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Abstract This study aimed to evaluate the sensory and
hedonic perceptions of chicken burger manufactured with
pink pepper residue extract (PPE) added to the meat and to
the chitosan film. Five samples were manufactured: CT:
control, without antioxidant; DP and FP: addition of PPE to
the meat batter and to the film, respectively; C1 and C2:
commercial brands of chicken burgers. Consumers char-
acterized the samples using the overall liking test and
Check-all-that-apply questions. The samples showed a
medium-high level of acceptance and no significant dif-
ferences were found between them. DP was the farthest
sample from the ideal and FP showed positive results, since
its characteristics were like the commercial samples. The
direct extract application may lead to a reduction in the
liking of chicken burgers, demonstrating that the technol-
ogy of active films is a viable alternative to the use of
natural antioxidant extracts in meat products.
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Introduction

Because of the growing population concerns about a
healthy diet, the consumption of natural products has
increased in the last years (Karre et al. 2013). In this
context, industry and academia stakeholders are making
efforts to either reduce the use of synthetic antioxidants or
to replace these substances with natural antioxidants,
especially in chicken products, which are highly suscepti-
ble to lipid oxidation. The use of different natural antiox-
idants in meat products has been investigated, including
berry extracts (Lorenzo et al. 2017), pink pepper residue
extracts (Serrano-Ledn et al. 2018), guava and beetroot
residue extracts (Packer et al. 2015), Rosa canina L. phe-
nolic compounds (Utrera et al. 2015), avocado phenolics
(Rodriguez-Carpena et al. 2011), among other sources.

Scientific evidences support the use of natural antioxi-
dants to decrease the lipid oxidation (Estévez 2017),
especially in chicken products that are more susceptible to
this deteriorating process. In this regard, Serrano-Ledn
et al. (2018) showed the potential of pink pepper extract
against lipid oxidation of a restructured chicken product.
However, this study did not evaluate the effect of the
addition of natural extracts on the sensory quality of the
product. It is known that the incorporation of natural
antioxidant extracts may modify the sensory quality of
meat products (Nufiez De Gonzalez et al. 2008), mainly
delaying the occurrence of rancid odor and flavor and
avoiding color changes. However, few works have focused
on the sensory and hedonic properties of meat-based
products manufactured with the addition of antioxidant
extracts.

Sensory analysis (SA) is basically -divided in discrimi-
native (Rogers 2017), descriptive (Saldafia et al.
2018a, b, c¢), and affective (O’Sullivan 2017) tests.
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Commonly, descriptive and affective measurements are
carried out to identify the drivers of liking (DL). The DL
are sensory attributes of food products that modify the
consumer liking. In food science and technology, DL
attributes have been widely studied (Mielby et al. 2016;
Resconi et al. 2016, 2018a, b, c). However, few studies
have addressed this issue in meat products.

The sensory profile of a food is obtained by means of
descriptive analysis—DA (Saldafia et al. 2015). In this
method, a trained sensory panel rates a set of products
according to a list of sensory attributes. The training step of
the DA provides detailed, reliable, and reproducible results.
However, this step is time-consuming and costly. For these
reasons, alternative sensory profile methods have emerged
in the past 10 years (Ares and Varela 2017).

Recent advances in sensory and consumer research have
highlighted that listening to “the voice of the consumer” is
increasingly important in the competitive marketplace
(Varela and Ares 2018). Therefore, it seems viable to
obtain the sensory profile directly from the consumer. A
large body of scientific research has focused on the use of
CATA questions to perform a consumer sensory profiling
of foods (Morell et al. 2015; Valentin et al. 2012; Varela
and Ares 2012). This method allows to obtain the sensory
profile coupled with the ideal description and OL, repre-
senting a potential tool to obtain the DL directly from
consumers.

In this context, the aim of this study was to evaluate the
sensory perception, the description of the ideal burger and
the overall liking of burger manufactured with pink pepper
residue extract added both to the meat and to the chitosan
film.

