl onat e,

§172.515

i | i-furanproplonate; a-isoanyl  fur-
furviscetate,

hesmnoate,
Isoanyy] isohatyrate
Isoamyl Isovalerate.
Dsisiiiyd liiirate.
1 -2 methyibutyrate;

Ibutyrare.
Ixivadivy] FFRAEITE.
Isoadrvl oCtnnmate.
Isoadrivl phenylscetate.
Ixaadry] proplanare.
Iznanyyl pyruvate
I:u-m-l salicylate.

Iluhnﬂ,rl acetate.
Isobsormy | formeste.
Dsabsrry] isivalerat.
Isnbsaiey] props
Dbyl dcdtalo.
Dby deodetmacaato.
Isobary] aloahal
Isobutyl angelate: lsobuty]l cis-2-methyl-2-
butenoate
Izobuty] anthranilate
Isobuty] beneoste,
Isobuty] butyrate.
Isobuty] cinnamate.
Izobuty] formate.
Isnbuty] 2-furanproplonale.
Lsnbainyd hoplaFisitie.
Isnbany] hexanoate.
Isnbuty] isoburyrale
u-!:l-uhj.r_l,']plummyl alcolsal; Boluty] B
carbiral ] -methyl-1-phesyl -2 pentanod,
Isobmity] pkﬂyliril'tqnl:l "
Isnbuty] proplonate.
Isobutyl salicylate.
it
L] .
Imbul.;m lch?lﬁ
Dswriguerend; 2-mowrt sy -4 progeny Ephwnal.
Isringuerny] aceimle,
Isouragemyl Beney] @ther; hemeyl baevaigenasl
siwriguery nh_l,':l wthor;, 2-ethoxy -5 propenyl-
mnsale; ethyl iscsaigennl.
Isouragemyl formoate.
Iw“::'rli methyl ether;  d-propenyl-
weratrole: methyl oeugencd.
Iseugeny] phenylacetate.
Isjosmmone; mixture of -hexylidenecyclo-
ol B-beenyl- 2oy -1 -na,
oI soameet byl borone: - - trimethyl-2-
cvelohexen- -y i-3-methyl-3-buten-2-onee;
methyl - lonons
Isopropnyd acetatie,
p-l et 3
Tl o i ST
Isnpropyl Bensnate.
p-Isapropylbeney] alcohel; cuminikc aleohod;
Py - Tl
Isopropy] Butyrate.
Isopropy] clnnamate.
Lsopropyl foemate
Lsnpropy] hexanoate.

Isppropyl isobutyrate.
Isopropyl isayvalerabe

Isogeent yl-2.

Table 4.4: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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§172.515
e uaprq}j-ltrulhyglmmﬂqd-, pC - T-

Isopropyl plieeylaoetate.
5 {p-Tsoprapy |phenyl) - proplonaldelneds, p-Lan.
Ihydrocinmamabdebiyde: cunminy
; otal I'Frﬂ_
SOy lonste,
Imnpa : prment b Ben-3-al
Isnpulegone, p-menth-H-en-5-one.
I=apu | acetate.
Isoaquibnanline,
Isavaleric ackd.
efs-Jasmmone: 3mothyl-2-2 pentemyl)-2-cyeln.
peibeT- 1o,
Lawsrkc aldeliydo; dodecanal
Lyl acerate.
Lyl nbeobal; I--hlt-ﬂml L
Il ki, 4-Enet] Lilrusl i,
I-I.:*u::llnllt ackhd. e
Linalool oxide; cix- and drees-2-viny]-F-meth-
l=S-01 by ooy = -mmeet byl et ) tetrae
uran
Linadyl anthranilote; 1, -dimethyl-1.6-
o tadien-3-¥] anthranibate
Linalyl bereoate.
Linalyl batyrate,
Linaly] cinnamate,
Lirindyl laremate.
Linalyl hescarsnats.
Linalyl Iscbutyrate.
Lirialy] Isovaberats.
LI| | -n-:uru.-um

Hlll-ul Il;g.-ﬂ!mm.- I-rn-u-l'l}-l-lll d-oma.

Menthadienod: hen- 1. A0 len-$-ol.
Adentha-1.&-dien-T-od; perilly] aloohal
erthadieny] scetate: p-mentha-UE180-dien-

§-vl ncetate.

_p-h'gn:hd—nn-l-nl.

lp-Menrhen—0yl poetate, pomenth-len.80y]
BCELALE.

Menthol] 2 Bopropy]-5-methyleyclalexanal .

Blenat b, o st Fans- 3- o

Menthyl ncotate; pomenth-3-y] acetate.

Menthyl  lsovalerate. porwenthedyl lsoe
vialernte.

o-Mlethoaybenzaldehyde.

_p-h'l-:l.i'll\:lu:ﬂ:lﬂﬂ Iicrk panisaldebyde.

oMot

- Mot heaw -1~ rrml:h;.lpl'hmnl
ool E-met .

- ip-Rdet hoxyphenyl)-2-
[Lalid

1-4%- Hﬂhuu:rphrrlylrl methyl- 1::11“
t

o el
!-m—hmjmw 1 ivots-3-0rm;
methylanisylideno acetone, #ihane.

!-m—huu-n.uﬂ:huwll-!-pm:
aFikaylimethy] Ketone, anlsic ketae

2 Mkt hnusey Ayl phosal ;. poviny lguakacel.

Methyl acetate
-BMethyvlacetopl o, pmethylscetn
moiw; methyl prolyl ketons.
hiyladby] butyrate: #-methyl-2-propen]-
wl hatyrate
Methyl anisate,

e-hethylanisolbe: o-cresyl methyl ether,

A-methyl-

anone; andsyl e

21 CFR Ch. | (4-1-00 Edition)

pMethvianisole. peresyd methyd ether; pe
eviae ooy T o] i e

Methyl besimonte.

Methy lherey | acetate. mised e.m- -

m-ffethylbenayl acetate: styralyl acetnte,

a-Met hyrlbenayd aloohel: styralyl alcohoel.

we-Methylbenoyd butyrate; styralyl butyrage,

w-Aethylbeneyl  Bsoburveate: soyralyl o
brimy Tt

ie-Mlet by flsemay | formane; styralyl formate.

-t by lbeneyl propionate; styralyl proplo:
nALE.

20t byl -3-baiten- 2-al.

Mt by Iyl isovalerate.

Methyl ptert-butviphenylacetate

B-bethylbutyra : mwthyl ethyl acetal-
3 Methylbutyraldehyde: isovaleraldehyde.
Methyl IIH.II'_!I'}II;T.II.' i i

E-MethylButyric acihd.
e -Mdet by cinnnsaldelyde
bty be bl deledie.

Merhyl clmnassate.

2 At byl -0, 3 e exuescad S

Methy loyclopentenolone: 5 methyicyclopen:
tarse- 1, E-dione.

Methyl disulfide: dimethy] disal Nide.

hethyl exter of roxin, partisdl IE'I:hWnd
:IH:I ﬂtgrud in !111;I

ihydroabietate.

Methyl heptanaate.

#-Methylheptanolc ackl.

- Wl by ] -2 5 ot e b 2- e,

Mol l-5-hepren- 2ol

B-Mhetbiyl-5- bisprea- 2o,

Methyl hexanoate.

Methwyl 2-hoxanaaie.

Methyl phydrosybeneoate: methylparaben.

Methyl o-ionone:  §-G.6 6 trimethyl-2-cyclo-
hexen-1-y1i-i-penten-F-ome

Methyl frbonome; 5-0068.6- ll'lrrltlh}ll f-cyela-
e - -y 1) -i-penten-J-one,

Methyl Alonone: 5-0L66-trimethyl-3-cvcla-
Mumiﬁm-l-'p:ntendm

t- Hrthz.rlwli-i,p t.-.q:r:mlglnﬂyl'l prngl onal de-

hyde: |
chnnarmnl - debyde: cvelame PWM "
Meothyl Bsovalerate
Methyl laurate,

Methyl mercaptan: methanethinl

Methyl I:hu:tlyrbnml.e.
M-:l.;'gl ‘n"'-J'"-i:Hh:.' anthranilate; dimethyl an-

thranilate.
Mothyl F-methdlbutyrate
Methyl-3-methylthiopropionate.
Methyl §-met bylvalerate.
Mothyl myristate,
M-:lhylrn;wthr] ketome:  ¥F-acetonsph-

Mnl.h;.-lnurm.rml.f
Methyl I-nonenoate.
Methyl  Znonynoate: methyloctyne  care
:ue-th;ﬁ' i: methy] hexyl acetaldehyde
- octanal; methy et :
Methyl ectanoate.

Table 4.5: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Mechyl I-octoynoare! methyl hepuine car-
bt e,
l-f;ill.h}ll-l.!l-—pent.ﬁdluﬁ: acetyl |-
£ .
& I-F-pontanone; methyl isoburyl e
[tk . :
f-Methylplenethiv] dleohol; hydratropyl al-
codd

Meehyl phemylocetatbe.

3Nl byl - BB e B,

E-Methyl-A-phenyl-F-butyl acetate: dimethyl-
pherylethy] carhi et ake,

E-Methol-A-phery] -E-butyl Isodstyrate:
dimethylphenyl ethylcarbing] isobutyrste,

I-hhlh;.-l-?-pl'rr‘:}ihul}lnldﬂ'ﬁ-ﬂu: - lsogrogy]

seiahle s

H::y l-ﬂnnr]hhﬁ?rur

#-Methyl-1-pheny]l-T-pentanone;  beneyl  Ian-
baukyl ketone.

Mothyl - 3-phenyipropionnte; methyl Bydro-
chinamate.

Morhyl e,

3 Mot oyl -5 propyl-2-cyclohexen-1-one.

erhvl salfich.

3 Mea Ir]linT‘nplﬂ.lhll . e Tl

#-Met iyl -J-tolylpropional e, mixed o-

-,

b Msthytunsdecanil: methy! mony! scetal-
deebyyde,

Methyl 8-undeconoaie.

Methyl f-undecymoate: methyl decyne car-
bomaste.

Methyl valerate

#-Methy bvaleric ackl.
Myreens, T thiyl-3-mmet ey lense- | B-osctia-
i er.

Myristaldeliyde) totradecanal
- Meomerithie; 2ol misperopryl -B-methy boyelo-

FnEi.

Meral; cf-E T-limethiyl -2, 600t adian-1-al.

Meralidal; 7, 11-rimethyl-1L8, 10-dedecarien-
Rl

Moryl acetate.

Meryl butyrate

Meryl formate

Meryl bohutvrate.

Meryl bsovalerate.

Meryl oaate,

& -1,

y-Maisalactons:  4-h
lnceons; addehyde C-13.

monnnal; polargonic abdelyde,

1L3-Monansdio] scetate, mixid esters.

Monnnoic acid; pel £ weid,

EMonanong; methylheptyl ketone.

§-Momanon-1-vl meedate: I-hadrnany-3-
TN ACetate.

Monyl acetate.

Moyl aboabol; 1 -nananal.

| ocbanente

Monyl i=rvalernte,

Tl b iy 5, Belbimnirt Fry] - R- sy propesny -
Bietyclald, 4,0 -dee -1 -ea-Fone,

Deimeni; frntfeccimens; 3,7-dimethyl- 1,38
LT

yOctalactons, d-hydroxpoctanals ackd, 3 lac-
Lo

manale acld, 3

172515

Octanal: caprylaldehyde
Cctanal dm::-‘] 1 acetal.
IOt anaal; octy] alookol
#-Cict anal
F-Cictarnl
20crmneiie; mothyl ey Betone.
S.Dcraneis, ethyl amyl Koo
oDt -al.
1-0cten-3d; amyl vieyg] carbined,
1-Octen-3-y1 dcerate.
Octyl acetate
3-0ctvl scetalie
Octyl batyrate.
Doty formate
Ot yl heephamonate.
Oeryl ISy rat.
Oeryl sovalerate.
Oyl ocranaate,
LH-:yt iy lncetate.
Oeryl propcnite.
-P':ntndrﬂlun:lm: Ti-hyddrosypeent adeca-
node acid. w-lactone: pentadecanclide: an-
leca lsctone,
.3 Pentancdions: acctyl p-rng:m:pl
#-Pemtanone: methyl propy] ketome
& Pentenabe achd.
Perillalachye: 4isopropenyl-1-cyclohex
a - - -1y o
I-t'lrhcluullith;.!d-r:pﬂnﬂ'l:-l.!-dl-nr?-:l
Perillyl acerate; p-mentha-1 Edien-7-y] sce-
L.
m- Pheelnmdrene: p-reswathn-1, 5-d bene.
Phenethyl ncetate.
Phenethyl alcobol; B-phenylethyl adeohsl,
Phenetliyl anthramilote.
Fhenethy] bereoate,
Phenethy] butyrate,
FPhenethyl clnnamate,
FPhenethy] Formeate,
Phenethy] sobutyrate.
Plenitliy] Hovabirate.
Phenethiyl 2 metlyihutyrate.
Flenethyl phenylocetate.
Plesnirtliy] proptonate.
Phenethyl salicylae.
Plenethyl  sencioate;  phencthyl 3,341

I'-'l'unet:;rl i gllft':

b pchd

E-Phenoyet b isobutyrate

Plunrl:trtrﬂTh:.‘-dr: a-tolubc al s

I'-"l'urll'l:p'lll:rtnll:lt-h:.'dr TA-batylene glyool soe-
L8]

Phenylscetal debivde dimstlyd scetal.
Phenylacetal dehivde glyceryl ecetal,
Phenylecetle acid, o-tolude acld.

& Plaenyl-2-hutanal, phenylethyl methyl car-

ximad,

#Phenyl -3 buten-2-ol;  methyl  soyryl  car
Isimiidd,

-Phenyl-3-buten-2-one.

- Plnyl-2butyl acetate; phenylethnd meth-
wl carhinyl scetate.

1Pyl -Fmethyl-3pentancl;,  phenylethyl
metleyl ethyl carbimal.

1-Phenyl-1-propanacl, phemylethy] carblnal

3 Phenyl-lpropancl, hydrocimmanyd alcohcl.

Table 4.6: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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E-Pheemy | proplonabdelade; Py ran eyl e

5 Fﬁylpr@hﬂlb&hﬂh Tewdroe Ll -
debiyede.

EPhenylproplonnide-lvwde  dimechyl acetal;
Iydratropic aldehyde dinsthy] acetal.

- Plemylproplonic ackd; hydeocinnansde acld.

3 Phemylpropy] acetate.

E-Phenylpropy| butyrate,

- Phemylpropy] cinnamate.

- Pheemylpropy] formate.

- Phenylpropy] hexanoate.

E-Pheemvy lpropy] Isobutyrate,

B Plmy] propy] isebutyrate.

B Pl propy] sevalerate.

. Plwnyipropy] propionats.

:.1:.Fr-n3.-|pmpg,.-|] tetralydrofuran

- Piner; I-r
Panene: H ﬂ'b-plrun:
ine gar ofl

Pinocarveal s B0-phren-§-ol

Piperidine.

Fi e

peritens: g-merth-1-on-3-000.

Fiperitersi, et - A48 -dben-3-aie

Piperitenone oxide; 12-epoxy-pawntl-8-(8)-
-3,

Pigserony] aoetate: leliotropy] acerats.

Fiperony] Boebutyrato,

Falylimane s

Paly=orbate 8 polyoxyethylene (30 socbitan
moncdsurate.

Palyzorhate @ polyoxyethylene (30 sorbitan
monostereaie

Paly=orbate B polyoxyethy lone (380 socbitan
monooleate.

Paotmssium soetate,

mt?,uacﬂml f-rthosy -or-ana,

Progivl sodtatd.
Progy] alealol; 1-propanol.
pPropyl anisobe; dilvdeoanot hode.
Prog] benenat .
Progyl butyrate.
Progy disulfide.
LT
Progeed formate.
Progod #-Turanacrviote.
Progndd heptonoats,
Progy] hexanaate.
Progryd phyalroxybenoate: propy | parabsen
3. Propy]idene plhi i dee.
Progyl isobutyeane
Progyl isovalerale
Progy] mercaplan.
- | thyl alcobal.
Booph Hnylnoscana
Frrogidd proplonate.

Pul-nﬂ;w.p-rmnth-lm-rn-l-m.
Pyridine.
Pyrod igneeous acid extrsct
Pyruvaldebyde
A mchd.
Fhadineni ; L ¥=dimethyl-7-octen-1-nd: I
chitrorel sl

21 CFR Ch. | (4-1-00 Edition)

Rhwndinyd formate,
Risnlieg] Isoburyrate.
Rbsnling] isovalerate.
Rluntinnyd plmylml:m

Rum EHLr ethyl n:t::-hvd‘mtt.
Salicylaldehyde

Santabol, o and

Santalyl acetate.

Samtaly] phonylacetate,
Skhatale

Sorbitan mdosearat e,
SryTee

Sucrese orRsrLELe.

i T Fplfe i

T e,
- Terpines]: p-menth-1-en-8-al.

meaal
Frrplnnlrrlf prmenth-1L A -diene
Terpiny acetate.
Terpieny] anthranikane
Terpleay] butyrate.
Terpinyl Cinnamata.
Terpiay] lormate.
Terpiny] Isokairyrate,
Terpiny] svalerate,
Terpiny] propionais
Tetrahydrofurfuryl acetate
Tetralydrofurfuryl alcohol
Trtnhyli'ul'url'ur_!.'l butyrate

Tetralydrofuriu Inmaste,
Tetr puruz- i, B0kt byl -8

urﬂ-ﬁm-n-!-n-ru

Teteahydiol inalecl; 1. 7-dimethiylocran-3-al

Tetramothyl sthyboyclohessnone; misture of
Soetlvyl-E 34, 5-torraamet oyl -Foye Lol xen-1-
onip Al Seethad-1a 5 Bt rrasmed iyl -B-cycl o
Fvinsoisin . L-fuii.

2 Thileny] morcapran: 2thienyiviol

]mlldﬂiyﬂr glveeryl acetal, mixed o m @
iz o g

p—T-uh-']er.nlﬂlhyd.-.

o-Talyl scetate; ocresyl acetate.

p-Tolyl acetate; poresyl acetate

Ep-Todw])-F-butaranse: pmlh}lhﬂmllﬁr—

tone,
p-Tolyl Isobuinyrate
p-Tolyl laurnte.

p=-Talyl plenylacerate.

2 p-Tolyll-propicnal deiyde,  pomethylbydra:
trople abdehyds,

Tribiatyl scerylcitrate.

2-Tridecenal.

¥ Urdecadions: aceiy] nonyrvl.

