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Synopsis

Colorants for cosmetics appear to be more strictly regulated than any other cosmetic ingredients. Most
countries have adopted a positive regulatory system for colorants used in cosmetics. Although there have
been many reports on colorants that are used in food products from regulatory perspectives, reports on
colorants used in cosmetic products have been limited. The objective of this report is to provide different
countries’ regulatory requirements and to encourage the cosmetic industry to export products in compli-
ance with global regulations through a comparative analysis of cosmetic colorant regulatory systems in
major countries. We first provide an overview of cosmetic colorant regulatory frameworks of the European
Union, the United States, China, and Korea. Then the cosmetic colorants were divided into three sectors:
synthetic, inorganic, and natural. Each chapter describes the colorants’ general characteristics and explains
the regulatory differences. Additionally, synthetic colorant labeling with a different nomenclature system
is discussed.

INTRODUCTION

Colorants have been used since prehistoric times in cosmetics, foods, and fabrics (1).
Colors influence people’s moods and feeling as well as the appearance of the products to
others. It has been reported that when people have their first interaction with a person or
a product, 62-90% of their assessments are based on colors alone (2). When consumers
select cosmetic products, color is a decisive factor in their purchases (3).

Recently, the cosmetic industry in Korea has developed at a very fast speed, and increased
its global exports. Thanks to the growing popularity of K-beauty around the world,
Korea has become the world’s fourth largest cosmetic exporter after France, the United
States, and Germany (4). When exporting products to various countries, understanding
the differences in cosmetic regulatory systems between countries is crucial. Specially,
cosmetic colorants follow a positive system in most countries. Because all countries have
different approaches to these regulations, they are perceived as the biggest barrier to
exports to the international market. Therefore, we have compared Korea’s cosmetic regu-
lations with those of other world leaders.
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There have been many reports (5—10) on colorants used in food products from regulatory
perspectives, but reports (11,12) on colorants used in cosmetic products have been some-
what limited. In addition, the general properties of cosmetic colorants have not been dis-
cussed before. To use cosmetic colorants properly, it is essential to completely understand
their regulation, which are based on the colorants’ chemical properties. The objective of
this report is to provide the general properties of cosmetic colorants and describe different
countries’ regulatory requirements. Ultimately, it is hoped that this report will serve as
a useful reference document for those exporting cosmetics. The research described in this
report was conducted using the following steps. First, we targeted the European Union
(EU), United States, which have the world’s leading markets and regulatory initiatives on
cosmetics, and China, as it is the one of the fastest growing markets in the world. Japan
was excluded because its regulatory system is similar to Korea’s system. Second, the col-
orants were categorized as synthetic, inorganic, and natural according to their chemical
characteristics. Then, we determined the colorants’ general features and compared the
key features of regulatory systems between countries. Third, the cosmetic labeling regu-
lations for synthetic colorants in each country were studied.

OVERVIEW OF COSMETIC COLORANT REGULATORY FRAMEWORKS

In the EU, cosmetic products must comply with the requirements of European Regula-
tion (EC) No 1223/2009, which replaced Council Directive 76/768/EEC (13). It defines
colorants as substances that are exclusively or mainly intended to color the cosmetic
product, the body as a whole, or certain parts thereof, by absorption or reflection of visible
light (13). It does not include colorants colored through photoluminescence, interference,
or chemical reactions. Substances intended to be used as a colorant should be listed in
Annex IV of European Regulation (EC) No 1223/2009. Annex IV includes substance
identification, product type and body parts to which it is applied, and maximum con-
centrations. Colorants assigned with an E number have been proven safe for use in food
by the member states. Each E number has a separate specification for purity criteria that
are defined in Commission Regulation (EU) No 231/2012, and cosmetic colorants follow
the same specifications. Colorants labeling is determined according to the nomenclature
listed in Annex IV of the European Regulation.

In the United States, cosmetic products are regulated by the US Food and Drug Admin-
istration (FDA) under the Federal Food, Drugs, and Cosmetic (FD&C) Act and its imple-
menting regulations (14). The FD&C Act defines a colorant as any dye, pigment, or other
substance that can impart color to a food, drug, or cosmetic or to the human body (14).
Colorants approved for use are named in the US Code of Federal Regulation (CFR) Title
21, Parts 70-82. Colorants derived from petroleum and synthetically produced organic
colorants are subject to certification. If a manufacturer sends a sample, FDA personnel
evaluate the purity, impurities, heavy metals, and so on, and assign a certified lot num-
ber. Colorants obtained from minerals, plants, or animal sources are not subject to batch
certification requirements. However, they must comply with the identity, specifications,
uses, and restrictions in Regulation 21 CFR 73. If the colorant subject to batch certifi-
cation requirements is not certified, the cosmetics including that colorant are considered
adulterated. Colorant labeling is determined according to the nomenclature listed in 21
CFR Parts 73, 74, and 82, and it is acceptable to use a colorant name with a Color Index
(CI) number in parentheses.
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In China, the cosmetic regulatory system is founded on Regulations Concerning the
Hygiene Supervision Over Cosmetics (1989) supervised by the National Medicinal Prod-
ucts Administration, previously called the China Food and Drug Administration. Cos-
metic ingredients should be listed in the Inventory of Existing Cosmetic Ingredients
in China (15) and comply with the Safety and Technical Standard for Cosmetics-2015
regulation (16). Ingredients not listed in the Inventory of Existing Cosmetic Ingredi-
ents in China are required to undergo a registration procedure. The Safety and Technical
Standards for Cosmetics regulation includes the lists of banned, allowed, and restricted
ingredients. It defines a coloring agent as an ingredient added to cosmetics to create
certain colors by absorbing and reflecting light (16). The list of colorants approved for
use in cosmetic products can be found in Table 6 of the regulation along with the field of
application, limitations, and requirements. The Chinese regulatory framework is similar
to that of the EU. For this paper, we compared cosmetic color regulations in China to
those of the other entities but did not analyze them in depth.

In Korea, cosmetic products are regulated by the Ministry of Food and Drug Safety under
the Cosmetics Act and its amendments (17). A colorant is defined as an ingredient for
which the main purpose is to make the color appear in cosmetic products or on skin (17).
The Ministry of Food and Drug Safety’s Colorant Specifications and Test methods notice
laid out the types of colorants permitted in cosmetic products, their specifications, and
the test methods. The types, usage areas, and usage of permitted colorants are specified in
Annex 1. The particular specification and test method for each colorant are described in
Annex 2. Although the acceptable criteria may be equivalent to those of other countries,
it is mandatory to verify that manufacturer is using the same method detailed in Annex 2
of the regulation. Korean cosmetic regulations are similar to the Japanese cosmetic regu-
lations, which have considerable differences from those of the EU and the United States.

In the next section, cosmetic colorants as mentioned before were grouped into three
categories (synthetic, inorganic, and natural), and comparative studies are conducted.
Although the regulations of each country are constantly changing, the current number of
colorants permitted in cosmetics in each country is shown in Table I, as are provided the
permitted number of colorants in the three categories. The numbers were tabulated based
on the numbers in Appendix 1. Colorants used as hair dyes or cosmetic soaps are not dis-
cussed in this report. Throughout the paper, colorants will be referred to by the common
names. The nomenclature for colorants from each country can be found in Appendix 1.

Table I
Comparison of the Number of Permitted Colorants in Cosmetics
Total Synthetic Colorants Inorganic Colorants Natural Colorants
EU* 153 110 29 14
United States” 65 37 20 8
China“ 157 110 31 16
Korea? 102 59 30 13

‘FDA 21 CFR Parts 73 and 74.

®Annex IV, Regulation (EC) No 1223/2009.

“Table 6, Chap.3, Safety and Technical Standards for Cosmetics 2015.’
4Annex 1, MFDS Notification ‘Colorants specification and test methods.’
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COMPARISONS OF COSMETIC COLORANT REGULATIONS
SYNTHETIC COLORANTS

Synthetic colorants provide superior technical properties in tinctorial strength, hue, and
stability compared to natural colorants (18). The use of synthetic colorants in cosmetic
products has dominated the market globally because of the limitations of current tech-
nologies regarding natural colorants. Synthetic colorants present uniform quality and
stability. Synthetic colorants do not appear in nature, are produced only by a chemi-
cal synthesis, and can be categorized based on their solubility and chemical structure.
Depending on the solubility in the medium in which it is dispersed, one is soluble as a
dye and the other is insoluble as a pigment (19). Additionally, synthetic colorants can
be classified according to their common chemical structural features (Table II) (20-22).

Table IT
Classification of Synthetic Colorants (US permitted colorants) by Structure

Classification Chromophore Examples {Common Name (CI No, US Name)}

Permaton Red (CI 12085, D&C Red No. 36), Ponceau SX (CI

14700, FD&C Red No. 4),0range II (CI 15510, D&C Orange

No. 4), Brilliant Lake Red R (CI 15800, D&C Red No. 31),
Al Lithol Rubine B (CI 15850, D&C Red No. 6), Lithol Rubine

Azo dye N=—=N

Triarylcarbonium O = ‘
®

Xanthene dye O oM

o

.
.
o]
'ne g
o]
o]
o]

dye

Anthraquinone
dye

Quinophthalone
dye (Quonoline)

Ar—NO,

Thioindigo dye
(Indigos)

Nitro dye

BCA (CI 15850, D&C Red No. 7), Deep Maroon (CI 15880,
D&C Red No. 34), Sunset Yellow FCF (CI 15985, FD&C Yellow
No. 6), Allura Red AC (CI 16035, FD&C Red No. 40), Fast
Acid Magenta (CI 17200, D&C Red No. 33), Tartrazine (CI
19140, FD&C Yellow No. 5), Resorcin Brown (CI 20170, D&C
Brown No. 1), Sudan III (CI 26100, D&C Red No. 17)

Fast Green FCF (CI 42053, FD&C Green No. 3), Brilliant Blue
FCF (CI 42090, FD&C Blue No. 1), Alphazurine FG (CI 42090,
D&C Blue No. 4)

Uranine (CI 45350, D&C Yellow No. 8), Fluorescein (CI 45350,
D&C Yellow No. 7), Dibromofluorescein (CI 45370, D&C Orange
No. 5), Eosine YS (CI 45380, D&C Red No. 22), Tetrabromoflu-
orescein (CI 45380, D&C Red No. 21), Tetrachlorotetrabromo-
fluorescein (CI 45410, D&C Red No. 27), Phloxine B (CI 45410,
D&C Red No. 28), Diiodofluorescein (CI 45425, D&C Orange No.
10), Erythrosine Yellowish NA (CI 45425, D&C Orange No. 11)
Pyranine Conc (CI 59040, D&C Green No. 8), Alizurine Purple
SS (CI 60725, D&C Violet No. 2), Alizurol Purple (CI 60730,
Ext. D&C Violet No. 2), Quinizarine Green SS (CI 61565, D&C
Green No. 6), Alizarine Cyanine Green F (CI 61570, D&C Green
No. 5)

Quinoline Yellow SS (CI 47000, D&C Yellow No. 11), Quinoline
Yellow WS (CI 47005, D&C Yellow No. 10)

Helindone Pink CN (CI 73360, D&C Red No. 30)

Naphthol Yellow S (CI 10316, Ext. D&C Yellow No. 7)

Ar stands for Aryl group
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Synthetic colorants have established specifications for impurities that can be generated
through an analysis of synthetic processes and degradation products that may occur
during further processing. Each country has set purity requirements for colorants to pro-
tect its consumers against unsafe products, adulteration, and fraud. During the synthesis
of synthetic colorants, organic and inorganic impurities are determined by the degree of
purity of the starting materials, reactants, and solvent. Therefore, it is important to use
pure substances during the synthesis to reduce side reactions. Residual starting materials,
intermediate products, by-products, and decomposed products are considered organic
impurities. Metals included in the substances or used as a catalyst during the synthe-
sis are considered inorganic impurities. Specially, impurities known to damage human
health must meet the acceptance criteria or they are banned. Because certain levels of
impurities may remain in a product, the manufacturing process should be fully under-
stood to recognize the diverse sources of impurities.

Authorities in each country have established the quality requirements in the specifica-
tions for synthetic colorants to ensure consumers’ safety. Specially, the EU and the United
States have exemplary criteria for purity tests. The specifications can be broadly catego-
rized as either identification tests or purity tests. Identification tests are experiments to
prove the presence of the desired compound. Usually, organic structures are determined
quickly by spectrophotometric tests that compare the absorption value of infrared (IR)
and/or ultraviolet (UV) radiation with that of reference standards. In contrast, purity tests
are experiments to determine the purity of the desired compound. To satisfy the purity
tests, impurities must be carefully controlled during the synthesis of synthetic colorants.

In the next section, synthetic colorants are classified in terms of their chemical structure,
and we discuss a representative group of useful dyes. First, azo dyes represent the largest
share of the dye industry today. The advantage of this dye is that it is synthesized in only
two steps, and various shades of colors can be expressed by simply changing the substit-
uents. Second, xanthene dyes are important for their brilliant shades between greenish
yellow and purple (23). They are also known to be the most abundant, widely distributed
class of fluorescent molecules (24). Third, quinophthalone dyes were chosen because the
EU and the United States have different definitions of the colorant. The distinct differ-
ence between each country’s specifications also are described.

Azo Dyes.

Azo dyes, which are characterized by the presence of an azo bond (-N = N-), are the most
important colorant and comprise over 50% of world dyestuff production (21). “Azo”
group refers to two nitrogen atoms joined by a double bond. Azo dyes can have one or
more azo groups in the compound. Azo dyes are simply synthesized in the sequential
reaction of diazotization and azo coupling. The diazotization of an aromatic amine starts
when it is treated with nitrous acid made from sodium nitrite (NaNO,) and hydrogen
chloride (HCI) at 0-5°C. Diazonium salt (a compound containing the N_* group) reacts
with other nucleophiles such as phenols or amines to yield azo colorants. The greatest
advantage of this scheme is that it can produce a wide range of shades by only coupling
readily available aromatic amines with phenols or naphthols. Another advantage of this
process is that the reaction is carried out in water, which offers economic and environ-
mentally friendly benefits. When an azo dye contains a group such as carboxylic acid
(-CO,)or sulfonic acid (—SOS’) in a molecule, it improves the dye’s solubility. It has been
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Schaeffer's salt, 2

S0 Na’
MeO SOzH HO

SOsH HCl, NaNo2 /@/
]@ * Ny H,O or ROH
Cresidine-p-sulfonic acid, 1 \“\
S05”

Allura Red AC

Figure 1. Synthesis of Allura red AC.

reported that azo dyes may be degraded by the cleavage of the azo bond to form aromatic
amines (e.g., aniline, o-toluidine, and benzidine) in the presence of reducing species at
higher temperatures (25).

Here, we discuss in more detail the different types of specifications applied in each country.
Allura Red AC (AR; CI 16035, FD&C Red No. 40) is a red dye that is authorized for use
in cosmetics in the four entities. It is prepared by coupling diazotized cresidine-p-sulfonic
acid 1 with Schaeffer’s salt 2 as shown (Figure 1) (20).

Usually, the requirements for synthetic colorants’ purity are much greater than those of
natural colorants. A comparison of the four entities specifications is shown in Table III.
Concerning purity, AR must contain more than 85% of the total coloring matter. Specified
impurities include subsidiary coloring matters and organic compounds other than coloring matters.
Subsidiary coloring matters are compounds produced during the manufacturing process
in addition to principal coloring matters (26). Organic compounds other than coloring
matters are uncolored impurities such as uncombined intermediate starting materials
(26). Subsidiary coloring matters are restricted in the EU by their total concentration and
are restricted in three specified sections in the United States’ regulatory framework (27).
The higher/lower degree of sulfonation products (#77- and monosulfonated components
of AR) are included in the subsidiary coloring matters. Generally, impurities from the
residual starting material in the raw material are restricted except in Korea. During
the synthesis of AR dye, the starting material, cresidine-p-sulfonic acid (4-amino-5-
methoxy-o-toluenesulfonic acid) and the coupling reagent of 6-hydroxy-2-naphthalene
sulfonic acid, sodium salt (Schaeffer’s salt) are regulated to 0.2% and 0.3%, respectively.
Schaeffer’s salt may react with another Schaeffer’s salt to produce another by-product—
6,6-oxybis(2-naphthalene-sulfonic acid)—which has a maximum content limitation of
1.0%. Moreover, the EU and China require the primary aromatic amine content to be
less than 0.01%.

Xanthene Dye.

German von Bayer first synthesized xanthene dye in 1871 by condensing resorcinol and
phthalic anhydride (28). Fluorescein (CI 45350, D&C Yellow No. 7) is one of the typical
xanthene dyes. Xanthene 3 is a tricyclic compound of two benzene rings connected by
a central pyran (oxygen-containing) ring. Fluorescein consists of a hydroxyl substituted
xanthene ring connected to a benzene ring. The main characteristic of fluorescein is
that it displays significant fluorescence. The fluorescence is widely seen in colorants in
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Table III
Purity Specification Comparison of Allura Red AC

Purity Specification EU United States China Korea
Name CI 16035  FD&C Red No. 40 CI 16035 Red 40
Loss on drying — <14.0% (135°C) — <10.0%(135° C)
Chlorides and sulfates — — <5.0%
Water insoluble matter <0.2% <0.2% — <0.2%
Subsidiary coloring matters <3.0%

Higher sulfonated subsidiary colors — <1.0% — —

Lower sulfonated subsidiary colors — <1.0% — —

Disodium salt of 6-hydroxy-5-
[(2-methoxy-5-methyl-4-sulfophenyl)
azo} -8-(2-methoxy-5-methyl-4- — <1.0% — —
sulfophenoxy)-2-naphthalenesulfonic
acid

Organic compounds other

than coloring matters
6,6-oxybis (2-naphthalene

07 JR—
sulfonic acid) disodium salt <1.0% <1.0% <1.0%
6—hyd1"oxy—.2—napt'1thalene <03% <03% <03% .
sulfonic acid, sodium salt
4-amino-5-methoxy-2-
methyl.benezene sulfonic acid <0.2% <0.2% <0.2% o
(4-Amino-5-methoxy-o-
toluenesulfonic acid)

Unsulf(l)natefl primary <0.01% . <0.01% o

aromatic amines

Ether extractable matter <0.2%

Heavy metals <20 ppm
Arsenic <3 mg/kg <3 ppm — <2 ppm
Lead <2 mg/kg <10 ppm — —
Mercury <1 mg/kg — — —
Cadmium <1 mg/kg — — —

Pure dye content >85% >85.0% — (85.0-101.0)%

Abbreviation: '—' : does not have a criteria

EU: European Union.
“—": does not have a criteria.

cosmetics, ink for highlighters, and fluorescent probes for biological research. To increase
the maximum absorption of fluorescein dye, xanthene dyes have been halogenated to
shift their spectral properties (29). Xanthene dyes have poor photostability, which means
they may be fade from exposure to sunlight. For instance, the Dutch artist van Gogh
enjoyed using bright xanthene dyes in his paintings, but they have faded after years of
exposure to light (30). Furthermore, xanthene dyes are very sensitive to changes in their
chemical environment, such as in their pH and in the solvent. Depending upon the
pH of the solution, fluorescein appears in different forms: cation, neutral, monoanion,
dianion (Figure 2) (31,32). Anions, a strongly fluorescent species, are formed by the
deprotonation of mainly carboxylic acid (pKa 4.31) or/and phenol (pKa 6.43) protons in
sequence (31). Neutral species of fluorescein are in equilibrium with the open quinoid
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- preferential positions of halogen group

HO HO (0] OH
» L)
+
Has Ha H. O CO.H
dianion monoanion neutral cation
carboxylate open quinoid form (red)

W L HO o OH

HO (0] OH
L g
0)

O COy
Xanthene, 3 O O
neutral neutral
closed /actone form (colorless) zwitterion form (yellow)

Figure 2. Structures of fluorescein by the pH of the medium.
Adapted from Sjoback et al. (31)

form (major), closed lactone form, and zwitterion form. Importantly, each compound
exhibits a different color red, colorless, and yellow, respectively. The lactone form pre-
vails in an organic aprotic solvent, and the quinoid form prevails in a protic solvent such
as water or alcohol (31). The equilibrium of the tautomers is affected by the solvent’s
polarity.

By the amount and source of halogen substituents, there are various xanthene
dyes. Halogenation occurs in positions 4° and 5’ followed by positions 2" and 7’.
Dibromofluorescein (CI 45370, D&C Orange No. 5) has two bromine substituents,
tetrabromofluorescein/eosine YS (CI 45380, D&C Red No. 21/22) has four bromine
substituents, and tetrachlorotetrabromofluorescein/phloxine B (CI 45410, D&C Red
No. 27/28) has four bromine and four chlorine substituents.

We will focus on discussing more details regarding tetrabromfluorescein (TBF; CI 45380,
D&C Red No. 21) which has a yellowish-red color with green fluorescence (32). TBF is
prepared by condensing phthalic acid or its anhydride 4 with two moles of resorcinol 5 in
the presence of zinc chloride or concentrated sulfuric acid (Figure 3) (33). The resulting
fluorescein 6 is then brominated in ethanol.

As a derivative of fluorescein, TBF exists in the following four possible structural
forms in a medium depending on the pH of the solution: cation, neutral, monoanion,
and dianion (Figure 4). Unlike the fluorescein, a phenol proton (pKa 2.85) that has

HO

o © © HO o
H,O OH ZnCl, > Br, ‘
o * o > Br = Br
CO,H
conc. H,50, O

Phthalic anhydride, 4 Resorcinol, 5 Fluorescein, 6 Tetrabromfluorescein

Figure 3. Synthesis of tetrabromfluorescein.
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Br Br
o) O O
L,
I CO,

dianion monoanion neutral cation
Phenolate open quinoid form (yellowish-red)

.

neutral
closed /actone form (colorless)

Figure 4. Structures of tetrabromfluorescein by the pH of the medium.
Adapted from Cooksey et al. (30)

electron-withdrawing groups (halogen) nearby is more acidic than the carboxylic acid
(pKa 4.95) (32). As the acidity of the molecules increases because of halogen substitution,
the zwitterionic form seems highly implausible (30).

