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Abstract

This work studied the effects of different time and temperature combinations [100 °C for 50 min (T1), 110 °C for 50 min (T2),
118 °C for 50 min (T3) and 121 °C for 30 min (T4)] of sterilization on the sensory quality and lipid oxidation of Dezhou braised
chicken. Compared to T1, T3 and T4 groups, the T2 group had the highest colour and lower hardness. The principal component
analysis (PCA) of the electronic-tongue results showed that there were distinct differences in taste between the treatment groups.
Free amino acids (FAA) analysis showed that the T2 group had the highest amino acid contents. In summary, the T2 might be
a more reasonable sterilization condition for Dezhou braised chicken, due to its positive effects on maintaining sensory quality.
The results of this study could guide Dezhou braised chicken industry to produce better quality products.
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Practical Application: By researching the effects of sterilization on the quality of braised chicken, indicated 110 °C for 50 min

might be a more reasonable sterilization condition.

1 Introduction

Dezhou braised chicken is a traditional Chinese cuisine
with 300 years of history. Dezhou braised chicken is well-liked
by Chinese people due to its pleasing color, moderate hardness,
and delicious smell (Duan et al., 2015). Several scientific
studies have been conducted on this traditional Chinese meat
product. Liu et al. (2017) used electronic tongues to study the
taste of Dezhou braised chicken and found that hypoxanthine
nucleotides Glu, Lys and NaCl play an important role in the
flavour attributes of the final product. Yao et al. (2022) used
headspace-gas chromatography-flow spectrometry to access
the volatiles formed during the processing of Dezhou braised
chicken, and they detected a total of 37 volatile compounds,
including aldehydes.

Products made from braised meats may suffer from negative
impacts due to microbial growth, such as color changes and
disagreeable aromas (Wang et al., 2016). Heat treatment applications
usually include pasteurization (below 100 °C) and high-temperature
sterilization (above 100 °C). Sterilization can kill pathogenic
bacteria and spoilage microorganisms in products. To extend
the shelf life, sterilization technologies have also been widely
used in meat products. At present, cold sterilization has attracted
people’s attention, such as radiation and ultraviolet light (Cho
& Ha, 2019; Long et al., 2021). Pasteurization at 65 Fahrenheit
for 30 s was sufficiently effective to decrease the mean Aerobic
Plate Counts (APC) for a significant inactivation (approx. 4.5 log
reductions) in pomegranate juice, and the microbial load in fresh
pomegranate juice was reduced from 4.0 log 10 CFUmL™ to

1.0 log 10 CFUmL™" after pressurization at 400 MPa for 5 min
(Putnik et al., 2019). However, considering the low cost and
convenience of sterilization equipment, high-temperature
sterilization is the first choice in meat processing.

Different sterilization treatments will have different effects
on the texture, colour and flavour of meat products (Xu et al.,
2018; Abdulhameed et al., 2016; Zhu et al.,, 2019). The study
found that ultrasonic sterilization (US) and high-temperature
sterilization (HTS) reduced the hardness and viscosity of canned
flavor crab meat sauce (Cho & Ha, 2019), and Nano-ZnO,
combined with radio-frequency (ZNCRF) 30 min pasteurization
and HPS sterilization, both resulted in a decrease in springiness,
cohesiveness, chewiness and resilience in twice-cooked pork
(Xu etal., 2018). With the increase in the sterilization treatment
temperature, the content of volatile terpenoids significantly
decreased.

High-temperature sterilization can accelerate the degradation
of free amino acids and the rate of lipid oxidation. The free amino
acid content can be an important indicator when assessing the
taste quality of Dezhou braised chicken. Lipid oxidation is one
of the main factors in food deterioration. The lipid oxidation
of meat products will produce an unpleasant taste and volatile
odors, and the texture and function of muscles will deteriorate,
leading to a decrease in edible nutritional quality (Ortiz et al,,
2013). The CD and TBARS indexes can be used to evaluate lipid
oxidation. The impact of sterilization temperature and time on
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the eating quality of food was less studied, despite being the most
commonly used technique for extending the shelf-life of food.

