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Analysis of storage quality of crayfish (Procambarus clarkii) meat based on sous-vide cooking

Qing ZHAO" @, Hailan LI* @, Jun CAI', Tao LIAO?, Liang QIU?, Xiaoyan ZU>*

This study aimed to investigate the effect of different combinations of temperature and time of sous-vide (SV) on the quality
of crayfish (Procambarus clarkii) meat. The changes in quality indexes and volatile components of crayfish meat after SV
treatment were analyzed after refrigeration at 4°C for 1-7 days. The L* values of crayfish meat were higher in the SV group than
in the control group (p<0.05). Heating at 75° effectively suppressed the decrease in hardness and increase in total volatile basic
nitrogen (TVB-N) and total viable count (TVC) of crayfish meat (p<0.05). A heating time of 15 min was optimal for most of
the indicators. TVB-N, thiobarbituric acid, and TVC were positively correlated with each other and negatively correlated with
hardness. Using GC-MS, 59 volatile compounds were identified with a match of >85%. During storage, the highest percentages
of volatile alkanes and aromatic hydrocarbons were 44.57 and 14.81%, respectively, with 33 species of aromatic hydrocarbons
being identified. In conclusion, SV treatment with a heating temperature of 75° and heating time of 15 min improved the
texture and flavor quality of crayfish meat during storage.

Keywords: sous-vide; crayfish; storage; meat qualities; volatiles.

Practical Applications: Sous-vide (SV) technology is effective in reducing the rate of water loss and inhibiting lipid oxidation
during cooking. SV treatment at 75° for 15 min can improve the texture and flavor quality of crayfish meat during storage.

1 INTRODUCTION

Sous-vide (SV) involves cooking of vacuum-packed food
at low temperatures under temperature- and time-controlled
conditions (Thathsarani etal., 2022). SV has been reported to be
effective in reducing the rate of loss of water and vitamins during
cooking under vacuum bag sealing and prolonged steaming at
low temperature (Schellekens, 1996). It has been widely used in
restaurants and food industry production processes (Kathuria
etal,, 2022). Compared to conventional processing, SV process-
ing allows precise temperature control during processing and
reduces the loss of nutrients and moisture from the food (Li
etal., 2022). At the same time, vacuum packaging isolates oxygen
and bacteria from the external environment, which facilitates the
standardization of industrial production, ensures food hygiene,
and extends the shelf life of food products (Karki et al., 2022).

Kato et al. (2017) showed that SV-treated soy sauce and
basil sauce fillets refrigerated at 1+1° resulted in a shelf life of
up to 42 and 49 days, respectively, and the flavor was well per-
ceived by tasters. Olatunde and Benjakul (2021) showed that
the thiobarbituric acid (TBA) value and peroxide value (PV)
of SV-treated crab meat did not change significantly during
refrigeration at 4°C, resulting in a shelf life of >60 days. Kurt
Kaya et al. (2022) compared the indices of marinated crayfish
(Astacus leptodactylus) stored at 4+1° for 120 days and report-
ed that the SV group had the lowest TVB-N, TBA, and PV
values for crayfish meat (vs. brine, vacuum-packed treatment).
Ozturan and Unal Sengér (2022) showed that the SV group

had the lowest cooking loss (1.25 g) and the highest yield ratio
(97.29%) of crayfish compared to the microwave (MC) and
boil-cooked groups. Xiao et al. (2021) investigated the effects of
cooking methods such as SV, steaming (ST), and boiling (BO)
on squid and showed that the SV group had the lowest water
loss. Additionally, the cooking loss was lower in the SV group
than in the ST and BO groups by 38.2 and 25.9%, respectively,
which was more favorable for squid tenderness, and the quality
of the SV-treated squid was the best. In all the above studies,
SV treatment of the aquatic products showed superior results in
terms of maintaining the flavor, product quality, and prolonging
the shelf life of the food compared to the traditional treatment.

