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Introduction

M.J. Scotter
The Food and Environment Research Agency, York, UK

One can find many opinions in the literature on the role that colour has in influencing

our food choices. Our visual sense does indeed play a vital and continuous role by

providing information that allows us to make both conscious and unconscious deci-

sions on all aspects of our lives when awake. Many would argue that colour is the

key visual factor affecting food choice, but such choice is in fact governed by a hier-

archy of appearance properties of which colour is just one (Hutchings, 2002). Colour

does undoubtedly play a key role in food choice with respect to the identification of a

food as well as our perception of its freshness/ripeness, safety, texture, and flavour.

Historical records show that colour has been added to food since 1500 BC to enhance

its ‘attractiveness’ and improve visual appeal to consumers, to mask natural colour

variations, to give colour to foods that are non-coloured or have colour variations,

and to offset losses caused by the processing of foods – this has not changed. Until

the middle of the nineteenth century, the colourants used in foods (and cosmetics)

were of natural origin, that is, from plants, animals, and minerals. The situation mark-

edly changed with the synthesis of the first synthetic dyestuff and the growth of the

European dyestuff industry, which produced a myriad of colouring agents that rapidly

found application in the food industry and continues to do so today to some extent.

Then, as now, the potential for fraud and personal safety was significant. To protect

the consumer, the first food laws were enacted. These laws have been developed

around the world by different countries and have evolved primarily as positive lists

that define substances that may be added to colour food and the maximum amounts

that may be added, according to strict purity specifications. Several expert committees

such as the European Food Safety Authority (EFSA, 2014) and the Joint FAO/WHO

Expert Committee on Food Additives (JECFA, 2014) are mandated to assess the

safety of food additives and to make recommendations to policy makers who, in turn,

are responsible for controlling the use of additives via regulations and standards (such

as the European Commission; EC, 2014) or through the harmonization of international

standards, guidelines, and codes of practice (such as the Codex Alimentarius Commis-

sion; Codex, 2014). During the safety assessment process, a technological case

describing the need for the colour (or a particular formulation) must be demonstrated

along with stringent toxicity testing prior to consideration for inclusion on the permit-

ted list. When new scientific data becomes available or when there are significant

changes to manufacturing conditions or food applications, the safety of food additives

must be reassessed. The food additive (including colours) industry is growing at a

rapid pace. The major drivers for this include increased consumer demand for



processed foods, an increase in health concerns, and a desire for ‘cleaner’ labels.

According to one source, the global food colours market was worth an estimated

$1.45 billion in 2009 (Prepared foods, 2011) and is projected to reach $2.3 billion

by 2019 (Prepared foods, 2014). The food colours industry therefore represents sig-

nificant global business.

The main objective of this book is to provide the reader with a detailed insight

into the subject of food colour additives. The definitions, identities, chemistry,

and characteristics of naturally derived and synthetically produced colour additives,

why and how they are utilized for the colouring of foodstuffs, and the psychological,

safety, regulatory, and industrial consequences associated with their use are dis-

cussed. This book is divided into two major parts (I and II): The first part deals with

the development of food colour additives, the different types of additives, the wide

range of chemical species that they represent, and how they are regulated and

assessed for safety in Europe and in the United States. The second part focuses

on the properties of colour additives with respect to their chemical features and their

contribution to sensory perceptions. As a consequence of their use, the key issues of

stability and analysis of food colours are examined from industrial and scientific per-

spectives, aided by examples of how and where different colours are used in the bak-

ery products food sector.

In Chapter 1, Benoit Schoefs provides a concise overview of the most important

colours of natural origin as well as information about less common and/or promising

colouring substances either present in foodstuffs or added to them for colouring pur-

poses. This is presented through a description of their colour, structure, physico-

chemical properties, and health effects and covers anthocyanins, betalains, caramels,

carminic acid (cochineal), carotenoids, curcumin, riboflavin, and tetrapyrroles (chlo-

rophylls and phycobilins) as well as other less well-known natural colours. The future

trends of natural food colour usage are discussed in the context of source materials,

production, and consumer demand. The author also suggests where new research

efforts may be made.

In chemical contrast, Chapter 2 by J€urgen K€onig describes the different classes of

synthetic food colours produced by full chemical synthesis or by chemical modifica-

tion, which include azo dyes, triarylmethane dyes, and chemically related colours as

well as the additional synthetic food colours apo-beta-8¢-carotenal and indigo car-

mine. All of these colours are authorised food additives in Europe and are discussed

with respect to their safety and toxicological relevance. The synthetic production

methods are described along with the chemistries of the main dye product(s) and asso-

ciated by-products within this context.

Chapter 3 by Michael J. Scotter is concerned with the legal requirements of the

European Union regarding the use of food colour additives, which are necessary to

ensure that they are safe and that acceptable daily intakes (ADIs) are not exceeded,

especially by vulnerable sections of the population such as infants and children.

A historical overview is given along with an explanation of the relatively recent over-

haul of the EU food additive regulations that include colouring materials and guidance

on the various prescriptive chapters and annexes included in the regulations. A brief

description of the EU food colour specifications is also given. The processes for safety
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evaluation of food colour additives in the EU are discussed with particular reference to

the ADIs prescribed by EFSA and JECFA and illustrated by reference to the now infa-

mous Southampton study; the consequences of which are exemplified by the effects

on EU food labelling of colour additives and on trade.

In Chapter 4, Bhakti Petigara Harp and Julie N. Barrows describe how food colour

additives are regulated in the United States. They reveal useful and interesting sim-

ilarities as well as differences in approach to colour regulation between the US and

the EU, wherein for example, the US Food and Drug Administration (FDA) is respon-

sible for pre-approval and regulation of colour additives. Unlike in the EU colouring

regulations, substances derived from plant or mineral sources are generally exempt

from certification whereas synthetic organic dyes, pigments, and their lakes are

not. Moreover, not only are there requirements for the identity, chemical specifica-

tions, uses, and restrictions included in the listing regulations, but also included are

other enforcement activities, such as inspections of colour additive manufacturers

and evaluations of colour additives used in food products. The authors provide a num-

ber of examples of both exempt and non-exempt colours and throw light on the various

processes and requirements for certification, labelling, research, and fraudulent activ-

ities associated with the use of food colour additives.

Chapter 5 by Nicola Galaffu, Karlheinz Bortlik, andMartinMichel is the first chap-

ter in Part II of the book and gives a detailed industry perspective on the perennial

issue of natural colour stability in foods and, in so doing, illustrates well the myriad

of difficulties that are faced by the food industry in its efforts to replace synthetic dyes

with natural alternatives. This is illustrated with a number of application examples

categorized in terms of the required colour shade, for example, red, green, blue,

and yellow–orange. The chemistries of the colouring materials are described in detail

related to their interactions with other food ingredients and food processing conditions

and how this affects stability. Importantly, the authors provide an in-depth account of

the steps that the food industry must take to develop appropriate tools to measure,

understand, and predict food colour stability outcomes using rapid shelf-life assess-

ment methods.

The diverse array of the chemical classes of food colours is illustrated in Chapter 6

byMichael J. Scotter who discusses how food colour additives are assessed for quality

and safety. Not only are such methods required by policy makers, enforcement author-

ities, researchers, and risk assessors but also by food colour manufacturers and the

food industry, who must have tools to monitor the quality and stability of food colours,

including raw materials, in order to develop new colours and better formulations for

use in a very wide range of processed foods and drinks. Validated analytical methods

are needed to fulfill these requirements. The available methods of extraction for EU

approved natural and synthetic colour additives in food and drink are discussed in the

context of food quality, food safety, and food colour specifications. Synthetic and nat-

ural colours are tackled separately with regard to purity assessments for colours and

their measurement in foodstuffs, which, not unexpectedly, brings a number of tech-

nical issues as well as the qualitative and quantitative requirements associated with

the identification and measurement of colours, respectively. A significant number

of examples are given along with detailed analytical requirements.
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In Chapter 7, Charles Spence provides us with an extraordinary and intriguing psy-

chological insight into how people perceive the world around them. He achieves this

by presenting a broad overview of the various ways in which colour affects our per-

ception of the taste and flavour of food and drink. Initially, the effects of changing the

colour of a food or beverage itself are examined followed by a look at the impact of a

variety of product-extrinsic colour cues on our perception of taste and flavour. In par-

ticular, the impact of the colours of the food packaging, plateware, cutlery, and even

the colour of the glassware and other receptacles is discussed as demonstrating the

perception of taste and flavour. The final section looks at the impact of environmental

colour (and ambient lighting) on our perception of and behaviour towards food

and drink.

The main aim of Chapter 8 by Ioannis N. Pasias, Alexandros G. Asimakopoulos,

and Nikolaos S. Thomaidis is to provide a sense of how food colours are applied in

an industrial situation, where a full range of colours is required to suit a very wide

range of foods and beverages. The applications of colourants in a selected range of

food commodities – namely, bakery products, snack foods, dry soup mixes, and

seasonings – are presented. Potential synthetic and natural colourants are described

with regard to their capacity to provide the required colour in foodstuffs with

improved characteristics to meet technical needs. The factors that affect applicability,

stability, and processing are demonstrated with reference to specific examples.
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1.1 Introduction

Food colour is an often overlooked sensory character that certainly influences flavour

perception (Hutchings, 2003). Fashioning the colour and/or the taste of vegetables

seems today attainable using LED illumination as pre- or post-harvest treatment

(reviewed in Darkó et al., 2014) but would be totally inoperant with processed food.

Actually, pigments colouring food products are generally unstable (reviewed in

Schoefs, 2002, 2005) and the harsh conditions applied during food processing often

destroy them (reviewed in Schoefs, 2003). Therefore, to maintain or simply restore

product colour uniformity, colouring agents are intentionally added to food products.

Thus, these agents belong to the food additive category of compounds (European

Commission and the Council, 2008). The food additives market has been affected

by two major events – namely, the progressive growth of the processed food market

after World War II and, more recently, the preference of consumers for natural food

additives over synthetic dyes. The former has mostly impacted the amounts of food

additives required, whereas the latter relies at the same time on the strong concerns

about the potential hazards of artificial food additives in food and on the idea that nat-

ural products are biologically active compounds and, therefore, can promote good

health conditions (Hutchings, 2003). Natural substances must fulfill the three follow-

ing criteria: (i) exist in nature, (ii) raw material must be natural, and (iii) extraction

processes must be nonchemical (Bomgardner, 2014). Food additives are generally

divided into six categories: taste enhancers, preservatives, stabilisers, emulsifiers,

antioxidants, and colouring agents (Rangan and Barceloux, 2009; Shim et al.,

2011). This chapter is dedicated to this last category. Besides the generally approved

and strictly regulated food colourings of natural origin, such as anthocyanins, betalains,

caramel colours, carminic acid, carotenoids, chlorophyll and chlorophyll derivatives,

curcumins, and riboflavin (Scotter, 2011), some information about promising or less

common colouring molecules are also provided. It has to be mentioned that depending

on their manufacturing, use, and properties different food extracts with colouring prop-

erties may be either classified as colours (food additives, ‘food colourants’, see above)

(European Commission and the Council, 2008) or as foods (or food ingredients) with

colouring properties (also termed ‘colouring foods’) (Matulka and Tardy, 2014).
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Saffron, tomato concentrate, cherry juice, and squid ink belong to this latter, recently

established, and less strictly regulated category in the EU (European Commission and

the Council, 2009; Matulka and Tardy, 2014; Melchor and Di Mario, 2014). However,

other countries (United States, China, Russia, etc.) have different regulations for food

extracts with colouring properties (reviewed in Matulka and Tardy, 2014), but discus-

sion of this issue is beyond the scope of this chapter.

From a chemistry perspective, food colouring agents share the property to absorb

light due to the conjugated double bonds they contain, creating a delocalised electron

system. The number of conjugated double bonds is indicative of the wavelength of the

absorbed light (Schoefs, 2002). Traditional sources for natural food colour additives

are essentially plants, plant extracts, and, to a lesser extent, other sources such as ani-

mals (most importantly insects), algae, fungi, and bacteria (including cyanobacteria)

are also used. For the purposes of this chapter, inorganic colours derived from min-

erals are not treated as they are usually considered as non-natural (e.g. Mortensen,

2006; Scotter, 2011).

It has been shown that the influence of colour on food acceptability, choice, and

preference comes more from education than any inherent psychophysical character-

istics (Clydesdale, 1993). Considering that (i) the brain associates colour with flavour,

(ii) the initial food perception occurs within the first 90 s of observation, and (iii)

approximately 75% of the assessment is based on colour (Singh, 2006), it is clear that

if food colour differs from the consumer’s expectation, flavour identification is

decreased. This means that the subjective colour-flavour association becomes

stronger under such conditions, and the colour has a dominant effect on food accep-

tance (Roth et al., 1988). This is true for simple and complex food as well (Pangborn

et al., 1963). In other words, if colour is unacceptable or unappealing, the other factors

important for consumers’ liking (i.e. flavour and texture) are unlikely to be judged at

all (Francis, 1995). Consequently, a deep and renewed knowledge of food colour addi-

tives is requisite. This is even more important because (i) toxic compounds can be

formed during food colour additive production (e.g. in case of caramel colours),

(ii) colour additives can be subjected to fraudulent practices (Murphy, 2009), (iii) they

are added to new products, and/or (iv) they may be at the origin of the development of

sensitivity or adverse reactions in the population (Madsen, 1994; Fuglsang et al.,

1994). Conversely, the health promoting potential of many of these natural food col-

ourants remains to be (re)discovered, especially when diseases connected with longer

life expectancy are concerned, including, among others, cancer, Parkinson’s disease,

memory failure, dementia, and Alzheimer’s disease. To highlight the importance of

such diseases, it is enough to recall the huge progression of Alzheimer’s disease:

the number of patients diagnosed was 35 million in 2010; the projection for 2030

is 65 million and is 115 million in 2050. Although, the exact mechanisms in which

food microcomponents are involved in human health may remain obscure, several

experimental studies have reported positive effects on health. For instance, experi-

ments revealed a decrease of the aberrant proteins thought to be involved in Alzhei-

mer’s disease in the presence of polyphenols and flavonoids. Pasinetti et al. (2011)

showed that grape-derived polyphenols attenuate tau neuropathology in a mouse

model of Alzheimer’s disease, whereas Ono et al. (2012) reported that phenolic
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compounds prevent amyloid b-protein oligomerization and synaptic dysfunction by

site-specific binding. Orgogozo et al. (1997) conducted an epidemiological study that

revealed that moderate wine consumption strongly prevents dementia. This clear-cut

effect might be attributed to the high amount of grape polyphenols contained in wine,

including the red-coloured anthocyanin pigments.

1.2 Food colourants of natural origin

In this chapter, the main food colouring agents of natural origin are concisely pre-

sented (in alphabetical order) through a short description of their colour, structure,

physico-chemical properties, and health effects.

1.2.1 Anthocyanins (E163)

Anthocyanins are natural pigments belonging to the flavonoid family of compounds.

They are water soluble and show a wide distribution in vascular plants. More than

5000 flavonoids have been chemically characterised, and new structures are being

continually described (reviewed in Delgado-Vargas et al., 2000). In the flavonoid

family, the anthocyanins are the most important pigments colouring flower parts

(petals, tepals, sepals), fruits, leaves, stems and even roots where they play important

roles in growth, reproduction, and protection against pathogens, predators, and excess

of light (Harborne, 1988; Simmonds, 2003). From the structural point of view, antho-

cyanins are formed by two aromatic rings (A and B), joined by a 3-carbon bridge, usu-

ally in the form of a heterocycling ring (ring C) (Figure 1.1). The cyclic moieties A and

B are derived from separate biochemical pathways, that is, the acetate/malonate and

the Shikimate pathways, respectively (Merken and Beecher, 2000). Variations in lat-

eral chains around ring C result in the major flavonoid classes (Hollman and Katan,

1999). Anthocyanins are glucosides of the anthocyanidin basic skeleton (Figure 1.1a).

Every anthocyanin has the same flavylium skeleton responsible for the colour of the

pigment where the chromophore is the aglycone (Figure 1.1). The glycosyl moiety of

anthocyanosides can be either a monosaccharide (glucose, galactose, rhamnose), a

disaccharide (rutinose corresponding to a glucose linked to a rhamnose or a xyloglu-

cose) (Figure 1.1), or occasionally a trisaccharide. So far, several hundred anthocya-

nins and derived compounds have been described (Alberts et al., 2012). They are

insoluble in cold water but can be readily extracted into acidic aqueous medium.

Anthocyanin colour depends on pH. In acidic conditions, anthocyanins are red,

whereas under basic conditions, they appear blue, and they appear purple in solutions

at neutral pH. Anthocyans of grape berries are largely methylated, leading to an

increase of the colour intensity and stability. Due to these properties, grape is one

of the best sources of this natural reddish pigment. Co-pigments or other co-solutes

(flavonoids, alkaloids, amino-acids, organic acids, nucleotides, polysaccharides,

metallic ions, or other anthocyanosides) even when colourless, trigger a hyperchromic

effect (i.e. increased absorption of the original pigment) when mixed with
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anthocyanosides. The strongest effect is obtained in a slightly acidic medium (pH 4–6)

when anthocyanosides are colourless.

Anthocyanins are acquired through plant-based diets that furnish the microconsti-

tuents present in most fruits and vegetables such as grapes, apples, cherries, pome-

granates, red onions, red cabbage, and red berries (blueberries, black currants,

raspberries, and strawberries). Anthocyanins (or their extracts) are used for their anti-

oxidant and colouring properties as food additives in finished and dry-mix beverages,

fruit fillings, preparations for snack bars, dairy products such as yogurt, and in con-

fectionery products (e.g. candies).

The regular consumption of antioxidants (including anthocyanins) is of importance

for vital processes because they are able to scavenge free radicals and also stimulate

cell defence mechanisms (reviewed in He and Giusti, 2010). In addition, other grape

polyphenols such as resveratrol and also curcumin (see Section 1.2.6) have been

shown to exhibit a variety of health promoting effects, including anti-inflammatory

effects through the inhibition of lipoxygenases (Ghiselli et al., 1998) and cyclo-

oxygenases responsible for the synthesis of pro-inflammatory mediators from
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Figure 1.1 Chemical structure of some anthocyanins. (a) Flavylium cation (aglycone) is the

basic skeleton of anthocyanidins (and anthocyanins). Ri can be either hydroxyl (–OH) or

methoxy (–OCH3) side chains or saccharides (in case of R4 or R3). (b) Themonosaccharide 3-O-
glucoside malvidin (oenin). (c) The disaccharide 3,5-O-diglucoside malvidin. (d) Malvidin-3-

O-(6-coumaroyl)glucoside.
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arachidonic acid, inhibition of platelet aggregation (Ghiselli et al., 1998), and protec-

tion against cardiovascular diseases (Sass-Kiss et al., 2005). These polyphenols also

inhibit protein kinases such as PKCs and PKD, the receptor tyrosine kinases, lipid

kinases as well as IKKa, an activator of the pro-inflammatory NF-kB pathway

(reviewed in Latruffe et al., in press).

In addition to free anthocyanins, anthocyanins can self-assemble to form stoichio-

metric blue metal complex-pigment supramolecules. Hayashi et al. (1958) have

coined the term metalloanthocyanins to designate these supramolecular assemblies

composed of six molecules of anthocyanin, six molecules of flavone, and two metal

ions (Mg2+) (Goto et al., 1986; Goto andKondo, 1991). So far, they have been found in

blue petals of the genus ofCentaurea (Shiono et al., 2005),Commelina (Hayashi et al.,
1958; Kondo et al., 1991), Salvia (Mori et al., 2008). The stability of the pigments

extracted from the petals of Salvia uliginosa was high at room temperature when

metals remained present (Mori et al., 2008). These pigments may represent a new

source of blue pigments for the food industry.

1.2.2 Betalains (E162)

Betalains are water-soluble pigments characteristic of 10 families of the order Caryo-

phyllales and some fungi (Strack et al., 2003; Pavokovic and Krsnik-Rasol, 2011). In

the natural environment, betalains serve as coloured signals that attract animals to

ensure pollination and seed dissemination. These pigments are divided into two

majors structural groups: (i) the red to red-violet betacyanins with an absorption max-

imum at 538 nm and (ii) the yellow-orange betaxanthins absorbing at 480 nm

(Stintzing et al., 2002; Figure 1.2). Betalains are secondary metabolites derived from

the amino acid L-tyrosine (Fischer and Dreiding, 1972) via the formation of

L-dihydroxyphenylalanine (L-DOPA). The cleavage of the L-DOPA molecule,

followed by the incorporation of the N-atom in the ring, leads to betalate, which is

common to all betalains. The yellow betaxanthins are obtained by condensation of

betalamic acid with amines and amino acids whereas betacyanins result from their

COOHHOOC
(a) (b)

R2

R1
R3

HN

HOOC

COOH
+

COOH

COOH

N

N
H

N
H

Figure 1.2 Chemical structures of betalains (R1, R2 and R3 represent different functional

groups). (a) Betacyanins: if R1¼R2¼OH then¼betanidin; if R1¼O-glucosyl and R2¼OH

then¼betanin. (b) Betaxanthins: if R3¼CH2-COOH then¼miraxanthin II.
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condensation with free L-DOPA derivatives (Gandia-Herrero and Garcia-Carmona,

2013). Currently, about 50 betacyanins and 31 betaxanthins have been identified

(Cai et al., 2005; El Gharras, 2008, 2011; El Gharras et al., 2008; Gandia-Herrero

and Garcia-Carmona, 2013). Contrary to anthocyanins, betalains are more stable to

pH and temperature (Ravichandran et al., 2013). However, red beet colour is unstable,

especially in aqueous or moisture environment (Pasch and von Elbe, 1975; Saguy

et al., 1984) or when exposed to heat and/or light (Saguy et al., 1978; Saguy,

1979). Nevertheless, betacyanins can be applied to low-acidity foods (i.e. ice-cream

or yogurt), since they are not as susceptible to hydrolytic cleavage as are anthocyanins

(Jackman and Smith, 1996; Cai et al., 1998). They are also used as a natural additive in

drugs and cosmetic products (Ravichandran et al., 2013).

The most common source of betalain-based food colourant is red beet (Beta vul-
garis L.) root. The optimal extraction of betalains is obtained by dissolving freeze-

dried roots in 50% ethanol (Ravichandran et al., 2013). Red beet colourant is available

as concentrates produced by evaporating beet juice under vacuum to a total solid con-

tent of 40–60%, or as powder made by spray-drying the concentrate (Marmion, 1991;

Nemzer et al., 2011). The colour strength of commercial beet colour depends on its

content of yellow betaxanthins (Henry, 1992). Other sources of betalains are being

exploited for the colouring of foodstuffs, especially in the dairy and beverage sector.

These include cactus pear juice (Opuntia ficus-indica) (Moshammer et al., 2005; El

Gharras et al., 2008; El Gharras, 2011) and grain amaranth (Amaranthus) (Cai et al.,
2005; El Gharras, 2011). Cactus pear betalains offer an attractive colour range and

retain their colour from pH 3 to 7 where the more common anthocyanins degrade

(Moshammer et al., 2005). Grain amaranth (not to be confused with the synthetic

EU permitted colouring, E123) is a rediscovered crop; it was cultivated as a staple

food by the ancient Aztecs (Lehmann, 1994). This crop has considerably wider adapt-

ability and grows in broader climatic conditions than beet cultivars (Cai et al., 2005).

Betalains are also natural antioxidants (Escribano et al., 1998; Tesoriere et al.,

2004; Cai et al., 2005; Ravichandran et al., 2013; Zhang et al., 2014) that show a peak

concentration in red blood cells 3 h after consumption of cactus pear fruit (Tesoriere

et al., 2005). Moreover, Tesoriere et al. (2008) have shown in vitro that betaxanthins

from cactus pear fruit were bioaccessible in postintestinal digesta and retained their

antioxidative potential. So, betalains could protect endothelium from oxidative

stress-correlated diseases as inflammations (Gentile et al., 2004). Consequently, beta-

lains present an interesting potential in the prevention of cancer as it was demonstrated

in vitro (Zhou et al., 2005; Schwartz et al., 1983; Khan et al., 2012) and cardiovascular
diseases (Delgado-Vargas et al., 2000). Recent applications suggest a better preserva-

tion of the colour properties of betalains when they are encapsulated in polymeric

matrices (Serris and Biliaredis, 2001).

1.2.3 Caramels (E150)

Caramels account for more than 80% of all food colourants (Sengar and Sharma, 2014)

and are classed according to their method of production. Their division into four classes

is based on whether ammonium compounds, sulfite compounds, both ammonium and

sulfite compounds, or neither, were added as reactants during manufacture. Class I
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caramels (E150a) are obtained after heating of carbohydrates with alkali or acid (but no

other compound),whereasClass II (E150b),Class III (E150c), andClass IV (E150d) car-

amels are obtained with the addition of sulfite, ammonium, and both types of com-

pounds, respectively (Myers and Howell, 1992). Class I has the lightest shade,

whereas Class IV presents the darkest one. Class IV caramel is primarily found in soft

drinks (Sengar and Sharma, 2014). The standard of identity of caramel colouring allows

the presence of basic food-grade carbohydrates (FDA, 2011). During this process, carci-

nogenic sugar degradation products such as imidazole (4-methylimidazole) and/or fur-

fural derivates (e.g. 5-hydroxymethyl-2-furfural) (Hodge, 1953) can be formed

(Kr€oplien et al., 1985; Grosse et al., 2011; Moon and Shibamoto, 2011; IARC, 2012).

For instance, Elsinghorst et al. (2013) demonstrated that the immunosuppressant 2-ace-

tyl-4-((1R,2S,3R)-1,2,3,4-tetrahydroxybutyl)imidazole occurs only in caramel Class III.

Humans can be exposed to such imidazoles because they are contained in ammonia

caramel Class III and ammonium sulphite caramel Class IVused in foods and beverages.

In order to address the health concerns related to caramel colourings (E150c, E150d),

Guanet al. (2014) haveproposed toprepare caramel lacking 5-hydroxymethyl-2-furfural

using supercritical carbon dioxide extraction.

1.2.4 Carmine (E120)

Carminic acid is a red dye extracted from several insect taxa: Kermes vermilio (ker-

mes),Porphyrophora polonica (Polish cochineal),Porphyrophora hamelii (Armenian

cochineal),Dactylopius coccus (American cochineal or simply cochineal), andKerria
lacca (lac – often referred to by its old name: Laccifer lacca) (Mortensen, 2006). The

pigments, which are chemically classified as anthraquinones, are extracted from dried

gravid insects (Rangan and Barceloux, 2009) using boiling water. The main pigment

(>95%) in cochineal is the C-glycoside, carminic acid (Figure 1.3a), while lac
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Figure 1.3 Chemical structure of cochineal and lac pigments. (a) Carminic acid, (b) laccaic

acid A, (c) laccaic acid B, and (d) laccaic acid C.
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contains several different pigments, predominantly laccaic acids A, B, and C

(Mortensen, 2006; Figure 1.3b–d). Carminic acid has the ability to form chelates with

metal ions (aluminium and calcium) termed carmines. Therefore, cochineal extracts

or carminic acid may be treated with alum to produce the colourant. The use of this

chemical causes the colouring and the precipitation of the animal matters. The quality

of carmine is affected by the temperature and illumination during its preparation, sun-

light being a prerequisite for the production of a brilliant hue. Several cases of strong

allergy (reviewed in Gallen and Pla, 2013) and asthma (Ferrer et al., 2005) have been

reported with this pigment. In the food industry, carmine is also referred to as cochi-

neal, cochineal extract, crimson lake, and natural red 4. Its colour in solution changes

with pH since the phenolic groups are rather acidic. Thus, at low pH carminic acid is

orange, changes to red at slightly acidic and neutral pH, and finally turns violet in alka-

line solution (Mortensen, 2006). According to the EU legislation, commercial prep-

arations of carmine should contain at least 2% carminic acid in extracts containing

carminic acid and not less than 50% carminic acid chelates (European

Commission, 2012). E120 can contain substantial amounts of aminocarminic deri-

vates formed during carminic acid heating in the presence of ammonia (Sabatino

et al., 2012). Aminocarminic acid maintains deep red colouring power at very low

pH, but is not approved as a food colourant. It is sold and illicitly used as an acid-stable

carminic acid suitable for acidic food (Sabatino et al., 2012).

1.2.5 Carotenoids (E160, E161)

Carotenoids (C40) have a symmetrical tetraterpene skeleton formed by tail-to-tail

linkages of two geranylgeranyl diphosphate molecules (two C20 units, but more basi-

cally from eight isoprene – C5H8 – units) (Figure 1.4). With the exception of acyclic

carotenoids such as lycopene, the red pigment in tomatoes, the end-groups of the basic

skeleton, are in general modified into six-membered rings yielding dicyclic caroten-

oids such as b-carotene, the most ubiquitous carotenoid (Figure 1.4). Depending on

the absence or the presence of oxygenated functions, carotenoids range in the subfam-

ily of carotenes or xanthophylls, respectively. From the physico-chemical point of

view, carotenoids are highly hydrophobic except when the carotenoid backbone is

esterified with strongly polar oligopolysaccharides as in crocetin glycosyl esters,

the pigments colouring saffron stigmas and Gardenia fruits (Figure 1.4; Pfander

and Witter, 1975; Pfister et al., 1996). More than 750 naturally occurring carotenoids

have been described so far (Britton et al., 2004; Schwartz et al., 2008) and new mem-

bers of this family are described regularly (Shindo and Misawa, 2014). The total pro-

duction of natural carotenoids has been estimated as 108 ton/year (Delgado-Vargas

et al., 2000).

Together with chlorophylls, carotenoids play a crucial role in photosynthesis as

light harvesting and photoprotecting pigments. Depending on their proportion to chlo-

rophyll molecules, carotenoids may confer the visual colour to the tissue in which they

are hosted. For instance, brown algae and diatoms are brown because their major pho-

tosynthetic pigment is the brownish-yellow carotenoid, fucoxanthin (reviewed in

Lee, 2008).
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Figure 1.4 Structure of the most important carotenoids used in the food industry.

(a) b-Carotene, (b) a-carotene, (c) g-carotene, (d) 9¢-cis-bixin, (e) 9¢-cis-norbixin,
(f) astaxanthin, (g) lycopene, and (h) crocin.



Besides the primary carotenoids involved in photosynthesis, so-called secondary

carotenoids can accumulate in reproductive organs (flowers, seeds, fruit parts, shield

cells ofChara antheridia, etc.), other organs (e.g. in carrot roots), or in some algae under

certain stress conditions (e.g. in Haematococcus pluvialis) (Lichtenthaler, 1987;

Lemoine and Schoefs, 2010; Heydarizadeh et al., 2013). Secondary carotenoids serve

as visual attractants and thus have an important ecological role, for example, in facil-

itating pollination of the floral structures, or seed consumption, and subsequent dispersal

by animals (Taylor and Ramsay, 2005). Because secondary carotenoids are often pre-

sent in high concentrations, the tissues in which they accumulate constitute very good

natural sources of carotenoids, therefore, saffron stigmas, pepper pericarps, and red

palm fruit oil have been used as colouring foods (see above) for centuries. Today, nat-

ural sources other than plants, such as fermentation cultures of microalgae (e.g. Duna-
liella salina, H. pluvialis, etc.) or fungi (e.g. Blakeslea trispora), are also used.

The first total synthesis of b-carotene was achieved in 1950 (Inhoffen et al., 1950a,
b) and synthetic b-carotene started to be commercialised by Roche in 1954. Since

then, b-apo-8¢-carotenal (E160e), canthaxanthin (E161g), and astaxanthin (E161j)

have also been chemically synthesised and are classified also in the United States

as colourants (Code of Federal Regulations, 2011).

Depending on the wavelength ranges they absorb, carotenoids in solution exhibit

a range of colours between pale yellow (z-carotene), yellow (xanthophylls), orange

(b-carotene), or red (lycopene). In addition, their observed colour is also impacted

by pigment concentration. For instance, the yellow b-carotene turns orange and then

red when its concentration increases (Wrolstad and Culver, 2012). Carotenoids can be

destroyed during food processing steps such as freezing (mild impact), canning, or

boiling (strong impact) (Delgado-Vargas et al., 2000), which trigger colour modifica-

tions. For example, yellow violaxanthin in mangoes or pineapples is easily trans-

formed during processing to the faint-yellow auroxanthin (Mercadante and

Rodriguez-Amaya, 1998) giving a grey tint to the processed products (Coultate,

1996; Schoefs, 2003, 2005). Carotenoid degradation can even impart the odour of food

products. For instance, it is important to prevent the degradation of b-carotene into the
violet-smelling b-ionone in such products (Coultate, 1996).

The links between health and carotenoid intake was made after the discovery that

assimilated b-carotene is split into two parts (two retinal molecules) serving as pre-

cursors of vitamin A, an important molecule for vision, skin protection, and cell

growth (reviewed in Olson, 1988; Hammerling, 2013). This property has been

extended to other carotenoids (a- and g-carotene, b-cryptoxanthin) that have similar

molecular structure (contain one retinyl group) (reviewed in Olson, 1988;

Hammerling, 2013). These molecules have provitamin-A activity because they are,

in fact, precursor molecules converted into this vitamin by the body. Because carot-

enoids cannot be produced by animal tissues, except in aphids (Moran and Jarvik,

2010), they have to be obtained through diet (Olson, 1988). Once assimilated, they

enter the biochemical pathways along which they might be modified (Parkinson

and Brown, 1981; Eroglu and Harrison, 2013) and eventually are accumulated in

the body. Most popular examples include (i) astaxanthin in marine animals such as

salmon, shrimps, lobsters (e.g. Schoefs, 2005; van Wijk et al., 2005; Ambati et al.,

2014), (ii) canthaxanthin in bird plumage of flamingo or red ibis (e.g. Cazzonelli,
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2011; Mendes-Pinto et al., 2012), and (iii) b-carotene in human blood and adipose

tissue (Bondi and Sklan, 1984; Eroglu and Harrison, 2013). Along the years, studies

have established that b-carotene as well as other carotenoids (astaxanthin, a-carotene,
b-cryptoxanthin, canthaxanthin, fucoxanthin, lutein, lycopene, and zeaxanthin) might

be useful to prevent a number of diseases, including cancer, cystic fibrosis, and arthri-

tis (Sharoni et al., 2012; Tanaka et al., 2012), and there is a flourishing trade in vitamin

supplements containing b-carotene and other carotenoids. The most important carot-

enoid food colourants are discussed below.

1.2.5.1 a-, b-, and g-carotene (E160a, CI food orange 5)

Aside from their synthetic nature-identical analogues, E160a usually refers to a

complex mixture of a-, b-, and g-carotenes (Figure 1.4a–c) and their isomers, contain-

ing predominantly b-carotene. Naturally, most carotenoids occur as all-trans- or dif-
ferent cis-isomers (9-cis, 13-cis, 15-cis isomers), with each double bond in the carbon

chain of the carotenoid being able to exist in either the trans or the cis configuration.
Synthetic b-carotene or b-carotene from raw carrot and most plants contains predom-

inantly the all-trans configuration of the pigment (Patrick, 2000; Khoo et al., 2011).

However, the type of processing, heat, and light all influence the isomerisation of

carotenoids in food products (Khoo et al., 2011).

b-carotene accumulates to significant levels in green leafy (parsley, spinach, and

broccoli) or other vegetables (carrot and pumpkin), some fruits (mango, mandarin, apri-

cot, and peach) (Sass-Kiss et al., 2005), and a number of microorganisms such as fungi

(Phycomyces blakesleanus, B. trispora, Rhodotorula sp.) and microalgae (D. salina),
the latter being easily grown in open ponds (Johnson and Schroeder, 1995; Del

Campo et al., 2007). Industrial production of natural carotenoid food colour additives

involves mostly Dunaliella and B. trispora (Del Campo et al., 2007) available for fer-

mentation technology and approved in the United States and by the EU legislation

(Report of the Joint FAO/WHO Expert Committee on Food Additives, 2002). One

major advantage of the algal b-carotene over the cheaper and synthetic all-trans
b-carotene resides in the fact that the natural b-carotene is present in a near 50–50%

mixture of all-trans and 9-cis stereoisomers and is claimed to favour biological and

health effects (Ben-Amotz, 1999; Patrick, 2000). Although its major industrial applica-

tion is as a food-colouring agent (e.g. in margarine), it is also used as provitamin A (ret-

inol) in human food and animal feed, vitamin and antioxidant preparations, and

cosmetics (Del Campo et al., 2007). There is a growing body of epidemiological data

suggesting that humans fed on a diet high inDunaliella b-carotene have lower incidence
of several types of cancer and degenerative diseases (Ben-Amotz, 1999; Del Campo

et al., 2007). Carotenes are considered antioxidants having an important role in cancer

chemoprevention and in cellular signalling (Sharoni et al., 2012; Tanaka et al., 2012).

1.2.5.2 Annatto (E160b)

Annatto is a yellow-orange food colour additive widely used by cosmetic, pharmaceu-

tical, and food industries. In this category, smoked fish, beverages, bakery, and dairy

(cheese, margarine) industries are the main users (Rao et al., 2002; Scotter, 2009;
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Kang et al., 2010; Wrolstad and Culver, 2012). More recently, annatto has been used

as powder to replace – at least partially – nitrite in sausage (Zarringhalami et al.,

2009). Besides its colouring effects, annatto extracts add a slightly sweet and peppery

taste to edible products (Ulbricht et al., 2012).

Achiote or lipstick trees (Bixa orellana) are tropical trees native in American,

Caribbean, and East Indian forests (Evans, 2000; Ulbricht et al., 2012). The pericarp

of their seeds contains 4.5–5.5% pigments, bixin accounting to 70–80% of these pig-

ments (Preston and Rickard, 1980; Mercadante and Pfander, 2002). Bixin exhibits a

carboxylic acid group at one end and a methyl ester at the opposite end and is lipo-

soluble. The de-esterification of the methyl ester end produces norbixin that is soluble

in aqueous alkaline solution (Smith and Harriet, 2006; Scotter, 2009). The structure of

these pigments (Figure 1.4d and e) resembles that of carotenoids (Figure 1.4f and g)

but they are much smaller (i.e. norbixin and bixin contain 24 and 25 carbon atoms,

respectively, instead of 40). Such molecules deriving from carotenoids are referred

to as apo-carotenoids. Both pigments belong to the family of xanthophylls but have

no provitamin A activity (Mercadante et al., 1996) (see also above). The more bixin is

present in an annatto colourant, the more orange it is, while a higher level of norbixin

results in a more yellow shade. Bixin and/or norbixin are sometimes used as a

substitute for saffron (Ulbricht et al., 2012).

The relative stability of the annatto colourant regarding heat, light, or oxygen is an

important advantage (Scotter, 2009); however, the geometric configuration of the pig-

ments affect the solubility and the tint of the pigments. For example, cis–trans isomer-

isation is triggered by heat treatments, resulting in more lipid-soluble and yellower

pigments (Francis, 1999; Levy and Rivadeneira, 2000). In the United States, annatto

extract is listed as exempt of certification, whereas its use is more restricted in the EU

(Mortensen, 2006).

Annatto is usually considered as safe for most people when used in low amounts as

it does not exhibit any mutagenic, carcinogenic, or genotoxic effects (Alves de Lima

et al., 2003; Hagiwara et al., 2003). However, adverse reactions associated with

annatto dye ingestion have been reported (Auttachoat et al., 2011), indeed, current

nutritional and medical research suggests that annatto could present a positive action

on cancer. Norbixin isomers are responsible for the antimicrobial activity specific for

Gram-positive bacteria found in annatto extracts (Huhtanen, 1980; Galindo-Cuspinera

et al., 2003). For a recent evaluation of putative and established potential of annatto on

health, see the comprehensive review by Ulbricht et al. (2012).

1.2.5.3 Astaxanthin (E161j)

Astaxanthin (3,3¢-dihydroxy-b,b¢-carotene-4,4¢-dione) is an orange-red coloured

ketocarotenoid derived from canthaxanthin (Schoefs et al., 2001) containing both

hydroxyl and ketone functional groups (Figure 1.4f). Its structure was first proved

by chemical synthesis in 1975 (Cooper et al., 1975). In nature, astaxanthin is synthe-

sised and accumulated to relatively large extent in some green algae (H. pluvialis,
Chlorella zofingiensis, and Chlorococcum sp.), some fungi (most importantly in
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the red yeast Xanthophyllomyces dendrorhous earlier termed Phaffia rhodozyma), and
bacteria (like the marine bacterium Agrobacterium aurantiacum), but it also occurs in
some red algae (Lorenz and Cysewski, 2000; Lemoine and Schoefs, 2010; Yuan et al.,

2011; Ambati et al., 2014). Dietary astaxanthin is absorbed and deposited in animals

such as krill, shrimp, and fish. The most striking natural examples of astaxanthin accu-

mulation in animals (and food products) are flamingo feathers, salmon and trout flesh,

and crustacean shells (see above). In lobsters, astaxanthin is bound to a protein in such

a way that the astaxanthin–protein complexes exhibit a blue tint (van Wijk et al.,

2005). During cooking, the protein is denaturated and astaxanthin is released from

the complexes, which restores the red colour characteristic of cooked lobsters. Astax-

anthin is used mostly as a pigmentation source in animal feed in marine aquaculture,

including primarily salmonids, red sea bream and ornamental fish (where it provides

skin pigmentation), shrimps (the hypodermal chromophores and the pigmented layer

of the epidermal exoskeleton of several cultured species contain astaxanthin), and to a

lesser extent in poultry (for coloration of egg yolk) (Lorenz and Cysewski, 2000). It

also has applications in nutraceuticals (human dietary supplements) and the cosmetic

industry (Lorenz and Cysewski, 2000).

The EU considers astaxanthin as a food dye (E161j). In the United States, the

FDA has approved astaxanthin and astaxanthin dimethyldisuccinate, Haematococcus
algae meal, and X. dendrorhous as food colourings and additives for specific uses in

animal and fish feeds and considers natural astaxanthin as safe. However, as food

colouring astaxanthin is restricted to use in animal food and shall not exceed

80 mg/kg of finished feed (Wrolstad and Culver, 2012). This pigment is quite expen-

sive (approx. US$5000–6000 per kg), and although its $220 million global market is

dominated by the synthetic pigment (more than 95%), consumer demand for natural

products has raised interest in natural astaxanthin. The natural pigment is primarily

extracted from H. pluvialis and to lesser extent from shrimp (Pandalus borealis) or
krill species (Euphausia sp.) (Del Campo et al., 2007; Lemoine and Schoefs,

2010). Under certain conditions, astaxanthin accumulates up to 4–5% cell dry weight

in the green algaH. pluvialis, which is now cultivated on a large scale by several com-

panies using different approaches (Del Campo et al., 2007; Yuan et al., 2011; Ambati

et al., 2014). Natural astaxanthin is preferred in dietary supplements in different forms

(e.g. soft gels, tablets, capsules, syrups, oils, and creams), which are getting more and

more popular due to the potent antioxidant and reactive oxygen scavenging effects of

astaxanthin and an increasing number of studies on its health-promoting effects,

including prevention and treatment of various diseases (cancers, chronic inflamma-

tory diseases, metabolic syndrome, diabetes, diabetic nephropathy, cardiovascular

diseases, gastrointestinal diseases, liver diseases, neurodegenerative diseases, eye dis-

eases including age-related macular degeneration, skin diseases, exercise-induced

fatigue, male infertility, stimulation of immunisation, etc.) (Lorenz and Cysewski,

2000; Yuan et al., 2011; Ambati et al., 2014). However, there are only few studies

available about its stability, biochemistry, bioavailability, pharmacokinetics, and tox-

icology (safety) (Yuan et al., 2011; Ambati et al., 2014).
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1.2.5.4 Lycopene (E160d)

As with carotenoids in general, the colour of lycopene (Figure 1.4g) depends on its

concentration: it is orange in a diluted solvent and bright red when accumulated in

the tomato fruit peel (in the latter case physical factors such as light reflection also

contribute to the observed colour) (Wrolstad and Culver, 2012). Tomato lycopene

extracts and tomato lycopene concentrates are approved for use as colourants exempt

from certification (Code of Federal Regulations, 2011). Lycopene from the fungus

B. trispora has been also approved in the EU (Commission Regulation, EC

No. 721/2006; Mapari et al., 2010; Wrolstad and Culver, 2012). Oleoresins, powders,

and water-dispersible preparations of lycopene have stable colour over a wide pH and

temperature range in the absence of oxygen (and other oxidating agents) and light.

Lycopene is a powerful antioxidant (Pfander, 1992), epidemiological evidence shows

that high intake of lycopene is associated with reduced risk of prostate cancer

(Giovannucci, 2005; Basu et al., 2010), ischaemic heart disease (Parfitt et al.,

1994), and arteriosclerosis (Rao and Agarwal, 1999).

1.2.5.5 Saffron, crocin

The first written records of the use of saffron go back to a seventh century BCAssyrian

botanical treatise compiled under Ashurbanipal, but it has been used and traded even

earlier. Saffron consists of the dried stigmas of the flowers of the crocus bulb, Crocus
sativus. Production of saffron is very labour intensive, and the extremely high cost of

the spice severely limits its use as a food colourant. The intense yellow colour of the

spice saffron is primarily due to the pigment crocin, in which the C-20 dicarboxylic

acid pigment crocetin is esterified with two molecules of the disaccharide gentiobiose

(Figure 1.4h), rendering the pigment water soluble (Wrolstad and Culver, 2012). The

optimum temperature of drying saffron is 40�5 �C. Drying temperatures lower than

30 �C or higher than 60 �C trigger carotenoid degradation. Crocetin has been

approved in the United States, while the EU does not consider saffron as food colour-

ant but as a spice. Crocin, along with other crocetin glycosides, is also found in the

fruit of Gardenia jasminoides and Gardenia augusta (Kato, 2000). Gardenia yellow

is a colourant produced by water or ethanol extraction of the fruits and is approved for

food use in Japan and China, but not in the United States or EU.

1.2.6 Curcumin (turmeric) (E100)

Originally the name curcuma derived from the Arabic word kurkum meaning saffron

(that has similar colouring effect to curcuma), but it is now used only for turmeric or

curcuma (Mortensen, 2006). Turmeric (or curcuma) refers at the same time to the

plant (Curcuma longa), but also to its dried, ground rhizomes used as a food colour

additive (Agrawal and Mishra, 2010). Turmeric (E100ii) is the crude extract that

contains several yellow pigments, predominantly curcumin (diferuloylmethane,

E100i, natural yellow 3) existing in 1,3-diketo and enol forms, but also three other

curcumin derivatives, namely demethoxycurcumin, bisdemethoxycurcumin, and
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cyclocurcumin (Mortensen, 2006; Figure 1.5). After extraction with solvent, the pig-

ments are crystallised (Esatbeyoglu et al., 2012). Curcumin and its derivatives, being

highly hydrophobic compounds, are soluble in ethanol and concentrated acetic acid

but are insoluble in water. The stability of curcumin in aqueous solution is pH

dependent: it is most stable in the pH range 1–6. In the neutral state (1<pH<7) cur-

cumin is bright yellow, whereas in the charged state (pH<1 or pH>7) it is red

(Tonnesen and Karlsen, 1985; Bernabé-Pineda et al., 2004; Goel et al., 2008). In addi-

tion, curcumin is light-sensitive (Esatbeyoglu et al., 2012). Turmeric is used as colour-

ing in mustard, pastries, dairy products, and canned fish. It also provides the yellow

coloration to curry powders.While from the colour point of view it is a good and cheap

alternative to saffron, turmeric cannot substitute saffron’s taste (Scartezzini and

Speroni, 2000). New matrices, to enhance curcumin extraction from rhizome and

eventually enable direct incorporation of curcumin in food, are under study

(Takenaka et al., 2013).

Turmeric has been used in traditional medicine in India and China for ages (Ravi

Kumar et al., 2014). Actually, the potential of curcumin as a therapeutic agent is very

high, because it presents antioxidative properties (reviewed in Zhang et al., 2013) and

anti-inflammatory properties (Aggarwal et al., 2013). Besides this, curcumin reduced

glycaemia and hyperglycaemia in rodent model systems and, therefore, may be inter-

esting for use in treating diabetes (reviewed in Zhang et al., 2013). In addition, cur-

cumin may have a role in the prevention or treatment of cardiovascular, pulmonary,

autoimmune and neoplasmic diseases, and chronic illnesses in which inflammation is

known to play a major role (Aggarwal and Harikumar, 2009), as well as cancer (e.g.

Shim et al., 2004; Duan et al., 2010; reviewed in Schaffer et al., 2011). In addition, it

displays neuroprotective properties in Alzheimer’s disease (reviewed in Chin et al.,

2013) and Parkinson’s disease (reviewed in Mythri and Bharath, 2012). The potential

for the use of curcumin in medicine is, however, limited by its low solubility in aque-

ous solutions and its poor oral bioavailability (Shaikh et al., 2009; Duan et al., 2010;

Song et al., 2010). To overcome this difficulty, curcumin vehicles, including nanopar-

ticles, have been tested (Maya et al., 2013; Ravi Kumar et al., 2014) and seem prom-

ising in terms of cancer treatment (Duan et al. 2010).
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Figure 1.5 Structure of curcumin forms (a, b) and some curcumin derivatives (c, d). (a) Enol-

form, (b) keto-form, (c) demethoxycurcumin, and (d) bisdemethoxycurcumin.
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1.2.7 Marennine

Marine diatoms of the genus Haslea synthesise and excrete hydrosoluble pigments of

different colours (Lebeau and Robert, 2003; Gastineau et al., 2012a). The most pop-

ular and best studied one is marennine, a blue pigment responsible for the greening of

oyster gills (Lebeau and Robert, 2003). Marennine, the structure of which remains

unsolved, exhibits an antiproliferative effect on lung cancer in cell models

(Carbonelle et al., 1999), and presents antiviral (Gastineau et al., 2012b) and antico-

agulant properties (Bergé et al., 1999).

1.2.8 Melanins

Melanins are dark pigments widely distributed in bacteria, fungi, animal, and plant

organisms. These pigments are heteropolymers derived from the condensation of

dihydroxyphenylalanine, which itself is formed from tyrosine oxidation (reviewed

in Bertrand and Guary, 1998). To our knowledge, only cuttlefish (squid) ink (com-

posed of eumelanin or sepiomelanin, and non-sulphated glycosaminoglycan) is tradi-

tionally used by the food industry as a dark black food ingredient with a colouring

effect to colour pasta, polenta, risotto, sauces, and so forth (Bertrand and Guary,

1998) (Figure 1.6). Although used in some EU countries as a colouring food, it is

not a legally permitted colour additive in the United States (Francis, 1999).

1.2.9 Riboflavin (E101)

Riboflavin (water-soluble B2 vitamin complex) is a natural yellow food colourant pro-

duced using the fungi Eremothecium ashbyii and Ashbya gossypi (Figure 1.7; Mapari

et al., 2010). It is light-sensitive and susceptible to oxidation resulting in fading and

limited application (Wrolstad and Culver, 2012). However, it often gives the yellow to

orange colour of vitamin supplements, and is often included (in this case not as
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Figure 1.6 Structure of eumelanin. The arrow indicates the continuation of the polymer.
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colourant but as vitamin) in fortified cereals and dairy products (breakfast cereals,

pastas, sauces, processed cheese, fruit drinks, milks, energy drinks, and baby foods

and formula) (Wrolstad and Culver, 2012). The synthetic vitamin is approved for

use as a food colourant in the United States (Code of Federal Regulations, 2011)

and the EU. The latter also accepts usage of riboflavin-5¢-phosphate as a food colour-

ant (E101a), but the United States does not (Francis, 1999).

1.2.10 Tetrapyrroles (chlorophylls and phycobilins)

Four pyrroles linked in a linear structure are termed open tetrapyrroles, but when they

are condensed and form a macrocycle (e.g. porphyrin ring) they are defined as closed

tetrapyrroles (Figure 1.8). Natural food colour additives with tetrapyrrole chemical

structure are discussed below.

1.2.10.1 Closed tetrapyrroles: chlorophylls and chlorophyll
derivatives (E140 and E141)

Natural greenish food colourants are limited to chlorophyll and its derivatives

(Schoefs, 2002; Wrolstad and Culver, 2012). Chlorophylls absorb mostly in the blue

and red regions of the visible spectrum, and thus appear green. The photons are

absorbed by the conjugated double bond system of the planar porphyrin ring hosting

one Mg ion. Carbon atom 17 of the macrocycle harbours one propionic acid side chain

esterified by a C20 isoprenoid alcohol chain – in general, phytol (Figure 1.8a). The

phytol side chain is responsible for the lipophilicity of chlorophyll. The total natural

production of chlorophylls is estimated at 1.2�109 ton/year in the biosphere

(Hosikian et al., 2010). Chlorophylls play a key role in the photosynthetic process.

So far, more than 50 porphyrins have been characterised and described including

the recent discovery of chlorophyll f (reviewed in Scheer, 1996; Chen and

Blankenship, 2011; Schoefs, 2012; Heydarizadeh et al., 2013). However, only

chlorophylls a and b, which differ in the presence of the side chain at position 7,
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Figure 1.7 Structure of riboflavin.
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are used as food colours. Other types such as chlorophyll c of brown algae and

diatoms (reviewed e.g. in Lee, 2008; Schoefs, 2005; Chen and Blankenship, 2011)

and protochlorophyllide esters of pumpkin seeds (Schoefs, 2000, 2005) are not yet

widely used as food colourants and are therefore outside the scope of this chapter.

Although protocols for total chemical synthesis of chlorophyll have been available

since 1960 (Woodward et al., 1960, 1990), for food-grade applications, chlorophylls

are extracted from nettle, spinach, and lettuce and alfalfa leaves with dried alfalfa

plants being the primary source for the production of the food colourant (Schoefs,

2003; Wrolstad and Culver, 2012). More recently, extraction methods and techniques

have been developed to allow the use of new sources such as microalgae (e.g.

Chlorella – Kong et al., 2012) and cyanobacteria (e.g. Arthrospira platensis –

Tong et al., 2012) (reviewed e.g. in Humphrey, 2004; Hosikian et al., 2010;

Wrolstad and Culver, 2012; Heydarizadeh et al., 2013).

