
                  

   
  

e-ISSN : 2621-9468 
 

* Correspondence: Nahdah Rizqi Aulia              auliyanr24g@ms.unhas.ac.id  

 
ISSN 2621-9468 online, DOI 10.20956/hasas.v3i1.xxx 

 
 

Hasanuddin Advanced Studies in Agrocomplex Sciences (HASAS) Journal, 2025; 1(1): 13–23          OPEN ACCESS 

Hasanuddin Advanced Studies in Agrocomplex Sciences Journal is 

licensed under a Creative Commons Attribution 4.0 International 
License, which permits unrestricted use, distribution, and reproduction 

in any medium, provided the original work is properly cited.  

 

13 

Abstract 
Yogurt is a widely consumed fermented milk product valued for its 
nutritional content and health benefits, particularly its probiotic properties 
that support digestive health. In recent years, consumer demand for natural 
food colorants has increased significantly due to concerns regarding the 
potential toxicity of synthetic dyes. Clitoria ternatea L. flower extract 
contains stable and safe polyacylated anthocyanins that function as natural 
blue pigments and have been recognized by BPOM as colorants that do not 
require certification. In addition to providing an appealing color that is 
sensitive to pH, butterfly pea flowers contain bioactive compounds such as 
flavonoids, tannins, and polyphenols, which exhibit antioxidant, 
antimicrobial, and anti-inflammatory activities. Incorporating butterfly pea 
flower extract into yogurt prior to fermentation allows for uniform color 
distribution and results in relatively stable coloration during storage at 4°C. 
The extract also enhances the organoleptic qualities of yogurt by imparting 
a subtle floral aroma and contributing to a thicker texture preferred by 
consumers. Beyond its aesthetic contribution, the bioactive components of 
the extract offer additional functional benefits, including antioxidant activity 
and prebiotic potential that support digestive health and immune function. 
The use of butterfly pea flower extract as a natural colorant in yogurt 
represents an innovative approach that meets market demand for 
functional, natural, and safe food products with added health benefits. 
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1. Introduction 
Food colorants are commonly used additives in processed food products to enhance 

visual appeal. These colorants may be synthetic or natural. Although synthetic blue dyes 
such as Patent Blue (E131), Indigo Carmine (E132), and Brilliant Blue FCF (E133) are 
considered safe when consumed within the acceptable daily intake (ADI), some synthetic 
dyes may contain aromatic non-sulfonic amines that pose potential genotoxic and 
carcinogenic risks (1). As public awareness of the possible health hazards associated with 
synthetic colorants increases, the demand for natural food colorants has continued to rise. 
Consumers increasingly prefer natural and safer alternatives due to concerns regarding the 
toxicity and long-term health effects of synthetic chemicals (2). 

As food additives, natural colorants also provide various health benefits that make 
them a favorite choice in the food industry. For example, anthocyanins that extensively 
studied, not only produce attractive red to purple colors, but also have various biological 
activities. Research indicates that anthocyanins possess antidiabetic effects by lowering 
blood glucose levels, anti-obesity properties through the regulation of lipid metabolism, and 
antihypertensive activities that support cardiovascular health (3). In addition, anthocyanins 
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demonstrate antiproliferative properties that help inhibit cancer cell growth, as well as 
antimicrobial and anti-inflammatory effects that contribute to immune system support (4). 

The butterfly pea flower (Clitoria ternatea L.) is a rich source of polyacylated 
anthocyanins. The extract of its petals has been recognized by the Food and Drug 
Administration of Indonesia (BPOM) as a natural blue colorant exempt from certification 
(5,6), confirming its safety for use in food. The primary anthocyanins present in butterfly 
pea flowers are known as ternatins, exhibit greater stability than their non-acylated 
counterparts. This enhanced stability is attributed to acyl moieties that protect the 
anthocyanin structure from degradation. For instance, these compounds are stable at high 
temperatures (60–100°C) and during storage at low pH (pH 3–4) (7). Owing to their stability, 
anthocyanins from butterfly pea flowers are suitable for use as natural colorants for  
acidic food. A pertinent application is in yogurt, which typically has a pH of approximately 
4.5 ± 0.1 (8). 

