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P&

o~ R e fRa 2 #5 pé (Sepia officinalis) & e R
=7 Fﬁﬁ’?ﬁiﬁl”‘ 7O A (PneumatophorusJaponlcus) A g A
w o~ A7 AR iRk 4o B (Cyprinus carpio) ik &4k H g BT

Ll =

g
®E
i ‘ﬁﬁ;;%"‘v AP fﬁ-ﬁf}iﬁ SRR Pt B NF I ATRI A N R A TR
(g 1‘%; -k & f2 4 (Hydrostatic thawing, HT) ~ 7 J\ﬁ’*;ﬁ; (Flowing
water thawmg FWT) -k f2 4 (Saline solution thawing, SWT) ~ 4z § & f% it

(Ultrasonic water thawmg UWT) ~ Bk f24 (Microwave thawing, MT) e i< g fZ it
(4°C Refrigerator thawing, RT) #t:4 % & i* (Sepia officinalis) % 5 » S/ 7 # R
UWT 3 scigiefidof i > 2 ik 4 3 00% @ & 44 & 11.85% > A o -k 3 £ 14
ForFrdlicd 2 &0 2 TVB-N BT AT#H Ik & 0 BT BRIV BiE=
B o Bt grgnok iRk s A2 R4 > 3 4 f3F (Airthawing, AT) ~ B iz e it
B f% 4k ¥4+ & (Pneumatophorus japonicus) 8258 > H ¢ v MUR (R $HAF A B BB 11
EfapFEb k> AR A fRLBE T {&fiﬁ’iz% 380 PR fﬁfrﬁ'*/ﬁtfu%ﬁ* v B oanE
LR fm; #Fji o B i85 #-H e % (LOOW ~ 300W ~ 500W) iz 5 it 22 -k iz i 4p
oo 34 3 RGP g m Ay ¢ &7 300W i agE s ‘Fﬂ-’frﬁ’ﬁnﬁiﬁf
LEE N .g:mﬁ FoRb& TPy o ARFRAELEL- FAF B m?TTEﬁ*’ﬁ;

By P X R T o AR E R R BT DEEE Y -
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‘%m%f{tl%m’f?}\/pf“}ﬁiﬁ s EET E%f”ﬁ’{i‘g’? aEEY 1F IR
kit £ ,\3;" fx‘F“mlm 5 Hp 1o 1§ 3T id E%J YogpE s 4 »ép’f\?'/ﬂ Ao 2Pk {l’ﬁ—;’g‘_ﬁ i
‘_—%’Fjr’fr'—? ’iﬁx’ﬁ BN JE o

A r%mﬁ;/ﬁt{fé | &R AEZ W g & 54},5‘? E N erf’p'rbk’ﬁ*,gt
AR R AP R J_Eéfﬁ?ﬁ’*/ﬁt" FREREF A DEFoF M E A T

b o BELfREE > E 0 e IR F fR ﬂfrm J\ﬁ’*/ﬁi TEREOER Y R EX
ST R Rm o p g e ﬁ‘»%‘?ﬂilﬁhﬁﬁi’ Gldopc f2 % ~ B BRfENE 0 oAz
Wev R o G E F&?*?ié‘iﬁtﬁﬁ’iiﬁtﬁ hoR AR R T RS 0 Rak LR
PRA R S A Y SRR TR R RL S EHRA SRR
L"ﬁ{o

2. *faif ¥ g PR (Sepiaofficinalis) & F 2 (Lv & Xie,

2022)

PR T B $2 KRR (Hydrostatic thawing, HT) ~ 7i-k f#/4 (Flowing water
thawing, FWT) ~ @ -k f#;4 (Saline solution thawing, SWT) ~ 4z § /& f#/4 (Ultrasonic
water thawing, UWT) ~ #c it % & (Microwave thawing, MT)fr i< 8 f2 % (4°C
Refrigerator thawing, RT) » L% § péena@ i 7 2 poil B % 1

