CHAPTER 34

Food Colorings and Flavors

Matthew Greenhawt and James L. Baldwin

KEY CONCEPTS

* Food flavorings and colorings are often derived from potential allergens.

* The overall prevalence of reactions attributable to food colorings and flavorings is thought to be low.

e Carmine/cochineal extract, annatto and spices are the most commonly implicated agents in this group.
¢ Current labeling regulations for these agents make identification of potential allergens a difficult task.

* The Food and Drug Administration has proposed a change in labeling requirements for carmine/cochineal extract.

Food colorings and flavors are essential parts of the experi-
ence of eating that have existed for centuries. Though their
inclusion is often an afterthought in our consumption, ulti-
mately, the colorings and flavorings are at the core of what
we enjoy about eating our favorite foods. In many proc-
essed foods, coloring and flavoring are inseparable from the
food’s identity in the eyes of the consumer and the corpo-
rate production of the food itself.

The use of both synthetic and biogenic sources for color
and flavor is a common practice. Most of these pose no
risk of adverse events. However, there is a growing body
of medical literature regarding adverse reactions involving
food colorings and flavors derived from both synthetic and
non-synthetic sources.

This chapter will discuss non-synthetic food colorings and
flavorings that have been implicated in adverse food reac-
tions. We will review known mechanisms of reaction, treat-
ment strategy, and legislation involved in changing the way
that colors and flavors are used in foods. Synthetic color
additives are discussed elsewhere in this book.

Food colorings

Background history

According to the United States Food and Drug Administration
(FDA), food colorants are any dye, pigment, or substance
that imparts color when applied to food. Both synthetic
and biogenic sources are used for this purpose [1]. Coloring
influences one’s acceptance of food, but also aids food
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manufacturing in several ways. Coloring is essential to cor-
recting loss of a product’s true color from exposure to light,
air, temperature, moisture, or the elements involved in
storage. It can be useful in correcting natural variations in
color between products, to make them appear more uni-
form in quality to the consumer, or to enhance and aug-
ment an appearance of a natural occurring color. Coloring
is also a useful marketing tactic to give otherwise colorless
substances identity, or to make them appear more festive.
Coloring can also be essential to protect vitamins and fla-
vors that can be damaged from direct sunlight [2—4].

There is a lengthy relationship between food coloring
and adverse reactions attributed to such coloring. One of
the first recorded case reports was from 1848, involving
21 individuals at a public dinner poisoned by copper arsen-
ite, which was used to color a dessert green [4]. By 1900, it
was estimated that there were 80 synthetic color additives
available for use in foods, but there were no regulations
pertaining to the quality and use for these dyes. The Food
and Drug Act of 1906 created the first seven dyes “certified”
for use in foods, and established a voluntary certification
program for quality and purity. Initial control of this proc-
ess was under the United States Department of Agriculture
(USDA). However, in 1938, authority and responsibility for
this process was transferred to the FDA [1-3,5]. Three sepa-
rate categories were additionally created to delineate food
manufacturing processes from other use of colors: FD&C
(Food, Drug, and Cosmetic), D&C (Drug and Cosmetic),
and External D&C (External Drug and Cosmetic) [1-3,5].

There was a paucity of further legislation until the Food
Additive Amendment of 1958, which declared that food addi-
tives safely in use before 1958 were exempted from obtain-
ing FDA approval. However, in 1960, the Color Additive
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Amendments to the FDA act of 1906 created a “provisional”
listing for all known colors in use for foodstutf [1-3,5,6].
This act required that all previously certified dyes and colors
used in food undergo further testing to establish safety
before they were re-certified. Manufacturers were given a
provisional time allotment in which they could continue
using the particular color on the market, while submitting
the required data regarding safety to the FDA. Other types
of additives were exempted from this act. This act also set
limits to usable amounts of color in products, deemed good
manufacturing practices [1-3,5].

Specifically, one section of the 1960 amendment, known
as the Delaney Clause, placed a strict prohibition on the use
of any amount of a substance shown to be carcinogenic in
humans or laboratory animals [1-3,5,6]. This clause was
applied to additives as well, though they were exempt from
the rest of the amendment. The market effect of the 1960

Color Additive Amendments was the reduction of a list of
200 provisionally approved colors to a final list of 90 that
were deemed safe for human consumption, after meeting
newly applied regulations [1-3,5,6]. Colors that did not
meet the new standards were removed from the market.
Interestingly, the Delaney Clause had a vague definition
of safety beyond establishing lack of carcinogenesis, and
established no absolute standard for safety beyond “con-
vincing evidence that establishes with reasonable certainty
that no harm will result from the intended use of the color
additive” [3,6].

The amendment also designated two distinct classes of col-
orants: certified and non-certified [1-3,5-7]. Colors exempt
from certification were given this designation if certification
was deemed unnecessary in the interest of public health
to examine the color batch physical properties, including:
purity, moisture, residual salts, unreacted intermediates, color

Table 34.1 Colors exempt from FDA certification (Adapted from www.cfsan.fda.gov, updated September 2006.)

Color additives approved for use in Human Food Part 73, Subpart A: Color additives exempt from batch certification:

21 CFR section Straight color EEC# Year approved Uses and restrictions
73.30 Annatto extract E160b 1963 Foods generally
73.40 Dehydrated beets E162 1967 Foods generally

(beet powder)
73.75 Canthaxanthin El61g 1969 Foods generally, NTE 30 mg/Ib of solid or

semi-solid food or per pint of liquid food;
May also be used in broiler chicken feed

73.85 Caramel E150a-d 1963 Foods generally
73.90 -Apo-8’-carotenal E160e 1963 Foods generally, NTE: 15mg/Ib solid, 15mg/pt liquid
73.95 -Carotene E160a 1964 Foods generally
73.100 Cochineal extract E120 1969 Foods generally

Carmine 1967
73.140 Toasted partially defatted - 1964 Foods generally

cooked cottonseed flour
73.160 Ferrous gluconate - 1967 Ripe olives
73.165 Ferrous lactate - 1996 Ripe olives
73.169 Grape color extract E163? 1981 Non-beverage food
73.170 Grape skin extract E163? 1966 Still and carbonated drinks and ades; beverage

(enocianina) bases; alcoholic beverages (restrict. 27 CFR Parts 4 & 5)
73.200 Synthetic iron oxide E172 1994 Sausage casings NTE 0.1% (by wt)
73.250 Fruit juice - 1966 Foods generally

1995 Dried color additive
73.260 Vegetable juice - 1966 Foods generally
1995 Dried color additive, water infusion

73.300 Carrot oil - 1967 Foods generally
73.340 Paprika E160c 1966 Foods generally
73.345 Paprika oleoresin E160c 1966 Foods generally
73.450 Riboflavin E101 1967 Foods generally
73.500 Saffron E164 1966 Foods generally
73.575 Titanium dioxide E171 1966 Foods generally; NTE 1% (by wt)
73.600 Turmeric E100 1966 Foods generally
73.615 Turmeric oleoresin E100 1966 Foods generally

NTE: Not to exceed.



impurities, other specified impurities, and presence of heavy
metals [5]. Generally, this exemption was applied to a par-
ticular color that was from a biogenic source, with a history of
use prior to the amendment, and without complaints of tox-
icity or allergic reactions to the FDA or its manufacturer [1-3,
5-7]. Colors exempt from FD&C certification are still subject
to the standards of the Delaney Clause of the Color Additive
Amendment [6]. In reality, there are virtually no restrictions
applied to use of either non-certified colors in food manufac-
turing. One notable exception is for colors to be used in meat
and poultry, which requires additional authorization from the
USDA Food Safety Inspection Service (FSIS) above the FDA
approval (Table 34.1 and Fig. 34.1) [5].

