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Du, Z.,, Yan, S., Feng, R., Li, J,, Yu, D., Xia, W., & Xu, Y. (2023). Gel properties of
refrigerated silver carp surimi sol as affected by cold-induced sol-gel transition and
shearing. Lwt, 190, 115579.
Yan, D., Xu, W,, Yu, Q., You, J., Gao, R., & Bao, Y. (2024). Pre-rigor salting improves gel
strength and water-holding of surimi gel made from snakehead fish (Channa argus): The

role of protein oxidation. Food Chemistry, 450, 139269.
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&R AR R G B A S B LD 2 feik 2 50 (Banerjee et al., 2019) o XA
PREE SRR TG F o T A § FRAKA A Ko T (Luo et al., 2023; Mao
et al, 2022) - i7# & » gFIHF Ff‘ﬁl{?' B AT AR KA o A PSS
LRORAESEAED FEE A BAE 4°C T RS LA K WEFERRY 5D
R EM s e g A (Livetal, 2019) « Bfdw 55 @M i % 0 & R 0 Fen
w2 5573 %3 (Totosaus et al., 2002) » 2 A foif i ek R kg > A&F b f # 3 HIF
EF R ARRD 4°C 1 10°C) P BB TR AMAR T A FEGFER 4C fr
10°C T~ 4. ]\m'lﬁ‘? C R SRRy g ﬁié"?ﬂp%%&ﬁﬁm%t“ » BRI o AW eh
3o #&éiﬁ“ % 20°C 3] 50°C T & (7 3g s 1 > ¥ k2 @95 & (Benjakul et al.,

>

2003; Gao et al., 2020) - HGEFF R #F FR Y O P XTI LR - 178 > Tong %
A (2023) #-4. 4 J\ 4°C T %73 24 2 30/ PEREF S Ve iR R 2 7
e B0 e LB REE (Nakamura et al., 2021) o & 3 48 o 35 /R 2 TE—%:F]% v fade
Trfg @ @ = @ R0 S TS R S 1A SR T AR R I RO T
12 BBl F PR RPN T

E e o IR @ E PR 2t R (Claus et al., 2006; Song et al., 2020; Zhang et al.,
2023) 2 4. #F (Birkeland et al., 2007; Hossain et al., 2020; Park et al., 1990) » # L& &
WA WF GO AR AR R Tk o REE KB EART o S g S
- AF|HI s 242 pH B ATP 3 £ 9% 14~ BEehpR ~ fme B Ca?t chl 4 ~ R ch
B veE g 2 vebe Fev B G B cnA) 4 (Lawrie et al., 2006) © i HE R
AR MR BAINER 0 d 3T A iﬁ{‘éﬁ_r%aﬁ B RGO B U E IR o g g ke g 4o
ARA ST FRALG P RILS (Montoetal, 2021)

SR AT o AT RAR A R T 0 ot 1 R A j]%é.r‘:"ﬁ’»u e &
Mo IR I E m§%ﬁmﬁmva;ﬁﬁﬁ%%ﬂ%ﬁﬁﬁﬁ°
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R R A FERY BRI TABRAMESETE b FREfRYF S -
# 4. (Hypophthalmichthys molitrix) & 3 & t5 4> & | 3 > iz 45 Piao ¥ « (2023) = i
O ISR 2 28 o @ RF 1009 2 259 & R E o o FATR SRS
585 80% R E 3;‘}@0;1{3.‘@;}1@0\;& o % - ®2h4C T Hw024-647
0@ FZEE 10C T ER 02404 % o hAhRHRY 0 Bk 10°C hp ALE 4
BT MRt R o MEEE 0 MO R R HRER O Y R

