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Abstract

Dyes are an essential food ingredient to improve sensory perception and draw consumers’ attention.
This study aimed to intercalate dyes, Bordeaux Red (BR), Tartrazine Yellow (TY), and Bright Blue (BB)
into layered zinc hydroxide salt by co-precipitation technique and to apply them in a cupcake food
matrix. The intercalated dyes were characterized by X-Ray Diffraction (DRX), Fourier-Transform Infrared
Spectroscopy (FTIR), Thermogravimetric Analysis and Differential Scanning Calorimetry. The cupcake
color parameters L¥ a* and b* and its stability were evaluated for 15 days storage and compared to
respective non-intercalated dyes. The BR and TY dyes intercalation was evidenced by DRX, while FTIR
demonstrated characteristic bands of the non-intercalated dyes and the lamellar hydroxysalt. Thermal
analysis suggested an increasing degradation temperature for BR intercalated (LHS-BR). Red cupcakes
elaborated with LHS-BR had lighter color characteristics evidenced by L* and a*. Yellow cupcakes
elaborated with TY intercalated (LHS-TY), although had lighter color characteristics evidenced by L* and
b* values, presented increased stability in comparison with TY during storage. New intercalated dyes
application may be promising providing color stability gains for food matrices, improving products
appearance and acceptance.
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Introduction

Color is an essential sensory attribute to draw consumers’ attention [1], being used as
additives that improve the presentation of a food. In a dye application procedure, beyond
the coloring function, it is interesting to study the dye stability under real conditions of
food production and storage, until it reaches the consumer’s table. Temperature and light
exposition are considered both adverse factor for dye color and improve color stability mainly
during storage is a relevant factor, regardless the processing technology used [2]. In order
to improve color stability some intercalation procedures may be employed. As some organic
anions do not have the sufficient thermodynamic driving forces to displace the intercalated
nitrate anions from the layered zinc hydroxinitrate structure, for example, new attempts can
be made to produce hybrid compounds by direct synthesis. The direct synthesis to obtain
layered compounds can be performed by various methods such as coprecipitation (or salt-
base method) [3,4], hydrothermal synthesis [3]; and salt-oxide method [5]. Tons of dyes are
used on a daily basis, mainly to improve or change food products’ color [6].

Some of artificial dye widely employed were Bordeaux Red, Tartrazine Yellow, and Bright
Blue. Although these dyes are considered stables to heat and light, possibilities of gains in
color and stability applied to foods are always interesting. Bakery goods are consumed
worldwide with great acceptance among different public. Cupcakes are individual cakes
portions of North American origin that conquered consumers of different age groups around
the world. Traditionally cupcakes are produced with a baked dough that receives a topping. It
is common to find cupcakes of different colors and flavors, which make them very attractive.
In this context, the possibility of colorful and/or stable dyes applied for cupcakes and for
bakery sector are interesting [7]. In this study, the inorganic matrix layered zinc hydroxide salt
was intercalated with Bordeaux Red, Tartrazine Yellow, and Bright Blue by co-precipitation
technique. The intercalated dyes were characterized and applied in cupcake formulation.
The cupcake color parameters and stability were evaluated during storage and compared to
respective non-intercalated dyes.
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Materials and Methods
Materials e equipment’s

For this study, reagents of analytical grade were used. The
dye Bordeaux Red was supplied by Conditec (Medianeira, Brazil),
and Tartrazine Yellow and Bright Blue were supplied by Sensient
(Milwaukee, USA). All reagents employed were analytical grade. The
following equipment’s were employed: Magnetic stirring (Corning,
6796-420D, New York, USA), pHmeter (Even, PHS-3E), centrifuge
(Cientec, CT 5000R, Belo Horizonte, Brazil), drying oven (New Lab,
NL 80, Piracicaba, Brazil), X-Ray Diffraction (XRD) with a PANalytical
diffractometer (Empyre, Malvern Panalytical, Westborough, USA),
Fourier transform infrared spectrometer with an Attenuated Total
Reflectance (ATR) (Spectrum 100s, Perkin Elmer, Beaconsfield,
UK), Thermal-Analyzer (STA 6000, Perki Elmer, Beaconsfield, UK),
blender (Power Max, Arno, Sdo Paulo, Brazil), ultrasound bath (P60
H, Elmasonic, Singen, Germany), bakery oven (MPO 7948, Perfecta
Curitiba, Curitiba, Brazil), and colorimeter (CR 410, Konica Minolta,
Osaka, Japao).

