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ABSTRACT

Thermal processing of food often leads to a reduction in quality, highlighting the need to
optimize heating conditions based on the kinetics of quality changes. This study investigated
the physical quality of chicken meat—including cooking loss, water-holding capacity,
texture, and color—during heating in a water bath (75 and 95 °C) and a pressure cooker
(110 °C) for defined durations and modeled the kinetics of these changes. Heat distribution
tests confirmed uniform temperatures, as indicated by minimal differences between
thermocouples and the cold spot, while heat penetration tests ensured thorough heating, with
lag times of 18.25+2.25, 16.13+4.58, and 19.25+4.77 minutes at 75, 95, and 110 °C,
respectively. Changes in physical quality at constant temperatures followed first-order
reaction kinetics, and the temperature effect was described using the Arrhenius equation.
The Arrhenius model revealed that higher temperatures accelerated the rate of quality
changes, resulting in increased cooking loss, shear force, L* and browning index, whereas
water-holding capacity and cohesiveness decreased. Comparison of the D and Z values for
physical quality parameters with those of Clostridium botulinum spores (D121.1 °C = (.22
min, Z=10°C) suggested that high-temperature, short-time treatments could minimize
detrimental changes in chicken meat while effectively inactivating target microorganisms.

1. INTRODUCTION

Household poultry consumption in Indonesia is predominantly dominated by broiler chickens, which have shown an
average annual growth of 5.79% during 2002-2021 (Kemnaker, 2021). Broilers, as a specific breed, offer advantages
such as uniform shape, size, and meat color. Additional benefits include low-fat content, affordability, ease and speed
of cooking, and consistent availability due to their rapid growth and short harvesting periods (Chumngoen et al., 2018).

Broiler chicken meat quality is typically assessed on the breast portion, favored by consumers for its texture
(Hidayat et al., 2015). With a protein content of 23%, pH of 5.96, water activity (ay) of 0.96, and moisture content of
71.94% (Milicevic et al., 2015), chicken meat is highly perishable, particularly under fluctuating environmental
conditions during transport, retail, and consumer handling. Annual losses of chicken meat are estimated at 3.7-4.2%
(Buzby et al., 2009), highlighting the importance of preservation technologies such as thermal processing. Heating
inactivates microorganisms, rendering the product microbiologically stable for long-term storage while maintaining
quality (Tomasz, 2024). Consequently, a wide range of sterilized chicken products—nuggets, hotdogs, ham, sausages,
meatballs, and ready-to-eat meals—have been commercialized in Indonesia.

Proper heating conditions not only ensure microbial safety and extended shelf life but also improve palatability
(Katemala et al., 2023), flavor (Kavitha & Modi, 2007), and digestibility (Qi et al., 2018). Conversely, excessive
heating adversely affects key physical quality attributes valued by consumers, including cooking loss, water-holding
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capacity, texture, and color (Wattanachant et al., 2005; Triyannanto et al., 2022). This issue is also relevant to
processed chicken products and is frequently encountered in the food industry, motivating research on optimizing
heating temperature and time to achieve sterilization while preserving quality.

Previous studies have examined the effects of heating on the physical quality of raw (Wattanachant et al., 2005;
Chumngoen et al., 2018; Qi et al., 2018) and processed chicken meat (Hidayat et al., 2015; Li et al., 2023). Some
investigations have applied Kinetic approaches to quantify quality changes; for instance, Zhang et al. (2024) modeled
physical quality changes in food using the Arrhenius equation and Kinetic parameters D (decimal reduction time) and
Z (temperature change required for a one-log reduction), though their study did not specifically address chicken meat.
A comprehensive analysis of physical quality changes in raw chicken meat during heating, incorporating kinetic
modeling, remains lacking.

Developed kinetic models can provide valuable insights for understanding, predicting, and controlling heat-
induced food quality changes (Hindra & Baik, 2006). Determination of kinetic parameters such as k, Ea, D, and Z
allows estimation of the rate of quality change under different heating conditions (Ling et al., 2015). This study aims
to evaluate the effects of varying heating temperatures and durations on the physical quality of chicken meat,
including cooking loss, water-holding capacity, texture, and color, and to analyze the collected data using kinetic
models to determine the corresponding Kinetic parameters.

