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WZY-1 i Fe A, bt R AU R & R
£7 BR2S ] ; MesoQMR23-060H #2% i 3 % 1 A% 43 #r
1, FiEA R R A Al BG-Power 600
AR BRI, bR E S AEWE ARG RAF
MF-CheniBIS 2.0 BERESAZAL, LA DNR &
RGBT s K9840 H sl s AAL , M BB AF
JBE15 A BR 2N W) LASOSO 4 H sl & JL R 7 X, H
A HATACHI A #]

1.3 Fik

13,1 AEAAL IR K v VR m AN A A DA A o 22 R T
LR TG oK S AR TE SR 5 FHUE AR T 3R 1H /K 4y, Bl
J B 100 g R BEAR A 73 % T 5 emx5 emx5 em 1Y
R A B TE-18 T TR T
F PR -15 C(SN/T 0223-2011) J5 Bt , #%
MR 1 M7 AT R, O 90 SR A W A R0 7 fi
Rt R s TR AR K

F1 RFEEMBITABESRYE

Table 1 Experimental conditions of thawing for frozen Antarctic krill meat

fit 4 7 X Bk

A& 55 A BB (4+]1)Ck 48 F 4

oK R % BB a8 T (1521)°CH 18 iR KB 4% F 4

# 75 BB LR 2B TEA (15£1)CHKR (3B i A kR RE )4 500 mL AR P, B4 B AR AN i
AN E 500 W, 30 % 40 kHz #9428 F % 0 B b %

= Ak BB 0 fE(1521)CR iR 3 R4 F Ak

132 SR AR AR
AR BEUR PR o, F SR R
K AR R o R R BT AL
LR L FE S B4 CC S, R 2%
H Origin Pro 8.5 FFAbEE
1.3.3  MRORITIRCR R R Se IR AR T v AR AT
P T K S 0 B B B B A2 . B
ASRTH B HF P BE A 2 18 AR AF T, TR
5 AR, TR 2ok AR LA AR, 5 B
B IR F 4 CR P2 IRARVR, I Pk 4600 T 4
SRR S FRBEIEAT 00 R, 0 ma. ARV
PSS NS
RTINS (%) =" 2100 (1)

1.3.4 ZEEPRE ZH Li FUR L KBS
fR R, HUEAC R K50 5 FRE I8 my B
FES A B £H48 915 F 85 CIHE K%y H ,25
min J5 BUK R A E =5, H I8 T 3= 18 K 7 I
FREE 180 my, ZEEPUR TR AT,
%ﬁﬁ%%m@¥%;inm (2)

1.3.5 A& IR (LF-NMR ) 8% [ 5t 32 (5 5 %
K5 OB bR v B R AR I TR AAZ B A% o3 A A b gk
TPRESIGC AL, SR 5 B0 AS [ it v Ak BRI A9 i A e AR

PFERTAALER S, R CPMG J7 81 R 4 B i i
] it A5 5 o 1 2 8. 90° ik vt B E] 2 10 s,
180° ik wr i:f 4] & 50 s #H Z R AL S5 FR B ]
3 000 ms, BEAFE G H SR 3 0, A Multi-
Explnv Analysis # 4, 456 2% 0E & H AXT CP-
MG ith B 4T Z A8 EA G | B 5 15 2 i B B[R]
A U T R A

1.3.6  #EAEHR S (MR & it 2 2 A JiE
W (SE ) J3 81 5% AN [v) i v Ak B %) o A B S 1R 9 i
HEATRE IR AR . SERE A v B R 5 VK
Rl AR o3 BT AL BEATRE AR IE SR S5 H FLEH
JBC T AR B R PR i, o R i AT 4 B i
Osirix (OsiriX Life v.7.0.4,Geneva,Switzerland ) %X
ez K P AN

1.3.7 SDS-PAGE 7i#  2EARRSH L AEH"
M J7 ¥ o 10 4 mg/mL 8 1% W A SDS -
PAGE FHEZE Mk (5x), FEr iR &) Ja & Tk
IS min J5 4 H] o BEH] 129% 55 25 M 5% W 4d
JE, A LR 8 s S A, L RERRCh 3w, 43
£ 80 V F1 100 V LT B v 4 15 Fl 43 25 JE o F¢ HAL
VKSR A BRI R T 2 e i R-250 4k
R Y 2 b SRS TS IR & BV W €, 15 58
0 ) TE BRI AR AR RE