SEF LR i £ 0 4°C fo 10°C T 4 SR R R A WK 4 148.38% fr
194.08% [Fig. 1 (A)] o o »vif agAz? 30 G-y TR oo B FRINHB LT E o 1§
BAwE g2t 4°C 42 R 05 R E 4 H 2 R WE ) 4 S 50 (Song et al., 2022)

o

15> 10°C A ijicéw} BEBEFF O AC TS (P<005) LR FiRE DR
Bted 1 RELFPT o BHEREE 0 b0 TR AR LT AR [Fig. 1 (B)] - & 4°
Cits 73 th» Fv WiRfBEAEMT 3210% @ & 10°C 4575 4 % (5P| X1 45.74%
Wb RGBT 0 Feo FREA) SR aEp e+ (Wang et al., 2016) o i@ iR £ B
A5 Bk @as ggtena; 2 (Zhang et al., 2022) » SE¥ 2 B B o B e 4o > ok 0F
*HEH 4 (P<0.05) [Fig. 2 (A)] - &~ 4 [Fig. 2 (B)] fr& 4 [Fig. 2 (C)] =% £ 7 “Fi
*“ﬁ%ﬁﬂﬁ}“?Qﬁiiﬂ#ﬁﬁﬁ{ﬁﬁﬁﬁ*oﬁiﬁﬁﬁﬁﬁﬁﬁgg

o

27 649 mol/105g > & £ 4°C #5757 % 15T % T 490 mol/105 g > ¥ & 10°C #x %5 4
2 53— % T % 3 4.29 mol/10° g [Fig. 2 (D)] = 27 4c i8R M chd A % ¢ [Fig. 3 (A)] -

"EE P S > 3k v €48 (MHC) thE £E F T > 4o b B-ME [Fig. 3 (B)] ¥ >
A BRATAY AP MHC EF < 5L 0 & HMWP i3 5 B 33 - 4 i Ae
PR R o 2o s R AETET ) o A AS 0 X B 2 kiR
H(Fig. 4)» 25 AR B o sEF T L > PEBHEHA L o 5 4C TREF 4R (2
MR- TRARDRE AT ARRBINL A PRErRER . 210°C TREE 421
N L ST e B o EEF R R AR E A b 0 B9 T Bc R EH
\%Jf(/fi’”ﬁ B a8 B o5 B4 iv* (Liuetal., 2019; Zhou et al., 2021) -

RS A & e A R AR A B e [Fig. 5 (A)] 0 A AR} AEdp 4
il o BE 7 X0 4°C TARAURESNTAELL L 499% 0 A ed F) 937% B

10°C T3 4 2 (> A Rleai a4 5 5.82% e 1] 10.55% o 4o o 7

RERGBEHT T B4 TR o Taa fo Taw f& &k HY ko F T
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VUGT B SR e Tos A d ok W OAEMEHY A d B (Gudjonsddttir et al.,
2011) - @A bR Ao REd? o BRAERY O T CFEGHF R R S
2 H A 0 iEAom AR Y R d b 4 [Fig. 5 (B)] - AR A R E A
M PR A R o Y 2 Pp 4 4°C HRET X SR 7 823% 0 & 10°C T i
4 % {557 9.54% (Table 1) » i~ #H Az T kA i 4 i o FU A% 6 T2t 4 °C
o e S e® 7 23 10 °C kR &Y o kA BB A EFTE > HAP
AP SR DET o kAR BEF [Fig. 5 (C)] - #F FP A & by Brofe i Bl
PSNEY A T E B A E [Fig. 6 (A)] - Meng ¥ 4 (2021) 4 Aok A § 40T
FERF R R T M o NB I RS ET SR & 10°C PRAL R 4 2L
BRKA A B A o R auE N [Fig. 6 (B)] ME¥F 4°C v 10°C b P P 5 4o
T oA AREP AETREESC (P>0.05) @ AR Ry g g
Herw (Fig. 7) e BAGA RO S d o P TIREERE  PITHRS cEFER
ToE B g be 0 e BT e kR R B L S A e Rl B Y %‘/é
BREDRPREL L FERYBREBFERYDIAF LA R L AP M (Fig. 8)
Al R fApE (P <005)c g dp B AP L REARY o SR A E R

pas ntﬁFgg; Ly ]\A‘,\,,,*_\i‘aﬁoLby},hp};%ﬂn;m}iﬁm Iv}#g'z,‘”;—q.} mz

TARM  BREAZEEfAPM P<005) - H AT AFRDE > v FLBHREEL
I U SR

=~ EERALRRFAI AL (Channa argus) & F 5% 5% R frik-kid:
=
BEE D RES RS R PRDR T A RFHFA L (Lawrie et

al, 2006) - 3 7 iE- HAFFEL B BF P > FU LR T LB
# 7 g4 (Channa argus) ® 2 Bt % « FWEIFHRZTELEFLEBHR > s