2. MATERIALS AND METHODS

The research was conducted from December 2023 to March 2025 at the Laboratory of Food Science and Technology,
Faculty of Agricultural Engineering and Technology, IPB University. The equipment utilized included a water bath
(GFL 1008, Germany), a modified pressure cooker or presto pot with a temperature measuring device as illustrated in
Figure 1 (Nagami, Indonesia), a 'kompor semawar', a vacuum sealer (Power Pack DZ400TN/B, Indonesia), a
continuous sealer (DBF-1000G, China), a centrifuge (Hermle Z326K, Germany), a texture analyzer (TA1 Lloyd,
USA) equipped with a Warner-Bratzler blade and a 35 mm probe, a chromameter (Chromameter Minolta CR-400,
Japan), thermocouples (using K-type cable and sockets), a data logger (GRAPHTEC midi LOGGER GL840, Japan), a
sample weight, a balance, a stopwatch, a knife, and a cutting board. The materials employed consisted of raw broiler
chicken breast meat (boneless and skinless, 6-week-old, purchased from local vendors), tap water, LPG gas, retort
pouches (13 cm x 10 cm; PET 8 um/Al 7 um/ONY 15 pm/CPP 75 pm), cable ties (3.6 cm % 30 cm), and red silicone
adhesive.

This research methodology generally encompassed the characterization of heat distribution and heat penetration
profiles; the profile of physical quality changes in chicken meat during heating; and the determination of kinetic
parameters for physical quality changes in chicken meat, with data analyzed using Microsoft Excel 2016 software.

2.1. Characterization of Heat Distribution and Heat Penetration Profiles

Heat distribution tests were conducted on the water bath and pressure cooker to ensure uniform temperature profiles.
The water bath was selected for its minimal temperature fluctuations. However, due to its maximum temperature
limitations, a pressure cooker was incorporated, thereby extending the range of heating temperature treatments. The
heat distribution testing phase followed the procedures of Kusnandar et al. (2023), Raits ef al. (2021), and Saragih et
al. (2021), with measurements initiated from the moment heat was applied to the water bath and pressure cooker until

Cable entry point for
distribution-penetration
studies

Thermometer - S ™ Steam release
indicator o valve

Figure 1. Modified pressure cooker (presto pot)
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the end of the heating period. Thermocouples (TCs) and a data logger were employed to determine the come-up time
(CUT) and the cold spot within the apparatus. CUT was defined as the point at which all TCs reached the target
treatment temperature, while the cold spot was identified as the TC that was slowest to reach this temperature.

Subsequently, heat penetration tests were performed to obtain the heat transfer profiles within the samples. This
test was based on the methods described by Raits ef a/. (2021) and Saragih et al. (2021), with timing initiated either
from the application of heat to the pressure cooker system or from the attainment of CUT in the water bath system
until the end of the heating period. TCs and a data logger were used to determine the lag time. Lag time was defined as
the point at which all sample TCs reached the treatment temperature. The schematic of TC placement is presented in
Figure 2, with detailed testing conditions during both heat distribution and heat penetration tests provided in Table 1.

TC TC TC TC15
11 12 13 TC 14
TC TC TC 13 TC12
9 10 TC 11 TC 10
TC TC TC TC 9 TCs
T R o R TC 7 TC6
P’ S TC 5 TC4
TC TC TC TC3 TC2
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2
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(d)

Figure 2. Schematic of thermocouple (TC) placement for heat distribution tests in (a) the water bath and (b) the pressure cooker;
and for heat penetration tests in (c) the water bath and (d) the pressure cooker

Table 1. Testing conditions during heat distribution and heat penetration tests in the water bath and pressure cooker

Heating condition Heat distribution test Heat penetration test
Water bath Pressure cooker Water bath Pressure cooker

Dummy weight (g) 10+1 -

Chicken meat sample weight -- 7+1

(2ecmx2cmx 1 cm)(g)

