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Abstract

Microencapsulation of bixin using high-amylose corn starch was carried out by the acidification method. Bixin powders were
characterized by differential scanning calorimetry (DSC), X-ray diffractometry (XRD), FT-IR spectrometry, color parameters,
encapsulation efficiency, bixin release profile. In addition, the effect of whey protein (WP) on the microencapsulation process
was investigated. The results obtained from DSC, X-ray diffraction and FT-IR spectrometry indicated that only in the samples
prepared at 90 °C (BOWP90°C, BI0OWP90°C, and B20WP90°C) there was formation of crystalline structures, with melting
temperatures at 117.2°, 105° and 104 °C, respectively. The possible interactions between bixin, WP and amylose starch are also

discussed.
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Introduction

The seeds of the tropical plant Bixa Orellana, which grows in
Central and South America, are the source of Annatto, a nat-
ural dye that has been used as a yellow to orange food colorant
and has widespread usage in dairy and fat-based products such
as butter, cheese, margarine, meat and snacks. Annatto ex-
tracts are prepared by solvent extraction of the seeds and con-
tains bixin as the major pigment. Bixin is an oil-soluble
apocarotenoid that has the characteristic isoprenoid structure
of the carotenoid pigments, but with a much shorter chain
length of 26 carbons, presenting a carboxylic acid group at
one end, and a methyl ester at the opposite end [1, 2]. Bixin
has a good antioxidant capacity, it is able to sequester free
radicals due to high flavonoids, tocopherol, and carotenoid

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11483-018-9540-9) contains supplementary
material, which is available to authorized users.

P4 Ezequiel José Pérez-Monterroza
eperez494 @gmail.com; ejperezm@unalmed.edu.co

Department of Food Engineering and Technology, Sao Paulo State
University (Unesp), Institute of Biosciences, Humanities and Exact
Sciences (Ibilce), Rua Cristovao Colombo 2265, Sdo José do Rio
Preto, Sdo Paulo Zip Code 15054-000, Brazil

contents. It has potential to be used as a chemo-preventive in
current cancer therapies, decreasing the adverse effects of anti-
tumoral agents [3—5]. Also, bixin has d-tocotrienols, which are
used in cardiovascular diseases and cancer [6]. Nevertheless,
bixin can be oxidized by light and can be affected by elevated
temperatures, but their major cause of instability is the contact
with atmospheric oxygen [7]. For this reason, microencapsu-
lation may be a feasible alternative to improve the stability of
these bioactive compounds. The microencapsulation of bixin
can be carried out using chitosan, gum Arabic, or maltodextrin
by spray drying [8, 9]. Also, as it was reported by De Sousa
Lobato et al. [10], bixin can be microencapsulated by interfa-
cial deposition on preformed poly(e-caprolactone).
Encapsulation by complexation with amylose is an alternative
that could be applied to protecting bixin against oxidation, as
well as for developing controlled delivery systems. Bixin can
form inclusion complexes with «-cyclodextrin and f3-
cyclodextrin [11, 12] and, due to the similarity between the
hydrophobic helical cavity of amylose with that of cyclodex-
trin, it is reasonable to consider the possibility of producing
amylose-bixin complexes. It is known that the amylose pres-
ent in starch granules can form inclusion complexes with hy-
drophobic molecules such as alcohols, flavors, aromas, fatty
acids and nutraceutical compounds [13—17]. These are
called V-type inclusion complexes, which are formed
when a hydrophobic molecule is entrapped inside of
an amylose helix cavity. Diffraction patterns of amylose
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complexes suggest that V-type complexes might be
formed by six (Vg), seven (V5) or eight (Vg) glycosyl
residues per helical turn, and their diameters depend on
the structure and size of the guest molecule [18, 19].