MT 72 2k FFRF b® (20 A 48) » FWT =z (50 4 48) > @ RT 3 % & f2.4
prRy (874 & 4g) (Figure 1) - = ffE .k * 2 ¢ » RT ef2fdp4 &3 > LA
FFfE TR OHT Ef2 44450 5 k4 25 > MT &5 75%  UWT 53 &
90% > %1 UWT #vp ‘mPz ﬁ%‘« R B UWT 244 5 11.85% & i< >
SWT % 20.15% %3 -

FEE RitY o MURfRN Y REER o MRy REEN > FlRd FF LA
R E P ERAR N ESF A SRR MR E AR T
PREA RS R R R R R R ik B oAb L 2
BE LR >SWT aom Bl v R B ® > d R AR a3 f2 o 30y a3 B &
WA 2 o F 2 BB b3 M RERA %-ﬂﬁ»w TS ifott frensg v (Tablel)-

MBI PR IR (LF NMR)¥® »Tor &5 E& kT M & F 2ok Tz H % p
dok etk 0 e T B FZE Tofr Tos TREFTH4ESF
o+ dm e R ey T ",§ v pd RBF IS THEORT T B 272 { & 27
RT FFR#E > MT 9 Tos " M 2 P& £ 5 & X F#fodrd > "5 i p d ke
Bl o @ PosPp P Auli s A k- Fiokpd keng £ (Figure3D) -
PRRAIEITRFREERZEF AR MT AHIKZE (P) " M ?
B L ERG AN G o kA ZEAREFC ORT EfEf b b Y pd ok
(P3) zE25F > HPEAY vk AF BB IvREEFY ¢t @ pd R
gap ok H 1A { E NI KA SWT hf d kg 804 2 FWT 4


https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/food-science/food-product
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pdokzEE Bz Y & (Figure3)ed MRI BB oo B9 gEd 4% >
AaokA S RABARR B ARER F 2 > SWT e 2 dri 4k 5-4p 12 0 MT £ &
MomE o BE L FES (Figure d) -

TVB-N #4185 4 peiAe? » v ARG A2 § 102 Mg Rt 3
FPEooa d pBARG > AP RAMAEFK RS > 2P MT 2 TVB-N &3
(14.50mg N/100 Q) » &% %t 30 T ehpidf { Jd - H = & RT = (13.85mg N/100
9) ' ZF RT 22 4PFFEE > ¥ AL AP P MRS $Henit T § 3
EH 4o @ UWT 8 eng d p cnTVB-N B2 37tk A dbdpin > e p @b ¥
£ $ (Figure5)- 3 = f¥ (malondialdehyde, MDA) ¥ = &R p »q F ¥ 424 > "q ¥
§i2RA%E > MDA 7 B4%3% - UWT c# MDA 7 £53 > MT =52 » £.4d +f2
RERT AR RS B EROE RE T SHARE ) RIBR LB
SR BCR T 0 B AT R ST 0 MT Bl A < R ol > UWT 8@
SRRk R B R AR R DT oA A R R E §
ik i 2405 (Figure 6) -

UWT ‘e if-kic 4 S5 > TVB-N 7 8 #3778 & 5 28 L-NMR 4~ 47 877 >
SWT ‘e i &lm®e R it = d K> o 3548 % F BB Z ] SWT & Jh
Mg B enl b o PAPRRIE T Ft SWT 4o UWT G g4 i & &

53 2L E o
3. % R jf2k 3 4 A (Pneumatophorus japonicus) & B e 58

(Zhou et al., 2021)

PR B SRRk (Flow water thawing, FT) ~ 425 i K f2i4 (Ultrasonic
flowing water thawing, UFT) ~ Z # f&i& (Air thawing, AT) ~ Ak f2% (Microwave
thawing, MT) % 8 f3& (Low temperature thawing, LTT) BL&4&F 4 cf=32 ~ v &
ER Ry RS kAL