Color additives in the United States are regulated by the
FDA Title 21 of the Code of Federal Regulations (CFR) part
73, subpart A (colors not subject to batch certification) and
part 74, subpart A (colors subject to batch certification) [8].
As part of this legislation, all certified colors carry an FD&C
or D&C color label and have undergone rigorous testing
to establish their safety and batch purity, in contrast to
their non-certified counterparts, as explained in the previ-
ous section. In 1990, the National Labeling and Education
Act (NLEA) required that certified color additives must be
declared on package labeling as individual ingredients as
of Julyl, 1991, regardless of their quantity in the item [9].
Biogenic colors were exempt from this requirement and

Name Hue

Annatto

Orange

Common uses
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therefore may be referred to on labels as “artificial color,”
“artificial color added,” or “color added” [8]. The use of the
term “natural color” is not allowed as it could imply that
the coloring might be derived from the food item itself,
when in fact it is referring to an additive. As will be dis-
cussed in detail in the section on carmine, the unique labe-
ling requirements for non-certified colors has become a
controversial issue, as there are increasing numbers of case
reports of biogenic color induced hypersensitivity [10].
Since certified colors (azo and non-azo dyes) are discussed
in detail elsewhere in this book, henceforth, we will be
referring to colors exempt from certification only.

An important distinction of how colors are used in
foods and drugs is between dyes and lakes. A color dye is
a water-soluble form of color (liquid, powder, or granule),
and a lake is a water-insoluble form. Lakes are more stable
than dyes and are better for use with fat or oil. Most phar-
maceuticals use lakes in their coatings. A major technical
advantage of certified colors is that they often require less
chemical to produce an intense color, allow for more uniform
distribution of color, and do not influence the flavor [1,2].

Biogenic colors are believed to contain low molecular
weight non-protein chemicals, most likely acting as haptens
when they elicit reactions. Reactions to this class of color-
ants can be both immunologic and non-immunologic. There
is growing concern that biologic source contamination

Dairy products, popcorn oil, butter mixes, baked goods, icings,

snacks, ice cream, salad dressing, yogurts

Beta-carotene

Beet powder Purple

Caramel color Brown to red

Margarine, non-dairy creamers

Ice cream, cake icings, mixes, yogurt, gelatin desserts, fruit chews,
frozen products, chewable tablets

Dairy foods, drinks, colas, iced tea, cocoa, beer, coffee, icings, cereals,

popcorn, gravies, sauces, candies

Carrot oil

Carmine

Fruit juice Many colors
Paprika

Riboflavin Yellow-orange
Saffron Yellow-orange
Turmeric Yellow

Cake icings, hard candy, bakery products, yogurt, ice cream, gelatin
desserts, fruit syrups, pet foods, jams/preserves

Beverages, jellies, candy, gelatin desserts, dry mixes, dark chocolate

Sausage, cheese sauces, gravies, condiments, salad dressings, baked
goods, snacks, icings, cereals

Baked products, dairy products, ice cream, yogurts, cakes, cookies,

popcorn, candy, cake icings, cereals, sauces, gelatins

Vegetable juice  Many colors

Figure 34.1 Pictorial of the non-certified color additives. (Adapted and modified from www.red40.com.)
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in the colorant is the source of IgE-mediated reactions
attributed to them [7,10]. Annato and carmine/cochineal
extract have both been linked to such reactions in the lit-
erature [7]. Because these colors are non-certified, it is
difficult to ascertain the purity of a particular lot of these
dyes. Thus, there could be varying levels of biogenic protein
contamination due to technical discrepancies in different
batches. There have been a few reports of SDS-PAGE analysis
of carmine and cochineal insect protein fractions to deter-
mine their allergenicity, but there has been nothing conclu-
sively nor consistently proven in this analysis [11-15]. At
present time, despite several lobbying efforts by consumer
groups, there has been no change made to the reporting of
biogenic colors on food labels, though a specific petition to
declare carmine on food labels is under consideration [16].
This petition and the subsequent FDA recommendation will
be discussed in detail in the section covering carmine.

Biogenic colorants involved in

hypersensitivity reactions

Only a few biogenic substances have been linked to allergic
type reactions. These include carmine (cochineal extract),
annatto, turmeric, saffron, beta-carotenoid, and grape an-
thocyanins. However, the majority of the literature pertains
to carmine, with a small amount pertaining to annatto.

Carmine
Carmine is a red color derived from the female insect Coccus
cacti or Dactylopius cocus costa [3,7,10,17-19]. This insect is
commonly found in Peru, Central America, and the Canary
Islands, where it grows as a parasite on the prickly pear
cactus Noplae coccinelliferna. Tts origins in Europe date back
to the 1500s, when Hernando Cortez discovered its use
by the Aztecs and brought the cochineal insects back to
Spain [20]. The color is produced from the aqueous—
alcohol extract of the dried, gravid, female insect, resulting in
cochineal extract. Cochineal extract contains approximately
10% carminic acid, a hydroxyanthraquinone, and the rest
is the residual insect body. Cochineal extract is acidic, and
the color variation from deep red to orange is dependent
on the pH. Carmine is produced from the aluminum or cal-
cium aluminum lake on an aluminum hydroxide substrate
of carminic acid. Since the lake is minimally soluble in water,
strong acids or bases can be used to make the color more
soluble. Commercial preparations of carmine are estimated to
contain approximately 20-50% carminic acid, but it is usu-
ally diluted to 2—-4% for sale. Commercial cochineal extract
contains 1.8% carminic acid. Carmine is relatively expen-
sive to produce. It is estimated that it requires 70,000 dried
insects to make 11b of dye (Figs 34.2 and 34.3) [3,7,18].
Carmine was given approval by the FDA for use in food
in 1967, and cochineal extract in 1968 [21,22]. As part of
this approval, it was determined that carmine or cochineal
extract had no carcinogenic or teratogenic properties in
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Figure 34.3 Photo of dried cochineal insect.

studies on rats. Carmine, as a biogenic color, is not certi-
fied, and therefore is exempt from specific declaration on
food labels. It is generally labeled as “color added,” “arti-
ficial color” or “artificial color added,” “colored with car-
mine,” “cochineal extract,” or “carmine color.” In Europe it
is designated as E120 by the European Union, and may be
labeled as “Natural Red No. 4” or CI 75470 (color index).
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Table 34.2 Commercial uses of carmine/cochineal extract

Water-insoluble Water-soluble Water-soluble

carmine colors carmine colors cochineal
Cosmetics Yogurt Beverages
Pharmaceuticals Ice cream Yogurt
Dairy products Fruit-based drinks Ice cream
Baked goods Beverages Fruit fillings
Condiments Fruit fillings Puddings

Puddings Confections

Bakery mixes

Confections

Cosmetics

Pharmaceuticals

Carmine is also used in cosmetics, where it had been required
to be declared as an ingredient since 1977, but in order
of its relative weight per volume of cosmetic (Table 34.2)
[3,7,8,10,23].

