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ABSTRACT

This research investigated the combined effects of cooking methods (household griddle (C1), household conventional oven (C2), industrial
oven (C3), storage temperature (refrigeration /freezing) and packaging system (aerobic and vacuum), on quality of chicken burgers. The
results show that refrigeration storage favours the retention of moisture content and the juiciness of chicken burgers, but the application
of vacuum (RV) was the best option to maintain the juiciness and moisture content (p < 0.05) of the samples prepared in an industrial
oven with forced-air convection. The highest protein content was observed in the samples that were frozen in vacuum packaging (FV),
and the lipid content was highest in the samples chilled in conventional packaging (RC) at 1 atm. Regardless of the cooking method used
and the internal pressure of the packages (< 1 atm), refrigerated storage contributed to the best scores (p < 0.05) for color and flavor
attributes. The treatments that presented the highest sensory acceptance index were the frozen samples in vacuum packaging prepared in
the industrial oven, conventional oven, and grill (90%, 82.66%, and 74.33%, respectively).

Keywords: Chicken burger, Cold application, Modified atmosphere, Cooking conditions, Quality parameters

INTRODUCTION

The industrial chicken production plays an important role in Brazil's agribusiness,
and the country is the world's largest poultry exporter, the second largest producer,
and the fourth largest consumer (ABPA, 2021). The popularity of chicken meat is
possibly due to its sensory and nutritive values, the fact that it can be processed
into ready-to-eat meals, as well as its abundant supply of product varieties and low
price relative to other animal products (Augustynska-Prejsnar & Ormian,
2019).The quality of meat is influenced by factors such as packaging, storage
conditions, gas composition (O,, CO,, inert gases) around the tissues, relative
humidity (RH), light, and temperature (Singh & Cadwallader, 2004; Angioletti,
et al., 2020a). A widely used method to increase the shelf life of chicken meat is
cold storage (chilling and freezing) storage (Vorst et al., 2018) because it preserves
the quality of meat products by slowing down biochemical and microbiological
reactions due to low temperatures (Hoffmann et al., 2021a).

Refrigeration extends shelf life by days or weeks (Schlei et al., 2020), while
freezing allows for the preservation of food characteristics for even longer periods
(Ojha et al., 2016). However, during freezing, ice crystals are formed, which can
cause the rupture of cell structures and significant water loss during thawing (Ojha
et al., 2016; Vieira, 2007). Besides, the size, orientation, and localization of ice
crystals can also cause modifications in the properties of the protein (Aguilera
Barraza, Leon, and Alvarez, 2015). Additionally, the application of packaging
with specific atmospheres (conventional or vacuum) can also be associated with
improving the quality and extending the shelf life of foods such as chicken meat
(Schmidt & Laurindo, 2014; Ham et al., 2019). Vacuum packaging is a
preservation technology that, when associated with temperature control, is capable
of inhibiting or reducing the growth of microorganisms responsible for the
deterioration of the product (Cortez-Vega et al., 2012). The use of these
technologies ensures that the sensory quality of the product (appearance, odour and
product composition) is maintained (Lorenzo, & Gémez, 2012).

Despite the different methodologies applied, such as refrigeration (De Souza et al.,
2022; Hoffmann et al., 2021a,b), technological packaging (Hoffmann et al.,
2019; Angioletti et al., 2020b; Hoffmann et al., 2022), ozonation (Soares et al.,

2018), UV led lights (Finardi et al., 2021), edible coating/film (Finardi et al.,
2022; Pergentino dos Santos et al., 2022) and oxygen absorbers (Mexis,
Chouliara, & Kontominas, 2012), meat and animal food products undergo
alterations, mainly due to the action of microorganisms that cause deterioration
(Andrade, 2014). Moreover, the susceptibility of meats to undergo lipid and
protein oxidation (LipOx and ProtOx, respectively) is highly dependent on the
origin of meat, type of muscle, species, and storage conditions, among others
(Dominguez et al., 2019; Estévez, 2015). In this regard, several studies have
indicated that the oxidation of lipids and proteins could be associated with
freeze/thaw procedures (All et al., 2015; Dang et al., 2021).

Chicken meat must be cooked prior to consumption, firstly to guarantee
microbiological safety, but also to increase the digestibility of proteins (Sobral et
al., 2020) and achieve attractive flavour and texture qualities (Broncano et al.,
2009). However, depending on the cooking method applied, considerable changes
in the meat's nutritional and sensory value may occur, as all thermal treatments
instigate oxidative processes and water losses (Yu et al., 2017). The cooking
method, to which chicken meat is submitted, can influence the content of protein,
lipids, total ash and dry matter (Rosa et al., 2006), in addition to impacting the
structure of the food and causing cellular changes (Garcia-Avrias et al., 2003).

In this regard, research has shown that cooking temperatures above 100 °C can
lead to protein carbonylation and aggregation, resulting in a decrease in pepsin
enzymatic activity (Echegaray et al., 2020; Traore et al., 2012). The meat texture
can be influenced by cooking. Juiciness and tenderness are considered the most
important quality attributes of meat products and fresh meat. Cooking can decrease
juiciness by reducing water binding capacity and causing the loss of moisture or
fat through drip (Wall et al., 2019).

Moreover, meat releases flavours during the cooking process due to a series of
thermally induced complex reactions that occur between the various non-volatile
compounds present in lean and fatty tissues (O’Sullivan, 2016). Therefore, this
study evaluated the combined effects of packaging (vacuum and normal pressure,
1 atm), storage temperature (refrigeration and freezing), and cooking methods
(household griddle, household oven and industrial oven) on the physical, chemical,
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and sensory quality characteristics of chicken hamburgers to meet consumer
preferences.

MATERIALS AND METHODS
Sample Preparation

The entire experiment was performed in duplicate on different days, with a two-
month separation between them. Frozen chicken cuts, specifically fillet type
(sassami), were purchased from a supermarket in Blumenau (Santa Catarina,
Brazil) and transported in a thermal box to the Food Processing Laboratory
(LAPRA) of the Regional University of Blumenau (FURB). There, the chicken
cuts were kept chilled (4 = 1.0 °C) until the preparation of the chicken burger
samples on the same day. The chicken meat was cut into small cubes, ground twice
using a manual meat grinder, and shaped into burgers weighing 150 g each. The
burgers had a diameter of 9 cm and a thickness of 3 cm. The samples were then
stored in polyethylene packaging. Half of the samples were placed in conventional
packaging with an internal pressure of 1 atm, while the other half were vacuum
sealed with an internal pressure lower than 1 atm. For conventional packaging,
bags measuring 38 x 16.5 cm were sealed using a Barbi manual hot-sealer, model
TCH-320. The vacuum packaging was achieved by using a vacuum pump (Tecnal
brand), model TE - 058, and transparent polyethylene Zip Lock-N8 bags measuring
24 x 17 cm. Figure 1 provides a flowchart depicting the different stages in the
development process of the chicken meat burger.

<m*

(c) Molding (150 g)

(d) Packaging (1 atm / <latm)

Figure 1 Flowchart of the steps in the process of developing chicken burger
samples.

Storage Conditions

The chilled chicken hamburger samples were stored in an Incubator - B.O.D.
(Biochemical Oxygen Demand), model TE-371 (TECNAL, Piracicaba, Brazil),
with monitoring of isothermal conditions (4 + 1 °C) and relative humidity, using
Klima Logg device, for 24 hours. The frozen chicken meat samples were stored in
a BOSCH freezer; model KDVA47A, for 72 hours at -18 = 1 °C.

