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Abstract: Carotenoids, anthocyanins, and chlorophylls are used as natural food colourants in the food industry. 
Microencapsulation is a technology that is used for the protection, stabilization, and the slow release of core materials. 
There are several techniques and wall materials that are available for microencapsulation of natural food colourants to 
overcome their instability, solubility, and handling problems. The objective of this paper is to describe techniques for 
preparation of microcapsulated food colourants and to provide a literature review of utilizable wall materials for natural 
colourants. Additionally, process conditions for given microencapsulation techniques are also summarized. 
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1. Introduction 

1.1. Food Colourants 

Colour is one of the most important visual attributes of 
food materials [1]. Interest in the development of food 
colourants from natural sources as alternatives to synthetic 
dyes has increased because of legislative action and 
consumer concern [2]. Food colourants are usually 
classified as either natural (or nature-identical) or synthetic. 
Natural colourants are generally more sensitive to light, 
temperature, pH, and redox agents [3]. In the last 20 years 
synthetic colourants have been increasingly perceived as 
undesirable or harmful by consumers [4]. Hence, most 
countries have limited the use of synthetic colourants [5]. 
Because of these reasons, the interest in the development of 
food colourants from natural sources has increased [6, 7]. 

In our daily diets we consume large quantities of many 
pigments, especially carotenoids, anthocyanins, and 
chlorophylls [4]. One of the most consumed carotenoid 
groups of pigments are responsible for the yellow, orange, 
and red colour of many foods, continue to be intensely 
investigated mainly because of their health-promoting 
effects. These compounds possess biological functions in 
animals and humans against major disorders like cancer, 
cardiovascular diseases, cataract, arteriosclerosis, macular 
degeneration, and other age related diseases [8, 9, 10]. 
Furthermore, the carotenoids scavenge oxygen radicals and 
reduce oxidative stress. Thus, they indicate antioxidant 
activity. The carotenoids are used in food, nutraceutical, 

and pharmaceutical preparations by their applications as 
colourants and their provitamin A activity [11, 12]. 
Carotenoids are unstable when they’re exposed to light or 
oxygen because of their properties as highly conjugated and 
intensely coloured isoprenoid plant compounds [9, 13, 14]. 

Another group of pigments are anthocyanins belonging 
to the flavonoid group, which form a group of pigments 
responsible for the red, purple, and blue colours [15] and 
have a high potential as colourants because of their low 
toxicity [16]. Anthocyanins possess attributes known as 
antioxidant, antimicrobial, anti-carcinogenic activities, 
neuroprotective effects [17, 18, 19, 20], and anti-
inflammatory activities [21]. Factors which affect the 
colour and stability of anthocyanins are pH, metal ions, 
exposure to light, temperature, oxygen, and enzymatic 
activities [22]. 

Also there is demand for the green colour from 
chlorophyll and is highly desired in the food industry [23]. 
Chlorophyll in natural sources is in an unsuitable form for 
use as a colourant because of its rapid degradation. It is 
rapidly degraded by enzymatic reaction or other factors 
such as acid, oxygen, light, and heat, resulting in 
chlorophyll derivatives such as pheophytin, pheophorbide, 
pyropheophytin, and pyropheophorbide [24]. 

All groups of natural pigments have stability problems 
when extracted from their sources. Natural colors such as 
annatto, β-carotene, and turmeric present solubility problems 
during their use and may create dust clouds [25]. 
Encapsulated natural colors such as carotenoids, 
anthocyanins, and chlorophylls are easier to handle and offer 
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improved stability to oxidation and solubility. It is also 
possible to improve dispersibility of pigments in water by 
encapsulation in a protein-carbonhydrate matrix. A 
promising technology for the conservation and the increase 
in the shelf life of compounds is microencapsulation; defined 
as the packaging of solid, liquid, and gaseous material in 
sealed capsules of sizes between nanometers and millimeters. 
The packaged material is called active or core material, and 
the packaging material is called the shell, wall material, 
carrier, or encapsulant [26]. Microencapsulation allows the 
creation of a physical barrier between the core and the wall 
materials [27]. The packaging isolates and protects the 
material from ambient conditions such as light, temperature, 
oxygen, humidity, and from interaction with other substances. 
If desired, the material can be released from the capsules in a 
controlled way and under specific conditions [28, 29, 30]. 
Microencapsulation provides the means of converting liquids 
to solids, of altering colloidal and surface properties, of 
providing environmental protection, and of controlling the 
release characteristics or availability of coated materials [31]. 

