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WA ATP REXB M., BEEAEREN T, PWERBRMBEIRAITAELRKIOEH, &5
BR, FERMBEIRRI G n, RIS ARy ATP RE XK= M El, Z & RgH
BReBEZMRD, EERNEERSEZR IR A, | KRRty &k E ok b b 3.32; 2 kAL B
HY 7R 1R PR 4 3 R B Y B B R(P<0.05), Bl K RN A, RASELERBTR; 3%
Fata E, KR EHR K(P<0.05); 4 KRkt R 8y K {8 Y (86.88+3.58)%, 4 R & 4T & 4 BE B, 1
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ERAEBRO LA B, FROAENERE—F SN, HEEN, ARBEIRAEEHE 2 X
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ES7 a0

hESES TS254.7 CHELERINAD A

R B R (Euphausia superba)d ik & —Fh &
PR A BORIE, SAY MR 3.79 12 ¢, HATFIH
AWy 5 NS B ETR oK AR A S AR
HH>4(Atkinson et al, 2009; X £ /R4, 2016). Ftl
WRAE R B i R AT T 2 R T I — 22 0] (5, 4n &b 8 %
oo T A AR AR S JiAh, BRI
AR T T M PR T 23 5 AR S PR A i, TR
FHUE M (Anheller et al, 1989), Boonsumrej %5(2007)4
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T o R VR AT LA ROIE SRR A A 7, [R] A J il i 2E
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BRI EE HE I S B (Al et al, 2015), 7EERFI
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UK ) FHAE TR 45 0, 25 R 5 AR A Y 3 2 e A
(Londahl, 1997; ® 5% 2016)., 7Ef#%FEH, K=
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3, AFR R R Al B (Srinivasan et al, 1998).
RS AR SR R B RGER B 35), XA SUR R T
AN, TR I TEAR, R B RT DA A 1 A K
(FRIEE, 2015), PITITE R Tl A ZERE I B i g

52V VR RTAR VR 2  EA dh JORE Y BT 45 Ak
(Ali et al, 2015; W%, 2009). 1 Sriket 2£(2007)% 5
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thic BLAN, AR BIAEERIA 250 %ot S A4 B Joi 42016 s
¥945 4k (Boonsumrej et al, 2007), HT, & T MM
5 AR AR AT B T i AR T A XU 2 i) ) R T AR /D o AT
538 3 43 BT A A R AR A R B A I A2 VA R RT i s aod AR
HATP S HOGEG™ ) . Wi R LR AE ML, RS
TG P X T B T B A A JBE Y88 R i 43 ) 5 T,y el M Tl
R RO TR 2%

1 S A%
1.1 LI

YA U B P W W R R A% (250 /O FIL AR Bk
JE W A T R A BR S Rl s = B R IR 1T (Adenosine
triphosphate, ATP), —B§HR I (Adenosine diphosphate,
ADP) ., i+ R (Adenosine monophosphate, AMP). L
F R (Inosine monphosphate, IMP) . K # IZ % 4% F
(Hypoxanthine riboside, HxR)FIYX 1% 204 (Hypoxanthine,
Hx) bR o it LA Bz B b o o I T 26 [ Sigma A W]
H . K,HPO4 3H,0. KH,PO,. NaOH. NaCl Hff
ikal, AR Y el T E 2548 Bk 2R
AIRA

1.2 (UFE5%%F

E2695 i SO G A S IR TR AR T 0y A7 BR 2%
A5 L-8800 AR 4x A sh A A H 52 (h EDA R
Al ; OSR-8 Bl TAEul # F LA R MIA R T
Avanti J-26S LB Ol DL vd S AR R R B (R ED A
PR FSH-2 nl i S 9K HL 5 N [ A2 H e A BR

/NI 8
1.3 T H*E

1.3.1 & ARAFIFIF A BE o ) & T W Tl R R A
TS R K AR 30 min, ERFEREZ MK B
T A 1) A A S LR AT R, AERR 1 min
Brik 1Y, S 10000 v/min, FEHTHE 3 min, AT
PES AR BEEL A MR 22 mm. A 20 mm. 5
15 mm PFRE A, B R

1.3.2 Ak Aok ik 4 22 PRSI -20°C 7K
AP 7 d JEBUB R, A VKR TR, R
S5, SLIFEWIIL 35 d. FERMIKABUE G, H7ER
BT AR R . BT R BEE R 150 W, R i@
I G LT A AR ST W AR i O TRLEE , B U TR I8
F(4+0.5) CHE N fRRL K.