On the other hand, the encapsulation process based on
starch can be affected by the presence of proteins, which could
affect the release characteristics of the system. In fact, whey
protein can compete for a guest molecule by forming a three-
in-one complex, affecting the amount of complex formed
[20]. Proteins can interact with themselves or with polysac-
charides after of the denaturation process, leading to confor-
mational changes in the blends [21]. Additionally, the dena-
turation process increases the affinity of the protein by bixin
[22]. For the above, it is reasonable to consider the possibility
of producing an encapsulation system composed of whey pro-
tein, bixin, and starch. In this matrix, the protein is the trigger
of the release system, due to its ability to act as an access
barrier for digesting enzymes and against diffusion of the en-
capsulated bixin, which allows preparation of controlled de-
livery systems. Hence, this work presents the results of bixin
encapsulation with high-amylose corn starch, including the
characterization of the produced bixin powder, as well as the
effect of whey protein on the microencapsulation.

Material and Methods

High-amylose (72% of amylose, according to manufacturer)
corn starch (Hylon VII) was obtained from Ingredion Brasil
Ing. Ind. Ltda (Mogi Guagu, SP, Brazil). Bixin was obtained
from BKG (Adicon, Brazil). Whey protein concentrate (WP)
was obtained from Alibra ingredients Ltda (SP, Brazil). Sodium
hydroxide (NaOH) was supplied by Synth (Diadema, Brazil),
hydrochloric acid was provided by Quimis (Diadema, Brazil),
and pancreatin was provided by Sigma-Aldrich (St. Louis,
MO). Starch suspensions were prepared using deionized water.
All chemicals were of analytical grade.

Microencapsulation

Ninety grams of high-amylose corn starch (Hylon VII) in
2350 g of water were gelatinized at 130 °C for 45 min. One
hundred and fifty grams of the gelatinized starch suspension
(GS) was mixed with bixin (0.3 g) in 0.01 M KOH solution
(50 g) at temperatures of 60, 70, and 90 °C for 60 min, follow-
ed by precipitation at pH 4.5 using 0.01 M HCL. The precip-
itate was separated by centrifugation at 9000xg for 10 min,
was cooled at —18 °C for 12 h and lyophilized. When the use
of protein (WP) was necessary, it was added to the gelatinized
starch suspension according to Table 1. The samples were
coded with the letter B followed by whey protein ratio and
temperature of treatment. A control sample (GS-B), consisting
of GS (150 g) and bixin (0.3 g) in 0.01 M KOH solution
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(50 g), was prepared at 45 °C for 1 min. Also, a control sample
(GS-WP), consisting of GS (150 g) and WP (1.24 g), was
prepared at 60, 70 and 90 °C for 60 min.

Differential Scanning Calorimetry (DSC)

The thermal characterization of the samples was carried out by
analyzing the thermograms obtained in a PerkinElmer DSC
8000 (PerkinElmer Corp, Shelton, CT, USA). The equipment
was calibrated with indium before analysis. Nitrogen was used
as a purge gas for the system. For the analysis, 4-5 mg of the
samples were weighed in aluminum pans. An empty alumi-
num pan was used as the reference. The samples were heated
at 10 °C/min from 80 to 140 °C, then subsequently cooled at
10 °C/min from 140 to 80 °C. The results of the thermal
analyses were processed using PerkinElmer Pyris software,
version 10.0 (PerkinElmer Inc., Shelton, CT, USA).

X-Ray Diffraction (XRD)

X-ray diffraction was carried out with a diffractometer RINT
2000 wide angle Goniometer unit (Rigaku, Tokyo, Japan).
The diffractometer was operated at a voltage of 45 kV and a
current of 40 mA. The samples were scanned from 5° to 40° in
20, at a rate of 1°min"' and a step size of 0.1°. The relative
crystallinity was calculated based on the relationship between
the peak area and total area of the X-ray diffractograms, ac-
cording to Itthisoponkul et al. [13], by using Origin software
(Microcal Inc., Northampton, USA). Diffractograms were
smoothed and the baseline was corrected. The analyses were
carried out in duplicate.