This study aims to assess and analyze the effects of different
sterilization methods on the quality of Dezhou braised chicken.
The physicochemical and sensory characteristics of meat are
evaluated in terms of color, texture, taste profile, and lipid
oxidation values to form integral predictions of the Dezhou braised
chicken’s quality. Thus, it is necessary to explore a reasonable
sterilization treatment based on the current conditions used by
companies. The results of this study will allow for the industrial
production of high-quality Dezhou braised chicken.

2 Materials and methods
2.1 Chemicals

The 17 amino acid mixed standard (13-08391, Wako, Tokyo,
Japan) was used. Other analytical grade reagents were obtained
from Tianjin Chemical Reagent Co., Inc. All chemicals used in
the present study were analytical or high-grade.

2.2 Preparation of samples

To ensure that the products belonged to the same batch,
Dezhou braised chicken was provided by Shandong Dezhou
Braised Chicken Co., Ltd. Five groups were selected, all of
which are currently commercially available, marketed Dezhou
braised chicken products. The control group had a shelf life of
15 days, and the sterilized group had a shelf life of more than
45 days. T1 was sterilized at 100 °C for 50 min; T2 was sterilized
at 110 °C for 50 min; T3 was sterilized at 118 °C for 30 min;
T4 group was sterilized at 121 °C for 30 min; the control was
without sterilization (untreated group).

2.3 Color

The meat sample was evenly placed into a transparent
plastic bag, and the color was measured (L* a* and b*) using
a colorimeter (CR-400, Konica Minolta Sensing Inc., Osaka,
Japan). Six replicates were used for each sample.

2.4 Texture

Samples were analyzed using a texture profile analysis (TPA)
to evaluate the texture of the chicken, following the method
applied by Endrit, with minor modifications (Hasani et al., 2022).
The P-35 cylinder probe and texture analyzer (Model TMS-Pilot,
FTC) were used the procedure was as follows: compress the
chicken to 50% of its original height in two cycles at a speed of
1 mm/s (velocity of 100 N) to obtain a force-time curve. Finally,
the data were processed using the Windows (Stable Micro
System) texture expert software to evaluate TPA properties:
hardness, cohesiveness, springiness, adhesiveness, chewiness
and gumminess. Six replicates were used for each sample.

2.5 Electronic tongue

SA402B E-tongue (Beijing Ying Sheng Heng Tai Technology
Company, TS-5000Z, China) was used to evaluate the effect of
sterilization on the taste of chicken samples, according to the

detection method of Tan et al. (2022), with minor modifications.
The SA402B E-tongue includes five test sensors and two reference
sensors. A total of 50 g of chicken meat samples was weighed
and placed into a beaker; then, a total of 200 mL of ultrapure
water was added and; stir well. Finally, taste analysis application
software translated the E-tongue detection data to taste values.
Three replicates were used for each sample.

2.6 Free amino acid composition

The effect of sterilization treatment on amino acid composition
in chicken was analyzed according to the detection method of
Bai et al. (2021). A total of 1 g of chicken samples was placed
into a 25 mL hydrolysis tube, 16 mL of 6 mol HCl was added,
and this was mixed well. The solution was hydrolyzed at 110 °C
for 22 h under nitrogen atmosphere. Finally, ultrapure water was
added to dilute to 50 mL. A total of 1 mL of dilution was dried
under nitrogen, and re-dissolved with 1 mL of 0.02 mol HCI.
After that, it was filtered through a 0.22 um water phase filtration
membrane, the filtrate was taken, and an automatic amino acid
analyzer was used for detection (LA8080, Hitachi Ltd, Tokyo,
Japan). The results are shown as g/100 g. Three replicates were
used for each sample.

2.7 Lipid oxidation analysis
Conjugated Diene (CD) measurement

The effect of sterilization treatment on chicken CD was
analyzed according to Roldan’s detection method (Roldan et al.,
2014). A total of 1 g of chicken minced sample was placed in
10 mL of distilled water, mixed well, and then homogenized
with an XHF-D homogenizer (Ningbo Xinzhi Biotechnology
Co., Ltd., Zhejiang, China) for 1 min. Subsequently, 0.5 mL
of suspension was taken, 5 mL of extracting solution (3:1 v/v
hexane/isopropanol) was added, and this was stirred with a
vortex mixer for 1 min to mix well. Then, at 4 °C, 3500 x g, this
was centrifuged for 5 min (4-16KS centrifuge, Sigma, Darmstadt,
Germany). Finally-the supernatant’s absorbance was determined
at 233 nm with a photometer (UV-2800A, Shimadzu, Tokyo,
Japan). Three replicates were used for each sample.

