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Abstract

Indonesia is one of country where black rice is abundantly cultivated. Black rice anthocyanin
compounds have been confirmed to have various health benefits, and their use as a functional food is
increasing after anthocyanin compounds are produced into microcapsules. This study aimed to determine
the best coating material in black rice anthocyanin microcapsule production using spray drying with a
mono-factor design. The coating materials used consisted of maltodextrin (MD), Arabic gum (AG) and
skim milk powder (SMP). The results showed that microcapsules based on MDA and AG were not perfectly
spherical, the outside was wrinkled with a smooth surface, while the microcapsules based on SMP were
perfectly spherical with a slightly rough surface. All microcapsules had functional components such as
anthocyanins (49.46 - 98.02 mg/100 g), total phenolic (63.51 - 95.83 mg GAE/100 g) and antioxidant
activity (25.36 - 43.88 % RSA), which were quite good. The low water content (3.17 - 3.27 %) and a,, (0.28
- 0.31) caused the microcapsules to be slightly hygroscopic (18.75 - 21.01 %), with high solubility (87.86
- 96.42 %). The average size of microcapsules was 22.009 - 48.710 mm, where the best flow properties
were obtained from SMP-based microcapsules. Microcapsules have a low pH (2.52 - 2.87), with the
characteristic color of black rice still preserved (red-violet) due to good stability during drying. In
conclusion, SMP is highly recommended as a coating material for black rice anthocyanin microcapsules
using the spray drying method.

Keywords: Anthocyanin-rich extract, Black rice, Characterization, Microcapsules, Spray dryer, Wall
material

Introduction

Black rice is one of the pigmented rice cultivars that thrive in many countries in Asia. Indonesia (6.2
%) is the third-largest after China (62.0 %) and Sri Lanka (8.6 %) in terms of black rice cultivation [1].
Anthocyanins are the main pigments responsible for the black color of rice [2]. Cyanidin-3-glucoside (88 -
92.5 %) and peonidin-3-glucoside (+ 7.5 %) are the largest anthocyanin compounds in black rice [3-5].
Cyanidin-3-rutinoside, cyanidin 3,5-glucoside, malvidin-3-glucoside and peonidin-3-glucoside compounds
were also identified in some black rice cultivars in minor concentrations [6-8]. Cyanidin-3-glucoside has
been confirmed to have strong antioxidant activity [9].

Black rice may be utilized as a functional food because of its anthocyanins, which have been shown
to have several health advantages, including the ability to inhibit the development of cancer cells, lower
diabetes and obesity, and have an anti-inflammatory impact [1]. However, anthocyanins are unstable and
can be easily broken down by various processing and storage conditions, including light, oxygen, pH and
temperature [10]. This can be enhanced by the encapsulation method, which creates microcapsules with
greater durability and properties by shielding the anthocyanins as the core material with a coating material
[11].

Spray drying is the most effective and applicable encapsulation technique to maintain the stability of
anthocyanins from thermal degradation. This is based on the short duration of heat contact received in the
drying chamber [12]. Besides having high efficiency, the spray drying technique is also possible to be
applied on an industrial scale sustainably [13,14]. Several important factors must be considered in spray
dryings, such as inlet and outlet temperatures, as well as the kind and concentration of the coating material
[15-17]. Various types of natural biopolymers have been used as coating materials for anthocyanin extracts
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from jussara, jaboticaba and blueberries [18]. Maltodextrin (19.56 %), gum (15.22 %) and milk protein
(13.04 %) were the most used coating materials in the encapsulation of anthocyanin extracts [12].

MD is a hydrolyzed starch with many advantages, including good film-forming ability, low viscosity
and high solubility in water, which has been applied to pomegranate anthocyanin extract [16]. AG has
emulsifying and film-forming properties, generally used to conquer hygroscopicity problems and protect
sensitive components from oxidation by the encapsulation process [19], this is because AG can increase
the thermal stability of anthocyanins after encapsulation by spray drying [20]. SMP provides excellent
encapsulation results with its non-sticky, applicable, and has been reported to be very effective in the
encapsulation process of black soybean Cyanidin-3-glucoside compounds [21].