2. Microencapsulation Techniques 
Applied to Natural Food Colourants 

There are some techniques that are mainly used for 
microencapsulation of colourants by wall materials are 
spray-drying, freeze-drying, coacervation, and emulsion 
among which, spray-drying has been widely used in the 
food industry, in addition to the pharmaceutical and 
biochemical industries. There are several reviews about the 
detailed principles of these microencapsulation techniques 
[30-35]. For encapsulation purposes, the core material is 
homogenized within the wall materials in a suitable solvent. 
The homogenized mixture is then fed into a spray dryer and 
atomized with a nozzle or spinning wheel. Water is 
evaporated by the hot air contacting the atomized material. 
The capsules are then precipitated to the bottom of the 
collector [36]. The major advantage of spray drying is its 
general applicability to both hydrophilic and hydrophobic 
polymer solutions. The other advantages is the ability to 
handle labile materials because of the short contact time in 
the dryer, in addition, the operation is economical. In 
modern spray dryers the viscosity of the solutions to be 
sprayed can be as high as 300 mPa.s [31]. Besides that, this 
technique is simple, relatively inexpensive, rapid, and 
hence widely used in food industry. Disadvantages of this 
technique are loss of a significant amount of the product 
due to a sticking problem through the wall of the drying 
chamber and the possibility of degradation of sensitive 
products at high drying temperatures [37]. Other limitation 
of the spray-drying technology is the limited number of 
wall materials available [38]. Due to the wrong selection of 
wall materials fiber formation can be another major 
problem in spray drying [39]. The most common materials 
used for microencapsulation by spray-drying are gums, like 
gum arabic, low molecular weight carbohydrates like 

maltodextrins and saccharose, cellulose, gelatine, lipids, 
and proteins, like soy proteins [40, 41, 42, 43, 44]. The 
important factor for a successful microencapsulation by 
spray-drying is a high solubility of the core material in 
solvent and a low viscosity at high solid content [37]. 

Another encapsulation technique is freeze-drying, which 
is also known as lyophilization, is one of the most useful 
processes for drying thermosensitive substances that are 
unstable in aqueous solutions [45]. This process works by 
freezing the material and then reducing the surrounding 
pressure and adding enough heat, to allow the frozen water 
in the material to sublimate directly from the solid phase to 
the gas phase [46]. Freeze-drying is a simple technique for 
encapsulating water-soluble essences and natural aromas, 
as well as drugs [38]. However this drying technique is less 
attractive than others because the cost of freeze drying is 50 
times higher than spray drying [47], the storage and 
transport of particles produced is extremely expensive [48], 
and also the commercial applicability is severely restricted 
by a long processing time [49]. 

Microencapsulation by coacervation is the phase 
separation of one or more hydrocolloids from the initial 
solution from the effect of change in the pH or temperature, 
addition of a non-solvent or electrolyte compound, and the 
subsequent deposition of the newly formed coacervate 
phase around the active ingredient suspended or emulsified 
in the same reaction media [50]. Coacervation proceeds 
along three main steps under constant agitation: 

Step1. Three immiscible phases occur in the solution. 
These phases includes; the core material [active ingredient], 
coating material, and solvent. 

Step2. Adsorption of the coacervate around the core 
material and the liquid coating engulfs the core material by 
mixing the coating phase with the solvent phase. 

Step3. The coating is solidified or rigidized thermally or 
by desolvation [51]. 

Induced by 

 

Figure 1. Schematic diagram of the formation of a coacervate microcapsule 

(52) 

Coacervation can be simple or complex. Simple 
coacervation involves only one type of polymer with the 
addition of strong hydrophilic agents to the colloidal 
solution. Complex coacervation is produced by mixing two 
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or more types of polymers for wall formation around an 
active core [53]. Briefly, in this technique, the core material 
will be added to the solution. The core material should not 
react or dissolve in water (maximum solubility 2%). The 
core material is dispersed in the solution. The particle size 
will be defined by a dispersion parameter, such as stirring 
speed, stirrer shape, surface tension, and viscosity. The size 
range can change from 2µm - 1200µm. Coacervation starts 
with the change of the pH value of the dispersion, e.g. by 
adding H2SO4, HCl, or organic acids. The result is a 
reduction of the solubility of the dispersed phases (shell 
material) [31]. A large numbers of wall materials have been 
evaluated for coacervation microencapsulation but the most 
studied and well understood coating system is probably the 
gelatin/gum acacia system. Other coating systems such as 
gliadin, heparin/gelatin, carrageenan, chitosan, soy protein, 
polyvinyl alcohol, gelatin/carboxymethylcellulose, β-
lactoglobulin/gum acacia, and guar gum/dextran were also 
studied [50]. The gelatin based coacervation technique is 
well described by the Dodge Company in the USA. In this 
process, firstly the gelatin is dissolved in water forming a 
‘solution’. The solution is then heated to solubilize the 
gelatin. A liquid or solid core is then stirred in at a rate 
which will produce the desired droplet size and/or the 
proper dispersion. The dispersion is then treated by one of a 
number of means so as to cause the gelatin to come out of 
solution in a highly swollen, solvated state. Further 
treatment of our slurry causes the liquidus gelatin 
“coacervate” to deposit around the core material. The 
formed capsules can then be treated to harden the gelatin 
walls [54]. This technique is mostly preferred in flavors 
microencapsulation. 