Materials and methods

Pink pepper residue and preparation of natural
extracts

Pink pepper residue (Schinus terenbithifolius Raddi) was
supplied by Agrorosa Ltda (Sdo Mateus, ES, Brazil) and
was composed of stems, leaves and rejected peppers. The
material was ground using a knife mill IKA All, Basic,
Staufen, Germany), sieved (40-Tyler mesh sieve, ~ 420
pm) and stored at — 18 °C. The extraction of the phenolic
compounds was performed according to the described by
Serrano-Leon et al. (2018), using ethanol:water (80:20 v/
v). The solution was placed in a water bath (Quimis,
Diadema, SP, Brazil) at 95 °C for 25 min, followed by
15 min in an ultrasonic bath USC-1400A (Unique, Inda-
iatuba, SP, Brazil). Then, the pink pepper extract (PPE)
was filtered (qualitative filter paper, thickness: 0.16 mm,
filtration speed: 20-25s, ash content: 0.1%, particle
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retention: 4-12 um), centrifuged at 5000 g for 15 min
(Eppendorf 5810R) and stored. PPE was previously char-
acterized in terms of content and profile of phenolic com-
pounds, showing 45.01 mg gallic acid/g of pink pepper
residue and the phenolic compounds catechin, p-coumaric
acid, myricetin and epicatechin (Serrano-Ledn et al. 2018,
Bergamaschi 2016). It also showed antioxidant activity (in
pmol trolox/g pink pepper residue) of 535.74 for the DPPH
method, 931.00 for the ABTS method, 158.24 for the
ORAC method, as well as an EC50 of 1.24 mg/mL for the
radical superoxide (O, ) method (Serrano-Ledn et al.
2018).

Preparation of chitosan films

According to our previous studies using response surface
methodology (Serrano-Ledn et al. 2018), the volume of
PPE equivalent to 90 mg of gallic acid (GA) per kg of meat
was defined as the optimal concentration of natural extract
for the maintenance of the oxidative stability of chicken
burger. Thus, this concentration was used for the prepara-
tion of the active films. The preparation of the chitosan
(Primex—ChitoClear®, Siglufjordur, Iceland) films was
based on glycerol as plasticizer and followed the proce-
dures described by Serrano-Ledn et al. (2018).

Preparation of the chicken burger

Five samples were evaluated in this study, in which 3 of
them were manufactured in the Meat Processing Plant of
the Escola Superior de Agricultura “Luiz de Queiroz”—
Universidade de Sdo Paulo (ESALQ—USP), considering 3
independent replicates of each batch. Boneless and skinless
chicken thighs and drumsticks (73.46% moisture, 16.87%
protein, 7.82% fat, 1.05% ash) were purchased from a
slaughterhouse (Rio Claro, SP, Brazil), ground (0.8 cm
plate) separately in a grinder (4B22-2; Hobart, Troy, OH,
USA) and divided into 3 treatments (about 2.5 kg each
one) as follows: CT: without any antioxidant; DP: direct
addition of PPE to the meat batter (volume of extract
equivalent to 90 mg GAE/kg meat); FP: addition of PPE to
the chitosan active film (volume of extract equivalent to
90 mg GAE/kg meat). Sample processing was performed
as described by Serrano-Leodn et al. (2018). The other two
samples (C1 and C2) corresponded to commercial brands
of chicken burgers purchased at the local market (Piraci-
caba, SP, Brazil).

Sensory methods
All sensory tests were performed after the microbiological

analysis of the samples to ensure that they were suitable for
human consumption (Brazil 2001). The microbiological
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analysis was carried out in triplicate, at the laboratory of
Higiene e Laticinios of ESALQ—USP. The counts of
thermotolerant coliforms, coagulase-positive staphylo-
cocci, sulfite-reducing clostridia were within the limits
specified by Agéncia Nacional de Vigilancia Sanitaria
(Brazilian Health Surveillance Agency) and Salmonella
was not detected in any of the samples.

This study was approved by the Ethics Committee for
Human Research of the—ESALQ-USP (COET/0213,
Protocol n° 161). Participants read and signed an informed
consent form prior to the sensory tests. The samples were
cooked in a hot plate (150 °C) (Edanca, Sdo Bernardo do
Campo, SP, Brazil), until achieving the internal tempera-
ture of 75 °C. Subsequently, they were cut in 2 cm® cubes
(Selani et al. 2016), which were placed in a glass container
covered with a lid and stored at 40 °C for up to 10 min. All
samples were served to the consumers at about 40 °C.
Sensory tests were performed in the sensory analysis lab-
oratory of the ESALQ—USP.

Consumers

Eighty-one habitual consumers of chicken burger
(26.67 £ 7.45 years old; 45% female) were recruited at
ESALQ-USP. The inclusion criterion was based on the
consumption of burger once a month. Both in the overall
liking and CATA questions, samples were presented
monadically to the consumers, following a William’s
design, using random numbers with 3 digits. Mineral water
and unsalted biscuits were provided to rinse the mouth
between samples. The number of consumers that

participated in this study was higher than 60-80 con-
sumers, as recommended by Ares et al. (2014).

