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Abstract 

In recent years, increasing consumer demand for healthier and more natural foods has driven the 
food industry to replace artificial additives. Among these, colorants play a crucial role, as they 
influence the sensory perception and acceptance of food products. However, the widespread use of 
synthetic colorants has raised growing concerns due to their potential association with adverse health 
effects. In addition, several regulatory agencies have restricted or banned the use of certain synthetic 
colorants, requiring their replacement with natural alternatives. In this context, anthocyanins have 
emerged as a promising substitute for artificial colorants, owing to their similar color properties. 
Despite their potential, their use as food colorant still faces several challenges, particularly regarding 
stability, incorporation into food matrices, and regulatory constraints. Therefore, this review 
examines the challenges and current trends in natural colorants, highlighting the potential of 
anthocyanins as substitutes for synthetic red colorants in food products. 
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1. Introduction 

Food choice and consumption are largely determined by sensory attributes, with color among 
the most relevant. This parameter directly influences the perception of product quality and 
acceptance. For decades, the food industry has used colorants to enhance product appearance, with 
artificial colorants such as carmoisine, tartrazine, and erythrosine among the most prevalent [1]. This 
is due to their high coloring capacity, low cost, versatility, and stability [2]. 

Among synthetic colorants, those that provide red hues are among the most widely used, being 
extensively used in confectionery, beverages, pastries, bakery products, fried snacks, and other 
processed foods. Notable examples in this group include Red No. 40 (Allura Red), carmoisine, and 
Red No. 3 (erythrosine) [3,4]. 

However, several studies have reported potential adverse effects associated with their 
consumption, including possible cancer risks and increased hyperactivity-related behaviors in 
children [5,6]. In response to these concerns, there has been growing interest in identifying safer 
alternatives, driving research into and the application of natural pigments as substitutes for synthetic 
colorants. These pigments can be obtained from various sources, including microorganisms, insects, 
plants, and vegetables [7]. 

In particular, plant-derived pigments have gained attention not only for their wide range of hues 
but also for their potential health benefits [8]. 
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Plant pigments contain chromophores in their structure, which are responsible for their 
coloration by absorbing and reflecting light at specific wavelengths, thereby generating color 
perception in the human eye. Some of the main natural pigments include carotenoids, responsible for 
orange hues; chlorophylls, which provide green colors; curcumin with yellow tones; betalains, which 
can produce red colors; and anthocyanins, capable of providing a wide range of colors depending on 
their chemical structure and the pH of the medium [9]. 

Anthocyanins are natural pigments that can be obtained from a wide variety of flowers, fruits, 
and vegetables, such as red cabbage [10], purple carrot [11], jaboticaba berries [12], grape [13], and 
purple sweet potato [14], among others. In particular, they have attracted special interest due to their 
stability in acidic media, where flavylium cation species predominate, which are responsible for 
intense red hues [15]. 

This makes them a promising option for use in the food industry as a natural, healthy alternative 
to synthetic red colorants. Therefore, this review explores the challenges and trends of natural 
colorants, emphasizing the potential of anthocyanins as substitutes for synthetic red colorants in 
foods. 

2. Regulation of Food Colorings 

To authorize the use of natural pigments in foods, their safety must be ensured. This is 
determined by various criteria that depend on the food additive regulations established in each 
country [16]. However, there are international organizations that serve as references for food 
authorities worldwide. One of the main ones is the Codex Alimentarius. Another key body is JECFA 
(Joint FAO/WHO Expert Committee on Food Additives), which evaluates the safety of additives 
through scientific studies. In addition, organizations such as the FDA (U.S. Food and Drug 
Administration) and EFSA (European Food Safety Authority) have an indirect global impact, as their 
regulations often influence the legislation of other countries. One of the fundamental aspects of food 
additive regulation is the Acceptable Daily Intake (ADI), which defines the maximum amount of an 
additive a person can consume daily without posing a health risk. This assessment is key to 
establishing usage limits in food and ensuring consumer safety. 

Food colorants certified by the FDA are designated with the term FD&C, indicating that they 
can be used in foods, drugs, and cosmetics, whereas food colorants regulated by EFSA are identified 
with an “E” number at the beginning. Approval by the FDA or EFSA does not imply that these 
colorants can be used worldwide, as this depends on each country’s regulations; however, they serve 
as important references for food authorities in many countries. 