Experimental Set-up

The chicken burgers samples, stored under refrigeration and freezing, were
removed and immediately subjected to the three cooking methods: grill (hot plate),
household oven and industrial oven. Both sides of the burger were cooked and
flipped in the 3 cooking methods, whose optimal temperatures and times (Table 1)
were previously defined in pre-tests (until a well-done burger), so that the inside
of the burger (skewer thermometer, Incoterm, AF1506 model) reached a
temperature of 75 °C and a "golden" surface colour (MARTINEZ et al., 2009)
The equipment used for cooking were: household griddle (non-stick), household
electric oven (Fischer brand, with natural convection) and industrial gas oven (Pro-
Gas brand, with forced convection / hot air flow of 5.5 m s™2).

Table 1 Time and temperature applied in chicken burgers cooking methodologies.
Cooking Methods Refrigerated Samples  Frozen Samples

(To=4°C) (To=-18 °C)

T(CC) Time(min) T(°C) Time (min)
Household Griddle 180 5*+5 180 10*+5
Household Oven 150 15*+5 150 20*+5
Industrial Oven 120 10*+5 120 15* +5

*The first time corresponds to the time that the sample remained on one side and
then was turned over. The sum of the times corresponds to the total time. The ovens
were preheated for 15 minutes.

Experimental Design and Statistical Analysis

Statistical analyses were performed using the software Statistica (version 7.0,
StatSoft Inc., Oklahoma, USA, 2004). Normal distribution and variance
homogeneity had been previously tested (Shapiro-Wilk). The experimental data
were analysed by ANOVA, with the mean comparison (Tukey’s test). The

difference was considered significant if p < 0.05. The experimental matrix, used
for the execution of the tests, is shown in Table 2.

Table 2 Experimental design matrix.

. Packaging Storage Temperature

Test Cooking Method (internal pressure*) (°C)

1 C1 (household Griddle) <1latm -18+1.0
2 C1 (household Griddle) 1 atm -18+1.0
3 C1 (household Griddle) <latm 4+1.0

4 C1 (household Griddle) 1atm 4+1.0

5 C2 (household oven) <1latm -18+1.0
6 C2(household oven) 1atm -18+ 1.0
7 C2 (household oven) <latm 4+1.0

8 C2 (household oven) 1atm 4+1.0

9 C3 (industrial oven) <latm -18+1.0
10  C3 (industrial oven) 1atm -18+ 1.0
11 C3(industrial oven) <1latm 4+1.0
12 C3 (industrial oven) 1atm 4+1.0

* Internal packaging pressure of 1 atm = Conventional packaging. Internal
packaging pressure < 1 atm = Vacuum packaging.

Nutritional Analysis

The nutritional analysis of the samples (moisture, total protein, total lipid, and total
ash contents) was performed in the Product Development, Sensory Analysis and
Chemical Testing Laboratories on Campus 2, at the Regional University of
Blumenau. These analyses were made in three moments: 1) Day 0: Before the
samples were submitted to storage (4 °C and -18 °C) and packed (atmospheric
pressure and vacuum); 2) After 24 h and 72 h of storage, 4 °C and -18 °C,
respectively, packed in the different conditions of the internal atmosphere of the
package (before being submitted to cooking) and 3) After cooking (until the
temperature reaches 75 °C in the center of the food). The results obtained were
measured by proximal composition and all tests were done in triplicate.

Moisture Content

Moisture content was determined using the gravimetric method using heat, which
is based on the loss in mass of the product subjected to heating to 105 °C, until it
reaches a constant value (AOAC, 2019). After thermal treatment, the samples were
dried with absorbent paper to remove the surface water. After cooking, the samples
were re-weighed for the following calculation:

. (cooked weight — initial raw weight)
Moisture content (%) = — - x 100
(initial raw weight)

Total Lipids

The analysis of total lipid content (%) was performed by the Soxhlet method
through the gravimetric process, which is based on the material mass loss,
submitted to the ethyl ether extraction, or on the amount of material solubilized by
the solvent (AOAC, 2019).

Total Proteins

The quantification of the protein content (%) was performed by applying the
Kjeldahl method, where the total nitrogenous matter in the sample is determined
(AOAC, 2019).

Total Ash

The percentage of ash was determined by incinerating the sample, in a muffle
furnace, at 550 °C (AOAC, 2019).

Sensorial Evaluation

The samples were examined by a sensory panel composed of 12 trained judges, in
individual sensory booths with control of the lighting and temperature, and the
absence of noise (Meilgaard et al., 2016). The panelists were recruited from
students at the University of Blumenau and chosen based on their experience in the
sensory analysis of meat products and on their availability. The execution of this
project, which contemplates the participation of human beings (Figure 2), was
approved by the Ethics Committee on Research with Human Beings at the
Regional University of Blumenau (CAAE: 93420818.4.0000.5370).
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Figure 2 Diagram showing the main information referring to the sensory tests.

Sensorial evaluations were carried out immediately after removing the sample
from cooking. The sensory analysis was based on a quantitative descriptive test,
considering the sensory attributes (colour, texture, flavour, juiciness, tenderness
and overall sensory acceptability) as perceived by the judges. Samples were
labelled with a three-digit random number and served warm (+ 50 °C) on labelled
glass plates to quantify the quantitative descriptive test results, an unstructured
hedonic scale with 9 points was applied, considering the score of 6 as the minimum
acceptability limit (Camo et al., 2011).

The tested attributes were: Liking of colour (1 = extremely dislike, 9 = extremely
like), liking of texture (1 = extremely dislike, 9 = extremely like), liking of flavour
(1 = extremely dislike, 9 = extremely like), liking of Juiciness (1 = very dry, 9 =
very juicy), liking of tenderness (1 = extremely tough, 9 = extremely tender) and
overall sensory acceptability (1 = extremely dislike, 9 = extremely like) (Lago et
al., 2017). The acceptance index (Al %) of the samples was analysed following the
equation shown below:

Al (%) = (M * 100) Kt

Where, M is the average of the scores given to the overall sensory acceptability
and K is the maximum score on the hedonic scale used (9).

RESULTS AND DISCUSSION
Moisture Content

The moisture content found in the raw samples, before the application of cold and
the use of packaging, was 70.28 + 1.09%. The results for the moisture content in
the refrigerated/frozen samples, in conventional/vacuum packages, and after each
cooking are presented in Table 3. After cold storage (refrigeration and freezing),
some samples (RC, RV and FC) showed an increase (5%) in moisture content.
These fluctuations in temperature may occur during storage due to the transfer of
water from the surface to the interior of the product, even when the food was
already packed (Guitiérrez, 2017).

Moreover, the moisture content of chicken burger samples after storage (AS) and
cooking (C1, C2 and C3) showed significant differences (p < 0.05) in most
samples. The refrigerated samples (RC and RV), after cooking in household (C2)
and industrial (C3) ovens, showed a significant reduction in moisture content (p <
0.05). In this regard, previous research confirmed a significant decrease in the
moisture contents of lamb cuts submitted to two cooking methods (microwave,
followed by grilling and roasting in a household conventional oven) when those
were compared to raw samples (Maranesi et al., 2005).

Table 3 Moisture content of chicken meat burger samples, after storage (AS) and
after cooking with the different methods (C1, C2 and C3).

Samples AS (%) C1 (%) C2 (%) C3 (%)
RC 75.46+0.07%  69.59+0.62%°5  66.86+1.01°xc  62.33+3.83%4
RV 75.55+£0.12%  67.79+1.03°%  65.65+1.17°%  64.31+1.21°%
FC 75.99+0.22%  54.59+0.37°%  61.10+1.81%  56.21+1.81%
FV 70.94+6.15%  58.20+£2.91°Y;  68.59+0.55°%c  60.93+1.59% g

=d Different lowercase letters in the same row indicate a significant difference (p <
0.05) by Tukey's test. A Different capital letters in the same column indicate a
significant difference (p < 0.05) by Tukey test. RC - Refrigeration in conventional
packaging; RV - Refrigeration in vacuum packaging; FC - Frozen in conventional
packaging; FV - Frozen in vacuum packaging; AS - after storage / before applying
the cooking method; C1 - Griddle cooking; C2 - Household oven cooking; C3 -
Industrial oven cooking. Means and standard deviations in triplicates.