TBF exists in two tautomeric forms in a neutral solution: an open quinoid form,
which has a yellowish-red color and fluorescence, and a closed lactone form, which is
colorless with no fluorescence (30). A comparison of the four entities” specifications is
shown in Table IV. TBF may contain lower halogenated subsidiary coloring matters as
an impurity. In the specifications, the EU and China control the limits of fluorescein and
monobrominated fluorescein to 1% and 2%, respectively. The United States has more
intense standard limits: fluorescein, sum of mono- and difluorescein, and #risbromofluo-
rescein are restricted to 0.2%, 2%, and 11%, respectively. However, the four entities’
legislation does not specify the exact position of the halogens on the substituted mole-
cule. In the United States, the criteria for residual starting materials must be satisfied
as well.

Quinophthalone Dye. Quinophthalone dye is made from quinaldine and phthalic anhydride
and was first synthesized by Jacobsen in 1882 (34). It has a yellow to red shade and shows
good lightfastness (35). It is typically synthesized by the condensation of quinolone with
phthalic anhydride or phthalic acid in the presence of zinc chloride (22). Condensation
products are sulfonated to produce a water-soluble dye. Quinoline Yellow SS (CI 47000,
D&C Yellow No. 11) and Quinoline Yellow WS (QY; CI 47005, D&C Yellow No. 10)
fall into the category of nonsulfonated and sulfonated products. When being sulfonated,
oil-soluble Quinoline Yellow SS converts to water-soluble QY. Quinophthalone dye may
exist as three tautomers: enaminone, keto-enol, and zwitterion forms (a compound con-
taining both positive and negative charges; Figure 5). The enaminone form has been
shown to be the most stable (36). Despite the quinophthalone structure’s having been
clarified, the conventional chemical structure [2-(2-quinolyl) indan-1,3-dione} is still
widely used (Figure 5) (37). As for the sulfonation, it favors substitution in positions 6’-
and 8- positions in the quinoline ring and 4- and 5- positions in the indandione ring
(37). Because current regulations simply name #0n0- and disulfonates of quinophthalones,
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Table IV
Purity Specification Comparison of Tetrabromfluorescein
Purity Specification EU United States China Korea
D&C

Name CI 45380 Red No. 21 CI 45380 Red 223
Solubility — — — Clear in EcOH
Insoluble matter — — — <1.0%
Soluble matter — — — <0.5%
Chlorides and sulfates — — — <3.0%
Loss on drying — — — <7.0%
Organic compounds other than coloring
matter

2-(?,5-d}bfomo-Z,4-d1hydroxybenzoyl) . <0.5% . .
benzoic acid

Phthalic acid — <1% — —

Brominated resorcinol — <0.4% — —
Heavy metals <20 ppm

Arsenic — <3 ppm — <2 ppm

Lead — <20 ppm — —

Mercury — <1 ppm — <1 ppm

Zinc — — — <200 ppm
Total color — > 90% — —

. . ’ ’ ’ ’

Disodium salt of 2 ,'4 5,7 o >87% o (90.0-101.0)%

tetrabromofluorescein
Subsidiary coloring matters

Fluorescein

2-(6-hydroxy-3-oxo-3H-xanthen-9-y1) <1% <0.2% <1% —

benzoic acid

Monobromofluorescein

(2-(bromo-6-hydroxy-3-oxo-3H-xanthen- <2% . <2% —

9-yl) benzoic acid) <2%

Dibromofluoresceins — — —

Tribromofluoresceins — <11% — —

’ ’ ’ ’ .
2',4°,5",7"-Tetrabromoflurorescein, o <1% o o

ethyl ester

Abbreviation : ‘— : does not have a criteria

2-(2-quinolyl) indan-1,3-dione !
(Quinophthalone from E104)
wrong structure '

Enaminone form
most stable

- - preferential postions of sulfone group

Ketoenol form

Figure 5. Structures of Quinophthalone.
Adapted from Han et al. (36) and Weisz et al. (37).
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(0]
X o i) H,SO,
+ 4’
N7 i) NaOH
Quinaldine, 7 Phthalic anhydride, 4 2-(2-Quinolyl)-1,3-indandione, 8 Quinoline Yellow WS

Figure 6. Synthesis of Quinoline Yellow WS.

they need clarification of the specific substitution sites for mono- and disulfonates (e.g.,
6’4-disulfonate, 8’,5-disulfonate).

QY is a bright yellow dye with a green shade. It is prepared by condensing quinaldine 7
with phthalic anhydride 4, then sulfonating 2-(2-quinolyl)-1,3-indandione 8 (Figure 6)
(37,38). The proportion of mono-, di-, and trisulfonated compounds varies considerably
according to the extent of sulfonation (37-39).

The definition of this colorant is significantly different between the EU and the United
States. In the United States, the colorant has to contain more than 75% of the monosul-
fonate, whereas in the EU, it has to contain more than 80% of the disulfonate (Table V).
Therefore, when QY is permitted by the US standard, it is banned in the EU and vice
versa. In the EU, oversulfonated products, #r7sulfonate, must be less than 7%. Particularly
in the United States, the overall content of disulfonates should be below 15%, and 6,
8- indisulfonates below 3%. In Korea, Yellow 203 is defined as a mixture of mono- and

Table V
Comparison of Purity Dye Content of Quinoline Yellow WS
Purity Specification EU United States China Korea
Name cr4700s  PECYElOw or 9005 ellow 203
No. 10
Pure dye content >70% >85% — (85.0-101.0)%

Monosulfonated quinophthalone
2-(2-quinolyl) indan-1,3- dione-
monosulfonates {sodium salts of the <15% >75% — —
monosulfonates of 2-(2-quinolinyl)-1H-
indene-1,3 (2H)-dione}
Disulfoanted quiophthalone
2-(2-quinolyl) indan-1,3- dione-
disulfonates (sodium salts of the >80% <15% — —
disulfonates of 2-[2-quinolinyl}-1H-
indene-1,3 {2H}-dione)
6’,8"-Disulfonated quinophthalone
2-(2,3-dihydro-1,3-dioxo-1H-indene-
2-yD)-6, 8-quinoline disulfonic acid,
disodium salt
Trisulfonated quinophthalone

— <3% — —

2-(2-quinolyl) indan-1,3- dione- <7.0% — — —
trisulfonate
Abbreviation: ‘— : does not have a criteria

EU: European Union.
“—"": does not have a criteria.
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disulfonates more than 85.0% ~ 101.0%. Therefore, any colorants imported from the EU
and United States can be used.

In summary, we have discussed the general properties of synthetic colorants. It is import-
ant to understand the structural features of colorants as their visual characteristics are
easily affected. Synthetic colorants have intense and uniform color, high stability, and
economical value. However, increased concern over misuse synthetic colorants led to
the establishment of the regulatory system. After an assessment of each colorant, each
country introduced its positive list of colorants, then established its impurity acceptance
criteria as part of its specifications. These impurities may pose potential health treats
when present in finished products. A comparative analysis of the colorant specifications of
four entities was performed. The main regulatory challenges were that all countries have
established their own sets of positive lists, specifications, and definitions of each colorant.
The differences in regulatory systems may lead to misuse or confusion among consumers.

INORGANIC COLORANTS

Inorganic colorants have been used since ancient times, for example, ancient Egyptians
used iron oxides extensively in tomb wall paintings (40). They are generally stable color-
ing matters with a high heat stability, high chemical resistance, and low cost (41, 42). An
inorganic colorant is defined as a dry, solid mineral that retains its color when ground to
a fine powder (41). Inorganic colorants are chemically inert, insoluble compounds com-
pared to organic colorants (42). They are classified as a pigment by definition because they
are insoluble in the application medium.

World production of colorants is estimated to 10,000,000 tons annually, about 80%
of which are inorganic pigments (43). Titanium dioxide (66%), iron oxides (approx-
imately 15%), and carbon black (approximately 10%) make up more than 90% of
the pigments (44,45). Inorganic pigments are either produced naturally mined and
synthetically manufactured (analogous to naturally occurring minerals). Specially, to
provide stable color consistency and better strength, some inorganic pigments—such
as iron oxides—are obtained by chemical routes rather than directly from the naturally
occurring minerals.

In the United States, colorants obtained primarily from mineral, plant, or animal sources
are exempt from certification. Although they are exempt from certification, these colo-
rants must conform to the identity, specification, restrictions, and labeling requirements
in their individual listing regulations. Each country has its own positive list of inorganic
pigments as well. For instance, mica is considered a colorant in the United States, but it is
considered a general cosmetic ingredient rather than a colorant in the EU. The quality of
inorganic pigments is also controlled through specifications. Heavy metal-based inorganic
pigments such as lead, chromate, and cadmium pigments have limited or prohibited use
in cosmetics. Other inorganic pigments may contain heavy metals a level that is not a
threat to human health or the natural environment (46). In all four entities, the content
of heavy metals (e.g., lead, arsenic, and mercury) in cosmetics is controlled by regulations.

Titanium Dioxides.

Titanium dioxide accounts for more than half of the worldwide use of inorganic pigments
(45). Titanium dioxide is the whitest of all white pigments and is used extensively in the
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Table VI
Comparison of Purity Specifications of Titanium Dioxide
Purity Specification EU United States Korea
Name CI 77891 Titanium dioxide  Titanium dioxide
Loss on drying <0.5% — <0.5%
Loss on ignition <1.0% <0.5% <0.5%
Al‘umlm-um. oxide and/or <2.0% . <2.0%
silicon dioxide
<0.5%
. (alumina, silica -free basis)
Acid soluble substances <0.5% <0.5%
or<1.5%
(product containing alumina/silica)
Water soluble matter <0.5% <0.3% <0.25%
Cadmium <1 mg/kg — < 1.0ppm
Antimony <2 mg/kg < 2ppm < 2.0ppm
Arsenic <1 mg/kg < 1ppm < 1.3ppm
Lead <10 mg/kg < 10ppm < 10ppm
Mercury <1 mg/kg < lppm < 1.0ppm
Zinc — — < 50ppm
Assay >99% >99.0% >99.0%

EU: European Union.
“—": does not have a criteria.
China has no specified specification.

cosmetic, paint, textile, plastic, and food industries (47). In the pigment industry, two
crystallographic forms of titanium dioxide are used: rutile (the most common and more
stable) and anatase (42). Titanium dioxide is produced synthetically because resources
of the naturally occurring rutile form are limited (40). Generally, there are two types
of titanium dioxide, pigment-grade and ultrafine-grade, according to their particle size
and use. Pigment-grade titanium dioxide usually has a particle size greater than 100
nm to optimize the scattering of visible light. The ultrafine-grade titanium dioxide is
used as a UV filter and has a primary particle size below 100 nm, which enhance its
UV radiation absorption. The most important physical property of titanium dioxide is
that it has high refractive index (2.70 for rutile and 2.55 for anatase), which are higher
than that of diamond (2.42) (42). In a manner similar to that used for the regulations
on synthetic colorants, the purity criteria for titanium dioxide were compared among
countries (Table VI).

The standards of each country are well aligned with one another, except for a few tests.
In addition, an international standard method is necessary for each test. In addition
to its use as a white colorant, titanium dioxide is used as a component of pearlescent
pigments. A pearlescent pigment consists of multiple layers; for example, mica is
coated with metal oxides such as titanium dioxide or iron oxides (Figure 7). Multiple
layers with a low refraction index (e.g., mica, synthetic mica, silica, alumina, and
borosilicate) and high refractive index (e.g., titanium dioxide, iron oxides) produce
interference or reflect light at the interface or surface of the layers causing a pearl-like
luster. In the EU and the other countries, pearlescent pigments do not appear on the
positive lists. Pearlescent pigments are rather considered as mixtures of mica, titanium
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colorants (optional)

. metal oxides ;
' ’ substrate with low RI ‘ '

Figure 7. Structure of pearlescent pigments.

dioxide, and/or iron oxides and can be used if they meet each specification requirement

(48,49).
Iron Oxides.

Iron oxides make up the second largest sales market of pigments after titanium dioxide.
Generally, iron oxide is low-cost, inert to chemicals, insoluble in organic pigments, and
of excellent durability, although it has low tinctorial strength and thermal stability (46).
Even though iron oxides are common minerals found in nature (40), only synthetic iron
oxide can be used in cosmetics because of its color consistency and purity. Synthetic iron
oxides are produced with red (OL-Fe(HI)ZO3), yellow (0-Fe(III)O(OH)), and black colors
(Fe(IDO-Fe(1ID),0,) (50). The color can vary depending on the oxidation state of iron. Fe**
represents yellow and red, and Fe?* appears green and blue. In addition, the particle size
of the iron oxides influences the hue of iron oxide pigments (50).

For iron oxides, the specifications in each country have limitations on maximum heavy
metal (e.g., arsenic, lead) content (Table VII). Although “iron oxides” is used as the Inter-
national Nomenclature Cosmetic Ingredients (INCI) name in the United States, the EU,
and the other countries adopted distinct INCI names such as CI 77491 (red iron oxide),
CI 77492 (yellow iron oxide), and CI 77499 (black iron oxide).

Table VII

Comparison of Purity Specifications of Iron Oxides
Purity Specification EU United States Korea
Name CI 77491 Iron oxides Red iron oxide
Loss on drying — — <1.0%
Water soluble matter <1.0% — <0.3%
Arsenic <3 mg/kg < 3ppm < 10ppm
Cadmium <1 mg/kg — —
Chromium <100 mg/kg — —
Copper <50 mg/kg — —
Lead <10 mg/kg < 10ppm < 10ppm
Mercury <1 mg/kg < 3ppm —
Nickel <200 mg/kg — —
Zinc <100 mg/kg — < 50ppm
Assay > 68% (as iron) — 2 90.0%(as Fe,0,)

EU European Union.
. does not have a criteria.
Chma has no specified specification.
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Carbon Black.

Carbon black is the most commonly used black pigment (46). Carbon black is pure ele-
mental carbon produced by the partial combustion or thermal decomposition of gaseous
or liquid hydrocarbons (42). Black pigments adsorb all wavelengths of visible light, and
carbon black adsorbs up to 99.8% of visible light (42). The most important characteristic
of carbon black is the small particle size and highly developed surface area of its particles,
which gives it a high adsorption capacity. The tinting strength of carbon black is known
to be determined chiefly by the particle size (51).

As the properties of carbon black align more with those of typical or general inorganic
pigments than those of organic pigments (52), carbon black is considered an inorganic
pigment in this report. Polycyclic aromatic hydrocarbons (PAHs) have been found to be
adsorbed onto the surface of carbon black during manufacturing processes, and all four
entities have established content limits for PAHs in the pigment (Table VIII) Carbon black
consists of 95% pure carbon and other impurities adsorbed on the surface. The primary
particle size of carbon black is between 5 and 500 nm, and those of its aggregates and
agglomerates are 100—800 nm (53). To use carbon black as a pigment in the EU, the pri-
mary particle size must be greater than or equal to 20 nm, according to Annex VI (entry
126a). In the United States, carbon black is not exempt from certification, and the correct
INCI name for carbon black after it has been certified by the FDA is D&C Black No. 2.

In summary, an inorganic pigment is a ground fine mineral powder with chemically inert
and insoluble properties. The use of inorganic pigments dates back to ancient times. Still,
there is a steadily increasing demand for inorganic pigments because of their low cost,
stability, and lack of toxicity. In many countries, the heavy metal content in cosmetic
colorants is strictly regulated. However, the variety and content of each heavy metal
allowed may vary from country to country. In addition, uniform standards on pearlescent
pigments that are widely used in the cosmetic industry are required.

Table VIII
Comparison of Purity Specifications of Carbon Black
Purity Specification EU United States China Korea
Name CI1 77266 D&I\?OB;“" 177266 Carbon black
Ash <4.0% <0.15% Limit for polycyclic aromatic —
Arsenic <3 mg/kg <3 mg/kg  hydrocarbons: for 1g of < 3ppm
Lead < 2 mglkg <10 mg/kg  Colorant samples, 10g of < 10ppm
Mercury <1 mglkg <1 mglkg Cyclf)hexane is added, gfter _
. continuous extraction in the
Cadmium < 1 mglkg - extractor, the extraction liquid -
Total Sulfur — <0.65% i q <0.65%
should be colorless, whose
PAH . <05 mglks  fuorescent intensity under < 0.5ppm
Bt?nzo[a}pyrene <50 ugkg  <0.005 mglkg  iraviolet rays shall not < Sppb
Dibenz{a,hlanthracene — <0.005 mg/kg  yceed that of control solution < Sppb
Alkali soluble matter Colorless — of quinine sulfate(0.1mg —
quinine sulfate dissolve in
Assay >295% >95% 1000mL 0.01mol/L sulfuric >95.0%

acid solution)

EU: European Union.
“—": does not have a criteria.
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NATURAL COLORANTS

Recently, the “clean beauty” trend has become increasingly popular in cosmetic markets
around the world. The term “clean beauty” has no legal definition right now. Generally,
it means a beauty product’s manufacturer should consider human and environmental
health, using nontoxic ingredients as a baseline and natural ingredients for active results
(54). Clean beauty advocates natural products containing ingredients from plants and
nature. Keeping pace with this trend, consumer demand is increasing for natural colo-
rants instead of synthetic colorants.

In this report, natural colorants are colorants derived from natural sources. However,
there is no widely accepted definition of natural colorants, and the term “natural colo-
rant” is not used in four entities as it could mislead consumers. In this report, colorants
from a natural origin (e.g., plants and insects) that are included on the positive lists in the
regulations of each country (excluding the inorganic pigments discussed previously) are
grouped as natural colorants regardless of their manufacturing process. Natural colorants
can be classified based on their chemical structures (e.g., carotenoid, quinonoid, and fla-
vonoid) and origin (e.g., plants and insects). Unlike synthetic colorants, natural colorants
are expensive and easily affected by external factors such as pH, oxygen, heat, and light.
In an effort to improve the stability of natural colorants, optimal extraction conditions
and techniques for encapsulation matrices have been widely studied.

While synthetic colorants are tightly regulated because of their historical risks, natural
colorants are defined ambiguously and relatively loosely, as currently regulated. For natu-
ral colorants, the specifications focus on a general test for residual solvents, an assay, and a
test for heavy metals as these colorants are obtained mainly from plants. As the geographic
origin and climate substantially influence their quality, the acceptance criteria of the assay
test is relatively lower than those of synthetic colorants. There are no generally agreed
upon maximum levels and types of residual solvents and heavy metals for natural colorants
in cosmetic products. For instance, in the process of annatto extraction, isopropyl alcohol
is allowed as an extraction solvent in the United States and Korea but not in the EU. In
addition, the acceptable residual concentration of acetone varies from the United States
and Korea (< 30 ppm) to the EU (< 50 ppm). The rest of this article encompasses general
definitions, a comparison of regulatory requirements, and the practical limitations of natu-
ral colorants. As China has not established the specifications for natural colorants, this sec-
tion will focus on the regulatory differences between the EU, the United States, and Korea.

Carotenoids: Annatto, Lycopene, p-Carotene, and Paprika Extract.

Carotenoids occur naturally in plants, algae, and fungi. There are over 600 known carot-
enoids. Carotenoids used in cosmetics are annatto, lycopene, B-carotene, and paprika
extract. They exhibit different colors: red, orange, purple, and yellow. Carotenoids are
categorized into two types: xanthophylls and carotenes. Xanthophylls contain hydro-
carbon and oxygen (e.g., lutein, zeaxanthin, and astaxanthin), and carotenes contains
hydrocarbon without the oxygen (e.g., O-carotene, 3-carotene, Y-carotene, and lycopene)
(55). Carotenoids typically contain eight isoprene units (Figure 8) (56). There have been
reports of stability problems in carotenoids because of their extensive conjugated double
bonds, which are referred to as the polyene chain (57-61). An unsaturated carotenoid
is susceptible to oxidation and isomerization. The mechanism of carotenoid oxidation
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isoprene unit

beta-Carotene

Figure 8. Structure of B-carotene.

has not been elucidated. However, the oxidation of alkenes leads to destruction of the
chromophore of carotenoids, causing color loss (62). Isomerization can be caused by heat,
acids, and light, but results in only a slight change in color (62).

To prevent the oxidation of carotenoids, the inactivation of the oxidative enzyme and the
use of antioxidant agents (e.g., citric acid, 0(-tocopherol, and butylated hydroxytoluene)
are recommended (62). Furthermore, to improve their solubility and chemical instabil-
ity against environmental factors, such as light, temperature, and pH, spray drying and
freeze-drying are used for encapsulating carotenoids (63,64). The most commonly used
encapsulation technique is a method of enclosing active compounds in capsules with appro-
priate carrier matrices. Spray drying in a maltodextrin-based matrix is the most commonly
used encapsulation technique in the cosmetic and food industries (64). In the next section,
the definitions, production, and regulations of specific carotenoids will be discussed.

Annatto.

Annatto is an orange colorant prepared by extracting the outer coating of seeds from the
annatto tree (Bixa orellana L.). The principal coloring matters of annatto seeds are bixin
(oil soluble) and norbixin (water soluble) (Figure 9) (56). In the manufacturing process,
the extraction solvent influences the ratio of bixin and zorbixin and the amount of coloring
matter. Heating in the extraction process converts the ¢Zs-bixin, or ¢is-norbixin to a more
stable isomer, srans-bixin or trans-norbixin (65). Usually, organic solvent extraction provides
higher extraction yields on both bixin and zorbixin. The bixin undergoes hydrolysis in hot
alkaline solution to become norbixin. The EU, the United States, and Korea permit the use
of annatto as a cosmetic colorant. Specially, individual specification is determined separately
according to the manufacturing process (e.g., solvent, alkali, or oil extraction) in the EU.

cis-norBixin

Figure 9. Structure of cis-bixin and cis-norbixin.
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Lycopene.