Co-precipitation reaction to obtain hybrid dyes (LHS-
dye)

Dye-intercalated layered zinc hydroxide salts were synthesized
by co-precipitation at alkaline pH. An aqueous solution of 1molL-
1 NaOH and 1.84, 4.53, and 1.40mol of Zn (NO,),.6H,0 aqueous
solutions were slowly dropwise added to solution containing 0.0050,
0.0244, and 0.0030mol of Bordeaux Red, Tartrazine Yellow, and
Bright Blue dyes, respectively and final pH was adjusted to around
7.Based on the expected formula of the layered zinc hydroxide salt,
Zn (OH),(Dye)2.nH,0, and to prevent any contamination, an excess
of dye was used. The dispersion remained under magnetic stirring
for 24h at room temperature (25 °C) and was subsequently rinsed
with distilled water and centrifuged at 5000rpm for 7min at 25 °C.
The process was repeated up to obtain colorless residual water. The
solids obtained were dried in an oven-dried at 60 °C, macerated and
stored up to characterizations and application (Figure 1).

Figure 1: Schematic representation of co-precipitation
procedure to obtain hybrid dyes.

Samples characterization

The zinc hydroxynitrate (ZHN), Bordeaux Red (BR), Tartrazine
Yellow (TY), Bright Blue (BB), Bordeaux Red Hybrid Dye (LHS-BR),
Tartrazine Yellow Hybrid Dye (LHS-TY), and Bright Blue Hybrid
Dye (LHS-BB) were characterized by X-Ray Diffraction (XRD) with
CuKa=1.5418A radiation source, 30mA current and 40kV voltage.

Fourier-Transform Infrared Spectroscopy (FTIR) analyses were
carried out with an Attenuated Total Reflectance (ATR) accessory
with a zinc selenide crystal (ZnSe), 4 scans accumulation ranging
from 600 to 4000cm™ and 4cm™ resolution. Thermogravimetric
(TGA) and Differential Scanning Calorimetry (DSC) were carried
out using a Thermal-Analyzer with a 20mLmin? oxygen flow rate
and a 10 °C min! heating rate of up to 900 °C. The samples mass
used ranged from 6 to 8mg.

Hybrid dye applied on cupcakes

The BR, LHS-BR, TY, and LHS-TY dyes were applied in cupcakes
samples and color parameters were evaluated during shelf life.
A cupcake base dough was produced using sugar (160g), wheat
flour (160g), whole milk powder (20g), chemical yeast (15g), eggs
(2ud), margarine (15g), and water (100mL). The BR (0.12g) and
TY (0.12g) were directly added to cupcake base dough. Before LHS-
BR (0.80g) and LHS-TY (0.35g) addition to dough, the intercalation
compounds were previously diluted on 100mL water and subjected
to ultrasound treatment (37KHz frequency, 100% amplitude,
15min) to disaggregate and better disperse the intercalated
pigment [1]. All ingredients were homogenized in a blender for
5min, arranged in paper molds n? 2 for cupcakes and baked at 150
°C for 15min. The samples were stored in a polyethylene bag at 22
°C for 15 days.

Color evaluation during storage

Cupcake samples were randomly selected for color analysis
at predefined intervals of 5 days (0, 5, 10, and 15 days). The
instrumental parameters of color luminosity (L*), green-red
component (a*) and blue-yellow component (b*) were determined
at ten different outer (top surface) and inner (after the cupcakes
were cut in a latitudinal fashion just before reading) surface of the
samples with the CIELAB system using a colorimeter calibrated
with a D65 standard illuminant and a 10° angle. L* (lightness;
100=white, O=black), a* (redness; +, red; -, green), and b*
(yellowness; +, yellow; —, blue) values were obtained.

Statistical analysis

The results were presented as average+standard deviation,
submitted to analysis of variance (one-way, ANOVA) followed by the
Tukey test (p<0.05) using the Statistica 7.0 software.