FT-IR Spectroscopy

Infrared spectra were recorded on a Spectrum One spectro-
photometer (PerkinElmer Corp, Shelton, CT, USA) with an
attenuated total reflectance accessory and a ZnSe crystal.
Samples were analyzed directly after pressing them on the
crystal (80 psi), and FT-IR scanning was conducted at ambient
conditions. The resolution was set to 4 cm™ ', and the operating
range was set to 400 to 4000 cm ™. In all cases, 20 scans per
sample were recorded. The data were processed using Origin
Pro 8 Software (Microcal Inc., Northampton, USA). The anal-
yses were carried out in duplicate.

Encapsulation Efficiency EE (%)

The surface and encapsulated bixin content in the samples was
determined according to Lalush et al., [14] and Sutter, Buera,
and Elizalde [23], with modifications. Surface bixin was de-
termined by washing 0.010 g of the complex with 4 mL of
acetone in a test tube and shaking the mixture in a vortex for
2 min. After sedimentation, the powder was separated and the
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Table 1 Values of encapsulation
efficiency Samples WP (%) WP (g) Encapsulation
efficiency EE (%)
Temperature treatment 60 °C BOWP60°C 0 0 63.64
B10WP60°C 10 0.6 82.46
B20WP60°C 20 1.24 28.30
temperature treatment 70 °C BOWP70°C 0 0 24.30
B10WP70°C 10 0.6 57.05
B20WP70°C 20 1.24 34.51
temperature treatment 90 °C BOWP90°C 0 0 23.30
B10WP90°C 10 0.6 82.91
B20WP90°C 20 1.24 62.91
GS-B - - 33.29

concentration of bixin in the acetone was measured spectro-
photometrically at 457 nm. Encapsulated bixin in the remain-
ing powder was determined by degradation of the complex
with pancreatin. The powder was incubated in 4 mL of pan-
creatin solution at 37 °C for 36 h. Then, bixin was extracted
with 7 mL of acetone, centrifuged, filtered and quantified
spectrophotometrically at 457 nm. This wavelength was found
to correspond to the maximum absorbance of the used bixin,
in the spectrum range of 200 to 600 nm. For preparing the
pancreatin solution, 0.18 g of pancreatin was dissolved in
20 mL of phosphate buffer 20 mM (pH 7.0) containing
NaCl (0.04% w/w). This solution was centrifuged (9000xg,
10 min), and the supernatant was filtered and used for the test.
Bixin content in the complex was calculated for each formu-
lation as pg of bixin per g of total complex [24, 25]. To cal-
culate Encapsulation efficiency Eq. 1 was used [26]. The anal-
yses were carried out in duplicate.

Bi

% 100 (1)

Bi  Bixin content retained inside of matrix
Bo Bixin content retained on surface of matrix

Release Profile of Bixin in Simulated Intestinal Fluid

Determination of the release profile was carried out according
to Lesmes et al., [27] with modification. The complexes
(0.010 g) were dispersed in 15 mL of simulated intestine fluid
(SIF), which was prepared by dissolving 0.18 g of pancreatin
in a phosphate buffer solution (20 mM, pH 7.0) containing
NaCl (0.04% w/w). This dispersion was centrifuged (9000xg,
10 min), and the supernatant was filtered and used to incubate
the complexes at 37 °C. At intervals of time (30, 60, 90, 150,
210 and 270 min), aliquots of 1 mL of this dispersion were

separated and immediately subjected to bixin extraction with
4 mL of acetone, which was centrifuged and measured spec-
trophotometrically at 457 nm. The volume taken was replaced
with fresh SIF. The analyses were carried out in duplicate.