Lycopene, the precursor of carotene, is a red colorant easily found in tomatoes. The principal
coloring matter, lycopene, consists entirely of hydrocarbon and contains 13 trans-double
bonds. Lycopene can be extracted from tomatoes and microorganisms (B. #rispora) or synthe-
sized chemically. Over 60% of lycopene production comes from plant extraction (66). Natu-
rally occurring lycopene predominantly exists in an all-frans-configuration, but the frans-cis
isomerization process can occur during processing and storage. Synthetic lycopene is synthe-
sized via the double Wittig reaction using the strategy C15 + C10 + C10 (Figure 10) (67).
Synthetic lycopene costs less than lycopene extraction from tomatoes and microorganisms
(66). In the EU, synthetic lycopene is required to contain more than 70% trans-lycopene.

Alternatively, lycopene products derived from biomass have been developed as food and
cosmetic additives. As an alternative and sustainable source for the production of lyco-
pene, the Blakeslea trispora microorganism has been utilized (68,69).

f3-Carotene.

-carotene, known for its provitamin A activity, is a highly conjugated compound that
makes carrots orange (Figure 8). It is obtained from various natural sources (plants, algae,
and fungus) or prepared synthetically. In the EU regulation, four manufacturing methods
are permitted to produce B-carotene as a colorant. Traditionally, B-carotene is obtained
by solvent extraction from plants. The disadvantage of this process is that it requires
high quantities of plants. For example, 2 g of 0t~ and [-carotene requires 50 kg of carrots
(70). Synthetically, the Grignard reaction or Wittig reaction is used as a key reaction for
obtaining beta-carotene. In the first synthesis, two moles of C-19 aldehydes react with the
Grignard reagent followed by dehydration and hydrogenation (71). The other synthesis
uses the Wittig reaction of C-15 phosphonium salt and C-10 dialdehyde (71). Regarding
the consumer demand for natural sources, B-carotene is also obtained from microorgan-
isms such as the mold B. #ispora and the algae Dunaliella salina. In the EU, assay values
vary according to their sources: more than 96% for synthetic production, 5% for plant
extraction. In the United States, regardless of its origin, raw material has to contain at
least 96% total B-carotene.

Co-dialdehyde C45-phosphonium salt

(@) + 2
R X \ PN

l via Wittig reaction

Lycopene

Figure 10. Synthesis of synthetic lycopene.
Adapted from Ernst et al. (67).
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Capsorubin 3
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Figure 11. Structures of Capsanthin and Capsorubin.

Paprika Extract.

Paprika extract is a red colorant obtained from the solvent extraction of the dried pod of
capsicum (Capsicum annuum L.). The carotenoid composition and content of the paprika
extract can vary depending on the type of red pepper and geo-climatic conditions. The
identified major coloring components of this major carotenoid are capsanthin and cap-
sorubin (Figure 11).

In paprika extract, the pungent component, capsaicinoids, creates a serious limitation
to its application (72). To use as paprika extracts as a colorant in cosmetics, they may
undergo further purifications to remove the capsaicinoids. In the EU, the capsaicin con-
centration is limited to 0.025%.

Chlorophylls.

The greenness in plants is because of chlorophyll which is composed of pheophytin che-
lated with a magnesium ion. There are four types of chlorophylls: chlorophyll, chloro-
phyllin, and copper complexes of chlorophyll and chlorophyllin. Generally, chlorophylls
can be extracted from green plants. Chlorophylls # and 4 are the two major types of
this pigments, and they differ only in the functional groups [methyl (a) or aldehyde
(b)} attached to the C-7 carbon (Figure 12) (56). Chlorophyllin is obtained through the
saponification of chlorophyll. Saponification or alkaline hydrolysis produces a water-sol-
uble compound by removing the phytyl and methyl ester groups. A copper complex of

R: Me = chlorophyll a

(w/o Mg?*: phaeophytin a)

R: CHO = chlorophyll b

(w/o Mg?*: phaeophytin b)

Phytyl group = U

Chlorophyli

Figure 12. Structure of chlorophyll.
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Table IX
Comparisons in Chlorophyll Characteristics
Chlorophyll-Cu Chlorophyllin-Cu
Chlorophylls Chlorophyllin complex complex
. . Solvent extraction ~ Solvent extraction
Manufacturing . Solvent extraction + .. . .
Solvent extraction . . + addition of + saponification +
process saponification -
copper salts addition of copper salts
- product of - product of
. - ester-phytol bond  saponification: - ester-phytol bond  saponification:
Characteristics (lipid-soluble) - polarityT (water- (lipid-soluble) - polarityT (water-
soluble) soluble)
Stability Unstable Stable
E Origin: edible plant material, grass, lucerne, nettle
urope E 140 (i) E 140 (ii) E 141 (i) E 141 (ii)
ced S Origin: dehydrated alfalfa
United Scaces - Not listed - Not listed - Not listed §73.2125

Origin: green plants (e.g., Chlorella pyrenoidosa, spinach, comfrey, spirulina)

Korea 64. (1) 64.(2) 64. (3) Chlorophyllin-

- Not listed Chlorophyll-
Chlorophylls copper complex copper complex

chlorophyll or chlorophyllin is obtained through the addition of copper ions to the plant
extract or saponified plant extract.

The major cause of chlorophyll degradation is the loss of magnesium ions because
of a change in pH (56,62,73,74). As magnesium is easily isolated from the chloro-
phyll structure, copper and zinc ions can replace the central magnesium ion. Copper
is very effective for stabilizing the pheophytin and creates color consistency through-
out the manufacturing process and storage (75). Therefore, copper chlorophyllin is the
most commonly used colorant of the chlorophyll derivatives, and chlorophyll is rarely
used because of its fragile nature. Copper chlorophyllin extracted from alfalfa is the
only acceptable colorant made from chlorophyll derivatives in the United States

(Table IX) (76).

The term “chlorophyllin” is not an accepted name. However, it has been used incor-
rectly by the food and cosmetic industry. Chlorophyllin contains a magnesium ion in
its structure, so the term “copper-chlorophyll/chlorophyllin” is not adequate as copper
replaces the central magnesium ion (75,77). Most importantly, the exact structure of
the chlorophyllin-copper complex has not yet been elucidated fully. Copper chlorophyl-
lin components differ in their origins, manufacturing processes, and storage conditions.
The saponification process of chlorophyll is assumed to create diverse structures of cop-
per chlorophyllins (e.g., Cu-chlorin €6, Cu-rhodin g7, Cu-chlorin e4, Cu-isochlorin
e4, and Cu-chlorin P6; Figure 13). First, saponification hydrolyzes two ester groups to
yield 13%-carboxy pyropheophorbide ., and the B-ketoester of an isocyclic ring may be
attacked again by the hydroxide ion to form Cu-chlorin e, (78-80). Oxidation at C13*
or further decarboxylation has been attributed to the production of other copper chloro-
phyllin products (81,82). In the EU regulations, the Cu-chlorophyllin « is described as
13%-carboxy pyropheophorbide #, although it has been reported as a minor product in
copper chlorophyllin mixtures (75).
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Cu-Chlorophyllin complexes

/7 R 7 7 7
. 3, isocyclic ring ° ° W o
° HoHo” ‘o Ho™ "o HO Ho” o
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13-carboxypyropheophorbide a R=Me : Cu-chlorin e;
(Cu-Chlorophyllin from E141 (ii)) R = CHO : Cu-rhodin g;
Wrong structure

Cu-chlorin e, Cu-isochlorin e, Cu-chlorin Pg

Figure 13. Possible structures of Cu-chlorophyllin complexes.

Carmines.

Carmine is a red colorant obtained by aqueous or alcoholic extraction from the dried
bodies of the female cochineal insect (Dactylopius coccus). Three terms—cochineal, carminic
acid, and carmines—are often used interchangeably. Strictly, a cochineal is the crude body
of a cactus insect, carminic acid is the principal red colorant, and carmine is an aluminum
lake of carminic acid (83). Carminic acid is an anthraquinone derivative possessing a
C-glycoside (Figure 14). A C-glycosidic bond at C, offers stability against acid hydrolysis.

o OH

Carminic acid

Figure 14. Structure of carminic acid.

According to the specification requirements for a carmine, the carminic acid content is
required to be more than 50%. In the United States and Korea, cochineal extract is not
permitted for use in cosmetics. Furthermore, carmines are required to be pasteurized or
otherwise treated to destroy all viable salmonella microorganisms.

Compared to other natural colorants, carmines exhibit high stability against light, heat,
and oxidation. For this reason, carmines have been extensively used in the cosmetic indus-
try. However, numerous studies have reported allergic reactions to carmine colorants but
not enough to harm the public (84). In addition, the use of insect bodies in cosmetics
has been a controversial issue because it requires 80,000 to 100,000 insects to produce
1 kg of cochineal (56). Apart from the traditional manufacturing process using insects,
alternatives such as microbial production are being developed (85).

Anthocyanins. Thousands of anthocyanins are found commonly in red-, purple-, and
blue-colored vegetables and edible fruits (86). They consist of a sugar moiety and antho-
cyanidins (aglycone) from glycosylation (Figure 15). The sugar moiety includes glucose,
rhamnose, xylose, galactose, arabinose, and fructose (87). According to the substituents
(OH or OCH)) in the B ring, there are six anthocyanidins used in the cosmetic and food
colorants: cyanidin, delphinidin, pelargonidin, peonidin, malvidin, and petunidin (88).
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Anthocyanidins :

1. R4=H, Ry=H : Pelargonidin

2. R4=0H, Ry=H : Cyanidin

3. R4=0H, R;=0H : Delphinidin
4. R{=0CHg, Ry=H: Peonidin

5. Ry=0CHj3, R,=0OCHj3 : Malvidin
6. R4=0H, R,=0OCHj : Petunidin

Anthocyanidin + sugar = Anthocyanin

Figure 15. Structure of anthocyanin.

Anthocyanins are included on the colorant positive lists of the countries studied except
in the United States. Only the EU has established specifications for anthocyanins. They
clarify that the origin of anthocyanins should be vegetables and edible fruits. However,
the sugar moiety of anthocyanins is not defined, but the permitted anthocyanidins are
defined in the regulation.

Stability of anthocyanin is a major drawback of their use as a colorant. Temperature,
pH, and light affect the color of anthocyanin. In a highly acidic aqueous solution, a
flavylium cation that exhibits the typical red (or orange) color predominates. When the
oxonium ion in the flavylium compound accepts the nucleophilic attack of water, the
colorless form of carbinol, a pseudo-base, dominates (Figure 16 (1)) (56). Eventually,
the ring-opened chalcone compounds are found in the basic solution. Moreover, a free
hydroxyl group at position 7 or 4’ in the flavylium cation facilitates a proton transfer
to form blue quinoidal bases in weakly acidic or neutral solutions (Figure 16 (2)) (56).
Additionally, the temperature influences anthocyanins’ degradation. It was reported
that the manufacturing and storage temperatures influence the pigment color (77).
Storing the pigment at 4°C increases its half-life 8—10 months, which is six times
longer than for storing it at room temperature (77,89). The mechanism of degradation
from the heat is not fully elucidated. However, it has been suggested that the degra-
dation starts with the hydrolytic opening of the pyrylium ring in the flavylium com-
pound, which leads to chalcone (90).

There have been a number of studies on enhancing the stability of anthocyanin. The use
of polymeric compounds (e.g., gum, pectin, and whey protein), phenolic compounds, and
metallic ions have been shown to stabilize anthocyanins by forming molecular complexes (91).

-H,O0/+H*

Carbinol pseudo-base (colorless) Chalcone (colorless)

Flavylium cation (red or orange)
"Stable form"

R=H, or OH, or OCH3
R'=glycosyl
R"=H or glycosyl

OR
Quinoidal bases (blue)

Figure 16. Structures of anthocyanins in aqueous solution.
Adapted from Delgado-Vargas et al. (506).
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R:0

g nt
2 + CO,H H.+.Rs

N N
| |
| |
Pl Q)
HO,C H CO,H HO,C' H COzH
Betacyanin Betaxanthin
R4, and Ry = H or sugar moieties R3: amino acid or amine

Figure 17. Structures of betalains.
Adapted from Rodriquez-Amaya et al. (92).

However, these stabilization methods were confine to particular cases (e.g., showing sta-
bility at a specific low pH or temperature) rather than general cases.

Beetroot Red,

Beetroot red is obtained from the roots of red beets (Beta vulgaris). Its coloring compo-
nents are heterocyclic ring betalains consisting of betacyanins (red-purple) and betaxan-
thins (yellow) (Figure 17) (92). Betacyanins and betaxanthins are distinguished according
to their chemical structure. The most well-known betacyanin is a betanin 9 that is a
betanidin 5-O-B-glucoside (Figure 18). Beetroot red is obtained from the pressing of
crushed beets or by aqueous or alcoholic extraction. Direct extraction includes a high-
sugar content with a low betalain content. Consequently, the fermentation process may
be included to reduce the sugar content and improve the color intensity (56).

Betanin is considered the main coloring component, and the raw material should contain
more than 0.4% of betanin in the EU. In Korea, isobetanine and betanine are considered as
the main coloring components and should contain more than the indicated content in raw
materials. Two countries have set limits on nitrate which are high concentrated in beetroots.

Beetroot, like other natural colorants, is affected by several external factors: heat, pH,
moisture, and metal ions (77,93). Hydrolysis—is known to be affected by several factors
such as moisture, heat, and pH—is the most important factor affecting the color shift
from red to yellow (77). Betanins (iminium ion) are readily hydrolyzed to betalamic acid
(carbonyl compound) and cyc/o-Dopa 5-O-B-glucoside (amine) to lose their color under

the increased temperature and alkaline conditions (Figure 18) (92).
o
\
|
P\/L
N” coH

HO, OH
w0,
HO’Q  wo, "
p hydrolysis 0
: HO N e
HO— N~ YCOH o o ¥
| HO
N~ YCOH
H
) | cyclo-Dopa 5-B-glucoside Betlamic acid
HO,C' H CO.H

H
HO— HO,C™ N
Betanin, 9 | :

Figure 18. Hydrolysis of betanin.
Adapted from Rodriquez-Amaya et al. (92).
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The fact that betanins are stable between pH 3 and 7 provides a strong advantage
compared to anthocyanins (94). To protect betanins from external factors, encapsula-
tion methods are being used. Maltodextrin and gum are used as encapsulating agents in
freeze- or spray-drying techniques (95,96).

Curcumin.

Curcumin is obtained from the solvent extraction of turmeric (rhizomes of Curcuma
longa L.). Curcumin produces bright yellow color close to Yellow No. 5. The major
coloring components are curcumin, desmethoxy- and bisdemethoxy curcumin (56).
Curcumin consists of a mixture of tautomers: the enol form (more stable) and the keto
form (Figure 19).

In the EU'’s specification, the content of curcumins should be more than 90%. To gain a
concentrated content of curcumins, the extract may be purified further by crystallization.
Residual solvents are limited in the EU and Korea. Curcumin has low water solubility;
however, it dissolves in organic solvents such as acetone, methanol, and dichlorometh-
ane. It decomposes rapidly in alkaline solutions (pH > 7), although it shows stability
in acidic conditions. In a previous report, 90% of curcumin decomposed within 30 min
at pH 7.2 (98). The exact degradation mechanism has not been elucidated, however,
curcumin is thought to degrade through an oxidation mechanism rather than hydrolysis
(99). Moreover, curcumin has been found to decompose from visible light in both its solid
and solution states. In a previous study, curcumin powder decomposed after exposure to
sunlight for 120 h to colorless compounds: vanillin (34%), ferulic aldehyde, ferulic acid,
and vanillic acid (0.5% each) (97). Again, to enhance curcumins’ stability, encapsulation
by freeze-drying and spray drying is the most used technique (100,101).

In summary, this report discussed colorants from natural origins that are included on the
positive lists of cosmetic regulation. There is no widely accepted definition of natural
colorants. The use of natural colorants has increased as the clean beauty trend has become
more popular. Customers believe that compared to synthetic colorants, natural colorants
have greater potential benefit to public health. However, the most important problem
and main drawback of natural colorants are their instability issues. To overcome these
limitations, the encapsulation technique using spray- or freeze-drying methods has been
studied. Natural colorants are defined ambiguously and are relatively loosely regulated
and studied compared to synthetic colorants. First, a correct definition of each natural
colorant is required (e.g., Cu-chlorophyllin, anthocyanins). Second, permitted origins of

tautomerization

HO OH HO OH
$ U = 1 9
R; PRGN R, R, = x R,
(0] OH (0] [e]

enol form keto form

R4, R = OMe : Curcumin
R1 = 0OMe, Ry = H : Demethoxycurcumin
R4, Ry = H : bis-Demethoxycurcumin

Figure 19. Tautomerization of curcumin.
Adapted from Jankun et al. (97) and Delgado-Vargas et al. (56).
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raw materials and manufacturing processes need to be harmonized between countries.
For example, chlorophylls should be obtained from alfalfa in the United States, and the
permitted origin should be an edible plant in the European Union and a green plant in
Korea. Third, restrictions on permitted extraction solvents and their residual solvent
concentrations need to be harmonized in the specifications as well.

STANDARDIZATION CHALLENGES IN THE NOMENCLATURE OF SYNTHETIC
COLORANTS

Each country has its own version of nomenclature for colorants. Confusion arises when
labeling the salts or lakes of synthetic colorants. Here, we present the different labeling
system developed by each country according to the rules of its nomenclature.

The list of official names for synthetic colorants are found in Regulation 21 CFR, Parts
74, and 82 for the United States and in Annex IV of Regulation (EC) No. 1223/2009 for
the EU. Specifically, a CI number is used in the EU. This has a five- or six-digit number
based on the chemical composition. In total, 34 categories of chemical groups have been
identified (102). Among them, the nine categories shown in the Table X encompass the
synthetic colorants used in cosmetics.

Some of the organic colorants have same dye and differ only in the metal used for salt
formation. For example, Lithol Rubine B (CI 15850, D&C Red No. 6) is a sodium salt,
and Lithol Rubine BCA (CI 15850, D&C Red No. 7) is a calcium salt. In the EU, these
colorants with different metal ions for salt formation are not distinguished by the INCI
name as they are assigned the same CI number (103). However, colorants with different
metal ions are distinguished in their labeling in the United States and Korea (as discussed
in the next section).

METAL SALT PIGMENTS

When sodium salt dye replaces a sodium cation in alkaline earth (e.g., calcium, strontium
or barium) or transition metals (e.g., manganese), it leads to high insolubility, sometimes

Table X
CI Numbers Used in Synthetic Colorants by Chemical Group
Chemical Group CI Number
Nitroso CI 10000-10299
Nitro CI 10300-10999
Azo CI 11000-19999 (mono)
CI 20000-29999 (di)

Triarylmethane CI 42000-44999
Xanthene CI 45000-45999
Quinoline CI 47000-47999
Anthraquinone CI 58000-72999
Indigos CI 73000-73999
Phthalocyanine CI 74000-74999

Adapted from Society of Dyers and Colourists (102).
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with different shades of colors (104). For this reason, the United States and Korea have
assigned individual names to these colorants. Depending on each country’s regulations,
a particular salt form may not be permitted. Therefore, when a synthetic colorant is
identified only by the CI number, it is necessary to confirm the metal ion of the dye. For
instance, Lithol Reds (CI 15630) is known as the azo dye that has a different shade of red
by the metal ion, from a yellowish red (sodium salt: Lithol Red) to a strong blue shade
red (barium salt: Lithol Red BA; Figure 20) (104,105). If this colorant is imported from
the EU to Korea, its labeling name is reassigned based on the metal ion: sodium salt
for Red 205, barium salt for Red 207, calcium salt for Red 206, and strontium salt for
Red 208. Lithol Rubine BCA (CI 15850), which is the calcium salt of Lithol Rubine B,
is virtually insoluble in water, but Lithol Rubine B (sodium salt) has limited solubility
in water. Another azo dye, Permanent Reds (CI 15865) is a red colorant ranging from
bright orange (sodium salt: Permanent Red 2B) to bluish-red (calcium salt: Permanent
Red F5SR; Figure 20) (105). In Korea, only the calcium salt form, Red 405, is permitted.
Triarylmethane dye has two salt forms: the blue sodium salt form Brilliant Blue FCF (CI
42090, FD&C Blue No. 1) and the greenish-blue ammonium salt form Alphazurine FG
(CI 42090, FD&C Blue No. 4; Figure 20).