Crayfish, Procambarus clarkii (Ye et al., 2022), are rich in
protein, delicate, and tasty (Abd-Allah & Abdallah, 2006; Cre-
mades, 2003). Currently, only a few studies have reported on the
optimal process of SV treatment of crayfish and on the changes
in quality and flavor components during storage. This study
aimed to investigate the changes in the storage quality of crayfish
during 1-7 days of refrigeration at different SV temperatures and
times using cooking loss rate (CLR), hardness value, lightness
(L*), TBA, total volatile basic nitrogen (TVB-N), and total viable
count (TVC) as evaluation indicators. Principal component
analysis (PCA) was used to determine the optimal process for
SV of crayfish at different temperature-time combinations. And
the volatile components of crayfish meat during refrigeration
were investigated. The findings of this study could provide data
support for the optimization of the crayfish production process
and the improvement of quality and flavor during storage.
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Analysis of storage quality of crayfish (Procambarus clarkii) meat based on sous-vide cooking

2 MATERIALS AND METHODS

2.1 Materials and reagents

Fresh crayfish (n=150) were provided by Qianjiang Changgui
Aquatic Product Co., Ltd. (Hubei Province, China), each weighing
4015 gand measuring 12.5+0.5 cm in length. Concentrated sulfuric
acid, glacial acetic acid, absolute ethanol, methyl red, boric acid, so-
dium chloride, and magnesium oxide were provided by Sinopharm
Chemical Reagent Co., Ltd. Bromide cresol green was supported
by Shanghai Yuanye Bio-Technology Co., Ltd. Plate count agar was
provided by Qingdao Hi-tech Industrial Park Hope Bio-technology
Co., Ltd. Alonondialdehyde (MDA) kit was provided by Nan-
Jing JianCheng Bioengineering Institute. Vacuum packaging bags
(food-grade PA + PE + CPP, temperature resistance: -20-130°C,
size 20x30 cm, monolayer, thickness 0.1 mm) were provided by
Wenzhou Hongyi Packaging Co., Ltd. (Zhejiang, China).

2.2 Experimental methods

2.2.1 Single-factor experiments and sample processing

The cooking time was fixed at 10 min, the cooking tempera-
ture was set at different temperatures (55, 65, 75, and 85°C), the
cooking time was set at different lengths (10, 15, 20, and 25 min),
and the quality of crayfish was investigated after SV treatment at
4°Cfor 1, 3, 5, and 7 days. The CLR and other indicators of the
SV group were compared with those of a control group, which
included crayfish samples without any heating treatment. Three
replicates were used for each group. The fresh crayfish were
washed and de-headed, wiped dry, put into vacuum packing
bags, and sealed by a vacuum packing machine (Digital Vacuum
Packing Machine, Xiamen Jieding Machinery Co., Ltd., Xiamen,
Fujian, China). The samples were placed in a thermostatic water
bath (Changzhou Zhiborui Instruments Co., Ltd., Changzhou,
Jiangsu, China) for SV treatment and then immediately cooled
to below 5°C in ice water and stored at 4°C for 1, 3, 5, and 7
days for the determination of relevant indicators.

2.2.2 Determination of CLR

The total mass of the vacuum bag and the sample was re-
corded as m, (g), and then the vacuum bag was cut open, and
the juice inside the bag and on the surface of the sample was
immediately blotted out with filter paper. The bag and the sample
were weighed together as m, (g), and the bag alone was weighed
as m, (g). The process was repeated thrice, and the average value
was considered for analysis (Equation 1).

mpy—m;
—— X 100% (1)

my —ms

CLR(%) =

2.2.3 Determination of hardness

Taking the second to third abdominal segments of crayfish
tail meat, samples were placed on a textural loading platform, and
the textural properties of the crayfish meat were determined using

aP/36R probe (TA-XTplus Texture Analyser, Stable Micro System,
UK). The following parameters were used in the texture profile
analysis mode: pre-test rate 2 mm/s, test rate 3 mm/s, return rate
3 mm/s, compression distance 5 mm, and trigger force 5 g. All
tests were performed in triplicate, and the results were averaged.

2.2.4 Measurement of L*

A colorimeter (SC-80C, Beijing Kangguang Instruments
Co., Ltd., Beijing, China) was used to determine the L* values of
crayfish tail meat at the second and third abdominal segments.
The L* values of each sample were measured in triplicate, and
the measurement was repeated six times.