Vacuum sealer settings Vacuum application time 13 seconds; sealing time 3.5 seconds

Continuous sealer settings Conveyor speed 7 strips; temperature 170 °C

Number of dummy/samples per heating 16

Initial water temperature (°C) 27+ 1 80+ 1 27+1 80+ 1

Target/treatment temperature (°C) 75+1;95+1 110+ 1 75+£1;95+1 1101

Number of thermocouples per heating 13; TCs 1-13 15; TCs 1-14 outside 15; TCs 1-8 inside packaging;
outside packaging packaging; TC 15 near TCs 9—14 outside packaging; TC

thermometer sensor 15 near thermometer sensor

2.2. The Profile of Physical Quality Changes in Chicken Meat during Heating
2.2.1. Chicken Meat Preparation

Raw chicken breast meat sample was diced to dimensions of 2 cm X 2 cm x1 cm along the muscle fiber axis. The
sample was then placed into a retort pouch, subsequently sealed using a vacuum sealer and a continuous sealer with
settings as specified in Table 1.

112



Audrey et al.: Kinetics of Thermal-Induced Physical Quality Alterations in Chicken ....

2.2.2. Application of Heat Treatment to Chicken Meat

Heat treatments were applied at three temperatures: 75, 95, and 110 °C. At a heating temperature of 75 °C,
observations were conducted at 11 points (0, 90, 120, 150, 180, 210, 240, 360, 480, 540, 600 min); for the 95 °C
heating temperature, 12 observation points were utilized (0, 30, 60, 90, 120, 150, 240, 360, 420, 480, 540, 600 min); and
for the 110 °C heating temperature, observations were performed at 6 points (0, 40, 50, 60, 70, 80 min). The
observation time intervals varied across these three temperatures to ensure the acquisition of significant changes in
physical quality parameters. Following these heating periods, samples underwent cooling for 11 min for tests utilizing
the water bath, while those subjected to the pressure cooker underwent a 14-min pre-cooling phase followed by a 9-
min cooling phase. Each heat treatment involved 16 sample units.

2.2.3. Physical Quality Analysis of Chicken Meat

Raw chicken meat, serving as the 0-min observation control sample, was subjected to control analysis. Subsequently,
heat-treated chicken meat samples underwent physical quality analysis in less than 24 h. Each parameter (cooking
loss, water-holding capacity, shear force, cohesiveness, and color) was analyzed in quadruplicate.

Cooking loss analysis adhered to the method described by Patriani & Apsari (2022), involving the weighing of
samples before and after the heating process, and calculation based on Equation 1.

Weight of sample before heating—Weight of sample after heating

Cooking loss (%) = x 100 @)

Weight of sample before heating

Water-holding capacity was analyzed according to Laksono et al. (2019) using the centrifugation method. A 2 g
sample was weighed as the initial sample weight before centrifugation. The sample was then wrapped in filter cloth,
centrifuged (4,000 RPM, 15 min, 20 °C), subsequently weighed as the post-centrifugation sample weight, and
calculated using Equation (2).

Weight of sample after centrifugation )

Water — holding capacity (%) = (1 —

. . - 100 )
Weight of sample before centrifugation

Shear force texture analysis followed by Combes ef al. (2004) utilizing a Texture Analyzer instrument. A Warner-
Bratzler blade probe was employed to determine shear force by cutting the sample perpendicular to the fiber axis (1.7
mm/s), yielding the maximum force (kgs). Cohesiveness texture analysis employing a different probe type, a 35 mm
diameter cylindrical probe, (compressed twice at 5 mm/s, strains of 35 and 55% of initial height), determined
cohesiveness based on the ratio of the area under the curve during the second compression (4;) to the area under the
curve during the first compression (4;), calculated using Equation (3).

Cohesiveness = j—z 3)
1

Color analysis referenced Taikerda & Leelawat (2023), leveraging the operating principle of a Chromameter
instrument. The instrument's output data were processed into a browning index value, where L* represents lightness;
a* represents green-red chromaticity; and b* represents blue-yellow chromaticity, using Equation 4.

