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a  b  s  t  r  a  c  t

This  study  evaluated  the l-ascorbic  acid  (AA)  encapsulation  in microparticles  of  xyloglucan  (XAA)
extracted  from  Hymenaea  courbaril  seeds  by spray  drying  (SD)  and  its application  in  tilapia  fish burg-
ers.  The  encapsulation  efficiency  was  96.34  ± 1.6%  and  the retention  of  the  antioxidant  activity  was  of
89.48 ± 0.88%  after  60 days  at  25 ◦C.  SEM  images  showed  microspheres  with  diameters  ranging  from  4.4
to  34.0  �m. FTIR  spectrum  confirmed  the  presence  of  AA  in  xyloglucan  microparticles,  which  was  cor-
roborated  by  DSC  and  TGA.  The  release  of  ascorbic  acid  was  found  to be pH-dependent.  The  application  of
eywords:
dditive
ntioxidant
ncapsulation
emicellulose
icroencapsulation

XAA in  tilapia  fish  burger  did not  change  the  pH after  heating  and  the ascorbic  acid  retention  was greater
compared  to its free  form.  The  results  indicate  that xyloglucan  can  be  used  to encapsulate  AA  by  SD  and
suggest  that  XAA  was  able  to reduce  undesirable  organoleptic  changes  in  fish  burgers.

©  2017  Elsevier  B.V.  All  rights  reserved.
pray drying

. Introduction

Over the last years, encapsulation studies with several poly-
eric materials from vegetal origin are attracting the attention of

esearchers because they are natural sources and cheaper than syn-
hetic polymers [1]. Xyloglucan is a polysaccharide with specific
unctions in the plant and plays an important structural role, while
lso acting as a storage material in seeds of certain species such as
ymenaea courbaril var. courbaril, known as Jatoba, abundant native

eguminous in the Brazilian forests, from North to South. Xyloglu-
an is composed by glucose (40%), xylose (34%), galactose (20%) and
rabinose (6%) [2].

In pharmacology xyloglucan is used in drug carrier systems

ue to its solubility in water, being a natural biodegradable
on-antigenic polymer [3,4]. In the food industry, for instance,
yloglucan is used as a thickener, stabilizer, anti-microbicide agent

∗ Corresponding author.
E-mail addresses: mgcc@ufpe.br, mgcc1954@gmail.com

M.G. Carneiro-da-Cunha).

ttps://doi.org/10.1016/j.ijbiomac.2017.10.016
141-8130/© 2017 Elsevier B.V. All rights reserved.
and crystallization inhibitor [5], there being no reports of its actu-
ation as an encapsulating agent for additives.

Microencapsulation by spray drying (SD) is one of the standard
methods for encapsulation, in which a liquid product is atomized
and dried instantaneously by a hot air stream, resulting in a powder
[6]. Microencapsulation is widely used in the protection of active
components against factors that can cause degradation, such as
chemical substances, environmental adverse reactions and loss of
volatiles, improving the stability and contributing to a controlled
release [7]. One of the active compounds that have been encapsu-
lated with different polymers is ascorbic acid [8,9]. It is used by
the food industry and is considered one of the best alternatives
as antioxidant, protecting the sensory and nutritional character-
istics of the food, while also increasing the content of vitamin C
in products; however, this additive is highly unstable and reactive
[10–12]. Also due to its acidic nature, ascorbic acid can interact
with other food components [13]. This interaction may  result in

compounds such as furan, the formation of which will occur during
the warm-up time [14]. Microencapsulation with controlled release
of additives such as ascorbic acid for certain food formulations is

https://doi.org/10.1016/j.ijbiomac.2017.10.016
http://www.sciencedirect.com/science/journal/01418130
http://www.elsevier.com/locate/ijbiomac
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2017.10.016&domain=pdf
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mailto:mgcc1954@gmail.com
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nteresting to maintain the appropriate characteristics throughout
he processing and heating of the food product [15].

In the present study the xyloglucan from Hymenaea courbaril
ar. courbaril seeds was used as an ascorbic acid encapsulating
gent by SD, and the microparticles obtained were characterized
nd applied to fish burgers for the controlled release of the active
ompound during the beneficiation phase and protection during
aking.