Color Analysis

The color of the samples was determined using a ColorFlex
model 45/0 spectrophotometer (Hunterlab, USA) with the
D65 illuminant and observer at 10°. The 4.10 version of
Universal software was used to determine the absolute values
of L*, a*, and b*. The system used for specification of color
was CIELAB. Values of L* (lightness) range between zero
(black) and one hundred (white), a* between -a* (green) and +
a* (red), and b* between -b* (blue) and + b* (yellow). The
chroma (C*), which expresses the degree of intensity or satu-
ration of the color (Eq. 2), and the hue angle (°hue), which
represents the tonality of the color (Eq. 3), were calculated.
The analyses were carried out in triplicate.

¢ =\@r+ ) @
*hue = arctg (2—:) (3)

Results and Discussion
Differential Scanning Calorimetry (DSC)

DSC analysis was performed on encapsulated bixin (Fig. 1a).
Samples BOWP90°C, BIOWP90°C, B20WP90°C, which
were prepared at 90 °C, showed an endothermic peak at
117.2, 105, and 104 °C respectively, which were similar to
V-type amylose complexes melting temperature. The melting
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Fig. 1 Differential scanning calorimetry of bixin complexes prepared at 90 °C (a). Samples prepared at 60 and 70 °C (b)

was not thermally reversible since the endothermal transitions
in the second scan were not observed. The crystalline struc-
tures do not return to its initial state after the cooling stage
because the rate of heating and cooling used in DSC analysis
are higher than those used during of preparation of samples.
The necessary time to form these structures at 90 °C seems to
be higher than that used in the heating and cooling stages,
which makes difficult the recrystallization after them have
melted during DSC analysis. This behavior was observed in
other systems as these formed by b-carotene and starch dex-
trin, the cooling and heating used during DSC analysis migth
not be a ideal kinetical process to regenerate crysline struc-
tures [28]. The melting temperatures of samples are similar to
the type-1I V-amylose complexes, which are characterized by
forming partially-ordered structures, with different amorphous
and crystalline regions. These complexes have melting tem-
peratures above 100 °C and are excellent matrices with great
resistance to heat [15, 29]. Although the formation of amylose
bixin complex was not confirmed by X-ray diffration, the
crystalline structure formed offer high thermal resistance,
melting above 100 °C. It is notable that the samples prepared
at 60° and 70 °C did not display endothermic transitions (Fig.
1b). WP may have interfered in the interaction between starch
and bixin, competing with the amylose chains by binding to
bixin. The increase in protein content led to a decrease in the
melting enthalpy (AHpiing), Which had values of 3334.4 J/g
for BOWP90°C (0% WP), 1550.4 J/g for BIOWP90°C (10%
WP) and 1383.8 J/g for B20WP90°C (20% WP). Proteins
have a high availability to interact with bixin and this behavior
is due, as it was suggested by Zhang and Zhong [22], to an
increase in the hydrophobicity of protein in alkaline condi-
tions, which leads to increase the active sites that can binding
bixin. The hydrophobicity increases due to higher exposure of
tryptophan residues on the surface of protein, after unfolding
of the WP chains, as a result of denaturation process and the
alkaline pH (close to 11) [30, 31]. The increase in the hydro-
phobicity of the samples with 10 and 20% of WP was
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probably a factor that avoided the formation of crystallites
with higher size, resulting in a lower energy for their melting,
thus leading to a decrease in their melting temperature and
AH,eling. In other starchy systems, the proteins can reduce
the binding between amylose and lipids, avoiding the forma-
tion of amylose-lipid complexes [20].

X-Ray Diffraction (XRD)

X-ray diffraction patterns of the treated samples and the con-
trol are shown in Fig. 2. The samples BOWP90°C,
B10WP90°C, B20WP90°C (90 °C) showed slight reflections
in the Bragg angles, close to 20°, 14° and 5° (20). The samples
also displayed a strong diffraction pattern of retrograded am-
ylose, which is suggested by the reflection in the Bragg angle
close to 17° and for peaks close to 23° (20) similar to those
reported by Felker et al. [32] and Czuchajowska et al. [33].
The samples prepared at 60 and 70 °C showed similar diffrac-
tion patterns to those prepared at 90 °C. The thermograms do
not show endothermic transitions in the temperature range
studied, suggesting no formation of crystalline structure type
V-amylose.in the treated samples.