100(x—0,31) . _ a*+1,75L*

Br [ [ = =
owning index 0172 '’ 5,645L*+(a*—0,312b*)

“4)

2.3. The Determination of Kinetic Parameters for Physical Quality Changes in Chicken Meat
2.3.1. Determination of Reaction Order

Kinetics at constant temperature were described by zero-order and first-order kinetic equations, as shown in Equation
(5) and Equation (6), respectively.

A=A,—kt 5)
InA =InA, —kt (6)

where A is the quality index at time #, with units determined by the quality index of the measurement object; Ao is the
initial quality index, with units similar to 4; whereas k is the reaction rate constant in units of per second (s™).
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2.3.2. Arrhenius Modeling

Arrhenius modeling is a commonly employed approach to elucidate the effect of heating (Hindra & Baik, 2006),
utilizing Equation (7).

1nk=1nk0—(%x§) 7)

Parameter ko represents the frequency factor; Ea denotes the activation energy, in J/mol; R is the ideal gas constant, in
J/mol.K; and T is the absolute temperature, in K.

2.3.3. Determination of D and Z Kinetic Parameters

Beyond the Arrhenius approach, the kinetic parameters D and Z values offer another viable concept directly related to
first-order kinetics (Ling ef al., 2015; Purnomo et al., 2015). D and Z values are derived from plotting data on a semi-
logarithmic curve, with the formulas adhering to Equation 8. Subsequently, Equation 9 is employed to map the D and
Z values as kinetic parameters for physical quality changes, aligning with microbial inactivation kinetic parameters
(Sitanggang et al., 2019).

to—t Ty —T;
D — 2 1 ;Z — 2 1 (8)
lgphysical quality1—l9Physical quality2 lgp1—-19p2
(TRef'T)
Dy = Doy x 10 2 )

Here, #© represents the second measurement time; ¢ is the first measurement time; 7> denotes the second
temperature; 7 is the first temperature; Dy signifies D at a specific temperature; and Dg,r is the standard D value. The
mapping of these parameters facilitates the identification of effective heating conditions that achieve microbial
inactivation while simultaneously minimizing undesirable physical quality changes in chicken meat.

3. RESULTS AND DISCUSSION
3.1. Heat Distribution Profile of Apparatus and Heat Penetration in Chicken Meat

Valid kinetic data can only be obtained after conducting a heat distribution test of the apparatus to ensure uniform
temperature within the heating equipment. Concurrently, penetration tests are also essential for understanding heat
transfer within the product, along with associated quality changes occurring throughout the sample (Ahn et al., 2024).

The heat distribution test yielded CUT information (Saragih et al., 2021). The average CUT values for the water
bath and pressure cooker at heating temperatures of 75, 95, and 110 °C were 42.00 £+ 0.82, 65.38 + 0.65, and 9.00 +
0.00 minutes, respectively, with the temperature change profiles presented in Figure 3. For the water bath, the CUT at
95 °C was longer to achieve as the heating apparatus required greater effort to reach this temperature compared to 75
°C. However, heating at 110 °C with the pressure cooker resulted in the shortest CUT due to the distinct apparatus
type and heating mechanism. According to Ahn et al. (2024), pressure cookers utilize high-pressure steam, which
offers advantages such as an increased heat transfer rate and improved energy efficiency, ultimately reducing the CUT.

