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Abstract
Lipid extract from shrimp cephalothorax is a potential food coloring owing to its intense red color. However, it presents some
drawbacks, such as its characteristic odor, astaxanthin instability, and difficult dosage and manipulation. The present work is an
attempt to overcome these problems by means of complex coacervation encapsulation using gelatin and gum arabic as wall
materials. Round molecules in which the lipid extract was efficiently encapsulated in the form of multiple droplets were obtained.
The resulting microcapsules stabilized by freeze-drying had good properties with a view to their application as food coloring,
owing to their intense red color, improved astaxanthin stability, and low water activity, water solubility, and hygroscopicity. The
coloring capacity and sensory properties were evaluated when added to yogurt and a gellified fish product. For yogurt, a trained
sensory panel determined that encapsulation effectively reduced the characteristic odor, whereas the coloring capacity was
improved, as compared to non-encapsulated lipid extract. For the gellified fish product, no sensory improvement was observed,
but the encapsulated lipid extract provided an attractive, uniform color.
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Introduction

Consumer concern regarding the use of synthetic additives has
driven research on natural additives in recent decades. This is
true not only for food preservatives (mainly antioxidants and
antimicrobials), which are the most studied ones (Negi 2012;
Cleveland et al. 2001; Karre et al. 2013), but also for colorings
and sweeteners (Rocha-Selmi et al. 2013a; Gómez-Estaca et
al. 2015). However, natural compounds commonly present
problems related to their instability, insolubility, or sensory
properties, and encapsulation offers an effective means of im-
proving these properties (Fathi et al. 2012; Gómez-Estaca et
al. 2015; Comunian et al. 2017). The crustacean processing
industry produces a large amount of waste annually, including

cephalothorax and cuticles from peeling. This waste has been
found to be a source of the carotenoid astaxanthin, as well as
polyunsaturated fatty acids (PUFAs) and α-tocopherol
(Gómez-Estaca et al. 2017). Owing to the intense red color
of astaxanthin, it has uses as a food coloring. Furthermore,
numerous studies have shown that astaxanthin has potential
health-promoting effects in the prevention and treatment of
various aging-related diseases (Yuan et al. 2011).

With regard to the use of fish or crustacean oils as food
additives, the main problems that arise are those related to
their intrinsic organoleptic properties (strong odor and flavor),
as well as their instability. Not only astaxanthin but also
PUFAs are suscept ible to oxidat ive degradat ion
(Takeungwongtrakul et al. 2015; Gómez-Estaca et al. 2017),
limiting their uses. To date, the methods employed to encap-
sulate crustacean lipid extracts are spray-drying (Pu et al.
2011; Montero et al. 2016), complex coacervation (Aziz et
al. 2014; Gomez-Estaca et al. 2016), and ultrasonic atomiza-
tion (Taksima et al. 2015). Among them, those in which no
thermal treatment is required seem to be more suitable for
encapsulating thermolabile compounds such as PUFAs and
astaxanthin. In this connection, Montero et al. (2016) found
that lipid extract obtained from shrimp and encapsulated by
spray-drying suffered some lipid oxidation, contrary to what
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happened when it was encapsulated by complex coacervation
(Gomez-Estaca et al. 2016). Complex coacervation is a col-
loidal phenomenon in which a liquid–liquid phase separation
is produced generally as a result of the combination of a pos-
itively charged protein and a negatively charged polysaccha-
ride in aqueous solution (Xiao et al. 2014; Burey et al. 2008).
The process is governed by parameters such as the type of
polymers and the ratio between them, pH, and ionic strength,
among others (Schmitt and Turgeon 2011). Although many
polymer combinations have been described in the literature,
gelatin–gum arabic is probably the one that has been most
studied (Xiao et al. 2014). Complex coacervation is mainly
used for encapsulation of lipophilic compounds (Matalanis et
al. 2011), although the process has also been adapted for en-
capsulation of hydrophilic substances (Comunian et al. 2013).
Oil-solubilized lycopene, lipid extracts from marine (fish,
crustaceans) or vegetal origin, essential oils, and other flavors
have been encapsulated by complex coacervation with good
results (Wang et al. 2014; Rocha-Selmi et al. 2013b; Gomez-
Estaca et al. 2016; Comunian et al. 2016).

