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Abstract

% Editor Flowers of Clitoria ternatea, commonly known as butterfly pea, have a large amount of

Ignacio Vieitez™> phenolic compounds able to prevent oxidation, in addition to having an intense blue

/\%Ir\;/gjg:g dgrfgﬁs}’j“bl’ca’ color, which make it a food coloring source. This work aimed to microencapsulate the

’ aqueous extract of the butterfly pea flower by spray drying using different proportions of

maltodextrin and gum arabic as carrier agents. The hygroscopicity, water activity, con-

Received 25 Oct 2024 centration of polyphenols and anthocyanins, average size and antioxidant activity were

’:ﬁﬁﬁg:‘ee% 1024“1’:’35723535 determined in the powders obtained, named as colorants. The powders obtained were

blue in color with varying intensities and the product with 100% maltodextrin showed

lower hygroscopicity, higher concentration of polyphenols and smaller average diameter.

The results suggest that gum arabic did not contribute to increasing the concentration of

£9 Correspondence polyphenols, making it more viable to use only maltodextrin as a carrier agent in drying

Marianne Ayumi Shirai the extract due to its greater availability. Thus, the powders obtained have potential for
marianneshirai@utfor.edu.br  industrial use such as coloring and the enrichment of foods and beverages.
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Colorante natural en polvo de flores de Clitoria ternatea: propiedades
fisicoquimicas y bioactivas

Resumen

Las flores de Clitoria ternatea, popularmente conocidas como guisante mariposa, tienen gran cantidad de compuestos
fendlicos, capaces de evitar la oxidacién, ademas de un color azul intenso que las convierte en fuente de colorante
alimentario. El objetivo de este estudio fue microencapsular el extracto acuoso de flor de guisante mariposa por atomi-
zacién utilizando diferentes proporciones de maltodextrina y goma arabiga como agentes carreadores. Se determiné la
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higroscopicidad, la actividad acuosa, la concentracién de polifenoles y antocianinas, el tamafio medio y la actividad
antioxidante en los polvos obtenidos, denominados colorantes. Los polvos obtenidos mostraron color azul a intensida-
des variables y el producto con maltodextrina al 100% tuvo menor higroscopicidad, mayor concentracién de polifenoles
y menor diametro promedio. Los resultados sugieren que la goma arabiga no contribuy6 al aumento de la concentracion
de polifenoles, por lo que el uso de la maltodextrina como agente carreador exclusivo en el secado del extracto es mas
factible debido a su mayor disponibilidad. Asi, los polvos obtenidos tienen potencial para uso industrial como colorantes
y en el enriquecimiento de alimentos y bebidas.

Palabras clave: antioxidante, antocianina, guisante mariposa, atomizacién

Corante natural em po6 de flores de Clitoria ternatea: propriedades
fisico-quimicas e bioativas

Resumo

As flores de Clitoria ternatea, popularmente conhecida como ervilha borboleta, possuem grande quantidade de compos-
tos fendlicos, capazes de prevenir a oxidagdo, além de apresentarem coloragdo azul intensa, o que as torna uma fonte
de corante alimenticio. Este trabalho teve como objetivo microencapsular o extrato aquoso da flor da ervilha-borboleta
por atomizacao utilizando diferentes proporgdes de maltodextrina e goma arabica como agentes carreadores. A higros-
copicidade, atividade de &gua, concentracdo de polifenéis, antocianinas, tamanho médio e atividade antioxidante foram
determinados nos pos obtidos, denominados corantes. Os pos obtidos apresentaram cor azul em intensidades variaveis
e 0 produto com 100% de maltodextrina apresentou menor higroscopicidade, maior concentragéo de polifendis e menor
didmetro médio. Os resultados sugerem que a goma arabica n&o contribuiu para o aumento da concentragéo de polife-
ndis, tornando mais viavel o uso da maltodextrina como exclusivo agente carreador na secagem do extrato devido a
maior disponibilidade. Assim, os p6s obtidos tém potencial para uso industrial como corantes e no enriquecimento de
alimentos e bebidas.