2.2.5 Determination of TBA

Crayfish meat (5 g) was precisely weighed in a 50-mL centrifuge
tube, homogenized with 20 mL of water and 25 mL of 20% TCA for
1 min, allowed to stand for 65 min, and then centrifuged at 4,300xg
for 10 min (benchtop high-speed refrigerated centrifuge, Shanghai
Anting Scientific Instruments Factory, Shanghai, China). The super-
natants were collected and added to 50 mL of distilled water, 5 mL
of filtrate was added with 5 mL of a 0.02 mol/L TBA solution in a
boiling water bath for 25 min, and then removed and cooled under
running water for 5 min. The sample absorbance (A) was measured
atawavelength of 532 nm using a spectrophotometer (UH5300-UV
Spectrophotometer, Shanghai Tianmei Scientific Instruments Co.,
Ltd., Shanghai, China) after cooling (Equation 2).

TBA(mg/100g) = A X 7.8 )

2.2.6 Determination of TVB-N

The determination of volatile basic nitrogen in food was con-
ducted according to the automatic Kjeldahl method described in
GB 5009.228-2016 “National Food Safety Standard-Determina-
tion of volatile basic nitrogen in food”. First, the reagent blank
was determined using an automatic Kjeldahl analyzer (Shanghai
Anting Scientific Instruments Factory, Shanghai, China), and
the blank value was measured. After the sample was stirred well,
10 g was taken in a distillation tube, and 75 mL of water was
added, shaken well, and allowed to soak for 30 min. Equation
3 was used for the calculation as follows:

(Vl—VZ)XCx14X

TVB — N(mg/100g) = 100 (3)
Where:

V : the volume (mL) of the hydrochloric acid standard titration
solution consumed by the test solution;

V,: the volume (mL) of the hydrochloric acid standard titration
solution consumed by the reagent blank;

c: the concentration (mol/L) of hydrochloric acid standard
titration solution;
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14: the mass (g/mol) of nitrogen for titrating 1.0 mL of hydro-
chloric acid [¢(HCI) = 1,000 mol/L] standard titration solution;

m: the mass (g) of the sample;

100: the conversion factor.

2.2.7 Determination of TVCs

Colony counts were determined according to the method
described in GB 4789.2-2016 “Microbiological examination of
food hygiene-Detection of aerobic bacterial count.” A sample (25
g) was weighed, and 225 mL of dilution solution was added. The
sample plus solution were homogenized and diluted 10 times.
Then, 1 mL of diluent sample was added to sterile petri dishes,
and 20 mL of plate-count agar medium was added and mixed
well. After incubation, the colonies were counted, and the total
number of colonies was calculated.

2.2.8 Determination of volatile flavors

To prepare samples, crayfish samples were deveined and
mashed, and 2 g of the sample was weighed into a 15-mL extraction
vial, which was quickly sealed. The solid-phase microextraction
(SPME) extraction fiber head was aged at 250°C in a gas chro-
matography-mass spectrometry (GC-MS) injection port (Model
7890A-5975C, Agilent Technologies, Santa Clara, California, U.S.)
until no spurious peaks were observed. The vial was placed on a
SPME device (Supelco, Bellefonte, PA, U.S.) and preheated at 80° for
15 min. The SPME extraction head was inserted into the headspace
of the sample through the vial cap, the fiber head was pushed out,
and the headspace extraction was performed for 40 min.

Chromatography was performed using an HP-INNOWAX
column (60.0 m x 250 pm, 0.25 pm). The temperature of the col-
umn was initially maintained at 32° for 3 min, ramped up to 60°
at 4°C/min, then ramped up to 100°C at 8°C/min for 10 min, and
ramped up to 240°C at 10°C/min for 10 min. The gasification cham-
ber temperature was 250°C, the transmission line temperature was
250°C, the carrier gas was He, the carrier gas flow rate was 1 mL/
min, and injection was splitless. Mass spectrometry was performed
under the following conditions: the source was an electron impact
source; the electron energy was 70 eV; the ion source temperature
was 230°C; the quadrupole was 150°C; the scanning mode was
“Scan’; and the scanning mass range was 20-500 amu.

