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kg /B s /NS RA T VUM % F I XK T b
S g8 B WAL R B R AR E
B WEIRER B g, e B LR R A RA

FAEN W S AN IR AN R AR
SRR T A TR AN L T K TR L A I v B A R
A o3 B 4l [ 24 46 R 22 R A BRA WD
12 UF5EE

TM-20 B FL25 RAEHL . T8 W vt T8 A BR A
A TA-XT2i B #41% , ¥ [ Stable-Micro Systems
] KLS-YXD-1 BAR 2 % VR B AR F) 3i€
R £ AT BR S &) 5 MT-8X B Z2 i 3 1 0 A0, IR
T ERAEFF R A FRA W) 5 AVANTI J-26 B 5 5 1%
PRES DAL, 36 [ DL 5w & 0 A 5 FI-200 Y5 3 43 #03
JEHL, FHFAR AR,
1.3 HERMNH &

FRIL 100 g /N Sf M F OBP G 1 ¢ 10 (mg/L)

*1

Table 1

TN 288 F oK W i L M TE, PR LRGBS 5 AL A
L% B 1% & A B, IR 215 il B 5
= H
14 BRHRMFAELE

B TE B A0 SE R Je g ek LR PIME L RS
B B o HRCHL A 3 0 e PR 2 B T A R K Tk
AW A AT AL 5 cm X5 em X 2 em K/NEIA)HY
fi by K DD AF R BE AL S AL, 4 BE A s i
W=1 ¢ 2Ckg/L) W HI 4T 25 B b 3 (2
BE 2SN 80 kPa, i 10 °C) L, 2 SIAE B 0.2,
4.6 h IFEURE i A5 5 2 4 RO R I R R A R
B R FE AL 2% GB 5009.3 — 201611 PR
GB 5009.44 — 2016 & Fr ™ Bir i Iy 2k 43 51 Dl
FE B K ATV R R A R o DL R IR
SHGER IR 1,

ARAERENAEEEFNEXKE TRAGERYSE RSEMAREESY

Water content,soluble solids content,salt content and thermal characteristics parameters

of grass carp fillets with different conditioning time

I FR ]/ h

P48 FR Physical and chemical indicators

P S 80 Thermal characteristic parameters

Processing gt/ AEEEBMAR/ % REAR/Y KR/C BT AR/ /e
time Water content  Soluble solid content Salt content Ice point Freezing point Phase transition enthalpy

0 84.5840.12a 4.01£0.11a 0.1440.0la  —0.12£0.64a  —8.0940.65a 128.914+14.17a

2 82.9440.66b 4.74+0.11b 1.15£0.03b  —0.66+£0.04b  —8.44+1.62a 126.82420.44a

4 82.544-0.16¢ 5.16+=0.11¢ 1.44+0.03c  —0.754+0.16bc  —9.1240.67a 124.56+13.14a

6 81.494-0.38d 5.9340.28d 1.6340.02d  —1.054£0.02d —9.85+£2.56a 122.47413.12a

AR F R R A B E M 2E R (P<0.05), FIH. Note: Different letters at the same column indicate significant differences

(P<20.05).The same as below.
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FEARSCL AT JH BT ) 8 7 BERIL S B 6 1 H
Hrp— P v 20 %2 4 CIHF R 24 h FE AR X5
I8 CK, I3 80 5 343 5 —18 ‘TR ¥R (—18 C
F) |, —60 “C A% LS (—60 “C LNSF),—80 CIHA
WEkZRZE (—80 °C LNSF) 100 “C ¥ & Wi bk % 45 (— 100
C LNSP)HI—196 CB AR WAL (—196 “C LNIF) Ji
RORGE B R PO REIRR 18 Cla 4% 3] —18 C
IR 24 h R EURE 25
1.6 HREMZEMNNE

SR IR O R 2 AR R Sk 41 )
AN e TR RS e B NS Ty 18 = S 1T 923 T AR
TR AR A, F 2 (D TR R A R

Vi = 3600L/t [@D)