Chlorophyll pigments are not very stable. For instance, the phytol side chain can be

cleaved enzymatically by chlorophyllase or non-enzymatically in the presence of

strong alkali, resulting in water-soluble chlorophyllide with similar spectral properties
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Figure 1.8 Structure of tetrapyrroles. (a) Closed tetrapyrrole: chlorophyll a and (b) open chain
tetrapyrrole: phycocyanobilin.
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to those of chlorophyll (Bertrand and Schoefs, 1999; Fiedor et al., 2003; Schoefs,

2003, 2012; Wrolstad and Culver, 2012). More spectacular in terms of colour

modifications is the release of the central Mg ion during heat stress, acidification,

or enzymatic treatment (by Mg-dechelatase) that results in the less attractive olive-

green/brownish pheophytin or pheophorbide pigments (when Mg is released from

chlorophyll or chlorophyllide, respectively). Household practices going back at least

centuries have been used at the industrial level as well to maintain the bright green

colour of chlorophyll during vegetable processing. This practice involves the replace-

ment of the Mg ion by Cu (or Zn) ions through the use of copper kettles and/or coins,

releasing the substituent ion during processing. More rarely, Zn- or Cu-chlorophylls

may be spontaneously formed during processing of vegetables with high levels of Zn

or Cu ions (Schanderl et al., 1965; Jones et al., 1977). Semi-synthetic chlorophyll

and/or chlorophyllide derivatives in which different metal cations than Mg are asso-

ciated to the porphyrin ring are generally termed chlorophyllins. Chlorophylls (E140i)

are liposoluble, while E140ii is composed of Na+- and/or K+-chlorophyllins (in fact

chlorophyllides without the hydrophobic phytol chain) and is, therefore, hydrosoluble.

Both are used in the EU as food colourants, but are not permitted in the United States

(Wrolstad and Culver, 2012).

Other chlorophyll derivatives contain Cu instead of the central Mg within the

macrocycle and also bind Na+ and are, therefore, termed sodium–copper–chlorophyl-

lins. These latter are used in alternative medicine (see below) and as approved food

colourings (also termed natural green 3, E141). Sodium–copper–chlorophyllins may

exist in liposoluble form when phytol is present (E141i), but can be also water soluble

if the phytol chain has been cleaved (E141ii) (Schoefs, 2012; Tumolo and Lanfer-

Marquez, 2012). E140 is used to colour a variety of foods and beverages green includ-

ing pasta, absinthe, cheeses, preserved (canned) vegetables, and jam industry products

(jams, marmalades, and jellies). E141 is used in cheeses, sweets (ice cream), soups,

preserved vegetables, and fruits and is in general thought to be more stable than E140.

Water-soluble chlorophyll derivatives (E140ii and E141ii) can be used in food appli-

cations (beverages) in which the hydrophobicity of chlorophylls represents a source of

difficulties.

Chlorophylls have antioxidant properties, but there is some controversy about the

exaggerated healing properties of this pigment, especially when applied externally

(Lanfer-Marquez, 2003). Chlorophyllin has been safely used in human medicine

(e.g. in Derifil, primarily to control body odor in geriatric patients) for many years

(Young and Beregi, 1980), has been shown to reduce genotoxicity of aflatoxin

(Hayatsu et al., 2009), is available as a dietary supplement, and has been also shown

to have anticarcinogenic effects (Dashwood, 1997; reviewed in Schoefs, 2012;

Tumolo and Lanfer-Marquez, 2012).

1.2.10.2 Open tetrapyrroles (phycobilins)

The open chain tetrapyrrole pigments (e.g. phycoerythrobilin or phycocyanobilin –

latter shown in Figure 1.8b) of red algae and some cyanobacteria naturally occur in

the form of red or blue water-soluble pigment–protein complexes (e.g. phycoerythrin,
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allophycocyanin, or phycocyanin) that are highly stable (in the pH range of 5–9 –

Sarada et al., 1999), and are, therefore, interesting for future food and non-food indus-

tries as colouring agents (Le Jeune et al., 2003). Along with chlorophyll and several

carotenoids, they may be obtained from cultures of cyanobacteria (e.g. phycoerythrin

and phycocyanin from A. platensis and Arthrospira maxima) or red algae (e.g. phy-

cocyanin from Porphyridium aerugineum) by isolating semipurified fractions with

centrifugation and precipitation techniques (Wrolstad and Culver, 2012). However,

although phycocyanin colourants are, in general, considered nontoxic and non-

carcinogenic and are used as blue colourants in some countries (e.g. in Japan) to colour

cosmetics and food (fermented milk products, ice creams, milkshakes and desserts,

sweet cake decorations, chewing gum, candies, different soft drinks, and alcoholic

beverages), they are not approved in all countries of the EU (Kuddus et al., 2013).

In the United States, the phycobilins present in the so-called spirulina extract made

from the dried biomass of A. platensis cells have been accepted for safe use in candy

and chewing gum as a colour additive since 2013 on demand of Mars, Inc. (Federal

Register, 2013). Similarly, spirulina is permitted as a food ingredient with secondary

colouring effect in the EU (colouring food). a-Phycocyanin presents a powerful anti-
oxidant activity (Guan et al., 2009). Epidemiological evidences suggest that phyco-

cyanin can prevent or even inhibit cancer (Wang et al., 2007).

1.2.11 Vegetable carbon black (E153)

Vegetable carbon black (also called vegetable black) is in fact a form of finely divided

carbon produced by steam activation of carbonised rawmaterial of vegetable origin. It

is used in the EU and other countries as food colourant in cheeses, concentrated fruit

juices, jams, jellies, marmalades, and liquorice and was once also approved in the

United States, where its use is no longer permitted (Francis, 1999; Wrolstad and

Culver, 2012). In addition to its food industry applications, it may be used as a medic-

inal substance, that is, as an intestinal adsorptive drug or an antidote. Although it is

thought to be poorly absorbed by the intestinal tract, it may contain low amounts of

polycyclic aromatic hydrocarbons, which have a carcinogenic effect and have raised

some concern on its use (however, after strict regulation of the amount of these sub-

stances in vegetable carbon black, the colourant can be safely used). According to this

regulation, E153 containing less than 1.0 mg/kg of residual carcinogenic polycyclic

aromatic hydrocarbons expressed as benzo[a]pyrene is not of safety concern

(EFSA, 2012).

1.3 Future trends and conclusions

Food additives have been used for flavouring, to extend shelf life, promote safety, and

attract consumers for ages (Schoefs, 2005; Wadhwani and McMahon, 2012). Besides

being more expensive, several of the natural colourants available as alternatives to

cheap certified (artificial) food colourants are not as convenient or as easy-to-handle
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as stock commodities. Often, as in the case of anthocyanin-derived colourants

approved in the United States as fruit and vegetable juices, their scents, hue, tinctorial

strength, tendency to precipitate, heat and light stability, and suitability for different

applications varies greatly depending on the vegetable and fruit used, the different

suppliers, and/or the purity of the extract. Therefore, very careful studies are still

needed to (i) find new species and/or genotypes as new sources for alternative natural

colourants and/or for their optimal production, extraction, and stable formulation, (ii)

to further optimise different available technologies to enrich pigment contents, and

increase pigment stability and marketability of the food colourants, (iii) to carefully

test and optimise the biological effects as well as other properties of the food colour-

ants in different food products and beverages during processing and storage, and (iv)

to provide standards and/or methodological tests for authenticity of colourants to

detect adulteration.

Some interesting new perspectives (first techniques and then pigments) follow.

Newly available and developing technological fields include supercritical fluid

extraction with CO2, pressurised liquid extraction, solid phase extraction, microex-

traction, continuous countercurrent extraction, microwave- or ultrasound-assisted

extraction, which may use more environmentally friendly solvents and result in higher

yields and better quality of the extracts than conventional solvent extraction (Schoefs,

2003, 2005; Socaciu, 2008). Microencapsulation of lipophilic colourants, transparent

and clear microemulsions (for aqueous systems), and different drying methods (spray

drying, drum drying, and freeze drying) that incorporate the pigment in different sub-

stances are also heavily studied subjects for possible applications in different products

(see also above).

Large-scale production of food colourants in bioreactors (based mostly on cell cul-

tures of bacteria and other microorganisms including microalgae or fungi) may open

up new perspectives in food industry. Fermentation laboratories work in sterile con-

ditions with predictable yield and without climatic influences in an eco-friendly way;

however, more research is needed to further optimise the pigment composition and

yield by finding the best parameters (different growth conditions, presence of different

elicitors, new organisms including also genetically modified ones – reviewed, e.g., in

Das et al., 2007) for pigment production. It is noteworthy to mention that despite

efforts put into plant cell suspension culture as an alternative to traditional and/or

GMO crop production, for example, in anthocyanin production (Delgado-Vargas

and Paredes-López, 2003), no food colourants produced by this technology have been

commercialised to date (Wrolstad and Culver, 2012). This may be explained by the

fact that dedifferentiated plant cells kept in plant cell fermentation cultures typically

produce very low amounts of secondary metabolites, especially when compared to

microorganisms or differentiated plant cells and organs. However, as soon as cell dif-

ferentiation (and thus metabolic channelling or commitment) occurs, cell division is

stopped, thus, cell suspension cultures cannot be maintained and/or reproduced.

The increasing demand in natural food colour additives cannot currently be fully

satisfied. The lifetime of commercial products has considerably decreased. For

instance, it is considered that the formulations of cosmetic products are totally

renewed every 2 years, whereas 50% of the processed food recipes are revised every
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year. For all these reasons, new natural colouring agents and/or new natural sources of

colourants, or new formulations, are intensively studied. For instance, the calyces

(sepals) of roselle (Hibiscus sabdariffa) seem of major interest because of their press-

ing which results in brilliant red or purple-red juices used for food preparations or in

different infusions (Bridle and Timberlake, 1997; Hirunpanich et al., 2006) and their

antioxidant properties as well (Lourith and Kanlayavattanakul, 2013). In addition, the

potential use of residual agricultural productions (by-products) has not been suffi-

ciently explored so far (Balasundram et al., 2006). Due to space limitations these

are not discussed in detail here.

In this chapter we provided a fairly compressed overview of the most important

colourants of natural origin, however, for more detailed information the readers are

kindly directed to a number of excellent textbooks dealing with some or several of

these agents (Marmion, 1991; Hutchings, 1994, 2003; Coultate, 1996; Hendry and

Houghton, 1996; Francis, 1999; MacDougall, 2002; Delgado-Vargas and Paredes-

López, 2003; Britton et al., 2004; Davies, 2004; Landrum, 2010).

References

Aggarwal, B.B., Harikumar, K.B., 2009. Potential therapeutic effects of curcumin, the anti-

inflammatory agent, against neurodegenerative, cardiovascular, pulmonary, metabolic,

autoimmune and neoplastic diseases. Int. J. Biochem. Cell Biol. 41, 40–59.

Aggarwal, B.B., Gupta, S.C., Sung, B., 2013. Curcumin: an orally bioavailable blocker of TNF

and other pro-inflammatory biomarkers. Br. J. Pharmacol. 169, 1672–1692.

Agrawal, D.K., Mishra, P.K., 2010. Curcumin and its analogues: potential anticancer agents.

Med. Res. Rev. 30, 818–860.

Alberts, P., Stander, M.A., de Villiers, A., 2012. Advanced ultra high pressure liquid chroma-

tography–tandem mass spectrometric methods for the screening of red wine anthocyanins

and derived pigments. J. Chromatogr. A 1232, 92–102.

Alves de Lima, R.O., Acevedo, L., Ribeiro, L.R., Salvadori, D.M.F., 2003. Study on the muta-

genicity and antimutagenicity of a natural food colour (annatto) in mouse bone marrow

cells. Food Chem. Toxicol. 41, 189–192.

Ambati, R.R., Phang, S.-M., Ravi, S., Aswathanarayana, R.G., 2014. Astaxanthin: sources,

extraction, stability, biological activities and its commercial applications – a review.

Mar. Drugs 12, 128–152.

Auttachoat, W., Germolec, D.R., Smith, M.J., White, K.L., Guo, T.L., 2011. Contact sensitizing

potential of annatto extract and its two primary color components, cis-bixin and norbixin,

in female BALB/c mice. Food Chem. Toxicol. 49, 2638–2644.

Balasundram,N., Sundram,K., Samman, S., 2006. Phenolic compounds in plants and agri-industrial

by-products: antioxidant activity, occurrence, and potential uses. Food Chem. 99, 191–203.

Basu, B., Garala, K., Dharamsi, A., 2010. Lycopene: a novel anti-oxidant and anticancer agent.

J. Pharm. Res. 3, 1427–1431.

Ben-Amotz, A., 1999. Dunaliella b-carotene: from science to commerce. In: Seckbach, J. (Ed.),

Enigmatic Microorganisms and Life in Extreme Environments. Kluwer, The Netherlands,

pp. 401–410.
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Fiedor, L., Stasiek, M., Myśliwa-Kurdziel, B., Strzałka, K., 2003. Phytol as one of the determi-

nants of chlorophyll interactions in solution. Photosynth. Res. 78, 47–57.

Fischer, N., Dreiding, A.S., 1972. Biosynthesis of betalains. On the cleavage of the aromatic

ring during the enzymatic transformation of DOPA into betalamic acid. Helv. Chim. Acta

55, 649–658.

Francis, F.J., 1995. Quality as influenced by colour. Food Qual. Prefer. 6, 149–155.

Francis, F.J., 1999. Colorants. Eagen Press, St Paul.

Fuglsang, G., Madsen, G., Halken, S., Jorgensen, S., Ostergaard, P.A., Osterballe, O., 1994.

Adverse reactions to food additives in children with atopic symptoms. Allergy 49, 31–37.

Galindo-Cuspinera, V., Westhoff, D.C., Rankin, S.A., 2003. Antimicrobial properties of com-

mercial annatto extracts against selected pathogenic, lactic acid and spoilage microorgan-

isms. J. Food Prot. 66, 1074–1079.

Gallen, C., Pla, J., 2013. Allergy and intolerance to food additives. Rev. Franc. Allergol.

53, S9–S18.

Gandia-Herrero, F., Garcia-Carmona, F., 2013. Biosynthesis of betalains: yellow and violet pig-

ments. Trends Plant Sci. 18, 334–343.

Gastineau, R., Davidovich, N.A., Bardeau, J.F., Caruso, A., Leignel, V., Hardivillier, Y.,

Jacquette, B., Davidovich, O.I., Rince, Y., Gaudin, P., Cox, E.J., Mouget, J.L., 2012a.

Haslea karadagensis (Bacillariophyta): a second blue diatom, recorded from the Black

Sea and producing a novel blue pigment. Eur. J. Phycol. 47, 469–479.

Gastineau, R., Pouvreau, J.B., Hellio, C., Morançais, M., Fleurence, J., Gaudin, P.,
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2Food colour additives of synthetic

origin

J. K€onig
University of Vienna, Vienna, Austria

2.1 Introduction

Typically, synthetic food colours are synthesized by chemical modification of several

precursor compounds, for example, by diazotization of amino benzenesulfonic acid

using hydrochloric acid and sodium nitrite. In contrast, natural food colours are pro-

duced by solvent extraction and subsequent purification from their natural sources, for

instance, anthocyanins from red grapes or blackcurrants. However, some food colours

are chemically modified from precursor compounds naturally sourced; for example,

indigo carmine is obtained by sulfonation of indigo.

Azo-dyes are synthetic food colours and do not occur naturally. These colours are

manufactured by chemical synthesis that allows them to be produced in high purity,

constant quality, and large quantities. They have some advantages over natural food

colours in terms of sensitivity to heat, light, and chemical interactions. In addition,

these colours are tasteless and provide a high colouring intensity (Otterstädter,

2007). Within the synthetic food colours, azo-dyes are the largest group and are able

to provide colouring shades from yellow, red, blue, and black (L€uck and Kuhnert,

1998). The chemical group classifying colours as azo-dyes is the presence of azo

groups (dN]Nd) in the molecular structure, typically linking two aromatic sys-

tems. Depending on the number of azo groups in the molecular structure, azo colours

can be classified into mono-, di-, tri-, tetra-, and poly-azo compounds (Classen

et al., 2001).

Azo colours are produced in a two-step chemical synthesis with the first step lead-

ing to a di-azo-compound from the reaction of an aromatic amine via formation of

nitrosamine and di-azo-hydroxide and the second step via coupling of the di-azo-

compound with various reactive aromatic systems. Due to the p-electrons across

the two aromatic moieties and the azo-groups, a conjugated system exists that is able

to absorb visible light of specific wavelengths, leading to the colour of the compounds.

Destruction of the azo-group leads to cleavage into two aromatic amines resulting in

the loss of the colour. The colour of the dyes can be controlled by selection of sub-

stituents and the number of azo-groups. Yellow colouring shades are achieved by

using acetoacetic acid arylides and heterocyclic compounds, while red shades result

from the reaction of an aniline derivate as di-azo-component with a naphthol derivate.

A blue shade results from replacing the aniline derivate by a benzidine derivate.
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The authorisation of colours to be used in foods is subject to the regulations

imposed by the European Commission in Regulation (EC) No. 1333/2008

(European Commission, 2008b). Only those colours listed in Annex II (European

Commission, 2011) are authorised for foods. Table 2.1 provides a list of the currently

authorised synthetic food colours.

Due to their colouring properties and the needs of food manufacturers, the use of

yellow/red synthetic azo-dyes are more common than those of blue/brown dyes.

According to the European Food Safety Authority (EFSA), approximately 70% of

all dyes used in food manufacture are azo-dyes. In particular, adverse reactions to

the synthetic food colour Tartrazine were published more than 50 years ago, leading

to repeated requests for the discontinuation of its use as a food colour. However, most

studies published so far have been inadequately conducted, and it remains unclear

whether the reported adverse reactions to this colour are indeed a consequence of

its use for foods. In its most recent statement, EFSA concluded that studies on this

compound do not raise evidence for any effects on reproduction or development

and only minor evidence in a very small number of the population for hypersensitivity

reactions, if at all (see below).

Other synthetic food colours are the triarylmethane dyes Patent Blue, Brilliant

Blue, and Green S and their chemically related compounds Quinoline Yellow and

Erythrosine. Also synthetically produced are the food colours Indigo Carmine and

Table 2.1 Presently authorised synthetic food colours in the
European Union according to the European Commission
Regulation (EC) No. 1333/2008

Synthetic food colours

E-number Name

E 102 Tartrazinea

E 104 Quinoline Yellow

E 110 Sunset Yellow FCF/Orange Yellow Sa

E 122 Azorubine, Carmoisinea

E 123 Amarantha

E 124 Ponceau 4R, Cochineal Red Aa

E 127 Erythrosine

E 129 Allura Red ACa

E 131 Patent Blue V

E 133 Brilliant Blue FCF

E 142 Green S

E 151 Brilliant Black BN, Black PNa

E 154 Brown FKa,b

E 155 Brown HTa

E 160e Beta-apo-8¢-carotenal (C 30)

E 180 Litholrubine BKa

aAzo-colour.
bAuthorisation discontinued.
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apo-beta-8¢-carotenal. All of these colours are authorised food additives in Europe and
will therefore be discussed in this chapter with respect to their safety and toxicological

relevance.

2.2 Properties of synthetic food colours
(including lakes and pigments)

2.2.1 Tartrazine

Tartrazine (E 102) is a yellow, water-soluble mono-azo colour mainly used as its

sodium salt, but also as potassium and calcium salts and as an aluminium lake. Its

molecular structure is shown in Figure 2.1a. Tartrazine maintains its colour even in

acidic conditions and at higher temperature. It has been alleged to cause pseudo aller-

gic reactions in sensitive individuals and the Scientific Panel on Food Additives of

EFSA concluded that the colour appears to be able to elicit intolerances in a small

fraction of the exposed population even at dose levels within the corresponding

acceptable daily intake (ADI) of 7.5 mg/kg body weight (bw)/day.

Tartrazine is produced from 4-amino benzenesulfonic acid by diazotization and

coupling with 4,5-dihydro-5-oxo-1-(4-sulfophenyl)-1H-pyrazole-3-carboxylic acid

or its esters. The resulting colour is purified and isolated as the sodium, potassium,

or calcium salt (EFSA, 2009d). In human metabolism, intact Tartrazine is absorbed

in small amounts only and predominantly excreted unchanged via the kidney. How-

ever, Tartrazine appears to be metabolized by the gastrointestinal microflora to sul-

fanilic acid and a-amino-b-ketobutyric acid, which are probably being absorbed to

a greater extent than the parent compound.

It appears that the absorption of Tartrazine following oral administration is negli-

gible to low (<5%). As Tartrazine can be found unchanged in the urine, the small

amounts that are absorbed are not metabolized. However, some metabolic modifica-

tions occur by the intestinal microflora leading to breakdown of the colour to sulfanilic

acid and aminopyrazolone, both of which show a higher rate of absorption than Tar-

trazine as such.

The few studies on adverse effects of Tartrazine could not demonstrate any clear

effect on reproductive parameters up to and including dose levels of 773 and 1225 mg/

kg bw/day. The EFSA Panel on Food Additives and Nutrient Sources added to Food

(ANS) concluded that no adverse effects on neurobehavioral development could be

demonstrated for several reasons, including inconsistent findings and no convincing

dose–response relationship. In view of other toxicological effects, Tartrazine was also

found to be non-carcinogenic (Poul et al., 2009) and did not reveal genotoxic effect in

the micronucleus gut assay in mice at doses up to 2000 mg/kg bw according to the

studies fromMaekawa et al. (1987) and Borzelleca and Hallagan (1988). Furthermore,

more recent study byMoutinho et al. (2007) has demonstrated that Tartrazine does not

have a potential to induce benign or malignant neoplasias.

A study by McCann et al. (2007) concluded that exposure to two mixtures of four

synthetic colours plus a sodium benzoate preservative in the diet—one of them,Mix A
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containing Tartrazine—resulted in increased hyperactivity in 8- to 9-year-old and

3-year-old children in the general population. In an earlier study by the same research

team, there was some evidence for adverse behavioural effects of a mixture of four

synthetic colours (including Tartrazine) and sodium benzoate in 3-year-old children

on the Isle of Wight (Bateman et al., 2004). EFSA also evaluated other earlier studies

that reported effects of food colours in general on child behaviour being conducted on

children described as hyperactive or with a clinical diagnosis of attention deficit/

hyperactivity disorder (ADHD). It concluded that these studies provided only limited

evidence of effects on activity and attention in children selected from the general pop-

ulation, although the findings may be relevant for specific individuals within the

population, showing sensitivity to food additives in general or to food colours in

particular. Altogether, EFSA stated that the existing information, including the above-

mentioned studies on behavioural changes, did not substantiate a revision of the previ-

ously established ADI of 7.5 mg/kg bw/day based on a NOAEL of 750 mg/kg bw from

a long-term carcinogenicity study on rats (EFSA, 2009d).

A number of studies in humans have reported adverse reactions such as urticaria

and vasculitis after Tartrazine exposure, indicating hypersensitivity to the colour.

The reports of these adverse effects, however, are characterised by poorly controlled

challenge procedures. In some cases, Tartrazine was given with a mixture of other

colours. Studies performed under properly controlled conditions imply that sensitivity

to food additives in patients with chronic urticaria/angioedema or asthma is uncom-

mon. EFSA indicated nevertheless that Tartrazine may induce intolerance reactions in

a small fraction of the population, and sensitive individuals may react at dose levels

within the ADI.

2.2.2 Sunset Yellow

The full chemical name of Sunset Yellow FCF (E 110) is disodium 2-hydroxy-

1-(4-sulfonatophenylazo)naphthalene-6-sulfonate; calcium and potassium salts

of the compound are also authorised as food colours in Europe. Its chemical

structure can be found in Figure 2.1b. According to the Joint FAO/WHO Expert Com-

mittee on Food Additives (JECFA), the colour is produced by diazotizing 4-amino

benzenesulfonic acid using hydrochloric acid and sodium nitrite or sulfuric acid

and sodium nitrite then coupled with 6-hydroxy-2-napthalene-sulfonic acid. It may

also be converted to the corresponding aluminium lake, similar to the other azo-dyes,

leading to an additional exposure to aluminium (JECFA, 2004). It is authorised in

Europe for more or less the same range of foods as Tartrazine. The maximum permit-

ted level in foods is for the food categories decoration and coatings, sauces, salmon

substitutes, and surimi with 500 mg/kg food. However, the food categories most con-

tributing to exposure are non-alcoholic beverages at maximum levels of 50 mg/l and

confectionary and fine bakery wares with a maximum level of 50 mg/kg. Similar to

other food colours, Sunset Yellow can be used for edible cheese rinds and edible cas-

ings at quantum satis levels (European Commission, 2011).

JECFA and the Scientific Committee on Food of the European Commission (SCF)

established an ADI of 2.5 mg/kg bw for Sunset Yellow based on a 90-day rat study and
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a NOAEL of 250 mg/kg. In view of new studies since the establishment of this ADI,

however, EFSA reduced this ADI by a factor of 2.5 and established a new ADI of

1 mg/kg bw. This is based on results from Mathur et al. (2005b) who reported from

a 90-day study in rats at dose levels equivalent to 250 and 1500 mg/kg bw/day signif-

icant effects on the testes for both dose groups. EFSA concluded from this study that

the lowest dose tested is a LOAEL. In addition, Mathur et al. (2005a) reported signif-

icant and dose-related elevations in total lipid and various lipid fractions in rats

exposed for 90 days to 250 and 1500 mg/kg bw/day—a level also to be considered

as an LOAEL of 250 mg/kg bw/day. A limitation to the study of Mathur et al. is that

the Sunset Yellow used for testing was obtained from local markets in India with

unclear specifications of its purity. A 90-day rat study by Gaunt et al. (1969) reported

effects on testes weight. Although these effects could not be confirmed by histological

changes, and sperm morphology and sperm mobility were also not included in the

study, EFSA considered the limitations in these two studies as sufficient to include

an additional uncertainty factor of 2.5, leading to the new ADI (EFSA, 2009c). Since

EFSAmade the ADI temporary for 2 years, EFSA recently evaluated new information

from a 28-day study report and the overall available toxicological database on Sunset

Yellow and concluded that based on the NOAEL of 375 mg/kg bw/day, a new ADI of

now 4 mg/kg bw can be established (EFSA, 2014a).

Similar to other azo-dyes, some sensitivity reactions have also been reported after

intake of Sunset Yellow FCF. Moreover, these reactions occurred mostly when Sunset

Yellow FCF was taken with mixtures of other synthetic colours. Again, no conclusion

on the induction of sensitivity by Sunset Yellow FCF could be drawn from the limited

scientific evidence available, but it was noted that individuals generally sensitive to

foods or other compounds may react at dose levels within the ADI.

2.2.3 Azorubine/Carmosine

The full chemical name of Azorubine is disodium 4-hydroxy-3-(4-sulfonato-1-

naphthylazo) naphthalene-1-sulfonate, and its structural formula is shown in

Figure 2.1c. Similarly to other food colours, Azorubine may also be converted to alu-

minium lakes, which again may contribute to the total exposure to aluminium. Azor-

ubine, as the name indicates, is a red colour authorised for a variety of foods with the

highest maximum permitted level of 500 mg/kg food for decorations and coatings,

sauces, salmon substitutes, and surimi. It is also authorised for non-alcoholic fla-

voured drinks at a level of 50 mg/l and in spirituous beverages up to 200 mg/l. Unlike

other food colours, the actual use levels appear to be in the range of the maximum

permitted levels. Only the food categories edible cheese rind and edible casings con-

tain relatively small amounts. The latter two food categories may contain the colour

according to the quantum satis principle (European Commission, 2011).

Evaluations of the safety of Azorubine report only limited absorption of the colour

based on studies using 14C-labelled Azorubine. Intravenous injection of 14C-labelled

Azorubine indicates a rapid distribution to the tissues and an elimination following a

two-compartment model. In mice, peak levels of radioactivity were seen in plasma,
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liver, lung, testes, and spleen after 8 h of application. In rats, the bioavailability after

oral administration appears to be less than 10% (SCF, 1984; JECFA, 1983).

Several metabolites may be formed as indicated by the appearance of naphthionic

acid, 2-amino-1-naphthol-4-sulfonic acid (2-ANS), 1,2-naphthoquinone-4-sulfonate

(1,2-NQS) and an unidentified metabolite in urine. Contradictory results exist for

the transport of the colour across the placenta: one study of in utero exposure to
14C-labelled Azorubine did not indicate transplacental transfer (Galli et al., 1982),

while in another study in rats, radioactivity levels in the foetus were similar to that

of the maternal tissues (EFSA, 2009a).

In its most recent evaluation of the food colour (EFSA, 2009a), EFSA stated that

Azorubine does not induce tumour formation although some neo-plastic lesions have

been found after feeding the colour to mice and rats. In the view of EFSA, these find-

ings had to be disregarded due to high incidences also observed in historical controls.

The established and confirmed ADI of 4 mg/kg bw is based on a NOAEL of 375 mg/

kg bw/day from an 80-week study in mice, indicating a decreased pack cell volume in

males fed 375 mg/kg bw/day and in females fed 1786 mg/kg bw/day (Mason et al.,

1974). As the changes observed at the level of 375 mg/kg bw/day for males were

of doubtful significance, this level was considered to be the NOAEL and was used

as point of departure for the establishment of the ADI.

Azorubine was also an ingredient of the colour mixtures tested in the study by

McCann et al. (2007). As with the other colours included in the study, it was con-

cluded that the results provided little evidence that any of the two colour mixtures

tested would have a significant effect on the activity and attention of children

selected from the general population. Taken altogether, EFSA did not see any rea-

son, in view of the results on genotoxic, semi-chronic, reproductive, developmental

and long-term toxicity, carcinogenicity, and the studies on behavioural changes in

children, to revise the ADI of 4 mg/kg bw. Similar to the other azo-dyes, hypersen-

sitivity reactions reported in some studies have to be considered as unlikely if at all,

although EFSA did note that sensitive individuals may react to the colour at dose

levels lower than the ADI.

2.2.4 Amaranth

Amaranth is a red azo-dyewith the chemical name trisodium2-hydroxy-1-(4-sulfonato-1-

naphthylazo)naphthalene-3,6-disulfonate manufactured by coupling 4-amino-1-

naphthalenesulfonic acid with 3-hydroxy-2,7-naphthalenedisulfonic acid (Figure 2.1d).

Aluminium lakes can be produced similar to other azo-dyes (EFSA, 2010e).

Amaranth appears to be relatively unstable in solution and in processed foods. Bis-

cuits containing Amaranth showed a loss of 39–45% promoted by the use of baking

soda, sucrose, and dextrose. The degradation of Amaranth may lead to the presence of

naphthenic acid equivalent to the loss of Amaranth.

Unlike other azo-dyes, Amaranth is authorised for only a few food categories. The

maximum permitted level across all food categories is 100 mg/l for some spirituous

beverages (bitter soda, bitter vino, Americano). Aperitif wines and spirit drinks

including products with less than 15% alcohol by volume may contain the colour
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at a level of 30 mg/l, and the only food for which the colour is authorised is fish roe at a

maximum level of 30 mg/kg (European Commission, 2011). In the United States, the

use of Amaranth was discontinued after 1976 as a result of concerns regarding its

safety-in-use. These concerns were raised by carcinogenicity studies by the US

FDA (Food and Drug Administration, 1976).

As already indicated, Amaranth is relatively unstable. Toxicokinetic data indicate

that after oral dosing of mice, rats, or guinea pigs, Amaranth is also rapidly and exten-

sively reduced in the gut by the microflora to naphthionic acid and 1-amino-2-

hydroxy-3,6-naphthalene disulfonic acid. The major metabolite found in the plasma

and urine is naphthionic acid. Consequently, the absorption of intact Amaranth is

rather limited (EFSA, 2010e).

While EFSA concluded that Amaranth does not raise concern in respect to geno-

toxicity, the ADI was derived from a 2-year study in rats indicating an LOAEL of

50 mg/kg bw/day for renal pelvic calcifications and hyperplasias in female rats

(Clode et al., 1987) and on reproduction and developmental studies leading to an

NOAEL of 15 mg/kg bw/day for rats (Collins and McLaughlin, 1972). The results

of these studies lead to the establishment of an ADI of 0.15 mg/kg bw. As the use

of Amaranth for foods is rather limited, it is rather unlikely that exposure to the colour

resulting from foods exceeds this ADI, unless excessive consumption of Americano,

the main contributor to the exposure to Amaranth, occurs.

2.2.5 Ponceau 4R, Cochineal Red A

The chemical name of Ponceau 4R with the synonymous name Cochineal Red A

is trisodium 2-hydroxy-1-(4-sulfonato-1-naphthylazo)-naphthalene-6,8-disulfonate

with a structural formula as shown in Figure 2.1e. According to JECFA, the colour

is manufactured by coupling diazotized naphthionic acid to G acid (2-naphthol-

6,8-disulfonic acid) and converting the coupling product to the trisodium salt

(Medicine, 2006). It may be converted to the corresponding aluminium lake under

aqueous conditions by reacting aluminium oxide with the colouring matter

(JECFA, 2004).

As for the other azo-dyes, Ponceau 4R is authorised in a variety of foods including

non-alcoholic flavoured drinks, with a maximum permitted level of 50 mg/l, and con-

fectionary, fine bakery wares, edible ices, andmustard. The highest level permitted for

the colouring of foods is authorised for decorations and coatings, sauces, salmon sub-

stitutes, and surimi with an amount of 500 mg/kg food, while edible cheese rinds and

edible casing may contain the colour according to the quantum satis principle.

Although typical use levels for many food additives are lower than the authorised

maximum permitted levels, data from food industry indicate that Ponceau 4R is often

used at levels close to the maximum permitted levels. Consequently, there are only

small differences in exposure estimates based on maximum permitted levels

compared to actual use levels. For adults, the typical exposure is in the range of

0.4–1.1 mg/kg bw/day (mean to high level exposure), while children have a higher

exposure due to their lower body weight in the range of 0.3–6.7 mg/kg bw/day.
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The majority of orally applied Ponceau 4R can be found in faeces while metab-

olites of absorbed intestinal and metabolical breakdown products are excreted in the

urine (mainly naphthionic acid) and faeces (naphthionic acid and 7-hydroxy-8-

aminonaphthalene-1,3-disulfonic acid). Apart from some retention in foetuses, there

is no marked accumulation in any tissue (Phillips et al., 1982).

JECFA and the former SCF based the establishment of their ADI of 4 mg/kg bw on

the results of a long-term study in mice that revealed increased incidence of foamy

reticulo-endothelial cells in the liver (Mason et al., 1974). EFSA confirmed that

the data available do not give reason for concern with respect to long-term genotoxi-

city and carcinogenicity. However, two studies point at NOAEL values lower than

400 mg/kg bw/day: a pig study (Gaunt et al., 1967) reported a NOAEL of 300 mg/

kg bw/day, based on a slight reduction in the number of erythrocytes at 900 mg/kg

bw/day; and amouse study ofMason et al. (1974) that concluded that the no-effect level,

based on the findings of glomerulonephrosis at the 0.25% and 1.25% dietary levels, was

0.05%, which is equivalent to 70 mg/kg bw/day. Consequently, EFSA reduced the

previous ADI based on the NOAEL from the latter study to 0.7 mg/kg bw/day.

As it had for the other colours included in the colour mixtures used in the study by

McCann et al. (2007), EFSA concluded that this study offered only limited evidence

and that no alteration of the ADI can be carried out based on these results. Again, these

results may be relevant for specific individuals within the population, showing sensi-

tivity to food additives in general, or to food colours in particular.

Adverse reactions with respect to hypersensitivity have been reported, including

urticarial and vasculitic reactions. As these reports are often characterised by poorly

controlled challenge procedures and in view of recent studies performed under prop-

erly controlled conditions, it was concluded that sensitivity to food additives in

patients with chronic urticaria/angioedema or asthma is uncommon.

2.2.6 Allura Red AC

The red azo-dye Allura Red is chemically disodium 2-hydroxy-1-(2-methoxy-5-

methyl-4-sulfonatophenylazo) naphthalene-6-sulfonate with a molecular structure

indicated in Figure 2.1f. The manufacturing process is similar to other azo-dyes via

coupling diazotized 5-amino-4-methoxy-2-toluenesulfonic acid with 6-hydroxy-2-

naphthalene sulfonic acid (HSDB, 2006). Also like other azo-dyes, Allura Red

may be converted to the corresponding aluminium lake under aqueous conditions

by reacting aluminium oxide with the colouring matter (JECFA, 2004).

Oxidising and reducing agents present in foods, such as sugars, acids and salts,

lead to some instability of the colour, since colouring properties depend on the

presence of a conjugated unsaturated system within the molecule (cf. Figure 2.1f).

The colour is authorised in amounts and for foods very similar to most of the

other azo-dyes. Maximum permitted levels are set for non-alcoholic flavoured

drinks at 100 mg/l, for spirituous beverages at 200 mg/l, and for the categories

decorations and coatings, sauces, salmon substitutes, and surimi at 500 mg/l, the high-

est maximum permitted level among all food categories.Quantum satis authorisations
have been set for edible cheese rinds and edible casing.
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JECFA established an ADI of 7 mg/kg bw based on a NOAEL of 695 mg/kg bw/

day derived from a reproductive toxicity study in rats that revealed slight growth sup-

pression observed mainly at the high test levels of 2595 mg/kg bw/day in F1 and F2

pups, and from a teratogenicity study in rats that revealed lower body weights and

growth rates at the highest dose level of 2595 mg/kg bw/day but not at 695 mg/kg

bw/day (JECFA, 1980). There was no clear dose–response relation for adverse beha-

vioural effects, including a decrease in running wheel activity and an adverse effect on

reproductive success, and no systemic significant adverse effects were observed on

reproductive and behavioural parameters at dose levels up to 1200–2400 mg/kg

bw/day over two generations of rats and mice (Tanaka, 1994).

A study reported conversion of Allura Red by azo-reduction in vivo resulting in the
formation of naphtylamines not found in standard in vitro genotoxicity tests (Prival

and Mitchell, 1982). However, a range of sulfonated aromatic amines was shown,

in general, not to be associated with genotoxicity in vitro and in vivo leading to the

conclusion by EFSA that neither the formed naphthylamines nor the intact colour

raised concern for genotoxicity and carcinogenicity.

The statements already made for the other azo-dyes tested in the McCann study

also hold for Allura Red, which was also tested as part of colour mixtures together

with sodium benzoate (see above). In view of all studies available for the re-evaulation

of Allura Red, the ANS Panel of EFSA concluded that the database on genotoxicity;

semi-chronic, reproductive, developmental, long-term toxicity; and carcinogenicity

did not give reason to revise the ADI of 7 mg/kg bw previously set by JECFA.

In contrast to the opinion expressed by the ANS Panel of EFSA, the Panel on Addi-

tives and Products or Substances used in Animal Feed (FEEDAP) (EFSA, 2012c) con-

cluded that the genotoxic potential of Allura Red could not be excluded, and the data

available was insufficient to demonstrate the safety of this colour for its use in animal

feed. Indeed, a new study confirmed observations of DNA damage in the mouse colon

after administration of a single dose (Shimada et al., 2010). Although the ANS Panel

concluded that this study was insufficient to change the overall weight of its opinion

on the safety of Allura Red used for foods for human consumption, the Panel still

recommended repeating this study in compliance with internationally validated exper-

imental protocols using whole cells instead of isolated nuclei for the azo-dyes previ-

ously tested in this study (EFSA, 2013b).

2.2.7 Brilliant Black BN, Black PN

Brilliant Black is a bis-azo dye with the full chemical name tetrasodium 4-acetamido-

5-hydroxy-6-[7-sulfonato-4-(4-sulfonatophenylazo)-1-naphtylazo]naphthalene-

1,7-disulfonate. Its structural formula is shown in Figure 2.1g. It is quite stable

against light, but similar to other colours as it is unstable in combination with

oxidizing and reducing agents present in food. It was also shown to have poor heat

stability (Downham and Collins, 2000).

Together with some other azo-dyes, Brilliant Black is part of the Group III colours

as listed in Annex III of the European Directive 1333/2008, and, thus, it is authorised

in the same range of foods as other colours from this group (cf. Table 2.2). Again,
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Table 2.2 Food categories in which Tartrazine, Sunset Yellow FCF,
Ponceau 4R, Allura Red AC, Brilliant Black BN, and Brown HT
(Group III colours—food colours with combined maximum limit)
are authorised as a food additive according to Annex II to
Regulation (EC) No. 1333/2008

Food categories

Maximum permitted

level (mg/kg or mg/l)

1.4 Flavoured fermented milk products, including

heat-treated products

150

1.6.3 Other creams 150

1.7.1 Unripened cheese (excluding products falling in

category 16)

150

1.7.3 Edible cheese rind qs

1.7.6 Cheese products (excluding products falling in

category 16)

100

3. Edible ices 50

4.2.4.1 Fruit and vegetable preparations, excluding

compote (only mostardo di frutta)

200

5.2 Other confectionery including breath freshening

microsweets (except candied fruit and vegetables)

50

5.2 Other confectionery including breath freshening

microsweets (only candied fruit and vegetables)

200

5.3 Chewing gum 50

5.4 Decorations, coatings and fillings, except

fruit-based fillings covered by category 4.2.4

(except fillings)

500

5.4 Decorations, coatings and fillings, except

fruit-based fillings covered by category 4.2.4

(only fillings)

50

6.6 Batters 500

7.2 Fine bakery wares 50

8.1.1 Unprocessed meat other than meat preparations as

defined by Regulation (EC) No. 853/2004a
qs

8.2.3 Casings and coatings and decorations for meat

(except edible casings)

500

8.2.3 Casings and coatings and decorations for meat

(only edible casings)

qs

9.2. Processed fish and fishery products including

mollusks and crustaceans (only surimi and similar

products and salmon substitutes)

500

9.3 Fish roe 300

12.2.2 Seasonings and condiments 500

Continued
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Table 2.2 Continued

Food categories

Maximum permitted

level (mg/kg or mg/l)

12.4 Mustard 300

12.5 Soups and broths 50

12.6 Sauces 500

12.9 Protein products, excluding products covered in

category 1.8

100

13.2 Dietary foods for special medical purposes

defined in Directive 1999/21/EC (excluding

products from food category 13.1.5)

50

13.3 Dietary foods for weight control diets intended to

replace total daily food intake or an individual

meal (the whole or part of the total daily diet)

50

14.1.4 Flavoured drinks 50

14.2.3 Cider and perry 200

14.2.4 Fruit wine and made wine 200

14.2.6 Spirit drinks as defined in Regulation (EC) No.

110/2008

200

14.2.7.1 Aromatised wines 200

14.2.7.2 Aromatised wine-based drinks 200

14.2.7.3 Aromatised wine-product cocktails 200

14.2.8 Other alcoholic drinks including mixtures of

alcoholic drinks with non-alcoholic drinks and

spirits with less than 15% of alcohol

200

15.1 Potato-, cereal-, flour-, or starch-based snacks

(excluding extruded or expanded savoury snack

products)

100

15.1 Potato-, cereal-, flour-, or starch-based snacks

(only extruded or expanded savoury snack

products)

200

15.2 Processed nuts 100

16 Desserts, excluding products covered in category

1, 3, and 4

150

17.1 Food supplements supplied in a solid form

including capsules and tablets and similar forms

excluding chewable formsa

300

17.2 Food supplements supplied in a liquid form 100

17.3 Food supplements supplied in a syrup-type or

chewable form (only solid food supplements)

300

17.3 Food supplements supplied in a syrup-type or

chewable form (only liquid food supplements)

100

aAllura Red, Brilliant Blue, Brown HT, only for the purpose of health marking.
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there is only little difference between themaximum permitted levels and the actual use

levels in foods leading to exposure scenarios that are similar for both approaches of

exposure assessment.

Only a small amount of the colour is absorbed from the gut as indicated by toxi-

cokinetic data following oral administration. Faecal contents contain unchanged col-

our and aromatic amines originating from intestinal reduction of both the azo linkages

present in Brilliant Black BN. It appears that the gut microflora is able to break down

both azo-linkages in Brilliant Black BN. Consequently, the absorption of Brilliant

Black is limited, but hydrolysis in the gastrointestinal tract may lead to free aromatic

amines reaching systemic circulation.

Long-term carcinogenicity studies at dose levels of up to 500 or to 1300 mg/kg bw/

day, in rats or mice, respectively, revealed no evidence of carcinogenicity, according

to EFSA and other authorities (SCF, JECFA). Several other subchronic, reproductive,

developmental, and long-term studies also did not indicate any other effects attribut-

able to Brilliant Black.

As already mentioned, the conversion of Brilliant Black by azo reduction in vivo,
however, results in the formation of sulfonated naphthylamines and sulfanilic acid that

may not be formed in the standard in vitro genotoxicity tests (Prival and Mitchell,

1982). A range of sulfonated aromatic amines were reported in a review by Jung

et al. (1992) that they are not associated with genotoxicity in vitro and in vivo. Since
all the sulfonated aromatic amine metabolites that could, in theory, be formed by azo

reduction of Brilliant Black BN were included in this review, EFSA concluded that

neither Brilliant Black nor the compounds formed from the colour by azo-reduction

give reason for concern with respect to genotoxicity.

Although no data on the sensitivity to Brilliant Black are available, it is likely, on

the basis on recent studies performed under properly controlled conditions, that sen-

sitivity to food additives in patients with chronic urticaria/angioedema or asthma are

uncommon.

EFSA confirmed the previously established ADI of 5 mg/kg bw by JECFA, which

was based on long-term carcinogenicity and toxicity studies in rats, indicating an

NOAEL of 500 mg/kg bw/day (EFSA, 2010f).

2.2.8 Brown HT

The chemical name of Brown HT is disodium 4,4¢-(2,4-dihydroxy-5-hydroxy-
methyl-1,3-phenylene bis-azo) di-(naphthalene-1-sulfonate). Its structural formula

is shown in Figure 2.1h. As the name indicates, the colour produces shades of

brown and has similar authorisations for a range of food categories as listed in

Table 2.2.

An ADI of 1.5 mg/kg bw was allocated based on a NOAEL of 143 mg/kg bw/day

derived from a long-term feeding study in mice where no carcinogenic effects of the

colour could be found. Although at higher doses (715 mg/kg bw/day) a brown color-

ation of the internal organs was found, and male mice had slightly reduced body

weight gain and heart weights. In female animals at the same dose, the packed cell
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volume and total leucocyte count was found to be lower than those of controls,

although treatment relation of these effects was questioned (EFSA, 2010c).

In a developmental toxicity study (Grant and Gaunt, 1987), oral intubation daily

doses of 0 (controls), 250, 500, or 1000 mg/kg bwBrown HT given to female rats from

days 0 to 19 of pregnancy did not indicate any statistically significant differences in

the mean numbers of corpora lutea, implantation sites, pre- and post-implantation

losses, resorptions, live foetuses, foetal weight, litter weight per sex ratio, or major

abnormalities. A NOAEL of 1000 mg/kg bw/day was derived from this study. In

the three-generation developmental study of Mangham et al. (1987), there were no

consistent significant differences in the number of corpora lutea, the number of

implantations, the number of live foetuses, the mean litter and foetal weight, or the

pre- and post-implantation loss, and no external, visceral, or skeletal abnormalities

of foetuses were found. Also, no evidence for adverse effect of Brown HT on male

and female fertility and pre- and post-natal development could be found in this study

in which a NOAEL of 250 mg/kg bw was proposed by the authors on the basis of indi-

cations of nephrotoxicity evidenced by increased kidney weight, caecum enlargement,

and brown coloration of the lymph nodes and some areas of gastrointestinal tract. As

this NOAEL is higher than that of the long-term feeding study described above, this

had no impact on the ADI set.

Recently, EFSA published a refined exposure assessment for Brown HT as new

information on actual use levels was provided by the food industry (EFSA, 2014d).

As data were provided for only a small number of foods for which the colour is actu-

ally authorised, and it was unclear from the data provided whether food categories

where no use was reported did not contain the colour, EFSA prepared different expo-

sure scenarios. In most scenarios, no exceedance of the ADI could be found for aver-

age exposure of several population groups, but at high-level exposure toddlers,

children, and adolescents exceeded the ADI. Only when assuming that only those food

categories where food industry reported typical use levels contained the colour, did the

exposure estimates lead to scenarios lower than the ADI at mean and high level

consumption.

2.2.9 Litholrubine BK

Litholrubine BK is the last azo-dye presently authorised in Europe for the use as food

colour. Chemically, it is calcium 3-hydroxy-4-[(4-methyl-2-sulfonatophenyl)azo]-2-

naphthalenecarboxylate with a molecular structure as shown in Figure 2.1i. It provides

a red colour and is produced by diazotizing 2-amino-5-methylbenzenesulfonic with

hydrochloric acid and sodium nitrate. The di-azo compound is then coupled in alkaline

medium with 3-hydroxy-2-naphthalenecarboxylic acid and the resulting dye is con-

verted to the calcium salt with calcium chloride (EFSA, 2010g).

In contrast to most other food colours discussed so far, Litholrubine BK is not part

of the Group III colours. It is only authorised for use in edible cheese rind at quantum
satis levels. Consequently, the exposure to this colour is rather small as cheese rind is

rarely consumed. It has to be indicated, however, that the data available from food
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consumption surveys typically does not provide information on the consumption of

edible cheese rind (European Commission, 2011).

There is only one study on the absorption of Litholrubine BK in rats, suggesting

that the colour is not absorbed and therefore is excreted via the faeces and not the urine

(Leist, 1982). EFSA stated, however, that from a chemical point of view, the conver-

sion of Litholrubine BK by azo reduction in vivo could result in the formation of a

sulfonated amine (2-amino-5-methylbenzenesulfonic acid) and a carboxylated (4-

amino-3-hydroxy-2-naphthoic acid) aromatic aminonaphthol, similar to the conver-

sion of other azo-dyes.

JECFA was unable to establish an ADI (JECFA, 1987), whereas the SCF estab-

lished an ADI of 0–1.5 mg/kg bw/day based on a NOAEL of 150 mg/kg bw/day from

a long-term rat study (Shimada et al., 2010). In view of the overall toxicity database on

Litholrubine BK, EFSA concluded that this information is too limited to continue sup-

porting the ADI for Litholrubine BK previously set by the SCF or to establish a new

ADI and suggested that this ADI is withdrawn (EFSA, 2010g). Whether this will also

lead to the withdrawal of the authorisation of the colour with the present E-number

180 remains to be seen.

2.3 Other synthetic food dyes (Quinoline Yellow,
Erythrosine, Patent Blue V, Brilliant Blue FCF,
Green S, beta-apo-8’-carotenal)

Quinoline Yellow, Patent Blue V, Brilliant Blue FCF, Green S, and beta-apo-8¢-
carotenal are food colours also listed as part of Group III (food colours with combined

maximum limit) in Annex II of the Commission Regulation 1333/2008, amended by

Commission Regulation 1129/2011. Consequently, they all share the same range of

food categories where their use is authorised at the same maximum permitted levels.

The corresponding ADIs of these colours, which are not azo-dyes, are listed in

Table 2.3.

2.3.1 Quinoline Yellow

The principle component of Quinoline Yellow is a synthetic quinopthalone dye, but

the commercially available preparations are a mixture of mono-, di-, and tri-sulfonic

acid derivatives with a clearly specified content of the different sulfonic acid deriv-

atives (not less than 80% of disodium 2-(2-quinolyl)indan-1,3-dione-disulfonate, not

more than 15% monosodium 2-(2-quinolyl)indan-1,3-dione-monosulfonate and not

more than 7% trisodium 2-(2-quinolyl)indan-1,3-dione-trisulfonate) (European

Commission, 2008a). The chemical synthesis starts with 2-methylquinoline, which

is condensed with phthalic anhydride and then sulfonated with sulfuric acid (Weisz

et al., 2009). Its structural formula is shown in Figure 2.2a.

Quinoline Yellow was also included in the colour mixtures tested in the study on

food additives and hyperactive behaviour by McCann et al. (2007). In line with the
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conclusions on the other food colours tested in this study, EFSA did not consider the

results of this study to be a basis for altering the ADI (EFSA, 2009b). However, EFSA

concluded that the current information from other toxicological studies provided a

basis for a re-definition of the previous ADI of 10 mg/kg bw/day. According to EFSA,

a long-term chronic toxicity/carcinogenicity study with a reproductive toxicity phase

carried in rats reported reduced viability and lower body weight gains in pups during

lactation at a dose level of Quinoline Yellow 250 mg/kg bw per day. A NOAEL of

50 mg/kg bw/day was derived from this study leading to the new ADI of 0.5 mg/

kg bw/day.

2.3.2 Erythrosine

Erythrosine (Figure 2.2b) is the disodium salt of 2¢,4¢,5¢,7¢-tetraiodofluorescein pro-

duced by condensing phthalic anhydride with resorcinol, the iodination of the result-

ing fluorescein and a final hydrolysation by sodium hydroxide (Mai et al., 2006).

Chemically, it is a xanthene dye containing four iodine moieties. It can also be con-

verted to an aluminium lake.

It appears, that only a small portion of Erythrosine is absorbed and that no accu-

mulation of iodine resulting from possible de-iodination of Erythrosine or ring-

containing metabolites of Erythrosine accumulate in the thyroid occurs (Ruiz and

Ingbar, 1982). However, a minimal effect of the colour was found in humans at oral

doses of 20, 60, and 200 mg, which was applied for clinical reasons over a period of

14 days (Gardner et al., 1987). The authors concluded that significant dose-related

Table 2.3 ADIs of the non-azo synthetic food colours

Food colour

name

ADI

(mg/kg

bw) Basis of the ADI References

Quinoline

Yellow

0.5 NOAEL of 50 mg/kg bw/day from a

chronic toxicity and carcinogenicity study

with a reproductive toxicity phase in rats

EFSA

(2009b)

Patent Blue V 5 NOAEL of 500 mg/kg bw/day derived

from a chronic toxicity study in mice

EFSA

(2013a)

Brilliant Blue

FCF

6 NOAEL of 631 mg/kg bw/day from a

chronic toxicity study

EFSA

(2010b)

Green S 5 NOAEL of 500 mg/kg bw/day in rats EFSA

(2010d)

Beta-apo-8¢-
carotenal

0.3 13-week study in rats showing increased

incidence of eosinophilic droplets in

kidneys at a NOAEL of 30 mg/kg bw and

an uncertainty factor of 100

EFSA

(2014c)

Erythrosine 0.1 Minimal effect in humans at a clinical oral

dose of 200 mg daily over 14 days, while a

dose of 60 mg daily was without effect

EFSA

(2011)
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increases in serum total iodide and PBI concentrations occurred during all three doses,

and significant dose-related increases in urinary iodide excretion occurred during the

60 and 200 mg/day doses. EFSA confirmed the conclusions of JECFA and the SCF

that the dose of 60 mg/day (equivalent to 1 mg/kg bw/day) can be used to derive

an ADI of 0–0.1 mg/kg bw by applying a safety factor of 10 (EFSA, 2011).