The volatile components and relative contents of crayfish
samples stored for 1-7 days were analyzed and identified; 180
volatile compounds were detected. Substances with a match of
>85% were selected, and their contents were analyzed by row stan-
dardization and cluster analysis and then plotted in a heat map.

2.2.9 Statistical analysis

The data were processed and plotted using the Microsoft
Excel 2016 software (Microsoft) and Origin 2019 software
(OriginLab Corporation). ANOVA was performed using the
SPSS 26.0 software (International Business Machines Corpo-
ration). Multiple comparisons between groups were performed
using the graph-base method. Means within indicators were
determined using the least significant difference method with
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95% confidence (p<0.05). Heat map analysis was performed
using the TBtools software (Chen et al., 2020).

3 RESULTS AND DISCUSSION

3.1 CLR of crayfish

Figure 1 shows that the CLRs of most samples of the SV
treatment groups were significantly greater than those of the
control group (p<0.05), and the CLR was proportional to the
heating time. The CLR of crayfish meat was not significantly
different with increasing heating temperature (p>0.05), but the
CLR of samples from the 55°C group was higher than the CLR
of samples from other SV groups. This may be due to the fact
that the gel of the meat products was not fully formed and that
the water retention was poor, resulting in a higher rate of juice
loss (Liu et al., 2021a).

Figure 1. Effects of different SV temperatures (a) and times (b) on the
cooking loss rate of crayfish. Different lowercase letters indicate signi-
ficant differences among groups with different heating temperatures
and times (p<0.05).
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3.2 Hardness and L* of crayfish meat

The hardness of the control samples decreased significantly
(p<0.05) with increasing storage time, while that of the SV sam-
ples first increased and then decreased (Figure 2A). At 1 day
of storage, the hardness of most samples of the SV groups was
significantly lower than the hardness of samples in the control
group (p<0.05). However, at 3-7 days of storage, the hardness of
the SV groups was significantly higher than that of the control
group (p<0.05). The hardness of crayfish meat in the SV groups
was lower in the early stages of storage due to a large number of
products (mainly aldehydes) produced by myofibrillar proteins
during cooking, which caused cross-linking of myofibrillar pro-
teins and changes in the protein structure (Karki et al., 2022). At
the later stage of storage, crayfish proteins in the control group
reacted with enzymes due to the action of microorganisms, re-
sulting in the destruction of the tissue structure of the crayfish
meat, which resulted in lower hardness (Wan et al., 2019). At
7 days of storage, the hardness of most SV groups decreased,
which may also be associated with the action of microorganisms
and enzymes. Overall, treatment at 75°C delayed the decrease
in the hardness of crayfish meat.

The hardness of the SV samples was significantly lower than
that of the control group samples at 1 day of storage (p<0.05), and
the hardness of the 20-min group was the highest (Figure 2B).
With the increase in heating time, the water content of crayfish
meat decreased, the density of myogenic fibers increased, the
muscle hardness and cohesiveness increased, and the denatured
proteins reaggregated to form a mesh-like structure; thus, the
hardness decreased (Gao et al., 2016). At the same time, the
hardness of crayfish meat decreases with the extension of storage
time under the action of microorganisms and hydrolytic enzymes.

Figures 2C and 2D show that the L* of the samples in the
SV group was significantly higher than that in the control group
during storage (p<0.01), but no significant differences were noted
among the SV groups at different temperature times (p>0.05). The
increase in L* due to heating may be due to light scattering from the
denaturation and agglutination of sarcoplasmic and myofibrillar
proteins caused by the increase in temperature (Lan et al., 2021).
During the storage period, the change in L* values in each SV group
was relatively stable, mainly because vacuum sealing increased the
proportion of deoxygenated myoglobin, which is thermally more
stable than oxidative myoglobin and metmyoglobin (Pulgar et al.,

Figure 2. Effect of different SV temperatures and times on the (A) hardness, (B) L* (C), and (D) of crayfish during storage. Different lowercase
letters indicate significant differences among groups with different heating temperatures and times and the same storage time (p<0.05); different
capital letters indicate significant differences among groups with different storage times and the same heating temperature and time (p<0.05).
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2012). Mohan et al. (2017) compared the effects of ordinary air
packaging, vacuum, and SV processing on Indian white shrimp
during refrigeration and showed that the color and appearance of
the samples during storage were better in the SV group, showing
a characteristic bright orange color with a more stable variation
over 6 days; this is similar to the results of the present experiment.

