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The natural color of foods is due primarily to carotenoids,

anthocyanins, betanin and chlorophylls, either as inherent food

constituents or as food or feed additives. These compounds

have drawn considerable attention in recent years, not because

of their coloring properties, but due to their potential health-

promoting effects. Their occurrence and levels in foods, along

with the factors that influence the composition, have been

widely investigated. Processing effects have been actively

studied. In spite of the intense search for plant and microbial

sources and efforts to increase yield, few natural food color

additives have reached the market. Lack of stability is a major

deterrent; microencapsulation and nanoencapsulation are

being advocated to minimize this problem.
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Introduction
Foods, particularly fruits and vegetables, are naturally

colored mainly by four groups of pigments: the green

chlorophylls, the yellow-orange-red carotenoids, the red-

blue-purple anthocyanins and the red betanin. These

pigments are also incorporated into food products by

direct addition or indirectly through animals’ feed. Al-

though recent studies have been stimulated and domi-

nated by their importance in human health, earlier

investigations were motivated by the color they impart.

Employing natural colors is the current marketing trend

because of consumers’ concern about the safety of artifi-

cial food dyes, reinforced by possible health benefits of

the natural pigments. Replacement of the former by the

latter, however, is challenging because natural colorants

are usually less stable, more costly, are not as easily

utilized as artificial colors, require more material to

achieve equivalent color strength and has limited range

of hues.

Motivated by potential health effects [1–6], literature on

natural pigments, especially of carotenoids, is volumi-

nous. Focusing on the past two years, research in Food

Science in this area generally falls under the following

topics: first, composition and influencing factors, second,

search for rich plant and microbial sources or increasing

the pigment content, third, assessing and improving

stability and bioavailability, fourth, processing effects

and fifth, health effects.

Carotenoids
Determination of the carotenoid composition of foods

continues to be actively pursued worldwide, attention

being currently directed to indigenous and lesser known

crops (e.g. [7–9]). Several countries have their own carot-

enoid databases, especially of the principal carotenoids in

foods: b-carotene, a-carotene, b-cryptoxanthin, lycopene,

lutein and zeaxanthin. Moreover, the different factors

affecting the composition have been extensively investi-

gated (e.g. [8–15]), documenting the influence of cultivar/

variety, stage of maturity, climate and season, farming

practice and conditions, processing and storage. Since the

physicochemical properties (e.g. color, solubility, stabili-

ty), bioavailability and efficacy as health-promoting com-

pounds differ among carotenoids, quantitative data have

been obtained in terms of the concentrations of individual

carotenoids, now often extended to separate quantifica-

tion of E-(trans) and Z-(cis) isomers.

In vitro assay of bioaccessibility has also been widely

conducted with results mostly coherent with those of

human studies on bioavailability, demonstrating the in-

fluence of dietary factors such as nature of the food

matrix, carotenoid species and their geometric configura-

tion, carotenoid-carotenoid interaction, amount and type

of fat, amount and type of dietary fiber, other food

constituents, food processing (e.g. [16,17]).

Losses of carotenoids during the processing and storage of

foods have been reported in numerous papers. However,

knowledge of the reactions and the underlying mecha-

nisms is still limited. There were attempts to elucidate

degradation mechanisms in the 1980s, but such efforts

had practically ceased when attention had been directed

primarily to the health benefits of these pigments. Recent

years have seen renewed interest on degradation, stimu-

lated by the finding that the products can have negative or

positive effects on human health. The major alterations

undergone by the highly unsaturated carotenoids during
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processing and storage of foods are geometric isomeriza-

tion and oxidation (Figure 1) [18].

Till date most of the commercial carotenoids, used as

food and feed additives and supplements, are products of

chemical synthesis (e.g. b-carotene, astaxanthin, cantha-

xanthin and zeaxanthin), although they continue to be

produced from a small number of rich natural sources

(annatto, paprika, saffron, marigold, tomato) and by mi-

crobial fermentation.