A heating apparatus is considered to have good or uniform heat distribution if the temperature difference among
thermocouples placed at various points within the apparatus and its cold spot is not excessively large. Based on
industry guidelines, this difference should ideally be less than -3.0 °F or -19.44 °C (one minute after CUT) and less
than -1.0 °F or -18.33 °C (three minutes after CUT) (Ismail et al., 2013). Figure 3 visualizes the heat distribution
curve, shows them to be nearby, indicating temperature uniformity. Under these conditions, the presence of a cold spot
can be disregarded due to the uniform temperature throughout the heating apparatus (Ismail ez a/., 2013; Kusnandar et
al., 2023). Therefore, it can be concluded that the water bath and pressure cooker utilized in this study possessed good
heat distribution. The observed conditions in both the water bath and pressure cooker align with the findings of Indiani
et al. (2019). This temperature uniformity is attributed to the relatively high thermal conductivity of water (its ability
to conduct heat via conduction or direct molecular contact). Furthermore, the boiling process, which creates convective
heat transfer phenomena (heat transfer through molecular movement), also induces turbulence that contributes to
temperature homogenization, thereby rendering temperature differences within the heating apparatus insignificant.
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Heat penetration tests were conducted to obtain lag time information (Raits ef al., 2021). In kinetic studies, a
minimal lag time is generally preferred, as explained by Toledo (2007). This study yielded lag time values of 18.25 +
2.25,16.13 £ 4.58, and 19.25 + 4.77 minutes at 75, 95, and 110 °C, respectively (Figure 4). The data indicate that the
lag time for heating at 95 °C was lower compared to heating at 75 °C, using the same water bath. This can be
explained by the primary driving force of heat transfer, namely the temperature gradient phenomenon. As the
temperature difference between the heating apparatus and the product increases, the rate of heat transfer also increases,
meaning the time required for heat transfer will decrease (Raits ef al., 2021). This aligns with Ahn et al. (2024), who
investigated penetration time in processed meat at various temperatures. Through the evaluation of lag time, it can be
confirmed that heat penetration into the product occurred thoroughly, ensuring uniform heating of the product
(Kusnandar ef al., 2023).
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Figure 3. Measurement of heat distribution curves for (a) the water bath, and (b) the pressure cooker. [Different colored lines within
each temperature legend indicate various thermocouple positions, as detailed in Figure 2 (a) and 2 (b)]
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Figure 4. Measurement of heat penetration curves for (a) the water bath, and (b) the pressure cooker. [Different colored lines within
each temperature legend indicate various thermocouple positions, as detailed in Figure 2 (c) and 2 (d)]

3.2. The Profile of Physical Quality Changes in Chicken Meat during Heating

This study confirms that heating significantly impacts the physical quality of chicken meat (Katemala ef al., 2023).
The results, presented in Figure 5, indicate that cooking loss, shear force, L*, and browning index values increased,
while water-holding capacity and cohesiveness decreased after chicken meat was subjected to thermal processing.
Prolonged heating durations tend to stabilize the physical quality parameters of the chicken meat towards constant values.

115



L*

Jurnal Teknik Pertanian Lampung Vol. 15, No. 1 (2026): 110 - 123

50 (@ 35 -E (b)
3 s
S 30 ¢

40 g
S 5 25
220 S B1ie
X i
8 10 £

—8—75°C —8—95°C 110 °C % 5 o— 75°C o—95°C 110 °C
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Heating time (min) Heating time (minutes)
25 (©) —e—75°C 0.6 (d)
—e—95°C -E
o I

20 110°C 0.5
[y
2 v 04
@ 15 e
= I 2 03
T 10 ’|‘ 3
3 l; S 02
S O

5 0.1 —e—75°C —8—95°C 110 °C

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Heating time (min) Heating time (min)
100 (e) 10 ()

80 n8goeed—8 0§ 8

x
[}
/ 2

60 s 6
(@]
=

40 S 4
S

20 —8—75°C —8—95°C 110°C @ 2

—e—75°C —e—95°C 110°C

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Heating time (min) Heating time (min)

Figure 5. Profile of physical quality changes in chicken meat after heating for parameters (a) cooking loss, (b) water-holding
capacity, (c) shear force, (d) cohesiveness, (¢) L*, and (f) browning index

Heating raw meat is a common practice in food processing; however, this treatment frequently leads to a reduction

in quality. Such quality alterations, including physical properties like cooking loss, water-holding capacity, texture,
and color, are primarily influenced by protein, as the main constituent, along with other substances such as water.
Heating induces protein denaturation, a key mechanism underlying these quality changes. Protein denaturation causes
non-uniform shrinking of muscle cells in all directions, leading to muscle fibers becoming shorter, thicker, and more
densely packed. This shrinkage drives water movement from the intramyofibrillar space to the myofibrillar gaps and
ultimately to the meat surface, initiating the phenomenon of cooking loss (CL) (Mehmood et al., 2019). CL is defined
as the loss of fluid from meat due to heating, comprising water, myofibrillar and sarcoplasmic proteins, collagen,

