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Abstract: Consumer awareness of the adverse biological
effects of synthetic dyes makes the demand for commercial
foods and drinks with natural ingredients increase. The use
of natural dyes is increasing and is indemandby consumers
in the industrial world. Natural dyes have been used in
several sectors such as food, clothing, arts, coatings, and
energy. The low stability and brightness of the natural red
color are affected by exposure to light, temperature, pH and
etc. The co-pigmentation process makes the stability and
brightness of natural dyes. The copigmentation method
is known that there are two type, liquid and powder. In
addition, the combination of copigmentation additives and
the correct configuration of the spray dryer process can
increase quality color fastness and stability.

Keywords: Natural dye, color stability, color fastness, co-
pigmentation, spray dryer

1 Introduction
Color is very important because it is one of the characteris-
tics of the first time by consumers. Consumer demand for
commercial food and drinks with the use of natural ingre-
dients has increased. This makes the need for dyes in the
industry is very large. This makes a product can attract con-
sumers to buy it. The development of natural dyes has been
carried out in the food sector [1–4], clothing [5, 6], art [7, 8],
coating [9], and energy [10, 11]. Natural coloring applica-
tions are increasingly being considered by consumers. Con-
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sumer awareness of synthetic dyes is increasingly aban-
doned because of their adverse effects on biologics [12].
This makes producers and research on natural dyes have
increased.

Some natural dyes have lacks in terms of color sta-
bility and brightness that are affected by light exposure,
temperature, pH, etc. Color derived from anthocyanin has
a low color stability when exposed to light and also tem-
perature [13]. In addition, consumers prefer products with
brighter colors. So, we need an alternative to increasing
the brightness and color stability of natural dyes products.
There are several ways to improve color stability, one of
which is co-pigmentation.

In the clothing sector, the quality of natural dyes de-
rived from Caesalpinia Sappan L. extract has been investi-
gated for its stability and has succeeded in increasing col-
orfastness by adding chitosan [6]. The use of purple carrot
extract as a beverage coloring agent has a color storage sta-
bility for 5 days [1]. The dye from blackberry extract which
is then made into powder using the spray dryer method is
mixed with maltodextrin [14]. The addition of maltodextrin
can improve the quality of natural dyes by microencapsula-
tion [15]. Prasetyo et al.made a red dye from Secang wood
(Caesalpinia Sappan L.) using a spray dryer method to pro-
duce an unattractive powder dye which is dark red [5]. The
spray dryer process needs to observe the effect of the liquid
flow velocity and also the temperature of the inlet [16]. In
addition to the spray drying method, mat drying can also
be done to make a coloring powder from beetroot (Beta
vulgaris) [17]. The use of the freeze-drying method by en-
capsulating dyes has also been carried out by Dag (2017)
to determine the most appropriate compound for encap-
sulating Goldenberry [18]. The use of the co-pigmentation
method to increase the red color of wine added to caffeic
acid can make the wine color attractive in the package [2].
Mariot (2018) to do research on improving the color stabil-
ity of red tomatoes using Arabic Gum [3]. Color stability
will be very sensitive to temperature and light exposure.
Sappan Wood red color stability under storage conditions
has been investigated in a liquid state with pH and temper-
ature 90∘C by Ngamwonglumlert (2002) [19]. In addition to
the use of Gum Arabic, the co-pigmentation process can be
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Table 1: Pigments in plants [34]

Pigment Common type Occurrence
Betalains Betacyanin’s Betaxanthins Caryophyllales and some fungi

Carotenoids Carotenes Photosynthetic plants and bacteria
Xanthophylls Retained from the diet by some birds, fish and crustaceans

Chlorophyll Chlorophyll All photosynthetic plants
Flavonoids Anthocyanins

Aurones
Chalcones
Flavanols
Proanthocyanidins

Widespread and common in plants including angiosperms, gym-
nosperm’s, ferns and bryophytes

carried out using Maltodextrin (MD)/Dextrose Equivalent
(DE)/Soluble Starch (SS) [8].