Yogurt is a fermented dairy product valued for its nutritional content, health benefits, 
and appealing sensory characteristics. It is produced through fermentation of milk by 
bacterial cultures such as Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus 
thermophilus (9). These bacteria, often referred to as starter cultures, ferment lactose into 
lactic acid. These bacteria play a crucial role in regulating acidity, contributing to texture 
development, and generating characteristic flavors through the fermentation of glucose 
(10). Beyond its distinctive tangy taste, yogurt is a functional food, with its health benefits 
largely attributed to its probiotic content. These probiotics help maintain gut microbiota 
balance and alleviate digestive symptoms such as bloating, particularly for individuals with 
gastroenteritis (11). 

Research and reviews on butterfly pea flowers have been conducted extensively. 
However, a comprehensive review focusing specifically on its application as a colorant in 
yogurt is currently lacking. Existing reviews have primarily discussed the general use of 
butterfly pea flowers in food and medicine (12) or emphasized its bioactive properties, such 
as antibacterial and antioxidant activities (13–15). This review therefore aims to fill this gap 
by critically evaluating the use of butterfly pea flower extracts as a natural coloring agent in 
yogurt products. 

 
2. Materials and Methods 

The literature search was conducted using the electronic databases Google Scholar, 
Scopus, and PubMed. The search strategy employed a combination of keywords, including 
"butterfly pea flower anthocyanin," "natural butterfly pea flower dye," "natural blue dye," 
and "butterfly pea flower in yogurt." The inclusion criteria for the selected literature were as 
follows: (1) published in peer-reviewed journals as primary research articles or reviews; (2) 
available in full text; (3) written in English or Indonesian; and (4) directly relevant to the 
topic of butterfly pea flower as a colorant in yogurt. 

 

3. Results and Discussion  
3.1. Natural Colorants in the Food Industry 

Natural colorants are pigments derived from natural sources such as plants, animals, or 
minerals and are used to impart color to food products. According to the Regulation the Indonesian 
Food and Drug Authority (BPOM) Number 37 of 2013 concerning the Maximum Limits for the Use of 
Food Additives Colorants, natural colorants must meet stringent safety and certification standards to 
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ensure they pose no risks to consumer health. Natural colorants offer several advantages, including 
enhanced safety due to the absence of harmful or toxic chemical residues and also considered more 
environmentally friendly, as their production typically avoids complex synthetic processes. 
Furthermore, increasing consumer preference for “clean label” products and natural ingredients is 
increasingly driving the food industry to adopt natural colorants, which can enhance a product's 
market image and strengthen consumer trust (2). 

 
Table 1. Blue Colorant for Food   

Blue Colorant Category  Disadvantages  Ref. 

Patent Blue (E 131), Indigo 
Carmine (E 132), Brilliant Blue 
FCF (E 133) 

Synthetic 
Anaphylaxis and allergic skin reactions from 
high aromatic nonsulfonated amines 

(2) 

Fikosianin (phycocyanin) from 
spirulina 

Natural colorant Light and oxygen sensitivity (16) 

Red cabbage Natural colorant 
Decreased stability and color change at 
high pH (17) 