. Experimental

.1. Materials

The seeds of Hymenaea courbaril var. courbaril were collected
n September 2015 in the city of Carnaubal, Ibiapaba Sierra
egion in the Ceará State, Brazil. The l-ascorbic acid (99.7%),
,6-dichlorophenolindophenol sodium salt dihydrate (DCIP; 97%,
etec, Duque de Caxias, Brazil) and methyl alcohol (99.8%) were
btained from VETEC (Brazil). Absolute ethanol (96◦GL) was
btained from Santa Cruz (Brazil), acetone PA from Dynamics
Brazil), oxalic acid from Cromoline Fine Chemicals Ltd. (Brazil) and
.2-diphenyl-1-picrylhydrazyl (DPPH) was obtained from Sigma-
ldrich (Germany).

.2. Extraction and purification of xyloglucan

The xyloglucan (X) from the seeds of H. courbaril was extracted
ith 0.1 M NaCl [5% (w/v)], precipitated with 46% ethanol [1:3 (v/v)]

or 18 h, filtered on screen printing cloth (110 thread type), washed
ith 100% ethanol [1:3 (w/v)] for 30 min  and two times with ace-

one PA [1:3 (w/v)] for 30 min  [16]. The precipitated xyloglucan
btained was dried at 60 ◦C until constant weight, powdered and
tored in amber glass bottles in dry place until further use.

.3. Preparation of xyloglucan microparticle with l-ascorbic acid

The 1% (w/v) xyloglucan solution was prepared dissolving 10 g
n 1000 mL  of distilled water under magnetic stirring (200 rpm) at
5 ◦C for 24 h. Afterwards, were added 0.4 g of l-ascorbic acid (AA)
nd the solution was maintained under the same condition for more

 h. After that, the solution was atomized in a spray dryer device
Buchi Mini Spray Dryer B-290) under the following operating con-
itions: inlet air temperature at 160 ◦C, outlet air temperature at
03–107 ◦C, an air flow (at standard temperature and pressure) of
38 L/h and pump speed of 233 mL/h [17]. The obtained micropar-
icles of xyloglucan containing AA (XAA) and xyloglucan after the
D process (XSD) were collected and stored in amber glass bot-
les at room temperature (25 ◦C) for 60 days. The experiments were
arried out in quintuplicate.

.4. Morphology of microparticles

The surface micrographs of microparticles of XAA and XSD
ere carried out in a scanning electron microscope (SEM) model

VO/LS15 (Zeiss, USA) at an accelerating voltage of 10 kV under
acuum conditions. Samples were prepared on stubs with carbon
ouble-sided tape (8 mm × 20 mm)  and subjected to a gold coating

n a Q150T ES coater (Quorum Technologies, UK).

.5. Fourier transform infrared (FTIR) spectroscopy
The FTIR spectra were obtained with a Cary 630 FTIR spectrom-
ter (Agilent Technologies, USA) within the range 4000–700 cm−1.
owdered samples of XAA microparticles, X and AA were placed in
ical Macromolecules 107 (2018) 1559–1566

contact with the previously clean crystal to then display the spectra
[18].

2.6. Thermal analysis

The thermal properties of xyloglucan after the SD process
(XSD), without the process (X) and of the microparticles XAA were
determined by differential scanning calorimetry (DSC) and ther-
mogravimetric analysis (TGA). DSC measurements were carried
out with a PerkinElmer DSC 6000 (PerkinElmer, Massachusetts,
EUA) calibrated with Indium as standard. Approximately 3 mg  of
the sample was  placed in aluminum DSC pans (Perkin-Elmer pans
30 �L BO143016) sealed with DSC covers (Perkin-Elmer Al cover
BO143003). The measurements were taken following the temper-
ature ramp, heating from 20 ◦C to 120 ◦C, then cooling to −45 ◦C
and finally heating at 300 ◦C, at a rate of 10 ◦C min−1 under a nitro-
gen atmosphere. The melting enthalpy (�Hm),  melting peak (Tm)
and glass transition temperature (Tg) were determined in the sec-
ond heating scan. TGA was  completed with a PerkinElmer TGA 4000
(PerkinElmer, Massachusetts, EUA). Samples were placed in the bal-
ance system and heated from 20 ◦C to 450 ◦C at a heating rate of
10 ◦C min−1 under a nitrogen atmosphere.