In addition, xanthene dyes that have different types of salt forms are distinguished by
the nomenclature. Xanthene dyes are combined with alkali metal cations (e.g., sodium,

1) Azo dye : Cl 15630 2) Azo dye : Cl 15850

CO.
Na* 2 +
Na* - jo - Ho Na
gee gee
N N
S 0
Red 205 (KR) Red 6 (US)
Salt Form . Salt Form .
(C1 No; CAS RN) Korea us EU, China (€1 No; GAS RN) Korea us EU, China
Na salt Red 205 Na salt Red201 D&CRedNo.6 |~~~
(CI 15630; 1248-18-6) (Cl 15850; 5858-81-1) : C1 15850
Ca salt Red 206 | : Ca salt Red 202 D&CRedNo.7 i ... __ !
(C1 15630:2; 1103-39-5) ' Not listed CI 15630 ! (C1 15850:1; 5281-04-9)
Ba salt Red 207 | :
(C1 15630:1; 1103-38-4)
Sr salt Red208 : ‘¢
(CI 15630:3; 6371-67-1) T
3) Azo dye : Cl 15865 4) Triarylmethane dye : Cl 42090
o S
SO,
ARG
L. L J
N ca?t N S
OH T 048
99
CO, Na*
S04
Red 405 (KR) Blue 1 (US)
Salt Form . Salt Form .
Ki us E hi
(CI No; CAS RN) orea U, China (C1No; CAS RN) Korea us EU, China
Na salt Not Approved | Na salt Blue 1 FD&CBlueNo. 1 [~
(Cl 15865; 3564-21-4) i Not listed Cl1 15865 ! (Cl1 42090; 3844-45-9) i C1 42090
Ca salt Red 405 : NH, salt Blue 205 D&C Blue No. 4 |

(Cl 15865:2; 7023-61-2)

(CI 42090; 2650-18-2)

Figure 20. Salt forms of azo and triarylmethane dyes.
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Xanthene dyes :

1) C1 45350 2) C145380
Br Br
HO. o) OH -
HO o, OH Ho o. o O O o o o
P + Na*
o === ha co;
O CO,H O 2 Br Br
o Q

co,
2 Na*
Lactoid form Quinoid form Zwitterion form
Red 22 (US), Red 103 (1) (KR)
Yellow 7 (US), Yellow 201 (KR)
Salt Form Korea us EU, China Salt Form Korea us EU, China
(CI No; CAS RN) (CI No; CAS RN)
Fluorescein, Nasalt ~ Yellow 202 (1)  D&C Yellow No.8 ~ 7~~""""""""} Tetrabromofluorescein, Na salt Red 103 (1) D&CRedNo.22 {1
(C145350; 518-47-8) 3 ' (C145380; 17372-87-1) 1 C145380 |
Fluorescein, K salt Yellow 202 (2) Not listed | C145350 ! Tetrabromofluorescein Red223 D&CRedNo.21 | :
(C1 45350; 6417-85-2) : ! (C145380:2; 15086-94-9)
Fluorescein Yellow 201 D&CYelowNo.7 | .
(C145350:1; 2321-07-5)
3) C145410

Red 28 (US), Red 104(1) (KR)

Salt Form

Korea us EU, China
(CI No; CAS RN)
fluorescein, Na salt Red 104 (1) D&CRedNo.28 7~ ~"73
(C145410; 18472-87-2) : :
fluorescein, K salt Red 104 (2) Not listed i Cl45410
(C145410; 75888-73-2) | |
fluorescein Red 218 D&C Red NO. 27 '-ceommeaamct

(C145410:1; 13473-26-2)

Figure 21. Salt forms of xanthene dyes.

potassium) to make them more soluble in water. However, the insoluble pigments ren-
dered after the addition of lead oxide or aluminum oxide to xanthene dye are not used as
cosmetic pigments in the United States and Korea. Although salt forms of fluoresceins
exist mainly in quinoid form, lactoid structures are still reported in the literature. How-
ever, fluoresceins (e.g., fluorescein, tetrabromofluorescein, and tetrachlorotetabromofluo-
rescein) may exist in three tautomeric forms: lactoid, quinoid, and zwitterion (Figure 21).

LAKE PIGMENTS

There is no current agreement regarding a universal definition of lake pigments. It is
liable to cause confusion with other pigments; toners and true pigments. In the organic
pigments, there are three types of pigments: lake, toner, and true pigment (106). How-
ever, as these pigments are mostly used with a diluent, the term “lake” is often used in
some countries or industries for all three pigments (106,107). Historically, although the
term “lake” refers to dyes adsorbed on the substratum, the current usage of this term may
refer to the insoluble metal salt pigments (34).

Numerous definitions exist for lake pigments depending on their industrial use. The
definition of a lake pigment in the cosmetic industry is a water-insoluble pigment com-
posed of a water-soluble straight color strongly adsorbed onto an insoluble substratum
by a precipitant (108). The straight color is adsorbed onto the substratum by means of
various interactions including ionic bonds, hydrogen bonds, and van der Waals forces
(108). The overall process of lake pigment formation consists of three steps: substratum
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O Substratum e Dye o Precipitant

Figure 22. Preparation of lake pigments.

formation, dye adsorption, and dye precipitation. In more detail, a lake pigment is pre-
pared by adding water-soluble dye into an aqueous slurry of inorganic substratum; then,
it is precipitated with a metallic salt to make a lake pigment (Figure 22).

In the United States, lake pigments are named using a combination of the name of a
dye and the cation of the precipitant. For instance, FD&C Yellow No. 5, which is pre-
cipitated with aluminum chloride, can be identified as FD&C Yellow No. 5 Aluminum
Lake without the knowledge of what kind of substratum was used. From the name of
the lake pigments, it is difficult to recognize what substratum was used. Previously, an
alumina substratum was the only substratum used, so there was no need to put it into
the nomenclature. Nowadays, substrata other than alumina—barium sulfate, and calcium
carbonate—are used widely. Even though the substratum comprises of 56-89% of the lake
pigment, it is difficult to notice which substratum was used with the current nomencla-
ture (108). Although United States and China list lake pigments on product labels, the
EU and Korea do not distinguish lake pigments from pure dyes on labels.

Toners are pigments made by replacing of sodium metals with metals of higher valence,
such as barium and calcium, without using a substratum to achieve the desired high
insolubility (104). A toner is distinguished from a lake pigment by the absence of a sub-
stratum. When a dye combines with higher valence metals to become a toner, it renders
increased lightfastness, higher color strength, and modified shade (109). For example, a
calcium cation substituted for the sodium ion in the pigments Deep Maroon (CI 15880,
D&C Red No. 34) and Lithol Rubine BCA (CI 15850, D&C Red No. 7) are the most
representative toner pigments.

True pigments are insoluble (water, oils, and other solvents) compounds that contain no
salt-forming group (e.g., salt, acid, or lactone group) to promote their solubility (106).
They have no metal ions or substrata. These pigments are known as the most stable
organic pigments, although their existence is relatively rare (19,106). Helidone Pink CN
(CI 73360, D&C Red No. 30) and Permaton Red (CI 12085, D&C Red No. 36) are true
pigments.

Any certified colorants (toners or true pigments) mixed with a diluent are considered lake
pigments in the United States (10,106,107). For instance, Japan does not permit lake
pigment D&C Red No. 30 (CI 73360) to be used in cosmetics, but in the case of D&C
Red No. 30 (CI 73360) being mixed with a diluent, it is regarded as a lake pigment in
the United States, but a mixture produced by combining a true pigment and a diluent in
Japan. Certain pigments like toners and true pigments can have different labels compared
to those of the United States, based on its own regulations.

In summary, the use of a different type of metal salt results in different shades and solu-
bility from pure dye colorants. It is essential to have a distinct nomenclature for colorants
in which different cations are combined with pure dye. Moreover, a universal definition
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of a lake pigment is required for consistency in the cosmetic colorant labeling system
between countries.

CONCLUSION

In this report, cosmetic colorants were categorized into three groups (synthetic, inor-
ganic, and natural) and reviewed. It also presented an overview of the general properties
of cosmetic colorants and a comparison of the differences in regulations between the EU,
the United States, China, and Korea.

Narrowing regulatory system gaps between countries is a key challenge facing the
cosmetic colorant industry. First, to ensure international consistency on safety and reg-
ulation, a positive list of cosmetic colorants should be harmonized between countries.
Especially if one country has banned a colorant used in cosmetics but other countries still
permit its use, it will cause confusion among consumers. Furthermore, the ingredients
listed on the positive list should be identified by their INCI names. The ingredient list of
natural colorants is somewhat vaguely identified compared to that of synthetic colorants.
In addition, the naming of chemical compounds in the specifications should be written
in exact chemical names rather than ambiguous terms (e.g., higher sulfonated subsidiary
colors). Second, generally accepted uniform specifications, standards, and methods should
be adopted. Although a cosmetic colorant is included on the positive list, it may have dif-
ferent structures because each country has set its own definition in its specification. The
specification includes the definition, origin, manufacturing process, purity criteria, and
so on. Additionally, it is recommended that the testing methods and procedures be har-
monized to minimize the misinterpretation of test results. Lastly, natural colorants have
presented stability concerns rather than safety issues before now. Rather than limiting
the types of natural colorants and regulating their use, encouraging manufacturers to be
responsible for ensuring the safety of their products could be an alternative approach.

This report ultimately aimed to provide a common understanding of cosmetic colorant
regulations, and support manufacturers’ trading of cosmetics around the world. National
regulatory authorities and manufacturers in each country should continue to promote
international regulatory collaboration to develop the harmonization of cosmetic colorants.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



SOUBIqUIDW SNODNW
saueIqudW snodnw uo parjdde

s3onpoid d1I12WsS0d UT SIUBIO[OD JO ISIT

xipuaddy

Ppa3sI] 30N - Ppa3si 30N - s1onpo3d ur pasn 3q 03 J0N] - uo pardde s1onpoid  dnayIuAg 01021 1D 8
P 'P 9 ur pasn aq 01 J0N] -
Pa3sIT 0N - Pa3sI[ 0N - - - RISELEEIN 0Z611 1D L
pasn aq
J0UURd A¥e[ 17 IS ‘B -
SIULIQqUIDW SNOONW ou
uo parjdde si1onpoid pa3si] 0N - s3onpoid yo-asury - s3onpoid go-asury - d1AYIULg 10¥ 25ueIQ CTLITID ﬁmwa 9
ur pasn aq 01 10N - 200H0
(CZTLITID)
10% 28ueIQ “L¢§
saurIqWHAW snodonw uo parjdde SOUPIGLLI SO
Pa3sI] 10N - pa3si] 10N - s1onpo3d ur pasn aq 03 10N - uo parjdde s1onpoid  onayauig OTLIT ID [Sy
mu ) T ﬂ ur Tbmﬂ wﬂ (o] UOZ . mu
pasn aq %
Jouued I¥e[ IZ 1§ ‘B - m
s1onpoid diy pue saueIqudWw snodnw uo parjdde SouTIqUidW snoanw MO <
245 ur pasn aq 01 10N - POISITION s1onpoid ur pasn aq 01 10N - uo pangdde sionpoad - onayauds 10% MOTPA 08911 IO eZUCL] mr m
: : U1 pasn aq 01 10N - = Q
(08911 1D) a9
10y MO[1A “L1§ g
syonpoxd dip pue  s1onpoid diy pue 245 [ W
: : s1onpoid 243 ur pasn aq 01 10N] - =e]
945 UI pasn 9q 03 JON -+ UI pasn 3q 03 J0N] 260 STopydeu- [-on1uIp-,'z syonpoxd N (1) €0 MOTPA [ MOT[2 91601 SMO[PR ==
(9TCOT L "ON MOTPX D®A 05705 10qMdEu- 245 ur pasn aq 030N - axg TowpydeN & Ww
1) (1) 0¥ Mo[[x 81§ X RLOLT VLS v B =
pasn aq =
3ouuwd e[ IZ IS ‘e - SOUBIQUIAW SNOONWT ﬂ ©
s1onpoxd diy pue sauesquidw snod>nw uo parjdde ueiq quoarn 4= %
945 ur pasn aq 01 10N] - PRISHION - s3onpoid ur pasn aq 01 10N] - uo paydde sionpoid - >nayauds 107 59239 02001 I3 oyaydeN m 5
: AM_NOO_ D) o : ! L o ks] @
]
10¥ U219 7§ R
Pa3si] 10N - Pa3si 10N - s3onpoid yjo-asury - s3onpoid go-asury - d1aYIULg 90001 1D m OW,
o — a
RER03 4S23e3G pastu) LBUIYD ekt sse|) PWEN UBIIOY JweN SN (w103 I1ES) LPUWEN & kel
‘ON ID uowrwo)) % 3
©
D .=
<3
23
m
[S]
e

From



xipuaddy

P3sIT 0N - PI3sITI0N - - - RIEENEIA 0LTHT ID LT
PR3SI 30N - Pa3sIT 10N - - - RISELEN ST0¢T IO 91
Paasi] 10N - Pa3si] 10N - s1onpoid jjo-asury - s1onpoid jjo-asury - J1AYIUAS 00421 1D <1
Pa3sI 30N - passy 30N - - - onayudg ¢ pay IuawSig 06¥C1 1D QSN ELEI S A
Pa3si] 10N - Ppa3si 10N - s1onpoid jjo-asury - s1onpoid go-asury - d1AYIULg 08%21 1D <1
s1onpoid jjo-asury -
9351 30 93ST] 30 By/Swg auase s1onpoid jjo-asur RISETIEYEN
P23s1 I0N Pa3sIT 30N FULI0[0> SY1 UT UOHIENIUAIUO) 3o0poiId Jjo-asury 1PYIUAS 0Zye1 ID 4t
SUIPIN03-0-0JOTYD-§; WNWIXBJ - —_
o
Pa3si] 10N - Pa3sI] 10N - s1onpoid jjo-asury - s1onpoid go-asury - dnAYIULg 0L£2T 1D 11 m
g
pasn aq =
Jouued e[ IZ 9§ ‘e - —~ 0
s3onpoad go-ysey - : d jo-osury - d gjo-asury - £ P58
poid gjo-ysex Pa3sI] I0N s1onpoid jjo-asury s1onpoid jjo-asury - dnAYIUAg 122 Py 02121 1D = Q
surpmel, g 9
(02121 10) [
122 P "Ts§ €8
9%¢°0 s(jouareyaydeu-z 22
-[oze(jAuaydontu-z-o1o1yd-)}-1 =
$94¢°0 sTouarepydeu-z-foze m o)
%S (jAuaydontu-p)}-1 195 €0 e w
e syonpoxd sprsdry - s Touate yaydeu-1-foze 7w O
s1onpoid a4a (14uaydontu-g-ooya-z)}-% . PY = o
Amwoﬁ. H,Uv ur pasn 2q 01 10N - ‘95¢°0 51 ouapeyydeu-z-[oze %€ - dMIYIUAg 8¢c pd 9¢ Py €80CT ID vorewIag % O
87T PN "6¢§ - fusud )] -3
9¢ 'ON (TAuaydomnrurp-y7)}-1 [ %
PP O®A 9¢ETHLY  1%T0"0) SAUTWRUIZUIQORITIP-HT © ¥
‘91 s[ouareyayden-z 19¢0 s m
MEME.NGDNEMQOH&El%lOMO#QUlN . [} &
%€ e
LBIIOY 4S9IBIS paIIU) LBUTYD ek SSB[D) LAWEN UB2IOY LWEN S 4(WI0§ 37ES) QUWEN r@ ,ulM
‘ON ID uowwo)) &=
o S
(panunuon) £73
25
m
:

From



s1onpoid dif pue

945 u1 pasn aq 03 10N] - . . . A,:mm vd)
%6 - Pa3SI[ 0N - % - %< - nYIuhg L0T PY 1:0€9¢1 ID vda pRAoypIT  9¢
(T1:0€9¢1 1D)L0Z PV "8§ L9 D
Muaumﬂ Uﬂ
Jouued I¥e[ 17 IS ‘B -
s1onpoid diy pue ) . - (ares BN)
245 ur pasn aq 01 10N - P38 I0N %< %€ - dMAYIUAG 0T P 0€9¢T 1D pAa oyt <
%E -
(0€9ST 1D) S0T P 9§
pasn aq
J0uuEd 2] I7 I8 v - 91ST] JON] - s1onpoid jjo-asury - s1onpoid jjo-asury - dMAYIVA 9 9 q ENENY
s1onpoad o-ysesy - P3sIT I0N onpoId j3 N 3onpord ji N 1IYIUAS 90¢ P 029¢T 1D SPRA el T
(0Z9ST 1D) 90S P K< § S
Pa3SI 0N - Pa3SI[ 0N - - - RISENRIUAN 08¢<T ID €8
PA3SI 30N - PRISI[ 30N - - - RISENRIUAN CTCCT IO (44 %
s1onpoxd  s1onpoad dif pue 24> s1onpoid 245 uy pasn 2 03 10N - m
: 91°0 S PIoPITUOJNSIVIZUIIP —~05
P45 ur posn aq 03 0N - I pasn 3q 03 10N - -(outwreozer())- ¥y ‘%7°0 S s1onpoid RISEITRIE agues a3uex a8ues Q
orcct 1 oN 2700 (QUILROTHC)- 1Y %T05 6 oo s o1 sopg - “HPUAS <oz 28w y 23uei0 01CT IO s § 8
) €0z 23RO 61§ A $CZT LS 3[es WNIPOS ‘PIdE dI[TUR)[NS m =
D 1%Y°0 5 Joypydeu-g x g
PaIST 20N - Pa3sI] 10N - - - SEEREN qtiagel &5
%10°0 S (SuIIue se paje[noyed) = /“\
saurwre drrewore Arewrid m Fos}
pareuogmsun 195 ¢°( SpIoe druojns ANISIONIVD QE
21SI] J0N] * 93ST] JON] * RISEITRIENN
PSITON PPNy suspeydeuxosphy-y pue poe ‘INIENMOZY 721§ o 0Lyt i m
UMEO.ESmlHluﬂwﬂnh—uﬁ—ﬁmﬂnvimgmlﬂ\ m Q
Jo Aanuenb [e103 53 m m
Wum“: >4 s1onpoid dif pue 243 26T°0 SIS Wnipos ‘G @
jouued DJN— I7 1S e - U1 pasn aq 01 10N] - ST TC.& mvdu.m UMEO.wMSmwGUANEHQQNG
s1onpoid diy pue P n_. -1-£x0IpAy-1; 1947 °() SIBS WNIPOS - RISEIERIVAN $0< Py ¥ Py 00L¥1 1D XS neaduoq @ o
EYE) ur mubw: wﬂ 0] uOZ . P W %M/H TMM ST wuﬂ:u TMUN UMGO.EﬂmUEUNEwn_ [ &
(00LF1 1D) ¥0< P2 "¢1§ OFAL 0L -1-[Ayrawip-y‘g-ourwe-¢ W m,
LBIIOY] 4S9IBIS AU PEUIYD ek sse[) LQWEN] ULdIOI] JweN S o(wWI0§ 37ES) PWEN ow S
‘ON 1D uowwon) & |
o S
(panuriuo))) = .&
=
xipuaddy L =
<
[S]
g

From



s3onpoid dif pue

From

945 ur pasn aq 01 10N - (res ) .
’ . PoIsIT 0N - - - SISEIRLIN CO¥ P C:C98CT IO S poy quauewWlod ¢
(7:¢98¢1 €98¢<1 1D
1D) 0% P24 21§
(res eN)
21S1] 10N - 21ST] JI0N] - — — d1YIUL
Pa3sT] 30N Po3sIT 0N RaYIUAS €98C1 O 43
%10°0 S (duljiue
saomposd ok S PaIR[NI[ED)SIUTWE usumEo.S
. U1 posn 5q 03 10N - Arewnad pajeuojnsun 943°() N6 AN TOHLI (a1es ®D)
C.Omwmm ' S3[es Wnped ‘proe dijdxoqied RISl 0T pd L P 1:068¢T ID vOd sulqmy [0y I¢
1D) 20T PY "€€8 L°N Suoreuaudeu-7-Ax0IpAL-¢ 081 4§
oM DA LOST VLS TPRqEE-g-X0TpAH ¢ 0¢8¢T D
p £947°0 S 3eS wWnId[ed ‘proe
STUOJ[NSUZUAqAYIdW-C-OuTWe-7
2%10°0 S (duljiue
saomiposd ok Se PaIe[nd[ed) SauTwe uﬁﬁmEo.um 5
Ut pasn 2q 03 J0N - Aptid payeuoyInsun %y 0 9 ANIINYTOHLIT (18 BN) e}
(0$8CT ID) 10T PV "T€§ ’ “oN S3Tes WNEd ‘pIoe dijdxoqied 081 a§ SISENRLIN 10C P2d 9 pd 0¢8CT 1D €Uy [OPIT  0¢ g5
5 @, suareyaydeu-z-£xo1pAy-¢ <
PRI O®A 90¢T vwm {9770 S 3[es wnided ‘poe -
DTUOJINSUIZUGAYIdW-C-OuTWe-7 = )
! - : Q
=
r_uumh: aq sonposd diy puw ok saurIqWAW snodnw uo parjdde 3 @w
Jouuwd eIz G e N - s1onpoid ur pasn aq 01 10N - SOUBIQUIDW SNOINW Im WJ
sonposd dypue PP o %y'0 uo parfdde sionpoid - onayaudg 612 P 1€ pY 008STID W PR MPTavenvg & &
245 ur pasn aq 01 10N - N 9% mmm. MWH S 31es wnped ‘proe droypydeu ur pasn aq 03 10N - (\m
(008ST ID) 617 P24 01§ PR ORA TEETYLS -7-Ax01pAy-¢ t957°0 S dulIUYy ﬂ =
s1onpoxd diy pue 5 H
. (a1es 19) &
945 ur pasn aq 01 10N - L m
Pa3SI 10N - %< - %€ - dnauig 80¢C pP¥ €:0€9¢1 1D ASPA T O
we 0€9¢T 1D )
(£:0£9¢1 1D) 80Z P24 6§ B L
pasn aq >
jouued Iyl JZ 1§ ‘e - ‘c @
(res ©))
s1onpoad diy pue 23S1] JI0N] * %C - 9%¢ - onayuk 2} : Y [OYIT w o
245 Ut pasn aq 01 10N - Po3sIT 0N %< %< RaYIuAS 90C P NWMGM ww VO Py 104 .
o 0 23
(091 1D) 907 P2Y L§ g M
LBAIOY 4S9IBIG pau) PEUIYD ek sse|) LPUWEN UBIIOY] LweN SN (W05 37ES) PUWEN MU
‘ON ID uowwo)) <
[
=0
(panunuo))) 5=
xipuaddy um Q
<
[8]
e



%1070 > (Puiiue
Se PaIB[Nd(ED) SAUTWE JIILWOIe
Ayewrnid pajeuojmsun 950 1S

SCC MediaLibrary & Resource Center (library.scconline.org)