The treatments used to prepare the samples resulted in a
tendency for decreasing relative crystallinity (Fig. 3) with the
increase in WP content. This was probably caused by the
interaction between WP and bixin, which can reduce the crys-
talline order [22]. Samples prepared without WP showed sig-
nificant differences (p <0.05) in their relative crystallinity.
Similarly, the samples at 60 °C and 90 °C, had significant
differences in their relative crystallinity compared to the GS-
B. These results seem to affect the release of bixin as it will be
discussed in the next sections. Both DSC and XRD analyses
confirmed the no formation of V-amylose bixin complexes.
Nevertheless, at 90 °C a structure possibly formed by WP-
Bixin-Starch is formed, which has a crystalline structure with
a melting temperature similar to a V-amylose complex type-II.
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Fig. 2 X-ray diffraction patterns of samples prepared at 90 °C (a), 70 °C (b) and 60 °C (¢)

FT-IR Spectroscopy

Figure 4 shows the FT-IR spectra of bixin, GS-WP and GS-B,
as well as samples of WP and GS with no treatment. The
spectra of bixin showed a band at 1744 cm ™' which was as-
sociated with stretching vibrations of the —-C=0 group from
aliphatic carboxylic acid, and bands associated with stretching
vibrations of conjugated C=C groups at 1613 cm™' (Fig. 4a).
Sample GS showed bands between 1200 and 1800 that were
correlated with minor components, such as proteins and native
lipids present in the starch (Fig. 4b). On the other hand, char-
acteristic bands of proteins called Amide I, II and III display
absorption in the regions between 1600 and 1700, 1500—1600
and 1200-1350 cm ', respectively [34]. In this region, WP
displayed bands at 1628 cm ™' (Amide I) and 1526 cm™
(Amide II), associated with -C=0 and C-N weak stretching
and strongly coupled with N-H bending, respectively, as well
as a band close to 1231 cm ™' (Amide III), which corresponds

to twisting of N-H in the plane, coupled with N-N stretching
and C-H and N-H deformation vibrations (Fig. 4b). As it is
shown in detail (Fig. 4¢), the bands at 1310 and 1280 cm !
correspond to x-helix and unordered structure, and the band at
1240 cm ™' corresponds to the B-sheet conformation of protein
[34]. The low intensity of the band at 1280 cm " indicates that
WP has a lower unordered structure content in comparison to
o-helix and 3-sheet. GS-WP displayed a combination of
bands associated with WP and GS, although the band of
Amide IIT was seen to increase in bandwidth (Fig. 4b).
When comparing FT-IR spectra of GS-B, GS-WP and the
BOWP90°C, BI0OWP90°C and B20WP90°C samples, in
which an endothermal transition was observed (Fig. la), a
band at 1744 cm™' associated with the vibration of the —
C=0 group of bixin was observed. However, a band at
1613 cm™' of conjugated -C=C- groups of bixin disappeared,
indicating that vibration of this group was restricted. On the
other hand, the FT-IR spectra of BOWP90, BIOWP90 and
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Fig. 3 Relative crystallinity.
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B20WP90 samples showed narrow bands at the region be-
tween 1300 to 1500 cm ' (Fig. 4d) compared to those of
GS-WP and GS-B, which were similar to those observed in
the GS sample (Fig. 4b). Nevertheless, the spectra of
B10WP90°C and B20WP90°C showed a broadband (at the
Amide I and Amide II regions) compared to BOWP90 sample.
Widening in the bands was associated with the higher WP
content. This result indicates that there was an increase in
WP availability to interact with bixin. Notwithstanding, these
interactions seem to be fewer at a higher temperature of treat-
ment, but enough to affect the thermal stability of the crystal-
line structures as it was observed in DSC results. On the other
hand, after microencapsulation process, the x-helix and (3-
sheet structures were not observed. This result suggests that
the heat treatment and pH affect the secondary structure
of WP significantly. The pH can also induce a negative
charge on the WP, increasing the repulsion and led to
unfolding and loss of the secondary structure of proteins
[31]. In other systems such as that formed by casein and
bixin, no effects of thermal treatment on casein-bixin
binding were observed, due to the higher thermal stability
of casein [35]. In contrast, Zhang and Zhong [30] reported
that after the thermal process, the hydrophobicity of the
[3-Lactoglobulin, which is the major component in whey
proteins, increases its availability to interact with bixin. In
this study, the results suggest that protein and the temper-
ature treatment reduced the interaction between bixin and
amylose chains at 60 and 70 °C, probably due to the
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BOWP60°C