Thiobarbituric Acid Reactive Substances (TBARS)
measurement

The TBARS in chicken was analyzed according to the detection
method of Araujo et al. (2022), with some modifications. A total
of 10 g of chicken minced meat was taken, and 20 mL of 20%
trichloroacetic acid (TCA) was added and mixed well, before
6000 x g was homogenized for 1 min with a homogenizer.
Subsequently, at 4 °C, 5500 x g, this was centrifuged for 10 min.
A total of 5 mL of supernatant, was taken, 5 mL of 0.02 mol
thiobarbituric acid (TBA) was added, and 5 mL of TCA was
mixed with the same volume of 0.02 mol TBA as a blank. This
was mixed well and then heated for 20 minutes in a pot of
boiling water. The solution was cooled to room temperature
and its absorbance was detected at 532 nm and 600 nm with a
spectrophotometer. Three replicates were used for each sample.
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2.8 Statistical analysis

Data analysis was accomplished using Microsoft Excel, and
the results are expressed as the means + standard deviations
(SDs). Analysis of variance (ANOVA) and the post hoc Duncan
test were used to examine the differences between the types.
Differences were considered significant at p < 0.05. Principal
component analysis (PCA) plots and radar plots were produced
through Origin 2022.

3 Results and discussion
3.1 Color

Color is one of the most significant factors that affects how people
view the quality and safety of meat (Garcia-Segovia et al., 2007).
Changes in the color characteristics of meat products may result
from myoglobin denaturation and oxidation, Maillard reactions,
packaging, or pH changes, among other potential causes (Pulgar et al.,
2012). Table 1 showed the effects of various sterilization methods
on the color of Dezhou braised chicken (p < 0.05).

L* value is an important index to describe the brightness
of the sample (Jiao et al., 2022). Compared to the control, the
sterilization groups showed an increased lightness (L*), except
for T4 (34.04), due to myoglobin changes during denaturation
(Hunt et al., 1999). The results demonstrated that, compared to
the T1, T2, and T3 conditions, the T4 condition had a significantly
lower lightness (L*) value. This may be due to the reduced
water-holding capacity of Dezhou braised chicken caused by
sterilization, which reduces the surface reflectivity and affects
the optical properties of meat (Arvanitoyannis et al., 2011).
Redness (a*) values were between 10.17 and 16.48. Compared to
the control, the sterilization groups showed a higher a*, except
for T4. In our study, under T1 and T2 treatments, we found no
significant difference in redness. From T2 to T4, the a* value
gradually decreased sterilization. This may be due to the fact that
sterilization causes a loss of moisture. It has also been shown
that pH was negatively correlated with myoglobin degeneration
(Van Laack et al., 1996). In addition, sterilization increased
lipid oxidation (Panseri et al., 2018). This might have also been
connected to the oxidation denaturation of myoglobin (Lino etal.,
2022). Yellowness is an intuitive performance regarding meat
discoloration. Compared to the control, the sterilization groups
showed higher yellowness (b*). Yellowness has been shown to
be associated with lipid and protein oxidation (Wang et al.,
2020). The effects of lipid oxidation on the formation of yellow
pigments in meat are related to the non-enzymatic browning
reactions between lipid oxidation products and the amine in
the proteins, or in the phospholipid head groups (Xia et al,,
2009). However, all the treatment groups showed no significant
difference in the b*.