Rich plant sources of carotenoids, such as the Asian gac

(Momordica cochinchinensis Spreng.) fruit, are actively

sought. Commercial products like gac powder and gac

oil have been manufactured as natural colorants and

medicinal supplements [19]. The extraction of natural

pigment from Canna indica flowers using ultrasound

resulted in significant improvement in extraction efficien-

cy [20]. In line with current efforts to utilize industrial

wastes, extraction of lycopene from the pulp fractions of

tomato processing waste was optimized, resulting in 95%

maximal recovery of high purity (98%) all-E-lycopene

[21].

In spite of the intense research on microbial carotenoid

production, only three have reached commercial scale: b-

carotene by the alga Dunaliella sp, astaxanthin by the alga

Haematococcus pluvialis, and b-carotene by the fungus

Blakeslea trispora. Research on optimization of conditions

to increase carotenoid production by Haematoccus (e.g.

[22,23]) and investigation of other carotenoid producing

microorganisms (e.g. [24]) continue.

Advances in knowledge of the biosynthetic pathways,

cloning of the genes that code the enzymes and availabil-

ity of gene transfer techniques have led to genetic engi-

neering in crop plants and in microorganisms to achieve

higher content or better composition of carotenoids (e.g.

[25]). Advantages of genetic engineering over conven-

tional breeding include the ability to transfer genes in a

faster and targeted manner. In addition to the transfer of

genes from the same species, modern recombinant tech-

nologies permit the introduction of genetic material from

diverse plants and unrelated species such as microorgan-

isms. However, a lot more investigation and new tools/

resources are deemed necessary to better reflect the

dynamic nature of biosynthetic pathways [26�].

To address the stability problem, microencapsulation and

nanoencapsulation have been investigated. Optimization

of microencapsulation of gac oil by spray-drying resulted

in a powder having high contents of lycopene and b-

carotene and attractive red-yellow color [27]. Using four

modified n-octenyl succinic anhydride (OSA)-starches,
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The oxidative degradation of carotenoids involves isomerization and oxidation. Initially, a part of the all-E-carotenoids, the usual configuration in

nature, is isomerized to the Z-forms. Carotenoids in both forms are then oxidized, commencing with epoxidation, hydroxylation and cleavage to

apocarotenals. Subsequent fragmentations result in a series of compounds of low molecular masses. Direct cleavage of the polyene chain to low

mass compounds also appears to occur. Reproduced from Rodriguez-Amaya [18].
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the best results were achieved with OSA starch refined

from waxy maize [28]. Encapsulating crocin into chitosan-

sodium alginate nanoparticles, prepared by a modified

ionic gelation method, provided enhanced stability under

unfavorable environmental conditions [29].

Anthocyanins
For anthocyanins, quantitative analysis has been widely

done in terms of the total anthocyanin content. In recent

years, however, an increasing number of papers report

individual anthocyanin concentrations, and influencing

factors have also been investigated [12,30��,31��,32–34].

It has been reported that the phenolic bioactive forms in

vivo are not necessarily those which occur in foods, but

rather conjugates or metabolites arising from them in the

human body [35�]. Anthocyanins such as cyanidin-3-glu-

coside and pelargonidin-3-glucoside could be absorbed in

their intact form into the gastrointestinal wall, undergo

extensive first-pass metabolism and enter the systemic

circulation as metabolites [36].

The color of anthocyanins depends on the pH (Figure 2).

Their stability is influenced by such factors as their

structure and concentration, pH, temperature, light, oxy-

gen, solvents, presence of enzymes, other flavonoids,

proteins and metallic ions.

Utilization of anthocyanins as food colorants and func-

tional ingredients has been limited because of their low

stability and interaction with other compounds in the food

matrix. The FDA list of color additives has only grape

color extract and grape skin extract [37]. Thus, research

has been directed toward the search for better sources and

enhancement of extraction efficiency and stability, as

exemplified by the following publications.