B10WP90°C

B20WP60°C

higher facility of WP to bind to bixin. This is in agree-
ment with Zhang and Zhong [30], who reported that
protein-bixin binding is favored at lower temperatures.

Encapsulation Efficiency EE (%)

Figure 6 (Supplementary Figure) shows UV-vis absorption
spectra of the bixin and all samples, indicating that there was
no hydrolysis or degradation product formation during micro-
encapsulation process. The results of EE are shown in Table 1.
The encapsulation efficiency depends on the concentration of
starch, protein and its interaction with bixin. The increase in
WP content from 10 to 20% lead to decreasing in the EE. The
EE decreased from 82.46 to 28.30% at 60 °C, from 57.05 to
34.51% at 70 °C, and from 82.91 to 62.07% at 90 °C (Table
1). This trend was also reported by Rocha et al. [36] and Shu et
al. [37] in the encapsulation of lycopene by spray drying using
modified starch, and the blend of gelatin and sucrose respec-
tively, both authors reported that higher wall material content
induces to lower encapsulation efficiency. The result of bixin
encapsulation suggests that 10% of WP correspond to a limit
concentration, which is appropriated to reach the higher EE
under the three evaluated temperatures (Table 1). The increas-
ing EE observed with WP addition suggested that in the ter-
nary system WP-bixin-starch, the starch seems to act as a
matrix-forming material, whereas the protein acts as a film-
forming compound that protects the bixin. The film-forming
ability of proteins and their capacity of encapsulation is
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Fig. 4 FT-IR spectra of Bixin (a), WP, GS-WP, GS (b), -helix and the (3-sheet conformation of WP (¢), samples at 90 °C (d)

known [38]. The EE observed in this study were lower than
those reported by De Sousa Lobato et al. [10], which was
about 98% in a system prepared by the interfacial deposition
of preformed poly-e-caprolactone. The EE with 10% WP was
in the range that has been reported by other researchers using
gum Arabic and maltodextrin by spray drying, which ranged
between 75 to 86% [9], and higher than that reported by De
Marco et al. [39] in the encapsulation of annatto extract by
spray drying using a combination of maltodextrin and gum
Arabic, which was about 75.7% of efficiency. In addition,
the EE in all treatments was in the range reported in the
encapsulation of bixin with poly(3-hydroxybutirate-
cohydroxyvalerate) and dichloromethane as organic sol-
vent using the technology of supercritical carbon dioxide,
which achieved values between 6.36 to 92.02% [40]. In
the set of samples prepared at 90 °C was possible to

identify crystalline structures by DSC, indicating that, at
this temperature level, the interaction bixin-starch was fa-
vored in detriment of WP-bixin interaction. On the other
hand, it is also known that upon heating, cis-bixin can
polymerize to trans-bixin [41, 42], and the trans configu-
ration is less polar than the cis isomer; this transition
apparently allows the bixin chains to be partially trapped
more easily inside the apolar cavity of amylose