K DOH, V AAREEE R cm/h; L AR A

FKE B PONBREES cm; e REAFEREET
FEE] 0 CE O RERE S —5 CArf T E s,
1.7 B ENNE

S A R R Oy vk il TALCXT 44
AL AE . LS IFAE — 18 C¥ FEIE 24 h By fa
T 4 CREE VI 1.5 cm X 1.5 em X 1.0 cm /e,
FCE AR AL & B ] TPA B2, B4 H
HEAT 2 WA 1) R 45, TR 46 oA 50 %0, R R 3k A P/
35, M ETH RN 5 mm/s, WHEE N | mm/s, W5
HWEEA 5 mm/s,
1.8 BERKRERZEBEBMEAENIE

F AR (4R AR SR iR R 0 % 38 R0 28 2 Ok
FeFoon . PR AR ANRFK 2z, W ta i
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F A 8T 4 CCUKA 7R 12 by, FH B 400 IR
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PR Je 0 B R A R BT AR P 28 10
min, B T % E% 0 10 min, B U8 4C0% B3R m K 4 91
PRF A Gns) 3 (O EZEE LR,

(2)

ABUR =" 100% 3
19 BHAMERSENNE
SIS AU B 7 TR A AR R T R
.
110 k&G o mREHUE

S 7% JH RS 5 0 OB B RE R T 4 C
R E A A R SEAT I E . fF R ) 10 mm X
10 mmX 20 mm WK 7RI & TS+, kA
Carr-Purcell-Meiboom-Gill(CPMG) ik #h F¢ %1 #t 17
H g F g s S (8] T, e T, We i AR I iE . S8
Wi B LR R 22 MHz, I 52 IR 32 °C L, 90° ik
W 8 ps, RAETEE 100 kHz, 180° ik v 55 B 16
pss B A 8 WK, H A R FEIS ] [A] B8 4 000 ms,
i3 CPMG $i& %5 % o il 4 1Y 4 03 & ol & 7K R 4%
il e i 0 A7 AN i AR E Ver2.0 HEAT AR T,
W A7 B AN T, W TE AR L
111 H#ELIE

I 3 K, B B R S HOE AT I E 6
W HA AR AR AT E 3 I, DA 3 0H =l 227

——0h

@
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o
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S

#n., KM Origing. 1 /E K, R H SPSS 23 #f 17

ANOVA J7 253 %1 M Duncan’s 5 (P <<0.05) ,

2 HERESH
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B8R 7R [E R E R R R o BT
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R AV o R0 R 245 %8 S bR L e i R K T
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A . — 80 °C Wl A Wk 7R 45 . — 100 “C ¥ 2 W5 Itk
gk —196 CHRAIZTIRE, 5 Pl gl i Kb # R, 5
7 R 45 R Bl 0.12~0.16,2.47 ~ 4,35,
2.81~5.14,3.19~5.88.138.46~327.27 cm/h, J i
of B KUK & Al BT i B ) 4 I 33,62 ~ 77,28,
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) DU B A f) R 23 R AR R R L S R K UK A
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Freezing curves of grass carp slices frozen at different temperature
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Table 2 Characteristic parameters of frozen grass carp fillets at different temperature
L Sk P 0 h P 2 h PEL 4 h P 6 h

Freezing condition  pR/(em/h)  PT/min  FR/(em/h)  PT/min  FR/(em/h)  PT/min  FR/(em/h)  PT/min
—18°C F 0.12 77.28 0.13 62.73 0.15 34.51 0.16 33.62
—60 °C LNSF 2.47 3.83 3.39 3.67 3.42 1.86 4.35 1.41
—80 C LNSF 2.81 3.57 3.93 2.65 1.48 1.18 5.14 1.01
—100 C LNSF 3.19 3.21 4.27 2.98 4.73 1.07 5.88 0.97
—196 °C LNIF 138.46 0.08 171.43 0.07 276.92 0.05 327.27 0.07

T FR RS 3R PT . d KUK S AE s B9 33 B 5], Note: FR:Freezing rate; PT:Passing time of the largest ice crystal formation zone.