According to the European Union, natural colorants are classified under Group II: food colors 
authorized under quantum satis, meaning that no maximum limit is established, provided they are 
used at the minimum level necessary to achieve the desired effect. This category includes several 
plant-derived colorants such as chlorophylls (E 140), carotenes (E 160), betanin (E 162), and 
anthocyanins (E 163). Their use is permitted in specific foods in accordance with Regulation (EC) No. 
1333/2008 on food additives. 

In turn, the FDA has approved the use of natural plant-based colorants. These include butterfly 
pea flower extract, which is rich in anthocyanins. Additionally, colorants derived from grapes are 
included, such as grape extract and enocyanin, obtained from red grape skins, both of which are used 
as natural sources for application in certain foods. 

Anthocyanins, in particular, possess desirable characteristics as food colorants, including low 
toxicity, intense color, and beneficial biological properties. As colorants, they are classified as a group 
of commercially viable color ingredients and are regulated as color additives in both the United States 
and the European Union (EU) [17]. In the EU, anthocyanins are grouped under the food additive code 
E163, which allows their use as colorants in a wide range of foods, including beverages, desserts, ice 
creams, and dairy products [18]. In Mexico, under the General Health Law, these pigments are 
classified as food additives, as there is no specific category for colorants in this regulation. 
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Several studies have shown that the risk of anthocyanin toxicity in foods is minimal due to their 
low bioavailability. For example, an acceptable daily intake (ADI) of 2.5 mg/kg body weight per day 
has been established for anthocyanins derived from grape skin extracts [19]. However, a general ADI 
has not been established for all anthocyanins due to their wide structural diversity, which complicates 
their regulation as natural colorants. 

Regarding synthetic colorants, EFSA classifies them under Group III, referred to as “food colors 
with a combined maximum limit,” which are subject to a specific maximum level established based 
on their acceptable daily intake (ADI). Within this group are Allura Red AC (E129) and erythrosine 
(E127) [20,21]. In contrast, the FDA designates these colorants as FD&C Red 40 (Allura Red AC) and 
FD&C Red No. 3 (erythrosine), both approved for use in foods. However, stricter regulatory 
measures have recently been implemented regarding the use of synthetic red colorants. Such is the 
case of FD&C Red No. 2, which had been used in various foods and pharmaceuticals and whose 
authorization was revoked by the FDA, establishing a deadline for the food industry to eliminate this 
additive from its formulations by 2027. This decision was influenced by studies showing that FD&C 
Red No. 3 caused cancer in male rats exposed to high levels of this colorant. Although there is no 
conclusive evidence that it causes cancer in humans [22], this information has raised concerns, leading 
to a growing need for further scientific research on the potential health effects associated with the 
long-term consumption of synthetic colorants. 

3. Synthetic Red Dyes 

Synthetic colorants are additives primarily produced through chemical synthesis from 
petroleum-derived compounds and, therefore, are not naturally found in foods. These compounds 
are widely used not only in the food industry but also in the cosmetic, pharmaceutical, and textile 
sectors. However, their application is regulated due to potential risks to human health and the 
environment [23]. 

Some artificial colorants may contain heavy metals and carcinogenic compounds, posing health 
risks to individuals who consume them frequently [24]. In recent years, the use of synthetic colorants 
has increased considerably, largely due to their widespread use in processed foods worldwide. It has 
been reported that their consumption has increased approximately fivefold since 1995 [25]. 

Approximately 65% of the synthetic colorants used by the food industry are azo dyes, low-
molecular-weight synthetic organic compounds with high solubility. These are added to various 
products due to their high chemical versatility and ability to produce intense, stable colors [26]. The 
characteristic coloration of these compounds is mainly attributed to the presence of an azo functional 
group (−N=N−) [27]. However, several studies have reported potential adverse effects associated with 
some azo dyes (Table 1), as they can be metabolized by the intestinal microbiota into potentially toxic 
aromatic amines [28]. Furthermore, due to their widespread use across the food, pharmaceutical, 
cosmetic, and textile industries, these compounds represent a significant source of environmental 
pollution [29]. 