With regard to reducing the sensory impact of lipid extracts
from shrimp, studies are scarce and no conclusive results can
be found in the literature. On the one hand, when incorporated
in yogurt, a complex of gelatin and cashew gum formed by
complex coacervation failed to mask the characteristic shrimp
odor evaluated by a trained panel (Gomez-Estaca et al. 2016).
On the other hand, Taksima et al. (2015) encapsulated a sim-
ilar lipid extract by ultrasonic atomization, using chitosan and
alginate as encapsulating matrices, and incorporated the en-
capsulated extract in yogurt, obtaining satisfactory acceptabil-
ity and purchase intent. However, the potential of encapsula-
tion to reduce the sensory impact of lipid extracts is evident, as
demonstrated by Comunian et al. (2017), who achieved an
improvement in the sensory acceptance of a functional yogurt
with added encapsulated echium oil, as compared to its non-
encapsulated counterpart. Similar results were obtained by
Tamjidi et al. (2014) encapsulating tuna oil by complex coac-
ervation and adding it to yogurt.

The objective of the present work was to encapsulate a lipid
extract from shrimp waste by complex coacervation in order
to improve its stability and sensory properties, widening its
potential food applications.

Materials and Methods

Materials

Shrimp lipid extract was obtained from Litopenaeus vannamei
cephalothorax as previous described (Gómez-Estaca et al.
2017). Type B gelatin from pig skin and gum arabic (≥ 99%
purity for both) were purchased from Gelnex (Santa Catarina,
Brazil) and Nexira (São Paulo, Brazil), respectively. All other

reagents were of analytical grade and were acquired from
Sigma-Aldrich.

Preparation of Microcapsules

The microcapsules were produced on the basis of the method
described by Mendanha et al. (2009), with slight modifica-
tions. Gelatin and gum arabic were dissolved in distilled water
(2.5 g/100 mL) at 45 ± 5 °C for 30 min under constant stirring.
Oil-in-water emulsions in the gelatin solutions were prepared
at 12,000 rpm for 3 min using a digital T-25 Ultra-Turrax
blender (IKA-Werke GmbH & Co. KG, Staufen, Germany).
Lipid extract was added to a final concentration of 25/100 g
encapsulating agent (gelatin plus gum arabic). Gum arabic
solution was then added under constant stirring, at a gelatin/
gum arabic ratio of 1:1, and the pH was immediately adjusted
to 4 with 5% (w/v) citric acid. The temperature was set to 45 ±
5 °C during the entire process up to this step. Afterwards, the
solution was placed in an ice bath to gradually reduce the
temperature to 10 ± 1 °C, under constant stirring, to promote
complex coacervation. The coacervated material was stored at
7 ± 2 °C for 24 h to allow for precipitation prior to decantation,
and the coacervates were then frozen at − 18 ± 1 °C and
dehydrated by sublimation in a Terroni (São Carlos, Brazil)
freeze dryer.

Encapsulation Efficiency

Encapsulation efficiency (EE) was calculated according to the
total quantity of astaxanthin present in the capsules as com-
pared to the quantity present on their surface. For surface
astaxanthin determination, approximately 50 mg of freeze-
dried powder was accurately weighed and washed twice with
2 mL of hexane; the two volumes of hexane were mixed, and
the astaxanthin content was calculated as previously described
(Montero et al. 2016). For determination of the total
astaxanthin content, approximately 40 mg of freeze-dried
powder was accurately weighed and dissolved in 5 mL of
10% (v/v) acetic acid at 35 °C for 10 min, with occasional
stirring. Then, 5 mL of hexane was added, and the mixture
was vigorously stirred in a vortex mixer and then centrifuged
at 5000×g/15 min/22 °C. The astaxanthin contained in the
upper hexane phase was determined (Montero et al. 2016),
and EE calculated according to Eq. 1:

EE %ð Þ ¼ total Ax−surface Axð Þ
total Ax

� 100 ð1Þ

Morphological Characterization

The microcapsules were observed by optical microscopy both
immediately after formation and after reconstitution of the
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freeze-dried powders in water, using a Bel Photonics BIO3
optical microscope (Italy). The morphology of the freeze-
dried powder was evaluated by scanning electron microscopy
using a Hitachi Tabletop TM 3000microscope (Tokyo, Japan)
equipped with the TM 3000 program.

