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Abstract
temperature long-term cooking ( LTLT) , high-temperature vacuum cooking, high-temperature cooking and high-temperature steaming on some indexes of pork prod-

[ Objectives | This study was conducted to explore the effects of heat treatment on processing characteristics of pork. [ Methods] The effects of low-

ucts were studied, and principal component analysis was carried out. [ Results] LTLT had significant effects on the total sensory score, moisture content, cooking
loss rate, a” value, shear force, and TBARS of pork, and the corresponding optimal product indicators were 71.40 points, 72.36% , 14.20% , 4.79, 7 089.87 g,
and 0.05 mg/kg, respectively. The microstructure changes in the LTLT group were relatively small, as the muscle fiber structure was relatively dense and uniform,
and the gaps between muscle fibers were small. A total of 30 volatile flavor compounds were detected in the four groups, mainly alcohols, alkenes, alkanes, lipids,
ketones, and aldehydes, and the LTLT group had more types and high contents. PCA analysis showed that the sensory evaluation, moisture content, elasticity, a”
value and LTLT were positively correlated with principal component 1. [ Conclusions] Various indexes comprehensively showed that the LTLT group had better
meat color, flavor, texture characteristics and lower oxidation degree than traditional cooking and steaming methods, which provides a theoretical reference for its

large-scale application in the processing of prepared meat products.
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Prepared meat products are non-ready-to-eat meat products
that are mainly made from poultry and livestock meat through cut-
ting and grinding with seasonings, vegetables and other auxiliary
materials and subsequent processing such as tenderizing and heat-
ing, and then transported, stored and sold through refrigeration
and freezing. Most of them require secondary heating before con-

[1]

sumption The heat treatment processes such as cooking and

steaming have a significant impact on the color, flavor, and tex-

ture of the products'”’

. Traditional cooking will increase cooking
loss and water loss, affecting the quality of products such as color
and tenderness"’ . Different from traditional methods, low-temper-
ature cooking under vacuum conditions generates overpressure
through saturated steam, and meat products will not directly con-
tact with the heating medium, which helps to preserve cell struc-
ture, minimize protein-protein interaction and gelation and in-
crease water-holding capacity*'. Low-temperature vacuum long-
time cooking (LTLT) has been used in high-end restaurants, cen-

tral kitchens, and convenience food industries™ .

Its application
in meat products is concentrated below 70 °C'®" | which can pre-
vent the loss of water, nutrients, and volatile substances, and vac-
uum can suppress oxidation caused by cooking'”’. In recent years,
it has been widely used in meat processing to improve the tender-
ness of meat by affecting protein denaturation and microstruc-

[9]

ture'”’ , while simultaneously affecting the cooking loss rate, water
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holding capacity and color of meat significantly'"".

There are various types of prepared meat products based on
pork, and in recent years, the demand has surged. Through mod-
ern industrialization of prepared pork products, maintaining their
safety and authenticity is an urgent problem to be solved while pro-

[11]

viding product diversification LTLT process optimization has

been conducted to study the mechanisms of changes in pork color,

(12-13] However, although LTLT has

been applied to product processing as a preparing process, there is

texture and protein structure

relatively little comparative research on the processing characteris-
tics of pork with traditional high-temperature cooking and steam-
ing. Therefore, the LTLT process optimized by response surface
methodology was compared with high-temperature vacuum cook-
ing, high-temperature cooking, and high-temperature steaming
through analysis on the sensory evaluation, pH, moisture content,
cooking loss rate, TBARS, chromatic value, microstructure, tex-
ture, shear force and volatile flavor substances of the products,
and principal component analysis was conducted to explore the
effects of LTLT on the processing characteristics of pork, providing
a theoretical reference for the application of LTLT in the heat

treatment of pork.

Materials and Methods
Materials and Reagents

Pork ham: provided by Suining Gaojin Food Co. , Ltd. ; dry
chili, dried Sichuan pepper, cooking wine, green onions and gin-
ger: all purchased in Shiling Haolegou Group Supermarket in
Chengdu.

