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Abstract 

Colours derived from plants are in high demand, with several multinational corporations announcing plans to phase out all 

certified artificial colours from their products. As colours can influence emotions, which are a deciding element in food 

purchases, the visual perception of colour can override the perception of taste and smell. Customer demand for plant-based 

versus artificial food colours has a significant impact on the food industry, with the belief that former foods are of higher 

quality, healthier, and safer. This belief stems from several reported cases of the adverse effects of artificial food colourants on 

human health. The common plant-derived food colourants that have attracted food industry are anthocyanins, betacyanins, 

carotenoids, and chlorophylls as these colourants have been documented in the prevention and management of chronic 

diseases. Establishing standards for food colours derived from plants can help the food industry sector grow its market and 

broaden its economic potential. The objective of this review is to highlight consumer interest in plant-based food colourants as 

a result of their health benefits, as well as the challenges that the food industry faces in this field. 
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Introduction 

"We eat with your eyes first before we eat with our mouth," 

says a well-known culinary proverb. This adage refers to the 

food that appears appealing is more likely to be consumed. 

The appearance of a food has a great influence on its 

acceptance and ability to entice people to try it. Discolored, 

irregularly shaped, or otherwise unusual foods, on the other 

hand, are regarded with distrust [1]. Colour is added to food 

to make it more appealing, appetizing and an essential factor 

in the choice of food. The first moment of truth is the first 

few seconds when the consumer is actually attracted to the 

food based on its appearance and its odour. Those few 

seconds are crucial in determining whether or not to 

consume the food item. Colour accounts for between 62 to 

90 percent of a consumer's evaluation [2]. In this context, 

learning about food colourants can be a lucrative endeavor. 

According to a new study, the global food colour business 

would be worth USD 2.97 billion by 2025 [3]. As a result of 

consumer complaints, the food industry has become more 

cautious over time, taking into account the negative effects 

of synthetic colourants and preservatives, and is shifting to 

natural plant-based colourants in foods. With "fun foods" as 

the current trend, the food industry is making food products 

to be more savory, nutritious, appealing, and healthy [4]. 

Food colourants are an inevitable response to this 

international trend. Natural colour additives such as plant 

pigments, dyes, and other components can be passed on to 

important goods of food, pharmaceuticals and cosmetic 

products. Colour additives on foods become a remarkable 

way to promote products in the market. Food manufacturers 

add indicators such as colour additives to a variety of food 

products to enhance their flavour, safety, and nutritional 

value. In the year 1856, first organic synthetic colourant 

"mauveine" was developed [5]. It became a massive success 

as an essential food colourant because of its lower cost in 

productivity, high tinctorial strength, and chemical stability. 

Now there is a great demand from the consumer's side to 

replace artificial colourants with nature's colour [6]. Colour is 

a persuasive aspect that influences customer acceptance of 

food. This acceptance is because consumers compare the 

colour of foods with other qualities like ripening, freshness, 

and safety of foods. As a result, many of the food products 

are coloured to increase their acceptability [7]. When 

artificial colourants are utilized, it causes adulteration, 

ecological imbalance, and adverse health impacts in 

humans. Plantae, Animalia, Insecta, and minerals are the 

sources of nature's hues [8]. Natural food colours are being 

used to replace artificial food dyes due to the health benefits 

and customer concerns about safety. 

 

Origin of food colorant 
As far back as 1500 BCE, food colouring is thought to have 
been used [5]. Writings from the ancient Roman and 
Egyptian eras reveal actions such as the colouring of 
medications and wine. Paprika, berries, turmeric, indigo, 
saffron, and other flowers were once the primary sources of 
culinary colouring agents [9]. In the Middle Ages colouring 
of food was carried out with mala fide intentions which lead 
to the adulteration of the food products. In Europe, "pure 
food laws" were originally enacted during the medieval 
period. France passed a law in 1292, prohibiting the 
adulteration of beer [10]. Another food that was frequently 
adulterated was butter. The use of flowers, plants, or 
medications to alter the hue was outlawed by a Parisian 
Edict in 1396. According to historical records, bread seems 
to be the most tampered food in England during the 
medieval period. Laws governing its composition, price, and 
formation were in place as early as 1155. The penalties for 
selling tainted bread were harsh [11]. 
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The history of tea dyeing in 18th century England is 

especially fascinating. Mineral salts were used to colour tea 

brought from China to England. Between 1780 and 1820, 

there was a noticeable increase in the occurrences of food 

adulteration using doubtful hues. This growth can be 

attributed to at least two factors. First, during this period, 

there was extensive distribution of business brochures and 

guidebooks with secret formulas explaining how colourants 

were added to foodstuffs. Second, this time period saw the 

birth of modern chemistry. As a result, the newly developed 

knowledge of chemistry was applied for food adulteration to 

increase profits by the food manufacturers and traders [12]. 