Among recognized good sources of anthocyanins are many

berry-type fruits, red cabbage and purple sweet potato.

Cultivar and maturation affected color and stability of red

cabbage extracts at different pH [38]. Some varieties

accumulated �30% of diacylated pigments, and monoa-

cylated pigments decreased with time. Acylation is known

to increase the anthocyanin’s stability. Purple-fleshed

sweet potatoes P40 had high content of anthocyanins, of

which cyanidin 3-p-hydroxybenzoylsophoroside-5-gluco-

side exhibited the best thermal stability [34].

Pulsed electric fields and ultrasonication were used as

environmental friendly alternatives to water extraction at

70 8C [39]. Both technologies were able to increase the

extraction of anthocyanins in plum peels. In grape peels,

ultrasonication was more effective. Pulse electric fields

increased the extraction of anthocyanins from grape peels

several fold. Ultrasound-assisted extraction was found to

be a suitable technique for the extraction of anthocyanins

from haskap berries [40]. The colorant powder obtained

from black glutinous rice bran by ohmic heating-assisted

extraction had higher colorant yield, anthocyanin pig-

ments and bioactive compounds than conventional meth-

ods [41].

A liquid concentrated colorant obtained from Thymus

moroderi using water/citric acid as solvent was compared

with two commercial anthocyanin-rich food colorants

from red grape skin and red carrot (color strength of

1.7 and 3.6 AU, respectively) [42]. T. moroderi colorant

had 1.2 AU color strength and high storage stability

(>97% remaining color after 110 days at 4 8C). The

colorant gave a stable pink color to yogurt during one

month storage under refrigeration.

The stability in micellar solutions of extracts from roselle

calyx (Hibiscus sabdariffa Linn.) and lac resin (Laccifer

lacca Kerr.) was investigated [43]. Roselle colorant faded

in the absence and presence of sodium dodecyl sulfate

(SDS) and Tween 80 micelles. Lac colorant was quite

stable with or without the surfactants. On the other hand,

exceptional color fluctuation buffering effect was ob-

served with anionic surfactant, especially SDS [44]. This

was attributed to the effective shielding of anthocyanins

from external acidity through strong interaction of SDS
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It is widely known that anthocyanins can exist in different structural forms, depending on the pH. At pH 1–2, the red flavylium cation

predominates. At pH 2–4, the blue quinoidal base is the dominant species. At pH 4–6, the colorless carbinol pseudobase prevails; toward pH 6,

the pale yellow chalcone becomes the predominating species.
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with positively charged flavylium cations owing to its

anionic nature.

Microencapsulation of anthocyanins by spray drying with

different natural biopolymers was used to develop natural

colorants with high stability, solubility and dispersibility

[45��]. Robert and Freedes [46] reviewed the encapsula-

tion of anthocyanins from twelve berry-type fruits to

improve the stability and/or bioavailability of anthocya-

nins.

Engineered purple tomato was considered the best

achievement so far in obtaining higher levels of antho-

cyanins via metabolic engineering [47]. In spite of prog-

ress in engineering anthocyanins in microorganisms,

using plants and plant cell cultures to produce anthocya-

nin would be a more efficient strategy.

Betanin and chlorophylls
Betalains are subdivided into red-violet betacyanins and

yellow-orange betaxanthins. Betanin is the most common

betacyanin in the plant kingdom. For a long time beetroot

had been considered the sole source of betanin, and

dehydrated beets (beet powder) is the only betanin-con-

taining approved color additive in the FDA list [37]. It is

not surprising, therefore, that work on this pigment in

recent years has been dominated by the search for other

sources, such as Ulluco (Ullucus tuberosus), one of the most

widely grown and economically important root crops in

the Andean region of South America [48], and Basella

rubra, commonly known as Malabar spinach, a leafy

vegetable that accumulates pigments in its fruits

[49]. In the latter, total betalain content increased rapidly

from early (green) through intermediate (half-done red-

violet) to matured stage (red-violet). The pigment-rich

fruit extract was used as natural colorant in ice-cream.