Among azo dyes used to confer reddish hues, Red No. 40, also known as Allura Red AC, is a 
widely used color additive globally and is approved for use in foods and beverages, dietary 
supplements, pharmaceutical products, and other consumer goods [30]. Together with tartrazine 
(Yellow No. 5; E102) and sunset yellow (Yellow No. 6; E110), it accounts for nearly 90% of the 
synthetic colorants used in foods [25]. In 2016, the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) established an acceptable daily intake (ADI) of 0–7 mg/kg body weight, 
concluding that dietary exposure did not pose a health risk at the evaluated levels of consumption 
[31]. However, recent studies have reported that this colorant may represent a potential health risk. 
Zhan et al. [32] investigated the effects of Red No. 40 consumption on DNA damage, the microbiome, 
and colon inflammation, concluding that its intake induces DNA damage, leading to alterations in 
the intestinal microbiota and subsequently to inflammation in the distal colon, suggesting that 
chronic exposure may increase the risk of colorectal cancer. Similarly, Chen et al. [33] reported, in 
vivo studies, that Allura Red can induce intestinal inflammation by activating CD4 T cells and 
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modulating the pro-inflammatory immune response. Furthermore, Noorafshan et al. [34] 
demonstrated that this synthetic dye may induce neurotoxicity. In their in vivo study, structural and 
behavioral changes in the medial prefrontal cortex were evaluated following exposure to high doses 
(70 mg/kg/day). Their findings suggested that even at the acceptable daily dose, Allura Red may 
impair learning and memory and reduce the number of glial cells. 

Carmoisine (E122), also known as azorubine, is another synthetic azo dye that provides color 
shades ranging from red to brown and is used in various food products. However, the FDA does not 
permit its use, whereas the EFSA allows its use under specific limits (ADI: 4 mg/kg body weight/day), 
as is the case in other Latin American countries. However, its consumption has raised concerns due 
to potential health effects. It has been reported that carmoisine may induce genotoxic effects at high 
concentrations [35]. In animal models, oral administration of carmoisine for 120 days in mice 
produced dose-dependent toxic effects, including reduced body weight, hematological alterations, 
and increased liver enzyme levels, suggesting hepatotoxicity and nephrotoxicity, with the liver 
identified as a primary target organ [36]. 

On the other hand, erythrosine (Red No. 3) is a synthetic red xanthene dye. It is synthesized from 
fluorescein and is widely used in food products, despite contradictory reports regarding its safety 
[37]. This additive has an acceptable daily intake (ADI) of 0.1 mg/kg body weight [38]. Due to its 
extensive use in the food and pharmaceutical industries, erythrosine can be detected in industrial 
wastewater, making it a potential contaminant with ecological and human health implications [39]. 
Furthermore, recent studies have reported that this dye may induce neurotoxic effects, even at doses 
equal to or lower than the ADI, as evidenced by alterations in brain enzymatic activity, increased 
oxidative stress, DNA damage, and histopathological changes in animal models [40]. Similarly, 
Iheanyichukwu et al. [41] orally administered a combination of erythrosine and tartrazine (50:50) for 
23 days at doses of 2.5–20 mg/kg in an animal model, resulting in alterations in renal function 
characterized by increased serum urea and creatinine levels, suggesting a potential nephrotoxic effect 
associated with high consumption of these dyes. 

In general, the excessive use of synthetic colorants in food processing may impact not only 
human health but also the environment. Therefore, the food industry is increasingly seeking to 
replace synthetic colorants with safer natural alternatives. Although these pigments often exhibit 
lower stability and color intensity, their natural origin and less reactive chemical structure reduce the 
risk of toxicity and genotoxicity. Among them, anthocyanins provide red hues comparable to those 
of synthetic dyes such as Allura Red, carmoisine, and erythrosine, making them a promising 
alternative for their replacement. 

Table 1. Characteristics of red synthetics colorants used in the food industry. 

