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Anthocyanins extracted from the pulp of the fruit of jucara palm (Euterpe edulis Mart.)
were microencapsulated with maltodextrin in order to stabilise them. Photoacoustic spec-
troscopy was used to investigate the photostability of the microencapsulated samples.
Complementary differential scanning calorimetry and scanning electron microscopy mea-
surements were also performed. Lyophilised extract had 14 340.2 mg/L of total anthocya-
nins, and the microencapsulation efficiency of 93.6 %. Temperature analysis showed that
maltodextrin conferred protection up to 70 °C for 120 min. Scanning electron microscopy
showed that the microencapsulated particles had a flake-like morphology with a smooth
surface, characteristic of lyophilisation processes. In addition, when added to yogurt, a red
colourant was predominant in the samples at pH from 1.5 up to 5.0. Thermal analysis
showed a weak interaction between the sample and the encapsulating agent, and photo-
acoustic data indicated the photostability of the matrix when exposed to light. Yogurts
containing microencapsulated anthocyanins showed a more intense pink colour than yo-
gurts treated with pure dye, and sensory analysis demonstrated that they can have good
acceptance on the market. Microencapsulation enabled the innovative application of an-
thocyanins from jucara palm fruit, and complementary techniques allied to the photo-
acoustic spectroscopy were effective tools for its evaluation.
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Introduction

Colour is one of the most important quality attributes
of food (I). The use of artificial colourants has been justi-
fied due to their stability, purity, availability, colour pow-
er, low price and uniformity in foods produced on large

scale (2). However, it is well recognized that natural col-
ourants have gained worldwide importance focusing on
the development of foods free from synthetic compounds
(3). Nowadays, natural colourants represent a small por-
tion of the market especially due to the lack of knowledge
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about their physicochemical properties after incorpora-
tion in foodstuff, adaptation processes, packaging and
distribution, and thus insufficient data about the final
product shelf life. To overcame this, the food industry has
encouraged the development of new ways to stabilize
pigments, such as encapsulation and the addition of anti-
oxidants (3,4). Evaluation of the photostability of these
compounds is an important aspect of food colourant ap-
plication.

Flavonoids are the chemicals that play a major role in
the colour of natural products. They are responsible for
the colours of leaves and flowers. They can also be pres-
ent in other parts of the plant (4). Anthocyanins are com-
pounds that belong to the group of flavonoids responsible
for the wide variety of colours of fruits and flowers, rang-
ing from red-orange to bright red, purple and blue (5).
The jugara palm (Euterpe edulis Mart.) is a native plant of
the Atlantic Forest and its consumption has been stimu-
lated by marketing techniques focusing on its functional
properties, availability and low cost. The fruits of the
jugara palm have more anthocyanins than the acai (Euter-
pe oleracea Mart.) (6). The jugara pulp is used in the manu-
facture of juices, chocolates, ice creams, creams and other
products.

Anthocyanins are an option for the replacement of ar-
tificial colourants, because of their attractive bright col-
ours, high water solubility, and several recognised func-
tional properties, such as reduction of coronary heart
disease, stroke risk reduction, anticarcinogenic activity,
increased visual acuity and cognitive effects (7). However,
anthocyanins, when isolated, are highly unstable and
very susceptible to degradation (8). The factors that cause
instability and degradation of anthocyanins are pH, light,
O,, sulphur dioxide, presence of copigments, self-associa-
tion, metallic ions, enzymes, ascorbic acid, sugar, proteins
and heat (9-11).

Natural colourant stability can be improved by mi-
croencapsulation techniques, spray drying, freeze drying,
inclusion into complexes and co-crystallization, among
others (12). Spray drying is the most commonly applied
method in the food industry for obtaining natural co-
lours; however, this technique has limitations such as the
loss of volatile compounds and oxidation reactions (7).

The microencapsulation with maltodextrin is a tech-
nique in which sensitive compounds are encapsulated by
a coating material or wall, protecting them from factors
that may cause spoilage, such as light and oxygen. Microen-
capsulation also increases the lifetime of the compounds
and can also control their release (4,13,14). Numerous
wall materials can be used in the microencapsulation pro-
cess. The most commonly used are maltodextrins, which
are derived from starch hydrolysates, are highly water
soluble, have low viscosity, a pleasant taste and give a col-
ourless solution (4,7,13). Encapsulation studies of antho-
cyanins from black carrots with maltodextrin through
spray drying had been carried out before (11) and the au-
thors found that the maltodextrin behaves as a good wall
material. They showed that the encapsulated compounds
had an increased half-life when stored at 4 °C.

Several researchers have used thermal analysis tech-
niques, such as thermogravimetric analysis (TGA) and
differential scanning calorimetry (DSC) (15,16), to study

the behaviour of anthocyanins in the microencapsulation
process. Photoacoustic spectroscopy is a nondestructive
technique that allows the analysis of samples without the
need for prior preparation. Activities such as the extrac-
tion process and chemical treatment, among others, are,
for the most part, not required, since the method can be
used to study samples in the solid, semisolid and powder
forms (17).