T IEBR A . SR — 80 °C ¥k 80 W% bk R 45 £ A I, 9
B 0.2.4.6 h 1 RS R 50 5] 2.81,3.93,
4,481 5.14 em/h, H 38 3 5 KUK s B i B a] 43531
43.57.2.65.1.18 #1 1.01 min,
22 REFEBEMNABREARF5E-BEEHRN
e e3P

Y 3R 3 A VR UK 45 IR BE X VR 45 il R i Y 2
R TR R PR S 80 B R (P <<0.05) . 5 Xt
(R URGE BERE) M L, VR 45 Ab B 35 5 305 0 R i T 3
MR T o, (EL B 5 £ R 8 PR B 4R v (O BB () 4iE
K VAR 25 B o A R R L R 5 ) R R S 0 22 {1
FWN(P<<0.05), 1E 5 NG A P, —18 °C
A AR 245 11 £ 1% Bl S8R R EL R 1 e AIK T
—60,—80,—100,—196 “C ¥ & 1% 45 20 %7 fa F i il
JEE o 0 NEL O 2 R TG B M 25 5 (P >>0.05),
K —80 “C IR A MMk R 25 1), U834 0.2.4.6 h KA
FR B BE 2 9 A 3 483.68, 2 736. 01, 2 471.26,
2 206.83 g, 5 X} HEOFE G BE RS W 2 (H o K
2 358.25.1 660.66.1 283.52 Fl 376.98 g; M JHH 0,
2.4.6 h F A4 R {9 0 0 4> B A 588.84.394.75,
341.09.329.68 g, 5 XF fERE b 0EL 0 M 1) 22 8 43 1 K

—_
=}

[, [CohZA2h BB4h Eoh

RIS % /% Thawing loss rate

-60 C
LNSF

-196 C
LNIF

-100 C
LNSF

-80C
LNSF

UR%5 5% Freezing condition

& 2

945.29.498.236,387.17 1 128.80 g, W] WL, i& Y Hy
JE A BT A T R R AR R4S R D R R
T4F,
23 REFEBEXNFAEESFFE-BEREFK
4 B % i

B 2 TR T A A B AR B O 4 0 F — 18 T
W% &5 & — 60, — 80, — 100 °C ¥ 2 W& ik % 45 A
—196 “C ¥ & 12 T VR 45 09 5 f0 R 1 g OR R R
(F 2A) Fnz& &MLk R (F 2B 2 fk., MK 2 o]
L3 VR R 5 R B N R R B REOK A 3
(P<20.05) , L8 B[] B A9 3 7K P AT

& 2A AN, VR 45 TR R T R B R £ 9 R
e AT B 0 (P <C0.05) , Bl 5 % 45 1R B 1Y 4%
% PR B R0 () R AR R R BT Bk Fh, BB
I T B K B0 A iR R 0 R B AIR . R 0.2,
4.6 h BHAL L 28 —60,—80,— 100 “C ¥ & Wk 4
i R M R R VR R R Z MO E R
(P>0.05) BB & m T —196 C IR 7 % 45 1
fi B VAL 0.2 h IFSRH — 18 C RS I B M0/ i1 it
HMERPERTE—60,—80,—100 °C I A Mtk
LR AL (P<<0.05), Wi 0. 2 hIFRH

w
o
1

ClohZA2h BEB4nhBE=S6h

be
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20
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FEEMIKRI% Cooking loss rate
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Fig.2 Effect of liquid nitrogen freezing temperature on water holding capacity of grass carp fillet after freezing and thawing
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—18 C R &5 1 F M I ff VR IR R 5 & — 60,
—80,—100 “C ¥ % WE Ik 4 45 9 10 R i 09 £ VR 40
PRI FEZEF (P>0.05), K& 2B w] &, ok 8 2
RIS ] 0 h) JF VR &5 M R 0 7 g 78 B K R i
e LB VR 45 U R I IR O 2% 40k R ] B R IR
(P<C0.05), —80 °C i & Mt ¥k % 45 119 7T A i 19 28
AR TR HE — 25 i R Y 25 A ik R
WEBN, JHE 2.4.6 hIF R — 18 CH 45
HARF N EERREFEE S T RELS MG
R T2 —60,—80,—100 C ¥ & Wtk 7 &5
I —196 C AR BGSEFEM MR ERME
ABFEP>0.05), X KU HELHTH4T1E W
JHE A A R TR 5 AR YR A5 R REOK W
.
24 REFEBENFAEREARFE-BEEHD
HEASENHM