In contrast to the other colours, Erythrosine is not a Group III colour. It is only

authorised for cocktail cherries and candied cherries at a maximum permitted level

of 200 mg/kg, and Bigarreaux cherries (a large variety of sweet cherries) in syrup

and in cocktail at a level of 150 mg/kg.

2.3.3 Patent Blue V

Patent Blue V is a triarylmethane colour with a systematic name of its calcium salt

of N-(4-((4-(diethylamino)phenyl)(5-hydroxy-2,4-disulfophenyl)methyl-ene)-2,5-

cyclohexadien-1-ylidene)-N-ethylethanaminium, hydroxide, inner salt, calcium salt

(2:1). A sodium salt is also authorised as food colour. Its structural formula is shown

in Figure 2.2c.

It is manufactured by condensation and sulfonation of N,N-diethylaniline and 3-

hydroxybenzaldehyde under acidic conditions (sulfuric acid) and oxidation with man-

ganese dioxide in phosphoric acid. Patent Blue V is a Group III colour and is authorised

for a wide range of different foods with a maximum permitted level of 500 mg/kg.

The British Industrial Biological Research Association (BIBRA) reported that Pat-

ent Blue V is not metabolised by rat or human hepatic microsomal enzymes and indi-

cated a low absorption, limited systemic availability, andmain excretion in unchanged

form in faeces (BIBRA, 1982).

According to the re-evaluation of the toxicological database by EFSA, Patent Blue

V did not demonstrate any evidence of mutagenic activity, genotoxicity, reproductive

toxicity, and developmental toxicity (EFSA, 2013a). An ADI of 5 mg/kg bw/day was

established based on a NOAEL of 500 mg/kg bw/day from a chronic toxicity study in

mice and applying an uncertainty factor of 100.

2.3.4 Brilliant Blue FCF

Similar to Patent Blue V, Brilliant Blue FCF is also a triarylmethane colour consisting

of N-ethyl-N-(4-[(4-ethyl[(3-sulfophenyl)methyl]-amino]phenyl) (2-sulfophenyl)

methylene]-2,5-cyclohexadien-1-ylidene)-3-sulfobenzenemet-hanaminium hydrox-

ide inner salt, disodium salt (Figure 2.2d). As a Group III colour, it is authorised

for a wide range of foods with a maximum permitted level of 500 mg/kg, although

it appears that the typical use levels are much lower (EFSA, 2010b).

The application of 14C-labelled Brilliant Blue to rats indicated that the colour is

completely excreted unchanged via faeces (Phillips et al., 1980). From the available

toxicological database, EFSA concluded that there is no concern in respect to geno-

toxicity and carcinogenicity. Observed adverse effects from chronic toxicity studies

are decrease in terminal mean body weight and decreased survival in the highest dose

tested (Borzelleca et al., 1990). EFSA agreed with the authors’ NOAEL of 631 mg/kg
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bw/day and used this NOAEL for the establishment of the ADI of 6 mg/kg bw

(EFSA, 2010b).

2.3.5 Green S

Green S, a further triarylmethane colour, consists essentially of N-(4-((4-(dimethyla-

mino)phenyl)(2-hydroxy-3,6-disulfo-1-naphthalenyl)methylene)-2,5-cyclohexadien-

1-ylidene)-N-ethylmethanaminium, hydroxide, inner salt, monosodium salt. Its

structural formula is shown in Figure 2.2e. Similar to the other two triarylmethane

colours (Brilliant Blue FCF and Patent Blue V), it is a Group III colour with a

maximum permitted level of 500 mg/kg food.

As is also the case for other triarylmethane colours, Green S was reported by EFSA

to be poorly absorbed and mainly excreted unchanged in faeces (EFSA, 2010d). An

ADI of 5 mg/kg bwwas established by the SCF in 1984 and confirmed by EFSA based

on a NOAEL of 500 mg/kg bw/day.

2.3.6 Beta-apo-8¢-carotenal

Beta-apo-8¢-carotenal (2E, 4E, 6E, 8E, 10E, 12E, 14E, 16E)-2,4,6,8,10,12,14,16-
heptadecaoctaenal, 2,6,11,15-tetramethyl-17-(2,6,6-trimethyl-1-cyclohexen-1-yl) is

produced by chemical synthesis, although it also occurs naturally in various plant

foods (spinach and citrus fruits). Its structural formula is shown in Figure 2.3. The

orange–red colour is authorised for flavoured processed cheese, fish and crustacean

paste, precooked crustacean and smoked fish, and as a Group III colour for a wide

range of additional food categories.

As provitamin A carotenoid, beta-apo-8¢-carotenal can be converted to vitamin A,

but only to the very small extent of 4% (Glover, 1960). After a single dose, an increase

of liver vitamin A concentration of 1.5–3.5% was reported in vitamin A-depleted rats

(Bachmann et al., 2002).

In 2012, the ADI for beta-apo-8¢-carotenal was drastically reduced by EFSA from

its previous level of 0–5 mg/kg bw as set by JECFA and the SCF in 1975 and 2000–

0.05 mg/kg bw. This new ADI was based on LOAEL of 10 mg/kg bw/day from a 13-

week study in rats that showed an increased incidence of eosiniphilic droplets in the

kidneys of male and female animals. An uncertainty factor of 200 was applied in con-

trast to the typically applied uncertainty factor of 100, since the level identified as

point of departure was LOAEL and not NOAEL (EFSA, 2012b). As beta-apo-8¢-
carotenal has some properties in common with beta-carotene, a natural food colour

O

Figure 2.3 Structural formula of apo-beta-8¢-carotenal.
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present in a wide range of foods (carrots, peppers, broccoli and many others) but also

used as food additive (E160a) or as colouring food (e.g. carrot juice concentrate),

it was also considered to include the compound into a group ADI. However, EFSA

concluded in its opinion on beta-carotene that an ADI cannot be established and con-

sequently, beta-apo-8¢-carotenal also cannot be included in a group ADI (EFSA,

2012a). In the meantime, EFSA produced a scientific opinion on the reconsideration

of this ADI and increased this ADI to 0.3 mg/kg bw. This was based on additional

information on the evaluation of the significance of eosinophilic droplets in the kid-

neys of rats of both sexes, most prominent in the cortical tubules of female rats

exposed to 100 mg/kg bw/day. A NOAEL of 30 mg/kg bw/day was considered as

basis for the establishment of the new ADI (EFSA, 2014c).

2.3.7 Indigo Carmine

Although Indigo Carmine can be produced by sulfonation of natural indigo, typically

the indigo is also prepared synthetically by fusion of N-phenylglycine in a mixture

of sodamide and sodium and potassium hydroxides under ammonia pressure.

Consequently, Indigo Carmine has to be considered as a synthetic food colour.

Systematically, it is a disodium (2E)-3-oxo-2-(3-oxo-5-sulfonato-2,3-dihydro-1H-

indol-2-ylidene)-2,3-dihydro-1H-indole-5-sulfonate with a structural formula as

shown in Figure 2.4. It is a Group III colour authorised for a wide range of food

categories with maximum permitted levels between 50 and 500 mg/kg food.

Indigo Carmine was found to be poorly absorbed after oral administration in rats,

indicated by in vivo studies after application of 35S-labelled indigo carmine. Some

metabolites can be formed by intestinal bacteria, but it is unclear whether these

compounds can be absorbed (Lethco and Webb, 1966).

EFSA confirmed the previous ADI for this colour of 5 mg/kg bw/day, and noted no

adverse effects in subacute, chronic, reproduction, and developmental studies and no

modifications and biological parameters in chronic toxicity studies were identified at

doses lower than 500 mg/kg bw/day. This was the no-observed adverse effect level

used for the establishment of the ADI (EFSA, 2014b).
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Figure 2.4 Structural formula of indigo carmine.

54 Colour Additives for Foods and Beverages



2.4 Toxicological assessment (allergic reactions,
effects on behaviour)

As indicated above, some synthetic food colours have been blamed for causing beha-

vioural changes, mainly in children. Most prominent are the so called “Southampton”

colours. The study leading to the proposed effects dealt with combination of six dif-

ferent food colours (Tartrazine, Quinoline Yellow, Sunset Yellow FCF, Ponceau 4R,

Allura Red AC, and Carmoisine) and sodium benzoate on the effects on children’s

behaviour (McCann et al., 2007). The responsible scientific panel at the EFSA con-

cluded that this study only provides limited evidence that the twomixtures of synthetic

colours and sodium benzoate had a small effect on activity and attention in children

and that the findings of this study cannot be used as a basis for altering the ADI of the

respective food colours (and sodium benzoate). Just the same, the European Commis-

sion decided that a warning label must be provided for foods containing any of those

colours stating that they may have an adverse effect on activity and attention in chil-
dren (European Commission, 2008b). In an opinion on the appropriateness of the food

azo-colours Tartrazine (E 102), Sunset Yellow FCF (E 110), Carmoisine (E 122),

Amaranth (E 123), Ponceau 4R (E 124), Allura Red AC (E 129), Brilliant Black

BN (E 151), Brown FK (E 154), Brown HT (E 155), and Litholrubine BK (E 180)

for inclusion in the list of food ingredients set up in Annex IIIa of Directive 2000/

13/EC1 on request by the European Commission, the EFSA Panel on Dietetic

Products, Nutrition and Allergies (NDA) pointed out that there is a shortage of large,

well-controlled intervention studies with defined criteria following double-blind

placebo-controlled food challenge (DBPCFC) principles assessing adverse effects

of oral consumption of individual food azo-colours in humans (EFSA, 2010a). This

is not only the case for studies of this type aiming at adverse effects of azo-dyes or

other food additives, but is generally true for many intolerances to foods. In the case

of food colours, most of the studies designed to estimate the incidence of azo-colour

intolerance have been conducted in selected patients with intolerance reactions in hos-

pital settings and, according to EFSA, no data are available with respect to the prev-

alence of intolerance to individual azo-colours in a non-selected general population. In

subjects with food-induced urticaria and angioedema (not the general population), the

frequency of Tartrazine intolerance has been estimated to be less than 1%. Only some

case reports of intolerance reactions to Tartrazine and Ponceau 4R, and to a lesser

extent to Sunset Yellow FCF and Amaranth, have been reported in sensitive individ-

uals following the requested standard procedures of double-blind placebo-controlled

food challenge tests (DBPCFC) after exclusion diets, which are considered as essen-

tial to prove adverse effects caused by food intolerances. It has already been stated in

the corresponding re-evaluations of the single food colours that intolerance reactions

may be observed at doses within the ADI. Reactions to Tartrazine, for example, have

been observed at doses within the ADI of 7.5 mg/kg bw, whereas the challenge doses

of Ponceau 4R used in the two documented cases of intolerance reactions to this colour

ranged from four to 10 times the ADI. No data are available for any of the other azo-

dyes, and no documented cases of intolerance reactions have been reported after oral
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exposure to these colours. Therefore, both the EFSA Panels on Dietetic Products,

Nutrition and Allergies, and on Food Additives and Nutrient Sources Added to Foods

concluded that oral consumption of the food colours under consideration, either indi-

vidually or in combination, is unlikely to trigger severe adverse reactions in human

subjects at the current levels of use.

2.5 Conclusion

From a toxicological point of view, synthetic food colours are easier to evaluate, as in

most cases clear specifications, a clear manufacturing process, a good idea about the

stability in foods, and a sufficient toxicological database, including information about

absorption, distribution, metabolism, and excretion (ADME), is available. This is in

contrast to the safety assessment of the natural food colours, where only few data exist

on their toxicological effects and where exposures from natural sources have also to be

considered, which are typically higher than those from their use as food additives. A

good example for this is the ongoing discussion on the use of beta-carotene, where

toxicological data from large intervention trials indicate adverse effects at high doses

of intake as a result of supplemental use (Omenn et al., 1996). In contrast to the rel-

atively strictly regulated synthetic food colours, the maximum permitted levels of nat-

ural food colours typically follow the quantum satis principle, enabling the

manufacturer to add the amounts required to produce the desired effect, but disabling

the risk assessor to estimate the exact exposure.

In the meantime, the use of synthetic food colours, namely those colours attacked

for behavioural changes in school children—although being of limited evidence—has

led to the voluntary discontinuation of the use of synthetic colours in many food prod-

ucts. A current guideline of the Food Standard Agency of the UK (Food Standards

Agency, 2011) provides recommendations for the replacement of the so-called South-

ampton Colours in food and beverages, where beetroot red, anthocyanins, lutein, cur-

cumin, carmine, beta-carotene, and others are mentioned as natural alternatives for

synthetic colours.

Whether there is an urgent need to colour foods at all is a perennial question, which

has to be largely considered by the individual consumer. From a safety point of view,

the scientific evidence cannot support the discontinuation of the use of artificial col-

ours provided that the current maximum permitted levels for those food categories,

where the corresponding colours are authorised, are not exceeded.
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3Overview of EU regulations

and safety assessment for

food colours

M.J. Scotter
The Food and Environment Research Agency, York, United Kingdom

3.1 Introduction

The intentional addition of coloured ingredients to food to make it more appealing can

be traced back some 3000–4000 years. Some food ingredients such as the spices

paprika, saffron, and turmeric are added to impart flavour whilst having a secondary

colouring effect. Until the beginning of urbanisation in Europe and exploration of the

hitherto unknown world in the late fifteenth century, economies were agriculture-

based, hence food trade was essentially limited to local communities, and the aesthetic

qualities of foods, including colour, were largely regarded as a luxury and of little con-

cern to the general population (Arlt, 2014). As national and international trade rapidly

grew, the importation of valuable spiced and coloured commodities became very

important, leading to the creation of new markets. During the European industrial rev-

olution, there was a net migration of the population to towns and cities that fundamen-

tally changed the food requirements of the population. People living in urbanised areas

could no longer rely on producing their own food at home but instead became heavily

reliant on food supplied by others from factories. Thus, the market grew rapidly and

was driven by competition among producers and retailers. With no protective legis-

lature in place, nor any means to police it, the adulteration of foods for decorative

purposes or to disguise low-quality foods, including the use of toxic substances such

as copper arsenate (Cu3(AsO4)2.4H2O), red lead (Pb3O4), and vermillion (HgS), flour-

ished and was known to have caused deaths (Downham and Collins, 2000).

The first European food laws date back to the end of the nineteenth century and

followed the principle of negative listing, that is, listing substances not permitted

for use as food colourings. Nevertheless, the first food laws were driven by the same

principles as regulations globally; the protection of the consumer from substances

harmful to health and from fraud. Around this time, the first synthetic colour (mau-

vine) was synthesized by Sir William Henry Perkin but by the twentieth century, the

use of colour additives in many popular foods had spread unmonitored throughout

Europe and the United States (Walford, 1980). In the twentieth century, improvements

in chemical analysis techniques and the scientific means to identify toxic features of

substances added to foods lead to the positive listing of substances allowed in food

to the exclusion of all others. For example, in the United States, the permitted list

of synthetic colours was reduced from 700 to 7! (Downham and Collins, 2000).
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Different countries within and outside Europe have, therefore, evolved their own

lists of dyes that are permitted for use in foodstuffs (Scotter, 2011). Within the EU,

prior to 2008, food additives legislation was complex, and amendments were made

by co-decision of the European Council and Parliament. Three separate directives

controlled food colours, sweeteners, and additives other than colours and sweeteners.

These directives prescribed positive lists of approved additives along with limitations

on their use. Regulation 1333/2008 revoked and reenacted on a traditional basis

certain (but not all) provisions of the three separate directives and introduced a comi-

tology route for amendments to the annexes of those directives (EU 1333/2008).

In 2011, additives currently approved under the three earlier directives were trans-

ferred to the relevant annexes of Regulation 1333/2008, where compliance with the

provisions of the regulation is required instead of compliance with the surviving

provisions of the directives. The general purity criteria for colours as laid down in

Regulation 1333/2008 has been amended several times and eventually was super-

ceded by a codified Commission Directive 2008/128/EC (EU 128/2008). The speci-

fications, however, do not include any supporting qualitative or quantitative methods

of analysis (see Chapter 6). There have been numerous amendments to Regulation

1333/2008 including those specific to food colours (Table 3.1).

Article 3 of Chapter I of EU regulation 1333/2008 (henceforth as amended) sets out

various definitions including:

(a) ‘food additive’ shall mean any substance not normally consumed as a food in itself
and not normally used as a characteristic ingredient of food, whether or not it has

Table 3.1 Amendments to EU Regulation 1333/2008 concerning
food colours

Regulation Description

Commission

Regulation 884/2007

On emergency measures suspending the use of E128 Red 2G as

food colour

Commission

Regulation 232/2012

Regarding the conditions of use and the use levels for Quinoline

Yellow (E 104), Sunset Yellow FCF/Orange Yellow S (E 110)

and Ponceau 4R, Cochineal Red A (E 124)

Commission

Regulation 438/2013

Regarding the use of certain food additives

Commission

Regulation 509/2013

Regarding the use of several additives in certain alcoholic

beverages

Commission

Regulation 510/2013

Regarding the use of iron oxides and hydroxides (E 172) for

marking of certain fruits

Commission

Regulation 738/2013

Regarding the use of certain additives in seaweed-based fish roe

analogues

Commission

Regulation 1274/2013

Regarding certain food additives

Commission

Regulation 505/2014

Regarding the use of caramel colours (E 150a–d) in beer and

malt beverages

Commission

Regulation 601/2014

Regarding the food categories of meat and the use of certain

food additives in meat preparations
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nutritive value, the intentional addition of which to food for a technological purpose
in the manufacture, processing, preparation, treatment packaging, transport or
storage of such food result, in it or its by-products becoming directly or indirectly
a component of such foods.
(h) ‘quantum satis’ shall mean that no maximum numerical level is specified and

substances shall be used in accordance with good manufacturing practice, at a level
not higher than is necessary to achieve the intended purpose and provided the con-
sumer is not misled.

Chapter II of EU 1333/2008 describes the community list of food additives with

reference to Annex II. Article 8 prescribes specific conditions for food colours:

A food additive may be included in the Community list in Annex II for the functional
class of colour only if, in addition to serving one or more of the purposes set out in
Article 6(2), it serves one or more of the following purposes:

(a) restoring the original appearance of food of which the colour has been affected by proces-

sing, storage, packaging, and distribution, whereby visual acceptability may have been

impaired;

(b) making food more visually appealing;

(c) giving colour to food otherwise colourless.

The functional classes of food additives are prescribed in Annex I of EU 1333/

2008, under which:

‘colours’ are substances which add or restore colour in food, and include natural
constituents of food and natural sources which are normally not consumed as foods
as such and not normally used as characteristic ingredients of foods. Preparations
obtained from foods and other edible natural source materials obtained by physical
and/or chemical extraction resulting in a selective extraction of the pigments relative
to the nutritive or aromatic constituents are colours within the meaning of this
Regulation.

In order to distinguish between food colours that are subject to EU food additives

legislation and colouring food extracts that are not, the EU has provided guidance

aimed principally at industry and enforcement authorities/regulators (EU 2013). This

describes the criteria that determine the difference between selective and non-

selective extraction for the classification of food extracts/concentrates as food colours

or colouring foods and proposes a decision tree and checklist to facilitate this

classification.

Under Article 10 of 1333/2008, compliant food additives may be included in:

(a) Annex II—Community list of food additives approves for use in foods and conditions of

use. This includes lists of colours that may not be sold directly to the consumer and lists

of foods that are not permitted to contain additives or colours by way of the carryover prin-

ciple. For ease of reference, certain additives are grouped together; Group III covers food

colours authorized at quantum satis levels and Group III covers food colours with a com-

bined maximum limit.
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(b) Annex III—Community list of food additives approved for use in food additives, food

enzymes and food flavourings, and their conditions of use.

(c) Annex IV—Traditional foods for which certain member states may continue to prohibit the

use of certain categories of food additives.

(d) Annex V—List of the food colours referred to in Article 24 (Table 3.2) for which the label-

ling of foods shall include additional information.

Regulation EU 380/2012 amends Annex II to restrict the use and levels for aluminium-

containing food additives, including aluminium lakes used as a base for certain food

colours.

In essence, EU 1333/2008 (as amended) prescribes a list of the permitted colours,

including those that have restricted application; a list of foodstuffs to which colours

shall not be added and to which only a limited list of colours may be added; and the

maximum levels of inclusion for particular food categories and those colours permit-

ted quantum satis. The current EU list comprises 40 different colouring materials per-

mitted for use in food, of which 15 are synthetic organic dyes, the remainder

designated as natural or nature-identical colours. Of the natural colours, canthaxanthin

(E 161g) has very restricted use. Figure 3.1 summarizes the chronological develop-

ment of EU legislation on food colours.

In 2007, the UK FSA published a study carried out at Southampton University on

certain food colours and their effect on children’s behaviour (see Chapter 2). The

FSA Board discussed the study in the light of a review of the work by the European

Food Safety Authority (EFSA) in April 2008 and that the advice to ministers and con-

sumers should focus on the six artificial colours used in the Southampton study (E102

Tartrazine, E104 Quinoline Yellow, E110 Sunset Yellow, E122 Carmoisine, E124 Pon-

ceau 4 R, and E129 Allura Red). The EFSA agreed to advise ministers that there should

be voluntary action by UK manufacturers to remove these artificial colours by 2009,

with parallel action in the EU to phase them out over a specified period. It also agreed

that the FSA advice to parents should be updated to reflect the Board’s discussions.

In the United States (see Chapter 4), the Food and Drug Administration (FDA) Title

21 of the Code of Federal Regulations lists both certifiable colour additives (part 74)

and colour additives exempt from certification (part 73) (FSA, 2011). Certifiable

Table 3.2 Colours listed under Annex V of EU 1333/2008

Foods containing one or more

of the following food colours Information

Sunset Yellow (E110)a Name or E number of the colour(s): may have an

adverse effect on activity and attention in childrenQuinoline Yellow (E 104)a

Carmoisine (E 122)a

Allura Red (E 129)a

Tartrazine (E 102)a

Ponceau 4R (E 124)a

aWith the exception of foods where the colour(s) has been used for the purposes of health or other marking on meat
products or for stamping or decorative colouring on eggshells.
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(232/2012)

Figure 3.1 Chronological development of EU legislation on food colour additives.
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colours are those that are man-made, or synthetic. Currently, there are nine certified

colours, with seven approved for general use in foods. The seven approved colours for

general use include some of the Southampton six colours; for example, FD&C Red 40

in the EU is Allura red (E129) and FD&C Yellow 5 is Tartrazine (E102). Pigments

derived from natural sources are exempt from certification. However, the FDA does

not consider any colour to be natural where it is being used to colour a product from

which it is not derived. Colours that are not certified can be labelled by their name such

as ‘annatto extract colour’. There are significant differences between colours permit-

ted, levels, labelling, and applications in the US and the EU, and this must be carefully

checked if developing a product for export.

3.2 EU food colour specifications

All food additives must comply with the approved specifications set out in EC Reg-

ulation 231/2012 (EU 231/2012) which superceded EU 128/2008. The specifications

comprise information, which adequately identifies the food additive, including origin

and description of the manufacturing process, and establish acceptable purity criteria

for each additive, such as maximum limits for undesirable impurities. The specifica-

tions in EU 231/2012 comprise listings of names and synonyms, followed by:

l a definition of the product (i.e. pure compound (including synthetic route where applicable),

oleoresin, aqueous solution, etc.), Colour Index number,1 chemical name(s) and formulae,

molecular weight, and total assay limit
l a description, including appearance as a solid and where appropriate in solution, and

functional use
l a listing of characteristics such as solubility, melting range, colour reactions, and chromato-

graphic identification tests
l listings of purity and identification tests and criteria, for example, water insoluble

matter, subsidiary colouring matters, organic compounds other than colouring matter, resid-

ual solvents and heavy metals, and assay tests generally based on spectrophotometric

methods.

Under EU 128/2008, the specification for lycopene (E 160d) prescribed the definition as

the colour obtained by solvent extraction of red tomatoes (Lycopersicon esculentum L.)
with subsequent removal of the solvent. This specification was amended by 2011/3/EU

to permit Blakeslea trispora fungi as an additional natural source as well as synthetic

lycopene. The latter is defined as a mixture of geometric isomers produced by the

Wittig condensation of synthetic intermediates commonly used in the production

of other carotenoids used in food. EU 128/2008 was eventually superceded by

EU 231/2012, which is the consolidated regulation covering the specifications for all

EU-permitted food additives.

1Assigned in the Colour Index International database (Colour Index International, 2014).
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3.3 Safety evaluation of food colour additives in the EU

All countries need to have access to reliable risk assessment of chemicals in food, but

not all have the expertise and funds available to carry out separate risk assessments on

large numbers of chemicals (Scotter, 2011). EFSA is mandated by the European Com-

mission (EC) to assess and communicate on all risks associated with the food chain,

including food additives. The EC has a continuing requirement for reliable, up-to-date

information on food additive intake to determine whether the dietary intakes of addi-

tives remain within safe limits. Not only do the size and nature of population groups

that may have high intakes of specific additives or groups of additives need to be iden-

tified, but the effects of economic, technological, or other developments on the use of

additives, and hence on intakes, must also be monitored. This facilitates the develop-

ment of sound food policies that enable the maximum to be derived from the use of

food additives without prejudice to the health of the consumer.

The EFSA Panel on food additives and nutrient sources added to food (ANS) deals

with questions of safety in the use of food additives, nutrient sources, and other sub-

stances deliberately added to food, excluding flavourings and enzymes (EFSA,

2014a). The acceptable daily intake (ADI) is the amount of an additive that can be

consumed daily over a lifetime without damaging health and is expressed in relation

to body weight (bw) in order to allow for different body size, such as for children of

different ages. EFSA is responsible for evaluating the various data in order to calculate

ADI values for all additives, and the Joint FAO/WHO Expert Committee on Food

Additives (JECFA) performs a similarly vital role in providing a reliable and indepen-

dent source of expert advice in the international setting, thus contributing to the setting

of standards on a global scale. To date, JECFA has evaluated more than 1500 food

additives (JECFA, 2014). The ADI values are then used to calculate the maximum

permitted levels of additives in specific foodstuffs. EFSA and JECFA ADIs for food

colours are summarized in Table 3.3.

In cases where EFSA (or JECFA) consider that the use of an additive is safe for use

over the period of time required to generate and evaluate further safety data, it will

assign a temporary ADI. There is also a category of ADI ‘not specified’ (NS), which

is applied to additives generally of very low toxicity, where the maximum possible

dietary intake of the additive arising from its use at levels necessary to achieve the

desired effect is not considered to represent a health hazard (Scotter, 2011).

Because EFSA and JECFA (and other) expert groups may differ in judging how

each toxic effect should be weighted and in deciding which no-effect levels and safety

factors to apply, the ADIs allocated may also be different. Often, this simply is due to

evaluations being carried out on different data sets at different times. All present ADIs

used by national and international authorities are based on the highest intake that does

not give rise to observable adverse effects. The fact that an ADI can be developed for a

substance does not, however, mean that its use in food will be automatically permitted.

It is a matter for the expert evaluators to decide firstly whether there is a demonstrable

need for the use of an additive, and secondly whether it is necessary to place restric-

tions on the use of an additive to ensure that dietary exposure remains within
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Table 3.3 Numerical ADIs for permitted food colours

Name E number

EFSA ADI

(mg/kg bw)

JECFA ADI

(mg/kg bw)

Synthetic colours

Tartrazine 102 7.5 0–7.5

Quinoline Yellow 104 0.5 0–5

Sunset Yellow FCF 110 4.0 0–4

Carmoisine, Azorubine 122 4.0 0–4

Amaranth 123 0.15 0–0.5

Ponceau 4R 124 0.7 0–4

Erythrosine 127 0.1 0–0.1

Allura Red AC 129 7.0 0–7

Patent Blue V 131 5.0 NA

Indigo Carmine, Indigotine 132 5.0 0–5

Brilliant Blue FCF 133 6.0 0–12.5

Green S 142 5.0 NA

Black PN, Brilliant Black

BN

151 5.0 0–1

Brown FK 154 NA NA

Brown HT 155 1.5 0–1.5

Litholrubine BK 180 NA NA

Natural colours

Curcumin 100 3 0–3

Riboflavin 101(i) Acc 0–0.5

Riboflavin-5-phosphate 101(ii) Acc 0–0.5

Cochineal 120 5a NA

Carminic acid 0–5

Chlorophylls 140(i) Acc NL

Chlorophyllins 140(ii) Acc b

Copper complexes of

chlorophylls

141(i) 15 0–15

Copper complexes of

chlorophyllins

141(ii) 15 0–15

Caramel class I 150a Acc NS

Caramel class II 150b 200 0–160

Caramel class III 150c 200 0–200

Caramel class IV 150d 200 0–200

Vegetable carbon 153 Acc NA

Mixed carotenes from

plantsc
160a(i)1 Acc Acc

Mixed carotenes from algaec 160a(i)2 Acc NA

b-Carotene syntheticc 160a(ii)1 Acc 0–5

b-Carotene from B. trisporac 160a(ii)2 Acc 0–5

Annatto (bixin/norbixin) 160b 0.065 0–12d

0–0.6e

Paprika extract (capsanthin/

capsorubin)

160c NA NA

Continued
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acceptable limits as defined by the ADI. Many of the ADIs for natural and nature-

identical colourings (Table 3.3) are designated as ‘acceptable’ due to their historical

use as food ingredients. However, once they have been isolated from their source

materials, many natural colouring materials are particularly susceptible to chemical

change, which may affect their stability. In addition, once added to a foodstuff, a col-

ouring material may be processed further. It is therefore necessary to take into account

the various manufacturing processes where degradation may occur and the safety con-

sequences thereof.

As is the case with all food additives, not only must a technological case for need

for the colour (or a particular formulation) be demonstrated, but it must also undergo

stringent toxicity testing prior to consideration for inclusion on the permitted list of

food colours by colour manufacturers and the food industry. By their nature, the test-

ing designated for natural compounds for food use per se is less stringent than the

degree of safety evaluation required of a synthetic colouring material. The latter is

prohibitively expensive hence the use of natural colour additives has clear economic

benefits. As part of the substantial data package required for the approval of a new

additive, industry must provide sufficient information on the potential uses and levels

of use for their respective competent authorities. As part of the assessment of the con-

tinuing acceptability of individual additives, estimates are made of their toxicology

and potential intakes, and EFSA is then asked to advise the EC whether the use of

any particular additive needs to be restricted (Scotter, 2011).

A programme for the re-evaluation of approved food additives is laid down in

Commission Regulation (EU) 257/2010. The re-evaluation of food colours was given

Table 3.3 Continued

Name E number

EFSA ADI

(mg/kg bw)

JECFA ADI

(mg/kg bw)

Paprika oleoresin Acc

Lycopene 160d 0.5 NS

b-Apo-8¢-carotenal 160e 0.3 0–5

b-Apo-8¢-carotenoic acid
ethyl ester

160f 5 0–5

Lutein 161b 1 0–2

Canthaxanthin 161g 0.03 0–0.03

Beetroot red 162 Acc NS

Anthocyanins 163 Acc 0–2.5f

Calcium carbonate 170 Acc NL

Titanium dioxide 171 Acc NL

Iron oxides and hydroxides 172 Acc 0–0.5

aNo distinction made between cochineal and carmines.
bNo distinction for chlorophyllins.
cPrescriptive differences cf. JECFA.
dBixin.
eNorbixin.
fGrape skin extract; Acc, acceptable; NA, not allocated; NL, not limited; NS, not specified.
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priority since they have the oldest evaluations. The re-evaluation of certain colours

(E 102 Tartrazine, E 104 Quinoline Yellow, E 110 Sunset Yellow FCF, E 124 Pon-

ceau 4R, E 129 Allura Red AC, E 122 Carmoisine, and E160d Lycopene) had already

been evaluated. Table 3.4 summarizes the EU priorities for re-evaluation under

EU 257/2010.

As a matter of routine, the safety of all additives will be reviewed by EFSA every

10 years, but the safety of any additive can be reviewed before this in light of new

toxicological data that might have become available. Article 12 of EC/1333/2008

states that:

When a food additive is already included in a Community list and there is a significant
change in its production methods or in the starting materials used, or there is a
change in particle size, for example through nanotechnology, the food additive pre-
pared by those new methods or materials shall be considered as a different additive
and a new entry in the Community lists or a change in the specifications shall be
required before it can be placed on the market.

The interpretation of the test results and formal safety assessment carried out by

EFSA ensures that all the tests have been carried out in accordance with the published

guidelines. Since EFSA must ensure that the results and conclusions of the studies are

scientifically valid, evaluations can often take several years, especially for complex

cases that require new trials. For instance, Indigo Carmine (E 132) is the only synthetic

indigoid colouring substance permitted for use in foods in the EU. The purity of Indigo

Carmine is specified as to be not less than 85% total colouring matters, calculated as

the sodium salt. In its recent safety assessment of Indigo Carmine, the EFSA ANS

Panel noted that the specifications for the purity of Indigo Carmine would permit con-

centrations of unsulphonated aromatic amines to be present in concentrations of up to

100 mg/kg Indigo Carmine (calculated as aniline) (EFSA, 2014b). Given the maxi-

mum allowed concentration of Indigo Carmine that can be added to food (500 mg/

kg food), the concentration of these unidentified unsulphonated primary aromatic

amines in food could be up to 50 mg/kg food. The Panel considered that the current

ADI of 5 mg/kg bw/day for Indigo Carmine was applicable to a material with the same

purity and manufacturing process as material used in studies without adverse effects

on testis (93% pure colouring and 7% volatile matter) and concluded that any

Table 3.4 EU priorities for re-evaluation of certain food
additives (Regulation EU 257/2010)

Deadlines Food additives

15 April 2010 Food colours 1: E 123, E 151, E 154, E 155, E 180

31 December 2010 Food colours 2: E 100, E 127, E 131, E 132, E 133, E 142, E 150a,

E 150b, E 150c, E 150d, E 161b, E 161g, E 170

31 December 2015 Food colours 3: E 101, E 120, E 140, E 141, E 153, E 160b, E 160a,

E 160c, E 160e, E 160f, E 162, E 163, E 171, E 172, E 174, E 175

31 December 2020 All sweeteners and remaining colours
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extension of this ADI to Indigo Carmine of lower purity and/or manufactured using a

different process would require new data that would need to address the adverse

effects on testis. The Panel noted that at the maximum permissible level (MPL), expo-

sure estimates of Indigo Carmine would exceed the ADI for toddlers and children at

the high level. Exposure estimates using the available usage and analytical data did not

show an exceedance of the ADI for any population groups.

Food colours from natural sources tend to exhibit variable composition because of

the inherent variability of their source materials and their different methods of extrac-

tion. There is, therefore, a requirement to continually improve specifications and to

have available suitable analytical methods for natural food colour additives since their

consumption is both widespread and increasing (see Chapter 4). Additive intake is

largely estimated from per capita estimates but may be assessed more accurately

by chemical analysis. Surveillance of colour additives in food, especially those for

which no suitable methods of analysis currently exist, must be carried out to ensure

the ADIs are not exceeded, especially by young children.

The use of nanoscale food colours (and other additives) is arguably the most sig-

nificant aspect of the re-evaluation of safety assessment. Whether developments in

nanotechnology constitute new scientific information may be for EFSA to assess in

the first instance. The current EU purity specification for titanium dioxide (E 171),

for example, does not prescribe criteria related to particle size, which clearly is a prin-

cipal issue with nanotechnology. This additive was last evaluated in 1977 but is sched-

uled for reassessment in 2015 (Table 3.4). Among the few examples of currently

available food additives is the synthetic form of the tomato carotenoid, lycopene,

which has a particle size in the range of 100 nm (Chaudhry et al., 2008). The main

food applications of lycopene include soft drinks, baking mixtures, and blancmanges.

The addition of water-dispersible lycopene to drinks not only provides colour, but is

also claimed for certain health benefits such as an antioxidant/free-radical scavenger.

3.4 Labelling of food colour additives in the EU

EU colour additive regulations do not define the term ‘natural’ nor do they make the

distinction between ‘natural’ and ‘artificial’ colours. This is based largely on the pre-

mise that the term ‘natural’ is associated with the origins of food (and other materials)

at a much higher, more fundamental level by consumers in the EU. The safety of all

food colour additives, both natural and artificial, is stringently evaluated for safety

irrespective of their origin. In a labelling context, the term ‘natural’ may infer that

natural colour additives are a priori safer than artificial colours. Conversely, the pres-
ence of all food additives in foods must be declared following EU labelling directives,

where the category of additive (e.g. colour) is followed by the full name of the additive

and/or its E number. In light of the Southampton study, the UK FSA published guid-

ance on the labelling of certain food colours as set out in Regulation 1333/2008 (FSA,

2010). For those businesses that have retained these colours and have to label their

products with the required warning notice, the Competent Authority in the UK

(FSA) has produced guidance to assist them with this (FSA, 2010). Guidance is also
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available that aims to assist businesses that want to remove these colours and replace

them with alternatives (FSA, 2011). The essential actions to comply with the regula-

tion(s) prescribe that when using the colours listed below in food and drink there is a

requirement (subject to a limited number of exemptions) to include additional infor-

mation [name or E number of the colour(s)] that may have an adverse effect on activ-
ity and attention in children:

l Sunset Yellow (E 110)
l Quinoline Yellow (E 104)
l Carmoisine (E 122)
l Allura Red (E 129)
l Tartrazine (E 102)
l Ponceau 4R (E 124)

3.5 Global trade considerations

Global trade requires harmonisation of food regulations on a worldwide basis in order

to abolish barriers of trade and to ensure that the economical and nutritional demands

of all nations are considered (Arlt, 2014). In order to further regulate the use of eval-

uated additives, in 1962 the World Health Organization (WHO) and the Food and

Agriculture Organization of the United Nations (FAO) created the Codex Alimentar-

ius, which is composed of authorities, food industry associations, and consumer

groups from all over the world (Codex, 2014). Within the Codex organisation, the

Codex Committee for Food Additives and Contaminants is responsible for working

out recommendations for the application of food additives, that is, the General Stan-

dard for Food Additives. The committee meets annually to discuss the draft recom-

mendations and to incorporate the regulations and legislative proposals from all

members. In light of the World Trade Organisation’s General Agreement on Tariffs

and Trade (GATT) the Codex Standard, although not legally binding, influences food

colour regulations all over the world.

3.6 Further reading

Colour Additives, U.S. Food and Drug Administration, 2014. Found at: http://www.fda.gov/

Forindustry/ColorAdditives/default.htm. Last accessed 30.07.14.

Emerton, V. (Ed.), 2008. Food Colours: Leatherhead Ingredients Handbook, second ed. Wiley-
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main/?sector=FAD&auth=SANCAS. Last accessed 30.07.14.
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4US regulation

of color additives in foods

B.P. Harp, J.N. Barrows
U.S. Food and Drug Administration, College Park, MD, USA

4.1 Introduction

Color additives are dyes, pigments, and other substances used in food products to

make them attractive, appealing, appetizing, and informative. Artificial colors give

bright, commonly recognizable colors to many products. Some artificial colors also

indicate flavors, such as in multicolored candies. Although most consumers are aware

that brightly colored foods contain color additives, far fewer people know that artifi-

cial colors are added to foods such as orange skins and salmon feed in order to provide

the expected colors or enhance naturally occurring colors. Seasonal variations and the

effects of processing and storage often make the addition of artificial colors commer-

cially advantageous.

The US Food and Drug Administration (FDA) regulates color additives under the

authority of the Federal Food, Drug, and Cosmetic Act (FFDCA, 2013). The term

“color additive” is defined in section 201 of the Act as “a material which (A) is a

dye, pigment, or other substance made by a process of synthesis or similar artifice,

or extracted, isolated, or otherwise derived, with or without intermediate or final

change of identity, from a vegetable, animal, mineral, or other source, and (B) when

added or applied to a food, drug, or cosmetic, or to the human body or any part thereof,

is capable (alone or through reaction with other substance) of imparting color thereto;

except that such term does not include any material which . . . is used (or intended to be
used) solely for a purpose or purposes other than coloring . . . The term “color”

includes black, white, and intermediate grays.”

Color additives are required to be preapproved by the FDA and listed in Title 21 of

the Code of Federal Regulations (CFR, 2014) before they may be used in food and other

FDA-regulated products. The permitted color additives are listed in 21CFR parts 73, 74,

81, and 82. Requirements for identity, chemical specifications, uses, and restrictions are

included in the listing regulations. In addition, some color additives must be batch

certified by the FDA, which means that FDA chemists test a sample from each new

batch to ensure compliance with the corresponding color additive specifications.

Many different types of substances are used as color additives. Some are soluble

organic dyes and insoluble pigments, while others are plant extracts, spices, and mineral

compounds. “Straight colors” are dyes that have not been mixed or chemically reacted

with any other substance. “Lakes” are insoluble pigments formed by chemically reacting

straight colors with precipitants and substrata. “Mixtures” are color additives combined
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with other components by simple mixing. Any dye or pigment that imparts color to an

FDA-regulated product is considered a color additive, including substances that impart

color by using optical properties such as those achieved by nanosize particles.

All permitted color additives are synthesized or chemically processed to some extent

andmust comply with the specifications in their individual listing regulations in order to

be permitted for use in food and other FDA-regulated products. The FDA does not con-

sider any color additives to be “natural” constituents in food because all color additives

are artificially added. Food ingredients that contribute their own colors to food are not

considered color additives, such as strawberries, green or red peppers, and chocolate.

Color additives may be listed for general use in food or specific uses in products.

The color additives listed for foods generally may be used in amounts consistent with

good manufacturing practice, whereas the others have specified restrictions. The list-

ing regulations usually state that the color additives may not be used to color foods for

which the FDA has established standards of identity, unless added color is authorized

by such standards. For example, cheddar cheese is a standardized food that may con-

tain added color, whereas cottage cheese may not. This means that if a color additive is

added to a standardized food that does not allow added coloring in the standard, then

the food cannot be called by the standardized name (Lipman, 2008).

4.2 Color additives exempt from certification

The color additives in this category generally include substances derived from plant

or mineral sources and one insect source. Although not required to be batch-certified,

these color additives still must conform to the requirements in their individual listing

regulations. Manufacturers of the color additives and the products containing them

are responsible for ensuring that the color additives comply with their requirements.

The certification exempt color additives listed for food use are described in

Table 4.1. Fewer than half are permitted for general use in food. The others are

restricted to specific uses such as in animal feed. They exhibit varying stability and

can vary in composition from batch to batch. In some cases, relatively large amounts

of a color additive may be needed to achieve the desired coloring.

One interesting color additive in this category is b-carotene (Figure 4.1). This

substance is an isomer of carotene, a naturally occurring carotenoid found in many

fruits and vegetables. The color additive can be synthesized to form the optically

inactive, all-trans form. b-carotene has a yellow-orange color and is used for coloring
butter, cheese, juices, and baked goods. It has nutritional value because it is converted

by humans to vitamin A. Because b-carotene has the highest extinction coefficient

of all of the color additives, very little is needed to impart color to a food product.

However, the substance is a well-known antioxidant and its sensitivity to air oxidation

as well as to light and heat make it less desirable as a color additive.

Cochineal extract is the concentrated solution obtained after removing the alcohol

from an aqueous-alcoholic extract of the dried bodies of a female insect (Coccus
cactic L.). The color additive is orange to red and is used in yogurt, port wine cheese,
an alcoholic beverage, and other products. Carmine is a calcium or calcium–aluminum

lake formed from carminic acid (Figure 4.2) and aluminum hydroxide. It is an
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Table 4.1 Certification exempt color additives permitted
for use in food

21 CFR

section Color additive Uses and restrictions

73.30 Annatto extract Foods generally

73.35 Astaxanthin Salmonid fish feed

73.37 Astaxanthin

dimethyldisuccinate

Salmonid fish feed

73.40 Dehydrated beets (beet powder) Foods generally

73.50 Ultramarine blue Salt for animal feed

73.75 Canthaxanthin Foods generally, NTE 30 mg/lb of solid or

semisolid food or per pint of liquid food;

broiler chicken feed; salmonid fish feed

73.85 Caramel Foods generally

73.90 b-Apo-8¢-carotenal Foods generally, NTE 15 mg/lb solid,

15 mg/pt liquid

73.95 b-Carotene Foods generally

73.100 Cochineal extract; carmine Foods generally

73.125 Sodium copper chlorophyllin Citrus-based dry beverage mixes, NTE

0.2% dry mix

73.140 Toasted partially defatted

cooked cottonseed flour

Foods generally

73.160 Ferrous gluconate Ripe olives

73.165 Ferrous lactate Ripe olives

73.169 Grape color extract Nonbeverage food

73.170 Grape skin extract (enocianina) Still and carbonated drinks and ades;

beverage bases; alcoholic beverages

73.185 Haematococcus algae meal Salmonid fish feed

73.200 Synthetic iron oxide Sausage casings, NTE 0.1% (by weight);

dog and cat food, NTE 0.25% (by weight)

73.250 Fruit juice Foods generally

73.260 Vegetable juice Foods generally

73.275 Dried algae meal Chicken feed

73.295 Tagetes (Aztec marigold) meal

and extract

Chicken feed

73.300 Carrot oil Foods generally

73.315 Corn endosperm oil Chicken feed

73.340 Paprika Foods generally

73.345 Paprika oleoresin Foods generally

73.350 Mica-based pearlescent

pigments

Cereals, confections and frosting, gelatin

desserts, hard and soft candies, nutritional

supplement tablets and gelatin tablets,

chewing gum, NTE 1.25% (by weight),

and certain distilled spirits, NTE 0.07%

(by weight)

Continued
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Table 4.1 Continued

21 CFR

section Color additive Uses and restrictions

73.352 Paracoccus pigment Salmonid fish feed

73.355 Phaffia yeast Salmonid fish feed

73.450 Riboflavin Foods generally

73.500 Saffron Foods generally

73.530 Spirulina extract Confections (including candy and chewing

gum), frostings, ice cream and frozen

desserts, dessert coatings and toppings,

beverage mixes and powders, yogurts,

custards, puddings, cottage cheese, gelatin,

breadcrumbs, and ready-to-eat cereals

(excluding extruded cereals)

73.575 Titanium dioxide Foods generally, NTE 1% (by weight)

73.585 Tomato lycopene extract;

tomato lycopene concentrate

Foods generally

73.600 Turmeric Foods generally

73.615 Turmeric oleoresin Foods generally

NTE, not to exceed.

Figure 4.1 Chemical structure

of b-carotene.
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Figure 4.2 Chemical structure of carminic acid, the coloring component in cochineal extract

and carmine.
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insoluble pigment that imparts red to pink shades to foods. Both of these color additives

have a microbial requirement for Salmonella and both may be allergens or sensitizers

(FDA, 2009).

Mica-based pearlescent pigments are a type of color additive formed by depositing

titanium salts onto mica (a silicate mineral) and heating to form titanium dioxide-coated

mica. The particle size of the mica must be less than 100 mesh (149 mm). These pig-

ments may be produced in a variety of shades depending on how the titanium

dioxide is deposited. Products containing this color additive include cereals, confections

and frostings, gelatin desserts, and chewing gum.

4.3 Color additives subject to certification

The color additives in this category are synthetic organic dyes, pigments, and their

lakes. Historically named “coal-tar colors,” today they are synthesized from raw

materials obtained from either coal or petroleum (Barrows et al., 2003).

Seven certified straight colors are permitted for general use in foods: FD&C Blue

No. 1, FD&C Blue No. 2. FD&C Green No. 3, FD&C Red No. 3, FD&C Red No. 40,

FD&C Yellow No. 5, and FD&C Yellow No. 6. All of these are organic dyes, and the

common names for the uncertified materials are Brilliant Blue FCF, Indigotine, Fast

Green FCF, Erythrosine, Allura Red AC, Tartrazine, and Sunset Yellow FCF, respec-

tively. Two more certified straight colors, Citrus Red No. 2 and Orange B, are

restricted to specific uses in foods. These nine color additives are chemically classified

as azo, indigoid, pyrazolone, triphenylmethane, and xanthene dyes and are described

further in Table 4.2.

FD&C Blue No. 1 is bright blue. It is used in sport drinks, dairy products, candy,

cakes, and cake decorations. Its uncertified equivalent, or technical grade, is often

used in cleaning products. FD&C Blue No. 2 is a darker blue and is used in baked

goods, cereals, snacks, ice cream, and candy. It is a derivative of indigo and is air

and light sensitive. FD&C Green No. 3 is a sea-green color. It is used in ice cream

and mouthwashes but is the least commonly used certified color additive because

green food color is usually obtained from the combination of blue and yellow color

additives. FD&C Red No. 3 is a cherry red dye that is used for coloring maraschino

cherries, pistachio nuts, yogurt, candy, cakes, and cake decorations. FD&C Red No.

40 is the highest volume dye certified every year and is used in many products includ-

ing beverages, gelatin, candy, and cake decorations. FD&C Yellow No. 5 is a lemon-

yellow dye used to color beverages, snack foods, ice cream, candy, and cereals. This

color additive and FD&C Blue No. 1 are usually used together to produce green food

coloring. FD&C Yellow No. 6 is a yellow-orange dye used to color snack foods,

cereals, ice cream, and candy. FD&CYellow No. 5 and FD&CYellow No. 6 are often

used together to make snack foods look like cheese. Citrus Red No. 2 is an orange dye

used to color the skins of oranges that are not intended or used for processing. Orange

B is another orange dye that is permitted for coloring frankfurters and sausages.

However, no new batches of Orange B have been certified since 1975 and other color

additives are used instead.
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Table 4.2 Certified color additives permitted for use in food

21 CFR

section

Color

additive

Uses and

restrictions Chemical structure of dye

74.101 FD&C

Blue No. 1

Foods

generally

N+N

Na+

Na+

SO3
−

SO3
−

SO3
−

74.102 FD&C Blue

No. 2

Foods

generally
H
N

N
HO

O

Na+ Na+

SO3
−

−O3S

74.203 FD&C

Green No. 3

Foods

generally

N

OH

Na+

Na+

N+

SO3
− SO3

−

SO3
−

74.250 Orange B Casings or

surfaces of

frankfurters

and

sausages,

NTE

150 ppm (by

weight)

−O3S N

N
N

N

SO3
−

O
O

O

Na+

Na+

74.302 Citrus Red

No. 2

Skins of

oranges not

intended or

used for

processing,

NTE

2.0 ppm (by

weight)

N

N

OH

O

O

Continued
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4.4 Color additive lakes

Color additive lakes are insoluble pigments composed of water-soluble straight colors

strongly adsorbed onto insoluble substrata by the use of precipitants. Lakes offer many

technical advantages over the straight colors. Chemical bonding of the straight color

with the substratum generally promotes light and heat stability. Furthermore, because

lakes are insoluble in most solvents, their use in foods limits color migration.

FD&C Blue No. 1, FD&C Blue No. 2, FD&C Green No. 3, FD&C Red No. 40,

FD&C Yellow No. 5, and FD&C Yellow No. 6 may be used to prepare lakes for food

use. The straight colors are required to be batch certified prior to their use in food

lakes, and the finished lakes also are required to be certified. As discussed in

Table 4.2 Continued

21 CFR

section

Color

additive

Uses and

restrictions Chemical structure of dye

74.303 FD&C Red

No. 3

Foods

generally
Na+

Na+

–O

O

I

O

I

O

I

O−

I

74.340 FD&C Red

No. 40

Foods

generally

N

N
O

HO

Na+

Na+ SO3
−

−O3S

74.705 FD&C

Yellow

No. 5

Foods

generally
Na+

Na+

Na+

N
N

O

O

O−

N
N

−O3S

SO3
−

74.706 FD&C

Yellow

No. 6

Foods

generally

N

N

HO

Na+

Na+ SO3
−

−O3S

US regulation of color additives in foods 81



Section 4.2, carminic acid may be used to prepare the other permitted food lake,

carmine, which is exempt from certification.

Aluminum and calcium compounds may be used as substrata and precipitants in

food lakes, but for the most part aluminum compounds are used. The first step in

the manufacture of a food lake is the preparation of an aqueous slurry of aluminum

hydroxide (alumina). Addition of an aqueous solution of a straight color produces

a partially precipitated product. The laking process is completed by the addition of

aluminum chloride or aluminum sulfate. The resultant lake is then washed, dried,

and finely ground for use in products.

The color additive lakes are listed in 21 CFR parts 73, 74, 81, and 82 (CFR, 2014).

Carmine is listed in part 73. FD&C Blue No. 1 and FD&CYellow No. 5 lakes for eye

area use and all of the FD&C Red No. 40 lakes are listed in part 74. The other

permitted lakes are provisionally listed in 21 CFR 81.1 in accordance with part

82. Provisional listing was a result of the 1960 Color Additive Amendments, which

required that all of the color additives in use at that time undergo testing for toxi-

cological concerns. In the ensuing years, many color additives were permanently

listed or their listings were terminated depending on interest in their use and the out-

come of toxicological testing. Today, only the lakes in part 82 remain provisionally

listed.

4.5 Color additive mixtures

Color additive mixtures are produced by mixing two or more listed color additives or

one or more listed color additives and one or more diluents. Diluents are noncolored

components added to facilitate the use of mixtures in coloring FDA-regulated prod-

ucts. Permitted diluents are listed in 21 CFR 73.1 (CFR, 2014). The diluents in mix-

tures for food use include substances that are generally recognized as safe (GRAS) and

some individually listed substances, such as water and other solvents, preservatives,

waxes, and gum resins. An example of a color additive mixture is ink used for marking

confectionery.