Considering the current need for stable natural col-
ours for industrial use and the importance of foods en-
riched with ‘functional’ compounds, this study aims to
stabilise anthocyanins obtained from jucara palm fruit by
microencapsulation with maltodextrin. The characterisa-
tion was performed using DSC, TGA, scanning electron
microscopy and photoacoustic spectroscopy, evaluating
the microencapsulation process efficacy and the thermal
and photostability of the compounds.

Materials and Methods

Anthocyanin extraction

The pulp of fresh fruits of jucara palm (Euterpe edulis
Mart.) was provided by the company Solabia Group (Ma-
ringa PR, Brazil). The extraction of anthocyanins was per-
formed according to the methods proposed by Teixeira et
al. (18), with modifications. The extraction was performed
using a 1:2 ratio of the pulp of the jucara palm fruit (Eu-
terpe edulis Mart.) to a solution of ethanol and water (7:3)
and enough HCI to adjust the medium to pH=2.0. The
mixture was stirred on a magnetic stirrer (model 752; Fi-
satom, Sao Paulo, SP, Brazil) for 40 min and protected
from light. After extraction, the mixture was filtered and
centrifuged at 2146xg for 10 min (CT-5000 centrifuge; Ci-
entec, Piracicaba, SP, Brazil). Using a separatory funnel,
the chlorophyll present in the extract was removed by ex-
traction with three successive aliquots of 150 mL of dieth-
yl ether/petroleum ether (1:1).

The extract was concentrated to 30 % of its initial vol-
ume in a rotary evaporator (model TE-211; Tecnal, Piraci-
caba, SP, Brazil) at 45 °C with a vacuum pump attached
(model TE-058; Tecnal). The extract was protected from
light, frozen in liquid nitrogen, lyophilised at -50 °C for
24 h on a bench freeze dryer (Alpha 1-4 LD; Martin Christ
Gefriertrocknungsanlagen GmbH, Osterode am Harz,
Germany) and stored in a freezer at -20 °C.

Determination of anthocyanins

The total anthocyanin content was determined using
differential pH, according to the method described by Lee
et al. (19) using two buffer systems (Neon, Sao Paulo, Bra-
zil), one with 0.025 M potassium chloride, pH=1.0, and
another with 0.4 M sodium acetate, pH=4.5. The solutions
were diluted to obtain absorbances in the range between
0.2 and 1.4, which were measured using a spectropho-
tometer (model 4001/4; Thermo Electron Corp, Madison,
WI, USA) at 520 and 700 nm. The final absorbance was
calculated using the following equation:

Aﬁnalz(ASZO nm_A7OU nm)pﬂzl_(Aszo nm_A700 nm)pH:4.5 / 1/

and the mass concentration of total anthocyanins (y(TA))
by the following equation:
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(TA)=(A-M-DF-1000)/(¢-1) 12/

where M is molecular mass, DF is dilution factor, 1000 is a
factor of conversion from g to mg, 1 is optical path length
in cm and ¢ is molar absorption coefficient of cyanidin-3-
glucoside of 26 900 L/(mol-cm); the results were expressed
in mg/L.

Preparation of microcapsules

The microcapsules were prepared at room tempera-
ture of (25+2) °C according to the method described by
Selim et al. (2), with modifications. Maltodextrin (Fluka,
Buchs, Switzerland) with dextrose equivalent of 20 (DE=
20) was used as the encapsulating agent (matrix), and the
ratio of lyophilised anthocyanin extract to matrix was
1:10. A mass of 10 g of matrix was dissolved in 50 mL of
distilled water, and the pH was adjusted to 2.0 with con-
centrated hydrochloric acid. Next, 1.0 g of the lyophilised
anthocyanin extract was added to the solution. The mix-
ture was stirred for 15 min, transferred to a flask, frozen
in liquid nitrogen, lyophilised and stored in amber bottles
in a freezer at —20 °C.

Efficiency of the microencapsulation process

To measure the efficiency of the microencapsulation
process at room temperature of (25+2) °C, total anthocya-
nins present in the interior and exterior of the complex
were analysed. For the analysis of the total microencapsu-
lated anthocyanins, the microcapsule coating was undone
according to the procedure proposed by Robert et al. (20),
in which 200 mg of microcapsules were placed in test
tubes with 2 mL of methanol/acetic acid/water in a ratio
of 50:8:42. The mixture was stirred in a stirrer (model AP
56; Phonex, Araraquara, SP, Brazil) for 1 min, and homog-
enised in an ultrasonic cleaner with heating (model USC-
-1400 A; Unique, Indaiatuba, SP, Brazil) for 20 min. An-
thocyanin content was quantified as described above.

For the quantification of anthocyanins on the exterior
of the complex, 200 mg of the microcapsules were added
to 2 mL of a 1:1 solution of ethanol and methanol. The
mixture was vortexed at room temperature for 1 min and
filtered through a 45-um Swinny stainless steel filter (Mil-
lipore Corporation, Bedford, MA, USA). Anthocyanins
were determined as described above. The percentage of
surface compounds and the efficiency of the microencap-
sulation process were calculated.