3.3 TBA values of crayfish meat

The TBA values of most samples in the SV group were higher
than those in the control group, and the TBA values in the 85°C
group were lower than those in the other SV groups (Figure 3A).
The TBA values of the 10, 15, and 25 min SV groups showed an
increasing trend with the increase in the storage time and then
showed a decrease by the 7th day (Figure 3B). At the same storage
time, the TBA values of crayfish treated with heat for 20 and 25 min
were lower on average than those in other SV groups, by 34.93
and 37.31%, respectively. The decrease in the TBA values due to
longer heating time may be related to the increase in the central
temperature of the samples, close to the heating temperature.
Malondialdehyde is a major end-product of lipid oxidation, and
TBA is commonly used in experiments to characterize the amount
of malondialdehyde in the secondary products of lipid oxidation,
thus indicating the degree of lipid oxidation (Weber et al., 2008).
Pulgar et al. (2012) showed that pork in the 80°C SV group had
lower TBA values than pork in the 60°C SV group. Using system-
atic simulation, Adams et al. (2008) reported that higher heating
temperatures induced a rapid reduction in malondialdehyde con-
tent. Roldan et al. (2014) and Ventanas et al. (2007) suggested that
this was due to the fact that higher heating temperatures induced
arapid reaction of malondialdehyde with proteins, phospholipids,
DNA, or amino acids in the meat, which contain primary amine
groups, ultimately lowering the TBA values.

3.4 TVB-N and TVC of crayfish meat

The TVB-N values of the samples were positively correlated
with the storage days (Figure 4A). Compared with the control

group, the TVB-N values of the SV group samples increased
more slowly. At 3-7 days of storage, the TVB-N values of sam-
ples from the 75 and 85°C SV groups were significantly lower
than those of samples from the 55 and 65°C groups (p<0.05).
At the same heating temperature, the TVB-N values of the 15,
20, and 25 min groups were significantly higher than those of
the 10 min group at 3-5 days of storage (p<0.05; Figure 4B).
During the storage period, the TVB-N values of the SV group
samples did not exceed the limit value of 20 mg/100 g for aquatic
products and were at edible levels. TVB-N comprises ammonia
and low-level amines produced by the decomposition of proteins
in aquatic products by the action of bacteria and enzymes and
is usually used as an indicator of freshness in meat products (Li
etal,, 2019). As the heating temperature increased, the TVB-N
values gradually decreased, indicating that the heat treatment
at 75 and 85°C effectively inhibited bacterial growth and en-
zymatic activity, thus delaying the spoilage of meat. However,
prolonged heating time resulted in high central temperatures
of the samples, destroying some of the proteins in the crayfish
meat and leading to higher TVB-N values (Giavasis et al., 2012).

The TVC values of all groups of samples were directly
proportional to the storage time (Figures 4C and 4D). During
storage, the TVC values of crayfish meat in the control group
increased rapidly, while those in the SV group increased slowly
and were significantly lower than those in the control group
(p<0.01). TVC reflects the metabolism of amino acids and
proteins, so it is often used to measure the degree of spoilage
in meat products. SV treatment was effective in inhibiting the
growth of microorganisms, which is consistent with the finding
of Gonzélez-Fandos (2004) that SV treatment of rainbow trout
at 90°C for 3.3 min and storage at 2°C resulted in lower colony
counts than other treatments. Garcia-Linares et al. (2004) and
Paik et al. (2006) reported that the higher the heating tempera-
ture of the SV-treated fish, the lower the number of mesophilic
and psychrophilic bacteria in the fish. Other researchers have
also suggested that heating can significantly reduce the microbial
count of the product, but high temperatures can also reduce its