1 Undecalactone: 4 rosyvundecanalc mscid

|-pctane: h aldehyde: aldefyde C-14

LITnd-eueruI o e

E-Urnlecanone: methyl I ketomne

B-Undecenal: undecenaic ﬁdth;.‘dr

18- Linsdecenal

Urddecen-1-ol; urdecylenic aloobod,

18-Lindecen-1-vi acetaie

LUredecy] aboobal.

Waleraldehyde: pentanal.

Vleric scld; periansdc scid,

Wanillin acetate: pcetyl vanillin

Table 4.7: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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§ 1AZ.60 thetic flavering substances
and uvanis,

Synthetic flavoring substances and
adjuvante that are generally recog-
nized as safe for thelr intended wss,
within the meaning of sectlon 400 of
the Act, are as follows:

Acotaldokyde (sthanall

Aceraln (scory] methylcarbingl b

Apnthole (parapropenyl anisole),

Banzaldehyde (benzodc aldebiyrde),

N-Butyrle acid ibutanole schil),

- o [-Carna s (eaevall,

Cinnamaldehyde (cinsamic aldokyde),

Citral  (Zé-dimethyvlooiadien-2.6-al-8, rera-
nkal, nerall.

Decanal  (N-deoylaldehyde, capraldehyde,
capric aldehyds, caprinabdebyde, aldehyde
=10,

Eth¥] scelate.

Eth¥]l baltyrate.

3-Methyl-3-pheny] glycidio acld ethyl ester
{ethyl-methyl-phenyi-giycldate, so-called
strawberry aldehyde, C-16 aldehyde).

Ethy] vaniliin.

l:l-ﬂl;l-nlﬂl 13, 7-ipnethyl-28 and 38-octadlen-1-
el

Gerany] scotate (poraniol scetate).

Limsnmens (d-, 1-, and 43,

Linaleal (Mnalel, 3.7-dimethyl-1, 6-octadlen-3-
all

Linalyl acetate (bBergamel),

Methyl anthranllate {melhy]-2-
e peoo e

Piporanal ¢34-mothy lenedioxy-benzaldehyrde,
hellotroplni.

Yaniklin.

[ FR 14640, Mar. 15 1577, 68 amandsd at 43

FR 4TTM, Oet, 17, 1978; M FR 3963, Jas. 198,

157%. A FR 20658, Apr, 8. 00 48 FR 51807,

Mow, 15, 193 5 FR 702, Fol. 21, 2080

Table 5.1: Synthetic Flavor Adatitve;(Adébiéd from 21 CFR Part | 76: nd7)7 o

ognized ns safe for thelr intended use,
within the meaning of section 408 of
the Act, are as follows;

Beaf tallow.
Carboxymethrlosllalose.
Coconak oll, redinesd.
Cornatarch.

Gelatin.

Lard.

Lard oil.

Hele pedd.

Peanat oil,

Potato starch.

Bodiam aookabe.

Bodiam chloride.

Bodiam alllosate,

Bodlam trlpolrpaoaphate,
Soybean oil (hydrogemated),
Tale

Tallow thydrogenated ).
Tallow fakos,

Tapinci starl,
Tetrasodium pyrophoaphate.
Wheat starch,

Llne chloride.

[42 FR Les4D, Mar, 16, 1977, as amasdsd &t €3
FT. L1558, Mar, 28, 1978 #H FR 3825 May 15,
LT 45 FIt 685, Jan. 35, 1980 47 FR 27807,
ATEIL June 3. 106 46 PR 51160, Nov. 7. 1

Herw, 10, 1883; 48 FR 51808, Nowv. 15,
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§182.10

[T e T T —— T F R
Farval, eomivmsd ... Fusbriacushaif ol o Ml
Farral, pwest fincochio, Florercs lemnel] ... Fosnicubum waigars MEl var, teice (00 ] Alex
Calangs jpalangedy Ao cfloranem Hirce
Ceararium RIS ALY o | Pslargenium spp
Graing ol paraches ... .. | Amomam sesgusia Fosc
i D T LT —— T T T
Myssep . Hysdaapios offciaals L
Laepndar ..o = Lavandyla ofcinaly Chain,
Linden fowers ... ... ... . Tilla &3
Parigreda, poot Cbeniciuls, by L
Marigeam, pof . Wgjorara priigy (L] Banth,
Masoomrm, dveed .. Mapsana Mh,
MNemsand. black or brown Bepamicn nigres (L] Woch.
Bdurinaid. Brown Biicdsea parvsta (L Cosa
Blusnard, il oF vilow B ket Tl Bebisiec?y
Piuimieg il il i 1 | Myratica fragrans Moufl
Cragans (ieparorm, Bavcsn onepins, Maosin | Lipsis sop.

B, DO
Papiba
Peppar, capenne
Poppsr, red .
Papper, mhy ... X
Pappaimring R T i L

[ Papayer sormndisrom L

L - S — — | Cobarhall olfeimadn L
Pal manoram . mmmlhl_t
Saftrom .o Gy mafies L
TR i i s oot . | Ealva offcinals L.
Sage, Ol e - | vl leha L.
Savory. waTmer . | Saturels horerais L. [Saberea).

Table 6.1. Spices and other natural seasonings (Adapted from 21 CFR Part 182.10, n.d.).
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‘Wanilla planfola Andr. or Vanilla tahitensis .J. 'W. Moore.
Curouma redoaria Flosc.

Table 7.1. Essential Oils (Adapted from 21 CFR Part 182.20, n.d.).

Bytarscal pama ol plan Source

IR i e i i it it i
cmmmm lhllllt Harganan ...
Camomily (chamomibe) Mowees, Roman or Erglish

AR ...........

Camdamar seed

c e S TSN, il

o e N SR R S R P et i

Ferua assa-footda L and related spp. of Fonla,
Moizsa oHicirals L

. | Mysmylon parsisan Hictzsch

Dwimiam basicum L.

Trilolum spo.
EryPeanyvium coca Lam. and o . of Erythrsayium.

Table 7.2. Essential Oils (Adapted from 21 CFR Part 182.20, n.d.).
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Botanicnl rams of plant Sourcs

. | CoMaa spp.

. | Cola scusminals Ecfwod and Endl, and olhes spp. ol Cola.

| Corandrm satvm L.

. | Jasmirum oficinade L. and ofher sppe of Jasminum.

COETImLINeS L.

Gl pcusminais Sofwodt and Endl, and olhes spp. ol Cola.

| Caunm nebds L

. | Lawnss spp.
Lavariuly officinals Cral,

Lavvmrhula Latiola Wil

. | Hybrids between Linmandhela oficinals Chaix and Linandela laticlin Vil

Citrus o (L0 Barm, 1

cirafus DG, and Cymbopogon exuseus Stapl,

Citrue lmon (L) Baarm, T,
Citrye gorantiicls Swngls.
Tilia spp.
Carabonia sdigua L,
Hermubs kapuls L
Myristica Iagrara Hous
Citrus nloulais Blanon.
apoemna Rortangs Monoh.
Buk paraguariensis 5t HiL
Laniha spp
[
Saccarum officiranam L.
Brasyica
Citrue paradiel Macl
conn | CHtNE grarantiom L.
.| Al onpe L
Cirus aeransbiorm L.
D
Chrus sinenais (L) Ol
D
D
D
Crigarum spp.
Cymbopogon mantinl Stapl,
Capacam annsam L
Paptroslinu crispum (ML) kangd,
Figee nigrum
Wgniha peperita L.
MTnayion permnas Kiotsch,
i et L.
Caitrus oo (L) Basm. T
Citrus nloulais Blanon.

. | Pimanin ofcinaks Linadl.

Table 7.3. Essential Oils (Adapted from 21 CFR Part 182.20, n.d.).
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T
Foas sba L., Posa ceriiioka L. Fosa damascena MEIL. Foes galies L,
ard vars. of these spp.
D,
D
D,

WmLﬂmwm.mBﬂl.
Thymus serpyium L

Pokanthes hubarosa L

o orga L

Vanila plandolia Andr, o Vanilla ahitenss J. W, Moo,
Wiola odomin L

Eotanical name of plant souroe

Prunus armenisca L.
Prunus persica Sieb. & Jucc.

Archis Pypogass L
O seid ... SR Cydoria abknga Mille,

Table 8.2. Natural Extracts (Adapted from 21 CFR Part 182.40, n.d.).
Dorreation

Fripmabar Mirocephak L.
. | Castor fiber L. and C. canadensis Kuhl.
.| Gl cats, Whenrma choatin Schratar snd Viverta ribatha Schrabar,

EfFrl eranthate, so-Cabid,
Mtk did, MoSchud Poschisng

Table 9.1 Other Spices and Seasoningss (Adapted from 21 CFR Part 182.50, n.d.).
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ISRt P Cent b i Lyl i
Cumied, Black, Buds and leaves .. Ritas ragrum L
Dhirwirii — | Arforiis Salec Sl
L P o e B T e | Ansmeen  sows Fosh (Peucedinum  gravecdend
Dawrih et Mook, Aneiferr gl )
Dy .. PR TR B TRTT Dictara ales L .. TEL D
Dy of Creln .. o | Chrigarmary dictamncs L
Dragon's biocsd [desconubing ... - | Daemonomps s
Eicler o advas . Eanbooud L i O e
ol nok 0 excessd 25
L P S
dhay Rpeor
2 T T T B T ——— I Ehoohole Eavitiged
Eﬂprunu- EMGMHMIE:I{? Airowmicum M g
Ewcaliphus giobulus eeves .. Eicayrics Lk,
Ll s —— Alvad Slwiod Ledeh . A aba Wl A sechaloaso
hasters =0 4. v Mayatss ot Kute
LA TR M S T — LT R
Cnlangs, grasded . B el S —— D
[ 1 T Foada gataniia Doss of Dutes and oo Fensia
Clarnbe jeatecivs, pale) | Liscadis gamds Ao
27U, O YT ST
L Oariiasa ke L
Ceanian, sleemiess ... . . Cendians ecalel . . . D
Camrmanins, chamasdins Tevrcriom chamaedns L (x5
a1 T T L I — T o T T ] I Dt
[T —— Cugisoum piprale L. G msfum L, Solwaai
AT Lk,
Cudiink — | Paciinia copans HBK
Farw, bisck, bark .. ... Wibrmoen prasdioliom L
Finsoeh psded Wt twigl Tauga oassdanss (L) Car of T. mslavapnda ()
Hyacith lowees . vienins L.
gt . . . s cafrattiam (L) Hoch  [impaecaions
[ [ Do
Lisdadviam
(=23
Do
-8
Do
Dhs
Dhas.
Evamnis prunsasls (L) Ach, E futmsoad (L] Masn, | Fiskitad food Bupsns
= pihar lichors, rea
Boawalla carti Birde. afd ol Dodeslis spp.
Opopanas  chimnipm  Moch  rus  opopanan] of
Commiphon arptivand Engl. vie. Lishrsowts
pemuicy L (nclaing B wansty fonanding
DCrpiies] aenad [, poabbols Lasm.
el fricpior L .. - In mloohade; fervpgees
. | Passsiora wncarmais L -~
b Banl. asd P Aopeaiartus Banih
Prurngs peveica {L) Batsch Al TR . | I plophoii; bavwrges
ey ol o Eeceed 25
Fopm. prussis sod in
fhay Raveor
Hadeoma pulsgisedad (L) Por
MfrrTur i L

Table 10.1 Natural flavoring substances (Adapted from 21 CFR Part S172.510, n.d.).
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Ot Farte Seisrtilie name Limianions
Pirs, dhadil, Selifhird il PP SSUA Ptail B Turfll Wir. oo Hisbmke) 2enss.
L M= T W —— P ayivodtes L
P, whiteod . | Prmd padesirrs il and olivr P ape.
Poplar buda . | Populs balramiers L. (P, boamabacca Ml P, =51
candicans AR, of P nigea L
e | Piesmirin ki (Sw | P, of Dudeds Seusa L
Casnibrachs hark AGAT T pusbracho-blanco  Schischt,  or | Schinopsis lnnpnted
[ Qorach vy (Gamat). (Gl ) Ergl.
Cuplliin (soayshark) .. e | Ol Sapoiia Ml
ey
Rhalmay ool — o —. | Kraswsa Fans Fr o Pare. of B apeniss Man.
T R —— T S — (6%
Ahubarty roof ... Aum officinals Basl. A L. or ofher
&P, (eacephng A ruposiicom L] of ybsds ol
e growe in Ching,
Foselly ... O U T T T - . ’ Da
ol [oskephdesd . . .. T T L R T — D&
B Joherrwon aives, owsrs, and caulls . | Hypeocon pedeaiem L. sl o
Sangabwrod, whits {peilcs, or Esaf ingian] .. | Sastalem abom L
[ — rrarannens | Tiptroglinds aricutaty [Wahl ), e . m::mm
B repalf Kikp o Moios [Hondural sicssgalia),
5 febriipa Kunds (Eceadorsan ssreapania), of
indh i Srliy s [Eruadesia® oF Cantral
Amencan sarpapariiaj,
Sennd, Acanis . . | Cela Sviriioala Dola
Sempaniaria [Vepna sakerool . | Arseoha eapanians L .. I bt Rervisiiged
only
Srknl, Canaiian (wid gngsn | ASIAS CAnaense L
e = H:;ﬂpnﬂmv_u P, mdriasa (W)
Sarax [abyeas) .o — | Liusalambar ofardaks Ml of L siyvasiiea L
L L — — | Tl pansia L, T. savcis L, of T mridta L (T, | As o ondy
Panchifprs Sohnank)
Tardy | Tnmcssm gL in akoohe
oy Minigtagd alooholic
eyl Bhigen fraa !
Thiste. bhades (b et .. ... ... BT T [T mpe——
only
Thymn sapitaks (Spanish “onganus") . | Thymus sasdats Heflmeg. o Link.
p J TR LA eI TN | Afyreayion Daismim (L | Harma,
Tapels . ... ... o0 P Pk Bl and oRad Pinds So0. which ysld
P S &y
L T T — T T
DRI b — | Wi Ol L Dhn,
Ealeun Pusic (Bulls), Beves, and geeen Put | Juglans ngae L or J gl L
Wontndl el ... Adigviredi | ERAGRLTFLLSCORCL B UL GO ORI LI I et it el
orEy
I i e — | Achies Mo L . iR Eevisig Sady, e
-'Ilfl:lﬂlrlnm
b T T I caffoemmeinm fHook, o A T
Voooa Mohewe .. — | Tuca scfidigers Foer an Orighed |V Mo

Sag )

Table 10.2 Natural flavoring substances (Adapted from 21 CFR Part S172.510, n.d.).
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Chapter 1: Introduction
INTRODUCTION

As consumer trends shift, the American public are paying more attention to what they are
putting in their body and have a stronger focus on healthier eating. However, according to a
PEW research report, although attention of consumers is focused on healthy eating, behavioral
implementation of these practices is lacking (Funk & Funk, 2024). While healthy eating is the
goal, the term is subjective in nature and without a full understanding one has no way to know
and then implement what healthy eating is. A healthy diet, and healthy eating today means
cutting back on food items with high fat, sodium, and sugar content (Grimmelt et al., 2022) and

including a mix of fresh fruits, vegetables and wholegrains.

Food items with high fat, sodium, and sugar content, also known as processed foods, are
becoming increasingly produced and has led to a drastic shift in dietary patterns and
consumption lifestyles (World Health Organization: WHO, 2020). This change in consumption
patterns can be attributed to the uptick in obesity and overweight individuals in the U.S, where
nearly 1 in 3 adults are overweight and 2 in 5 are obese (Overweight &Amp,; Amp; Obesity
Statistics, 2024). It can also be attributed to the heightened risk for many health problems,

including heart disease, types of cancer, diabetes, etc.



With consumption levels of processed food heightened, it is pivotal to note the majority
of these food items contain an abundance of food additives, which are utilized to improve the
overall appearance, shelf life, and consistency of food products (“Food Toxicology,” 2016).
However, according to the International Food Information Council’s Food and Health Safety
report, 34% of respondents found food additives and ingredients including caffeine, MSG,
flavors, colors, preservatives etc. as their top issue regarding food safety (International Food
Information Council, 2022). This furthers the evidence of a shift in consumer trends, and
expanding the need for change regarding how consumers decipher between processed food

items.

We are presently seeing a monumental shift in food additive policy in prominent food
producing sectors within the United States. Fast food restaurants are one of the main sectors in
the U.S. that contribute to an unhealthy diet and offer foods with high contents of additives and
preservatives. Burger King, a prominent international fast food chain, has begun to change this
narrative with its campaign “Beauty of No Artificial Preservatives”. The campaign illustrates
their initiative of eliminating harmful food additives in their products by advertising a spoiled
burger, a natural phenomenon that occurs a few days after no consumption. This ensures to the
public that there are no additives preserving shelf life or product appeal in this campaign.

Burger King has acknowledged the shift of health-conscious consumers, and created a marketing

campaign to depict a healthy and unaltered burger (Lithos & LithosPOS, 2024).

In a policy setting, some states are beginning to understand the importance of knowing

what we put in our body and the health effects they may cause, and take action. The first



administrative body within the United States of America to take strict action regarding harmful
additives is the state of California. Gavin Newsom, the Governor of California, has passed a law
that bans harmful food additives, including a popular food color additive, red dye number 3. The
California Food Safety Act, Assembly Bill 418, prohibits the sale, manufacture, or distribution of
the food dye, along with 3 other chemical food additives including potassium bromate,

brominated vegetable oil and propylparaben (Hernandez, 2023).

It is pivotal to continue to research and explore effective approaches to ensure the
consuming body has accurate and transparent information regarding food additives, allowing for
the execution of autonomous decision making with respect to healthy eating. A tool that assists
consumers with healthier dietary choices is the Nutrition Facts label found on the back of almost
all packaged foods in the United States (Christoph et al., 2018). Nutrition Facts are regulated by
the Food and Drug Administration and have been required since the legislation passed the
Nutritional Labeling and Education Act of 1990 (Pintauro, 2018). In recent years there has been
a push to make labels easier to understand with regards to both formatting and content (Food

Labeling: Revision of the Nutrition and Supplement Facts Labels. Final Rule, 2016).

Two types of food labels, front of pack and back of pack, are present on food packaging.
Front of pack labels are designed to attract the attention of consumers, while back of pack labels
are present as an informative guideline for ingredients and nutrients present in the food item. In
this research we will focus predominantly on front of pack labels, and more specifically that

which follows a traffic light system.