Particle Size Analysis

The particle size and distribution of the microcapsules were
determined in triplicate using a Malvern Mastersizer S laser
diffraction particle size analyzer (Malvern Instruments Ltd.,
Worcestershire, UK) equipped with a He–Ne laser (λ =
633 nm). The measurement range was 0.05–900 μm, and
obscuration was in the range of 8–15%. The mean diameter
(d4,3) and volume diameters (d(0.1), d(0.5), d(0.9)) were
calculated.

Water Solubility, Water Activity, and Hygroscopicity

The solubility of the microcapsules was determined in tripli-
cate by a gravimetric method as described by Comunian et al.
(2013) and expressed as%. The water activity was determined
in duplicate using AQUALAB equipment (Decagon Devices,
Pullman, WA, USA). Hygroscopicity was determined in trip-
licate as per Cai and Corke (2000), and results expressed as
the mass of water absorbed per 100 g of sample after 7 days of
storage.

Color

Powder color was measured in quintuplicate using aMiniScan
MSEZ 1049 spectrophotometer (BrasEq, SP, Brazil) set to
D65 illuminant/10° observer. A glass sample container was
filled with 3 g of the powder, and the CIELAB color space
was used to obtain the color coordinates L*, a*, and b*, in
quintuplicate. The color was expressed as lightness (L*), chro-
ma (C*), and hue angle (h°), using simple transformations
(Montero et al. 2016).

Accelerated Stability Study

Aliquots of the non-encapsulated (NE sample) and encapsu-
lated lipid extract (E sample) were accurately weighed,
inserted in open glass vials in a desiccator containing
Na2SO4 solution, and placed in an incubator at 36 ± 1 °C
(≈ 80% RH) in darkness for 43 days. Total astaxanthin content
during storage was determined, in triplicate, as follows: free
lipid extract and microparticles were dissolved in absolute eth-
anol or 10% (v/v) acetic acid, respectively, at 35 °C for 10 min
with occasional stirring. For the free oil, an aliquot was diluted
with hexane. For the microparticles, a liquid–liquid extraction
was performed with hexane, comprising vigorous shaking in a
vortex mixer followed by centrifugation (5000×g/15 min/

22 °C). The astaxanthin content in the hexane phase was de-
termined as previously described (Montero et al. 2016).

The oxidative stability of the oil was determined in tripli-
cate by a modified version of the thiobarbituric acid reactive
substances (TBARS) method described by Gudipati et al.
(2010). Aliquots (1 mL) of the free and encapsulated oils
dissolved in absolute ethanol or 10% (v/v) acetic acid, respec-
tively, were mixed with a reagent solution containing 15%
trichloroacetic acid and 0.375% thiobarbituric acid (2 mL),
and then incubated in a water bath for 15 min at 90 °C. The
reaction was stopped in an ice bath, and the resulting colored
complexes were extracted with 2 mL of 1-butanol by vigorous
agitation in a vortex mixer. The mixture was centrifuged
(5000×g/10 min/22 °C), and the absorbance of the upper
phase was read at 532 nm. TBARS concentrations were cal-
culated from a standard curve prepared with 1,1,3,3-
tetraethoxypropane.