From

(eare I[ES WNIPOSIP (PIJBIUOJ[NS
243) a3e Ty OS]V - suareyaydeu-7) 1pAxo- 9¢g 0)4 .
Y : ‘ onayuk ) 2} 9y Ban
(€091 1D) 0% P LT § 0F “ON PoY ‘%70 dTY VINTIV 621 98 YAUAS 0y P2 [ €€091 1D OV PR By LC
%A 0F£THLS SPIDE DTUOJ[NSAUIZIUA[AIdW
-g-£xoylsw-¢-ourwe-y,
£95€° (S 3[ES WNIPOs pIde dIuojns
suareyaydeu-z-£xo1pAy-9
%10°0 > (urrue
Se Tvud—ﬂu—duvmucﬂsm Jnewore
Arewnid pareuoynsun (9501
> Au—dw wniposTp Amvdu.m Jraojns
suareyaydeu-z)ipAxo- 9‘9 —
£95C°0 S (P1o® DTUOJNSIUIZIUA]) s
s1onpoid 24> T . =2
ur pasn aq 03 10N - Lot 44 404 MOTTIA 2
(S86CT 1) € MOTRX "L § ’ . pu® proedruojnsip-¢*| RIEELERN § MO[PX 9 MOT[PA €86ST 1D ADd MO[2A 395Ung @
9 "ON MO[[PX —susretudeuAxoIpAUy- LASNAS 01T a8 c
. [ey3ycieudxoIpay-L 5
O®AL 90LTHLS g =
-suareyaydeudxoipAy-9 ﬂ
‘proRIUOJ[ISIP- LT k=]
-auareyaydeudxorpAy-¢ ‘proe <
UMEO.:HZIH|UEUNE.UO_OGMEN|w m
Jo Aanuenb w103 92 ‘G
P23sI] 0N - Pa3SIT 30N - - - onayaudg 086¢<T 1D .m
pasn aq  sionpoid dif pue 24> %0 s ) ]
J0UURD I¥e[ IZ IS ‘Bg - UI pasn 3q 03 J0N] - sproe droyaydeu-z-£xoIpAy-¢ . . m
(1:088¢1 ¥¢ ON £957°() S[ES WNID[ED ‘PIOE d1ayauAs 0zz pY ye P vwmmm W uoorepy doaq =
D) 027 P2 "SE§ PN ORA e yL§  druogmsaudpeyaydeu -[-ourwe-g 2
LBIIOY] 4S91BIS paNu) PEUIYD ek SSB[D) DWEN UB2IOY] LWEN SN (w105 37ES) PDWEN @
ON ID uowrwo) 5
(]
(panunuo)) =
xipuaddy .W
m
[S]
z



Pa3sI] 10N -

(€€Z91 1D) 201 P24 '8¢§

Pa3sI] J0N] -

(S81911D) 7 P2 9T §

P33sIT 10N - -
%1070

S (uIIue Se paje[nded) saurwe
snewore Arewnid pajeuojnsun
£95C°() S proe d1uoynsia
-9‘¢‘1-auareyaydeudxorphy-/
pue proedtuoymsIp-¢*|
-ouareyaydeudxoiphy-/ ‘proe
Sruoj[ns-z-auareyiydeudxorpdy-9
‘p1oe J1uojnsIp- /7
-auareyaydeudxoipAy-¢ ‘proe
Sruoj[ns--auareyiydevourwe-,
Jjo Lirauenb 1e301 912

pa3sI] 10N -

saurIqWdW snodonw uo parjdde

poIsI 30N - s3onpoid ur pasn 3q 01 10N -

%710°0 S (UI[IUe se paje[no[ed)
sautwe dnewore Arewrid
pa3euojnsun 94¢°() S pIoe
J1u0J[NsIII-9‘¢“ 1 -auareyiydeu
Ax01pAy-/ pue proedruojnsip
-¢‘1-auareyaydeudxorphy- /£
‘proesruojns
-z-auareyaydeudxorpAy-9
‘pIoRDILOJNSIP-/°T
-auareyaydeudxoipAy-¢ ‘proe
Sruojns-1-auareyiydevourwe-,
Jo Anuenb [e103 o2

pa3sI] 10N -

- RIEENEIY

vV aayg
TVANIHDOD 9 219YyIudg
NVIDNOd $¢1 a8

wwc.wuﬁ_EuE snoonuwr
uo pardde syonpoid  d1ayIUsg
Ut pasn 2q 03 10N -

HINVIVINY €21 4§ 21oyaudg

01 pd

¢ pd

06291 1D

SCTo1 IO

0€29T 1D

S8I91 ID

(g1 neaduo )
AUIID07) MIN

yiuerewry

=
N

LBII03[

4S93818 paNUN) LRUTYD

qNd SSB[D

LAWEN UBSIOY] LWEN SN

q(wI0g 1ES)
ON ID

DQWEN
uowwo))

(panunuo)))
xipuaddy

Purchased for the extlusive use of gofirst nolast (unknown)

SCC MediaLibrary & Resource Center (library.scconline.org)

From



PR3SI 30N - Pa3SI[ 30N - - - S1AIUAS €9681 1D 8%
pasn aq
jouued I¥e[ IZ 1§ ‘B -
s1onpoid Jjo-yses - Pa3si[ 10N - s1onpoid jjo-asury - s1onpoid Jjo-asury - JTIAYIUAS LOY MO[[9X 0Z88TID O¢ mo[px wySisey /¥
(0Z881
1D) LOY AOT[2X "¢C§
Ppa3s1] 30N - Ppa3si] 0N - s3onpoid yo-asury - s3onpoid go-asury - d1AYIULg 9¢L81 1D 9y
Pa3sI] J0N] - pa3si] 10N - s1onpoid jjo-asury - s1onpoid jjo-asury - J1AYIUAS 06981 1D <%
Paasi] 10N - Ppa3si 10N - s1onpoid jjo-asury - s1onpoid jjo-asury - J1AYIUAS 0€18T ID a4
saurIqWLW snodonw uo parjdde
s1onpoid ur pasn aq 031 J0N] -
%10°0 S (SUITIUE SB paje[noYed) o))
sourwe dnewore Arewrid O p— o]
9IBUOJ[NSUN $94C() SPIE JTUO (0]
Pa3sI] 10N - paisi 10N - ﬂ:m%.mmkNlmcuM%ummwﬂwxEv»m uo parjdde s1onpoxd  dnayiukg 0S08T ID ¢y S
--ouTwe-¢ pue pIde dIuoj[nsi UL postt 99 03 30N+ — m
p-L¢z-ausreyaydeudxoipAy m %
-}-OpIweIade-¢ jo m <
Anuenb 1103 o3 X 3
§y/8tl0z 5 suiprzuag /m\.m
(8y/Sw s auazuaqOZY Ty =
/8¢ /7 s1huaydiqourwre-1 {5y ﬂ 5
$IOY1IIUIP o ~ Cuoudipm-ct S =
‘gsemamou $g¢ /SUCTT SouazenjAuaydip-¢*] <l
pasn aq N (3y/8d0 15 suszuaqozeourwe-y, 7O
e snpord ypnsdry - . | . |2
J0uuy AE] 37 IS v s1onpoid 242 By/Fucg s dupue t9)¢ - RISEIRINY ) - po eIuaSeN PIOY Ise, g 3
%¢ spnsdiT - " @mzuw Mu o S ayes warpostp ‘proe RIYIUAS Lcc pd €¢ Py 002LT ID W PPV st .@ )
(00ZL1 1D) LTT P '8€§ P 4 ¢ .WHZ oruojnstpauseyIydeu-/ ‘g ..m 2
- ~(ozejhuayd)-¢-Axo1pAyrp-¢y o @
P O®A €€ VLS $95€°0 5 3]s WNIPOSIp R
‘proe druojnsipauareyaydeu ou.u o3
-/ ‘¢-Ax01pAy-g-ourure-1 = m,
LBIIOY 4S9IBIS paIUN) PBUIYD ekt Sse[D) AWEN UB2IOY] LWEN SN 4(WI0§ 37ES) PQUWEN @ ke
‘ON ID uowwo)) a 3
o
(panunuo)) £33
S
xipuaddy o w
S E
= O
€T



s1onpoid jjo-asury -
Fy/Sw¢ uage

s1onpoid jjo-asury -
wdd ¢ :3uafe Furiofod

Pa3s1] J0N] - Ppa3s1] 10N - Su11010> 241 UT UOTIBIITAOUOD 3U1 UT UOTILIIUADUOD  DTIAYIUAS 80T1Z ID 48
SUIPIZU3Q  AUIPIZUAqAYIdWIP-<¢ ¢
-JAyowTp-¢ ¢ WwnwIxep - Wnwixep -
posn oq
jouued Iyl IZ 1§ ‘e - s1onpoid yjo-asury - wb:_woa HO-osury -
. wdd ¢ :3uaFe Furiofod
s3onpoid o-yse - Pa3sI] 10N - /5w audde Fuliojod 92 UT UOTILIIUADUOD  D1IIYIUAG 70 28ueIQ 00112 1D ¢¢
: 33 UT UOTIBIIUAIUOD JUIPIZUA] o . :
. SUIPIZUSQAYIIWIP-<€ ¢
(00112 -[AyrowIp-¢f¢ wnwrxey - wnwrxep -
ID) $0T 25ueI0 “0¢§ .
pasn aq
Jouued e[ IZ 9§ ‘e -
s1onpoid jjo-ysesx - pa3siy 10N - s1onpoid jjo-asury - s1onpoid jo-asury - dnaYIuAg 10% Yoeld 0.0z 1D Yorrd onig foysydeN  z¢
(04%02
D) 10¥ ¥v1d "9¢§ S
s1onpoid diy pue 245 5
ur pasn aq 01 10N - [}
PRSI 30N - 1 ON umorg PR3SIT ION - PaISIT 10N - d13dyIudg 1 umoig 0L10T 1D 1% =
O®A 1SITHLS -5
s1onpoid pjo-asury - s1onpoid jjo-asury - m Q
Sy/Sw¢ nuafe  wdd ¢ :3uage Suriojod (o] @w
pa3si] 10N - pa3sI] 10N - Su110[00 3Y3 UT UOIILIIUIIUOD 3U3 UI UOIIBIIUADU0D  D1IYIUAS 01002 ID m WJ
QUIPIZUAq  AUTPIZUS] [AIAWIp- €€ m kel
-[AyowWTp-<¢ ¢ wnwiIxey - WNWIXE (/“\
%10°0 > (urrue m Fos}
SB Paje[nd[ed) saurwedewore o £
Ayewrrad pajeuojymsun $95¢ () = m
(ware S proe 21umdNs AxoIpAyena .m nn._w
542 23] [V OS]V - pue (PIde dTUOJ[NS JUZUAq) G ©
(0¥T6T ID) ¥ MOTPX "9¥§ C “ON MOT]IX IpouTweozeIp- H4 ‘pre GNIZVIIMV.L 0T 4§ d19Yaudg ¥ MO[PA $ MOPA O¥161 1D Qulzede], ..m\ 3
. S114x0qIed-¢-aurjozeidd-z ] @
O®A COLTYLY -(1Auaydojyns-y)-1-0xo0-¢ ‘proe mw o
JTUOJ[NS--aUdzZUaqouTwe-§, ‘pIoe oU.u (%]
S1U0J[NSIUIZUIOUIZBIPAY-f, >
jo Lanuenb [e101 Ay T, - m W
LBIIO3[ (S9IBIS paNIUN) LBUTYD oNd SSB[D) POWEN UB2IOY] LWEN SN 4(wWI0§ 37ES) DWEN Ammm
‘ON 1D uowwo)) o ©
=3
(panunuo))) 5=
xipuaddy M m
<
g
£

From



NIHINVXVHLNVD

93ST[ JON] * 91T JON] - - d1YIuk
P38 I0N P23SIT 310N S101 q§ YIuAS 0¢80% ID €9
P23sI] 0N - PA3SIT 30N - - - RISEN RN €Z80% ID 9
(0€£D) TYNALOYEVD-,8
9181 JON] - 911 JON] - = ‘o dNAYIUL
P38 I0N P23sIT 310N -OdV-VLAg 2 091 4§ YIuAS 0Z80¥% 1D 19
Paasi] 10N - pa3si 10N - s1onpoid jjo-asury - s1onpoid jjo-asury - J1AYIUAS <120% ID 09
%1070
S (SUI[IUE Se paje[nd[ed) saulwe
sriewore Arewiid pajeuojnsun
{980 S (PIoe dIUOJ[NSIUIZUI])
-IpouTWeoZeIp- 1Y, pue pIoe
ST 1ONT - ST 10N, - Sruoj[ns-z-auareyiydevourwe-g . Nd Stk
PR3SI 310N Pa3sIT 10N ‘prov sruoymsip- 1 -suareyaydeu SOVId N4 JOVId ARIYPIuig 0¥¥8¢C 1D 6¢
fxorphy -counuey,  LNVITINE 1CT a8
‘pIo® JTuoynSIp- L]
-ouareyaydeudxoIpAy S
-¢-oprwelade-y 5
Jo Aanuenb er01 Ay, [}
P23sI] 0N - p23sI[ 0N - - - dnayudg SCLLTID 8¢ m
SOULIqUIAW SNOdNUT = m
uo parjdde s1onpoxd = %
U1 pasn aq 03 10N - m =
%T> X
,ﬁwmﬂz 9 s1onpoid diy pue 24o Touareypdeu-z -[ozejduayd m W
Jouued a¥e IZ IS ‘ef - =2
U1 pasn aq 03 0N - (ozerhuayd)-1-1 =
s1onpoxd diy pue . Pa3sI] 10N - - __ dmayiudg <zz Py L1 P24 0019Z 1D I1T uepng & ~
243 ur pasn aq 01 J0N] - L1 N % ¢ > odeu-g Lo
: ‘ P2 ORA LTCTHLS ~(ozerfuayd)-1 9% 10 Qg
(00192 D) €ZZ P2 "TT§ > SOOI M m
% T'0 5 [owydeu-g o
% T°0 s urue B L
erIaID Amg ..m 2
Pa3si] 10N - Ppa3si[ 10N - s1onpoid jjo-asury - s1onpoid Jjo-asury - J1AYIUAS 06L%2 1D m %
SOUBIqUIDW SNOINW 1
93817 J0N] - Pa3sI] 10N - surIquiaw snoonw uo parjdde uo parpdde syonpoid  dnayusg 0€CIT IO 2
pa3st : s1onpoid ur pasn aq 01 10N - : : o -
: ur pasn aq 03 10N - W 5
LBIIOY] 4S9IEIG pAIIUN PEUIYD ekt sse[) LDWEN UB2IOY] LWeN S (w105 37ES) DWEN @ ke
‘ON 1D uowwon) 5 3
o S
(panuriuo))) = .&
S
xipuaddy o =
<
[S]
g

From



%1070

S (UI[IUE SB PaTR[Nd[ED) SAUTWE

(eore sriewore Arewrid pajeuojnsun
. 243) [ [V OS]V © £9%()°C S 9seq 0d0n3[ ‘94¢°( S (pIoe ADd 4NT19 (31eS BN)
N ° 3 119! uﬂ% N 2N a0 JUBIT[IY
(060zy 1D) T n1d 158 [ONoN[g  druoj[ns auazuaq [Ayraw (ouTwe INVITINNG €61 a8 s Lend Lond 060Z¥ 1D dod =2 e

O®AA 1012HL§  (JAusydogs-)[4yaa)-¢ ‘<1 5
SPIO® J1UOJNS AUaZUI] [AWI0)-f,
pue -¢‘-z jo Linuenb [e01 oy, -
Pa3s1] J0N] - pa3sI] 10N - s3onpoid pjo-asury - s1onpoid go-asury - d1aYIuLg 0802% 1D
9%¢°() S 3[BS WNIPOS ST
PUE PIdo® JTUOJ[NSAUIZUIAXOIPAY
-C-TAWI0J-7 €94¢°0 S SIes
wnIposIp s3I pue proe
J1u0J[Nsauazuaq {[Ayaw(ourwe
(14uaydoyns-1,)[4y3a)}-3, pue -¢ - o1ayIuhg € U2210) € U2210) €Cozy 1D ADd U919 358
Jo Aanuenb 1101 243 f94C°0 S
SI[eS WNIPOS J13Y3 PUE SPIde
OTUOJNSAVIZUIQAWIO)-F,4-¢ -7
Jo Aanuenb [e103 53
£95C S aseq 0ONIT -
%10°0 > (urrue
Se paje[nofed)
sautwe dnewore Arewnid
P23BUOJNSUN $95()'}; S 3Seq 0ONIT
Pa3sI] J0N] - Pa3sI] 10N - $96C°0) S PIo® JTUOJ[NSIUIZUI]
ourwe[AYIaIp-N‘N pue proe
210ZU3qoJns-,-AX0IpAY-¢ ‘p1oE
510zU3q AX0IpAY-¢ ‘OpAysprezuaq
Ax01pLy-¢ jo Anuenb [er01 2y, -

s1onpoid 243

ur pasn aq 03 10N -
¢ 'ON] U22ID)
O®RAA €0TTYLS

(£€0T¥H ID) € 221D 128

AdNTd

onayIuk
INALVd 161 a§ s 1602 1D

SaueIqUoW snoonur
saurIqWAW snodonw uo parjdde

Pa3sI] 0N - Pa3sI] 0N - s1onpoxd ut pasn 3G 01 0N - uo parjdde s1onpoxd  >mayIudg HOTH 1D
. ur pasn oq 03 10N -
LBIIOI[ 4S9IBIS paIIUN) LBUIYD Nd sse|) AUWEN] UB2JOI] PweN SN 4(wI0] 37ES) PWEN
'ON ID vowwo))
(ponuriuo)))
xipuaddy

Nl
O

SCC MediaLibrary & Resource Center (library.scconline.org)

Purchased for the exg Uisive use of nofirst nolast (unknown)

From



pasn aq
Jouued e[ IZ 9§ ‘B -

s1onposd Jjo-sey - Pa3sI 10N - s1onpoid jjo-asury - s1onpoid jo-asury - dnAYIUAg 901 P2 001<H 1D parpny /L
(001¢¥ 1) 901 PY 1§
%10°0 S (urrue se paje[nofed)
saurwre dnewore Arewrid
pareuojnSuUN $94()°¢ S aseq
00M3[ 1957°0 S (PIoE dIuognsIp
) ) -/ ‘z-auareyqaydeudxorpAy-¢ .
Pa3SI 310N Pa3SI 30N ‘91°0 5 suousydozuaq S NHHYO ¢y1 4§ 21ayudg 060%¥ 1D 9L
(ourweAyIaWIp)SIq- ;Y
‘%1°0 5 [oyoore
143pdyzuaq
(ouTwe[AqIWIP)SIq- F -
SaueIquUoW snoonur
9381 ION] - Pa3si] 10N - surIquisw snoonw uo parjdde uo pardde s1onpoid  dnayIUsg CHOVY 1D SIN[q IUIAIOS /L T
poast : s3onpoid ur pasn aq 01 10N - : : yory v 2
Ur pasn 2q 03 10N - o
SOUBIqUIDW SNOINW %
93ST] JON] * pa3s1] 30N - surIquisw snoonw uo parjdde uo parjdde s1onpoid  dnayiuig CCLTY ID L=
po3st : s1onpoid ur pasn aq 01 10N - : : v =
: ur pasn 2q 03 10N - = m
) . s3onpoid pjo-asury - s3onpoid jjo-asury - =
Pa3SI 310N Pa3SIT 30N Fy/Furg - wddc - RISELERIN 02<Ty 1D W w
SaUBIQUISW SNodNW W @
93SI] I0N] - Ppa3si] 10N - suraquisw snoonw uo porjdde uo pardde s1onpoid  dnayIusg 01¢Zy 1D m.m
po3st : s3onpoid ur pasn aq 01 10N - : : v =
uT pasn aq 03 10N] - =
Pa3s1] J0N] - P33sI] 10N - s3onpoid yo-asury - s3onpoid go-asury - d1aYIULg 0L1ZY 1D m H
Pa3sI] J0N] - pa3si] 10N - s3onpoid pjo-asury - s3onpoid go-asury - d1AYIUAg 0012% 1D 25
%10°0 B O
S AME:MEN se TMHNTJUTNUV saurure .&m %
pasn aq simopoid diy pue 245 srrewore Arewnd payeuoynsun (res c5
Ga ¢ Ul pasn 2q 03 30N - %07 S 358q 093] 195 ¢°0 S (P1oe 404 40714 ‘5
jouued a¥e] IZ IS ‘e - RISBIEEYEIN an an wmruowwe surmzeyd
0602% 1) Mo_m WEM .mwm ¥ 'ON °nld SruogIns auszudq [Ayaw (ourwe INVITING €188 nets coconia vond aoomv Hmw Od aHmEatty m M
’ %A YOI LS (HAuaydogns-p)ifuma)-¢ 195C'1 S S
SPIJB JIUOJNS AUIZUD] [AWI0J-1, oVu -
pue -¢“-z jo Aanuenb Telo1 oy, - D&
S
LBIIOY 4S9IBIS paIUN) PBUIYD ekt sse[D) DAWEN UBSIOY] LPWEN SN (w103 3[ES) PDWEN nalmH o
'ON ID uowwo)) ol
0.8
(panunuo)) = .&
S
xipuaddy S w
m
[S]
z

