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Abstract

This study was conducted to extract and encapsulate anthocyanins from black rice bran using chitosan-alginate
nanoparticles. Ten black rice varieties were screened for the anthocyanin content and the variety with the highest
anthocyanins was used for the encapsulation. The anthocyanins were extracted by defatting the bran with
n-hexane and soaking it with 85% acidified ethanol. The crude anthocyanin extract (CAE) was freeze-dried at
-110<C for 48 h and then encapsulated in chitosan-alginate nanoparticles using two processes: ionic pre-gelation
and polyelectrolyte complex formation. The mass ratio of chitosan and alginate polymers used in this study was
100:10. The treatments applied were as follows: To-0 mg CAE, T;-10 mg CAE, T,-20 mg CAE, and T3-30 mg
CAE. The resulting capsules were characterized in terms of chemical properties, surface morphology, particle
size, polydispersive index, encapsulation efficiency, and 2, 2-diphenyl-1-picrylhydrazyl radical scavenging
activity. Screening of rice samples indicated that Ominio bran had the highest anthocyanin content (36.11 mg/g).
Anthocyanins were successfully encapsulated in the matrix as shown by the Scanning Electron Microscopy
images and Fourier Transform Infrared spectra of the anthocyanin-loaded chitosan-alginate nanoparticles.
Among the different concentrations of CAE, T had the highest encapsulation efficiency (68.9%) and antioxidant
scavenging activity (38.3%) while T, and T, had the lowest. Ascending particle size was observed for T, (358.5
nm), T3 (467.9 nm), T, (572.3 nm), and T, (635.9 nm). All anthocyanin-loaded capsules were found to be of
nano-size (<1000 nm). The study concluded that chitosan-alginate nanoparticles can be a good encapsulating
material for anthocyanin.

Keywords: antioxidant, anthocyanins, black rice bran, chitosan-alginate nanoparticles, encapsulation,
nanocapsule

1. Introduction

The Philippines being one of the top rice producers in the world produced about 18.15 million metric tons of
paddy rice in 2015 (Philippine Statistics Authority, 2016). This huge amount of paddy rice contributed
significantly in the generation of agricultural by-products such as rice bran. The bran is mainly used in the
country as feed supplement for livestock production; however, several studies have been reported that it is a
good source of protein, vitamins, micronutrients, and antioxidants (Moongngarm et al., 2012). The major
antioxidants found in the bran particularly in pigmented rice are the anthocyanins.

Anthocyanins are one of the most abundant groups of flavonoids in nature and are responsible for the bright and
colorful pigmentation of fruits, vegetables, and some cereal grains (Shipp & Abdel-Aal, 2010). Anthocyanins are
known to exhibit antimicrobial, anticancer, and anti-hyperglycemic properties (Andersen & Jordheim, 2006).
These compounds are very promising particularly as ingredient for functional and pharmaceutical products, but
they have limited use due to their low stability under varying environmental conditions (pH, light, oxygen, and
heat) and high reactivity with other compounds in the food matrix (Cavalcanti et al., 2011; Robert & Fredes,
2015).
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Encapsulation technology is a process of entrapping bioactive compounds using a coating material, which
protects them from degradation and provides efficient release and delivery for food and pharmaceutical
applications (Nedovic et al., 2011). The coating materials, which form nanometer-size particles, can enhance cell
permeability and stability of the compounds in the bloodstream (Yadav et al., 2012). The commonly used coating
materials for encapsulation are natural polymers from plant, marine, microbial, and animal origins. This is due to
their low or non-toxic property that makes them safe for food application (Wandrey et al., 2010). Chitosan and
alginate are natural polymers that are non-toxic, biocompatible, and biodegradable (Skaugrud et al., 1999).
Chitosan is obtained from deacetylation of chitin, a compound rich in the exoskeleton of arthropods, beaks of
cephalopods (e.g. octopuses, squid, and cuttlefish), and cell walls and membranes of various microbes including
fungi (Sharp, 2013). Chitosan is primarily composed of glucosamine and N-acetyl glucosamine residues with
1,4-B-linkage (Rinaudo, 2006). On the other hand, alginate is an anionic water-soluble polysaccharide extracted
commercially from species of brown seaweed (Rowe et al., 2009). It is composed of a-L-guluronic acid and
B-D-mannuronic acid residues alternating in 1-4 linkage. When combined in a solution, these natural polymers
can form a polyelectrolyte complex due to the interaction of the positively charged amine group of chitosan and
the negatively charged carboxyl group of alginate. They can also form nanosize particles; thereby, increasing
their chemical integrity in a wide range of pH (George & Abraham, 2006; Gupta & Karar, 2011).