Among the cooking methods for chilled samples (RC and RV), the industrial oven
was the one that most reduced moisture content (62.33%), while the household
griddle caused the least reduction (69.59%), although the differences were not
significant (p > 0.05). A similar behaviour was observed by Echegaray et al.
(2020) in the moisture contents of Longissimus thoracis et lumborum Celta pig
muscle cooked by frying, microwaving, roasting, and grilling (51.68%, 52.90%,
58.61% and 61.22%, respectively). Similar results were observed by Vieira
(2007), who evaluated the effect of cooking methods on the nutritional
composition of chicken breast from different chicken breeds. In this case, the
microwave-baked meat was also the one that reduced the moisture content the
most, following by conventional oven-baked and oil-fried (56.18%, 63.18% and

63.73% vs. 74.08% for microwave-baked meat, conventional oven-baked and oil-
fried vs. raw samples, respectively). The same outcomes were observed in breast
and thigh cuts submitted to five cooking methods (boiled in water, baked in a
conventional oven, microwave, grilled and fried in oil) (Rosa, 2003). Thus, the
lowest percentages of moisture were found in the thigh and breast cuts submitted
to frying (64.52% and 63.41%, respectively) and roasted in the microwave
(64.17% and 64.78%, respectively).

As expected, cooking modifies the chemical composition of the meat with the
consequent change in nutritional value. Water in chicken tissue exists in both
forms, relatively freely moving and tightly bound to proteins. Upon heating, the
tissue loses the ability to hold water due disruption of the cell structure and to the
unfolding of protein. The increased water loss and more extensive destruction of
cell structure led to substantial cooking loss at higher temperature (Qu et al., 2021).
Therefore, the cooking loss in cooked chicken is mainly caused by the loss of
moisture, melting of fat, and denaturation of protein (Xiong et al., 2020). Most of
the cooking loss constitutes water, along with a small number of vitamins and
solubilized proteins (Tornberg, 2005).

This decrease was significant (p < 0.05) in the samples stored at -18 °C (FC and
FV), after being submitted to the different preparation procedures (longer cooking
time). During freezing, the quality of the meat can be reduced due to the destruction
of the cells, caused by ice crystals that negatively change the sensory and
nutritional characteristics of the food (Ciobanu et al,.2018) Once cooked, the
samples frozen in conventional packaging (FC), showed no significant differences
(p > 0.05) between cooking methods. However, samples prepared on the griddle
showed the lowest value of final moisture (54.59%), while those baked in a
conventional household oven showed the highest value (61.10%). Regarding the
samples frozen under vacuum packing (FV), similar moisture contents were
observed in burgers cooked on a griddle and in a conventional domestic oven. In
this case, griddle was the method that resulted in the greatest moisture reduction
(57.62%), while domestic oven was the one that best maintained the moisture
(69.59%) of the chicken meat samples. In view of the previous results, there was a
significant difference between chilled and frozen samples. The refrigeration
temperature contributed to maintaining the moisture content (75.5%), while the
freezing temperature resulted in samples with lower moisture content (73.5%).
Among the cooking methods (griddle, household oven and industrial oven), the
samples that presented the lowest moisture content were those frozen in
conventional packaging (54.59%, 61.10% and 56.21%, respectively). It is very
important to know these effects of cooking on moisture content since is related to
attributes highly valued by consumers such as juiciness and palatability (Ciobanu
et al,.2018). In this regard, the application of higher temperatures on the surface of
the meat can form a crust that impairs the transfer of heat and energy through water
exchange. According to the literature, tenderness and juiciness of steaks of greater
thicknesses, grilled at greater surface temperatures are liked less than those grilled
at lesser surface temperatures (Kerth & Miller, 2015b).

Total Lipids

Lipids also have a determining role in meat acceptance. The lipid content found in
the raw samples, before the application of cold and the use of packaging, was 0.37
+ 0.34%. The values of total lipids in the chilled/frozen samples in
conventional/vacuum packs and after each cooking method are presented in Table
4,

Table 4 Lipid content (%) in chicken burger samples after storage (AS) and
cooking in different methods (C1, C2 and C3).

Samples AS (%) C1 (%) C2 (%) C3 (%)

RC 0.72£0.00°% 1.88£046% 142+0.47% 1.28+0.21%
RV 0.71+£0.09%  1.1040.13% 0.76+0.17% 1.06:0.32%,
FC 0.66+0.08%° 1.07+0.18%  0.66+0.28%5 0.57+0.19%
FV 0.5240.04°%  1.65+0.23%  0.84+0.14%  0.52+0.15%

*d Different lowercase letters in the same row indicate a significant difference (p <
0.05) by Tukey's test.

AB Different capital letters in the same column indicate a significant difference (p
< 0.05) by Tukey test. RC - Refrigeration in conventional packaging; RV -
Refrigeration in vacuum packaging; FC - Frozen in conventional packaging; FV -
Frozen in vacuum packaging; AS - after storage / before applying the cooking
method; C1 - Griddle cooking; C2 - Household oven cooking; C3 - Industrial oven
cooking. Means and standard deviations in triplicates.

In general, raw samples presented lower lipid content (0.37%) than those stored in
the refrigerator/freezer without the application of cooking. Concerning these
samples, there were no significant changes between them, being samples frozen in
vacuum those that showed the lowest percentage of lipids (0.52%), while chicken
burgers refrigerated in conventional packaging displayed the highest percentage of
lipids (0.72%). These was also reflected in all cooking methods, since the samples
refrigerated in conventional packaging had significantly higher lipid contents than
conventional frozen samples.

Cooking resulted in an increase in fat contents compared to the values observed
before the thermal treatment. This is in agreement with the results found by other
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researchers, who observed an increase in fat contents of beef cuts after cooking
methods (roasted, grilled, fried and microwave) (Dominguez, Borrajo, and
Lorenzo, 2015). In contrast, Gokoglu et al. (2004) only observed an increase in
rainbow trout fillets subjected to frying compared to those obtained by water-
boiled, grilled, conventional and microwave roasted. The incorporation of lipids
from the oil used could be responsible for these higher values (Echegaray et al;
2020).

However, when the three cooking methods (griddle, household oven cooking and
industrial oven cooking) were compared, a significant effect were observed except
for samples refrigerated in conventional packaging (1.88%, 1.42% and 1.28% for
C1, C2 and C3, respectively). On the contrary, there are several studies that barely
found differences between the studied methods (Broncano et al., 2009). Moreover,
grilled samples showed significantly higher values than those observed in oven-
cooked samples, despite the fact that the cooking was carried out without adding
oil or fat. These results are also unrelated to those obtained previously, since
cooking on the grill showed the lowest fat values (Echegaray et al., 2020).
Regarding oven cooking, the use of the household oven resulted in higher fat
content, which could be related to the temperature reached and the time of
treatment. In this regard, the higher temperatures and cooking times reached in this
type of oven would induce water loss during cooking, resulting in higher fat
contents (0.66% vs. 0.57% for FC samples cooked in home and industrial oven,
respectively).

To sum up, lipid content varied depending on the cooking method. In addition, it
is important to note that thermal treatments instigate oxidative processes (Yu et
al., 2017; Traore et al., 2012) emphasizing on the home-cooking methods as
roasting, grilling, microwaving, among others (Traore et al., 2012; Hu et al.,
2017). Therefore, selecting a suitable cooking method would allow to reduce the
loss of essential fatty acids and vitamins that would result in changes in nutritional
and organoleptic properties (Guyon, Meynier, and Lamballerie, 2016).
Moreover, lipids have an important role in texture since they contribute to improve
tenderness and juiciness, which are attributes highly valued by consumers
(Amaral, Silva, and Lannes, 2018).

Total Proteins

The total protein content found in the raw samples, before being subjected to the
storage parameters, was 24.82 + 0.46%. Table 5 shows the total protein values of
the samples stored under refrigeration/freezing, in conventional/vacuum
packaging, before (AS) and after cooking (C1, C2 and C3).