1.3.8 ARHEHZ(NPN) FEE S5 ElaF"
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I, 1 g BERHINA 10 mL 10% — 5 £ R %
W, L min J5 16 4 CEAMFFHE 2h, KRG
6 000 r/min &> 5 min, B 2 mL L @17 AL,
E e R A A & i,
139 #HEMEHIEA (TVB-N) SRIE Z%
GB 5009.228-2016 H iy J7 i s AV & 2k, i FH B I
FE AT PO 2R IR AT I A B S g BRI
A 25 mL X8 FK, ¥ 1 min J5 , 7 4 CEKMET
35t 30 min, SR 5 b UE  mIEARAE TROINA 10 mL U8
W5, FIA 5 mL 10 /L A AL EE B T 37 B 7%
W BJE A 0.01 mol/L £5 W2 ¥ W HE 471G 5, ] i)
PLZS B FORAE R as (R AR T #E 1Y Eh R i 1 T
B TVB-N # &,
1.3.10 TCA Wk & =E S H Liu S50
Tk, 3g T 27 mL 5% =& LREWIR AR
S K A CEHTIRE 1 h e s, B LR
Lowry LI , 25 FH wmol B 2 FR/g b =7
1.3.11 s E MR e W3 g FEMmA
15 mL 0.02 mol/L #: 2, 1% ,4 °C,8 000 r/min &
> 10 min, B 2 mL _F3HWMA 8 mL N, ¥ 2] J&
#E L4 °C,8 000 r/min .0 10 min, B2 mL ¥4
W, T 60 CKE T, Z& T, 151 2 mL 0.02 mol/L
MR E W, 1022 wm KAHBALIER G, A2
mL SERER, RF
1.3.12  BEWRIEPEM (TAV) 3 2% Chen &M
7 1 R AR A K (3) 15

TAV = R 3 T 9 5 1 o A

AL SELE R

1.4 HiEsbEE

F A AT 3k, T SPSS B
ANOVA #4788 11234, %4l Origin Pro 8.5
AR 1A

(3)

2 HEHRESW
2.1 fRFE A K38 %R R R P R R B 18 B B
i

1 Sy i A Wl A PR %) i R e R, 4 v T
IKFN -4 CHF AR5 B, AN [R) A Ak 21 1) U
JE AR A WY AN [R) AR K A R A A R AR
i 4351 °h 98.42,33.92,21.83,62.08 min, H: il 7
Fif R KR 4 o T fifk URoBf [

4 =
&%
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Fig.1 Temperature change curve of Antarctic

krill meat during thawing
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VR, H T P A R S R T R Y PSS
RO TR s KA R AR IR R 2 AR R AR I e,
FE iR VR T R U N VA R R AT R
LI TR o 53 A P iR R 2 v VR 3R
D7 AR AR 3 R O A e it B s R, T T
AR AR,

2.2 fEZEFT X B R AR PR K M B R

V& VR ity B SRR VR T WA 2 R 78 A 4 2K FT g
S H1 VK b 5 | 08 JUL P 2H 2408 2 R A o 8 e i
A, 3R 2 WA AR OR S B 4 4R R A Y A
THRUR 34 135 22 57 (P<0.05) , 52218 S5 5¢
SERFAL, b, R A R B0 A R VR K R
%, AT 2 N O IR A R AR AT, PR AR
I, X5 WLPA 2 2R 45/, A3 R T LD 4 RO R A 7k
FR B IR ALY, 2 SR VR B R R T I R R e, X
A RE S AR R TR g, I TR G B 7 iR R O
R WD R AR R, 3K AT BE S R N g A R A

F 2 AEBREAXT R BB AR KM

Table 2 Water retention capacity of Antarctic krill

meat in different thawing conditions

fit o 75 X AR TR AR R A% A AR E%
A& it 8.43 +1.62° 35.31 £3.39°
K Rk 10.18 + 1.43" 35.82 +£3.48°
A 5 8k 12.09 + 1.45® 3228 £2.75°
= AR 13.98 +2.42° 3430 £ 1.93°

T« Al — SRR NG B R0R 28 5 1 35 (P<0.05) .
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TE R AL A I B A A AN — B AR M AR
AR ] 2 R I A R T A AN UL IR 2 A
4 HEA W BEIF R ZE BB R R BRI 257
(P>0.05) , {0 H A (A A4 & 3 nl e 5 LBk 2 1 A8
PEAT SR PRI A R I %) T Bl B PR ) R K R
ARG 88 > T K S VR > A 75 i U > 25 SRR
2.3 fREF X B R BT A 7k 5 9 7 B BN