3.2 Texture properties

One of the most important quality restrictions that must
be met to guarantee product acceptability is texture. The data
of all texture property parameters (hardness, adhesiveness,
cohesiveness, springiness, gumminess, and chewiness) of
Dezhou braised chicken, with various sterilization times and
temperatures, are shown in Table 2 (p < 0.05). Consumers
placed the highest importance on the hardness of all the tested
texture parameters, since this affects the commercial worth of
meat products (Nurul et al., 2010). Compared to the control,
the sterilization groups showed a lower hardness, expect for T1.
The highest hardness value (45.37 N) was obtained in sterilized
treated at 100 °C for 50 min (T1), which was significantly higher
compared to other sterilization groups (T2, T3, and T4). There
was no significant difference in hardness between T2, T3, and T4.
This is because increased sterilizing temperatures cause collagen
to dissolve and lead to structural alterations that cause muscle
fibers to loosen (Jiang et al., 2018). There were no significant
differences between the control and treated groups regarding
adhesiveness and springiness. Previous studies also reported no
difference in the springiness of the braised beef following different
sterilized methods (Wang et al., 2019). Compared to the control,
the sterilization groups showed a higher cohesiveness, expect for
T1. For older consumers, chewiness and gumminess are two other
crucial textural qualities, in addition to hardness. According to
the results presented in Table 2, gumminess and chewiness were
increased in the sterilized treated samples in comparison with
the control, except for T4. Older consumers will be more likely
to choose meats that have less gumminess and chewiness, and
sterilization-treated meats provide important textural attributes
(Forde etal., 2013). With the same treatment time, the gumminess
and chewiness were highest under T3 conditions.

3.3 Electronic tongue

A radar graph was also used to illustrate the changes in
various tastes with the use of different temperature and time
combinations (Figure 1a). There were no significant differences in
bitterness, astringency, aftertaste B, aftertaste A, umami, richness
and saltiness. However, a small distinction was observed in terms
of sourness. We can see that the umami and sourness sensors had
the largest and smallest contributions with different treatments.
However, we still need to use the proper sterilizing temperature
and duration when preparing Dezhou braised chicken to avoid
any potential negative taste-related effects of sterilization at high
temperatures for an extended period of time.

Electronic tongues transform electrical signals into savor
signals to convey taste information of food. Due to their low
threshold for sensation, subjectivity in sensory assessments can

Table 1. Changes in colour of Dezhou braised chicken with different sterilization methods.

Control T1 T2 T3 T4
L* 34.04 +1.37¢ 54.22 + 0.43° 58.22 £ 1.42° 50.62 + 1.67¢ 32.04 + 1.07¢
a* 10.17 £ 1.74¢ 14.93 + 1.29* 16.48 £ 0.39° 12.83 +£0.78° 10.82 £ 2.09¢
b* 15.64 + 3.25° 33.00 £ 2.14* 3235+ 1.14° 3147 £1.71* 31.57 £ 3.47*

Different letters in the same peer indicate significant differences between different sterilization treatments (p < 0.05).

Food Sci. Technol, Campinas, 43, 119222, 2023



Effects of sterilization on quality of braised chicken

Table 2. Changes in textural properties of Dezhou braised chicken with different sterilization methods.

Control T1 T2 T3 T4
Hardness (N) 39.81 +2.49° 4537 + 1.89* 32.84 + 3.64¢ 31.81 £ 3.89¢ 30.10 £ 5.45°
Adhesiveness (mj) 0.60 = 0.36° 0.38 +£0.23* 0.31 £ 0.14° 0.45 +0.31° 0.31 +£0.10*
Cobhesiveness (Ratio) 0.28 +0.02° 0.29 + 0.04® 0.32 £ 0.03* 0.33 £0.03° 0.32 £0.03°
Springiness (mm) 0.60 = 0.10° 0.64 +0.17° 0.71 £0.18° 0.68 £ 0.26® 0.61 £0.11°
Gumminess (N) 11.03 + 0.85 13.23 +2.24° 11.45 +1.79¢ 19.06 + 2.73* 9.47 + 2.26¢
Chewiness (mj) 6.68 + 1.50° 8.58 +2.84° 7.96 +1.97° 12.97 £ 5.21* 5.69 + 1.5
Different letters in the same peer indicate significant differences between different sterilization treatments (p < 0.05).
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Figure 1. Electronic-tongues analysis: (a) radar graph of Dezhou braised chicken with different sterilization methods; (b) score plot (PCA) of
Dezhou braised chicken with different sterilization methods; (c) loading plot (PCA) of the taste properties; (d) Biplot (PCA) of E tongues for

Dezhou braised chicken with different sterilization methods.