Table 5 Protein content in chicken meat samples after storage (AS) and submission
to different cooking methods (C1, C2 and C3).

Samples AS (%) C1 (%) C2 (%) C3 (%)

RC 23.56+£1.22% 29.98+0.63% 31.55+£1.93%s 34.43+0.52%
RV 23.63+£0.30% 29.20+0.24°% 32.23+0.63%5 33.55+0.81%%
FC 22.07+0.57%s 38.40+0.45%  33.59+1.19°% 39.50+1.30°
FV 23.14+0.93% 40.99+3.92%  30.80+1.09%  35.71+1.35°4

=d Different lowercase letters in the same row indicate a significant difference (p <
0.05) by Tukey's test.

AB Different capital letters in the same column indicate a significant difference (p
< 0.05) by Tukey test. RC - Refrigeration in conventional packaging; RV -
Refrigeration in vacuum packaging; FC - Frozen in conventional packaging; FV -
Frozen in vacuum packaging; AS - after storage / before applying the cooking
method; C1 - Griddle cooking; C2 - Household oven cooking; C3 - Industrial oven
cooking. Means and standard deviations in triplicates.

Before storage, raw samples showed a higher percentage of protein (24.82%)
compared to those observed in the post-storage cold storage (average of 23.60%
and 22.60 in chilled and frozen samples, respectively), although the difference was
not significant (p > 0.05). However, protein concentration increased considerably
after cooking (p < 0.05), probably due to the loss of water causes the concentration
of the rest of the components (Echegaray et al., 2020). This is in agreement with
the results found in the literature (Juarez et al., 2010).

Regarding storage temperature effect, chicken burger samples showed higher
protein contents when they were stored under freezing conditions (39.50% vs.
34.43%), except for the vacuum frozen (FV) sample prepared in the home oven
(33.59 vs. 30.80%). This is could be due to frozen samples required a longer
cooking time, resulting in a product with lower moisture content. On the other
hand, in the refrigerated (conventional and vacuum packed) and conventional
frozen (FC) samples, those prepared in an industrial oven showed higher protein
content. Samples stored under refrigeration showed no statistically significant
change, while FC displayed significantly higher values (39.50% vs. 34.43% and
33.55% for FC, RC and RV, respectively). In the case of vacuum-frozen samples
(FV), those prepared on the griddle (C1) showed a higher percentage of protein
compared to the other cooking methods (40.99% vs. 35.71% and 30.80% for
griddle cooking, industrial oven and household oven, respectively).

In general, samples cooked in the oven had higher values than those obtained from
the griddle. This is in agreement with the results found by other authors in pork
(Echegaray et al., 2020; Echegaray et al., 2020a) and in chicken breast and thigh

(Rosa, 2006). The authors confirmed that meat obtained from microwave and oven
with forced convection presented higher protein percentages, what it would be
related to the lower moisture contents obtained in these treatments, favouring the
increase in protein concentration. In this regard, samples in the oven were
subjected to longer cooking (15-25 min in the oven vs. times less than 15 min in
the griddle), which promoted cooking loss (Lorenzo et al., 2015), while the high
temperatures reached in the grill (180 °C vs. 120-150 °C), cause the formation of
a crust on the surface of the product that allows the water to remain inside the
product (Vittadini et al., 2005).

Moreover, as mentioned previously, meats are susceptibility to ProtOx (Estévez,
2015). During cooking, heat induced protein denaturation, which causes less water
to be entrapped within the protein structures (Aaslyng et al., 2003). Therefore,
texture profile can be affected due to modifications in the structure of myofibrillar
proteins (Chiavaro et al., 2009). The extent and rate of these changes are related
to heating temperature and time. In this regard, isothermal heating tests can be used
to predict, understand and control quality changes during heating (Ling et al.,
2015). In addition, freezing and thawing can change the water content in meat
proteins. Consequently, freezing may adversely affect the raw meat quality and
nutritional qualities after cooking, which are correlated with proteins thermal
changes (Tornberg, 2005). These processes result in losses of essential amino
acids leading to an overall decrease in protein quality (Sobral et al., 2020).

Total Ashes

The total ash content, observed in the raw samples, before packaging and
application of storage conditions, was 1.97 + 0.40%. The results of the ash content,
found in the refrigerated/frozen samples, in conventional/vacuum packaged
samples, and after cooking, are presented in Table 6. The total ash content in raw
samples (1.97%) was higher than the contents found in the post-storage
(chilling/freezing) samples (0.71-1.03%). Samples displayed higher percentages of
ash after cooking in all methods, which would be related to the reduction of
moisture contents and the nutrients concentration. the same trend was previously
observed by other authors in buffalo and chicken meat (judrez et al., 2010;
hussain et al., 2013).

Regarding conventional packaging, grilled samples were those that showed the
highest contents both in chilled and frozen samples. This did not coincide with the
results found by other authors in cooked pork meat, where roasted meat showed
higher contents than those obtained in grilled samples (1.95% vs. 1.76%)
(Echegaray et al., 2020). On the contrary, Hussain et al. (2013) did not find
significant differences between grilled and microwaved samples (3.1% vs. 3.6%),
showing higher values than those obtained in the present study. The same
behaviour was found in chicken breasts, which displayed higher ash contents when
they were roasted in microwave, grilled or fried (1.42%, 1.25% and 1.35%,
respectively) (Rosa, 2003). In the vacuum-packed samples, the lowest values were
found in the samples cooked in household oven.

Table 6 Total ash content (%) in chicken burger samples after storage (AS) and
preparation with different cooking methods (C1, C2 and C3).

Samples AS (%) C1 (%) C2 (%) C3 (%)

RC 0.71£0.07%  1.69+0.04°,  1.49+0.06°4 1.57+0.05°
RV 0.78+0.07%,  0.83+£0.33%  1.41£0.22°4  1.41+0.56°
FC 1.03£0.20°s  1.71+0.38%,  1.23£0.08%,  1.51+0.03°
FV 0.88+0.25%  1.63+0.32%°5  1.18+0.18%4  1.94+0.39°

&d Different lowercase letters in the same row indicate a significant difference (p <
0.05) by Tukey's test.

A8 Different capital letters in the same column indicate a significant difference (p
< 0.05) by Tukey test. RC - Refrigeration in conventional packaging; RV -
Refrigeration in vacuum packaging; FC - Frozen in conventional packaging; FV -
Frozen in vacuum packaging; AS - after storage / before applying the cooking
method; C1 - Griddle cooking; C2 - Household oven cooking; C3 - Industrial oven
cooking. Means and standard deviations in triplicates.

Within storage temperature effect, freezing the samples before cooking on the grill
or in the industrial oven resulted in higher contents than those obtained in the
refrigerated burgers. An opposite behaviour was observed when the samples were
cooked in a household oven (1.45% vs. 1.21% for samples previously chilled and
frozen, respectively). Moreover, significant differences were observed between the
samples cooked in the oven, since the speed of the air, temperature reached and
time of treatment were different between both types of ovens. Only in the RV
samples, the contents found were practically the same (1.41% for C2 and C3).

Sensorial Evaluation

Chicken is characterized by its pleasant flavours and can be prepared using several
cooking methods, which ensure its safety (Langsrud et al., 2020). During these
processes, the chicken is subjected to high temperatures, depending on the desired
characteristics of the final product. Changes in sensory characteristics are
accompanied by the re-lease of distinctive smells, changes in texture, and
transformations in appearance due to complex chemical changes that occur in the
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chicken during cooking (Fedorov et al., 2021). The chicken burger samples were
sensory evaluated for colour, flavour, texture, juiciness, tenderness and overall
sensory acceptability (Figure 3).
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Figure 3 Average scores assigned to the sensory attributes (colour, flavour, texture, juiciness, tenderness and overall sensory acceptability), of the different chicken
burger samples, stored (a) under refrigeration and packed at atmospheric pressure, (b) under refrigeration and vacuum-packed, (c) under frozen and packed at
atmospheric pressure and (d) under frozen and vacuum-packed, after cooking (C1, C2 and C3). RC - Refrigeration in conventional packaging; RV - Refrigeration in
vacuum packaging; FC - Frozen in conventional packaging; FV - Frozen in vacuum packaging; C1 - Griddle cooking; C2 - Household oven cooking; C3 - Industrial
oven cooking.