Trichloroacetic acid ( analytically pure): Chengdu Jinshan
Chemical Reagent Co. , Ltd; ethylenediaminetetraacetic acid diso-
dium salt (analytically pure) : Fuchen (Tianjin) Chemical Rea-
gent Co. , Lid. ; 2-thiobarbituric acid (analytically pure) ; Shang-

hai Yuanye Bio-Technology Co Ltd.; ethanol, ( analytically
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pure) : Chengdu Kelong Chemical Co., TLid.; 2,4, 6-trimeth-
ylpyridine (analytically pure) : Sigma-Aldrich, USA.
Instruments and equipment

5977A-7890B gas chromatography-mass spectrometer, Agi-
lent Corporation, USA; TA-XT plus texture analyzer, Stable Mi-
cro Systems, UK; CR-400 color difference meter, Konica Minolta
(China) Investment Co., Ltd; HHS-11-4 electric constant-tem-
perature water bath, Medical Equipment Factory of Shanghai Box-
un Industrial Co. , Ltd. ; SHA-B constant temperature oscillator,
Jintan Jinnan Instrument Manufacturing Co. , Ltd. , Jiangsu Prov-
ince; T6 new century UV spectrophotometer, Beijing PERSEE
General Instrument Co. , Ltd. ; GY-ZB-6202 vacuum packaging
machine, Jiangxi Ganyun Food Machinery Co. , Ltd.
Experimental steps
Treatment of raw materials  Fresh pork ham was selected as
the raw material, which was cut into pieces of 6 cm x6 cm, ap-
proximately 300 g. For each piece, cooking wine 2. 67% , dry
chili 0.17% , dried Sichuan pepper 1.67% , ginger 3.33% and
scallions 3.33% were added to marinate for 30 min for later use.
Heat treatment Group A was the low-temperature vacuum long-
term cooking (LTLT) group. The processed meat cubes were put
into high-temperature steaming bags, and the vacuum degree of
the vacuum packaging machine used was adjusted to 0. 09 MPa for

Table 1 Sensory evaluation standard table of pork

vacuum packaging. Next, the temperature of the constant-temper-
ature water bath was adjusted to 67 °C, and the packaged meat
pieces were added when the water temperature reached 67 C. The
water level was 1 cm higher than the meat, and timing was started
to heat for 4 h.

Group B was the high-temperature vacuum cooking group. The
processed meat pieces were added into high-temperature steaming
bags, and a vacuum packaging machine was used for vacuum packa-
ging. Next, the bags were added into a cooling pot, and the water
level was 1 cm higher than the meat. Timing was started when the
water was boiled, and heating was lasted for 30 min.

Group C was the high-temperature cooking group. The pro-
cessed meat pieces were added into a boiling pot with a water level
1 c¢m above the meat pieces. After the water was boiled, timing
was started to heat for 30 min.

Group D was the high-temperature steaming group. The pro-
cessed meat pieces were evenly placed on a steamer, and after the
lower layer of water was boiled, timing was started to heat for
30 min.

Indicator determination
Sensory evaluation The sensory evaluation standards of heat
treatment on pork are shown in Table 1.

Indicator Scoring criteria Score
Color Uniformly colored, with a natural or light pink color, good luster, attractive 20 -25
Relatively uniformly colored, with a darker color, poor luster, relatively attractive 10 -20
Uneven color, dull, no luster 0-10
Smell A smell of steamed pork, no other odors 20 -25
A smell of steamed pork, no obvious odor 10 -20
No smell of steamed pork, a slight odor 0-10
Tissue state Obvious surface fiber pattern, with good elasticity and tight structure 20 -25
Relatively obvious surface fiber pattern, with relatively good elasticity and relatively tight structure 10 -20
No obvious surface fiber pattern, with poor elasticity and loose structure 0-10
Overall acceptability High acceptability 20 -25
Moderate acceptability 10 -20
Low acceptability 0-10

Determination of pH A plug-in pH meter was used to directly
measure the pH value in the middle of the sample meat. Each
sample was measured in parallel for 3 times.