To find out the value of the color changes that occur, it
is necessary to conduct a comprehensive colorimeter study
on the co-pigmentation method and also look at the factors
that influence the available processes [20]. Natural color
degradation that occurs due to some of the things men-
tioned above, Jiang (2019) conducted a study of the effect of
heat treatment carried out on purple sweet potato extract
by adjusting pH 3-7 [21]. Díaz-Sánchez (2006) identify the
stability of the red color of pears during heat treatment [22].
Co-pigmentation can also produce good color brightness
under liquid dye conditions. Moser (2017) using a mixture
of maltodextrin and protein in the spray drying process can
increase the brightness of the dye powder from Grape [23].
In the food sector, the use of the red cactus pear powder en-
capsulation method is carried out at high temperatures [4].
In addition to the colorimeter study, there are also parame-
ters that indicate the value of the color change and that is by
looking at the refractive index properties. The addition of
co-pigment material that has a high refractive index value
can affect the brightness of natural dyes. Akhtar (2017) con-
ducted a study on the use of ZnS material to control the
value of the refractive index [24]. In addition, the addition
of Fe2O3 material that has a refractive index value of more
than 2 can increase the refractive index value of ZnO [25].
The refractive index value is very dependent on the texture
of the material’s morphological film [26]. This paper will
discuss the methods used to increase stability and enhance
natural dyes. This will provide an overview of the develop-
ment of natural dyes that consumers are interested in.

2 Natural Dye
Color is the energy produced from light that moves at high
speed and has a certain wavelength value (λ). The elec-
tron structure of the pigments that interact with sunlight
changes the length of the waves that are transmitted or
reflected. The use of natural dyes is increasingly being con-
sideredby consumers and consumer awareness of synthetic
dyes is increasingly being abandoned because it has a bad
biological effect [12]. Natural dyes come from the extrac-
tion of leaves, stems, bark, or plant flowers. There are sev-
eral colors that have been investigated, namely blue (In-
digofera tinctoria), green (papaya leaf chlorophyll), red (Cae-
salpinia Sappan L.), yellow (Turmeric, Cudrania Javanensis),
brown (Ceriops Tagal), and others [27–31]. In plants, com-
mon structures such as Carotenoids, Belatians, Chlorophyll,
and Flavonoids are structures that produce color show in
Table 1. Identification of colors can be done by reviewing
the maximum wavelength [32].

Dyes in powder form can increase the storage time and
can facilitate various applications. The manufacture of col-
oring powders uses a drying method derived from liquid
/ extracted wood extracts which is then sprayed together
with gas so that it becomes like steam or can be called
fogging [33]. Water vapor sprayed into the room with high
temperatures causes the water contained in the extract
to evaporate and produce small particles which are then
flowed and displayed in a cyclone container as a place for
the coloring of the powder.

2.1 Carotenoids

The color produced from carotenoids comes from several
flowers and fruits in red, orange, yellow which are de-
termined by the number of aromatic carotenoids com-
pounds [34]. The resulting color is produced with vari-
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ous simple structural modifications of the polygene chain.
These carotenoids have a color absorption area at weak
wavelengths of chlorophyll and serve as a protection from
excessive light causing color changes [32].

2.2 Flavonoids

Flavonoids are structures formed from 15 carbon chains
with two phenyl rings and three carbons that bridge and
form rings, colors varying based on the oxidation level of
the C-ring but not all flavonoids are able to produce colors
in the visible light spectrum region and are characterized by
electrons loosely charged or even unattached. Color forma-
tion in flavonoids is divided into three basic components:
the primary structure of flavonoids, the secondary struc-
ture formed by pH, and the tertiary structure formed due
to interactions between molecules or intermolecular them-
selves [35].

2.3 Anthocyanin

Anthocyanin is a type of flavonoids derived from flowers,
fruits, and leaves of angiosperms which gives elements of
various colors ranging from salmon pink to red and pur-
ple to dark blue and resides in other plant tissues such as
tubers, roots, and stems [36]. The colors produced by antho-
cyanin in plants are red, yellow, and also brown [5]. Some
colors produced by anthocyanin have poor color resistance
to temperature and light.