1.3.3 ATP R i %3 =6 57 ZHRN=H%
QOINA I AEB Y, HERIFRE 5.0 g URRALIEER
Jo BER Y BERE S, AN 10% HCIO, 20 ml, ¥R 1E

4°C A F 10000 r/min #.0> 10 min, B EWER . 7EDT
VE ARSI A 5% HCIO, 10 ml, FA FR$EAE . B0
Jeds 2 K EIEWA I, F KOH %M pH £ 5.8, &
%) 50 ml, FH0.22 pm AHAE BRI B8 5 R R R
FHETEAIETT 8T o

1o BSORA R TE I A5 o . B ODS-3 Cig
(4.6 mmx250 mm, 5 um); FEIEA 30°C; A%
{@i A 7"7 KH2P04 ﬂt‘n KzHPO4 /E‘s/ﬁ\@i, {fﬁ'{& B j‘TIEﬁ@?,
K AR BE VR , s A 1.0 ml/min; HEREEA 10 ul;
R A 254 nm,
1.3.4 Syt g
2, irE AR

ff 97 e (BER TR A R R S R 2 )=

IMP

27 Zhang %5(2018)1 5

HxR+Hx
A, IMP. HxR Fl Hx N4EWAZT RS
(wmol/g).
1.3.5 K a#yit i %% Saito ZE(1959)1 7%,
HHEAXT
K {E (%)= HxR+Hx 100

ATP+ADP+AMP+IMP+HxR-+Hx -
A, ATP. ADP. AMP. IMP. HxR Fll Hx Jy
FAZAT IR = (umol/g)
1.3.6  # 5 & L5 em oz % FHESE(2014)1
LA E BN, HERIFRE 2.0 g HRELE RS A ER
BERES,, A 0.02 mol/L FFEEEE 20 ml, #J% 5 min
J&, fE 4°C4AFF 5000 r/min B5.0> 10 min, B 1S
FERZE S0ml B 2 ml _FIREERINA 50 ml Z.08
FIEFIMA 5%M B EE KR 2 ml, £ 4CHEMHT
10000 r/min .0 10 min, B _EIHRZE 0.22 pm KA IE
B8 )G, R IR 4 A S A G T I RE o

1.3.7 5 0R 1% M E (TAV) i 3+ 5 I
Qo1 E, HEARXWT .
_ BRI TS IR P AR

A R R

1.4 #HIFEAIE
K Origin 8.3 £l & 3, .35 ME40#7 R ] SPSS
21.0, 255K FHFE {45 i 22 (Mean+SD) K /R o
2 HR5HR
2.1 FIAREEAN AT P BEFE A AT A2 R ATP R H X B
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(XIJBZE, 2008; 7KK 5, 2014), K=shsE R4l
FREE . U B B AR S A 2 5 ATP AR fit
H ¥ (Ozogul et al, 2010), ADP, AMP, IMP, HxR,
Hx 55402 ATP 20 ) 1) RBAL B9 . IMP J& 2 fif Bk
FIRZ R (Xi et al, 2016)., HxR Al Hx 1] LAF= A= 37 0
1 R AEDXT BB AMP 1 IMP B85 R B, 401
& 2.79 umol/g 1 2.92 pmol/g. TE4 2 WK RIIEIF S ,
IMP &8 i % FF#&(P<0.05), M 2.92 pmol/g FHZE
0.39 umol/g, T AMP & & N3/ %E 3.83 pmol/g. ¥k
PG 3 5, IMP &G AR L, AMP 95
) 4 B AIR(P<0.05) . HxR 19 5 5 il 75 ol v 450 422 30
BUWGmey s, FERMAIGIH 4 WJE Ik B RE
5.53 umol/g. VRl 2 YO R Y Hx 2 &4 B w34,
ZJe BER Rl B B A2 AL AN K . HxR Fl Hx LR
& B 5O W AE B 25 S (Pacheco-Aguilar et al,
2008).
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Fig.1 Effects of freezing and thawing cycles on nucleotide
related compounds of minced Antarctic krill
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3.32, 2 URUARRIG R () EEE HLAUR 0.16, 225400
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KB PE A 7K ™ b T 6 B 1 P b . — i
T, KA/ B K SR i (7 203858, 2017) . W
AR =5 K — BRI 10%, AT K (A
AOBE AN = B AE T ATP KBRS, FEJS K (Y
TR i D) o R A WA B 25 2R (Morzel et al,
2003). Saito ZE(1959) A K= i K {H<20%2 B R %
e, K {E<50% AT LA455Z, K (H>T70%H R K
R o T 2 J2 1 Rl B 1 ) o 0 e A A A JBE f
T HORT KB ARG DL o Bl 2 R O S U B 34 o