be ignored (Zoldan et al.,, 2014). As shown in Figure 1b, the
cumulative contribution rates of the first principal component
(PC1) (47.83%) and the second principal component (PC2)
(23.82%) were 71.65%. The T2 and T4 groups were far from
one another, indicating different taste characteristics, whereas
the control, T1 and T3 groups were close to one another,
showing similar taste. The control, T1 and T3 groups were far
from T2 and T4 groups, showing that the sterilization process
drastically altered the flavor of the chicken. Figure 1c shows a
loading plot (PCA) of the taste properties. Figure 1c shows that
PC1 was positively related to bitterness, astringency, aftertaste-B,
aftertaste-A and sourness, and negatively related to umami, and
PC2 was positively related to richness and saltiness. Figure 1d
shows a biplot (PCA) of E tongues for Dezhou braised chicken.

The T2 and T4 groups stood out: the T2 group had relatively
high bitterness, aftertaste A and aftertaste B, while the T4 group
had relatively high umami.

3.4 Free Amino Acid (FAA)

Amino acids play a key role in the creation of the distinctive
taste profile of meat products, in addition to being the primary
nutritional components (Sforza et al., 2006), including umami
taste (Glu and Asp), sweet taste (Gly, Thr, Ser, Pro and Ala),
and bitter taste (Met, Ile, Arg, Leu, Val and Phe). The effect of
different treatments on the FAA content of Dezhou Braised
Chicken is summarized in Table 3. Detailed information on the
detection and quantification limits of this method for 17 free
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amino acids can be found in the Supplementary Material. There
were significant differences in some FAA content among the
five groups (p < 0.05). As we can see from Table 3, we detected
a total of 17 FAAs in Dezhou braised chicken, and the main
FAAs in Dezhou braised chicken were Asp, Glu, Leu, Lys, and
Arg, with more than 2 g/100 g in five samples, among which
the content of Glu was the highest. Cys content was the lowest
in all the samples. The high content of Glu is typical in myosin
in chicken, brought about by the hydrolysis of proteins during
thermal processing (Kurihara, 2015). Rolls (2009) showed that
odor, together with Glu, causes sensations of pleasantness in
primates. Compared to the control group, FAA contents were
significantly lower in all sterilization groups, except for Cys and
Pro. This shows that the treatment caused different levels of FAA
loss in Dezhou braised chicken. This result may be attributed to
the thermal denaturation of the proteins in the meat product in
the event of high-temperature treatment (Martens et al., 1982).
In the four different treatment combinations, all free amino acids
were highest in the samples treated at 110 °C for 50 min (T2),
except for Asp. This means that the loss of free amino acids in
Dezhou braised chicken was the least after T2 treatment.

Generally, amino acids serve as the primary building blocks
for the flavors found in meat. Umami, sweet, and bitter amino
acids in treated groups were decreased compared to the control
group. The total amount of bitter amino acids was the highest in
all samples (10.36 g/100 g, 7.68 g/100 g,9.08 g/100 g, 7.67 /100 g,
7.55 g/100 g, respectively), followed by umami and sweet amino
acids. Aromatic amino acids Phe and Tyr were present in very

small amounts in the chicken. Glu mainly determines the taste
of chicken meat. In addition to Glu, aromatic amino acids are
crucial to boosting the umami or salty flavors at sub-threshold
quantities, when free acidic amino acids and salt are present
(Gheorghe et al., 2021). The decrease in free amino acid content
may affect the taste of Dezhou braised chicken, further affecting
the consumer enjoyment of Dezhou braised chicken. Therefore,
according to the concentrations of free amino acids, it can be
concluded that Dezhou braised chicken may taste better under
T2 treatment conditions.