2.4 Co-pigmentation

Co-pigmentation is one way to produce a stable color
or color change due to the colorless cofactor reaction
that binds to anthocyanin to form a sheath. This gives a
bathochromic and hypochromic effect. The bathochromic
and hypochromic effects can be proven by testing using
a UV-Vis spectrophotometer. Bathochromic is the shifting
value of λmax at a specific wavelength can be formulated
with ∆λ = λ2−λ1.While hypochromic is increasing thepeak
absorbance value in the visible range that is formulated
with ∆A = A2 − A1 [37, 38]. In addition, co-pigmentation
is a molecular interaction between anthocyanin and other
molecules that can cause changes in the color and stability
of anthocyanin.

Co-pigmentation can be done with several materials
such as ferulic acid, routine, maltodextrin, caffeic acid,
catechin, gum arabic, acetic acid, phenolic, gallic acid, pro-

tein, alginate, and pectin. Addition of Arabic Gum as much
as (0-5%) as a co-pigment dissolved in deionized water and
then stir until hydrated and maintained at pH 3 conditions.
In the liquid phase, caffeic acid and catechin are added as
much as 120ml/g to the fermentation process with a tem-
perature of 24∘C for three days, then the color stability is
measured with susceptibility 30 days, 90 days, and 210
days after fermentation. In addition, the addition of gallic,
ferulic, and caffeic acids was carried out on purple yam
extract using 0.01% methanol HCl as a solvent for 2 hours.
Mixing method by means of preparation in liquid form has
also been carried out for red wine with the influence of the
amount of co-pigment, temperature of the preparation, and
also the pH of the co-pigmentation.

Co-pigmentation can be done by spray dryer method,
the use of fermentation of ferulic acid and routinely mixed
in the extraction process of blackberries with a composi-
tion of 1:1 (blackberry: co-pigment) in the molar fraction.
Then maltodextrin is added to the adjusted composition
to produce a final result of 6g / 100g from the input solu-
tion. Combination of addition of maltodextrin, dextrose
equivalent 11-15, arabic gum with MD:GA (60:40) mixed un-
til dissolved. On the other hand, the dye is macerated for 24
hours at room temperature. Furthermore, it is mixed into
an emulsion and atomized using a spray dryer with a cen-
trifugal atomizer flow ratemethod of 9.5%. Fei Lao et al. use
nitrogen in the spray dryer process to produce powder dyes.
Nitrogen is pumped with a flow rate of 35 m3/h and the pig-
ment solution is set at 1.5 mL/min. The inlet temperature is
set to constant at 130∘C, 150∘C, and 170∘C.

To increase the brightness of the colors, the spray dry-
ing process of the grape juice solutionmixedwithmaltodex-
trin and protein applies the following conditions:

1. Grape is extracted at 75-85∘C for 60 minutes (until
brix 14±0.1 pH 3.84).

2. Maltodextrin and soy protein are mixed by agitation
method. Then the spray drying process is carried out
with a temperature of 140∘C, a solution flow rate of
2 mL/min, and a water flow of 500 L/h with a 0.7
mm orifice type nozzle. The extraction method can
also be done by heating for 5 s at 80∘C then cooled
rapidly at 8-10∘C. Then do the pollination with an
inlet temperature of 150∘C and an outlet temperature
of 90∘C.

The way of encapsulation can also be done by freeze-
dry at a temperature of −50∘C which can produce soft pow-
der. Previously, the solution was added with maltodextrin,
gum arabic, alganite and pectin to get a long shelf life of
juice.
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2.5 Spray Dryer

Theuse of the first powdermanufacturingmethod is used in
the production of milk powder, the method used is a spray
dryer where this method serves to encapsulate all func-
tional compounds. In several studies, thismethod has been
successfully applied to natural dyes from various sources,
besides this method is more effective and inexpensive [31].
The powder of the spray dryer process is influenced by sev-
eral factors namely the physical properties of the material,
the condition of the nozzle, the temperature of the inlet and
outlet, the solvent, and other factors [39]. Figure 1 shows a
schematic spray dryer machine for producing powder dyes.

Improving the color quality can be done by adjusting
the condition of the spray dryer process. Temperature con-
trol of inlet, bulk and outlet can affect the morphology of
the powder that has been given microencapsulation. Emul-
sions at 45∘C flow into a spray dryer system with a feed
flow rate of 30 mL min−1 and the inlet temperature is set at
190∘C.

Figure 1: Schema of Spray Dryer Machine [5].