Determination of moisture content The moisture content was
safety
GB 5009.3-2016. The samples in each group were measured in

determined according to the national food standard
parallel for 3 times.
Determination of cooking loss rate The cooking loss rate was
determined referring to Hu et al. '™’ with some modifications. The
surface moisture of the meat was dried before cooking, and each
meat sample was accurately weighed. After cooking, the meat was
naturally cooled, and the surface moisture of each meat sample was
dried to accurately weigh it. The yield of each meat sample was
calculated according to formula (1) ;

Cooking loss rate (% ) = (M, -M,)/M, x 100 (1)
Wherein M, is the mass (g) of the meat sample before cooking,

and M, is the mass (g) of the meat sample after cooking.
Determination of TBARS According to the national food safety
standard GB 5009. 181-2016, the samples in each group were de-
termined in parallel for 3 times.

Determination of chroma The brightness value L*, red value
a” and chartreuse value b” of lean meat in meat samples were de-
termined by a color difference meter. Each meat sample was meas-
ured in parallel for 3 times, and the results were averaged.
Observation of microstructure
sue was washed twice with ultrapure water for 5 min each time,
and dehydrated with a series of gradient ethanol at 30% , 50% ,
70% , 80% , 90% , 95% , and 100% for 10 min per gradient.

The sample was gently stuck onto conductive adhesive, and jet-

After tissue sampling, the tis-

plated by ion sputtering. Finally, it was observed under a micro-
scope at a suitable position with an appropriate magnification.

Determination of texture Referring to the method of Yang
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et al. "' with slight modifications, a texture analyzer was used for
determination. A processed lean meat portion was made into meat
samples of 1 em x1 ¢em x 1 em, which were placed vertically along
the muscle texture, so that the direction of the muscle fibers was
parallel to the downward pressing direction of the probe. The
measurement conditions were as follows; a flat-bottomed cylindri-
cal probe (probe model P/36R) with a speed of 2. 00 mm/s before
testing, a speed of 2.00 mm/s during testing and a speed of 5. 00
mm/s after testing, deformation of 70% , a triggering force of 5 g,
a return rate of 500 pps, and a testing environment of room temper-
ature. Each group of samples was tested 3 times in parallel.
Determination of shear force The determination referred to the
method of sun et al. "' with some modifications. The processed
lean meat portion of each meat sample was made into samples of 1
em X 1 em X3 em, which were then measured using a texture ana-
lyzer. The measurement conditions were as follows: a probe
(probe model HDP/PS) with a speed of 2. 00 mm/s before tes-
ting, a speed of 2. 00 mm/s during testing and a speed of 10. 00
mm/s after testing, a displacement of 10. 00 mm, a triggering
force of 5 g, a return rate of 500 pps, and a testing environment of
room temperature. Each group of samples was tested 3 times in
parallel.

Determination of volatile flavor compounds
referred to the method of Meng et al. " with slight modifications.
Data processing

The determination

SPSS 22.0 software was used for data processing and signifi-
cance analysis, with P <0. 05 standing for a significant difference.

Tables and images were created using Origin 2021.

Results and Analysis
Effects of heat treatment on sensory evaluation and chroma
As shown in Fig. 1, Table 2 and Table 3, the color, smell,

~ 9

Fig. 1 Effects of heat treatment on pork

Table 2 Effects on heat treatment on sensory evaluation of pork

tissue status, overall acceptability and total sensory score of group
A were significantly highest under the four groups of conditions
(P<0.05), with values of 18.27,17. 63, 17.70, 17. 80, and
71.40, respectively. The L" value of group A was significantly
lower than those of groups B and D (P <0.05), and the a* value
was significantly higher than other groups (P <0.05), while the
b" value had no significant differences between the four groups
(P >0.05). The nutrients present in meat can affect its aromatic
properties, and without sensory analysis, it is difficult to evaluate
the impact of detected volatile compounds on meat palatability. A
study involving limited flavor descriptors (meat flavor, bloody fla-
vor, metallic flavor, and acidic flavor) showed that even though
LTLT treatment (53 and 58 °C, 6 —30 h) enhanced the meat fla-
vor sensation of pork and beef, the impact on tenderness and juici-
ness was more important for the overall acceptability of such
meats'’