Figure 3. Effect of different SV (A) temperatures and (B) times on TBA values of crayfish. Different lowercase letters indicate significant differen-
ces among groups with different heating temperatures and times and the same storage time (p<0.05); different capital letters indicate significant
differences among groups with different storage times and the same heating temperature and time (p<0.05).
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quality (Christensen et al., 2011). The optimum temperature 3.5 PCA to determine optimal SV temperature and time

should be determined by considering microbial control and Figures 5A and 5B show that the total contribution rates of
product quality comprehensively. Therefore, the optimal process  principal components (PC1, PC2) were 83.3 and 76.8%, respec-
parameters for SV crayfish were further determined by PCA. tively. These results indicate that the two components represent
A B
C D

Figure 4. Effect of different SV temperatures and times on (A) total volatile basic (B) nitrogen, and (C) total viable bacterial colony count, (D) of
crayfish during storage. Different lowercase letters indicate significant differences among groups with different heating temperatures and times
and the same storage time (p<0.05); different capital letters indicate significant differences among groups with different storage times and the
same heating temperature and time (p<0.05).

Figure 5. PCA of the effects of SV (A) temperature and (B) time on crayfish meat during storage. (A) PC1 reflects the information on storage time, and
PC2 reflects the information on heating temperature. (B) PC1 reflects the information on storage time, and PC2 reflects the information on heating time.
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the main characteristic information of the samples. It can be seen
from Figure 5A that the TVB-N, TBA content, and TVC were
positively correlated with each other and negatively correlated
with hardness; the TVC, TVB-N, and TBA content were more
influenced by storage time. The closer to the left side of the hor-
izontal axis, the better the quality and freshness of the samples.
A comprehensive analysis of the effects of different SV heating
temperatures on the quality of crayfish showed that the 75°C
treatment group not only slowed the decrease in the hardness
of crayfish and reduced the loss of crayfish nutrients but also
effectively controlled the proliferation of microorganisms and
maintained the freshness of crayfish meat. The 15- and 20-min
SV groups showed relatively better results, and the 15-min treat-
ment was effective in controlling the growth of microorganisms.

3.6 Volatile substances in SV crayfish meat during refrigeration

A total of 59 volatile compounds with a matching degree
of >85 were detected during sample storage: 17 alkanes, 33 ar-
omatic hydrocarbons, 7 alkenes, 1 ester, and 1 thioether (Figure
6). Acetophenone, ethene, and 1,1-dichloro- were among the
compounds with significantly higher contents at day 0 than at

other days of storage. At day 1, the compounds with signifi-
cantly higher contents compared to other days were o-Cymene,
benzene, 1-ethyl-3,5-dimethyl-benzofuran, and others. At day
3, the significantly higher contents involved benzene, 2-eth-
yl-1,4-dimethyl-, and 1-ethyl-4-methylcyclohexane. Moreover,
benzene, 1,2,3,4-tetramethyl-, dodecane, and tridecane were
significantly higher on day 5, and tyrene, ethylene, 1,2-dichloro-,
(E)-, benzene, and 1,3,5-trichloro- were significantly higher on
day 7. The variation in the type and content of volatile com-
pounds during storage resulted in changes in crayfish flavor
with increasing storage time.

Volatiles are produced during the storage of seafood by the
action of endogenous enzymes and microorganisms and have
their own unique flavors. As storage time increases, proteins,
fats, and carbohydrates are gradually decomposed into small
molecules such as ketones and esters (Yuan et al., 2022). Alkanes
are generally derived from the degradation of fats and oxidation
of amino acids; they have a high odor threshold value and do not
have a significant effect on the flavor of crayfish (Geng et al., 2022).
Ketones, which have low odor threshold values, impart floral
and fruity flavors to foods and are produced by the oxidation of

Figure 6. Heat map of volatile compounds of crayfish with a match of >85% at different storage times. The color blocks reflect the content of the
compounds at the corresponding storage time, and similar rows are clustered. The red blocks represent high content of the compound at the cor-
responding storage time, while the blue blocks represent low content of the compound at the corresponding storage time. The row clustering tree

is plotted in the figure, as shown on the left side of the heat map.
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Figure 7. Stacked plots of the (A) number and (B) content of volatile
compound species with a different storage time and matching >85%
for crayfish, and stacked plots of the contents of top 10 volatile com-
pounds with different storage times and (C) matching >85%.