Most foods colored with carmine contain very low levels
that would limit exposure when consumed [7]. However,
there are several case reports of hypersensitivity reactions
attributed to carmine ranging from anaphylaxis to occu-
pational asthma (see Table 34.3). Though these reports
are uncommon, the actual incidence of these reactions is
unknown under the current labeling regulations. This is
because suspicion for a substance not listed by name on a
label is generally non-existent. Hence, it is important for an
allergist to be aware that this is a potential allergen.

Since levels of carmine in food are low, our group
(Baldwin et al.) and others have hypothesized another likely
route of sensitization (e.g. respiratory or dermatologic).
Most of the reported cases involve workers with occupa-
tional exposure, or females with a prior history of use of
carmine containing cosmetics [12]. Carmine was approved
for use in cosmetics as a non-certified color in 1977, and is
the only biogenic color allowed to be used around the eyes
[23]. It is plausible that persons using makeup containing
carmine can become sensitized through a cutaneous route.
Upon re-exposure to carmine in food, an IgE-mediated
reaction can occur. Similarly, occupational inhalation could
cause sensitization in textile or dye workers exposed to high
levels of carmine powder in the environment and cause an
IgE-mediated reaction upon ingestion of carmine contain-
ing food or beverage. Carminic acid is a low-molecular
weight molecule and may act as a hapten during sensitiza-
tion. Protein remnants from the cochineal insects are likely
candidate antigens as well. Most authors believe that there
is chemical modification of the protein contaminants in the
processing of the extracted carminic acid from the insect.
Once sensitization occurs, low levels of exposure could
result in hypersensitivity. However, no mechanism of sensi-
tization has definitively been proven to date [7,10-12,19].
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As of 2005, there were 35 reported patient-cases of hyper-
sensitivity to carmine; 11 of these have been reported to the
FDA under the MedWatch program, and the rest reported
in the medical literature. There are no known reports of
fatalities related to carmine [10,12]. The range of symptoms
reported includes occupational asthma, extrinsic allergic
aveolitis, chelitis, and food allergy manifesting as anaphy-
laxis, angioedema, bronchospasm and urticaria. There have
been no consistent reports pertaining to time from exposure
to symptoms, nor dose required to elicit symptoms [10,12].
The first case was reported in 1961, involving chelitis from
a lip-salve that contained carmine [24]. In 1997, our group
successtully showed there was a definitive IgE-mediated
reaction in a 27-year-old-woman with anaphylaxis to a red-
colored ice-pop containing carmine by the use of a Prausnitz—
Kiistner test [19]. Other groups have shown the reactions
were IgE mediated through prick skin tests (PSTs)[11-15,19,
25-32], leukocyte histamine release test [29], radioallergosorb-
ent testing (RAST) [12,27,28,30-32], and immunoblotting
for specific IgE [11-15].

Reactions have been reported with two common predom-
inating phenotypes, food hypersensitivity and occupational
respiratory disease. In the occupational respiratory disease
phenotype, these cases involve predominately males with
no atopic background. In the food hypersensitivity pheno-
type, all case reports have involved females, half of whom
were atopic. Two of these females also showed occupational
disease features, and many have described prior episodes of
itching and burning with application of makeup, suspicious
for contact reactions [12]. There have been four distinct
reports via the FDA MedWatch program of contact dermati-
tis, comprising a small third phenotype of reaction [10].

Immunoblot analysis of persons with occupational respi-
ratory disease and food hypersensitivity phenotypes have
shown mixed results. Typically, authors have used both car-
mine and pulverized cochineal insect extract, subjected to
SDS-PAGE and column chromatography fractionation to
determine protein bands. Subsequent immunoblotting with
patient sera has determined IgE-recognized protein bands
[10]. However, investigators who have performed these
experiments have not found consistent recognition of any
particular protein band in either carmine, pulverized cochi-
neal insect, or carminic acid [11-15]. Our group found that
commercial carmine could inhibit recognition of pulverized
cochineal insect bands, strong evidence that there is insect
protein contaminant in the commercial dye [25]. A recent
immunoblot study confirmed this finding and inferred that
these proteins undergo chemical modification in the com-
mercial processing of carmine [12]. Groups have identified
proteins 17, 28, 38, 50, 88, and 40-97 kDa in size. However,
there is no universally recognized specific protein band
found in carmine or cochineal extract, and there is consid-
erable overlap when examining the reported data [11-15].
Considering that carmine is non-certified and exempt from
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batch certification, batch to batch variability secondary to
this regulation might be playing a role in this finding.

Diagnosticinvestigations to determine IgE-mediated sensitiv-
ity to carmine are problematic due to lack of available stand-
ardized allergenic extract. Furthermore, the same problem
of batch to batch variability of the commercially available
stock could create reliability problems with development
of a standardized PST using carmine extract. For these rea-
sons, in a patient with high suspicion for carmine allergy,
we generally recommend a simple PST using the suspicious
foodstuff. If this is positive, then one should attempt to
obtain a small aliquot of the dye from that particular food
manufacturer for a confirmatory PST. If possible, obtain-
ing a small commercial lot of carmine dye would be help-
ful for future testing, but our experience with this has been
difficult, though we were ultimately able to do so. Most
importantly, it has been this author’s experience that the
wheal and flare reaction to carmine-containing foods and
manufacturer supplied carmine develops slightly later than
with other extracts, generally between 20 and 30 min-
utes [11,19,25]. We do not perform intradermal challenge
to carmine, nor do we routinely test to pulverized cochi-
neal insect extract. Dried cochineal insects are more read-
ily available than carmine dye, but of course the proteins
present in the raw extract lack any of the potential chemi-
cal modifications contained in commercially processed
carmine. A commercial IgE RAST does exist, but its valid-
ity has not been determined due to the small frequency of
reported events.

Our group published the one study that used passive trans-
fer to prove there was an IgE-mediated reaction, in which
we were able to consent a married couple for a Prausnitz—
Kiistner (P-K) test [19]. This reaction, while exceptionally
helpful in determining the presence of an IgE-mediated
reaction, is no longer advocated for infection control rea-
sons. Eight authors have described bronchial provocation
challenges to carmine, cochineal extract, and carminic acid
to measure a 20% decrease in FEV1 and to determine the
dose that caused a 20% drop in FEV1, or PC,, [12-15,26,
27,32,33]. Other diagnostic techniques that have been
used in practice include blinded oral challenge [11,25] and
ocular challenge [11,13,27,33].