4.6 Petition process

Color additives must be petitioned for FDA approval in order to be listed in the CFR

for use in FDA-regulated products. There is no exemption from the definition of a

color additive for substances identified as GRAS. Petitions usually are submitted

by product or color additive manufacturers or their representatives. The Federal Food,

Drug, and Cosmetic Act lists four factors that the FDAmust consider in evaluating the

safety of a new color additive or a new use for a listed color additive, which are:

(1) the probable consumption or exposure from its use

(2) the cumulative effect in the diet
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(3) the chemical and toxicological evaluations by experts qualified by scientific training and

experience

(4) the availability of analytical methods for determining purity and acceptable levels of

impurities (FFDCA, 2013).

The need for batch certification also is determined during the petition process.

Specific requirements for submitting color additive petitions are described in 21

CFR part 71 and on FDA’s web site (CFR, 2014; FDA, 2014b). Details of this process

have been described previously (Barrows et al., 2003; Lipman, 2008).

4.7 Color additive certification

Batch certification is required when the composition of a color additive needs to be

controlled by the FDA to protect the public health. In this procedure, a sample from

each newly manufactured batch is sent to FDA’s Color Certification Branch. The

manufacturer also submits a fee for certification services that is based on the weight

of the batch to be certified. A certification request, usually submitted electronically,

must provide the name of the color additive, name of the manufacturer, batch weight,

storage conditions for the batch, and the use(s) for which it is being certified. FDA

personnel evaluate the physical appearance of the sample and chemically analyze

it to determine whether the sample meets the identity and specification requirements

in the corresponding color additive listing regulation.

Typical analyses conducted by FDA’s certification chemists are shown in

Table 4.3. Total dye content (“total color”) is determined in all of the certification

samples. Total color includes the primary dye components and smaller amounts of

subsidiary colors with higher or lower numbers of substituent groups. Uncombined

intermediate starting materials, subsidiary colors, lead, arsenic, andmercury are deter-

mined in most samples, whereas other analyses are performed only for specific color

additives. For example, FD&C Blue No. 1 and FD&C Green No. 3 are formed by

oxidation of their leuco base anions, and residual leuco base is determined in those

samples.

Table 4.3 Certification analyses of color additives permitted
for use in food

Total color
l Spectrophotometry
l Titanium trichloride titration
l Gravimetric analysis

Salts

Uncombined intermediates

Subsidiary colors

Reaction by-products

Volatile matter Unsulfonated aromatic amines

Insoluble matter

Soluble matter

Leuco base

Heavy metals
l Lead, arsenic, mercury
l Manganese, chromium
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If the certification sample passes all of its tests, FDA issues a certificate for the

batch and assigns the batch a unique lot number. In addition, the name of the batch

changes. For example, a batch of “Tartrazine” becomes “FD&C Yellow No. 5.”

FDA provides the lot number and other certification results electronically and mails

the certificate to the manufacturer. Upon receipt of the lot number, the manufacturer

may begin selling the batch to product manufacturers.

21 CFR 70.25 describes storage and labeling requirements for color additive

batches before and after certification (CFR, 2014). The other certification require-

ments are described in 21 CFR part 80. During fiscal year 2014, the FDA certified

a total of 23.8 million pounds of color additives (FDA, 2014a).

4.8 Color additive research

FDA research chemists develop and modify new and existing analytical methods

used for the certification of color additives. Their research includes synthesis and

characterization of reference materials, investigations of unknown impurities, and

incorporation of new analytical technology. Inductively coupled plasma-mass spec-

trometry, quadrupole time-of-flight mass spectrometry, ultra-performance liquid

chromatography, and other state-of-the-art techniques are used for certification.

Research findings are reported at scientific meetings and in scientific publications.

Many methods describing the analyses of components and impurities in certified

color additives permitted for use in food have been published (Hepp, 1996, 1998;

Mai et al., 2006; Weisz and Ito, 2011). In addition, methods for the determination

of permitted and nonpermitted color additives in various food products have been

reported (Harp et al., 2012; Miranda-Bermudez et al., 2012; Petigara Harp et al.,

2013). Other research activities related to color additives include technical support

for color additive petition reviews.

4.9 Labeling requirements for foods containing
color additives

The requirements for declaring color additives in food ingredient statements are

described in 21 CFR 101.22(k) (CFR, 2014). In general, consumers must be informed

when artificial color has been added to a food product. However, there are some

exceptions.

Under 21 CFR 101.22(k)(1), the color additives subject to certification are required

to be declared on most food labels by their listed names (for example, FD&CBlue No.

1 or FD&C Red No. 40 Aluminum Lake). Appropriate abbreviations may be used

(for example, Blue 1 or Red 40 Lake) and alternative names may be declared in paren-

theses, such as the European E numbers or Colour Index numbers.

Under 21 CFR 101.22(k)(2), the color additives not subject to certification may be

declared on food labels as “Artificial Color,” “Artificial Color Added,” “Color
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Added,” or by an equally informative term that makes clear that a color additive has

been used in the food. They also may be declared as “Colored with _____” or “_____

Color,” with the blanks filled in by the listed names.

Under 21 CFR 101.22(k)(3), artificial coloring added to butter, cheese, and ice

cream does not have to be declared in the ingredient list unless declaration is required

by a regulation in 21 CFR part 73 or 74. Cochineal extract, carmine, and FD&C

Yellow No. 5 are specifically required to be declared on all food labels because they

are potential allergens or sensitizers (FDA, 1979, 2009).

4.10 Adulteration and misbranding provisions
for color additives in foods

The Federal Food, Drug, and Cosmetic Act contains adulteration and misbranding

provisions that apply to the use of color additives in domestic and imported food

products (FFDCA, 2013). Adulteration means a product is somehow unsafe. Mis-

branding means a product has not been labeled properly. Under section 801(a) of

the Federal Food, Drug, and Cosmetic Act, imported products only need to have

the appearance of a violation in order for the FDA to find them to be adulterated

or misbranded, whereas domestic products need more evidence in order for the

FDA to make this determination.

The use of the uncertified equivalent of a certified color additive in a food product

always makes the product adulterated. Declaration of a certified color additive by its

common name or E number makes a product appear to be adulterated, because it

appears that the color additive has not been certified, whereas the declaration of a

certification exempt color additive by its E number usually just makes a product mis-

branded. Failure to declare on a food product label a color additive that has been shown

by inspection to be present in an ingredient also usuallymakes the product misbranded.

However, failure to declare FD&C Yellow No. 5, cochineal extract, or carmine by

their listed names on food labels always makes the products adulterated.

The presence of a nonpermitted color additive in a food product makes the product

adulterated. Some color additives are permitted in foods in other countries, but are not

permitted in the United States. Examples include Amaranth, Azorubine, Patent Blue V,

Ponceau 4R, Rhodamine B, and Quinoline Yellow. Vegetable carbon is permitted in

food in the E.U., whereas the FDA certifies carbon black as D&C Black No. 2 only for

use in coloring cosmetics. Furthermore, some color additives are related to food colors

permitted in other countries. One example is curcumin (E100), which is permitted for

coloring food in the E.U. The identity statement for turmeric states that the color

additive is the ground rhizome of Curcuma longa L. However, curcumin is not

an acceptable name for declaring turmeric as a color additive on food labels. Another

example is anthocyanins (E163). Grape color extract, grape skin extract (enocianina),

and some fruit and vegetable juices all contain anthocyanins as components. However,

anthocyanins is not an acceptable name for declaring any of those color additives in

the United States.
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4.11 Enforcement of the color additive requirements

FDA’s enforcement of the color additive requirements is authorized by the Federal

Food, Drug, and Cosmetic Act (FFDCA, 2013). The enforcement tools used by the

FDA for developing evidence of violations related to color additives include inspect-

ing color additive and food manufacturing firms, screening imported products, and

collecting samples for laboratory analysis. Regulatory actions for domestic products

include information letters, untitled letters, warning letters, detentions, recalls, sei-

zures, injunctions, prosecutions, and civil money penalties. Regulatory actions for

imported products are more limited and include detentions and import alerts.

However, adding a manufacturing firm and product to an import alert means the firm

and future products have the status of “detention without physical examination”

(DWPE) and will always get the FDA’s attention.

The FDA conducts inspections of color additive manufacturers to ensure compli-

ance with labeling, storage, good manufacturing practices, and recordkeeping require-

ments. During an inspection, FDA investigators cross-reference the lot numbers

assigned to the manufacturer’s certified batches with FDA’s certification records to

confirm the validity of the lot numbers and check records of disposal of the batches.

FDA investigators also collect samples of certified batches for re-analysis by FDA

chemists and comparison to the original results.

Both domestic and foreign food manufacturers are subject to FDA inspections.

Finished food product labels are examined for product and ingredient declarations.

Products may be collected for analysis if they are suspected to contain nonpermitted

color additives or appear to be artificially colored but color additives are not declared

on their labels. Laboratory analyses can identify permitted and nonpermitted color

additives in a product but cannot determine whether any of the color additives have

been certified; thus, certification lot numbers must be provided by the product

manufacturers in order to demonstrate compliance with that requirement.

4.12 Additional requirements for color additives

Since passage of the Public Health Security and Bioterrorism Preparedness and

Response Act (Bioterrorism Act, 2002), color additive manufacturers are required

to register with the FDA as food facilities. This requirement is given in 21 CFR

1.232, which references the food ingredient definitions in 21 CFR 170.3 (CFR,

2014). FDA’s food facility registration form includes the general product category

“Color Additives for Foods [21 CFR 170(o)(4)].” Other requirements of the Bioter-

rorism Act that apply to color additive manufacturers include notification prior to

importing food shipments, establishment and maintenance of records of the immedi-

ate previous sources and the immediate subsequent recipients of food products, and

administrative detention of food that presents a serious health threat.
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4.13 Summary

Only listed color additives may be used in FDA-regulated products marketed in the

United States. All color additives must comply with the requirements in their listing

regulations, including the chemical specifications. Color additivesmust be used appro-

priately in products, and manufacturers must consult the listing regulations in order to

do this. Certified material must be used in products when required. Additional infor-

mation about color additives can be found on the FDA’s web site at www.fda.gov.
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5An industry perspective on natural

food colour stability

N. Galaffu, K. Bortlik, M. Michel
Natural Products, Nestlé Research Centre, Lausanne, Switzerland

5.1 The importance of colours for food products

Colour is an inherent property of foods, and it is intimately linked to taste and quality

perception (Clydesdale, 1991). Most of us have already experienced that slightly

green bananas taste different from those coloured yellow–brown, and we do not

expect that canned beans of brownish olive colour have the same taste as those freshly

cooked (Cardello, 1995). Based on such experiences, we build up an expectation of the

relationship between colour and taste. An impressive demonstration of the power of

colour was shown when wine tasting experts were asked to blind taste several red

wines and did not recognize that they were drinking white wines coloured with a

red grape skin extract (BBC, n.d.). Similarly, when we buy food, we examine and

make our choice based on our visual perception, and we are most probably looking

for features that fit our idea of how it should be. This is why the food industry

may treat the appearance of a food product with higher priority than an issue associ-

ated with its flavour (Jaquot et al., 2011). An illustrative example is tomatoes, which

nowadays are available throughout the year. The breeding of tomatoes has been driven

by the need for an attractive colour, uniform shape and a peel that remains intact even

after being transported over long distances, but this has been at the expense of taste

(Causse et al., 2010). The expected sensorial link between colour and flavour is often

exploited by the food industry to complement flavours with appropriate colours: yel-

low for lemon or green for peppermint, for instance. On the other hand, trying to meet

the expectations of potential consumers by adding a colouring substance can also be

used to conceal inferior aspects of a product. In the history of food colouring, the long

lasting dispute in the United States between the manufacturers of butter and those of

margarine using yellow dyes tomimic the appearance of butter is a striking example of

the powerful impact of colour on consumer perception (Burrows, 2009).

Nowadays, the food industry applies colours in food for three main purposes:

(1) where the colour is given by the raw materials or ingredients used to make the fin-

ished product. This concerns fruit or vegetable-based foods, where the naturally present

plant pigments, such as carotenoids, chlorophylls or polyphenolics, create an appealing

appearance without the addition of other colouring substances. The manufacturing is

often governed by the idea of preserving the initial quality of ‘pureness’, that is, by

avoiding any type of additives if possible. Examples are frozen fruit and vegetables, fruit

purees, fruit juices as well as vegetables in ready-to-cook meals; (2) where the purpose
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is to intentionally add colours to substitute, mask or enhance colours that are naturally

present. This includes foods where the initial colour is too faint due to recipe restrictions

or from losses during processing. Beverages, sauces and dairy products such as frappes

are typical products falling into this category; (3) to create a new product identity by

using colour. Examples of these are generally ‘fun’ foods such as some confectioneries,

ice creams and beverages. It is interesting to note that children appreciate blue colours

even though this hue is considered by adults as being the least appetizing colour in foods

(Magoulas, 2009a).

Until a few years ago, the majority of added food colours were chemically synthe-

sized or artificial. Azo dyes, a class of common synthetic colours, have the advantage

of providing high colouring strength, attractive hues and good stability. Azo dyes

were widely used by the food industry, thanks in part to the wide colour palette avail-

able and their low manufacturing costs. In recent years, increasing numbers of scien-

tific publications have linked the use of synthetic colours to health concerns. This has

led the industry to replace artificial dyes with colours from natural sources.

5.1.1 The Southampton six

Europe, in particular, has experienced a strong shift from artificial colours to natural col-

ours in the last 5 years (Rymbai et al., 2011). At the origin of this change was the 2007

Southampton study byMcCann et al. (2007). In this study, about 300 children (aged 3, 8,

and 9) were given either a drink containing a mixture of synthetic food colours (E102

Tartrazine, E104 Quinoline Yellow, E110 Sunset Yellow, E122 Carmoisine, E124 Pon-

ceau 4R, E129 Allura Red) and sodium benzoate or a placebo. These children were

selected from the general population and exhibited the full range of severities of

hyperactivity. By assessing their behaviour after drinking mixtures of the colours and

benzoate, researchers concluded that selected artificial food colours and additives were

the cause for increased hyperactive behaviour in these subjects. However, several other

research groups considered this study to be controversial. The European Food Safety

Authority (EFSA) Panel on Food Additives and Nutrient Sources added to Food stated

‘The data which are currently available – including the Southampton study itself did not

substantiate a causal link between the individual colours and possible behavioural

effects’ (EFSA, 2009). Among the limitations of the new study was the inability to show

which additivesmay have been responsible for the effects observed in the children given

that mixtures and not individual additives were tested.

In an investigation carried out on the Irish population, Connolly et al. (2010) sug-

gested that the dosage and combinations used in the Southampton study were not real-

istic. Nevertheless, the European Authority acted to amend directive EC 1333/2008

and since July 2010, all food products containing any of the six colours used in the

Southampton study have to carry a warning label stating that the product ‘may have

an adverse effect on activity and attention in children’. In addition, the acceptable

daily intakes for E104, E110 and E124 were reduced to 5%, 40% and 17% of the orig-

inal levels, respectively. The use of artificial colours in food remains a hot topic, and

almost at the same time the Southampton study came out, EFSA, as part of its ongoing

mandate, reevaluated the safety of all food additives, with priority given to food colour

additives (E101–E180) and a deadline for completion of 31 December 2015. Having a
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certain amount of discomfort with these warnings, and under increasing pressure from

consumers to remove artificial additives, the food industry has since shifted its priority

towards the use of natural colours. To emphasize that, FSA in the United Kingdom is

fostering the ban of the Southampton’s six colours by inviting the food industry to

avoid using these in current products (Food.gov.uk).

Nevertheless, this task has not been easy. From an industry perspective, replacing

synthetic colours by natural alternatives is not straightforward. Synthetic colours have

a high colouring strength and can be employed in a range of different product types. In

most cases, an off-the-shelf natural colour will not have the same characteristics as its

synthetic counterpart. As indicated by R.J. Foster, ‘natural colours are like clothes –

there is almost always a fit, but one size never fits all’. Generally, when reformulating

a food product with natural colours, the following questions need to be answered:

l What is an acceptable cost? Natural colours are, in most cases, more expensive than synthetic

ones. A 2–10-fold increase in colour cost must be expected. However, costs have come down

in recent years as suppliers have increased their capacities to produce natural colours.
l Is the food product a solid or a liquid? Generally, stability is better in dry products than in

liquids.
l Is it water or oil based? The solubility of the pigment might require additional formulation

efforts.
l What is the product pH? Some pigments such as anthocyanins change colour at different pH.
l Does the colourant influence the product’s flavour characteristics? Natural colourants may

have a noticeable taste, especially when the colour is supplied as a secondary effect from a

coloured food ingredient.
l Are there ingredients present that negatively interact with the natural colour – especially in

nutritionally fortified matrices?
l What are the handling conditions for the colour? The use of a liquid concentrate instead of a

powder might require considerable investments in cold storage facilities.
l What is the shelf life of the product? A very long shelf life is difficult to achieve with natural

colours, and one might need to consider a reduction of the shelf-life period.
l Is the pigment used sensitive to degradation by light and oxygen? Such products might need

additional protection in form of ‘protective sleeves’ and oxygen scavengers.
l As there is no clear definition of the term ‘natural’, do consumers understand the ‘naturality’

of the pigment? Not every pigment is familiar to the consumer, and the wording on the label

needs to be considered. The use of natural colours does not completely eliminate the use of E

numbers. Naturally sourced colours such as anthocyanins (E163), b-carotene (E160) or cur-
cumin (E100) are all sourced from naturally occurring ingredients. They can be labelled by

the industry as natural or non-artificial colours. Synthetic colours having identical chemical

structure as naturally sourced colours are not labelled as ‘natural’ by the food industry.

Artificial colours generally have better chemical stability than natural colours (includ-

ing colouring ingredients) (Scotter, 2011). Natural colours, either intrinsic or added to

a raw material, are very sensitive to pH variations, heat, processing conditions, oxi-

dation and exposure to daylight. For instance, the green colour present in vegetables,

herbs and spices, considered as a sign of freshness, is transformed into dull olive-green

degradation products under the pH conditions that are found in prepared pesto sauces

for instance. Being conscious that recipes or processing conditions are not always

compatible with the requirements for colour stability of the natural pigments in the

product concerned, food manufacturers have improved the applicability of their
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natural pigments (Tolliday, 2010). However, requirements for food safety are a pri-

mary concern, and, as a consequence, the margin for pigment ‘modification’ is rather

limited. One of the first patents related to stabilizing natural green colours dates from

1912 (Blassneck and Blassneck, 1912). Since then, hundreds of patents on this subject

have been filed, including the concept to stabilize the green pigment using copper or

zinc salts. This process manages to increase the shelf life of chlorophyll, and a process

called ‘VeriGreen’ has been developed and authorized for canning green beans and

peas (Segner et al., 1984). As copper and excessive amounts of zinc in food may cause

health issues, regulation restricts the use of these metal salts to specific product cat-

egories. Chlorophyll stability can be further improved by alkaline hydrolysis to the

corresponding chlorophyllins, but this raises the question of whether these colours

should be considered as chemically modified rather than natural.

5.1.2 Colouring ingredients

Colouring ingredients, also called colouring foods (beetroot juice), have been increas-

ingly used by manufactures as they are the most straightforward way to obtain ingre-

dient lists that are free from what consumers consider to be undesirable additives

(Halliday, n.d.). As colouring foods are well-known ingredients, they are well

accepted by the consumers. Nevertheless, from a technical point of view, they can

negatively influence the organoleptic and physical properties of the product. Further-

more, the degree of processing, the concentration and degree of purity of the pigment

are under discussion from a regulatory point of view. In the European Union (EU), a

process for the establishment of guidance notes for food extracts with colouring prop-

erties was started in 2009 and completed in 2013. The outcome was a definition of an

enrichment factor designed to avoid selective extraction of the colouring agent (fAEF,

n.d.). It was also advised that stabilization should be kept to a minimum to preserve the

identity of the described ingredient. However, products formulated with colouring

ingredients are likely to exhibit poorer stability than artificial additives and therefore

present a difficult challenge for food manufacturers.

5.1.3 Outlook for the future

Significant progress has been made in Europe regarding the replacement of artificial

colours with natural alternatives and the United States may soon follow. Nevertheless,

major gaps remain a concern: (i) provision of natural heat-stable and pH-stable blue

and red colours that are compliant with regulatory, kosher and halal requirements, and

(ii) lowering costs, especially when formulating with colouring foods.

This is where food research has a fundamental role in improving formulations of

natural colours to obtain characteristics similar to artificial colours within the regula-

tory framework. To do this, the industry needs tools to rapidly assess when natural

solutions are compliant with shelf-life requirements. This aspect will be treated in

the last part of the chapter.

Table 5.1 shows the available palette of natural colours currently used in the mar-

ket. This table is organized in product categories and gives an indication of the
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Table 5.1 Colour stability

Colour Hue

Typical

source Conditions

Stability in product category

Confectionery Ice cream Beverages Dairy Culinary Bakery Cereals Meat

Anthocyanins

Black grape

Radish

Black

carrots

Berries

Processing T: 0–85 �C m m p m – – – –

T: >85 �C p – p – – – – –

pH m m p m – – – –

Storage Oxygen g g p g – – – –

Light g g p – – – – –

Carminic acid

Carmine

Cochineals Processing T: 0–85 �C g g g g g – 3 –

T: >85 �C m – m – – – – g

pH g m m g g – – g

Storage Oxygen g g g g g – – –

Light g g g – g – – –

Beetroot

(betalains)

Red beets Processing T: 0–85 �C p p – p – – – –

T: >85 �C p p – p – – – –

pH g g – g – – – –

Storage Oxygen p p – p – – – –

Light p p – – – – – –

Continued
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Table 5.1 Continued

Colour Hue

Typical

source Conditions

Stability in product category

Confectionery Ice cream Beverages Dairy Culinary Bakery Cereals Meat

Lycopene Tomatoes

Blakeslea

trispora

Processing T: 0–85 �C – g g g g – – g

T: >85 �C – – – – – – – m

pH – g g g g – – g

Storage Oxygen – g p p p – – p

Light – g p – – – – m

Annatto (bixin/

norbixin)

Annatto

seeds

Processing T: 0–85 �C – g g g – g – –

T: >85 �C – – – – – p – –

pH – g p g – – – –

Storage Oxygen – g p p – – – –

Light – – p – – – – –

Paprika

(capsanthin/

capsorubin)

Red

peppers

Processing T: 0–85 �C – – g – g – – g

T: >85 �C – – p – p – – –

pH – – p – g – – g

Storage Oxygen – – p – p – – p

Light – – p – p – – P

9
6

C
o
lo
u
r
A
d
d
itiv

es
fo
r
F
o
o
d
s
an
d
B
ev
erag

es



b-Carotene
(capsanthin/

capsorubin)

Palm oil

Blakeslea

trispora

Processing T: 0–85 �C m m m m – – – –

T: >85 �C p – p – – – – –

pH g g g g – – – –

Storage Oxygen m p p p – – – –

Light m p p – – – – –

Carthamus

(carthamin)

Safflower Processing T: 0–85 �C g g g g – – – –

T: >85 �C m m m m – – – –

pH g g g g – – – –

Storage Oxygen g g g g – – – –

Light g g g – – – – –

Lutein Marigold

Alfalfa

Processing T: 0–85 �C – – g – – g – –

T: >85 �C – – p – – m – –

pH – – g – – g – –

Storage Oxygen – – p – – g – –

Light – – p – – g – –

Continued
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Table 5.1 Continued

Colour Hue

Typical

source Conditions

Stability in product category

Confectionery Ice cream Beverages Dairy Culinary Bakery Cereals Meat

Curcumin Turmeric Processing T: 0–85 �C g g g – g – g –

T: >85 �C p p p – – – – –

pH g g g – g – – –

Storage Oxygen g m p – m – g –

Light g – p – m – – –

Chlorophylls Nettle

Alfalfa

Processing T: 0–85 �C g g g – – – – –

T: >85 �C p p p – – – – –

pH p g p – – – – –

Storage Oxygen p g p – – – – –

Light p – p – – – – –

Cu-chlorophyll(in)s Nettle

Alfalfa

Processing T: 0–85 �C g g g – – – – –

T: >85 �C p p p – – – – –

pH g g g – – – – –

Storage Oxygen g g g – – – – –

Light g g g – – – – –
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Caramel Sugar Processing T: 0–85 �C g g g g g – g –

T: >85 �C g g g g g – g –

pH g g g g g – g –

Storage Oxygen g g g g g – g –

Light g – – – – – – –

Blue Gardenia/

huito (iridoid

derivatives)

Gardenia

Huito

Processing T: 0–85 �C g g – – – – – –

T: >85 �C m m – – – – – –

pH g g – – – – – –

Storage Oxygen g g – – – – – –

Light g g – – – – – –

Spirulina

(phycocyanins)

Spirulina

Algae

Processing T: 0–85 �C m m – – – – – –

T: >85 �C p p – – – – – –

pH p p – – – – – –

Storage Oxygen p p – – – – – –

Light p – – – – – – –

Abbreviations: p, poor; m, medium; g, good.
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stability of these colours during the product manufacturing or storage. Whenever pos-

sible, the data have been taken from existing literature, otherwise they are based on

personal experience in the handling these colours.

This table may provide a guide for food developers seeking to reformulate their

colours. The most significant colours will be discussed in more detail in dedicated

sections.

5.2 Red colours

Red is one of the colours most used in all categories of food products. Principal natural

red pigments include anthocyanins, lycopene, betalains and carmine. A variety of pig-

ments is necessary to cover all applications. For example, anthocyanins-based pig-

ments give red shades at acidic pH but not at neutral pH, whereas carmine lakes

are stable at neutral pH but can precipitate at acidic pH.

Conversely, betalains showminimal colour change over the whole range of pH, but

are unstable under mild heating conditions and need to be formulated in excess.

Finally, carotenoids such as lycopene can survive both pH variations and mild heat

treatment but are sensitive to light and oxidation.

As a result, the choice of natural colourant depends mainly on processing condi-

tions, food matrix properties and desired shelf life. In addition, the cost of the colour-

ant has a significant influence on the final choice, as its impact on the recipe cost may

be difficult to absorb without changing the cost of the final food product.

5.2.1 Anthocyanins

Anthocyanins belong to secondary plant metabolites within the class of polyphenols

known as flavonoids. Their core chromophore is a 2-phenylbenzopyrilium ion. Antho-

cyanins are the most numerous group of water-soluble natural pigments in plants and

are responsible for the attractive colours of flowers and fruits (i.e., roses, berries and

grapes) as well as vegetables (black carrots, red cabbages and radishes). In addition, as

anthocyanins form the major pigment in red grapes, they are present in the ca.

60,000,000 tonnes of red wines produced annually worldwide. Anthocyanin-

containing ingredients such as black carrot and grape skin are used in a variety of prod-

ucts such as beverages, jams, jellies, ice cream, yoghurt and confectionery. There are

about 550 different anthocyanins that have been characterized, and these are varia-

tions of 18 basic anthocyanidins, the respective aglycone form. Among these 18 spe-

cies, 6 are the most commonly found in nature (see Table 5.2; Melo et al., 2009).

The most interesting property of anthocyanin pigments is their ability to provide a

spectrum of colours from red at acidic pH to violet and blue at neutral pH (Figure 5.1).

The feature of anthocyanins giving blue colour is discussed in more detail below.

Red anthocyanins are limited to acidic pH and can be used for colouring soft drinks

below pH 3 (Hansen, 2013). In addition, extracts from black carrot are extensively

used in dairy products to enhance the colour of strawberry yoghurt (pH 4.5) as in
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red fruit yoghurt. Anthocyanins are also used to restore the colour of fruit preparations

for dairy products; however, carmine has generally been preferred in applications

where colour bleeding between layers is a problem, such as a fruit preparation that

is layered with white yoghurt (Figure 5.2). Recently, it has been shown that the use

of lycopene can match the performances of carmine in these applications.

Table 5.2 Anthocyanins diversification

Name R1 R2 Colour at pH 3

Pelargonidin H H Orange

O

OH

R1

OH

R2
HO

OH

X
Cyanidin OH H Red orange

Delphinidin OH OH Violet

Peonidin OMe H Red

Petunidin OMe OH Violet

Malvidin OMe OMe Violet

The X� counter ion can be chloride or sulphate.
Adapted from Melo et al. (2009).
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Flavylium ion

Carbinol

Quinoidal base

Figure 5.1 pH influence on anthocyanins structure.

Adapted from Ghidouche et al. (2013).
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Microencapsulation of colours was also suggested by several colour houses to

solve this issue (Chapman, 2011).

Using anthocyanins in sugar confectionery is not as straightforward as using arti-

ficial colours, and processing must be adapted to meet the stability requirements of the

colour. In high-boiled sweets, when the sugar mix temperature can reach above

100 �C, degradation of anthocyanins occurs very rapidly, as reported by Patras

et al. (2010). To avoid having to overdose the colour to compensate for the losses

(which would affect the taste and increase the recipe cost), the sugar syrup is cooled

down to about 80 �C and once colour is added, the high-boiled sweets are rapidly

cooled down to room temperature. In sugar panned sweets, the acidic pH of red antho-

cyanin may cause hydrolysis of sucrose to invert sugar, leading to sticky sweets. Here,

the problem may be addressed by fine adjustments of process parameters such as tem-

perature and drying time.

Colour loss can be limited by selecting the right anthocyanin type. For example,

anthocyanins with particular substituents on the flavylium core, such as sugar groups

esterified with phenolic acids (i.e., sinapic or gallic acid), have better stability towards

heat and light (Pina et al., 2012). Purple carrot, red radish and red cabbage are very rich

in acylated anthocyanins, and this is reflected into greater colour stability than other

vegetables such as red sweet potato (Figure 5.3; Giusti and Wrolstad, 2003; Mane

et al., 2013).

The mechanism of stabilization is explained by the fact that substituted anthocy-

anins reorganize in a secondary structural configuration that can protect the pigment

from the hydration reaction normally responsible for the formation of colourless

chalcones (Figure 5.1). This mechanism has been described by several authors as

a co-pigmentation where a non-covalent interaction between the anthocyanin and a

co-pigment takes place (Boulton, 2001; Cavalcanti et al., 2011). In the intermolecular

co-pigmentation, the co-pigments can be other molecules (coloured or colourless),

metal ions or mixtures of these that stabilize the pigment (Eiro and Heinonen,

2002). The resulting effect can generally be expressed as a bathochromic shift

Figure 5.2 Bleeding difference in white yoghurt formulated with black carrot anthocyanins

(a) and lycopene (b).

With the permission of LycoRed Group.
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(absorbance shifted towards lower lmax) and is sometimes accompanied by a hyper-

chromic effect (absorbance increase at lmax) (Pina et al., 2012).

The intramolecular co-pigmentation mechanism, on the other hand, occurs by

self-folding of anthocyanin molecules, and it has been shown to improve the shelf-life

colour stability of certain red wines, as suggested by Brouillard et al. (2003). It is pro-

posed that the folding of a sugar substituent electron-rich phenolic acid, such as caffeic

acid, within the anthocyanidin ring gives rise to further p–p interactions within the

flavylium ion. When this occurs, the pigments are in a stack type organization, and

the chromophore central ring is protected from eventual nucleophilic addition of water

molecules in position 2 (Figure 5.4).

Nowadays, co-pigmentation is one of the main methods to obtain stable red antho-

cyanins for food applications (Mazza and Brouillard, 1987; Lenoble et al., 1996). Red

cabbage, radish and black carrot constitute a family of anthocyanins that exhibit this

feature naturally. However, their characteristic taste is not always appreciated by con-

sumers. Typically, at very low dosages deodorized colours do not have an impact on

the taste. However, with commercial deodorized cabbage at a dosage of >0.3–05%

w/w in milky products, the off taste cannot be avoided. As dosages are generally lower

in sugar confectionery, the off taste can usually be avoided.

O

OH

OH

OH

OHOH

OH

HO

HO

O

O

O

O

O

O

O

R3

R2

R1

Red cabbage 

R1: Glucose
R2: Sinapic/cinnamic acid
R3: H or sinapic acid

Black carrot 

R1: H
R2: Glu-O-sinapic/Glu-O-gallic acid
R3: H

Figure 5.3 Chemical structure of the main acylated anthocyanins from red cabbage and black

carrot.

Adapted from Bakowska-Barczak (2005).

Stacking mechanism

Possible hydration

Anthocyanidin Phenolic acid

Anthocyanin

Anthocyanidin

Phenolic acid

Figure 5.4 Intramolecular co-pigmentation mechanism.
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Another aspect to take into consideration when formulating anthocyanins is the

presence of ascorbic acid. It has been shown that in fortified beverages containing

250 ppm of ascorbic acid, a colour loss of up to 50% occurs after only 3 months of

storage (Chapman, 2011). In addition, the rapid degradation of the flavilium ion in

acerola, a fruit naturally rich in ascorbic acid was demonstrated by De Rosso and

Mercadante (2007). Degradation mechanisms have been hypothesized as occurring

either via the condensation of ascorbic acid on the four position of the pyrilium ring

following loss of aromaticity, as suggested by Jurd (1972) (Figure 5.5), or by oxidative

cleavage via radicals as reported by Iacobucci and Sweeny (1983). Poei-Langston and

Wrolstad (1981) demonstrated that losses can be minimized by putting the product

under a nitrogen atmosphere, thus emphasizing the role of oxygen in the degradation.

On the other hand, co-pigmentation in model grape juice has been found advanta-

geous as the addition of rosemary polyphenols reduced the mutual destruction of

anthocyanins and ascorbic acid. This co-pigmentation also contributed to improve

the colour strength of the juice, which masked the degradation changes during storage

(Brenes et al., 2005).

Lastly, important colour changes can be observed when anthocyanins are in the

presence of transition metal salts used for nutritionally fortified products. It is well

known that the complexation of polyphenols with ferric ions results in a bathochromic

shift (Cavalcanti et al., 2011). Although this mechanism is exploited by nature in

flowers (Yoshida et al., 2009), it can be a problem for the food industry, where fruit

preparations used in yoghurt lose their characteristic colour (Figure 5.6).

O

OO
H

O

O

O

O

HO

HO
HO

OH

OH

Figure 5.5 Colour loss due to condensation of ascorbic acid and anthocyanins as suggested by

Jurd (1972).

Unfortified
Fortified with 

ferrous sulphate 
heptahydrate

Fortified with ferric 
pyrophosphate

Fortified with 
sodium ferric EDTA

Strawberry
puree

Figure 5.6 Colour changes in commercial strawberry puree fortified with different iron salts.
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Among the strategies to avoid or limit colour change is the use of stable iron salts of

chelating agents such as ethylenediaminetetraacetic acid (EDTA). Nevertheless, these

have restricted use in certain countries and for consumer categories, such as young

children, and thus it becomes a challenge for the industry to supply the right amount

of iron without affecting the organoleptic properties of the product (Hurrell, 2002).

5.2.2 Betalains

Betalains are water-soluble pigments commonly found in edible sources such as beet-

root (Beta vulgaris L. ssp. vulgaris), but also in cactus fruits and Swiss chards

(Stintzing et al., 2002; Kugler et al., 2004). The major commercially exploited beta-

lains crop is red beetroot (B. vulgaris) containing about 0.5 g of pigments/kg of veg-

etable (Gasztonyi et al., 2001). Chemical classification differentiates betalains into

betains (red) and betaxanthins (yellow), the difference being in the substituent of

the betalamic acid residue as shown in Figure 5.7. In betacyanins, the substituent is

a cyclo dihydroxyphenylalanine, while in betaxanthins it is commonly glutamine (vul-

gaxanthin I as in beet). As with anthocyanins, esterification with glucose or aromatic

acid have an effect on the lmax of absorption due to co-pigmentation-like intramolec-

ular association (Schliemann and Strack, 1998).

Such difference influences the colour as betacyanins have a more extended delo-

calization of electrons than betaxanthins, and thus lmax absorptions are shifted to the

red frequency at 535–540 nm rather than at 480 nm as observed in betaxanthins. Inter-

estingly, betalains have never been found in the same plant with anthocyanins, which

infers a level of mutual exclusivity (Stafford, 1994).

Betalains are sensitive to degradation and detailed pathways have been reported

by Herbach et al. (2006) (Figure 5.8). Similar to anthocyanins, the stability of

N
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COOH

COOH

N COOH
HO

HOOC

HOOC

O

HO

HO

HO
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Betamic acid
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Betacyanin
(betain from red beet)

N
H

Betamic acid

N
H

R

COOH

R: functional group

Betaxanthin

Amino acid

Figure 5.7 Structural differentiation of betalains. Difference in colour can be explained by the

extent of electron delocalization between the two structures.

Adapted from Schliemann and Strack (1998).
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betalains is affected by several parameters, and for this reason, addition of the col-

our has to be optimized in order to maintain the maximum colour retention in

the food.

Variation in pH from 3.5 to 7 does not induce colour changes nor hydrolytic cleav-

age (Jackman and Smith, 1996). Nevertheless, outside this range, degradation takes

place rapidly (Havlı́ková et al., 1983).

It has been observed that betalains are unstable under oxygen atmosphere, and that

antioxidants such as ascorbic acid and a-tocopherol appear to offer very little protec-
tion against oxidation in colour formulations (Attoe and von Elbe, 1985; Han

et al., 1998).

As reported by various authors, exposure to light also has a negative impact on pig-

ment stability (Attoe and von Elbe, 1981). Oxidation of betalains is accelerated in the

presence of light due to the excitation of electrons from p to p* orbitals with resultant
increased molecular reactivity (Jackman and Smith, 1996). Nevertheless, it has been

reported that in absence of oxygen, light-induced degradation has minimal effect

(Attoe and von Elbe, 1981). Moreover, Bilyk et al. (1981) showed that during storage,

the effect of light irradiation can be eliminated by adding 0.1% of isoascorbic acid to

betalains.

Heat treatment is the most significant issue facing the widespread use of betalain-

containing ingredients in food (von Elbe et al., 1974). Significant colour loss starts to

take place even below pasteurization conditions of 70–80 �C (Havlı́ková et al., 1983).

In addition, care needs to be taken to limit the presence of oxygen and light (Huang

and Elbe, 1985). One of the strategies most commonly used when using betalains in

products that need to undergo heat treatment is to add the colour at the end of the pro-

cess (Emerton, 2008). However, this means that the aseptic conditions have to be

strictly maintained in the process environment.

Finally, the presence of metal ions such as iron may accelerate the degradation and/

or the colour fading of betalains (Herbach et al., 2006; Pyysalo and Kuusi, 1973). As

discussed previously, the addition of metal chelating molecules such as EDTA can

help to avoid undesired colour effects. Conversely, betalain-rich ingredients appear

to degrade slower when compared to purified pigments, since pectic substances in

the pulp are also capable of chelating metal ions (Czapski, 1990). Therefore, in order

to avoid or limit colour loss of betalains during heat processing, the absence of

metal ions, light and oxygen is necessary, thus in turn, requiring the systematic use

of antioxidants and chelating agents.

Figure 5.9 summarizes all factors governing betalain stability that should be taken

into consideration when handling these ingredients (Herbach et al., 2006).

Due to the difficulty and cost of creating ideal environments to handle betalains,

they are not widely used for food colouring; their main application is in the chilled/

frozen category.

Unlike anthocyanins, betalains can, however, provide red colours at conditions of

neutral pH, and this property may be exploited to create alternatives to more expensive

and regulated colours such as carmine. Moreover, betalains can be stabilized effec-

tively by ascorbic acid, in contrast to anthocyanins, whose stability is reduced by

ascorbic acid (Shenoy, 1993).
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5.2.3 Lycopene

Lycopene is the red pigment abundantly found in red fruits and vegetables such as

tomato (up to 200 ppm) (Emerton, 2008), papaya, pink grapefruit, pink guava and

watermelon. This pigment was first identified in tomatoes by Millardet and Schunck

(Kong et al., 2010). Lycopene is a member of the carotenoid family of pigments and as

such is an isoprenoid. This class of molecules possesses a very high degree of electron

delocalization; there are 11 conjugated double bonds for lycopene (Figure 5.10), giv-

ing rise to the characteristic red colour.

Lycopene is a lipophilic compound and thus soluble in certain organic solvents

such as chloroform, tetrahydrofuran and hexane (Olempska-Beer, 2006). Interest-

ingly, lycopene tends to aggregate and form crystals in aqueous media. These crystals

can be the micronized and will disperse uniformly in water, which is one of the com-

mon formulations of lycopene available on the market for food colouring (LycoRed©,

n.d.). As for most of the carotenoids, the two main factors influencing lycopene

stability during processing and storage are

(1) isomerization from all-trans to mono cis or poly cis forms,

(2) oxidation and fragmentation to smaller volatile molecules (Cole and Kapur, 1957a,b).

The all-trans isomer of lycopene is the common form in fruits and vegetables and is

the most thermodynamically stable. Nevertheless, if heated or irradiated, lycopene

will isomerize to the cis form. cis-isomers have a number of physical and chemical

characteristics different from natural lycopene such as melting point and colour

intensity (Xianquan et al., 2005). In addition, as the molecular symmetry changes,
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Figure 5.9 Factors influencing betalain stability (POD–peroxidase, PPO–polyphenoloxidase).

Adapted from Herbach et al. (2006).
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crystallization becomes less obvious and micronization and dispersion in water is lost.

Compared to other natural red colours such as betalains, the stability to heat is accept-

able for applications that require pasteurization. Oxidation of lycopene leads to the

formation of smaller molecules such as acetone, methylheptenone, laevulinic alde-

hyde and (probably) glyoxal. Typically, the colour loss is accompanied by the pres-

ence of an off-flavour due to the presence of aldehydes such as those depicted in

Figure 5.11 (Cole and Kapur, 1957a,b).

The most important degradation factors during processing of foods containing

lycopene are heat, light and oxygen (Figure 5.12) (Xianquan et al., 2005). During pro-

longed heating at temperatures >100 �C (Shi et al., 2003), it has been suggested that

the isomerization towards mono or poly cis-lycopene takes place. Moreover, irrevers-

ible oxidative cleavage leading to lower molecular masses compounds predominates.

Such reactions are dependent on the media in which lycopene is dispersed. For exam-

ple, in tomato products, the rates of the reactions mentioned above are significantly

reduced due to the presence of substances such as polyphenols contained in the fruit

that function as antioxidants (Cole and Kapur, 1957a).

Other solutions to the stabilization of lycopene emulsified at acidic pH include the

addition of antioxidants during formulation as shown by Bou et al. (2011). In this

investigation, one of the causes of oxidation was due to the presence of metal ions

in the form of impurities, acting as pro-oxidation catalysts. Interestingly, EDTA

did not improve stability but instead caused an acceleration of the degradation.

Figure 5.10 Chemical structure of lycopene showing the 11-bond conjugation.

Pseudo-ionone2-Methyl-2-hepten-6-one Geranial

6-Methyl-3,5-heptadien-2-one

Neral

Figure 5.11 Examples of degradation products responsible for off-flavour during heat

processing of lycopene.

Adapted from Xianquan et al. (2005).
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a-Tocopherol was found to provide the best stabilization over the whole shelf life

(250 h).

Encapsulation strategies may also be beneficial to the stabilization of lycopene

(Choudhari et al., 2012). Blanch et al. (2007) reported that the combined use of super-

critical CO2 extraction of lycopene followed by encapsulation with b-cyclodextrins
gave rise to stabilized forms that were maintained for at least 6 months without

any observed degradation.

Due to its strong flavour, lycopene-enriched tomato extract was not used as much

as other red colours such as carmine. One of its typical applications is to impart meat

colour to sausages, where it confers an attractive red colour without the need for nitrite

addition (Østerlie and Lerfall, 2005), and it may be used to provide an attractive colour

in vegetarian sausages.

With the recent price increase of carmine in the last few years, along with the

necessity for access to stable red colours, lycopene has been increasingly used in con-

fectionery and dairy products. Suppliers have pointed out that this pigment has the

same colour and stability as carmine but avoids the controversy over religious dietary

issues associated with the use of cochineals (Watson, 2012).

5.2.4 Carminic acid derivatives

The orange pigment carminic acid is a hydroxy anthraquinone derivative that is pro-

duced by aqueous alkali or ethanol extraction of the female cochineal cactus insect

(Dactylopius coccus Costa). Harvesting and processing of the insects is not an easy

task as it determines the final quality of the colour (Dapson, 2007). South American

countries such as Peru have ideal climatic conditions to grow cactus plants that are the

Poly cis-lycopeneMono cis-lycopene

Fragmentation

All trans-lycopene

Isomerization

Oxidation

Discolouration
(off-flavours)

Less red
(more reactive)

Deep red
(crystalline more stable)

Figure 5.12 Suggested degradation path of lycopene during heat and storage.

Adapted from Xianquan et al. (2005).

110 Colour Additives for Foods and Beverages



vital food source for these insects, and thus it is here where carmine is industrially

most sourced. Crude orange extracts of carminic acid are thus purified prior to being

put into colour formulation production. Carmine, the most used form, is obtained by

adding aluminium sulphate in basic conditions to the cochineal extract. This produces

a complexation of carminic acid to the metal that cause a bathochromic shift that after

sol–gel polymerization gives an insoluble red lake formulation.

Further processing gives water-dispersible powders, and calcium ions may be also

used to assist precipitation of the lake (Figure 5.13).

In order to obtain 1 kg of extract for colourants, about 100,000 insects need to be

processed (Vera De Rosso and Mercadante, 2009).

Due to these poor yields and the fact that until a few years ago artificial colours

were not an issue for the industry, local economy was more in favour of a profitable

business such as vegetables farming (peppers, asparagus, etc.). Nevertheless, due to

the recent trend for natural colours in the food industry, the consumption of carmine

increased greatly from 2004 to 2010 and shortage provoked high boost in price never

before observed (Heller, 2010).

Carminic acid and derivatives are found in a large range of food such as ice cream,

confectionery, culinary, desserts, beverages, dairy and others. Carmine is also widely

used in cosmetics. Carmine is a highly stable pigment that can reasonably withstand

heat processing and adverse storage conditions, but in acidic conditions, precipitation

occurs and carmine is converted into carminic acid (Figure 5.14).

Acid instability notwithstanding, acid-stable red carmines have been recently

developed in response to food industry requirements for stable carmine solution in

an acidic matrix. When carminic acid is boiled in ammonia for several hours, the col-

our remains red and does not precipitate even at pH 2 (Kawasaki et al., 2002). Studies

Carminic acid Carminic acid

Soluble
carmine (lake)

Acid stable
carmine

Soft drinks
Meat

Boiled in alkali

Purification

Precipitation with
aluminium salts in alkali

Extraction with
alkali or acids

Female insect

Hard boiled
sugar confectioneryAmmonia

boiling

Carmine (lake)

Figure 5.13 Processing of

cochineal to obtain the

various carmine derivatives.
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have shown that this is due to the addition of an amino group that imparts zwitterionic

properties (Figure 5.15).

The widespread use of carminic acid derivatives in the food and cosmetic industries

may be explained in part by the fact that they are one of a few rare exceptions of nat-

urally derived colours exhibiting comparable stability to artificial dyes. Indeed, pro-

cessing conditions such as heat or storage under light and oxygen have a minor effect

on degradation. Although these compounds are relatively stable under food processing

conditions, alkaline pH and atmospheric oxidation cause degradation (Gao et al.,

2013), as does SO2 bleaching (Davidek et al., 1990). In the presence of Fe ions as

in fortified products, the colour of carmine shifts to violet when ferrous sulphate is

added (Figure 5.16).

This is most likely due to the fact that Fe displaces the aluminium in the complex

giving rise to a bathochromic shift. Degradation in aqueous conditions in sunlight

takes place rapidly and when compared with anthocyanins, colour loss at acidic pH

is more pronounced (Ghidouche et al., 2013).

Since it is derived from animal sources, carmine is often at the centre of debate with

respect to religious discussions where Halal and Kosher preferences both prohibit the

use of this colour (Watson, 2013). This is an issue for the food industry when looking

for compliant alternatives to carmine if severe processing conditions (i.e., steriliza-

tion) are mandatory.
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5.3 Green and blue colours

Compared to red colours, the green and blue dyes are less frequently used in food

applications. This may be linked to the fact that these colours, principally used in con-

fectionery, ice cream and beverages, only match a few of the flavours found in these

food categories. In addition, the broad application of blue colours is still hampered by

legislative hurdles. In culinary applications where the green colour sometimes pre-

vails and is considered an important marker for freshness, the main focus lies prefer-

entially on the stabilization of green pigments that are introduced via the ingredients

used, such as vegetables or spices.

The principal natural green pigments are the chlorophylls and their derivatives,

which include their corresponding copper complexes. Different shades of green can also

be produced by mixing yellow and blue pigments. Blue colours can be obtained either

from extracts of the algae Spirulina, by the processing of colourless precursors found in

Gardenia, or through complexation of the typically red anthocyanins with co-pigments.

As for other colours, the pH of the food matrix has a strong impact on pigment

stability (Figure 5.17). In addition, extensive heat treatments during processing aggra-

vate unfavourable matrix conditions that may result in an immediate loss of colour in

the corresponding product. Hence, the already existing limited choice for natural blue

and green colours becomes more so when the selected pigments are required to cope

with different processing conditions, food matrix properties and desired shelf life.

5.3.1 Chlorophyll

The human eye is most sensitive in the green colour region and therefore able to

distinguish easily among a broad range of shades of green (Wyszecki and Stiles,

2000). Interestingly, there are only two pigments at the base of all these different

Figure 5.16 Colour difference between a

solution of 0.05% carmine in buffered

water at pH 7 before and after the addition

of FeSO4 �7H2O.
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greens – namely, the chlorophylls a and b. These pigments also provide the green col-

our in plant products consumed by man such as herbs, spices, vegetables and certain

fruits (Heaton and Marangoni, 1996). Used regularly as ingredients, these products

confer a green hue to the food where they are found. In other food categories where

green colour is desired, producers turn to green colourants derived often from extracts

of grass, nettles, alfalfa or spinach (Downham and Collins, 2000). Some suppliers

offer a mixture of natural blue and yellow pigments to avoid known problems linked

to chlorophyll instability. This is only possible in countries where a natural blue col-

ourant is approved by food laws. For instance in Asia, mixtures of Gardenia blue and

Gardenia yellow or turmeric yellow are available (Mortensen, 2006). In Europe where

Gardenia extracts are not permitted, a preparation of the blue phycobilins from Spi-

rulina together with Safflower yellow is used. The green colourant generated by the

mixture of these pigments is expected to yield a better pH stability compared to chlo-

rophyll preparations. Copper-chlorophyll or chlorophyllin, permitted as food addi-

tives in Europe, would be suitable alternatives to the blue and yellow mixtures

because they are also quite acid stable (Hendry, 1996).

The chemical and physical properties of chlorophyll are determined by its molec-

ular structure, which consists of a porphyrin macrocycle esterified with phytol

(Figure 5.18). Phytol is an acyclic di-terpene, which is mainly responsible for the lipo-

solubility of chlorophyll. Thus, water-soluble chlorophyll derivatives can be produced

by saponification of the ester bonds. Alkaline treatment of chlorophyll, however, does

not only liberate phytol but also leads to the cleavage of the second ester on the cyclo-

pentanone ring and may even lead eventually to complete decyclization (Mortensen

and Geppel, 2007). All the reactions occurring on the periphery of the molecule do not

significantly change the absorption spectrum of the resulting chlorophyll derivatives

and thus the perceived colour. The most dramatic colour shift can be observed when

the central magnesium ion is replaced by two protons to give the corresponding pheo-

phytin. The speed of this reaction is closely linked to the acidity of the harbouring

medium and barely proceeds at a pH higher than 7. The pheophytinization reaction

affects not only the isolated molecules but proceeds also in green vegetables after

the natural protection of the chlorophyll in the plant tissue has been lost and the pig-

ment has come into contact with the acidic cell sap as a consequence of processing

Figure 5.17 Effect of heat and pH on pigment stability in crushed basil leaves. After cooking

in a buffered medium at pH 7 (left) and pH 4 (right).
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(Haisman and Clarke, 1975). Since the p-electron system responsible for the absorp-

tion of the visible light is not much affected by the reaction, one could expect that the

colour would not change greatly, but in fact the resulting pheophytins a and b are char-

acterized by a dull brownish olive-green colour. The pheophytinization is by far the

most important degradation mechanism of chlorophyll analogues, which the food

industry needs to cope with since the same conditions promoting the reaction are

widely applied to process and stabilize foods containing herbs, vegetables and spices

(Schwartz and Lorenzo, 1990). The excessive thermal conditions of canning, for

instance, lead to an immediate chemical modification of the molecule (von Elbe

et al., 1986). Other unit operations such as grinding, freezing/thawing, blanching, pas-

teurizing or drying rarely provoke rapid colour degradation but rather initiate a slow

colour transformation that becomes evident at the beginning of the shelf life

(Gauthier-Jaques, 1998).

The degradation proceeds at a higher rate if the vegetables are processed or stored

in an acidic food matrix, as for example in herbs in a vinaigrette sauce. The develop-

ment of alternative conditions is, in most cases, quite restricted since the selected

physical and chemical processing and matrix parameters must comply with the
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requirements of food safety. Nevertheless, several strategies have been developed to

prevent the transformation of chlorophyll, and corresponding patents have been

granted. In some cases, however, these patents cannot be widely applied due to local

food legislation. For instance, the use of zinc to stabilize the green chlorophyll colour

is only permitted in the United States for green beans and peas (von Elbe and LaBorde,

1989). These strategies to stabilize the green colour can be classified as follows:

(a) Prevention of acid-mediated colour degradation by neutralization of endogenous acids and

balancing low pH of food matrices with buffers (the widely used Blair process). However,

buffer induced off-flavours, textural defects and accelerated colour degradation during stor-

age may occur as side effects.

(b) Coating of vegetables with starch, proteins or gums to minimize oxygen diffusion and

migration of acids. Oxidation of the pigment, that is, fading of the colour is concerned

mostly with dry products and with light exposure.

(c) Preserving the pigment stabilizing natural environment in the vegetables by applying soft

processing, for instance, as part of a strategy based on the multi-hurdle technology. Gas

packaging, bio conservation, bacterocins or ultrahigh pressure treatment (<100 MPa)

can be applied in this context. Soft drying using osmotic dehydration (impregnation soak-

ing) before freezing/drying prevents ice crystal formation and the impregnated solutes may

stabilize natural structures.