Palavras-chave: antocianina, antioxidante, ervilha borboleta, atomizagao

1. Introduction

Food color is associated with the appearance, flavor and nutritional value of the product. In the food industry,
synthetic dyes are the most used due to their high stability and low cost. However, in recent years, consumers
have changed their lifestyle, avoiding the consumption of foods with excessive synthetic dyes and preferring
foods that do not have added dyes or those that contain natural dyes(1(23). Additionally, some synthetic dyes
are associated with allergic reactions in humans and the dyes tartrazine, quinoline yellow, twilight yellow, car-
moisine, ponceau 4R and allura red AC are linked to increased hyperactive behavior in children®). Thus, natu-
ral dyes can provide technological and bioactive functionalities to the foods in which they are applied, provid-
ing additional properties and added value®).

The use of natural dyes is a challenge because they are generally less stable, more expensive, require a
higher concentration of material to achieve a color intensity equivalent to the synthetic dye and have a limited
range of shades®). Therefore, research into different sources of natural pigments, as well as the study of their
stability under different conditions, is necessary to expand their application in different processed foods. Clito-
ria ternatea flower, commonly known as butterfly pea or butterfly bean, is a source of natural pigments due to
the blue color associated to the presence of polyacylated anthocyanins such as ternatins and delphinidins ©).
The butterfly pea flower is used to prepare teas and as a natural coloring in foods and drinks. In vitro and in
vivo studies evaluated the health effects of the flower("(®), and stated that these represent an interesting
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source of anthocyanins and other flavonoids, which may have nutraceutical values, mainly as antioxidants,
antimicrobials, anti-inflammatory and antidiabetic agents®(10)(11),

Anthocyanins are extremely unstable and easily degraded by factors such as pH, light, temperature, enzymes,
oxygen, metal ions, among others(12). Thus, microencapsulation emerges as a technique to improve the stabil-
ity of natural dyes during processing and storage and is a technique for incorporating extracts into polymeric
matrices('3(14), Considering the various encapsulation techniques, spray drying is one of the most common
methods applied by the food industry to transform liquid products into powders('5). It is a simple, fast, easily
scalable and reproducible technology that allows adequate drying conditions for heat-sensitive compounds,
due to the short period of exposure to high temperatures('®). The conversion of butterfly pea flower liquid ex-
tract into powdered natural dye is convenient, resulting in a ready-to-use product that is easy to handle and
has a longer shelf life(17).

Fuzetti and others('® encapsulated butterfly pea extract by spray drying using maltodextrin, cassava starch
and gelatin; Rashid and others('%) encapsulated the flower anthocyanins by the same technology using malto-
dextrin. However, no studies were found using gum arabic associated with maltodextrin and evaluating the
antioxidant activity of the powders obtained. Due to the significant concentration of bioactive compounds and
the coloring potential of butterfly pea flower extract, the present study aimed to produce and characterize pow-
dered coloring from the flower extract by spray drying technique using different proportions of maltodextrin and
gum arabic as carrier agents.

2. Materials and Methods
2.1 Materials

To prepare the extract, butterfly pea flowers were used, planted and harvested on a rural property located in
Nova América da Colina city, in Parand, Brazil. The flowers were harvested and kept at room temperature for
48 hours and then dried in oven with forced air circulation at 50 °C for 3 hours. Maltodextrin (Morrex 1920,
Cargill) and gum arabic (Instantigum BA, Nexira) were used as carrier agents.