MT #rZ iz R & LTT & > A5 5 8 4 411035 4 45 (Figure7) -
PR NS A REA  FEFL R Rk P O MT R FEATL A
® 0 4~ % G 5.85% %2 22.63%: k4 B A 5 63.18% 0 ¥ i A_F]H-v B FALEL
okt idg28ky Fioé (Xiaetal 2012) 5 @ LTT i3l foz #3F £ &
oo A w G 1.28% fr 19.86% 0 ok 4 i 0 %) 73.75% 0 Flok o g i SR 0 R0
Fev Froeiep mgmensgid (Javadian et al - 2013) (Table 2) -

FEE e LT en L* 5 4276 3g¥ 5> H & 2w (p<0.05) > » & 37
BB IEITOMT e L* 5 3534 > 5973 2udh M P £ 3R FERAGES
Bfedy FRiErR (Table3) e it?d MT L R ERFFHE 2 (p
< 0.05) (Figure 8A) > ¥ Tk B # HE K 4 39 § L foR & (Wang et al.,2020) ;
Flaanlltily x4 2 (Figure 8B) » BEm 3k > SN HEP B ET ~ S H B e
wigp vt o UFT feeed vt fodbid fi i (Figure 8C ~ D) » 8 %% Ronfly 5] 42 e
4 e g b onig 4 (Lietal.,2019) (Figure 8) -


https://www.newton.com.tw/wiki/%E6%B0%A8/384093
https://www.newton.com.tw/wiki/%E8%83%BA
https://www.sciencedirect.com/science/article/pii/S0308814620304763?casa_token=5u-UySiqXuAAAAAA:KMp6FEQgy8eFgWQ9bzcQEE_XWBOVbWHLlQ78H39EGV9YyDR2Fxgc_XjogdEUg__E4CkyaxRm0Q%23b0100
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f24 2 e BER G F9 o st R P R fRenITY T AR A
FHFEFOMPEFIVAFTAIHER D BARDETF O RAZESFDET FHR
(Shirsatetal.,2004) » £ T F r 378 B & F 1+ » AT thiE$ & 2.4ms/lcm £+ - rﬂAT
P LB ERMEF Y PRI FRETFTRAE LT T F 1

ms/cm B0 > Fl A MGR R B T & Ricd i AR R X A 4 g b (Flgure
OA) - BBLZ T I 34 > ;8T TVB-N Eendgit > LTT 27 TVB-N E& K FE R
B Ry TR R AT 2ehz 8530 R L SRR e F R X
Foo FEfRER A 0 g foikdn A 2 4 g2 K 4 (Mousakhani-Ganjeh et al.,2015)
(Figure9B) » % AT 2= MDA 7 5% » Flap EEFFERME 7 > X% B3AEF
S LTT SACt METRE > TRE By Ticripe Bong L F i &§ PRk
% (Figure 9C) - & ¥=:% B> (Magnetic resonance image, MRI) g% > B¢ = d ¢
BRAXE AW év’wkﬁﬁéﬁi @ LTT £ogirdliecd RRSS » 4 7 Rk

+ (Figure 10) -

LTT g3 PR £ > (2 ’&_1'3—7](4 WA R R S ATt VR G
Dot Fed ety Feng v o AR S GRTE o MT R _ﬁ*/ﬁtiﬁi CERAR
4 Rk 4 & ,g@ﬂ;;nz\;ﬁ,z @ FT R e i LTT kR 4
A3 crps > S5 b #7af » LTT S 4F S F a2 > FT Pl Rl d s iz = % o

4. A3 pWetfrg 4o d (Cyprinus carpio) i 32 Hsvp &

B (Sunetal., 2021)

PRy R 2 S (0~100~300 - 500 W) g i df B4 2L (Ultrasonic-
assisted immersion thawing, UT) $tf 4 a2 i (£ F{oicl e 8 7 RIE > HF G
LAY A 3 FEEF G e F oo