Result and Discussion
Hybrid dye LHS-BR characterization

After the co-precipitation reaction, the obtained solid LHS-BR
had similar color characteristic of non-intercalated dye. The LHS-BR
L*, a* and b* were 13.27+0.89, 15.52+0.22, and 8.96+0.09. The BR
L* a* and b*were 12.64+0.19,15.77+0.12,and 6.52+0.04. Analyzing
the diffractogram (Figure 2a), the layered zinc hydroxynitrate
structure formation in the intercalation compound with BR may
be observed by the peaks attributed to the basal reflection planes
in the layered stacking direction (h00). Moreover, at 5 and 20° of
2*0 (degrees) regions the peaks 6.19 °C and 18.73 °C present a
uniform distribution of the distances between them. Furthermore,
a good crystallinity and lamellar repeat order and a basal distance
of 17.6A was evidenced. This distance is consistent with the size
of the dye molecule calculated by the HyperChem program (13.64)
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(Figure 2b), allocated between the layered zinc hydroxysalt (4.8 A)  characterizes the successful BB dye intercalation of a monolayer in
also formed by two layers of tetrahedral zinc bonded to hydroxyl the layered hydroxysalt matrix as shown in Figure 2C [8].
groups with each zinc tetrahedron an estimated size of 2.6A. This
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Figure 2: (A) X-ray diffractogram of (a) ZHN, (b) BR, and (c) LHS-BR; (B) estimated size of BR dye molecule; (C)
zStructures of lameller Zinc hydroxysalt intercalated with BR dye after sodium carboxylate coordination. (D) X-ray
diffractogram of (a) ZHN, (b) TY, and (c) LHS-TY; (E) Estimated size of TY dye molecule; (F) Structures of lameller zinc
hydroxysalt intercalated with TY dye after sodium carboxylate coordination. (G) X-ray diffractogram of (a) ZHN, (b)
BB, and (c) LHS-BB.
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The FTIR spectra (Figure 3) corroborates the results obtained
by the diffractograms, showing that the intercalation of the BR dye
in layered hydroxysalt was effective. At 1372cm™ (LHS-BR) and
1370cm™ (BR) avs (S-0) was observer. At 1616 and 1492cm™ (LHS-
BR) and 1588 and 1496 (BR) a links (N-N) ring was observed. At
1108 (LHS-BR) and 1106 (BR) abonds (C-S) ring with the sulfonated
groups (So*) were observed. At 1620 (LHS-BR) and 1626 (BR) a
C=C ring was observed. Note also two bands of the Carboxylate
functional group (COO°), one at 1390cm™ which corresponds to
the symmetrical stretching and the second at 1552cm™ referring
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to the asymmetrical stretching [9]. According to Nakamoto [10]
the difference in frequency of the stretches (Av=v_-v), using as
reference the Av of the BR salt and the layered compound, indicates
the form of coordination of the anion with the lamella metal.
Therefore, monodentate coordination occurs when the Av of the
compound of interest is greater than the Av of its salt. If the value of
Av of the compound of interest has approximate values, it indicates
bridging between anion and the metallic center. When the Av of
the compound of interest is smaller than the Av of the sodium salt,
coordination will be bidentate [9,10].
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Figure 3: (A) Vibrational spectra in the infrared region of (a) ZHN, (b) LHS-BR, and (c) BR. (B) Vibrational spectra in
the Infrared Region of (a) ZHN, (b) LHS-TY, and (c) TY. (C) Vibrational spectra in the Infrared Region of (a) ZHN, (b)
LHS-BR, and (c) BB.

The frequency difference between the two bands gives
information about how the anion coordinates to the metallic center.
Thus, the delta of the sodium salt of the BR dye (Av=152cm™)

is smaller than the delta of the LHS/VB intercalated product
(Av=160cm™), thus resulting in a monodentate coordination from
the anion to the metallic center of the lamella [9]. It is not possible to
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say whether there are nitrate bands at 1372cm, due to the possible
overlap of the S-O vibration bands of the sulfonic group present in
the dye structure [8,11,12]. Thermal analysis of TGA/DSC confirm
the intercalation (Figure 4A). The BR dye (Figure 4A) starts its
thermal decomposition at 188 °C characterized by an endothermic
event at 223.3 °C, shown in the DSC curve (Figure 4A). For the LHS-
BR, the initial decomposition starts at 206.97 °C, and several mass
losses were observed, basically 3 main ones. The first are related to
the loss of adsorbed or intercalated water (150°C and 250°C) and
the third loss is related to the dehydroxylation of the coverslip and
the combustion of organic material from the BR dye (400 °C and 600
°C) (Figure 4A) [8,12,13] Based on mass losses, the composition of