Application of the Microcapsules to Food Systems

To evaluate the coloring capacity and sensory properties of the
encapsulated lipid extract, as compared to those of the non-
encapsulated one, two food models were selected: plain yo-
gurt and a gellified fish product. Their intrinsic whiteness
made them suitable to evaluate the coloring capacity of the
extract. Furthermore, their different textural characteristics
(fluid vs. solid) and manufacture process (application of ther-
mal treatment or not) allow a better screening of the potential
coloring capacity on different products. Three batches of each
product were prepared, in duplicate: control without addition
(C batch), with added non-encapsulated lipid extract (NE
batch), and with added encapsulated lipid extract (E batch).
Lipid extract was added at 0.15/100 g product in all cases,
according to a previous experiment in which different concen-
trations were tested (0.10, 0.15, and 0.20/100 g). For encap-
sulated lipid extract, the appropriate amount of freeze-dried
product was accurately weighed and reconstituted in water
in a proportion of 1:5 (powder/water) prior to mixing. The
non-encapsulated lipid extract and the reconstituted capsules
were homogenized with the yogurt using a digital T-25 Ultra-
Turrax blender (IKA-Werke GmbH & Co. KG, Staufen,
Germany) for 1 min at 3000 rpm. The gellified fish product
was prepared from hake (Merluccius merluccius) that was
headed, gutted, skinned, washed with tap water, and filleted.
The chopped muscle was mixed with free or encapsulated
lipid extract, sodium chloride (2/100 g mince), and water (fi-
nal moisture 82/100 g), and homogenized in a Moulinex®
mixer. The fish batters were placed in hermetic aluminum
containers 3 cm in diameter and 6 cm in height, and heat-
induced gels were obtained by heating at 90 °C for 45 min
in a thermostatic bath.

The color of the products was measured in quintuplicate as
described above, and results expressed as L*C*h°
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coordinates. Furthermore, the structure of the capsules in the
yogurt matrix was observed by optical microscopy; for this
purpose, an aliquot of the yogurt was diluted with distilled
water (proportion 1:10) and observed in a Bel Photonics
BIO3 optical microscope (Italy).

Sensory Analysis

The effect of shrimp lipid extract encapsulation on the relative
intensity of the color and odor attributes was evaluated. For this
purpose, a panel consisting of 14 trained panelists, who were
selected from staff according to their ability to discriminate be-
tween samples supplemented with increasing concentrations of
lipid extract (0.05, 0.1, and 0.15%), was employed. Two-sided
paired comparison tests, according to Meilgaard et al. (2006),
were performed. Two pairs of samples for each product type
(yogurt or gellified fish product) were presented in two indepen-
dent sessions: C/E and E/NE, where C are the control samples
(no lipid extract addition), E are the encapsulated lipid extract-
added samples, and NE the non-encapsulated lipid extract-
added samples. For each pair, the panelists were asked to select
the sample with the more intense odor and color, under red and
white lights, respectively. The panelists were instructed to re-
fresh their sense of smell with coffee beans between pairs.
Results are expressed as the number of panelists that considered
each sample as the more intense one for each pair evaluated.

Statistical Analysis

Statistical tests were performed using the SPSS® computer
program (SPSS Statistical Software, Inc., Chicago, IL, USA).
One-way and two way analyses of variance (ANOVA) were
carried out. Differences between pairs of means were assessed
on the basis of confidence intervals using the Tukey’s b test.
The level of significance was p ≤ 0.05.

Results and Discussion

Characterization of the Microcapsules

Multinuclear spherical microcapsules in which the shrimp lipid
extract was efficiently encapsulated (93.5 ± 0.01% encapsula-
tion efficiency) were obtained (Fig. 1a). Other authors encap-
sulating different lipid components such as oil-solubilized lyco-
pene, krill oil, or flavored oil using the gelatin–gum arabic
complex as encapsulating material also obtained similar struc-
tures with high encapsulation efficiency (Aziz et al. 2014; Yeo
et al. 2005; Rocha-Selmi et al. 2013b). The composition and
concentration of the wall polymer and environmental condi-
tions such as pH and ionic strength, among others, are directly
related to the efficiency of microcapsule production and to the
variability in structure, size, and porosity, among other

characteristics (Yeo et al. 2005). In this context, gelatin–gum
arabic is one of the most common and most extensively used
combinations in complex coacervation, thanks to its high yield
and encapsulation efficiency, and its tunability in terms of wall
thickness or loading capacity (Rocha-Selmi et al. 2013b). In
this connection, Rocha-Selmi et al. (2013b) encapsulated lyco-
pene and studied the effect of polymer concentration and core–
shell ratios on microstructure, encapsulating efficiency, and

Fig. 1 Image of optical microscopy of the freshly prepared shrimp lipid
extract microcapsules (a) and macroscopic aspect (b) and microstructure
(c) by SEM (×1000) of the powder obtained after freeze-drying of the
microcapsules
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lycopene stability. The formulation showing the highest encap-
sulating efficiency and lycopene stability was the one with 2.5 g
polymer/100 g solution and 25 g core/100 g polymer, which
was the one selected in the present work.