The traffic light label system presents nutrient information in a way that illustrates a
range of nutrient categories with corresponding colors. Traditionally, the four categories are fat,
saturated fat, sugar, and salt levels in a product. The corresponding colors are “red” indicating a
high level of that nutrient, “orange” indicating a medium level, and “green” indicating a low
level of nutrient (Sacks et al., 2009). While there is ample research on traffic light food labels,
mostly residing in the United Kingdom and Ecuador, continued research is needed for the United

States.

While traditional food traffic labels focus on nutrition facts, my research focuses on the
effectiveness of using a modified traffic light food labeling system in increasing consumer
awareness of food additives. While the traditional system focuses on nutritional content—such as
fat, sugar, and salt—this research will assess how well it can communicate the presence of
additives in common food products. To what extent a modified traffic light food labeling system,
designed to communicate the safety of food additives, improves consumer awareness and
influences healthier purchasing decisions compared to traditional nutrition labels in the U.S. will

be explored through this research.

My literature review will give a comprehensive background on common food additives,
their history, and their present cause for concern, while also touching upon governing bodies
surrounding the food additive and food label landscape. Then I will explore U.S. consumer
perceptions on food additives and the concept of traffic light labels. Finally, I will explore the
effectiveness of a modified traffic light food labeling system to a traditional nutrition food

labeling system in the context of popular packaged food items in the U.S.



The findings of this research will contribute to ongoing efforts in assisting the American
public with making more well-informed and healthy food choices, while also raising awareness

about the presence of food additives in our everyday food.

Chapter 2: Literature Review

COMMON FOOD ADDITIVES

The Food and Drug Administration (FDA) defines a food additive as “any substance in
which the intended use may, directly or indirectly, affect the characteristic of any food —
including any substance used in producing, manufacturing, packing, processing, preparing,
treating, packaging, transporting, or holding food” according to Section 201(s) of the Food,
Drug, and Cosmetic Act (Program, 2018). It is important to note that these ingredients are
typically not consumed as food by themselves, nor are they used as typical ingredients in foods,
and that they are substances added to food for the purpose of improving color and quality
perceptions, flavor, freshness, or for preservation purposes (Abedi-Firoozjah & Tavassoli, 2024).
Common food additives in the scope of this research can be categorized as a coloring additive, a

flavoring additive, or a preservative additive.

Color Additives:

Adding color to foods is a long standing custom that dates back to the early Indus Valley
civilizations in 3500 BC and became common practice around 1500 BC when natural extracts
and wine were supplemented to enhance the appeal and appearance of some food items

(Unesco, 2008). The use of artificial food colors in modern practice didn’t emerge until 1856,



when Sir William Henry Perk discovered the first synthetic organic dye, mauve, marking
significant shifts in the world of food color technology (Science History Institute, 2024). 50
years later, the first policy addressing concerns with adulterated foods, including that of artificial
colors, was enacted in the 1906 Pure Food and Drug Act. Later the 1938 Food, Drug, and
Cosmetic Act established the regulatory framework for food additives that remains in place

today.

The presence of color additives in food products serves several purposes. They provide
uniformity and consistency in color presentation, compensate for potential color loss during food
processing, and impart vibrancy to bland or colorless foods (Program, 2023 & Frick, 2003).
Additionally, color additives propose a significant influence over consumers sensory experiences
with food, specifically in terms of taste, attraction, perception, and quality (Lehto et al., 2017,

Program, 2023; Burrows, 2009).

Color is a critical attribute as it pertains to consumer preferences, selections, and desires
of food items (Su & Wang, 2024) and research shows that our experience of taste and flavor is
largely determined by our created expectations prior to consumption (Shankar et al., 2010), and
thus color creates a psychological expectation that is difficult to overturn (Shankar et al., 2010).
Color associations can be argued to be a combination of evolutionary practices and cultural
norms. From an evolutionary perspective, animals and human beings alike understand food
condition according to its color, a practice dating back to homo sapiens evolution 3 million years
ago (Luca et al., 2010). Thus, one could argue that our preference for brighter colored food is

credited to our evolutionary adaptation. The color pigmentation of food items like certain meats,



fruits, and vegetables can indicate ripeness, while dull and grey items often signal spoil and harm

(Luca et al., 2010).

As defined by the Food and Drug Administration, a color additive is any dye, pigment, or
substance that can impart color to a consumable product, pharmaceutical, cosmetic, or even the
human body (Program, 2023). Color additives fall into two categories: natural sources, which
are exempt from certification, and synthetic or artificial sources, which require batch
certification. This distinction highlights the difference between substances that are naturally

occurring, and those that are chemically synthesized (“Encyclopedia of Food Chemistry,” 2019).

Presently in the United States, the FDA has approved nine synthetic food colors
additives, all of which require batch certification. Below is an overview of these certified color

additives.

Require Batch Certification:

1. FD&C Blue No. 1: Also known as Brilliant Blue FCF disodium is an additive known for
its coloring agents, which is commonly used in processed foods, pharmaceuticals, dietary
supplements, and cosmetics (Shahmohammadi et al., 2016).

2. FD&C Blue No. 2: Referred to as Indigo Carmine or indigotine, its molecular formula is
CI12H19N30S5. It is used in desserts, baked goods, snacks, and dairy products, as well as
in medical diagnostics and pharmaceutical formulations (“Food Chemistry,” 2021).

3. FD&C Green No. 3: Known as Fast Green FCF, this additive is turquoise in color and

used in vegetables, jellies, sauces, and baked goods (Pereira et al., 2024).



4. Orange B: Once used in sausage casings, Orange B is no longer in use in the United
States and has not been certified for the past decade (Synthetic Food Dyes: A Rainbow of
Risks, 2024 & Arnold et al., 2012).

5. Citrus Red No. 2: This color additive is used to dye the skin of oranges but is only
allowed for oranges consumed as fresh produce (Synthetic Food Dyes: A Rainbow of
Risks, 2024).

6. FD&C Red No. 3: Known as erythrosine, this pink dye is used in candy, ice pops, and
cake-decorating gels. While its use in food and ingested medications remains
unrestricted, its application in cosmetics and topical drugs is prohibited (Garg, 2024).

7. FD&C Red No. 40: Also called Allura Red AC, this is one of the most widely used
synthetic food dyes, found in food, drugs, cosmetics, and even tattoo ink
(Oplatowska-Stachowiak & Elliott, 2016).

8. FD&C Yellow No. 5: Known as Tartrazine, this dye is used in food products, cosmetics,
and pesticides (Oplatowska-Stachowiak & Elliott, 2016).

9. FD&C Yellow No. 6: Also called Sunset Yellow FCF, this dye is used in gelatin, frozen
desserts, carbonated beverages, and bakery products (Oplatowska-Stachowiak & Elliott,

2016).

Exempt from Batch Certification

It is relevant to point out that colorants exempt from certification frequently originate
from plant, mineral, insect, or other naturally occurring origins, embodying naturalness, however

not all exempt colors stem strictly from nature (Program, 2023). In the US regulatory framework,



there isn't a distinct category for "natural" color additives. Instead, regulations classify color
additives simply as either subject to certification or exempt from certification, without
differentiation based on their origin as natural or synthetic (2/ CFR Part 170 -- Food Additives,
n.d.). You can view the list of colors that are exempt from batch certification in the charts section

labeled table 3.0.

Flavor Additives:

Flavor additive practices can be distinguished throughout history by various cultures and
for a plethora of reasons (Wang et al., 2023). The British Museum of History credits the
Assyrian Empire, an early Mesopotamian civilization, with the earliest mentioned herb on record
as sesame, where it was used as a source to enhance flavor to food, wine, and oil (Parry, 1955).
Flavor enhancement through an additive substance is also described in the Holy Bible’s Old
Testament where it can be noted that spices from the “traffics of the spice merchants” were
“employed to make food more palatable” (Parry, 1955). Fast forward to the 1850s, where the
first synthetic substance used to flavor candy was created, not from the extract of a fruit, but in a
lab and using the chemical compound amyl acetate (Berenstein, 2018). From this discovery, we
continue to add and enhance a variety of food items with synthetic food flavoring, spanning from

refreshments, confections and jellies, to pasties, syrups and sauces (Berenstein, 2018).

Flavor additives are any substances added to supplement, enhance, or modify the original
taste or aroma of food items (CFR - Code of Federal Regulations Title 21, n.d). Flavor itself is a
multisensory experience of the gustatory, olfactory, and somatosensory systems (Small, 2012),

where flavor of a food can only be determined when taste and smell are present (Institute for

10



Quality and Efficiency in Health Care (IQWiG), 2023) and combined with our individual

experiences with food and food products (Myers, 2018).

Flavoring agents are chemicals that impart flavors or fragrances and are added to food to
modify its aroma or taste. It is important to note these are the most common type of additives
used in foods and have hundreds of variations (World Health Organization: WHO, 2023). The
U.S. Food and Drug Administration, FDA, regulates the use of flavorings in food products
through the Code of Federal Regulations, CFR, Title 21, Part 101.22. The regulatory agent states
that all flavorings used in food products must be safe for consumption and properly labeled (CFR
- Code of Federal Regulations Title 21, n.d.) According to the FDA, a flavoring additive can be
defined as “any substance with the function of imparting flavor, which is used or intended for use
in imparting flavor to a food, including any substance that functions in this manner as a result of

an interaction with other substances” (CFR - Code of Federal Regulations Title 21, n.d.).

Artificial Flavor:

The term artificial flavor, or artificial flavoring is defined by any substance, the function
of which is to impart flavor, which is not derived from a spice, fruit or fruit juice, vegetable or
vegetable juice, edible yeast, herb, bark, bud, root, leaf or similar plant material, meat, fish,
poultry, eggs, dairy products, or fermentation products thereof as defined by the Food and Drug
Administration classified in the Code of Regulations Title 21 Section 101.22 (CFR - Code of
Federal Regulations Title 21, n.d.). Those which constitute an artificial flavor additive can be

summarized by the charts proceeding the reference page and titled by Table 4.1-7 which are

11



reflective of substances characterized under SS 172.515 and Table 5.1 which are reflective of

substances categorized under section CFR 182.60.

Natural Flavor:

As in opposition, the term natural flavor or natural flavoring means the essential oil,
oleoresin, essence or extractive, protein hydrolysate, distillate, or any product of roasting,
heating or enzymolysis, which contains the flavoring constituents derived from a spice, fruit or
fruit juice, vegetable or vegetable juice, edible yeast, herb, bark, bud, root, leaf or similar plant
material, meat, fish, poultry, eggs, dairy products, or fermentation products (CFR - Code of
Federal Regulations Title 21, n.d.). Those which constitute a natural flavor additive can be
summarized by the charts proceeding the reference page and titled by Table 6.1 -reflective of
substances characterized under section CFR 182.10; Table 7.1-3 — characterized by substances
classified under CFR 182.20; Table 8.1-2 — defining substances under CFR 182.40; Table 9.1
reflecting substances under CFR 182.50; Table 10.1-2 — analyzing the natural substances under

S172.510.

Flavor Additive Health Implications:
Brominated Vegetable Oil

Brominated Vegetable Oil is a food additive and emulsifier which is used to stabilize and
prevent the citrus flavors from separating in soft drinks and other beverages. Currently, it is
authorized for its usage in small amounts, but is not approved to exceed 15 parts per million
(Hetter, 2023). Brominated Vegetable Oil, or BVO, was previously listed under the “generally

recognized as safe” list, and has since been removed. For now, until the ban gains approval, its

12



usage is limited. Although popular soft drink companies like PepsiCo and Coca-Cola have
removed BVO from their products due to on-going concern, it is still used and found in smaller
store and discount store-brand soft drinks (Hetter, 2023). The consumption of BVO has shown
heart, kidney, and liver damage in pigs (Farber et al., 1976); accumulations of sodium benzoate’s
derivatives in the heart, liver, fat, and has led to changes in the thyroid and thyroid cells of rats

(Farber et al., 1976).

Artificial Sweeteners:

Artificial sweeteners are food additives which mimic the effect of sugar on taste, known
as sugar substitutes (Chattopadhyay et al., 2011). Prominent sugar additives in the United States
are Aspartame, Acesulfame-K, Neotame, Saccharin, Sucralose, Cyclamate and Alitame. These
provide a low calorie high sweetness ratio to consumers (Chattopadhyay et al., 2011). These
sugar additives are generally found in sugar packets, soft drinks, candy items, and low calorie
food items. The acceptable daily intake of these sweeteners vary from 2mg/kg per day
(Neotame) to S0mg/kg a day (Aspartame) (Chattopadhyay et al., 2011). It is important to note
that portion sizes have dramatically increased in the last few decades, which has aided to an
increase in consumption of many unhealthy food products (Dobson & Gerstner, 2010). The daily
limit is arguably impossible to achieve with supersize and gulp size sodas, coupled with other
items of aspartame like sugar packets and other artificially sweetened foods. (Chattopadhyay et
al., 2011 & Dobson & Gerstner, 2010). As per the World Health Organization, long term usage
of artificial sweeteners are linked to an increased risk of type 2 diabetes and cardiovascular

diseases (World Health Organization, 2023), as well as the Internation Agency for Research on
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Cancer indicating that some artificial sweeteners (Aspartame) can be classified as “possibly

carcinogenic to humans” (Marques et al., 2019).

Preservative Additives:

Food preservation methods, both chemical and naturally occurring, have been
commonplace for over 8,000 years (Institute for Quality and Efficiency in Health Care (IQWiG),
2023). The ancient Egyptians were among the first to conceptualize the preservation possibilities
of salt. Using this knowledge they would draw the bacteria-causing moisture out of foods, then
dry the food, ensuring an effective meat storing process without the use of a refrigerator (Henney
etal., 2010 & Kamel & Ahmed, 2022). Similar to the ancient relevance of color and flavor
additives, food preservatives date back to the time of ancient civilizations (Sen, 2022).

In the ancient Roman empire, sheep and goats were used for meat and sacrificial
purposes, and they were known for salting their meat for consumption (Graff, 2017). Forward to
more modern times, French confectioner Nicolas Appert discovered the preservation properties
of food in airtight glass jars and bottles in 1809 (Christensen, 2023), yet the implications of
scientific principles and biological laws weren’t fully understood until Chemist Louis Pasteur
coined the term pasteurization in 1865. As the next 100 years progressed, knowledge and
innovation regarding bacteria continued, and the first chemical preservations - salicylic acid and
benzoic acid- were studied for their inhabitation of bacteria growth (Hugo, 1995).

The need to preserve food for future use is still prevalent in our life in order to maintain
the integrity of food products (Msagati, 2012) , improve the quality of food, and preserve food
from different types of bacteria or fungi (Sen, 2021). Chemical preservative agents assist with

both the deceleration and prevention of bacteria, mold, and yeast growth in food, and contribute
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to the avoidance of toxin development and spoilage. Chemical preservative agents are defined as
any chemical that, when added to food, tends to prevent or retard deterioration thereof. Common
salt, sugars, vinegars, spices, oils extracted from spices, and chemicals applied for insecticidal or
herbicidal properties are not considered chemical preservative agents (CFR - Code of Federal

Regulations Title 21, n.d.).

Preservative classification can be split into two class groups: Class I and Class II.

Class I preservatives can be characterized by common salt, sugar, dextrose, glucose, spices,
vinegar, acetic acid, edible vegetable oils, and honey (Khuntia et al., 2020). Class II
preservatives include compounds that are chemically synthesized, such as elements like benzoic
acid, sulphureous acids, nitrates of sodium or potassium, nisin, sodium and calcium propionate
(Khuntia et al., 2020). Class II can further be classified into three subgroups: antimicrobial

agents, antioxidants, and chelating reagents.

Antimicrobial agents — yeast, mold, bacteria - are often used to prevent the development,
action, and presence of microorganisms by reducing moisture levels and increasing acidity, thus

creating an environment which inhibits growth (Khuntia et al., 2020).

Antioxidants and other antimicrobials help in the preservation process of food through

the control of atmospheric oxidation, which prevents the breakdown and reaction with free

radicals (Khuntia et al., 2020).
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Chelating agents help to bind with metals, which in turn prevents the natural ripening and

oxidation process from occurring (Khuntia et al., 2020).

Presently, there are 20 approved chemical preservatives as recognized by the FDA and
can be classified as follows: ascorbic acid, erythorbic acid, sorbic acid, thiodipropionic acid,
ascorbyl palmitate, butylated hydroxytoluene, calcium ascorbate, calcium sorbate, dilauryl
thiodipropionate, potassium bisulfite, potassium metabisulfite, potassium sorbate, sodium
ascorbate, sodium bisulfite, sodium metabisulfite, sodium sorbate, sodium sulfite, sulfur dioxide,

and tocopherols (21 CFR Part 182 Subpart D -- Chemical Preservatives, n.d.).

Preservative Additive Health Implications:

Sodium Benzoate

Sodium benzoate, the salt of benzoic acid, is a widely used food preservative and
microbial substance, used in various food products, fruit juices, carbonated drinks, and cosmetics
(Zengin et al., 2011), however soft drinks are the predominant dietary source (Tfouni & Toledo,
2002). Sodium benzoate inhibits the growth of bacteria, yeast and mold, and was the first food
preservative to be approved by the Food and Drug Administration. It is pivotal to note that these
preservatives are listed under the “generally regarded as safe” or GRAS agents by the FDA
(Lennerz et al., 2015). Presently, acceptable daily intakes made by the World Health
Organization of sodium benzoate reside at Smg/kg or 0-2.27mg/Ib of body weight per day (Nair,
2001). Furthermore, the FDA caps the maximum level in food to be at 0.1% presence (21 CFR

184.1733 -- Sodium Benzoate., n.d.). One must consider that the above mentioned daily intake
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would require mathematical attention and expertise, as well as great attention to detail with
regards to food packaging and labeling. This will further be extended upon later in the research.
Sodium benzoate is a perfect example of the importance of updated nutrition labels when

pertaining to food additives.

There are a few causes of concern in regards to sodium benzoate. Most notably, it is
known for its harmful reaction with ascorbic acid (Vitamin C). When both sodium benzoate and
ascorbic acid are present and exposed to heat and sunlight, the formation of benzene occurs
(Program, 2022). Benzene is a carcinogen which is associated with blood disorders and leukemia
(Benzene - Cancer-Causing Substances, 2024). Potassium bromate is an oxidizing agent that is
used for its quick, efficient, and economical oxidation process in bread and other baked goods
(Shanmugavel et al., 2020). Potassium bromate is a colorless and odorless powder or crystal. The
FDA presently allows for 75mg/kg as a daily limit intake on potassium bromate (Nkwatoh et al.,
2023). Explained further, this means that 75 milligrams per 1 kilogram of flour, or in U.S.
metrics, 1 teaspoon of potassium bromate per 800 cups of flour (Center for Research on
Ingredient Safety, 2023). Potassium bromate has been classified as a human carcinogen under the
classification of many governing bodies (Shanmugavel et al., 2020).. Furthermore, potassium
bromate has been linked to toxicity in the liver, bone and blood, cardiac, and kidney regions in

mice (Shanmugavel et al., 2020).