Dye  Code 

(EFSA/FDA)

ADI  Food product  Adverse effect  References

Allura Red E129/ FD&C 

Red No. 40 

7   

mg/kg 

bw/day

Bakery products, flavoured fermented milk 

products, edible cheese rinds, desserts, ice 

cream, flavoured drinks, baked crustaceans, 

seafood, breakfast sausages, appetizers, 

sauces, seasonings, soups,   

Neurotoxic, risk of colorectal 

cancer and alteration of the 

intestinal microbiota   

[32–34,38] 

Erythrosine E127/FD&C 

Red No. 3  

0.1 

mg/kg 

bw/day

Drinks, cookies, sweet bakery products, meat 

products, chewing ice cream, ice pops   

  

Neurotoxic and nephrotoxic  [1,40,41]  

Carmoisine E122/ 

prohibited  

4   

mg/kg 

bw/day

Swiss rolls, jellies, jams, yogurts, cheesecake 

mixes, and breadcrumbs  

Genotoxic, hepatotoxicity and 

nephrotoxicity  

 [26,35,36] 
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4. Anthocyanins as an Alternative to Synthetic Red Color 

Anthocyanins are plant secondary metabolites that belong to the flavonoid family. Their basic 
chemical structure is represented by the flavylium ion, also known as 2-phenylbenzopyrylium, which 
consists of two aromatic groups, a benzopyrylium (A) and a phenolic ring (B), linked by a three-
carbon chain that forms a C6–C3–C6 skeleton [42]. Cyanidin, pelargonidin, delphinidin, peonidin, 
petunidin, and malvidin are derived from this basic structure (Figure 1). These six anthocyanidins 
are the most common in nature and are distributed in fruits, flowers, and vegetables [43]. 

The differences among these pigments lie in their chemical structures, which are determined by 
the number and position of hydroxyl (-OH) and methoxy (-OCH3) groups on the B ring [44]. These 
structural modifications give rise to a wide diversity of anthocyanins, with more than 600 compounds 
identified, whose color depends on the type and concentration of the pigment [45], as well as on the 
pH of the medium, resulting in a range of colors from reddish to purple and blue hues [46,47]. 

In recent years, anthocyanins have attracted interest due to their potential as natural colorants, 
their safety and non-toxicity, and their health benefits, as various biological activities have been 
attributed to them, including antioxidant, anti-inflammatory, anticancer, and antihypertensive 
activities, among others [48,49]. 

 
Figure 1. Basic anthocyanin structure. 

5. Factors Influencing Color 

5.1. Chemical Structure 

The chemical structure of anthocyanins can be modified through processes such as hydroxyl 
group position, degree of methylation, glycosylation, and acylation, (Table 2), which can influence 
both their color and their physicochemical and functional properties [50]. 

Table 2. Main structural modifications of anthocyanins and their influence on color. 

Modification  Typical position  Associated group  Effect on color  
Hydroxylation  Ring B  Hydroxyl  Blue   

Methylation  Ring B  Methoxyl  Red   
Glycosylation  C3, C5  Monosaccharides and disaccharides Red-purple  

Acylation  About sugars in C3  aliphatic or aromatic asid group  Purple-blue  
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5.1.1. Hydroxylation and Methylation 

The presence of hydroxyl and methoxy groups on the B ring influences the color stability and 
hue of anthocyanidins [51]. Hydroxylation leads to blue hues but also increases susceptibility to 
oxidation, thereby reducing stability. In contrast, the presence of methoxy groups leads to red hues 
and decreases the propensity for oxidation, contributing to greater molecular stability [52,53]. 
Therefore, malvidin, peonidin, and petunidin exhibit higher stability [54]. 

5.1.2. Glycosylation 

Glycosylation involves the partial or complete replacement of a hydroxyl group in the 
anthocyanin structure by a sugar moiety. This modification can occur at different positions within 
the molecule, as various hydroxyl groups interact with different sugars, thereby altering the 
physicochemical properties of anthocyanins [55]. These sugars are attached via glycosidic bonds, 
with glucose, galactose, xylose, rutinose, and rhamnose among the most frequently reported [56]. 
Furthermore, the position of glycosylation plays a key role in color expression: increased 
glycosylation on the A-ring is associated with deeper blue hues, whereas substitution on the C-ring 
tends to promote red and purple tones [57]. 