The treatments that received the lowest scores (Figure 3c) for juiciness were the
samples stored at freezing temperature (FC). This reflected that although freezing
is characterized by its efficiency in inhibiting microbial proliferation, it does not
completely prevent the chemical and biochemical reactions, and physico-chemical
and sensory changes can still occur in the frozen product during storage (Safiudo
et al., 2013). The results show that refrigeration storage (Figure 3a) favoured the
juiciness of chicken burgers (C1, C2 and C3), but the application of vacuum (RV)
was the best option to maintain the juiciness (p < 0.05) in the samples prepared in
an industrial oven, with forced-air convection (Figure 3b). The vacuum packaging
of meat (refrigerated/frozen) can help to minimize some of physico-chemical
changes, reducing or avoiding the occurrence of dehydration, oxidation and freeze
burn (Muela et al., 2010). In addition, regardless of the cooking method used (C1,
C2 and C3) and the internal pressure of the packages (< | atm), refrigerated storage
(4 °C) contributed to the best scores (p < 0.05) for colour, flavour and texture
attributes (Figure 3b). Similar results were observed by Angel-Rendén et al.
(2020), who associate vacuum cooked meats as paler meats. The tenderness of the
vacuum-packed samples (FV/C1, FV/C2 and RV/C3) received the best scores (p <
0.05) by the sensory panel (Figure 3c and 3d).

The samples that presented the best acceptance index (Table 7) were the vacuum
frozen (FV) samples prepared in the industrial oven, conventional oven and griddle
(90%, 82.66% and 74.33%, respectively). It is in agreement with the results found
by Fernandes et al. (2012), who that observed that samples FV remained
sensorially acceptable even at the end of the storage period.

Table 7 Information about the storage parameters (temperature and atmospheric
pressure) and cooking methods (C1, C2 and C3) and their respective acceptance
index (Al).

Samples Cooking Method Al (%)
RC C1 64.55°
RV C1 55.88°
FC C1 49.77%
FV C1 74.33¢
RC c2 80.88°
RV C2 79.88°
FC C2 71.66¢
FV Cc2 82.66
RC C3 64.22°
RV C3 80.55°
FC C3 75.55¢
FV C3 90.00¢

&9 Different lowercase letters in the same column indicate a significant difference
(p < 0.05) by Tukey test.

The worst acceptance index of the samples prepared with cooking methods C1, C2
and C3 (49.77%, 71.66% and 64.22%), were for samples stored in conventional
packaging (FC/C1 and C2, RC/C3).

CONCLUSION

Cooking conditions, including equipment, temperature, and time, influence the
nutritional characteristics and sensory quality of chicken meat burgers. The results
of the study demonstrated that refrigeration storage positively impacted the
moisture content and juiciness of the chicken burgers (C1, C2, and C3), while the
use of vacuum packaging (RV) was found to be the most effective method for
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maintaining juiciness in the samples prepared in an industrial oven. The samples
stored at freezing temperature under 1 atm pressure (FC) received the lowest scores
for juiciness. Furthermore, irrespective of the cooking method employed (C1, C2,
and C3) and the internal pressure of the packages (< 1 atm), refrigerated storage
yielded the highest scores for color and flavor attributes. The refrigerated samples
in vacuum packaging (FV), prepared in the industrial oven, received the highest
sensory acceptance index (90%). On the other hand, the samples stored in
conventional packaging (FC/C1 and C2, RC/C3) exhibited the lowest acceptance
index, showing a statistically significant difference among the cooking methods.

Acknowledgments: This research was supported and funded by the Fundagéo de
Amparo a Pesquisa e Inovacdo do Estado de Santa Catarina- FAPESC,
Coordenagédo de Aperfeicoamento de Pessoal de Nivel Superior-CAPES [finance
code 001] and Regional University of Blumenau (FURB). The authors gratefully
acknowledge Regional University of Blumenau (FURB). Thanks to GAIN
(Axencia Galega de Innovacion) for supporting this study, (grant number
IN607A2019/01). Jose M. Lorenzo and Mirian Pateiro are members of the
HealthyMeat network, funded by CYTED (Ref.119RT0568).

REFERENCES

Aaslyng, M.D., Bejerholm, C., Ertbjerg, P., Bertram, H.C., Andersen, H.J., (2003).
Cooking loss and juiciness of pork in relation to raw meat quality and cooking
procedure. Food Qual. Prefer., 14, 277-288. https://doi.org/10.1016/S0950-
3293(02)00086-1

ABPA, (2021). Associacédo Brasileira de Proteina Animal. Avicultura. Disponivel
em: http://abpa-br.com.br/setores/avicultura/publicacoes/relatorios-anuais
(Accessed on 12 jun. 2021).

Aguilera Barraza, F.A., Leon, R.A.Q., Alvarez, P.X.L., (2015). Kinetics of protein
and textural changes in Atlantic salmon under frozen storage. Food Chem., 182,
120-127. htps://doi.org/10.1016/j.foodchem.2015.02.055

Ali, S., Zhang, W., Rajput, N., Khan, M.A., Li, C.B., Zhou, G.H., (2015). Effect
of multiple freeze—thaw cycles on the quality of chicken breast meat. Food Chem.,
173, 808-814. https://doi.org/10.1016/j.foodchem.2014.09.095

Amaral, A.B.; Silva, M.V. da; Lannes, S.C. da S., (2018). Lipid oxidation in meat:
mechanisms and protective factors — a review. Food Sci. Technol., 38, 1-15.
https://doi.org/10.1590/fst.32518

Andrade, M. C. G., (2014). Avalia¢do da qualidade microbioldgica de carnes de
peito de frangos de corte submetidas a diferentes temperaturas do ambiente de
processamento. 57f. Dissertagdo (Mestrado em Tecnologia e Inspegado de Produtos
de Origem Animal) — Universidade Federal de Minas Gerais, Belo Horizonte,
Brazil.

Angel-Rendén, S. V., Filomena-Ambrosio, A., Hernandez-Carrion, M., Llorca, E.,
Hernando, 1., Quiles, A., & Sotelo-Diaz, 1., (2020). Pork meat prepared by different
cooking methods. A microstructural, sensorial and physicochemical approach.
Meat Science, 108089. https://doi.org/doi:10.1016/j.meatsci.2020.108089
Angioletti, B.L., dos Santos, S.P., Hoffmann, T.G., Gongalves, M.J., Bertoli, S.L.,
de Souza, C.K., (2020a). Aloe vera gel as natural additive to improve oxidative
stability in refrigerated beef burger stored in aerobic and vacuum packaging.
AIChE Annual Meeting, Conference Proceedings, - USA.

Angioletti, B.L., dos Santos, S.P., Hoffmann, T.G., Gongalves, M.J., Bertoli, S.L.,
de Souza, C.K., (2020b). Influence of whey protein edible film and refrigeration
temperature on quality of acerola in natura during postharvest storage. AIChE
Annual Meeting, Conference Proceedings, USA.