Effect of heat treatment on anthocyanin stability

The thermal stability of the microencapsulated and
lyophilised anthocyanin extracts was determined accord-
ing to the method proposed by Selim ef al. (2), with modi-
fications. An adequate amount of anthocyanins was di-
luted with citrate phosphate buffer, pH=2.0, and total
anthocyanins were determined as previously described.
To determine the stability to heating, 10-mL aliquots of
the extract were placed in glass tubes with screw caps and
heated in a thermostat bath (TE 184, Tecnal) at controlled
temperatures of 60, 70, 80 and 90 °C for 30, 40, 50, 60, 70,
80, 90, 100, 110 and 120 min. After the treatments, the
tubes were immediately cooled in ice water and the con-
centrations of anthocyanins were determined.

Effect of pH on anthocyanin colour stability

Stability of lyophilised and microencapsulated an-
thocyanin extracts was tested at the following pH values:
1.5,2.0,3.0,4.0,5.0, 6.0, 7.0, 8.0 and 9.0. The analyses were
performed as described by Wang ef al. (21). In this assay, 2
mL of each extract were mixed with 5 mL of Mcllvaine
buffer solution (BioWord, Dublin, OH, USA). The sam-
ples were placed in glass tubes with screw caps, sealed,
packed in aluminium foil and placed in a refrigerator at 8
°C. The absorbance of the samples was evaluated during
8 days and the aliquots were sequentially analysed at in-
tervals of 48 h using a spectrophotometer (model 4001/4;
Thermo Electron Corp) at 520 nm.

Complex morphology of maltodextrin and anthocyanins

The morphologies of maltodextrin particles with
DE=20, lyophilised anthocyanin extract and lyophilised
anthocyanin extract microencapsulated with maltodex-
trin with DE=20 were evaluated by scanning electron mi-
croscopy (SEM; SuperScan SS-550; Shimadzu, Bangkok,
Thailand), following the method described by Laine et al.
(14). The samples were gold-coated, placed on a support
and the images were taken at magnification of 200x.

Differential scanning calorimetry and thermogravimet-
ric analysis

A mass of 5 mg of anthocyanins, maltodextrin with
DE=20 and anthocyanins microencapsulated with malto-
dextrin with DE=20 was weighed, placed in a platinum
crucible and submitted to DSC and TGA. A simultaneous
thermal analysis system and dilatometer (STA 409 Luxx®
PG/4/C and DIL 402 PC/4; NETZSCH, Selb, Germany)
was used at initial and final temperatures of 20 and 500
°C, respectively. The heating rate was 10 °C per min un-
der nitrogen atmosphere with a flow rate of 20 mL/min.

The yogurt samples without the addition of anthocy-
anins, with the addition of anthocyanins and with the ad-
dition of anthocyanins microencapsulated with maltodex-
trin were placed in a platinum crucible and subjected to
DSC analysis and TGA, as previously described.

Photoacustic spectroscopy of samples

The lyophilised anthocyanin samples, maltodextrin
with DE=20 and anthocyanins microencapsulated with
maltodextrin were evaluated by photoacoustic spectros-
copy. Likewise, yogurt samples without the addition of
anthocyanins, with the addition of anthocyanins and with
the addition of anthocyanins microencapsulated with
maltodextrin were evaluated.

Photoacoustic spectroscopy eliminates sample prepa-
ration, and the sample powder, after lyophilisation, was
placed directly into the device. Initially, the absorption
spectra of the samples were observed in the UV-Vis re-
gions between 200 and 800 nm. The samples were then il-
luminated with a white light for 2 h, and the absorption
spectra were obtained. The experiments were obtained
using light modulation frequency at 25 Hz.

The schematic diagram of the experimental setup of
the photoacoustic spectrometer comprises a source of
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monochromatic light from a xenon arc lamp with a power
of 700 W (model 68820; Oriel® Instruments, Newport
Corp., Irvine, CA, USA) and a monochromator (model
77250; Oriel® Instruments). The light beam is controlled
by a mechanical modulator (model SR540; Stanford Re-
search Systems, Sunnyvale, CA, USA). The photoacoustic
cell is a standard model, designed to have a minimum
volume. This device consists of machined aluminum
block containing a sample chamber with maximum di-
mensions of 5 mm in diameter and 1 mm thick. The light
is transmitted through a quartz window and focused in-
side the photoacoustic cell. The microphone is attached to
the photoacoustic cell (model B&K 2669; Briiel & Kjaer,
Neerum, Denmark) through a duct of 1 mm in diameter
and connected to a power source and a preamplifier. The
microphone signal is transferred to the lock-in (synchro-
nized amplifier 5110; EG&G Instruments, Tulsa, OK,
USA) that provides the intensity and phase of the photo-
acoustic signal, which is transferred to a PC via a general
purpose interface bus. The signals from the photoacoustic
spectra of the samples were normalized to those from ul-
trapure carbon powder (22).

Application of anthocyanins in food and colour
analysis

The anthocyanin extract powder obtained after
lyophilisation and anthocyanins microencapsulated with
maltodextrin were used in the preparation of yogurt. The
following three types of yogurt were prepared according
to the methods described by Rensis and Souza (23) with
some modifications: yogurt with UHT milk (standard)
without the addition of anthocyanins, yogurt with the ad-
dition of anthocyanins and yogurt with anthocyanins mi-
croencapsulated with maltodextrin.