3 Discussion
The use of natural ingredients as dyes, especially red, is
mostly applied in liquid form and also some in powder
form. Color stability and color brightness resulting from
natural colors that are less attractive to consumers in terms
of commercial products are very urgent issues for research.
The addition of Arabic gum to beverages affects the color
stability of anthocyanin to be better because of slower color
changes. This increase in stability is influenced by the in-
teraction between anthocyanins and glycoprotein fractions
on the Arabic gummolecule that is linked to form hydrogen

bonds [40]. In addition, the color enhancement due to caf-
feic acid helps more dissolved color-carrying anthocyanins
in the form of flavonoid or non-flavonoid phenols [41].
Degradation of anthocyaninmonomers is fasterwith fading
color, whereas self-stacking anthocyanins are assumed to
have higher heat resistance than co-pigmentation with phe-
nolic acids through overlap. So that phenolic acid disturbs
anthocyanin for self-association. The liquid copigmenta-
tion dye produces a brighter color. The additional material
used also affects the brightness of the color.

In the beverage model, the addition of phenolic co-
pigmentation (p-hydroxybenzoic acid, protocatechuic acid,
vinylic acid, p-coumaric acid, caffeic acid, ferulic acid,
vinylic aldehyde, and coniferyl aldehyde) also gives effect
to the color change. The addition of ferulic acid with a
molarity ratio of 1: 100 gave a high color change. Mean-
while, complex co-pigmentation is successfully formulated
at low temperature around 10-20∘C. Color change due to
pH was found at pH 3.0 with yield variations. The addition
of copigments in a liquid state results in poor color fastness.
However, along with the development of research, the com-
bination of copigmentation materials can increase color
resistance.

The addition of Maltodextrin (MD) dextrose equiva-
lent (DE) 11-15, gum arabic, combination of MD and GA
(60:40) with soluble starch (SS) in roselle extract produces
a brighter red color and lasts for 6 months in the dark. After
6 months, the reddish color changes due to anthocyanin
degradation during storage. This change is identified by
observing the content of the pigment betacyanin [22].

In the aspect of the powder-making process, the use
of the spray dryer method is a reliable method. Because
in this method natural dyes with the addition of routine
and ferrulic acid copigmentation can increase the color
stability in storage. Under low temperature storage condi-
tions and dark conditions will help the powder color last
longer and better [29, 42]. In the spray dryer method, the
conditions of the intake temperature, the number of car-
riers, and also the flow rate must be considered because
this affects the quality of the powder [43]. The right drying
temperature can produce a good powder morphology in
terms of physical yield, air powder content, solubility level
which increases its color and stability. A good spray drying
process is characterized by the characteristics of the pow-
der with a moisture content below 5% and has a solubility
level of >90% [44, 45]. In the food industry, encapsulation
using food-grade ingredients becomes very important. The
addition of 2.5-7.5% corn powder as encapsulation to pact
cactus red coloring produces a good color as a food col-
oring. By adjusting the condition of the spray dryer, the
powder morphology can increase 75% to be better in physi-
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cal form. The copigmentation method in powder condition
produces a dye that has long color resistance. With the de-
velopment of research, it is possible to combine the two
methods of liquid copigmentation which are then made
into a powder using a spray dryer process. The combina-
tion of copigmentation agents used has also been studied.
In addition, the freeze-drying process produces 77-88% en-
capsulation efficiency with a good level of stability. This
happens because arabic gum has a very branched structure
of sugar heteropolymer, glucuronic acid, and protein that
allows binding of carbohydrate and maltodextrin chains
and forms an effective encapsulation film [46]. Besides the
particle size of the powder is influenced by the encapsula-
tion material, because the size of this particle affects the
viscosity [47]. In the application of natural dyes, to produce
colors that are more vibrant and deeper without increasing
the concentration of the dye can be done using chitosan
(cationic).

4 Conclusions
The stability and brightness of natural dyes can be im-
proved by using the copigmentationmethod. Themethod is
known that there are two types used, namely liquid-liquid
and powder. Almost all studies show that the copigmenta-
tion of dyes in powder form affects the stability of the result-
ing color. Meanwhile, the brightness of the color produced
from natural dyes in liquid form is brighter. Increasing the
quality of color brightness in powder form can be increased
by combination of copigmentation additives and the spray
dryer process configuration.
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