%3 4% WG FE PR (LF-NMR) 3= 22 2 5L T 5 o
49 TG A% T TR M 1 S i S A48 ok T 5 R A
% Fe 4R AR (MRT) BE 2 32 41 2 5 9 3 Ak 27 il 43
EEHIAE B . 3K P FhH AR AR &, 43 A
R Lt b v R, Bz B TR ok
G3 RGN I3 AG 43, 1 2 o T RS R A
W AR A ) MRT &5 i AR R A th B L (T
2a) FUGT I 9 2 et S0 15 5 0m BE (& 2b) . IR
T ARSI TR ORRINEFHE,
AR ACRAE TR S AL, WAl 2a s, (IR
fif VR O P R B R A 4T X I 2 T 5 40 3 Fh, B
B TR L K R 7R RS AR R, R IR
TR A VR I 1) A B AR UL PR L SR K Ay B e T
FIAN 3 Rl S AMEILEEF] 4 21 A i R LA P
SN i 117 N o I RV VA SR s e s et |
Il 2 A1 Ay 7 fiff VR 2o vl e A 8 S PR A 1) - T R
L v S O PN S N b O (0 0 1 S O
A B 2b S R S ARG R
ML FN 25—, Xt — I T X 4 Fhfig
7 2P AR T A7 7 B T G b LR A e B A R
Koy,

E— 3 i LF-NMR B [ gt B isf ) (7,) (B0
7 Jo 2 06 T A (A o) R0 AT L L 36 (Py) R 43 AT fi
R e I A K A A O . AN 3a TR
fif# % I B T B B A ) LE-NMR B 5t B2 15 5 il 46
o1 3 3k 4 LI, M ZEENAT 73 5 KR 4 G K T,
(0.1~1 ms), 4545 7K T (1~10 ms) , [ 5 7K Top (10~
100 ms) F1 I H17K Ty (100~1 000 ms) . 15 3 F&
3b A AT IR R K A R A SRS G K, L Ty, A
Py, TC I3 22 5% (P>0.05) , 1M #8745 23 AU v b 3
A, KT RE A PR R e AR A PR R S 2 O X
fiff VR 2o A v K A K B IR AR R R K A R 1
Ty 3% i T 75 R 25 S R (P<0.05) 1T Ay W
FH, 3156 BH R P RN 23 A R 1 R A ol AR L TR

R FKRRTR

(ERCEYE S

Amplitude (a.u.)
g

i BAEE  EEEG
fi 7
(b)
T /NG PR A R 22 53 8.3 (P<0.05)
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HiRBK ()N ERFESEEEAE (D)

Fig.2 Hydrogen proton density NMR imaging (a) and

B

corresponding quantitative signal intensity histogram (b)

of Antarctic krill meat in different thawing conditions

PP PS5 K B 3 S TR A K R (P<
0.05) , 33X 1] B J2 X 2 76 88 7 A U 3k R v R 7 )k i
SR, X R A PR T e B T P B AR
SREE A KRS B A B, AR S A K TS SRR
A B AR T LA R I R R TR T s e R
P K oy KR R (A 5 45 B K A i | L
NEEG K, 2RI T T A ¥ B FR T HE
3 M R J7 2 (P<0.05) , 32 1A 25 SR R I 1Y) e A 1
IR AL PR A2 b Y [ K e b . T3 Ah A, SRR
FR DR 7K P 58 TE A DG G 2R B0 JoT o A 0 T BB K
PRACHE R 4 Bl 7 20 AL B e BRI 3
Sy A AR B K R A SRR BV RS
e B8 AR DA A PR K P o G 3 25 R TRV RE AN | 5
IR A T P 2 R — B A RN T A
Py 53500 i AR T M T H B 3 40 (P<0.05) , 3 7]
R 2 PR oA 25 S VR L v ISF TR A [ K )
F 7K 7 1) 3 % 1 3 B e R
2.4 AREMBEEETERBIRARKES NMR
SHEXEDH