(d) Chemical modification of the chlorophyll molecule by replacing the central Mg with tran-

sition metal ions such as Cu or Zn to produce a more pH-stable green colour (e.g., by

heating of vegetables in presence of zinc or copper salts). Copper chlorophylls and the

water-soluble copper chlorophyllins are permitted food additives in the EU.

Although the application of the above-mentioned strategies can help to solve a very

specific problem, a globally accepted solution to stabilize the green colour has yet to

be found.

5.4 Blue colour

Blue is a colour that is rare in nature and can be found only in certain foods such as

blueberries, blue maize and blue potatoes. Even though blue is considered the least

appetizing colour by adults, children are often attracted by blue ice cream and con-

fectionery (Magoulas, 2009b).

5.4.1 Gardenia and Spirulina

As discussed above, green colourants may be obtained by mixing blue and yellow

extracts, but food application of the natural colourant Gardenia is only permitted in

some Asian countries (Jespersen et al., 2005). Therefore, issues with stability are

not widely known, and food industries of the Western world are less exposed to such

issues. Gardenia blue is generated through a reaction of amino acids with the colour-

less deglycosylated iridoids Geniposide and Gardenoside (Figure 5.19). The reaction

product was found to be quite resistant to moderate heat treatments and slightly more
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stable at higher pH (Paik et al., 2001). The blue colour obtained from Spirulina con-

sists mainly of the algal photosynthetic pigment phycocyanobilin (Figure 5.19).

The chemical and physical stability of phycocyanobilin are believed to be mainly

governed by the very large protein moiety. As a consequence of the protein solubility,

the phycobilin denatures readily at acidic pH and at temperatures higher than 45 �C
(Jespersen et al., 2005). Compared to Gardenia blue, the pigment was also found to be

less resistant to light fading. Despite these drawbacks, Spirulina may be used in a

broader range of foods because in certain food matrices the blue colour is less prone

to colour shifts due to pH effects. A well-known example of a recent permitted food

application of this pigment is the blue colour of sugar-coated chocolate confectionery

introduced in 2007 (Tolliday, 2010).

5.4.2 Co-pigmented anthocyanins

One approach to improve pH stability of anthocyanins is through complexation

with metal ions as in blue flowers (Yoshida et al., 2009; Brouillard et al., 2010;

Figure 5.20). This has been exploited commercially by several colour suppliers where

anthocyanins colours are complexed with aluminium (Lauro, 2007; Kohler et al., 2001).

Lakes formation is a common way to obtain this effect. In the lake preparation, a

vegetable coloured extract is mixed with aluminium sulphate and sol–gel formation is

triggered by alkalinization. The coloured insoluble precipitate formed is then sepa-

rated and used as a colour, which allows extension of the blue colour domain of
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anthocyanins down to pH 5.5. Unfortunately, below this pH the complex dissociates

and the mixture assumes the red colour once more.

The figures below show a stability comparison of aqueous solutions of commercial

blue colours over pH and standard heat treatment. Anthocyanin lakes are blue at pH 6

and start to become violet at pH 5. Below this pH, typical red hue starts to appear

again. It can be observed very clearly that although the metal improves pH stability,

degradation due to heat treatment remains an issue (Figure 5.21).

In 2009, Sensient Colors, Inc. patented a blue anthocyanin composition stabilized

by combining the anthocyanin with a buffer, and a divalent ion source such as calcium

carbonate (Myers et al., 2011). The positive effect of Ca2+ ions was demonstrated

by the colour stabilization of blue sugar panned dragees that were exposed to simu-

lated daylight for 95 days. After this period, the dragees with the stabilized colour

were still blue while the control sample had lost the majority of its colour. Other

technologies to stabilize blue anthocyanin compositions have also been patented

Metal ion Metalloanthocyanin

Mn+

Mn+

Flavone

Anthocyanin

2 ×

6 ×

6 ×

Figure 5.20 Colour of Commelina communis due to the presence of metalloanthocyanin

complexes.

Taken from Yoshida et al. (2009).
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Figure 5.21 Stability comparison among commercial blue food colours.
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(Galaffu et al., 2014). In one case, the addition of Fe ions and tannic acid to anthocyanins

produced stabilized colours that remain blue down to pH 3 as shown in Table 5.3.

The examples above show the potential for anthocyanins to give not only a broader

palette of colours but also a base to apply different technologies to obtain stable solu-

tions for food colouring.

5.5 Yellow–orange colour

Yellow or orange colours are used in nearly all categories of food products. Principal

natural pigments that could impart a yellow or orange hue include curcumin, safflower

and different carotenoids. Various commercial formulations, often with increased oxi-

dative stability, cover a range of applications.

Apart from safflower and norbixin, yellow/orange pigments are typically liposolu-

ble, and therefore less dependent on the pH of the food matrix. They are prone to oxi-

dation due to their chemical properties and the corresponding oxygen scavenging

properties. The detoxifying effect on undesired radical species in cellular metabolism

combined with a certain health benefit has thus been claimed.

Destabilization of the carotenoids often results in the formation of the correspond-

ing cis–trans isomers. These have different chemical properties but may revert to the

initial structure. It is also believed that isomerization is the first step to degradation. In

this case, the choice for the natural yellow–orange colour depends less on processing,

food matrix properties and desired shelf life because the stabilities of the different

carotenoid species is expected to be quite similar under identical conditions.

5.5.1 Carotenoids for yellow and orange hues

The yellow/orange-coloured carotenoids are a group of fat-soluble pigments found

only in plants and microorganisms. In foods, they are especially abundant in

yellow–orange fruits and vegetables and in dark green leafy vegetables. Carotenoids

play an important role in human health because most of them can act as antioxidants

in vivo. b-Carotene is known for its provitamin A activity. The most common yellow/

orange carotenoids used for colour purpose in food are (Figure 5.22) as follows:

Table 5.3 pH stability comparison between a red cabbage
extract that has been stabilized against a commercial red
cabbage extract

pH Unstabilized Stabilized

7 – –

5 (DEab pH7–pH5) 1.5 17.3

3 (DEab pH7–pH5) 6.5 36.8

Source: Galaffu et al. (2014).
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b-Carotene. b-Carotene in food originates either from the raw material such as car-

rots or leafy green vegetables or is added as a colourant extracted from sources such as

palm oil fruits, Dunaliella algae or Blakeslea trisporea (Mortensen, 2006). Nature

identical b-carotene additives are also produced via chemical synthesis but are not

labelled as natural. b-Carotene has a large portion of the market (around 17% of

the global and 40% of the European market, the annual output is thought to exceed
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500 tonnes) and was first marketed in 1954 (Downham and Collins, 2000). The 15-cis
b-carotene in the figure illustrates the impact of isomerization of the molecular

geometry.

Lutein. Lutein has the typical colour of egg yolk and good sources are leafy veg-

etables such as spinach. Food colour additives based on lutein, which are widely used

in the EU but not allowed in the United States, were mostly extracted from the sepals

of the marigold flower. Lutein origination from marigold is esterified with saturated

fatty acids modifying its physical and chemical properties.

Bixin/norbixin. The natural cis-isomer bixin is extracted from the seed coating of

the annatto tree. Saponification of the extracts with alkaline solutions yields the water-

soluble norbixin. Both additives are widely used in the United States whereas their

application in the EU is more restricted (Scotter, 2009).

Capsanthin/capsorubin. Capsanthin and capsorubin are the major pigments found

in paprika, the spice produced from dried fruits of bell pepper or chilli pepper plants.

Together with other minor carotenoids, they are responsible for the orange-reddish

colour of paprika oleoresins, the liposoluble extracts. The extracts are preferentially

prepared from Capsicum varieties selected mostly for their low pungency (Wrolstad

and Culver, 2012).

They can be distinguished by their carbon chain length (the shorter apocarotenoids

bixin/norbixin) or by their additional oxygen groups (the xanthophylls lutein, cap-

santhin and capsorubin).

Much of what has been discussed for the red carotenoid lycopene is also applicable

to the yellow/orange carotenoids: the highly unsaturated molecular structure renders

them susceptible to isomerization and oxidation. Besides processing conditions, the

degradation of carotenoids depends on the structure of the molecule, its integration

into specific food matrices, the presence of pro-oxidants (such as metal ions), the pres-

ence of antioxidants and exposure to light and to oxygen. It is difficult, therefore, to

assess any general effects of food processing on carotenoid stability (Maiani et al.,

2009). The impact of the food matrix may serve as an example of the complexity

of the system. Since carotenoids are essentially water insoluble, the carotenoid will

only dissolve in the lipid phase of the food matrix. In comparison, the reactivity of

the carotenoid molecule in its naturally occurring form (e.g., b-carotene forms crystals

in carrot cells), the solubilized pigment may easily isomerize and/or readily interact

with radicals or antioxidants. It is known that both types of interaction have an emi-

nent impact on the stability of the carotenoid. Indeed, Schieber and Carle (2005) have

concluded that the isomer type formed during processing strongly depends on the

applied heat and the presence of lipids. Conversely, the overall losses of carotenoids

during cooking in the presence of fat were reduced probably due to the protective

effect of the oil matrix (Delgado-Vargas et al., 2000). The effect of isomerization

on food colour is onlymarginal since the optical properties of the transformed pigment

do not change drastically (Schieber and Carle, 2005). Fragmentation or oxidation and

subsequent cleavage of the molecule to low molecular weight compounds can, how-

ever, lead to a complete loss of colour (Yahia and Ornelas-Paz, 2009). The potential

pathways of degradation and resulting breakdown products for b-carotene are

depicted in Figure 5.23 Schwartz et al. (2007), Scotter (1995) and Scotter et al. (1998).
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Carotenoid degradation can also be a problem during food storage and may even

exceed the losses observed during processing as discussed by Maiani et al. (2009) for

lutein.

Strategies to prevent carotenoid degradation can be derived from the critical factors

inducing and promoting carotenoid degradation discussed above. They could be

summarized as follows:

– Prolonged heat treatments should be avoided since this can lead either to an immediate frag-

mentation of the carotenoid (excessive heat) or can catalyze the degradation induced by

oxygen and/or food matrix compounds.

– Oxidative damage can be minimized by excluding oxygen as much as possible during

processing and storage (i.e., by using an inert atmosphere or oxygen barrier packaging).

Appropriate packaging could also prevent photo degradation of the pigment during storage.

Where possible the carotenoid containing material could be coated or encapsulated.

– Free-radical induced degradation can be reduced by breaking the chain reaction with

antioxidants. In colour additives, the necessary antioxidant can be formulated with the

pigment. In water-dispersible formulation, the antioxidant needs to be selected accord-

ingly. However, the antioxidant may react as pro-oxidant under certain conditions

(Delgado-Vargas et al., 2000).

– Pro-oxidant activity of transient metal ions such as the most prevailing iron, need to be

controlled either by restricting the access of the carotenoid to these pro-oxidants through

physical or electrostatic barriers or by binding the ions with the aid of a metal chelator

(Boon et al., 2010).
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Figure 5.23 Potential degradation products of b-carotene.
Adapted from Schwartz et al. (2007).
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5.6 Rapid stability assessment of natural colours

When formulating a coloured product, food manufacturers need to ensure that the

appearance of the product will be stable over its required shelf life. This is because

consumers will perceive colour loss as a sign of quality deterioration (Sutherland

et al., 1986). Many food products require colour stability over long periods. For exam-

ple, soft drinks are required to have a shelf life of 9 months (Boyer and McKinney,

2011). The evaluation of a colour in a product can be very time consuming and

may delay product launches. Accelerated shelf-life testing (ASLT) has can be used

to quickly decide whether a colour fits a certain application (Labuza and Schmidl,

1985). In a typical ASLT experiment, a product is subjected to a number of extreme

environmental factors (high concentration of oxygen, high temperature or water activ-

ity, etc.), which can cause its rapid deterioration (Bell, 2001). Arrhenius or Q models

are then used to predict shelf life for the product at different temperatures and times.

Accelerated daylight irradiation has been applied to predict the shelf life of photo

sensitive products such as fatty acids and coloured saffron beverages (Manzocco et al.,

2008, 2012). Interestingly, during these tests, the daylight irradiation at 8000 Lux on

degradation was more significant than temperature increase. In order to determine

shelf life for natural colours, an investigation on the effect of the temperature on sam-

ples under continuous light irradiation was carried out (Teoh, 2010). The results of this

investigation showed that 4–8 weeks were necessary to observe a significant colour

loss in the samples based on the evaluation of the CIELab* values.

By comparing accelerated against normal conditions of degradation under day-

light, Ghidouche et al. (2013) described how this can be used to carry out rapid

shelf-life prediction for selected natural colours. Model aqueous solutions of natural

colours were irradiated under a normal daylight D65 source for up to 6 months to sim-

ulate an average shelf life at 25 �C. It was observed that the same degradation could be

obtained under high light intensity conditions (accelerated conditions) within a max-

imum timeframe of 6–7 days of irradiation. To correlate the days in accelerated con-

ditions to those obtained under normal conditions, the authors presented a parameter

referred to as QL that could be used to convert the days under high light intensity con-

ditions to those of normal irradiation conditions as shown in Table 5.4.

Once acceleration conditions are established, these methods can be used to rapidly

discriminate and prioritize among different natural colouring solutions. They also

enable manufacturers to establish a strategy to maintain the desired colour in a product

Table 5.4 QL factors relating accelerated to normal degradation
conditions

Colour Carmine Black carrot Cu-chlorophyllin Huito

pH 3 41 56 NA 38

pH 5 22 28 32 40

pH 7 20 20 30 37

Adapted from Ghidouche et al. (2013).
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and ensure that the required quality standards will be met prior to the application of the

colourant in the product. Nevertheless, all prediction models need to be verified

against experiments carried out in real time conditions in order for values, such as

QL, to be as close as possible to reality.

5.7 Conclusions

In Europe, natural colour usage in food drastically increased after the ‘Southampton’

study raised concerns over a possible negative health impact of some artificial dyes on

children. However, the industry has faced a number of challenges in replacing artifi-

cial dyes, both from a technical perspective and for reasons of ingredient cost. Since

the use of artificial colours in food is becoming phased out in emerging economies, the

challenge is even greater, with lower priced products being less able to absorb

increased manufacturing costs. Thus, the price of reformulated products increases,

and this is likely to have a strong impact on consumer choices. In addition, there is

no panacea for colours and thus stability is very matrix- and process-dependant,

and the choice of a solution has to be adapted case by case. There are also cases where

the legislation requires products to undergo drastic heat conditions that some natural

colours cannot withstand. In this case, industry is not able to reformulate the product,

and discontinuation needs to be considered as an option. Scientific advances in natural

colours are therefore important to ensure that products can achieve acceptable stabil-

ities in terms of visual expectations (especially during shelf life) and are still afford-

able to consumers. One way would be to focus on natural raw materials that are

accessible and inexpensive or could be readily obtained. Otherwise, breeding technol-

ogies applied to large-scale production of fruits and vegetables might give access to

more colour concentrated extracts at lower price. Anthocyanins might be a good exam-

ple because they are abundant in nature, can be sourced from by-products of the food

industry, can provide a variety of colours and stabilization mechanisms such as co-

pigmentation, and are really well known but not largely applied in practice. Therefore,

methods to stabilize them effectively by decreasing colour degradation (improve of

shelf life) or by further amplifying intensities via hyperchromic effects (even lower dos-

age in product) will be very valuable for the industry. However, the testing of product

shelf life requires significant resources. In factories, for example, this can be cost and

time consuming since trials are normally carried out on large production batches.

Where a trial is unsuccessful, significant quantities of materials are wasted. Therefore,

simple model systems to test the stability of various solutions in parallel that give rapid

responses and can be representative of the fate of a product would be beneficial.
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6Methods of analysis for food

colour additive quality and safety

assessment

M.J. Scotter
The Food and Environment Research Agency, York, United Kingdom

6.1 Quality and safety assessment

There are essentially three reasons for analysing colour additives:

(1) To assess the technical suitability of the colouring material for its intended application,

including batch-to-batch consistency and the characterisation of new colours.

(2) To determine if it complies with the various purity and safety criteria laid down in national

and international regulations.

(3) To determine the presence and concentration of colours in foods and beverages in order to

study any interactions between the colour(s) and food components, to monitor regulatory

compliance and/or to obtain exposure data.

This chapter will focus mainly on analytical methods for the main colour principles.

Other major and minor components will be discussed only where appropriate. For the

purposes of this chapter, synthetic colours are generally referred to as dyes and lakes

and are regarded as water-soluble dyes precipitated onto an inert substrate, for exam-

ple, alumina, to produce a water-insoluble formulation. Natural colours are defined as

those that occur in nature but can also be synthesised as nature-identical forms. These

may include mineral, plant, and animal products with or without some form of chem-

ical modification. To avoid confusion, ‘pigments’ are regarded within the context of

this chapter as water-insoluble food colours that require some form of dispersal to

affect their colouring properties in aqueous systems.

The major components of synthetic water-soluble food colour formulations are

active dye(s) (including subsidiary dyes), inorganic salts, and moisture (Scotter,

2003). Other constituents may be permitted diluents or extenders that may be added

for standardisation purposes or to facilitate the incorporation of the colourant for cer-

tain applications including lakes. For natural food colours, the situation is more com-

plicated due mostly to the fact that, except for nature-identical colours, the source

materials are many and varied, a number of different extraction and purification reg-

imen are used involving solvents, heat, and so forth, and the chemical scope of per-

mitted natural colours covers a large array of different chemical species, including one

or more colour principles. Caramels, for instance, are produced from the reaction

between sugars and other permitted chemicals in the presence of heat, and yet their
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chemical entities have still to be fully identified and characterised for the purpose of

safety assessment. While quality aspects may differ from the safety aspects of food

colours, they are not mutually exclusive and some overlap occurs. Thus, the quality

of a food colour additive is concerned generally with its suitability for intended appli-

cation in a given food, while its safety is concerned with whether it presents a risk to

consumers.

Various methods are used to assess the quality and safety aspects of food colours.

The choice of method depends not only upon whether the colour is artificial or natural

but also on its method of production and thus on its physicochemical properties. These

properties often define, or at least direct the analyst to the most appropriate analytical

technique. Since food colours are prepared in a number of different formulations in

order to meet application requirements, different quality criteria are applied to differ-

ent types of colours; hence, the analytical requirements for quality and safety assess-

ment vary somewhat. However, once a colour has been added to a food, the quality and

safety aspects change. Thus, the food producer may be interested in the efficacy of the

colour formulation in the foodstuff, for example:

l Has it produced the desired shade, strength, and stability?
l Is it cost-effective?
l Does it comply with regulations with respect to its chemical identity?

Stakeholders concerned with food safety may be interested in such aspects as:

l Whether the colour complies with regulations, that is, is the colour permitted in a certain

food and if so, does the level present exceed the maximum permitted level?
l The purity of the colour in terms of impurities?
l Any chemical changes during the processing giving rise to contaminants that represent an

increased health risk to consumers?

6.1.1 Quality aspects

Colour quality is assessed through determination of properties such as shade, hue, and

strength (i.e. purity), which are linked to total dye content and water (or other solvent)

solubility. Other important criteria include microbiological characterisations (for nat-

ural colours); heat, light, and acid/alkali stability; and taking into account any other

additives or processing aids used in production and the appropriateness for certifica-

tion as, for instance, for Kosher or Halal permitted additives. Colour manufacturers

make every effort to ensure high quality and batch-to-batch reproducibility, which

is especially difficult for natural colours because of the natural variations in raw mate-

rials. The relationship among the psychological processes involved in the human per-

ception of colour (and its associated appearance qualities – see Chapter 7), the many

components and variables encountered in the visual judgements of food, and control

and measurement of colour using the standardised International Commission on Illu-

mination (CIE) system, is discussed in detail elsewhere (MacDougall, 2002).
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6.1.2 Safety aspects

All permitted food colour additives in the EU (and elsewhere) are thoroughly assessed

for safety on a regular basis, including natural colours extracted from recognised food

sources. For the synthetic colours, the purity criteria include impurities derived from

manufacturing such as starting materials (e.g. unsulphonated primary aromatic amines),

heavy metals, intermediate compounds, and subsidiary colouring materials – namely,

coloured components other than the main colour principle(s). Intermediate compounds

are defined collectively as the precursors and side reaction products arising from the

various synthetic stages and transformations such as oxidation, reduction, condensation,

amination, sulphonation, and diazotisation. Several intermediates are common to a

number of synthetic dye classes whereas others are unique. These are summarised in

Table 6.1 and give rise to some interesting issues.

For example, Ponceau 4R (E124, P4R) and Sunset Yellow (E110, SY) are struc-

turally similar, the difference being an additional sulfonate group on P4R

(Figure 6.1). P4R can occur as a minor impurity (subsidiary colour) in the production

of SY and the reverse situation is also conceivable. The EU specification for SY is

85% total colouring matter, and for P4R it is 80%. The maximum total amount of

Table 6.1 EU specified intermediate compounds for synthetic
food colours

Colour E no. Intermediate compoundsa,b

Tartrazine 102 4-hydrazinobenzenesulfonic acid

4-aminobenzenesulfonic acid

5-oxo-1-(4-sulfophenyl)-2-pyrazoline-3-carboxylic acid

4,4¢-diazoaminodi(benzenesulfonic acid)

Tetrahydrosuccinic acid

Quinoline

Yellow

104 2-methylquinoline

2-methylquinolinesulfonic acid

2-(2-quinoyl)indan-1,3-dione

Sunset Yellow

FCF

110 4-aminobenzene-1-sulfonic acid

3-hydroxynaphthalene-2,7-disulfonic acid

6-hydroxynaphthalene-2-sulfonic acid

7-hydroxynaphthalene-1,3-disulfonic acid

4,4¢-diazoaminodi(benzenesulfonic acid)

6,6¢-oxydi(naphthalene-2-sulfonic acid)

Carmoisine 122 4-aminonaphthalene-1-sulfonic acid

4-hydroxynaphthalene-1-sulfonic acid

Amaranth 123 4-aminonaphthalene-1-sulfonic acid

3-hydroxynaphthalene-2,7-disulfonic acid

6-hydroxynaphthalene-2-sulfonic acid

7-hydroxynaphthalene-1,3-disulfonic acid

7-hydroxynaphthalene-1,3,6-trisulfonic acid

Continued
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Table 6.1 Continued

Colour E no. Intermediate compoundsa,b

Ponceau 4R 124 4-aminonaphthalene-1-sulfonic acid

7-hydroxynaphthalene-1,3-disulfonic acid

3-hydroxynaphthalene-2,7-disulfonic acid

6-hydroxynaphthalene-2-sulfonic acid

7-hydroxynaphthalene-1,3,6-trisulfonic acid

Erythrosine 127 Tri-iodoresorcinol

2-(2,4-dihydroxy-3,5-di-iodobenzoyl)benzoic acid

Red 2Gc 128 5-acetamido-4-hydroxynaphthalene-2,7-disulfonic acid

5-amino-4-hydroxynaphthalene-2,7-disulfonic acid

Allura Red AC 129 Sodium 6-hydroxynaphthalene-2-sulfonic acid

4-amino-5-methoxy-2-methyl benzenesulfonic acid

6,6¢-oxybis(2-naphthalene sulfonic acid)

Patent Blue V 131 3-hydroxybenzaldehyde

3-hydroxybenzoic acid

3-hydroxy-4-sulfobenzoic acid

N,N-diethylaminobenzenesulfonic acid

Indigo Carmine 132 Isatin-5-sulfonic acid

5-sulfoanthranilic acid

Anthranilic acid

Brilliant Blue

FCF

133 2-, 3- and 4-formylbenzenesulfonic acids

3-[[N-ethyl-N-(4-sulfophenyl)amino]methyl]

bezenesulfonic acid

Green S 142 4,4¢-bis(dimethylamino)-benzhydryl alcohol

4,4¢-bis(dimethylamino)-benzophenone

3-hydroxynaphthalene2-7-disulfonic acid

Fast Green

FCFc
143 2-, 3- and 4-formylbenzenesulfonic acids

3- and 4-[N-ethyl-N-(4-sulfophenyl)amino]

methylbenzenesulfonic acid

2-formyl-5-hydroxybenzenesulfonic acid

Brilliant Black

PN

151 4-acetamido-5-hydroxynaphthalene-1,7-disulfonic acid

4-amino-5-hydroxynaphthalene-1,7-disulfonic acid

8-aminonaphthalene-2-sulfonic acid

4,4¢-diazoaminodi(benzenesulfonic acid)

Brown FKc 154 4-aminobenzene-1-sulfonic acid

m-phenylenediamine

4-methyl-m-phenylenediamine

Brown HT 155 4-amino-1-naphthalenesulfonic acid

Lithol Rubine

BKd
180 2-amino-5-methylbenzenesulfonic acid, calcium salt

3-hydroxy-2-naphthalenecarboxylic acid, calcium salt

aAs prescribed in EU colour specifications.
bExpressed as sodium salts unless specified otherwise.
cNot permitted in the EU.
dFor marking of cheese rinds only.
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subsidiary colours permitted for SY and P4R are 5% and 1%, respectively. Thus,

while both P4R and SY are permitted in the EU, this is not the case in certain other

countries where SY only is permitted. P4R will therefore be regarded as an illegal dye

if present as an impurity of SY, regardless of the fact that is a subsidiary colour of SY.

Since natural colours are generally derived from recognised food sources, the

purity criteria include total percentage of colouring matter (with a view to defining

residual matter), the principal colour components (including all analogues and iso-

mers, etc.), and known processing artefacts and contaminants. The extraction of col-

ours from natural raw materials invariably requires the use of solvents; hence, there

are limitations on levels of residual solvents as well as other co-extracted materials

such as oils, resins, and volatiles.

When new scientific data becomes available, or when there are significant changes

to manufacturing conditions or food applications, the safety of food additives must be

reassessed. For example, the European Food Safety Authority (EFSA) publishes opin-

ions on the safety of food additives use on a regular basis. The scope of these assess-

ments includes aspects of chemical characterisation, stability, and reaction in food

systems in addition to the biochemical/toxicological safety aspects. The latter include

mode of action, animal/human studies, risk assessment, including exposure estimates,

and acceptable daily intakes (ADIs), which provides scientific advice for risk man-

agers and evidence for policy makers.

6.1.3 Food colour specifications

While many countries have national regulations covering the use of food additives, a

series of international standards for food and agricultural products also exist to help

ensure fair international trade and consumer protection. In this chapter, the emphasis

will be on those regulations and codes of practise prescribed by the European Union

(EU) underpinned by the work of the EFSA, and those prescribed by the Joint Expert

Committee on Food Additives (JECFA) administered jointly by the Food and Agri-

culture Organization of the United Nations (FAO) and the World Health Organization

(WHO) (see Chapter 3). Other regulatory bodies such as the Food and Drug Admin-

istration (FDA) of the United States will be considered where appropriate.

In the EU, the principal provisions of additives legislation prescribe purity criteria

(i.e. specifications) that are laid down in specific Directives (see Chapter 3).
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Figure 6.1 Chemical structures of Ponceau 4R and Sunset Yellow FCF.
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The specifications for food colours are laid down in Commission Directive 2008/128/

EC (EU, 2008). Similar purity criteria are prescribed by JECFA, though some differ-

ences exist (JECFA, 2013). In particular, many natural colours are listed in the

JECFA specifications that are not permitted for use in foods in the EU. There are

no methods of analysis prescribed in Commission Directive 2008/128/EC other than

those stipulated for compliance with specific quality and safety criteria associated

with the colouring materials. Under ‘definition’ the assay specifies minimum colour

content based on spectrophotometric measurement at a specific wavelength and in a

specified solvent along with an extinction coefficient (E1cm,1%) against which colour

content is assessed (Table 6.2).

6.2 Methods for synthetic colours

A range of different analytical techniques have been developed for the analysis of

synthetic food colours to meet the needs of both quality and safety specifications.

Moisture content is determined either gravimetrically, that is, loss on drying, or by

non-aqueous titrimetry. The facile reduction of azo, triarylmethane, and indigoid dyes

is the basis of the tin (II) chloride titrimetric dye content assay, whereas the xanthine

dye Erythrosine (E127) and the quinophthalone dye Quinoline Yellow (E104) are not

reduced by tin (II) chloride and must be assayed by other means. The most commonly

used technique for food dye assay is spectrophotometry in the ultravoilet (UV)–visible

(VIS) range. Spectrophotometric criteria are prescribed in EU and JECFA purity spec-

ifications for all synthetic colours (Table 6.2). Inorganic impurities (salts) are gener-

ally determined using gravimetric or electrometric procedures. Specific ions such as

sulphate and chloride may be determined by ion-exchange chromatography (including

high performance liquid chromatography, HPLC) with conductrimetric or ampero-

metric detection. Lake colours present more of an analytical challenge because they

require solubilisation in hot ammonia (or occasionally hot dilute acid) prior to

measurement, as for the water-soluble parent dyes. The use of classic ‘wet’ techniques

for determination of metals has been largely replaced by atomic spectroscopy, which

is far more rapid and precise though X-ray fluorescence than has been used for chro-

mium (Hepp, 1996) and manganese (Hepp, 1998). Soxhlet extraction is generally used

to determine ether-extractable content, whereas specific organic impurities such as

primary aromatic amines are determined by spectrophotometry and/or HPLC follow-

ing diazotisation, though several LC–MS/MS methods for primary aromatic amines

are available.

The separation and quantitation of parent colour principles, subsidiary colours, and

intermediate compounds is readily achieved using HPLC with UV–VIS detection,

superceding column and thin-layer methods, although the latter still finds use in some

laboratories as a relatively cheap screening assay. The colourless leuco base content of

triarylmethane dyes such as Green S (E142) and Brilliant Blue FCF (E133) may be

determined by spectrophotometry following oxidation to the parent colour and mea-

suring the increase in absorbance.
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Table 6.2 EU spectrophotometric purity specifications for colour additives (excluding inorganics)

E no. Name E1cm, 1% lmax (nm) Solvent(s) Purity min (%)

100 Curcumin 1607 426 Ethanol 90

101(i) Riboflavin 328 444 Aqueous 98

101(ii) Riboflavin-5¢-phosphate 250 375 Aqueous 95

102 Tartrazine 530 426 Aqueous 85

104 Quinoline Yellow 865 411 Aqueous acetic acid 75

110 Sunset Yellow FCF 555 485 Aqueous pH 7 85

120 Cochineal, carminic acid NA 518 Aqueous ammonia 2 carminic acid, 50

chelates

122 Carmoisine 510 516 Aqueous 85

123 Amaranth 440 520 Aqueous 85

124 Ponceau 4R 430 505 Aqueous 80

127 Erythrosine 1100 526 Aqueous pH 7 87

128 Red 2Ga 620 532 Aqueous 80

129 Allura Red 540 504 Aqueous pH 7 85

131 Patent Blue V 2000 638 Aqueous pH 5 85

132 Indigo Carmine 480 610 Aqueous 85

133 Brilliant Blue FCF 1630 630 Aqueous 85

140(i) Chlorophylls 700 409 Chloroform 10 combined

140(ii) Chlorophyllins 700

140

405

653

Aqueous pH 9 90 dried

141(i) Copper chlorophylls 540

300

422

652

Chloroform 10 total

141(ii) Copper chlorophyllins 565

145

405

630

Aqueous phosphate

pH 7.5

95 dried

142 Green S 1720 632 Aqueous 80

150a Plain caramel 0.01–0.12b 610 Aqueous 50 maxc

150b Caustic sulfite caramel 0.05–0.13b 610 Aqueous 50 maxc
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Table 6.2 Continued

E no. Name E1cm, 1% lmax (nm) Solvent(s) Purity min (%)

150c Ammonia caramel 0.08–0.36b 610 Aqueous 50 maxc

150d Sulfite ammonia caramel 0.10–0.60b 610 Aqueous 50 maxc

151 Black PN 530 570 Aqueous 80

154 Brown FK d d Aqueous 70 total

155 Brown HT 403 460 Aqueous pH 7 70

160a(i) Mixed carotenes 2500 440–457 Cylcohexane 5 veg oil extract

0.2 edible fats

160a(ii) Algal carotenes 2500 440–457 Cylcohexane 20

160a(iii)1 b-carotene 2500 440–457 Cylcohexane 96

160a(iii)2 b-carotene from Blakesea trispora 2500 440–457 Cylcohexane 96

160b(i) Solvent extracted annatto;

bixin

norbixin

2870

2870

502

482

Chloroform

Aqueous KOH

75

25

160b(ii) Alkali extracted norbixin 2870 482 Aqueous KOH 0.1

160b(ii) Oil extracted bixin 2870 502 Chloroform 0.1

160c Paprika extract 2100 462 Acetone 7 carotenoids

30 capsaicin/capsorubin

160d Lycopene 3450 472 Hexane 5 total

160e b-apo-8¢-carotenal 2640 460–462 Cyclohexane 96

160f Ethyl ester of b-apo-8¢-carotenoic
acid

2550 449 Cyclohexane 96

161b Lutein 2550 445 Mixed 4

162 Beet red 1120 535 Aqueous pH 5 0.4

163 Anthocyanins 300 515–535 Aqueous pH 3 d

180 Litholrubine BK 200 442 Dimethylformamide 90

aNot permitted in EU.
bColour intensity defined as absorbance of a 0.1% (w/v) solution of caramel solids in water in a 1 cm cell at 610 nm.
cColour bound by DEAE cellulose.
dNot prescribed.
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6.2.1 Synthetic colour determination in foodstuffs

Isolation of synthetic colours from foods and beverage matrices often (though not

exclusively) requires some form of extraction followed by purification to remove

potential interferences and concentration prior to identification and measurement.

Certain types of food samples require pretreatment before the extraction can proceed,

such as defatting with organic solvents and the dilution of sugars and gums that would

otherwise hinder extraction due to their viscosity or tendency to form emulsions.

Liquid samples often require little more than filtering or centrifugation to remove

suspended particles while solid foods require maceration in solvent (aqueous metha-

nol or acetone with an alkaline salt such as tetraborate), often in the presence of a

filter aid such as Celite 545 prior to filtration or centrifugation. Solid foods can be

ground with Celite and 0.1 M HCl to release the acidic dyes prior to extraction into

an immiscible solvent (Glória, 2000).

Colours such as those used for surface dying are readily extracted by soaking in an

alkaline solvent followed by filtration or centrifugation to clarify the extract. Con-

versely, colours that are highly bound to the food matrix (particularly to proteins

and carbohydrates) may be rendered more extractable by enzyme digestion with

enzyme/substrate combinations under optimised temperature and pH conditions,

including amyloglucosidase (for starch), cellulase (cellulose), lipase (lipids), papain

(protein), pectinase (pectin), and phospholipase (phospholipid). However, not all

foodstuff/enzyme combinations deliver the expected improvements in dye extraction

efficacy. This is thought to be due largely to the effects of processing at the dye-matrix

molecular level, which is poorly understood. Other techniques such as supercritical

fluid extraction (SFE) using CO2 can be used as a polar extraction medium that leaves

no ‘solvent’ residue, and dialysis has had limited use for the extraction of colours from

sugar confectionery and soft drinks. Extraction of dyes from foodstuffs invariably

involves aqueous ion-pair extraction followed by back extraction into organic solvent

and then clean up using column chromatography or solid-phase extraction (SPE – see

below) cartridges (Boley et al., 1980; Lawrence et al., 1981; Puttemans et al., 1982,

1983; Spears and Marshall, 1987; Reynolds et al., 1988; Tsuji et al., 1995; Ishikawa

et al., 1996; Glória, 2000). Ion-pair reagents used include Amberlite LA-2, cetrimide,

cetylpyridinium chloride, tetrabutylammonium hydroxide, and trioctylamine. Linear

alcohols or chlorinated hydrocarbons are commonly used as solvents for the extraction

of the ion-pairs from aqueous sample media under specific pH conditions. Cloud

point extraction is gaining popularity as a means of extracting polar molecules by

transferring a non-ionic surfactant from one liquid phase to another by heating, and

it has been applied to the analysis of food colours in liquid, semi-liquid, and solid

foods (Ates et al., 2011).

Various adsorption techniques, including SPE, covering a wide range of adsorption

materials have been developed for the isolation and concentration of food colourants.

Historically, adsorption materials such as alumina, cellulose, powdered leather, and

wool were used, but greater extraction efficacy is achieved through the use of modern

SPE materials. Polyamide has frequently been used to clean up aqueous solutions

of colourant extracts, usually in column chromatographic systems employing
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acetone/water/ammonia mobile phase. However, both Brown HT (E155) and Black

PN (E151), for example, are observed to bind so strongly to this adsorbent that elution

from the column is not achieved (Boley et al., 1980; Reynolds et al., 1988). Other sys-

tems using reverse-phase SPE cartridges have proven very useful for the cheap, rapid

isolation and purification of aqueous dye extracts (Lawrence et al., 1981; Spears and

Marshall, 1987; Reynolds et al., 1988; Tsuji et al., 1995; Ishikawa et al., 1996; Glória,

2000). Cartridges are usually primed with an alcohol followed by a weak acid such as

1% acetic acid to improve retention of the acidic dyes and, after sample application,

are washed with a series of buffered organic phases to selectively wash out (or retain)

impurities prior to selective elution of the dyes.

Certain dyes, for example, Indigo Carmine (E132), the oxidation of which is rel-

atively facile (Boley et al., 1980, 1981) are known to be problematic. The choice of

extraction regime for Indigo Carmine must, therefore, include strategies to avoid oxi-

dation, especially when the colour has been partially isolated from the food matrix.

Oxidation may be prevented or minimised by use of water-soluble antioxidants

and/or reducing agents and by removal of divalent metal ions (M2+) using a chelator

such as EDTA (Glória, 2000).

6.2.2 Qualitative and quantitative analysis

Once isolated from the food matrix, the identities and concentrations of the colours

are determined using a range of analytical separation and measurement techniques.

Spectrophotometric analysis in the visible wavelength range is readily applied to

extracts containing single colours but may be problematic if more than two different

colours are present (see below). Colours are identified by their UV–VIS spectra and

their concentration determined (usually) at the wavelength of maximum absorption

(lmax) with reference to an extinction coefficient (see Table 6.2). Careful adjustment

of the solvent pH is necessary to avoid spectral disturbances characterised by shifts in

position and intensity of lmax. Derivative spectrophotometry (zero, first, and second

order) may be used to determine the concentrations of mixtures of up to five different

colours simultaneously (Dos Santos et al., 2010; Coelho et al., 2010), while other less

routine spectroscopic techniques used for food colours include infrared, Raman and

nuclear magnetic resonance (Venkataraman, 1977), and nanosilver-based spectropho-

tometry for Tartrazine (E102) (Sahraei et al., 2013).

Alternative techniques used to estimate dye concentrations in food matrices

include differential pulsed polarography and differential pulse adsorptive stripping

voltammetry (Ni et al., 1996; Combeau et al., 2002) and various electrophoretic tech-

niques utilising paper, cellulose acetate, or polyacrylamide gels, coupled with a range

of different buffer systems and applied potentials. Capillary zone electrophoresis

(CZE) and micellular electrokinetic capillary chromatography (MEKC) may be

applied to the analysis of food dye mixtures, especially when coupled with photodiode

array detection (Chou et al., 2002), and to fruit powders, lollipops, and other confec-

tionery (Jager et al., 2005).

Due to their inherent lack of volatility, techniques such as gas chromatography

(GC) are not readily used for the direct analysis of food dyes. However, both CZE
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and GC are useful techniques for the analysis of volatile derivatives and certain inter-

mediate compounds. Mass spectrometry (MS) coupled to HPLC or CZE is becoming

more commonplace as instrumentation becomes more affordable. Atmospheric pres-

sure chemical ionisation (APcI) in positive and negative ion modes as well as

pneumatically assisted electrospray may be used to determine both permitted and

non-permitted dyes in foodstuffs (see below).

Chromatography is the most widely used separation technique for synthetic food

colours and has been reviewed by Kucharska and Grabka (2010). Historically, paper

chromatography (PC) has been used for food colour identification and still finds use in

some laboratories because of its relatively low cost and ease of use. Similarly,

thin-layer chromatography (TLC) and column chromatography (CC) systems are also

used routinely but have largely been superceded by HPLC. Silica gel is the most com-

monly reported TLC adsorbent used, although alumina, microcrystalline cellulose,

and high-performance reverse-phase bonded silicas also have widespread use

(Saag, 1982; Scotter, 2003; Glória, 2000). High-performance TLC with densitometric

detection has been used for the determination of dyes in alcoholic and non-alcoholic

beverages. It is clear that HPLCwith some form of spectrophotometric detection is the

most widely used analytical technique for the determination of synthetic colouring

materials in foodstuffs, where the vast majority of systems employ reverse-phase

(RP) HPLC on bonded silica columns. While dyes and subsidiary colours are

monitored in the visible wavelength range, and dye intermediates and other organic

impurities are monitored in the UV range, MS detectors can be used to cover both

ranges per se.
Synthetic dyes require buffered eluants to achieve optimum pH conditions for

desired separations on RP-HPLC, usually with organic mobile phase modifiers meth-

anol or acetonitrile run under gradient elution conditions. The column materials used

are largely based upon octadecyl (C18) phases though shorter-chain alkyl-bonded sil-

icas. Other bonded phases such as amino (dNH2) and cyano (dCN) and cross-linked

polystyrene-divinylbenzene (PSDVB) copolymer column packing materials have

found limited use. The highly polar sulphonic (and less common carboxylic) function-

alities of synthetic food colours result in relatively short retention times in RP-HPLC,

which is often associated with peak tailing if the solvent composition is not buffered

adequately. Ion-suppression RP-HPLC with phosphate buffers at various pH values

modifiedwithmethanol or acetonitrile are used to separate and identifymost permitted

and many non-permitted dyes. Specific RP phases have been designed to allow 100%

aqueous mobile phases to be used without fear of phase collapse, and they function

adequately over the pH range 1.5–10, which allows greater scope for analysis of acidic

dyes in termsof increased retention and selectivity.Because, greater sample throughput

is required in many analytical situations, including food colour analysis from both a

quality and safety perspective, technical developments such as core shell columns con-

taining particle sizes of 2–3 mm may be coupled with standard gradient HPLC equip-

ment and mobile phases. This allows rapid and efficient separation of synthetic food

colour mixtures, thereby reducing analysis time and mobile phase usage (Fu, 2012).

Ion-pair (IP) HPLC is perhaps the most popular chromatographic technique for the

analysis of dyes, subsidiary colours, and uncombined intermediates in foodstuffs,
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utilising ion-pair reagents derived from quaternary ammonium compounds such as

cetyltrimethylammonium bromide (Cetrimide) and tetrabutylammonium phosphate

(TBA). TBA is the most widely used reagent for this mode of separation but is being

superceded by ammonium acetate modified with organic solvents (Glória, 2000).

This is particularly important where MS detection is used since TBA is known to

greatly suppress ionisation. To aid in optimisation and modelling, the separation con-

ditions for RP-HPLC analysis of azo dyes, with respect to separation efficiency and

MS detection with ion-pair systems, the structural effect of sulfonated azo dyes with a

broad range of molecular weights in mobile phases with different ion-pairing reagents

has been conveniently characterised by lipophilic and polar indices (Vaněrková et al.,

2007). Figure 6.2 shows a good example of separation efficiency using ion-pair gra-

dient RP-HPLC with ammonium acetate mobile phase, where a mixture of 13 dyes

(15 components) are separated in under 30 min (Minioti et al., 2007).

Dyes, subsidiary colours, intermediates, and impurities have all been characterised

using ion exchange (IE) chromatography with strong anion exchange (SAX) phases

and strongly buffered mobile phases under gradient elution conditions. Weak anion

exchange (WAX) columns may be used to separate azo dyes and their sulphonated

intermediates using citric acid mobile phase at pH 2.8. Although not enjoying wide-

spread application, high-performance ion exchange chromatography has been applied

to the analysis of acidic food dyes, where the combination of an anion exchange col-

umn and weak hydrophobic properties coupled with a strong acid mobile phase has

been used for the successful separation of eight dyes (Kucharska and Grabka, 2010).
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Figure 6.2 HPLC separation of a mixture of 15 synthetic dyes by gradient RP-HPLC.

Conditions: Column C18 250�4.6 mm�5 mm, mobile phase A – aqueous ammonium acetate

1% (m/v) at pH 7.5, mobile phase B – methanol:acetonitrile 80:20 (v/v), flow rate 1.5 mL/min,

detection by DAD over 350–800 nm. Peak assignments: (1) Tartrazine, (2) Amaranth,

(3) Indigo Carmine, (4) Quinoline Yellow (I), (5) Ponceau 4R, (6) Sunset Yellow FCF,

(7) Quinoline Yellow (II), (8) Allura Red AC, (9) Red 2G, (10) Green S, (11) Carmoisine,

(12) Brilliant Blue FCF, (13) Quinoline Yellow (III), (14) Patent Blue V, (15) Erythrosine.

Reproduced with permission from Minioti et al. (2007).
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6.2.3 HPLC detection systems

The colour-absorbing properties of synthetic dyes lend themselves very well to detec-

tion by spectrophotometry using fixed and variable wavelength detectors in both the

UV and VIS wavelength ranges. In general, yellow dyes are monitored at ca. 430 nm,

orange/brown dyes at 480 nm, red dyes at 520 nm, black dyes at 600 nm, and blue/

green dyes at 640 nm. Selectivity and sensitivity are optimised for specific dyes or

colour groups thereof; UV wavelengths generally exploit the aromatic moieties of

the dyes and lay in the 254–280 nm range. Diode-array detectors (DAD) record the

entire UV–VIS spectral range of an eluting dye component during an analysis in real

time, with precise identification of lmax of adequately separated dye peaks, which are

then identified or confirmed by reference to spectral libraries of previously charac-

terised reference compounds. Multiple wavelength monitoring with absorbance ratios

may also be used to characterise and identify multicomponent dye mixtures in single

chromatographic runs, but care must be taken to ensure that the pH of the mobile phase

is accurately known since spectra are sensitive to pH changes (Scotter, 2003; Glória,

2000). Gradient RP-HPLC-DAD has been used to identify 17 US-certifiable, certifi-

cation exempt and non-permitted colour additives in 47 different food products

(beverages and powder mixes, candies, baked products, and fruit and vegetable prod-

ucts), which demonstrates the versatility of this approach (Petigara Harp et al., 2012).

Water-soluble samples were solubilised with heating if necessary and filtered,

whereas cookies, cereal, wafers, chips, noodles, and gum confectionery were extracted

with 25% glacial acetic acid with heating followed by filtration and/or centrifugation.

RP-SPEwas used to clean up and concentrate the sample extracts prior to HPLC deter-

mination. Excellent correlation was found between this rapid method and the official

spectrophotometric and TLC methods used by US enforcement laboratories. In a

range of other food commodities (beverages, frozen treats, powder mixes, gelatin

products, candies, icings, jellies, spices, dressings, sauces, baked goods, and dairy

products), seven certified colour additives were determined in Petigara Harp et al.

(2013). Here, complete homogenisation of the food products was found to be essential

to ensure acceptable analytical reproducibility, with extraction using a solvent mixture

comprising 7:3 methanol:10% aqueous ammonia with sonication for all of the colour

additives. RP-HPLC gradient elution with 0.1 M ammonium acetate in water and

methanol was used in conjunction with DAD, and adjustment of the sample extract

pH to near neutral was necessary for optimal peak resolution.

Aside from UV/VIS/DAD, electrochemical detection in various modes has been

used on occasion for synthetic dyes and include polarography using a stationary mer-

cury drop electrode, square-wave voltammetry (Glória, 2000) and photoacoustic spec-

troscopy, which has been compared with derivative spectrophotometry for the

determination of food dyes in commercial products (Coelho et al., 2010).

Simultaneous screening of large numbers of dyes in mixtures can be difficult even

with HPLC-DAD, due to the large number of isomers and structural analogues pre-

sent. MS detectors coupled to HPLC systems provide very selective and sensitive

monitoring of dyes in food extracts using either single (MS) or tandem (MS/MS)

modes, often in series with DAD. However, mobile phases with high concentrations

Methods of analysis for food colour additive quality and safety assessment 143



of electrolytes or ion-pair reagents are not compatible with MS detection due to low

volatility. Single quadrupole (LC–MS) detection systems are used largely for qual-

itative purposes, but since the use of non-permitted (illegal) dyes became a public

health issue (see below), reliable LC–MS(MS) methods have become requisite.

Methods involving the use of MS/MS and high resolution MS detection are begin-

ning to find more use in food colours analysis especially when coupled to ultra high

performance LC systems (UPLC). Modern electrospray interfaces greatly facilitate

the transfer of column eluant into the MS with concomitant ionisation to produce

pseudo molecular and fragment ions, which may be monitored by both selective

and multiple-reaction modes (SRM, MRM), thereby excluding matrix interferences

as much as possible. Both positive and negative ionisation modes may be used but

optimisation of conditions using reference standards by direct infusion is a prereq-

uisite. Thus, at least two SRM transitions are generally required for qualitative and

quantitative analysis, especially where dyes are isobaric.

The most abundant precursor ions of artificial food dyes containing sulfonate

moieties are sodium adducts [M�Na]�, [M�2Na]2� and [M�2Na+H]� from which

product ions are obtained (Liu et al., 2011; Zou et al., 2013). High resolution mass

analyzers (i.e. 4–6 decimal place mass accuracy) provide very high levels of selec-

tivity and sensitivity and are becoming more common in laboratories, especially for

the determination of trace levels of analytes in food. Both linear ion trap and

Orbitrap Fourier transform (FT) mass analyzers greatly facilitate analyte detection

with confirmation, using narrow mass tolerance windows to resolve analytes from

background matrix ions, have been applied to the analysis of 11 permitted and illegal

water-soluble azo dyes in soft drinks (Liu et al., 2011). Matrix-based ion suppression

effects are recognised as a key issue for the development of electrospray MS

methods, which may be largely overcome through the use of efficient clean up pro-

cesses and matrix-matched calibration standards thereby providing good selectivity,

sensitivity, and linear dynamic range. The application of LC-MS/MS to the analysis

of dye mixtures in foods has focused largely on liquids (soft drinks) and water-

soluble matrices such as fruit jelly, jam, and sugar confectionery (Feng et al.,

2011; Liu et al., 2011) but have been more recently applied to animal feeds and meat

(Zou et al., 2013). López-Gutiérrez et al. (2013) recently reviewed extraction

methods for and LC–MS determination of (non-food permitted) triphenylmethane

dyes in seafood products and observed that in recent years extraction procedures

based on QuEChERS (Quick Easy Cheap Effective Rugged and Safe) methodolo-

gies are being employed along with molecular imprinted polymers (MIPS) and

turboflow procedures for sample cleanup and UPLC with high-resolution mass

spectrometry for improved selectivity and sensitivity.

6.2.4 Dye intermediates and subsidiary colours

Methods for the determination of food colours generally require modification in order

to analyse the dyes themselves and the foodstuffs containing them for subsidiary col-

ours and intermediates (Glória, 2000). For example, gradient RP-HPLC–UV–VIS

with ammonium acetate:acetonitrile mobile phase has been used to determine 19 dif-

ferent impurities in 5 azo food dyes, including Sunset Yellow, Tartrazine (E102),
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Amaranth (E123), Ponceau 4R, and Allura Red AC (E129) (Tsuji et al., 2000). RP-

HPLC–MS was used for the purity analysis of Sunset Yellow for six subsidiary col-

ours and six intermediate compounds where quantitative analysis was achieved using

pseudo-molecular ions, except where peaks overlapped and fragment ions were used

(Yamada et al., 2000). Triiodoresorcinol and other intermediates may be determined

in Erythrosine using gradient RP-HPLC (C18) with 0.05 M phosphate and methanol at

pH 4 and DAD (Mai et al., 2006). The non-targeted screening of photodegradation

products in Allura Red AC with UHPLC coupled to hybrid MS/MS and linear ion trap

mass spectrometry has revealed products formed from side reactions and/or interac-

tions between the dye and other food ingredients, including aromatic amine or amide

functionalities that may suggest potential hazards to health (Gosetti et al., 2013).

6.2.5 Analysis of illegal dyes

The illegal use of colouring in food came to prominence in 2003 when illegal Sudan

dyes were used to colour raw materials and food ingredients originating outside of

Europe, resulting in the largest ever food recall in UK history. It nevertheless

remains an important food safety issue. While spectrophotometric and conventional

HPLC–UV–VIS methods provide enforcement authorities with means of detecting

and quantifying a small number of known dyestuffs, this situation presents an increas-

ing challenge to scientists because of the large number of hitherto unknown dyestuffs

available that could be used to illegally colour food. In this context, not only is dye

identification important but the zero tolerance approach to their presence also requires

highly sensitive quantitative methods capable of operating at the mg/kg level.

LC–MS/MS and high resolution LC–MSmethods have been and continue to be devel-

oped to address this issue. For example, annatto (E160b) is a natural colour permitted

for use in food commodities such as savoury snack products, coated nuts, extruded

products, and flavoured breakfast cereals, but it is not permitted for use in spices.

However, amongst other non-permitted dyes, annatto was detected in 18 of 893 sam-

ples of spices, sauces, and oils by UK enforcement laboratories during 2005–2006 as

part of the UK Imported Food Programme (FSA, 2007). This has led directly to a need

for analytical methods capable of detecting very low levels of annatto in food ingre-

dients and commodities in which it is not permitted, driven not only by the enforce-

ment of regulations on a national scale but also by the need for the food manufacturing

industry to ensure regulatory compliance.

6.3 Methods for natural colours

Natural food colours cover a more diverse and complex number of chemical classes

compared to artificial food dyes, which presents an analytical challenge requiring a

similarly diverse range of analytical procedures. Thus, the development of a range of

efficient extraction and analysis procedures is necessary, especially since many of

the natural colouring components are unstable in isolation. Clean up techniques are

therefore required to separate the colours from other sample components and
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co-extractives that are often present in overwhelming excess, made more compli-

cated by the wide range of applications in raw materials and foodstuffs. Where a

mixture of colouring components is present and where the sample extract contains

analyte degradation products and interfering compounds covering a range of polar-

ities, some form of chromatographic separation is usually required. Identification

and quantification of the separated colouring components is usually achieved using

spectroscopic procedures such as UV/VIS absorbance, but inorganic colours such as

calcium carbonate (E170), titanium dioxide (E171), iron oxides and hydroxides

(E172), and vegetable carbon (E153) require different analytical approaches since

they are not directly amenable to the extraction and analysis (especially chromato-

graphic) procedures used for other synthetic dyes and natural (organic) colours.