K {EM 12%38hn%] 88%, 4 W7 BTG 5 m e i oF 2
ANHHEE X EEE HxR E Rl 45 5 . Lee 4(2016)
& BLUR RIAIE PR U 3G I, s T 4R Ak = FE R I R
B REHOCRAR 3, s T A A AR R, it
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Fig.2 Changes in flavor/bitter ratio and K value of minced
Antarctic krill during freezing and thawing cycles
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Tab.1 Free amino acids contents of minced Antarctic krill during freezing and thawing cycles (mg/g)
SECHERR Amino acids FRRIE R IREL Freeze-thaw cycles
1 2 3 4 5
KELEFR Asp’ 0.16£0.01  0.16+0.01  0.18+0.01  0.17+0.01 0.18+0.01
IR BR Thr'® 0.25+0.01  0.26+0.01  0.32+0.01  0.32+0.01 0.32+0.01
2R Ser” 0.25+0.01  0.26+0.01  0.32+0.01  0.31+0.01 0.3240.01
HER Glu” 0.15£0.01  0.17+£0.01  0.22+0.01  0.23+0.01 0.25+0.01
HE® Gly® 1.61£0.09  1.70£0.08  2.17£0.02  2.12+0.07 2.18+0.04
HWE Ala® 0.74+0.04  0.80+0.01 1.03+0.03 1.00+0.03 1.02+0.03
HER Val™'* 0.25+0.01  0.27+0.01 0.32+0.01  0.33+0.01 0.34+0.01
R ZERR Met™* 0.1940.01  0.2040.01  0.23+0.01  0.24+0.01 0.26+0.01
SRR Te™* 0.1740.01  0.1940.01  0.22+0.01  0.25+0.01 0.25+0.01
FEEMR Leu™* 0.26+0.01  0.29+0.01  0.36+0.01  0.38+0.01 0.39+0.01
fiE i Tyr* 0.2140.01  0.23+0.01  0.26+0.01  0.31+0.01 0.3120.01
EHNEME Phe™* 0.15£0.01  0.15£0.01  0.19+0.01  0.23+0.01 0.22+0.01
HIEIR Lys™'* 0.41£0.07  0.43£0.06  0.55+0.07  0.59+0.02 0.61+0.02
HAMR His* 0.09+0.01  0.11£0.01  0.13+£0.01  0.34+0.01 0.35+0.03
WHEmR Arg 3.16+0.06  3.54+0.10  4.58+0.09  4.95+0.12 5.30+0.08
Jifi%#R Pro° 3.7440.14  4.06+0.14  4.5240.10  4.66+0.16 4.83+0.24
TS E LR Mt Total free amino acids 11.79+0.47 12.8120.42 15.60£0.35 16.44£042  17.12+0.24
W IERR BB Total essential amino acids 1.67+0.11 1.80+0.11 2.1940.13 2.33+0.08 2.384+0.05
AT AFERR LB Percentage of essential amino acids(%) 14.14 14.07 14.04 14.19 13.90
R S FEBR L 9] Percentage of umami amino acids(%) 2.65 2.56 2.46 2.49 2.50
TR FEBR L] Percentage of bitter amino acids(%) 41.46 42.24 42.36 46.31 46.83
HTR LML L5 Percentage of sweet amino acids(%) 55.89 55.20 52.56 51.20 50.66