From



P1o® d10ZU2q
(14-6-UayIueX-F{¢ -OX0

s3onpoid syonpoid 243 947 S (p1oe 210Zuaq([4-G-UayIuex ~¢-AX03pAY-9-0w0Iq)-7
945 UT pasn 2q 03 30N © UI Pasn aq 03 I0N] - -F{§¢-0X0-¢-AX0IpAY-9-0woiq)-z %7 M:a vam EOMEL suaudg (0 €01 PoY 7z P (a1es BN) SA U0 P8
(08¢<y TTON ‘%1 S(pre 210z udq([4-6-uayauex (14-6 .:.Et:wx-ﬂm ’ 08¢<y 1D ’
1OX1) €OT P2Y 62§ P2¥ O®A ¢zcTHLS “He-oxo-¢-Axophy-9)y-z - O ¢~Ax01pAy -0)-7
& T ueqa a0t uOZ .
%¢ syppnsdry proe d1ozuaq
$SIOLIJTIIUD, A-G-uayIuex-F¢ -0X0
saonpoid coUsEM .um:.o w 9%¢ S (proe 210Zuaq(14-G-Uayauex -M- \AME M ) -owwu vz
945 ur pasn aq 01 10N - SEMnON -H¢-0x0-¢-Ax01pAy-9-0woiq)-z PAI9 4 1:0LESH 1D
sonpord 2o 9% ¢ PU® pPIdoe 210ZU3q  O1I9YIuAg 107 28ue1Q ¢ 28urIQ uradsasonpowoiqi]  ¢8
(rroLesy pasn aq 02 10N - ‘%1 S(proe 2107 uaq([4-G-uaypuex (14-6 ~ustpuex-1¢ 0LECH ID
1D) 10T 25ueiQ 8§ ’ ¢ 'oN 25ueIQ -~H¢-0X0-¢-4x03pAY-9)-T - -0x0-¢-AX0IpAY -9)-7
O®A $CTTHLS % 1 UeY3 210W I0N -
P29 snposd dif pue 24o %S0 > piov Jlozuaq
Jouued e[ 37 IG ‘e - w Mwm: w%om JoN - (14ozuaqhxoIpAyIp-17)-c LOCECH D @
%9 * ’ / “ON MO[[2X ‘%1 spre dreqayd %9 - dmaYuhs 10T MOT[PA LMOT[2X 0<ESH 1D urdsazon[y  ¢§ O
(1:0¢¢¢k 9 LOLT LS $94C°() S [OUTDIOSY - m
D) 10T MOTRK "8%§ ’ %9 - =
pasn aq = m
jouued e[ 37 IS ‘B - %G 0 S PIO® 210ZUs3q = @w
syonpoxd diy pue (14ozuaqhxoIpAyIp-+7)-z ores 5D m =
243 ur pasn aq 01 10N] - Ppa3si] 10N - ‘941 s proe orreqayd 9%9 - d1PYIUAS (2) 207 MOT[2X 3] 2urueIn) |mw B
%9 - £95C°(0 S [0UIDI0SAY - 0ce<y IO (U\uw
(0¢ecy %9 - ﬂ =
I0)(@) 20T MO[[PX “CT§ 53
pasnoq s1onpoid diy pue 242 %60 > poe 2107uaq < m
J0UURd A¥e[ 17 IS ‘e - ur pasn wﬂ 01 30N - (1ozuaqhxoIpAyIp-17)-z (res o) Nm O
%9 g oN MoK %1 spre dreyyd %9 Pnampuls (1) ZOT MOTPX 8 MoTRx 0CECH 1D surmel) 5 @
(0sscy 9 80LZHLS 1%¢°0 S [ouII089Y - 25
IOXT) 20T MO[12X “6¥§ %9 5 &
Pa3si] 10N - Ppa3si] 10N - s1onpoid jjo-asury - s1onpoid go-asury - d1AYIULg 022SH 1D Ww. o
o3
[}
s1onposd o-ysey - 93SI] J0N] - s1onpoid yjo-asury - s1onpoid go-asury - dnayIuAk 9 SuTweor )
(061<H D) T0% PN €<§ Pa3sI] 10N poid 3 2 poid 3} N RaYIUAS 10y P4 061<Y 1D | PUTWPIOIA m W
- O
LBIIOY] (SIS pAIIU) PEUIYD ek sse|) PWEN UBIIO3] JweN SN 4(wWI0§ 37ES) QWEN] a%au
‘ON 1D uowwo) ©
=
=3
=]
(panunuo))) 5=
xipuaddy M m
<
[S]
g

From



pIo® 510ZU3q
(14-6-uayauex-H ¢ -0X0

243 ur pasn m“uzwo.uﬂw T UmMuMSMOun”U%W m:.\QN Wummm”’.“u.m W_MVMMDHA~HA||QAU|“®AQSHC.|NMA |m|%NOu—u%£|©|OEOuLv|N : T33saJongour
urp q 03 30N urp q 03 310N Im\ ¢-AX0IpAY-9 1q)-C 9% 7 puE pIoT 107U3q  J1IIIUAS 31z Py 12 PoY T:01%<Y 1O utsosaiony 68
(1:01H <Y LT ON ‘%15 p1oe d1ozuaq([A-G-uayiuex (56 .cwfcmx He . 01V <H ID -0JqB11210J0[YdeIIJ],
10) 81T P2 '7€§ P2Y OXA LTETHLY -He-oxo-¢-Axo1phy-9y-z -~ ¢-Axorphy -0)-7
9% 1 UeY3 2J0W JON] *
snpoid
945 ur pasn aq 01 10N] -
s3onpoid 245 ur pasn aq 031 J0N] - proe d107Uaq
9% SP® d10ZUaq (TA-G-Uaypuex (JA-G-uayauex-H¢ -0xo
Pa3SIT 10N - PaISI[ION - -H¢-0X0-¢-£x01pAy-9-owoiq)-z  -¢-Axoiphy-g-owoiqyg  d1YIuLg OK<H 1D 88
{941 Sproe 210z Uaq([A-G-uaauex 9 T PUE PIde d10ZUaq
~H¢-0x0-¢-Ax01pAY-9)-7 - (14-6 -uapuex j¢
-0X0-¢-AX0IpAY -9)-7
9 1 UL 250U 10N - —
s1onpoid nmu
wioj proe 333y dif ur pasn usaym ‘wioj )
Ppa3si[ 10N - Pa3ISIT 10N - UT AJUO pamoyJe st 1uage Furiood pre 223) Ul AU d1PYIUAS 96¢<H 1D /8 .S
ay3 sprasdrp ur pasn uaym ‘g4 T - s3onpoid =
d ‘ €83
17 UT pasn uaym ‘g4 T - S Q
proe d1ozuaq W @w
%zs  (14-6-uayruex-H¢ -0xo m WJ
108 210ZUq([A-G-UaIUBX-H¢  -¢-AX0IpAy-9-owoiq)- [=
(08ecy 93ST] JI0N] - -oMMv.l -\wxoh MAM .MEoM )- :wﬁm ‘ 9 ﬁcu ccm EoNgcva S19uA ) 9 QOres 30 (9)urso = W
N 0bS Pa3SI 10N ¢ PAY-9 DT %1 % T pue proe o1 q OBRYIUAS 7) 0€Z Py 08¢<H 1D JSA 1soq =
D)@ 0£Z P s (proe J10Z uaq(14-G-uayauex (14-6 -uapuex-H¢ o
-H¢-0x0-¢-Ax01pAY-9)-7 - -0x0-¢-Ax01pAY -9)-7 O =
9% 1 Uey 2J0W JON] * < m
mvdu.m UMONEMQ N w
s1onpoid syonpoid 245 947 S(p1oe d1ozuaq([4--uayruex .MHMHMMM..MMMM“%M ...nnlu m
945 U1 pasn 2q 03 I0N] ©  UT Pasn 3q 03 0N - A -H¢-0x0-¢-Ax01pAy-9-0woiq)-z 9 7 pue proe d10zusq  SRIUAS 7z P 12 poY Z:08€<H 1D UIS0SIIONGOWOIGENL, ..wlw @
(Z:08¢<h 12 'ON ‘%1 S(proe 510z uaq(]4-G-Uayiuex (14-G -usgauex-F1¢ 08¢<y ID mw @
D) €22 P2 "9¢§  PPY O®A 12T LS -H¢-0x0-¢-4x01pAy-9)-7 - ~ox0-¢-Ax0IpAY ~0)-7 w o
9% 1 Uey 230W JON] * S >
LBIIOY] 4SS partu) PBUIYD 0T sse[) PWEN UBIIOY] LWeN SN 4(Wwi05 31Es) PAWEN le_ M
‘ON ID uowwon) Q=
a -
Q.S
(ponunuo)) £8
S
=
xipuaddy m m
<
[S]
g

From



%0 Sp1e d10zuaq
(14ozuaqoxorp

IANISOYHLAYH

xipuaddy

91ST] JI0N] * pa3SI] JON] - RISEl 1A
Pa3sTT ION Pa3SIT 30N - C-AXOIPAYIP-1T)-T zias IUAS 0¥y 1D v6
£947°(0 S [OUIDI0SITOPOTTIT, -
pasn aq
jouued e[ 37 9§ ‘e - s1onpoid dif pue 24> %T0
s3onpoid dif pue  ur pasn aq 03 10N - SpId® d10ZU3q (JA0ZUaqOXOIp ) " - (a1es BN)) VN
945 ur pasn aq 01 10N - 11 'ON 23ueIiQ - ¢ ¢-Ax0IpAyIp-17)-2 POISITION - 2Hoiuas £0T 28UP0 11 °8um0 CTPCH ID  YSIMO[[R SUISoIyILig €6
(SThey 0% 192 7L %70 S [OUI2I0S2I0POILY, -
D) L0T 25ues0 H§ S
posn oq m
Jouued e[ 7 9§ ‘eg - s1onpoid dif pue a4 %T0 <
syonpoxd dip pue  ur pasn aq 031 10N - S proe J10ZUaq (JA0ZU2qoX0Tp . < 1:¢ZH<H 1D <
945 ur pasn aq 01 10N - 01 'ON 28ueiQ -C ¢-Ax0IpAyIp-17)-2 PRISITION - 213puds 90z 2FuTI0 01 25U%0 YK 1D urevsstongopond \N)am
(T:¢ey sy 0%A 09T FLS 1957 () S[0UI2I0SAIOPOTIT, - m O
D) 90T 25ue3I "¢§ 3 3
proe o107u9q £g
_ > (A-G-uapuex-F{¢ -OX0 m =
s1onpord &N.vﬁum .uMoN:uﬂ (14-G-uapuex -¢-Ax01pAy-9-owoIq)-7 ~ m
945 ur pasn aq 01 10N - pa3sI] 10N - “He-ox0-¢-Ax01phy-9-owoiq)- 96 7 PUB PP OI0ZUq  D1393UAg (2) Y01 Py Qs 30 g durxoqyd w =
P 4 ’ $96TSPp1oe 210703 (J4-6-uayauex B - 01%<¥ 1D ’ Lo
(887 L §-0%0-¢-AX0XpAY-0)-7 - (14-6 -uatpuex H¢ S =
1D) () Y01 P2¥ "T€§ ~ox0-¢-A¥01pAty -9)- m
9 1 UL 2J0W J0N] * .ﬂ e
proe d10zuaq :m m
B > (14-G-uayauex-F{¢ -0X0 [ S}
swpord spnpoid 2dd g7 vEus.&oNCun_AE 6-uayauEx ¢-Ax01pAY-9-0WOIq)-Z %5 @
245 ur pasn aq 01 10N - UIpasnaq 03 30N+ -H¢-0X0-¢-Ax03pAy-9-owoiq)-g 9% T PUE PIJB D10ZUIQ  JNIPDYIUAS (1) %01 P2y 87 PoY 017 *N) g aurxoqyJ @w x
P q O1<h 8T ON ‘% 1SPprv d10zuq ([4-6-uayauex (1h-6 .:.uzu:,sm HE ’ 01y<y 1D ’ =
g DX : -H¢-0x0-¢-Ax01pAy-9)-7 - . )
IOXD po1 poy 0g§ P IPABTECTLS HEoxome-Boipfo)e -ox0-¢-Ax01pAY -9)-7 >
9 1 UBY3 210W 10N] - w W
— O
LBIIOY 4S3e38 pasu ) PBUIYD ekt sse|) PWEN UBSIOY] LWeEN SN (w103 I1ES) PAWEN A%HU
‘ON 1D uowwo)) ©
=
=8
(panunuo))) 5=
55
<
[S]
g

From



9%C°() S QUOTPAUADBIYIUE

pasn aq  s1onpoid diy pue 243 S T
Jouued e[ 37 1§ ‘B - U1 pasn aq 03 J0N] - 01’6 \QS?EM@ vl .
(<2209 ’ Z "ON P[OIA %50 - onayaudg 10T PIOIA T PIOIA STLO9 ID §§ ordmg sunmziry €01
D) 10 2[O1A "¢Z§ o®d 09T \.w SUOIpAUTLT -OL'G-Ax0rpAy 1
" ey *9%¢ 0 seurpmierd -
Pa3s1] J0N] - Pa3sI7 10N - s1onpoid jjo-asury - s1onpoid go-asury - dnAYIuLg $2L09 1D 01
ssn 5 saurIqIaW snodnw uo parjdde
UL 3T 1 M e q s1onpoid diy pue 243 s1onpoid ur pasn aq 03 10N -
? s wﬁ SNa &M Mw ur pasn aq 03 10N] - %0 souaihd i1 s SOUBIQUIAW SNOONW
oo Ut u%%m o ,u_o_u ) %10°0 - Proe druojnser1al auarhkd-g9cc uo parjdde s1onpoid  onayauig }(07 U2210) 8 U23ID) 0¥06< 1D buoD) autueikd 10T
P q % ﬁoﬂ 8 "ON] U2310) JO 3Tes WNIPOSEINY, 1949 S Ul pasn 2q 01 10N] -
20 : -
. %A 80ZT YL p1oe druojnsin auarkd-9 ¢
(0%06¢ 10) 70z U219 1§ 70 3[PS WIPOSIY -
Pa3SIT 0N - Pa3SI[ 30N - - - RISELERAN 0008¢< 1D 00T
Pa3s1] J0N] - pa3si] 10N - s3onpoid yjo-asury - s1onpoid jjo-asury - J1AYIUAS G6I$1S 1D €7 W[OIA WIWSI 66
SOUBIQUIDWI SNOINW
Pa3sI] J0N] * Pa3sI] 10N - surIquiaw snoonw uo parjdde uo pardde s1onpoid  d1ayIvAg 0Z70< 1D 86
: : s1onpoid ur pasn aq 01 10N - : :
: U1 pasn aq 03 10N -
Ppa3sI] 30N - pa3si 10N - s1onpoid yjo-asury - s1onpoid jjo-asury - d19yIug CZ€0S 1D 16
%100
S (SUITIUE Se PaIR[NO[E)SAUIE =
Jrrewore =
s15nposd 545 Arewnd pareuoynsun (Syy/Sw 3 m
s1onpord 0P S auoIp-¢*“1- uepur(jAjoumb-z)-z X
265 ur Ul pasn aq 03 J0N - s c ) b MNOTIIA £ - [~
1 pasn aq 03 J0N - . {94’ S PIoB JTUOJ[NS durjoum RJAEIIRIIAN €0Z MO[[oX 0T MO[[2X CO0LY ID  S/X\ MO[[ax durjourng) B,
( 0T "ON MO[[PA " e b ANITONINO %01 1§
C00Ly RA 01LTHLS [AqIPWIP-9°¢ pue surjoummy .ﬂ
1D) €0T MOT[2X "0Z§ TAypowrp-9°z ‘proe drpeyayd ©
‘proe druojns surjoumbAyiow-z m
‘duroumnbidylaw-g jo %
Anuenb [e03 2y, - =
pasn aq ...nnlu
Jouued e[ 17 G ‘e - s1onpoid dif pue 243 saueIqudw snodnw uo parjdde —
syonpoxd dif - ur pasn aq 03 10N] - s1onpord ur pasn aq 03 J0N] - mwcwwwwmwmmwwuwﬂ RS- MoTT MOTTo MOTTox SUTTOUM ©
pUE 245 U1 pasn aq 01 10N 11 'ON MO[[A %7°0 S auroumnbdyaw-z :-.:_u WM: A Mu uwh RIYIUAS Y0C MOTPA 1T MO[[RA 000y ID S MO[K durjoumg) @U@
(000LY ORA 11LTYL8 %€ 0 Spre IRy d P E ()
ID) 0T MOT12K 91§ Z
LBIIOY] 4S9IIG pAIIUN) PBUIYD ek SSB[D) PAWEN UBDIOY] LAwWeN SN (w105 37ES) PDUWEN @
ON ID uowrwo) P
Y
(panunuo)) =
xipuaddy .W
m
[S]
z

SCC MediaLibrary & Resource Center (library.scconline.org)

From



pasn aq
Jouued e[ IZ IG ‘e -
(000€£ 1D) 10z 201g "¢H§

Pa3sI] J0N] -

pasn aq
jouued Iye[ I7Z 1§ ‘e -
($7869 1) ¥0T 2nId ¥ §
Pa23s1] 30N -

Pa23s1] 30N -

Pa3sI] 10N -

pasn aq

jouued e[ IZ UG ‘e -
(0L£T19

D) 107 U219 77§

pasn aq
jouued Iye[ I7Z 1§ ‘e -
(€9¢19

1) 20T U229 "¢z §

pasn aq

jouued e[ IZ 1§ ‘e -
syonpoid diy pue

945 ur pasn aq 01 10N -

(0££09 1D) 10% 12[0IA "¢§

pa3sI] 10N -

pa3sI] 10N -

Pa3sI] 10N -

pa3sI] 10N -
pa3sI] 10N -
Pa3sI] 10N -

¢ "ON U2210)
%A C0TTHLS

s1onpoid diy pue 245
ur pasn aq 03 10N -
9 "ON] U310

2®A 90T HL§

s1onpoid diy pue 245
ur pasn aq 01 J0N] -
'C ON P[OIA D%

XY 2097 HL§

saueIquidw snodnw uo parjdde
s1onpoid ur pasn aq 01 J0N] -

s1onpoid jjo-asury -
s1onpoid yjo-asury -

%T0S pre
UMGO.:—JW MEW—J—OulElOCMENlN hF&NO
s suournbenyiue AxoIpAyp-1°1 -

9%C S9UOIPIUIILIYIUE
-01‘6-{ourwe(jAuayd [Ayzowr
-P)}--Ax0IpAY-T1 t9%2°0
sauoumbeiyauedxopAyip-1° 1
‘%10 5 2utpmioi-d -
saurIqDW snodnw uo parjdde
s3onpoid ur pasn aq 01 10N] -
%T°0

> S3Jes wnipos amwumu.m Jraojns
aurpmyoi-d <9510 s aurpmjoi-d
$957°() S SUOTPaUAIEIYIUE
-01°6-Ax01pAyIp-p*1

$957°() S SUOTPaUAIEIYIUE
-01°‘6-Ax01pAH-1 -

- BIEELERIIAIN
SOULIQqUIAW SNOONW

uo pardde syonpoid  dnayIUsg
ur pasn aq 01 10N -

- RJEE1ERIAIN

- RIEELERIIAIN

s3onpoid jo-asury - d1aYIukg

s1onpoid jo-asury - d1aYIuLg

- o1ayauhg

- RISEIRIAN

SaueIqUUoW snoonur
uo parjdde s1onpoxd  onayiudg
ur pasn 2q 03 10N -

10C °n1d

Y0 2n1d

T10C U315

20 2915

10Y 9[0IA

¢ U210

9 U2310)

T OIA X

000¢L 1D

COTTLIO

€7869 ID

00869 1O

Y029 1D
$8S19 1D

0LST9 1D

€9<19 1D

0€L£09 1D

og1pu]

anyg AuIYIUBQIE)

o U219y
aurued?) JuLIRZI[Y

SS U22I0) duLIRZIUINC)

arding jornzipy

(481

111

OrT

601 —

~ ®©
(=]
—

LBIIOY]

4S938IG PaNUN)

pEUTYD

qoNd SSBD

PWEN UBIIO3]

,OWeEN S

q(wI0J 31ES)
ON ID

QWEN]
uowwo)

(panunuo)))
xipuaddy

SCC MediaLibrary & Resource Center (library.scconline.org

Purchased for the exélusive use ef nofirst nolast{unknowry

From



P23SI 10N - Pa3SIT 0N - - - emEN CCICLID 91
SANILOYVD
TVOTV (A1) viodsin
- IASARId WO
(0¢1¢L 2U230187) (0080¥% 1D
e e - ANALOYVYD-VIAL () [eanieN 2U21078)-BIAQ 2u210I8)-BIAY aualore)-eIdg (71
2UI0IL)-1D -39 10
10) D399 "09§ € <607 ¢L8 SINELOEVY LNV ) 0€TSLTD
(M ANZLOYVD
-V1ad () e 091 9§
(Sz1¢L 1D) 2uadoddT "6¢§ PaIST 20N - - ANAdODAT PO9T g [esnieN duadodA CTICLID auadodfT 71
e NIXIGYON ‘NIXIg .
L oneuuy ° oneuu ¢/ - . eanie oneuu onvuu L o1eUU
(0Z1¢L 1D) Vv '8¢ V 0€0z°¢LS OLLVNNV qoo1 a§  =™N \4 \4 0ZT¢LTD Vo<
Pa3SI[ 0N - Pa3sI[ 0N - - - dnapudg 00TSL IO ccl
91ST] JON] - 21SI[10N] -+ s3onpoird 242 ur pasn aq 01 I0N] - s1onpoid S1IYIUA U291£) JUdW ST
P23sIT I0N Pa3sI1 10N 1onp 'p q 03 30N 245 ur pasn aq 01 10N - RRYIuAS 092y L 1D L D3 'd 1ct
Pa3sI] 10N] - Ppa3si 10N - s1onpoid pjo-asury - s1onpoid go-asury - d1dYIUAg 0814 1D 0z1
pasn aq
Jouued e[ I7Z 9§ ‘e -
s1onpoxd diy pue pa3sI] 10N - - - RISEIRIAN 0L anig 091FL 1D  anjg autuelooreqayd 611
945 ur pasn 3q 01 10N - —~
(0917L 10) 10y nid H1§ £
Po23s1] 30N - pa3s1] 30N - s1onpoid jjo-asury - s1onpoid jjo-asury - d1YIUAg 001¥L 1D wm
Pa3sI] 10N - Pa3si] 10N - s1onpoid jjo-asury - s1onpoid jo-asury - dnAYIULg CI6SL 1D Pm
Pa3si] 10N - Pa3si 10N - s3onpoid yjo-asury - s3onpoid yo-asury - d13YIuLg 006€L 1D om
Pa3SIT 0N - Pa3SIT 10N - - - RISELEN €8¢CL 1D mm
s1onpoid 24>
pastiaq -y, pasn aq 03 10N - S
ouued e[ 17 IS ‘e - ’ 0¢ 'ON - - SISECEIN 9¢T pd 0¢ P4 09¢€L1D  ND 3uld duopulpH w.ﬂ
ENEVAS N
(09€€L 1D) 92T PY "L€§ PN %9 0667 FL§ ..W
%1070 m
S (AUITIUE SE PAIB[NOTED) SAUTWE —
. onewore Arewnid pajeuojnsun ANINYVD OOIANI . X =
anyq * 91T JON] - . iy onayqIuk an surwIe”) 0STpU
(STOSL ID) T 2nid "TH§ Pa3sIT 310N 960 'S PIE IIUBIUE pUE pY INLLOOIANI 261 48 UAS conig C10¢€L 1D wIes) 0sTpuL m@uw
U:MEmur—uEdO.w—ﬂmum ﬁwudu.m Umﬂom—ﬂm ()
-¢-unesy jo Aanuenb [e01 2y, - W
LBIIOY] 4S9IBIG pAIIUN) PEUIYD ek sse|) PWEN] UB2IO3] PweN SN (w05 37ES) LDWEN ow
‘ON 1D uowwo) mm
W
(panunuo)) =
xipuaddy .W
m
[S]
e