To improve the stability and bioavailability of anthocyanins, microencapsulation technology has been applied in
blackberry by thermal gelation of curdlan (Ferreira et al., 2009), in berry-type fruits by spray drying (Robert &
Fredes, 2015), in purple corn, blueberry, and red raddish by cold-setting pectin-alginate gel (Barry, 2013), and in
roselle and red cabbage by microwave-assisted technique (Zaidel et al., 2014). Recently, anthocyanins in
glutinous black rice have been microencapsulated using maltodextrins by spray and freeze drying (Laokuldilok
& Kanha, 2016). However, nanoencapsulation of anthocyanins from black rice bran using chitosan-alginate
nanoparticles has yet to be explored. Hence, this study was conducted.

2. Materials and Methods
2.1 Rice Samples and Processing

Ten Philippine traditional black rice varieties, namely, Galo, Galo Malagkit, Inatipan, Ittum, Kotinaw, Labitaris,
Masbate, Ominio, Palanqui, and Pirurutong were used in this study. NSIC Rc160 was used as control sample
due to its popularity among Filipino rice farmers. Two hundred grams of each variety was dehulled through a
dehuller (THU-35A, Satake, Japan) to produce the brown rice and then further milled using a rice polisher
(GrainMan Polisher No. 2, USA) to collect the bran. The recovered rice bran was sieved to obtain a finer and
uniform particle size. The bran was stored in the refrigerator at 4<C prior to analysis.

2.2 Screening of Rice Bran Samples

Rice bran samples were screened for their total anthocyanin content (TAC). TAC was measured based on the
optimized method of Abdel-Aal et al. (2006). About 300 mg of rice bran samples was transferred into 25-mL
centrifuge tube (Falcon, USA) and added with 10 mL of acidified ethanol (85% ethanol in 1 M HCI solution).
The solutions were homogenized using vortex mixer (Mortex-Genie 2, Scientific Industries, Inc., USA), agitated
for 1 h using a mechanical shaker (IKA® KS 260 Basic, USA) and centrifuged (Allegra x-22R, Beckman Coulter,
USA) at 3000 rpm for 15 min. The supernatants were transferred into 50-mL volumetric flask and diluted to
mark with acidified ethanol. The absorbance of the solution was measured against the blank (acidified ethanol) at
535 nm using UV-Vis Spectrophotometer (DU 730, Beckman Coulter, USA).

The TAC of bran samples was calculated based on the cyanidin-3-glucoside content using the Lambert-Beer’s
Law as follows:

TAC (mg/ kg) = (Absorbance x Volume of extract x MW x 10°) / (1,000 x & x mass)
Where: € = molar absorptivity of cyanidin-3-glucoside (25,965 L/cm mol)

MW = molecular weight of cyanidin-3-glucoside (449.2 g/mol)

2.3 Preparation of Anthocyanin Extracts

Rice bran with the highest anthocyanin content was used as sample for the extraction and encapsulation of
anthocyanins. Five hundred grams of rice bran was soaked with 1L of n-hexane in an Erlenmeyer flask to
remove the oils and fats. The mixtures were magnetically stirred (IKA® C-MAG HS10, USA) for 5 h, left to
soak overnight, and vacuum filtered (Eyela, Tokyo Rikakikai Co., Ltd., Japan) using an ordinary filter paper. The
bran residues were collected and oven-dried (DKN812, Yamato, Japan) at 60<C for 1 h. After drying, the defatted
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bran was soaked with acidified ethanol, allowed to stand overnight, and then vacuum filtered through an
ordinary filter paper. The filtrate was concentrated using a rotary vacuum evaporator (Eyela, Tokyo Rikakikai
Co., Ltd., Japan), oven-dried at 50<C, ground using mortar and pestle, and sieved (ASTM no. 40) to obtain a
sample with uniform and finer particle size. The crude anthocyanin extract (CAE) powder was placed in a dark
bottle, sealed, and stored in a refrigerator (NR-A7413ES, Panasonic, Philippines) at 4<C prior to analysis and
encapsulation.