116



Audrey et al.: Kinetics of Thermal-Induced Physical Quality Alterations in Chicken ....

lipids, salts, polyphosphates, aroma compounds, and other soluble components. This loss can escalate with increasing
temperature and heating time, potentially resulting in a leaching effect of highly soluble components (Gerber et al.,
2009). The observed increase in CL values, presented in Figure 5(a), aligns with the findings of Qi ez al. (2018). This
denaturation process also leads to a loss of biological specificity in proteins, directly contributing to a decrease in WHC
(water-holding capacity) (Mehmood ef a/., 2019). WHC indicates the amount of water bound by the meat structure, with
50% of water bound by myofibrillar proteins, 3% by sarcoplasmic proteins, and 47% by non-protein components
(Kudryashov & Kudryashova, 2023). The observed increase in water release after heating signifies a reduction in
WHC, as depicted in Figure 5(b), consistent with the research by Katemala et al. (2023).

Sembor & Tinangon (2022) state that CL and WHC correlate with juiciness, a complex attribute. Juiciness correlates
negatively with CL but positively with WHC. Juiciness can be interpreted as the meat's succulence, representing the
amount of fluid released upon mastication, a combination of water extracted from the meat and salivary secretions
(Park et al., 2020). In the meat industry, retaining water within the meat is crucial for enhancing product yield and
ensuring optimal juiciness, given that uncontrolled meat heating can lead to dryness due to protein denaturation.

Protein denaturation due to heating influences CL and WHC, which subsequently correlate with meat texture. High
CL and low WHC tend to result in high objective hardness (Mehmood et al., 2019; Park et al., 2020). Instruments
capable of objectively simulating mastication include the Texture Analyzer, employing a Warner-Bratzler blade probe
to obtain shear force values and a 35 mm cylindrical probe to measure cohesiveness (Park et al., 2020). The observed
increase in shear force after heating (Figure 5(c)) parallels the findings of Wattanachant et al. (2005). It is explained
that heating causes protein denaturation, which promotes a denser meat structure and more tightly packed fibers,
leading to increased meat hardness. The impact of protein denaturation also creates inter-myofibrillar spaces due to
uneven compaction, hindering the meat structure's ability to maintain its integrity. This directly affects cohesiveness,
defined as the degree of product deformation before cracking, crumbling, or breaking. The observed trend of decreasing
cohesiveness values after heating, as shown in Figure 5(d), aligns with the results of Yang et al. (2022). Practically,
when meat shear force increases but cohesiveness decreases, the meat will feel tougher to cut but brittle or easily
crumbled during chewing or handling, tending to disintegrate rather than retaining its solid structure.

The L* notation in the Chromameter analysis indicates lightness. The L* value contributes most significantly to the
absolute color change in a product. Heating leads to an increase in L* values, as depicted in Figure 5(e). This
phenomenon of increased lightness is attributed to enhanced light reflection, associated with structural changes
undergone by the meat due to heating, such as protein denaturation, decreased water-holding capacity, and
sarcolemma damage. These alterations create gaps between meat fibers, which then reflect more light, consistent with
the findings of Moya ef al. (2021). Specifically, the color parameter that determines the acceptance of thermally
processed meat products is the browning index (Chumngoen et al., 2018). The increase in the browning index after
heating is triggered by lipid oxidation. Lipid oxidation produces compounds, such as aldehydes from the degradation
of unsaturated fatty acids. These compounds can interact with proteins or meat pigments, forming dark-colored
pigment complexes that lead to an increase in the browning index of meat after heating (Tan et a/., 2025). The research
data show an increase in the browning index (Figure 5(f)) is consistent with the study by Wattanachant ez a/. (2005).