Moreover, there are relatively very few standardised or validated methods for the

determination of added natural colours in food. Since there is no legal definition

of a natural colour, several disparities in categorisation arise (Scotter, 2011a,b).

The spectroscopic criteria used for the identification, characterisation, and assay

of all organic colouring materials permitted in the EU (EU, 2008) by JECFA

(JECFA, 2013) are summarised in Table 6.2.

6.3.1 Curcumin (E100)

The major colour principles of curcumin colour are curcumin (CUR), demethoxy-

curcumin (DMC), and bisdemethoxycurcumin (BDMC) known collectively as cur-

cuminoids (see Chapter 6). No method of assay is prescribed in the EU purity criteria

for curcumin. However, the JECFA specification for curcumin prescribes a spectro-

photometric method based on absorption at 425 nm relative to an extinction coeffi-

cient (E1cm,1%) of 1607. Historically, methods used for determining curcumin in

turmeric and food products utilised direct spectrophotometry. Reaction with boric

acid to form an intensely coloured complex has also been used but is reported to

be prone to interference from co-extractives. The strong fluorescence exhibited

by curcumin has been exploited both for its direct determination (Karasz et al.,

1973) and following HPLC separation (Navas Diaz and Ramos Peinado, 1992).

A number of sensitive analytical methods have been developed for the determina-

tion of curcumin in various biomatrices (Scotter, 2009a,b) but available methods for

the determination of curcumin alone in foods are sparse. Spectrofluorimetry at

lex¼397 nm lem¼508 nm has been used for the determination of curcumin in

yoghurt and mustard following non-alkaline extraction into acetonitrile, filtration,

and dilution (Navas Diaz and Ramos Peinado, 1992). The limit of quantitation calcu-

lated from the raw data ranged between 0.1 and 0.4 mg/kg.

While HPLC is the most common technique used for the determining curcuminoids

(see below), the separation and individual quantitation of the three curcuminoids is

important because their extinction coefficients and stabilities vary (Péret-Almeida

et al., 2005; Price and Buescher, 1997; Scotter, 2009a,b). Moreover, when used in

combination with annatto, the isomers of the yellow coloured thermal degradation

products of annatto exhibit similar chromatographic behaviour to the curcuminoids

and thus clearly need to be differentiated. RP-HPLCwith both isocratic and non-linear
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gradient elution and a THF:water mobile phase has been used for the separation of

curcuminoids and annatto colours (Rouseff, 1988). Curcuminoids and annatto may

be simultaneously extracted from fish by grinding with Celite and HCl in the presence

of ascorbyl palmitate antioxidant and RP-HPLC with DAD detection at 422 nm,

where the curcuminoid peaks are clearly discernable from norbixin isomers and inter-

fering peaks (Scotter, 2009a,b).

High performance TLC using silica gel plates with chloroform:methanol mobile

phase may be used for the determination of curcuminoids in benzene extracts of Cur-
cuma longa germplasm, with quantitation by densitometry at 425 nm (Paramasivam

et al., 2009). Similarly, methanol extraction can be used prior to TLC with detection

using imaging analysis (Phattanawasin et al., 2009). Reverse-phase TLC using aceto-

nitrile:THF:oxalic acid solvent with quantitation by scanning densitometry can be

used to determine turmeric oleoresin (and gardenia yellow and annatto) in a wide

range of foodstuffs (Ozeki et al., 2000).

HPLC separation of the three curcuminoids can be achieved using an amino

bonded phase column with a non-aqueous ethanolic mobile phase and fluorescence

(FLD) detection at lex¼420 nm, lem¼470 nm, which is reported to have 10-fold

better sensitivity than UV–VIS detection (Tønnesen and Karlsen, 1983). Similarly,

RP-HPLC with UV detection provides similar sensitivity when compared to electro-

chemical (Ag-AgCl) detection, but solvent compatibility is an issue with the latter

technique (Smith and Witowska, 1984). Nowadays RP-HPLC is the method of choice

for curcumin analysis (Jayaprakasha et al., 2002; Scotter, 2009a,b, 2011a,b) employ-

ing mobile phase gradients using methanol, acetonitrile, and dilute acetic acid with

UV–VIS detection. HPLC-FLD may also be used for the quantification of curcumi-

noids in methanolic extracts of turmeric-containing powder, tablet, dressing, bever-

age, and tea (Zhang et al., 2009), while RP-HPLC at 33 �C with isocratic elution

using acetonitrile and dilute acetic acid with UV–VIS detection at 425 nm is reported

for the determination of curcuminoids in acetonitrile extracts of turmeric products

(Wichitnithad et al., 2009).

Extraction conditions for curcuminoids are generally very simple and various

clean up techniques have been reported. The extraction and analysis conditions

for a selection of available methods for curcumin have been summarised by

Scotter (2011a,b). For example, gradient RP-HPLC with MS detection may be used

to characterise curcuminoids as well as other components in turmeric using ammo-

nium acetate buffer and acetonitrile mobile phase. Both thermospray and particle

beam interfaces allowed for the detection of the curcuminoids in methanolic extracts

with quantitation achieved using an external standard (technical grade curcumin,

80%). LC–electrospray MS has been validated for the determination of curcumi-

noids in tablets, teas, and candies (Inoue et al., 2003), where samples with expected

high curcumin content were extracted into methanol using ultrasonication. Reverse

phase (C8) SPE, followed by washing with water and elution with methanol was used

to clean up and concentrate extracts. LC–MS detection was achieved in negative

ionisation mode by monitoring the m/z channels at 307 (BDMC), 337 (DMC),

and 367 (CUR).
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6.3.2 Riboflavin (E101)

No method of assay is prescribed in the EU purity criteria for riboflavin. However, the

JECFA specification for riboflavin prescribes identification procedures based on dif-

ferential spectrophotometry at 267, 375, and 444 nm, specific rotation a20-D, and col-
our reaction. The assay method is based on a spectrophotometric procedure, which is

identical to that prescribed for riboflavin-5¢-phosphate, based on absorbance mea-

sured at 444 nm. Riboflavin is found at low levels in almost all biological tissues

and is particularly abundant in meat at ca. 2 mg/kg and in liver at ca. 30 mg/kg. It

is found at lower levels in cheese at ca. 5 mg/kg and milk at ca. 1.5 mg/kg

(Coultate, 2009). In addition to being used as a food colouring, riboflavin is also used

to fortify certain foods for nutritional purposes.

Historically, the levels of riboflavin in foods were routinely determined using micro-

biological assay,which although sensitive was time consuming.Chemical assaymethods

usually involve treatment of the sample with dilute HCl at high temperature to release the

protein-bound riboflavin followed by extract clean up and measurement using fluorim-

etry (Ndaw et al., 2000; Coultate, 2009). The extraction usually consists of an acid hydro-

lysis (typically 0.1 M HCl or H2SO4 at 100–120 �C) with or without an additional

enzymatic hydrolysis step to release the analyte from bound protein and to aid the con-

version of polysaccharides such as starch to sugars thereby facilitating sample work up.

However, such hydrolysis steps are reported to be not only time consuming but also to

vary in efficacy, depending on the enzymes used and the conditions employed.

The use of HPLC coupled with fluorimetric detection has enabled specific and sen-

sitive methods to be developed for the determination of riboflavin analogues in food-

stuffs. HPLC conditions for riboflavin analysis are well established and display

adequate detection sensitivity and selectivity. For example, Arella et al. (1996)

describe a method for the determination of riboflavin in baby food, powdered milk,

meals with fruits, yeast, cereals, chocolate powder, food complements, and tube-

feeding solutions. Samples were hydrolysed in 0.1 M HCl at 100 �C for 30 min fol-

lowed by enzymatic hydrolysis. Isocratic reverse-phase HPLC using methanol and

0.05 M sodium acetate was used with fluorimetric detection at lex¼422 nm and

lem¼522 nm. Ndaw et al. (2000) reported acid and enzymatic hydrolysis extraction

procedures for riboflavin for a number of different sample matrices including yeast,

powdered milk, pork, veal, mackerel, wheat flour, porridge oats, rice, peas, orange

juice, carrots, and pig’s liver and milk powder.

A simplified approach similar to that reported by Ndaw et al. (2000) has been

used for the determination of riboflavin in beef, pork, and pig’s liver using reverse

phase HPLC with fluorimetric detection (Tang et al., 2006). Alternative analytical

techniques include a biosensor method based on surface plasmon resonance with

on-chip measurement (Caelen et al., 2004) and a biochemical fluorimetric method

with front-face light emission for the determination of free riboflavin in milk

(Zandomeneghi et al., 2007). High-throughput planar chromatography with confir-

matory electrospray LC–MS can be used for the analysis of energy drinks (Aranda

and Morlock, 2006) and supercritical fluid extraction, followed by capillary electro-

phoresis with fluorimetric detection for the analysis of chicken liver and milk

powder (Zougagh and Rios, 2008).
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6.3.3 Cochineal, carminic acid, carmines (E120)

JECFA prescribes separate specifications for cochineal extract and carmines, but

these share a common assay procedure based on spectrophotometric measurement

at 494 nm after boiling with dilute hydrochloric acid to produce the free carminic acid.

Techniques used in the identification tests comprise solubility in water within a

defined pH range of 3.0–8.5 and several colour reactions. Spectrophotometric assay

procedures for the determination of carmine (and carminic acid) in colour formula-

tions and in foods are well established, and are based on hydrolysis to carminic acid

using dilute HCl (Marshall and Horobin, 1974; Scotter, 2011a,b).

For foodstuffs, extraction conditions for cochineal/carminic acid generally involve

acid and/or enzymatic hydrolysis with or without SPE. The glucose link of carmine

has a remarkable resistance to acid hydrolysis, hence reasonably strong acid is

required to break down sample matrices without significant analyte losses. For exam-

ple, cochineal may be recovered from raw sausage by extraction of the colour from a

defatted sample, adsorption onto polyamide to remove impurities (Andrzejewska,

1981) and by decomposition of the defatted sample using 10% nitric acid to release

the cochineal followed by filtration, pH adjustment, and concentration (Wellnitz,

1986). Other methods reported for the determination of cochineal in foods using

TLC include samples of raw sausage (Brockmann, 1998), retail foods (Itakura

et al., 1999), and processed food (Hirokado et al., 1999).

Samples of yoghurt may be incubated with papain at pH 5 to release carmine from

the proteinaceous matrix after boiling with phosphoric acid and adsorption on to

polyamide (Jalón et al., 1989). Purification is achieved by sequential washing of

the polyamide with water/acetone/water followed by desorption using dilute NaOH

solution and concentration by rotary evaporation prior to RP-HPLC-DAD. Isolation

of carminic acid from foods by RP-SPE, followed by chemical derivatisation by

methylation with diazomethane can facilitate the extraction isolation prior to measure-

ment of cochineal in beverages and ice flavours, candies, jellies, steamed rice cake,

milk beverage, ice cream, ham, and sausage by HPLC (Yamada et al., 1993).

RP-HPLC is nowadays the most common technique used for the separation and

measurement of cochineal/carmines and most methods are capable of achieving limits

of quantitation below 1 mg/kg using UV–VIS or fluorescence detection (e.g. using

acetonitrile:0.1% phosphoric acid as mobile phase with dual detection using

UV–VIS at 495 nm and FLD at lex¼365 nm and lem¼565 nm) (Yamada et al.,

1993). Other HPLC-based methods include the simultaneous determination of carmi-

nic acid and annatto colouring components in fruit beverages, yoghurt, and candies

using gradient RP-HPLC with methanol:6% acetic acid mobile phase and UV–VIS

detection (Lancaster and Lawrence, 1996), and carminic acid in yoghurt, cheese,

cookie filling, and alcoholic beverage using UV–VIS and FLD detection (Carvalho

and Collins, 1997). Carminic acid may be extracted from fruit jelly, liqueur, juice,

yoghurt, and ice cream by boiling in 2 M HCl followed by RP-SPE clean up and

RP-HPLC with methanol:phosphate buffer mobile phase and UV detection at

280 nm (Merino et al., 1997). It has also been determined in dairy products

(González et al., 2003), carbohydrate foods and meat products (Yu et al., 2008)

and separated from Sudan dyes and amaranth in food extracts (Lei et al., 2007).
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A small number of analytical techniques are available as alternatives to chromato-

graphic analysis that include competitive enzyme immunoassay (EIA) for beverages,

jelly, candy, pasta sauce, yoghurt and ice cream, ham and fish paste (Yoshida et al.,

1995); capillary electrophoresis for beverages, ice lollies and fruit syrups (Berzas

Nevado et al., 1999), sweets (Xu et al., 2007), and milk beverages (Huang et al.,

2002); microemulsion electrokinetic chromatography (Huang et al., 2005); and strip-

ping voltammetry (Alghamdi et al., 2009).

6.3.4 Chlorophylls and chlorophyllins

6.3.4.1 Chlorophylls (E140i) and chlorophyllins (E140ii)

Chlorophylls have distinct spectroscopic properties characterised by the characteristic

position and intensity of absorption maxima, that is, the Soret (S) and Q-bands

(Figure 6.3). Absorption or fluorescence can therefore be employed for their identi-

fication and quantitation (Eder, 2000). While the pigment may be characterised by its

absorbance spectrum in a given solvent and quantified using its molar extinction coef-

ficient, the presence of one or more pigments causes complications. Usually wave-

lengths between 430 and 440, and 645 and 660 nm, respectively, are used for

detection, especially if carotenoids are present.

The spectrophotometric method of assay prescribed in the EU purity criteria for

chlorophylls is based on absorbance at 409 nm in diethyl ether and an E1cm,1% value

of 700, while for chlorophyllins the assay is carried out at two different wavelengths:

405 nm (E1cm,1% 700) and 653 nm (E1cm,1% 140). The characteristic identification

tests prescribed by JECFA are solubility and TLC. The JECFA assay method for
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Figure 6.3 UV–VIS spectrum of chlorophyll showing the location of the Sorret (S) and

Q bands.
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chlorophylls relies on absorbance measurement in diethyl ether at six specific wave-

lengths representing the absorption maxima of chlorophylls a and b (Chla, Chlb) and
phaeophytins a and b (PPa and PPb), respectively, where the content of each analogue
is calculated from the difference in absorption measurements before and after treat-

ment with oxalic acid.

There are many methods available for the determination of chlorophylls that have

focussed on naturally occurring analogues in fresh and processed fruit and vegetables

(Schwartz et al., 1981; Saag, 1982; Roy, 1987; Suzuki et al., 1987). Conversely, rel-

atively few are applied to the analysis of foodstuffs (Schoefs, 2002, 2003, 2004, 2005).

The main methodological strategies focus on solvent extraction, liquid–liquid parti-

tion and measurement using reverse-phase HPLC–UV/VIS. Because chlorophylls

are particularly labile pigments that are susceptible to oxidation by air, degradation

by native enzymes such as chlorophyllase and acid-mediated loss of chelated metals

(i.e. Mg2+) appropriate care is required; hence, extraction and analysis should be car-

ried out rapidly in dim light and at relatively low temperatures (Bertrand and Schoefs,

1997; Schoefs, 2004, 2005). Most methods for chlorophyll extraction employ homog-

enisation of the sample with acetone and/or methanol, especially for samples of high

water, which help to break down the pigment:protein complex. Solvent partitioning

may be used to isolate and purify chlorophyll analogues from crude extracts but recov-

ery rates are variable. However, allomerisation of Chla and Chlb can occur (Bertrand
and Schoefs, 1997). RP-SPE may be used to fractionate acetone extracts of plants

for phytylated and dephytylated pigments (Johnson-Flanagan and Thiagarajah, 1990)

and for the isolation and clean-up of PPa and PPb in chlorella, spirulina, aloe, kale, Jews
mallow, and green tea leaves prior to HPLC analysis (Oshima et al., 2004).

Counter-current chromatography has also been used to isolate Chla and Chlb from

spinach (Jubert and Bailey, 2007).

Rapid spectrophotometry may be used to quantify chlorophylls in fermented

olives, where prior separation is carried out using TLC (Mı́nguez-Mosquera et al.,

1990), but enhanced sensitivity and specificity can be achieved using fluorescence

detection at excitation wavelengths of 409–468 nm and emission wavelengths of

650–670 nm (Canjura and Schwartz, 1991). The nature of the solvent must also be

taken into account because significant differences in emission spectra will be observed

between polar and non-polar solvents (Kouřil et al., 1999), temperature, and ligation to

protein that are shown to strongly influence the position and shape of UV/Visible

spectra (Schoefs, 2005).

For separation of chlorophyll analogues from unwantedmaterial, one or more chro-

matographic techniques are required. TLC provides a relatively cheap and easy tech-

nique for the separation of pigments but is generally used for qualitative purposes. The

limitations of these techniques are well known, particularly in the selection of phase

and the separation of similarly structured compounds (Schoefs, 2005). Separation of

chlorophylls from carotenes can be achieved using open column chromatography on

various phases (e.g. powdered sucrose, DEAE-Sepharose, cellulose or MgO/Hyflosu-

percel) (Schoefs, 2005).

HPLC has become the method of choice for the separation of chlorophyll ana-

logues in foods, coupled with the use of photodiode array and fluorimetric detectors
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that facilitate the identification and quantification of chlorophyll analogues. Normal

phase HPLC can be used to separate chlorophyll and its analogues (especially from

carotenes), but RP-HPLC is the most widely used technique for routine analysis

largely due to the wide range of column phases available (Lea, 1988; Bertrand and

Schoefs, 1997; Eder, 2000; Schoefs, 2004, 2005; Scotter, 2011a,b). In conjunction

with modern stationary phases where retention is largely affected by analyte polarity,

combinations of methanol, water, and ethyl acetate are generally used as mobile

phases. RP-HPLC retention time is generally found to increase in

the order: chlorophyllides b<chlorophyllides a<phaeophorbides<chlorophyll

b<chlorophyll a<phaeophytin b<phaeophytin a (Canjura and Schwartz, 1991).

In addition, the purity of commercially available chlorophyllin may be evaluated

using RP-HPLC (Chernomorsky et al., 1997; Schoefs, 2001, 2002). RP-HPLC-based

methods have been used for the determination of chlorophylls and their analogues in a

limited range of foodstuffs using UV–VIS, fluorimetric, and/or mass spectrometric

detection. For example such methods have been used in green tea leaves (Gross,

1980) and teas (Suzuki and Shioi, 2003), in vegetables such as celery leaves

(Daood et al., 1989), beans (Lopez-Hernandez et al., 1993) and green peas

(Edelenbos et al., 2001) as well as in fruits such as kiwi fruit (Cano, 1991), stored fruit

(Almela et al., 2000), in health foods (Oshima et al., 2004), and in rapeseed (canola)

(Johnson-Flanagan and Thiagarajah, 1990).

In addition to DAD and FLD detection, MS detection methods have been devel-

oped for chlorophyll and its analogues. For example, post-column addition of formic

acid is reported to improve the LC–MS (APcI) sensitivity of chlorophyll extracted

from spinach (Airs and Keely, 2000). In the analysis of rehydrated spinach powder

and canned beans, the major fragment at [M + H 278] is observed with all chlorophyll

derivatives possessing the phytyl chain and at [M + H 338] corresponding to the elim-

ination of CH3COOC20H39 (Gauthier-Jaques et al., 2001). Other characteristic frag-

ment ions can be assigned to specific chlorophyll derivatives, transformation

products, and chemical moieties, including the large number of degradation products

arising from food processing and the extraction process.

Although additional information on the structure of chlorophyll analogues can

also be obtained using NMR and other detection modes such as infrared and cir-

cular dichroism (Schoefs, 2004), they are essentially outside the scope of this

chapter.

6.3.4.2 Copper chlorophylls (E141i)
and copper chlorophyllins (E141ii)

Compared to native chlorophyll analogues, the Cu-derivatives of E141(i) and E141(ii)

are stable to both moderate heat, light, and mineral acids, and the spectroscopic prop-

erties used to characterise chlrophylls and chlorophyllins generally apply to the chem-

ically diverse copper analogues present from the various extraction and purification

processes used to meet purity specifications, including non-coppered chlorophylls,

phaeophytins, phaeophorbides, rhodochlorins (free carboxyl form of phaeophor-

bides), as well as the coppered colouring principles (Hendry, 1992; Coultate, 2009;

Belitz et al., 2004; Scotter et al., 2005; Scotter, 2011a,b).
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The spectrophotometric method of assay prescribed in the EU purity criteria for

copper chlorophylls is based on absorbance at 422 nm in chloroform and an

E1cm,1% value of 540 (EU, 2008). The characteristic spectrophotometric identification

test prescribed by JECFA is identical to the EU test method, and, in addition,

silica-based TLC for separation from carotenoids is prescribed. The JECFA assay

method relies on absorbance measurement in diethyl ether at six specific wavelengths

as for the native chlorophylls but without oxalic acid treatment.

The EU assay for the water-soluble Cu chlorophyllins is carried out in pH 7.5

buffer at two different wavelengths: 405 nm (E1cm,1% 565) and 630 nm (E1cm,1%

145) (EU, 2008). The corresponding JECFA specification for Cu chlorophyllins

and Cu complexes prescribes identification by spectrophotometry using identical con-

ditions except for the extinction coefficient (E1cm,1% 540), a colour reaction test with

ammonia, and a precipitation test with diethyldithiocarbamate. A purity test based on

the presence of basic dyes is also prescribed. The JECFA spectrophotometric method

of assay for Cu chlorophyllins is carried out in pH 7.5 buffer using the same EU

E1cm,1% value of 565 with an experimentally derived absorbance maximum observed

between 403 and 406 nm.

RP-HPLC using a mobile phase of methanol–water (97:3, v/v) containing 1% (v/v)

of acetic acid with UV–VIS detection at 407 or 423 nmmay be used for the separation

of copper chlorophyllin food colour formulations comprising copper pheophorbide a

(CuPPa), copper chlorin e6 (CuCe6), copper rhodin g7 (CuRg7), and copper chlorin

e4 (Inoue et al., 1994). Gradient elution RP-HPLC with methanol/ammonium acetate/

acetone mobile phase and photodiode array detection reveal several significant differ-

ences in the porphyrin compositions of the samples, especially copper iCe4

(Chernomorsky et al., 1997). Similar chromatographic conditions may be used to

screen chlorophyll derivatives with a broad range of polarities produced during the

ripening of fruit using both DAD detection at 660 nm and FLD detection

(lex¼440 nm, lem¼660 nm) (Almela et al., 2000) and to separate and characterise

copper (II) chlorophyll derivatives (Inoue et al., 1988) and iron (III) derivatives of

chlorophyllin using ion-pair RP-HPLC (Nonomura et al., 1996).

Compared to methods for chlorophylls and chlorophyllins, analytical methods for

the determination of E141(i) and E141(ii) in foodstuffs are sparse. TLCmay be used to

separate copper, iron, and magnesium derivatives of chlorophylls and chlorophyllins

extracted from vegetable extracts using ethanol and partitioned against n-butyl acetate
after pH adjustment, and from chewing gums extracted with n-butyl acetate, ethanol,
and hot water prior to filtration (Tsunoda et al., 1993). Similar methods have been

applied to the analysis of chewing gum, candies, processed seaweeds, processed edi-

ble wild plants and chocolate (Amakawa et al., 1993), and in boiled bracken, agar

agar, and chewing gum (Yasuda et al., 1995). Citrate/phosphate buffer (pH 2.6)

and ethyl acetate:acetone can be used for the extraction of E141(i) and E141(ii) from

jellies, boiled sweets, dried soup mixes, flour confectionery and biscuits with the arti-

ficial dye Solvent Green 3 as internal standard, and gradient RP-HPLCwith both DAD

and FLD detection (Scotter et al., 2005). Peak spectra library matching against refer-

ence standards over the wavelength range 300–700 nm allowed qualitative analysis of

Cu analogues of Ce4, Ce6, PPa, Chla, Chlb, and rhodin g7 in the foodstuffs, with com-

mercially available sodium copper chlorophyllin reference material.
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HPLC with MS (and DAD) detection may be used to characterise the components

of sodium copper chlorophyllin food colourants using a C30 column in order to sep-

arate a larger number of compounds in which the mass spectra of the peaks are char-

acterised by a distinctive splitting due to copper and carbon isotopes (Mortensen and

Geppel, 2007).

6.3.4.3 Caramels (E150a–E150d)

Commission Directive 2008/128/EC prescribes separate definitions and purity criteria

for the four classes of caramel (E150a, E150b, E150c, and E150d) based on an empir-

ical colour-binding test using diethylaminoethyl (DEAE) cellulose and phosphoryl

cellulose combined with differential absorbance at 560 nm. The purity criteria include

specifications for the impurities 4-methylimidazole (4-MeI) and 2-acetyl-4-

tetrahydroxybutylimidazole (THI) in certain caramel classes: however, there are no

assay methods prescribed for any of the caramel classes. The general specification

for caramel colours prescribed by JECFA is similar to the EU specification but pro-

vides considerably more prescriptive detail. These include purity assessment by mea-

suring the solids content using gravimetry, which is in turn used to calculate the colour

intensity at 610 nm. Details on test methods are provided for total sulphur, sulphur

dioxide and ammonaical-nitrogen, 4-MeI, and THI.

Caramels represent a complex mixture of compounds that can be approximately

divided into high (HMW) and low (LMW) molecular weight fractions, with

the majority of the coloured components (polymeric melanoidins) contained in the

HMW fraction and the majority of the solids in the LMW fraction. The qualitative

and quantitative composition, and hence the overall colour intensity, are determined

by the process conditions for a given class of caramel. Each caramel molecule carries a

net electrical (colloidal) charge formed during processing, which is highly influenced

by pH: hence, isoelectric points below pH 4.7 can be determined using the gelatin test.

Further pH adjustment causes a reversal of polarity. These electrical properties have

important implications for analysis of caramels, particularly by capillary zone electro-

phoresis (CZE). HMW caramel fractions can be characterised using electrochemical

methods such as electrophoresis, but also by gel permeation chromatography and

ultrafiltration. Characterisation of the LMW fraction may be achieved using HPLC

or GC but relatively few compounds have been identified. Therefore, the development

of methods for caramels has largely focussed on centred characterisation – namely,

‘fingerprinting’ of sub-fractions.

Licht et al. (1992a,b) characterised caramel colour classes and determined whether

there were factors that were consistent for caramel colours within a class, regardless of

manufacturer and the end use for which a particular preparation had been made. Size

exclusion (SE) HPLC was used to investigate the HMW fractions and HPLC with UV

or refractive index (RI) detection was used to investigate LMW compounds. Similar

‘fingerprints’ are observed for caramels within a class. Conversely, GC-FID can be

used to analyse silylated LMW fractions to reveal variabilities in the compounds

detected and their levels, thereby allowing for identification of the manufacturing

source of Class III caramels but not the class type (Patey et al., 1985). Here, UK

produced Class I and Class IV caramels and Canadian and Japanese-produced Class
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II caramels each had a distinctive fingerprint unlike UK-produced Class III caramels.

The HPLC data reported by Licht et al. (1992a,b) show differences in peak ratios for

compounds common to different caramels. The results were used to develop specifi-

cations for caramel colours to ensure the comparability within classes and not for clas-

sification of caramel colours after they had been incorporated into foods or drinks, or

for quantification purposes (Licht et al., 1992c).

The development of methods to extract and quantify caramel colours in foods is

difficult, due largely to the poorly defined chemical constitution of caramels either

by class or between manufacturers. Direct spectrophotometry, while prescribed in

the EU and JECFA specifications, has been used to determine differences between

caramel from spirits aged in oak casks and caramel solutions (Boscolo et al., 2002)

but is not otherwise used to any significant extent. The development of suitable

methods of analysis has relied largely on HPLC and electrophoretic techniques, focus-

sing on empirical chemical differentiation between caramel classes. However, once

added to foods and beverages, the analysis becomes more complicated, largely

because of the difficulty in distinguishing between components of caramels arising

from their manufacture and those produced during the manufacture and cooking of

foodstuffs. For example, beers, biscuits, gravy powders, savoury spreads, confection-

ery products, and baked goods have been analysed using RP-HPLC-UV to determine

the presence of Class III caramels by using a marker peak, which correlated with nitro-

gen content and was not present in Class I and IV chromatograms (Coffey and Castle,

1994; Coffey et al., 1997). Similarly, four distinctive peaks in various Class IV (and

for comparison, Class III) caramels have been used to confirm the presence of caramel

using RP-HPLC with DAD detection (Ciolino, 1998). Peak retention times and

UV-VIS spectra were used to ascertain the chemical nature of the marker compounds

relative to hydroxymethylfurural (HMF), THI, and 4-MeI.

Ion-pair RP-HPLC-UV may be used to detect an uncharacterised Class III marker

peak in the chromatograms of a range of caramel preparations from different manu-

facturers with good correlation between marker peak size and the dry matter content.

This has been applied to the analysis of Class III and IV caramels in chicken pie, fla-

voured rice, stock cubes, soup, marinade, gravy powder/granules, sauce, noodles, malt

loaf, marmalade, mustard, soft drinks, biscuit and sweet snacks, following homoge-

nisation of the sample in phosphate buffer and centrifugation (Burch et al., 2002).

Characteristic migration patterns for HMWmelanoidins (>3000 Da) and LMWMail-

lard reaction products (<1000 Da) may be observed using capillary electrophoresis,

which enables distinction between caramel classes and may be used for quantitative

analysis of Class IV caramels in soft drinks using sodium carbonate buffer at pH 9.5

(Royle et al., 1998). This technique has been applied to the determination of Class III

caramel in prepared biscuits and other retail foods by hot water extraction followed by

toluene partition (Ames et al., 2000). Free-flow electrophoresis (FFE) can be used as a

means of distinguishing between Class III and Class IV caramels prior to RP-HPLC

analysis and applied to an instant noodles, dried beef risotto, sweet and sour rice, Cajun

marinade, and malt loaf for the quantification of Class III caramels (Aulenta, et al.,

2001). However, the analysis of foods such as minestrone soup, cake bar, meatballs,

and malt loaf can give rise to interfering peaks. Capillary zone electrophoresis (CZE)

applied to the analysis of malted grain and roasted barley was unable to distinguish
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low-roast barley from Class III caramel (Ames et al., 2001; Royle et al., 2002). Res-

olution of Class III and IV caramels may also be achieved using free-flow zone elec-

trophoresis (FFZE) andmeasured by absorbance at 450 nm (Burch et al., 2002).While

CZE-based methods may be used to determine the levels of Class IV caramels in soft

drinks and Class III caramels in foodstuffs, recovery rates can be significantly reduced

by the presence of the permitted sweetener Acesulfame K (Wood et al., 2002).

Since HPLC and CZE-based methods for caramels analysis are hampered by sam-

ple and analyte stability and interferences from other food ingredients, alternative

techniques such as LC–MS have been developed to characterise a suitable marker

peak assigned as the [M + H]+ ion at m/z 305 confirmed by the presence of a predom-

inate ion at m/z 363 in negative ion mode, which corresponds to an acetic acid adduct

of a compound with molecular weight 304 (Burch, 2005). Hyphenated HPLC–MS and

CZE-MS techniques, including multiple reaction monitoring by LC–MS/MS and high

resolution MS, clearly have the potential to provide more chemical information about

the LMW and HMW fractions of caramel. Moreover, the separation of very polar

compounds requires HPLC stationary phases designed for use with mobile phases

with very high aqueous content to identify marker compounds and to provide more

detail of component profiles.

6.4 Carotenoids

6.4.1 Carotenoids (E160a, E160b E160c, E160d, E160e,
E160f, E161b, E161g)

Carotenoids used for food colouring purposes essentially comprise the hydrocarbon

carotenes and their oxygen-containing analogues, the xanthophylls, where the former

tend to be soluble in apolar solvents such as hexane, while the latter are more freely

soluble in polar solvents such as methanol and ethanol. All carotenoids, especially

when isolated, are known to be susceptible to degradation due to light, heat, and oxy-

gen so special precautions are required during handling. Carotenoids exhibit charac-

teristic spectrophotometric features such as cis–trans-isomerism in the UV–VIS range

that are used for structural diagnosis, which is readily exploited for analytical detec-

tion and measurement. An example of this is shown in Figure 6.4. Physicochemical

factors such as solvent choice will affect the spectrophotometric properties, princi-

pally shifts in lmax and changes in extinction coefficient. A significant amount of

research has been undertaken on identifying new carotenoids and new or better source

materials, determining the nutritional profile of foods, studying the health conse-

quences of carotenoid consumption, and regulating their use in foods (see further read-

ing recommendations). Since it is impractical to cover the vast array of different

carotenoids in this chapter, the scope is restricted to those regulated as permitted food

colouringmaterials. In general, most available analytical methods for carotenoids usu-

ally include several members of the class in their scope, but carotenoids with anom-

alous structures (such as the apo- carotenoids annatto and b-apo-8¢-carotenal) exhibit
somewhat different chemical behaviour that requires the development of specific ana-

lytical methods.
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Figure 6.4 (a) HPLC-DAD separation of annatto colour principles. Conditions: RPB column

C8/C18 250�4.6 mm�5 mm, mobile phase acetonitrile:aqueous acetic acid 0.4% (v/v) 65:35

(v/v), isocratic flow rate 1 mL/min, detection by DAD at 455�10 nm bandwidth. Peak

assignments (1) Trans-norbixin, (2) Dicis-norbixin, (3) 9¢-cis-norbixin, (4) Trans-bixin,
(5) Dicis-bixin isomer, (6) 9¢-cis-bixin, (7) 15-cis-bixin (tentative), (8) 13-cis-bixin (tentative),

(9) Dicis-bixin isomer. (b) Diode array spectra of annatto colour principles. (i) Norbixin isomers:

(1) Dicis-, (2) 9¢-cis-, (3) Trans-. (ii) Bixin isomers: (1) 13¢-cis- (tentative), (2) 9¢-cis-, (3) Trans-.
Reproduced with permission from Scotter et al. (2002), www.tandfonline.com.

Methods of analysis for food colour additive quality and safety assessment 157

http://www.tandfonline.com


Commission Directive 2008/128/EC prescribes separate definitions and purity cri-

teria for the different carotenoids, which include definitions of the source material(s)

and the solvents permitted for extraction, where appropriate, and the identification and

the minimum content of the colouring material measured by spectrophotometry using

a prescribed extinction coefficient. A number of separate specifications for similar

products are prescribed by JECFA, depending on the production method in which

the prescribed assay methods are similarly based on spectrophotometry. Table 6.3

summarises the methods prescribed in JECFA specifications.

6.4.2 General extraction procedures for carotenoids

There is no standard extraction procedure for carotenoids due to the wide variety of

raw materials and food products containing them, which is further complicated by the

range of different carotenoids that exist naturally in foods coupled with those that may

Table 6.3 Analytical criteria prescribed in JECFA specifications for
carotenoids

Carotenoid Identification test(s) Method(s) of assay

b-carotene

Algal carotenes

Vegetable

carotenes

b-carotene
from Blakesea
trispora

Solubility in water, EtOH,

vegetable oil, CHCl3; absorbance

ratios A455/A483 and A455/A340;

decolourisation in acetone with

NaNO2/H2SO4; blue colour

reaction with SbCl3; purity test

using silica TLC and DCM/Et2O

then spectrophotometry; lmax

464 nm in CHCl3 for carotenoids

other than b-carotene
Insoluble in water; lmax 448–457

and 474–486 nm in CHX; blue

colour reaction with SbCl3 in

toluene; purity test for tocopherols

by spectrophotometry (dipyridyl/

ferric chloride) in EtOH at 520 nm

Insoluble in water; lmax 440–457

and 470–486 nm in CHX; blue

colour reaction with SbCl3 in

toluene

Solubility in water, EtOH,

vegetable oil; absorbance ratios

A455/A483 and A455/A340;

decolourisation in acetone with

NaNO2/H2SO4; purity test RP-

HPLC using MeOH/THF mobile

phase and detection at 445 nm for

carotenoids other than b-carotene

Spectrophotometry in CHX at

lmax ca. 455 nm, E1cm,1% 2500

Spectrophotometry in CHX at

lmax ca. 448–457 nm, E1cm,1%

2500

Spectrophotometry in CHX at

lmax ca. 440–457 nm, E1cm,1%

2500

Spectrophotometry in CHX at

lmax ca. 455 nm, E1cm,1% 2500

Continued
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Table 6.3 Continued

Carotenoid Identification test(s) Method(s) of assay

Annatto extracts

Solvent

extracted

norbixin,

Alkali

processed

norbixin (acid

pptd) and

Alkali

processed

norbixin (not

acid pptd)

Aqueous

processed bixin

and

Solvent

extracted bixin

Solubility in alkaline water and

EtOH; lmax 453 and 482 nm in

0.5% KOH; TLC silica and

n-BuOH/MEK/NH4OH

Rf values 0.45–0.50,

decolourisation with

NaNO2/H2SO4

Solubility in water and EtOH; lmax

425, 457, and 487 nm in ACE; TLC

silica and n-BuOH/MEK/NH4OH

Rf values 0.45–0.50,

decolourisation with NaNO2/

H2SO4

Spectrophotometry in 0.5%

KOH at lmax ca. 482 nm,

E1cm,1% 2870

Spectrophotometry in THF/ACE

at lmax ca. 487 nm, E1cm,1% 3090

Paprika

oleoresin

Paprika extract

Solubility in water, EtOH, and

glycerine; lmax 470 nm in HEX;

blue colour reaction in CHCl3/

H2SO4; purity test for capsaicin

differential absorbance at 248 and

296 nm in acidic and alkaline

aqueous alcohol

Solubility in water and ACE; lmax

470 nm in HEX; blue colour

reaction in CHCl3/H2SO4; HPLC

assay for capsaicin/capsorubin

ASTA spectrophotometry in

acetone at 460 nm

Purity of capsaicinoids – RP-

SPE then RP-HPLC using ACN/

water/HOAc mobile phase with

detection at 280 nm (UV),

lex¼280 nm lem¼325 nm

(FLU). Total carotenoids by

spectrophotometry at 462 nm in

ACE. Identity and relative purity

of capsaicinoids by gradient RP-

HPLC after saponification using

ACE/water and DAD detection

at 450 nm

Lycopene

extract from

tomato

Solubility in EtOAc, HEX, EtOH,

ACE, and water; decolourisation in

acetone with NaNO2/H2SO4; lmax

472 nm in CHX; purity test for

residual solvents by GC-FID using a

5% diphenyl-95%

dimethylpolysiloxane column

Total lycopenes by RP-HPLC

using ACN/MeOH/DCM/HEX/

NEDP mobile phase and

detection at 472 nm; total

carotenoids by

spectrophotometry in EtOH/PE

at lmax ca. 472 nm, E1cm,1% 3450

Continued
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be added to processed foods and beverages. There are a number of important aspects

that must be considered due largely to the labile nature of carotenoids (see Chapter 1).

For example, oxidation may be mitigated through the use of antioxidants, carrying out

anlayzes in subdued light and purging with nitrogen or argon to exclude air, and

heating must be avoided. Carotenoids generally have good solubility in acetone or

Table 6.3 Continued

Carotenoid Identification test(s) Method(s) of assay

Lycopene from

Blakesea
trispora

Solubility in water and CHCl3;

Decolourisation in acetone with

NaNO2/H2SO4; lmax 470 nm in

CHX

Total lycopenes and other

carotenoids by RP-HPLC using

ACN/MeOH mobile phase and

detection at 470 nm

b-apo-8¢-
carotenal

Ethyl ester of

b-apo-8¢-
carotenoic acid

Solubility in water, EtOH,

vegetable oil and CHCl3;

absorbance ratio at A461/A488 in

CHCl3; Decolourisation in acetone

with NaNO2/H2SO4; blue colour

reaction with SbCl3 in toluene;

Purity test for subsidiary colouring

matter using silica/KOH TLC with

HEX/CHCl3/EtOAc then

spectrophotometry at lmax 474 nm

in CHCl3
As for b-apo-8¢-carotenal except
absorbance ratio A449/A475 and post

TLC spectrophotometry at lmax

455 nm in CHCl3

Spectrophotometry at lmax

461 nm in CHCl3, E1cm,1% 2640

Spectrophotometry at lmax

449 nm in CHCl3, E1cm,1% 2550

Lutein Solubility in HEX and water; lmax

445 nm in CHCl3/EtOH;

Decolourisation in acetone with

NaNO2/H2SO4; Purity test for

waxes using GC-FID using a 5%

diphenyl-95%

dimethylpolysiloxane column

Total carotenoid, lutein

zeaxanthin content by NP-HPLC

using HEX/EtOAc mobile phase

and detection at 446 nm;

spectrophotometry in HEX/

EtOAc at lmax ca. 446 nm,

E1cm,1% 2550

Canthaxanthin Solubility in water, vegetable oils,

ACE and EtOH; lmax 468 nm and

472 nm in CHX, decolourisation

with NaNO2/H2SO4; Purity test for

subsidiary colouring matters using

silica TLC with DCM/Et2O then

spectrophotometry at lmax 485 nm

in CHCl3

Spectrophotometry in CHX at

lmax ca. 470 nm, E1cm,1% 2200

ACE, acetone; ACN, acetonitrile; ASTA, American Spice Trade Association; n-BuOH, n-butanol; CHCl3, chloroform;
CHX, cyclohexane; DCM, dichloromethane; EtOAc, ethyl acetate; EtOH, ethanol; Et2O, diethylether; lem, emission;
lex, excitation; FID, flame ionisation detector; FLU, fluorescence; GC, gas chromatography; HEX, hexane; HOAc,
acetic acid; MEK, methylethylketone; MeOH, methanol; NEDP, N-ethyl-diisopropylamine; NP, normal phase; DAD,
diode array detection; PE, petroleum ether; RP, reverse phase; THF, tetrahydrofuran; UV, ultra violet.
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acetone/methanol mixtures, which facilitates extraction with water-containing

solvents. The presence of HCl in halogenated solvents such as chloroform and dichlor-

omethane, for example, is known to have an adverse effect on stability especially

cis–trans isomerisation. If immediate extraction or analysis is not possible, storage

at �18 �C or below under an inert atmosphere is recommended. To minimise analyte

losses, food samples are usually homogenised immediately prior to analysis, or in

some cases, the sample and extracting solvent are homogenised together. This is fol-

lowed by filtration under vacuum and repeated extraction of the sample until no more

colour is extracted and some form of partition has occurred from the water-miscible

solvent such as diethyl ether or hexane into a water-immiscible solvent by the addition

of saturated NaCl solution. This procedure effects a suitable clean-up of the extract

and removes co-extracted water, but it is not often sufficient, hence, SPE is often used

to clean up and concentrate extracts prior to instrumental analysis. Reverse-phase SPE

is commonly used but other adsorbent materials such as alumina, silica, magnesium

oxide, magnesium and calcium carbonate, calcium hydroxide, and diatomaceous earth

have been used (Lea, 1988; Eder, 2000; Oliver and Palou, 2000; Feltl et al., 2005).

Common extraction procedures such as Soxhlet and sonication have, in some cases,

been replaced by more rapid and efficient microwave-assisted extraction (Feltl et al.,

2005). Supercritical fluid extraction (SFE) is a rapid and selective method that lends

itself to carotenoids (Barth et al., 1995; Pfander and Niggli, 1995; Delgado-Vargas

et al., 2000; Gnayfeed et al., 2001; Schoefs, 2003, 2004, 2005).

6.4.3 Saponification

Saponification (alkaline hydrolysis) is an important aspect of carotenoid analysis in

foods where it is particularly effective for removing colourless contaminating lipid

material and for destroying chlorophyll if present. Several different methods have

been reviewed by Schoefs (2002, 2003, 2005). Saponification also helps to solubilise

large quantities of other food components such as proteins and carbohydrates, which

would otherwise interfere with the extraction and analysis. Carotenoid esters will also

be hydrolysed and saponification is therefore to be avoided when attempting to deter-

mine esterified carotenes such as ethyl ester of b-apo-8¢-carotenoic acid (E160f)

unless the objective is to measure the free acid. The saponification procedure is usu-

ally carried out by the addition of ethanolic or methanolic potassium hydroxide to give

an overall KOH concentration between 5% and 10% in the extraction mixture, usually

in the presence of an antioxidant such as ascorbyl palmitate. Various temperature

regimes are used for the saponification, depending on the required speed of analysis

or on the requirement for minimal carotenoid degradation. Saponification is usually

followed immediately by liquid–liquid partition into diethyl ether or a mixture of

diethyl ether and hexane (or petroleum spirit) to isolate the unsaponifiable fraction

prior to solvent removal and further clean up then washed several times with water

to remove residual potassium hydroxide.

It is also important that the formation of artefacts be minimised during extraction,

saponification, and work-up (e.g. multiple cis-isomers and oxidation products). Careful

monitoring by separation methods such as TLC or HPLC is therefore necessary to
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recognise any effects and to identify and measure the products (de Quirós and Costa,

2006). Enzymatic hydrolysis can be used as an alternative to saponification and can give

improved recoveries (Fernandez et al., 2000; Scotter et al., 2003; Biehler et al., 2010).

6.4.4 Spectrophotometry

Spectrophotometric analysis is traditionally used for the quantitative determination of

carotenoids, and the E1cm,1% values for some common carotenoids have been published

(Britton, 1992). The wide range in lmax values given in the EU specification is necessary

because of the variation in carotene content as well as isomerisation and solvent effects.

Thepositionof themainabsorptionbandofcarotenoids isdependenton the refractive index

of the solvent used, hence, any shifts in lmax observed upon changing solvent depends on

the solvent polarisability (Britton, 1995). In practice, lmax values for any given carotenoid

aresimilar inhexane,diethyl ether, ethanol,methanol, andacetonitrile,butpronouncedand

consistent lmax shifts may be observed in other solvents such as acetone (2–6 nm), chlo-

roform and dichloromethane (10–20 nm), and benzene (18–24 nm) (Britton, 1995).

Rapid spectrophotometric methods for the determination of carotenoids in frequently

consumed fruits and vegetables in either the presence or absence of chlorophyll have

been compared, where method accuracy is shown to vary depending on the carotenoid

profile and the matrix of the food; hence, method selection is very important (Biehler

et al., 2010).While spectrophotometry is useful for assaying the total carotenoid content

of a sample and provides spectral information that aids in the identification of caroten-

oids and their geometric isomers, the technique is not specific. Thus, for more accurate

and precise measurement of carotenoids in food extracts, separation techniques such as

HPLC coupled to sensitive and selective detection systems are favoured.

6.4.5 Separation techniques

Chromatographic separation techniques have a long and successful application to

carotenoids. Due to advances in adsorbent technologies, TLC still remains in common

use not only because of its simplicity and relatively low cost, but also because it is

often used to separate carotenoids from crude extracts prior to analysis using another

method, such as HPLC (Isaksen and Francis, 1986; Schiedt and Liaaen-Jensen, 1995;

Delgado-Vargas et al., 2000; Oliver and Palou, 2000).

6.4.6 HPLC systems

HPLC is recognised as the ideal technique for the separation, identification, and quan-

titation of carotenoids because it possesses greater speed, sensitivity, resolution, and

reproducibility than the aforementioned techniques. While a number of published arti-

cles on carotenoid analysis by normal phase HPLC are available (Saag, 1982; Eder,

2000; Scotter, 2011a,b), the vast majority of carotenoid separations are carried out on

RP phases utilising a wide range of bonded-phase chemistries. There are well

documented problems that must be approached with caution, especially in the choice

of HPLC column and mobile phase composition (Scott, 1992; Craft et al., 1992;
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Konings and Roomans, 1997; Eder, 2000). Separated peaks are monitored at several

different wavelengths in the UV–VIS range with simultaneous acquisition of peak

spectra for identification purposes using DAD, while MS detection allows identifica-

tion and selective detection of carotenoids via their characteristic fragmentation prop-

erties (see below). RP-HPLC solvent systems are usually based on a mixture of polar

and non-polar solvents with or without water, depending on the separation required.

Isocratic elution is usually adequate for separation of a small number of target ana-

lytes, but gradient elution with two or more solvent systems is often required for

the separation of large numbers of carotenoids covering a wide range of polarities.

RP-HPLC will elute the more polar oxygen-containing xanthophylls first followed

by the carotenes. It is important that analytical systems are able to separate the

cis- and trans- isomers of carotenoids, particularly under gradient elution with mix-

tures of acetonitrile, methanol and dichloromethane, and with DAD detection

(Schoefs et al., 1995; Darko et al., 2000). Moreover, RP columns with up to C30

bonded chains may be used (Lacker et al., 1999; Delgado-Vargas et al., 2000).

Figure 6.4 shows an example of the HPLC separation of a mixture of 12 carotenoids.

Carotenoids absorb very strongly in the visible region between 400 and 500 nm,

with cis-isomers exhibiting an additional absorption band around 320 nm; hence,

DAD detectors have added a powerful dimension to their characterisation and mea-

surement. The spectra of carotenoids are highly diagnostic, providing detailed struc-

tural information by the position and relative intensity of absorption bands as shown in

Figure 6.5 (Scotter et al., 1994; Britton, 1995).
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Figure 6.5 Separation of different carotenoids by gradient RP-HPLC. Conditions: Column C30

250�4.6 mm�5 mm, mobile phase A – methanol:water:triethylamine (90:10:0.1 v/v),

mobile phase B – MTBE:methanol:water:triethylamine (90:6:4:0.1 v/v), flow rate 1 mL/min,

detection by DAD at 450�4 nm bandwidth. Peak assignments (1) Norbixin, (2) Bixin,

(3) Capsanthin, (4) Lutein, (5) Zeaxanthin, (6) Canthaxanthin, (7) b-Apo-8¢-carotenal,
(8) b-Apo-8¢-carotenoic acid ethyl ester, (9) Echinenon (internal standard), (10) a-Carotene,
(11) b-carotene, (12) Lycopene.
Reproduced with permission from Breithaupt (2004).
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The method developed by Scotter (1997) used to determine the carotene content of

three commercially available mixed carotenes formulations is an example of the

HPLC conditions typically used. The system comprises a reverse-phase column

(Vydac 201TP, 250�4.6 mm) containing a 300 Å pore diameter, 5 mm particle size

silica, polymetrically modified with C18 at 35
�C. This is used with an isocratic mobile

phase consisting of (A) 5% (v/v) 1,1-dichloroethane in acetonitrile, (B) 5% (v/v) 1,1-

dichloroethane in methanol, and (C) water premixed in the ratio 49:48:3 (A:B:C).

DAD detection is used with a monitoring wavelength of 450 nm at 50 nm bandwidth

to optimise the detection of carotenes. Under these conditions, it is possible to separate

a- and b-carotenes as well as other b-carotene isomers, b-cryptoxanthin, and lutein

within 20 min.

6.4.7 LC–MS(MS)

For a detailed discussion on the advantages of HPLC with MS detection for caroten-

oids analysis, the work of Van Breemen (1996, 1997) is recommended. Most of the

methods applied to carotenoids use the atmospheric pressure chemical ionisation

(APcI) mode due to the absence of protonation sites in carotenoids (Feltl et al.,

2005). Řezanka et al. (2009) have comprehensively reviewed the use of APcI-MSwith

HPLC and other separation techniques for the identification of carotenoids, which

supplies significant detail on analytical methodologies. Isotopically labelled ana-

logues (13C or 2H) are often used as internal standards, but they are expensive and

difficult to obtain for certain carotenoids. The sensitivity of electrospray ionisation

(ESI) modes in MS detection is generally two orders of magnitude higher than

UV–VIS detection (Feltl et al., 2005); however, the sensitivity of LC–MS(MS)

depends on the nature of the carotenoid(s) being determined, the sample matrix,

and the sample workup regime used. Careri et al. (1999), for example, investigated

LC-ESI-MS for the analysis of b-carotene, lutein, canthaxanthin, and other caroten-

oids. For food quality and/or safety enforcement purposes,MS detection is more likely

to be utilised in investigative work or in method development, since DAD detection

provides adequate sensitivity for the levels of carotenoids used in foodstuffs for col-

ouring purposes.

6.4.8 Other spectroscopic techniques

Additional information on the structure of carotenoid (and chlorophyll) analogues

may be obtained using NMR (Schoefs, 2004). For example, Valverde and This

(2008) used 1H NMR (1D and 2D) for quantitative determination of photosynthetic

pigments from green beans and reported that it provides more structural information

than UV/VIS spectroscopy. Twenty-eight discrete chemical shift assignments were

reported to give a measurement precision comparable to other methods but with

higher discriminatory power compared to UV/VIS spectroscopy, which can only

determine total carotenoids. Other detection modes such as infrared spectroscopy

and circular dichroism have been discussed by Schoefs (2004).
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6.4.9 Availability of carotenoid standards

Their inherent instability notwithstanding, one of the main issues surrounding the

analysis of carotenoids is the cost of standard carotenoid materials. Most of the main

carotenoids are available commercially, including trans- and cis-isomers. For quan-

titative analysis, b-apo-8¢-carotenal, Sudan I, or echinenone are occasionally used as

internal standards (Scott et al., 1996; Eder, 2000; Scotter et al., 2003).

6.4.10 Analysis of food and beverages for carotenoids

While extraction procedures for carotenoids in foodstuffs are numerous and have

been reviewed (Lea, 1988; Eder, 2000; Delgado-Vargas et al., 2000; Oliver and

Palou, 2000; de Quirós and Costa, 2006; Feltl et al., 2005), there has been no sys-

tematic survey of applications. Comparatively few methods (especially validated

ones) are available on the determination of carotenoids in processed foods and

beverages, especially for added carotenoid colours, since most are concerned with

relatively clean and undegraded extracts prepared from natural foodstuffs. Space

does not permit a comprehensive review, hence, a selection of relevant methods

for single and multiple carotenoids are discussed here and further reading is

recommended.

A relatively small number of literature references are available that address

the validation of carotenoid analysis in foods. For example, HPLC-DAD has been

validated for the analysis of lutein, zeaxanthin, a-carotene, b-carotene, lycopene
and b-cryptoxanthin in carrot, spinach, tomatoes, corn (canned), and tangerines

(Konings and Roomans, 1997). A collaborative study for the analysis of cereal,

infant formula, carrots, mixed vegetable juice, baby food squash, and carotene

capsule for carotenes by RP-HPLC has been reported by Bueno (1997).

