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Numerical Simulation of Protein Denaturation of Scallop Adductors
during Heating Based on Temperature Distribution
and Water Status Distribution

SHI Qilong, LIU Jing, ZHAO Ya’

(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: Protein denaturation is the key point affecting quality attributes of the scallop adductors (SA) during thermal
processing such as drying, sous-vide cooking and traditional cooking. It is of crucial importance to establish a kinetics
model of protein denaturation and reveal its relationship with water status of SA for regulating the quality of SA with
thermal processing. Protein denaturation kinetics parameters were obtained by using differential scanning calorimeter
(DSC). Protein denaturation during heating was numerically simulated based on the temperature distribution and water
status distribution. The water status and distribution was measured by using low-field nuclear magnetic resonance (LF-
NMR). The result indicated that the initial and complete denaturation temperatures of myosin were 32.50 °C and 55.00 °C,
respectively. While the counterparts of actin were 51.25 °C and 77.50 °C, respectively. Ultrasonic (US) pre-treatment
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improved thermal stability of protein because the denaturation temperature of myosin and action was increased by 3.75 C

compared to the control group. The relaxation time of the tightly bound water (T,,) and loosely bound water (T,,) fluctuated

with a narrow range (T,, 0.19~0.25 ms, T,, 1.38~2.97 ms), and the immobilized water (T,,) and free water (T,;) decreased

with the increase of protein denaturation degree. While the proportion of T,, decreased significantly, and that of T,, and T,,

increased slightly, but the proportion of T,; remained a dynamic stable state. Compared to the control group, US pre-

treatment resulted in a decrease in the T,, and its proportion. The denaturation of myosin and actin was negatively

correlated with the free water, immobilized water and its proportion. Therefore, the denaturation degree of myosin and actin

during heating can be non-destructively and quickly evaluated by monitoring the water status and distribution of SA.

Key words: scallop adductors; ultrasonic; protein denaturation; kinetic model; numerical simulation; low-field nuclear

magnetic resonance
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Table 1 Kinetics parameters of the myofibrillar protein thermal
denaturation of scallop adductors
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Fig.3 Calculated changes of the non-denaturation ratio of myosin
and actin of scallop adductors during heating at 9 “C/min

ST BN LI 25 5, Bs i AR N TF) o Mao 481 FiIH
DSC iz H ASXT MR BT in s v, RIARUER] T8
AR B F1 2 SO ERTE . ARPEARAS MR 1 R
PR, v LAIR RN 1 T sl ) 2 S50k e 4
R IR U M R PR R

B DUAE SR P BAS PR REAR AN 5 1R AT g %
K, i85 US WAHEEVIFHIG . ARSCHESE T US T
ABFRXT B DUAE R PSR P (RPRE S Lr] v AbEE
AR PR R AT L AR AR ISR, 25 S anTEl 3(b) T .
Al LA Y, [Fl—In#GEE T, US AL EE 2 FAK T
R DA HLBhEE AR PERR RS . B, CK ZHHLsh B H7E
45 °C B8535 (43.36%), 1 US THABHZH HLBh &
FATE 45.00 °C B35 3] 31.25% A5k, 8] US Wikt
HRT DI ALsh & A, B, US FAREEXT
Fi DUAE SR S in AR R AR, S US TN ERRENE A
R v b DURE TR TR0 . e 3R or BAR R R I
LR 1820
2.2 EHEERRTHHEEN

JLBRER FURUILE) AR P12 b DU U ST 485 111
EBH AT ST 3RAR R DUARER A ST B AR R
ARPERIAEE, THRA L BRI AR BT R B iR
PESh 2%, il InHASE I ALER B AL EE A
ARAR PR (B EECT . B AR e v T IBRER
FIWLsh R A8 PRI EE (B 55.00 B8 85.00 °C) AYfHIE

ZKE, i DUAE UAR] v i BE AR AR A2 11 5T LU B T
A a2 fu £ DLIE 4, A IE 4(a) T %], 55.00 C 1B
Sk, CK2H B DUAE JLA] e iR R 5 5] 54.25 °C,
WIEREE H7E 222.07 s SEARTE, LB E H 7R A
SRR LR & A=A SR, 85.00 °C fEIRINFAET,
3 DU U AR R EEIR B 83.57 °C, 35 LshaE Ay
UE(HASPEVREE . WUERER (G & A28 M, 7E 84.10 s
FSERARME . & 4(b) Sk US AN & DAL JLAR] i
JE pER FIERAEPE S T 2. 5 CK 4G ph 2k
AL, (H US 1Ak B 4 B D1 AE 46 %6 T b B A ] o
5 CK 4HAA L, US BANEE S E4 ks DI AE LAl 5o FHiR
BT, 55.00 °C fEIEINEET, US Ab3ZH ks D1 AT
JUAR LR IR 55.62 °C, IERAEATE 315.93 s N
SEAARE, M LBN AR AR S B b LT oR & AR s
{BJE, 85.00 °C fEIE M, Frur iR EFEIAF] 85.05 °C,
PR WIS EE A PIE(EASPERRE . WIBRE Al A& 4
ARPE, FE 130.36 s B 52 A8

