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Analysis of mechanical properties of cooking degrees of salted Apostichopus
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ABSTRACT: Objective To analyse cooking degree of salted Apostichopus japonicus during cooking process by
mechanical property characteristics. Methods Taking salted raw Apostichopus japonicus from Dalian as research
objects, they were classified into 6 cooking degree grades via sensory evaluation, namely control group (uncooked),

30% cooked, 50% cooked, 70% cooked, fully cooked and overcooked. Tensile and compression tests were conducted to
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determine mechanical parameters such as elastic modulus, stiffness and deformation energy. A 3-dimensional finite
element model was established based on the measured parameters to simulate the manual pressing process. Results
With the increase of cooking degrees, the elastic modulus of Apostichopus japonicus body wall decreased significantly
from (1.024:£0.110)x10° Pa in the control group to (0.210:£0.020)x10° Pa in the fully cooked group, and further dropped
to (0.136£0.020)x10° Pa in the overcooked group, with a reduction of 79.49% and 86.72%, respectively. Stiffness and
deformation energy decreased most significantly during the early cooking stage (from the control to 30% doneness),
with reductions of 75.12% and 44.08%, respectively. The finite element simulation results indicated that under the same
compression displacement, the maximum equivalent stress of Apostichopus japonicus body wall decreased with the rise
of cooking degree, which was consistent with the variation trend of elastic modulus. Moreover, the simulated
force-displacement curves were in good agreement with the experimental ones, with the maximum relative error less
than 6.09%. Correlation analysis revealed that cooking degree was extremely significantly negatively correlated with
elastic modulus and maximum compressive reaction force (P<0.01). Conclusion This study verifies that elastic
modulus can serve as a core quantitative index to characterize the cooking degrees of Apostichopus japonicuss, which
provides theoretical basis and data support for the development of rapid, non-destructive and intelligent detection
technology for Apostichopus japonicus cooking degree based on mechanical response.

KEY WORDS: Apostichopus japonicus, cooking degrees; mechanical properties; elastic modulus; finite element
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R2 TREAEESHEMRE
Table 2 Elastic modulus of Apostichopus japonicus with different
cooking degrees

B PAYEA AL /Pa

X REZH (1.024+0.110)x10°
A (0.649+0.080)x10°
T (0.375£0.030)x10°
LA (0.284+0.030)x10°
e (0.210+0.020)x10°
pug (0.136+0.020)x10°

F3 BERENEUEENZTEESN

Table 3 Significance analysis of the cooking degrees of Apostichopus japonicus on its elastic modulus

Eistan M2 J5 il A B ¥y F B E P
B IERR 14786844000.00 5 2957368800.00 123.68 o
U 1038562800000.00 1 1038562800000.00 4362.15 ok
B 14786844000.00 5 2957368800.00 123.68 **
R 574272000.00 24 23928000.00
Bt 1186325640000.00 30
BIEJE Bt 15361116000.00 29

R g B 25 5 (P<0.01), £ 4. 6 7], T )5 rHeE £ r’=0.956,
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Fig.6 Force-displacement fitting curves of whole Apostichopus
japonicus with different cooking degrees under compression
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Table 4 Analysis of the significance of Apostichopus japonicus
ripeness on contact pressure reaction force

fibn g amE my o F o B
B IR

- 92.490 5 18.498  115.01 o
EEEl 207.176 1 207.176  1287.98  **
B 92.490 5 18.498  115.01 ok
R 3.860 24 0.161

Bt 303.526 30

BER 96.350 29

it

e RIS Y r7=0.948

x5 TRAEEBSESERALNNGHL

Table 5 Fitting curves of Apostichopus japonicus with different cooking degrees under compression test

PERE
£ 3 P2
a b c d
Xif B4 0.77729 0.12797 ~0.00089 ~0.09869 0.99953
= 0.39615 0.12541 -0.01206 0.01240 0.99979
TR 0.32904 0.04811 —0.00487 —0.01682 0.99960
LA 0.30238 -0.00523 0.00202 0.02640 0.99966
Ex | 0.19141 0.00825 ~0.00009 0.03291 0.99946
FuE | 0.14175 0.00081 0.00022 0.03410 0.99886
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Table 6 Correlation analysis of cooking degrees, elastic modulus,
maximum compressive reaction, stiffness and deformation energy

" N P K IE AR
ZH E v i]Es o
(i85 E | BE
B 1.000  —0.920%*  —0.919**  —0.769 —0.356
P
- 1.000 0.984%*  0.932%*  (.150
i
K
1.000 0.930%*  0.154
K|
R 1.000 0.092
AR RE 1.000
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Fig.8 Stress nephogram (a) and strain nephogram (b) of 50% cooked Apostichopus japonicus under contact pressure
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