-

L it #
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LS

A YE

BB =T ARE ¢ ARGt 80°C e R S ETat -20°C A F AefR A LRk E
4°C fp o A p 5 300gAu* 3% 2 0.3% chi 4k (Ww) R & o M hokipd
RTS8 g o B i A Bl 03% 2 3% § 4R 14 (Wiw) <
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AT PE-SER § 5J{f4c7§f@ i@ * okip 40°C et 1) BF > #R15 90°C 4e #4 30 4 45 -

FEw 4 p hpH E 659 BF G EER 4 o pH E 6.39 (Table 2) - f2E i 4 p
o BT A DATP 3 % 0524 0.85mg/100g - 2 % & F Bk Eic@iais
ZESAF cmEw AR P h TCA VA< 3 § 271 mglg
298 mg/g o B W 4P T EeE E R 226 um & F ® 3z

f2.02 um - B8 7 %387 5 B kese (Transmission Electron microscopy, TEM)

BARLEE - R EE R TG ER L 185 um> A EESaCEE R S 1.60 um
(Fig. 9)  TEM ¥ i chfic® 7 a0 8.0 048 A 0 & BARNRE o AEEIE ¥ > BER
PLRAAER RS o NI MR ER e IR % o LRI E e B (S g p
OB BREAHMPFLIE - H? S EAHPALFEVAR P EFRE D DM

R a2 ap PREEFGE o Ol pE-L-f e~ RS H I A AR
w ¢ % &% % [Fig. 10 (D)] - KEGG g /Z 4 47871 » 2 v o B {8 ekt ~ vked o
Pk paent B Al F AL R [Fig. 10 (BE)] -

2% A& ABST {o DPPH f o AAjipiv 4 BF & 02 iR [Fig. 11 (A)] - & *
3% & APy FREATERRT 03% & M4 3% & AFHT 0
B KR 7 £ 8 R i [Fig. 11 (B)] - [Fig. 11 (C)] #777 &g @ 2 £
FLRF] BB plE L > @ o SR R o B 3% # g AT T RF e
LR PRFV LI ANREL S RFDBFES ERL DA a ok A & 3%
FOHT O OEE D LG RN RER A G gn-k i [Fig. 11 (D)] - 44 (Table 3) # 12 4
3o 3% & 4R A A R AR BN S N R e B0k F 4 0.3% &
@@033%§ﬂ@¢ﬁ1,gg%é%ﬂﬂmﬂ%m& ~H R B o i 303
WRRER o 3% & M4 AT o B Lkt bl (PTa) BEF T 0.3%F 4 o K
W] (PTa2) 73% % 40T 832 03% % 40 o 0.3% #% 407 » o d -k (PTa) 9%
Bgd o a REREHARRD S PTa § HFRF (Table 3) - 3% & i+ 4 vk o ik
WABEEE03% F t4h o 3% & AT EE T ERF KA RS BN REELR
Bl o Bef e FIRELFApI 8% ok a4 5 FRT - 5B P IR
SHE R R 4p B (Bremer, 1992) -