Taungbodhitham et al. (1998) evaluated six extraction methods for the analysis

of carotenoids in tomato juice, carrot, and spinach using b-apo-8¢-carotenal inter-
nal standard with good recoveries. A RP-HPLC-DAD method for the determina-

tion of the permitted food colour additives b-carotene and b-apo-8¢-carotenal
has been single-laboratory validated for infant food, half-fat butter spread, soft

drink, comminuted meat product, ice cream, jelly confectionery, and cheese with

limits of detection and quantitation of 0.01 and 0.1 mg/kg, respectively (Scotter

et al., 2003).

New technologies such as accelerated solvent extraction (ASE) have been adapted

for carotenoids analysis using mixed solvents (MeOH:EtOAc:pet spirit) followed by

partition, where saponification is not required unless samples are known to contain

oleoresin. The technique compares favourably with manual solvent extraction for

the determination of capsanthin, lutein, canthaxanthin, b-apo-8¢-carotenal, b-apo-
8¢-carotenoic acid ethyl ester, b-carotene, bixin, norbixin, and lycopene in beverages,
pudding mix, cereals, cookies, and sausage (Breithaupt, 2004). Separation and mea-

surement was achieved using RP (C30)-HPLC-DAD at 450 nm, with confirmation by

LC-(APcI)MS in positive mode monitoring the [M+H]+, [M+H-H2O]
+, [M+H-

CH3OH]
+, and [M+H-C2H5OH]

+ ions where appropriate. The ASE method was
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recommended to monitor both non-permitted application of carotenoid food colours

and for the compliance of food within legal limits. A similar approach has been

applied to b-apo-8¢-carotenoic acid ethyl ester in commercial egg yolks

(Schlatterer and Breithaupt, 2006). Sub-ambient temperature rapid micro-extraction

in the presence of NaCl solution, hexane, dichloromethane, and ethyl acetate of fresh

tomato powder prepared after treatment with liquid nitrogen has been validated for the

analysis of lutein, lycopene, b-carotene, and phytoene using isocratic RP-HPLC-DAD
(Sérino et al., 2009). Solvent extraction with added BHT antioxidant, followed by cen-

trifugation and partition into petroleum ether and solvent evaporation has been vali-

dated for the determination of a-carotene, b-carotene, b-cryptoxanthin, lycopene,
lutein, and zeaxanthin in tomatoes (Dias et al., 2008). b-Apo-8¢-carotenal was used
as internal standard with separation and quantitation by RP-HPLC-DAD.

Other notable examples include the use of TLC and RP-HPLC for the detection of

lycopene, canthaxanthin, b-apo-8¢-carotenal, and bixin in red pepper products

(Mı́nguez-Mosquera et al., 1995); saponification followed by partition and SPE clean

up with measurement by RP-HPLC for capsanthin in foods (Hayashi et al., 2001); can-

thaxanthin and astaxanthin in rainbow trout and Atlantic salmon (Page and Davies,

2007); and the determination of b-carotene and lutein (plus zeaxanthin and b-cryptox-
anthin) in corn grain, semolina, and flour using RP-HPLC (Burkhardt and B€ohm,

2007). Alternative sample treatment techniques such as enzymolysis are known to

improve extraction of capsaicinoids and carotenoids from chilli fruits (Salgado-

Roman et al., 2008).

The apo-carotenoids bixin and norbixin are the main colouring principles in

annatto (E160b) that are generally more polar than intact carotenoids. Modified ana-

lytical approaches are therefore required compared to most other carotenoids. Chlo-

roform is used as solvent for the spectrophotometric analysis of ‘oil-soluble’ bixin

whereas dilute sodium hydroxide (ca. 0.1 M) is used for norbixin (Scotter,

2009a,b). Spectrophotometry is used for quantitative analysis of colour formulations,

but since interference from yellow decomposition products may be problematic, only

the absorbances at the most intense wavelength maxima are used. However, due to the

use of conflicting extinction coefficients, spectrophotometric determination of

annatto (as bixin or norbixin) may lead to errors (Levy and Rivadeneira, 2000).

The chemistry and analysis of annatto food colour has been recently comprehen-

sively reviewed (Scotter, 2009a,b). Methods have been developed for the analysis of

foods and beverages using spectrophotometric and chromatographic (TLC, HPLC)

techniques and applied to whey solids (Hammond et al., 1975); meats (McNeal,

1976); milk and ice cream (AOAC, 1980); drinks and syrups, butter, margarine,

yoghurt, cheese and pastries (Corradi and Micheli, 1981); and margarine, cheese

and boiled sweets (Smith et al., 1983) and cheese (Luf and Brandl, 1988). Some

methods required refinement for the extraction of annatto from a range of foods,

including high-fat foods, dairy products and candies (Lancaster and Lawrence,

1995) and fruit beverages, yoghurt and candies (Lancaster and Lawrence, 1996);

red peppers (Mı́nguez-Mosquera et al., 1995); commercial seasonings (Hass and

Vinha, 1995); cheese and milk products (Bareth et al., 2002); and a wide range of food

commodities (Scotter et al., 2002) where specific solvent extraction regimes were
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developed for different sample matrices – namely, extruded corn snack products (Rios

and Mercadante, 2004), beverages, pudding mix, cereals, cookies, and sausage

(Breithaupt, 2004). A good example of a method for the determination of norbixin

and bixin in meat products uses acetonitrile as extraction solvent with chromato-

graphic analysis using RP-HPLC-DAD at 458 and 486 nm, along with multiple

MS confirmatory detection (MSn) in both positive and negative ion modes at m/z

379 and m/z 395 for norbixin and bixin, respectively (Noppe et al., 2009). The limits

of determination for HPLC-DAD and LC–MS were 0.5 and 1 mg/kg respectively;

thereby, providing adequate sensitivity for the enforcement of EU maximum permit-

ted limits for annatto in foods.

6.4.11 Beet red (E162)

Beet red colour comprises betalaines, which have complex amphoteric structures

characterised by a purplish-red in colour and vulgaxanthins, which exhibit a yellow

colour. It is important that analytical methods for the determination of beet red colour

encompass all colouring principles. Beet colours are essentially insoluble in organic

solvents and susceptible to degradation due to heat, light, oxygen, and pH change

(Azeredo, 2009). Special precautions must therefore be taken during extraction and

analysis of beet red colour. Commission Directive 2008/128/EC prescribes the iden-

tification and the minimum content of the colouring material measured by spectro-

photometry at 535 nm in aqueous solution at pH 5 using an E1cm,1% value of 1120.

The JECFA specification prescribes an assay procedure based on the same extinction

coefficient at ca. 530 nm.

There are more than 50 known betalain colour principles, and the majority of ana-

lytical methods for beet colour focus on beet extracts and colour formulations,

extraction, colourant content, and stability rather than on added beet colour in food-

stuffs. Water-based solvents such as dilute HCl and citric acid-phosphate buffer are

generally used for extraction of plant materials (Eder, 2000). Improved clarification

of extracts and polyphenoloxidase inhibition may be achieved using celite and

ascorbic acid, respectively. Other extraction procedures use aqueous mixtures of

ethanol or methanol, and betacyanins may also be precipitated by a slight acidifica-

tion with HCl (Garciá Barrera et al., 1998; Delgado-Vargas et al., 2000; Kujala

et al., 2001).

Methods for betalain extraction from various plant sources have been reviewed

(Azeredo, 2009), and deactivation of enzymes using heat has been shown to mitigate

against betalain degradation (Delgado-Vargas et al., 2000). Moreover, betaxanthin

pigments in methanolic extracts of Opuntia fruit juices containing ascorbic acid at

pH 3.5 exhibit improved heat stability as determined by absorption at 271 and

482 nm (El Gharras et al., 2008).

Chromatographic or electrophoretic separation methods are generally used

for the isolation, purification, and quantification of crude betalain extracts thereby

facilitating measurement of individual and total betalains (Eder, 2000). A two-step

procedure using either ion chromatography on cation exchange resins (e.g. Dowex

50 W-X2, H+ form, or gel filtration with Sephadex G-25) followed by adsorption
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chromatography on polyamide and/or polyvinylpyrrolidone is used for isolation and

clean up.

While extraction methods for beetroot and other plant sources of betalaines are

fairly well established, there a very few useful methods available, and they do not

cover the scope of foods permitted to contain E162. Apart from a very small number

of available methods for the analysis of milk products, fruit products, and meat prod-

ucts, methods for the determination of E162 are poorly established. A simple test for

the presence of betanin in cooked and raw sausages based on direct extraction into

pyridine cannot discriminate betanin from anthocyanins (Egginger, 1985). Beet red

has been extracted from red wine brawn, milk products, fruit products, and other

foods by direct adsorption onto polyamide powder from aqueous sample extracts fol-

lowed by desorption using an acidic eluant (e.g. methanol:formic acid 60:40 v/v) for

betanin in milk products, fruit juices and products, and meat products (Henning,

1983). Additional steps are required for complex matrices such as sausage in order

to remove protein and fat as well as RP-SPE clean up prior to analysis by TLC

(Brockmann, 1998).

Dissolution of the beet red-containing sample in pH 5.0 phosphate buffer forms the

basis of most spectrophotometric methods, where the colour content is calculated on

the basis of the maximum absorption at ca. 530 nm using an extinction coefficient of

1120 (Nilsson, 1970; Knuthsen, 1981). The results are expressed as ‘% red colour’, but

whilst this expression may be somewhat ambiguous, it is the industry-accepted stan-

dard (Scotter, 1997). The betalain content of beet red and anthocyanin mixtures may

also be quantified at pH 6.5 at 600 nm where results are expressed as betanin

(e¼60,000 L/mol cm at 538 nm) (Stintzing et al., 2006).

TLC has been used to identify betalains in beet extracts, beet red colour formula-

tions (Knuthsen, 1981), milk products, fruit mixtures, fruit juices, fruit syrups and

meat products (Henning, 1983), and cooked and raw sausage (Egginger, 1985;

Brockmann, 1998). However, due to the low resolution of the colour principles its

use is not widespread. Improved betalain mobility on cellulose plates with acidic

mobile phases comprising isopropanol:ethanol:water:acetic acid can be used on a pre-

parative scale (Bilyk, 1981). Similarly, a system based on diethylamino cellulose

plates and isopropanol:water:acetic acid mobile phase has been used (Streck et al.,

1993), as has TLC on cellulose, with butanol:formic acid:H2O mobile phase

(Henning, 1983). RP-HPLC with either UV/VIS or DAD detection is the method

of choice for the separation, identification, and quantitation of beet pigments reflect-

ing the numerous available methods, of which few have been developed for added beet

colour in processed foods. Vincent and Scholz (1978) used ion-pairing with tetrabu-

tylammonium (TBA) phosphate in aqueous methanol at pH 7.5 to separate the con-

figurational isomers of betacyanins and betaxanthins in red beet extracts using

gradient elution and by monitoring at two different wavelengths (538 and 476 nm,

respectively). Quantitative determination of individual betacyanin and betaxanthin

pigments in commercial beet red formulations is readily achievable with gradient

RP-HPLC and a mobile phase comprising 0.05 M KH2PO4 and methanol at

pH 2.75, utilising DAD detection at 535 nm for red betacyanins and 475 nm for yel-

low betaxanthins (Scotter, 1997). There is a relatively large amount of information on
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the separation and identification of betalaine analogues in a range of plant sources in

addition to beetroot, which use both DAD andMS detection. Among these are the RP-

HPLC methods described by Kujala et al. (2001), Stintzing et al. (2006), and Kugler

et al. (2007), which use C18 columns and gradient elution with acetonitrile:formic

acid:water mobile phase. For MS detection, electrospray ionisation in positive mode

is favoured for the detection of the [M+H]+ ions of betanin and isobetanin at m/z

389. Betanin produces characteristic fragments at m/z 345 (35%) and 150 (100%),

and isobetanin at m/z 345 (100%) and 150 (54%). Vulgaxanthin I [M+H]+ may be

detected at m/z 340 (Scotter, 2011a,b).

Aside from chromatography, paper electrophoresis and capillary zone electropho-

resis may be used for the separation of betanin, the latter from isobetanin and their

corresponding aglycones (Delgado-Vargas et al., 2000).

6.4.12 Anthocyanins (E163)

The method of assay for identification in the EU specifications is based on spectro-

photometric measurement at pH 3.0 between 515 and 535 nm, with reference to an

E1cm,1% value of 300. For identification purposes, separate absorption maxima are pre-

scribed for the six main aglycones in 0.01% methanolic HCl (cyanidin 535 nm, peo-

nidin 532 nm, malvidin 542 nm, delphinidin 546 nm, petunidin 543 nm, pelargonidin

530 nm). JECFA prescribes separate specifications for blackcurrant extract and grape

skin extract in which specific anthocyanins are defined for each extract. The pre-

scribed definition assay methods for both extracts are based on spectrophotometric

measurement of colour intensity at pH 3.0 and lmax values of 520 nm (blackcurrant)

and 525 nm (grape skin) as well as a colour reaction test upon addition of NaOH. The

identification test for blackcurrant extract prescribes gradient RP-HPLC using formic

acid, water, and acetonitrile mobile phase with detection at 520 nm. The JECFA

method of assay for blackcurrant and grape extract is based on spectrophotometry

at 520 and 525 nm, respectively, at pH 3.0.

The extraction and separation of anthocyanins is greatly facilitated by their solu-

bility in water rather than in non-polar solvents (Delgado-Vargas et al., 2000); thus,

methods usually employ an extraction medium of dilute hydrochloric acid methanol

(ca. 1%) but organic acid-based solvents are also used (e.g. methanol, ethanol or ace-

tone, at compositions of 70–80% in water) (Mazza et al., 2004).

Since anthocyanins are heat-sensitive, extraction and concentration are normally

carried out at low temperature, that is,<30 �C. Qualitative analysis generally involves
concentration under vacuum, purification (using SPE), followed by pigment separa-

tion. Plant (and food) extract solutions may contain significant amounts of co-

extractives such as sugars, acids, amino acids, and proteins that require removal.

While partitioning with immiscible solvent, for example, ethyl acetate has been shown

to remove interferences, RP-SPE techniques are normally used for isolation in acid-

ified buffer, washing, clean up with organic solvent, and elution with acidified meth-

anol (Giusti et al., 1999). Such methodology has been applied to cherry extracts

(Chandra et al., 2001). While not a food application, mixed mode cation exchange

SPE has been used to purify anthocyanins from tulip extracts using 50:50
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methanol:water with 0.1% formic acid (Shah and Chapman, 2009), Sephadex for the

purification of crude anthocyanin extracts (Lee and Hong, 1992; Da Costa et al.,

2000), and hydrophilic–lipophilic balanced (HLB) SPE to extract anthocyanins from

human tissue homogenates (Ling et al., 2009).

The major anthocyanin peaks are identified following hydrolysis of the anthocy-

anins using 2 M HCl at 90 �C for ca. 1 h to convert to the parent aglycones

(Scotter, 1997). The aglycone profile of an extract is then used quantitatively, where

results are expressed as the major aglycone. While this procedure simplifies the anal-

ysis to six well-characterised aglycones for which standards are available, they are

generally less stable than the anthocyanins. The majority of available methods for

intact anthocyanin analysis are concerned with optimisation of extraction, separation

of individual anthocyanins, identification, and structural elucidation rather than with

the determination of anthocyanin colours added to foodstuffs (Francis, 1982; Lea,

1988; Jackman and Smith, 1992; Lee and Hong, 1992; Delgado-Vargas et al.,

2000; Eder, 2000; Da Costa et al., 2000; Merken and Beecher, 2000; Mazza

et al., 2004).

Spectrophotometric methods are used routinely for quantitative analysis of antho-

cyanin mixtures but only with prior knowledge of the proportions of the individual

pigments can estimates of the concentration of individual anthocyanins in a mixture

be determined. Absolute concentrations may then be estimated by the use of weighted

average absorbtivities and absorbance measurement at weighted average wavelengths

(Jackman and Smith, 1992). The single pHmeasurement approach is known to be sub-

ject to interference by co-extractives and brown-coloured degradation products and

cannot be used in their presence, but differential absorption methods may be used

(Jackman et al., 1987; Francis, 1989). The differential method is based on the differ-

ence in absorbance at two pH values at a given wavelength (e.g. lmax of the anthocy-

anin) where absorption due to interfering substances is cancelled by the subtraction

because the spectrophotometric characteristics of interfering brown (degradation)

products are generally not altered with changes in pH. This allows calculation of

the anthocyanin degradation index, defined as the ratio of the total anthocyanin deter-

mined at a single pH to that determined by the differential method. While the value of

the EU prescribed extinction coefficient (E1cm/1%¼300 at pH 3.0) is an industry

derived average value, it is possible to correlate between the single and differential

pH methods for anthocyanin colour formulations (Scotter, 1997). However, co-

pigmentation and self-association effects cause deviations from Beer’s Law, leading

to inaccurate estimates of total anthocyanin concentration, thus anthocyanin solutions

should be prepared such that the measured absorbance falls within the range ca. 0.2–

0.6 AU. High correlation between the differential pH method and two RP-HPLC-

DAD methods for the analysis of seven juice samples containing an array of different

anthocyanins has been found (Lee et al., 2008).

The separation of anthocyanins can be achieved using paper, thin-layer and column

chromatographic methods and capillary electrophoresis. Efficient high-performance

TLC methods have been developed recently that require minimal sample preparation

for quantitative analysis of pomace, animal feeds, and foodstuffs for anthocyanins and

anthocyanidins (i.e. aglycones) where normal phase analysis on silica gel phase was
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found to be superior to RP (C18) phase (Kr€uger et al., 2013). HPLC is, however, the

separation method of choice for most analysts because it is fast, sensitive, and

quantitative. Peak retention times can often vary when identical conditions are used,

so the use of pure anthocyanin standards is recommended for peak identity confirma-

tion and qualitative evaluation of chromatograms (Eder, 2000). Moreover, it is com-

mon practice to use a single anthocyanin (surrogate) standard to quantify all other

anthocyanin peaks (e.g. malvidin-3-glucoside), but this will necessarily incur quanti-

tative errors due to differences in absorbances and absorbance maxima between

anthocyanins.

ManyHPLCmethods for the determination of anthocyanins and aglycones are avail-

able with the vast majority of them employing RP systems with gradient elution, aque-

ous acid (formic or acetic), or acidic buffer, for example, phosphate at a pH of<2 with

methanol or acetonitrile as the mobile phase and detection in the wavelength range

510–546 nm. Structural elucidation is possible with DAD detection where the A440/

Almax ratio is used to characterise 3-glycosides and the 3,5-diglycosides (Hong and

Wrolstad, 1990a,b; Hebrero et al., 1989). Moreover, increased absorption in the

300–325 nm region is characteristic of acetylated anthocyanins. Due to the relative sim-

plicity of aglycone occurrence, isocratic conditions are used for separation in the elution

order delphinidin<cyanidin<petunidin<pelargonidin<peonidin<malvidin (Lee

and Hong, 1992); for example, in improved quality control of red fruit juices, concen-

trated juices and syrups (blackcurrant, elderberry, sour cherry, strawberry, grape, blue-

berry, raspberry, and red currant) (Goiffon et al., 1999), and anthocyanin colour

preparations (Scotter, 1997).

Direct infusion into electrospray and tandem MS systems is used to characterise

anthocyanin standards and vegetable extract fractions separated by HPLC. The pos-

itive charge of anthocyanins favours fast and effective electrospray (ES)-MS detection

of intact molecular ions, and tandem MS provide clear and characteristic fragmenta-

tion patterns. APcI-MS has been used for the analysis of blackcurrant anthocyanins

(3-glucosides and 3-rutinosides of cyanidin and delphinidin) in which the molecular

ion [M]+ and mass fragments corresponding to the successive loss of sugar residues

[M-146]+ and [M-146-162]+ were characterised (Da Costa et al., 2000). Figure 6.6

gives an example of the HPLC separation of red cabbage anthocyanins using both

DAD and ES-MS detection (Giusti et al., 1999). The identification and quantification

of individual and total anthocyanins in raw plant materials by LC–MS with positive

ES ionisation may be used to detect [M]+ ions (Chandra et al., 2001). Other MS tech-

niques for anthocyanin analysis such as fast atom bombardment (FAB), matrix-

assisted laser desorption ionisation (MALDI) and time-of-flight (TOF) are useful

for structural elucidation but are not used routinely (Mazza et al., 2004). Specific

applications include LC–MS/MS for anthocyanin screening of the precursor ions of

the six common aglycones as well as common neutral loss and selected reaction mon-

itoring (SRM) for identification of specific anthocyanins in raspberries, blueberries,

and grapes (Tian et al., 2005). LC–MS techniques are an important tool for systematic

identification and characterisation of anthocyanins in commercial biological samples,

especially when combined with DAD detection, for example, the characterisation of

anthocyanin–betalain food colouring mixtures (Stintzing et al., 2006) and in a bioad-

hesive black raspberry gel and biological fluids (Ling et al., 2009).
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Electrochemical separation methods such as CZE have found limited use in the

analysis of anthocyanins, due in part to the instability of anthocyanins in basic media

and because the predominant ion species does not absorb light around 500 nm at basic

pH (Da Costa et al., 2000). The use of CZE under acidic conditions can significantly

increase peak resolution and improve detection limits, but does not offer the
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Figure 6.6 Separation of red cabbage (Brassica oleracea) anthocyanins by (a) RP-HPLC and

(b) ES-MS. Conditions: column C18 250�4.6 mm�5 mm, mobile phase A – acetonitrile,

mobile phase B – water:acetic acid:acetonitril:phosphoric acid (84:10:5:1 v/v), flow rate 1 mL/

min, detection by DAD at 280, 310, and 520 nm. Detection by ES-MS positive ion mode. Peak

assignments (1) Cyanidin-3-diglucoside-5-glucoside, (2) Cyanidin-3-glucoside-5-glucoside,

(3) Cyanidin-3-triglucoside-5-glucoside acetylated with p-coumaric acid, (4) Cyanidin-3-

glucoside-5-clucoside acetylated with ferulic acid, (5) Cyanidin-3-glucoside-5-glucoside

acetylated with sinapic acid, (6) Cyanidin-3-diglucoside-5-glucoside acetylated with p-
coumaric acid, (7) Cyanidin-3-diglucoside acetylated with ferulic acid, (8) Cyanidin-3-

diglucoside-5-glucoside acetylated with sinapic acid, (9) Cyanidin-3-diglucoside-5-glucoside

acetylated with p-coumaric and sinapic acids, (10) Cyanidin-3-diglucoside-5-glucoside

acetylated with ferulic and sinapic acids, (11) Cyanidin-3-diglucoside-5-glucoside acetylated

with two sinapic acids.

Reprintedwithpermission fromGiusti et al. (1999).Copyright 1999AmericanChemicalSociety.
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separation of complex samples that can be achieved with HPLC (Mazza et al., 2004).

The use of NMR for structural elucidation of anthocyanins is a very powerful analyt-

ical tool that has been reviewed by Schoefs (2004) but does not find much use outside

of research applications.

6.4.13 Other colours

6.4.13.1 Vegetable carbon (E153)

No method of assay is prescribed for vegetable carbon in the EU purity criteria: how-

ever, the JECFA specification for vegetable carbon prescribes a method in which the

total carbon is measured in a dried (120 �C for 4 h) sample by one of several methods

or commercial instruments for carbon analysis, such as instruments for C, H, O deter-

minations or combustion/gravimetric carbon analysis. To date, only one qualitative

method of analysis for vegetable carbon in food products is available, which involves

digestion of the sample in nitric acid followed by filtration and treatment with hydro-

chloric acid to remove any iron oxides present. The residue remaining after filtration is

indicative of the presence of vegetable carbon, which can be confirmed using Raman

spectroscopy (Miranda-Bermudez et al., 2012). Moreover, difficulties arise in assess-

ment of the qualitative and quantitative suitability of analytical methods because the

range of levels at which vegetable carbon is used in foodstuffs is unclear. The EU

specification for E153 does, however, contain a purity specification for polyaromatic

hydrocarbons, which is defined as the result of a semi-quantitative comparative assay.

Analysis methods for other (non-food) matrices have also been discussed (Scotter,

2011a,b).

6.4.13.2 Calcium carbonate (E170)

No method of assay is prescribed in the EU purity criteria for E170, whereas the

JECFA specification for calcium carbonate prescribes a method based on a titrimetric

procedure following acidification. The calcium content of foodstuffs varies consider-

ably and may be enhanced by the presence of other additives or ingredients containing

Ca. Historically, methods for the determination of CaCO3 were based on the measure-

ment of total Ca or by release of carbon dioxide (Kirk and Sawyer, 1991). Ion chro-

matography (IC) can be used for the determination of carbonate but its application is

limited (Tarter, 1987); however, IC with conductivity detection has been used for

carbonate determination in beer and wine (Haddad and Jackson, 1990). Atomic

absorption spectroscopy (AAS) at 422.7 nm and atomic emission spectroscopy

(AES) remain the most common techniques used for the determination of total Ca

in foods following ashing, or by a colorimetric procedure using chloranilic acid

(Kirk and Sawyer, 1991). Other analytical techniques include inductively coupled

plasma (ICP)-MS were samples are commonly digested in concentrated HNO3,

CZE for vegetables (Fukushi et al., 1997), and spectrophotometry at 470 and

630 nm based on the formation of a Ca–alizarin complex following ashing and acid

digestion (Gao, 2002).
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6.4.13.3 Titanium dioxide E171

Titanium dioxide is largely unaffected by almost any food processing because of its

high stability to heat, light, oxygen, and pH. No method of assay is prescribed in the

EU purity criteria for TiO2. However, the JECFA specification for TiO2 prescribes a

method based on a titrimetric procedure following digestion in sulfuric acid followed

by reduction and complex formation with hydrochloric acid and aluminium. There are

very few available methods for the determination of TiO2 in foods but it may be deter-

mined spectrophotometrically following ashing and oxidation to give a yellow com-

plex determined at 410 nm, which has been applied to poultry digesta (Njaa, 1961),

cheese (Leone, 1973; Short et al., 1996), and feed samples (Titgemeyer et al., 2001;

Myers et al., 2004). Colorimetric assays are available for the determination of TiO2 in

processed cheese, chocolate, and chewing gum following digestion in a mixture of

sulfuric and perchloric acids with ammonium sulphate and treatment with ascorbic

acid to remove interference from Fe3+ and colour development with diantipyryl-

methane measured at 390 nm (Hamano et al., 1990). Inductively coupled plasma opti-

cal emission spectroscopy (ICPOES) is used to determine TiO2 in confectionery,

cheeses, chewing gum, sauces and dressings, mustard, and beverage whiteners at

levels commensurate with its use as a colour additive (Lomer et al., 2000) and has

been compared with colorimetry (Boguhn et al., 2009). Other related spectrometric

techniques may be used for the determination of elemental titanium (Caroli, 2007).

6.4.13.4 Iron oxides and hydroxides (E172)

No method of assay is prescribed in the EU purity criteria for E172; however, the

JECFA specification for iron oxides prescribes a method based on a titrimetric proce-

dure following digestion in hydrochloric acid and hydrogen peroxide and iodometric

titration. While there are numerous methods available for the determination of iron

in foodstuffs, none are specific to iron oxides/hydroxides, but a small number of articles

do describe the analysis of various other substrates for iron oxides, for example, in glass

by redox titrimetry (Abramov et al., 1982), cosmetic products using neutron activation

(Kanias, 1987), and sludges using complexometric titration (Kostousova and Osokina,

1989). Historically, colorimetry has been used for the determination of non-specific iron

in foodstuffs such as flour following ashing and digestion in HCl/HNO3, with colour

development using o-phenanthroline at 520 nm (Kirk and Sawyer, 1991). The trace

determination of iron in food, milk, and tea by complexation with a bis-azo dye

(2,6-bis(1-hydroxy-2-naphthylazo)pyridine) and measurement at 550 nm (Sharma

and Singh, 2009). AAS, AES, and MS are used regularly as end-determination

methods after ashing and digestion Cubadda (2007).

6.5 Future outlook

The food additive industry is growing and evolving at a rapid pace; hence, analytical

methods are required to meet the needs of manufacturers, retailers, consumers, and

regulators largely concerned with quality and safety aspects. Methods must also adapt
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to meet greater technical demands with respect to their qualitative and qualitative suit-

ability. According to one source, growth within the artificial/synthetic colours

market has been significantly modest, with value sales increasing by <4% between

2007 and 2011 (Leatherhead Food, 2013). In contrast, global sales of natural colours

are up by almost 29% from 2007, demonstrating annual growth in excess of 7%.

Added to the already existing trend of increased consumer demand for natural colours,

especially in the light of the ‘Southampton’ study (McCann et al., 2007), manufac-

turers and retailers are striving for more ‘clean label’ products, that is, those that

do not declare E-numbers as ingredients but rather declare the accepted ingredient

name, to which natural colours lend themselves more readily compared to artificial

colours (Scotter, 2011a,b). But natural does not necessarily mean good or safe; in fact,

there is no absolute definition of the term ‘natural’ in EU regulations, hence the need

for synthetic and natural food colour specifications. The replacement of synthetic col-

ours with natural alternatives is not always straightforward so as the range of food-

stuff/colour combinations increases, the associated analytical technologies must be

developed to keep pace, including rapid methods, multianalyte methods, methods

with high sensitivity and/or selectivity, and those targeted at non-permitted synthetic

dyes from emerging markets. Methods for both natural and synthetic food colours are

likely to benefit from technologies such as LC–MS(MS) (high resolution MS in par-

ticular), which are becoming more affordable and provide a means of orthogonal ana-

lyte confirmation and identification. HPLC is likely to remain the workhorse

methodology for separation due to improvements in column phase chemistries and

detector capabilities. With respect to natural colours, authenticity and provenance

of both raw materials and colour formulations may be an issue that will require adap-

tation of other analytical technologies such as DNA profiling and stable-isotope

ratio MS.

6.6 Further reading
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Ndaw, S., Bergaentzlé, M., Aoudé-Werner, D., Hasselmann, C., 2000. Extraction procedures

for the liquid chromatographic determination of thiamine, riboflavin and vitamin B6 in

foodstuffs. Food Chem. 71, 129–138.

Ni, Y., Bai, J., Jin, L., 1996. Simultaneous absorptive voltammetric analysis of mixed colorants

by multivariate calibration approach. Anal. Chim. Acta 329, 65–72.

Nilsson, T., 1970. Studies into the pigments in beetroot. Lantbruksh€ogskolansAnnaler 36, 179–219.
Njaa, L.R., 1961. Determination of protein digestibility with titanium oxide as indicator sub-

stance. Acta Agric. Scand. 11, 227–241.

Nonomura, Y., Yamaguchi, Y., Hara, K., Furuya, K., Yoshioka, N., Inoue, H., 1996. High-

performance liquid chromatographic separation of iron(III) chlorophyllin. J. Chromatogr.

A 721, 350–354.

Noppe, H., Abuin Martinez, S., Verheyden, K., Van Loco, J., Companyó Beltran, R., De
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7Visual contributions to taste

and flavour perception
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7.1 Introduction

It is often said that we eat with our eyes (Imram, 1999), and the phrase ‘visual flavour’

is certainly one that often crops up in the literature (e.g. Hutchings, 1977;Masurovsky,

1939). In fact, as far back as the first century, the Roman gourmet, Apicius, was cred-

ited with saying that The first taste is always with the eyes. (see Apicius, 1936; see also
Delwiche, 2012). More recently, Yang (2011) went even further to suggest that The
visual sensation of a dish is as important as its flavour. The latest cognitive neurosci-
ence research now demonstrates that the sight of a food results in the focusing of a

person’s neural (attentional) resources on, and hence enhanced visual processing

of, energetic food stimuli (e.g. Harrar et al., 2011b; Toepel et al., 2009; Van der

Laan et al., 2011).

What we see provides us with a range of different cues concerning the identity of

any foodstuff that happens to be placed in front of us. These cues can be broken down

into a variety of attributes/dimensions, from the visual form and texture of a food to its

colour and saturation, or intensity. That said, there has been relatively little published

research looking at the impact of visual (or for that matter oral-somatosensory) tex-

tural cues on people’s perception of food (see Christensen, 1983; Prinz and de Wijk,

2004; Schutz and Wahl, 1981, for exceptions). This may, in part, be because this is

simply a much harder variable to manipulate experimentally than say, changing the

colour of a drink.1 Moreover, textural (and other surface) cues are presumably also

generally going to be less informative (or discriminating) when it comes to identifying

a food (see Murakoshi et al., 2013, for evidence that the luminance distribution cor-

relates with the age of the food when people evaluate the freshness of fish). Instead, by

far the most research over the last 80 years or so has focused on the effect of colour (or

the absence thereof; Spence and Piqueras-Fiszman, 2012b) on taste and flavour per-

ception. Thus, when visual flavour is discussed in the literature (e.g. Hutchings, 1977;

Masurovsky, 1939), it can be argued that, although typically not stated explicitly, what

researchers are primarily referring to are the flavour expectations that are set up by the

colour of a food or beverage item.

1See Okajima and Spence (2011) for a study of the impact of manipulating the visual texture of a sample of

tomato ketchup using augmented reality.
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Colour cues certainly facilitate the human ability to make adaptive food choices

(Francis, 1977). While a number of aspects of our response to colour appear to be

hard-wired through evolution (e.g. Changizi et al., 2006; Khan et al., 2011; Lehrl

et al., 2007), many other aspects of our response to colour in food are learned

(Maga, 1974; Garber et al., 2008; Shankar et al., 2010a). There is an interesting story

to tell about the association between redness and sweetness in fruits (e.g. Bompas

et al., 2013; Schaefer and Schmidt, 2013). Although we do not select the foods we

buy (and consume) solely on the basis of their colour, it is nevertheless likely to be

one of the first of our senses to be brought into the decision-making process (e.g. just

think of the average shopper whose eyes may be assaulted by as many as 1000 differ-

ent products a minute while walking down the aisle in the supermarket).

Interestingly, we are all born making stereotypical orofacial gestures in response to

sweet and bitter tastes (Berridge, 2000; Steiner et al., 2001). These gestures help an

organism to ingest the former while rejecting the latter. Hence, we are born liking

sweetness and rejecting potentially poisonous bitter substances (Glendinning,

1994). In this regard, colour cues do not seem to have such an immediate relation

to food qualities/behaviours. Instead, visual cues often tell us about the ripeness of

fruits and so forth. They can also provide a very powerful signal to avoid foods that

may be old (Murakoshi et al., 2013), or have gone off; think only about your response

on seeing blue meat, for example (Wheatley, 1973). Colour cues can also play a role in

modulating our appetitive judgments (e.g. Birren, 1963; Bruno et al., 2013). Hence,

taken together, one can see how organisms may use colour cues to tell them about food

quality (Francis, 1995), to help identify likely sources of energy (red fruits), and to

provide cues that may help reduce the likelihood of poisoning from the ingestion

of foods that have gone off. Of course, the opacity of a liquid, be it a milk or a fruit

drink, likely also plays a significant role in terms of determining what we think the

drink in front of us is, and hence how we expect it to taste. However, once again, just

as was the case for texture perception in solid foods, there has been little research on

this topic to date.

Now, vision scientists typically want to break colour down into a number of sep-

arable dimensions such as hue and saturation (CIE, 2004; Fairchild, 2005). When it

comes to the world of coloured foods and drinks, though, the majority of the studies

published to date have tended simply to manipulate the hue (often without any attempt

to control the intensity, or saturation). Only in a subset of cases has the intensity (or

saturation) of the colour been manipulated as well (reviewed by Spence et al., 2010).

Until recently, few studies have provided photometric measures of their stimuli, as

would be provided if the researchers had taken stimulus measures using, for example,

a spectrophotometer and a luminance metre. Bruno et al. (2013), for example, recently

conducted a study in which they provided colorimetric measurements of the stimulus

properties using the CIE 1976 L*a*b* colour space (also known as CIELAB). Com-

mercial food producers may be more familiar with devices such as the ColorFlex EZ

from HunterLab.

This chapter provides a broad overview of the various ways in which colour affects

our perception of the taste and flavour of food and drink. It begins by looking at the

effects of changing the colour of a food or beverage itself (focusing on the latter given

190 Colour Additives for Foods and Beverages



the much greater amount of research that has been published on beverages than on

solid foods). It then goes on to look at how a variety of product-extrinsic colour cues

can also exert a surprisingly large impact on our perception of taste and flavour – this

despite the fact that the colour in these cases is extrinsic to the foodstuff itself. In par-

ticular, an emerging literature will be discussed demonstrating the impact of the colour

of packaging (Esterl, 2011; Piqueras-Fiszman and Spence, 2011; Piqueras-Fiszman

et al., 2012b), the colour of the plateware (Piqueras-Fiszman et al., 2012a, 2013;

Stewart and Goss, 2013), the colour of the cutlery (Harrar and Spence, 2013), and even

the colour of the glassware and other receptacles (Guéguen, 2003; Piqueras-Fiszman

and Spence, 2012b) on the perception of taste and flavour. The final section will look

at the impact of environmental colour (and ambient lighting) on our perception of and

behaviour toward food and drink (Evans, 2002; Genschow et al., 2012; Oberfeld et al.,

2009; Sauvageot and Struillou, 1997).

7.2 On the colour of food and drink

Early research in this area tended to assess the consequences of colouring various real

solid food products, such as chocolates, jellies, cakes, and sherbets (e.g. Dubose et al.,

1980; Duncker, 1939; Hall, 1958; Moir, 1936; Wheatley, 1973). However, while the

results of such research undoubtedly provided useful information with which to dem-

onstrate that visual cues really do impact people’s perception of the taste and flavour

of many different food products (e.g. Wadhwani and McMahon, 2012), it can be hard

to know, in hindsight, what role, if any, the form and/or texture of the food may have

played in terms of biasing the participants’ interpretation of the meaning of the colour

in these studies. Perhaps as a consequence, the majority of more recent research on

colour in food has tended to focus on beverages instead. Using such stimuli also allows

the researcher to isolate the impact of colour from the majority of other visual cues.

Furthermore, it is also much easier to create and change the colour of beverages.

It has recently been demonstrated that the shape of the glass in which a coloured

beverage is presented may also bias a participant’s interpretation of the meaning of

colour (see Wan et al., 2014). So, for example, the same transparent blue colour may

make people think of orange flavour (as in the distinctive blue curacao) if served from

a cocktail glass but of a raspberry flavour (think ‘popular coloured sports drink’ and

‘semi-frozen water-based confection’) if served from a plastic cup, say. Meanwhile,

if seen in a bathroom glass, one and the same colour might make one think of the dis-

tinctive taste of mint instead (as in the case of certain popular mouthwash products).

Thus, it is important to note that even when using coloured liquids rather than solid

foods, it can still be difficult to separate out the context (e.g. glassware) in which that

coloured liquid is presented from the pure impact, or meaning, of the colour itself

(assuming, that is, that pure colour patches have any particular meaning). Of course,

once you look at the impact of colour in a cross-cultural context (see below) matters

become all the more complicated (e.g. Shankar et al., 2010d; Wan et al., 2014). And, it

should be remembered that the results of those studies looking at the effect of colour

on the perception of the taste and/or flavour of beverages might perhaps lead one to
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overemphasize the importance of this cue relative to the many others that may play a

role in our everyday identification of foods and in the setting of our taste and flavour

expectations.

One of the classic studies to have demonstrated the influence of colour on taste sen-

sitivity was conducted by Maga (1974), who investigated the consequences on percep-

tual thresholds for the four basic tastes (sweet, sour, bitter, and salty) of colouring

aqueous solutions red, yellow, or green. In several cases, the concentration of the

tastant had to be increased in order for participants to correctly detect its presence in

a coloured, as compared to an uncoloured, solution. So, for example, adding yellow col-

ouring to a sweet solution significantly decreased participants’ sensitivity to the taste,

while the addition of green colouring increased it. Meanwhile, the addition of red col-

ouring had no such effect on the sweetness threshold (cf. Frank et al., 1989), but gave

rise to a significant lowering of participants’ sensitivity to bitterness. The addition of

yellow and green colouring did not. With respect to the sensitivity to sourness, Maga

reported that colouring a solution either yellow or green significantly decreased partic-

ipants’ sensitivity, while red, once again, had no effect. Interestingly, taste detection

thresholds for the salt solutions were unaffected by colouring, perhaps because salty

foods come in so many colours (who knows though, whether in the case of a powdered

crystalline substrate, colouring it white rather than another colour would affect the per-

ception of saltiness).

Morrot et al. (2001) conducted a now classic study in which they investigated the

effects of colour on the perception of wine aroma. The researchers were able to fool

more than 50 students enrolled on a university wine degree course in Bordeaux,

France into believing that they were holding a glass of red wine, simply by colouring

a white Bordeaux wine artificially red with an odourless food dye! The participants

were initially given a glass of white wine and instructed to describe its aroma after

sniffing it. Next, they were given a glass of red wine and asked to do the same.

The students used completely different terms to describe the aromas of the twowines –

using terms like citrus, lychee, straw, and lemon for the white wine and terms such as

chocolate, berry, tobacco, and so forth for the red wine (see also Ballester et al., 2009).

Finally, the students were given a third glass of wine and were once again asked to

describe the aroma. The third glass again looked like another glass of red wine but

was, in fact, the samewhite wine that they had been given originally, but now coloured

so as to make it look indistinguishable from a red wine. Surprisingly, when forced to

choose, the participants now described the wine using red wine odour descriptors

again. That is, they apparently no longer perceived the aromas in the coloured wine

that they had previously reported when sniffing the untainted white wine. This result,

therefore, powerfully demonstrate just how dominant over orthonasal olfaction vision

can be (see also Parr et al., 2003).

Aside from wine, several other studies have demonstrated a similarly profound

effect of visual cues on people’s olfactory discrimination performance (Stevenson

and Oaten, 2008) and on their identification of both fruit- and non-fruit-flavoured bev-

erages (e.g. Blackwell, 1995; Davis, 1981; Shankar et al., 2010b; Zellner et al., 1991;

Zellner and Durlach, 2003) as well as on their ratings of odour intensity (Zellner and

Kautz, 1990; Zellner and Whitten, 1999).
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The understanding of the influence of visual cues over odour perception has, how-

ever, been complicated somewhat by the results of a study by Koza et al. (2005). These

researchers demonstrated that colour had a qualitatively different effect on the percep-

tion of orthonasally versus retronasally presented odours associated with a commer-

cial mixed fruit-flavoured water drink. In particular, colouring the solutions red led to

odour enhancement when an odour was sniffed orthonasally, while leading to a reduc-

tion in perceived odour intensity when it was presented retronasally. It was suggested

that this surprising pattern of results may relate to the fact that it is more important to

correctly evaluate foods once they have entered the mouth, since that is when they

pose a greater risk of poisoning. By contrast, the threat of poisoning from foodstuffs

located outside of the mouth is obviously going to be less severe. As such, people may

simply attend more to stimuli originating from within their bodies as compared to

those situated elsewhere, and this may have influenced the pattern of sensory domi-

nance that was observed by Koza et al.

Given the significant effect that colour exerts on both taste sensitivity (Maga, 1974)

and on various aspects of odour perception (Blackwell, 1995; Davis, 1981; Koza et al.,

2005; Shankar et al., 2010a,b,c), it should come as little surprise that colour cues have

also been shown to exert a robust effect over flavour identification responses. For

example, the participants in an oft-cited classic study by DuBose et al. (1980) were

instructed to identify the flavours of a variety of differently coloured fruit-flavoured

drinks. Some of the colour-flavour pairings were deemed ‘appropriate’ (e.g. a cherry-

flavoured drink coloured red), whilst others were deemed ‘inappropriate’ (e.g. as

when a lime-flavoured drink was coloured red; though see Shankar et al., 2010d,

on the problematic notion of colour ‘appropriateness’). DuBose et al. reported that

participants misidentified the flavours of a number of the drinks when the colouring

was inappropriate. The participants’ incorrect answers were often driven by the col-

ours of the drinks themselves. That is, participants often made what might be classed

as visual-flavour responses. So, for example, 26% of the participants reported that a

cherry-flavoured drink tasted of lemon/lime when coloured green, as compared to no

lime-flavour responses when the drink was coloured red.

Zampini et al. (2007, 2008) along with several other researchers have documented

a similar effect of colour on flavour identification responses (see Figure 7.1). In fact,

similar results have since been reported in many other studies, too (see Spence et al.,

2010, for a review). Importantly, however, Zampini and his colleagues explicitly

informed their participants that the colour of the drinks were likely to be misleading

and so should be ignored as much as possible; nevertheless, the colour of the drink still

exerted a profound impact on flavour identification responses. The results from this

study, therefore, hint at the automaticity of the effect of colour cues on flavour per-

ception, at least in typical consumers (though it should be borne in mind that trained

experts, e.g. wine experts, might be different in this regard, at least when judging stim-

uli that fall within their own area of expertise).

An interesting question here, though, is why it is that only a proportion of responses

were seemingly influenced by the changing of the colour of the drinks in the DuBose

et al. (1980) study (as well as in many others). One suggestion that has been put for-

ward is that people may differ in the degree to which particular colours induce specific
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flavour expectations (Shankar et al., 2010a–d; Zampini et al., 2007, 2008). It is pos-

sible that any such individual differences in colour-elicited flavour expectations may

help to explain why it is that certain colours appear to exert a more pronounced effect

on flavour identification responses than others.2

Interestingly, Zampini et al. (2008) demonstrated that supertasters (defined as

those individuals who exhibit a significantly higher sensitivity to the basic tastes,

and especially to bitterness; Bartoshuk, 2000) show less visual dominance over their

perception of flavour than medium tasters, who, in turn, show less visual dominance

than non-tasters.3 The participants in Zampini et al.’s study were required to identify

the flavour of fruit-flavoured drinks presented amongst flavourless drinks. The drinks

were coloured red, orange, yellow, grey, or else presented as colourless solutions.

Overall, the non-tasters correctly identified 19% of the solutions, the medium tasters

31%, and the supertasters 67%. The results showed that colouring the orange-

flavoured solutions orange led to a significant increase in the accuracy of participants’

flavour identification responses. Similarly, colouring the blackcurrant-flavoured solu-

tions greyish purple also led to a significant facilitation of participant performance

(see Figure 7.1).4 Moreover, the participants in the Zampini et al. study also rated

the congruently coloured drinks as having a more intense flavour than when presented
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Figure 7.1 Schematic summary of the results from Zampini et al. (2008), highlighting the

influence of colour on the ability of people to correctly identify orange- and blackcurrant-

flavoured solutions (averaging over taster status; see Bartoshuk, 2000).

Adapted from Zampini et al. (2008).

2In this regard, it is interesting to note that people are likely to have shared and strong expectations regarding

the kinds of bouquet (flavour) characteristics that are signified by seeing a red wine, perhaps explaining the

robust results reported by Morrot et al. (2001) in their wine colour study.
3See Bartoshuk (2000) for a summary of the literature on taster status and its impact on gustatory perception.
4Note here that many blackcurrant-flavoured products, such as, for example, yoghurt are typically coloured

a greyish-purple.

194 Colour Additives for Foods and Beverages



either with no colour or else with an incongruent one. By contrast, no such effect of

congruent colouring was reported on judgments of sourness or sweetness. Interest-

ingly, Zampini et al. also found that the addition of colouring had the largest effect

(in terms of correct flavour identification) on the performance of the non-tasters, less

of an effect on the medium-tasters, and very little effect on the colour identification

responses of the supertasters (see Figure 7.2).

In summary, the addition of colour (be it appropriate, inappropriate, or absent) has

been shown to have a profound effect on flavour identification responses. By contrast,

the manipulation of the intensity of the colour added to a foodstuff has not, as yet,

delivered such a clear-cut effect on flavour (or, for that matter, taste) intensity

(Lavin and Lawless, 1998; Spence et al., 2010, for a review of the relevant literature).

Synoptically, it would appear from the results of the studies that have been published

to date, that colour has a more reliable crossmodal effect on flavour judgments than

on taste judgments.
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Figure 7.2 Schematic summary from Zampini et al. (2008), broken down by the taster status of

the participant. The results highlight better flavour identification performance overall by the

supertasters as compared to the medium tasters, who in turn performed better than the

non-tasters. The results also demonstrate that the non-tasters were significantly more distracted

by the presence of an inappropriately coloured beverage than were the medium tasters who, in

turn, showed more visual capture (or dominance) than the supertasters. Given the relatively

small N, these results should be considered as preliminary yet intriguing, especially since taster

status has not been reported in the majority of other studies of colour’s influence over taste and

flavour perception.
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7.3 Individual differences

Thus far, participants have been regarded as a homogenous group; this is clearly not

the case. That is, there are profound individual differences in the area of colour per-

ception and its impact on multisensory flavour perception (Broackes, 2010). Four of

the most important of which include:

(1) One difference between individuals takes place over the course of human development. It is

notable that the majority of the research that has been reviewed so far has been conducted

on adults (and most of that likely conducted onWEIRDos; see Henrich et al., 2010),5 along

with a small number of studies conducted on participants early versus late in development

(see Spence, 2012b, for a review). Although there is currently insufficient data to draw any

strong conclusions, the limited data that is available does at least suggest that visual dom-

inance over flavour perception may be more pronounced in childhood and old age than in

adulthood.

(2) A second potentially important individual difference depends on a person’s taster status. As

discussed above, Zampini et al. (2008) reported that supertasters were less influenced by the

colour of a beverage than were medium tasters who, in turn, were less influenced than non-

tasters. Given the small number of participants tested, verification of this result from a

larger group of participants is required before anymeaningful generalizations can be drawn.

(3) Another kind of individual difference that is starting to attract a growing amount of research

interest relates to cross-cultural differences in the meaning of colour. In particular, differ-

ences in terms of the taste/flavour expectations that colour sets up in the mind of the con-

sumer, and thereafter in terms of their perception should they actually get to taste the drink

(e.g. Shankar et al., 2010a; Wan et al., 2014; cf. Scanlon, 1985).

(4) Finally, one might perhaps expect that experts would be somewhat less likely to be influ-

enced by the artificial colouring of a drink in their area of expertise. However, as we have

seen already (e.g. Morrot et al., 2001; Parr et al., 2003) this does not necessarily appear to be

the case (see also Shankar et al., 2010d).

7.4 On the colour of food and beverage packaging

Changing the colour of the packaging of food and beverage products has also been

shown to affect the perception of taste and flavour. For instance, Cheskin (1957)

was one of the first to note that regular consumers would say that globally recognised

branded lemonade tasted more lemony/limey when the can they were drinking it from

was coloured more yellow than normal. Recently, one of the globally recognised man-

ufacturers of cola drinks received adverse criticism from many customers when it

introduced a new Christmas-themed white can into the North American market

(see Esterl, 2011). Elsewhere, Piqueras-Fiszman and Spence (2011) have reported that

if one takes two varieties of crisps (or potato chips) and surreptitiously puts the chips

in the wrong package (i.e. in a packet with a colour that is normally associated with a

5WEIRDos stands for Western, Educated, Intelligent, Rich, and Democratic participants. Over and above

that though, it has been estimated that c. 95% of all participants tested in psychology experiments are North

American undergraduate psychology students.
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different flavour) then unsuspecting participants will very often identify the flavour

associated with the packaging rather than with the flavour of the actual crisp. Taken

together, such results help to illustrate just how powerful the influence of packaging

colour can be. However, the magnitude of such product extrinsic colour effects are

most likely to be somewhat weaker than those seen should the actual colour of the

product be changed.

Also worthy of consideration here is the hypothesis that any influence of packaging

colour on taste and flavour perception is likely to be more pronounced under those

conditions in which the product is consumed direct from the packaging and hence

where the participant might not actually see the colour of the product itself (when

drinking a beverage from a can, for example). Indeed, according to one estimate,

around 30% of all food and beverage products are actually consumed in this manner

(Wansink, 1996). Packaging colour is therefore likely to exert a significant influence

on the taste and flavour experiences of many consumers under real-life conditions (see

also Becker et al., 2011; Spence and Piqueras-Fiszman, 2012a). Reaching any gener-

alizations in this area is further complicated by the nature of the crossmodal associ-

ations between packaging colours and the flavours that those colours normally signify,

which will, in many cases, vary by region/market (e.g. Jacobs et al., 1991; Madden

et al., 2000; Piqueras-Fiszman et al., 2012b; Tutssel, 2001).

7.5 On the colour of the glassware/cup

Given the concerns about the influence of packaging colour on the perception of bev-

erages, it should come as little surprise that the colour of the glassware/cup containing

a drink can also affect taste and flavour perception. In one study, a trained panel gave

higher ratings to two red wines (one a Syrah, the other a Pinot Noir) when tasted from a

blue wine glass as compared to when served from a more traditional clear wine glass

under normal white-light illumination (Ross et al., 2008).6 In another study, almost

half the participants rated one of a pair of identical soft drinks as more thirst-quenching

when consumed from a ‘cold coloured’ blue glass as compared to a ‘warm-coloured’

yellow glass (only 15% perceived the drink from the yellow glass to be more thirst-

quenching; Guéguen, 2003). Meanwhile, Genschrow et al. (2012) have reported that

people drink less from a cup with a red label than from a cup with a blue label.

More recently, Piqueras-Fiszman and Spence (2012b) have demonstrated that the

rating of the flavour of a hot chocolate drink can be influenced by the colour of the

plastic vending cup from which the drink happens to be served. Fifty-seven partici-

pants tasted four samples of hot chocolate from four cups of roughly the same size

but different colour (red, orange, white, and dark cream). The participants were

required to rate each sample of hot chocolate (two of which had been sweetened)

6Such results might make one wonder just what effect the black tasting glasses favoured in many blind

wine tasting events may be having on the taster’s perception of that which they are drinking (see Harrar

et al., 2013).
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on a number of sensory scales. The results (Figure 7.3) revealed that the orange (with a

white interior) and dark-cream coloured cups resulted in increased acceptance ratings

for the beverage, particularly in terms of its chocolate flavour. Sweetness and choc-

olate aroma ratings were somewhat less influenced by the colour of the cup; although,

the hot chocolate consumed from the dark-cream cup was still rated as tasting sweeter,

and its aroma was rated as more intense than when the hot chocolate was consumed

from any of the other cups.