5.1.3. Acylation 

Another way to modify anthocyanins, which can influence both their stability and color 
intensity, is acylation [58]. This process consists of the esterification of an organic acid with the 
glucoside of the anthocyanin molecule. It can be classified as aromatic or aliphatic, depending on the 
nature of the acid involved, that is, whether it contains an aromatic group or an aliphatic acid group 
[59]. Some foods that contain acylated anthocyanins include purple sweet potato, strawberry, grape, 
purple corn, red radish, black carrot, blackberry, and others. Likewise, this type of compound is 
common in various flowers [60,61]. 

Unlike glycosylation, acylation is not universal among anthocyanins; however, it has been 
shown to improve pigment stability, providing greater resistance to environmental factors such as 
pH, temperature, and light [57]. This increase in stability is attributed to the acyl group’s ability to 
generate steric hindrance and reduce the attack by hydrophilic molecules, thereby protecting the 
flavylium cation [62]. Overall, acylation enhances both the stability and color intensity of 
anthocyanins. 

5.2. pH and Temperature 

Various factors contribute to anthocyanin degradation, the exposure to light and elevated 
temperatures accelerates their breakdown. Whereas acidic conditions and low temperatures enhance 
their stability [42]. Anthocyanin color and stability are strongly pH dependent. Under highly acidic 
conditions (pH 1–3), anthocyanins predominantly exist as the flavylium cation, their most stable 
form, which exhibits red hues and high water solubility. As the pH increases to around 4, they 
transition to a neutral quinonoidal base, which is less stable. At pH 5–6, the colorless carbinol 
pseudobase becomes more prominent. Further increases in alkaline conditions (pH > 8) promote the 
formation of chalcones, colorless compounds associated with the irreversible degradation of 
anthocyanins [52,63]. 

Thermal processing, one of the most widely used preservation methods in the food industry, 
can also significantly affect anthocyanin stability. High temperatures promote rapid pigment loss, as 
anthocyanins are thermosensitive compounds that begin to degrade at temperatures above 50 °C [64]. 
Heat-induced degradation primarily occurs through deglycosylation, leading to the opening of the 
pyrylium ring and the formation of chalcone structures. Subsequently, further structural breakdown 
occurs, including ring cleavage and the formation of coumarin glycoside derivatives due to the loss 
of the B-ring [65]. 
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5.3. Other Factors 

Anthocyanins are highly sensitive compounds, and their color can be affected by the presence 
of other molecules. In addition to the previously mentioned factors, oxygen, enzymes, and 
microorganisms can rapidly degrade these pigments [66], while interactions with proteins and 
phenolic acids can also influence their color [67]. 

6. Extraction of Anthocyanins 

To achieve higher production of natural colorants, it is essential to select an appropriate 
extraction method that enhances pigment recovery [68]. The extraction of anthocyanins from plant 
matrices has been widely studied using traditional methods such as maceration, Soxhlet extraction, 
decoction, percolation, and filtration [69], which are known for their simplicity and low cost. In 
contrast, non-conventional extraction technologies (Table 3), such as supercritical fluid extraction, 
pulsed electric fields, and microwave- and ultrasound-assisted techniques, have been developed to 
reduce extraction time and solvent usage [70]. Additionally, these methods typically operate at lower 
temperatures, reduce the consumption of organic solvents, and improve the yield of natural 
pigments. These advantages position them as promising alternatives, particularly if the pigments are 
intended for use in the food industry [71]. 

Table 3. Extraction methods of anthocyanins from different sources. 

Source  Extraction  

method  

Control  

parameters  

Extraction  

solvent  

Extraction  

efficiency  

References 

Blueberry pomace  Ultrasound-assisted 

extraction  

3.2 min  

349.15 K   

325 W   

NAES/Choline 

chloride-Oxalic acid  

24.28 mg cya-3-

glu/g  

[72]  

Rose flower petal  Ultrasound-assisted 

extraction 

10 min  

50 °C  

400 W   

DES/Choline chloride-

lactic acid   

  

8.26 mg cya-3-

glu/g  

[73]  

Red cabbage  

  

Microwave-assisted 

extraction 

5 min  

200 W   

Ethanol-water  

  

110.20 mg cya-3-

glu/L  

[74]  

Purple sweet  

potato  

Ultrasound-assisted 

extraction 

10 min  

60% amplitud  

McIlvaine buffer 

solution  

1.08 mg cya-3-

glu/g  

[46]  