unsaturated fatty acids, thermal degradation, amino acid degra-
dation, the Maillard reaction, and microbial oxidation (Van Ba
etal., 2013). For example, acetophenone has a hawthorn-like odor.
Esters are thought to be the products of the lipid metabolism of
carboxylic acids and alcohols, and the formation of esters affects
odor changes (Yao et al., 2021), with the relative amount of ethyl
acetate, which may be a characteristic flavor substance for spoil-
age of SV crayfish, increasing significantly during storage. The
sulfur-containing substances, with sulfur-like aroma, meat flavor,
and onion odor, are mainly derived from the Maillard reaction
between amino acids and reducing sugars and the degradation of
proteins, nucleotides, amino acids, and thiamin in aquatic prod-
ucts (Ruiz et al., 2001). The threshold of sulfur content is low (Liu
etal,, 2021b), and its content is low in fresh shrimp but increases

with storage time, indicating its involvement in the formation of
flavor in shrimp meat during the late storage period. Shrimp meat
is rich in protein, which is broken down by microorganisms into
low-threshold substances such as trimethylamine, ammonia, and
methyl sulfide (Lee et al., 2018). Each heterocyclic compound
has specific odors. As the number of substituents on the side
chain of the benzene ring gradually increases, the odor changes
from fruity to fresh and fatty and finally disappears completely.
Different functional groups on the benzene ring give different
odors, but when there are two or more relatively independent
functional groups in the molecule, the odor is not additive. Tol-
uene compounds can cause unpleasant flavors, and several such
compounds, such as 1,2,3,5-tetramethylbenzene, m-xylene, and
1,2,3,4-tetramethylbenzene, were detected in this test. Morita
et al. (2001) reported that alkyl benzenes may be contaminants
present in the environment; therefore, the flavor of SV crayfish
may also be affected by environmental contaminants.

The highest number of aromatic hydrocarbons was found at
0,1, 3,5,and 7 days of storage, with 12, 16, 13, 8, and 12 species,
respectively, and a total of 33 species were detected (Figures 7A
and 7B). The highest percentage of alkanes was found during
storage, reaching 44.57% on the third day. The percentages of
aromatic hydrocarbons were 13.83, 12.84, and 14.81% at 3,
5, and 7 days of storage, respectively, second only to alkanes.
Esters were detected at 0, 1, 3, and 7 days of storage, and their
contents were proportional to longer storage time, with 3.08%
at the 7th day. During storage, oxidation of unsaturated fatty
acids and microbial action can lead to changes in the odor of
crayfish meat. Hydrocarbons with high threshold values have
little effect on food flavor, but some aromatic hydrocarbons
have significant effects on the overall flavor of meat (Min et al.,
1979; Zhu et al., 2019). The finding about the increase in the
ester content with storage time is consistent with the results
reported by Yuan et al. (2022).

Figure 7C shows the 20 volatile compounds with a match
of >85% and the volatile compounds with the top 10 contents
at 0, 1, 3, 5, and 7 days of storage. Methylene chloride had the
highest content. Methylene chloride has a sweet taste and chlo-
roform-like odor (Wang et al., 2022), is prevalent in water, and is
toxic and a hazardous compound (Chen et al., 2013; Hammoud
et al., 2021). Hendra et al. (2021) extracted dichloromethane
from dragon fruit peel and showed that dichloromethane has
high antiplasmodial activity. Parlapani et al. (2020) detected
dichloromethane, which was positively correlated with Exig-
uobacterium and Lactobacillus levels, in deep-sea rose shrimp.

4 CONCLUSION

We investigated changes in the physicochemical parameters
and volatile substances of crayfish meat treated with SV during
storage. The values of hardness, L*, and freshness (TVB-N and
TVC) of crayfish meat were higher in the SV group than in
the control group. The increase in temperature and time of SV
treatment effectively inhibited the lipid oxidation of crayfish
meat. Under the refrigeration condition of 4°C, the comprehen-
sive indexes of crayfish meat treated at 75°C for 15 min were
optimal. During storage, a high percentage of volatile alkanes
were formed, which showed little effect on flavor. Conversely,
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the highest number of volatile aromatic hydrocarbons, which
showed a significant effect on flavor, was noted. These study
results could serve as a reference for developing methods to
improve crayfish SV processing and storage quality.
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