Black rice anthocyanins are strong antioxidants and very the potential as functional food ingredients
and supplements that have health benefits. Although there are research efforts related to the encapsulation
process of black rice anthocyanin extract, information regarding the influence of the various types of
coating materials used is still limited [11,22-24]. Thus, there is a gap in information about which coating is
most effective in encapsulating anthocyanin extracts by understanding the physicochemical and structural
characteristics of black rice microcapsules - important information for their development, especially in the
health-based food industry. Each type of coating material will produce the physicochemical properties and
structure of the resulting microcapsules. This study aims to compare different coating materials (MD, AG
and SMP) using the spray drying method by specifically comparing the physicochemical and structural
properties of Indonesian black rice anthocyanin extract microcapsules. This investigation bridges critical
knowledge gaps and paves the way for its strategic development.

Materials and methods

Materials

The research material was black rice of the Jeliteng variety collected from organic rice farmers in
Karanganyar, Central Java Province, Indonesia, food-grade citric acid from PT Gunacipta Multirasa
Indonesia and aquadest.

Extraction of black rice anthocyanin compounds

The anthocyanin compounds were determined according to the method described by Nurhidajah et
al. [25]. Black rice is ground into flour. The 100 g of black rice flour was added with ethanol (56 % v/v)
which was acidified with citrate (4.5 % w/v) in a ratio of 1:10 (w/v). The extraction process was carried out
in a thermostatic water bath with a controlled temperature (50 °C) for 120 min with constant stirring (500
rpm). The next process is a separation of liquid and residue using filter paper with a size of 400 mesh.
Ethanol in the extract was evaporated using a rotary evaporator at 55 °C. The anthocyanin extract of black
rice was stored in a dark glass bottle at 4 °C until used.

Microencapsulation of anthocyanin extract

Anthocyanin was extracted based on the method described by Nurhidajah ef al. [25]. Solution
emulsions of different coating materials (MD, AG and SMP) were prepared at a concentration of 20 %
(w/v) with deionized water at room temperature. Anthocyanin extract was mixed with each coating material
in a ratio of 1:1 (v/v). Each mixture was homogenized separately for 15 min at 3,000 rpm. The drying
process uses a laboratory-scale spray dryer with an inlet air temperature of 120 £ 1 °C, an outlet air
temperature of 80 £ 5 °C, and a feed flow rate of 6.0 mL/min at a pressure of 1.5 bar. Acquire microcapsules
were collected and stored at —20 °C until analyzed.

Anthocyanin content

A differential pH method was used in determining the anthocyanin content of microcapsules [26].
One g of microcapsules was dissolved with 1 mL of ethanol in a test tube, then mixed separately with 2
buffer solutions (1 mL of potassium chloride buffer pH 1.0; 1 mL sodium acetate buffer pH 4.5), and
incubated at room temperature (+ 25 °C) for 15 min. The absorbance was measured by spectrophotometer
at 520 and 700 nm. Absorbance value concerned by subtracting the difference in absorbance at a wavelength
of 520 and 700 nm at pH 1.0 with the difference in absorbance at pH 4.5. Anthocyanin content was obtained
by multiplying the absorbance value by the molecular weight of cyanidin-3-glucoside (448.8 g/mol) and
the amount of dilution, then divided by the coefficient of molar absorptivity of cyanidin-3-glucoside
(26,900 L/mol-cm) and the width of the cuvette (1 cm).
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Total phenolics

The Folin-Ciocalteu method [27], with slight modifications, was used in the analysis of total phenolic
content. In a dark tube, 0.5 g of microcapsules were prepared, and 5 mL of the 10 % (v/v) Folin-Ciocalteu
reagent was added. The solution was homogenized for 5 min and added 4 mL of 7.5 % Na>COs (w/v). The
mixture was incubated for 60 min at room temperature (25 = 1 °C). Ethanol is used as a blank solution. The
gallic acid in ethanol with a concentration of 100 - 500 ppm is used as a standard solution. Then, the
absorbance was measured using a UV-Vis spectrophotometer with a wavelength of 765 nm.