Ripiel % &0 - BEFIAGEREE » B 4o %%“.@i‘*ﬁéﬂ*f}%ﬁ (Fig. 12)
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By o F MBI Ry KOCRAREY i @Ak @
pd ik FZ 7 RIFAOTAL G LR FFS c Rz 2L TG
el 1 A fo sty fﬁfﬁr;{%ﬁ%‘rﬁﬁ"} BE P REE o pod ek Fd s b fr Rd
FRF L AR R PLF R > o R QPR Rk s 454 b - BEE
AR PRI GRS (Fig. 9) A ATE S AT F B 4 ORF PR AR
(Cléach et al., 2019) o § & v s~ ¥ Sk REIE 0 2 0 B F b ST S IR T
S T SR 'g_ﬁ_—a—;,@x]:r%;fjm 3% & 42 Ush d Arpi
4 [Fig. 11 (A)] = 3% & ™4 Rk & 5% ey T4 & 55k 128 >0 03% [Fig. 11 (D)] -
3 g.zgfguﬁv& NS ’}"T.fé:—% - % [Fig. 11 (C)] > %% BmKE T > o i et
BE S 0 B 4B vt B3 e (Bocker et al.,2006) o 1345 Asghar % £ (1985) s#7 7 » &2 %
Fugk den Apt o T RauR Rl A EE A A KSR R g o ¥ NECTCA T B
PSP G VLR R R0 R FRIE T FRE S A B BRI R (Table 2) o g
¢k fRiE e X P g 5 (Stoknes et al., 2005) o
T~ B

B 4°C fr 10°C G5 g Bt > SEE PR > SRR AA 4o B FREAT
B e BB B oo 1 & B iE - gt orn R IER A5 o BRA o BT ARE
BAR10°C T g ipiEE o A 4°C TRIF FRFABOEIN 0 FHREFRD
GECTERABHARRPTEDELLT - FE P AR R AALTHF N
G ATP 3 8 s REawed s B pH B2 { X hdv TiafdRh o 5 3% & M4 B9

mh- gk

M

R 4 ?Eiév SRR IRB AT Ry it o BEFRATRYRA
fedrkdd o v BE LR ARG Et L R ST OMETE c FETLFERD

\1

IRBELEED T BA AL AR R A 4°C EFREE 3% &
S PEEERE I LECT S AR T S SIER (LS T )
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Table 1
Effect of storage temperature and time on the P> (T2 peak area ratio) of
unsheared and sheared surimi gel.

Storage Treatment Storage P37 (%) Paz (%) P23 (%)
temperature groups time(d)
4°C Unsheared 0 1.70 + 94.26 + 4.04 +
0.04* 0.08° 0.05¢
2 1.75 + 92.78 £ 5.47 +
0.23" 0.75" 0.52°
4 1.98 + 90.35 + 7.67 +
0.50% 0.66° 1.03"
6 1.89 + 91.35 + 6.75 +
0.11* 0.17¢ 0.13°
7 1.98 + 87.70 £+ 10.32 +
0.22° 0.43% 0.48"
Sheared 0 1.70 + 94,26 + 4,04 +
0.04" 0.08° 0.05"
2 1.74 + 89.74 + 8.52 +
0.26% 0.60° 0.46°
4 1.59 + 89.43 £ 8.98 +
0.08% 0.21° 0.28°
) 1.86 + 87.68 + 10.46 +
0.13* 0.28° 0.17"
7 1.76 + 86.03 £+ 12.21 +
0.25* 0.41¢ 0.46%
10°C Unsheared 0 1.70 + 94.26 + 4.04 +
0.04* 0.08° 0.05°
2 1.69 + 92,58 + 5.72 +
0.04% 0.13° 0.12°
4 2.03 + 85.10 £ 12.87 +
0.20* 0.65° 0.73*
Sheared 0 1.70 + 94,26 + 4,04 +
0.04* 0.08° 0.05°
2 1.60 + 91.41 + 6.99 +
0.26* 0.89" 0.69"
4 1.89 + B4.72 + 13.39 +
0.29* 0.68° 0.62%

Data are presented as means + SD (n = 3). Different letters represent significant
differences within the same treatment groups (P < 0.05).

(Du et al., 2023)
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Table 2

Physicochemical characterization of pre- and post-rigor fish muscle of snake-

head fish.

Traits Pre-rigor Post-rigor P
fish fish value

ATP content(mg/100 g) 0.85 + 0.52 + 0.003
0.04 0.04

pH 6.59 + 6.39 + 0.007
0.03 0.09

Water-soluble protein (mg/g) 67.7 + 55.7 + 0.000
2.33 3.75

Salt-soluble protein (mg/g) 108 + 83 £+ 3.12 0.000
10.61

Sarcomere length (pm) 2.26 + 2.02 + 0.029
0.04 0.12

Trichloroacetic acid (TCA)-soluble peptides 271 + 2.98 + 0.003

(uM tyrosine/g) 0.03 0.10

Results are expressed as mean + standard deviation. (n = 3).