 
3.2. Butterfly Pea (Clitoria ternatea L.) 

Butterfly pea (Clitoria ternatea L.) is a climbing plant of the Fabaceae family 
originating from tropical Asia, native to tropical Asia, particularly Southeast Asia and the 
Maluku Islands of Indonesia. Its flowers are characterized by the vivid purple-blue coloration 
and butterfly-shaped petals (Figure 1). Botanical and agronomic studies indicate that 
butterfly pea flowers play diverse roles across various fields (18,19). Beyond its ornamental 
value and traditional use as a natural colorant in Southeast Asian cuisine, butterfly pea 
possesses significant medicinal potential due to its rich profile of bioactive compounds, 
including flavonoids, anthocyanins, and tannins.  These compounds are exhibit potential 
pharmacological properties such as antioxidant, anti-inflammatory, and antimicrobial 
activities (20). The antioxidant activity, in particular, plays a crucial role in protecting cells 
from free radical damage and can contribute to digestive and immune health upon regular 
consumption. Consequently, the incorporation of butterfly pea flower extracts into food 
products like yogurt not only provides a natural color but also enhances nutritional and 
functional value (21,22). 

 

 
Figure 1. Butterfly Pea (Clitoria ternatea L.) (23) 

 
Butterfly pea flower is widely recognized as a natural dye and is commonly used as an 

alternative to synthetic colorants in food products, including yogurt (8,24). The coloring 
properties are derived from anthocyanins, which are water-soluble pigments. Anthocyanins 
are highly sensitive to pH changes, resulting in color variations from dark blue under 
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neutral-alkaline conditions to purple or pink in acidic environments (25). This color flexibility 
is particularly advantageous in fermented products like yogurt, as the final hue can be 
tailored through product formulation to meet consumer preferences. The application of 
butterfly pea flowers as a food ingredient is further supported by studies demonstrating the 
stability and safety of its extracts (26). Studies indicate that its anthocyanins remain 
relatively stable under various storage conditions and processing parameters, such as 
temperature and pH fluctuations (26–28). Consequently, butterfly pea flowers not only 
aligns with current consumer trends toward natural and healthy foods but also serves to 
enhance the sensory appeal and overall quality of final products(7,29). 

 
3.3. Bioactive Compound of Butterfly Pea Flower 
3.3.1. Anthocyanins 

Anthocyanins, the primary pigments in butterfly pea flowers are responsible for  
the vivid blue to purple coloration. These pigments are water-soluble and highly sensitive to 
pH changes, causing significant color shifts depending on the acidity of the medium (28,30). 
Neutral or alkaline conditions (pH≥ 7) make anthocyanins exhibit a blue hue, whereas in 
acidic conditions (low pH), the color shifts to pink or red (19). This color transition caused by 
structural changes in the anthocyanin molecule, specifically shifts in its ionic form, which are 
influenced by the hydrogen ions concentration (8). Anthocyanins also possess  
strong antioxidant activity, which helps protect cells from oxidative damage caused by free 
radicals (31). 

Anthocyanins not only function as natural coloring pigments but also serve as 
significant antioxidant compounds that neutralize free radicals within the body (32). The 
antioxidant activity of anthocyanins is particularly important because free radicals can 
induce cellular and tissue damage through oxidative stress. Oxidative stress has been linked 
to various degenerative diseases, including cancer, cardiovascular disorders, and premature 
aging (33). Consequently, the anthocyanin content substantially enhances the health-
promoting potential of butterfly pea flower extract as a functional ingredient (34). 

Research indicates that butterfly pea flower extract exhibits significant antioxidant 
activity, as quantified by established spectrophotometric assays including DPPH (1,1-
diphenyl-2-picrylhydrazyl) and FRAP (Ferric Reducing Antioxidant Power). In the DPPH assay, 
butterfly pea flower extract inhibit 42.2% of free radicals, indicating considerable 
antioxidant activity (35). Another study employing the maceration extraction, anthocyanin 
content was measured between 53.02% and 56.62%, contribute substantially to its free 
radical scavenging activity (36). Furthermore, the IC₅₀ value of butterfly pea flower extract is 
notably low, ranging from 40 and 50 µg/mL, indicating very strong antioxidant potential 
(37). 