100 1 1.2
RO~ B 1 1.0
Lo sl D N
R ' -\\ /ﬂ,- 85 CHIHEE 55 CHLEhEA 1os @
gi 60 - A nim s 4 10
= 2 55 “C LR 106 ﬁ
E 40F ;o :
i ss omskn 104 ®
y ™
Loy i
20 7n s omsEn 102
Foss IR
ol SN . ‘ . 0
0 100 200 300 400 500 600 700
TIARIRE] (s)
(a) CK4
100 1 1.2
e T T -TTA1.0
T 55 CHLhEL =
—_ AT 85 AR E 10.8 ¢
& U W PSR —— panl
i S ssommn |00 E
| L 55 CHLERE B
: o 104 =X
85 CHahEH T
\
PN B 10.2
i8S Ckky
ok L AW Sy L ' | 0
0 100 200 300 400 500 600 700
TSR] (s)
(b) USkbBiZH
Pl 4 3 DU 55.00 F185.00 °C IFAMT I AR LRI A AR M 2R
SPoigaaiiiE2d

Fig.4 Change in temperature and calculated protein non-
denaturation degree in scallop adductors when heating
at 55.00 and 85.00 C
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Table 2  Effect of protein denaturation degree of scallop adductors on the transverse relaxation time (ms)

. TZb TZI T22 TZ}
. RS Us CK Us CK Us CK Us
0 0.23£0.02%  0.22+0.01%  1.54+0.18%  1.42+0.06°  69.34£0.22° 68.36+0.64"  1327.52+20.15" 1284.36+27.82°
25 0.19+0.01¢  0.23£0.01™  1.49£0.12°¢  1.41£0.07¢  67.48+0.40° 66.41£0.18™  1144.68+7.08" 1084.37+41.49°
55 CHIERE A 50 0.23£0.01°°  0.24+0.01  1.58+0.09 1.48+0.17°%  65.95+0.64° 62.33+0.88°  943.79+13.90" 1644.68+38.10°
75 0.23£0.01%  0.23£0.02*  1.96=0.12 1.66£0.12"¢  63.95£0.20° 61.17+1.09°  880.49+12.918  766.34+11.95'
100 0.21£0.01°  0.22+0.02" 1.41£0.04%  1.70+£0.07°¢  62.95£0.46° 60.04+0.87°  821.43+£16.39" 817.23+16.23"
25 0.24+0.01"  0.24£0.02"  1.45£0.13%¢ 1.65£0.23"  62.95+0.76° 56.79+0.638  541.59+5.78%  471.38+8.90'
85 CHUREL 50 0.22+0.02%  0.24£0.01"  2.65+0.3® 1.47x0.13%¢  58.73£0.75" 54.79£0.56"  539.76£8.47* 439.76x18.15™
: 75 0.24£0.01"  0.22+0.01*°  2.41x0.07° 2.58+0.12°  54.79+1.15" 52.95+0.59"  519.36+13.25% 580.52+33.09'
100 0.23£0.01%  0.21£0.01°  2.77£0.09™ 2.57+0.04™  52.95+0.84Y 51.34+0.70) 511.59+9.15%  471.38+18.06'
25 0.2240.01%  0.23+0.01®  1.38+0.12¢ 2.65+0.09®  62.95+1.01° 58.73+0.78"  880.49+13.128 439.76+17.93™
85 CIAEL 50 0.21£0.01°  0.24+0.01®  1.85+0.11%¢ 2.50+£0.15®  62.95+0.20° 58.73+0.91"  1162.32+8.95¢  410.27+7.17"
LB . .
75 0.24+0.01"  0.21+0.02° 1.70£0.07°  2.97+0.11°  58.73+1.12° 58.73+0.41°  439.76+8.88™  333.13+19.28"
100 0.25+0.01*  0.23+0.02*™  2.12+0.16"¢ 2.18£0.17°  54.79+0.38" 51.11+1.13’ 333.1349.16"  270.50+6.23°

VE: [ — st R )R AN [ F504k B2 M 1) Rl AN ] 7 RESR AR 28 5 i 3 (P<0.05) o
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