10

(Yan et al., 2024)
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Table 3

Textural properties, T, relaxation peak area ratio and WHC of surimi gels made
from pre- or post-rigor muscle from snakehead fish salted with 3% or 0.3% NaCl.

Traits Pre-rigor salting Post-rigor Main effects
salting
3% 0.3% 3% 0.3% rigor salt  rigor*salt
NaCl NaCl NaCl NaCl
Gel Strength  3.18 0.79 2.22 0.73 * wEE %
(kg*mm) + + + +
030 0.07° 021" 0.14°¢
Hardness 1.61 1.24 1.49 1.13 wHE o NS
(kg) + + + +
0.00°  0.00° 0.02°  0.06°
Adhesiveness —63 27 —57 —26 NS w NS
(g*sec) + +46° + +2.3°
5.3% 7.4°
Resilience 45.5 36.1 43.6 33.4 wEw HEH NS
(%) + + + +
0.30°  0.45° 0.62° 1.21¢
Cohesiveness 0.79 0.69 0.77 0.66 * o NS
+ + + +
0.01*  0.02° 0.01*  0.02°
Chewiness 1.14 0.72 1.08 0.71 * o NS
(kg) + + + +
0.04*  0.03° 0.03>  0.05°
PTs; 1.13 1.65 1.53 2.86 e ok *kek
+ + + +
0.08¢ 0.18° o0.01" 0.04°
PT,, 97.8 95.9 97.6 94.4 *ek ek wk
+ + + +
0.10* 039° 015% 0.15°¢
PTss 0.96 2.55 0.82 2.69 NS *xk NS
+ + + +
0.02° 0.22% 015" 0.14°
WHC 86.0 72.8 80.2 74.3 NS ek wk
+ + + +
1.44*  1.03° 253> 1.42°

All values are mean + standard deviation. (n = 3).

NS, not significant; *, p < 0.05; **, p < 0.01; *** p < 0.001.
#“Means with different letters within the same row are significantly different (p

< 0.05).
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revealed by transmission electron microscopy. White solid arrows in C, D show the presence
of mitochondria while the black solid arrows indicate the damage of mitochondria.
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increased mechanical strength and better water-holding.
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Table 1
Effect of storage temperature and time on the Py (T2 peak area ratio) of
unsheared and sheared surimi gel.

Storage Treatment Storage Psy (%) Paa (%) ,PQ:.] (%)
temperature groups time(d) '?'] i’}( B E; ’}(
4°C Unsheared 0 1.70 + 94.26 £  4.04 +
0.04° 0.08* 0.05¢
2 1.75 + 92,78 £ 547 +
0.23° 0.75" 0.52°
4 1.98 + 90.35 £  7.67 +
0.50° 0.66° 1.03°
6 1.89 + 91.35+ 675+
0.11* 0.17° 0.13°
7 1.08 + 87.70 £
0.22% 0.437 .48
Sheared 0 1.70 + 9426 £  4.04 +
0.04° 0.08* 0.054
2 1.74 + 80.74 £ 8524
0.26% 0.60" 0.46°
4 1.59 &+ 89.43 L  BO8 L
0.08° 0.21" 0.28°
6 1.86 + 87.68 + 10.46 +
0.13° 0.28° 0.17"
7 1.76 +  86.03 +
0.25% 0.41¢ 0.46
10 °C Unsheared 0 1.70 + 94.26 £  4.04 +
0.04° 0.08* 0.05°
2 1.69 + 9258 £ 5724
0.04% 0.13" 0.12°
4 203+ 8510+
0.207 0.65° 0.73°
Sheared 0 1.70 + 94.26 £  4.04 +
0.04% 0.08* 0.05° i ,, .
2 160+ 9141+ 699+ 2 1@ ER ’ff']:ﬁ‘ 4 & 7 2 (US) fosr 7 (S) A& j]% s P2
0.26° 0.89" 0.69" R s U A T
4 1.89 + 8472+ (T2 % & < fnt b) R _g_rs
0.29° 0.68° 0.62%
Data are presented as means + SD (n = 3). Different letters represent significant (DU etal., 2023) 14

differences within the same treatment groups (P < 0.05).
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Fig. 7. Effect of storage temperature and time on the microstructure of unsheared and sheared surimi gel
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# 2. R E iR RS A b p I