NUTRITION LABELS
Nutrition labeling has a purpose of providing consumers in purchasing settings with

information about the food product, allowing for consumers to practice autonomous choice in
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nutritional food selection (Grunert & Wills, 2007). Consumers often understand key and simple
terms respective to that of food labeling, but with higher complexity of information that
understanding begins to fall. In numerous studies, consumers indicated that informational aids
with regard to food items are a useful tool (Grunert & Wills, 2007). The relationship between
front of pack and back of pack is important in that back of pack complex information, can
arguably be summarized and simplified to create a clear and concise front of pack label, that

assists consumers with their overall decision making process (Grunert & Wills, 2007).

Nutrition Facts Label:

Nutrition Facts labels allow consumers to make informed decisions about their food
consumption (Roberto & Khandpur, 2014) . The front, back and sides of packaging is often filled
with information informing the consumer what the item contains and provides guidance in
selecting healthier options (Understanding Food Labels, 2024). Nutrition Facts labels have been
required on packaged foods in the United States since the Nutritional Labeling and Education
Act of 1994 (Christoph et al., 2018 & H.R.3562 - 101st Congress (1989-1990).: Nutrition
Labeling And Education Act of 1990, n.d.). According to the Nutrition Labeling and Education
Act (NLEA), a “Nutrition Facts’ label must be displayed and easily identify health related
information such as calories, saturated fats, cholesterol, and sodium (Variyam, 2007).
Unfortunately, the array of numbers, percentages, and complex-sounding ingredients on these
labels often causes confusion to the observer (Understanding Food Labels, 2024) Food labels

can be characterized as front of pack (FOP) labels and back of pack (BOP) labels.

Back of Pack:
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Back of pack labels provide a key source of nutritional information to consumers,
however they lack aesthetic appeal. These labels include four main categories: Serving

Information, Calories, Nutrients, and Daily Value Percentages.

Serving Size:

Serving information includes both the servings per container/package and the serving
size. Serving sizes are provided in units such as cups or pieces, and then followed by a metric
amount, typically in grams. Although the serving size is often thought to be a recommendation of
how much you should eat or drink, it is actually a reflection of the amount people typically

consume (Program, 2024).

Calories are also a prominent factor to be considered on back of pack nutritional labels. A
calorie is a unit of energy often used to express the nutritional value of foods. In labeling food
products in the United States, a calorie refers to that of a kilocalorie. Thus, 1 food calorie equals
1 kcal, or the amount of energy needed to raise 1kg water by 1 degree of Celsius (Buchholz &
Schoeller, 2004). 2,000 calories per day is a typical baseline for consumption amount, however
intake can be higher or lower depending on your age, sex, height, weight, physical activity, etc.

(Program, 2024).

Nutrients:

Another main component to the BOP nutrition facts label is the list of key nutrients that

have an impact on your health. This includes items like total fat content, cholesterol, sodium,
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total carbohydrate index, protein composition, as well as key vitamins and minerals. Per the
FDA, consumers should limit their intake of items high in Saturated Fat, Sodium, and Added
Sugar, while striving to increase their intake of dietary fiber, Vitamin D, Calcium, Iron, and

Potassium (Program, 2024).

Percent Daily Value:

The Percent Daily Value (%DV) is coupled with each listed nutrient, and informs the
consumer of the percentage each nutrient accounts for in a standard 2,000 calories per day diet.
A value of less than 5% is considered low, while a value exceeding 20% is considered high

(Program, 2024).

Front of Pack:

Front of pack labels on the other hand, offer little nutritional information, however
because of their location, these labels are often more noticeable. These labels allow for quick
decision making about nutritional content of an item because of the simple, recognizable and
interpretable format (Kanter et al., 2018). These labels often offer detail specific nutrients, with
noticeable text, symbols, color or logos that promote specific attributes (i.e. hearth health, vegan,
gluten free, etc.). (Becker et al., 2015 & Hodgkins et al., 2012). Standardization of front of pack
systems has yet to be regulated, despite their popularity. Without cohesive guidance, front of
pack formats are often found to be confusing, misleading, and offer manipulative information
(Hawley, 2012). Some common front of pack labeling includes health logos, traffic light

labeling, and warning labels.
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The introduction of front-of-pack (FOP) labeling systems, such as the modified traffic
light labeling system I propose, aims to combat the issue of confusing information by providing
a more intuitive method for consumers to assess the nutritional quality and safety of food
products. In this research, we will focus our attention on a modification of the traffic light
system, as it pertains to food additives and their relative cause of concern to consumers. The
traffic light system coined its name due to its color scheme usage which describes nutrient
content in respect to its level of healthfulness. The traffic light system uses red, yellow, and green
indicators to alert customers to the level of fat, sugar, and salt in foods (Office of the

Commissioner, 2018), reflected in the images below.

Each serving (20g) of cercal comtains
EMERGY | AT SATLIRATES SALT
swow  0.7g  0.1g 0.2g
110k LI LY MED
[ o % an

% of adul’s referance imake,
Typical values per 100g Energy 153000 360kzal

Table 1. Traditional Traffic Light Labeling Sysem, Example 1 (Adapted from World Cancer Research Fund, 2023).

Each Serving (100g) contains

of an adult's reference intake
Typical values {as sold) per 100g: 1569k)/37Skeal

Table 2. Traditional Traffic Light Labeling System, Example 2 (Adapted from Razavi & Xue, 2023).

Numerous studies illustrate that color coded traffic light systems are easily understood

by consumers (Becker et al., 2015). While many traffic light systems focus on food nutrients,
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more specifically the levels of fat, saturated fat, sugar and salt in foods, the focus of this research
is to determine if a traffic light system will be effective in the overall consumer understanding of

the food additives present in their consumable item.

A significant body of evidence supports the real-world impact of the traffic light system
in improving consumer behavior and public health outcomes. For example, a study by Sacks et
al. (2009) demonstrated that traffic light labeling helped consumers quickly identify healthier
food options, leading to better-informed purchasing decisions. Similarly, studies done by Machin
et al. (2017) extend upon nutrition labels portrayal of three important items, motivation, ability,
and triggers, and how these effect consumer behavior. The argument here is by emphasizing one
of these elements, you can then in turn change the way in which they are perceived (Machin et
al., 2017). Machin argues that by using an effective front of pack food label, which highlights
the high content of a nutrient that has been linked to negative health conditions, you can in turn
increase consumer awareness of unhealthy products and encourage healthier alternatives by
using the element of motivation (Machin et al., 2017). In light of my research, the same
principles apply. Using the modified traffic light label as a front of pack label, which highlights
the level of concern for each food additive ingredient present in a food item, will ideally increase
awareness of unhealthy products with cautious food additive elements, and assist consumers with

selecting items with less additives present.

While the use of traditional traffic light labels are effective in aiding consumers to

healthier decisions with regards to nutritional facts, it is my goal to take this effectiveness and
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relay it to a more important surfacing issue in that of food additives, and their prominence and

ambiguity in US food items.

REGULATION PRACTICES
Food Additive Regulation:

In the United States, the U.S. Food and Drug Administration (FDA) is a scientific,
regulatory and public health agency that oversees food products, human and animal drugs,
cosmetics, animal feed, etc. (Office of the Commissioner, 2018). The FDA as we know it today
dates back to 1906 with the passage of the Federal Food and Drugs Act, which is known for its
prohibition of the manufacturing, sale, or transportation of any food, drug, medication, or liquor
which is misbranded or poisonous (The Food and Drug Administration: The Continued History
of Drug Advertising | Weill Cornell Medicine Samuel J. Wood Library, n.d.). This act is credited
with the first federal law to address product adulteration, production, distribution, as well as the

marketing of food and beverages (Barkan, 1984).

While the 1906 act was a pivotal stepping stone in food regulation practices in the United
States, this initiative was flawed with its presumption that food was deemed safe until proven
otherwise. This changed with the introduction of the 1958 Food Additives Amendment and the
1960 Color Additives Amendment, which required the FDA to approve food safety prior to
consumption and usage. Presently, “food additives” covers 400 of the approximate 2,600
substances intentionally added to foods (National Academies Press (US), 1982). Not included in

this criteria are the 500 or so food ingredients termed “Generally Recognized as Safe”, or GRAS.
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GRAS:

GRAS, or generally recognized as safe, was a response to the Food Additives
Amendment, and created an entire class of substances that are excluded from the food additive
definition, which then avoids its mandated premarket approval process (Burdock & Carabin,
2004). GRAS designation is applied when a group of qualified experts agree that a product is
known to be safe when used as intended. A clear history of use before 1958 or an assessment of
safety must be present to assign this label to a substance (Frestedt, 2018). The FDA is not
required to review GRAS substances, such as spices and preservatives, and therefore food
manufacturers may determine a substance as GRAS without the FDA’s approval or knowledge

(Food Safety:(GRAS), 2010).

Delaney Clause:

Another important piece of legislation regarding the regulation of food additives is the
Delaney Clause. The Delaney Clause is a clause of the Federal Food, Drug and Cosmetic Act of
1958 and addresses concerns that potentially cancer causing, harmful chemicals were present in
foods. (Krishan et al., 2021). There are three Delaney Clauses in the FFDCA, one that applies to
food additives, one that applies to color additives, and one that applies to animal drugs (Krishan
et al., 2021). The Delaney Clause’s vague definition and interpretation, coupled with ongoing
advancements in technology and cancer research, make this clause an on-going contention in the

world of food additives (Krishan et al., 2021).

Label Regulations:
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The late 1960s saw the first legislation changes to nutrition labeling. Prior to this,
nutrition labeling was typically voluntary or non-existent (Dumoitier et al., 2019). The Nutrition
Labeling and Education Act of 1990 (NLEA), created by the Food and Drug Administration, was
the first regulatory practice to communicate present nutrients in packaged foods and allow for
consumers to make informed and healthy decisions pertaining to consumption (Dumoitier et al.,

2019).

PROCESSED FOODS

Ultra-processed foods and food additives exist everywhere in the modern human diet
(Whelan et al., 2024). It is important to note that almost all foods are processed to some extent,

for a variety of purposes.

Minimally Processed Foods:

Minimally processed foods, which fall under the category of unprocessed foods, undergo
industrial processes such as drying, crushing, grinding, roasting, boiling, pasteurization,
refrigeration, freezing, and vacuum packaging. These methods aim to extend the shelf life and
facilitate the storage and preparation of various foods, without adding salt, sugar, oils, fats, or
other substances (Monteiro et al., 2019). Culinary ingredients derived from minimally processed
foods or natural sources, including oils, fats, sugar, and salt, are obtained through processes like
pressing, centrifuging, refining, extracting, or mining. These ingredients are used in preparing,

seasoning, and cooking foods (Monteiro et al., 2019).
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Processed Foods:

Processed foods are created by adding salt, sugar, or other substances to minimally
processed foods or culinary ingredients. Preservation techniques such as canning, bottling, and
non-alcoholic fermentation (used in products like bread and cheese) are utilized to improve

durability and sensory qualities (Monteiro et al., 2019).

Ultra Processed Foods:

Then we have ultra processed foods. These foods are formulations of several ingredients
which include salt, sugar, oils, and fats as well as substances not used in culinary preparations
such as color, flavor and emulsifier additives (Monteiro et al., 2019) to imitate sensory qualities
or to disguise undesirables of the final product (Ares et al., 2016). Ingredients characteristic of an
ultra-processed food are those in which you would not find in a kitchen, or have no or rare
culinary use (Monteiro et al., 2019). Processes and ingredients used for the manufacturing of
ultra-processed foods are designed to be highly profitable products which contain low-cost

ingredients and a long shelf life (Monteiro et al., 2019).

Chapter 3: Research
RESEARCH
Through the foundational research, it is evident that navigating the world of food
additives and present food labeling systems is complex, and future research needs to be
conducted to assist consumers in making informed decisions about the products they purchase,

and in turn, consume.
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This thesis aims to assess whether a modified traffic light system could be effective in
guiding consumer choices regarding common food additives found in processed food items.
Traditional traffic light labeling systems typically categorize nutrients such as fats, sugars, and
sodium with corresponding colors (red, yellow, green) to reflect healthfulness. However, this
research will adapt the traffic light system by expanding the color depth from only 3 colors (red,
yellow, and green) to 5 (red, orange, yellow, light green, and dark green). Additionally, the color
coding context will no longer reflect red as high level, yellow as moderate level, and green as

good level. Instead, the system will expand into how harmful or safe an item is.

The proposed traffic light system would be characterized by a five-level rating scale,
adapted from the Center for Science in the Public Interest's Chemical Cuisine Additive Safety

Ratings (CSPI's Food Additive Safety Ratings, 2024):

e Safe: Indicated by bright green, meaning the additive poses little to no health risk to
consumers.

e Cut Back: Represented by soft green, indicating the additive is not toxic but should be
consumed in moderation due to potential nutritional concerns.

e Certain People Should Avoid: Indicated by yellow, suggesting the additive may trigger
allergic reactions, intolerances, or other issues for specific groups.

e Caution: Represented by orange, meaning the additive may pose risks and requires
further testing and research. It is recommended to avoid products with these substances.

e Avoid: Marked by red, indicating the additive is unsafe at typical consumption levels or

poorly researched. Consumers should avoid buying products with these ingredients.
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The Center for Science in the Public Interest has identified 140 chemical additives, listing
their names, purposes, and associated health concerns (CSPI'’s Food Additive Safety Ratings,
2024). These will be used as the foundation for categorizing additives within the traffic light

system.

The central research question guiding this study is speculation on whether or not a traffic
light food labeling system that effectively communicates the presence and risk level of food
additives can improve consumer understanding of additives in a food item and in turn influence
healthier food selections. By focusing on whether this adapted traffic light system can enhance
consumer awareness of additives and influence healthier food choices, this research aims to
contribute to ongoing efforts to increase effectivity in marketing food items and improve public

health through better food labeling transparency.

Methods

This study utilized a quantitative survey methodology to assess the impact of a modified
traffic light labeling system, centered on food additives, on consumer preferences for packaged
food items, specifically soda and candy brands. The survey aimed to collect data on how
different labeling systems (traditional and traffic light) influence consumer decision-making,

with a particular emphasis on ingredients and food additives.

Participants

The target population for this research was adults over the age of 18 residing in the
United States. This group was selected due to the limited existing data on their purchasing

preferences, specifically regarding the use of traffic light food labels, both in a traditional context
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and with the added focus on food additives in this study's modified approach. Additionally, this
population represents individuals responsible for their own consumption habits, making them a

suitable reflection of purchase behavior within the U.S.

The initial sample included 212 respondents. However, after cleaning the data for
incomplete responses, non-U.S. residents, and duplicate records, the final sample consisted of

138 valid responses.

The majority of respondents (75.4%, or 104 out of 138) identified as female, with males
accounting for 22.46% (31 out of 138), and 2.17% (3 out of 138) identifying as a third gender.
The age range of respondents varied, with the largest group (59.4%) falling between 25 and 32
years old. Other age groups represented included 18-24, 33-44, 45-54, and 55+, though these
categories had fewer respondents. The estimated average age of participants, based on the

provided age ranges, is approximately 27.55 years.

In terms of racial demographics, the sample was relatively homogeneous, with White
respondents making up 89.1% (123 out of 138). Other racial identities included Black or African

American (3.6%), Asian (4.3%), American Indian (<1%), and Other (2.2%).

Regarding education, 55.1% (76 out of 138) of respondents had completed a Bachelor’s
degree, followed by 25.4% with a Master’s degree, 4.3% with a Doctorate, 3.6% with an

Associate’s degree, and 11.6% with only a high school education.

Finally, the geographic distribution of respondents was largely concentrated in New York,

with 77.5% (107 out of 138) residing in the state. Other states represented included California
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and Colorado (2.9% each), Minnesota (1.4%), and Texas, North Carolina, Pennsylvania, Illinois,

Massachusetts, Maryland, Oregon, and Connecticut, each with one respondent.

Survey

Participants were encouraged to complete the survey at their convenience. The only prior
information given was that the survey was part of a master's thesis and would take approximately

five minutes to complete. They were assigned to all conditions and questions in the same order.

The survey was divided into four sections. The first section focused on respondents’
habits, opinions, and behaviors regarding food additives and nutrition labels as currently found in
the U.S. The second section aimed to gauge consumers’ awareness of, and appeal toward, a
traffic light label system. The final two sections presented practical examples comparing

traditional and traffic light labels, using popular soda and candy brands in the U.S.

The survey employed several question formats, including multiple choice, Likert scale
responses, open-ended, and non-binary questions. Most questions were multiple choice, as the
responses were categorical with limited options (e.g., “Very important,” “Unhealthy,”
“Sometimes”). Likert scale questions, such as Q1 ("How important is the labeling of food
additives?"), were used to measure the intensity of respondents' opinions, with classifications
ranging from "Slightly important" to "Extremely important." This allowed for clear insights into

respondents' preferences, attitudes, and concerns.

The first set of questions explored participants' health perceptions and nutritional
awareness. When asked how important a healthy diet is, the most common responses were “Very

important” (53.6%) and “Extremely important” (37.0%). This reflects a high level of health
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consciousness among participants. In a follow-up question, respondents were asked how healthy
they perceive the average American diet to be. Most categorized it as "Unhealthy" (61.6%) or
"Very Unhealthy" (27.5%), indicating their awareness of dietary issues in the U.S. When asked
to identify the unhealthiest aspect of the American diet, 67.9% cited the "high consumption of
processed foods," followed by concerns about artificial additives and preservatives (10.9%). This
suggests that many respondents see a direct link between processed foods and diet-related health

issues, along with concerns about the long-term impact of food additives.

Besides diet and overall health, a collection of survey questions aimed to understand the
behavioral background of respondents regarding food labels. In terms of behavior, respondents
were asked how often they check the nutrition facts label when purchasing packaged food. Many
reported doing so "Most of the time" (32.6%) or "About half the time" (25.4%). This suggests
that while consumers are aware of the importance of checking labels, it may not be a consistent
habit for everyone, possibly due to external factors like time constraints or a lack of trust in label
clarity. When asked about their concerns regarding harmful additives, most respondents
expressed being either "Concerned" (50.0%) or "Very Concerned" (21.0%), indicating a high

level of concern about the presence of additives in food.