After six months of storage at �20 8C, 87% color was

retained in the ice-cream.

The most studied potential source is cactus pear (Opuntia

ficus-indica). A natural extract was encapsulated by the

PGSS1 (Particles from Gas Saturated Solutions) tech-

nique into glyceryl monoostearate, using a surfactant

(polyglyceryl-3 polyricinoleate) and water under different

process conditions [50]. When compared with the Opuntia

dried extract, lipidic particles contributed to a better

homogenization of the pink color after incorporation in

ice cream. In another study, an extract was encapsulated

with maltodextrin and cladode mucilage and only with

maltodextrin [51]. The addition of cladode mucilage

increased the encapsulation efficiency, reduced the mois-

ture content and resulted in more uniform size and

spherical particles, with high dietary fiber content.

Pulp and ultrafiltered cactus pear extracts were encapsu-

lated with Capsul by spray-drying [52]. Betacyanin and

betaxanthin encapsulation efficiency reached values

above 98% for both systems, this efficiency being attrib-

uted to strong interaction between betalains and the

polymer. The betacyanin degradation rate constant was

significantly higher for the encapsulated pulp than for the

encapsulated ultrafiltered extract, suggesting that the

mucilage or higher sugar content of the former increased

the hygroscopicity of the microparticles, leading to the

degradation of betalain. Hydrolysis (Figure 3) was the

main mechanism for betanin degradation during storage

of the microparticles.

Khan and Giridhar [53�] estimated annual production

potential of plant betalains from edible sources (red

beetroot, Swiss chard petiole, cactus pear fruit, pitaya

fruit and amaranth seed); production of beetroot far

exceeded those of the other sources.

Chlorophylls have been the least studied of the food

pigments. Chlorophylls a and b were quantified along with

carotenoids in pepper [10] and in apple [11]. Processing
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Under mild alkaline conditions, during heating of acidic solution or during thermal processing of beetroot, betanin degrades to the colorless

cyclodopa-5-O-glucoside and betalamic acid.
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effects continue to be the focus of studies on these pig-

ments (Figure 4). For example, microwave and conven-

tional heating of kiwi led to 42–100% losses in the

chlorophylls [54]. In some vegetables, high pressure treat-

ment caused no degradation or slight increases, while high

pressure high temperature degraded both chlorophylls

[55]. Chlorophyll b was more stable than chlorophyll a at

70 8C, but both were highly degraded at 117 8C. In pro-

cessed green olives, all the chlorophyll pigments were Mg-

free (mostly pheophytins) [56]. In pistachio kernels, drastic

losses were observed with pheophytins a and b, which both

decreased by approximately 85% after 60 min of roasting

[57]. Pyropheophytins a and b increased significantly dur-

ing roasting and were 10–12 fold higher in the pistachios

roasted for 60 min than in the raw pistachios.

Currently chlorophyll complexes and chlorophyllins are

the only approved chlorophyll colorants [37]. Their use in

food products is often limited by their susceptibility to

photodegradation and instability in acidic pH (3.5–5).

Search for other colors
Considerable effort has been devoted to the search for

blue colorants. Newsome et al. [58] reviewed known

organic blue compounds from natural plant, animal and

microbial sources. The scarcity of blue-colored metabo-

lites in the natural world relative to metabolites of other

colors is discussed, and structural trends common among

natural blue compounds are identified.

Concluding remarks
The great interest on the health benefits of natural

pigments may have drawn attention away from their

coloring properties, but in the end is serving as a strong

justification for their retention as natural constituents of

foods during processing and storage and for their use as

food and feed additives. Instability is a major problem,

leading to such measures as microencapsulation and

nanoencapsulation. Care must be taken, however, that

such alterations do not take away the natural connotation,

which is the other strong advantage of these pigments/

colorants. The safety of the products should also be

conclusively demonstrated.
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