AOAC. Association Official Analytical Chemistis. Official methods of analysis of
the Association Chemists, 21 ed. Washington: AOAC, (2019).
Augustynska-Prejsnar, A., Ormian, M., (2019). Quality of broiler chicken meat
during  frozen  storage, Iltal. J. Food  Sci, 31, 531-541.
https://doi.org/10.14674/1JFS-1291

Broncano, J., Petron, M., Parra, V., & Timén, M. (2009). Effect of different
cooking methods on lipid oxidation and formation of free cholesterol oxidation
products (COPs) in Latissimus dorsi muscle of Iberian pigs. Meat Science, 83,
431-437. https://doi.org/10.1016/j.meatsci.2009.06.021

Camo, J., Lorés, A., Djenane, D., Beltran, J.A., Roncalés, P., (2011). Display life
of beef packaged with an antioxidant active film as a function of the concentration
of oregano extract. Meat Sci., 88, 174-178.
https://doi.org/10.1016/j.meatsci.2010.12.019

Chiavaro, E., Rinaldi, M., Vittadini, E., Barbanti, D., (2009). Cooking of pork
Longissimus dorsi at different temperature and relative humidity values: Effects
on selected physico-chemical properties. J. Food Eng., 93, 158-165.
https://doi.org/10.1016/j.jfoodeng.2009.01.010

Ciobanu, M. M., Lazar, R., Munteanu, M., & Boisteanu, P. C., (2018). Research
regarding sensorial characterization of broiler meat subjected to freezing. Journal
of Biotechnology, 280, S62. https://doi.org/10.1016/j.jbiotec.2018.06.202
Cortez-Vega, W. R., Pizato, S., & Prentice, C., (2012). Quality of raw chicken
breast stored at 5C and packaged under different modified atmospheres. Journal
of Food Safety, 32(3), 360-368. https://doi.org/10.1111/j.1745-
4565.2012.00388.x

Dang, D.S., Bastarrachea, L.J., Martini, S., Matarneh, S.K., (2021). Crystallization
Behavior and Quality of Frozen. Meat. Foods, 10,
2707. https://doi.org/10.3390/foods10112707

De Paula Paseto Fernandes, R., de Alvarenga Freire, M. T., da Costa Carrer, C., &
Trindade, M. A., (2013). Evaluation of Physicochemical, Microbiological and
Sensory Stability of Frozen Stored Vacuum-Packed Lamb Meat. Journal of
Integrative Agriculture, 12(11), 1946-1952. https://doi.org/10.1016/S2095-
3119(13)60632-2

De Souza, C. K., Angioletti, B. L., Hoffmann, T. G., Bertoli, S. L., Reiter, M. G.
R. (2022). Promoting the appreciation and marketability of artisanal Kochkése
(traditional German cheese): A review. International Dairy Journal, 126, 105244.
https://doi.org/10.1016/j.idairyj.2021.105244

Dominguez, R., Borrajo, P., Lorenzo, J.M., (2015). The effect of cooking methods
on nutritional value of foal meat. J. Food Compos. Anal., 43, 61-67.
https://doi.org/10.1016/j.jfca.2015.04.007

Dominguez, R., Pateiro, M., Gagaoua, M., Barba, F.J., Zhang, W., Lorenzo, J.M.,
(2019). A comprehensive review on lipid oxidation in meat and meat products.
Antioxidants, 8, 429. https://doi.org/10.3390/antiox8100429

Echegaray, N., Pateiro, M., Zhang, W., Dominguez, R., Campagnol, P.C.B.,
Carballo, J., Lorenzo, J.M., (2020a). Influence of the Inclusion of Chestnut
(Castanea sativa Miller) in the Finishing Diet and Cooking Technique on the
Physicochemical Parameters and Volatile Profile of Biceps femoris Muscle.
Foods, 9, 754. https://doi.org/10.3390/foods9060754

Echegaray, N., Paterio, M., Dominguez, R., Purrifos, L., Bermudez, R., Carballo,
J., Lorenzo, J.M., (2020). Effects of different cooking methods and of the inclusion
of chestnut (Castanea sativa Miller) in the finishing diet of Celta pig breed on the
physicochemical parameters and volatile profile of Longissimus thoracis et
lumborum muscle. Food Res. Int., 137, 109407.
https://doi.org/10.1016/j.foodres.2020.109407

Estevez, M., (2015). Oxidative damage to poultry: from farm to fork. Poultry Sci.,
94 (6), 1368-1378. https://doi.org/10.3382/ps/pev094

Fedorov, F. S., Yagin, A., Krasnikov, D. V., Kondrashov, V. A., Ovchinnikov, G.,
Kostyukevich, Y., Nasibulin, A. G., (2021). Detecting cooking state of grilled
chicken by electronic nose and computer vision techniques. Food Chemistry, 345,
128747. https://doi.org/10.1016/j.foodchem.2020.128747

Finardi S., Hoffmann, T.G., Schmitz, F.R.W., Bertoli, S.L., Khayrullin, M.,
Neverova, O., Ponomarev, E., Goncharov, A., Kulmakova, N., Dotsenko, E.,
Khryuchkina E., Shariati, M.A., De Souza, C.K., (2021); Comprehensive Study of
Light-Emitting Diodes (LEDs) and Ultraviolet-LED Lights Application in Food
Quality and Safety.J Pure Appl Microbiol.,, 15(3), 1125-1135.
https://doi.org/10.22207/JPAM.15.3.54

Finardi, S., Hoffmann, T. G., Angioletti, B. L., Mueller, E., Lazzaris, R. S., Bertoli,
S. L., Hlebova, M., Khayrullin, M., Nikolaeva, N., Shariati, M. A., & Krebs de
Souza, C., (2022). Development and Application of Antioxidant Coating on
Fragaria Spp. Stored Under Isothermal Conditions. Journal of Microbiology,
Biotechnology and Food Sciences, 11(4), e5432.
https://doi.org/10.15414/jmbfs.5432

Garcia-Arias, M.T., Alvarez Pontes, E., Garcia-Linares, M.C., Garcia-Fernandez,
M.C., Sanchez-Muniz, F.J., (2003). Cooking—freezing-reheating (CFR) of sardine
(Sardina pilchardus) fillets. Effect of different cooking and reheating procedures
on the proximate and fatty acid compositions. Food Chemistry, 83, 349-356.
https://doi.org/10.1016/S0308-8146(03)00095-5

Gokoglu, N.; Yerlikaya, P.; Cengiz, E., (2004). Effects of cooking methods on the
proximate composition and mineral contents of rainbow trout (Oncorhynchus
mykiss). Food Chemistry, 84, 19-22. https://doi.org/10.1016/S0308-
8146(03)00161-4

Guitiérrez, M. S. C., (2017). Crescimento de cristais de gelo em tilapia congelada
sob diferentes flutuagdes de temperatura na estocagem. Campinas, SP, Brazil.
Guyon, C.; Meynier, A.; de Lamballerie, M., (2016). Protein and lipid oxidation in
meat: A review with emphasis on high-pressure treatments. Trends Food Sci.
Technol., 50, 131-143. https://doi.org/10.1016/j.tifs.2016.01.026

Ham, Y.-K., Song, D.-H., Ha, J.-H., Park, S.-K., Kim, Y.-R., Chin, K. B., & Kim,
H.-W., (2019). Efficacy of ascorbic acid on processing characteristics and lipid
oxidation of pre-rigor salted chicken breasts during vacuum refrigerated storage.
LWT - Food Science and Technology,
108691. https://doi.org/10.1016/j.Iwt.2019.108691

Hoffmann T.G., Ronzoni A.F., da Silva D.L., Bertoli S.L., de Souza C.K., (2021b).
Impact of household refrigeration parameters on postharvest quality of fresh food
produce. Journal of Food Engineering, 306, 110641.
https://doi.org/10.1016/j.jfoodeng.2021.110641

Hoffmann, T.G., Amaral, D.P., Angioletti, B.L., Bertoli, S.L., Peres, L.V., Reiter,
M.G.R., de Souza, C.K., (2019). Potentials hanocomposites in food packaging.
Chemical Engineering Transactions, 79, 253-258.
https://doi.org/10.3303/CET1975043