Another encapsulation technique is emulsion technology, 
generally applied for the encapsulation of bioactives in 
aqueous solutions, which can either be used directly in the 
liquid state or can be dried to form powders after 
emulsification. Basically, an emulsion consists of at least 
two immiscible liquids, usually as oil and water, with one 
of the liquids being dispersed as small spherical droplets in 
the other [55]. A system that consists of oil droplets 
dispersed in an aqueous phase is called an oil-in-water (o/w) 
emulsion, whereas, a system that consists of water droplets 
dispersed in an oil phase is called a water-in-oil (w/o) 
emulsion. With the exception of the simple o/w or w/o 
systems, various types of multiple emulsions can be 
developed, such as oil-in-water-in-oil (o/w/o) or water-in-
oil-in-water (w/o/w) emulsions [56, 57]. Betz and Kulozik 
[58] obtained microcapsules with the emulsion method 
which includes the generation of a w/o emulsion with a 
whey protein solution and bilberry anthocyanins. 
Furthermore, aspartame was microencapsulated by double 
emulsion followed by the complex coacervation method. 
The water-in-oil (w/o) primary emulsion was prepared 
using soybean oil and aspartame with a homogenizer. Then, 
the primary emulsion was emulsified in gelatin and gum 
arabic solutions to obtain a double water-in-oil-in-water 
(w/o/w) emulsion [59]. Additionally, Lee and Rosenberg 

[60] studied whey protein based anhydrous milk fat 
microcapsules. A double emulsion was obtained in two 
steps which consisted of preparing a primary (o/w) 
emulsion by dispersing the anhydrous milk fat in the whey 
protein wall-solution and then preparing an oil-in-water-in-
oil (o/w/o) double emulsion in which the o/w emulsion was 
dispersed in corn oil. The emulsion formation determines 
the resulting particle size by applying mechanical energy 
which deforms the interface between the two phases to 
such an extent that droplets form. These droplets are 
typically large and are subsequently disrupted or broken up 
into smaller ones. The ability to disrupt the larger droplets 
is a critical step in emulsification and in encapsulation 
where an emulsion is prepared. When dyes are considered 
as the main encapsulate the problems involved, at this stage, 
can be minor because most dyes are quite stable [61]. 

3. Wall Materials Used in 
Microencapsulation of Natural Food 
Colourants 

Numerous wall materials or encapsulating agents are 
available for food application. The ideal encapsulant generally 
should have film-forming properties, have emulsifying 
properties, be biodegradable, be resistant to the gastrointestinal 
tract, have a low viscosity at high solids contents, exhibit low 
hygroscopicity, and have a low cost [62]. 

Maltodextrins of different dextrose equivalent (DE), 
modified starches, gums arabic, and some proteins are the 
most commonly used as wall materials [25]. Maltodextrins 
that are a  nonsweet nutritive polysaccharides consisting of 
α-(1-4) linked D-glucose, are obtained by partial acid 
hydrolysis of several starches [corn, potato or others] and 
they exhibit high water solubility, low viscosity, bland 
flavor, and form colourless solutions [36, 63]. 
Maltodextrins are available in different molecular weights 
which provide different wall densities around the sensitive 
materials [47, 64, 65]. Maltodextrins with degrees of 
dextrose equivalence (DE) between 10 and 20 are widely 
used in the encapsulation of anthocyanins and phenolic 
acids [66, 67]. The product with the highest DE is 
extremely stable in protecting encapsulated ingredients 
from oxidation [25]. Problems associated with the use of 
hydrolyzed starches in microencapsulation are lack of 
emulsification properties and poor flavor retention [68]. 

Another common material for microencapsulation is 
modified starch, modified by the addition of a lipophylic 
component, octenylsuccinate, which increases the emulsion 
stability [69]. n-octenylsuccinate-derivatised starch is used 
by the food and pharmaceutical industry with approval of 
the FDA (Food and Drug Administration) as a food additive 
since the content of octenylsuccinate does not exceed 3% 
[70]. Modified starch has the ability to produce small 
particle size droplets to promote emulsion stability [25]. 