Red onin skin   High hydrostatic  

pressure-assisted  

extraction   

17.5 min  

300 MPa  

Water  248.49 mg cya-3-

glu/L  

[75]  

Hibiscus sabdariffa  

  

Subcritical water  

extraction    

4.89 mL/min   

393.54 K   

8.75 MPa  

Water  0.92 mg cya-3-

glu/g  

[76]  

Blackcurrat  

  

Conventional  

solvent extraction  

24 h  

40 °C  

Ethanol-water  1.08 mg cya-3-

glu/g  

[77]  

Berberis vulgaris L.  Pulsed electric field 7000 V/cm  

100 pulse 

number   

Acidic ethanol   260.28 mg cya-3-

glu/L  

[78]   

Rhodomyrtus 

 tomentosa  

  

Microwave-assisted 

extraction  

5 min  

200 W  

Ethanol-water  136.84 mg cya-3-

glu/L  

[79]   
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Black rice brand  Ultrasound-assisted 

extraction  

50 °C  

380 W  

Citric acid-ethanol  2.44 mg cya-3-

glu/g  

[80]  

Garcinia mangostana 

L.  

Microwave-assisted 

extraction  

120 s  

300 W  

Water-Acidified  

ethanol  

17 652.64 mg 

cya-3-glu/L  

[81]  

Jaboticaba Skin  

  

High hydrostatic  

pressure-assisted  

extraction   

15 min  

200 MPa  

Ethanol-water  1.86 mg cya-3-

glu/g  

[82]  

7. Role of Encapsulation and Copigmentation in the Stabilization of 
Anthocyanin Color 

Various methods have been developed to improve the stability of anthocyanins against 
environmental factors to which they are particularly susceptible. These methods include 
encapsulation (microencapsulation, nanoencapsulation, and liposomal systems) and 
copigmentation. The main objective of these approaches is to increase anthocyanin stability, thereby 
promoting their application in the development, production, and storage of anthocyanin-enriched 
products. Encapsulation is a widely used technology for protecting bioactive compounds by forming 
a complex in which the compound of interest is retained within the wall material [83]. This process 
improves anthocyanin stability against environmental factors such as light, oxygen, pH, and 
temperature, and can also enhance their bioavailability and bioaccessibility [84]. 

Anthocyanin microcapsules have been used as food colorants that can modify the structure and 
color characteristics of food matrices [83]. Therefore, the interaction between anthocyanins and the 
wall material plays an important role in the properties of the resulting powder, as the type and 
concentration of the encapsulating agent can influence its stability and color. These variations are 
associated with chemical interactions such as hydrogen bonding. Among the most commonly used 
wall materials are polysaccharides such as maltodextrin, starch, and xanthan gum, as well as certain 
proteins. 

Several studies have demonstrated how the type and proportion of encapsulating material can 
modify physicochemical and color characteristics. For example, Machado et al. [85] reported that red 
carrot extracts microencapsulated with gum arabic and maltodextrin enhanced the appearance of red 
hues. Deng et al. [86] evaluated the stability of anthocyanins from purple corn encapsulated with 
different combinations of wall materials (maltodextrin, gum arabic, and whey protein), observing 
that increasing the concentration of wall material resulted in lighter-colored microcapsules, which 
could be attributed to the white color of the wall materials used. Similar results have been previously 
reported for microencapsulated purple sweet potato extract, in which an increase in lightness during 
storage was associated with maltodextrin as the wall material. However, microencapsulation was 
effective in preventing rapid anthocyanin degradation and maintaining stable color parameters for 
up to 60 days of storage [14]. 

Another strategy that improves anthocyanin stability and color intensity is copigmentation. This 
phenomenon involves the formation of complexes between anthocyanins and copigments, which 
stabilize the flavylium cation and, consequently, increase color intensity. Some copigments include 
phenolic acids, flavonoids, organic acids, polysaccharides, and metal ions, among others [87]. 
Anthocyanin–copigment interactions have been classified as intermolecular copigmentation, 
intramolecular copigmentation, self-association, and metal complexation [88]. These interactions 
occur mainly through hydrogen bonding, hydrophobic interactions, and electrostatic forces [89]. As 
a result, bathochromic or hyperchromic shifts may occur, along with an increase in color intensity 
[90]. It is worth noting that color stability depends on various factors, among which the structure of 
both anthocyanins and copigments influences the different types of copigmentation [91]. 