Antioxidant activities

Radical scavenging activity (RSA) of microcapsules was measured using the method of Pedro ef al.
[27] with modifications. After mixing 0.2 g of microcapsules with 1.5 mL of 0.2 mM DPPH ethanol, 3.5
mL of ethanol was added. The tubes were tightly closed, homogenized and incubated at room temperature
(25 £ 1 °C) for 60 min. The absorbance was measured at a wavelength of 517 nm. The ability of the extract
to scavenge DPPH was obtained by subtracting the absorbance of the blank with the sample. The result was
then compared with the absorbance of the blank and expressed in % RSA.

Color analysis

Color characteristics of black rice anthocyanin microcapsules were measured using a calibrated
Minolta CR-310 Chromameter (Konica Minolta Business Solution Asia Pte Ltd). The hue angle, H® [tan-
1(b*/a*)] and chroma, C° [(a*2 + b*2)1/2] were also determined. H® is used to identify colors (red, yellow,
green and blue), whereas C° distinguishes between bright and dull colors [28].

Yield, moisture content and water activity (aw)

The yield was calculated from the percentage of the microcapsule’s weight (g) with the total solids of
the sample (g). The water content of microcapsules was determined using a moisture analyzer (Shimadzu
MOC63u, Japan), while the a,, of microcapsules was determined using a water activity analyzer (Rotronic
Hygropalm-HP23-Aw-A, Switzerland) at 25 °C.

Hygroscopicity and solubility

The hygroscopicity of microcapsules was determined according to the method described by Kanha et
al. [29] with modifications. Microcapsules (2 g) were placed in a saturated NaCl (75.5 % RH) at 30 °C for
1 week in a container. The hygroscopicity was subsequently calculated using the equation:

adsorbed moisture (g)

x 100

Hygroscopicity (g/100 g) = sample welght @

The solubility of microcapsules was determined using a modified version of the method reported by
Caparino ef al. [28]. One g of each sample was mixed in 100 mL of distilled water, magnetically stirred for
30 min, and after that, centrifuged at 3,000 g for 5 min at room temperature. The supernatant was completely
dried in an aluminum dish in an oven at 105 °C for 12 h. The solubility of the microcapsules was calculated
using the equation:

Weight of the powder in the supernatant (g)

Solubility (g/100 g) = X 100

Weight of the powder in the solution (g)

Flow properties

Bulk density (Bd) was determined by pouring the amount of microcapsules into a 100 mL measuring
cup up to the 25 mL mark and then weighing. The weight and volume of the microcapsules were then used
to calculate the bulk density expressed as mass/volume (g/cm?). The same procedure was also used to obtain
the value of tapped density (Td), with the addition of a measuring cup filled with microcapsules that were
mechanically tapped until they reached a constant volume. Td is calculated using the same formula as bulk
density [30,31]. The compressibility index (CI) and Hausner ratio (HR) were used to measure the
flowability of microcapsules. Both were calculated based on Bd and Td data using the equation described
by Lebrun et al. [32].

pH value
The pH value of microcapsules was measured with the instrument Hanna HI 2211 bench pH meters
(Hanna Instruments Ltd.), calibration solution using standard buffer.
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Scanning electron microscopy and particle size

Scanning electron microscopy (SEM) analysis of examined samples was performed using JSM-
6510LA analyzer (Jeol Ltd.). The prepared sample was then coated with gold with an ion coating and
observed with an acceleration voltage of 12 kV. The particle size of microcapsules was measured with the
LLPA-CI10 instrument (Labron Equipment Ltd.), using the laser beam scattering principle, with a
measurement range of 0.01 - 2,000 mm.