Cyclodextrins are cyclic molecules derived 
enzymatically from starch and have the ability to 
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encapsulate active material within their ring structure. Β-
cyclodextrins have both a hydrophilic and hydrophobic 
nature which leads to noncovalently interactions with 
suitable core materials to form stable complexes [25]. 
Natural pigments such as carotenoids and flavonoids can be 
encapsulated within cyclodextrins to form complexes 
which protects the  ingredients from oxidation, light 
induced reactions, and thermal decompositions [71]. 

Gum arabic is one of the most important carriers and a 
wall material used for flavors and colourants [72] and is 
still a good choice as a wall material due to its stable 
emulsion and good volatile retention. Gum arabic can be 
used alone or combined with other encapsulants in the 
production of powder from pigment extracts [62, 67, and 
73]. However, several problems are associated with the use 
of this gum for microencapsulation, including its high cost 
and limited supply [53]. 

Another possible encapsulation agent may be inulin [74]. 
Inulin is a fructooligosaccharide (FOS) obtained 
commercially from chicory (Cichorium intybu) root, Dahlia 
(Dahlia pinnata), and Jerusalem artichoke (Helianthus 

tuberosus). The inulin is composed of fructose units with β 
(2-1) links with glucose at the end of the chain. Inulin 
shows prebiotic effects and dietary fiber action and 
improves calcium bioavailability [74, 75]. Inulin is only 
hydrolysed in small amounts in the stomach and the large 
intestine without the formation of monosaccharide’s; it is 
fermented by the large intestinal microflora into short chain 
fatty acids and butyrate which is the major fermentation 
product of inulin, whereas, lactate and acetate mostly 
occurs. Therefore, there is no resultant increase to the 
glycemic index, which is important as a potential ingredient 
for diabetic foods [74]. 

Gelatin is a soluble protein compound obtained by partial 
hydrolysis of collagen [76]. Gelatin as a wall material is a 
good choice due to its good properties of emulsification, 
film-formation, water-solubility, edibility, and 
biodegradation [77]. 

Furcellaran is an anionic sulphated polysaccharide 
extracted from red algae Furcellaria lumbricalis. 
Furcellaran is a copolymer of β- and κ-carrageenan [78] 
and is usually represented as a structurally repeating unit of 
alternating 3-linked β-d-galactopyranose and 4-linked α-d-
galactopyranose residues, with a part of the latter existing 
as a 3,6-anhydro derivative [79]. Being a nontoxic, 

biodegradable, and biocompatible polysaccharide, 
furcellaran is a very promising biomaterial for 
encapsulation [14]. 

Chitosan, a linear heteropolysaccharide derivative from 
chitin by N-deacetylation, has various bioactivities which 
include antifungal, antibacterial, antitumor, antiallergic, 
antioxidant, immune system activating, anti-hypertensive, 
and cholesterol lowering properties, besides being from a 
natural source, biologically reproducible, almost non-toxic, 
biocompatible, and biodegradable. These factors have 
encouraged the application of chitosan in many fields [80, 
81, and 82]. Chitosan has great potential applications in the 
pharmaceutical industry as a lipophilic encapsulation for 
drugs [83] and in the food industry as an encapsulation for 
probiotics and prebiotics [84], aromatic compounds [85], 
enzymes [86], and antioxidants [87]. 

Another important group of wall materials are proteins 
that can be used as a reasonable alternative matrix material 
because of their highly concentrated solutions (>10%) and 
their low viscosity. Whey proteins of these are available as 
whey protein isolate (WPI) or whey protein concentrate 
(WPC) powders. Whey protein concentrate (WPC) and 
isolate (WPI) have been shown to exhibit excellent 
microencapsulating properties for both volatile and 
nonvolatile core materials [88]. 

4. Wall Materials and Process 
Conditions in Natural Colourants 
Microencapsulation 

In the food industry, different wall materials and methods 
are used for microencapsulation of natural pigments as food 
colourants. Microencapsulation techniques and wall 
materials applied to natural food colourants are given in 
Table 1. Studies on different groups of pigments such as 
carotenoids, anthocyanins, and chlorophylls, in addition to 
other minor pigments were summarized and evaluated in 
sections. The stability and handling problems of natural 
colourants were overcome by using microencapsulation 
techniques. The approach to choosing wall materials and 
microencapsulation techniques changed according to the 
commercial usage of the natural colourants and suitability 
for the different food industries and food materials and the 
pharmaceutical industry.  