Persons with hypersensitivity to carmine face two large
obstacles. The first is having a provider who can recognize
this entity and has the resources to test for it. The second
is being able to recognize and avoid products containing
carmine. The exemption in labeling declaration for non-
certified dyes creates a potentially dangerous environment
for the uninformed consumer. Commercially sold cosmetics
for general retail must declare all ingredients in “descending
order of predominance,” but colors can be declared without
respect to predominance [34]. Presently, foods, prescription
drugs, and cosmetics intended for “professional use only”
(or are given as samples/free gifts and not meant for general
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purchase) do not have to specifically declare the presence of
any single color additive, by individual name, and instead
can use the declaration “artificial color” or “artificial color
added.” Professional use cosmetics include salon products,
studio products, and camouflaging makeup for distigurement
dispensed by a physician [21-23]. Foods such as butter,
cheese, and ice cream are sometimes exempt from having to
declare color additives [34]. Over-the-counter medications
have recently been required to declare all inactive ingre-
dients, including any type of color additives, as do non-
oral prescription drugs [35].

Other than a small list of products anecdotally compiled
by diagnosing providers, several MedWatch reports to the
FDA, and the cases from the medical literature mentioned
in this discussion, there is little information for sensitive
individuals. Most recently we have reported a case that
is believed to be the first case of carmine hypersensitivity
from pharmaceutical exposure [36] This is a further source
of regulatory frustration, as it is presently voluntary as to
what inactive ingredients are declared on the package insert
for prescription drugs, though the FDA is presently recom-
mending that this loophole be closed to require declaration
of all inactive ingredients [10].

Carmine is the focus of a grass-roots style consumer-driven
petition to change the labeling requirements for non-
certified dyes. Presently, carmine/cochineal extract can be
referred to for labeling purposes as “artificial color,” “color
added,” but not “natural color” [21,22]. It is distinct from and
should not be confused with Indigo Carmine (FD&C Blue
#2), Cochineal Red (E124), Food Red 7, or Ponceau 4R. In
1998, The Center for Science in the Public Interest (CSPI),
filed a petition with the FDA to review the labeling poli-
cies for carmine and cochineal extract, additionally request-
ing designation of the insect source for these dyes, formal
study to determine the exact antigen in cochineal/carmine
to see if it was a key component of the coloring, and to ban
the dyes if necessary [10,16]. This petition was supported
by the several known case reports in the medical literature
at the time.

In January of 2006, the FDA published a proposed rule
to amend the labeling regulations after an in-depth exam-
ination of the allergic properties of carmine and cochi-
neal extract [10]. This was prompted after reviewing
11 MedWatch reports of allergic reactions attributed to
carmine/cochineal extract, and 35 patient case reports in the
medical literature, of which most had established the reac-
tions were IgE mediated (see Table 34.3). The FDA investi-
gation concluded the following [10]:

e Carmine/cochineal extract dye can cause hypersensitiv-
ity, but it is a rare event and they were unable to estimate
neither an incidence nor report a conclusive mechanism.

e There is presently no conclusive evidence that there is
biologic contamination of the cochineal insect proteins in
the dye that cause hypersensitivity, though several groups
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had discovered distinct protein bands in cochineal extract
that were inhibited by carmine. This was based on no con-
clusive evidence in the medical literature that any one
particular protein fraction was recognized universally in
affected individuals studied.

The FDA’s ultimate recommendation was that although
carmine/cochineal extract is a definitive allergen, it poses
no harm to the general public and therefore did not need
to be prohibited from use. Furthermore, they felt there was
no need for any further FDA-directed testing necessary to
determine if the allergenic fraction is essential to the color.
However, they did recognize that requiring specific name
declaration of carmine and cochineal extract in products
would aid recognition of the allergen in food sources for
affected individuals. They are currently considering a pro-
posal to amend the Federal Food, Drug, and Cosmetic Act,
Title 21, part 73, § 73.100, 73.2087; and part 101, § 101.22
to allow the following changes, beginning January 30, 2008
if approved [10]:

e Require all foods, including butter, cheese, and ice cream,
containing carmine or cochineal extract to label it as such
by its “respective or common name,” and immediately disal-
low it to be generically referred to as artificial color or color
added.

e Require all cosmetics to declare the presence of carmine.
e Require all prescription drugs to declare the presence of
carmine.

Annatto
Annatto is a natural carotenoid-based color dye made from
the seeds of the fruit of the Bixa orellana tropical bush. The
fruit has a pod full of approximately 50 seeds the size of
grape seeds, covered in a red-pulp covering that serves as
the base material from which the color is made [7,38]. The
major pigment is cis-bixin, which gives a red coloration, but
upon heating becomes trans-bixin, and with further heating
breaks down to two compounds. One of these compounds
is water-soluble for extraction (norbixin) and the other oil-
soluble (bixin) [7,38]. In addition to yielding color extracts,
it also yields edible vegetable oils and fats. Approximately
10,000 tons are produced each year, mainly in Latin America,
Africa, and Asia. Annatto, as the bixin extract, is used as
a colorant in fatty dairy products such as butter and mar-
garine, and also leather [7,38,39]. As the norbixin extract
it is used as a colorant in cheese. Norbixin is a very strong
colorant in small quantities [7,38,39]. Annatto is also used
as both a color and flavor in confections, meats, soda, and
processed snacks [40]. It has particular use as an additive to
butter and cheese flavorings to produce the desired color.
It has been used for centuries, dating back to the ancient
Aztec and Mayan civilizations, and imported for use later
by the Spanish when they conquered Mexico [7,38,39].
Annatto is purported to have medicinal properties such
as a cure for diabetes (no evidence), as an antimicrobial

(partial evidence), and as an anti-toxin for snake bites
(partial evidence) [39]. As a natural color, it is classified as a
non-certified dye under Title 21 CFR § 73.30 [41]. Outside
of the United States, it is also labeled as CI Natural Orange
No. 4, E160b, bija, rocou, orlean, or achiote.

Allergic reactions including urticaria, anaphylaxis, angio-
edema, asthma, and contact dermatitis have been attributed
to annatto [42-48]. However, given the long-standing use
of this colorant and the paucity of reported reactions, this is
likely a rare hypersensitivity [7]. We do not know the actual
prevalence of this hypersensitivity. In a 1987 study of the
prevalence of food additive intolerances, Young et al. esti-
mated the general population prevalence of hypersensitivity
to annatto to be between 0.01 and 0.07 with a 95% confi-
dence interval. This was extrapolated from data on 81 chil-
dren in a study examining several additives [42].

The first report in the medical literature regarding annatto
provoked hypersensitivity was from a 1978 study in patients
with chronic urticaria, in which they were administered a
dose of annatto. Though this study was severely flawed
because it lacked double-blind placebo controls and took
place in patients who had their controlling medications
withdrawn, it did suggest that annatto could provoke reac-
tions [43]. A similar study in 1981 in the same population
type had identical flaws and similar conclusions [44]. Other
attempts at using annatto to provoke symptoms in two
open challenges and one double-blind placebo challenge
were also either inconclusive or were flawed similarly to
the earlier studies [45-47]. However, a 1991 case of a man
with anaphylactic shock (urticaria, angioedema, and hypo-
tension) developing within 20 minutes of consuming Fiber
One® cereal colored with annatto, was the first reported
case of anaphylaxis attributed to annatto. The authors were
able to demonstrate positive PSTs at 1:1000 dilution and
full strength annatto, in the setting of negative PSTs to corn,
wheat, and milk. Subsequent SDS-PAGE fractionation of
annatto yielded two bands between 50 and 60kD, of which
the 50kD band was recognized by the patient’s serum when
an immunoblot was performed [48]. There is one report of
annatto-induced bronchospasm attributed to a pharmaceu-
tical product containing annatto, but the author did not
attempt skin testing or other challenge to prove the sus-
pected association [49].