3.3. Kinetic Parameters of Physical Quality Changes in Chicken Meat

The accuracy of kinetic parameter values is highly dependent on the congruence between the applied kinetic model
and the available experimental data (Ling ef al., 2015). In this study, experimental data exhibiting significant changes
were utilized, consistent with the fundamental principles of kinetic modeling outlined by Toledo (2007).

During the heating process, food quality changes commonly follow either zero-order or first-order kinetic
equations. The selection of the appropriate order is determined by comparing R? values (coefficient of determination),
with a higher R? indicating superior predictive capability of the model (Zhang ef al., 2024). It is important to note that,
in the kinetics of physical food quality, R? values are often not exceptionally high, as also observed by Kong et al.
(2007) and Zhang et al. (2024). To facilitate comparative discussion regarding kinetic modeling, a first-order approach
was employed in this study, with the data visualized in Figure 6. The results of this modeling were subsequently
analyzed using the Arrhenius equation, summarized in Table 2.
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Figure 6. First-order kinetic equations for (a) cooking loss, (b) water-holding capacity, (c) shear force, (d) cohesiveness, (e) L*, and

(f) browning index

The Arrhenius equation yields kinetic parameters in the form of the reaction rate constant (k) and activation energy
(Ea) required for a particular change to occur (Hindra & Baik, 2006). The values of k and Ea for each physical quality
parameter are presented in Table 2.c Based on Equation 7, a diagram illustrating the relationship between In k and 7"/
was generated, as shown in Figure 7. Subsequently, Ea values can be derived from the slope of the linear regression. The
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Table 2. Arrhenius kinetic constants for first-order physical quality parameters of chicken meat during heating

Physical quality parameter Temperature (°C) k (menit?) R2 Ea (kJ/mol) R2
75 0.0072 0.4182
Cooking loss 95 0.0165 0.4366 57.89 0.9706
110 0.0464 0.7772
75 0.0023 0.3860
Water-holding capacity 95 0.0036 0.4392 41.10 0.9135
110 0.0088 0.7740
75 0.0075 0.8658
Shear force 95 0.0048 0.6397 26.69 0.3425
110 0.0198 0.9260
75 0.0002 0.2939
Cohesiveness 95 0.0001 0.1091 33.98 0.2996
110 0.0007 0.2171
75 0.0008 0.4283
L* 95 0.0016 0.4091 51.34 0.9592
110 0.0042 0.7177
75 0.0013 0.4788
Browning index 95 0.0008 0.3164 33.82 0.3742
110 0.0044 0.4561
0.0p25 0.0026 0.0027 0.0028 0.0029 0.003
-2
—&@— Cooking loss
« -4 .\‘\‘ —{&— Water-holding capacity
c 6 —o— Shear force
- —@— Cohesiveness
-8 ‘\/. —r—*
—&— Browning index
-10

T (K1)

Figure 7. Arrhenius plots (Ea) for physical quality parameters of chicken meat during thermal processing

resulting Ea values were 57.89 kJ/mol for cooking loss; 41.10 kJ/mol for water-holding capacity; 26.69 kJ/mol for
shear force; 33.98 kJ/mol for cohesiveness; 51.34 kJ/mol for L*; and 33.82 kJ/mol for the browning index. Kinetic
parameters are inherently specific; thus, the data obtained from this study differ from previous research findings, such
as the Ea value for cooking loss, which is higher than that reported by Kong et al. (2007). Conversely, the Ea values
for shear force and L* are lower compared to the findings of Kong ez al. (2007) and Zhang et al. (2024). These
discrepancies are attributable to experimental factors, including variations in the samples used, heating methods, and
analytical techniques. Figure 7 illustrates the physical quality changes across various temperatures, indicating a
decline. This suggests that higher heating temperatures (smaller T/ values) lead to a faster rate of quality change
(higher In k values) (Zhang et al., 2024). Based on the physical quality change profiles during heating, it was also
observed that the rate of change for cooking loss, shear force, L*, and browning index generally exhibited an
increasing trend, while water-holding capacity and cohesiveness tended to decrease due to heating.