F3 g A rokak (Water thawing, WT) % rdlie » RIE & wf2if @& 0C
STE PR o ¥ WT e 3543 Fj4pt - ## % 5 100 ~ 300 4= 500 W p& » p Ry 4 &)
U7 18.89% -~ 23.51% - 39.88% (Figure 11A) » ® ff#if crdp S FF BT g pERY
Bl g g Ap i (Figure 11B) » f2 ik frz #4842 ¢ > WT R &4 4 33
UT-100 f= UT-300> £ %] WT f#i pFRF ek > ficd $end £ 02 Fod Fieig 5§
R B o A ep G F Y § R F R SRS T S UT-300 Rk
A AR R R ﬂ’“rﬁ z%tﬁ“-*ﬁmm’r ; UT—500 RS € R
B ® HAZ g A7 5 €4 p g SRR (Figure 12) » 127 4 &2k 3
o BB R ( Guo etal, 2021 ) » WT %2 4 2048 N % #7 % %]
PR o A TR TeF R A @ 0 UT-B00 i ¥ x4 16521 N kg i
B (P<0.05) iz B adg s Am Ficd 8 T4 2 4 clicddinsaie B o
55@%@@@&%% -H;“a RO R R e A P«r«ﬁ’*/atﬂ -k 5 pH ,AF kg

£ZE (P>0.05) Fletf3 > 24t b p pH @il B EFRE (Figure 13) - ggd v
A MEFALG A S AR LY AR SR S BRI A g S Ap xa‘f,‘% » UT-
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300 th & L* EAo i o B TR F ¢ B o 9 hikok 4 (Guoetal, 2021) o
m i ® Az g e 5 (500 W) ¢ Bvp chidE (Shiet al, 2020) - 3 L* &
BEF e o fRLEARY 4 nF VK RER ¥ ET % o b*EH 4 (Tabled) -

LF-NMR # *tf 3 & 5 ¢ ke & feind it (Jiaetal., 2017) » Tap % 2
ERkoTa FEAFTK T rdpd ko kSN T RJEFXHEFLE (P>
0.05) » i ok grvep od PN HRE 0 LR SHBRBER PR
WT #500 Tor 3 B <A 0 H B 5 R R RE > FR{ AL kg
UT-300 & &7 Tor 3 PP 575 fRoffh @ S E5f 4 7 i § L ad@ !
B AR el RS TR 0 DA PfRL R R 0 B EART s ArpE R e
Men'EfE o oL R R ok UT-500 % & Toy 2 FPF P BB > o * # F e
ALH A A 2 i RIS LR S o T MOR B okendg & 0 UT-300 5 ooedr ]
AR 1S Too 3 P B c3 4 (Figure 14) - 5 SEM BLZEHc 545 WT%UT
500 % & & B I ~ 0 &R S HEar gt UT-100 f= UT-300 #~p chpicilis v WT $&
AL RE PR ATE R &% < (Figure 15) -

UT it beid fa ol 8420 # A8 < o i of P B A7 UT-300 i S5 e i of p i vh
[ER IR ‘E‘é‘g{;}?}\’fr’ﬁ“*)’4 SRR (o 1 £ SR = el e 30 N ol I: I N2 /s
frdf 2 T RG BRI 2 REMBELEE Tl 5 - A B iR e

4L >
5. -“ﬁ-F

P 0 S < g - I wﬁ’*/ﬁ;” A “f 0o E 5@)3’%’2%??%* ' 2 R iRk A e
PR ATVB-NE~ 2l B F404 > 557 2B f2l 3 54 o m A2 247 2%
Sk B Rk 3 ﬁmtfm WA pod kg R Rl 4
£ > TVB-N B+ EITATEF 5 0 AR R T i afFiep -ﬁﬁé‘-’ B L Ed b
(IR A ISt S e N el s L 1 R ’Fr#ﬂﬁ; Brrinok R o Pt ARy
PFAHEF ARL o w BN BRIEL o B G J\é_‘_—r-ﬁ‘rﬁﬁqwﬁl N eEd o
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Table 1.

Comparison of whiteness values and texture of different thawing methods.

