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Fig. 1 Schematic diagram of triple-frequency orthogonal ultrasound-assisted freezing of large yellow croaker
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A F130 s A Y 2 B, DU 0 18 VRt
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Gy SIFRE R TR AR

m, —m,

W, = x 100% (1)

m,

Kb W AR URTR Yo 5 m, Ry SR I £ 1R) JoT ot
gsm, NIRTRIG AR, g,
1.3.2 Fp/KaES (WHC) I &

B2 g Rk s N, P2 I8 4R 2,
BTELEP ., B0 10 min, 5000 x g,4°C, B
O VR A TR K 43, Rk it A

W, = ™4 % 100% (2)
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1.3.3 fa%

it FH £ 2 SR DU AR i %) L (BT IR 2 ) La (41
EREE) Ao (B . B2 (AR) A A
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K AE R B8 25 5 LA BERE L A WIS B 5 a R
B ERE S LT SR B 5 by R BT BRI R T
1.3.4 pH

B2 g KEMIEN, I AZEIE/K 18 mL. i H
IKA S5 , FHIRA Y3451 30 s fdi ] pH 146
IREYIH pH,
1.3.5 ARG IHE (LE-NMR ) 23 B i g 2
PR AR (MRI)

N g RN R WA NS R NN RUZR S
FLZE B IR TK Bk . B TR IRIRE (Y

B #E 45 (B A% 70 mm) H1 . 7F LF-NMR 2 #r{¢ _|
N5 A [ 5t PR (T,) o 38 3k K £ R 5 ) MR 5K
55, AARAS o1 BE AU 5 D
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B0 15 min, B FVEWRIGE 15 B LR LR 4E 8
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B, XU IE S AR R A AR /0 B UAF
(123 Al B , DA TN 32 i e 7 T8 A R P 238

24 pH A B i 5 L3R A A LS
R R PR 2 AR LR S X 2 BB
WHC FEARIFR2Ma £ 0 i 5. 3, pH Y2 6 32

AT Bl A R P T A A S AR Y
2 A VB A, g R FEAR
WF5E H IF FUA [A] 2 % TOUAF AR & pH 20K 522
B IR AR (P>0.05) o X T B2 R AR B SE Y
A B0, AN 2 T3 pH 1 1B 35 A5 Ak

&1 FETOUAF XK % & &% pHA# M
Tab. 1 Effect of different TOUAF on the color and pH of large yellow croaker

5

{422 Color

Freezing method L* a* b* AE pH
IF 47.38+0.08" ~2.63+0.83" ~3.92+1.08° 6.11+0.09° 6.88+0.030°
TOUAF-160 45.22+0.27¢ -2.71£0.40° -3.35£0.25° 3.95:40.28° 6.83+0.038"
TOUAF-175 42.93+0.27° ~2.96+0.24° ~2.67+1.08° 2.36+0.58° 6.71+0.042°
TOUAF-190 44.32+0.34¢ —2.7440.52° -2.85+1.27* 3.33+0.93¢ 6.66+0.069"
TOUAF-205 46.25+0.06" -2.8640.28" -2.99+0.72* 5.05+0.16° 6.72+0.040°

0 FAT AR ING SRR R 35 M 25 5 (P<0.05) .

Notes: Different lowercase letters indicate significant differences (P<0.05).