2.4 Preparation of Capsules

Chitosan-alginate capsules were prepared through ionic pre-gelation and polyelectrolyte complex formation
based on the modified method of De and Robinson (2003). lonic pre-gelation was done by gradually adding 10
mL of 0.03 M CaCl, solution using a 15-mL syringe into 50 mL of 0.3 % aqueous sodium alginate. The sodium
alginate solution was sonicated (WUC-D22H, Wisd, Lab Instrument, Germany) during and after the addition of
CaCl, solution for 15 min. The resulting pre-gel was constantly stirred (IKA® C-MAG HS10, USA) for another
10 min and about 20 mL of 0.08% chitosan solution was added to it. The suspensions were sonicated and stirred
for 30 min and was equilibrated for 12 h. The suspensions were then isolated by centrifugation (Allegra x-22R,
Beckman Coulter, USA) at 9,500 rpm for 30 min at 4 <C. The supernatant was collected for encapsulation
efficiency analysis. The deposited mixture was re-dispersed in distilled water through vortex mixing
(Vortex-Genie 2, Scientific Industries, Inc., USA). The samples were lyophilized using freeze-dryer (CoolSafe
110, Scanvac, Germany) and stored in the freezer (NR-A1009F, Panasonic, Philippines) at -5<C.

The amount of anthocyanins to be incorporated into the CaCl, solution was varied (Table 1). The rest of the
process was done the same for each treatment as the preparation of the blank chitosan-alginate.

Table 1. Treatments with their corresponding compositions

Treatment Composition
To Chitosan-alginate
T, Chitosan-alginate + 10 mg CAE
T, Chitosan-alginate + 20 mg CAE
T; Chitosan-alginate + 30 mg CAE

2.5 Characterization of Anthocyanin-loaded Capsules

Particle size and polydispersive index of anthocyanin-loaded capsules were measured using Zetasizer through
dynamic light scattering (DLS). The samples were homogenized and diluted with distilled water to obtain a
concentration of 0.01 g/L prior to measurement.

Surface morphology of the anthocyanin-loaded capsules was determined using a Scanning Electron Microscope
(SEM). Small amount of samples were transferred into a small holder and coated with Au-Pd using lon Sputter
(E1010, Hitachi, Japan). The samples were then transferred into the sample holder of the SEM apparatus
(S3400N, Hitachi, Japan) set at 15 kV.

Chemical properties of the anthocyanin-loaded capsules were characterized using a Fourier Transform Infrared
(FTIR) spectrophotometer (Horizon MB3000, Canada). The spectra of the samples were recorded between
4000-400 cm™.

2.6 Encapsulation Efficiency of the Anthocyanin-loaded Capsules

TAC of the anthocyanin-loaded capsules was determined using the modified method of Santos et al. (2013). The
TAC of unencapsulated samples was measured at 535 nm using UV-Vis Spectrophotometer (U-3210, Hitachi,
Japan). The absorbance of the original anthocyanin extract was used in the Lambert-Beer’s formula to calculate
the concentration of the unencapsulated anthocyanin. Encapsulation efficiency (%EE) was computed as follows:

%EE = [(Concentration (griginay - Concentration (nencapsutateay)/Concentration (griginan] X 100

2.7 Antioxidant Scavenging Activity

Antioxidant scavenging activity (ASA) of anthocyanin-loaded capsules was determined through
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay. About 100 mg of sample was weighed and
transferred into a centrifuge tube. The tube was added with 3 mL of absolute methanol and agitated overnight.
The tubes were then mixed using a vortex mixer (Mortex-Genie 2, Scientific Industries, Inc., USA) and were
centrifuged (Allegra x-22R, Beckman Coulter, USA) at 3000 rpm for 15 min at 25<C. About 0.5 mL of aliquot
was transferred into a test tube containing 5 mL of freshly prepared 0.10 mM DPPH. The samples were stood for

42



http://jfr.ccsenet.org Journal of Food Research \ol. 6, No. 3; 2017

1 h and the absorbance was measured against the blank (methanol) at 517 nm using UV-Vis Spectrophotometer
(U-3210, Hitachi, Japan). The ASA was calculated as follows:

% ASA = [(Absorbance (jank)— Absorbance (ampie)/ Absorbance gianiy] X 100

2.8 Statistical Analysis

Data were reported as the mean of three measurements £SD. One-way Analysis of Variance (ANOVA) was used
to determine the significant differences among means. Tukey’s test was employed to compare treatment means
for the screening of bran samples, and determination of particle sizes and encapsulation efficiency of the
anthocyanin-loaded capsules. Least Significant Difference (LSD) test was used to compare the treatment means
for the DPPH radical scavenging activity at p<0.05.