In addition to &k and Ea values, D values (the time required for a one-log reduction in quality at a specific
temperature) and Z values (the temperature change required to alter the D value by one log cycle) can also be utilized
(Zhang et al., 2024). The D and Z values for physical quality changes can subsequently be mapped alongside the
kinetic parameters of target microbial inactivation during heating. Clostridium botulinum spores are a primary
inactivation target in thermal processes, as other thermophilic spores can be controlled by ensuring product storage
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below 30 °C. This target microbe possesses a D111 o«c value of 0.22 minutes (requiring 0.22 minutes to reduce 90% or
1 log of the population) and a Z value of 10 °C. Utilizing Equation 9, the kinetic parameters for C. botulinum and the
physical quality changes of chicken meat during heating are presented in Table 3, with the results of their mapping
illustrated in Figure 8.

Table 3. D and Z kinetic parameters of Clostridium botulinum and chicken meat physical quality

D (min)

T (°C) Clostrf'dium Cooking Water-h(?lding Shear Cohesiveness L* Br'owning

botulinum loss capacity force index
75 8962.37 322.58 1000.00 303.03 10000.00 3333.33 1666.67
95 89.62 111.85 474.24 185.13 5675.45 1210.26 928.64
110 2.83 50.54 271.02 127.93 3711.08 566.08 598.89
121.1 0.22 28.08 179.13 97.32 2710.00 322.61 432.89
Z(°C) 10.00 43.48 61.73 93.46 81.30 45.45 78.74

10000 —@— Clostridium botulinum
—&— Cooking loss
1000 —o— Water-holding capacity

—#&— Shear force
—&— Cohesiveness

Ao 100 —— >

2 —6— Browning index

- 10

1 t t t t t t i
(f 70 80 90 100 110 \2& 130
0.1

T (°C)

Figure 8. Mapping of Z kinetic parameters for Clostridium botulinum and Z values for physical quality changes in chicken meat

Table 3 indicates that the Z values for all physical quality parameters are greater than the Z value for C. botulinum
microbes. Although specific values may vary between studies, the relatively large Z values obtained for the physical
quality parameters of meat in this research are consistent with the findings of Zhang ez al. (2024). The small Z value
for C. botulinum microbes suggests that the microbial D value is more sensitive to temperature changes compared to
the physical quality changes of chicken meat. The visualization in Figure 8 further reinforces that higher applied
heating temperatures lead to smaller D values for both physical quality and target microbes. Nevertheless, the D
values for physical quality consistently remain larger than those for target microbes at every temperature. Therefore,
high-temperature heating is recommended as it creates conditions for a shorter processing time to inactivate microbes.
This shorter duration, even at high temperatures, effectively minimizes changes in physical quality. This acceleration
of microbial inactivation at higher temperatures, coupled with its minimal impact on quality changes, aligns with
existing literature (Awuah et al., 2007; Diao et al., 2014; Purnomo et al., 2015). For instance, at 100 °C, a 1-log
microbial inactivation requires approximately 20 min, with the 6™ physical quality change occurring in less than 1-log.
Conversely, at 80 °C, 1-log microbial inactivation requires approximately 2,000 min, with physical quality changes
potentially exceeding 1-log.

4. CONCLUSION

Heating chicken meat at 75 and 95 °C in a water bath and at 110 °C in a pressure cooker resulted in uniform heat
distribution. Heat penetration across all observation points was consistent for each temperature, as indicated by lag
times of 18.25+2.25, 16.13+4.58, and 19.25+4.77 min at 75, 95, and 110 °C, respectively. Thermal treatment
significantly affected the physical quality of chicken meat. Cooking loss, shear force, L*, and browning index
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increased with heating, whereas water-holding capacity and cohesiveness decreased. First-order kinetic modeling
using the Arrhenius equation revealed that higher temperatures accelerated the rate of physical quality changes.
Kinetic parameters, including D and Z values, were successfully determined for these quality changes. Comparison
with Clostridium botulinum spore inactivation (Di21.1°c =0.22 min, Z= 10 °C) indicated that high-temperature, short-
time treatments have the potential to minimize adverse physical quality changes while effectively inactivating target
microorganisms.
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