There is limited data supporting an IgE mechanism for
annatto hypersensitivity. This is based on the fact that there
has been only a single case report of positive PSTs and spe-
cific protein fractionation and positive immunoblot analysis
[48], and that the oral challenge data have not proven con-
clusive in the multiple trials, as discussed above [43-47].
Much like carmine, the significance of the recognized pro-
tein band on immunoblot is suggestive of a protein con-
tamination from the biogenic source as the likely allergenic
culprit, and not the actual pigment, but this is based on the
interpretation of a single study [39]. Neither carmine nor



annatto has been studied further to determine if the pig-
ment fraction is distinct from the protein recognized by IgE
of patients with clinical sensitivity. In our clinics, we do
test to annatto with PSTs in patients with a history suspi-
cious for possible annatto-induced hypersensitivity. In such
cases, we would recommend a stepwise workup analogous
to that described for suspected carmine hypersensitivity.
A commercial IgE RAST does exist (IBT Reference Laboratory,
Lenexa, KS; Mayo Medical Laboratories, Rochester, MN)
but its validity has not been determined due to the small
frequency of reported events.

Other natural colors causing allergy

Table 34.4 summarizes the major case reports for several
other colors to which clinical hypersensitivity reactions
have been attributed. However, only a handful of these
agents have had any conclusive test results.

Saffron is made from the dried stigmas and styles of the
flower of the Crocus sativa L. plant [7,50,51]. This dark-
yellow to dark-orange spice is among the most expensive of all
spices. Its color is comprised of several components, includ-
ing carthamine, saffron yellow A and B (saffron yellow),
saffloamine A, ethereal oils (safranal, pinen, cineol), glyco-
sides (picrocrocin), and pectins [50]. It is identified as E164
in Europe, by CI 75100, or as CI Natural Yellow 6. It is
most commonly used as both a spice and color in soups,
sauces, rice dishes, cakes, cheese, and chartreuse liqueur
[7]. An anaphylactic reaction developing 5 minutes after
eating a meal with saffron rice and mushroom was reported
in a 21-year-old farmer with known oral allergy syndrome
(OAS), who required emergent resuscitation after develop-
ing laryngeal edema, urticaria, oral itching, and gastrointes-
tinal (GI) cramping [51]. His PST was positive to saffron and
negative to the other components of the meal; furthermore,
an IgE RAST to both retail saffron and pure saffron revealed
specific IgE, and SDS-PAGE fractionation and immunoblot-
ting to this patient’s serum produced 40 and 90kDa bands.
However, he also tested positive by skin test and RAST to
celery and cooked celeriac, though the reaction was ulti-
mately attributed to saffron [51]. Additionally, another
investigator demonstrated occupational disease in three saf-
fron workers in a group of 50, one with asthma and two
with rhinoconjunctivitis by history (confirmed with saf-
fron provocation testing), who had positive PST and RAST
to specific saffron pollen [52]. Ten controls from a general
allergic population in this area (all were non-saffron work-
ers without history of symptoms attributed to exposure to
saffron) also displayed positive prick and RAST to saffron
pollen. SDS-PAGE immunoblotting to saffron pollen and
stamens revealed a 15.5kDa protein with similarity to pro-
filin in the combined 13 patients that had positive PSTs and
RAST scores. In cross-pollen studies, immunoblot inhibition
occurred with Lolium, Salsola (Russian Thistle), and Olea in
the 8 of the 13 patients that had a class 3 or greater RAST
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score. Thus it was thought that this cross-reactivity could
potentate an OAS, though it has not been reported [52].
Turmeric, an orange-yellow dye made from the ground
powder of rhizomes of Curcuma longa Linnaeus plant, is a non-
certified color additive and spice. Curcumin is responsible
for the imparted natural color [7,53,54]. It is also labeled
as E 100 in Europe, CI #75300, CAS(Chemical Abstract
Society)#458-37-7, INS 100(i), and CI Natural Yellow 3.
Turmeric has been used for centuries to enhance taste,
and has much promise as a potential therapeutic agent for
many diseases, mediated through curcuminoid induced
decrease in NF-kB expression [55]. It was studied, along
with annatto and several other additives, in a series of oral
challenges that were either inconclusive, or flawed in their
design [45-47]. Thus, no evidence exists that turmeric
causes a clinical allergy. However, there have been reports
attributing allergic contact dermatitis to Turmeric [56].
A recent review of the immunomodulatory properties of
curcumin goes beyond the scope of this chapter [313].
Carotenoids are another yellow-orange natural color used
in butter, cheese, cereal, and other items. These compounds
are derived from either biologic or synthetic sources carote-
noids and are Vitamin A precursors. The natural coloring
is from carotene, but the synthetic version is made from
acetone, and is all-trans in chemical structure. Beta-carotene is
an isomer of carotene. A related compound, canthaxanin, iso-
lated from the edible mushroom Cantharellus cinnabarinus,
is another carotenoid compound used in food and also avail-
able as a synthetic color [7,50]. Carotenoids are also labeled
as CI 40800 and CAS# 514-78-3. These coloring agents have
rarely been implicated in causing allergic reactions. Oral chal-
lenges to beta-carotene were part of the studies discussed in
the annatto and turmeric sections that were both flawed in
design and inconclusive in determining if any of the addi-
tives studied, including carotenoids, caused hypersensitiv-
ity [44-46]. However, there is a 1978 case report describing
atopic dermatitis, vomiting, colic, and restlessness in an infant
being fed a diet with vitamin A drops and foods rich in beta-
carotene. This author could not prove skin test reactivity to
beta-carotene, but did show clinical sensitivity to vitamin A
drops via a double-blind challenge. Thus, no mechanism for
the reactivity of beta-carotene was shown in this case [57].
Anthocyanins are plant-derived glycosides that, in combi-
nation, are responsible for a red, blue, or purple color in fruits
and vegetables [7,53]. Anthocyanoids are closely related to
flavanols, and are produced from the same flavanoid bio-
synthetic pathway [58]. Grape color extract and grape skin
extract are anthocyanin-containing colors that are used as
non-certified color additives, as both an aqueous solution and
water-soluble powder [53]. They are also labeled as INS 163
(ii). Grape color extract is made from Concord grapes, and is
very similar to grape juice. However, its ratio of anthocyanins,
tartrates, malates, sugars, and minerals differs. The water-
soluble color is derived from 3-mono- and 3, 5 di-glucosides



