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1.1 MRIE5NEE

FIBRBER, R BBEIR S U AT SRR AR T
HZHT 2014 4 5 et sidliss, fid; o g R A (e
=20°CUKHEH, 2014 4F 7 HisHSim =G, R84 fr T
—60 C B VKA & H o

DS1921G MG il sk RS Gl R IT BHt
188D 5 HH-4 RUAC B AEEKR s (R RAFD ;
DNP-9162 MfEi# T F=4 ( LA E&E A )
TYS-200 2 UyRe mdbn L GHTYT A 7k JE T 21 K BH AL
HARAF) ; UV-2802 BUEKAN ] WL et Ot)e
P BAE PR AT 3 KDN-08C B 5E %N (_HEH A%
AT ; 1100 B S 8080 (s AR 5973 Y i (36
Agilent A 7)) 3 RURE/OHL (FE[E Eppendorf A7) .
1.2 REHZE
1.2.1  MARSF R A A28 B &

PRI S AR 1 5C 4 10 el BB JsU R 4 4y, B
1000 g, FHTKDEmN 16 cmx10 cmx7 cm [¥ELEH,
PR A BT LA, R E T -30°C Uk
HIEATERSS, SRR 18 CIEUE (TR
AT RIZ0 10 h)  SRIASE T KR DR
URANMAR A FE AR B N R R R (9-4°C) , BURERLE S
Jr, IR, LR AR A i e
1.2.2 @BERTMALD

IR AR L2 500 g, S5 A SzbRA A, R
LU 3 ROy i

D FKEGR: FEMEASAEE, B TKBPEE, i
FEHR 25°C .

2) ARTSMR: FERMINEEHTR R, BETAT
SARAE TR, B AR AT, R 25°C

3) RIS AR FERTIN R, BT R
FEIRISRE IR P, R REE N 4°C,

1.2.3 BVEiRs

SRS TR, BB R | SRS
AR BRI T B VP . T 5 B RF VI A B2kt
FERBEATET 48, 5 10 20 B s, 0 4 A B 22 i it

Fz 1 FERBINREIFNRE

Table 1 Sensory evaluation standard for Antarctic krill

by JMH Score
Index 2 1 0

B el S Bock, WESRE  AsekE, AYUREE
i G, OGPERER IR, OGPERIE PR TOEE

R TR R AR

WL HEURESE, SPEhy  HEL, A#dk MW, SRPEZE
AR AR AU, TEHL AN R A RO

1.2.4 FEACIEARM

FHLER (& Bl 2 : 2 GB/T 5009.5-20101%, 7]
L E R E .

LA (non-protein nitrogen, NPN) & &l E:
F4 B H T 4% OB EL 1:10 g/mL R34 5% . AERIRRILS]
WA 10 g, KEWF) 0.001 g, BT 100 mL B0, A
50 mL JE =S HCN 5% =5 (trichloroacetic acid,
TCA) ¥, % #EW 1 min, ¥E 30 min, ZJ5
8 000 r/min Z5.0» 10 min, B 5 mL _E3EW, KPR ER
MR AR, WAIEEASA.

RE R M I % (Total volatile basic nitrogen ,
TVB-N) &&illE: S8 SC/T 3032-2007MY, R =
i SR

QB Z W8 S N4 (thiobarbituric acid reactive
substances, TBARS) & &ll5E : 2 Martinez 251775012,
WEAVEAE 2o T 10 g SRR, INAN R 225000 5%(1) TCA
W 50 mL, ¥ 30 min, 4000 r/min &0 10 min, _Fi
WOGE MR G, W5 mL FHEREH, A 5 mL
0.02 mol/L MHifCE L Z/ (thiobarbituric acid, TBA)
W, BT 95 CARBH RN 45 min, VKAKAH, VK
7E 532 nm ARIIE WG o 45 5 LLARE T 7wl AR O A o
A = AR R (mg/kg) s

e Wi BR A oM S I TR 25 1 iR, SR
Pi- LR, AER stk E, KA GOMS HET
T Horh, A RES PR R A JEB AN M (30 mx
0.32 mmx0.25 um) , A, K1 55kPa, FHELIHE
K 3°C/min, KIS 250°C; FiRE Sl EIE T
., HEREE 70 eV, EFREE 230°C, Fifr b HE#E
Fil 50~500.