The yogurt was prepared with pasteurised milk, lac-
tic cultures of Streptococcus thermophilus and Lactobacillus
bulgaricus (Bio Rich® Christian Hansen, Hersholm, Den-
mark) and sugar 10 % (by mass per volume) in a reactor
for yogurt and milk drinks (Mec Milk, Sao Paulo SP, Bra-
zil). The ingredients were mixed until complete dissolu-
tion was reached and incubated at 42 °C for 5 h in a jack-
eted, thermostated system with the capacity of 50 L. At
the end of the process, the product was cooled to 4 °C and
stored in the refrigerator for complete maturation of the
mass. After processing, the yogurt was divided into three
lots and the following were added: 0.05 % of lyophilised
anthocyanin extract without maltodextrin with DE=20,
0.05 % of lyophilised anthocyanin extract microencapsu-
lated with maltodextrin, and the last without the addition
of anthocyanins.

The colour analysis was performed using a colouri-
meter (model CR 400; Konica Minolta, Shanghai, China)
to determine the L*, a* and b* values (CIELab coordi-
nates). The L* axis represents the darkness and lightness
coordinate, with values ranging from 0 (perfect black) to
100 (perfect white). The a* axis represents chromaticity
coordinates, in which green signifies negative and red
positive coordinates. The b* axis also represents chroma-
ticity coordinates, in which yellow signifies positive and
blue negative coordinates. The values for each sample of
the three lots of yogurt were obtained by the average of

ten readings, and the colour was measured at three-day
intervals over a range of 1 to 23 days of storage at 4 °C.

Sensory analysis

Sensory analysis was performed by the consumer ac-
ceptance test, considering the attributes of colour, flavour,
texture and aroma. A group of 80 volunteer judges, un-
trained and potential consumers of the product, evaluat-
ed the samples using a mixed structured hedonic scale of
9 points (1=extreme dislike and 9=extreme like). The sam-
ples were presented one by one, followed by a random-
ized complete block design (24). At the end of the sensory
evaluation, a test was performed to estimate purchase in-
tention, using a 5 point scale (1=definitely would not buy
and 5=definitely would buy). To conduct the sensory
tests, the present study was approved by the Standing
Committee on Ethics in Research Involving Human Be-
ings of Maringa State University, Brazil (protocol nos.
CAAE 0339.0.093.000-11 and CAAE 0275.0.093.000-11).
All panellists signed the consent form.

Statistical analysis

The results of the sensory analysis were submitted to
analysis of variance (ANOVA) and mean values were
compared using the ‘post-hoc” Tukey’s test, with the help
of the STATISTICA® program, v. 8.0/2008 (StatSoft Inc.,
Tulsa, OK, USA). The level of significance for rejecting the
null hypothesis was 5 % (p<0.05) (1).

Results and Discussion

Determination of total anthocyanins in the jucara palm
fruit extract

The anthocyanin content can differ among various
types of plants, season, climate, soil and other factors (2).
In the present study it was 14 340.20 mg/L. This showed
that the high concentration of anthocyanins obtained
from the pulp of jugara palm fruit has a potential for use
as a colouring agent and can be used in the preparation of
different food products. In previous studies, the anthocy-
anin content was shown to be 2100, 39461.4, 480.6 and
882 mg/L in grape juice (Vitis labrusca L.), acai pulp (Eu-
terpe oleracea Mart.), jaboticaba (Myrciaria cauliflora) and
pomegranate (Punica granatumy), respectively (5,20,25).

Efficiency of the microencapsulation of anthocyanins

The use of lyophilisation as an encapsulation method
is recommended for compounds that are sensitive to heat
degradation. In this research, the efficiency of the micro-
encapsulation process was 93.6 %, which is higher than
that found by Laine et al. (14), who used the anthocyanin
extract of wild blackberry (Rubus chamaemorus). When
these authors used maltodextrins with DE=5-8 and 18.5
in the proportion of 1:9 as the matrix, the lyophilisation
process showed an efficiency of 79 and 48 %, respectively.
Robert et al. (20) worked with the juice and ethanolic ex-
tract of pomegranate and used the technique of microen-
capsulation by spray drying with isolated soya protein
and maltodextrin with DE=12-20 as encapsulating agents.
These authors found a minimum microencapsulation ef-
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ficiency of 35.8 % of pomegranate juice with soya protein
isolate, 89.4 % of pomegranate juice with maltodextrin,
73.0 % of ethanolic extract with soya protein isolate and
96.7 % of ethanolic extract with maltodextrin. The values
found in the literature demonstrate the ability of malto-
dextrin to link up with anthocyanins, forming an interac-
tion with the flavylium cation (20) and thus acting as good
encapsulating agents for pigments.

Heat stability of anthocyanins

Among the factors that degrade anthocyanins, the
temperature used during processing of food has the
greatest influence. Fig. 1 shows the results of heat treat-
ment at different temperatures of the anthocyanin extract
microencapsulated with maltodextrin.