2.7. Encapsulation efficiency of l-Ascorbic acid

Ascorbic acid content in the microparticles was  determined
according to Tillmans method based on the titration principle, as
described previously [9]. Briefly, a volume of 10 mL  of 0.05% (w/v)
microparticle solution in 1% (w/v) oxalic acid was  added in Erlen-
meyer flask containing 50 mL  of 1% (w/v) oxalic acid and titrated
with 0.2% (w/v) DCIP solution until persistent pink color for 15 s. The
amount of ascorbic acid was  calculated according to the following
equation [19]: AA (%) = (V x F)/A x100, where V = Volume spent in
the titration; F = volume of DCIP in mL  spent on standardization;
A = mass (g) of the sample used in the titration. The encapsula-
tion efficiency (EE) was calculated according to the equation [20]:
EE(%) = (QD/QA) x 100, where QD is the total amount of ascorbic
acid determined in the system and QA the amount of ascorbic acid
added to the system. The encapsulation experiments were carried
out in quintuplicate and for each one of the five samples, ascor-
bic acid was  determined in triplicate. Consequently, ascorbic acid
results are expressed as an average ± standard deviation of the 15
values found.

2.8. Evaluation of stability of XAA microparticles

The evaluation of the stability of the XAA microparticles, was
carried out at time intervals of 0, 7, 15, 30 and 60 days, through
ascorbic acid analysis mentioned in the section 2.7, taking the
result of the total ascorbic acid at time 0 as the value of 100%.
It was  also measured the antioxidant activity using the 2.2-
diphenyl-1-picrylhydrazyl (DPPH) radical method [20], in which
the methanolic solution of the XAA sample, with the concentration
of 10 mg  mL−1, was initially subjected to ultrasonic bath (UNIQUE-
Ultrasonic Cleaner) for solubilization and release of AA from the
nucleus. From this solution different concentrations (from 0.1 to
7.5 mg  mL−1) were obtained with dilution with methanol. In paral-
lel, a methanolic solution of DPPH (0.026 mg  mL−1) was prepared.
The reaction media consisted of 0.1 mL  of each one of the con-
centrations together with 3.9 mL  of the free radical methanolic
solution DPPH. As control, 0.1 mL  of methanol were used with
3.9 mL  of methanolic solution of DPPH. The analysis was carried

out in triplicate and after 1 h the absorbance was measured in
a spectrophotometer (HACH-DR 6000) at 515 nm.  The inhibition
percentage (PI%) of samples from each concentration was calcu-
lated by the equation PI (%) = [(Absorbance Control − Absorbance



Biolog

S
c
I
i
m

2

S
o
2
m
S
9
i
t
t
r
a
U
t
c

2

2

t
s
a
t
f
d
t
o
(
0
p
w
t
f
f
c
A
f
A
o
r
w
t
p
b
a
i
1

2
2
t
1
I
w

2
b

M.D.P. Farias et al. / International Journal of 

ample)/Absorbance Control] X 100. The PI% results of each con-
entration were plotted and through linear regression the 50%
nhibitory Concentration (IC50) of the DPPH radical was calculated
n relation to the amount of antioxidant present in the polymer

atrix.

.9. Analysis of ascorbic acid release from microparticles

The ascorbic acid release profiles were obtained by dialysis [21].
amples of 100 mg  XXA (with 5 mg  of AA) were solubilized in 5 mL
f different buffers, according to their pKa value (Clark and Lubs pH
.0 and phosphate pH 6.5 and 7.0), and after that added to a dialysis
embrane (MAP 33 mm,  1.3 in., Dialysis Pipe Cellulose membrane,

igma-Aldrich, USA). The membrane was subsequently placed in
5 mL  of each buffer solution with magnetic stirring. At certain time

ntervals (from 0 to 4320 min), 1.0 mL  of samples were taken from
he dialysis buffers and added to the system of 1.0 mL  of fresh buffer
o keep the volume of release medium constant. The amount of AA
eleased from the microparticles was evaluated by measuring the
bsorbance at 260 nm [22] in a spectrophotometer (HACH-DR 6000,
SA). All release tests were carried out in triplicate, and to calculate

he results, ascorbic acid calibration curves were constructed in the
oncentration ranges from 20 to 200 �g/mL.