Another set of questions focused on the respondents’ appeal toward traffic light labels.
When asked to rate the effectiveness of traffic light labels in helping make healthier food
choices, the majority selected "Effective" and "Very Effective." Similar ratings were given for
the labels' ability to display clear, easily understood information. Additionally, 52.2% of
respondents were “Very Interested” and 20.3% were “Extremely Interested” in seeing the traffic

light labeling system implemented on more packaged goods. These trends suggest that traffic
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light labels are a powerful tool for influencing consumer behavior and that there is demand for

wider implementation of such labels.

Label Comparisons:

Following the exploratory data, the survey featured two key sections: one comparing a
traditional nutrition label with a traffic light nutrition label, and another focused primarily on the

traffic light labeling system’s effectiveness using popular U.S. packaged food items.

For the traditional nutrition label comparison, participants were first presented with two
images of a popular soda brand, Mountain Dew. Next to the soda, where both price and brand
remained constant, a traditional food additive label was included (Option A) and the proposed

traffic light food labeling system for food additives (Option B). See Figure below.
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This section aimed to evaluate the effectiveness of two food labeling systems—traditional
nutrition labels and traffic light nutrition labels—in communicating the presence of food
additives. Based on the existing literature, which suggests that color-coded labeling systems such
as traffic light labels are more intuitive and easier for consumers to interpret (Balcombe et al.,
2010; Cecchini & Warin, 2016), it was hypothesized that the traffic light label would be
perceived as more effective in conveying information about food additives compared to the

traditional label. The hypothesis for this is as follows:

(Ho): There is no difference in perceived effectiveness between the traffic light label and the

traditional label in communicating food additives.
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(H1): There is a significant difference in perceived effectiveness between the traftic light label

and the traditional label in communicating food additives.

To assess whether there was a significant difference in the perceived effectiveness of the
two food labeling systems (traditional vs. traffic light) in communicating food additives, a
chi-square goodness-of-fit test was used. This test was selected because it is designed to compare
observed frequencies with expected frequencies under the assumption of no preference between

the two labels.

The second main section focused primarily on the traffic light labeling system, a visual
representation using colors to indicate the levels of nutrients or additives. This section involved
comparing traditional food labels for two prominent soda items, then again with two popular

candy brands.

For the soda, the brands used in the study were Mountain Lightning (Option A), a
generic, lower-cost soda brand, and Mountain Dew (Option B), a well-known national soda
brand. These sodas were chosen due to their similar flavor profiles but contrasting market
positions, allowing the study to investigate whether labeling systems could shift consumer

preferences between an economy brand and a more recognizable brand.

The first part of the survey presented respondents with the traditional nutrition labels for
both soda brands, including information on calories, sugar content, fat, sodium, and other

relevant nutrients as mandated by the FDA. Respondents were asked to select which soda they
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would purchase based on the traditional label information. See image below.
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The second part of the survey introduced the traffic light food labeling system, which
uses shades of green, yellow, and red to signify the level of concern from safe to avoid. This
labeling system was used to visually convey the relative healthiness of each soda option.

Respondents were then asked to select their preferred soda based on the traffic light labels.
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To determine whether the proportions of respondents choosing Mountain Lightning
(Option A) versus Mountain Dew (Option B) differed significantly between the two labeling
conditions, a chi-squared test for independence was performed. This test compares the observed
frequencies in each group (traditional label vs. traffic light label) to see if the distribution of
preferences is significantly different from the expected frequencies under the null hypothesis.

The hypothesis for these can be reflected below:

Ho: The traffic light labeling system does not significantly influence the choice of soda.

H:: The traffic light labeling system significantly influences the choice of soda.

This process was then repeated for the candy brands. The two candy brands selected for

the study were Smart Sweets (Option A), a low-sugar candy marketed as a healthier option, and
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Sour Patch Kids (Option B), a traditional candy with higher sugar content. These brands were
chosen because they represent contrasting nutritional profiles, making them ideal for assessing

the potential impact of different labeling systems on consumer purchasing behavior.

Again, the first part of the survey presented respondents with the traditional nutrition
labels for both the candy brands and were formatted in the standard table format commonly seen

on food packaging. See table below.

Comaiiadn e W0 Refrd: i thed Medped v Maltihon faeoms lebel. Wiskoh wiould you eheoks T
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In the second condition, participants were presented with the same two candy brands, but

the nutritional information was displayed using the traffic light label for food additives. For each
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labeling system, respondents were asked to indicate which candy (Smart Sweets or Sour Patch)

they would prefer to purchase.

Cindfibie Mt Mowds K= G [hed Neri@eiellbal mailrsion farms Libed Whach i svooskd v Chodre

To determine whether the proportions of respondents choosing Smart Sweets (Option A)
versus Sour Patch (Option B) differed significantly between the two labeling conditions, a
chi-squared test for independence was performed. This test compares the observed frequencies in
each group (traditional label vs. traffic light label) to see if the distribution of preferences is
significantly different from the expected frequencies under the null hypothesis. The hypothesis

for these are as follows:

Ho: The traffic light labeling system does not significantly influence the choice of candy
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H:: The traffic light labeling system significantly influences the choice of candy

Chapter 4: Results
Traditional vs. Traffic light

A chi-square goodness-of-fit was conducted to evaluate whether there was a significant
difference in respondents' perceptions of the effectiveness of two types of food
labels—traditional and traffic light—in communicating food additives. Out of the 138
respondents, 128 selected the traffic light label as more effective, while only 10 selected the

traditional label.

To test the hypothesis that there is a difference in perceived effectiveness between the
traffic light label and the traditional label in communicating food additives, we compared the
observed values to the expected values under the assumption that there would be no preference
between the two labels (i.e., the responses would be equally split between the two). Our observed
values included a traffic light label (128) and a traditional label (10). Given n = 138, the

expected values, assuming there was no preference between the labels, is 69.

The chi-square statistic was then calculated using the following formula:

g O = B
=2, E

0

In the formula, “*i is the observed value, while E; is the expected value.
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For the traffic light label, the following formula reflects the chi-square value:

(128 — 691  (59)* 3431

a.45
i GO G ’

For the traditional food label, the following reflects the chi-square value:

10 — 649)? 5917 3481
( ) =:[ 59) " _ 50.45
Gl 749 it

Thus, the total chi-square value would then be 100.90, because 50.45+50.45 = 100.90.

¥ 2
Furthermore, with one degree of freedom, the corresponding p-value was ¥ ™ 9.68 x 107

Given that the p-value is significantly smaller than the conventional significance level p < 0.05,

the null hypothesis was rejected:

Ho: There is no difference in perceived effectiveness between the traffic light label and the

traditional label in communicating food additives.
This in turn, provides strong evidence to accept the alternate hypothesis:

(Hv): There is a significant difference in perceived effectiveness between the traffic light label

and the traditional label in communicating food additives.

The results of this study provide strong evidence that the modified traffic light food
labeling system is significantly more effective than the traditional label in communicating the
presence of food additives. The overwhelming preference for the traffic light label (128 out of

138 respondents) over the traditional label (10 respondents) was significant, as indicated by the
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chi-square test (%> = 100.90, p < 0.001). These findings reject the null hypothesis and support the
alternative hypothesis, which combined with the survey question results, suggest that the traffic

light label would be perceived as more effective in conveying information about food additives.

The findings suggest that color-coded systems such as the traffic light label can play an
important role in enhancing consumer understanding of nutritional content and food additives,
particularly for individuals who may lack detailed nutritional knowledge. This could have
significant implications for public health, as more intuitive labeling systems may encourage

healthier food choices and reduce the consumption of products with undesirable additives.

Consumer Preference, Soda:

A chi squared test for independence was conducted to evaluate whether the labeling
system (traditional vs. traffic light label) significantly affected consumer preference between two
soda brands: Mountain Lighting (Option A) and Mountain Dew (Option B). A contingency table

included below summarizes the observed frequencies of soda choices under each labeling

condition.
Mountaip Lighting Mountgin Dew Total
(Option A) (Option B)
Traditional Label 75 62 137
Traffic-Light Label 38 98 136
Total 113 160 273
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After organizing the data into a contingency, it was then important to calculate the
expected frequencies. The expected frequency for each cell in the table is calculated using the

following formula:

(Row Total) = {Colomn Total)

Expected Frequency = —
: Grand Total

These calculations can be reflected into the expected contingency table, Figure xx.

Mountaip Lighting Mount'fain Dew Total

(Option A) (Option B)
Traditional Label 55.67 80.33 137
Traffic-Light Label 56.33 79.67 136
Total 113 160 273

The chi-squared statistic was then calculated using the following formula:
, o Y AL
i M

For the Traditional Label (Option A):

. (75

- 56.67)°

i
. = 588
H6.6T

For the Traditional Label (Option B):
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. (62 — 80.33)° ,
X 80.33 i

For the traffic-light Label (Option A):

" (38 — 56.33)° !
3 36
X 56.33 S

For the traffic -Light Label (Option B):

(08 — T.67)"

T9.67

= 4.05

Thus, the chi-squared statistic was calculated as 20.49 with 1 degree of freedom. The

corresponding p-value was 1.23 x 10", Given that the p-value is much smaller than the

significance level of 0.05, we reject the null hypothesis:
(Ho): The traffic light labeling system does not significantly influence the choice of soda

Concluding that the traffic light labeling system did significantly influence respondents’ soda

choice within the sample set.

These results suggest that when presented with the traffic light labeling system,
consumers were more likely to choose Mountain Dew over Mountain Lightning, whereas under
the traditional labeling system, preferences were more evenly split between the two soda brands.
This significant shift in soda preference suggests that the traffic light labeling system is effective
in portraying food additives and influencing consumer behavior. While more research is needed

to confirm, one can theorize that the traffic light label better displayed the undesirable additive of
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Brominated Vegetable Oil, which was categorized in the red ‘Avoid’ section. Thus, the results
not only provide evidence that the traffic light label significantly influences the choice of soda,
but also provide the potential implication that this labeling system drives consumers to make

more health-conscious decisions.

Consumer Preference, Candy:

A chi-squared test for independence was conducted to examine the effect of labeling
systems (traditional nutrition label vs. traffic light label) on consumer preferences between two
candy brands: Smart Sweets (Option A) and Sour Patch (Option B). Table 1 presents the

observed frequencies of candy choices under each labeling condition.

Smart .Sweets Sour .Patch Total
(Option A) (Option B)
Traditional Label 87 51 138
Traffic -Light Label 119 19 138
Total 206 70 276

The expected frequencies, calculated under the null hypothesis that the labeling system has no
impact on candy choice, are also provided in Table 2. These values were computed based on th

marginal totals from the contingency table.

(v
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Smart.Sweets Sour'Patch Total

(Option A) (Option B)
Traditional Label 103 35 138
Traffic -Light Label 103 35 138
Total 206 70 276

The chi-squared statistic was then implemented using the following formula:

I o (0, .n_-_E )2

For the Traditional Label (Option A):

s (BT — 103.13)°

> 103.13
For the Traditional Label (Option B):
» (51 — 34.87)°
: 3487
For the Traffic-light Label (Option A):
5 (11% — 1i13.138)
X 103.13

For the Traffic-Light Label (Option B):

2.66

= T.47

¢

2.45
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(19 — 34.87)*
44,87

7.32

The chi-squared test revealed a significant difference in consumer choices between the

two labeling conditions, x2(1, N = 276) = 18.39, p < 0.0001. The calculated chi-squared
statistic was well above the critical value of 3.841 at the 0.05 significance level, allowing for
rejection of the null hypothesis. The corresponding p-value of 0.000018 further confirms that the

probability of observing such a difference by chance is exceedingly small.

The results of this test propose that when presented with the traffic light label, consumers
were more likely to choose Smart Sweets over Sour Patch, whereas under the traditional
nutritional labeling system, preferences were more evenly distributed between the two. This
change in consumer preference between the two highlights the effectiveness of the traffic light
labeling system with regard to the presence of food additives and influencing consumer
decisions. While further research is needed, one could argue that the traffic light labeling system
is effective, even in the terms of recognizable and prominent brands, such as Sour Patch.
Furthermore, the labeling system impacts both consumer choice and can offer a guide to

consumers when making informed decisions with health and snack purchasing.
Soda and Demographics

To further understand the data, a logistic regression was performed to investigate the
relationship between respondents’ age range, gender, and education level and changes in the soda
preference based on the two labeling systems. To do this, an additional column was added to the

dataset which reflected our dependent variable. This variable, called soda_change, was then
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coded where 1 indicated a change in soda preference, while 0 meant no change in preference.
Demographic data, such as age range, gender, and education level would then be classified as our
independent variables. The groups within each of these demographics have sufficient
representation in the survey. While ethnicity data was collected, ethnicity was not included as an
independent variable due to the fact that 90% of respondents identified as ‘White’ and therefore
non-White ethnic groups may be under-represented, significantly lowering the model’s ability to

detect accurate differences between ethnic groups.

The logistic regression can be reflected by the function below

P(Y =1|X)

where P(Y = 1|X) is the probability of a change in soda preference. X1, Xz, X[ are reflective of
our independent variables, while S, 3, fU are the coefficients estimated by the model. The
logistic regression was fit using the Maximum Likelihood Estimation (MLE) method, which

finds the coefficients that maximize the likelihood of observing the given data.

The logistic regression, using soda_change as the dependent variable and gender, age
range, and education as independent variables, yields a pseudo r-squared value of 0.003423, a
log-likelihood value of -94.154, and a LLR p-value of 0.8857. These values inform us that the
model explains very little variation in soda preference change, is a poor fit, and isn’t statistically

significant.

The logistic regression also yields the following coefficients and p-values for the

intercept and independent variables: a coefficient of -0.1874 and a p-value of 0.6 for the
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intercept; a coefficient of -0.2561 and a p-value of 0.477 for the independent variable, Gender; a
coefficient of -0.0479 and a p-value of 0.779 for the independent variable, Age; a coefficient of
0.0228 and a p-value of 0.858 for the independent variable, Education. The high p-values of each
independent variable coefficient implies that none of these variables have a significant

relationship with the dependent variable.

This logistic regression model shows that gender, age, and education do not significantly
predict soda choice changes in this dataset. The model explains very little variation, and no

variable is statistically significant.

Candy and Demographics

In a similar fashion, a logistic regression was performed to investigate the relationship
between respondents’ age range, gender, and education level and changes in the candy
preference based on the two labeling systems. Again, an additional column was added to the
dataset which reflected our dependent variable. This variable, called candy change, was then
coded where 1 indicated a change in candy preference, while 0 meant no change in preference.
The same demographic data of age range, gender, and education level would then be classified as

our independent variables.

The logistic regression can be reflected by the function below

P(Y =1|X)
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where P(Y = 1|X) is the probability of a change in candy preference. X1, X», X[ are reflective of
our independent variables, while S, 8, pll are the coefficients estimated by the model. The
logistic regression was fit using the Maximum Likelihood Estimation (MLE) method, which

finds the coefficients that maximize the likelihood of observing the given data.

The logistic regression, using candy change as the dependent variable and gender, age
range, and education as independent variables, yields a pseudo r-squared value of 0.03076, a
log-likelihood value of -76.771, and a LLR p-value of 0.1814. These values inform us that the
model explains very little variation in candy preference change, is a poor fit, and isn’t

statistically significant.

The logistic regression also yields the following coefficients and p-values for the
intercept and independent variables: a coefficient of -1.7232 and a p-value < 0.001 for the
intercept; a coefficient of 0.5963 and a p-value of 0.112 for the independent variable, Gender; a
coefficient of 0.0941 and a p-value of 0.616 for the independent variable, Age; a coefficient of
0.1892 and a p-value of 0.185 for the independent variable, Education. The high p-values of each
independent variable coefficient implies that none of these variables have a significant
relationship with the dependent variable. Interestingly, the intercept coefficient is negative and
statistically significant. This suggests that when all independent variables are set at their
reference level, a change in candy preference based on the two different labeling systems is not
likely to occur. The reference levels for gender, age range, and education were Male, 18-24, and

High School Diploma, respectively.
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Similar to soda, this logistic regression model shows that gender, age, and education
independently do not significantly predict candy choice changes in this dataset. The model

explains very little variation, and no variable is statistically significant.

Chapter 5: Discussion

DISCUSSION

Traffic light vs. Traditional

The findings from the studies presented in the last section offer important insights into
how a modified traffic light labeling system for food additives, compared to the traditional
nutritional fact labeling, can influence consumer decision making. The studies demonstrated that
these newly adapted labels are significantly more effective at communicating food additives than
traditional labeling practices, while also providing evidence that the labels impact consumer

decision making in a practical setting.

The overwhelming preference for the traffic light label (128 out of 138 respondents) over
the traditional label (10 respondents) was highly significant, as indicated by the chi-square test
(x* =100.90, p <0.001). These findings reject the null hypothesis and support the alternative
hypothesis, which posited that the traffic light label would be perceived as more effective in

conveying information about food additives.

Candy: Smart Sweets vs. Sour Patch

The chi-squared test for independence revealed that the traffic light food additive labeling

system significantly influenced the choice between Smart Sweets (Option A) and Sour Patch
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(Option B). Under the traditional nutrition label, 87 respondents chose Smart Sweets, while 51
opted for Sour Patch. However, when presented with the traffic light labeling system that
highlighted food additives, 119 respondents selected Smart Sweets, and only 19 chose Sour
Patch. The p-value of 0.000018 from the chi-squared test confirms a statistically significant shift

in consumer preference.

This shift suggests that consumers were influenced by the color-coded warnings on the
additives used in Sour Patch, particularly those additives flagged with cautionary (yellow and
orange) or avoid (red) labels. In contrast, Smart Sweets, which was primarily labeled with green
(safe) for additives such as citric acid and stevia leaf extract, was perceived as the safer, healthier
option. These results are consistent with previous findings that suggest simplified labeling
systems can improve consumer understanding of complex ingredient information, thereby
promoting healthier choices (Hersey et al., 2013). The focus on additives rather than broad

nutritional content may have made health-related risks more tangible to consumers.