William Henry Perkin, an English scientist, discovered in 

1856 that the pigment aniline derived from coal tar 

produced a purple tint (mauve). Soon, several of these 

synthetic colours were being used instead of minerals as 

food colouring. While, toxic mineral salts, were still utilized 

as food colours until the turn of the century [13]. The “Pure 

Food and Drug Act” was signed by the US President in 

1906 [14]. The Secretary of Agriculture was authorized by 

this law to certify food colours, although this certification 

was entirely voluntary. This law, on the other hand, 

established the framework for the “Federal Food, Drug, and 

Cosmetic Act” in 1938, which mandated that food additives 

be certified. 

 

Natural food colours of plant origin based on pigment 

The four plant origin food colorants are mostly attributed to: 

anthocyanins (red-blue-purple), betacyanin (red), 

carotenoids (yellow-orange-red) and chlorophylls (green) 
[15]. The following section outlines some of the most 

important sources, properties, and challenges associated 

with using anthocyanins, betacyanins, carotenoids, and 

chlorophylls as colourants. 

 

Anthocyanin 

Several blue and red vegetables and fruits contain 

anthocyanins. The amount of anthocyanins in plants varies 

significantly depending on the variety, environment, 

agricultural methods, harvest time, light exposure, seasonal 

variations, ripening, temperature, and processing and 

storage [16]. 

Anthocyanins are an appealing alternative to synthetic 

chemicals because they are both safe and potentially 

beneficial to one's health. In many countries including 

Japan, Europe, and the United States, anthocyanins use as 

food pigment in food and beverages is extensively approved 
[17]. Anthocyanins have a dual benefit in addition to 

supplying colour to food. They have antioxidant properties, 

protecting the food to which they've been added and provide 

health benefits via enhancing the nutritional value of the 

food. 

The stability of anthocyanins is not optimal, as they degrade 

quickly in the presence of metals, oxygen, light, enzymes, 

and other oxidants, and also with variation in temperature 

and pH [18, 19, 20, 21]. Additionally, in comparison to synthetic 

compounds, they are relatively costly. Anthocyanins 

obtained from red radish may cause off-flavors in food 

products, similar effects can also be expected from other 

sources of anthocyanins [22]. Food colourants that are from 

acylated anthocyanins are preferred over nonacylated 

anthocyanins because they are more stable [17]. 

Betacyanins 

The red-violet betacyanin is one of the two types of 

betalains, the other type being yellow-orange betaxanthins. 

Betanin is the most common betacyanin found in plants. 

Betanin is a natural red food colourant (E162), permitted 

quantum satis, according to food additive regulations and is 

also used as a colourant in cosmetics and pharmaceuticals 
[23]. Beetroot was once thought to be the only source of 

betacyanin for culinary colouring. Other sources, such as 

Ullucus tuberosus Basella rubra, Cactus pear, red-purple 

pitaya Hylocereus polyrhizus, and Amaranthus species, have 

become more popular in recent years [15]. High glucosylation 

and acylation, high concentration of pigment, low pH, and 

low aw, chelating agents, antioxidants, darkness, low 

temperature, and nitrogen environment all promote betalain 

stability [24]. Betalains are stable in the pH range of 3 to 7, 

with an optimum pH range of 4 to 6. This optimum was 

moved towards pH 6 as the temperature increased [25]. When 

contrasted to anthocyanins, betalains have the benefit of 

having a colour that is mostly unaffected by pH. Betalain 

pigments are water soluble and stable in the pH range of 3 

to 7 and hence can be used to colour foods ranging from 

sour to neutral, but anthocyanins cannot be used because of 

their instability at pH values higher than 3 [26]. Colours in 

foods should remain stable during production and storage. 