MM EIERR ; VI REIREIERR; AR WIRERER; ONRARERER, T
% represents essential amino acids, V represents umami amino acids, A represents bitter amino acids, O represents
sweet amino acids, the same as below

2 REATEIAHAB) B AR B AN AR P BE P i S | BRAY TAV (B

Tab.2 Taste activity values of free amino acids in minced Antarctic krill during freezing and thawing cycles

USR] ZRAE IR K AL Freeze-thaw cycles
ZHEMR Amino acids Taste threshold | 5 3 4 5
(mg/100 ml)

KA Asp” 100 0.16 0.16 0.18 0.17 0.18
TEMR Thr 260 0.10 0.10 0.12 0.12 0.12
2GR Ser’ 150 0.17 0.17 0.21 0.21 0.21
HHEBR Glu” 30 0.50 0.57 0.73 0.77 0.83
H&ER Gly” 130 1.24 1.31 1.67 1.63 1.68
WEMR Ala°® 60 1.23 1.33 1.72 1.67 1.70
AR Val* 40 0.63 0.68 0.80 0.83 0.85

H i &R Met* 30 0.63 0.67 0.77 0.80 0.87

SILAR et 90 0.19 0.21 0.24 0.28 0.28
TR Leu* 190 0.14 0.15 0.19 0.20 0.21

HINE R Phe* 90 0.17 0.17 0.21 0.26 0.24
iR Lys* 50 0.82 0.86 1.10 1.18 1.22
HEM His* 20 0.45 0.55 0.65 1.70 1.75
W& Arg* 50 6.32 7.08 9.16 9.90 10.60
Jifi & f& Pro” 300 1.25 1.35 1.51 1.55 1.61

IR Z R BR Total umami amino acids 0.66 0.73 0.91 0.94 1.01
BERE AR Total bitter amino acids 9.34 10.36 13.12 15.14 16.01

BUEHBR Z FL 2 Total sweet amino acids 3.98 4.27 5.23 5.18 5.32
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Effects of Freezing and Thawing Cycles on Taste
Components of Minced Antarctic Krill

PAN Xiaoyang'*?, YANG Linxin'**, WANG Xiaoyan'??, JIN Yinzhe'**", CHENG Yudong'**

(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai  201306; 2. Engineering
Research Center of Food Thermal-Processing Technology, Shanghai  201306; 3. National Experimental
Teaching Demonstration Center for Food Science and Engineering, Shanghai  201306)

Abstract Antarctic krill (Euphausia superba) stocks produce large biomasses and contain useful, high-quality
proteins. Krill protein has been suggested to be a good source of protein for humans, due to its well-balanced amino
acid composition and high biological value. In this study, minced Antarctic krill was studied. The effects of freezing
and thawing cycles on changes in the content of adenosine triphosphate (ATP) and related compounds and free amino
acids in minced Antarctic krill were investigated. Changes in taste components during freezing and thawing cycles
were also analyzed. Results showed that with increasing freezing and thawing cycle times, the degradation of ATP and
related compounds increased rapidly, the content of umami nucleotides gradually decreased, and the content of bitter
nucleotides gradually increased. The flavor/bitter ratio was 3.32 at the first freeze-thaw cycle, and then after two
freeze-thaw cycles the flavor/bitter ratio decreased significantly (P < 0.05). At the same time, the K value increased
rapidly, which indicated that the freshness had dropped sharply. After a third freeze-thaw cycle, the K value increased
significantly (P < 0.05). The K value was (86.88+3.58)% at the fourth freeze-thaw cycle, meaning that the minced
Antarctic krill was no longer fresh. After the fourth freeze-thaw cycle, the K value did not significantly change. The
total content of free amino acids increased as the number of freeze-thaw cycles increased. However, the proportional
content of umami amino acids and sweet amino acids decreased, while that of bitter amino acids gradually increased.
The total taste activity value of bitter amino acids was the highest during the freeze-thaw cycles, which indicated that
bitter amino acids made the greatest contribution to the resultant taste. This led to the further deterioration of the
taste components of minced Antarctic krill. Therefore, it was concluded that the number of freeze-thaw cycles should
be controlled to be within two to better preserve the flavor of minced Antarctic krill.
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