Soda: Mountain Lightning vs. Mountain Dew

Similarly, the traffic light food additive label significantly influenced the soda choices.
Under the traditional nutrition label, 75 respondents chose Mountain Lightning, while 62 chose
Mountain Dew. However, under the traffic light label, only 38 respondents selected Mountain
Lightning, while 98 favored Mountain Dew. The p-value of 0.0000123 from the chi-squared test
indicates a strong statistical significance, suggesting that the traffic light food additive labels had

a considerable impact on consumer preference.
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Interestingly, Mountain Lightning contains Brominated Vegetable Oil (BVO), which was
flagged in red under the traffic light system as an additive to avoid. This likely played a role in
the reduced preference for Mountain Lightning when the traffic light label was used, as
consumers were steered away from the product due to the presence of this additive. In contrast,
Mountain Dew does not contain BVO, and while it includes other additives like sodium benzoate
(flagged in orange), the absence of a "red flag" additive may have made it more appealing under

the traffic light label system.

This suggests that consumers may be particularly sensitive to red warnings (additives to
avoid) when making their purchasing decisions. The significant drop in preference for Mountain
Lightning under the traffic light label highlights the effectiveness of such a label in

communicating safety concerns about specific food additives.

Demographics and Candy / Soda

The key takeaway from the regression model analysis for both soda and candy is that the
results indicate all demographic groups surveyed may be influenced by the modified traffic light
labeling system equally. In other words, a female and male will react in similar ways when
exposed to the traffic light label. The female and male could both be equally likely to change
their preference from Mountain Lightning to Mountain Dew, and from Sour Patch to Smart
Sweets when presented with the traffic light label compared to the traditional label, for example.
Likewise, people in their forties are just as likely to change their preferences as people in their
twenties, and those with Master’s degrees operate no differently than those with a High School

diploma. This is a positive sign, as it suggests the effectiveness of the traffic light labeling
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system is not exclusive to specific demographic groups, and instead has the ability to influence

consumer behavior across diverse backgrounds.

Implications / Further Research

Although the results of this study indicate that a traffic light food additive labeling system
can be a powerful tool for informing consumers about the safety of ingredients in packaged food
items, further research is needed to conclude its effectiveness. In this study involving consumer
choices of soda, when provided the choice between Mountain Lightning or Mountain Dew when
only being exposed to the original nutrition facts label, 75 chose Mountain Lightning and 62
chose Mountain Dew. In this question, price was included where Mountain Lightning cost $1.00
and Mountain Dew cost $2.18. One could argue that the higher selection of Mountain Lighting

could be attributed to the lower price, although the survey did not distinguish this.

Once the traffic light labels were introduced, 38 participants chose Mountain Lightning
and 98 chose Mountain Dew. With the change in selection from the nutrition label to the traffic
label, one could make the argument that people are willing to spend more for a food item that has
less harmful food additives present in the traffic-light food additive label. Further research

would need to be explored to test this implication.

In this research, brand names were explicitly used and defined in the survey questions.
According to research by Grewal, Krishnan, Baker, and Borin (1998), the knowledge of brand
name helps increase perceptions of quality and oftentimes a consumer has a favorable brand
when shopping. With this in mind, it is possible that consumers selected their answers to the

survey questions reflective of their personal attachments to the food items, vs the nutritional and
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food additive information displayed. For future research, it may be advisable to take this into
consideration and conduct a blind survey, where brand names are excluded when asking

participants to choose a selection.

Policy makers often make the argument that a consumer’s health and choices are
dependent on their own decisions, ignoring the facts that nutrition and food additive labels are
often difficult to decipher (Grimmelt et al., 2022). The aim of this research was to offer an
alternative tool to consumers to be able to make health conscious decisions regarding packaged
food effectively. While the modified traffic light food labeling system for food additives was
introduced to address these concerns, it is important to recognize that too much information may
cause an aversive effect. Therefore, future implications may want to consider how many
additives per color does a consumer find helpful, as well as find harmful to their purchasing

decisions.

In terms of marketing, brands that use fewer harmful additives may use this modified
traffic light food labeling system to create an effective competitive advantage and distinguish
themselves from their competitors. The labeling system can become an effective marketing tool
for brands of food products who would like to emphasize the safety, and the quality of their
products. This in turn would assist producers in their ability to attract target consumers, those
who are health conscious and care about the quality of their food. Products like those of the
smart sweet candy example would benefit from the usage of this modified traffic light labeling

system.

In the same breath, if the modified traffic food labeling system became a trusted and well

respected tool for consumers with regards to food safety, companies failing to comply may lose
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market share, popularity and a loyal customer base. As consumers gravitate toward brands
offering the transparency of the modified traffic light labeling system, companies who don’t face

SEvVEere consequences.

Furthermore, the success of the proposed traffic light labeling system can be attributed to
influencing consumer behavior. An uptick in changed behavior and consumer demand may
inspire a larger and more widespread adoption of the method, which could lead to those of
government regulating bodies or prominent industry leaders. We have already seen this pattern
with the discontinuance of usage of brominated vegetable oil, and top industry leaders Coke and
Pepsi. This would then have the potential to shift the overall marketing dynamics and set new

industry standards for food labeling, and perhaps in turn food additive usage overall.

Limitations:

While the research at hand is a stepping stone to the implication and usage of traffic light
food labeling systems with the United States, a few limitations presented themselves through the
research. It is important to note that this study was conducted in a controlled, survey-based
environment, which may not have fully captured the complexity of a real-world purchasing
scenario. In actual shopping context, consumers may be influenced by additional factors such as
availability, price, convenience, brand loyalty, or social influences, which were not accounted for
in this research. The study’s findings may overestimate the impact of the traffic light labeling
system because participants were asked to focus specifically on the label information without the

distractions of a real-world setting.
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Another limitation to be considered is the demographics of the research and survey data.
The sample size, although statistically adequate for chi-squared testing, may not be an accurate
representation of the broader population of the American people. In this research, the majority
of responses came from women of white descent who were adequately educated and living in
New York State. In the United States, there is a very large range of people in terms of gender
classification, race, education status, and location that may not have been appropriately reflected
in this research. In addition, demographic consideration of income was not accounted for, which

may have an effect on consumer spending habits which relates to this research.

The traffic light labeling system in this study focused on food additives rather than
nutritional information (e.g., calories, sugar, fat). While this was intentional, it may limit the
applicability of findings to labeling systems that aim to convey broader nutritional information.
Some consumers may prioritize calorie or sugar content over the presence of certain additives, as

briefly considered in the survey.

For future research, it would be advantageous to explore this research further with an
improved surveying system. In the survey presented in this research, all participants were
exposed to all survey conditions, which may have posed biases to the questions. Continued
research could conduct a survey where participants are segmented, some getting the control
condition of the regular nutrition facts labels, others getting the scenario regarding soda, and

others with the candy. In this way, the data could more effectively be compared without biases.

With more resources, further research could illustrate the effectiveness of the label when
physically fixated on the product, as well as in a purchasing environment. In present research,

the label was only presented next to a product, not on it and displayed in a virtual setting. With
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more time and resources, seeing how effective the food additive labeling system is in a real

world scenario could offer a further exploratory framework.
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Table 3.0: Colors Exempt From Batch Certification (Adapted from 2/ CFR Part 170 -- Food Additives, n.d.)

§172.515 Synthetic flavoring  sub-
stances and adjuvants,

Synthetic favoring substances and
adjuvants may be safely used in food in
accordance with the following condi-
tlons.

(a) They are used in the minimum
gquantity required to produce their in-
tended effect, and otherwlse In accord-
ance with all the principles of good
manufacturing practice.

(b)) They consist of one or more of the
following, used alone or in combination
with flavoring substances and adju-
vants generally recognized as safe in
food, prior-sanctioned for such use, or
regulated by an appropriate section In
this part.

Acetal: acetaldehyde diethyl acetal,

Acetaldehyde phenethyl propyl aceval.

Mcetandsole; 4 methoxyvacetophenome.

Acetophenone; methyl phenyl ketone.

Allyl anthranilate.

All:,rl bt vrate.,

Allyl cimnamate,

Allyl eyclohexaneacerane,

Allyl cyclohexanehutyrate,

Allyl eyvclohexanehexanoate.

Allyl cyclohexanepropriomate

Allyl cyvclohexamevalerate.

Allyl disulfide,

Allyl E-ethyvlbutyrate.

Allyl hexanoate; allyl caproate,

Allyl a-lonone: 1-(2,6,6-trimethyl-2-cyelo-hex-
ene-1-v1)-1,6-hepradiene-3-ome

Allyl lzothiocyanate: mustard oil.

Allvl isovalerate,

Allyl mercaptan; 2-propene-1-thiol,

Allyl nonanoate,

Allyl octanoate,

Allyl phenoxyvacstate.

Allyl phenylacetate,

Allyl proplonatase.

Allyl sorbate; allyl 2, 4-hexadienoate.

Allyl sulfide,

Allyl  tiglate:  allyl
butenoate,

Allyl Heundecenmate.

Ammanium sovalerate.

Ammonium sulfide,

Amyl aloohol; pentyl aleolwol.

Amyl butyrate,

- Ay lcinnama ldehyde,

a-Amyicinnamaldelyde dimethyl aceal.

a-Amyleinnamyl acetate,

a-Amylcinnamyl aloohol.

a-Amyleinnamyl formate.

g-Amylcinnamyl isovalerate,

Amyl formaie,

Amyl heptansate.

Amyl hexanoate,

Amyl setanoate,

Anlsole; methoxybenzene,

Andzy] acetate.

Anlsyl alcohnl; pamethoxybeneyl aloohal,

Anlsy] butyrate

Andsyl formate,

Anday] phenylacetate.

.-lnlsi.r] lonate,

Beech Creosate,

Benenldehyde dimethyd scetal,

Bemraldehyde glyceryl acetal; 2-phenyl-m-di-
orain-5eal.

Benealdehyde propylens glyeol acetal; A-
meeLhyl-2- phary ] -re-dioxolame.

Beneenethiol; thisphenol,

Besceoin: 2-hydrosy -2-phenylacetophenone,

Benzophenone: diphenylketons,

Beneyl acetate.

Benzy] acotoacetate,

Baenoeyl alooknl.

Beneyl benzoate.

Bemeyl butyl ether.

Beneyl butyrate.

Beneyl cinnamate,

Beney] 23-dimethyloretonate; beney] methyl
tiglate,

Bamey] disulfide; dibeneyl disulfide,

Benzyl ethyl ether,

Benzyl formate.

trans-2-methyl-2-

Table 4.1: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Bamend; d-camphanal,
Baormy| acetate.
Baormy] formate,
Borny| Isovalerate,
Barnyl vialerate.
P Broairbone s

hfd.m- - b B - mmeet by ] -6 men b

ylene-cyclobuta |1,2:3 4] dicyelopsntone.

E- Bl nEl,

E Bustamone; methy] ethyl ketone.

Bairter achis.

Butter esters.

Bty acetate.

Bty acetoncetate,

Bautyl alcohal; 1-butanol.

Bty st hormni lake

Bainyl bl yrati.

Baityl  bairyveyllactane;
Rt By rane.

- Butyleinmamabdekyde.

Bairyl cinmamane.

Bautyl 2-dleconmati.

Butyl ethyl malonate

Bautyl formate.

B .
Butoh hesermaty

Butyl phvdrosybenmonte
I3i||.|I;‘.|i Isobutyrate.
Butyl isovalerate.
Batyl lactate.

Butyl laurate.

Batyd levulinate.
Butyl phenylacetate,
Butyl proplonate
Bautyl stearate.

Bty sulfide.

Batyl M-undecenante.
Butyl valerate.
Butyraldehyde,
Cadinensc.

Campheene:
o -Crmiphan
i
Carvaornd: I-p-cymenol
Carvaory| ethyl ether; 3-et TV TTIERNE.
Carvenl: p-mentha-6E-dien-2-0d.
- Carvoment benal I-prment hen-8-ol ; B
terpd reenal
cis Carvone oxide: |6-epaxy-p-menth-8-en-2-
o,
Em}'= mlt
vy ot
Carpiites sicotel
wllene alc :
Caryophiyllene alcohol scetate.

12,330, 303, 4,5, 6, Bafl B -t

lactic  nckd,  Butyl

2.2-dimethyl-3-met hybene-

§172.518

p-Coryophyllense  oxide: 4-1E12-trimethy]-8-
mekhybene-S-oxatricylo  [RESH 5|
cane.

Cedaranad ol aloobals.

Cedarwomd ol terpenes,

1.4 Clineode.

Cliissinnbilehiydo ithyleie glveol sootal.

Clrnambe ackd

Clinnamy| acotate.

Cilnidiriy] mloolsnl; 3-plssdy]-2-iropes-Lal.

Cirmnamyy] bonenate.

Clrmasnay] butyrate,

Clirmamy] cinramate,

gm}} e

1 Lyrate

Cirnamy] dpcvmlarmtn.

Clinnamy] phenylacetate.

Clnmany] p rql:.u.m.nt.

Eivral diulJ aeetal, ETabimerhv]-2 600t
denal d.lﬂ:l'l:,-l acetal,

Cirral dimethy] scetal; ET-dimetlvl-2 600 a-
il el dlrru-m:.-l wiwtnl.

Citrald p vord soetal,

Citronclla ET-dIn'l:tI‘n-i-i-ntlrnll wheced b |

Citronellal; 3 T-dimethyl-G-octen-1-ol; dcit-
rorel ol

Citronelloxvacetaldehoyde

Citromellyvl scetoie

Cirroneliyl butyrate.
Clrroneliyl fermate.
Clivrone byl feahutyiate.
Cirronellyl phenylscetate.
Clrronellyl proglomate.
E'Ilmlll}'l walerate,

maldebyde: cuminal: pisopropyd  benz-

Cyelohexaneacetic acid,
g;':luhrmmthfl acetate,
Lobwisey] BowTETE.
Cyelobwsey] anthranilane.
Cyelobwogy] bt yrate.
Cyelobwiogy] ©lnmamate.
Cve A Morenate.
Cvelobewy] Isovalerste.

Cyelobey] propionate.
'r-Dt-r-lIm:l:.nnr: #-hydrosy-decannic
Inctones

vDecalactone:  Shydrogy-decanobe acid. §
lnctone,

Decanal dimet ] soeral.

1-Decanel; deeylic alcalsal.

Z:Decennl,

3 Decen-2-one heptylidene soetoni.

Decy] actate.

Dﬂqﬂrr}'} st vrate.

| propinnate.

Diberoy| ether

L Dibat vl butymodnctone; LA-dibut yl-6hy-
droagy-butyric ackd. ylactone.

Dbutyl sebacate,

Diethy] makate

Diethyl malonate: ethyl malonate.

Diethy] sebacate.

Diethy] succinate.

Diethy] tartrate.

acid, 7

Table 4.2: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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I‘.I--DHI.h}"Ilrtrn.l'l;dmdumrl
Dihydocaryenl: E-p-menthen-2-oi; &methyl-

1-lmup!nqu':£hrxmﬂ.
Db drocarone,
Blgmryl acetate.
-0 et FLEE N,
pDimethoxylsneene:  dimethyl  Bydre
fjrik e
EA-Diewwet iy lasca L ophs i,
g Dimsrthylbeneyl]  isobutyeage;  phenyldi-
methylearbing ol yrato,
E.i-l:l‘irl'u:-l:h_'p': ~Sheprinal.
Ed-Dimethy] octamal; Bsodecy laldehyde.
:.:I'-D'Imrl:hfl 1-octanaol: tHr:Ih}'*uqﬂmnml
wa-Dimethylphenethyl  acetate:  beneyl-
acctate; bensyldimethylicarbing] ac-
LeLE L)
m-n—Dl-mfth;-"llemth:-'I aleohal;  dimethyl-
bemayl carbinol
u.-n-Dl-l'rlfl:hr'Iplumtlwl atyrate:  heneyl-
dirmethylcarbingl butyrate.
u.u-l]l-lmth;r'lphlmthrl formate:  beneyldl-
rnetlu.-lnrl:lnj.'r Formante
Diresst byl succinate, g :
L3 b-2- theneyl Ketorm
doita Dodecalnchong: & ilronydodecanols
achil. delvalacrens.
- Datstler ol i o) - Iydrosydodecanadc ackd w
(TR ETEN
. Dl
Esnragobi
Elhx}brmal:llh:-‘de
thyl aretoacetate,
Ethyl  Z-acetyi-Fphemylproplonate:  ethyl-
e s EL e,
Ethy] aconitate, mixed esters
Ethyl acrvlate
Etliyl p-anksate,
Etbiyl anthranilae
Elr:yl it
Ethiyd bendoylacetate,
a-Ethylbeney] butyrate, a-pherylpropyl -
DTl
Et berassyiate: tridecansdindc ackd cwelic
lene glyeod diester; cyclo Lid-ethyl-
et by Drbdecian- 1, 15-dicins.
L Ethylbuty] scetate.
- Ethylbutyraldehyde,
i-Ethylbutyric acid
Ethyd cinnamate.
Ethyl crotonate: frans-3-butenolc acid ethyl-
u'tt'r

Inbwex
F":h_l,rl E urmprnplmt:
LEthylfuran

Ethiy] 2-hirampraphonit.
-Ethylgualacol; 4-etky]-2-met ooy plamnal

I-Et‘ﬂ |-E-heptenal: B-ethyl-3-butylaomiein
Eh‘rl hexanoate.
isohutyrate.

Ethyl 1m|l;!.“"l'=“

Ethyl lacinte.

Ethiyl laurnne.

Etliyl levuillisatie.

Etliy]l maleal; 2-ethyl-3-hvdrasy - AH-pyran-d-

.

21 CFR Ch. | {4-1-00 Edition)

Ethy] I-methyibutyrate,

Ethy] myristate

Ethyl nitrite.

Ethy] nomanoate,

Ethy] I-omymoate; ethyl octyme carbonate.

Ethyl actamsate.

Ethyl aleate.

Ethyl plesnylncorate.

Ethyl 4-phenyiburyrane.

Ethyl 3-phenyiglycidare.

Ethyl  #phenylproplonate;  ethyl  hydro-
clnrgmrmake.

Ethy] proplonate.

Ethy] pyruneste,

Ethyl salicylate.

Ethy] sorbate; ethyl 3.8 -hexadienaate,

Ethyl  ciglate;  ethyl  provas2omethy]-2-
ETLER TS

Ethyl undecanoate.

Ethyl F0-ursdece ool

Etrhyl valerate.

Eucal vptod; 18-epoxy -p-menthane; cioeods,

Eugeny| ncetate

Eugenyl benaoate.
Eugeny| formate

I meethod  wther:  d-allviveratrole;
i I
Famesal ; l.;.ll-trlnnlh}'l-l.l.ll-:hdc-ralrlun-

1-al

d-Fenchone; d-1.3.3-trimethyl-2-noe-
Eormanoane,

Fenchyl alcahal 1,3, 3-tr ot byl -2 e
(BTN

Farmie acld

{2 Fury] ). progarsni:; H.-rilrl ACELOnE.