Exogenous variables such as pH value, temperature, light, 

and oxygen affect the stability of betalains during food 

processing or storage, where chelating compounds and 

antioxidants might act as stabilizers [27]. 

 

Carotenoids 

Orange, red and yellow colours in plant tissues are mainly 

due to presence of carotenoids pigment. The primary 

carotenoids present in food are β-carotene, α-carotene, β- 

cryptoxanthin, lycopene, lutein, and zeaxanthin [28, 29]. 

Orange-fleshed sweet potato, carrot, apricot, mango, 

cantaloupe, non-leafy and green leafy vegetables, few palm 

fruits, and squash cultivars, all have high levels of β- 

carotene. In carrots, palm fruits, pumpkins, and certain 

squashes, β-carotene is sometimes found alongside α- 

carotene. Many foods are high in lycopene, namely, 

tomatoes, watermelon, red-fleshed papaya, pink-fleshed 

guava, and pitanga fruit [30, 31]. Extensive research has been 

carried out to find out the factors that affect the carotenoid 

composition. The factors include the maturity level, the 

variety, the season, the location of the farm, and how the 

plant is harvested [15]. Carotenoids, β-carotene, annatto, 

paprika extract, lycopene and mixed carotenes are allowed 

to be used as colourant additives by the European Food 

Safety Authority (EFSA) and Food and Drug 

Administration (FDA). The carotenoids, namely, mixed 

carotenes, β-carotene, annatto, paprika extract, and lycopene 

are designated the E-numbers E160a (i), E160a (ii), E160b, 

E160c and (E160d (i) and (ii)) respectively by the EFSA [32]. 

Although the EFSA and FDA have approved carotenoids for 

use in food products, their stability may provide a challenge. 

Due to the abundance of unsaturated bonds in their 

structure, these compounds may oxidize in the presence of 

light, oxygen, and ambient temperature, resulting in colour 

shift [33]. The nature of the carotenoid and the food (root, 

fruit, puree, juice, leaf), disruption of the food matrix 

(sliced, peeled, shredded), light, oxygen, processing method 

and condition (specifically duration and temperature), and 

storage condition and duration, atmosphere, water 
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content/activity, antioxidants, oxidizing enzymes, free 

radical initiators and pro-oxidants, and metal catalysts and 

inhibitors all affect carotenoid stability [34, 35, 36]. In 

comparison to other pigments like anthocyanins, carotenoids 

are more resistant to pH fluctuations [33]. 

 

Chlorophylls 

Chlorophylls are the most prevalent pigments in nature, and 

they are the only ones accountable for the green colour 

observed in vegetal tissues; nonetheless, they have remained 

the least investigated natural colourants [37]. Chlorophyll a, 

b, c, d, and e are the five classes of chlorophylls present in 

plants; chlorophyll a and b are the most abundant in various 

plant tissues and fruits [33]. Thermally, chlorophyll b was 

shown to be more stable than chlorophyll a [38, 39]. 

Chlorophyll is primarily found in leaves, although it can 

also be found in fruits before the maturity process and the 

creation of other colours [40]. Green fruits also have a lot of 

chlorophyll throughout their existence [41]. Cucumber fruit 

(Cucumis sativus L.) and olive fruit (Olea europaea L.) 

have the highest chlorophyll content [42, 43]. Cultivation 

circumstances, temperature, and soil elements can all 

influence the proportion of chlorophylls (and other 

pigments), hence controlling the cultivation conditions is 

critical for standardizing the yield of natural colourants from 

fruits [42, 41]. Chlorophylls [E140 (i)] and chlorophyllins 

[E140 (ii)] derived from edible or non-edible plant material 

[e.g. grass, lucerne (Medicago sativa L.), or nettle (Urtica 

dioica L.)] can be utilized as natural colourants [44]. The 

stability of chlorophylls is influenced by acidic pH and high 

temperatures, which can result in the creation of various 

different derivatives, changing the colour from green to 

brown. 

The representative images of the plant-based colourant 

sources of anthocyanins, betacyanins, carotenoids, and 

chlorophylls that are employed in food industry is presented 

in Table 1 

 

Table 1: Sources of Plant-based Colorants in the Food Industry 
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Raphanus raphanistrum 

(Red Radish) 

 
 

 

 

 

 

 
Betacyanins 

 

 

 

 

Beta vulgaris 

(Beetroot) 

 
 

 

 

 

 

 

Carotenoids, 

 

 

 

 

 
Daucus carota 

(Carrot) 
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Chlorophylls 

 

 

 

 
 

Cucumis sativus L. 