3. Results and Discussion
3.1 Anthocyanin Content of Rice Bran Samples

Among the bran samples, Ominio bran had the highest anthocyanin content (36.11 mg/g) while the control
variety NSIC Rc160 had the lowest (0.55 mg/g). The result confirms our previous findings on the screening of
rice bran with maximum health promoting properties wherein Ominio bran had the highest anthocyanin content
among the black rice varieties (Bulatao et al., 2016). Anthocyanin is the major antioxidants in rice and was
reported to exhibit potent antioxidant activity that could neutralize free radicals in the body. Imbalance between
the production of antioxidants and free radicals in the body may lead to oxidative stress, which are implicated in
many chronic illnesses. Since Ominio had the highest anthocyanin content, it has the potential to be used as
functional ingredient for the development of nutraceutical food and pharmaceutical products. Thus, Ominio bran
was selected as sample for the preparation of crude anthocyanin extract (CAE) for encapsulation.

Table 2. Anthocyanin content of black rice bran samples

Rice Bran Sample Anthocyanin Content (mg/g)

NSIC Rc160 0.60.0"
Galo 1 4.440.0
Galo Malagkit 10.740.3°
Inatipan 5.320.2°
Ittum 7.140.5°
Kotinaw 7.140.2°
Labitaris 3.540.2¢
Masbate 5.340.2°
Ominio 36.140.7°
Palanqui 3.740.1%
Pirurutong 19.640.3"

*Similar letter superscript of means signifies no significant difference at p<0.05 using Tukey’s test.

3.2 Encapsulation of Anthocyanin

Powdered CAE from Ominio bran was encapsulated using chitosan-alginate polyelectrolyte complex matrix. The
freeze-dried capsules were observed to be white for the blank while purplish to blackish for the
anthocyanin-loaded capsules. Similar characteristics of the product were obtained with those of the encapsulated
anthocyanin extract from Jabuticaba skins using polyethylene glycol (Santos et al., 2013).

3.3 Characterization of Anthocyanin-Loaded Chitosan-Alginate Capsules
3.3.1 Fourier Transform Infrared Spectroscopy

The FTIR spectra of alginate and chitosan showed stretching vibrations of O—H and N-H bonds in the range of
3600-3000 cm™ (Figure 1). The asymmetric and symmetric stretching of carboxyl anions were observed at 1604
cm™and 1412 cm™, respectively, while absorption band of the bending of the secondary amide of chitosan was
observed at 1653 cm™. For chitosan, stretching vibrations of C-O at 1066, 1026, and 895 cm™ indicated the
presence of secondary (-CH-OH) and primary (-CH,-OH) hydroxyl groups, and cyclic ether bond (C-O-C),
respectively (Chen et al., 2004).

For the chitosan-alginate nanoparticle spectra (T,), the O-H and N-H bond absorption peaks ranged from
3600-3000 cm™. Moreover, the stretching of the N-H bond with the C=0 group (amide) was observed at the
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peaks 1607 cm™ and 1561 cm™, which implies that there is an interaction between the carboxyl and amino group
between the polymers. Some distinct peaks of chitosan disappeared in the chitosan-alginate spectra due to its low
concentration in the polyelectrolyte mixture. Sankalia et al. (2007) reported that the disappearance of some peaks
might be due to the presence of multi-interactions of polymers like electrostatic and hydrogen bonding.

The incorporation of anthocyanin into the chitosan-alginate capsules was also investigated using FTIR (Figure 2).
Anthocyanin extract displayed peak vibrations at 3330 cm™ (O-H stretch), 2934 cm™ (=C-H stretch), and 1021
cm™ (C-O stretch). Vibration band at 1636 cm™ (C=0 stretch from fructose) was observed from the spectra of
anthocyanin (Akmed et al.,, 2013). Smaller peak intensities were noticed on the spectral data of the
anthocyanin-loaded chitosan-alginate capsules due to the lower concentration of the treatments as compared with
the CAE.
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Figure 1. FTIR spectra of chitosan-alginate capsules (Ty), chitosan and sodium alginate
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Figure 2. FTIR spectra of anthocyanin extracts and the anthocyanin-loaded capsules

3.3.2 Scanning Electron Microscopy

The surface morphology of each treatment was evaluated using a Scanning Electron Microscope (Figure 3). The
surface of T, showed irregular spherical, rough particles; T, was rough with elongated shape; while T, was rough
with bigger irregular round shapes. On the contrary, distinct protruding particles with smooth spherical solid
characteristics were on the surface of Ts;. The clumping observed in each treatment may be attributed to the
absence of a cryoprotectant during the freeze-drying of samples. Abdelwahed et al. (2006) reported that the use
of cryoprotectant such as sucrose and polyvinyl pyrrolidone could preserve the integrity of the capsules.
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Figure 3. SEM images of the different loading concentrations of anthocyanin: a) To-blank b) T;-10 mg ¢) T,-20
mg d) T3-30 mg. Scale bar: 10um (a); 5um (b,c,d)