2.2 Extraction of Butterfly Pea Flower Dye

To extract the dye, the dried and crushed flower was mixed with distilled water in a ratio of 1:20 (w:v) and kept
stirring at 40 °C for 30 minutes, according to conditions optimized in previous work(20),

2.3 Production of Powdered Dye by Spray Dryer

A total of 5 formulations were prepared in which 20% (m/v) of carrier agent was solubilized in the aqueous
extract previously obtained. Different proportions of maltodextrin and gum arabic were evaluated as follows:
M100 (100% maltodextrin), M75G25 (75% maltodextrin and 25% gum arabic), M50G50 (50% maltodextrin and
50% gum arabic), M25G75 (25% maltodextrin and 75% gum arabic) and G100 (100% gum arabic). The solu-
tion was stirred using an Ultraturrax (IKA, model T18, Germany) at 12,000 rpm for 3 minutes. Then, the solu-
tions were dried in a Spray Dryer (LabMag, model MSD 1.0, Brazil), with a double fluid nozzle, with the follow-
ing specifications: nozzle diameter 0.7 mm; inlet temperature 130 °C; feeding 0.4 L/h; air flow 1.65 m*min,
and compressed air pressure 6 bar. The drying condition was determined by preliminary tests. The powders
obtained were stored in airtight bottles at room temperature for subsequent characterization.
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2.4 Physicochemical Characterization of Powder Dyes

The color of the dyes was measured with a colorimeter (Konica Minolta, Japan), according to the CIELAB sys-
tem (L*, a* and b*), using D65 illuminant and 10° observer. Chroma (C*) and hue angle (h) were determined.
Hygroscopicity was determined by weighing 1 g of the powder in a crucible and kept in a desiccator containing
saturated NaCl solution (75% relative humidity) for one week at 25 °C(21). The samples were weighed and the
hygroscopicity (%) was calculated as the percentage of moisture absorbed by the powder. Water activity was
measured on a water activity meter (Aqualab, Meter 4TE) at 25 °C. Humidity was determined by gravimetric
method(22). The average diameter of the microparticles was determined by dynamic light scattering (Litesizer
500, Anton Paar, Austria) using absolute ethanol as dispersing medium.

2.5 Concentration of Total Phenolic Compounds

The concentration of total phenolic compounds was determined by the Folin-Ciocalteu method(23). The pow-
ders were solubilized in distilled water and for the reaction 200 pl of diluted sample, 1000 pl of Folin's solution
(10%, v/v) and 800 ul of sodium carbonate solution (7.5%, wiv) were mixed in test tubes. This mixture was
stirred in vortex and allowed to rest for 30 min. Afterwards, absorbance was measured in a UV-vis spectropho-
tometer (Kasuaki, IL-593-BI) at 750 nm. The white was prepared using distilled water. A standard curve of
gallic acid was used to calculate the results, being expressed in mg EAG/g sample.

2.6 Total Anthocyanin Concentration

The determination of the total anthocyanin content was made using the pH difference methodology(@4. The
dye powder was diluted in water and then a 0.5 mL aliquot was mixed with 0.025 M potassium chloride buffer
solution (pH 1.0) and another 0.5 mL aliquot was mixed with 0.4 M sodium acetate buffer solution (pH 4.5).
After 30 minutes of incubation, the absorbances of the samples of the two buffers at wavelengths 520 and
700 nm were read in a UV-Vis spectrophotometer (Kasuaki, IL-593-Bl). The difference in absorbance between
pH values and wavelengths was calculated as follows:

A =(A520 nm — A700nm) pH 1.0 - (A520 nm — A700nm) pH 4.5

The total monomeric anthocyanin content (TMAC) was calculated by Equation (1) and the results were ex-
pressed as milligram of cyanidin-3-glycoside per gram sample.

AX MW x DF x 1000 (Equation 1)
exl

TMAC =

Where MW is molecular weight (449.2 g/mol for cyanidin-3-glucoside), DF is dilution factor, € is molar coeffi-
cient (26,900 L/mol/cm for cyanidin-3-glucoside), and | is path length (1 cm).