Table 2
Physicochemical characterization of pre- and post-rigor fish muscle of snake-
head fish. EE W i3 1s
Traits Pre-rigor Post-rigor p
fish fish value
ATP content(mg/100g)  ATP 5 & .85 + 052+ |  0.003
0.04 0.04
pH 16.59 + 6.39 + | 0.007
0.03 0.09
Water-soluble protein (mg/g) -k;3 |+ kr?.',? + 55.7 + I 0.000
2.33 3.75
Salt-soluble protein (mg/g) B3 1% 1108 + 834 3.12  0.000
10.61
Sarcomere length (um) uin R IZ_.EE- + 2.02 + I 0.029
0.04 0.12
Trichloroacetic acid (TCA)-soluble peptides |2.?1 + 2.98 + I 0.003
(uM tyrosine/g) R SR R Y R ER 0.03 0.10

Results are expressed as mean + standard deviation. (n = 3).

(Yan et al., 2024) 20
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Fig. 9. Representative ultrastructure of pre-rigor (A, C) and post-rigor (B, D) musCle as revealed by transmission electron
microscopy. White solid arrows in C, D show the presence of mitochondria while the black solid arrows indicate the damage of

mitochondria.
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Table 3
Textural properties, T, relaxation peak area ratio and WHC of surimi gels made
from pre- or post-rigor muscle from snakehead fish salted with 3% or 0.3% NacCl.

%3 B W R R
fr -k 12 (WHC) -

i

2
|

5
&

"i'"j?; Ea}j\m%&% H%ﬁ’ T2 3 ¥ T om A F B

Traits Pre-rigor salting Post-rigor Main effects
Vi—wul _J_ ~ 2 : ;7 /—‘ ;L«
AT salting o T
3% 0.3% 3% 0.3% rigor  salt  rigor*salt
NaCl NaCl NacCl NacCl
V=2 3 2, * el o *
; n}j\ i )—‘2 Gel Strength | 3.18 0.79 2.22 0.73
(kg*mm) + + + +
030%0 o0.07° | 021®°] o0.14°
*hkwk *dkk
XZ’E Hardness 1.61 1.24 1.49 1.13 NS
ﬁ; (kg) 4 + + +
0.00°] 0.00° 0.02° | 0.06¢
£ Adhesiveness —63 —27 —57 —26 NS ek NS
2
¥R (g*sec) + +46° | + +23°
5.3% 7.4%
. Resilience 45.5 36.1 43.6 33.4 wHE e NS
i ﬁ'l“* (%) + + + +
030 0.45° 0.62° | 1.21°
A Cohesiveness | 0.79 0.69 0.77 0.66 * %NS
PR + + + +
0.01*] 0.02° 0.01*| 0.02°
> H * dkdk
a Fg"]v} Chewiness 1.14 0.72 1.08 0.71 NS
- - (kg) h x h +
) 0.04*>  0.03° 0.03>  0.05¢
2Lk PTy 113 1.65 153 2586 S LI
-+ + + +
C n1gb nnib n a
] Tk PTy, I 978 959 976  94.4 I ok ek
i i o o i j
a 39b (152 ¢
E'] 2 7}4 PTa; | 0.96 2.55 0.82 2.69 I NS wEE NS
002 oo 015P  (p14°
ek &k
1/3‘_7}\, 'H— WHC I 86.0 72.8 80.2 74.3 I NS
1.44° 1.03¢ 253" 1.42¢

All values are mean + standard deviation. (n = 3).

NS, not significant; *, p < 0.05; **, p < 0.01; *** p < 0.001.

#Means with different letters within the same row are significantly different (p
< 0.05).

(Yan et al., 2024) 26
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