Table 1. Microencapsulation techniques and wall materials applied to the natural food colourants 

Food Colourants Wall materials Microencapsulation techniques References 
Anthocyanin Maltodextrins Spray drying Ersus and Yurdagel, 2007 
Anthocyanin Mesquite gum Spray drying Jimenez-Aguilar et al., 2011 

Anthocyanin 
Maltodextrins 

Inulin 
Spray drying Bakowska-Barczak and Kolodziejczyk, 2011 

Anthocyanin Whey protein Emulsion method Betz and Kulazik, 2011 

Anthocyanin 
Maltodextrin 
Gum arabic 

Modified starch 
Spray drying Ibrahim Silva et al., 2013 

Anthocyanin 
Maltodextrins 
Gum arabic 

Tapioca starch 
Spray drying Tonon et al., 2010 
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Food Colourants Wall materials Microencapsulation techniques References 
Astaxanthin Chitosan Multiple emulsion / solvent evaporation Higuera-Ciapara et al., 2004 

Astaxantin-oleoresin 

Gum arabic 
Whey protein 
Maltodextrin 

Inulin 

Spray drying Bustos-Garza et al., 2013 

Betacyanin Glucose Spray drying Obon et al., 2009 

Betacyanin 
Maltodextrin 
Native starch 

Modified starch 
Spray drying Cai and Corke, 2000 

Betacyanin Gum arabic Spray drying Pitalua et al., 2010 
Betacyanin Maltodextrin Spray drying Azeredo et al., 2007 

Betalain Maltodextrin Spray drying Janiszewska and Wlodarczyk, 2013 

Bixin 
Gum Arabic 
Maltodextrin 

Spray drying Barbosa et al., 2005 

Chlorophyll 
Gum arabic 

Maltodextrin 
Osa-modified starch 

Spray drying Porrarud and Pranee, 2010 

Lycopene Modified starch Spray drying Rocha et al., 2012 

Lycopene 
Gelatin 
Sucrose 

Spray drying Shu et al., 2006 

Oleoresin 
Gum arabic 
Soy protein 

Spray drying Rascon et al., 2011 

β-carotene 
Modified tapioca starch 

Native tapioca starch 
Maltodextrin 

Spray drying Loksuwan, 2007 

β-carotene 
Native and hydrolyzed Pinhão 

starches 
Freeze-drying Corralo Spada et al., 2012 

β-carotene Furcellaran Ionotropic gelation Laos et al., 2007 
Turmeric Polyvinylpyrrolidone Spray drying Martins et al., 2010 

Saffron 
Gum Arabic 
Maltodextrin 

Freeze drying Mahdavee Khazaei et al., 2014 

Saffron 
Pullulan  

Polyvinylpyrrolidone 
Freeze drying Selim et al., 2010 

 

5. Microencapsulation of Carotenoids 

There are some experiments for testing the stability of the 
wall materials used in the microencapsulation of β-carotene. 
It has been reported that hydrolyzed starches show the 
highest efficiencies in β-carotene retention. Acid modified 
tapioca starch, native tapioca starch, and maltodextrin were 
used as wall materials for β-carotene microencapsulation. 
Microcapsules were prepared by spray drying. The ability of 
acid modified tapioca starch, native tapioca starch, and 
maltodextrin were tested to serve as wall materials. The 
results obtained suggest that the modified tapioca starch can 
be considered as a potential wall material for encapsulation 
of β-carotene [89]. Nevertheless, Corralo Spada et al. [90] 
showed that microcapsules encapsulated by the freeze-drying 
method with 12 dextrose equivalent (DE) hydrolyzed starch 
exhibited the highest stability. In contrast, microcapsules 
prepared with native starch showed the lowest stability 
during storage. 

Furcellaran as a wall material was used to evaluate the 
microencapsulation process of β-carotene from sea 
buckthorn (Hippophaë rhamnoides L.) juice. Encapsulation 
efficiency, which is the amount of β-carotene encapsulated 
with respect to the initial amount of β-carotene taken in by 
the furcellaran capsules, was found to be 97%. With the 
increasing proportion of sea buckthorn juice in the 

formulae, the firmness of the furcellaran beads decreased. It 
is suggested that furcellaran beads may be used for β-
carotene encapsulation [14]. 

Modified starch could be used as a wall material in the 
microencapsulation process of lycopene. Spray drying was 
used as encapsulation method to evaluate the conditions of 
this process. The quantity of lycopene was varied at 5, 10, 
and 15% in a solution containing 30% solids in order to 
obtain the microcapsules. According to the results, 
encapsulation efficiency increased as the quantity of 
lycopene decreased. Besides, retention of microencapsulated 
lycopene was significantly greater when kept at 10° C 
compared to storage at 25° C [91]. There are different studies 
about different wall materials used for microencapsulation of 
lycopene. Shu et al. [92] made lycopene capsules using a 
wall system consisting of gelatin and sucrose by spray drying. 
The optimal condition was determined as the ratio of 
gelatin/sucrose of 3/7 and the ratio of core and wall material 
of 1/4, feed temperature of 55° C, inlet temperature of 190° 
C, homogenization pressure of 40 MPa, and lycopene purity 
of not less than 52 %. 