i 3 7 IR b AT 56 R BT A R iR 20 R B
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Fig.3 T, relaxation time (a) and water distribution (b) of Antarctic krill meat in different thawing conditions
3 ARAMBEAXTERBITANERMESH
Table 3 Lateral relaxation parameters of Antarctic krill meat in different thawing conditions
T, 7.3 B 18] /ms A
g % 7 X 2 /g
TZ]) TZI T22 T23 A 2bh A 21 A 2 A 23
Kim A 0.73+0.10° 1.87 £0.17° 50.86 + 2.05* 553.54 + 64.81* 11.39 + 1.74* 1.35 +0.16" 289.80 + 5.26* 14.11 + 3.74"
#HRMEAE  0.65+0.29 1.76 +0.33* 51.70 + 1.32* 561.85 + 21.36* 7.07 +2.85" 4.08 +2.69" 267.50 + 14.97"12.29 + 1.94"
L 3 1.26 = 0.15" 49.68 + 0.00* 555.39 + 7.37¢ 9.75 £ 0.51* 253.19 +2.77* 13.46 + 0.03"
= AR 1.18 £ 0.17" 46.10 + 1.02" 467.80 + 23.08" 11.18 £ 0.98* 242.78 + 5.40° 31.93 + 6.67°

W — SRR NE E R R 25 57 13 (P<0.05) .

x4 AEBEZFGTERBIRAMRKAKES NMR S 881X
Table 4 Correlation between water retention capacity and NMR parameters of Antarctic krill meat

in different thawing conditions

15 47 Ty T An Ax Py Py
AR TE R B R -0.863 -0.770 -0.982* 0.762 -0.775 0.812
AR FE 0.374 0.090 0.561 -0.079 0.078 -0.132

% KR P<0.05,

25 REBMHRBEAEARBEFGETHER /Ao TEAIE, 550 AR R LS E H &0

B R 1B

FI ) SDS-PAGE X i 5 J& 1) e A B8 R PR 28
ST R A 1 L EA T 40 B o AnIE] 4 TR 4 2H ma R
W PR v R LBR B A AR AN B T I I A
k75 ka BEIE B LK & V2R 20~30 ku AR50 F
BRAWHE LS 3 ARME, HiEas R B
FERK AR R, 3 PT RE S s 23 I 2R 1 R A o

He e

B 3 dfys, Xrlgeh TRy FREEN
SR L) /N TR LR AR

B i 25 2 SRR A1, e AT i IR 85 1 AL (NPN) 4
G335 Ry B BT R A 0 ] A TR NPN
Mz, LW TR AR RO, 3RS AT L4
R B BB AR Y NPN & B % 2 5 (P<
0.05) , HARIMR &K flzs SR VR 5 1 NPN & it 5
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BUREEME, £9180 ku

BIBKER. £9100 ku

MHEA, £945 ku
T RNBREA. 938 ku
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' i
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L ad
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20ku W
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{8 1: Marker; 2. A A% R 53 WK A6 OR 34 7R AR 550 28 U IR .

4 SDS-PAGE NZmRBIRAEREBEFHET
ERAMNEL
Fig.4 Changes in whole protein of Antarctic krill

meat in different thawing conditions by SDS-PAGE

fifk VR 1F R I TR A — 2, 5 B A DI T 45 OR —
B, HoroRE R S Y A B AE Y NPN 5 A
2, YRR AR VR 3 m] REJE PR D 7 Ak BRI

T AR AR R AR IS AL A AT R R P Dy U
FEIK s R s Ak P AR T [ e SR, 1 R A
PR ) 5 1 O oA figp A 38 D 5 T R I A o T g 2 TR
Ry HC AR IS TR e 2 1 5 o fe 2 B IR

R FER (TVB-N) E B & H i —H
il o = P P 2B 8, S A A 0 I i A 1 T L 2 TR A
B EE A A G-y, TVB-N i 2
Vi i T VT AN A S AR A, R DRI
WA A2 AR AR TR E BRI 2K TVB-N fH
FRALT 30 mg/100 g, A3 i) 4 41 TVB-N {H
T 2 5 (P>0.05) IR T FR 1A , 5 23 1 5500
SEAARRL, X AT RE A PR A e A A A A 1 T T
R [R] P A ™ 4 32 2 22 BRI SE K, 1T 22 e 28
Yy,

TCA V5 fif K 75 1 0] S0 W7 7K ™ i B 11 IO e i A
B A B Ul R R R O, iR
5 AL, AR AR VR IS 0 R AR R ) TCA ¥ A Ik 7
i LT HE 3 41(P<0.05) , Uil B 7 B 5 F
P A AV T A VR 25 T e ik oy A R R A G
B 34Uk,

x5 FARABEAXTEHRBIAEARMNEREE

Table 5 Degree of protein degradation of Antarctic krill meat in different thawing conditions

i 7 X EHRGRAES /g (100g)" FAMBELAA Z/mg- (100 )" TCA & MMk E F/mol B R - o' ¥F A
A& R 4 37.84 +2.74 8.68 +1.28° 5.69 +0.25
oK % 31.83 +2.41° 9.60 = 0.63* 6.35+0.18*
# j5 fif 39.11 + 1.99* 9.54 £ 0.26* 6.25 £ 0.46"
= AR 33.15 £ 2.38" 8.61 +0.04* 6.86 £ 0.27*
R — SRR NG S8 R0R 22 57 1 3 (P<0.05) .
HEHRMZ KGR E 2R &R RSE