In Figs. 1a and b, the stability of the anthocyanins en-
capsulated with maltodextrin with DE=20 at tempera-
tures of 60 and 70 °C can be observed; therefore, it can be
concluded that maltodextrin acted as a barrier to the deg-
radation of the samples and their colour change. Changes
in the colouration occur with the formation of undesir-
able and colourless compounds (9,26).

For treatment at temperatures of 80 and 90 °C, as shown
in Figs. 1c and d, respectively, quantitative differences in
the retention of anthocyanins were observed in both for-
mulations, with and without maltodextrin, which shows
that anthocyanins are sensitive to high temperatures (=80
°C). The results confirm that higher temperatures act as
catalysts in oxidation reactions, and greater degradation
occurs with increasing temperature, which leads to the
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loss of anthocyanin stability. Hydrolysis of the glycosidic
bonds in the molecules, the formation of chalcones and
subsequent loss of colouration, reducing its colouring
power are more frequent at high temperatures (14,25).

Burin ef al. (1) optimised the extraction of anthocya-
nins from Cabernet Sauvignon grape juice and performed
microencapsulation with maltodextrin. They reported
low values of preservation when only maltodextrin was
used in the microencapsulation process, because the abil-
ity of the matrix to form film was weak, affecting the for-
mation of the microcapsules and, consequently, their heat
stability. Amr and Al-Tamimi (27) investigated Ranuncu-
lus asiaticus extracts and reported that after heating at 50
and 80 °C, pH=3.5, the percentages of remaining anthocy-
anins were 58 and 52 %, respectively.

Colouration of anthocyanins at different pH

In acidic solutions, anthocyanins are in their flavyli-
um cation form (AH"), and the red colour predominates.
When the pH increases, it causes a conformational change
of anthocyanins because the cation loses a proton, under-
goes hydration and changes to a pseudobase or carbinol.
When the reaction reaches equilibrium, the anthocyanin
is in a colourless form. Therefore, the relative amounts of
each structure present in the anthocyanin extract vary de-
pending on the pH (12). These results are consistent with
studies by Wang et al. (21) who showed that blueberry an-
thocyanins were stable at low pH (5.0) but were sensitive
to an alkaline environment, high temperature, light, oxi-
dants and reductants. Variations in pH may cause chang-
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Fig. 1. Mass fractions of the lyophilised anthocyanin extract (-m-) and lyophilised anthocyanin extract microencapsulated with malto-
dextrin (-e-) after heating at different temperatures: a) 60, b) 70, c) 80 and d) 90 °C
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es in colouration and thus a mischaracterisation of the
product (3); therefore, pH is a limiting factor in anthocy-
anin use in foods, and the extracts and microcapsules pro-
duced in this study were tested at different pH values
(Fig. 2).

A reduction in colouration from pH=1.5 to 5.0 was
observed in all samples and after that it did not change
significantly until pH=9.0. The use of microcapsules in-
tensified the colouration by approx. 14 % compared to
non-microencapsulated extract at various pH values,
most likely due to the interaction between the maltodex-
trin molecules and the anthocyanin structure (Fig. 2a).

After eight days of storage, the absorbance values of
both extracts and microcapsules at pH=1.5, 3.0 and 5.0
were practically constant (Fig. 2b). It was observed that at
various pH values, the colour of microcapsules intensi-
fied for approx. 16 %. Wang et al. (21) evaluated an antho-
cyanin extract from blueberries (Vaccinium corymbosum) at
pH<5.0 and observed the absorbance values similar to
those found in the present study.

Morphology of samples

The morphology is different when using different
methods of microencapsulation (28). The lyophilisation
method has a great influence on the structure formed af-
ter drying. The morphological characterisation of the

samples was performed using scanning electron micros-
copy (Fig. 3). Smooth microcapsules and flakes were ob-
served in the form of microencapsulated complexes (Fig.
3c) and were similar to those reported by Laine et al. (14).
The images show that the structure of anthocyanins
changed from an amorphous morphology to a crystalline
product with a more defined shape. The morphological
changes may have been responsible for the increased dis-
persal of anthocyanins after microencapsulation, as was
observed in the preparation of yogurt with lyophilised
anthocyanin extract microencapsulated with maltodex-
trin.

Thermograms of anthocyanin extracts before and after
microencapsulation

The differential scanning calorimetry (DSC) thermo-
grams shown in Fig. 4a compare the lyophilised anthocy-
anin extract, the maltodextrin and the lyophilised antho-
cyanin extract microencapsulated with maltodextrin. The
thermogram of maltodextrin shows peaks between 30-80
°C, indicating a loss of water and evaporation of volatile
compounds. The most pronounced endothermic peak at
245 °C was detected for maltodextrin and is related to the
melting point of this molecule. Three endothermic peaks
were observed for anthocyanins; the first and most in-
tense at 120 °C, and two minor peaks near 400 and 450 °C.
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Fig. 2. Effect of pH on the stability of the absorbance measured at 520 nm: a) at pH=1.5 to 9.0, of lyophilised anthocyanin extract at
time zero (-e-) and after 96 h (-o-), of anthocyanin extract lyophilised and microencapsulated with maltodextrin at time zero (-m-)
and after 96 h (-0-), and b) at time zero and at specific intervals for 10 days of anthocyanins at pH=1.5 (-m-), 3.0 (-e-) and 5.0 (-A-) and

of microcapsules at pH=1.5 (-o-), 3.0 (-0-) and 5.0 (-A-)