Synthetic astaxanthin was microencapsulated in a 
chitosan matrix by using the method of multiple 
emulsion/solvent evaporation. The stability of the pigment 
in the microcapsules was studied when stored at 25, 35, and 
45° C for 8 weeks. Results showed that the 
microencapsulated pigment did not allow chemical 
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degradation nor isomerization under the investigated 
storage conditions [93]. Generally, carotenoids are found in 
nature as all-trans molecules in which all the double bonds 
are in the Trans configuration [94]. High temperature and 
light conditions may promote the isomerization to the Cis 
forms. The Cis isomers of the provitamin A carotenoids 
have less activity than their corresponding all-trans 
carotenoids [95]. The microencapsulation process is 
performed in order to protect the biological activity of 
astaxanthin from environmental factors and enhance its 
physicochemical stability. 

Paprika oleoresin which has two isochromatic fractions 
as red (diesterified capsanthin and capsorubin) and yellow 
(β-carotene, esterified cryptoxanthin and diesterified 
zeaxanthin) have also been studied in microencapsulation 
as a core material [96]. Gum arabic and soy protein isolate 
were used as a wall material in the spray drying method. 
Achievement of gum arabic and soy protein isolate in the 
microencapsulation of paprika oleoresin and their storage 
was evaluated. All treatments showed that carotenoid 
retention in the microcapsules increased as the inlet air 
temperature was increased from 160 to 200° C and the 
yellow fraction was more stable than the red fraction at all 
temperatures tested [97]. 

Astaxantin oleoresin was microencapsulated by spray 
drying using various wall materials such as gum arabic, 
whey protein, maltodextrin, and inulin. Whey protein alone 
or combined with gum arabic presented the best 
encapsulation yield (61.2-70.1 %) instead of the gum arabic, 
gum arabic-maltodextrin, gum arabic-inulin, whey protein-
maltodextrin, and whey protein-inulin [98]. 

Bixin, which is an apo-carotenoid, was encapsulated by 
spray drying with wall material with either gum arabic or 
maltodextrin and the light stability was then evaluated. As a 
result, bixin encapsulated with gum arabic was 3 to 4 times 
more stable than that encapsulated with maltodextrin [99]. 

Modified starches could be used in microencapsulation of 
β-carotene by spray drying or freeze drying methods. In 
addition, they can be used for lycopene encapsulation. 
Modified starches provide more effective retention instead of 
in their native form. Moreover, furcellaran and chitosan are 
encouraging biomaterial that can be applied for the 
encapsulation process. Numerous wall materials are 
available for food application such as whey protein, gelatin, 
sucrose, gum arabic, and soy protein. Additionally, according 
to the results, carotenoid retention in the microcapsules 
increased as the inlet air temperature increased. 

6. Microencapsulation of Anthocyanins 

Literature about the ability of wall materials that are used 
in the microencapsulation of anthocyanins were evaluated, 
where different dextrose equivalents of maltodextrins 
(10DE, 20-23DE, and 28-31DE) were used as wall 
materials for microencapsulation of black carrot 
anthocyanin pigments. Microcapsules were prepared by the 

spray drying method. As a wall material 20–23DE 
maltodextrin gave the highest anthocyanin content powder 
at the end of drying process [66]. Whereas, Tonon et al. 
[100] found that maltodextrin 10DE was the carrier agent 
that showed the best pigment protection and the highest 
antioxidant activity instead of maltodextrin 20DE, gum 
arabic, and tapioca starch in the microencapsulation of açai 
anthocyanins using the spray drying method. Additionally, 
samples were stored at different temperatures (25 and 35° C) 
and water activities (0.328 and 0.529), in order to 
investigate the effect of storage conditions on the 
antioxidant activity reduction. Antioxidant activity 
decreased with increasing water activity and storing at 
higher temperatures caused lower antioxidant activity. 
Nonetheless, there is another study to examine the 
combination of carrier agents. Ibrahim Silva et al. [101] 
evaluated different combinations of wall materials 
maltodextrin, gum arabic/maltodextrin, and modified 
starch/maltodextrin in the microencapsulation process. The 
results showed that the use of 30% maltodextrin as a carrier 
agent gave the optimum results in spray drying. Moreover, 
the use of maltodextrin and arabic gum allowed for the 
formation of more homogeneous particles. 

There is limited information about the use of protein 
hydrogels as matrix materials for microencapsulation of 
anthocyanin pigments. Betz and Kulozik [58] investigated 
the effects of the production conditions of the emulsifier 
addition in the emulsion/heat gelation method. Results 
showed that when no emulsifier or the emulsifier Span 80 
was used, aggregated and coalesced microcapsules were 
obtained; only PCDL was effective in stabilizing the 
emulsion droplets during gelation with the mean diameters 
below 70 µm which is practicable for food applications. 