Studies have shown that LTLT can improve tenderness and
juiciness and thus meat palatability, and juiciness and moisture
content reflect consumers’ perception of meat tenderness, and juicy
and moist samples are often rated as more tender™ . Color directly
affects consumers’ appetite and is also an important indicator for
evaluating meat grade . Low temperature causes browning or low
degree of caramelization on the surface of meat, resulting in a rela-
tively pink color kept in meat, which lead to the highest a”* value.
However, consumers have a lower acceptability of pink meat,
mainly because pink meat usually indicates blood or undercooked
meat. In traditional cooking, the occurrence of the Maillard
reaction results in a deeper yellow color of meat, but if the yellow
color is too deep, the tenderness of meat will decrease. Therefore,
there is a paradoxical relationship between the pink color of meat
cooked under low temperature and vacuum for a long time and its

tenderness'?’ .

Group Color Smell Tissue status Overall acceptability Total points

A 18.27 +0.35* 17.63 £0.49* 17.70 +0.44* 17.80 +0.26° 71.40 £1.28°
B 15.53 0. 40° 15.43 +£0.35¢ 15.73 £0.15" 15.67 £0.25° 62.37 £0.47°
C 16.00 +0. 20" 15.87 £0.15" 16.23 +0.31" 16.13 +0.21" 64.23 £0.64"
D 16.23 £0.25" 16.33 £0.15" 16.07 £0.29" 16.03 £0.21% 64.67 £0.81"

Different lowercase letters in the same column indicate significant differences, P <0.05. The same below.
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Table 3 Effects on heat treatment on chroma value of pork

Group L* a” b*

A 70.27 +1.02" 4.79 +0.74° 9.43 +0. 10"
B 74.75 +0.77° 4.39 +0.50" 9.93 +0.32°
C 73.89 +3.61% 2.07 +0.35¢ 8.42 £0.13"
D 77.23 +1.33° 2.10 +£0.35° 9.13 +0.27

Effects of heat treatment on pH value, moisture content,
cooking loss rate and TBARS

As shown in Table 4, LTLT showed significant differences in
moisture content, cooking loss rate, and TBARS of pork compared
with other three groups (P <0.05), while the pH value only
showed a significant difference compared with the steaming group
(P <0.05). The water content in the LTLT group was significant-
ly highest at 72.36% , and the cooking loss rate and TBARS value
were significantly lowest (P <0.05), at 14.20% and 0.05 mg/kg,
respectively. The pH value is related to the solubility of muscle
protein, and appropriate pH is conducive to the formation of elastic
gel and high water holding capacity[m . The water content in meat
products is an important quality indicator that affects the nutritional

(2] Low-tempera-

hygiene of meat during processing and storage
ture conditions adopted by LTLT can inhibit water loss'>’ | making
the products have a high moisture content.

The cooking loss rate is related to the juiciness and yield of fi-
nal products. Reducing cooking loss is beneficial for large-scale
processing, and it is an advantage of LTLT compared with other
cooking methods that use higher temperatures. Research has shown
that LTLT can lead to high cooking loss and low water content in
the longissimus dorsi and masseter muscles of pigs'”’, which con-
tradicts the conclusion of high moisture content and low cooking
loss in this study. High temperatures cause an increase in juice
loss, including the reduction of water, and the dissolution of nutri-
ents such as fat and small molecule proteins. After being heated,
the protein denatures to form gel, which improves the water hold-
ing capacity, while a too-high temperature leads to a decrease in
the water holding capacity ™. These factors lead to a decrease in
the quality of meat and affect the cooking loss rate. The low end-
point temperature of LTLT, the uniform heating and the slow aver-
age heat penetration rate provided by a constant temperature water
bath, as well as vacuum packaging, can all reduce the cooking
TBARS reflects the degree of lipid oxidation'™' |