T4 T ORE AR E BT 18 TR
K & F — 60, — 80, — 100 °C ¥ 2 B¢k 7 45
—196 CRA R HRL M a o hhmEn &
H. DR 4 AJHL, VR4 I RE R R B R) X RE A8 R Y
R AT A B EME R (P<<0.05), RiH %
SR FE R BEAR B R R R VAR R S O
P IF T —60, —80, — 100 °C ¥ 2 Wi #k % 45 A
—196 “CIR AR VRS () 40 7 i Eh i P 1 i
B T — 18 C ¥R 45 FF S 1, (RIS 1 O & 0 7 1Y
(P<C0.05), TMiAE 4 F il & % 45 )7 X rh, — 80,
—100 °C K ZUBEK 4 45 A1 — 196 °C Wi &L= 5 4 0
RMBFEHEEASTELR E 25 (P>0.05),HE
Fim T —60 CR A WMk IR 45 R . BE A A
V) B K, ¥4 JH R O B e ) ER R R A
AH 00 AL 00 I O 3 A 3 2% 5 £ ) v UL A 4 2R
S5 e o
25 REFEBEMNABREAREE-BREFTKS
BERSHEIE

5 BT AN [R]85 T — 18 CR AL
R4t B —60,—80,— 100 °C I &Mt bk 1 45 A1 —196 °C
TR R4S 1) 7 ) R W T AR Py OR 5 i 80
KU R 5 HBD A P, CHFR K TR & FE D
12 5 AT, AN A V20 Ok 45 T R X B R Y K 43
TR B FE I (P<C0.05), FREE-f R S 5ufm
R B i s K H AT B LR R 4 TR B Y A
R o A K (P o) Fo i 8 3% TR, X oK I B R
i G BRET RO h) L 43 5 F— 60, —80.— 100 C &

R R G5 - R A A0 R IS 5 B K % i 22
AK(P=>0.05) AH 3 T — 18 C VR &5 il Uk iy 7T
R KT — 196 °C AR B R 45 I R R
(P<C0.05), FEAH A VR 25 6L BE T Bl 25 1A B 15 (1] 42
L VR G5 -ff VR J5 TS B T s oK E i B L A
AKHCE AL, X TIHHE 6 h & A, T —80,
— 100 °C ¥ A W% Ik VR 25 ifk ok 19 A0 7 19 B T B
KEGHEZRAKR(P>0.05, HEFmT — 18,
—60 C & A LIk R 45 - VR 1 B0 R (P<20.05) . 4%
AR AR IR VR &5 Ak B X R A8 5 K A3 o3 A A B
TRFFRCR .

3 W #
31 RAERFEERMABHEZTUXNRLESHN
00

R 28 e AN [ A A T A R B L PR R
W W5 i Ko i MR E S B e R AR
T8 o 1 R 2 UK A AR R o AR E
TR N b ANSE  E R R S Al N U R TN
A5 LA Y E R K L S B (U B9 PR T B
SR Y X SRS i B v i WA Rt e
Wit 2 I MR 3 L L A i £ R 5 o ) 8 g i i
il DX 3l e PR K R Ve R O R B BV T S R R
Jih 22 [ 1) ARSI, AT TR 7K 8 0 TR 285 R 7 )N
FLURGE R 3 5 A 56 WL 48 B B ) A
G e ) BRI 1) B ) £ R 1% U 4 R B
e B . DD R A A B [ A L B A R
£14 35 7K A DK AR L DR A A R
WER . FE e AR AR b LER S A
JUL8h 2 W AR B K o3 O 5 A T T BE IR, Al
VRAS A TP R R Rl A B K R AR AT fi
i1 VR 25 R A A FAE A2 o PRI, B B
Fi B VR 45 T RN 38 G R R UK & Al T A I (]
460 .