Hoffmann, T.G., Angioletti, B.L., Bertoli, S.L., De Souza, C.K., (2022). Intelligent
pH-sensing film based on jaboticaba peels extract incorporated on a biopolymeric
matrix. Journal of Food Science and Technology, 104, 1-10.
https://doi.org/10.1007/s13197-021-05104-6

Hoffmann, T.G., Ronzoni, A.F., da Silva, D.L., Bertoli, S.L., de Souza, C.K.,
(2021a). Cooling kinetics and mass transfer in postharvest preservation of fresh



https://doi.org/10.1016/S0950-3293(02)00086-1
https://doi.org/10.1016/S0950-3293(02)00086-1
http://abpa-br.com.br/setores/avicultura/publicacoes/relatorios-anuais
https://doi.org/10.1016/j.foodchem.2015.02.055
https://doi.org/10.1016/j.foodchem.2014.09.095
https://doi.org/10.1590/fst.32518
https://doi.org/doi:10.1016/j.meatsci.2020.108089
https://doi.org/10.14674/IJFS-1291
https://doi.org/10.1016/j.meatsci.2009.06.021
https://doi.org/10.1016/j.meatsci.2010.12.019
https://doi.org/10.1016/j.jfoodeng.2009.01.010
https://doi.org/10.1016/j.jbiotec.2018.06.202
https://doi.org/10.1111/j.1745-4565.2012.00388.x
https://doi.org/10.1111/j.1745-4565.2012.00388.x
https://doi.org/10.3390/foods10112707
https://doi.org/10.1016/S2095-3119(13)60632-2
https://doi.org/10.1016/S2095-3119(13)60632-2
https://doi.org/10.1016/j.idairyj.2021.105244
https://doi.org/10.1016/j.jfca.2015.04.007
https://doi.org/10.3390/antiox8100429
https://doi.org/10.3390/foods9060754
https://doi.org/10.1016/j.foodres.2020.109407
https://doi.org/10.3382/ps/pev094
https://doi.org/10.1016/j.foodchem.2020.128747
https://doi.org/10.22207/JPAM.15.3.54
https://doi.org/10.15414/jmbfs.5432
https://doi.org/10.1016/S0308-8146(03)00095-5
https://doi.org/10.1016/S0308-8146(03)00161-4
https://doi.org/10.1016/S0308-8146(03)00161-4
https://doi.org/10.1016/j.tifs.2016.01.026
https://doi.org/10.1016/j.lwt.2019.108691
https://doi.org/10.1016/j.jfoodeng.2021.110641
https://doi.org/10.3303/CET1975043
https://doi.org/10.1007/s13197-021-05104-6

J Microbiol Biotech Food Sci / Pergentino dos Santos et al. 20xx : x (x) e10251

fruits and vegetables under refrigerated conditions. Chemical Engineering
Transactions, 87, 115-120. https://doi.org/10.3303/CET2187020

Hu, L., Ren, S., Shen, Q., Chen, J.,, Ye, X., & Ling, J., (2017). Proteomic study of
the effect of different cooking methods on protein oxidation in fish fillets. RSC
Adv., 7 (44), 27496-27505. https://doi.org/10.1039/C7RA03408C

Hussain, A.l., Chatha, S.A.S., Igbal, T., Arshad, M.U., Zahoor, A.F., Afzal, S.,
(2013). Comparative study of different cooking methods on nutritional attributes
and fatty acid profile of chicken meat. J. Chem. Soc. Pakistan, 35, 678-684.
Juarez, M., Failla, S., Ficco, A., Pefia, F., Avilés, C., Polvillo, O., (2010). Buffalo
meat composition as affected by different cooking methods. Food Bioprod.
Process., 88, 145-148. https://doi.org/10.1016/j.fbp.2009.05.001

Kerth, C. R., & Miller, R. K., (2015b). Consumer attitudes of predicted flavor
aromas in steaks created with different steak thickness, quality grade and cooking
surface temperatures. Final Report to the National Cattlemen’s Beef Association.
https://hdl.handle.net/1969.1/156190

Lago, A.M.T., Vidal, A.C.C., Schiassi, M.C.E.V., Reis, T., Pimenta, C., Pimenta,
M.E.S.G., (2017). Influence of the addition of minced fish on the preparation of
fish sausage: Effects on sensory properties. J. Food Sci., 82, 492-499.
https://doi.org/10.1111/1750-3841.13586

Langsrud, S., Serheim, O., Skuland, S. E., Almli, V. L., Jensen, M. R., Grovlen,
M. S., Moretra, T., (2020). Cooking Chicken at Home: Common or Recommended
Approaches to Judge Doneness May not Assure Sufficient Inactivation of
Pathogens. PLOS ONE, 15(4), 1-27.
https://doi.org/10.1371/journal.pone.0230928

Ling, B., Tang, J., Kong, F., Mitcham, E. J., & Wang, S., (2015). Kinetics of Food
Quality Changes During Thermal Processing: a Review. Food and Bioprocess
Technology, 8(2), 343-358. https://doi.org/10.1007/s11947-014-1398-3

Lorenzo, J.M., Cittadini, A., Munekata, P.E., Dominguez, R., (2015).
Physicochemical properties of foal meat as affected by cooking methods. Meat
Sci., 108, 50-54. https://doi.org/10.1016/j.meatsci.2015.05.021

Lorenzo, J.M., Gomez, M., (2012). Shelf life of fresh foal meat under MAP,
overwrap and vacuum packaging conditions. Meat Sci., 92, 610-618.
https://doi.org/10.1016/j.meatsci.2012.06.008

Maranesi, M., Bochicchio, D., Montellato, L., Zaghini, A., Pagliuca, G., Badiani,
A., (2005). Effect of microwave cooking or broiling on selected nutrient contents,
fatty acid patterns and true retention values on separable lean from lamb rib-loins,
with emphasis on conjugated linoleic acid. Food Chemistry, 90, 207-218.
https://doi.org/10.1016/j.foodchem.2004.03.043

Martinez, B., Miranda, J. M., Véazquez, B. 1., Fente, C. A., Franco, C. M.,
Rodriguez, J. L., & Cepeda, A., (2009). Development of a Hamburger Patty with
Healthier Lipid Formulation and Study of its Nutritional, Sensory, and Stability
Properties. Food and Bioprocess Technology, 5(1), 200-
208. https://doi.org/10.1007/s11947-009-0268-x

Meilgaard, M.C., Civille, G.V., Carr, B.T., (2016). Sensory Evaluation
Techniques, 15rd ed.; CRC Press, Boca Raton.

Mexis, S. F., Chouliara, E., & Kontominas, M. G., (2012). Shelf-life extension of
ground chicken meat using an oxygen absorber and a citrus extract. LWT - Food
Science and Technology, 49(1), 21-27. https://doi.org/10.1016/j.lwt.2012.04.012
Muela, E., Safiudo, C., Campo, M. M., Medel, 1., Beltran, J. A., (2010). Effect of
freezing method and frozen storage duration on instrumental quality of lamb
throughout display. Meat Science, 84, 662-669.
https://doi.org/10.1016/j.meatsci.2009.10.028

O’Sullivan, M.G., (2016). The stability and shelf life of meat and poultry. In Food
and Beverage Stability and Shelf Life; Subramaniam, P., Ed.; Woodhead
Publishing: Duxford, United Kingdom, 521-543. https://doi.org/10.1016/B978-0-
08-100435-7.00018-6

Ojha, K. S., Kerry, J. P., Tiwari, B. K., O'Donnell, C., (2016). Freezing for Food
Preservation. Academic Press, 18. https://doi.org/10.1016/B978-0-08-100596-
5.03108-5

Pergentino Dos Santos, S., Angioletti, B. L., Hoffmann, T. G., Gongalves, M. J.,
Bertoli, S. L., Hlebova, M., Khayrullin, M., Gribkova, V., Shariati, M. A., & Krebs
De Souza, C., (2022). Whey Based Biopolymeric Coating as an Alternative to
Improve Quality of Fresh Fruits (Malpighia Emarginata D.C.) from Southern
Brazil. Journal of Microbiology, Biotechnology and Food Sciences, 11(4), e5433.
https://doi.org/10.15414/jmbfs.5433

Qu, Z,, Tang, J., Sablani, S. S., Ross, C. F., Sankaran, S., Shah, D. H., (2021).
Quality changes in chicken livers during cooking. Poultry Science, 100, 101316.
https://doi.org/10.1016/j.psj.2021.101316

Rosa, F. C., (2003). Composi¢do quimica e métodos de cocgdo de carcaca de
frangos de corte alimentados com ragdes suplementadas com Omega-3. Tese
(Doutorado em Ciéncia dos Alimentos) - Universidade Federal de Lavras, Lavras,
MG, Brazil.