The measurement of the particle size distribution showed a
well-defined monomodal distribution (Fig. 2) with a mean di-
ameter (d4,3) of 119.6 ± 3.7 μm. The volume median diameter
d(0.5) was 114.1 ± 1.4 μm, which suggests that 50% of the
distribution was either higher or lower than this value. In ad-
dition, 10% of the microcapsules had a volume diameter d(0.1)
< 62.5 ± 3.1 μm while 90% of them had a volume diameter
d(0.9) < 184.4 ± 7.4 μm. These results indicate relatively good
homogeneity. Microparticle size depends on several process-
ing conditions, such as the emulsion preparation conditions,
cooling rate, and characteristics of the wall and core materials
(Alvim and Grosso 2010). Although high variability in particle
size has been reported, the values in the present work are in line
with previous works in which similar processing conditions
were applied (Rocha-Selmi et al. 2013b; Aziz et al. 2014).

The microcapsules obtained were concentrated and stabi-
lized by freeze-drying, and a powder with an intense red color
was obtained (Fig. 1b). The objective measure of color revealed
a hue angle in the second quadrant (49.1° ± 0.1), with a chro-
maticity value of 78.0 ± 0.8 and a lightness of 52.9 ± 0.05.
These results are similar to those obtainedwhen the lipid extract
was encapsulated in a novel gelatin–cashew gum complex
(Gomez-Estaca et al. 2016), confirming that it is the lipid extract
that determines the color of the microcapsules. Although the
freeze-drying process resulted in loss of the structure of the
microcapsules, as observed by SEM (Fig. 1c), the structure
completely resembled the original after rehydration of the pow-
der (results not shown). With regard to application of the mi-
croparticles, water solubility is also an important factor to be
considered, as it determines the release of the encapsulated
material. The low water solubility (9.6 ± 1.5%) of the micro-
capsules found in the present work is in line with previous
reports working with the same polymer pair (Comunian et al.

2013; Rocha-Selmi et al. 2013a), but it is lower than the value
for microcapsules made from the gelatin–cashew gum pair
(Gomez-Estaca et al. 2016). Gelatin–gum arabic coacervates
present a characteristic low water solubility, which allows de-
layed or triggered release (Comunian et al. 2013).

The water activity of the freeze-dried microcapsules was low
(0.593 ± 0.007), indicating high stability toward microbial
growth (Roberts 1995), in line with results from other works
(Comunian et al. 2013; Gomez-Estaca et al. 2016). With regard
to hygroscopicity, a value of 2.33 ± 0.12 g water/100 g powder
was obtained. Other authors obtained higher values, ranging
from 4 to 10 g water/100 g powder, working with the same
polymer combination (Rocha-Selmi et al. 2013a; Comunian et
al. 2013), whereas even higher values (≈ 35 g/100 g) were ob-
tained for other polymer pairs such as gelatin–pectin and soy
protein isolate–pectin (Silva et al. 2012; Nori et al. 2011).
Hygroscopicity is mostly related to the availability of polar
groups of encapsulating agents to interact with environmental
water. In this regard, Comunian et al. (2013) found that the
individual polymers (gelatin, gum arabic) had high hygroscop-
icity, whereas the coacervated material was significantly less
hygroscopic, owing to electrostatic interaction between the two
polymers reducing free polar groups. The low hygroscopicity of
the freeze-dried microcapsules obtained in the present work will
ensure easy handling, packing, and application of the material.