SCC MediaLibrary & Resource Center (library.scconline.org)

From



(0TTLLTD) . _ TLVYNOIIVO 2IPUOQIED) -
21BU0qIEd WNDE) 0L§ PASITION WAIDTYD 0L1 T8 Sruvsiou] wnpEn 0CCLLTD 2ITUOQIR]) WND[E) (¢ |
(€91LLT1D) 2pHIO[YIAX() ) ) 2pHIOYIAX() 2pHIo[YPAX() )
spuo[ya4xo yanwsrg ‘69§  ynwsig z917°¢ L8 druvgiouy yanwsig nwsig €OTLLID  APHOIYAXQ yInwsig  §¢T
D) 2385108 E::MMN.WWW PASITION - - - dweSiou]  awgyng wnieg 0T1LLTD argyng wnueg /¢
©IN 101§ eI 96T LS - parsi[ 10N - dweiou] eI ©IN 610LL 1D I 9¢T
Pa3si] 10N - Pa3si] 10N - - - sruegIou] CTOLLID el
s1onpoid dry
ur pasn aq 01 10N] -
) mm:EmEEimowww 'p mmcwdEEWHD - - srueSiouy sounrRWen ) sounreWwen) LO00LLTD sounreWwen|) H¢|
SeLzels
D) Bﬁcoé“womww PISITION - B - druediouy 211uoluag 00LL 1D auoIudg  €¢T
. b _—
Ppa3si 10N - Ppa3sI] 10N - - - oruegroug T00LLTD 1 2
s1onpoid diy %
(000LL Ut pasn 2q 03 10N - _ . 19pMOg =
o) wnurwngy o8 3opmod wnurwnyy WNINTWNTY €41 d§  2rueSiour wmuramy oy 000LLTD wnugny 1612
YT ELS =8
wro SNITIAHAONOTHD g 3
S £$90I. . J0O SHXATINOD m =
il d dd fqd 3
gdddOD (1) Xordwoy 1addoy utrAydodtory [
s1onpoid diy pue 24> =]
STIAHdIOYOTHD -urdydosory) 12ddo> wnrpos ==
(018¢L ur pasn aq 03 J0N] * =
. - 4O SIXATdNOD  TeanaeN 1o qiéydozory) wnysseIod 10 018$L 1D stidydosoryd o
1D) stiéydororyd 49§ urjéydosoryo © 151 78 oddon 10 zordimon saddo D 5
12ddo> wmrpos 44ddOO O 1y d O [awo) D S =
whssvaog SNITIAHdOYOTHD sifydosoryy  -urqdydosoyy M m
: T
cz1z¢L8 (I STIAHdOYOTHD =9
Moyt as G L
SANINYVO c >
(0LFSL D) soutwae)) "c9§  aurwie)) /807 ¢L§ - ‘av JINTNYVYD  [eimeN QurwIe?) Jutwre)y 0LYSLID sutwie) 6@l @
“TYANIHDOD 021 4§ R
00£5L : =
91S1T 10 . - eInje urumnaan urwmnaan
1) By 708 pa3si] 20N NIWND¥ND 00T 4§ TeamieN . o 00€SL 1D . O sy
(0LTSLID)2umuen) "[9§  dUIUEND) G7¢T ¢/ - - eamEN surueno surueno 0L1SLTD suwensy /@y ]
— O
LEIIO] 4S938IG PaNUN) SBUTYD Mk sse|) LOWEN UB2IO] JoweN S (wIog ares) POWEN «%AU
‘ON ID uowwon) <
23
(panunuo))) .m >
xipuaddy M Q
<
[S]
e

From



Japmod

- 3ddosy 597618 - - Sruefiouy 1opmog 1addony Jopmog 1addon 00%LLID 1opmod saddory  /p1
(O¥€LLID) 2p1x0 X _ _ PPIXQ wnuiwnyy 2PIXO
wnuTtwne jeqo?) "/ /§ PASIION Sruesiou 1[eqOD) OVELLID wnurwny 1eqoo) ot
s1onpoid dry ‘
(68TLL Y pasnaq 03 10N - %105 0D
D) U9210) ApTXOIPA U2210) OPIXOIPAR]  SB PaIe[Nd[Ed ‘UOTIN{OS UOTIDBIIXD  UOT 9IBWOIYD WOIJ 293) - drueSiou] U220 PIXOIPAH 42315 SprxoIpAH 68CLLID B sS4t
' : : : ' : wnrwoIy) wnrwoIy’) OPIXOIPAL] wNIwoIy)
wnrwory)) 9/ § wnrwoIy’) apIxoIpAy wWNIpos g7 ur 1) - : : : :
9z€TELS
s1onpoid dry ‘
ur pasn aq 03 10N - %<L0°0S ‘O
(88¢LL 1D) m:ou.:u. SU22IL)  SB PAIB[NOYED ‘UOTINJOS UOIIDLIIXD  UOT 2IBWOIYD WOIJ 31J - drueSiou] S0 2229 88CLLID B ¥yl
2pIXQ wnrwoIy) "¢/ § : : ’ : 9PIXO WNIWOIYY)  dPIX() WNIWOIY) 9PIXQ WNIWoIy’)
: : 9PIX(O WNIWoIY) 9pIXoIpAy WNIPos g7 ur 1) - : : : : : :
Lzezels
- Ppa3si 10N - - - S1UBSIOU]  UOQIEd I[qeIITIA 1:892LL 1D uoqie) 3[qeIafaA ¢l
1opmod 20wy
“eIRISEW ‘MOpPEYSIAI @
supAg - [eodIeYd [eOdIRYD) S
- - - [}
s1onpoxd dip MBI g ypoeq suog € youg L9TLLID suoq spuq swog VL E
ur pasn aq 01 J0N] - =
€ "ON *erd = m
%A €607HLS 2 3
(uonnjos poe ‘wdd m =
ey, PTYINS T/[OWT'Q TU T UT SAJOSSIp 1 s SH 1v203 ‘wdd W W
P Smo e anejns aurumb Sw 1°()arens 01 S qd Te203 ‘wdd =20
_,&:u - .wmzh @:m surumb Jo uonn[os [013U0d Jo 1LY} ¢ssyqeor‘qdd ¢s ﬂ =
i . p P223x3 10U [TeyS shAes Jo[01ABIIN w:uuﬁf:nﬁ,wﬁcw@% —_— a
s1aysniq yonsdry : . _ : O =
99zLL RIBISBW ‘MOPPYS Jopun Kisusaut usdsaiong qdd ¢ 5 auaakd srueSiou Jr[g UOqIE: o 99 DB[{ UOQIE: m
1D) e1q uoqav) "z L§ 245 ‘@03 v.uo 50U M “$$3[30[02 3q p[noys pmbry (pozuaq pue qdd oo I TPHIE IS e 99TLLID PO ﬁw O
- du::m.nwm . UOIIDBIIXI Y3 wouumhxu,@su ur |w HVd [e03 ”Q& mwuo :W m
-ON eI UOIDBIIXD SNONUTIUOD J9JE ‘Pappe S anjns 18103 ‘% C1°0 es5
¢ °N v_. . St auexayo[d£d Jo § 1 ‘sajdwes S 3ua3u0d ysy :aryoid [P @
O®A 0T TLY 1UeI0[0D JO § T 30 :suoqiedoipAy  Aymdwr Suimoroj oy WM @
orrewore dIPAAjod Jop Wy - yam ‘94 /6 < Laung - =
. (0]
) ovgns E:GQMm.MMW Pa3si[ 10N - - - S1ueSIou]  33ej[ng WNId[e) 1€2LL 1D a1eJ|Ng WD) O m,
LBIIOY] 4S9IBIS paIUN) PBUIYD ekt sse|) PAWEN] UB2IOY] LWeN SN (W03 3[ES) DWEN ,ulM
ON 1D uowwon) ﬂ_a
(panurnuo)) .&
xipuaddy w

Purchased for the exéLsi

From



%1 >
ysrjod [reusagury -

- s3onpoid diy pue 245 - WAATIS L1 4§ drueSiou] REIVIN 19411 0T8LLID AIS 091
ur pasn aq 01 10N -
IAIIS 00ST°€LS
Pa3SI[ 30N - P23SI 0N - - - sruegiou] SYLLLID 6¢1
- wmw:mm:ﬂw\mwmmmv PIOA QMMMMMNM\M - - STUeSIOU]  1I[OTA SAULTUBJN  II[OTA IsaULTURIA VLLLID 19[01A dsaueSuely  8§CT
Pa3SI[ 30N - P3SI[ 30N - - PAISITI0N - druessour S8TLLLID el LS
(STLLL ID) 23eU0qIELDd ) ) B 318U0qIR)) 218U0qIEY)
wnisauSey 98§ PSITION druesiou] wnrsauSep €LLLLID wnrsouSep 9¢1
s1onpoid dry
(01SLLTD) Ul Ppasnaq 031 10N - Fy/Sw ) aprued0119, aprue>0119,
oprueko011a) J11194 ¢S apruekonsay | SOPIuTA> PIA[OSSIp-337 4 - suor aprueAd> woiy 333 - d1uegiou] S Suig 0T1SLLTID opruedd0119,] D111 CCT .
LI 66TT €LY 2
s1onpoid dry %
ur pasn 2q 03 10N - [
(0TSLL ID) 2pruekd0319§ Sy/Sw ) aprued0119,] aprue>0119,] aprue>0319,] =
wWNIuoWwwe d1119,] '$8§ 2ptuvAd011dy 1 SoprueAd PIAJOSSIP-I2IBA - suot aptuek> wozy 21y - StueSiou] WNIUOWWE D111,  WNIUOWWE DIIId,] 0LSLLID WNIUOW WY 1119, w\m m
wmrgowrure [y O
o11ag 8677 €LY 23
(66yLL SO - mMMNOMO%E sruegiou Se[{ IPIX(O UOI SIPIX(Q) UOI 66V LL e[ 2PIX() UOI mlm WJ
D) 3oPIq ApIX0 UoI] “¢8§ woIT 0Czz ¢/ 8 NOYI ANV SIdIXO ! T 3Prid 2PXO o[ PIXO U0 OV LLID A2eId 2pPIXQ VoI m 5
NO¥IZLT a8 ==
N—r
@6¥LL D) saprxo ; zoEm‘%ww mwmmww Sruesiouy MOIPA SOPIXQ uoI] C6YLLID  MO[[IK IPIXQ uOI] N.M o
MO[[2X 2PIXO UOI] * uos : . 9PIX( oI : : €
11°A P! 17788 10€2T°¢LS NOYI 21 4§ PIXO uoI] €5
a6vLL saprXO SHAIXOYAAH .m nn.cV
. . - NOYI ANV SHAIXO ruesiou] Py 2PIXO U0 SIPIXQ UoIT 16¥LLID P PPIXO UL g O
91 PIXO UOT uor . =
1D) pa1 9! 1188 10<zT ¢l NOMI ZL1 78 24 M
y—
SIPIXO
- ; - - orueSiou JPIXO SNOIII, SapIxX() uor APIX() SNOII9
woIT 07T ELS ! I P! d PO voII 68%LL 1D PO A cm o
(08¥LL 1D) PIoD "6L§ P3SI[ 30N - - a109 <L1d§ drueSiouy PI°O 08¥LL 1D P1°O mw o3
Jopmod s
- - - oruediou JOPMO 2ZUoT JIPMO 2ZU0T JOpMOd 2zUuo0l
oig 9197 ¢ 1§ ! I paod e paod q 00¥LLID paod d wm M
LBII03[ (S9ITIS paIUN) PBUTYD ek sse[) PAWEN UB2IO3] LWEN SN 4(wWI0§ 37ES) DQWEN Ammu
‘ON 1D uowwo)) o
Q=
=3
(panunuo))) 5=
xipuaddy um Q
<
[S]
g

From



Pa3SI] 10N] - Pa3sI] 10N - s1onpoid jjo-asury - s1onpoid go-asury - d12YIuLg u2210) [0saIdowWoIg (/]
Ppa3si[ 10N - Ppa3si 10N - s1onpoid jjo-asury - s1onpoid po-asury - d1aYIuLg an[g JowAyioworg (91
21eJeals
ere NIoTEN 5181 wnie) 21eIels 21eIBI1G WNID[EY)
F30AEAS WNDTED/I0IPIS wnisauTey 91BJB21S WNISIUTRN
WNTSOUS I /21BIRIIS DUIZ Ppa3si] 10N - - - oruedIouy 48@:8: Bﬁm“&m Sury 891
\mududmum E:C~Eﬂ—< .Wam UCmN 21eJeals wuwudwuw EZCMEH:{
wnurwnyy
- Paasi] 10N - - mZHZ,thOMWMMM [eInIeN surued>oyauy surueldoypuy /9]
e NINVLA] ‘dad
91 1001399 91SI] 10N] * - . BInle 9y 1001333 9} 1001322
P q 768 pa3si] 10N 1o0uLgAg 2ot a§ N pd d Py d 991
(urqniosdeny /urqauesde hmHmDMme<U utqniosdes uiqniosded
muuﬁﬁaum\ ﬁ.uwum mmw PASITION - ) MJM(UWMMMW [PameN ‘uryauesdery “ur .M_cmmmmu 91
gt ‘enxy eyradeq M o
VIMdVd 2091 T§ 5
THNVYEVD m
VINOWINV =
dLIHATINS -5
“THNVIVD S %
—ME.NH.NU N@m ~DEN.,_NU WWONMNM - A\HZOEH}H/\ —duﬂudz —ME.N.,—.NU —DE.NHNU ~®Emu.ﬂu Ww V.J
‘TANVIVD X 8
ALIHATAS DIISNVD 55
“TINVIVD o=
NIVTd P-20ST a8 B o)
UTABJOIO®] . _ NIAVTIOITT uraegoqry ulaegoqry O £
‘uraegoqry 16§ PISITION M 101 98 [PHEN ‘uraepoIT] ‘uraBpOIT mﬁ m
‘uone[eyul S0
y6LL Spixo £q sSun[ s1asn-pua 5 L
! >
g k - a3 Jo ainsodxa 031 pea]  drueSIiou] apIXQ duIZ apIXQ dul7Z, IpIXQ dUIZ, N.m
1D) 2pIx0 dUIZ 06§ dUIZ 1667°¢LS few oy suoneondde 5 @
ur pasn aq 01 0N - w @
(168LL oprxomp HAIXOIA 5 eei0up aprxor( wniue 3
- 23T IPIXOT, wnriuelr IPIXOT wniuelr
[D) oPIXOIp wnrueILy, (G8§  wnIuedLy, ¢/ 7 ¢/§ WAINVLLL L1 3§ [ PP HELL - oPrOK( WIEELL PO e ﬁm m,
LBOIOY] 4S91IG paIIU PRUIYD ekt sse[) PWEN] UB2IOY] LOWeN S PWEN kel
uowwo)) 3
©
(ponupuo)) 3
xipuaddy =
3

Purchased for the exoBJ ]

From



Pa3s1] J0N] -

Pa3sI] J0N] -

suaNzeIeny) ‘66§

pa3si] 10N -

Pa3s1] J0N] -

PPl %9°0>

‘dyeds ay3 vo Jrey -
s1onpoid dif pue 243
ur pasn aq 01 J0N] -
21030y
PeaT196¢7°¢L§
dyeds ays uo Jreyq -
s1onpoid diy pue 245
ur pasn aq 01 J0N] -
PUUSH 06TZ°¢L§
s1onpoid diy pue 245
U1 pasn aq 01 10N -
Jua[nzerens)
0817°€/§
suoneredard
Suruuey ur asn 1oy -
s1onpoid dif pue 243
ur pasn aq 01 J0N] -
au01adeAX0IpAYIQ
o<1z ¢L§

soodwreyg -
s1onpoid diy pue 245
ur pasn aq 01 J0N] -
1addoo-y1qg
wniposiq 07 12°€L§
dyeds ays uo Jreyq -
s1onpoid diy pue 245
U1 pasn aq 01 10N -
218110

pnwsig 0112768

Pa3sI] 10N -

saueIqudw snodnw uo parjdde
s3onpoid ur pasn 3q 01 10N -

Pa3sI] 10N -

Pa3sI] 10N -

Pa3s1] 10N -

Pa3sI] 10N -

Pa3sI] 10N -

Pa3sI] 10N -

pa3sI] 10N -

Pa3sI] 10N -

Pa3sI] 10N -

pa3si] 10N -

pa3sI] 10N -

Pa3sI] 10N -

SOUBIqUIDUT SNOINW
uo parjdde si1onpoid
ur pasn aq 01 10N -

sruegiou

TeanaeN

[eanieN

onayauig

RIEELERIIAIN

onayauig

RIEELERIIAIN

vﬂ@j._NNMNﬂmu

au012deAX0IPAYIT

3addoo
-v.1dd wnrposiq

21B190® pPEIT

BUUIH

mdw—.DNNMNSO

au012deAX0IPAYIT

1addoo
-V.Ldd wniposiq

27e111D YINWSIg

2381908 PRI

BUUSH

@GMTANGM‘NSO

auo1adeAX0IpAYI(T

1addod
-V.LAd Wwniposiq

23811 YInwIsIg

C61 P4 PPV

LLT

9L1

2
~
—

LB2IOY]

qS93e1§ parru)

PEUTID

NI

SSB[D)

LDAWEN UBdIOY]

SOWeN SN

DWEN
uowwo))

(panunuo)))
xipuaddy

SCC MediaLibrary & Resource Center (library.scconline.org)

Purchased for the extlusive use ofthofirst nolast (unknown)

From



*C10T $2139WS0)) J0F SPILPUEIG [EIIUYII, pue 4133 ¢ deyD) ‘9 9[qeL,
YL pue ¢L s1ed IO 1¢ VA

"6002/£2Z1 "ON (D) UORP[NTNY ‘A] XOUUY —~

g

’SPOYIPW 1591 pue UONEIYads $IULIO[0)), UONEIYNON SAIIN ‘1 XPUUY, 5

uonedyads € aAey 10U $20p I1Nq IST] 2A1IISOd Y1 WO papnpu ;| —
"pa1apIsu0d 10u a1k sdeos d119Ws0d pue SIAp ITey Se pasn sIULIO[OD -

Pa3s1] J0N] -
Pa3s1] J0N] -

pa1sI 10N -

ayidydosdq 001§

Pa3sI] 10N -

P33sI] 10N -

%01> ‘ystjod qreu
pue dnasjews Teroey
parjdde £jreussaxy -
s1onpoid diy pue 245
ur pasn aq 03 10N] -
2pyins

SUIZ JUdSAVIWNT
66T ELS

s1onpoid diy pue 245
ur pasn aq 01 J0N] -
aarjdydorfg

00%T€L§

s1onpoid srey a4p ur asn A[uo
€91BJT0S SNOIIDJ (1M PIsSD USY A -
s3onpoxd 243 ur pasn aq 03 J0N] -

pa3si] 10N -
P33sI] 10N -

Pa3sI] 10N - Pa3sI] 10N -

pa3sI] 10N - Pa3sI] 10N -

[eanieN

[eanieN

sruediouy

srueSiouy

2PYns
JUIZ JUISAUTWNT

aar[Aydordg ardydoifg

enxyg
INUIED SIOYY BIED
pay wnySiog

apy[ns
JUIZ JuadsauTwng

ardydoikg

LBIIOY]

4S9IBIS paILN)

pPUIYD qNd

SSB[D)

PWEN] UB2IO3]

SOWeN SN q(wI0g 1ES)

ON ID

LDWEN
uowwo)

(panunuo))
xipuaddy

SCC MediaLibrary & Resource Center (library.scconline.

Purchased for thq excﬁj svelise of nofirstmolast (ur@ncﬁvn

From



494 JOURNAL OF COSMETIC SCIENCE

REFERENCES

(1) M. Yusuf, M. Shabbir, and F. Mohammad, Natural colorants: historical, processing and sustainable
prospects, Nat. Prod. Bioprospect., 6, 123145 (2017).

(2) S. Singh, Impact of color on marketing, Manag. Decis., 44, 783—795 (2006).

(3) E J. Francis, Quality as influenced by color, Food. Qual. Prefer.,6, 149-155 (1995).

(4) Ministry of Food and Drug Safety, Press Release: Korea’s trade surplus in cosmetic products hit an
all-time high of 6 trillion won, (2020), accessed September 28, 2020, https://www.mfds.go.kr/
eng/brd/m_61/view.do?seq=25&srchFr=&srchTo=&srchWord =&srchTp=&itm_seq_1=0&itm_
seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&page=1.

(5) J. D. Adam Burrows, Palette of our palates: a brief history of food coloring and its regulation, Compr.
Rev. Food. Sci. Food. Saf., 8, 394-408 (2009).

(6) M. J. Scotter, Methods for the determination of European Union-permitted added natural colours in
foods: a review, Food. Addit. Contam. Part A., 28, 527-596 (2011).

(7) S. Kobylewski and M. F. Jacobson, Toxicology of food dyes, Int. J. Occup. Environ. Health., 18, 220-246
(2012).

(8) B.P.Harpand J. N. Barrows, “Chapter 4-US regulation of color additives in foods,” in Colour Additives
for Food and Beverages, M. J. Scotter. Ed. (Woodhead Publishing, Oxford, 2015), pp. 75-88.

(9) E. Stich, “Chapter 1-Food color and coloring food: quality, differentiation and regulatory requirements
in the European union and the United States,” in Handbook on Natural Pigments in Food and Beverages., R.
Carle and R. M. Schweiggert. Eds. (Woodhead Publishing, Cambridge, 2016), pp. 3-27.

(10) S. Lehto, M. Buchweits, A. Klimm, R. Strabnurger, C. Bechtold, and E Ulberth, Comparison of food
colour regulations in the EU and the US: a review of current provisions, Food. Addit. Contam. Food.
Addit. Contam. Part A., 34, 335-355 (2017).

(11) A. Foster, Colour legislation and cosmetics and toiletries, Int. J. Cosmet. Sci., 1, 221-245 (1979).