Rosa, F. C., Bressan, M.C., Bertechini, A.G., Fassani, E.J., Oliveira e Vieira, J.,
Faria, P. B., Savian, T.V., (2006). Efeito de métodos de cocgao sobre a composi¢do
quimica e colesterol em peito e coxa de frango de corte. Ciénc. Agrotec., 30, 707-
714. https://doi.org/10.1590/S1413-70542006000400017

Safiudo, C., Muela E, Campo, M. M., (2013). Key factors involved in lamb quality
from farm to fork in Europe. Jounal of Integrative Agriculture, 12, 1919-1930.
https://doi.org/10.1016/52095-3119(13)60629-2

Schlei, K. P., Angioletti, B. L., Carvalho, L. F., Bertoli, S. L., Reiter, M. G. R., &
de Souza, C. K., (2020). Influence of temperature on microbial growth during
processing of kochkése cheese made from raw and pasteurised milk. International
Dairy Journal, 109, 104786. https://doi.org/10.1016/j.idairyj.2020.104786
Schmidt, F. C., & Laurindo, J. B., (2014). Alternative processing strategies to
reduce the weight loss of cooked chicken breast fillets subjected to vacuum
cooling. Journal of Food Engineering, 128, 10-16.
https://doi.org/10.1016/j.jfoodeng.2013.12.006

Singh, T. K., & Cadwallader, K. R., (2004). Ways of measuring shelf-life and
spoilage. Understanding and Measuring the Shelf-Life of Food, 165-
183. https://doi.org/10.1533/9781855739024.2.165

Soares, C.E.S., A. Weber, E.H.S. Moecke, De Souza, C.K., Reiter, M.G. R. and
Scussel, V.M., (2018). Use of Ozone Gas as a Green Control Alternative to Beetles
Alphitobius Diaperinus (Panzer) infestation in Aviary Bed Utilized in the Poultry
Industry. Chemical Engineering Transactions, 64, 589-9.
https://doi.org/10.3303/CET1864099

Sobral, M. M. C,, Casal, S., Faria, M. A,, Cunha, S. C., & Ferreira, . M. P. L. V.
0., (2020). Influence of culinary practices on protein and lipid oxidation of chicken
meat burgers during cooking and in vitro gastrointestinal digestion. Food and
Chemical Toxicology, 111401. https://doi.org/10.1016/j.fct.2020.111401

StatSoft Inc. STATISTICA 7 Software, Version 7.0, Tulsa, Oklahoma, USA,
(2004).

Tornberg, E. (2005). Effects of heat on meat proteins - Implications on structure
and quality of meat products. Meat Sci, 70, 493-508.
https://doi.org/10.1016/j.meatsci.2004.11.021

Traore, S., Aubry, L., Gatellier, P., Przybylski, W., Jaworska, D., Kajak-
Siemaszko, K., Sante-Lhoutellier, V., (2012). Effect of heat treatment on protein
oxidation in pig meat. Meat Sci., 91 1), 14-21.
https://doi.org/10.1016/j.meatsci.2011.11.037

Vieira, E.T.T., (2007). Influéncia no Processo de Congelamento na Qualidade do
Peito de Frango. Dissertagdio de Mestrado em Engenharia de Alimentos —
Universidade Regional Integrada do Alto Uruguai e das Missdes. URI, Brazil.
Vittadini, E.; Rinaldi, M.; Chiavaro, E.; Barbanti, D.; Massini, R., (2005). The
effect of different convection cooking methods on the instrumental quality and
yield of pork Longissimus dorsi. Meat Sci., 69, 749-756.
https://doi.org/10.1016/j.meatsci.2004.11.005

Vorst, K., Shivalingaiah, N., Monge Brenes, A. L., Coleman, S., Mendonga, A.,
Brown, J. W., & Shaw, A., (2018). Effect of display case cooling technologies on
shelf-life  of beef and chicken. Food Control, 94, 56—
64. https://doi.org/10.1016/j.foodcont.2018.06.022

Wall, K. R., Kerth, C. R., Miller, R. K., & Alvarado, C., (2019). Grilling
temperature effects on tenderness, juiciness, flavor and volatile aroma compounds
of aged ribeye, strip loin, and top sirloin steaks. Meat Science.
https://doi.org/10.1016/j.meatsci.2018.11.009

Xiong, G., Chen, X., Gao, X., Yin, C., Xu, X., & Qi, J., (2020). Comparison on the
emulsion properties of normal colour and discolouration fresh chicken liver. Ital.
J. Anim. Sci., 19, 551-559. https://doi.org/10.1080/1828051X.2020.1767000

Yu, T.-Y., Morton, J.D., Clerens, S., Dyer, J.M., (2017). Cooking-Induced protein
modifications in meat. Compr. Rev. Food Sci. Food Saf., 16 (1), 141-159.

https://doi.org/10.1111/1541-4337.12243



https://doi.org/10.3303/CET2187020
https://doi.org/10.1039/C7RA03408C
https://doi.org/10.1016/j.fbp.2009.05.001
https://hdl.handle.net/1969.1/156190
https://doi.org/10.1111/1750-3841.13586
https://doi.org/10.1371/journal.pone.0230928
https://doi.org/10.1007/s11947-014-1398-3
https://doi.org/10.1016/j.meatsci.2015.05.021
https://doi.org/10.1016/j.meatsci.2012.06.008
https://doi.org/10.1016/j.foodchem.2004.03.043
https://doi.org/10.1007/s11947-009-0268-x
https://doi.org/10.1016/j.lwt.2012.04.012
https://doi.org/10.1016/j.meatsci.2009.10.028
https://doi.org/10.1016/B978-0-08-100435-7.00018-6
https://doi.org/10.1016/B978-0-08-100435-7.00018-6
https://www.sciencedirect.com/science/article/pii/B9780081005965031085#!
https://www.sciencedirect.com/science/article/pii/B9780081005965031085#!
https://www.sciencedirect.com/science/article/pii/B9780081005965031085#!
https://www.sciencedirect.com/science/article/pii/B9780081005965031085#!
https://doi.org/10.1016/B978-0-08-100596-5.03108-5
https://doi.org/10.1016/B978-0-08-100596-5.03108-5
https://doi.org/10.15414/jmbfs.5433
https://doi.org/10.1016/j.psj.2021.101316
https://doi.org/10.1590/S1413-70542006000400017
https://doi.org/10.1016/S2095-3119(13)60629-2
https://doi.org/10.1016/j.idairyj.2020.104786
https://doi.org/10.1016/j.jfoodeng.2013.12.006
https://doi.org/10.1533/9781855739024.2.165
https://doi.org/10.3303/CET1864099
https://doi.org/10.1016/j.fct.2020.111401
https://doi.org/10.1016/j.meatsci.2004.11.021
https://doi.org/10.1016/j.meatsci.2011.11.037
https://doi.org/10.1016/j.meatsci.2004.11.005
https://doi.org/10.1016/j.meatsci.2018.11.009
https://doi.org/10.1080/1828051X.2020.1767000
https://doi.org/10.1111/1541-4337.12243