414

ulewals asayy

J1 uonoeal jo Ajiqissod
|ed132109Y]) sI d43y3 ‘suivyoud
Jajsuely pidi| pue saseuHyd0pusd
Jo 9ouasauid Jo asnedaq Inq
‘suoioeas buisned 1oenxs

upjs adetb 1o 1oe3xa 10j0d

a|dde jo 1eyy

0} Abojowoy aduanbas
%09 sey urjoid Jojsuesy
pidi suiradelb yeyy pajesy

synyy Ut suold
J9ysuely pidi| jo adue)
-1lodwi ay3 buiuiwexa

(odelb 03 paejas sased

Jay30 10§ [y/-8¢]
S9OUDJ3YDJ OS|e 33S)

adeub jo spodai jenyoe oN -suowiap Ing ‘paysal J0N Apnis syuanjed Q| [65] 6661 ‘b 12 3bIoN-Zaydues (adeub) suiuel>oyyuy
SA0Qe 9935 [ov'sv] ¥661 ‘€661 ‘Ip 32 Bues|abny
eledIN/ewapaoibue
J1U0IYD YyIm
$}|NSaJ dAISN|DUODUI syusned ui abuajjeyd
yum ubisap Apnis soog Apms uado uado ur paipmg [¥] 1861 ulyn(
I9ASMOY PAWLIJUOD SPIOU}0ILD aanisod sdoup v uiweya
JO 3]04 dAIESNED OU ‘Ageq 0} abuajjeyd puilq Anpgeyd
plo-yiuow-g jo uodas ased -3|gnop ‘aAnebau |5 21100 ‘sniewsp didoly [£s] 6/61 wnequsain splousjoled)
swoydwiAs
oidoje yum ualppiyd
Bunsay Joy pasn sem BuiajoAul saipnis pajejal
3JNJXIW JOJ0D e se ‘suoi}deal OM]} 33U} U] S}ueIOj0dD
PaAISSQO JO dsNeD 3nJ} 0} se Jednjeu Buipnjpul saARppe
pPapuUNOuU0d sem y1oq ui eyeq a|dinw o3 abuajjeyd
"SAISN|PUODUI SAIPNIS L10g p331s31 10N uado jo ped se paipnig [9v's¥] 661 ‘€661 /b 12 Buesjabn4
abuajjeyd puodas e syues0]0d 3dijnw 0}
ui 3|qPNpoldas Jou a1em (D4Ddgaq) abusjjeyd
synsal pue ‘ogade|d snsia poo} pa||013u0d-0q
suonoeal Jo aduedyubis aoe(d puljg-ajqnop jo
|ednsiels aA3IYde 0} pajiey Jed se ewsazos Yyum
11 se aAIsnpuodul Apnis p31s31 10N ualp|Iyd Ul pPaIpM§ [z¥] /861 ID 13 UIBA ulIN2IND “SuswWIng
spueq uiay04d
1oday ased e 06 PUe OF ‘LSVY ‘LSd sixefydeue [1s] 1661 [P 32 UILYINA
pueq uiyoud sniAnRdUNfuodoulyl
yodau ased e $°SL 109 ISV ‘1Sd ‘wsedsoyduoig [zs] £661 b 32 094 uoljjes
sjuawwod Apnyg 361 >ypadsg uoideay ERTEYEIEN] 1eap Joyiny buiiojo)

10BJIXD [B3UIYD0D/aUIWLIED SIPISD( SIO[0D PAYIHI-UOU I12Y10 03 ANAIsuasiadAy jo suodal ased umouy '€ dlqeL



415

uone|ndod >16J3jje-saddad [j2q ay3 ul
A)IAIDRAI-SSOID pue AYARISUDS
uljiyoid 1oy Ja3jseW [EDIUIP B SBula(

uonendod >i619)je

-pooJ 3Y) Ul UIIS 3q Ued pe
SI9%JOM [eIN}|NdIIIOY-UOoU Ul US3S

s1 udjjod eyuded jo uoniuboday
‘eyjiuded jo Buissadoud ui

pakoJsap jou sem uijoid pajejal
-€Zd @Y1 ‘anbojowoy uyjiyoid pue
anbojowoy | A 329 3y} MNuN "€z2d
pue ‘ssnbojowoy ufjyoid pue | A
199 urejuod s1addad |jaq yeyy smoys
‘uone|ndod uesuels)paN e ul 3yb
-noy) uey) judjesasd atow si ABIa|e
1onpoud adesb pue adeib jeyy paa
-eJjsuowdp ‘Ajjeuonippy 10949
uoniubodas usbiaje si aIdy}

J1 935 0} sauab y1H e 00| 0}

adesb yym Apnis 3si1y ay3 s SIy |

suabuajje adelb jo suonezi
-19)0eJRYD 1S11§ B} JO BUO SI SIY|

ursyoud eyt |
e 4O sisA|eue jojqounwiw]
Aqg 36] oydads jusned jo

uoubod31 pamoys pue wnnuup

wnoisdo) ul z e ded uiejosd
uyoad ay3 auopd 01 YNAd2 pasn

suone|ndod

juaned yyoq ui usjjod eyuded
0} 36| oy1dads paziubodal
jojqounwiwil pue | SYY-dvD
Ayjiqeded buipuiq 36| buouys
pey €zd siaddad |j2q jo surens
Auew uj £zd uiioad pajejal
-sissuaboyjed pue ‘anbojowoy
-uljiyoud ‘anbojowoy | A 399
Jo uoissaudxa ay} pamoys

aaisod | 1ya

-VTH swuaned | /6 LSV ‘1Sd
uabua|je Jouiw e sem usbis|e
I]-uirewneyy A1ayd ayj 0}
snobojowoy uizjoid py-z pue
urao4d Jajsueny pidi] yoead 03
Abojowoy pey upajoid Jojsuesy
pidi| 8y pamoys os|y ‘auim 0}
suonoeal Joy a|qisuodsal si v
1ey) Inq adelb 03 ABJ3|je 1oy
3|qisuodsal suijold A3y sy

se ‘g pue v saseuniyd

-0pua jey} pajessuowa

uabnue

1addad |jq jo buluop
VNQ? 10} umelp wnias
pey Jaddad |jaq 03 d1bI9|e
syuaned aAnisod wNJds ¢

sdnoib yjoq ui paisixa
uonezpisuas uajjod eyuded
11 99s 03 syuaned dibia)je
-pooy 931y} pue (swoydwAs
o1b13|[e-3diNw) siaxIoMm
asnoyuaalb dipewoydwAs
931y} WoJy eIds Jo Apnis

AbJa|je Jaddad |jaq yum
sjuanjed | | Jo euas jo Apnis

Jebaula ‘@inf adesb
‘suisiel ‘sanea| adelb ‘Duim
buipnjpur syonpoud adeib
0} paynquie syuaned | |
ui sixejAydeue buiajoaul
S31IS ASLD JUIIAI JSOIN|

(g) aum pue (| |) adesb 01
uonpeal Jo A10Isiy yim
syuaned | jo Apnis

‘D 33 JBPIOLIB||IM
a|qissod Ajipo13aio
-oy3 st siy3 by}
21D1ISUOWIAP SISDI
asayy Inq ‘pariodas
uaaq aADY 10j0d D
so pyudod jo asn
ay} 03 painglo
1o 12 usbiaq suoIDaI 1b13|Ip
UaU3I00] UeA JO S3sDD [DNID ON

(sased 19y10 40}
[1L8-6/] soouain)eua

‘Ip 32 wijote[-uasua( os|e 93s) eyjudeq

|0 12 sonjwosaboley

‘|D 12 0]|9101Sey



416 Chapter 34

of malvidin, delphinidin, cyanin, and their acylated deriva-
tives. Grape skin extract is made by steeping (aqueous
extraction) fresh, de-seeded marc that is residual after
pressing grapes into wine or juice. Again, its composition
is similar to that of grape juice, but in different proportions
[7,53,54]. Both grape skin extract and grape color extract
are very expensive to produce because the color is found
in trace quantities in most flowers, fruits, and vegetables
(780-5000ppm) and is difficult to extract. Anthocynanins
are also found in purple corn, black carrot, passion fruit,
and other exotic fruits as well. Most of the commercial color
comes from either grapes or red cabbage [54]. Internationally,
the color is known as E163 (Europe), cyaniding, delphinidin,
malvidin, pelargonidin, peonidin, and petunidin.

