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Abstract: During the thermal processing of sea cucumbers, changes in the CFs structure affect their textural characteristics
and can lead to certain nutritional losses. To clarify the effect of different Ca®* concentrations on the CFs structure under

thermal treatment, the two-step thermal processing method for ready-to-eat sea cucumbers was simulated, using two curing
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conditions: low-temperature tenderization (37 °C, 1 h) followed by heat treatment (80 °C and 100 °C, 1 h each). Initially, the
study focused on the body wall tissue of sea cucumbers incubated with Ca®', measuring the amount of protein and
polysaccharides leached out under different concentrations of Ca?". Subsequently, the extracted CFs were served as a
simplified model, and after undergoing the same thermal processing, the contents of protein, polysaccharides and TCA
soluble oligopeptides in the dissolution were determined by BCA, phenol sulfuric acid and Folin-method, respectively. The
structural changes of CFs were analyzed by DTG and FTIR. The results showed that the higher the thermal processing
temperature, the higher the dissolution amount of protein and polysaccharide. When the thermal processing temperature was
the same, the contents of tissue blocks and CFs dissolved solution were less at 5 mmol/L Ca®" concentration, the results at
40 mmol/L Ca*" were the opposite, with macromolecular proteins gradually degrading into smaller molecular bands. Under
different thermal processing temperatures, the amide I band and amide A band of CFs treated with 40 mmol/L Ca®* showed
red shift. Conversely, the amide I and amide A bands of CFs treated with 5 mmol/L Ca*" at 100 °C showed blue shifts.
Furthermore, lower concentrations of Ca®" correlated with higher thermal decomposition temperatures of CFs. Therefore,
thermal processing disrupted the structure of CFs, with low concentrations of Ca®" protecting the body wall and CFs
structure, while high concentrations of Ca*" promoted the leaching of protein, polysaccharides, TCA-soluble oligopeptides,
and CFs degradation. The findings established a foundation for elucidating the bidirectional mechanism of Ca** on CFs
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structure and enriching the theoretical framework for quality control in the thermal processing of sea cucumbers.

Key words: Ca”'; sea cucumber body wall; collagen fiber; thermogravimetry; infrared spectrum; cross-linking
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Fig.2 Dissolution of CFs under different thermal processing
methods and different Ca®* concentrations
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Fig.4 FTIR spectra of CFs under different thermal processing
methods and different Ca®* concentration

A G PE T WA I RRIE S 4, 38
HOERE T I B0 & 0 B R R T A A AR TR AR
KB4, Ca* ¥ FE >k 40 mmol/L B, 80 °C FI 100 °C #k
Ak B R T R A T L0 8%, 28 WH SR A B S50 3R 4y
CFs Wi3d, R4k i B0 SR B AL, 3B Wi, BRI
FErE, Ca? ¥ 5 mmol/L B}, 100 °C FHAbFH iy
CFs MilE A+ FIELRE T W £ A W, FRBHIRH E
Ca” " fE—EFEE L] LR CFs. HUAFEIHE Ca®
YA CFs 2 [a) & DL A A BI85 20 CFs 4%
R ETERI AR o
2.42 IFELHHT DTG EUEE TSRS E
AR AT AR i, IR L R AR R SR S AR LY
ALk . G HF R MAEIZIRE T R 28 b e,
A CFs fx RASHD R LY B TR RS, i Fem IR 2R H
JREEPFRE R0, DTG g SRR /3 i~
T BE: S — I BUE N EIRE] 170 °C 224, REH)
IR EELRR MK B NorF 75 R38R i R
TEHPAEER SRR . S T BT BEE M 170~500 °C,
TR e I ) R SRV E N R A WY, e I i
WY K i Ry 22 IR L R 8 35 1%, B e IR, 2. ik
Ko KERST BT R R AR B, SRR
B4 B T AR RS R 1 o

FHIEl 5 158 2 Al A0, AR TS84T, %R
FRIES IR AR R /N . 100 °C FAIN TARE S iR
JERZAIKT 80 Co [Rl—#IM T AT, B Ca” )i

F 1 RFERIN T 2URAR Ca® WREE N CFs AYMERG A (0

Table I Location of amide bands of CFs under different thermal processing methods and different Ca** concentrations

Pab CaCl, ¥ % (mmol/L) BEAZ A (cm™) P T4 (em™) P 7 (em™) Pz M (em™)

0 3343.31+11.31° 1658.50+0.02° 1535.47+0.01* 1238.76+0.19*

80 C 5 3342.79+10.78° 1658.53+0.03° 1534.67+1.17* 1238.89+0.20°

40 3406.30+2.54* 1659.04+0.47* 1535.08+0.03* 1238.34+0.49°

3351.62+20.04° 1658.64+0.08" 1535.19+0.04° 1238.57+0.37°

100 C 3314.58+2.84° 1658.56+0.02* 1535.57+0.07* 1238.43+0.31°

40 3396.03+2.21* 1658.62+0.05" 1535.22+0.02° 1239.01+0.18*

TE: NS FREARIZOR ISR — b HHEAE | Al Ca® e BE 22 i) 22 57 2. 35 (P<0.05)
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Table 2 Characteristic decomposition temperatures of CFs
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