Statistical analysis

All experiments were carried out in 5 repetitions. Results are presented in terms of mean standard
deviation. The effect of treatment factors was analyzed using 1-way ANOVA, and Duncan’s post hoc test
was used to detect differences between treatments. The significance level used is p < 0.05. Statistical
analysis was carried out with SPSS 22.0 software.

Results and discussion

Anthocyanin, total phenolics and antioxidant activity of microcapsules

Anthocyanins from black rice extract were encapsulated using MD, AG and SMP, the results are
presented in Figure 1. Black rice extract encapsulated with SMP produced microcapsules with higher (p <
0.05) anthocyanin content (98.02 mg/100 g) compared to MD (52.36 mg/100 g) and AG (49.46 mg/100 g).
Anthocyanin compounds are investigated to be more stable when complexed with proteins because they
involve hydrophobic interactions [33]. Hydrophobic interactions occur due to the presence of casein
component in the protein. SMP generally contains -casein components and has been reported to interact
with Cyanidin-3-glucoside compounds from black soybean extract through reversible hydrogen bonding
[21]. In addition, hydrogen bonding and hydrophobic complexes of protein casein with maldivin-3-
glucoside compounds from grape extracts have also been reported [34]. The thermal stability of
anthocyanin compounds increases significantly when interacting with casein [35], in which the protective
effect of anthocyanins during drying becomes more optimal. MD is known to have advantages, namely
good film formation ability, low viscosity and high solubility in water, which has been applied to the
encapsulation of anthocyanin extracts [16]. In this study, the encapsulation results using MD were lower
than SMP. This is because the use of MD has been proven to have a negative impact on the total anthocyanin
content in rukem fruit extract, as reported in a study [36], which found that certain concentrations of MD
caused a decrease in the total anthocyanin content. Compared with SMP and MD, AG provided a less
effective protective effect on the stability of anthocyanin pigments. This is due to the structure of AG,
which is a highly branched sugar heteropolymer and contains a small amount of protein covalently linked
to the carbohydrate chain, which can complicate its use in the encapsulation process. This complexity can
pose challenges in achieving consistent encapsulation and stability of anthocyanin pigments [37].
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Figure 1 (A) anthocyanin; (B) total phenolics and (C) antioxidant activity of microcapsules.

The total phenolic from black rice extract microcapsules is presented in Figure 1. In contrast to
anthocyanins, the highest total phenolic was obtained after black rice extract was encapsulated with AG
(95.83 mg GAE/100 g), then MD (75.49 mg GAE/100 g) and SMP (63.51 mg GAE/100 g) with a significant
level of difference between treatments p < 0.05. The effectiveness of AG in the encapsulation of phenolic
compounds in black rice extract has been reported by previous studies [21]. Protocatechuic acid was
confirmed as the main phenolic acid found in black rice [5]. Ferulic, vanillic, coumaric and sinapic acids
were also identified, but in lesser amounts than protocatechuic acids [22]. The better trapping of phenolic
compounds in the AG structure is associated with the stability and emulsifying effect of AG in the
microencapsulation of several phenolic compounds. In addition, the AG also has good dissolution
properties of coating materials at different pH was found to be optimal when used for total phenolic analysis
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[38,39]. MD has been found to have some potential disadvantages when used in the encapsulation of
phenolic compounds. One of the main disadvantages is the formation of dry skins during the spray-drying
process, which can lead to extensive cracking and brittleness of the microcapsules. This can affect the
stability of the wall constituents and the ability of the microcapsules to withstand mechanical stresses [40].
Additionally, the use of MD alone may result in lower antioxidant activity compared to other encapsulating
agents, such as AG [38]. The SMP results showed the lowest phenolic content compared to other coatings.
Phenolic compounds can interact with milk proteins, leading to low recovery of phenolics and a decrease
in antioxidant properties [41].