 
3.3.2. Flavonoids, Tannins, and Other Bioactive Compounds 

Flavonoids and tannins are important groups of bioactive compounds that contribute 
to the health benefits of yogurt enriched with butterfly pea flower extract. Flavonoids are 
polyphenolic compounds known for antioxidant, antimicrobial, and anti-inflammatory 
activities (38). Specifically, flavonoids from butterfly pea flowers have been shown to inhibit 
cyclooxygenase (COX) and lipoxygenase (LOX) enzymes, key mediators of the inflammatory 
process, which may help reduce swelling and inflammation (27). Various studies further 
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indicate that flavonoids can modulate immune function and play a role in preventing 
chronic diseases such as cancer and diabetes (39). 
 

Table 2. Bioactive Compounds in Clitoria ternatea L. Flower 

Chemical Compound Ref.  

Flavonoid  (15,19,40,41) 

Antosianin  (19,25,40,42,43) 

Flavonol glikosida  (19,40,42) 

Kaempferol glikosida  (40) 

Quersetin glikosida  (40) 

Mirisetin glikosida  (40) 

Tannin  (41) 

Flobatanin  (27) 

Karbohidrat  (27) 

Saponin  (15,27,41) 

Glikosida   (27) 

Triterpenoid  (27) 

Fenolmfavanoid  (27) 

Protein  (27) 

Alkaloid  (41) 

Steroid  (27) 

Antrakuinon  (41) 

Asam palmitat  (27) 

Stearat  (27) 

Oleat lonoleat  (27) 

Linolenat  (27) 

 
Tannins are another class of polyphenolic compounds, function as antimicrobial 

agents by binding to microbial proteins and disrupting cell membranes. These compounds 
can damage bacterial cell membranes and inhibit peptidoglycan synthesis leading to 
bacterial cell death (18). The antimicrobial activity of tannins has been shown to be effective 
against several pathogenic bacteria, including Staphylococcus aureus, Pseudomonas 
aeruginosa, and Bacillus cereus. In addition, tannins also exert protective antioxidant effects 
by preventing lipid peroxidation in tissues (44). 

Several other bioactive components in butterfly pea flowers, including saponins, 
steroids, and alkaloids (Table 2). Saponins disrupt microbial cell membranes by reducing 
surface tension and increasing permeability, thereby inducing the leakage of essential 
cellular components (45). Alkaloids, on the other hand, are capable of damaging cell walls 
and disrupting critical metabolic processes in bacteria (27). The synergistic interaction 
among flavonoids, tannins, anthocyanins, and these additional compounds in butterfly pea 
flower extract provides stronger and more stable protection while also enhancing the 
sensory profile of yogurt. These bioactive compounds support the use of butterfly pea 
flower as a multifunctional additive that not only imparts color but also contributes health 
benefits and extends the shelf life of yogurt (37).  
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3.4. Butterfly Pea as Yogurt Colorant 
The drying process of butterfly pea flowers is a crucial step that determines the 

quality of raw materials for downstream applications, including natural colorants and 
functional ingredients. Due to the daily blooming cycle and short harvest window, effective 
and rapid drying is essential to preserve their chemical and bioactive properties (46). During 
the rainy season, flower production increases substantially, making optimal post-harvest 
handling is necessary to prevent the reduces of flower yield. However, sun drying poses the 
risk of degrading anthocyanins and other bioactive compounds due to excessive heat and 
UV radiation exposure. Meanwhile, air-drying at ambient temperature is often ineffective, 
as incomplete drying can promote fungal growth and lead to spoilage and quality loss (47). 

Drying with a temperature-controlled oven represents an important innovation for 
preserving the quality of the butterfly pea flowers. This oven employ a hybrid energy 
system, combining electricity and solar power makes the process both environmentally 
sustainable and cost-effective (48). The drying temperature maintained below 50°C to 
preserve the natural color and preventing the degradation bioactive compounds. Research 
indicates that the interaction between drying temperature and duration significantly affects 
moisture content, total soluble solids, total phenols, flavonoids, anthocyanins, and 
antioxidant activity. Controlled-temperature drying oven enables optimal and rapid drying, 
thereby preparing the flowers efficiently for subsequent processing or stable storage (47). 