[26]

loss rate'®.
which is positively correlated with the temperature However,
LTLT adopted a low temperature for heating, and the degree of oxi-
dation is also the lowest, which is beneficial for maintaining prod-
uct quality.
Effects of heat treatment on texture and microstructure

From Table 5, it can be seen that the elasticity and shear
force of the LTLT group were significantly highest and lowest (P <
0.05), with values of 0. 62 and 7 089. 87 g, respectively, while
there were no significant differences (P >0.05) in chewiness and
resilience between the four groups. The structure of muscle tissue

is an important internal factor that affects meat quality, and

connective tissue, muscle fiber diameter, density, area ratio and
sarcomere length all affect muscle quality’”’. Usually, the finer
the muscle fibers, the tender the meat quality. In Fig. 4, the four
groups of pork showed stretched and expanded muscle fibers, lar-
ger gaps, broken endomysium, and liquefied connective tissue and
soluble collagen, and the muscle fibers contracted and were sepa-
rated from the endomysium and perimysium. The pork of group A
had the thinnest muscle fibers, a denser and more uniform struc-
ture, and the largest gap between muscle fibers. Groups B, C and
D showed varying degrees of muscle fiber swelling, and group C
among them exhibited a muscle fiber structure most severely dam-
aged, with the most dissolved substances, which was consistent
with the highest cooking loss rate in group C (Table 3). The heat-
ing temperatures of the four groups of pork were all above 60 °C,
and in the later stage, the main longitudinal contraction of muscle
structure occurred ™’ . The higher the temperature, the more in-

tense the contraction, and the higher the cooking loss rate.

Table 4 Effects on pH value, moisture content and cooking loss rate of

pork
Group oH Moisture Cooking loss TBARS
content // % rate // % mg/kg
A 6.32+0.08"  72.36 £1.30° 14.20+0.77" 0.05+0.01"
B 6.41 £0.13*  69.06 £1.95> 17.76 +0.17°  0.23 +0.03*
C 6.46 £0.05°  65.53 £0.83°  22.43 £0.60°  0.27 +0.04°
D 6.21 +0.14"  66.79 £2.63" 20.97 £0.34"  0.13 +0.02"

When meat is cooked at low temperatures (i.e. 55-75 C),
its texture is influenced by the balance between " toughening"
caused by myofibrillar protein denaturation (shorter heating time )
and "tenderness" caused by connective tissue protein and collagen
gelatinization (longer heating time ). Elasticity is related to the
changes in water holding capacity and solubility of proteins in mus-
cles caused by thermal denaturation'”’. Shear force is a direct re-
flection of meat tenderness and a major evaluation indicator of meat
texture. When heated, muscle fibers contract, while sarcoplasmic
proteins expand and gather to form gel. These denatured gel and
other particulate substances fill the gaps, resulting in muscle tight-
ness" ™ and increased shear force. Meanwhile, LTLT can increase
the activity of proteolytic enzymes in meat, release free amino
acids, improve tenderness, and lower shear force values"™"
Therefore, the shear force in group A was significantly lower than
that in groups B, C and D, indicating good elasticity. The pork in
group C was directly in contact with water, and showed a high heat
transfer rate, the lowest elasticity, and high shear force, so the
texture was the worst among the four groups. The elasticity, chewi-
ness, recovery and shear force were not significantly different be-
tween groups B and D, indicating that the two heat treatment
processes had the same impact on the texture of pork. Therefore,
under the condition of low-temperature vacuum long-term cooking
in group A, pork had good texture characteristics such as elasticity

and tenderness.
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Table 5 Effects on texture and shear force of pork

Shear force // g
7 089. 87 +356. 83"
8 301.00 +608. 57
9 938.55 + 1 444.74°
10 886. 19 +608. 04°