The total antioxidant activity of microcapsules based on MD, AG and SMP was 25.36, 43.88 and
37.73 % RSA, respectively (Figure 1). These data indicate that AG is the most recommended coating
material for producing black rice extract microcapsules based on the antioxidant activity. In MD-based
microcapsules, antioxidant activity can be ascribed to anthocyanins and phenolics of black rice extract.
According to Gil et al. [42], MD as a coating material does not have the potential to contribute antioxidants
to the resulting microcapsules. Unlike MD, AG and SMP coating materials have the potential to contribute
antioxidants to microcapsules. This condition was reported by Wang et al. [43], whereby the components
of sugar in AG and protein in SMP at high temperatures sustain Maillard reactions (MR) and produce
melanoidin polymers that have antioxidant activity. This statement is further emphasized by Zili¢ et al.
[44], that melanoidin and phenolic compounds contributed greatly to increasing the antioxidant activity of
microcapsules of anthocyanin extract. Other studies have also reported that the addition of milk increases
and stabilizes the antioxidant capacity of tea. This enhancement is attributed to the binding of milk proteins
to tea polyphenols, which increases their bioavailability and scavenging capacity. [45].

Yield, moisture content and aw of microcapsules

Yield of all microcapsules ranged from 36.82 to 52.89 % (Table 1). The yield of microencapsulated
MD-based (42.08 %) was better than that of AG-based (36.82 %); this result is obedient with the yield of
spray-dried grape skin anthocyanin extract [46]. The highest yield was achieved for SMP-based
microcapsules (52.89 %). WPI is a promising coating material for anthocyanin encapsulation, this has
previously been proven by Belscak-Cvitanovi¢ et al. [47], who compared milk protein-based microcapsules
with other coating materials. The moisture content of microcapsules varied between 3.17 to 3.27 %, while
the ay value was in the range of 0.28 to 0.31 (Table 1). Black rice extract coated with SMP as a carrier
showed a lower moisture content value than MD and AG. Cujié-Nikoli¢ et al. [17] also reported similar
results on chokeberry encapsulation. The high moisture and ay content of AG-based microcapsules is
possible due to the complex nature of hetero-polysaccharide AG and its branched structure containing
shorter chains [48]. Thus, resulting in the easier absorption of water from the environment after the drying
process [49]. Moisture content below 5 % ensures long-term product stability [50]. Products with a,, below
0.40 can be considered ideal conditions that do not support microbial growth [51] and overcome the
problem of coagulation during storage [52].

Table 1 Physicochemical properties of black rice anthocyanin microcapsules.

Wall Materials
Parameters
MD AG SMP
pH 2.52 +0.042 2.63+0.16° 2.87 £0.02¢
Yield (%) 42.08 + 1.22b 36.82+ 1.412 52.89 +1.83¢
Moisture content (%) 3.20+£0.02° 3.27+£0.02¢ 3.17+0.032
aw 0.31 £0.022 0.31+0.012 0.28 +£0.022

Note: The data are representations of the mean values =+ standard deviation. Different superscripts in the
same column showed statistically significant differences (p < 0.05).

Hygroscopicity and solubility of microcapsules

Low hygroscopicity may be better for the storage of microcapsule products such as anthocyanins,
hygroscopicity can be defined as the ability of powdered products to absorb water molecules. The lowest
hygroscopicity was observed in AG-based anthocyanin microcapsules, followed by microcapsules
produced with MD and SMP. According to Mahdavi et al. [53], the difference in water absorption can be
attributed to the molecular weight of particles produced with each agent, the high molecular weight coating
material being less hygroscopic. Hygroscopicity is also inversely proportional to water content,
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microcapsules with low moisture content tend to have a higher ambient moisture absorption capacity [54].
The morphology of a granule can affect its hygroscopicity by influencing its surface area and porosity. SMP
has a good shape and a larger surface area (Figure 3). A granule with a larger surface area and greater
porosity will generally have a higher hygroscopicity, as they have more sites available for water molecules
to adsorb. So, it can absorb more moisture from the environment [55].
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Figure 2 Hygroscopicity and solubility of microcapsules.