A) [

C)

the BR dye intercalated into layered hydroxysalt was estimated,
assuming that 5mol of zinc oxide (ZnO) remained for each mol of
zinc hydroxide nitrate (ZHN). Two main events were considered,
the first referring to water loss (x1=104.35 and y1=92.076%) and
the second the amount of organic matter and dehydroxylation of
the lamellae lost in the burning of the material (ZnO) (x2=890,10
and y2=54.882%). Thus, it was possible to estimate the amount and
general formula of the BR dye in the layered hydroxysalt matrix,
in which 2 sodium carboxylate coordinates at two points in its
structure (Figure 2C), therefore it proposes the composition of the
LHS-BR compound with the formula Zn (OH),(NO,)1.81(VB)0.19.3
.25H,0 with molar mass 739.826g mol™ [14].

Figure 4: (A) Comparison between the thermal analysis of the (a) LHS-BR, (b) ZHN, and (c) BR. (B) Comparison
between the thermal analysis of the (a) LHS-TY, (b) ZHN, and (c) TY. (C) Comparison between the thermal analysis of
the (a) LHS-BB, (b) ZHN, and (c) BB.

Hybrid dye LHS-TY characterization

After the co-precipitation reaction, the solid obtained LHS-
TY showed a change in color. The LHS-TY L* a* and b* were
58.22+1.13, 33.66+0.50 and 79.43+1.65. The TY L*, a* b* were
56.94+1.87,43.97+0.30,and 76.18+2.11. LHS-TY had a lighter color
(lower L*) and yellower color characteristic (grater b*). The X-ray
diffractogram (Figure 2D) it is possible to verify that (ZHN) (Figure
2D) has a good lamellar repeat order crystallinity and an intense
peak, referring to the plane (200), whose basal distance calculated
by Bragg’s Law is approximately 9.8A. For LHS-TY (Figure 2D)
the formation of the layered structure of zinc hydroxynitrate was
evidenced by the peak (002) at approximately 33 °C, according
to the file 24-1460 of the Joint Committee of Powder Diffraction
Patterns (JCPDS) [8] and also presented well-defined diffraction
peaks, lamellar repeat order and basal distance of 31.59A. This
distance is consistent with the presence of a monolayer of TY
dye (16.34A) (Figure 2C) in the lamellar structure formed by two
layers of tetrahedral zincs linked to hydroxyls (4.84) with each
zinc tetrahedron an estimated size of 2.6A. This characterizes the

success of the dye intercalation in the lameller matrix as shown in
Figure 2F [8].

The intercalation of the TY dye may also be confirmed by
vibrational studies in the Infrared Region (FTIR) (Figure 3B), with
characteristic bands for non-intercalated TY dye (Figure 3B). At
1028 and 1128 (LHS-TY) and 1124 and 1032 (TY) a v_and v _
(S0O,) were observed. At 1008 (LHS-TY) and 1004 (TY) v (S=0) /
(C,H5-50,) ring was observed. At 3348 (LHS-TY) and 3448 (TY) a
(O-H) of water and lamellae LHS were observed. At 648 and 692
(LHS-TY) and 644 and 716 (TY) a links (C-C), (C=C), and (C6H5)
ring were observed. At 1548 (LHS-TY) and 1564 (TY) a v (N=N)
was observed. At 1340 and 1384 (HLS-TY) and 1348 and 1416 (TY)
a v (C-H) ring was observed. Moreover, the bands at 1560cm
correspond to asymmetric stretching (vas) and bands at 1412cm
! to symmetrical stretching (vs) of the COO-carboxylate group
[14] Considering the symmetrical and asymmetrical stretching
frequencies variation, the LHS-TY (164cm™) and the dye salt (148cm
1), the intercalation product shows a monodentate coordination
between the anion and the metallic center. Thermogravimetric
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analysis (Figure 4B) suggests mass losses between 0-100 °C for
all samples, referring to the loss of absorption water. According to
Leulescu et al. [15], the non-intercalated TY (Figure 4B) remains
stable in the temperature range 110 °C to 200 °C, with a partial
oxidation of the azo group (-N=N-) ocurring between 200 °C to 300
°C and with the decomposition initiated at 307.5 °C, correlated to
an endothermic event at 453.02 °C, in which the loss of the carboxyl
group and loss of the azo group occurs. The other mass losses
observed may be related to the oxidation of SO3 and different
aromatic groups. The LHS-TY (Figure 4B) had a mass loss profile
similar to TY (Figure 4B), with degradation starting at 307.5 °C,
while LHS-TY starts at 238.05 °C. As reported by Hongo et al. [16],
several mass losses are observed, the main ones being related to
the dehydroxylation process of the lamellae and the nitrate present
in the structure.