2.3 RIFHZFEEIR (LF-NMR) 43> #7 fR % 8 2L iR
F & (MRI)

A e A0 A A% R A Bk (LF-NMR) I & &0 1
(14 T, ot T4 BRF [, A 300 A 5 o 9 7K 9 43 A A A
Rl il b i 3 AN 04 3R A0 1R PN K I 3 R
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NGy i sh K fa R K RS s A e fa
WAL T, R, T, 02 A K, i e
B HH R sh, &% FBOK A, bRtz b,
KA AR RS, 20 RS 2 T IR, DL £F 4
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W IR PN o BRI, 5553 AN 5 T s K 23 B Ak
H K R P K RS 2 LA 5 i s K 1 B
AFAE 32T T, W ¥ 28 4k T DL R ZEAE S v
()43 A FIAE RS 1 002 o 45 2 K8 b i 2298 U
b3S A 1) T, B St B ) JC B S AR R (&1 4) o TF 4
(AN it 7K ek B S AR, 3 2 DR L IR 544
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JitL Eh UK A AR T 32 B 4505, A R TR S
WK IERS . SUN S50 ifl £ 3#F 17 UIF 4b
PRIV R 96 R IS 4538 , UTF 38 i 25 1k
SRR AR T UK i B B AZ RN F A S U T vk

YR LU BT , A RE Gz T v VR £ 1) 78 I
459 R W, TOUAF 345 T T ELAUK OV /% 10
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2.4 JRAA%FME(TPA)

JOAA P SR T B A X T K Y e BT
Y, B EE | PELAEGE 0 [ 55 46 o R R T B
i R R, S R I S R %
Kb B S ) R AR A S B R ) 1 AR £k
(£2), IF HAYREEE AR (3 288.77 g) , Bl 1IEAC
7 P AR Y 5 | AT 75 D 3R B B s, A% A
i O R A 3 5 7 (P<0.05) , S BE ETHE

Ty . H b TOUAF-175 19 5 B 5% 5
(5365.53 g) . [FIBFAH%L T IF 4, TOUAF-160.
TOUAF-175 . TOUAF-190 , TOUAF-205 F¢) 5tk 53
BT T 0.14%.0.25%.0.18% ,0.09%; P4 3R 143
A EF T 0.67%.0.90% .0.76% . 0.52% ; MH I 43
B ETET 0.49%.1.16%.0.60% . 0.43%; [0] 5P 43
B BT T 0.70%.0.99% . 0.83% . 0.56%. i i il
PV VR, TOUAF AT A2 S B4/ (345 B vk
i, DT 977 L DR K B R UL PR 4 4 T A B0 7K 43
TR A B RAED (HREAIORE WA
TE K, TOUAF 230 % F IS TR &
PR T T R 5 B TOUAF-190 F1 TOUAF-
205, TOUAF-175 [ FE BA B 451 b e P . 3X
A B SE PR ol Ky 238 1) 75 U0 6 ¥ VRt A v R i
Tk Z TR (RIS LA 2 T Y4
P, A4S Kt G BT S A R R SRR
B, TOUAF-175 % 0 & 3 A9 88 75 U1 Ty 3R g o 47
PRIV VR HE £ 1) 5l 0T, e 8 6 30 1) 7 ) SRk
TRB I R R A SRR () 5

&2 AETOUAF X K& & Bt p#20m
Tab. 2 Effect of different TOUAF on the texture of large yellow croaker

R IE. fifi i [iiNes NZE NFL R i [ e
Freezing method Hardness Springiness Cohesiveness Chewiness Resilience
IF 3 288.77+209.21° 0.44+0.015¢ 0.21£0.009¢ 499.70+32.384¢ 0.086+0.003¢
TOUAF-160 4713.31+384.27° 0.50+0.006° 0.35+0.016" 745.19+7.297" 0.146+0.003¢
TOUAF-175 5 365.53496.49° 0.55+0.008" 0.40+0.015° 1 081.26+17.867" 0.171+0.006°
TOUAF-190 5005.85+251.69% 0.52+0.006" 0.37+0.013° 799.35+75.036° 0.157+0.007°
TOUAF-205 4 662.68+279.99° 0.48+0.011° 0.320.006° 714.76+33.548° 0.134+0.007¢

TE : [RATARNG FREROR B35 122 57 (P<0.05)

Notes: Different lowercase letters indicate significant differences (P<0.05).