Overall liking and CATA questionnaire

Both sensory evaluations were performed on the same day,
since the sensory ballot included the liking test, followed
by the CATA question, and the ideal product description
(Jaeger and Ares 2014; Ares and Jaeger 2015a). Consumers
indicated their overall liking using a 10-point hybrid
hedonic scale, anchored at O = disliked extremely,
5 = neither liked nor disliked, and 10 = liked extremely
(Villanueva et al. 2005). Subsequently, they responded the
CATA questions (Ares and Jaeger 2015b), selecting all the
attributes that they considered adequate to describe each
sample, followed by the description of the ideal burger
(Saldana et al. 2018a). The sensory attributes were pre-
selected by 21 consumers, using the repertory grid method,
in which each consumer described the sensory attributes
that differentiated each sample. The attributes (Table 1)
were randomized between samples and consumers to avoid
bias (Ares and Jaeger 2013).

Data analysis
Overall liking
Boxplots were used to show the OL data. Subsequently, an
analysis of variance (ANOVA) was used to analyze the

liking results, considering sample and consumer as factors.
Furthermore, to better understand the consumers’ liking, an

Table 1 Contingence table of
sensory attributes of the CATA
questionnaire for burger

samples

Attributes Samples
FP CM1 CT DP CM2 Ideal

Color of chicken burger 64 65 66 65 59 77
Strange odor* 17 9 9 21 14 2
Flavor of chicken burger** 43 43 50 26 34 73
Vinegar flavor*** 1 1 1 13 3 2
Rancid flavor 7 10 5 5 11 2
Non-characteristic color of burger 10 8 13 11 9 0
Pepper odor** 4 5 12 9
Rancid odor 4 6 2 5 2
Non-characteristic flavor of burger 28 22 19 29 34 1
Appearance of chicken burger 50 52 49 41 48 72
Odor of chicken burger 45 49 48 35 44 62
Pepper flavor*** 17 11 21 44 13 17

CT control; DP direct addition of PPE to the meat batter; FP addition of PPE to the chitosan film; and CI

and C2 commercial chicken burgers

***Signiﬁcant difference at p < 0.001, **Signiﬁcant difference at p < 0.01, *Signiﬁcant difference at
p < 0.05. according to the Cochran’s Q test
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Fig. 1 Opverall liking data (boxplot) and internal preference mapping:
representation of samples and consumers (variables) on the first two
dimensions (Dim 1 x Dim 2). CT control; DP direct addition of PPE

internal preference mapping (mdpref) was performed
(Saldafia et al. 2018a, b, c). Next, a hierarchical agglom-
erative cluster analysis was performed to identify the seg-
ments of consumers and samples using Euclidian distances
and the Ward’s linkage criterion were selected.

CATA questions
A contingency table was created to show the sensory
attributes that apply to a target and ideal sample. In this

table, the Cochran’s Q test was used to identify the attri-
butes that are significantly different between samples.
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Dim 1 (45.43%)

to the meat batter; FP addition of PPE to the chitosan film; and C/
and C2 commercial chicken burgers

Additionally, correspondence analysis (CA) was applied to
obtain a sensory map containing not only target and ideal
samples as well as sensory attributes. In order to graphi-
cally represent the relationship between OL and the sen-
sory attributes, a Principal Coordinates Analysis (PCoA)
was carried out based on the Gower’s centered similarity
matrix (Gower 1966). Finally, a Penalty Analysis (PA) per
sample was performed to estimate the attributes that
decrease the consumer’s liking using Just about right
(JAR)-type analysis (Worch 2018). For instance, for a
given attribute if both the ideal and the real sample are
checked or unchecked, this fact indicates a “JAR” status.
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However, if the ideal sample is checked, but not the real
sample, it is considered “Too Little” of the attribute. On
the other hand, if the ideal sample is unchecked but the real
sample is, then it is considered “Too Much” of the attri-
bute. Thus, the mean drop in the OL was calculated by the
subtraction of the OL of “JAR” minus “Too Little” or
“Too Much”. To check if the mean drops were significant,
the ANOVA of liking by JAR groups for each sample was
used and compared with “To Much” with “JAR” and “To
Little” with “JAR”, at 5% of significance. The statistical
analyzes were carried out in the environment R, using
SensoMineR and FactoMineR packages.

Results and discussion
Consumers’ liking

Figure 1 shows the boxplot of the consumers’ OL for the
five burger samples. According to the ANOVA data,
samples presented a similar OL (score 6 cm out of 10 cm).
Although the samples did not differ significantly, the DP
exhibited a tendency for the lowest score. This result is
certainly related to the incorporation of PPE directly to the
meat batter, which generated changes in the sensory profile
and in the liking of the burgers.