In this experiment, nine essential amino acids were detected:
Thr, Val, Met, Ile, Leu, Phe, Lys, His and Arg. Eight non-essential
amino acids were detected: Asp, Glu, Ser, Gly, Ala, Cys, Tyr and
Pro, respectively. Five groups presented total essential amino
acid (XEAA) values between 11.33 and 15.76 g/100 g and
non-essential amino acids (XNEAA) values between 10.87 and
14.69 g/100 g. The XEAA and XNEAA in the control group were
the highest, followed by the T2 sterilization treatment. This
was the same trend as that of the taste-presenting amino acid
contents. The YXEAA and ZNEAA contents were significantly
lower in the T3 (11.53 g/100 g) and T4 (11.33 g/100 g) groups
compared to the T2 (13.72 g/100 g) group. This may be caused
by the degradation of amino acids due to the increase in
sterilization time or temperature. Lys and Met in EAA were the
most and least abundant, respectively. Glu and Cys in NEAA
were the most and least abundant, respectively. Lysine is the
most susceptible amino acid in intact proteins, because it has
a free amino acid group that is readily available to react with

Table 3. Changes in the FAA of Dezhou braised chicken with different sterilization methods (g/100 g).

Control T1 T2 T3 T4
Asp 3.07 £ 0.04* 2.26 £ 0.05¢ 2.61 +0.01° 2.21 £ 0.03< 2.18 £ 0.05¢
Glu 5.00 £0.07* 3.71 £ 0.04¢ 4.36 +0.01° 3.46 + 0.04¢ 3.57 +£0.07¢
Thr 1.42 + 0.02* 1.05 + 0.02¢ 1.22 +0.00° 1.03 £ 0.01¢ 1.02 £ 0.03¢
Ser 1.22 +0.02* 0.91 £ 0.01¢ 1.07 + 0.00° 0.89 + 0.01¢ 0.89 + 0.02¢
Gly 1.47 £ 0.02a 1.13 +£0.02¢ 1.47 £ 0.00* 1.23 £ 0.01¢ 1.34 +0.03"
Ala 1.90 + 0.03* 1.42 + 0.02¢ 1.68 + 0.00° 1.40 + 0.01¢ 1.42 + 0.03¢
Cys 0.08 + 0.00° 0.05 + 0.00° 0.08 + 0.00* 0.06 + 0.0¢ 0.08 + 0.00°
Val 1.61 + 0.02* 1.21 +£0.02¢¢ 1.41 + 0.00° 1.21 £ 0.01¢ 1.18 +0.02¢
Met 0.89 + 0.01* 0.66 + 0.01¢ 0.77 £ 0.00° 0.65 +0.01< 0.64 = 0.01¢
Ile 1.56 + 0.02* 1.16 £ 0.02°¢ 1.37 +0.00° 1.16 £ 0.01¢ 1.13 £ 0.02¢
Leu 2.95 + 0.04* 2.16 £ 0.04¢ 2.55 + 0.00° 2.12 +0.02< 2.09 +0.03¢
Tyr 1.06 + 0.02* 0.78 £ 0.01¢ 0.92 + 0.00° 0.80 + 0.01¢ 0.77 £ 0.03¢
Phe 1.26 £ 0.02* 0.94 £ 0.01¢ 1.11 +0.00° 0.96 + 0.01°¢ 0.95 +£0.01¢
Lys 2.99 + 0.05* 2.20 £ 0.03¢ 2.58 +0.00° 2.15 +0.02¢ 2.09 + 0.03¢
His 0.99 +0.01* 0.75 +£0.01¢ 0.84 +0.01° 0.68 +0.01¢ 0.67 £ 0.01¢
Arg 2.09 £ 0.03* 1.55 £ 0.03¢ 1.86 + 0.01° 1.56 £ 0.01¢ 1.56 £ 0.03¢
Pro 0.89 + 0.02° 0.72 +£0.01¢ 0.96 + 0.01° 0.82 +0.01¢ 0.91 +0.01°
Umami 8.08 £ 0.11* 5.97 £ 0.09¢ 6.97 +0.02° 5.67 +0.07¢ 5.75 +0.13¢
Sweet 6.89 +0.11* 5.22 + 0.06¢ 6.40 + 0.02° 5.37 +0.06¢ 5.58 £ 0.10¢
Bitter 10.36 + 0.16° 7.68 +0.13¢ 9.08 +0.02° 7.67 £ 0.06¢ 7.55+0.13¢
ZEAA 15.76 £ 0.23* 11.68 £ 0.18¢ 13.72 £ 0.03" 11.53 £ 0.10%¢ 11.33 +0.20¢
ZNEAA 14.69 + 0.22* 10.98 £ 0.14¢ 13.16 + 0.04° 10.87 + 0.12¢ 11.15 £ 0.22°¢
Total FAA 30.45 + 0.46° 22.66 £ 0.32¢ 26.88 + 0.06" 22.40 £ 0.22°¢ 22.48 +0.42¢