Process conditions of the microencapsulation of 
anthocyanins were also investigated in different studies. 
Jimenez-Aguilar et al. [102] found that, the lowest losses in 
the content of total phenolics, total anthocyanins, and 
colour of the microcapsules was found at 140° C of air inlet 
temperature instead of  160° C of air inlet temperature. 
Ersus and Yurdagel [66] confirmed this finding that higher 
inlet/outlet temperatures caused greater anthocyanin loss 
during spray drying. The optimum drying temperature was 
found as 160° C instead of 180° C or 200° C. In addition, 
storage at 4° C increased the half life of the spray dried 
anthocyanin pigments 3 times (according to or when 
compared to the) 25° C storage temperature. On the other 
hand, Ibrahim Silva et al. [101] applied three different air 
drying temperatures of 140, 160, and 180° C. According to 
the results maltodextrin and the air drying temperature of 
180° C was selected as the optimum condition with the 
highest desirability (0.7-0.8). 

All of these studies showed that maltodextrin is a 
suitable carrier agent used in microencapsulation of 
anthocyanins by spray drying. Higher air inlet temperatures 
in spray drying caused a higher loss of the anthocyanin. As 
a result, optimum conditions should be investigated for 
each core and wall material and encapsulation method for 
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minimizing the losses of anthocyanins. 

7. Microencapsulation of Chlorophylls 

There is very limited research in literature about the 
microencapsulation of chlorophyll. Zn-chlorophyll 
derivatives were microencapsulated by spray drying. Three 
different wall materials such as gum arabic, maltodextrin, 
and octenyl succinic anhydride (osa)-modified starch was 
studied. At 30% osa-modified starch as a wall material, the 
highest greenness value, total chlorophyll, and antioxidant 
activity were obtained for Zn-chlorophyll powder. 
Additionally, osa-modified starch powder provided a longer 
half life for microcapsulated chlorophyll than gum arabic 
and maltodextrin powders [103]. 

8. Microencapsulation of Other 
Colourants 

Betalains are classified as red-violet betacyanins and 
yellow-orange betaxanthins [104]. The stability of betalains 
is influenced by numerous factors such as temperature, 
metals, pH, water activity, light exposure, enzymes, and 
oxygen [105]. The stability has an important effect for 
using these pigments as antioxidants and colourants in 
foods [106]. There are some experiments about analyzing 
the stability of betalain microcapsules and evaluating the 
wall materials and encapsulation methods that are used in 
the microencapsulation process. The antioxidative activity 
of microencapsules which are obtained from beetroot 
betalains was evaluated throughout storage at different 
water activities. The powder stored at aw < 0,521 presented 
the highest stability [73]. Janiszewska and Wlodarczyk 
[107] evaluated the effect of inlet air temperature which 
varied from 120 to 160° C. Low-crystallized maltodextrin 
(DE=11) was used as a wall material for the 
microencapsulation of beetroot betalains by the spray 
drying method. It was observed that the increase of inlet air 
temperature caused a decrease in the yellow pigment to a 
higher degree (47%) than in the violet pigment (17%). 
Furthermore, betacyanin extracts were spray dried using a 
range of maltodextrins (10-25 DE) and starches 
(native/modified) as a drying agent. The higher inlet 
temperature caused higher betacyanin loss during spray 
drying [65]. Whereas Obón et al. [108] found that drying 
yield, colour yield, and colour strength increased when the 
temperature was increased. Glucose syrup [DE= 29] was 
used as drying aid for microencapsulation of betacyanin 
pigment. Three different inlet air temperatures were 
evaluated in this process and the optimum condition was 
found as 160° C for the inlet air temperature. Pigment 
retention during processing and storage of 
microencapsulated betacyanins was also investigated. Red 
beetroot extracts were encapsulated by spray drying. The 
pigment retention of the powders was found at 90% for 
each maltodextrin. The beetroot ratios were 3:1, 4:1, and 

5:1 . The result of Betacyanin degradation in dark jars was 
around 30% and in translucent jars around 57% after the 
same storage time [109]. 