.10. Application of XAA microparticles in fish burger

.10.1. Formulation of fish burger
Fresh tilapia fillets (Oreochromis niloticus) were obtained from

he local market of Sobral city (Ceará, Brazil) on the same day of
laughter and transported to the laboratory in polystyrene boxes
long with an appropriate quantity of flaked ice. The fillets were
hen washed with water at 4 ◦C containing 5 ppm of chlorine
or 15 min  prior to processing. Fish burgers were processed as
escribed previously with some modifications [23]. Four formula-
ion of fish burger were produced. For each batch containing 1000 g
f chopped tilapia, the following ingredients were incorporated
w/w): 1.5% of sodium chloride, 0.2% of monosodium glutamate,
.1% of onion powder, 0.1% of garlic powder, 0.2% of coriander
owder, 0.1% of white pepper powder, 5% of wheat flour, 10% of
ater at 4 ◦C, and the resultant mass was homogenized on a cut-

er (Metvisa, Brazil) and kept at low temperature (ice water bath)
or partial formation of protein gel for 20 min. The mass obtained
rom each batch of 1000 g were divided into 4 portions of 250 g to
reate 4 formulations: A1 (control – without any addition of free
A, XAA or X); A2 (with free ascorbic acid addition – 0.02 g/100 g of

ormulation); A3 (with addition of 0.28 g of XAA containing 0.02 g
A/100 g of formulation) and A4 (with addition of 0.28 g of X/100 g
f formulation). Three batches of each formulation were prepared
esulting in five units of fish burger (50 g each) in each batch, which
ere molded with a manual hamburger mold with 7.6 cm diame-

er. The fifteen fish burgers of each formulation were individually
acked in high density polyethylene bags and stored at 4 ◦C. All fish
urgers were submitted immediately to physicochemical analyzes
fter preparation (raw samples) and after baking (baked samples)
n a conventional electric oven (Cook, Suggar, Brazil) at 200 ◦C for
5 min.

.10.2. Physicochemical analysis of fish burger

.10.2.1. pH. The pH was measured in a suspension resulting from
he homogenization of 10 g of each sample of fish burger with
00 mL  of distilled water for 2 min, using a pH meter (PHS-3E,
nolab

®
, Brazil) previously calibrated [19]. The determinations
ere carried out in triplicate.

.10.2.2. Ascorbic acid. The amount of ascorbic acid in the fish
urgers before and after baking was determined according to
ical Macromolecules 107 (2018) 1559–1566 1561

the Tillmans method [19] with modifications [24]. Samples were
ground in a cutter (Metvisa, Brasil). Then, 5 g of sample was  added to
an Erlenmeyer flask, and 50 mL  of oxalic acid solution (1 g/100 mL)
was added. The mixture was kept under mild stirring for 5 min  and
then placed in an ultrasound bath for 2 min. Samples were titrated
with DCFI solution (0.2 g/100 mL). Determinations were carried out
in triplicate.

2.10.2.3. Color. The surface color of fish burger samples, raw
and cooked, was determined with a portable colorimeter (Col-
orium, Delta color, Brazil), previously calibrated. The parameters
determined were L* (L* = 0 [black] and L* = 100 [white]), a*
(−a* = greenness and +a* = redness) and b* (−b* = blueness and
+b* = yellowness), C* = (a*2 + b*2)0.5) and hue angle [ho = arctg
(b*/a*)]. These parameters are the ones recommended by the Inter-
national Commission on Illumination. Four readings were made on
randomly chosen reading positions for each sample in triplicate.

2.11. Statistical analyzes

Statistical analysis was  carried out using the analysis of variance
(ANOVA). The comparison between samples was  analyzed using
the Tukey test. The statistical significance was established at p < 0.05
(GraphPad Prism, version 6, 2012, USA).

3. Results and discussion

Xyloglucan was efficiently extracted with the same extrac-
tion yield (72 ± 5%), monosaccharide composition and structure as
shown in the NMR  spectra reported by Arruda et al [2].

3.1. Morphology of microparticles

The SEM micrograph of the surface morphology of the micropar-
ticles of xyloglucan (XSD) and xyloglucan samples containing
l-ascorbic acid (XAA), spray dried, presented imperfect spherical
shapes and smooth surfaces.