The Release Profile of Bixin

The release profile of samples in simulated intestinal fluid
(SIF) is shown in Fig. 5. Samples prepared at 60 °C presented
a slightly lower release percent compared to WP-B sample
after two hours. Meanwhile, samples prepared at 70 °C with
WP had a higher release percent. Samples prepared at 90 °C
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Fig.5 Bixin-release profiles of samples prepared at 60 °C (a), 70 °C (b) and 90 °C (¢). 0% WP (—e-), 10% WP (—m-), 20% WP (—A-) and GS-B (- V¥ -)

presented a release percent similar to the control in the first
two hours, followed by a stabilization until a nearly constant
value was reached, becoming more stable against the action of
the SIF. The release pattern is seen to be associated with rel-
ative crystallinity percent and treatment temperature. The
sample without protein and with a lower crystallinity percent
had a trend to shows a higher release percent. Probably, the
low crystallinity percent led to a greater effect of the enzymat-
ic action, allowing a higher release percent. This is due to the
preference of enzymatic action by amorphous regions [43].
Samples prepared at 60 °C had a release percent of bixin lower
than WP-B. Nevertheless, the increase in protein content de-
creased the release percent. As it was previously discussed,
the affinity of the WP for bixin is increased at lower temper-
ature, hindering the SIF action. In samples prepared at 90 °C,
an increase in the WP content does not seem to decrease the
release percent of bixin. Nevertheless, the release percent of
bixin was lower than WP-B. At 70 °C, the WP seems does not
have the affinity to binding with bixin. Also, this condition is
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not appropriate for forming of crystalline structures, resulting
in a higher release percent.

Color Analysis

Table 2 (Supplementary Table) shows the color parameters
L*, a*, b*, C*, and °hue of the treated and WP-B samples in
addition to pure bixin. The parameter L* had higher values in
the encapsulated samples than pure bixin, with a trend of
being lower than in samples treated at 60 and 70 °C, which
can be attributed to the presence of WP and starch. The pa-
rameter L* was not affected by the WP content. Regarding
parameter a*, in all of the treated samples, a decreasing red-
ness compared to pure bixin was observed. Parameter a* had a
tendency to be higher at 70° and 90 °C and lower at 60 °C than
the control; this suggests that the redness grows along with the
temperature. However, the a* values seem not to rise with the
protein content. The treated samples had b* values higher than
pure bixin and a pattern of being lower than the control,
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indicating a higher yellowness compared to pure bixin.
Furthermore, there was a disposition for parameter b* to in-
crease along with a rise in temperature. Concerning chroma
C*#, the treatment samples presented values in the range be-
tween 54.09 and 65.05, which were greater than pure bixin,
indicating a higher saturation and consequently a higher in-
tense color. In contrast, parameter C* had values lower than
the control, indicating a less intense color, which was probably
caused by the thermal treatment. The °hue, which represents
the color tonality, varied between 51.73 and 62.3 in the second
quadrant of the chromaticity diagram, between red (°hue = 0)
and yellow (°hue = 90). In all treatment samples, these param-
eters had values greater than pure bixin, with the trend of
being lower than WP-B. The values of the color parameters
suggest that the treatment samples are less red, but with a
higher intense color and a tendency to be more red orange
than the original color of pure bixin. The color parameters
a* and b* of the bixin complex, were higher than those
reported by De Sousa Lobato et al. [10], for nanocapsules
of bixin (a*=13.54 and b*=25.50) in a suspension pre-
pared by interfacial deposition. Moreover, L* had a lower
value in comparison to those observed in the treatment
samples at 60°, 70° and 90 °C.

Conclusion

The current study carried out the microencapsulation of bixin
using high-amylose corn starch and whey protein. Whey pro-
tein and microencapsulation process affected the profile and
total amount of bixin released under simulated gastrointestinal
fluid conditions. The crystalline structure was favored at
higher temperature. Amylose is a good wall material,
protecting bixin against heat; this was confirmed by the high
melting temperature of the crystalline structure. Future studies
are desirable to select the best proportions of starch and whey
protein, in order to improve the controlled release system.
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