Based on the thermal analysis it was possible to estimate the
amount of TY in the intercalation solid, which was considered
the general lamellar formula of Zn,(OH),(NO,)2-x(TY)x. nH20, in
which the percentage of solid without water of hydration and also
the final percentage of zinc oxide were used. Assume that 5moles
of zinc oxide (Zn0) are left for every mole of ZHN. Two main events
were considered, the first referring to water loss (x1=104.35 and
y1=92.076%) and the second referring to the amount of organic
matter and dehydroxylation of the lamellae lost in the burning of the
material (Zn0) (x2=817.03 and y2=42.253%). Thus, it was possible
to estimate the amount and the general formula of TY dye in the
lamellar hydroxysalt matrix, in which the sodium 2 carboxylate
coordinates at two points in its structure (Figure 2F), therefore
it proposes the composition of the LHS-TY compound with the
formula Zn (OH),(NO,)1,28(TY)0.72.3.72 H,0 with molar mass
960.64g mol-1 [14]. Note that the initial degradation temperature
of LHS-TY started at 242.11 °C, which is lower compared to the
degradation temperature of the TY dye at 307.5°C.

Hybrid dye LHS-BB characterization

The diffractogram (Figure 2G) suggest that the BB intercalation
(Figure 2G) did not show good crystallinity and neither did a basal
distance value which corresponds to the intercalation of the dye in
thelayered matrix. However, as observed in the vibrational spectrum
in the infrared region, (Figure 3C) the LHS-BB intercalation product
(Figure 3C) shows characteristic bands of the BB dye (Figure 3C),
referring to the stretching of the azo group (-N=N-) at 1500cm ,
bands at 1620cm™ attributed to the C=C stretching of the aromatic
ring, and also symmetrical and asymmetrical stretching in the
region of 1576cm™ and 1392cm from the COO- group [9,17]. The
BB dye (Figure 4C) starts its thermal decomposition at 286.15 °C

related to two endothermic events, one at 294.10 °C and another
at 445.54 °C, referring to the combustion of organic matter. For the
synthesized compound, it is noted that its decomposition started
at 293.02 °C (Figure 4C). The analyses performed suggest that BB
intercalation product was not successfully obtained.

Red cupcake color evaluation

L* a* and b* color parameters for red cupcakes are shown in
Figures 5 & 6, and Table 1. The outer L* values range from 34.38
to 23.61 for BR, and from 39.78 to 28.94 for LHS-BR. The inner L*
values range from 41.05 to 27.12 for BR, and from 44.91 to 33.32
for LHS-BR. The lower L* values represent a darker color. Up to 5
days, the red cupcakes kept its outer and inner surface L* value,
while at 15 days a considerable outer and inner darker color was
observed for both samples (p<0.05) (Figure 5A). The outer L*
values were darker than inner ones, as expected due the crust color
characteristic. Comparing the BR to LHS-BR cupcake samples, at all
intervals the BR had a darker color. The outer a* values range from
43.70 to 34.93 for BR, and from 42.05 to 29.65 for LHS-BR. The
inner a* values range from 44.58 to 33.24 for BR, and from 38.67
to 30.03 for LHS-BR. Higher positive a* values represent more
intense red color. Up to 5 days, the red cupcakes kept its intense
outer and inner red color evidenced by a* values, while at 15 days
a significant outer and inner red color loss was observed for both
samples (p<0.05) (Figure 5B). In general, the BR outer and inner
red color was more intense than LHS-VB, due the higher a* values
(p<0.05). The outer b* values range from 16.80 to 13.21 for BR, and
from 15.56 to 13.95 for LHS-BR. The inner b* values range from
12.20 to 9.93 for BR, and from 10.48 to 9.58 for LHS-BR. Higher
positive b* values represent more intense yellow color. During
the 15 days, a significant outer and inner b* values reduction was
observed, which was not observed for LHS-BR (Figure 5C). In
contrast, at 15 days LHS-BR outer and inner b* values had a slight
increase (p<0.05). In general, up to 15 days, the BR outer and inner
yellow color was more intense than LHS-VB. However, at 15 days an
inversion was observed, with higher b* values for LHS-BR compared
to BR (p<0.05). An overall assessment of L*, a* and b* parameters
for red cupcakes suggests that a comparable color stability was
obtained for BR and LHS-BR. Mainly L* and a* values obtained for
BR cupcakes reinforce the BR intercalation obtained employing
ZHN, explained by the smaller color opening in the product using
the same amount of dye, even using ultrasound in an attempt to
facilitate the opening of the lamella. Regardless of the LHS-BR dye
color opening applied to cupcake, the intercalated dye developed
may provide stability gains for other food matrices, suggesting the
importance of new applications.