2.7 Antioxidant Activity

The antioxidant capacity of the powder dyes was determined by three methods described below. The antioxi-
dant capacity by the iron reduction method (FRAP) was determined according to Benzie and Strain?). The
FRAP reagent was obtained from the mixture of TPTZ solution (2,4,6 tris (2-pyridyl) — triazine) 10 mM in 0.3 M
acetate buffer (pH 3.6), 40 mM HCI solution and 20 mM ferric chloride aqueous solution (10:1:1, v/iviv). The
antioxidant capacity by the capture of the free radical DPPH was according to Mensor and others(26), with mod-
ifications. The 3900 WL volume of a 0.06 mM DPPH solution was mixed with 1000 uL of the dye diluted in wa-
ter and incubated for 30 min at room temperature, and the absorbance reading was taken at 515 nm in a UV-
Vis spectrophotometer. For the ABTS radical capture method, a 30 L aliquot of the dye diluted in water was
mixed with 3.0 mL of the ABTS*+ radical and, after 6 minutes of incubation, the reading was performed at
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734 nm in a UV-Vis spectrophotometer(?’). For all methods, a standard trolox curve was constructed to ex-
press the results (Eq Trolox/g sample).

2.8 Appearance of the Dyes at Different pH

The dissolution of the powdered M100 sample was performed at different pH values in the range of 1 to 14,
adjusted using HCI and NaOH solutions.

2.9 Statistical Analysis

All the analyses were performed in triplicate. The results were submitted to analysis of variance (ANOVA) and
the differences between the means were identified by Tukey's test (p <0.05), using the Statistica® 12.0 pro-
gram (Statsoft, USA).

3. Results

3.1 Physicochemical Characterization of Powdered Dyes

The powder dyes obtained from butterfly bean flower extract showed an intense blue color, and the intensity of
the color depended on the proportion of maltodextrin and gum arabic in the formulation, as shown in Figure 1.

N N

Figure 1. Images of butterfly pea flower powder dyes obtained by spray drying. A) 100% maltodextrin, B) 75% maltodextrin and
25% gum arabic, C) 50% maltodextrin and 50% gum arabic, D) 25% maltodextrin and 75% gum arabic, and E) 100% gum arabic

The analyzed instrumental color parameters in terms of L*, a*, b*, hue angle, and chroma values of the butter-
fly pea flower dyes are given in Table 1, and confirmed that the different proportions of maltodextrin and gum
arabic interfered significantly (p < 0.05) in the color of the powder obtained by spray dryer.

Table 1. Instrumental color of butterfly pea flower powder dye

Sample L* a* b* Hue angle (°) Chroma
M100 52.29 £ 0.702 10.98 £ 0.27¢ -20.46 £ 0.292 298.22 £0.16 23.22 +0.440
M75G25  53.16 £ 1.312P 10.52 £0.73>¢  -19.74 + 1.052° 298.06 £ 0.19 22.37 £ 1.4825
M50G50 52.09 +0.192 10.80 £ 0.14¢ -20.42 +0.092 297.87 £0.19 23.10 £ 0.16°
M25G75  54.41 +2.092b 9.42 + 0.662° -18.81 + 0.8020 296.58 + 0.40 21.04 +1.182b
G100 56.53 + 1.46° 8.61+0.232 -18.14 £ 0.192 295.38 + 0.34 20.08 + 0.302

abc Means followed by different letters in the column show a significant difference according to Tukey's test (p < 0.05). M100 (100%
maltodextrin), M75G25 (75% maltodextrin and 25% gum arabic), M50G50 (50% maltodextrin and 50% gum arabic), M25G75 (25%
maltodextrin and 75% gum arabic) and G100 (100% gum arabic).
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Table 2 presents the results of the physicochemical properties of the butterfly pea flower powder dye.

Table 2. Physicochemical properties of butterfly pea flower powder dye

Parameters M100 M75G25 M50G50 M25G75 G100
Moisture (%)* 6,79 £ 1,73 6,76 £ 0,35 7,86 + 0,49 7,21+0,18 7,51+0,79
Aw 0,194 +0,0012 0,233 +0,0012> 0,242 + 0,0442> 0,263 +0,028> 0,212 + 0,0042°
Density (g/mL) 0,589 +0,02¢ 0,563 + 0,05 0,481 + 0,000 0,546 + 0,07¢ 0,469 + 0,012
Hygroscopicity (%) 17,0 £ 0,22 18,2+0,2° 18,9 £ 0,4¢ 19,7 £ 0,14 20,8 +0,1¢