(Cucumber) 

 
 

Health Benefits The health benefits of primary food colourants of plant 

origin are listed in Table 2. 

 

Table 2: Health benefits of food colourants of plant origin based on pigment 
 

Primary 
Food Colorant of Plant Origin 

Colour Health Benefits 

 
Anthocyanins 

 
Red, purple, and blue 

Prevention of chronic diseases: cardiovascular disease (CVD) [45], 

anticancer effect [46], diabetes - improved dyslipidemia, prevented insulin 

resistance and enhanced antioxidant capacity in human subjects with type 
2 diabetes [47], visual health [48], anti-obesity [49], antimicrobial activity [50] 

 

Betacyanins 
Red to red-violet 

betacyanins and yellow- 

orange betaxanthins 

Prevents cancers like, lung cancer, skin cancer, etc., [51, 52], prevention of 
oxidative-stress related disorders: CVD, aging, neurodegenerative 

disorders [53, 54] 

 
Carotenoids 

 

From yellow, red to 

orange 

Prevent and reduce the symptoms of many diseases like cancer, 

neurodegenerative diseases such as Alzheimer, cerebral ischemia, diabetes 

associated with obesity and hypertension, ophthalmic diseases and many 

more [55] 

 
Chlorophylls 

 
Green 

Blood vessel support, antioxidant activity, role in healthy circulation and 

methylation [56], detoxification of the liver, combating bad odours, bad 

breath as well as body odour; due to the magnesium salts that it contains, 

purifying the blood and the organism, cleaning it of toxins [57]. 
 

Challenges of food colourants derived from plants 

To assure quality and safety throughout the supply chain, 

industry-wide safety standards are required for the 

manufacturing, processing, application, and international 

trading of colours derived from natural sources [58]. Plant 

colourants are frequently made from crop-based foods or 

food by-products, and thus carry a microbial contamination 

risk. Figure 1 illustrates the safety and quality concerns 

associated with colours derived from plants namely, 

microbial contamination, heavy metals, pesticide residues 

and solvent residues. 

Plant colourants are generally very concentrated and may 

contain natural or added microbial inhibitors or even solvent 

residues that interfere with assessments, making standard 

microbial testing procedures challenging [59]. 

 

 

Fig 1: Safety and quality concerns associated with food colours derived from plants [59] 

http://www.botanyjournals.com/


International Journal of Botany Studies www.botanyjournals.com 

1468 

 

 

 

The potential of intentional adulteration is the most 

worrisome among the many risks linked with the colour 

industry. Although private laboratories may have 

established testing protocols for colour adulterants in 

certified colours, regulatory agencies would need to review, 

compare, validate, and publish these methods before 

adopting them as standard methods to ensure that no 

intentional adulteration occurs in the food industry. Natural 

compounds analytical chemistry is more complex and 

diversified than those of approved colours and moreover, 

the food industry may lack the skills or equipment needed to 

conduct extensive chemical characterizations on their own. 

Basic and advanced evaluations are performed using thin 

layer chromatography (TLC) and high performance liquid 

chromatography (HPLC), respectively. Both are frequently 

utilized in the creation of international standards as well as 

the identification and quality assessment of natural colour 

additives [59, 60]. The development of universal standards by 

an industry is a critical step in assuring the public's safety 

and quality of its ingredients. Natural colours are made from 

agricultural raw materials, and their complicated chemical 

makeup makes it difficult to agree on techniques of 

identification, analysis, or reference standards. Natural 

colours can vary significantly due to cultivar variances, 

ambient influences, handling conditions, and processing 

procedure, similar to difficulties with fruit juice 

authentication [59]. 

 

Conclusion 

Plant-based food colourants are becoming more popular 

among consumers, however, they also face obstacles from 

the food sector when it comes to incorporating them into 

food products. Although plant-based colourants have the 

potential to replace synthetic colourants, they would require 

the optimization of processing conditions, research on 

alternative sources, and novel formulations to ensure 

stability in order to match their qualities. Despite the fact 

that natural food colourants have a significant advantage 

over synthetic pigments, their safety and overall impacts 

must be evaluated in order to definitively establish health 

benefits. 
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