1-Furyl-2-propansne; furyl scetone,

Fusel ofl, sefned (ndsed mgl [ [R= ! THIETS

Geramyl scetomcetate: fra T-dimset byl -B. B-
octadien-1-y] acetoacetate.

Geranyl it one: fi.id-dimethyl-5.8-
unslecadien-2-nne.

Gerany] benzoate

Geramyl butyraie

Geramy] formake

Geranyl hexanoate

GIZ"HI'I}" Eroliaryrate

CGeramyl lsovalerare.

Goeranyl plienylacerate.

Geramyl progionat e,

L [T R T

Gusalacel; @ -met oy phienal

Guabacy] aoetate; g -methoxypheny] acetate.

gualm::..l 4:““51'| 7 I-A%. 10
wan b LA-dimethy|-7-isopropeny -
o tabydroamlenee

Guakd  scetate:  L-dimset bl -T-da- by roogy-
isapropy|1-88, il-octahydroasulens acetate

'r-rlmtll.ln:l:lw -hydrosyheptanolc scid, ¢

lactone,
Hepranal, enanthaldelipde.
Heptanal dirmethyl moeral,
Hizptamal 1,2 I el
E,I-Thpu.nadﬁrT?m:yl valeryl.
5-Heptan.
2. Heptanone: wethy] amyl Ketons.
! Hl-p!.l.rump ety byl Retene.

Table 4.3: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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cis-i-Heptenal: cis4-hepten-1-al.
Hepayl soetate.

Hepay] aleolal; enamthlc aloodied,
Hiepayl butyrata.

Hepeyl clamnamnte.

Hupay] formite.

Hepryl Isaburyrate

Hepayl octancate.
I-Hexsdecanol; oety] aloobod.

-8 Hexndecenlnctone; 18- hoyrroncy-B-
hexndecenoic acid, - lmctone:
ambiret tolide

j-Hexalactone: &-hydrosyhexanndc acid. 3 leec-
tone; tonkalide,

Hixanal; coprofc aldehyde.

2 ¥ Hexaned] ene; acetyl Butyryl

Hexanoic acid; capralc ncid

E-Hiexenal.

E-Hexen-1-al,

#-Hexen-1-ol: leal alcobod,

E-Mexen-1-y] acetate.

S-Hexenyl Isovalerste.

FMexenyl -methylbutyrate,

-Mexenyl phenybacetate: cix-1-hexenyl -
wlacetate,

Hixyl neetate

2. Hexyl-d-neetaxytetralyadrolisran.

Hexyl alcobod,

Hixwl butyrate.

a-Heayboinnamaldehyde.

“I:'H'].'T:‘Ifﬂﬂﬂltt. e

Hexyl hexanoate.

I-Hexylidene cyclopentanone.

Flewyl Isovalerate.

Hexyl 2 mothy harveate.

Hexyl oo arnate.

Hixyl plenyiacorate. oyl phenylscetatn.

Hexyl propicnate

H_I,'dr'u:pﬂl.rm'u-ll.u B, Tl mratt by B 7= Pyl
ot aral.

Hydresypcivronsllol disthyl acetal.

Hydrexycitroneial dimethyl sortal,

Hydranpcitromedlal; 1, T-dirset biyl1.T-
o i bl

AN Hﬂmﬁrd—n‘uﬂm&bﬁuﬂ]-uﬂmm:

winanll Ly Bl e

5 Hrd.rvnu}' I-u-:lm' Erit yriin.

- (p-Hydrasy by [} -2 butanone;  p-lydroe.
[ e e

Inidole,

i-lomone:; A28, Brrimeet byl -2-cyclahexen.- 1
Lo B RS R

P-loowise;  A-(2 8, B-rrimet vl -1-cyclahexn-1-
1B Entery. o

a-romi {2, 5B Bt raiivt byl -Fooyo bl s
1-yl}-3-bisten -2 oo G-ty linnone,

Isnammyl Gt

Isnanyl wostoare Uil

Isaamyl aleshol: Bepentyl alcobol; 3-metchyl-
1-bnurarad.

Isnamyl benmnate.

Isnamyl butyrate

Ispanvyl cinnamate.

Isnamyl formnte

Ispanmyl I-feranbutyoate: a-lseamy] furfery]-
propinate.

§172.515

1 | i-furamproplonate; a-isoanyl  fur-
furviscetste,
i / hexamoate.
snamiyl isobutyrate
Isoamyl isovalerate.
syl lnurate.
1 I-Z-marthy bt yrate;
Ibityrare.
Dxivaiy] AR,
Isoauryyl oCtanoate.
Ixaadryl pliemyl o ate.
Ixoadryl proplomae.
Isoamnyd pyruvate
Isaannyd salicylate.
sobarny | acotate.
Izabormy] formete.
Isobarmy] isevalerate.
Isnbsarry] propéoanate.
Isnbuiry] ot it
Isobuiry] sortosceiann.
Tsnbury] aloodusl
Isobuty]l sngelste: lsobuty]l civ-2-methy]-2-
bautenaate
Isobuty] anthranilate
Izobuty] beneoate.
Isobuty] butyrate.
I=obuty] cinmamate.
Izobuty] formate,
Isirbsinyd 2-furangropbonnte.
Isnbuny] heplanoat.
Dsinbsainsy] BurNaneat e
Isibsuinyd isnburyrate.
u-\!:mh.u'_l,':lplut'-umyl alcalsol; Bobury] byl
carldtal] 8- -1-phesy] 2. :
Isobautyl phenrlmbgniflfﬂ S
Isobuty] proplonate.
Isobutyl salicylate.
st
L]
e e
Isugenol; 2-methoay-1-propeny [phwna)
Isnrugeny] acetate,
Tsiugeny] biney] etk bemmyl buigenol
Isorugenyl ethyl ether; 2-ethoxy-5 propenyl-
mnisale; ethyl isoeugensl
aiviageryl forinat.
Iw“i-rl‘l methyl  ether:  d-propenyl-
wveratrole: methyl eagenod,
Isneugenyl phenylacetate.
Issjosmone; mixture of I-heylidencoyclo-
prud B-beiyl- 1oy 2% -1 -,
oI soameet byl bomone: i- (PR E-trimethyl- 1
cvelohexen- 1-yib-I-methyl-3-buten-2-ome;

Isogentyl -2

p-Isaprapy ey alcohol; cuminbc aleshal:

porcyren-Tonl.
Isoparogryl Butyrone,
lsnpropyl Cinnamate.
Isopropy] feemate
Isopropyl hexanoate.

Isnpropyl isoburyrate.
Isopropyl isovalerare

Table 4.4: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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p-Iscprapy] vl acital deliyile,
m'hm'.l.ldfh?ﬂda

Isapropyl pheoylacetate.
5 ip-Tsoprapy | pheny |- proplonal delvy e,
Ihvydrocinmamabdebiyde;  cunminy
; otal I'Fnﬂn_
SOy lonste,
Imnpa : et b B-en-3-al
Isnpulegone: p-menth-A-en-5-one,
I=apu | acetate.
Isoaquibnanline,
Isavaleric ackd.
efs-Jasmmone: 3mothyl-2-02 pentenyl)-2-cycln.
peibeT- 1o,
Lasrkc aldehiydo, dodecanal
Lyl Boetate.
Lyl nbootsal; I-dodecanal.
lelbie; 4l Ll e,
mu]lnlt ackd. e
Linalool axide: civ- and drons-3-ving]-2-meth-

El-ﬁ-l_l v oy - et byl et ho tefrme

A

Linalyl  anthranilate:  3.7%-dimethyl-1.6-
o tadien-3-y] anthranibate

Linaly] bermoate.

Linalyl batyrate.

Linaly] cinnomate,

Linadyl formace.

Lisialy] hexaimiti.

Linalyl Isoburyrate.

Linalyl Isovaberate.

Linaly] octamnnte.

Lismalyl T

Maduol: 3-hadrosy-T-methyl-1H d-ome,

Menthadienod: pmenthe -1 800E-dlen-8-0l.
entha-i&-dien-T-od; perilly] alcohaol
erthadieny] acetate: p-mentha- U818 -dien-
#-vl acetate.

peMenth-3en-Lal.

1 p-Menchen <0yl nortate; pommenthi-l-on.90y]
nCetaie.

Menthol; 2 Ropropyl- 5 met yleyclalsxanal

Mt home, porment - 3-ans.

Moenthyl noorate, pomenth-3-y] acotate.

Menthyl  lsovalerate:  pomenthedyd  soe
vl e

h';rl:lnr
p-Methox s e byl P'\-Hf“!-d*’h'ﬂk.
oMok :Ih hL
- Mled haoww -1 rml:h:.lphmnl
pudaco]; F-met :
-lp-Methoxyphenyl)-2-
B

-4k Hﬁhl:ll::."phrrq.flr -l-rnrthr] 151“
3

:1p-Mm mmﬂ (v R

methylanisylidefio acetone, ethone.

!-m—hmmyghuwll-!-pw:
anksylmethyl ketone: anlsic ketome

2 Wb ey vyl phenol, pvinylguakacel.

Methyl acetare
i’-'ulllh].'fmmplwrﬂu, et hylsceio.
i, methiy ] p-toly] Retone.
I'l}llnlhl butyrate: #-methyl-2-propen]-
:..I hatyrate
Methy| snisate,

w-ddethylanisolbe: o-cresyl methyl ether,

p-CymsEn-T-

A-mwthyl-

anone; andsyl ace-

21 CFR Ch. | (4-1-00 Edition)

phletivlnnisale. poresyl methyl ether; p
e st o] s e

Methyl bssusante.

Methylberey| acetate. mised o.m- g

m-Pfet hylbenyd acetate: styralyl scetnte,

-Met horlbenayl alcohel: styralyl alcohoed.

Mt hylbennd butyrate; styralyl butyrate,

oAt hylbeneyl  Boburveate:  soyralyl o
[TLEN 1

-Met by lbeney | foemate; styralyl formate.

-Adet hyylbeneyl propionate; styvralyl propio:
A,

250t by l-2- it Z-al.

20t hylburyl isovalerate.

Methyl p-fer-butviphemylacetate

-Mlethylbutyra : meethiyl ethyl acetal-

3 Mot in.lt}nldvh;rdr: isovaleraldehyde.

Methyl butyra

I-Hrtl'rrlhl.lt}rrlt acid.

Mty Be binsnsnaldehoyde
bty b bnasmal delydse.

MM I chnnasmate.

ZMet byl -1 3 ] exhsocad i

Methybcyclopentenolone:  Fmethylcyclopen-
tare- 1, -dione.

Methyl disulfide: dimethy] disallide.

Methyl ester of rosin, partisll
jas  defined  kn !ﬂtil;‘i
dihydraabictate.

Methyl heptanoaie,

Mt hylbeptanalc ackd.

B Mt byl -1 5 Pap e Bier- 2- nraee.

Merhyl-5-hepren-2-ol,

B-Abet iy ]-5-hopren-2-one,

Merhyl Fusagioste.

Methyl Z-hesanonte.

Mot hyll p-trydiog o2 methylparaben.

Methvl o-lonone: - ﬂ In.! trimethyl-#-cycla-
hesen--yli-4-penten-F

Mothyl frlonome;  5-03. ﬂ - ll'|l'|'l!l|'l}ll E-cyelo-
hexen-1-yli-i-penten-3-one.

Methyl dctonone:  S-(L66-trimethyl-J-cycla-

hur:un I-i b =d-penten-J-nne,

wrate,
t- H-:th:.rlwl-l,p tmpmmlglnnyl'l progl onalde-

bydde: o
cinmamal- debyde: cyclame PWM "

Methyl Bsovalerate
Methyl barate,
Methyl mercaptan: methansthia)

Methyl n-ml:l:l'mlgrbﬂmlc.
Methyl M-methylanthranilate; dimethyl an-

thranilate.
Methyl -methyibutyrate
Mot hyl-d-methy | thiopropionate.
Mothyl & methylvalerate.
Methyl myristate,
Methyl rr?rl'-]ﬂ“lth}'] ketome:  F-aoctonasph-

Methyl nonanoate,

Methyl E-nonenoate.

Mothyl  Enonynoate:  methyloctyne  cor-
bt e,

E-Sdethyloctanal; methy] hexyl acetaldehyde,

Mlothyl octanoato,

Table 4.5: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Mechyl foctypoate: methyl heptine cor-
honaste,

i-Methyl-L3-pentanedione:  acetyl Inm-
bt .

i- It pentanons: methyl isoburyl e
L

f-Metbyiplencthiy]l aleohol, hydratropyl al-
el

Methyl phenylocetate.

Ml byl -3t e B i,

I-Mlet byl 4-phonyl-F-bat vl acetate: dimethyl-
phermylethyl carbi moetake,

I-Mlethyyl - phemd-2-but i Inobutyrae:
dimathylphenyl ethylcarbing] laohwtyrate.

I-Methyl-2-phemylbutyraldelyde: a-lsopropyl

acetabdebiyde.

H:th:.- I-phenylbutyrate

i-Methyl-I-phemyl-E-pentanone:  beneyl  Iso-
butyl ketone

Methyl - 3-plenyiproponate; methy]l ydros
chinasiate,

Methyl A,

3 Ml vl 5 propy - 2-cyelahenen-1-ane.

Kloehiyl sulficle.

M IrJ'I.H)T'ﬂplﬂllll o Inethional,

t-Methyl-I-talylpropional e, mined o,

-,
t-hﬁl%mﬂmml: methyl monyl acetal-

detyde,

Hrlh;l- f-ursdecenonie.

Methyl I-undecymoate: methyl decyne car-
baneste.

Methyl valerate

I-Methybvaleric ackd.

Myreenn, Tt iyl-3-met oy lense: | B-notn-
.

Myristaldeliyvede; torradecanal.

dMeomenthol: 2 lsoprogyl - methy boyel s
Frrrsingnd.

Meeral; o3 T-alimethyl -2, 6-o0tadlin-1-al.

Meralidal; 37, 1-viiimethyl-1,8, 1Bdedeoarrbem:
Eol

Meryl acetate.

Meryl butyrate

Meryl formate

Meryl sobuatyrate.

Meryl isovalerate.

Meryl canat .

L6 -1,

yNonalacions. 4 hydrosyveananalc scd, §
Inctome; aldehyde C-13.

Mononal] polargonic aldelfyde,

]J-Hm.rud.l.: EOPTATE, il eRLera

Monnnoc acid; pﬂﬂﬁtﬂc @eid,

EMonanone; methylheptyl ketone,

i-Momanon-1-vl gt I-hydrnsy-5-
T acetate

Mony| acotate.

Monyl nboobol: | -nonanal,

Monyl octanoate

Moy isevalernte,

Ml o, 5, bt byl - R-isnpropsny -
bdeyelald, 4,0 deg -1 -en-3-cine,

Daciemeni, fris-foocimene; 3, 7-dimethyl. 1,38
LA LT B e

pilctalacroms, §hydraxyoctamobe ackd, ylac-
Lo

5172515

Octanal: caprylaldelnde.
Octanal du;ﬂ 1 acetal.

I-Oictanal: ooyl aloolol.
E-Cctamnanl
3-Octanal
2.0ctmneie; mothyl heay] hetone.
FDctmnoie, ethyl amyl Ketome.
30 ramme- 1 -al.
1-Dcten-Fol; amyl vimyd carbdncel.
1-Dcten-3-y] acotate.

Octwl acetate

3-Octvl sceiake

Oetwl batyrate,

Dl ﬁl:ll-'l$:.tl'

Octwl heptanoate

Oty Isoebiit yrate.

eyl Isovaberate.

Oeryl ocranoats.

LH-:}'{ phonyvincetate.

Oeryl propdonatie.

-F":nl:-dﬁulni:lm: Ti-hydroxypentadecas-
neic ackl. wrlpctone; pentadecanclide: an-

1 Pkt | propiony/

& bome: acety oy
E-Pertanone: methyl propy] ketomne
#Pemtenobe acid
1-Pemten-J-al,

Perillaldehyde: A-isopropeny]- | -cvelobexone-
|-ﬂrhﬂﬂﬂ|ﬂ!h}'d-ﬂp—ml1‘;-|.!-ﬂl-ﬂ'l—?-l|
Perillyl acetare; p-mentha-1 E-dien-7-y] sce-

Ll
o Pleell nndevne: poresent -1, 5-dbene.
Phemnethyl ncetate.

Phanethyl alcobol; B-phenylethyl adeohal,
Plunethiyl anthranilote,

Phencthy] bereoate.

Phencthyl butyrate,

Phencthy] clnnamate,

Phencthyl formate,

Phenethy] sobutyrade,

Flunothyl Hovaberate,

Phemnethiyl B metlyihutyrate.

Flunethyl phienylocetate.

Flunethy] propionate.

Phenethyl salicylate.

Flenethyl  senscioate;  phenethyl  3,3-di-

th:tﬁ;.rl i ;lft‘:'.

E-Phenogyet . mn:.m

. isobutyrate.

Phenylacetaldeh vide: a-tolulc s
Phenylacetaldehyde 3-butylene glycol sce-

Tl
Phenylscetaldebvde dimstlyd scetal.
Phenylacetaldehvde glycery! acetal,
Pleny|scetbc acdd] m-tolude acld,
& Plwnyl-2-hutansl, phenylethyl methyl car-
Erimad,
#:Phenyl -3 buten-2-ol;  methyl  soyryl  car
bl

#-Phnyl-3-busten-2-omne.

- Plwisniyl - 2-histy] acetalie; phenylethivd mseth-
wl carbinyl acetats.

1-Plnyl-Fmethyl-3pentanol;,  phenylethyl
et iyl ethyl castdsal.

1-Plwnyl-l-propanal, phemybethy] carbinal

3 Phenyl-1spropanal; hydrocimmangyd alcobiel.

Table 4.6: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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§172.515

E FMyIprﬂpmmMrhyﬂa Fryedran popad i

3 Frun:,.-lprq:.mnlhirhj-m Tedroc Ll -
byl

B Phenylproplonnbde-lsde  dimethyl  scetal:
Iydratropic aldehyde dinsthy] acetal.

3 Plenylproplomic ockd: hydeocknnansie acld.

5 Pheiniylprofpiy] acetate.

E-Phenylpropy| butyrate,

¥ Phenylpropy ] cinnamat e,

5 Pheenylpropy] formaste.

i Pheny | propy] hexannate.

£ Phenylpropy ] st yrate.