Group Elasticity Chewiness Resilience

A 0.62 £0.11* 0.47 £0.07* 0.19 +0.03*
B 0.56 £0.07" 0.51 £0.07* 0.20 £0.03"
C 0.25+0.09° 0.44 +0.05* 0.17 £0.02¢
D

0.51 £0.04" 0.47 £0.03* 0.19 £0.02°

Fig. 2 Effects on microstructure (200 x ) of pork

Effect of heat treatment on volatile flavor substances

Table 6 shows the volatile flavor components and their abso-
lute contents in the four groups of pork. A total of 44 volatile flavor
compounds were detected, mainly aldehydes, alcohols, lipids,
olefins, alkanes, ketones, and others. Different heat treatment
processes had a significant impact on the volatile flavor compounds
of pork. As the heating temperature increases, the presence of
most volatile compounds ( especially linear aldehydes) from lipid
oxidation decreases (such as hexanal), and the level of volatile
compounds from amino acid and/or thiamine degradation increases
(such as nonanal )™, which is also the main reason why the
number and content of aldehydes in group A were higher than those
in other three groups. Extending heating time is also crucial for
flavor formation, but the products fail to produce the taste of
cooked meat at high temperatures due to the absence of Maillard
reaction at lower temperatures. Most volatile aromatic compounds
that contribute to the palatability of cooked meat are formed at tem-
peratures above 70 °C. Therefore, in low-temperature cooking,
there will be no pleasant cooking flavor™’ .

The changes in flavor components of different types are

shown in Fig. 3. Aldehydes mainly come from the oxidation

hydrolysis of fats and the Maillard reaction of sugars, with a lower
threshold and a greater contribution to the final flavor of products.
Aldehydes also have a strong flavor effect that overlaps with other

substances™*!

. Hexanal has a grassy aroma, while nonanal has a
light aroma. The LTLT group had a higher content of hexanal,
which played an important role in the formation of its pork fla-
vor™. The proportion of alcohols was the highest, and the alco-
hols in the four groups ranked as D > A >B > C. Alcohols mainly
come from the automatic oxidation of fat, with a high threshold
and a small contribution to the overall flavor, but play an impor-

tant role in the formation of meat flavor'®’.

1-Octene-3-ol is an
important characteristic flavor of cooked pork. It is an oxidation
product of linolenic acid or other polyunsaturated fatty acids and

37
has a mushroom aroma’™”

There was no significant difference
between groups A and C, as well as between groups B and D, but
the former two were significantly higher than the latter two. Esters
are mainly products of the reaction between ethanol in spices and
cooking wine and free fatty acids in meat'™’ | which have certain
contribution to the formation of flavor. Ketones are also products
formed by fat oxidation, with fewer types and lower content than
aldehydes, but they have an enhancing effect on the flavor of
meat. There were three types of ketone substances detected, and
the LTLT group showed a higher content. It is reported that ke-
tone substances often have a faint scent™’ | which plays a regula-
tory role in the formation of pork flavor. Although the content of
volatile flavor compounds such as alkanes is high, their threshold

is high and their contribution to the flavor of meat aroma is

small*!
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Fig.3 Types of volatile components in pork

Principal component analysis

To further analyze the relationship between LTLT and product
characteristic indicators, principal component analysis (PCA) was
conducted on various indicators, including sensory evaluation
(SE), cooking loss rate (CL), moisture content (M), TBARS,
elasticity (E), shear force (H), and color (L™ ). As shown in
Fig.43, a total of 2 principal components were extracted, inclu-
ding principal component 1 (72.40% ) and principal component 2
(14.60% ), with a cumulative contribution rate of 87. 00%. In
specific, sensory evaluation, moisture content, elasticity, a” val-
ue and group A were positively correlated with principal component

1, while shear force, cooking loss rate and L" value were positively
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correlated with principal component 2. The LTLT group was
located in the first quadrant and had a high value, indicating that

Table 6 Results of GC-MS analysis on volatile flavor components of pork

nificantly improve pork quality.