3.3.3 Particle Size and Polydispersive Index through Dynamic Light Scattering

The particle size and polydispersive index of the anthocyanin-loaded capsules was measured using Zetasizer
(Table 3). As expected, T, had the smallest particle size (358.5 nm) because it does not contain the bioactive
compound. Among the anthocyanin-loaded treatments, T5 had the smallest particle size (467.9 nm) while T, had
the largest (635.9 nm). Despite the increasing anthocyanin concentrations, the particle size of the
anthocyanin-loaded capsules decreases. This is because higher concentration of anthocyanins allows the
nanoparticles to fully disperse in a larger surface area, thus decreasing its particle size due to the intercalated
nanoparticles. This reaction follows exfoliation process in a mono disperse layer covering the surface area of the
anthocyanin. Nevertheless, all anthocyanin-loaded capsules were categorized as nanocapsule (1-1000 nm) since
the particle size of the treatments were lower than 1000 nm (Dineskumar et al., 2013).

For the polydispersive index (PDI), T3 had the lowest PDI among the treatments (0.31). PDI describes the width
of the particle size distribution and usually ranges from 0 to 1, of which the higher value signifies less
homogenous particle size distribution (Rodriguez et al., 2004). Thus, Tz showed significantly homogenous
particle size distribution as compared with the other treatments. This might be due to the higher concentration of
anthocyanins, which strengthens the interactions within the polymers.

Table 3. Average particle size and polydispersive index anthocyanin-loaded capsules

Treatment Average Particle Size (nm) Polydispersive Index

To 358.5473.22 0.5740.02°
T, 572.34125.8° 0.69+40.09™
T, 635.9488.4° 0.7640.07°
T, 467.8417.0® 0.3140.08

*Similar letter superscript of means signifies no significant difference at p<0.05 using Tukey’s test.

3.4 Encapsulation Efficiency of the Capsules

Encapsulation efficiency showed significant variations among the treatment tested. Among the treatments, Ts
had the highest encapsulation efficiency of 68.9%. The obtained encapsulation efficiency in this study is slightly
lower, which may be explained through the leaching of the water-soluble anthocyanin during encapsulation.
Abreu et al. (2010) stated that the encapsulation efficiency using a water-in-oil emulsion is better than the
aqueous media. In general, the higher amount of anthocyanins to be encapsulated, the higher its encapsulation
efficiency.

45



http://jfr.ccsenet.org Journal of Food Research \ol. 6, No. 3; 2017

Table 4. Encapsulation efficiency of the prepared capsules

Treatments Encapsulation Efficiency (%) Antioxidant Scavenging Activity (%)

T, 56.8740.08° 8.440"
T, 56.3440.60° 7.140°
Ts 68.92+1.29° 38.340%

*Similar letter superscript of means signifies no significant difference at p<0.05 using Tukey’s test.

3.5 Antioxidant Scavenging Activity of Anthocyanin-Loaded Capsules

Among the different loading concentrations of anthocyanin, Tz had the highest antioxidant scavenging activity
(ASA) of 38.3% while T, and T, had the lowest with ASA of 8.4% and 7.1%, respectively. Similar trend was
observed with the ASA and encapsulation efficiency of the capsules. The obtained ASA of T; was quite high
given that the concentration of that treatment is only 30 mg. This might be explained by the type of the solvent
used in the extraction of anthocyanin from the capsules. According to Barry (2013), the ideal concentration of
methanol as extractant for the anthocyanin-loaded alginate-pectin gels was 85%. They also suggested that using
70% acetone could enhance the efficiency of the analysis by almost 100%.

4, Conclusion

Ominio bran contained the highest amount of anthocyanin among the black rice samples that were screened.
Anthocyanin extracts were successfully encapsulated using chitosan-alginate nanoparticles. Anthocyanin-loaded
capsules from black rice bran produced a purple to black powder. Chemical properties showed that anthocyanins
were well-incorporated in the chitosan-alginate framework. SEM analysis suggested the presence of clumping on
the surface due to freeze-drying. Moreover, analysis of capsules using zetasizer confirmed that all
anthocyanin-loaded capsules were nanocapsules since their particle size was less than 1000 nm. Among the
treatments, T3 had the highest encapsulation efficiency and antioxidant activity. Finally, the study concluded that
anthocyanin can be encapsulated using chitosan-alginate nanoparticles. The encapsulated anthocyanin extract
can be used as functional material for the development of high-value food and pharmaceutical products.
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