The xyloglucan microparticles (Fig. 1A) exhibited a collapsed
appearance, i.e., highly crimped, kneaded, while in the xyloglucan
microparticles containing l-ascorbic acid (Fig. 1B) more defined
spherical shapes of different sizes were observed. In this case, the
values varied from 4.4 to 34.0 �m due to the presence of l-ascorbic
acid in the interior of the microparticles, leading to filled nuclei.
The absence of crystals of cubic form characteristic of ascorbic acid
[2] could be related to the efficient antioxidant encapsulation.

These spherical structures are typical of materials subjected to
SD and dented surfaces with remarkable indentation is commonly
observed in encapsulation agents consisting of polysaccharides
[25–27], which can be attributed to the effects of the drying rate on
the structure of the polysaccharide, leading to a rapid solidification
of the wall and, therefore, indentation shape [28].

3.2. Fourier transform infrared (FTIR) spectroscopy

Fig. 2 shows the infrared spectrum of l-ascorbic acid samples,
XAA microparticles and xyloglucan. The l-ascorbic acid displayed a
FITR spectrum similar to the result obtained other authors [29,30].
In xyloglucan sample are very similar peaks with those reported in
the literature [31,32], as the 3280 cm−1 peak that shows the corre-
sponding functional groups to hydroxyl (OH) and the stretch C H
(2852–2922 cm−1). The 1637 cm−1 peak can be attributed to the

effect of water absorbed, and the peak of 1374 cm−1 for the des-
ignation C H. At the peak of 1016 cm−1 was  observed similarity
with xylans and 870 cm−1 is attributed to the ˇ-glycosidic linkages
(1 → 4) between xylose units in hemicelluloses [33].
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Fig. 1. SEM micrographs of XDS (A) and XAA (B).

Fig. 2. FTIR of L-ascorbic acid (AA), XAA microparticles and xyloglucan.
ical Macromolecules 107 (2018) 1559–1566

Many of the chemical bonds shown in XAA microparticles have
similarities not only for xyloglucan but also for l-ascorbic acid, with
only minor shifts in the peaks of the chemical bonds that have been
reported for both biomolecules.

The presence of the peaks of the lactone ring (1020–989 cm−1)
confirm the presence of ascorbic acid in the microparticles. A
decrease in the intensity of the C O stretch (1753 cm−1) was
observed in XAA in comparison with l-ascorbic acid, suggesting
that this carbonyl group is covalently interacting with the free OH
of xyloglucan.

3.3. Thermal analysis

In order to thermally stabilize the sample and remove any mois-
ture, preliminarily heating was  carried out until the temperature of
120 ◦C. Afterwards, the experimental temperature was increased
up to 300 ◦C. According to peaks observed in the thermogram
(Fig. 3), the glassy temperature (Tg) and crystallization tempera-
ture were not observed, but only the melting point (Tm) and melting
enthalpy (�H). The hemicelluloses usually have lower thermal sta-
bility than the cellulose, due to lack of crystallinity [34]. For the
xyloglucan sample subjected to the atomization process (XSD), the
melt peak occurred at 176.47 ◦C with �H of 116.91 J/g. For xyloglu-
can which was  not subjected to atomization process (X) occurred
at 173.64 ◦C with �H of 115.99 J/g. Other authors observed in the
DSC thermal event the low-melting point (78 ◦C) [35] and at tem-
peratures above 200 ◦C have been reported in the literature for
xyloglucan from another species [32,34], thus demonstrating that
the peaks of the XSD and X showed thermal average intensity,
despite to be amorphous polymers. The XAA endothermic peak was
164.55 ◦C associated with the melting point and �H of 125.55 J/g,
thus demonstrating that the presence of l-ascorbic acid decreased
the Tm and increased the �H in relation with the controls. Further-
more, with the absence of the strong endothermic peak (190 ◦C) of
l-ascorbic acid [30] in the thermogram of XAA, it should be consid-
ered, the change from the crystalline state to the soluble when it
was incorporated into the polysaccharide, suggesting so the incor-
poration of the active compound by xyloglucan.

In the samples subjected to TGA they were found two  weight loss
events (Fig. 4). In xyloglucan control the first and second mass loss

event occurred at temperatures of 75.33 ± 4.5 ◦C (�Y = 8.20%) and
297 ± 6.22 ◦C (�Y = 56.45%), respectively, and in xyloglucan sub-
jected to SD, at 63.06 ± 1.03 ◦C (�Y = 8.56%) and 289.66 ± 1.38 ◦C
(�Y = 63.97%), respectively. For the microparticles the first peak of

Fig. 3. Differential scanning calorimetry (DSC) analysis of XAA, XSD and xyloglucan
samples.
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Table 1
Retention and Inhibitory Concentration (IC50) of ascorbic acid of XAA.