Table 1: Red and yellow cupcakes color parameters of luminosity (L*), green-red component (a*), and blue-yellow
component (b*). BR: cupcake colored by Bordeaux Red; HSL-BR: cupcake colored by intercalated Bordeaux Red; TY:
cupcake colored by Tartrazine Yellow; HSL-TY cupcake colored by intercalated Tartrazine Yellow. Meantstandard
deviation (n=10) followed by different lowercase letters in the columns or different uppercase letters in the lines indicate

a significant difference by Tukey’s test (p<0.05).

Color Cupcake Outer Surface Inner Surface
Parameter | Sample 0 Days 5 Days 10 Days 15 Days 0 Days 5 Days 10 Days 15 Days
1 BR 34.05"%+0.64 | 34.38*+0.85 | 33.26"+1.32 | 23.61"5+0.68 | 37.29*5+2.09 | 41.05"A +2.29 | 38.42"+1.84 | 27.12"+1.57
HSL-BR | 39.56*+0.92 | 39.78"+0.59 | 37.27%¥+0.83 | 28.94+0.86 | 42.00°*+2.50 | 44.91*"+1.37 | 41.12°8+2.29 | 33.32%+1.70
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. BR 43.57*+0.81 | 43.70*4+1.26 | 39.87*8 £1.31 | 34.93¢+0.54 | 42.02*+2.52 44.58%+0.89 | 43.34*+1.25 | 33.24%¥+0.66
a
HSL-BR | 42.05""+1.13 | 40.83""+1.65 | 38.89® +1.46 | 29.65°°+0.87 | 38.54"*+2.06 | 38.67"*+0.88 | 36.22"+1.86 | 30.03°¢+1.44
- BR 16.80*4 £0.60 | 16.53*A+0.51 | 14.97*® +0.89 | 13.21*°+0.23 | 11.85*+0.76 | 12.01**+0.31 | 12.20**+0.35 | 9.93"% +0.31
HSL-BR | 14.70"*+1.01 | 15.56*+1.07 | 13.95"%+0.36 | 14.96**+0.80 | 10.48"*%+0.66 | 10.35"¥+0.28 | 9.58"2+0.73 | 10.94*"+1.21
1 TY 67.70"+1.21 67.97*+1.37 68.17*4+£0.40 | 46.25"®+1.36 | 65.24*+1.33 64.04*+1.78 | 65.15"+1.65 | 52.87"8+1.32
HSL-TY | 70.29%4+1.47 | 67.50*® +0.97 | 65.20°°+1.88 | 50.28°+1.22 | 74.29*A+1.16 | 73.51*+1.56 | 70.01**+1.69 | 54.58*+1.51
. TY 8.88aA+0.69 | 9.09aA +0.85 | 9.54aA+0.46 | 1.70bB+0.50 | 10.87aA+0.25 | 10.03*8+0.82 | 10.63*+0.37 | 9.02*°+0.26
a
HSL-TY 4.87"+0.47 3.44"5+0.45 3.85"+0.50 3.88%%+0.66 8.19"4+0.45 8.244+0.17 8.45" +0.32 | 6.49"° +0.22
b* TY 65.77*+1.79 | 64.74**3+1.32 | 63.98%3+1.06 | 48.20%°+0.85 | 58.11**+0.81 55.41%+1.97 | 54.25%+1.82 | 47.30*°+1.10
HSL-TY | 47.18"2£0.76 | 46.24*"+1.61 | 45.99"+1.07 | 37.12%%+1.46 | 38.55"*+0.90 | 38.84"+0.62 | 38.43"*+1.09 | 30.93"%+0.72
Ab B) )
(L] E} F)=