LTLT had a significant impact on the quality of pork and could sig-

Com- Molecular Absolute content
Type Name RT CAS
pounds formula A B C D
Alcohols 1 1-Butanol, 3-methyl- CsHi,0 3,49 123513 1706.49 £280. 11> 4496.62 +416.49°  776.72 £220.63> 3 981.01 +794.25°
3 1-Octen-3-ol CgHi0  10.33 3391-864 358.62 +50.21° 246.56 +2.36¢ 444.38 +18.49° 254.29 +8.31°¢
4 1-Hexanol CeH 0 6,70 111273 1644.95£132.40°  269.93+23.08¢  788.40 £86.96" 592.71 £171.53"
5 Eucalyptol CioH g0 12.06 470826 1714.83 £118.70°  1095.04 +182.37>  94.70 £35.10¢ 978.11 +203. 19"
6 Linalool CioHig0  14.65 78706 131.34 £2.97° 64.99 £12.54" 38.52+0.81° 123.02 £22.86*
2 1-Butanol, 2-methyl- CsHp0 0 3,55 137326 2427.22£10.26 3644.38£8.92
7 Terpinen4-ol CipH g0 17.36  562-74-3 207.42 £7.00° 50.29 £2.34" 89.94 +4.42°
8 . alpha. -Terpineol CipH g0 17.88  98-55-5 99.31+4.10
9 1-Hexanol, 3-methyl- CHO 6,93 13231-81-7 96.16 +1.88
10 ( +-)-5-Methyl-2-hexanol CHigO  7.65 111768093  244.25+7.88
11 endo-Borneol CioHig0  16.95  507-700 95.04 £3.67
12 2,3-Butanediol, [R-(R # ,R*)]- CyH 00, 4,54 24347-58-8 125.64 £2.22
Olefins 1 (1R)-=2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene  C;oH g 8.60 7785-70-8 172.80 +77.61
2 Camphene CioHig 9.07 79925 175.97 £2.42° 52.73 £1.65°¢ 144,23 +3.57°
3 Bicyclo[ 3. 1. 0] hexan-2-ol, 2-methyl-5-(1-meth- C,,H;0 13.42  17699-16-0 175.97 +2.42% 144.23 £3.57" 52.73 £1.65°¢
ylethyl)-, (1. alpha. ,2. alpha. ,5. alpha. )-
4 Bicyclo[3.1.0]hexane , 4-methylene-1-(1-methyl- C, H,q 9.99 3387415 124.40 £5.13
ethyl)-
5 Bicyclo[3. 1. 1] heptane, 6,6-dimethyl-2-methyl- C,H,, ~ 10.05 18172673 51.57 +1.44
ene-, (1S)-
6 Limonene oxide, trans- CioHi60  10.68  4959-35-7 287.94 £2.59
7 . gamma. -Terpinene CioHig  13.08  99-854 120.39 +13.19
8  D-Limonene CioHyg  11.95 5989275 137.86 +0.19
9 3-Carene Ciolye  11.96 13466789 36.53+3.43 29.32+3.82" 62.72£19.98°
Alkanes 1 Tetradecane CiuHyy 2490 629-594 94.98 £1.76
2 Oxirane, (3-methylbutyl)- CH,0  7.33 53229417 47.44 £1.15 65.10 £8.46
3 Pentane, 1-chloro- CsH Cl o 412 543599 102.12 +1.11
4 Oxirane, (1-methylbutyl)- C,H,,0 5.80 53229-39-3 51.94 £1.49
5 Oxirane, (3-methylbutyl)- CH, 0  7.32 53229417 187.11 =11.01* 52.30 £1.56" 31.59 £0.53°¢
6  Oxirane, 2-(1,1-dimethylethyl)-3-methyl- C,H,0 414 53897-30-6 273.58 +4.84" 855.77 £214.27% 278.06 +3.53"
7 Oxirane, 2-butyl-3-methyl-, cis- CHL,0 478 56052-93-8 151.53 +3.60
8  Octane Octane 4.71 111659 35.56 +2.47¢ 111.16 +£0.69* 72.35£1.18"
Lipids 1 1-Butanol, 3-methyl-, acetate CH 0, 6.93 123922 113.31 £26.48° 1082.29 +£30.54* 404.98 +69. 50"
2 Benzene, isothiocyanato- C;HsNS  18.14  103-72-0 128.13+1.55
3 n-Caproic acid vinyl ester CgH40, 10.49  3050-69-9 476.96 +69.96 389.70 £110.76
4 n-Caproic acid vinyl ester CgHi40, 10.49 3050699 345.31 £5.31
5 Propanoic acid, 2-hydroxy-, ethyl ester CsHig05  5.19  97-64-3 482.29 +15.84
6 n-Caproic acid vinyl ester CgH 40, 10.49  3050-69-9 565.82 +2.38
Ketones 1 5-Hepten-2-one, 6-methyl- CgH 40 10.60 110930 449.00 +11.44
2 Acetoin C4HgO, 3,13 513860 5571.91 £488.95>  9773.17 +1 686.26%2 786.06 +844.17° 8 301.64 +1 077.65
3 5-Heplen-2-one, 6-methyl- CgH,0 10.62 110930 52.73 £1.56
Aldehydes 1 Hexanal CeHpO 476 66-25-1 1457.79 £167.76° 206.07 £47.47° 42.85£2.4"
2 Nonanal CoH g0 14.79  124-196 31.43 £10.70
Others 1 Disulfide, dipropyl CeHisS,  14.81  629-19-6 141.13£16.23
2 Furan, 2-pentyl- CoH 1,0 10.71  3777-69-3 64.32£0.94 93.97+1.62
3 2,6,6-Trimethyl-bicyclo[3. 1. 1Thept-3-ylamine ~ CioH;oN  14.79  69460-11-3 80.43+1.77
4 Benzene, 1-methyl-3-(1-methylethyl)- CioHyy  11.83 535773 66.13 £1.64