Time (Days) AA Retention (%) IC50% (mg  mL−1)

0 100.00a 4.92 ± 0.66 a

7 91.01 ± 0.95 b 4.72 ± 0.60 a

14 90.83 ± 0.33 b 4.50 ± 0.88 a

21 90.46 ± 0.92 b 4.19 ± 0.54 a

30 90.46 ± 0.13 b 4.01 ± 0.70 a

60 89.48 ± 0.88 b 4.05 ± 0.16 a

sion pathways, where the active ingredient is released by this effect
or by pre-existing pores in the polymer [40,41]. Both the rupture
and latency mechanisms were observed in studies with different
polysaccharides [21,39,42,43]. Controlled release by microcapsule
ig. 4. Thermogravimetric analysis (TGA) of XAA, XSD and xyloglucan samples. Each
ata point is an average of 3 determinations.

emperature was at 60.09 ◦C ± 6.1 (�Y = 8.05%) and the second at
89.41 ± 2.53 ◦C (�Y = 61.54%).

The first peak is associated with the loss of water adsorbed by the
olecules that should be between 35 and 100 ◦C [35] and presented

ower values in the XSD and XAA in comparison with xyloglucan,
eing due to the fact that the first two ones were already with a

esser amount of water, because they were subjected to an atom-
zation process, differing statistically from the control at the level
f 0.05%. The second mass loss event occurred as a result of sample
egradation and are similar in XSD and XAA, not differing between
hem and the control at the level of 0.05%, showing so that the l-
scorbic acid present in the XAA sample did not affected the sample
egradation. The second peak of temperature of xyloglucan is con-
istent with the literature [35,36]. The weight loss of xyloglucan
ccurs at the maximum point of 250 ◦C, ending the total degrada-
ion at 300 ◦C [34].

.4. Encapsulation efficiency of ascorbic acid

The encapsulation efficiency (EE) was found to be 96.34 ± 1.6%,
ndicating that the xyloglucan and the conditions used in SD process
id not cause significant damage to the active compound. The EE
alue found here is similar to the other polysaccharides used for the
ncapsulation of ascorbic acid, such as galactomannan that varied
rom 95.40 to 97.92% in different environmental conditions [20]
nd arabic gum that presented 100.80% [9].

.5. Evaluation of the stability of ascorbic acid in the
icroparticles

The retention of ascorbic acid and antioxidant activity of the
yloglucan microparticles containing ascorbic acid over 60 days are
hown in Table 1. A slight decay of about 9.00% occurred on the
eventh day, remaining practically constant, and on the sixtieth
ay of the experimental period was found to be 89.48 ± 0.88% of
etention (Table 1). Various microencapsulation studies of ascorbic
cid in different polysaccharides by SD have shown high retentions,
mong them the one obtained 85.20% retention stability of rice
tarch microparticles and 100% with arabic gum for 60 days [37]

nd using chitosan as the encapsulating of ascorbic acid in which
hey found about 92% after 20 days of the study [8].

The activity of ascorbic acid in XAA expressed as IC50%, which
s the concentration in mg  mL−1 of microparticles necessary to
Equal superscript letters in the same column indicate the absence of statistically
significant differences (p > 0.05).

inhibit 50% of the DPPH radicals [38], is shown also in Table 1. It
was observed that there was  no statistically significant difference
(p > 0.05) of the antioxidant power of the microparticles containing
ascorbic acid, over 60 days, which allows to state that the xyloglu-
can microparticles obtained by SD have proved to be efficient in the
encapsulation of ascorbic acid.

3.6. Ascorbic acid release from xyloglucan microparticles

The release standard of a compound may be pH dependent [39].
In Fig. 5 it can be seen that the ascorbic acid release from xyloglucan
microparticles is characterized by different phases in the experi-
ments. At pH 2.0 an increasing of AA release was observed from 0
to 180 min. After that, began a decline and at the end of 1440 min
(24 h) totalized about 93.68% of AA released during the analysis
time.

