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Fig.1 Hydrogen—proton density NMR imaging of
Antarctic krill meat (a) and corresponding quantitative

signal intensity histogram (b) under different multiple

freeze—thaw cycles
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Table 2 Changes of lateral relaxation parameters of Antarctic kill meat after multiple freeze—thaw cycles
T, 735 B 18] A, ¥ AR
T T, Ty Ty Ay Ay An Axn
0 0.6 £0.2* 29+0.1"  69.1 £2.8" 749.2+29.7* 58+0.8° 3.8+0.5 2935+1.5" 1.5+0.8°
1 0.7 +£0.3* 3.0£0.2*  67.5+0.0° 667.0+0.0° 5.1+2.3 34+1.5 287.5+7.0¢° 5.6 £2.4°
3 03£0.1* 23+04 60.1 24" 652.1 258" 52+25 45+1.8 277556 73+25"
5
7

R ak R A

0.4 +0.2° 23+£0.6° 523x2.1° 6222 +0.00 4.6+3.0° 3.7+22* 2485+113" 89=+1.6"
0.3+0.0° 22+0.3" 548 +0.0° 6222 +0.0c 52+24 46+0.6° 251.5+18.7" 92+209"
2 [ — B [N 8 R 25 57 3 (P<0.05)

2.3 EWRBEIAFKENS NMRSHMEXE  ERNEREHRMSE T, Ty T Ay Py 2 T
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715 NMR ZEGHEATAH G0, S5k 3 it BRBRAE 7 W Wk ml b 16 28 Fb N G g R TR
INGRURINVR R Ty T Ap P BB EAAKE  REBBAK, HILHE NMR 2502 M A 1% A1
(P<0.01),5 Ay Py S 1EAH 5 (P<0.01) , 3% Kbk,

®3 EMBEITFAFKENS NMR SHHEXE

Table 3 Correlation between water holding capacity of Antarctic krill meat and NMR parameters

TZZ T23 A 2 A 23 P 2 P 23
i AR T R R -0.773%* -0.834%* —0.750%* 0.697+%* —-0.745%* 0.713%%*
ERNEIE S -0.289 -0.475 -0.353 0.320 -0.330 0.324

¥ RIR P<0.01,
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— B, TR T 2 T A BB [T s 58, D ol SRR R R e AR 2, 7R RO RS AR P LY
TEAMME N A KSR HE TR 2 Y2 [ DU AR SR Pk NS A 138 W g P 7T BE 15 2 1 5 728 P L Py 5
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Fig.3 Microstructure analysis of Antarctic krill meat after multiple freeze—thaw cycles
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Moisture Migration and Microstructure Changes of Antarctic Krill Meat
during Multiple Freeze—thaw Cycles

Diao Huayu', Lin Songyi'??, Liang Rui', Liu Yao', He Xueqing', Sun Na'*¥
(School of Food Science and Technology, Dalian Polytechnic University, Dalian 116034, Liaoning
*National Engineering Research Center of Seafood, Dalian 116034, Liaoning
*Collaborative Innovation Center of Seafood Deep Processing, Dalian 116034, Liaoning)

Abstract Moisture migration of Antarctic krill meat during multiple freeze—thaw cycles was analyzed using low—field nu-
clear magnetic resonance (LF-NMR) and magnetic resonance imaging (MRI) techniques, combining with the results if
the loss rate of thawed juice and centrifugal loss rate. The structure and protein changes of myofibrils after multiple
freeze —thaw cycles were observed by electron microscopy, optical microscopy and SDS-PAGE, and the lipid oxidation
was determined by thiobarbituric acid (TBA) value. The results showed that thawing loss rate and centrifugal loss rate of
Antarctic krill meat significantly increased (P<0.05) and the brightness of the MRI hydrogen proton-weighted pesudo—col-
or map gradually decreased with increase if freeze—thaw cycles times, indicating that the moisture content if Antarctic
krill meat gradually deceased. As seen from LF-NMR results, there was no significant change in the content of strongly
bound water and bound water (P>0.05), the content of immobile water significantly reduced (P<0.05), and the content
of free water significantly increased (P<0.05), indicating the immobile water in Antarctic krill meat was easily convert-
ed to free water during freeze—thaw cycles. According to the correlation results, the NMR parameters of immobile water
and free water had a very significant correlation with the thawing rate (P<0.01) after multiple freeze—thaw cycles. Due to
the growth of ice crystals, the myofibril arrangement of Antarctic krill meat changed from neat and compact to disorder,
and even broken. Further, SDS-PAGE results showed that the myosin heavy chain was completely degraded, and that
the actin, troponin T and myosin light chain were degraded to varying degrees. Nevertheless, the TBA value did not
change significantly (P>0.05). The above results showed that multiple freeze—thaw cycles could cause moisture migration
and protein degradation of Antarctic krill meat, but the effect on lipid oxidation is not significant.

Keywords Antarctic krill meat; freeze—thaw cycles; moisture migration; microstructure; protein degradation