Mean size (nm) 12110 £ 5,672 127,03+9,622 168,84 + 28,48° 199,14 £45,94> 196,53 + 34,44°

*There was no significant difference (p > 0.05) by Tukey's test. Means followed by different letters in the line show a significant dif-
ference according to Tukey's test (p < 0.05). M100 (100% maltodextrin), M75G25 (75% maltodextrin and 25% gum arabic), M50G50
(50% maltodextrin and 50% gum arabic), M25G75 (25% maltodextrin and 75% gum arabic) and G100 (100% gum arabic)

3.2 Phenolic Compounds, Total Anthocyanins and Antioxidant Activity

The results of phenolics compounds, anthocyanin content and antioxidant properties are given in Figure 2.
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Figure 2. Phenolic compounds, anthocyanin and antioxidant properties of butterfly pea flower powder dye. M100 (100%
maltodextrin), M75G25 (75% maltodextrin and 25% gum arabic), M50G50 (50% maltodextrin and 50% gum arabic),
M25G75 (25% maltodextrin and 75% gum arabic) and G100 (100% gum arabic)

3.3 Appearance of the Dye at Different pH

The M100 sample was reconstituted at different pH and it was noted that the color varied from pink to yellow
between pH 1 and 14, respectively (Figure 3). The color and stability of anthocyanins are strongly influenced
by the pH of the medium, and it is relevant to study the colorimetric performance of plant extracts rich in this
compound.
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Figure 3. Color of the reconstituted powder in different pH

4. Discussion

4.1 Physicochemical Characterization of Powder Dyes

The powders with higher proportions of maltodextrin were darker (lower L value), with higher saturation (higher
chroma value) and higher b* values than the formulations with higher proportion of gum arabic (Table 1). It is
possible that the slightly yellowish color of gum arabic interfered with the final coloration of the powder dyes,
reducing the blue hue. For the hue angle, the reference is that 0° or 360° indicate red, 90° yellow, 180° green
and 270° blue(?8), and the difference between the samples was small, with mean values of 297°, which is in
the quadrant between dark blue and violet.

The moisture of the powder dyes did not show significant difference (p > 0.05), as shown in Table 2. The wa-
ter activity (Aw) of the powders ranged from 0.194 to 0.263, and the values obtained were close to that report-
ed by Fuzetti and others('® in microparticles of butterfly bean flower extract obtained by spray dryer. The de-
crease in the maltodextrin proportion increased significantly (p < 0.05) the Aw, making the sample more hy-
groscopic as observed in the hygroscopicity results. However, the Aw values obtained are within the recom-
mended limit (<0.3) to ensure the stability of the powders(2). The moisture values of the powders were higher
than those reported by Fuzetti and others('®), and may be associated with the higher drying temperature
(140 °C) employed by these authors. According to the mechanism of drying, a higher inlet air temperature
produced a greater driving force in the water evaporation and resulted in a powder with lower moisture content
and Aw. The density of the powders ranged from 0.469 to 0.589 g/mL, with the lowest values found in the
samples with the highest proportion of gum arabic. Powder with a low bulk density had a greater chance of
oxidative degradation and shortened storage stability. Thus, considering the density results obtained, the dry
dye with gum arabic may present lower stability in storage, due to the greater amount of occluded air in the
powders(21),

The hygroscopicity increased with the increase in the concentration of gum arabic in the formulations. It is
expected that the particles present low hygroscopicity, because the moisture gain can lead to changes in the
flow properties of the microparticles, in addition to changes in particles powder appearance and color. High
hygroscopicity can also lead to greater degradation of the encapsulated material?'). The hygroscopicity of
spray-dried amaranthus betacyanin pigments (44 to 49%)@") and spray-dried strawberry juice (29.07 to
35.98%) 39 were much higher than in this study. Maltodextrin was efficient in reducing hygroscopicity, possibly
due to better interaction with the phenolic compounds in butterfly pea flower extract.