Grape color extract is used in non-beverage foods. Grape
skin extract is used in carbonated drinks, ades, beverage
bases, and alcohol; additionally, both forms can be found
in cherries used in ice cream and yogurt, fruit fillings, and
candy/confections [54]. To date, there have been no case
reports of allergy to grape skin extract or to grape color
extract. Though rare, there are, however, several reported
cases and a case series of grape and grape product (wine)
induced allergic reactions, ranging from anaphylaxis to OAS
to exercised-induced anaphylaxis [61,62,66—-81]. One group
found a trend of human leukocyte antigen (HLA) matching
to HLA-DRI11 in 9 of 11 patients, and additionally reported
extensive cross-reactivity with other fruits (apples, cher-
ries, peaches) [61,62]. It has been suggested by data in one
study that grape products might have a common allergen
in endochitinases 4A and B, which are lipid transfer pro-
teins [60]. It is unknown if this protein is present in grape
color extract or grape juice extract, but it could be a poten-
tial allergen in susceptible individuals if it is found in the
extracts [60,62].

Paprika is a dark red, sweet powder made from dried,
ground pods of the bell pepper Capsicum annuum. Paprika
oleoresin is colored principally from capsanthin and cap-
sorubin, amongst other compounds. They are labeled as
CAS # 68917-78-2 and INS 160c. Both paprika and paprika
oleoresin are used as a color and a spice in canned goods,
vegetable oils, processed meats, salad dressings, snack food
coatings, popcorn oil, cheese, and confections [3]. Neither is
allowed in cosmetics nor in drugs [82,83]. Capsicum annuum
contains a profilin, Cap a 2, and the pollen of this plant has
also been shown to sensitize horticultural workers and pro-
voke IgE-mediated reactions [63,64,65,84-86]. Specifically,
SDS-PAGE fractionation of paprika and sera immunoblot
analysis revealed binding to protein bands at 30 and 60kD
[64]. There are also certain bell pepper species that express
Bet v 1 and profiling homologues, and a pathogenesis-related
protein P23 that can be key for IgE binding [63,87]. Despite
the presence of profilin and Bet v 1 homologues, and evi-
dence that there is a potential role for Capsicum annuum in
latex—fruit syndrome [84], there have been no reported

reactions specifically attributed to paprika’s use as a color.
This is probably because the IgE binding capacity of the
homologue to Bet v 1 and profilin is destroyed in the process-
ing of the color/spice, though P23 has been shown to survive
this processing [87]. Its allergenicity as a spice will be discussed
later in the chapter.

Beet powder (CAS# 7659-95-2, INS 162, beetroot red,
betanine), carrot oil, and toasted partially defatted cooked
cottonseed flour have not been implicated in causing clinical
allergy when used as a coloring agent. Cottonseed has shown
homology to Jug r 1 and Jug r 2 in walnut (63) [88,89].
Cottonseed has caused anaphylaxis but its derived color has
not [90-92]. Beet powder (beet juice base color) is used in
fruit preparations, condiments, dairy, sauces, fillings, and can-
dies. Carrot oil has been used in sauces, salad dressings, meat
seasoning, pasta, margarine, and other foods. Additionally,
titanium dioxide (CAS# 13463-67-7, CI 77891, INS 171,
CI Pigment White 6) is also a non-certified dye for use in
foods, such as confections, icings, cheese, medications, and
cosmetics. It is restricted to 1% total of the product weight.
There are no reports of allergy to its use as a colorant [3].

Food flavorings

Food flavorings are a heterogeneous group of supplements
added in small quantities to foods to enhance flavor and
quality. Flavorings are not primary ingredients because they
are present in minute quantity compared to the main ingre-
dients. Flavorings may be synthetic (artificial), natural, or
derived from natural sources. The manufacturing process is
thought to reduce the protein content of naturally derived
flavors as protein is separated from the flavorful molecules,
and therefore would generally be expected to reduce aller-
genicity. However, many parent compounds from which
these natural flavors are derived may be allergenic [93].
Artificial flavors, products synthesized from aromatic alco-
hols or terpenes, are used either as solo agents or in combi-
nation to mimic natural occurring flavors [94]. The overall
incidence of allergy attributed to food flavors is low, and
these are rare events, but Type I and IV hypersensitivities
have been described [93].

Taste and flavor have a unique biochemistry and neuro-
proprioception. Flavor perception is a multi-factorial sensory
input that is integrated into an overall unique experience
[95,96]. 1t allows us to fully appreciate food while at the same
time serving as a warning system against toxins, spoilage,
smoke, or other unpalatable experiences [97]. This sensation
has been conserved through our evolution [98]. Taste serves
as an upstream trigger for digestive secretions [97]. Taste buds
are located in specific areas of the tongue, palate, pharynx, lar-
ynx, epiglottis, uvula, and proximal esophagus. These require
constant salivary secretions to maintain optimal taste percep-
tion [97]. Cranial nerves VII, IX, and X participate in receiving



and transmitting signals from taste receptors located within
the taste buds when stimulated by a food molecule [97]. This
process is transmitted from these receptors through selective
ion channels, structure-specific receptors, and G protein cou-
pled pathways. These signals are ultimately processed in the
brainstem nuclei of cranial nerves VII, IX, and X, and the rela-
tive rates of signaling along these nerves is interpreted in the
brain as a particular flavor [98,99].

Flavor components are generally considered to be low-
molecular weight proteins, and thus too small to be considered
allergens. Often these are considered volatile components
[93]. Many natural flavors we encounter are the end prod-
uct of chemical reactions that modify the original parent
structure to arrive at the molecule that delivers flavor. This
may involve heating, fermentation, distillation, concentra-
tion, or microencapsulation. The final product becomes a dis-
tinct form, such as an essence, powder, crystal, or emulsion.
Artificial flavors are often similar in structure but unrelated to
the natural component, yet they impart the same taste when
we consume these flavors [93]. If a parent compound is aller-
genic, there is a distinct possibility that the derivative will
be allergenic also. Though processing quite often separates
the volatile flavoring from the protein, there can still be some
contamination of protein allergens. Despite small molecule
sizes, these particles may become allergenic as haptens. This is
typical in Type IV reactions, seen when food has contact with
mucosa for a prolonged period of time. It can also be a route
of sensitization for Type I reactions as well. Many reactions
attributed to flavors are seen in patients with a continual,
high concentration occupational exposure [93].