K7 R A K R R L X L8 [ R AE S UR
T A v RS e A T 2 b SR 2 B R
L F 7K R D) R 4 A AR A T X AR
B WL 56 21 (9 B GRS i 5 9 PR B A I L IR
MK Gy &t i PR CGR DL H A K& 2B
Z N B ) R A AL RS AT — 5 R B AR 2 il
A0 R 3 A A R UK A IS ] 9 /0 o DA T il HG R 4G
AN, X B A8 R RS S B B OR R —
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Table 5 Effect of liquid nitrogen freezing temperature on relaxation peak area P, after freezing and thawing of grass carp fillet

Vi B S PP 0 h Processing 0 h P 2 h Processing 2 h PV 4 h Processing 4 h PP 6 h Processing 6 h

Freezing condition  p,, /15 Pu/% Pu/% Pu/% Pu/% Pw/% Pu/% Py/%
CK 96.24+0.28b  0.4740.02e 97.02+£0.55b  0.3040.02¢ 97.12+£0.38b  0.0840.01d ~ 96.74+0.24b 0.03+0.01e
—18CF 87.97+1.50d 7.30+1.22a 90.50+0.38¢  5.61+0.44a 90.7140.53e 5.47+0.54a  91.40+0.45¢ 4.65+0.44a
—60 C LNSF 90.40£0.37c  5.4140.46b 93.97+£0.39¢c  3.6340.33b 93.40£0.44c 2.70%+0.27b  93.1640.51d 2.21+0.27b
—80 °C LNSF 91.93+0.39¢  4.26+0.31c 92.09+0.36d 3.55+0.40b  92.76+0.19d 2.4440.23b  94.56+0.27¢ 1.73+0.18¢c
—100 °C LNSF  91.5740.35¢  4.1240.32c 92.69+£0.37d  3.30£0.27b 93.88+0.29¢ 2.484+0.25b  94.54+0.36c 1.6440.16¢
—196 °C LNIF  97.91+1.17a 0.98=+0.30d 98.62+0.23a  0.547%0.13c 98.80£0.12a 0.3040.03c  98.80£0.50a 0.14=+0.03d

TE:Por e NG BIK TR & L5 Pon e B i /K W T BT W5 L] Note:

free water.
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Effect of liquid nitrogen freezing temperature on quality
of seasoned grass carp fillets

LI Xiang, REN Zhangrui, HU Yang, LIU Ru, XIONG Shanbai

College of Food Science and Technology, Huazhong Agricultural University/
China Engineering Research Center of Green Development for Conventional Aquatic
Biological Industry in the Yangtze River Economic Belt , Ministry of Education/
National R&D Branch Center for Conventional Fresh Water Fish Processing (Wuhan)
Wuhan 430070, China

Abstract Compared with the cold air freezing method, the liquid nitrogen freezing method has a
faster freezing rate and is more conducive to maintaining the quality of frozen aquatic products. It has
been used in the processing of aquatic products such as shrimp and pufferfish. In order to study the effect
of different liquid nitrogen freezing temperature on the quality of seasoned grass carp fillets, the grass
carp (Ctenopharyngodon idellus) were seasoned by vacuum dipping and frozen with liquid nitrogen
at —60 C,—80 C,—100 C and —196 °C. The results showed that the liquid nitrogen freezing tempera-
ture significantly influenced the quality of seasoned fish fillets. As the freezing temperature decreased,
the freezing rate of seasoned fish fillets significantly increased,and the hardness,chewiness,and salt-sol-
uble protein content of the seasoned fish fillets increased, while the thawing loss rate and the cooking
loss rate decreased. Moreover,the texture characteristics,cooking loss rate and salt-soluble protein con-
tent of fish fillets frozen by liquid nitrogen spraying at —80 °C were not significantly different from those
frozen by liquid nitrogen spraying at —100 “C and liquid nitrogen dipping at —196 “C, but significantly
higher than those frozen at —18 ‘C and —60 °C. Furthermore,the conditioning treatment could improve
the freezing-thawing stability of fish fillets. And the quality stability of fish fillets seasoned for 6 h was
the best. Grass carp fillets with high qualities could be obtained by freezing fish fillets with liquid nitro-
gen at —80 ‘C for 6 h.The study can provide technical support for the production of high-quality frozen
and conditioned grass carp fillets, and the appropriate temperature for the processing of frozen condi-
tioned aquatic products.

Keywords liquid nitrogen spray freezing; freezing temperature; seasoned aquatic products; grass

carp; seasoned fish fillets; frozen preservation; water binding capacity
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