Favre and November (1979) describe a study in which 200 people were offered a

coffee from one of four different jars (brown, red, blue, and yellow). Seventy-three

percent of the participants reported that the coffee served from the brown container

was too strong, whereas 80% of women felt that the coffee served from the red recep-

tacle had a richer, fuller aroma. Consumption from a blue jar, suggested to most peo-

ple a milder aroma, while the coffee from the yellow container was rated as a weaker

blend (see also Van Doorn et al., in press).

The results reported in these studies clearly demonstrate that the colour of the

containers in which both hot and cold beverages are consumed can have an impact

on the sensory, hedonic, and more abstract qualities of a beverage (such as how
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thirst-quenching it is perceived to be). However, that said, it is difficult to extract any

generalizations concerning which cup colour will, for example, increase the sweetness

of a particular drink.

7.6 On the colour of the plateware

In a recent study, Harrar et al. (2011a) required participants to sample sweet or salty

popcorn from four differently coloured bowls: white, blue, green, and red. The salty

popcorn was rated as tasting significantly sweeter when taken from a blue or red bowl,

while the sweet popcorn tasted saltier when taken from the blue bowl. Although the

magnitude of these effects were small (averaging only a 4% change in participants’

responses for the food taken from the coloured bowl as compared to the white bowl),

the results remained statistically reliable. In another study, Genschrow et al. (2012)

reported that participants ate significantly fewer pretzels from a red plate than from

either a blue of a white plate.

Piqueras-Fiszman et al. (2012a,b) conducted a study in a culinary school and

research institute. They compared the taste ratings for a strawberry-flavoured mousse

(of a homogenous texture and colour) served on either black or white plates (though

note that, strictly-speaking, these are not colours). The dessert served on the white

plate was rated as 15%more intense, 10% sweeter, and 10%more preferred than when

served from an otherwise identical black plate.7 Cheesecake sampled from a black or

white plate that was either round or square was rated as tasting significantly sweeter

(by around 20%) and as having a flavour intensity that was �30% higher when tasted

off the round white plate than from any of the other three plates (thus suggesting a

combined influence of plate colour and plate shape; Stewart and Goss, 2013).

The results from these latter pair of studies demonstrate that the colour of the plate

may affect the perceived colour of the food by means of colour contrast. More spe-

cifically, simultaneous colour contrast is the term used to describe how a foreground

object appears to have a different colour (or contrast) depending on the colour of the

background (Ekroll et al., 2004; Leibowitz et al., 1955; see also Dunne et al., 2004).

The findings reported by Piqueras-Fiszman et al. (2012a,b) and Stewart and Goss

(2013) may have appeared more salient when set against the background of the white

plate than when served from a black plate. Thus, the rated taste/flavour intensity of the

food will presumably have been influenced by its perceived colour saturation which,

in turn, will have been influenced by the colour saturation of the plate itself.8

7A number of the participants in this study were actually students or interns at the Alı́cia Foundation and

might have been expected to be, in some sense, expert tasters. That said, whenever we have tested those

working in the culinary sector, we have found that they are typically as susceptible to these psychological

influences of colour as anyone else!
8Most of us have had the experience of choosing a paint colour from a colour card only to find that the colour

looks different when applied to the walls of our living room. This may be the same phenomenon that may

have affected people’s ratings of the taste of the food in Piqueras-Fiszman et al. (2012a,b) study.
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According to Lyman (1989, p. 112), “Simultaneous color contrast suggests that foods

can be arranged in combinations so that their colors are subtly enhanced, subdued, or

otherwise modified. Yellow scrambled eggs on a yellow plate will look paler because

of contrast. Purple grapes will look less purple on a purple plate and will look redder

on a blue plate. A green salad will look less green on a green plate than on a plate that

has no green in it. Red food on a blue plate will look more orange. Broccoli served

with red fish will make the fish look redder, and slices of lime surrounding a grape

mousse will enhance the color of both.”

Bruno et al. (2013) conducted a couple of studies in which their participants were

given a plate of popcorn or chocolate chips to eat. The participants ate significantly

less when the food was presented on a red plate than on either a blue or white plate.

However, careful measurement of the Michelson contrast and of the chromatic con-

trast between the food and the plate on which it was served failed to provide any sim-

ple explanation of consumption behaviour as a function of either type of contrast.

Colour contrast cannot easily be used to explain the influence of the coloured bowls

on taste perception reported by Harrar et al. (2011a,b) either. The reason for this being

that the popcorn was eaten by hand in this study and would therefore likely always

have been seen against a constant colour background (the hand) immediately prior

to placing into the mouth. However, an alternative possibility here is that the effects

reported by Harrar et al. may reflect the consequences of sensation transference, or

perhaps some form of generalized priming effect instead, given that red is typically

associated with sweetness while blue is more often associated with saltiness (and

green with sourness; see Harrar and Spence, 2013; Maga, 1974; O’Mahony, 1983;

Spence et al., 2010). Should this be the most appropriate explanation of Harrar

et al.’s results then the next question to ask here, is from where exactly might such

colour-taste associations have originated in the first place? We believe that the most

likely answer here is that people are simply attuned to the natural statistics of their

environment (cf. Maga, 1974) and/or, more importantly, to the regularities in packag-

ing and product colouring typically used in the context of their own supermarket envi-

ronment (Garber et al., 2008; Piqueras-Fiszman and Spence, 2011; Spence et al.,

2010; Spence and Piqueras-Fiszman, 2012a).

All of the research on the effects of plateware colour has been conducted in a lab-

oratory setting. One problem/limitation with a number of these studies is that they

have used a within-participants experimental design. This can sometimes serve to

emphasize the variable of interest to the experimenters (in this case, the colour of

the plateware) to the participants who happen to be taking part in their studies. What

is not known is whether similar effects of varying the colour of the plateware would

also be observed under more realistic dining conditions.

This issue was recently addressed by Piqueras-Fiszman et al. (2013). In particular,

they investigated whether the gustatory and hedonic experiences of diners would dif-

fer in response to a complex food (desserts with layers and decorations having differ-

ent colours, textures, and tastes/flavours) as a function of whether their food happened

to be served on a black or white plate. Importantly, this study was conducted in the

entirely naturalistic setting under conditions that were as ecologically valid as possi-

ble. Moreover, a between-participants experimental design was used. The diners who
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took part in this study were able to interact with one another during the course of their

meal and to consume their three-course meal at their own pace and at their own

expense! Over the course of a two-week period, three different desserts were served,

and the results again revealed that the colour of the plateware exerted a significant

influence over the diner’s perception of the food. However, in this case, the effect

of plate colour was found to vary as a function of the dessert being served.

Analysis of Piqueras-Fiszman et al.’s (2013) results revealed that the perceptual

pattern for each dessert was constant for each plate used; that is, for all of the attributes

rated (including how appetising the food was, its appearance, colour intensity, the fla-

vour intensity, and overall liking), higher scores were obtained with the same plate, for

each of the desserts. However, once again, such a pattern of results could not be

accounted for solely in terms of colour contrast effects, since it was the dessert that

had a darker brownish hue that the diners rated more highly when served on the black

plate (while the other two desserts, which were red and creamy in colour, were rated as

looking more delicious when served from the white plate instead. This raises the pos-

sibility that the desserts may simply have looked better (that is, more visually appeal-

ing) on a certain coloured plate, and that the diner’s visual appraisal of the overall

visual aesthetic of the dish may have been what produced a halo effect on the other

rating scores that they made.

The results of the research reviewed in this section highlight the importance of pla-

teware colour (i.e. the background colour) to the perception of more complex foods,

even in realistic conditions, such as that of a restaurant. While contrast has sometimes

been put forward as an explanation to explain the results of research in this area, it

should be noted that it remains a possible hypothesis rather than a proven explanation

(see Bruno et al., 2013).

7.7 On the colour of the cutlery

While there is really very little research on this topic to date, the limited data does

suggest that the colour of the cutlery can also impact taste ratings. In particular,

Harrar and Spence (2013) demonstrated that the rating of a sample of white or pink

yoghurt was influenced by the colour of the spoon the participants used (see

Figure 7.4).

7.8 On the colour of the environment

It is interesting to note that changes in the overall level of ambient illumination have

also been shown to impact taste perception and consumption behaviours (e.g. Gal

et al., 2007; Gregson, 1964; Wilson and Gregson, 1967; Wheatley, 1973). Although

beyond the scope of this chapter, there is some evidence to suggest that the colour of

the environment can also impact appetitive response (e.g. Birren, 1963; Genschrow

et al., 2012). To date, the mechanisms by which changes in the colour (hue) or
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how the level of any ambient illumination affects consumptive and perceptual

responses to food and drink, have not been elucidated. In a small number of studies,

it has been shown that such changes may exert their effect by changing the appearance

properties of the food or drink itself (see Wheatley, 1973). In the majority of cases,

precautions were taken to rule out such an explanation (e.g. by serving any drinks

in black tasting glasses; Oberfelt et al., 2009). It is possible that changes in the ambient

illumination may exert their affect by modulating the emotional state (Evans, 2002,

p. 87; Spence, 2002) and/or level of arousal (Wilson, 1966), and by so doing, indi-

rectly change the response to food (given the well-documented link between mood

and taste/flavour perception).

7.9 Ecological validity and the response
to disconfirmed expectation

Finally, it is worth revisiting the assessment of the ecological validity of many of the

studies that have been reviewed in this chapter. Ecological validity is a term that is

used to refer to concerns around whether the results of experiments conducted in
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Figure 7.4 The effect of the colour of the spoon on taste perception when sampling yoghurt as

highlighted by Harrar and Spence (2013). Larger numbers on the y-axes indicate more of the

measured property. Error bars represent the standard errors of the mean. p<0.10; *p<0.05.
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the scientific laboratory accurately reflect the kind of perceptual responses and behav-

iours that one is likely to see in the real world. One reason for doing this relates to the

fact that the consequences of disconfirmed expectation, when it comes to miscoloured

foods, can sometimes give rise to quite different responses on the part of the person

who is experiencing that disconfirmation as a function of the environment in which

they happen to be tasting. Indeed, the results of the majority of laboratory-based

research have led to the conclusion that when expectation and experience are too dif-

ferent, people are likely to experience a negative disconfirmation of expectation

response (e.g. Deliza and MacFie, 1997; Schifferstein, 2001; Spence and Piqueras-

Fiszman, 2013; Yeomans et al., 2008). However, anyone who has recently dined at

a modernist restaurant will know only too well that such a mismatch between expec-

tation and experience can be very pleasant, at least if encountered in the context of a

modernist restaurant (see Piqueras-Fiszman and Spence, 2012a; Spence, 2013). Such

observations perhaps help to stress the importance of thinking about the ecological

validity of the experimental setting in which such colour-flavour research is conducted

(cf. Garber et al., 2001, 2003a,b; Spence and Piqueras-Fiszman, 2013). Ideally, the

same results would be obtained in both highly controlled laboratory studies and under

more ecologically valid real-world conditions. However, it is rare that one has the lux-

ury of having access to both kinds of research addressing the same research question

(see Piqueras-Fiszman et al., 2013). Furthermore, and certainly more often than one

might like, the results from the research collected in the two environments may

diverge leaving one somewhat uncertain as to what exactly to conclude (see

Spence and Piqueras-Fiszman, 2013).

7.10 Conclusions

Given the variety of ways in which colour can affect judgments of the taste and flavour

of a wide variety of food or beverage items, it is perhaps not so surprising that no sin-

gle theoretical account can provide a satisfactory explanation for all of the available

data that has been published to date (i.e. all 200 plus studies). It would certainly appear

as though expectancy effects are an important factor here (e.g. Schifferstein, 2001;

Small, 2012; Spence, 2012a,b,c). In particular, the colour of a food, or even of its pack-

aging, likely sends a powerful cue to the brain of the consumer regarding the flavour

that is typically meaningfully linked to the taste and flavour of the food (Shankar et al.,

2010a–d;Woods et al., 2011). Such a generalization would appear to hold true in most

environments other that the modernist restaurant (see above). However, it is important

to note that colour cues can also set up a more general priming effect, even when the

colour itself has no obvious relationship to the food or drink itself (as when the hue of

the ambient lighting is changed; see Oberfeld et al., 2009). Such a change in the colour

(or brightness) of the ambient illumination obviously cannot literally change the taste

(that is, the physical composition) of a food or beverage item. Nevertheless, as we

have seen repeatedly throughout this chapter, such product-extrinsic, or even inciden-

tal, colour cues can certainly change an observers’ rating of the taste and/or flavour of

that which they have been asked to evaluate.
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A third route by which colour cues might be expected to impact a consumer’s

responses to food and drink is via their impact on emotions. There are relatively large

bodies of research showing that both the colour and the level of ambient illumination

in an environment can affect a person’s mood state, and, separately, that people’s

mood can impact their responses to and even their perception of the taste and flavour

of food. Hence, it should come as little surprise to find that a number of researchers

working in this area have appealed to the emotional mediation account in order to try

and explain their findings (e.g. see Harrar et al., 2011a,b).

Given the range of plausible accounts that have been put forward over the years in

order to account for the influence of colour cues on people’s taste and flavour percep-

tion ratings, one further question to ask here is whether future research may be able to

distinguish between the relative effects of these various accounts. It would seem likely

that each of these kinds of crossmodal effects would have a relatively different time

course (and neural substrate). Priming and expectancy effects likely work best when

the visual cue is presented just before the presentation of the food stimulus that is to be

evaluated (Lee et al., 2006). One could well easily imagine that any mood-induced

effects would not operate so quickly but would likely build up over a somewhat longer

period of time. It is possible that the findings of neuroimaging studies on the topic of

multisensory flavour perception may help here (see €Osterbauer et al., 2005; Rolls,
2004; Skrandies and Reuther, 2008; Small, 2012; Verhagen and Engelen, 2006, for

some preliminary research in this area). Undoubtedly, multisensory interactions tak-

ing place in the orbitofrantal cortex (a key brain area involved in reward and hedonic

evaluation) are likely going to play a role in at least some colour-flavour interactions.

Having demonstrated how research from the laboratory has aided our understand-

ing of the various ways in which colour cues influence multisensory taste and flavour

perception, the final question to address concerns how the food and beverage industry

can (and in some cases already are) exploit some of these insights and understandings.

On the one hand, a growing number of companies are starting to realize that any

changes they happen to make to the colour of a product’s packaging (i.e. to get better

shelf stand-out; Garber et al., 2008) can have surprising consequences for their con-

sumers’ experience of the taste and flavour of the food or beverage product itself. Par-

ticularly notable failures in this area include the clear version of one world famous

cola drink that was launched back in 1993, and the amber coloured cola with a hint

of lemon that was introduced by the same company at the 2007 World Cricket cham-

pionships. Both products were soon withdrawn from the marketplace. That said, when

a company gets it right, then the benefits, in terms of increased sales, can be dramatic

(see “What’s green. Easy to squirt? Ketchup!”, 2000).

On the other hand, consumer worries about the safety of artificial colouring in our

processed foods seems to be less pronounced than it was a few decades ago (see

Chapman, 2011; Downham and Collins, 2000; Harris, 2011; Tannahill, 1973;

Whitehall, 1980; Wilson, 2009), and there is growing interest in the use of plant pig-

ments to colour foods, which allow manufacturers to claim ‘no additives’ and/or ‘no

preservatives’ (see Jermann, 2013). Food companies operating in an increasingly glob-

alized marketplace are also coming to the realization that they need to carefully check

whether different groups of consumers really do ascribe the same meaning (in terms of
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likely flavour identity) to the distinctive colours of their branded products (Meggos,

1995; Shankar et al., 2010a; Wan et al., 2014). In the future, there also may be scope

to use colour cues in order to enhance the multisensory flavour experiences of older

consumers who will increasingly be suffer from a loss of gustatory and olfactory sen-

sitivity (see Spence, 2012a,b,c). It would also seem likely that some of the bigger players

in the market may also soon start to develop different product lines based on the differ-

ent taster status profiles that have been identified in the marketplace.

Finally, one area that looks particularly exciting in terms of furthering our under-

standing of the influence of colour over taste and flavour involves the use of aug-

mented reality technology to change the visual appearance properties of a food or

beverage item in real time while a person is tasting it (Okajima and Spence, 2011).

The increasing use of digital technology both to create food and beverage stimuli hav-

ing a range of different appearance properties as well as to carry out online testing of

the expectations that are set-up by different colour cues in different parts of the world

is also exciting and of growing research interst (e.g. Piqueras-Fiszman et al., 2012b;

Wei et al., 2012).
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8.1 Introduction

Colours (or colourants) are a chemically diverse food additive group, which in general

are non-nutritive. Their application aims to modulate the appearance and overall sen-

sory quality of foodstuffs (Downham and Collins, 2000; Scotter, 2003) and is mainly

oriented towards complementing the flavour and texture properties of processed food-

stuffs. Legally, colourants are used to correct, enhance, or add colour in foodstuffs and

to protect light-sensitive vitamins and flavour (Asimakopoulos et al., 2013). From a

food marketing perspective, colourants are used to preserve the identity and character

by which foodstuffs are recognized and, moreover, to make them more attractive to

consumers (Downham and Collins, 2000; Glória, 1997). Colourants are generally cat-

egorized as either naturally derived (pigments) or as synthetic (dyes).

The food colourants industry provides a full range of colours to suit all applications

within current legislative constraints (Downham and Collins, 2000). The colour in

powder form is the least costly option but presents particular problems in food appli-

cations. The powdered colour must be pre-dispersed in an appropriate carrying

medium prior to introduction into a foodstuff formulation. If pre-dispersion is not

incorporated, the powder will create heterogeneous speckling in the finished product.

Consequently, food processors often buy their colour pre-dispersed in a specific liquid

(e.g. water, sugar solution, glycerin, propylene glycol, or a combination of these). Liq-

uids are less messy and easier to handle (FSA, 2014).

Insoluble pigments (e.g. aluminum lakes) dispersed into carriers such as sucrose,

glycerin, or castor oil are used in fat-based products for panning and show a higher

resistance to colour bleeding. Pastes are used in specific applications in which control

over colour viscosity is required. Pastes are prepared by blending colours in glycerin,

propylene glycol, or dextrose.

With regard to the human health issues of colourants (Envirochemistry-Archives,

2014), official organizations in the European Union (EU) and the United States (US)

have defined which colourants maintain approval for use, a description or specifica-

tion for the permitted colour formulation, and the maximum levels of addition (EU,

1994, 1995, 2001, 2006, 2009; FAO/WHO, 2006; US FDA, 1999). Colourants

are used extensively in bakery products, snacks, dry soup mixes, and seasonings.
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The primary aim of this chapter is to present the applications of colourants in the afore-

mentioned foodstuff classes along with discussion on the factors that affect applica-

bility, stability, and processing.

8.2 Applications of natural colourants

As well as a colouring effect, natural colourants (Table 8.1) can, in some cases, pro-

vide nutritive benefits and anti-oxidative properties, and are generally perceived to be

less harmful than their synthetic counterparts.

Curcumin (E100) is an orange-yellow pigment used mainly for colouring purposes of

a wide variety of snacks. Commercially available curcumin is amixture of three principle

curcuminoids – namely, curcumin, demethoxycurcumin, and bisdemethoxycurcumin.

Table 8.1 Natural colourants in the EU and the US for use in bakery
products, snack foods, dry soup mixes, and seasonings

EU name E number US name

US CFR

number Colour

Curcumin E 100 Turmeric 73.600, 73.615 Orange-yellow

Riboflavin E 101 Riboflavin 73.450 Orange-yellow

Cochineal, carminic

acid, carmines

E 120 Cochineal

extract, carmine

73.100 Red

Chorlophylls E 140 Not permitted – Green

Copper complexes

of chlorophylls

E 141 Sodium copper

chlorophyllin

73.125 Green

Caramel E 150 Caramel 73.85 Brown

Vegetable carbon E 153 Not permitted – Black

Mixed carotenes E 160a (i) Carrot oil 73.300 Orange-yellow

b-Carotene E 160a (ii) b-Carotene 73.95 Orange-yellow

Annatto, bixin,

norbixin

E 160b Annatto extract 73.30 Orange-yellow

Paprika extract E 160c Paprika 73.340, 73.345 Orange-yellow

Lycopene E 160d Lycopene – Orange-yellow

b-Apo-8¢-carotenal E 160e b-Apo-8¢-
carotenal

73.90 Orange-yellow

Ethyl ester of

b-apo-8¢-carotenoic
acid

E 160f Not permitted – Orange-yellow

Lutein E 161b Not permitted – Orange-yellow

Beetroot

(betanin)

E 162 Beets 73.40 Orange-yellow

Anthocyanins E 163 Grape colour/

skin extract

73.169, 73.170 Red-blue

Iron oxides and

hydroxides

E172 Not permitted – Dark orange
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Curcumin is mainly extracted from tumeric (Curcuma longa L.), a dried and grounded

rhizome that is commonly used as a spice ingredient, which has a secondary colouring

effect (Food and Beverage Online, 2014). In order to remove the spicy notes, solvent

extraction is applied. Curcumin is occasionally used in blends with annatto colourant

(E160b) (Scotter et al., 2002). The orange-yellow colour of curcumin is very useful

for colouring many bakery products and snacks in which an egg-colour shade is required.

Curcumin is soluble in alcohols and other polar solvents, but it is degraded in alkaline

solution and is light-sensitive. Consequently, its application in foodstuffs is usually com-

bined with other specific additives in order to avoid colour degradation (Jayaprakasha

et al., 2002; Scotter, 2009). Foodstuff formulations maintain a curcumin content of

4–10% (dissolved in vegetable oil). Thus, even though curcumin is insoluble in water,

it can be made water soluble by emulsification. Powder formulations can be produced

by spraying it onto a suitable carrier. Curcumin exhibits a good stability at pH<7 but

turns orange and unstable at pH >7. It has very good stability to heat, but it is sensitive

to the presence of sulphur dioxide (at levels of 100 mg/mL). It is not suitable for foodstuff

formulations in transparent packaging since it is very sensitive to light; however, it is

suitable for products that are protected from light, including dry soupmixes and products

packed in metal packaging. Marcolino et al. (2011) demonstrated that it is possible to

complex curcumin with b-cyclodextrin through a precipitation method, leading to opti-

mized colour intensity. In the EU, several foodstuff formulations are permitted to contain

curcumin quantum satis, and consequently quantitative compliance is not a key issue for

them. Seasonings are permitted to contain curcumin up to levels of 300 mg/kg. Savoury

snacks can also be coloured with curcumin up to maximum levels of 100–200 mg/kg

(EU, 1994).

Riboflavin (vitamin B2, E 101) is considered one of the most important natural

food colour additives. It maintains a yellow colour, which is soluble in aqueous

and in high-polarity organic solvents. It is derived from both plants and bacterial

sources. However, it is involved in many oxidation/reduction processes that affect

its stability as a food colourant and, consequently, requires protection either with anti-

oxidants or by use of suitable packaging. Moreover, it is relatively stable between

pH 2–6. Recently, the classic chemical synthesis of riboflavin has been replaced by

commercially competitive biotechnological processes that use either ascomycetes

(Ashbya gossypii), filamentous fungi (Candida famata), or bacterium Bacillus subtilis
(Malik et al., 2012; Stahmann et al., 2000). White flour is enriched in some countries

(such as the US) due to the high importance of vitamin B2 in health.

Cochineal (E 120) is a red colourant derived by extraction with aqueous alcohol

from the female insect Coccus cacti (EU, 2008; Lancaster and Lawrence, 1996;

Scotter, 2011). The basic colouring principle of cochineal is carminic acid, which

demonstrates a pink shade. Cochineal is applied as an alkaline solution and is stable

to heat, light, oxygen, and wide pH differentiations. Cochineal is able to withstand

sterilization/baking and binds strongly to protein. Cochineal is insoluble below

pH 3, and it is sensitive to pH changes (FSA, 2014). The general specifications for

cochineal are prescribed by JECFA (2010a,b). Moreover, cochineal can be used in

different powder forms, and it is considered to be a highly safe food additive. In gen-

eral, cochineal is applied in foodstuffs in the range of 50–500 mg/kg (EU, 1994;
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Scotter, 2011), but it is noteworthy that it is not considered for use in Halal foodstuff
products and requires Kosher certification (Kosher Certification, 2014; Muslim

Consumer Group, 2014).

Chlorophylls (E 140) are green pigments present in all plants and algae that pho-

tosynthesize. The main sources used to produce these natural colourings are alfalfa,

spinach, grass, and nettles. There are several different types of chlorophylls (chloro-

phyll a, b, c, d, or e). Each chlorophyll type has a different green colour tone. Chlo-

rophyll a has blue-green tones, whilst chlorophyll b has a greener one. Nonetheless,

the stability of all the chlorophylls is similar. Chlorophylls maintain in their chemical

structure a Mg ion within a porphyrin ring. Thus, if the Mg ion within the porphyrin

ring is removed during the plant extraction process of chlorophylls, then the bright

green pigment turns to a duller, olive to grey green colour (Danesi et al., 2002;

FSA, 2014). As lipid-soluble compounds, chlorophylls are extracted with the use

of highly nonpolar organic solvents. However, they can be made water soluble by

saponification, and if that is the case, they are termed chlorophyllins (E140). Chloro-

phyll is not permitted in the US, but it is permitted in the EU when extracted from

edible plants, nettle, or grass. Chlorophylls can form a complex with a Cu ion, which,

consequently, renders it to be more stable and water soluble; the Mg ion of the chlo-

rophylls is replaced by a Cu ion. Even though the Cu–Chlorophylls (E141) complex

precipitates at low pH values in the form of insoluble protonated acids, it is an excel-

lent colourant for many foodstuffs in which it gives a bright green colour (Mortensen,

2006). Gandul-Rojas et al. (2012) determined copper chlorophyllin complexes in

foodstuffs are widely used as a colourant for obtaining a green permanent colour

for adulteration purposes (e.g. disguise food of poor quality). EU regulations do

not permit its addition to table olives, whilst the US FDA allows its use only in

citrus-based dry beverage mixes. Recently, it has been proven that these chlorophyll

complexes obtain antimutagenic, anticlastogenic, anticarcinogenic, and antioxidant

benefits, and, as a result, are extensively used nowadays as food additives (Tumolo

and Lanfer-Marquez, 2012). The applications are limited in some dry soup mixes.

Caramel (E 150) is one of the most used natural colourants with many applications

in bakery products. Caramel additive has the ability to form different derivatives with

a variety of isoelectric points. There are four main caramel classes that are based on

the chemical reactants used in their production (Ciolino, 1998; FSA, 2014):

l Plain or spirit caramel (E150a)
l Caustic sulphite caramel (E150b)
l Ammonia or beer caramel (E150c)
l Sulphite ammonia caramel (E150d)

It is highly important to select the most suitable caramel class for every application so

that problems can be avoided (e.g. hazing or separation) in the final product. E150b,

E150c, and E150d are avoided by some retailers/manufacturers and replaced by burnt-

sugar syrup. Caramel is produced by heating carbohydrates with food-grade acids,

alkalis, and salts and forms a brownish and blackish colour shade. Caramel contains

melanoidin derivatives that also contribute to the antioxidant potential of foodstuffs,

and therefore it is extensively used in bakery products (Brenna et al., 2009; Sengar and
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Sharma, 2014). Caramel colour also enhances the golden brown and egg-yellow shade

colours often sought in baking. Savoury snacks may include colouring for a more rich

and vibrant colour against the golden hue of bread and, for this reason, are used in a

variety of baking products such as bread (wheat and dark rye), cakes, cookies, crack-

ers, croutons, toasted breads, bagels, rolls, and muffins as liquid or powdered caramel

colours. For baking applications, both liquid and powdered caramel colours can be

used, but liquid caramel colours are more economical whereas powdered caramel col-

ours are easier to use. However, when liquid caramel colours are used in bakery appli-

cations, there are concerns about the extra moisture being added into the system, and,

for this reason, adjustments may be made to reduce the water (DDW Color, 2014a;

Sethness, 2014). The general specifications for caramel are prescribed by JECFA

(2010c), whilst EU Directive 2008/128/EC prescribes purity criteria for E150a,

E150b, E150c, and E150d (EU, 2008).

Vegetable carbon (E153; also known as vegetable black, carbon black, or carbo-
medicinalis vegetabilis) is an insoluble black food colouring. In Canada and in the EU
it is approved, but the US FDA does not allow its use. Vegetable carbon can be

obtained from various sources, including activated charcoal, bones, meat, blood, var-

ious fat oils, and resins, or simply the incomplete combustion of natural gas. Thus,

vegetarians must note that it can be of animal origin. This colouring is very stable

to heat, light, and pH variations (DDW Color, 2014b). It is used in baking and sugar

confectionary products (e.g. cake icing) to provide grey to black background hues and

also is used in blends with other colours (such as red and brown pigments) to create

shades such as chocolate brown. It is also used to colour liquorice confectionary.

Carotenoids (E 160) are lipid-soluble, yellow–orange–red pigments and contain dif-

ferent chemical classes – namely, carotenes, xanthophylls (lutein and zeaxanthin

included), retrocarotenoids (rhodoxanthin included), seco- and apo-carotenoids, and

homocarotenoids (decaprenoxanthin included) (Hari et al., 1994). Carotenes

(E160a) that cover both mixed carotenes (combination of a-carotene and b-carotene)
and b-carotene are widely used in bakery products (including cinnamon rolls, frozen

yeast dough, cookies, wafers, and doughnuts) ranging from 1 to 30 mg/kg, and

soups ranging from 22 to 40 mg/kg. Carotenes are oil-soluble and are also available

in water-soluble forms after emulsification. The most widely applied carotenoids are

b-carotene, which is found in almost all the aforementioned foodstuffs and b-apo-8¢-
carotenal, which is usually found in seasonings (González et al., 2003a,b; Hari et al.,

1994). Nowadays, the range of shades available from carotenes available to food

manufacturers includes more red, yellow, and orange shades. As the particle size of

the colour powder increases, the colour solution obtains a more red shade. Fine

dispersion of b-carotene results in a strong yellowish colour. It is noteworthy that

the produced colour shade is inextricably linked to the ingredients of the specific

foodstuff formulation. Antioxidants are included in colour formulations due to the

fact that carotenoids are light-sensitive and susceptible to oxidation.

Annatto (E160b) is a red/orange colouring obtained from the seeds of Bixa orel-
lana, a bush grown in Central and South America. Annatto contains both bixin and

norbixin colour principles. Bixin is extracted from the seed coating using solvents

or oils and is suitable for fat/oil-based applications (e.g. margarine and oils used in
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snacks). The extraction of annatto by alkaline hydrolysis results in the formation of

norbixin, a colouring suitable for fine bakery wares and breadcrumbs. When the food-

stuff formulations that contain bixin or norbixin are heated or stored, they may dem-

onstrate a reddish shade. Antioxidants are included in colour formulations of bixin

since it is light-sensitive and susceptible to oxidation (FSA, 2014).The colour hue

of annatto in foodstuffs is dependent upon the extraction and processing temperature

of the colour, where yellower shades can occur in very dilute solution or where ther-

mal degradation has taken place. Annatto precipitates in low pH solutions and is not

stable at high process temperatures (e.g. 130–250 �C). Norbixin is usually spray-dried
onto a carrier (e.g. modified starch, maltodextrin) in order to obtain a water-soluble

powder. Norbixin is sensitive to sulphur dioxide, low pH hard water, and Ca ions.

Bixin and norbixin demonstrate good stability to heat and light when they are bound

to starch or protein.

Paprika (E160c) is both a food colouring and a spice. It is produced from pepper

varieties and contains a number of carotenoids. The main three are b-carotene,
capsanthin, and capsorubin. The use of paprika as colouring is limited mainly to spicy

savoury products due to its characteristic flavour. Paprika oleoresin, a mixture of oil

and resin, is the most popular oil-soluble formula of paprika, while water-dispersible

forms are also available. Paprika demonstrates good heat and pH stability, but it is

sensitive to oxidation and light. Stability is improved by adding antioxidants in the

paprika formulations. Examples of the products coloured with paprika are baked

goods and snacks, but its common use is in seasoning blends, where the oleoresin

is used to colour salt, which, in turn, is mixed with spices to complete the finished

spice blend.

Lycopene (E160d) is a red colouring found in fruits (e.g. watermelon and red

grapefruit) and vegetables such as tomatoes, which are the major source of lycopene.

Lycopene (from tomatoes) was approved as a food colouring in Europe in 1997 and in

the US in 2005. Solubilised or emulsified lycopene produces a yellow-orange colour,

whilst fine dispersions of lycopene crystals produce a red colour. The shade of the

colouring on a foodstuff formulation is dependent on the fat content, the saturation

level of the fat, and the temperature of the manufacture process. The red colour is dif-

ficult to maintain when the foodstuff formulation contains more than ca. 8% fat. Lyco-

pene is sensitive to oxidation, but stability can be improved by adding ascorbic acid.

Lycopene can be used where a vegetarian and kosher red colour is required and the use

of cochineal is not permitted (FSA, 2014).

b-Apo-8¢-carotenal (E160e) is a colour found in spinach and citrus fruits. It is used
mainly in fat-based foodstuff formulations. b-apo-8¢-carotenal is approved for usage

as a food additive in the US and the EU. Due to concerns over safety, the European

Food Safety Authority (EFSA) was recently asked by the European Commission to

deliver a scientific opinion reevaluating the safety of b-apo-8¢-carotenal. In 2014,

EFSA established an acceptable daily intake (ADI) of 0.3 mg/kg body weight

(bw)/day (EFSA, 2014a). The ethyl ester of b-apo-8¢-carotenoic acid (E160f) is also

obtained via chemical synthesis (EFSA, 2014b).

Lutein (E161b) is an orange/yellow colouring found in green leafy vegetables.

Oil-soluble lutein colouring is obtained as a by-product of chlorophyll extraction and is
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available either as oil suspensions or water-soluble (emulsified or dispersive) forms.

Exposure to oxygen and light causes the fading of colouring; however, the addition of

antioxidants can prevent this to a certain degree. Moreover, it is stable to pH varia-

tions. Lutein can be used to colour fat-based applications, but its application in bakery

products is still limited. Recently, high-lutein wheat flour has been used to prepare

lutein-enriched bakery products, including muffins and bread with a reasonable content

of this colourant determined in the final product (Abdel-Aal el et al., 2010; Nutra

Ingredients USA, 2014).

Betalains derive from beets (Beta vulgaris) or prickly pears (Opuntia) and are cat-
egorized as the red-violet betacyanins and the yellow betaxanthins. The betacyanins in

red beets (betanin) are approved by the European Commission, and they are used

extensively as a food colouring because they can produce an attractive range of shades

in foodstuff formulations. Minor amounts of betaxanthins (yellow) and degradation

products of betalaines (light brown) may also be present (EU, 2008). The colour con-

tent can be increased through fermentation of the beetroot juice. Moreover, beetroot

juice can be spray-dried onto a carrier to produce a powder. Betanin is a strong colour-

ing, but is sensitive to heat and oxidation; therefore, it is best added at a late stage in the

processing of the foodstuff formulations. Betanin is stable in the pH range of most

foodstuff formulations (pH 3–7), at high sugar contents, and in the presence of anti-

oxidants. It cannot be used in many heat-processed foodstuff applications because it is

heat-sensitive. Betalin is used as a colourant in savoury snacks and bakery products, as

a powder or liquid form, and at content levels of 0.1–2.0% (DDW Color, 2014c;

Agrawal, 2013; Azeredo, 2009).

Anthocyanins (E 163) are responsible for the attractive red colours that are found in

many foodstuffs. Anthocyanins comprise a group of chemically related water-soluble

compounds found in several berry fruits and vegetables at concentrations ranging

from 0.1% to 1% w/w dw (dry weight). It has been estimated that more than 300 dif-

ferent anthocyanins are available, each with different chemical structures. Moreover,

anthocyanins withstand short periods of (moderate) heating but are fading due to light

exposure. They are usually applied together with other compounds giving a more

combined colouring effect (intermolecular co-pigmentation). The main compounds

that react with anthocyanins are flavones, coumarin, and cinnamic acids. Other crucial

factors that affect the colour of anthocyanins are pH, light, and metal complexion.

Several transformations of anthocyanins are realized at different pH values. Thus,

at pH 7 (pH value for bakery products such as biscuits, crackers, and bread) the pro-

vided colour by anthocyanins is bluish, at pH 4.5 (pH value for bakery products and

seasonings) no colour appears, and at pH 1 the provided colour is purplish (pH value

for some seasonings such as spices, mustard seed yellow). Moreover, it must be noted

that colour instability occurs above pH 4. These pH attributes limit most anthocyanin

colourants to only acidic foodstuffs (Mortensen, 2006). The presence of ascorbic acid

causes the colour to turn brownish or to fade. Acetylated anthocyanins are very stable

derivatives in the presence of heat, light, and/or sulphur dioxide. The application of

acetylated anthocyanins increases the pH range stability of the colour.

Iron oxides and hydroxides (E172) are inorganic colourants that are not widely

used as a food colouring, but they are stable to light, heat, oxidation, and alkali.
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The shade achieved depends on the particle size, but the colours obtained are generally

dull. They are permitted for use in the EU, but not in the US. Iron oxides have been

used extensively as a colouring in icings (FSA, 2014).

8.3 Applications of synthetic colourants

In general, synthetic colourants produce strong, consistent and stable colouring inten-

sity and vibrancy in foodstuff formulations. Their application in foods is for producing

water-soluble formulations (as pastes, granules, or powders) or insoluble formulations

as in aluminum lakes. Since synthetic colourants are not oil-soluble, they are far less

susceptible to migration issues (e.g. fat-to-fat migration) to other parts of a foodstuff

formulation. The use of some typical natural pigments can cause colour migration

issues, affecting the visual appearance. Natural colourants (that substitute synthetic

ones) can provide adequate stability, but may have an impact on taste. Furthermore,

in oil-dispersible foodstuffs, such as snacks, bakery products, and dry soup mixes, the

use of pigments (that are naturally water-soluble) may present severe limitations in

colour formulation.

Allura Red AC (E 129, Red No. 17) presents a dark red colour (powder or gran-

ules). It creates a heat-stable, yellowish red colour that becomes bluer in basic pH.

Ascorbic acid in foodstuffs is an antagonist of Allura Red AC (Collins, 2003). This

colourant was introduced in the US in the 1980s and is also approved by the EU

and the World Health Organization (WHO) (Asimakopoulos et al., 2013). Allura

Red AC is used in crackers; decorations for fine bakery wares; fine bakery wares

(sweet, salty, savoury) and mixes; other ordinary bakery products (e.g. bagels, pita,

English muffins); snacks that are potato-, cereal-, flour-, or starch-based; and dry soup

mixes (max. 200–300 mg/kg) (Codex, 2014). It can be replaced by the natural colour-

ants of beetroot red, anthocyanins, and cochineal.

Amaranth (E 123, Red No. 9) presents a reddish brown colour (powder or granules)

and is applied mainly in snacks. It is stable in light and heat (max. 105 �C) and is stable
in acidic/basic pH (Asimakopoulos et al., 2013; Collins, 2003). It has been banned in

the US since 1976. It is approved by the EU and WHO. However, it fades in the pres-

ence of alkaline media (the blue hue increases) and sulphur dioxide.

Azorubine (E 122, Red No. 3) presents a red to maroon colour (powder or gran-

ules). It is stable in light and heat (max. 105 �C) and is stable in acidic/basic pH

(Asimakopoulos et al., 2013; Collins, 2003). It is not permitted in the US for use

as a food colour, but it is approved by the EU and WHO. It fades in the presence

of alkaline media and sulphur dioxide. It is commonly used in breadcrumbs and

cheesecake mixes.

Ponceau 4R (E 124, Red No. 7) presents a reddish colour (powder or granules). It

exhibits good light and heat stability (max. 105 �C). It is not approved by the WHO. It

cannot be used as a food colourant in the US, but it is approved in the EU

(Asimakopoulos et al., 2013). It fades in the presence of sulphur dioxide, ascorbic

acid, and alkaline media (Collins, 2003). It also can be replaced by the natural colour-

ants of beetroot red, anthocyanins (in combination with carotenes), and cochineal. It is
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used to colour a wide range of foodstuff formulations, including snacks and bakery

products, to achieve a strawberry red shade.

Sunset Yellow (E 110, Yellow No. 6) presents a bright orange-red colour (powder

or granules) and yellow/orange in solution. It presents extreme heat stability (max.

205 �C) (Collins, 2003) and has a moderate compatibility with other food constituents

(Asimakopoulos et al., 2013). It is approved by the WHO and is permitted for use in

the EU and US. It slightly fades in alkaline media, and fades considerably in 1% ascor-

bic acid and sulphur dioxide. Moreover, it is reported that Ca ions can lead to precip-

itation of this colour additive (Collins, 2003). It may be found in Swiss rolls, dry soups,

breadcrumbs, and snacks such as corn chips. It may also be used for decoration of

baking goods.

Tartrazine (E 102, Yellow No. 5) presents a bright yellow orange colour (powder or

granules). It presents light and heat stability (max. 105 �C) (Asimakopoulos et al.,

2013; Collins, 2003). It fades in the presence of alkaline media and presents consid-

erable fade in 1% ascorbic acid and in more than 25 mg/mL of sulphur dioxide. Prod-

ucts containing tartrazine are typically used in foodstuffs that consumers expect to be

brown or creamy looking. Tartrazine is used in bakery mixes, snacks (e.g. flavoured

corn chips, popcorn, and potato chips), and dry soup mixes.

Brilliant Black BN (E 151, Black No. 1) is not a black dye as the name suggests but

rather presents a violet-black colour in powder or granular form. Moreover, it blends

well with other food colours (Collins, 2003) and produces a deep violet to navy blue

hue in solution depending upon the pH. It is not permitted in the US but is approved by

the EU and the WHO (Asimakopoulos et al., 2013). It presents excellent light and heat

stability. Furthermore, it demonstrates a considerable resistance to alkaline conditions

and fruit acids. It fades in the presence of sulphur dioxide. It is widely used in potato-,

cereal-, flour-, and starch-based snacks.

Brown HT (E155, Brown No. 3) presents a reddish-brown colour (powder or gran-

ules). It presents light and extreme heat stability (200 �C) that renders this colour addi-
tive highly appropriate for bakery products. Furthermore, it demonstrates a considerable

resistance to alkaline conditions and fruit acids. It fades to a small extent in the presence

of sulphur dioxide (Collins, 2003). It is not permitted in the US and is not approved by

the WHO. However, it is approved by the EU (Asimakopoulos et al., 2013).

Brilliant Blue FCF (E 133, Blue No. 2) presents a reddish-blue colour (powder or

granules). It presents medium light stability and poor stability in basic pH

(Asimakopoulos et al., 2013). It fades in the presence of alkaline media and 1% ascor-

bic acid. It is stable in the presence of sodium benzoate, fruit acids, and sulphur diox-

ide (Collins, 2003). It is permitted in the EU and the US and is approved by the WHO.

Brilliant Blue FCF is often found in dry soup mixes and bottled snacks where blue/

green hues are desired.

Fast Green FCF (E 143, Green No. 3) presents a dark black/green colour (powder or

granules). It is resistant to food acids and sulphur dioxide, but it fades (turns bluer) in

the presence of alkaline media and ascorbic acid (Collins, 2003). It exhibits medium

light and heat stability and good compatibility with food constituents (Asimakopoulos

et al., 2013). It is not permitted in the EU, but it is approved by WHO and permitted

in the US. It demonstrates a wide use as a food colourant (EU, 1994, 1995;
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FAO/WHO, 2006; Glória, 1997; Pintea, 2008; US FDA, 1999) in dry bakery mixes at

levels up to 100 mg/kg.

Green S (E 142, Green No. 4) presents a dark blue or dark green colour (powder or

granules). It is heat stable and is also applied as a dulling agent. It demonstrates rea-

sonable stability to acidic conditions, moderate light stability, and fair stability to alka-

line conditions. It fades in the presence of sulphur dioxide and metal ions (Collins,

2003). It is not permitted in the US and is not approved by the WHO, but it is permitted

in the EU (Asimakopoulos et al., 2013). It can be found in snacks and in dry soup

mixes or other mixes used in bakery products and snacks.

Patent Blue V (E 131, Blue No. 2) presents a dark blue colour (powder or granules).

It is heat stable (105 �C) andmoderately light stable. It fades in the presence of sulphur

dioxide, ascorbic acid, fruit acids, and alkaline media. It is permitted only in the EU

(Asimakopoulos et al., 2013). It is found in dry soup mixes or other mixes used in

bakery products and snacks.

Erythrosine (E 127, Red No. 3) presents a bluish-red colour (powder or granules).

In solutions below pH 3–4, erythrosine forms erythrosinic acid, which is slightly sol-

uble. It has poor light stability and poor stability in acidic/basic pH but very good heat

stability (Asimakopoulos et al., 2013; Collins, 2003). It is permitted in the EU and the

US, and it is approved by the WHO. It maintains poor compatibility with other food

constituents. Its antagonists are alkaline media (causes fading), ascorbic acid, sulphur

dioxide, and acid media (which may cause precipitation). It has very limited applica-

tion in the EU and is restricted to glacé and candied cherries used for decoration of

bakery products. However, erythrosine can be used to colour food in the US without

any restriction (FDA, 2014).

Indigotine (E 132, Blue No. 2) presents a dark blue colour (powder or granules). It

maintains a very poor light and pH stability as well as very poor compatibility with other

food constituents (Asimakopoulos et al., 2013; Collins, 2003). The aluminum lake of

indigo carmine is more stable to processing. Its antagonists are ascorbic acid, sulphur

dioxide, citric acid, sodium bicarbonate, sodium carbonate, ammonium hydroxide, and

dextrose. It is approved by the WHO and is permitted for use in the US and the EU. It is

found in baked goods such as biscuits, sugar confectionery, and snacks.

Quinoline Yellow (E 104, YellowNo. 13) presents a green-yellow colour (powder or

granules). It maintains high robustness in use and good heat stability (105 �C). Its antag-
onists are sodium hydroxide, benzoic acid, and ascorbic acid (Collins, 2003). It is not

permitted as a food colourant in the US, but it is approved by the WHO and is permitted

in the EU (Asimakopoulos et al., 2013). It is widely used in packaged snacks.

8.4 Applications of natural and synthetic
colourants – future trends

This chapter highlights a demand for replacing synthetic colourants by natural ones

because they are perceived as being healthier (especially as the food manufacturing

industry moves towards more ‘clean label’ products) and they can be applied in
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the majority of bakery products, snack foods, dry soup mixes, and seasonings. How-

ever, natural colourants are generally more expensive, the hues are less vibrant, and

the palate of available shades is limited compared to synthetic counterparts for a given

colour shade (IFC Solutions, 2014; FSA, 2014). Moreover, natural colourant formu-

lations tend not to be as concentrated as synthetic formulations, maintain a shorter

shelf life (fading occurs), and their stability can be affected by a number of factors

(e.g. sunlight and pH). The trend of blending natural and synthetic colours in a variety

of ratios and formats helps to overcome some of these limitations.

The colour replacement approach in food products is very demanding, and a num-

ber of key factors need to be involved and assessed, including:

(1) Colour shade and hue required for product

(2) Customer requirements

(3) Product matrix

(4) Product formulation and ingredients

(5) Acidity and pH of foodstuff formulation

(6) Manufacturing process

(7) Desired shelf life

(8) Packaging

(9) Selecting colour and colour supplier

(10) Considering legal issues

(11) Cost

(12) Security of supply

(13) Undertaking initial development trials

(14) Overcoming colour development problems

(15) Shelf life trials

It is considered easier to colour a new product than to find an exact colour match for an

existing product using alternative colourings (natural or synthetic). The customer and

legislative requirements must be depicted at the outset; for instance, carmine (as it is

derived from crushing insects) is not suitable for inclusion in a vegetarian product and

is not considered kosher (a religious requirement). The ingredients of a foodstuff for-

mulation may either improve or worsen the colour stability. Metal ions and/or hard

water that may be added on a foodstuff formulation can destabilize some colours;

for example, Ca ions cause precipitation of annatto and carmine. In formulations with

high protein levels, colours demonstrate higher stability due to protein-binding (e.g.

annatto binds well to milk protein). In confectionery products, colours (e.g. beetroot)

are generally more stabilized by increasing the total solids or sugar levels of the

formulation (FSA, 2014). The presence of sulphites in foodstuffs cause colour fading

of annatto, anthocyanins, and curcumin. The presence of alcohol may destabilize

some colours (e.g. caramel). Colour manufacturers have worked on improving

water-dispersible forms of oil-soluble natural colours to help overcome colour mar-

bling in certain applications, Nowadays, fine micro-emulsions are also available to

avoid colour marbling. For fat-based foodstuff formulations, water-soluble natural

colours (such as beetroot) can also be transformed into stable emulsions (ensures even

dispersion).When colouring amultilayer (component) foodstuff formulation (e.g. lay-

ered desserts), micro-encapsulated colours are used to avoid any migration/bleeding
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from one layer to another. Micro-encapsulated colours are those colours that are

encapsulated into an insoluble carrier such as carbohydrates, gum, or protein and, con-

sequently, are also protected from oxidation or acidic conditions. Care must be taken

in aerated foodstuff formulations (e.g. mousse, ice cream) because the incorporated air

will dilute the colour and may affect its stability. Controlling the amount of aeration

during manufacture/processing can reduce oxidation effects on the colour. When col-

ouring a foodstuff formulation that is mildly flavoured, flavour carryover from the

colours may occur; for instance, paprika is used to colour cake icing, which can result

in the associated flavours being tasted in the cake. The most common way to deal with

this is to add flavouring as a masking agent. For some colours, the acidity (or pH) of

the foodstuff formulation is crucial for the stability and the shade produced. Antho-

cyanins produce a red/pink colour at low pH and a purple/blue colour at higher pH

values, whilst their stability decreases with increasing pH; curcumin is relatively sta-

ble at low pH, whilst carmine precipitates.

The production, or processing, of a foodstuff formulation affects the colouring.

High temperatures and long processing time have great impact on colouring. For

instance, beetroot colours can be degraded by a prolonged in-pack pasteurization

or sterilization. The exposure to heat is minimized by adding the colouring after

the manufacturing process; nonetheless, microbiological issues may arise by this

action. Natural colouring for products with a very long ambient shelf life may present

a higher tendency to fade, whilst some colourings are sensitive to oxygen and light.

Curcumin and carotenes are very sensitive to light, whilst lutein and carotenes are sus-

ceptible to oxidation. The colouring can remain stable by encapsulation, use of anti-

oxidants, or the use of suitable packaging materials (FSA, 2014).

Nowadays, the colour industry has developed formulations that either contain for-

tified ingredients (e.g. antioxidants) or maintain specialized production processes (e.g.

encapsulation). However, the cost of the natural colours may vary depending on the

supply and the demand conditions. In the summer of 2010, carmine became short in

supply due to weather conditions hampering production, whilst at the same time there

was an increased demand frommanufacturers; this led to an unprecedented increase in

the price of carmine. Thus, the colouring industry is working towards developing new

cultivars that would increase the production of natural colours; these new cultivars

will incorporate plants selected for their desirable characteristics.

The process of replacing colours is complicated and depends on the formulation/

processing conditions applied, and, in most cases, the replacement process is kept con-

fidential by food manufacturers. In confectionery products, tartrazine, which gives a

yellow colour, can be replaced by turmeric or trans-b-carotene; Sunset Yellow FCF,

which gives an orange colour, can be replaced by annatto, b-carotene, b-apo-8¢-
carotenal, or paprika; Allura Red AC, which gives a red colour, can be replaced by

beet, anthocyanins, or cochineal; a mixture of Allura Red AC and Brilliant Blue

FCF, which gives a purple colour, can be replaced by a mixture of anthocyanins/beet;

a mixture of Brilliant Blue FCF and tartrazine, which gives a green colour, can be

replaced by a mixture of turmeric/trans-b-carotene; and a mixture of Brilliant Blue

FCF, tartrazine, and Allura Red AC, which gives a black colour, can be replaced

by a mixture of turmeric/trans-b-carotene/anthocyanins/beet (Wild Flavors, 2014).
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A well-known food manufacturing company demonstrated the transition from

using synthetic colourants to using natural colourants in one of the most popular prod-

ucts of the company – namely, that of a chocolate button with a coloured sugar shell.

Prior to 2006, these confectionary items (in Europe) contained Quinoline Yellow,

Sunset Yellow, Carmoisine, and Ponceau 4R. Between 2006 and 2009 these were

replaced with a combination of colours that included b-carotene, copper chlorophyll,
riboflavin, and curcumin. Nonetheless, the requirement of controlled temperature,

storage, and transportation conditions for natural coloured foodstuff formulations,

and, consequently, increasing overall costs were pointed out by the manufacturer.

Many meat/fish-based products contain fortified colours, and most of them are due

to the added spice coatings on them. Nowadays, the majority of spices, for example,

curry and curry sauces, owe their orange, red, and yellow colours to a combination of

natural colours and ingredients (e.g. tomato puree, turmeric spice and colour, and

paprika). The tandoori paste, mainly used to produce tandoori chicken, was normally

produced by incorporating Allura Red, Carmoisine, or Ponceau 4R, which were also

sometimes combined with Sunset Yellow. Nowadays, brands of tandoori paste incor-

porate anthocyanins, paprika, beet, paprika, and/or carmine (FSA, 2014).

Research is continuing on examining the structure and stability of natural colours

from a variety of fruits, vegetables, and flowers in order to find new and possibly more

stable sources of colour. Food colour manufacturers are active in this area in order to

provide food manufacturers with a wider selection of colours with different stabilities.

For example, a natural blue colour from anthocyanins has been developed that has a

shelf-stable blue hue at pH values between 5.5 and 8 (Williamson, 2014).

8.5 Further reading

Pintea, A.M., 2008. Synthetic colorants. In: Socaciu, C., Socaciu, C. (Eds.), Food Colorants

Chemical and Functional Properties. CRC Group, Boca Raton, FL, pp. 603–615.

www.food.gov.uk.

www.campden.co.uk.

www.natcol.org.

www.envirochemistry-archives.com.
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