Fig. 3. Scanning electron microscopy of: a) lyophilised anthocyanin extract, b) maltodextrin with DE=20, and c) lyophilised anthocy-
anin extract microencapsulated with maltodextrin with DE=20
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The thermogram of the microencapsulated samples
showed the peaks for both maltodextrin and anthocya-
nins. However, an enlargement of these peaks is evident,
indicating the formation of a weak interaction, possibly
due to maltodextrin molecules that do not form an effec-
tive complex with anthocyanins.

Fig. 4b shows the results of thermogravimetric analy-
sis of the same samples described above. The termogravi-
metric curves of maltodextrin and anthocyanins were
similar to each other. Initially, the mass of the two sam-
ples decreased slightly, around 7 %, at temperatures be-
tween 20 and 115 °C. Therefore, this value is most likely
related to water loss. In the temperature range between
115 and 220 °C, the mass loss of maltodextrin was 3 %,
and of anthocyanins 18 %, which is associated with the
first endothermic peak observed by DSC (120 °C). At tem-
peratures between 220 and 270 °C, the mass loss of malto-
dextrin was 4 % and of anthocyanins 13 %. This small
mass change of maltodextrin confirms that the peak ob-
served at 245 °C in the DSC curve is due to the melting
process and not caused by its degradation. Above 270 °C,
there was a highly significant mass loss of the maltodex-
trin sample due to its thermal degradation, which is asso-
ciated with the peak occurring near 300 °C in the DSC
curve, indicating that maltodextrin is unstable at temper-
atures above 100 °C and is degraded above 200 °C, as re-
ported by Osério et al. (29). Differences in the mass loss
percentage of the samples of microencapsulated anthocy-
anins were observed at the same temperatures, because in
the first stage, there was a mass loss of 8 % followed by
another 8 %. At temperatures between 220 and 270 °C, the
loss was 13 %, and a significant loss was observed above
270 °C, which is related to the degradation of maltodex-
trin, as discussed above. At temperatures of approx. 115
°C the microcapsules were more thermally stable than the
anthocyanins, a relevant fact because most foods are pre-
pared at around this temperature.

The DSC thermograms of yogurt samples without the
addition of anthocyanins, with the addition of anthocya-
nins and with the addition of anthocyanins microencap-
sulated with maltodextrin are shown in Fig. 5.
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At the zero time point, the thermograms of the three
samples were very similar, and it was possible to observe
a markedly pronounced endothermic process at an onset
temperature of approx. 100 °C and a peak temperature of
150 °C, which is associated with the degradation of differ-
ent constituents of yogurt (Fig. 5a). The analyses of the
samples after 10 days of storage showed the signs of deg-
radation of the yogurt without the addition of anthocya-
nins, because the onset temperature shifted to approx. 50
°C, while the other samples remained unchanged (Fig.
5b). This degradation of the sample without anthocyanins
can be attributed to products made with fermented milk.
The fermentation process causes significant changes in
the composition of the final yogurt, such as changes in the
aroma, flavour and acidity of the milk, as described by
Cheng (30).

In the measurements performed after 20 days of stor-
age, in the samples with and without anthocyanins, a sec-
ond endothermic process was observed at temperatures
near room temperature (Fig. 5c). The appearance of this
peak is most likely related to the melting process of fat
present in the milk, as described by Hu et al. (31). A slight
reduction in the peak temperature region at 150 °C was
also observed in these samples, while the thermogram of
the yogurt with encapsulated anthocyanins remained un-
changed.

After 30 days of storage, a significant reduction in the
onset temperature of the yogurt with microencapsulated
anthocyanins was observed (Fig. 5d) which was similar to
that of the yogurt without anthocyanins at 10 days of stor-
age. This indicates a delay in the degradation process and
possible preservation of the yogurt characteristics in the
sample with microencapsulated anthocyanins, which is
probably a result of the interaction of anthocyanins and
maltodextrin with yogurt components.

Fig. 6 shows the results of TGA of the yogurt samples
without the addition of anthocyanins, with the addition
of anthocyanins and with anthocyanins microencapsulat-
ed with maltodextrin.