At pH 6.5 condition, a rapid release was firstly observed in the
first 10 min, which can be described as a bursting effect, and there-
after became constant until the end of analysis time, totalizing a
release of 37.17%. Finally, at pH 7.0, the release was  lower than
the other two conditions, that is, AA was  released at more con-
trolled rate, mainly after 120 min, a phase that is characterized as
a latency time, totalizing only 11.08% of ascorbic acid released in
relation to the value added to the system. These initial burst effects
followed by reduction in the rate of ascorbic acid release, approach-
ing a steady state, was  similar to that observed by another author
[22] in gelatin microcapsules with oxidized corn starch tested at
pH 7.4. The effect of rupture may  be due to the volume expansion
of the polymer when immersed in liquid environment [21]. The
extended release period is possibly due to the existence of diffu-
Fig. 5. AA release profiles from XAA at pH 7.0, 6.5 and 2.0. Each data point is an
average of 3 determinations.
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Table 2
pH and ascorbic acid analyzes in fish burgers.

Sample type pH AA Amount g/100 g fish burger

Raw Baked Baked

A1 6.16 ± 0.05aB 6.33 ± 0.11aA 0.00
A2 6.16 ± 0.05aA 6.30 ± 0.10aA 0.0086 ± 0.0005b

A3 6.16 ± 0.05aA 6.26 ± 0.11aA 0.0120 ± 0.0017a

A4 6.16 ± 0.05aA 6.26 ± 0.05aA 0.00

The results are averages ± standard deviation. The same lowercase letters in the
same column and same uppercase letters in the same line indicate the absence of
significant differences (p > 0.05). A1 (control – without any addition of free AA, XAA
or  X); A2 (with free ascorbic acid addition – 0.02 g/100 g of formulation); A3 (with
a
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ddition of 0.28 g of XAA containing 0.02 g AA/100 g of formulation) and A4 (with
ddition of 0.28 g of X/100 g of formulation).

s used to increase the efficiency of many additives that are intro-
uced into food and release the compound under the influence of

 specific stimulus [44]. Depending on the application, a slower
elease rate may  be required, and for ascorbic acid to be used as

 feed additive it must be present throughout the entire shelf-life
f the food, so the importance of controlled release would be the
eduction of additives loss during processing, storage and cooking
45].

.7. Analysis of pH, ascorbic acid and color of fish burgers

Regarding pH, it is observed (Table 2) that there is no significant
ifference at the 5% level among the samples when the hamburger

s raw. Soon after baking there was a discrete increase, but only the
ontrol sample presented a significant difference. Similar values
ere observed in the production of fish burgers of tilapia [23] and

atla catla [46].
The remaining ascorbic acid values in the fish burger samples

ontaining free ascorbic acid (A2) and ascorbic acid encapsulated
n xyloglucan (A3) after the baking are presented in Table 2. It can be
een that A2 samples containing free ascorbic acid showed a reten-
ion of ascorbic acid of 43% and A3 samples containing ascorbic
cid encapsulated in xyloglucan a retention of 60%, i.e., A3 was  able
o reduce the loss of ascorbic acid by 17%. This result demonstrates
he efficiency of microencapsulation by SD in preservation of active
ubstance content. Similar results were obtained by another author
9] which applied microparticles of gum arabic with ascorbic acid
n biscuits and found that microencapsulation by SD protected the
ctive substance during cooking, with a reduction of about half of
he loss observed for the free active substance after baking. There-

ore, the microencapsulation showed to be effective in the release
f ascorbic acid reducing its reactivity and consequently the forma-
ion of furan during heating [15].

able 3
olor measurements for raw and baked fish burgers.

Formulations L* a* 

Raw
A1 49.35 ± 1.12a 4.60 ± 0.12a

A2 50.07 ± 0.19a 3.35 ± 0.82b

A3 49.89 ± 1.32a 4.74 ± 0.36a

A4 50.43 ± 0.60a 1.51 ± 0.02c

Baked
A1 40.83 ± 0.67c 2.74 ± 0.24a

A2 42.11 ± 0.30a 2.12 ± 0.09c

A3 41.31 ± 0.09b 2.38 ± 0.18b

A4 41.66 ± 0.25ab 1.95 ± 0.07c

he results are averages ± standard deviation. The same lowercase letters in the same col
ny  addition of free AA, XAA or X); A2 (with free ascorbic acid addition – 0.02 g/100 g 

ormulation) and A4 (with addition of 0.28 g of X/100 g of formulation).
ical Macromolecules 107 (2018) 1559–1566