Solubility greatly determines the dissolution ability of a particle and is an important parameter that
affects the functional characteristics of powders in food systems. The solubility of black rice anthocyanin
microcapsules ranged from 87.86 to 96.42 % (MD > AG > SMP), this result was like that of grape skin
extract microencapsulated with MD, AG and SMP reported by Kalusevi¢ et al. [46]. The high solubility in
MD-based microcapsules was associated with the presence of a high hydroxyl group (-OH) in the molecule
[56]. In addition, MD also produces a more amorphous and hollow particle structure, so it is more soluble
in water. Particle size is also a factor in the high solubility of MD-based microcapsules; microcapsules with
larger particle sizes are known to be more porous for the particle matrix to be more easily penetrated by
liquids [57]. The solubility of a granule is influenced by its morphology. The morphology of a granule,
which includes its size, shape and internal structure, affects its ability to dissolve in water. Granules with
good shapes with a strongly bonded structure like microcapsules SMP based Figure 2. display relatively
greater resistance and thus have lower solubility [58].

Table 2 Flow properties of black rice anthocyanin microcapsules.

Parameters Wall Materials
MD AG SMP
Bulk density (g/cm?) 0.35+£0.03¢ 0.33£0.01° 0.29+0.01*
Tapped density (g/cm?) 0.43 +£0.03° 0.44+0.01° 0.34 +0.02°
Compressibility index (%) 18.27 +1.20° 26.57 £ 1.53¢ 1534+ 1.97°
Hausner ratio 1.22 +£0.02° 1.36 £ 0.03¢ 1.18 £0.03*
Flowability Fair Poor Good

Note: The data are representations of the mean values + standard deviation. Different superscripts in the
same column showed statistically significant differences (p < 0.05).

Flow properties of microcapsules

The density of microcapsules ranged from 0.29 to 0.33 g/cm? for Bd and 0.34 to 0.44 for Td (Table
2). The range of Bd and Td values are within the distinctive density values of dry spray powder [59]. MD-
based microcapsules showed the highest bulk and tapped density values, while the lowest density was
observed in SMP, like those reported by Kalusevi¢ et al. [46]. Nkurunziza et al. [60] previously reported
particle density with protein-based coating materials. This is possible because protein-based coating
materials have spongy properties of microparticles, as in the case of sodium caseinate reported by Goyal et
al. [61]. Bulk and tapped density values generally correlated with the CI and HR values of microcapsules.
Consistent results were seen in this study where SMP-based microcapsules had the lowest CI (15.34) and
HR (1.18), so they had good flow properties [32]. Flow properties of the powder products are also
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determined by the structure and size distribution of the particles. When the particle structure is more porous,
it tends to have a wider size distribution, so more cavities are formed. Density will increase because small
particles fill the voids between particles [31].

e

I

SEI_10kV__ WD10mm $530 Syr SEI 10kV __ WD10mm $530

Figure 3 SEM micrographs of black rice anthocyanin microcapsules by (A) MD, (B) AG and (C) SMP.

Morphology of microcapsules

Production of anthocyanin microcapsules using different coating materials resulted in various shapes
and sizes of microcapsules. SEM micrographs showed that the particle shape was not perfectly spherical,
the outer surface was wrinkled, and the surface was smooth for the MD (Figure 3(A)) and GA (Figure
3(B)) microcapsules. In contrast, the SMP-based microcapsules (Figure 3(C)) were perfectly spherical with
a slightly smooth surface. MD has been observed to contribute to the formation of wrinkles on the surface
of microcapsules. This occurs due to mechanical stresses caused by moisture movement on the droplet
surface during the drying process. The study on the fabrication of spray-dried microcapsules containing
noni juice found that the microcapsules had irregular surfaces with wrinkles, and the occurrence of wrinkles
was not significantly different among the samples [62]. Similar results were also reported by Ribeiro et al.
[63] in his research on spray-dried carotenoid-rich microcapsules. Besides that, the wrinkles on the surface
of microcapsules made with AG can be attributed to the drying process. Lower temperatures allow more
time for the particles to deform, wrinkle and collapse [64,65]. The wrinkles are caused by the formation of
a surface film very quickly during the drying process, resulting in the inside achieving a longer drying time.
This causes an enlargement of the space in the microcapsules, which leads to the formation of dents [60,66].
In SMP-based microcapsules, the particles appear perfectly spherical with a slightly smooth surface, this
result is different from that reported by Kalusevi¢ et al. [46] where the particles produced with SMP have
a non-spherical shape with a very rough surface. The shape is caused by a temperature that is not ideal [67].
Production of casein microparticles and extract solutions with low pH is possible when high air temperature
and low feed rate [68,69].
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Figure 4 Particle size distribution images of black rice anthocyanin microcapsules.