—" indicates identified or detected.
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Fig. 4 Principal component analysis of related factors of pork

Conclusions

With pork as the object of study, the effects of heat treatment
on the processing characteristics of pork were studied. The results
showed that the sensory evaluation, cooking loss rate, moisture
content, and TBARS value of pork in the LTLT group were signifi-
cantly better than those in other three groups, with values of 71. 40
points, 14.20% , 72.36% , and 0.05 mg/kg, respectively. There
were no significant differences in pH value between the four
groups. For the LTLT group, the a” value was significantly higher
than other three groups, and its microstructure changes were rela-
tively small, as the muscle fiber structure was relatively dense and
uniform, and the gaps between muscle fibers were small. The vola-
tile flavor compounds detected in the four groups were mainly alco-
hols, olefins, alkanes, lipids, ketones, and aldehydes, among
which aldehydes, alcohols and lipids that play an important role in
flavor showed higher contents and types in the LTLT group. PCA
analysis showed that the sensory evaluation, moisture content,
elasticity, a” value and group LTLT were positively correlated with
principal component 1, while shear force, cooking loss rate and
L" value were positively correlated with principal component 2.
Therefore, pork cooked under low temperature and vacuum for a
long time is tender in meat quality and low in the degree of oxida-
tion, and thus has better safety and edible value. The research re-
sults can provide a reference basis for the selection of cooking
methods and deep processing of prepared pork products.

Compared with traditional high-temperature steaming and high-
temperature cooking processes, low-temperature long-term vacuum
cooking has multiple advantages. Its ability to achieve heat balance
with heating media can ensure uniform edible quality, reduce the
risk of overcooking, and better control the maturity of products.
Most importantly, when used in an appropriate combination of time
and temperature, it is possible to obtain tender meat regardless of
the characteristics of the raw meat (species, muscle type, or animal
age). There is evidence suggesting that the tenderization observed
under LTLT cooking is the result of a complex interaction between
heat-induced protein denaturation and connective tissue protein hy-
drolysis (possibly muscle fiber structure), and the changes in pro-
tein structure caused by heat induction are related to the adsorption
mechanism of flavor substances. Therefore, the mechanism by which
LTLT cooking has better meat color, texture and flavor is not fully
understood, and further in-depth research is needed.
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