Regulations and definitions

Flavorings are food additives and are regulated by the FDA
in the United States, under the Food, Drug, and Cosmetic
Act, CFR, Title 21, Part 101, § 101.22 [34]. All ingredients
in commercially sold food must be labeled on the package,
in descending order of quantity contained in the product.
Unlike colors, flavors can be group labeled under the term
“artificial and natural flavors” and do not have to be indi-
vidually declared [34]. This contrast to the regulations for
color was initially intended as a protection for corporations
in the marketplace to maintain trade secrets (e.g. the for-
mula to Coca-Cola®) [93]. There are several exceptions to
this requirement for ingredients widely thought or known
to cause reactions, such as sulfites [100]. However, many
allergens still are undeclared [93]. This is problematic to the
unsuspecting patient.

Flavorings derived from known allergens have produced
reactions as “hidden” allergens. “Hidden” allergens are not so
much hidden on the label as they are disguised by their true
chemical names. One such example is milk, which is often
labeled as casein, a milk protein, or when broken down fur-
ther called hydrolyzed sodium caseinate, a natural flavor

Food Colorings and Flavors 417

derived from milk but conserving its antigenicity [101].
Protein derivatives, prior to 2006, were allowed to be labeled
cryptically as their chemical breakdown product, or if they
were natural flavors, did not have to be specifically labeled at
all. The Food Allergen Labeling and Consumer Protection Act
of 2004 (FALCPA) now mandates that as of January 1, 2006,
all products containing the “big 8” protein allergens (milk,
egg, fish, crustacean shellfish, tree nuts, peanuts, wheat, soy)
must explicitly declare these items in the ingredient list in
plain English (e.g. contains milk or soy) [102]. This measure
is intended to allow patients to clearly identify potential aller-
gens on the labels. These allergens were chosen because they
cause approximately 90% of food allergies. However, in cases
of factory-level contamination, such as ambient dust or use
of the same conveyor belt line for different products, there
is no requirement to label products with a “may contain ...”
statement. Many products do have such a designation, but it
is purely voluntary at this point [103].

The current definition of a spice, under the US CFR is “any
aromatic substance in the whole, broken, or ground form,
except for those substances which have been traditionally
regarded as foods ... whose significant function in food is
seasoning rather than nutritional, that is true to name, and
from which no portion of any volatile oil or other flavoring
principle has been removed” [34]. Spices are a special cat-
egory of flavor, as they are derived exclusively from plants.
Thus, they potentially harbor antigenicity. They are often
used as both ingredients and additives. Spices that are also
natural colors can be labeled as “spice and coloring” (e.g.
paprika, turmeric, saffron). Spices can otherwise be labeled
as spice, or as the actual spice if so desired. “Substances
obtained by cutting, grinding, drying, pulping, or similar
processing of tissue derived from fruit, vegetable, meat, fish,
or poultry ... are commonly understood ... to be food rather
than flavor and should be declared by their common name,
meaning garlic powder must be labeled as such” [34].

Of the estimated 2% prevalence of food allergy interna-
tionally, spices represent 2% of this total [87]. Spices have
been reported to cause anaphylaxis, asthma, and contact
dermatitis [56,87]. Moreover, further confounding preva-
lence data on spice allergy is the fact that use of certain
spices is dictated by cultural and regional dietary preference
[87,104]. Prevalence of allergy to spice might also be influ-
enced by occupational exposure, leading to increased sen-
sitization, as has been noted with saffron and bell pepper
workers [52,105,106]. As spices are flavors, they are present
in minute quantities compared to the other ingredients, but
have been known to cause allergy even at the low doses at
which they are typically used. There is some question as
to whether there is a threshold effect below which allergy
cannot occur because the relative concentrations of spices
in food are low [87]. However, the European Food Safety
Authority (EFSA) issued a statement in 2004 that stated it
failed to find sufficient evidence to establish such an intake
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420 Chapter 34

threshold for spices that are on the food allergen list [299].
Because spices are also used to flavor other commercial prod-
ucts besides edible foods, there have been cases of reactions
attributed to spices contained in cosmetics, toothpaste, fra-
grances, and massage oils [107,137,241,295,296,300-305].

Hot spices have some unique properties that make them
more susceptible to potentially causing allergy. Piperine,
in black pepper, can produce local swelling as a means to
inhibit paracellular transport. Capsicum may increase its
own paracellular transport across epithelium. Saponin,
commonly found in plants, might have a detergent-like
effect on gastric epithelium. In general, hotter spices can be
sensitizing adjuvants by promoting transport of 70kDa or
smaller molecules, a size previously determined to be rel-
evant for IgE binding and sensitization in spice allergy [87].

Because spices have plant origins, they often contain
their parent plant allergens that might survive process-
ing, most commonly the birch pollen allergen Bet v 1 and
profilin [116]. In hot spices, the grinding process destroys
Bet v 1 (and homologues) and some profilins, but in
roasted poppy seed they remain intact [108,157,248,307].
Apiaceae and Solanaceae family proteins tend to remain sta-
ble through various processing procedures, including roast-
ing, grinding, and even cooking, increasing their allergenic
potential in foods that are flavored with these spices [87].
Freezing was shown in certain lyophilized foods to increase
the strength of PSTs [86]. Extensive cross-reactivity exists in
oral pollen syndrome (OAS), most notoriously as described
with celery—-mugwort-birch—carrot, the so-called condiment
syndrome [87,116,306]. The OAS is discussed in full detail
elsewhere in this text. Spice allergy in this context would
be secondary to a primary pollen allergy sensitization [87].
The cross-reactivity is stronger and more prevalent the
more related the spice is to the primary pollen. Molecules
such as Bet v 1 (and homologues) and profilins are gener-
ally responsible for the cross-reactivity, and therefore it can
be inferred that the expression of these proteins in spices is
testament to their functional importance in the plant from
which the spice is derived. With sesame specifically, there is
a seed storage 2S protein, identified in edible seeds and nuts
including peanut that has been identified as binding IgE in
both mustard and sesame [87].

In testing for spice allergy, clinical history is of utmost
importance, as spices are minor food ingredients, and thus
they might represent an unidentified cause of an aller-
gic reaction (Table 34.5). Based on older data, skin testing,
including prick-to-prick method in the absence of commer-
cial extract, has shown more accuracy than RAST for spe-
cific IgE, though a combination approach is most commonly
recommended [126,127,308]. Naturally, some ingredients
in spice, when applied to the skin could be irritants. With
both onion and garlic, bronchial provocation tests have
been performed in the setting of spice workers [309]. One
author described a leukocyte histamine release assay used
with several different spices [310].

Summary

Food flavorings and colorings are a heterogeneous group of
compounds that are often derived from potential allergens.
Despite processing, allergenic epitopes or haptens that are
recognized by specific IgE or cause Type IV reactions have
been reported in the medical literature. Though the over-
all prevalence of reactions attributable to food colorings and
flavorings is unknown, it is thought to be low. Current labe-
ling regulations continue to make identification of poten-
tial allergens a frustrating process in susceptible individuals.
Recent legislation has clarified the language used to label
common allergens, and the FDA has created a proposal that
is currently under consideration to require declaration of
carmine/cochineal extract on product labels.
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