1.2.5 g4z

SR SPSS 17.0 B AEXF A AT Ab 2], IR 5 5L 2 1K,
R 3 ASTATEES, 45 RLLCT I EARHER 2 (Mean
values£S.D.) F7Rx, BEMLL P<0.01 A EFE, P<0.05
M, P>0.05 AR,

2 HR5N

2.1 FAtRAERAR AR B 2%

5 485 V1 R A R B s oL R i AR L 1
AN T g 7 ORI P il 8 A A T 26 B S AN ] o R AR
FE VR AR ) BE A A3 B IR 20 0 —4°C, VRBe Ol
M—18CTHE-4C, HiK. AR RIS 3 FRif
75 S SE IS TE] 23530k 51, 220 A1 826 min. X445 Z:4)F
FERIL-30°CUKAR Ik i ra A AR s 75 4 CREFRA
FRBRITTR] O 20 h, =3 (23°C) RN TE A 6.9 hl*l,
SEBR A FE FRA PE 2 R IAE—20°C A AT, KRS RO L
—18°C~—20C, KA SR I 45 S5 sz b A 7= o HL 4R
SR

Bl 2 SRR AR R AR 2 . WK IR I AR T
N 1.0°C/min, (EMRHYVIEAR T Y, HAE Mg
B ERAA . FHART A IWIAEZE A 0.25°C/min,
AU 20 min fEHEFEIEATAZN, 20 min [52208 FFE, &
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60 min I %42 0.03°C/min, 2 a1 V2%, (RIS
LRI N 0.10°C/min, HOR MLk — EHB N L. MIR5
S S AR TR, B A e AR R R il 5 T
WZEARN,  PEURRE R BT, R o i 2k
PERRVR JE A TP 2%
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Fig.l Thawing temperature curve of Antarctic krill
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Fig.2 Thawing rate curve of Antarctic krill

HAR BRI PR B (25°C) i PR 25 U
H4°C) , HTSMEMBINEIEZE RIIXR, HRT
SARVRIERE T S, T R D . KRR AR A
AMBRYR PR B S BARAR A 25°C, {HH I R KIEL A
4186 J/(kg:'C), B AT MILLHA 1012 (kg C), K
55 R AR B R VAR R ) FAAT e R T s DR G K R TR )
TR D T AR SRR 58 R VR AR R R 3R
2.2 FAREETARR S B R E T

K= e R R, SR, fh2E. Bl
AW A A F T S e PR S R R 2 Lk, R IR
JECERFIE AR a2 3 ROy SRR
FREA PR, XN R A B 2R (P<0.05) .
K R REIN L,  AE BRSOk S T W BAL T AR a7
FRVR AL 2 SR, IR e . ELAR 2 SR I
R EARRE &, [ RSS, WAL BAA AR, (R
HS ARG, BB s . AR s AR R e
I, 249 13.7h, SIS B R BEERRE A ) PR AR,
HARNRAR A, SN o

EREGIEINIA), JlAS, JsURMMIL S AR 2R, KT
AR PR R AR R LU L A A B B b N A R

x 1 BERBITETREAXEFRE R REITEN

Table 1 Sensory evaluation of antarctic krill with different
thawing treatments
itk 75 =X R R IHH
Thawing method Sensory description Score
, TEARTERE, (R, R, DINAZRR A
Uk e e 9.4+0.3
BAMEE g e ok *
s JERSTCHE, (BEETHNE, EHIRRAR, WA B
SR SR i . .8+0.
IR g s, ook 88104
LAGERE, (ERENE, HREMEA, WAZ
R 2 TEA e, (MG, HEMURAE, TINA 7 520.4C

UL SE, HRMA R UK

e F S AREA TR R ER B (P<0.05) .

Note: Different superscript in the same line indicate significant statistically
differences (P<0.05).

2.3 BREFAXTEHREELT TVB-N 0 NPN & 2 HIS 0T

SR, P EEIR PR HOA B 67.45% (T
), MR S E ARSI, XS Tou &
FUah Rl BRI A A S TS MR R L R,
ZMEROY TREEAN. BRIk A FEBE AR, I
BB A 40~60°C 2 [A)10, R b AR A T A AR AR
WRE e, LA IR E TR R AR A 1 S B A B g
P, HAE 0~25CIX AN I, 2 1R 3 BEELE I T s
SIEROR RS fE AR RIEN Y, BB
WLRER 1 5 R A B, A2 il Ny T, 3 TVB-N Al
NPN & & (A,

TVB-N J&Faah PPk o TR R4 i /e, 7008
V3t R R B T 90 A i 7 A ) 2 DA SRS S B S B
JEUS, TVB-N — [R5 15 (1 B 38, DRkl 32
VER B Wefay DL BR2EEE K i o5 UCRE P58 1) B B4R A
AR RUR FUR K . AR S AR5 1) TVB-N
LT (P>0.05) o FiKR RS0 AR FERS
239k 51 F1 220 min, 1 TVB-N {8 35 AR R A
[F) T () A 8 00 ) 22 S 3K 0 ) g A A 2 11 T A
Je IsF T) N B A = A2 IR 21 0 mT g DA 2 BRORISE R O 2, 2k
BRI BT D o ARIR A S0 SRR 1 R AR AR
TVB-N {H W3 & Tk HARSSM% (P<0.01) , X
RIS MR RE R K, 1T e AR I R AR R A
ARG A, FIBAER N T 0 & 2 iR nT
AL 7T R B 5 A K AR B