T RO U R R R R 1 e T s W 1 1 i
FREE . th3% 6 AT N, MR o 1Y) e W s A P R A
15 Fhiife B3 S LR, (0 0 R R 5 R S L K o g
R 24 2 T A R R A R C B 25 (P>
0.05) , {H 7K fiff U S 1) U 85 S i e 3 ok b AR T
T34 3 A (P<0.05), 4553 5 TE KGR
NPN 7 1 Fl TCA ¥ i Ik 2 1 m] H 8 i, 763X 4 Fp
i VR T 2, K SR R AT R R R B R % AR AN
KRR, M Sa T AW, S SR 0w
FIEFR LB B E R T 55 40 3 41 (P<0.05) , X 1l fig
J2 R T A A U o R B 0 7 R R K R

MERBRE LR R , M UR IS Y R A Tl A P 3
B R SR T B R TR R IR , 5 T b
G5 IR — 30 AR e o i R S R R LB e, T Ok
15.50% ; 5 7AK fife o v 9 i A 2 6 R L 491 B v, P A
22.68%; = SMHR IR E BRI O v, TR
76.31%.,
2.6 % R FE R BT R TE AR B R OR & T R R
b3

TAV JEFF 5 iR T 5 5 R R 13 1 1
FCAE, TAV>1 B BO(EBE A D) 32 I 9 Joit o) A i
PR R TR 0, R T T A R S A
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Fig.5 Amino acid ratio of Antarctic krill meat in different thawing conditions
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Table 7 TAV value of free amino acid of Antarctic krill meat in different thawing conditions

R kit B {8 /mg- (100 mL)™ A& % oK A 5 Rk = ARk
R A Z B Asp(#F) 100 0.06 0.06 0.06 0.06
A& R Thr(#t) 260 0.10 0.09 0.08 0.08
2 5 BR Ser(#) 150 0.15 0.14 0.14 0.14
52 R Glu(#f) 30 0.30 0.26 0.29 0.29
H A& B Gly(#t) 130 0.79 0.76 0.79 0.80
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2B Val (F) 40 0.49 0.54 0.53 0.53
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KA &R Phe (%) 90 0.19 0.19 0.20 0.18
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Effect of Thawing Methods on the Physico—chemical and Taste Characteristics
of Antarctic Krill Meat

Diao Huayu', Lin Songyi'??,

Chen Dong'?3,

Liang Rui', 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)

Variations in water holding capacity, moisture distribution, protein degradation and taste ingredients of Antarc-
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tic krill meat after low temperature thawing, water soaking thawing, ultrasonic thawing,or air thawing were investigated to
explore the effect of thawing methods on the quality of frozen Antarctic krill meat. The results showed that low tempera-
ture thawing or water soaking thawing endowed Antarctic krill meat with better water retention capacity and complete in-
ternal water structure when compared to ultrasonic thawing or air thawing; low temperature thawing took a longest time
(98.42 min), but the content of TCA-soluble peptides after thawing was significantly lower than those of the other three
groups (P<0.05); and the proportion of umami amino acids was significantly higher than those of the other three groups
(P<0.05); ultrasonic thawing took the shortest time (21.83 min), but the content of the non—protein nitrogen (NPN)
content after thawing was the largest (P <0.05). The proportion of essential amino acids for air thawing was 11.58%,
which was significantly lower than those in the other three groups (P <0.05). There was no significant difference in the
content of total volatile base nitrogen (TVB-N) among the four groups (P >0.05), and all of them were below 10 mg/
100 g. The taste activity value (TAV) indicated that the sweetness and bitterness were the main taste of thawed Antarctic
krill meat, and the proportion of bitter amino acids in Antarctic krill meat after air thawing was the largest (P <0.05).
The above results indicated that low temperature or water soaking thawing were more suitable for the thawing of Antarctic
krill meat, while the quality of Antarctic krill meat after ultrasonic thawing or air thawing was relatively poor.

Keywords Antarctic krill meat; thawing methods; moisture distribution; protein degradation; flavor ingredients