2.5 TBARS

TBARS 3 i K il — Uk 48Uk ™ P R P74 £ fk
PR ISR AL RO RR B 1] 6 R T ANl A A
J& £ L FE 5L ) TBARS E YA AN R FE R 1Y A8 4k, IF
1 TOUAF % 4 19 45 | B A W & 1 22 & (P<
0.05) . BRURIELN VKA RN LT 48, T80
AR 490 5 1% A £ R DY i I AR AR R 1 1
T, RO ¥4 VR FEAS 1 TBARS 18 23 A i 384 fm'>
IF /) TBARS {8 % /&5 (0.173 mg MDA/kg) . 5 IF
FHLE , TOUAF REA R0 il ¥ 7R i TBARS {E 1Y
ThE o 5 AR I 45 R 258l , TOUAF i 5 1)
PN HRE 5 () TBARS {2 9056 T G I8
g ks, Hdh TOUAF-175 () TBARS {8 5 ik
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(0.108 mg MDA/Kkg) . MA 25720 % 50 ¥& v of 7
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J I, UTF #5870k S B KN B 3R T
TBARS{H, UTF i 38 £ 410 il g 05 1 0k 2% 1 a2 i
FTEALR AR B . GUO 245 th M 7™ A i AR
;e HE g o 4R Ak, R 7R T it K 58 TBARS H
FhiE X 5 AHEIE 1924518 — 8. TOUAF 4b F 3
TR A A BRI PR T VURES SR T B 40 /N K
il O G MR R T4 B 4 A g Bk L TR R
TOUAF 3 ixf PR 8 4 V4 I K It . 1l P Tt 0 i 4L
A B TE M A R 22 T R R A A, U
Hb R IE I IE S U3 (TOUAF-175) difig
A 38 A BN X i T AL 1) R ) I 2 R IR
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Different lowercase letters indicate significant differences (P<0.05).
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Fig. 6 Effect of different TOUAF on the TBARS of
large yellow croaker
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Effects of different power triple-frequency orthogonal ultrasound-assisted
freezing treatments on the quality of large yellow croaker (Larimichthys
crocea)

YANG Weihao', MEI Jun'***, XIE Jing"***

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
Professional Technology Service Platform on Cold Chain Equipment Performance and Energy Saving Evaluation, Shanghai
201306, China; 3. National Experimental Teaching Demonstration Center for Food Science and Engineering (Shanghai
Ocean University) , Shanghai 201306, China; 4. Shanghai Engineering Research Center of Aquatic Product Processing &
Preservation, Shanghai 201306, China)

Abstract: Ultrasound-assisted freezing (UAF) technology is commonly used in the freezing preservation
of large yellow croaker (Larimichthys crocea). In order to improve the quality of frozen large yellow
croaker, this study introduced orthogonal mode on the basis of UAF. A novel technique of Triple-
frequency orthogonal ultrasound assisted freezing (TOUAF) was developed. In order to explore the effects
of different power TOUAF on the quality of frozen large yellow croaker, the thawing loss, water retention,
low field nuclear magnetic resonance (LF-NMR) and magnetic resonance imaging (MRI) , chromatic
difference, texture properties, TBA, protein solubility and surface hydrophobicity were measured after
TOUAF treatment with different powers (160 W, 175 W, 190 W, 205 W). The results showed that
TOUAF-175 could significantly increase water retention (79.450%%1.571%) , reduce thawing loss
(2.343%+0.044%) and water migration. The low TBA value of TOUAF-175 [ (0.108+0.014) mg MDA/
kg ] indicated that TOUAF-175 effectively inhibited lipid oxidation. At the same time, TOUAF-175 has
better effects than other power groups in terms of color difference, texture properties, improving protein
solubility and reducing surface hydrophobicity. However, the quality of the frozen samples in the treatment
group with higher power decreased due to the release of latent heat and mechanical damage to the frozen
samples. The study showed that proper power of TOUAF could effectively reduce the damage of frozen
fish tissue and improve the quality of frozen large yellow croaker. TOUAF-175 is an effective method to
promote the freezing process and improve the quality of frozen large yellow croaker.

Key words: large yellow croaker; triple-frequency orthogonal ultrasound; ultrasound-assisted freezing;

power; quality
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