HHT, A DG A i 2 (1 R BUn T ok ok 3=
£k 1) TVB-N 5 5 0] DUE— g R b1l i S b fef
P, D EKbRME GB/T 19164-2003 (faky) )
TVB-N A BfiRL e , Fok 552 1) %143 5 TVB-N fH R
YIRS SR I R AR BT TVB-N 2 & =T
ot 2 M7, W R I TR T 2, 0
SRS — 52 AN R 52

NPN J&F5 A7 -8 AU AN & B AL S 0 0 B R
BB 60, 4565 B 11 T B A 7 AR R RS R B R, s T
Bl E UL R RS B A0 bR 3 Fh
77 MR G 1) NPN A5 72 5% (P<0.01) , NPNMH 5
VR FEIN (AR 350, NPN 35 AE PR K i
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mi TR FERR, (2 NPN BEAR A R AR I 2 1 0T 1 B At
FRfE, 5 TVB-N AEL, NPN B3 B A AP0 m B a in
TR R b
2.4 BREFAIEHRERLT TBARS {EHI#Z M0

AT & S ANMRIIE TR, 20 R AR, A=
WCHAT R ISR . W BRSO R
PEIR, SR M MERK. TBARS {EG R & EAG IR B
A e A I, W] DLYRERS S i R AR A R

PRI 22 3 Fh 7 2 5 1Y) TBARS {H A Al i 2 22
. (P<0.01) , HAVRIE S SR iR TBARS
HEAK, M 2.17 mg/kg, VBRI S PE R I AL
1%, IR AALRE AR . E AR ARV 0 S A F TBARS
18 535w TARRR % (P<0.01) , &y 4.78 mg/kg, X5
IR S RAT AN IR 15°C 45k
i 4h, W75 TBARS 14 3.9 mg/kg. A<l (I fif %
WA 25°C, SRMZERTRE SIS K. FKMIET
PR IR TBARS {E 5, 31X 1] fig 5 K A VR o R Hup
SRR R BRI A G
Fz2 ERBITEAREAREREH TVB-N. NPN 5 TBARS &

Table 2 TVB-N, NPN and TBARS values of Antarctic krill with
different thawing methods

SR AR A FELE FACE H
fiF 75 2 Sy 5L R éj\;& FIR )
Thawing method TVB-N/ NP)I\\ITEm o) T AL
(mg-100g™) ee TBARS/(mgkg™)
PR ARV 9.60+0.53* 6.89+0.19* 6.77+0.10¢
H R 2 SRR 10.33+0.45" 8.55+0.14° 4.78+0.06°
I T 2 AR 22.47+0.47° 12.13+0.24¢ 2.17+0.03*

Ee WS RREAR T EERORZE R B (P<0.0D) .
Note: Different superscript in the same line indicate significant statistically
differences (P<0.01).

2.5 FREF I EE R EEATAS BB 28 AY B0 2200

KH GC/MS ¥ 1] LA iR Al v %655 e 22 Bl 07
i, HAPHA R ER DL C16:0 1 C14:0 4 &, HAMHIAE
il LA C18:1n-7 A1 C18:1 KX, ZAREANEHR
C20:5n-3 fl C22:6n-3 H i mMMBEIRE A [F] 7 AR
VR 5 IR A ) TR D R 4L R A AN IR], L rp 2 AN R T
fi b 2= 5 B3 (P<0.05) , MKUKCH: Rl =S S E> H
SR SRR >R KRR o

x3 FRIARNEHRE RIS ERE R 1F R
Table 3 Fatty acid composition of total lipids from Antarctic krill

with different thawing treatments %
L AR gy | IR ORE
Fatty acid Static \fvater Natural air thawing Low tempe_r ature air
thawing thawing
C14:0 11.07 9.22 10.31
C15:0 0.89 0.43 0.55
C16:0 24.60 23.52 19.97
C18:0 2.53 2.04 1.48
C16:1n-9 0.92 1.77 0.99
Cl18:1n-7 11.64 10.90 10.18
C18:1 10.74 12.28 12.37
C20:1n-9 0.55 0.32 0.86
C20:1 0.46 0.92 1.86