Particle size distribution of microcapsules

Microcapsules acquired had an average particle size (d43) in the range of 22.009 - 48.710 mm (Table
3), with a unimodal distribution pattern (Figure 4). The microparticle diameter of spray drying generally
ranges from 10 to 100 mm [70]. SMP, as a coating for black rice anthocyanin extract, produced particles
with a much smaller size than the MD and AG coatings, as indicated by the d90 value of 45.205 mm (Table
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3). Particles with smaller sizes generally have a little difference in Bd and Td values, this is because the
smaller average diameter of particles lowers the interstitial air content between particles, resulting in less
free space [31]. The desired particle size depends on its utilization. Particles with a larger size allow the
better release of bioactive components due to their large porosity. However, the smaller particle size
provides better techno-functional properties [17].

Table 3 Particle size distribution parameters of black rice anthocyanin microcapsules.

Wall materials d (4.3) pm d (3.2) pm d (0.1) pm d (0.5) pm d (0.9) pm

MD 48.710 19.553 9.082 30.873 104.916
AG 43.503 0.511 0.256 4.792 89.126
SMP 22.009 10.974 5.343 15.544 45.205

Color characteristic of microcapsules

The color attribute is one of the most important characteristics of a food product and its sensory appeal
is first assessed by consumers. Therefore, it is necessary to observe the color attribute testing on
anthocyanin microcapsules after the production process. The results of the measurement of chromatic
parameters are presented in Table 4. Among all microcapsules produced by spray drying, microcapsules
with SMP coating material had the lowest brightness values (L*) and the highest values for attributes a*
and C*, indicating that these anthocyanin microcapsules were the darkest with the highest proportion of red
color. Protein-based coating materials have been widely reported to have anthocyanin stability effects
through their molecular interactions. -lactoglobulin, in protein-based coating materials, has a strong binding
affinity for Cyanidin-3-glucoside through hydrophobic interaction for the color degradation of the extract
during drying can be minimized [71].

Table 4 Color parameters of black rice anthocyanin microcapsules.

Wall materials L* a* b* C* H°
MD 58.28+£0.79°  29.71 £ 0.66° 4.43+0.31° 29.39 +0.62° 9.39+0.81°
AG 61.61 £0.79°  24.16 +0.65* 2.88+0.32° 23.68 £ 0.63% 7.00 £ 0.882
SMP 39.58+0.74* 4934+ 1.43° 12.75+0.83°  50.17 £ 1.18° 14.74 £1.33¢

Note: The data are representations of the mean values + standard deviation. Different superscripts in the
same column showed statistically significant differences (p < 0.05).

Conclusions

MD, AG and SMP coating materials produced black rice microcapsules with different
physicochemical compositions and structure between treatments. In general, black rice microcapsules
originating from various coatings contain bioactive anthocyanin and phenolic components as well as
antioxidant activities that differ greatly between treatments. This difference is also found in the structural
structure of microcapsules, namely structural morphology and particle size. Microcapsules with SMP
coating material produced the highest anthocyanin levels and yields. Apart from that, these black rice
microcapsules have low moisture content, a,, and hygroscopicity. On the other hand, it has high solubility,
which is a very suitable characteristic to be used as a functional beverage product.
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