FS: Fresh sample

UWT: Ultrasonic

MT: Microwave thawing
HT: Hydrostatic thawing
RT: Refrigerator thawing
FWT: Flowing water thawing

SWT: Saline solution thawing

water thawing

FS HT FWT SWT UWT MT RT
W 90.81 + 0.67¢ 91.32 £ 0.14°¢ 91.76 + 0.09° 91.81 + 0.04° 92.14 + 0.15° 91.08 + 0.18 © 92.27 £ 0.07°
Hardness(g) 36838.24 + 1055.30 ° 20702.15 + 347.92 ¢ 24706.43 £ 842.47 °© 37066.90 + 951.88° 24167.92 £ 694.37 © 25520.80 £ 950.73 ¢ 25147.14 £ 892.67 ©
Chewiness 20721.55 + 551.70b 12100.13 £ 113.50 € 18096.29 + 350.25° 30604.04 + 926.01° 11967.50 £ 588.17 ¢ 17197.14 £ 321.97° 17289.30 + 486.59P
Springiness 0.90 £0.04 ® 0.81 £0.11° 0.78 £ 0.06° 0.89 £ 0.05° 0.87 £ 0.11° 0.92 + 0.03° 0.91 + 0.03°
Cohesiveness 0.73+0.05°% 0.71 £ 0.07° 0.66 £ 0.13° 0.58 £ 0.09% 0.75 = 0.09° 0.75 + 0.05°% 0.73 £ 0.10°

Different superscript letters indicate significant difference (p<0.05).

(Lv & Xie, 2022)




Table 2.

Through different thawing methods, the thawing loss, cooking loss and water retention
capacity of mackerel

Thawing treatments Thawing loss (%) Cooking loss (%) Water-holding capacity (%)
Fresh - 18.48 £ 0.84° 74.52 + 83°

Flow water thawing 2.64 + 0.35° 20.77 + 0.34¢ 68.24 + 0.97°

Ultrasonic flowing water thawing  2.37 + 0.06" 20.59 + 0.44° 69.77 + 2.03 «

Air thawing 2.30 + 0.15° 21.22 + 0.28° 70.06 + 1.34 <
Microwave thawing 5.85 + 0.09° 22.63 £+ 0.77* 63.18 + 2.78¢

Low temperature thawing 1.28 4 0.02° 19.86 + 0.56° 73.75 + 1.85"

Values represent means + standard deviation. Different letters in the same column
indicate significant difference (p<0.05)

(Zhou et al., 2021)
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Table 3.

Color of mackerel muscle thawed by different thawing methods

Color L# a* b#

Fresh 44.17 + 0.45 6.49 + 0.63 4.76 + 0.38
Flow water thawing 39.13 £ 0.87° 507 £ 1.3* 4.02 £ 1.2°
Ultrasonic flowing water thawing 39.51 + 0.95° 3.8 £+ 092° 2.55 + 039
Air thawing 40.95 + 0.65" 3.73 + 1.82° 3.12 £ 0.76™
Microwave thawing 35.34 + 0.36" 2.64 + .34 1.36 + 0.25"
Low temperature thawing 42.76 + 0.91* 447 + 1.31° 3.12 + 1.04%"

Values represent means * standard deviation. Different letters in the same
column indicate significant difference (p<0.05)

11

(Zhou et al., 2021)



Table 4.

Changes in the color of samples thawed using different methods..

Treatments Colour

L a’ b*
Control 8.10+0.074 8.13+0.082 6.13+0.07¢
WT 9.10+0.08¢ 7.74+0,09°¢ 6.77+0.06"
UT-100 8.79+0.13P 7.84+0.12b¢ 6.53+0.11°¢
UT-300 8.51+0.14¢ 79301330 6.33+0.054
UT-500 9.35+0.05% 7.54+0.07¢ 6.98+0.04°

Different capital letters in the same index represent significant differences (P < 0.05). Control:
fresh fish piece without freezing-thawing treatment. WT: water immersion thawing; UT:
ultrasound-assisted immersion thawing at different powers (100, 300, and 500 W).

(Lietal., 2020)
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Figure 1.

Thawing curve of cuttlefish under different thawing methods.