= il

Figure 5: Red cupcake outer and inner color parameter of (A) luminosity (L*), (B) green-red component (a*), and
(C) blue-yellow component (b*). Yellow cupcake outer and inner color parameter of (D) luminosity, (E) green-red

component, and (F) blue-yellow component.
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Figure 6: Color appearance of (A) red and (B) yellow cupcakes along 15 days of storage.
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Yellow cupcake color evaluation

L* a* and b* color parameters for yellow cupcakes are shown
in Figure 5 & 6, and Table 1. The outer L* values range from 68.17
to 46.25 for BR, and from 70.29 to 50.28 for LHS-BR. The inner L*
values range from 65.24 to 52.87 for BR, and from 74.29 to 54.58
for LHS-BR. The lower L* values represent a darker color. Up to 10
days, the TY cupcakes kept its outer and inner surface L* value,
while at 15 days a considerable outer and inner darker color
was observed (p<0.05). For LHS-TY cupcakes, an outer and inner
gradual darkening was observed during the 15 days of storage life
(p<0.05). The outer L* values were darker than inner ones for, as
expected due to the crust color characteristic. Comparing the TY
to LHS-TY outer and inner cupcake samples color, TY had a darker
color atinitial and final storage time (p<0.05). Moreover, comparing
outer and inner L* delta for TY and LHS-TY, the inner varied more
between samples than outer ones (Figure 5D). The outer a* values
range from 9.54.70 to 1.70 for BR, and from 4.87 to 3.44 for LHS-BR.
The inner a* values range from 10.87 to 9.02 for BR, and from 8.45
to 6.49 for LHS-BR. Positive a* values represent the presence of
red shades on samples. Up to 10 days, the yellow cupcakes kept its
outer and inner red shades, while at 15 days a significant outer and
inner red shade decrease was observed for both samples (p<0.05).
The exception was the outer LHS-TY a* values, which decrease from
0 to 5 days and kept stable from 5 to 15 days (p>0.05).

The TY inner red shade was more intense than LHS-VB, due the
higher a* values from 0 to 15 days (p<0.05). For outer a* values, the
same was observed up to 10 days; at 15 days a marked decrease
for TY a* value was observed in comparison with LHS-TY cupcake
(p<0.05) (Figure 5E). The outer b* values range from 65.77 to 48.20
for BR, and from 47.18 to 37.12 for LHS-BR. The inner b* values
range from 58.11 to 47.30 for BR, and from 38.84 to 30.93 for LHS-
BR. Higher positive b* values represent more intense yellow color.
Although the more intense TY cupcakes yellow color, a significant
outer and inner b* values reduction was observed for TY along
the 15 days storage (Figure 5F & Table 1). For LHS-TY, the outer
and inner yellow color obtained was kept up to 10 days (p>0.05),
demonstrating LHS-TY dye greater stability in comparison with TY
one. An overall assessment of L*, a* and b* parameters for yellow
cupcakes suggests that TY cupcakes had more characteristic yellow
color than LHS-TY. However, the decrease of b* values during
storage observed for TY cupcakes reinforce TY color instability. The
TY intercalation appears to have increased the stability of the dye
applied to food matrix. Regardless of the LHS-TY dye color opening
applied to cupcake, the intercalated dye provided stability gains for
cupcakes and may provide stability gains useful for different food
matrices, reinforcing the importance of new applications (Figure
6).

Conclusion

The intercalation of BR and TY dyes into layered zinc hydroxide
salt was obtained and evidenced by X-ray diffractogram. The
FTIR showed characteristic bands of the non-intercalated dyes
and the layered hydroxysalt. Thermal analysis suggested thermal

stability with increasing degradation temperature for LHS-BR. Red
cupcakes elaborated with LHS-BR had lighter color characteristics
evidenced by L* and a* values. Yellow cupcakes elaborated with
LHS-TY, although had lighter color characteristics evidenced by L*
and b* values, presented increased stability in comparison with TY,
especially observed from b* value during storage. The intercalated
dyes developed may provide stability gains for other food matrices,
suggesting the importance of new applications.
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