Similar to what was observed in DSC, the thermo-
gravimetric curves of all of the samples were initially sim-
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Fig. 4. Thermograms of: a) differential scanning calorimetry, and b) thermogravimetry of the lyophilised anthocyanin extract (-o-),
maltodextrin with DE=20 (—), and lyophilised anthocyanin extract microencapsulated with maltodextrin with DE=20 (-e-)
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Fig. 5. Thermograms of differential scanning calorimetry of the samples of yogurt without the addition of anthocyanins (—), yogurt
with the addition of anthocyanins (-e-) and yogurt with microencapsulated anthocyanins (-o-) at: a) time zero, b) 10 days of storage,
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Fig. 6. Results of thermogravimetric analyses of the samples of yogurt without the addition of anthocyanin (—), yogurt with the ad-
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age, c) 20 days of storage, and d) 30 days of storage
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ilar to each other, with a mass loss of approx. 10 % be-
tween 25 and 100 °C, which is related to the loss of liquid
present in the samples (Fig. 6a). In the interval between
100 and 150 °C the samples showed a pronounced de-
crease of 70 %, demonstrating a high mass loss associated
with the endothermic peak detected using DSC (peak
temperature of 150 °C), indicating thermal degradation of
products. At temperatures between 150 and 230 °C there
was a lower mass loss as a result of the degradation of by-
-products, and at 350 °C the mass loss was approx. 90 %.

At 10 days of storage (Fig. 6b), a more pronounced
mass loss of the sample without anthocyanins occurred at
lower temperatures, confirming the decrease of the onset
temperature measured using DSC. Moreover, this sample
had a higher total mass loss than the others, which con-
firms the formation of more volatile products due to the
fermentation of yogurt. Measurements at 20 days of stor-
age (Fig. 6c) produced thermograms showing that the
sample with the microencapsulated anthocyanins re-
tained its initial characteristics, while the other samples
had a higher mass loss in the region between 25 and 100
°C, reaching 20 % of yogurt without anthocyanins, twice
the value observed of yogurt with microcapsules.

At 30 days of storage (Fig. 6d), the greatest mass loss
of the yogurt with microencapsulated anthocyanins was
observed at much lower temperatures, which was similar
to the results obtained for yogurt without anthocyanins at
10 days of storage, indicating a delay in the degradation
process of the sample with microencapsulated anthocya-
nins. The results of TGA confirmed the DSC data, and it is
possible to infer that the use of anthocyanins microencap-
sulated with maltodextrin can improve the thermal stabil-
ity of food products by providing greater durability and
shelf life, which is extremely important for the food in-
dustry.

Photoacoustic signals of analyzed samples

Fig. 7 shows the photoacoustic signals of the samples
of lyophilised anthocyanin extract, lyophilised anthocy-
anin extract microencapsulated with maltodextrin, and
maltodextrin. After exposure to white light for 2 h, at all
of the wavelengths tested, a change of the intensity of the
photoacoustic signal of the samples of lyophilised antho-
cyanin extract and lyophilised anthocyanin extract micro-
encapsulated with maltodextrin was observed. Maltodex-
trin did not efficiently protect the anthocyanin samples
from light degradation, because there was an increase in
the photoacoustic signal. This increase was observed up to
340 nm, indicating that light induced a structural change
of maltodextrin, which absorbs light in this region. There-
fore, the spectra indicated that the anthocyanins were
degraded when exposed to light, even when they were
microencapsulated with maltodextrin. However, this be-
haviour did not occur in the maltodextrin sample that
was lyophilised, most likely because the drying process
modified the structure of the maltodextrin sample.

Fig. 8 shows the photoacoustic signals of the yogurt
samples without the addition of anthocyanins, with the
addition of anthocyanins and with anthocyanins microen-
capsulated with maltodextrin. After the exposure to light,
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Fig. 7. Absorption spectra in the UV-Vis region at time zero
(white symbols) and after 2 h (black symbols) of exposure to
light of the samples of maltodextrin (-o-) and (-m-), lyophilised
anthocyanin extract (-0-) and (-¢-), lyophilised anthocyanin ex-
tract microencapsulated with maltodextrin (-A-) and (- A-), and
lyophilised maltodextrin (-o-) and (-e-)

a change of the intensity of the photoacoustic signal of the
samples was observed during the whole period. The ab-
sorption by the samples before exposure to white light
was constant during the analysis period; however, chang-
es of the signal intensity after exposure to white light for 2
h occurred in all samples.

The yogurt without anthocyanins was modified when
exposed to light, but with the addition of colourant, this
change was greater because anthocyanins are highly un-
stable in the presence of light, even after the encapsula-
tion with maltodextrin. In the sample containing antho-
cyanins, the increase in ligth absorption after 2 h occurred
almost throughout the analyzed spectral range. Malto-
dextrin did not efficiently protect the anthocyanin sample
from light degradation, indicating a weak interaction be-
tween anthocyanins and maltodextrin.

Colourimetric analysis of yogurt containing
anthocyanins

The pH value is one of the most important factors for
maintaining the colour of anthocyanins in food. The change
in colour may be related to the complexation of the flavy-
lium cation with maltodextrin, which retards the conver-
sion into less stable forms (3,21). All of the studied yogurt
formulations had an initial pH=4.3 and an end pH=4.2. In
acidic medium, the red colour predominates. As shown
by the a* coordinate of the CIELab system, the sample
with the microencapsulated powder had a 28.3 % greater
red colour intensity than the Iyophilised sample contain-
ing only anthocyanins (Table 1). The sample containing
microcapsules showed an 18.8 % reduction in colour in-
tensity during the study period. In addition, microencap-
sulation improved the incorporation of anthocyanins into
the yogurt. Acidic products such as yogurt are promising
targets for the incorporation of anthocyanins, due to the
intrinsic characteristics of these natural colourants and the
necessity of storage under refrigeration until consump-
tion.
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Fig. 8. Absorption spectra in the UV-Vis region of the samples of yogurt without anthocyanins before (-0-) and after (-e-) exposure to
light for 2 h, yogurt with anthocyanins before (-o-) and after (-m-) exposure to light for 2 h, and yogurt with microencapsulated an-
thocyanins before (-A-) and after (- A-) exposure to light for 2 h during: a) time zero, b) 10, c) 20, and d) 30 days of storage