Stability Study

To study the effect of microencapsulation on the stability of
the lipid extract toward oxidation, the remaining astaxanthin
content and TBARS were determined as a function of storage
time. The astaxanthin content diminished in both non-
encapsulated and encapsulated lipid extracts; however, encap-
sulation effectively reduced degradation, attaining higher
values during the whole storage period (Fig. 3). Indeed, at
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Fig. 2 Particle size distribution of shrimp lipid extract microcapsules

Fig. 3 Relative astaxanthin content (%) of non-encapsulated and encap-
sulated lipid extract from shrimp as a function of storage time. Results are
the mean ± standard deviation of three replicates



the end of storage, the astaxanthin in the non-encapsulated
lipid extract was almost fully degraded, whereas the encapsu-
lated lipid extract retained ≈ 24% of the initial astaxanthin
present. The gelatin–cashew gum complex also prevented
astaxanthin degradation when used to encapsulate the same
lipid extract as used in the present work, but in that case, ≈
47% of the initial astaxanthin content was retained at the end
of storage (Gomez-Estaca et al. 2016). The lower stability
provided by gelatin–gum arabic can be attributed to the higher
hygroscopicity, as compared to that of the gelatin–cashew
gum microcapsules (2.33 ± 0.12 vs. 1.14 ± 0.01 g water/
100 g powder, respectively). A progressive plasticization of
the matrix as storage continues (the storage RH was ≈ 80%)

would presumably produce an increase in the free volume
among polymer chains and thus higher oxygen diffusion
through the shell (Balaguer et al. 2013). Rocha-Selmi et al.
(2013b) also found prevention of lycopene degradation when
encapsulating it by complex coacervation in a gelatin–gum
arabic matrix. Bustamante et al. (2016) solubilized an
astaxanthin-containing extract from H. pluvialis in various
oils and encapsulated it by spray-drying, resulting in a higher
astaxanthin stability toward thermal treatment. With regard to
the accumulation of TBARS, no differences were found as a
function of either encapsulation or storage time (data not
shown), revealing the high stability of the extract, which can
be attributed to the antioxidant activity of astaxanthin and α-
tocopherol (Gómez-Estaca et al. 2017; Takeungwongtrakul et
al. 2015).

Application of the Microcapsules

In both food products (yogurt and gellified fish product), the
lipid extract, either in free or encapsulated form, was efficient-
ly distributed, providing an attractive reddish color (Fig. 4).
The objective measure of color revealed some differences as a
function of food product system and lipid incorporation meth-
od (Table 1). As expected, the hue angle was in the same range
in all the samples (first quadrant), as the compound responsi-
ble for the products’ color, astaxanthin, was incorporated in
comparable concentrations. In the case of yogurt, lipid extract
encapsulation had a significant (p ≤ 0.05) effect on the prod-
uct’s color, showing differences in lightness, hue, and chro-
maticity, as compared to the yogurt with the non-encapsulated
extract. In contrast, no differences were observed in the
gellified fish product as a function of encapsulation, probably
owing to lipid extract release as consequence of thermal treat-
ment. In this connection, gelatin–gum arabic microcapsules
encapsulating echium oil have been found to disintegrate at
temperatures ≥ 40 °C (Comunian et al. 2016).

The results of the sensory analysis are presented in
Table 2. According to Meilgaard et al. (2006), with 14
panelists, at a 5% level of significance, at least 10
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C

Fig. 4 Yogurt (left) and gellified fish product (right), as a function of
lipid extract incorporation method (C not added, NE non-encapsulated,
E encapsulated)

Table 1 Optical properties (L*,
h°,C*) of yogurt and gellified fish
product as a function of lipid
extract incorporation method