Another food colourant is turmeric extract which 
presents the principal colour in the rhizome of the turmeric 
plant [Curcumin longa]. There are three main types of 
turmeric extract; essential oil of turmeric, turmeric 
oleoresin, and curcumin [104]. The rhizomes of Curcumin 

longa are used as an important natural yellow colourant in 
foods [110], and they have numerous biological activities 
as antioxidant, antimicrobial, anti-tumor, anti-inflammatory, 
anti-virus, and anti-HIV [111]. Nevertheless, free curcumin 
is water-insoluble and is susceptible to breakdown by 
oxidants [light and heat] [112]. The microencapsulation 
technique was used to overcome these problems and 
improve the solubility and stability of curcumin. After 
microencapsulation, curcumin microcapsules would 
instantly dissolve in water [113]. Martins et al. [114] 
evaluated the effects of spray drying on the curcumin 
content, antioxidant activity, and solubility of the 
microparticulated solids. Increasing of the outlet 
temperature from 40 to 80 °C resulted in an increase in 
curcumin content (3.24 to 4.25 mg/g) and antioxidant 
activity (530.1 to 860.3µg/mL). Moreover, the solubility of 
curcuminoid from Curcumin longa improved 100-fold in 
the microparticles using the spray drying process. 

Saffron is obtained from the red dried stigmas of the 
flowers of the Crocus sativus L. [115], and has oxytocic, 
anti-carcinogenic, exhilarant, anti-depressant, and antiasthma 
effects [116]. Saffron, the product of commerce, consists of 
the dried red stigmas, rich in the carotenoid secondary 
metabolite crocetin, and derivatives crocin (colour), picro-
crocine (flavor), and safranal (aroma) [117]. It is typically 
used as a spice with colouring properties in culinary, bakery, 
alcoholic, and non alcoholic beverages [118]. The colour 
stability of encapsulated freeze-dried saffron extract with 
various wall materials consisting of gum arabic and 
maltodextrin (DE=7 and DE=20) were evaluated. The lowest 
total colour difference after storage was obtained with 
maltodextrin (DE=7 and DE=20); moreover the highest total 
colour difference was obtained with gum arabic [119]. Selim 
et al. [120] investigated the degradation kinetics of saffron 
water soluble carotenoids encapsulated with 3 different wall 
materials (pullulan, polyvinylpyrolidone 40, and 
polyvinylpyrolidone 360) using the freeze-drying method. 
Experimentation was carried out under different water 
activity conditions (0.43; 0.53; 0.64, and 0.75). It was found 
that polyvinylpyrolidone 40 was the most effective wall 
material under all storage conditions. 

Carmine is used to describe the aluminum chelate of 
carminic acid which is the colour extracted from the dried 
female coccid insect. Cochineal is used to describe both the 
dried insects themselves and colour derived from them. 
Coccid insects of many species have been used for 
thousands of years as a source of red colour [104]. There is 
no research which evaluates the process conditions or 
storage stability of carmine in microencapsulation. 
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9. Food Applications of 
Microencapsulated Colourants 

Microencapsulated colourants can be used commercially 
as a food dye.  Possible food materials could be yogurt, ice-
cream, sweets, glace cherries, and other confectionary 
products. In addition, chewing gums, snack foods, and 
products for children are the major food products that 
require natural colourants. Bakery products such as biscuits 
are also in a group of food materials that requires colouring 
considerably. In literature, food applications of 
microencapsulated natural colourants had been investigated 
in several studies (Table 2). Rocha et al. [91] used lycopene 
microcapsules in cake. Moreover, yogurt, soft drink, and 
jam syrup were used as a food model system for 
anthocyanin [121] and betacyanin microcapsules [108]. 

Table 2. Food applications of microencapsules. 

Core material/wall material 
Food model 
systmes 

References 

Anthocyanin/maltodextrin 
Yogurt and soft 
drink 

Ersus, 2004 

Red Beetroot 
extract/maltodextrin 

Yogurt 
Azeredo et al., 
2007 

Betacyanin/glucose syrup 
Yogurt and soft 
drink 

Obon et al., 2008 

Lycopene/modified starch cake 
Rocha et al., 
2012 

10. Conclusion 

The use of natural food colourants exhibits a positive 
effect on the consumer demand for natural products and 
microencapsulation is a method that can potentially protect 
natural colourant from degradation. Several studies have 
proved the ability of various wall materials to protect 
stability of active materials as food colourants, using 
different microencapsulation methods by packaging an 
active ingredient inside a capsule ranging in size from one 
micron to several millimeters. The capsule protects the 
active ingredient from its surrounding environment 
conditions such as humidity, light, oxygen or heat. until an 
appropriate time. Optimum process conditions for the 
encapsulation techniques should be achieved for each 
active and wall material. Encapsulation technique for 
minimizing the losses of pigment retention should be aimed 
for each process for effectual design and development of 
the desired microcapsule properties. An analysis of 
scientific articles show limited understanding about 
comparison of methods used in microencapsulation of 
natural colourants. Most of the studies are based on similar 
wall materials for similar natural colourants type. 
Maltodextrins and spray drying turned out to be essential to 
preserve the integrity of the water soluble pigments where 
modified starch is the best for oil soluble pigments. 
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