The color evaluation of fish burgers, before and after baking
process, is an important parameter and should be explored, espe-
cially due to the occurrence of changes during heating, which may
mask undesirable color changes in the final product induced by
the formulation [47]. Table 3 shows the color measurements of the
raw and baked samples, showing that there are no significant dif-
ferences (p > 0.05) among the raw samples for the L* parameter;
however, for baked samples (A2, A3 and A4) the behavior was  dif-
ferent in comparison with control (A1). It is also possible to observe
significant differences between A2 and A3, whose brightness was
statistically lower for A3. In relation to the a* parameter and among
raw samples, only A3 did not present statistical difference in rela-
tion to the control (A1) and that, the addition of free ascorbic acid
(A2) and of xyloglucan without ascorbic acid (A4), led the raw sam-
ples with less redness appearance (p > 0.05) in comparison with
control (A1).

After the baking process, all samples presented statistical dif-
ference in relation to the control (A1) but, A2 and A4 showed the
same pattern of decrease in the appearance of redness in compari-
son with the control (A1). All samples presented positive values for
the b* parameter, i.e., the yellowing appearance is evident for both
raw and baked samples. It is important to point out that the addition
of free ascorbic acid (A2) decreased the value of b* parameter com-
pared to other raw samples. After the baking process, there was  no
significant difference among the samples in comparison with con-
trol (A1). It is also possible to observe that the intensity increase
in the b* parameter among raw and baked samples was more evi-
dent in A2 sample. This suggests that AA encapsulation was able to
reduce undesirable reactions in fish burger. The values of C* and h*
confirmed the yellowing tendency for the raw and baked samples
however, the baking process increased the color intensity (higher
chroma and higher hue angle) for all samples in comparison with
control (A1).

These results are in accordance with the appearance of the
formulations observed in Fig. 6. Similar behavior for the color
parameters were reported by another author [23] for tilapia fish
hamburgers containing hydrated textured soy protein (TSP). These
authors reported that the raw hamburger was brighter (higher
L* value), had a less intense yellow color (lower b* and lower
chroma) and closer to the red axis (lower hue angle) than baked
fish hamburgers. This behavior may  be due to the various reactions
occurring during heating, including the Maillard reaction, which are
responsible for the color change on the surface of the fish burgers.

4. Conclusion
Atomization by spray drying led to the production of xyloglucan
microparticles, extracted from Hymenaea courbaril var. Courbaril
seeds, with great encapsulation capacity of l-ascorbic acid (AA),

b* C* h*

5.18 ± 0.31a 6.93 ± 0.32a 48.35 ± 0.96c

3.85 ± 1.02b 5.10 ± 1.31b 48.93 ± 0,81c

5.72 ± 0.63a 7.43 ± 0.71a 50.22 ± 1.04b

5.20 ± 0.00a 5.41 ± 0.00b 73.70 ± 0.22a

8.62 ± 0.67ab 9.05 ± 0.71ab 72.34 ± 0,63b

8.76 ± 0.97a 9.01 ± 0.97ab 76.26 ± 0.93a

9.57 ± 1.27a 9.85 ± 1.29a 76.15 ± 0.63a

8.33 ± 0.42b 8.56 ± 0.43b 76.79 ± 0.26a

umn indicate the absence of significant differences (p > 0.05). A1 (control – without
of formulation); A3 (with addition of 0.28 g of XAA containing 0.02 g AA/100 g of
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ig. 6. Appearance of the raw and baked fish burger: A1 (control – without any
ormulation); A3 (with addition of 0.28 g of XAA containing 0.02 g AA/100 g of form

ood morphological characteristic and stability. The incorporation
f xyloglucan microparticles containing ascorbic acid in the tilapia
sh burger resulted in the retention of a greater amount of ascorbic
cid, leading to a lower variation in the color parameter b* between
aw and baked samples, when compared to samples containing free
scorbic acid. The results suggest that the incorporation of xyloglu-
an microparticles containing ascorbic acid in tilapia fish burger
ormulation appears to be a viable alternative to avoid undesirable
rganoleptic changes after baking.
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