Abbreviation: ZEAA: total essential amino acids (Thr, Val, Met, Ile, Leu, Phe, Lys, His, Arg); “NEAA: total non-essential amino acids (Asp, Glu, Ser, Gly, Ala, Cys, Tyr, Pro); Umami: Asp,
Glu; Sweet: Thr, Ala, Ser, Gly, Pro; Bitter: Val, Met, Ile, Leu, Arg, Phe. Different letters in the same peer indicate significant differences between different sterilization methods (p < 0.05).
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Figure 2. Lipid oxidation analysis: (a) changes in the conjugated diene (CD) of Dezhou braised chicken with different sterilization methods; (b)
changes in the TBARS of Dezhou braised chicken with different sterilization methods. Different letters indicate significant differences between

different sterilization methods (p < 0.05).

reducing sugar (Dominguez et al., 2015). The oxidation in some
sensitive amino acids, such as histidine, can be another reason
for their reduction (Jannat-Alipour et al., 2010). The thermal
decomposition rate of sensitive amino acids generally increases
with temperature.

3.5 Lipid oxidation

When evaluating the primary and secondary products of
lipid oxidation, CD and TBARS can be employed as markers
(Karwowska & Dolatowski, 2017). Figure 2 demonstrates that
sterilization temperature and time had a substantial impact
on the degree of lipid oxidation (CD and TBARS). There were
significant differences in the content of the CD and TBARS values
among the five groups (p < 0.05). The CD and TBARS values in
the control were 12.86 mmol/kg and 1.42 mg/kg, respectively.
The results also indicated that sterilization therapy sped up CD
synthesis, which promoted the rise in CD concentration. In the
T1, T2, T3 and T4 conditions, CD concentration gradually
increased, to 13.11 mmol/kg, 14.33 mmol/kg, 15.87 mmol/kg and
19.08 mmol/kg, respectively. All four treated groups, except for
T4, were significantly different compared to the control group.
Compared to the control group, the TBARS value was significantly
increased for the four sterilized conditions. The TBARS value
at T3 and T4 (2.47 and 2.57 mg/kg) was significantly higher
than T1 and T2 (2.03 and 2.23 mg/kg). By contrast, the TBARS
values were significantly different at 50 min for treatment times.
The double bonds of hydroperoxides in polyunsaturated fatty
acids are rearranged during the initial phases of lipid oxidation,
which causes CD production (Qu et al., 2020). In the primary
stage of lipid oxidation, high temperatures cause the breakdown
of polyunsaturated fatty acids, producing hydroperoxides and
other primary oxidation products. Primary autoxidation is then
followed by a series of successive secondary reactions, which
led to the degradation of hydroperoxides and the formation of a
wide range of compounds, including thiobarbituric acid reactive
substances (TBARS) and volatile compounds (Roldan et al.,

2014). Lipid autooxidation, to a certain extent, produces an oft-
flavor of rancidity, known as a “warmed-over flavor”. However,
moderate lipid oxidation during processing contributes to
desirable aromas (Song et al., 2011).

4 Conclusion

The results of this study showed that there were significant
differences in colour, texture, flavour and CD and TBARS values
of Dezhou braised chicken when using the four sterilization
treatments. Compared to the control group, the lipid oxidation
values (CD and TBARS) were significantly increased, for four
sterilization treatments. Compared to T1, T3 and T4, the T2 had
the best L*, a*, and b*values, and lower hardness, which provided a
more palatable option for older consumers. The E-tongue resulted
showed a significant difference in flavour between T2 and the
other treated conditions. The free amino acid analysis showed
that the loss of free amino acids was minimal, and the retention
of taste components was the greatest at T2 condition. Taken
together, T2 sterilization might as be a reasonable sterilization
condition for Dezhou braised chicken in the future, due to its
positive effects on extending shelf life while maintaining sensory
and flavour qualities. The results of this study could guide Dezhou
braised chicken industry in selecting more appropriate sterilization
parameters to improve the quality of their products.
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