The mean size of the analyzed dye microparticles ranged from 121.10 to 199.14 nm, with the lowest values
observed for M100 and M75G25. The use of maltodextrin as a carrier agent allowed the obtaining of micropar-
ticles with smaller size, correlating with the results of apparent density. It is possible that maltodextrin produc-
es less viscous solutions, favoring the process of atomizing smaller particles in the drying process. In addition,
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the process yield can decrease due to the increase in the viscosity of the mixture, resulting in great adhesion
of solids to the dryer wall®"). Fuzzeti and others('® obtained higher yield in the production of dye powder using
only maltodextrin (80.63%), as it is considered the most effective carrier agent in the drying of hydrophilic
compounds(32)@3),

4.2 Phenolic Compounds, Total Anthocyanins and Antioxidant Activity

The phenolic and anthocyanins contents of the aqueous solution of the butterfly pea flower were
23.8 £ 2.9 mg EGA/g sample and 0.51 £ 0.22 mgl/L, respectively. After drying, high concentrations of phenolic
compounds (Figure 2) were obtained (240.5 to 319.2 mg EGA/g powder), with the highest value observed for
M100. The results suggest that the spray drying process concentrated the phenolic compounds, especially
anthocyanins. Higher anthocyanin values were observed in relation to the study by Fuzetti and others(8), who
obtained average values of 38 mg/L in powder dye using maltodextrin, cassava starch, and gelatin as carrier
agents. Ferulic acid, gallic acid, rutin, tannic acid and derivatives of kaempferol and quercetin are the main
phenolic compounds found in butterfly pea with antioxidant activity(17)34),

The antioxidant activity evaluated by the ABTS, DPPH and FRAP methods indicated that all samples showed
antioxidant activity, and no significant difference was observed between the samples, correlating with the re-
sults of total anthocyanins. The values between the methods were different due to the different reaction mech-
anisms that are involved in each method. The FRAP assay is characterized by the ability to transfer electrons,
which results in the reduction of iron ions in the presence of antioxidant compounds. In the case of the ABTS
and DPPH assays, when the dark green ABTS and purple DPPH radicals come into contact with an antioxi-
dant, the radical is reduced, promoting the loss of the color of the reaction medium(5),

Literature states that anthocyanins extracted from plants have antioxidant properties that contribute significant-
ly to the health and therapeutic effects. Anthocyanin’s glycosylated B-ring structure contributes to its high anti-
oxidant activity, while orthohydroxylation and methoxylation significantly increase antioxidant activity@6). Anti-
oxidants that scavenge free radicals include anthocyanin chalcones and quinoidal bases with a double bond
conjugated to the keto group(®”). In addition to the coloring potential, the powders obtained can be used in the
fortification of foods and beverages, in addition to acting as antioxidants in fatty foods to reduce lipid oxidation.

4.3 Appearance of the Dye at Different pH

As shown in Figure 3, the color at pH 1 to 2 was pink, and the cation flavilium was considered the predomi-
nant structure in this condition. With pH 3 to 5, the red flavylic cation and the two tautomers of the neutral blue
quinonoid species in equilibrium produce the violet color in the butterfly pea extract. At the pH range from 5 to
7 the extract contains predominantly blue neutral quinonoid species, and at pH 7 and 8 the color of the extract
changes from blue to green. This is attributed to the presence of neutral quinoidal bases and anionic quinoidal
bases in equilibrium. Between pH 10 and 12, plant extracts rich in anthocyanins change color to yellow due to
degradation of the quinoidal bases for ionic chalcones(38)(39),

5. Conclusions

The phenolic compounds of the flowers of Clitoria ternatea were present even after drying by spray dryer,
which indicates the possibility of using this product as a natural antioxidant for food, in addition to acting as a
natural colorant due to the amount of anthocyanins that gives the intense blue coloration. Regarding the carri-
er agents used, maltodextrin showed better performance, being advantageous due to the higher availability,
lower cost and being a safe product for consumption.
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