(12) K. Dhull, S. Tripathy, and H. Dureja, Cosmetics: regulatory scenario in USA, EU and India, JPTRM.,
3,127-139 (2015).

(13) European Commission, Regulation (EC) No 1223/2009 of the European parliament and of the council
of 30 November 2009 on cosmetic products, Off. J. Eur. Union., L342, 1-59 (2009).

(14) Food and Drug Administration, Electronic Code of Federal Regulations, Title 21. 2020, accessed
September 28, 2020, https://www.ecfr.gov/cgi-bin/text-idx?tpl=/ecfrbrowse/Title21/21tab_02.tpl.

(15) National Medical Products Administration, Inventory of Existing Cosmetic Ingredients in
China. 2015, accessed September 28, 2020, https://www.nmpa.gov.cn/hzhp/hzhpggtg/hzhpqegg/
20151223120001361.html.

(16) National Medical Products Administration, Safety and Technical Standard for Cosmetics -2015. 2015,
accessed September 28,2020, https://www.nmpa.gov.cn/hzhp/hzhpggtg/hzhpqtgg/20151223120001986.
html.

(17) Ministry of Food and Drug Safety, Cosmetic Act. 2016, accessed September 28, 2020, http://elaw.klri.
re.kr/eng_service/lawView.do?hseq=38953&lang=ENG&joseq=]JO0015020&searchTxt=animal %20
cosmetic.

(18) M. Beatriz and A. Gloria, “Chapter 13: Intense Sweetners and synthetic colorants,” in Food Analysis by
HPLC, 2nd Ed., N. M. L. Nollet. Ed. (Marcel Dekker, New York, 2000), pp. 523-574.

(19) G. Giancola and M. L. Schlossman, “Chapter 17: Decorative cosmetics,” in Cosmeceuticals and Active
Cosmetics, R. K. Sivamani, P. Elsner, and H. I. Maibach. Eds. (Boca Raton: CRC Press, 2015),
pp. 191-219.

(20) R. M. Christie, Colour Chemistry, 2nd Ed. (Royal Society of Chemistry, Cambridge,2015).

(21) P. E. Gordon and P. Gregory, Organic Chemistry in Color (Springer-Verlag, Heidelbergg Germany, 1987).

(22) K. Hunger and M. U. Schmidt, Industrial Organic Pigments Production: Production, Properties, Application,
3rd Ed. (Wiley-VCH, Weinheim, Germany, 20006).

(23) P. Wright and U. B. Staff, “Xanthene dyes,” in Kirk-Othmer Encyclopedia of Chemical Technology (John
Wiley, New York, NY, 2014), pp. 1-18.

(24) S. Schramm and D. Weiss, Fluorescent heterocycles: recent trends and new developments, Adv.
Heterocycle. Chem., 128, 103—-179 (2019).

(25) M. J. Scotter and L. Castle, Chemical interactions between additives in foodstuffs: a review, Food. Addit.
Contam., 21, 93—124 (2004).

(26) FAO JECFA, Combined Compendium for Food Additive Specifications — Analytical Methods, Test
Procedures and Laboratory Solutions used by and Referenced in the Food Additive Specifications,
Vol. 4. 2006, accessed September 28, 2020, http://www.fao.org/3/20691e/a0691e.pdf.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



COSMETIC COLORATION: A REVIEW 495

(27) J. N. Barrows and H. Wallin, ALLURA RED AC, 82nd JECFA—Chemical and Technical Assessment
(CTA). 2016, accessed September 28, 2020, http://www.fao.org/3/a-br562e.pdf.

(28) A. Bayer, Ueber eine neue Klasse von Farbstoffen, Chem. Ber., 4, 555-558 (1871).

(29) L. D. Lavis, Teaching old dyes new tricks: biological probes built from fluoresceins and rhodamines,
Annu. Rev. Biochem., 86, 825—-843 (2017).

(30) C. J. Cooksey, Quirks of dye nomenclature. 10. Eosin Y and its close relatives, Biotech. Histochem., 93,
211-219 (2018).

(31) R.Sjoback, J. Nygren, and M. Kubista, Absorption and fluorescence properties of fluorescein, Spectrochim.
Acta A., 51, L7-L21 (1995).

(32) S. M. Derayea and D. M. Nagy, Application of a xanthene dye, eosin Y, as spectroscopic probe in
chemical and pharmaceutical analysis; a review, Rev. Anal. Chem., 37, 1-14 (2018).

(33) W. R. Orndorff and J. Hemmer, Fluorescein and some of its derivatives, J. Am. Chem. Soc., 49, 1272—
1280 (1927).

(34) N. Eastaugh, V. Walsh, T. Chaplin, and R. Siddall, Pigment Compendium: A Dictionary of Historical
Pigments (Routledge, Oxford, 2007).

(35) K. Hunger and W. Herbst, “Pigments, organic,” in Ullmann’s Encyclopedia of Industrial Chemistry (John
Wiley, New York, NY, 2000), pp. 379-423.

(36) G. Han, D. Hwang, S. Lee, J. W. Lee, E. Lim, J. Heo, and S. K. Kim, Shedding new light on an old
molecule: quinophthalone displays uncommon N-to-O excited state intramolecular proton transfer
(ESIPT) between photobases, Scz. Rep., 7, 1-8 (2017).

(37) A. Weisz, 1. C. James, and M. Perez-Gonzalez, Determination of sulphonated quinophthalones in
Quinoline yellow and its lakes using high-performance liquid chromatography, Food. Addit. Contam.
Part A., 37, 1-13 (2020).

(38) A. Weisz, E. P. Mazzola, J. E. Matusik, and Y. Ito, Preparative separation of isomeric 2-(2-quinolinyl)-
1H-indene-1, 3 (2H)-dione monosulfonic acids of the color additive D&C Yellow No. 10 (Quinoline
Yellow) by pH-zone-refining counter-current chromatography, J. Chromatog. A., 923, 87-96 (2001).

(39) A. Weisz, I. C. James, E. P. Mazzola, C. D. Ridge, C. F. Ijames, and S. P. Markey, Identification of
1’,5 -naphthyridinophthalone and its quantification in the color additive D&C Yellow No. 10
(Quinoline Yellow) using high-performance liquid chromatography, Food. Addit. Contam. Part A., 35,
439-447 (2018).

(40) E. Habashi, Pigments through the ages, Inzerceram: Int. Ceram. Rev., 65, 156-165 (2016).

(41) R. Sidall, Mineral pigments in archaeology: their analysis and the range of available materials, Minerals.,
8, 1-35 (2018).

(42) G. Pfaff, Inorganic Pigments (Walter de Gruyter GmbH, Berlin, Germany, 2017).

(43) A. Towns, Colorants: general survey, Phys. Sci. Rev., 4, 1-18 (2019).

(44) G. Buxbaum, “Introduction to inorganic high performance pigments,” in High Performance Pigments,
2nd Ed., E. B. Faulkner and R. J. Schwartz. Eds. (John Wiley, Weinheim, Germany, 2009), pp. 1-6.

(45) H. Zollinger, Color Chemistry: Syntheses, Properties, and Applications of Organic Dyes and Pigments, 3rd Ed.
(Wiley-VCH, Cambridge, 2003).

(46) T. Jesionowski and E Ciesielczyk, “Pigment, inorganic,” in Encyclopedia of Color Science and Technology, R.
Sahmey. Ed. (Springer Science Business Media, New York, NY, 2013), pp. 1-21.

(47) H. B. Singh and K. A. Bharati, “Chapter 6-enumeration of dyes,” in Handbook of Natural Dyes and
Pigments, H. B. Singh and K. A. Bharati. Eds. (Woodhead Publishing, New Delhi, India, 2014), pp.
33-260.

(48) D. E. Folmer, Potassium Aluminium Silicate- Based Pearlescent Pigments Types 1, II and III., 77th
JECFA— Chemical and Technical Assessment (CTA). 2013, accessed September 28, 2020, http://www.
fao.org/fileadmin/user_upload/agns/pdf/CTA_PAS_BPP_77.pdf.

(49) H. Kanekar and A. Khale, Coloring agents: current regulatory perspective for coloring agents
intended for pharmaceutical & cosmetic use, Int. J. Pharm. Phytopharmacological. Res., 3, 365-373
(2014).

(50) G. Buxbaum, H. Printzen, M. Mansmann, D. Rade, G. Trenczek, V. Wilhelm, S. Schwarz, H. Wienand,
J. Adel, G. Adrian, K. Brandt, W. B. Cork, H. Winkeler, W. Mayer, and K. Schneider, “Pigments,
inorganic, 3. Colored pigments,” in Ullmann’s Encyclopedia of Industrial Chemistry, 3rd Ed., G. Buxbaum
and G. Praff. Eds. (Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, Germany, 2009), pp. 293-335.

(51) A. 1. Medalia and L. W. Richards, Tinting strength of carbon black, J. Colloid. Interface. Sci., 40,
233-252(1972).

(52) R. A. Charvat, Coloring of Plastics: Fundamentals, 2nd Ed. (John Wiley, New Jersey, 2005).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



496 JOURNAL OF COSMETIC SCIENCE

(53) M. Voll and P. Kleinshmit, “Carbon, 6. Carbon black,” in Ullmann’s Encyclopedia of Industrial Chemistry
(John Wiley, Weinheim, Germany, 2012), pp. 1-22.

(54) O. Fleming, Rosenstein J, The Ultimate Guide to Clean Beauty. 2020, accessed September 28, 2020,
https://www.harpersbazaar.com/beauty/skin-care/a28352553/clean-beauty/.

(55) T. Maoka, Carotenoids as natural functional pigments, J. Nat. Med., 74, 1-16 (2020).

(56) E Delgado-Vargas and O. Paredes-Lopez, Natural Colorants for Food and Nutraceutical Uses (CRC Press,
Boca Raton, FL, 2002).

(57) D.B. Rodriguez-Amaya, Carotenoids and Food Preparation: The Retention of Provitamin A Carotenoids
in Prepared, Processed and Stored Foods. 1997, accessed September 28, 2020, https://pdf.usaid.gov/
pdf_docs/Pnacb907.pdf.

(58) B. B. Rodriguez-Amaya, A Guide to Carotenoid Analysis in Foods (ILSI Press, Washington, DC, 2001).

(59) D. B. Rodriguez-Amaya, Food Carotenoids: Chemsitry, Biology and Technology (John Wiley, Chichester,
England, 2015).

(60) D. B. Rodriquez-Amaya, Natural food pigments and colorants, Curr. Opin. Food. Sci., 7, 20-26
(2016).

(61) J. G. Provesi and E. R. Amante, “Carotenoids in pumpkin and impact of processing treatments and
storage,” in Processing and Impact on Active Components in Food, V. Preedy. Eds. (Academic Press, London,
2002), pp. 71-80.

(62) L. Ngamwonglumlert, S. Devahastin, and N. Chiewchan, Natural colorants: pigment stability and
extraction yield enhancement via utilization of appropriate preptreatment and extraction methods, Criz.
Rev. Food. Sci. Nutr., 57, 3243-3259 (2017).

(63) C. Soukoulis and T. Bohn, A comprehensive the overview on the micro-and nano-technological
encapsulation advances for enhancing the chemical stability and bioavailability of carotenoids, Crit.
Rev. Food. Sci. Nutr., 58, 1-36 (2018).

(64) J. B. Eun, A. Maruf, P. R. Das, and S. H. Nam, A review of encapsulation of carotenoids using spray
drying and freeze drying, Crit. Rev. Food. Sci. Nutr., 90, 1-27 (2019).

(65) J. Smith, Annatto Extracts., 67th JECFA—Chemical and Technical Assessment (CTA). 2006, accessed
September 28, 2020, http://www.fao.org/3/a-at97 3e.pdf.

(66) D. Lira-Morales, M. B. Montoya-Rojo, N. Varela-Bojorquez, M. Gonzalez-Ayon, R. Delez-De La Rocha,
M. Verdugo-Perales, and J. A. Sanudo-Barajas, “Dietary fiber and lycopene from tomato processing,”
in Plant Food By-Products: Industrial Relevance for Food Additives and Nutraceuticals, J. F. Ayala-Zavala, G.
Gonzalez-Aguilar, and M. W. Siddiqui. Eds. (Apple Academic Press, New York, NY, 2018), pp. 255-288.

(67) H. Ernst, Recent advances in industrial carotenoid synthesis, Pure. Appl. Chem., 74, 1369-1382 (2002).

(68) Z. Olempska-Beer and P. M. Kuznesof, Lycopene Extract from Tomato—Chemical and Technical
Assessment (CTA). 2009, accessed September 28, 2020, hetp://www.fao.org/fileadmin/templates/agns/
pdf/jecfa/cta/71/lycopene_extract_from_tomato.pdf.

(69) Z. Olempska-Beer, Lycopene from Blakeslea Trispora—Chemical and Technical Assessment (CTA).
2006, accessed September 28, 2020, http://www.fao.org/fileadmin/templates/agns/pdf/jecfa/cta/67/
lycopene_trispora.pdf.

(70) L. Bogacz-Radomska and J. Harasym, [3-Carotene—properties and production methods, Food. Qual.
Safety., 2, 69-74 (2018).

(71) B. D. Ribeiro and D. W. Barreto, Technological aspects of B-Carotene production, Food Bioproc. Tech., 4,
693-701 (2011).

(72) EFSA ANS Panel, Scientific opinion on the re-evalutaion of paprika extract (E160c¢) as a food additive,
EFSA. J., 13,1-52 (2015).

(73) N. Koca, E Karadeniz, and H. S. Burdurlu, Effect of pH on chlorophyll degradation and colour loss in
blanched green peas, Food. Chem., 100, 609-615 (2007).

(74) M. Gunawan and S. Barringer, Green color degradation of blanched broccoli (Brassica oleracea) due to
acid and microbial growth, J. Food. Process. Preserv., 24, 253-263 (2000).

(75) 1. Viera, A. Parez-Galvez, and M. Roca, Green natural colorants, Molecules., 24, 1-17 (2019).

(76) A. Mortensen, Carotenoids and other pigments as natural colorants, Pure. Appl. Chem., 78, 1477-1491
(2006).

(77) G. A. E Hendry and J. D. Houghton, Natural Food Colorants, 2nd Ed. (Springer-Science & Business
Media, Glasgow, Scotland, 1996).

(78) H. Inoue, H. Yamashita, K. Furuya, Y. Nonomura, N. Yoshioka, and S. Lib, Determination of copper(I)
chlorophyllin by reversed-phase high-performance liquid chromatography, J. Chromatogr. A., 679,
99-104 (1994).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



79)
(80)
(81)

(82)

(83)

(84)

(85)

(86)

(87)

(88)

COSMETIC COLORATION: A REVIEW 497

A. Moretensen and A. Geppen, HPLC-MS analysis of the green food colorant sodium copper
chlorophyllin, Innov. Food. Sci. Emerg. Technol., 8, 419425 (2007).

B. Gandul-Rojas, M. Roca, and L. Gallardo-Guerrero, Detection of the color adulteration of green table
olives with copper chlorophyllin complexes (E-141ii colorant), Food. Sci. Technol., 46, 311-318 (2012).
P. H. Hynnien, Mechanism of the allomerization of chlorophyll: inhibition of the allomerization by
carotenoid pigments, Z. Naturforsch. B., 36, 1010-1016 (1981).

P. V. Hynnien, T. S. Leppakases, and M. Mesilaakso, Demethoxycarbonylation and oxidation of 132
(S/R)-hydroxy-chlorophyll a to 132-demethoxycarbonyl-132-oxo-chlorophyll a and Mg-purpurin-18
phytyl ester, Tetrabedron. Let., 47, 1663—1668 (2006).

R. W. Dapton, The history, chemistry and modes of action of carmine and related dyes, Biorech.
Histochem., 82, 173—187 (2007).

J. Muller-Maatch and C. Gras, “18-The “Carmine Problem” and potential alternatives,” in Handbook on
Natural Pigments in Food and Beverages, R. Carle and R. M. Schweiggert. Eds. (Woodhead Publishing,
Duxford, 2016), pp. 385-428.

R. J. N. Frandsen, P. Khorsand-Jarmal, K. T. Kongstad, M. Nafisi, R. M. Kannangara, D. Staerk, F.
T. Okkels, K. Binderup, B. Madsen, B. L. Moller, U. Thrane, and U. H. Mortensen, Heterologous
production of the widely used natural food colorant carminic acid in Aspergillus nidulans, Sci. Rep., 8,
1-10 (2018).

H. E. Khoo, A. Azlan, S. T. Tang, and S. M. Lim, Anthocyanidins and anthocyanins: colored pigments
as food, pharmaceutical ingredients, and the potential health benefits, Food. Nutr. Res., 61,1-21 (2017).
E. J. Francis and P. C. Markakis, Food colorants: anthocyanins, Crit. Rev. Food. Sci. Nutr., 28, 273314
(1989).

R. E. Wrolstad and C. A. Culver, Alternatives to those artificial FD&C food colorants, Annu. Rev. Food.
Sci. Technol., 3, 59-77 (2012).

(89) E. E. Meschter, Fruit color loss, effects of carbohydrates and other factors on strawberry products, J.

(90)
o1
92)
93)
94)

95)

(96)

97

(98)

99)

(100)

(101)

(102)

Agric. Food. Chem., 1, 874-579 (1953).

P. Markaris, G. Livingston, and C. R. Fellers, Quantitative aspects of strawberry pigment degradation,
J. Food. Sci., 22, 117-130 (1957).

R. Cortez, D. A. Luna-Vital, D. Margulis, and E. Gonzalez de Mejia, Natural pigments: stabilization
methods of anthocyanins for food applications, Compr. Rev. Food. Sci. F., 16, 180-198 (2017).

D. B. Rodriquez-Amaya, “Betalains,” in Encyclopedia of Food Chemistry, L. Melton, F. Shahidi, and P.
Verelis. Eds. (Elsevier, Amsterdam, the Netherlands, 2019), Vol. 1, pp. 35-39.

D. Devadiga and T. N. Ahipa, Betanin: a red-violet pigment — Chemistry and applications, Intech.
Open. (2020). doi:10.5772/intechopen.88939.

K. M. Herbach, E C. Stintzing, and R. Catle. Betalain stability and degradation — structural and
chromatic aspects, J. Food. Sci., 71, R41-R50 (20006).

D. D. Castro-Enriquez, B. Montano-leyva, C. L. Del Toro-Sanchez, J. E. Juarez-Onofre, E. Carvajal-
Millan, S. E. Burruel-Ibarra, Z. A. Tapia-hernandez, C. G. Barreras-Urbina, and F. Rodriquez-Felix,
Stabilization of betalains by encapsulation — a review, J. Food. Sci. Technol., 57, 1587-1600 (2020).
J.L.D. Antigo, R. C. Bergamasco, and G. S. Madrona, Effect of pH on the stablity of red beet extract (Beta
vulgaris 1.) microcapsules produced by spray drying or freeze drying, Food. Sci. Technol., 38, 7277 (2018).
J. Jankun, M. Wyganowska-Swiatkowska, K. Dettlaff, A. Jelinska, A. Surdacka, D. Watrobska-
Swietlikowska, and E. Skrzypczak-Jankun, Determining whether curcumin degradation/condensation
is actually biactivation (Review), Int. J. Mol. Med., 37, 11511158 (2016).

Y. J. Wang, M. H. Pang, A. L. Cheng, L. L. Lin, Y. S. Ho, C. Y. Hsieh, and J. K. Lin, Stability of
curcumin in buffer solutions and characterization of its degradation products, J. Pharm. Biomed. Anal.,
15, 1867-1876 (1997).

J. Zhu, K. Z. Sanidad, E. Sukamtoh, and G. Zhang, Potential roles of chemical degradation in the
biological activities of curcumin, Food. Funct., 8, 907-614 (2017).

M. L. R. del Castillo, E. Lopez-Tobar, S. Sanchez-Cortes, G. Flores, and G. P. Blanch, Stabilization
of curcumin against photodegradation by encapsulation in gamma-cyclodextrin: a study based on
chromatographic and spectroscopic (Raman and UV—visible) data, Vib. Spectrosc., 81, 106-111 (2015).
D. M. Cano-Higuita, C. R. Malacrida, and V. R. N. Telis, Stability of curcumin microencapsulated
by spray and freeze drying in binary and ternary matrices of maltodextrin, gum arabic and modified
starch, J. Food. Process. Pres., 39, 2049-2060 (2015).

Society of Dyers and Colourists and American Association of Textile Chemists and Colourists,
Chemical Constitutions in the Colour Index. 2013, accessed September 28, 2020, https://colour-
index.com/cicn-explained.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



498 JOURNAL OF COSMETIC SCIENCE

(103) J. Nikitakis and B. Lange, International Cosmetic Ingredient Dictionary and Handbook, 16th Ed. (Personal
Care Products Council, Washington, DC, 2016).

(104) R. M. Christie and J. L. Mackay, Metal salt azo pigments, Color. Technol., 124, 133—144 (2008).

(105) R.Leach, The Printing Ink Manual, 4th Ed. (Springer Sceince & Business media, Heidelberg, Germany,
2012).

(106) J.Knowlton and S. Pearce, Handbook of Cosmetic Science and Technology, 1st Ed. (Elsevier Science, Oxford,
1993).

(107) P. Riley, “Chapter 5: Colouring materials used in decorative cosmetics and colour matching,”
in Poucher’s Perfumes, Cosmetics and Soaps, 10th Ed., H. Butler. Eds. (Kluwer Academic Publishers,
Amsterdam, the Netherlands, 2000), pp. 151-166.

(108) Food and Drug Administration, Permanent listing of color additive lakes, Fed. Reg., 61, 8372-8417
(1996).

(109) D.E Anstead, “Chapter 6. Cosmetic colours,” in Handbook of Cosmetic Science: An Introduction to Principles
and Applications, H. W. Hiboot. Eds. (Pergamon Press, Oxford, 1963), pp. 101-118.

(110) G. Buxbaum and G. Pfaff, Industrial Inorganic Pigments, 3rd Ed. (Wiley-VCH, Weinheim, Germany,
2005).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