Azman et al. [92] added different phenolic acids as copigments (rosmarinic, ferulic, chlorogenic, 
and caffeic acids), reporting hyperchromic and bathochromic effects that increased color intensity 
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and shifted the maximum wavelength toward more purple–blue hues. Additionally, rosmarinic acid 
showed the greatest copigmentation effect. Similar results were reported by Erşan et al. [93], who 
found that flavonoids present in rooibos intensified the color of strawberry anthocyanins, producing 
more intense red-purple hues with greater thermal stability. On the other hand, Geng et al. [94] 
showed that compounds such as ferulic acid, gallic acid, and epigallocatechin gallate increase the 
intensity and saturation of anthocyanin red color during storage, thereby enhancing chromatic 
stability. 

Recently, studies have explored the combined use of copigmentation and encapsulation to 
overcome the limitations of copigmentation, as both techniques act synergistically to increase 
anthocyanin stability and color intensity. Vázquez-González et al. [95] evaluated the incorporation of 
ferulic acid as a copigment in blueberry skin extracts encapsulated with maltodextrin, observing 
greater pigment stability and enhanced color during storage. Meanwhile, Salati et al. [96] studied the 
copigmentation of sour cherry anthocyanins with tannic acid, followed by encapsulation with 
maltodextrin and gum arabic, and reported good anthocyanin stability and color preservation over 
28 days of storage. 

8. Application of Anthocyanins in Food 

Anthocyanins, as potential natural colorants, have been widely applied in various foods, 
including beverages, frozen products, confectionery, dairy products, and even meat products, due to 
their color similarity to artificial colorants. They have been mainly used in beverages, juices, and ice 
pops because of their low pH (2–3), which helps stabilize anthocyanins and allows them to exhibit 
reddish hues. Rodríguez-Mena et al. [46] added purple sweet potato extract to ice pops, where color 
tones very similar to those of Red No. 40 were observed, along with adequate retention of color and 
anthocyanin content during 30 days of frozen storage. Trein et al. [97] incorporated grape pomace 
extract into candies, observing an increase in the color parameter a* as the extract concentration 
increased, which was attributed to the characteristic red color of anthocyanins, as well as good 
sensory acceptance. Stoica et al. [98] incorporated black carrot pomace (BCP) into yogurt 
formulations, resulting in a more nutritious product with higher phytochemical content and 
improved antioxidant activity. Meanwhile, Shamshad et al. [99] added microencapsulated 
anthocyanins to ice cream, thereby improving the stability of anthocyanins derived from black carrot 
and enhancing the product’s sensory properties. Cao et al. [100] investigated the addition of five 
flavonols to mulberry juice as copigment factors, finding that juice color was maintained for a longer 
period and that anthocyanin stability was improved during storage. 

9. Conclusions and Future Perspectives 

There is growing interest in replacing artificial colorants with natural alternatives, driven by 
increased consumer awareness of potential adverse effects associated with high consumption of 
synthetic colorants. In response to this demand, regulatory agencies have begun reviewing and 
modifying their regulations. However, this process presents challenges due to the large number of 
dyes available on the market, requiring scientific evidence and time to support their continued use. 

On the other hand, this transition also poses challenges for the food industry, which has relied 
on synthetic colorants for decades due to their low cost and stability during processing and storage. 
Therefore, replacing synthetic pigments with natural pigments such as anthocyanins remains a 
challenge, as despite their wide availability across various plant matrices and advances in strategies 
to enhance their stability, limitations persist in scaling up extraction processes at the industrial level. 
Additionally, the standardization of new technologies is required to enable their incorporation into 
already established food products. Despite these challenges, research in this field has shown progress 
and continues to generate new strategies to improve the feasibility of anthocyanins as natural 
colorants. Their use as substitutes for red artificial colorants represents one of the most promising 
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areas, given their hue similarities to synthetic red colorants and their potential to meet current 
consumer demand for healthier options. 
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