3. Plany] prospy] Isobuat yrate.

. Plenylpropy’] iscvalerete.

3 Plenylpropyl propionnt,

{3 Fl'ltl.}'lp.mpj.'ljl tetralyidrofuran

P, 2
Prsene: H-rﬂ#-plm
ine tar ofl

Finocarveal: 208-pinen-5-ol

Pl periadinee.

Fi ne

periteie; gomert b -1-omn-3-00m.

Pipseriterone, poasent -1, 05 dben- 3-ame.

Piperitenone oxlde; 1 2-epay - peamsnt 8- (8-
13-

Fiperonyl acetate; eliotropy] acerats.

Fiperonyl olsulyralo.

Fraly 1L e s

Paly=orbate 8 polyoxyethyleons (380 sorbitan
monclaurate.

Paly=orhate @) polyoxyethylens (380 sochitan
moEostereate

Paolysorbate B podyoxyethylone (280 sochitan
mnoo|eate.

Potmsssium soctate,

mtf,umhu.lziﬂhux}'-nﬂml.

Propyl scelnte.
Progyl alvalal; |-propanaed.
P-Progy] amisale; dihydroanethode.
Progyl Beneoat.
Progod butyrate,

clnmamute.
Progoed disulfide.
Propyl ke

uranacryiate.
Progryl I'u-|:|l.-|:r|-|:ndrnlr!II
Progy] hexanoate.
Progyd phydroxybenmate: propy i paraben
3. Projy idenie phit Tl de.
Progyl isobutyrane
Progyl isovalernbe
Propy] mercaplan.
- F"mp:r nl:l:|1:|.| alcobal.
ylaceiate,

Pmmrl proplanstie.

Iegunr prmenth-468 -en--one.

Pyroligreeous acld extrct
Pyruvaldebyde

e achd.
Fehanelirsnl : 3 7-dimethyl-F-octen-1-0d: I

chtrorel sl

21 CFR Ch. | (4-1-00 Edifion)

Rhwndbiryd formate,
Rhbsodinad |sobairyrane.
Rhnlirg] isovalerate.
Rlwntinnd plmylml:m

Rum rHLr ethyl n:t::-h'pd'ntt.
Salicylaldehyde

Santalol, a =nd fi

Santalyl acetate,

Santalyl phaonylacotate,
Shatole

Sorbiian monosearala,
StyTene

SLUCrere OUTRRTTETE.

i T rplne e

+ Terplnene.
- Terpinec]: p-menth-1-sn-8-al.

|
q:rrplnulrrlr prmenth-1 4K -dene
Terpinmy] acetate.
Terpdey] anthranilate
Terpiny] atvrate.
Terpiny] cinnamate.
Terplay] lormate.
Terpiny] isoburyrnts,
Terpiny] sovalerat,
Terpiny] praptonnts
Tetralydrofurfuryl acetate
Tetrahydrofurfuryl aloohod
Trtn]'l;.llinl'url'url_,.-l bt yrate

Tetralydrofuriu Inmnate,
T:-l:nh:,-dm-w&- rer, B 10-dlknaechiy]-8-
inshera- 2 o

Tetralydrolinalosl; 3.7-dimethylocian-3-al
Tetramethyl ethyloyclohexenone] mixture of
Soetlyyl-E 34,5 orrammet vyl ooy ohesoen-1-

o gkl S-ethoyB-1 A5 Brerrasmeet el -Fociclo.
Frrsiei- L-fifie.
2 Thileny] moreapran: B ohienyiviviol
Tl

'?l'm'ualdﬂi}':h glyceryl pcetal, mixed o w @

Talual mixed o e g

p-Tolylacetnldehyde.

o-Talyl scetate; o-cresyl acotate.

p-Tolyl acetate; poresy] acetate

1 p-Tolwli-F-butarone: p-imlh;.ll:lurq-ll.nr—
tone,

p-Tolyl Isoburyrate

p-Talyl leurate.

p-Talyl phenylacetste.

2 p-Tolyll-propionaldediyde.  pometlylbydra:
trople nbdebyde,

Tribiutyl scevyleiprate.

E-Tridecenal.

- Undecodione: acetyl nonyrvl.
tUndecalactone: 4 royundecanalc acid
lact ome: h aldehyde: aldebhyde C-14

LITnden:rul o e
E-Unidecanome; mwethyl | ket

i-Undecenal; undecernic ﬁl:lrh:.‘dr
18- Linsdecenal

Uriecen-1-ol; arslecylenic alcobol,
18-Lindecen-1-vl acetale

LUiredecy] aboobnl.

Waleraldehyde: pemtanal.

Vileric acld; pentanodc scid,
Vanillin acetate: pcety] vanillin

Table 4.7: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Synthetic flavoring substances and
adjuvants that are genarnlly recog-
nized ms safe for thelr intended use,
within the meaning of section 408 of
the Act. are as follows:

Apetalidehyde (ethanalj.

Acetoln (mcety] methylocarhlnol)

Amsthole {parspropenyl anisole).

BEenzaldehyile (benzoie aldekyda).

MN-Butyrie scid {botancdo sckdl

i~ or [-Carvone (oarved).

Clanamaldeshydes (Clnessmic sldekyde).

Cleral  (ZEdimethyloctadben-3 6-al-8, gora-
nkal, nerall,

Decanal  (N-dscylaldehyides, capralilahyde,
gfrt- aldshyde, caprinaldebydo, aldohyde

k

Ethy] acotats,

Eihy] butyrats,

F-Mathyl-3-pheny] glveldle acld othy] astor
(othyl-mothyl-phenyi-sivcidato, so-called
slrawberry aldehyrde, C-18 aldehydeh

Ethyl vanillin

Geranlal 3. 7-dimethyl-26 and 3§-cotadien-1-

Gl

Corapy]l soetate {goranial acetata),

Limstmane 4d-, -, and dl-).

Linalsol (Hnalel. L7-dimethyl-1§-cotadlen-3-
olh

Linalyi acotate (bergamod ).

Methyl anthrandlate
ATr T S L .

Piperanal (FA4-mothylosedloxy-bensaldehide,
hilbotrepln.

Vaniilin.

[42 FR 145640, Mar. 15 1977, as amendsd at 43
FR ATT3. Oct. 17, 1878; M FR 3963, Jan. 15,
1575 4 FR 2063, Apr. §, 1879; 48 FH 51907,
Mow. 15, 1583; bl FR 7402, Feh. 31, 16E28]

{maethyl-2-

ofnized as sale for thelr intended use,
within the meanlng of section 409 of
thie Aot, are as foll ows:

Beaf tallow,
thylonllakase,

Coconak ofl, reflied,

Cornatarch.

Oelatis,

Lard,

Lard oil,

ek acdd,

Peamat oil.

Polate starch,

Smlinm acelals

Bodium chleride.

Bodium silioate.

Sodiam tripolyphosphate.

Boybsan ofl (Rpdregoiated),

Tale

Tallow (hydrogenatad),

Tallow fakes

Taploca staroh.

Tetrascdlnm pyrophoaphats,

Wheat starch,

Zine chloride.

(42 FE 14640, Mar. 18, 1877, as amended at £
Fit 11683, Mar. 31, 1878; #H FH 3533, May 156
E6T8; 45 FR 6085, Jan. 15,

ZTEA, June 35 18617 4B FH G115, Moy, 7, 1983;

[

food packaging that are generally rec-
opnizsd as aafe for thelr intended use,
within thes maanine & asction A a&F

Table 5.1: Synthetic Flavor Adatitves (Adapted from 21 CFR Part 170, n.d.).
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Cusmin, blach [bheck parwsary) | Migella satea L

Farmad, pweat [fincochio, Flomncs leenel]l ... Frognipiym vl Ml var, delcs (0C ] Alsx

Table 6.1. Spices and other natural seasonings (Adapted from 21 CFR Part 182.10, n.d.).



Wanifia .........

: ‘Wanila plandoa Andr. or Vanila inhitensis J. W. Mooro.

.. | Curcuma zedoaria Posc.

Table 7.1. Essential Oils (Adapted from 21 CFR Part 182.20, n.d.).

Blotasicel rama of plant Source

e

Cinnaman bamk. Copen connsununmaun

Medicago sathm L
Pimania oificinals Lindl

Prunus amygdakes Batech, Prures ammeniaca L., or Prores persica (L)

Hitcus moschatus Mosnch.

L.
Mg e

Do
Galipsa officinais Haroock.
Prmpineila anisam L
Feruln asan-foatida L. and rolabed spn. of Fanda,

Trdolhum sop.
EnyPretondum caca Lam. and ol sgg. ol Efthreaylum.

Table 7.2. Essential Oils (Adapted from 21 CFR Part 182.20, n.d.).

68



Boitanicnl rame of pIanT SO

Coffan spp.
Coda mcisminma Schell and Endl, and othes spp. of Cola.
Cormndrum sty L.

CTTENUm
Chirus ancrandiam L

Wcnarda punctata L
PyEsopes ofcinas L. e
Jasmirum officinale L and othar spp. of Jasminum.

JUNEQEILS Commin L

Coda mfisminaia Scfel and Endl, and oifee spp. of Cola.
L ronbdlis L

Laimnas app.

Lavarduly ciicraks Croim,

Lavarruls

Lbioda Yill,
Hyhrid batvween Lirmndida oficinales Chaix and Lavandeln latfclin il
Catrys frmon (L) e 1,

Citrus mon: (L) Baarm [
Citrus noliculiiy Blasnon,
Pimanin ofcinas, Lindl

Table 7.3. Essential Oils (Adapted from 21 CFR Part 182.20, n.d.).
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Common remss Betaricad ruema ol planl sounce:
Pimanta leal Pimenta olficinalis Lindl
Pipseifdrad Hadrga wrpllaln Mult
Pl Punica granahum L.
Prickly ash bark Kanthoxylum (or Zanthooylom] Amancanum Ml or Xanthoxylum clava:
L
R abachia Feaa aba L., Poda centiloba L., Poda damascona MEDL. Floss galbes L
ard vars. of these spp.
Floss (o8t of roses, attar of roseal ... Do
Aoss buds Da.
R Morwais Do,
Fose et fhips) Da.
Hose Polegonium graveoksns LHer.
Ansmary H:l.rnl:llTu-
pificinaks L.
Eatteon Cenous sathus L
Sage Saheia officinaks L
Sage, Genak Salwin trioba L
Sa0e. Spanish Sakis levarddanlola Vakl,
1 Jobn's bressd Cavalonis siligua L
Sanery, SUmimar Salufsia Porlongs L.
Saviry, winbad Shlunsia Fadrian L
Schinus mollo Schenus molls L.
Sica berrias [Blackthom Demss) ... . | Prorus apinasa L.
Epaarming Mantha spicats L
Spikon rrondigr Lavandula latiloka Vil
Tamaring Tamanndus indica L.
Tangarina Citnas: roticulata Blarco.
Taragnn Ararmigia dracunculus L.
Tea Thea sinansis L
Thyma Trymus vulgaris L mnd Thymus rygis vaer. graciks Boiss.
T, whits Da.
Thyma, wild o cresping Thymus sapylum L
Tubercss Polanthes hsbancsa L
Ty Caurrmg lorga L.
Warilla Vianila plandolis Andr, of Vanila Ehilenss J. W, Moo,
Violol Nowaors Wicla odomin L
Wishisl ladnesa D,
Wichsl lodnves abadkuts D,
Wild chomy bark Prunes sancting Ehr
c-wmml-lmt.t and Thoms.
Fodoary bark Curtuma redoaris Rosc.
Table 8.1. Natural Extracts (Adapted from 21 CFR Part 182.40, n.d.).
Common namas Botanical name of plan! sounoe
Apnool komed [pErsic G} e . | Prunus ammenkecs L.
Paach kel [pessc o) .. Prsus parsica Siob. o Jucs.
Paanul S8aminig . ... T ——— LT - N
Parsic ol {sea apncol Mﬂm kel
el Sl s | OONE GDENGE Nl

Table 8.2. Natural Extracts (Adapted from 21 CFR Part 182.40, n.d.).

Darsabon

L

Fririatar mircephakn

Castor fbar L and ©. canadensts Buhl

Chem cats, Viewra choatis Schrabar and Viveres sibathe Sehrabar,
Efrd apranthale, ps-calpd,

Musk dew, Moschus moschilsns L.

Table 9.1 Other Spices and Seasoningss (Adapted from 21 CFR Part 182.50, n.d.).
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Cetesvaln Pt Cieai b fre T Ll i
Cusmiel, Black, Buss and lsaves .. R rigrum L
Ca=dang leaves Turmawan chifuse Wil
Drirwirids Fary ey
(o B R LA . | Andesm sowil Fiosb. (Peodidingm  grivisoling
CHmasy firaainla) Dicls aous L o b,
ol | Déeensaalal TEL
Ditany of Copln .. | Clrigamum dctamnes L
Dragon’s biocd [deascerutind .., w | Davmonoeps s,
Eicter roe hadvas | SamicsngEl .. Iy i T
Sy ot 0 encessd 265
PR prusses skl n
hay Rgpepr
ElstiaTn b asd ol ... ls el L I kool Eevidiged
oy
[ 2 - Canarium commune L or & karomicum Mg,
Etigeran Erigafort canadenses L
Ewabyphus giobuius feeres .. plobolys Labil,
L2l — Alvid sdeiod Ladieh . A aba Wl A sashainaso
Khastics = A4 Wy Myatss o Bt
Fir, bakam, nesdiss pod fwige Abvins baissra L) M,
Gk e, g el Ajinis palepa Wil ... Da
[T T Fenada gatuniia Doss of Butes and ohee Fensla
Coprepd oW oo . . veenr | Spariiem funceum L
i, b Wl osls ... Dariiasg hutod IL
Cearian, slewniess ... ... Gendians essobel . . De
Grmander, chamasdns Tevoriom chamaedns L B
Carmander geden .. |Teeeempolenl D
LT - . Guaisoum ofignale L. G mshum L, Sclasia
AP Las.
udd ik YRR oYY Pl cuping HEE
Marw, bisck. bark . .. Wil pradioliem Lo
gt et ——— Touga oasbdanss (L) Car. of T Mslevodnda (Pl )
ymciath Bowess . | Hiaihin st L
ImparptorE s . i s | Prycedangm  cefrothiom (L) Mah  [impeofora
Do
be
Do
D
Do
Dhes.
D
: Evamnia prnass (L) Ach, E fusrased (L] Masn, | Fislined ool B
s pihar lichors, e ©
Bogwall cirtint Brdw. i offesi Dodeislia Spp.
Cpoparax (bassbolmymh) ... Opopanas  chimniem  Foch rus  cpopanax] of
Commmpnona arptivand Engl. vir Lishopsowts
i oo - - - o | lde penanice L (nclpding B variely fSiorending
Drpuss] el 1, paiiols Lam.
Pansy . Wioly Bricolor L ... - mgﬂm
P fgwer ., MELTETa « | Passfors scamats L
Patgheay . _ tabn Benl. atd P fepdats B
Peach naves Prurys pevaica (L) Baisch Al R R . | In slophoiic bawwages
only. nol 10 eisd 35
PP M. prussss acad in
Tha Rweor
Panineoyll, A .. | Hadeoma pulsgiowes (L) Pora.
Penmyroyal. Europsan ... .. ManaTuy puiegiam L

Table 10.1 Natural flavoring substances (Adapted from 21 CFR Part S172.510, n.d.).
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Csmein Fartia Srsprirfe rdchn LRty
P, dvenil, Febgelbid arel aegs ... Priuis mups Torra var. pumio (Haenks) Zenes.
P, Sopioh, Pt Gnd faegl ... P ayivoale L.
P, whits o Fts patesifng bl | g olfeir P S,
Poplar bads . | Populs balsamidsra L. (P, bcamabacca MiL), P =51
candaans AR, o P aigea L
-+ AN T B IS S A NS AR, — | Pevasma eoceiss (Bw. | Planch, o Oulsdds aman L
Chnlrachs bark = = = punbracho-bigncn  Sohlscht, o | Scohvnopals Jospabsd
[Pt Al (Deab)). {Grieh.) Engl
Ol [goagshark) .. . e | Cesgs Sapondis Mal
oy
7 ] S R — | Krasasa andea Fuz o Pire of B aspaniss Man
Rivobast, (). - AR S S — | B e L S L D
m;&“ s mww-a s L urﬂ:
e (eacapheg . Maposiioom L) of rybeds
s grows in Ching,
Aoselly ... cones | DT FADRTII L i st s s Do
L T R — e | PiiS aairis ML, and ol Prous s .. D
En. Johereanyn Weives, Rowrs, and caulls . | Hypencom padlseaiem L el S
llpln form ondy in alco-
L
Sandakend, whits {yelios, or Easl indlan] . | Savtakem abem L, Y
[ — = s | Titrlingy arbcolabe [Vahl ), e oo mﬂmm
B rapalf Kikp o Moios [Honduras sicsisalia),
£ febripa Kunds [Eceadorsan ssreapania), o
kbt Srslie 4pp [Ecusdestan or Ceniral
Amencan
Senna, Alecands . . o | Gl (L
T | Avimiies et L .. h::whnuq-
st R B T T e— LT L
Eiprucn faeRed and eigs ... i %Mm‘.‘_ﬂﬂm{_l
S ey — | Likamiar orariaks MBL &5 L shyrasifia L
Tagelss |mangeld) | Tugetes panses L, T sescis L, of T et L T | A ool ety
planchifors Schrank)
Tatig — Tanacsnm wigans L | In oo
iy Pimigtard alochaolic
et g e s
Thistie. beensee (ol Mhisthe) . Oescus banedienus L . in aloalhise: i
oy
Tinmiis capiakd (Spanish “aiganies") .. | Ty sepdalsn Hoflrg. @ Link.
- AT SR Myrenyion Daisamiem (L | Harma
Tpenle . ... ... ... ... Firni paibadis W and olad Pinds sap. which ysla
TepaE S &y
L — | Vihiuiana ol L
Wiorntd Vool ol L D
Walewn Buimhe (Rully], leaves, B prees Puss | Juplans rpa L or J mga L
Wopsnd wwssr ... Ao | R B LSRR LU B I ety Redwind el
oy
VR s e | Achiles mielolen L . i st s Sy P
-'Ilftlnmm
Yierba il cafformmsunm [He0k, M A T
Wiancs, JSoghisr-ires Tuoca drsvrioks
Vocom Mohow ... . — | Futds scfiigins Foad ax Oviged |V Foideividis

Sag b

Table 10.2 Natural flavoring substances (Adapted from 21 CFR Part S172.510, n.d.).
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