2015 4
e KRR AR TR R 2 R
Fatty acid Static water Naturql air Low temperature air
thawing thawing thawing

C22:1n-9 1.44 2.31 2.19
C22:1 0.18 0.21 0.18
C16:2n-4 0.53 0.60 0.87
C16:3n-3 1.32 2.01 1.88
C16:4n-3 0.27 0.44 0.35
C18:2n-6 0.99 1.17 1.23
C18:3n-3 2.30 2.06 1.83
C18:3n-6 0.63 0.93 0.87
C18:4n-3 0.46 0.68 0.62
C20:4n-6 1.43 1.28 1.79
C20:5n-3 15.34 15.09 17.17
C22:3n-3 0.55 0.62 0.79
C22:6n-3 10.99 11.02 11.38
PRI TR 39.09 35.21 3231
AR R 25.93 28.71 28.63
Z ARG TR 34.81 35.90 38.78

P R R I D — e B ALK R o TR
7 F [ TR BT 9 b AL T e o AT T A, R
AR A8 B o B2 BB R AR AP R SR 105 K, W] RAAE —
SERE L g/ R TR A I RERE , HA T 3045w B
Z ARG I -

3 & it

PR BRI R T K AR AR U7 ARk
g 4350k 51, 220 il 826 min. SEFRA=, FK
TR 1 5 SRR B Y 78 70 2% RE I 7 i IR R . /K
3 SR B AN R B S, BRGSO —
a0 R SOk B Sk fo AR I Rk, ECR ] E AR
AR R B K AR R 7 3 TR 25 T AR R Y R
Pl R o 3 5 B A A B P, JF R & (non-protein
nitrogen, NPN) FR K VEERIEE (total volatile basic
nitrogen, TVB-N) & 2 5 T HAth 2 Pt 77 X (P<0.01),
SNSRI it B A RS o R AR B it AR EOE
KPR 2 AU R JsUoRk R D7 5, AT RAAE — @ R LoD
JE BRI RESE - [] IS0 22 ANTL M g 7 1Rt S 28— 5 11
TRIEI

(& % x #
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Effect of thawing methods on processing quality of Antarctic krill

Cao Rong!, Chen Yan!, Zhao Yuran?, Liu Qi**, Huang Xianbin*
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Shandong Entry-Exit Inspection and Quarantine Bureau, Qingdao 266000, China)

Abstract: Antarctic krill (Euphausia superba) is widely distributed in Antarctic waters. The resource of Antarctic krill is rich,
whose fishable amount is up to 100 million tons each year. In China, considerable amount of Antarctic krill is frozen and
stored in boats before transported to the land for processing. Therefore, thawing is indispensable in Antarctic krill industry.
The thawing way has great effect on the quality of fishery materials. In order to explore how thawing process influenced the
quality of Antarctic krill as raw material, 3 ways including natural air thawing, static water thawing and low-temperature air
thawing were designed in this study. The consumption of time, sensory evaluation and biochemical indices such as non-protein
nitrogen (NPN), total volatile basic nitrogen (TVB-N) and thiobarbituric acid reactive substance (TBARS) were determined for
each kind of thawing method. The results showed that the thawing time taken by natural air way, static water way and
low-temperature air way was 220, 51 and 826 min respectively. The sensory score of Antarctic krill with static water thawing
was the highest, followed by natural air way and low-temperature air way. The NPN values of Antarctic krill thawed by the 3
ways were 6.89, 8.55 and 12.13 mg/g respectively for static water thawing, natural air thawing and low-temperature air
thawing, with the highest value of low-temperature air way, followed by natural air way and static water way in sequence. The
TVB-N values of Antarctic krill thawed by the 3 ways were 9.60, 10.33 and 22.47 mg/100 g, respectively. The TVB-N value
of low-temperature air way was significantly higher than the other 2 ways, but those of the static water way and natural air way
had no significant difference (P>0.05). The TBARS values of Antarctic krill thawed by the 3 ways were 6.77, 4.78 and 2.17
mg/kg, respectively. The differences were significant (P<0.01), with the highest value of static water way, followed by natural
air way and low-temperature air way. The proportion of polyunsaturated fatty acids of total fat from Antarctic krill was more
than 30%. Low-temperature air thawing had a certain effect on the protection of polyunsaturated fatty acids. In conclusion, in
the process of production, choosing the way to thaw Antarctic krill material should fully consider the type of products. The
way of static water thawing is suitable for general food processing. The ways of static water thawing and natural air thawing
are suitable for fishmeal production. The way of low-temperature air thawing is suitable for shrimp oil extraction.

Key words: quality control; thawing; agricultural products; antarctic krill; non-protein nitrogen; fatty acid profile
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