Table 1. Colourimetric analysis of yogurt without the addition of anthocyanins, yogurt with the addition of anthocyanins and yogurt
with the addition of microencapsulated anthocyanins during storage

t/day
Yogurt sample
1 2 5 8 11 14 17 20 23
without anthocyanins
L* 88.16 87.92 87.71 87.84 88.95 87.87 88.22 88.15 88.42
a* —2.57 -3.26 -3.32 -3.22 -3.30 -3.21 -3.13 -3.14 -3.16
b* 8.91 9.99 9.60 10.48 10.39 10.13 9.91 10.69 10.44
with anthocyanins
L* 76.89 78.17 77.62 78.50 78.52 78.38 78.91 77.62 76.77
a* 3.80 3.71 3.64 3.52 3.60 3.47 3.41 3.27 3.03
b* 6.04 7.13 7.21 7.59 7.65 7.66 7.69 7.60 7.73
with microcapsules
L* 70.07 76.78 76.46 76.78 77.04 77.12 76.42 76.28 77.17
a* 5.30 4.51 4.42 4.41 4.46 4.32 4.40 4.38 4.36
b* 5.78 6.68 6.93 7.13 7.16 7.19 7.27 7.29 7.31
*<lightness, a*=green/red, b*=blue/yellow

Sensory scores of yogurt formulation dextrin, used for the purpose of conferring red colour, did

The average values of the flavour, colour and texture not affect the sensory characteristics as determined by the
of the tested yogurt formulations were not significantly panellists, at least in the mass fraction used (0.05 %). The

different (p>0.05) (Table 2). This suggests that the addi- scores given for all attributes varied between 6.35 and
tion of the lyophilised anthocyanin extract and lyophi-  7.29, which corresponds to the terms ‘like slightly” and
lised anthocyanin extract microencapsulated with malto- ~ ‘like very much’ of the hedonic scale.
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Table 2. Mean values and standard deviation obtained for the
flavour, colour and texture scores of yogurt formulations

Flavour 6.39+1.36 6.35+1.38 6.85+1.37
Colour 6.35+1.71 6.39+£1.70 7.10+1.44
Texture 6.80+1.77 6.79£1.76 6.85+1.78

There was no significant difference between the samples
(p<0.05). Scale used: 1=extremely dislike and 9=extremely like

The three yogurt products scored over 50 % on the
purchase intent scale. Similar values were obtained by
Oliveira et al. (32), who studied the sensory acceptance
and purchase intent of yogurt produced with araticum
(Annona crassiflora Mart.) fruit pulp. These results demon-
strate that yogurt formulated with lyophilised anthocy-
anin extract and lyophilised anthocyanin extract microen-
capsulated with maltodextrin will be well accepted on the
market.

Conclusions

Using relevant techniques, such as differential scan-
ning calorimetry (DSC), thermogravimetric analysis (TGA),
scanning electron microscopy and photoacoustic spec-
troscopy, this study confirmed the possibility of stabilis-
ing anthocyanins from jugara palm fruit (Euterpe edulis
Mart.) using lyophilisation and microencapsulation with
maltodextrin with DE=20 and its application in foods.
With respect to heat treatment, maltodextrin with DE=20
protected anthocyanins at temperatures up to 70 °C for
120 min. At different pH values and storage times, the mi-
crocapsules obtained a colour intensity that was approx.
16 % higher than of the anthocyanin extract without
maltodextrin. Scanning electron microscopy confirmed
that lyophilisation influences the structure of the micro-
capsules, because the morphology of the anthocyanins
changed from an amorphous form to a product of crystal-
line aspect, with an appearance of thin and flat flakes. The
thermal analyses (DSC and TGA) and photoacoustics
were important tools in determining the behaviour of mi-
croencapsulated natural colourants and their potential
use in food. DSC and TGA indicated the formation of
weak interactions between anthocyanins and maltodex-
trin; however, at temperatures of approx. 115 °C, the mi-
crocapsules were more thermally stable than the antho-
cyanins without maltodextrin. Moreover, these techniques
indicated a delay in the degradation process and possible
maintenance of the characteristics of yogurt with micro-
encapsulated anthocyanins. The photoacoustics showed
that maltodextrin protected the anthocyanins from light
degradation and suggested that lyophilisation may modi-
fy the structure of substances, as occurred with lyophi-
lised maltodextrin. The anthocyanin extracts lyophilised
with maltodextrin had a more intense colour than those
without maltodextrin, and were better incorporated into
the yogurt because of better solubilisation. Sensory analy-
sis confirmed the possible application of microencapsu-
lated anthocyanins as natural food colourants.
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