According to the boxplot (Fig. 1), the variability in the
overall liking was substantial. For example, the liking
scores of the DP sample ranged from O to 9. This means
that some consumers liked this sample while others did not.
This behavior pattern was observed in all samples. For this
reason, a deeper analysis was performed through mdpref.

Figure 1 also shows the representation of consumers and
samples on the first dimensions of the PCA. This repre-
sentation, also called mdpref, clearly showed that the
overall liking is segmented. According to the position of
the samples in Fig. 1, three groups of consumers can be
observed.

As expected, three clusters were identified (Fig. 2). The
first cluster was composed of 23 consumers, who preferred
the commercial samples (C1 and C2). This means that
these consumers have a marked liking for the burgers
currently available in the market. The second cluster
(n = 27) disliked the DP sample, probably because of the
sensory changes caused by the direct addition of the PPE to
the meat batter. On the other hand, the data from cluster 3
(n = 31) may be an indicative that the use of PPE in the
chitosan film does not affect much the sensory character-
istics of the burger, since this cluster preferred both the CT
and FP samples. This cluster is a bit more open in its
preferences, giving priority to samples made in the labo-
ratory in relation to two selected commercial samples.

Consumer sensory characterization

Table 1 shows the frequency of mention of all the attri-
butes for each sample, including the ideal burger.

According to the Cochran’s Q test (Table 1), there was
significant difference between samples in five attributes:
“strange odor”, “flavor of chicken burger”, “vinegar fla-
vor”, “pepper odor”, “pepper flavor”. These differences
are associated to the addition of PPE to the meat batter and
to the active film and, in consequence, to the different
degrees of lipid oxidation of the samples. This fact indi-
cates intermediate discrimination by consumers, suggesting
that this methodology detected differences in consumers’
perceptions regarding the evaluated chicken burgers.
Additionally, when evaluating the ideal chicken burger,
consumers described it with following attributes: color of
chicken burger, flavor of chicken burger, pepper flavor,
appearance of chicken burger, and odor of chicken burger.

Figure 3a shows the Principal Coordinate Analysis of
the attributes and the overall liking data allied with the
CATA questions data. Attributes that are close to the
“overall liking”, such as “flavor of chicken burger” and
“odor of chicken burger”, contribute positively to the
acceptance. Considering that the ideal burger would pre-
sent a high consumer acceptance, the data obtained here are
consistent, since the attributes that contributed to “overall
liking” were the same as those correlated with the “ideal”
sample (Fig. 3b). On the other hand, the terms “non-
characteristic taste” and “strange odor” are on the opposite
side of the “overall liking” and do not contribute to the
acceptability of the sample.

The representation of the attributes and samples in the
first two dimensions of the CA, performed on the contin-
gence table of the CATA questions is presented in Fig. 3b.
The first two dimensions of the analysis were able to
explain up to 93% of the experimental data.

Through the representation of the samples in the CA
(Fig. 3b), it was possible to clearly differentiate 3 groups,
with different sensory characteristics. The first group is
formed by the “Ideal” sample, which was correlated with
the following attributes: “flavor of chicken burger”, “ap-
pearance of chicken burger “, and “odor of chicken bur-
ger”. These data are coherent because consumers tend to
expect the food product has intrinsic characteristics
(“ideal”).

The second group, formed by samples C1, C2, CT, and
FP, was correlated with “rancid odor”, “rancid flavor”,
“color of chicken burger”, “odor of chicken burger”, and
“appearance of chicken burger”. A previous work reported
that the CT treatment had significant higher peroxide value
and thiobarbituric acid reactive substances than samples
DP and FP (Serrano-Ledn et al. 2018), which may explain
the rancid odor and flavor. The other attributes can be
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addition of PPE to the meat batter; FP addition of PPE to the chitosan film; and C/ and C2 commercial chicken burgers

considered positive and are probably related to the com-
mercial and the FP samples, which have antioxidants in the
formulation, maintaining the sensory quality of the burger.

The third group was composed of the DP sample, which
was correlated with “pepper flavor”, “vinegar flavor”, and
“pepper odor”. These attributes probably led to the sig-
nificant decrease in overall liking of the DP burger.
Additionally, the DP sample seems to have a more pro-
nounced effect on the sensory characteristics of the product
when compared to the FP burger, indicating that the
application of antioxidant extracts in chitosan films mini-
mizes the sensory alterations of the product. This result is
in-line with those obtained by Selani et al. (2011), who
found significant changes on color, odor and flavor of the
chicken product manufactured with wine industry residue
extracts. Siripatrawan and Noipha (2012) reported an
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increase in overall liking scores of pork sausage packed
with green tea active film compared to the control sample.