L* h° C*

Yogurt Control 91.7 ± 0.1c 101.1 ± 0.3c 11.7 ± 0.1a

Non-encapsulated 81.5 ± 0.0b 49.1 ± 0.2b 25.5 ± 0.1b

Encapsulated 78.6 ± 0.1a 42.3 ± 0.3a 26.7 ± 0.4c

Gellified fish product Control 71.4 ± 0.9b 131.4 ± 2.8b 4.7 ± 0.2a

Non-encapsulated 61.2 ± 1.7a 48.8 ± 1.6a 16.6 ± 1.1b

Encapsulated 63.1 ± 1.4a 47.6 ± 0.9a 14.9 ± 1.0b

Different letters in the same column (a, b, c) indicate significant differences as a function of lipid extract incor-
poration method for each product, as compared to their respective control samples. Results are the mean ±
standard deviation of 5 replicates
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panelists should select one of the samples to confirm a
significant difference between them. As expected, all the
panelists rated a more intense reddish color in the encap-
sulated samples than in the control ones (without addi-
tion). With regard to odor evaluation of this pair, differ-
ences were found as a function of the food system. In the
case of yogurt, no significant differences (p ≤ 0.05) were
found between C and E samples, indicating that encapsu-
lation of the shrimp lipid extract masked its characteristic
odor when incorporated in yogurt. This was confirmed by
the evaluation of the E/NE pair, as the NE sample was
significantly (p ≤ 0.05) rated as having a more intense
shrimp odor. The gelatin–cashew gum complex failed to
mask the characteristic shrimp odor of the encapsulated
lipid extract when the microcapsules were added to yogurt
(Gomez-Estaca et al. 2016), in contrast with results from
the present work. This is probably attributable to the low-
er solubility and the thicker wall of the gelatin–gum ara-
bic microcapsules, resulting in a lower release of the lipid
extract, as compared to the gelatin–cashew gum micro-
capsules. Indeed, the structure of the capsules was main-
tained in the yogurt matrix (Fig. 5), contrasting with the
NE sample, in which free lipid droplets were found. With
regard to color, it is worth noting that the E sample was
rated as more intense in color than the NE one, indicating
that encapsulation improved the coloring capacity of the
lipid extract when added to yogurt, which is in agreement
with the objective measure of color shown in Table 1.
Encapsulation has been found to be an effective way of
reducing undesirable sensory characteristics of lipid ingre-
dients added to yogurt, as in the case of encapsulation of
echium seed or tuna oils by complex coacervation to re-
duce the sensory impact when added to yogurt (Tamjidi et
al. 2014; Comunian et al. 2017). Similar results were

obtained by Taksima et al. (2015), who applied alginate–
chitosan beads containing shrimp lipid extract rich in
astaxanthin to yogurt.

In the case of the gellified fish product, a different behavior
was observed, as the E sample was rated as more intense in
odor than the C sample (p ≤ 0.05), whereas no differences
(p ≤ 0.05) were detected between the E and NE samples.
This means that encapsulation of the lipid extract did not mask
the characteristic shrimp odor, which can be attributed to the
intrinsic properties of the food system, in which thermal treat-
ment is mandatory in order to gel. Despite this, the characteris-
tic odor provided by the lipid extract would be appropriate with
this kind of fish product. So in this case the benefit provided by

Table 2 Sensory evaluation of the yogurt and gellified fish product
samples incorporating non-encapsulated (NE) or encapsulated (E)
shrimp lipid extract, as compared to their respective control samples
without addition (C). Results are expressed as the number of panelists
that rated each sample as the one with the more intense color and odor for
each pair presented

Pair Color Odor

C E NE C E NE

Yogurt C/E 0a 14b 6x 8x

E/NE 13a 1b 2x 12y

Gellified fish product C/E 0a 14b 2× 12y

E/NE 5a 9a 8x 6×

Results are expressed as the number of panelists that rated each sample as
the one with the more intense color or odor for each pair presented.
Different letters in the same row indicate significant differences for color
(a, b) or odor (x, y) for each pair

Control

Non-encapsulated

Encapsulated

Fig. 5 Optical microscopy images (×1000 magnification) of diluted
(1:10) yogurt samples incorporating non-encapsulated or encapsulated
lipid extract
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encapsulation would be better dosage and manipulation. In the
case of color, no differences were observed as a function of
encapsulation, probably owing to lipid extract release too.

Conclusion

Encapsulation of a shrimp lipid extract by complex coacerva-
tion using the gelatin–gum arabic complex is a way of improv-
ing its stability, facilitating its manipulation and dosage, and
masking its potentially undesirable sensory characteristics in
food products in which no thermal treatment is applied,
resulting in a widening of its techno-functionality and extend-
ing its use for food applications.
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