 Butterfly pea flower extract can be incorporated into yogurt either by adding it to 
the milk base prior to fermentation or by blending it directly into the finished product. This 
procedure is relatively simple and practical, ensuring uniform color distribution when the 
extract is thoroughly mixed (49). Several studies recommend adding the extract prior to 
fermentation to achieve more stable and homogeneous color integration, while also 
optimizing interactions with the bacterial starter cultures. The anthocyanins impart an 
aesthetically pleasing and vibrant blue hue, which enhances visual appeal of yogurt (50). 

Anthocyanins are highly sensitive to pH and temperature fluctuations during the 
storage of food products such as yogurt. These pigments exhibit a blue color at neutral or 
alkaline condition but when the pH decreases to acidic conditions, the color shift to purple 
or pink. This color transition results from structural changes in the anthocyanin molecules, 
which are influenced by the hydrogen ion concentration in the medium (48). Therefore, 
yogurt formulations must be carefully designed to maintain color stability. It is crucial to 
control the pH within a neutral to slightly acidic range control during fermentation to 
preserve the desired color. In addition, stabilizers such as polysaccharides (e.g., xanthan 
gum, guar gum) or milk proteins can reducing pigment degradation caused by physical and 
chemical factors to maintain the yogurt gel structure and prolong color stability (19). 
Temperature regulation during storage also plays an important role in minimizing color 
degradation. Elevated temperatures accelerate oxidation and anthocyanin degradation, 
leading to undesirable color shifts and a decline in product quality. Therefore, low-
temperature storage approximately 4°C is recommended to preserve both the color stability 
and sensory properties of yogurt enriched with butterfly pea flower extract (51).  

Butterfly pea flower extract also affects the overall organoleptic profile of yogurt. It 
contributes a subtle, natural floral aroma that enhances the product's sensory appeal. 
However, high concentrations of the extract can cause a bitter taste due to the flavonoids 
and tannins content (47). Optimal concentration of the extract from 0.1% to 0.5% is 
recommended to balance color intensity with favorable taste and texture.  Furthermore, the 



 
 
 

 Hasanuddin Advanced Studies in Agrocomplex Sciences (HASAS) Journal, 2025; 1 (1): 13–23 

 

19 

phenolic compounds in the extract interact with milk proteins, slightly increasing the 
viscosity of yogurt, which is generally accepted as a beneficial change in texture (52). 

Functionally, butterfly pea flower extract is rich in anthocyanins and polyphenols 
which help protect the body from oxidative stress, a condition associated with aging and 
various chronic diseases (33). Antioxidant activity can also extend product shelf life by 
inhibiting the oxidation of food components. Moreover, the extract exhibits prebiotic 
potential, promoting the growth of beneficial gut microbiota, which in turn supports 
digestive health and enhances immune function. The combination of safe, natural 
coloration with these nutritional and functional advantages makes yogurt enriched with 
butterfly pea flower extract a highly appealing product for health-conscious consumers who 
prioritize natural ingredients (53). 

 

4. Conclusions 
Research has demonstrated a range of health benefits of butterfly pea flower (Clitoria 

ternatea L.), attributable to its diverse hydrophilic and lipophilic bioactive compounds. 
Scientific studies highlight its potential as a functional food and nutraceutical ingredient due 
to advantages such as ease of cultivation, extract stability, and favorable sensory properties. 
To facilitate its broader commercial adoption, further research is required, including the 
precise identification of individual bioactive roles, investigation of synergistic interactions 
with other ingredients, and validation through well-designed clinical trials. Based on the 
current research landscape, the development of beverages from butterfly pea flower aimed 
at blood glucose management represents a promising and immediate opportunity for wider 
commercialization. 
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