Figure 4 shows the mean drop in overall liking as a
function of consumers who described each sample differ-
ently from the ideal burger. In the penalties plot, the sen-
sory attributes highlighted in bold showed a statistically
significant decrease in consumers’ liking when the sensory
description of the target burgers was different from the
ideal burger (Worch 2018). Inconsistencies with the ideal
burger were identified as “Too Much” or “Too Little”
when the frequency of an attribute was very high or low,
respectively. In addition, attributes with a larger font size
indicate that they were perceived by more than 20% of
consumers (Saldafia et al. 2018a). This pragmatic approach
allows the efficient identification of the drivers of liking by
sample, which may be used for optimization studies.
Overall, 6 attributes significantly decreased the liking of
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the FP sample, thus being critical for consumers to per-
ceive the burger as “ideal”: “odor of chicken burger”,
“flavor of chicken burger”, “appearance of chicken bur-
ger”, and “color of chicken burger”. On the other hand, the
frequency of “strange odor” and “non -characteristic flavor
of burger” needs to be decreased. In Fig. 4, a table with the
recommendations for increasing and decreasing the fre-
quency of attributes was created. It is necessary to clarify
that the increase/decrease of an attribute is related to the
frequency of mention and not necessarily to the intensity,

since the CATA data represent frequency. In general, the
drivers of liking that were observed to all samples were
“non-characteristic flavor of burger (To Much = de-
crease)” and “Flavor of chicken burger (To
Little = increase)”.

In principle, burgers with PPE addition had a greater
number of attributes that reduce the overall liking. How-
ever, these attributes are related to appearance, which is
modified when the antioxidant extract (red color) is added,
increasing the redness. Therefore, attributes associated
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<«Fig. 4 Mean drop of overall liking as a function of consumers who
described the samples differently from the ideal sample. a (—)
indicates that the ideal presented such attributes the samples did not,
b (+) indicates that the samples presented such attributes the ideal did
not. CT control; DP direct addition of PPE to the meat batter; FP
addition of PPE to the chitosan film; and C/ and C2 commercial
chicken burgers

with the product’s appearance should be of concern, as they
can generate negative expectations on consumers, and even
induce its rejection.

Once the consumer perception was segmented, the lik-
ing of each cluster with the sensory attributes was repre-
sented (Fig. 5). Commercial samples (C1 and C2) were
positioned at similar locations within the perceptual map
and were preferred by cluster 1. In addition, the only driver
of liking for this cluster was “rancid flavor”. Cluster 2
penalized attributes related to appearance and aroma,
which were on the opposite side of the DP sample. DP
sample presented typical sensory attributes of the addition
of pink pepper and, therefore, was rejected by consumers in
cluster 2. Finally, cluster 3 preferred the samples CT and
FP, which were characterized by showing “color of
chicken burger” and “non-characteristic color of chicken
burger”. The latter attribute may be related to the

myoglobin oxidation in the CT sample (without antioxi-
dant), which lead to the darkening of the sample.

The results demonstrated that the application of
antioxidants directly to the meat batter may lead to a
reduction in its overall liking. Thus, the active film tech-
nology with the incorporation of extracts was shown to be a
viable alternative because it helps to minimize sensory
changes of chicken burger.

Conclusion

The addition of PPE in both the meat batter and the chi-
tosan film did not affect the OL of chicken burgers.
However, the cluster analysis indicated three consumer
segments with different OL scores for chicken burgers. The
CATA questions showed an intermediate discrimination
capacity (5 of the 12 attributes evaluated). DP was highly
influenced by the addition of PPE and was not considered
“ideal” from the sensory standpoint. FP was sensorially
similar to the commercial chicken burgers. The following
attributes were regarded as the drivers of liking of chicken
burgers manufactured with PPF: non-characteristic flavor
of burger and the strange odor” and the “flavor of chicken
burger”, “appearance of chicken burger” and “color of

11 .FP
Cluster 3

Non characateristi
color of burger

Color of chicken burger

Flavor of|chicken burger Appearance of

chicken burger

Cluster 2

Odor of chicken
burger

Rancid flavor

Dim2 (20.5%)
o

Strange odor

Pepper flavor

Pepper odor

Vinegar flavor

Cluster 1

Non characteristic
flavor of burger

-1 0

Dim1 (78.4%)

Fig. 5 Internal Preference Mapping based on the average OL per cluster. CT control; DP direct addition of PPE to the meat batter; FP addition
of PPE to the chitosan film; and C/ and C2 commercial chicken burgers
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chicken burger”. Overall, our results demonstrated that
active film technology with the incorporation of pink
pepper extract is a viable alternative for replacement of
synthetic antioxidants in chicken burger.
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