FS: Fresh sample MT: Microwave thawing
HT: Hydrostatic thawing

RT: Refrigerator thawing

FWT: Flowing water thawing

SWT: Saline solution thawing

UWT: Ultrasonic water thawing
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Figure 2.

Comparison of water retention of cuttlefish by different thawing methods. Thawing loss(A). Water holding capacity(B). Cooking loss(C).The
letters “a—c” indicate significant differences (P < 0.05). Error bars show standard deviation

(Lv & Xie, 2022)
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Figure 3.

The effect of different thawing treatments on water migration in cuttlefish meat. LF-NMR
T2(A), T21 (B), T22 (C) and T23 (D) relaxation time distributions of cuttlefish with different
thawing processes. The percentage of the integral area of different T2 intervals to the total area
was shown in Figure 3E. The letters “a—e” indicate significant differences (P < 0.05). Error bars
show standard deviation.

(Lv & Xie, 2022)

15



Figure 4.
Magnetic resonance imaging (MRI) of cuttlefish by different thawing methods.
(Lv & Xie, 2022)
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Figure 5.
The effect of different thawing methods on cuttlefish TVB-N(A). The effect of different thawing
methods on cuttlefish MDA(B).

(Lv & Xie, 2022)
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Figure 6.
Comparison of microscopic observation of cuttlefish under different thawing methods.
(Lv & Xie, 2022)
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Figure 7.

(FT: flow water thawing, UFT: ultrasonic flowing water thawing, AT: air thawing, MT:
microwave thawing and LTT: low temperature thawing), thawing curves.

(Zhou et al., 2021)

FT: Flow water thawing

UFT: Ultrasonic flowing water thawing
AT: Air thawing

MT: Microwave thawing

LTT: Low temperature thawing
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Figure 8.
Effect of difference thawing methods on texture of mackerel of hardness (A), springiness (B),
chewiness (C) and gumminess (D).

(Zhou et al., 2021)
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Figure 9.

Effects of different thawing methods on electro conductivity (A), TVB-N (B) and MDA (C) of
mackerel.

(Zhou et al., 2021)
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Figure 10.
Effects of different thawing methods on the magnetic resonance image.

(Zhou et al., 2021)
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Figure 11.

Thawing curve and time (min) of samples thawed using different methods. Different capital
letters in the same index represent significant differences (P < 0.05). WT: water immersion
thawing; UT: ultrasound-assisted immersion thawing at different powers (100, 300, and 500 W).
(Sun et al., 2021)

WT: Water thawing
UT-100: Ultrasonic-assisted immersion thawing 100W
UT-300: Ultrasonic-assisted immersion thawing 100W

UT-500: Ultrasonic-assisted immersion thawing 100W
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Thawing (%) and cooking (%) losses in samples thawed using different methods. Different
capital letters in the same index represent significant differences (P < 0.05). Control: fresh
fish piece without freezing-thawing treatment. WT: water immersion thawing; UT:
ultrasound-assisted immersion thawing at different powers (100, 300, and 500 W).
(Sunetal., 2021)
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Figure 13.

Shear force (N) and pH of samples thawed using different methods. Different capital letters in
the same index represent significant differences (P < 0.05). Control: fresh fish piece without
freezing-thawing treatment. WT: water immersion thawing; UT: ultrasound-assisted immersion
thawing at different powers (100, 300, and 500 W).

(Sunetal., 2021)
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Figure 14.

LF-NMR curve (A) and T» relaxation time (ms) (B-D) of samples thawed using different
methods. Control: fresh fish piece without freezing-thawing treatment. WT: water
immersion thawing; UT: ultrasound-assisted immersion thawing at different powers (100,
300, and 500 W). Different capital letters represent significant differences (P < 0.05).

(Sunetal., 2021)
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Figure 15.

SEM images of samples thawed using different methods. Control: fresh fish piece without
freezing-thawing treatment. WT: water immersion thawing; UT: ultrasound-assisted immersion
thawing at different powers (100, 300, and 500 W).

(Sunetal., 2021)
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