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Tab.1 Criteria of sensory evaluation for L. japonicus fillets
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Tab.2 Changes in texture properties of L. japonicus fillets during ice storage

W ) /d /g Fiilg WM HE/m B /g WEL I E/m)

storage time hardness adhesive force cohesiveness springiness gumminess chewiness
0 174.92+16.80" 4.83+1.64" 0.55+0.06* 3.82+0.17° 82.57+26.66" 2.79+0.60°
4 159.67+25.97" 3.36+0.32° 0.52+0.04° 3.29+0.12% 68.79+10.28" 2.31£0.35"
8 155.25+20.79* 3.4240.53% 0.44+0.04° 3.34+0.16" 59.37+11.29° 1.91£0.36™
12 141.64+20.97° 3.93+1.20% 0.43+0.07° 3.26+0.28" 61.41+12.36° 1.97+0.46™
16 129.86+25.20° 4.50+1.70™ 0.42+0.05° 3.19+0.21° 59.83+9.16" 1.93+£0.41°
20 122.25+15.73° 4.08+1.36™ 0.44+0.03" 3.07+0.21° 57.17+6.34° 1.7740.25°

i FBIRAREA R bR BR8P 2% 7(P<0.05)

Notes: in the same column, values with different superscripts mean significant differences (P<0.05)

0.05). 1B {H HH #1619 57.62+0.06F% A% 5] 46.16=  BFFEHRIE 4 °C RN M 5 (Micropterus salmonides)
1.56, FRMKT 19.89%, HIEEZI (E3). HA FA) FA S (L I 7 HsF ] £74) JE K f 2 PR IR

RI KEIEDRYEREEENTN

Tab.3 Changes in color of L. japonicus fillets during ice storage

oz

0d 4d 8d 12d 16d 20d
colour
L* 57.92+40.66" 52.34+2.89" 50.47+1.01% 49.77+1.21% 48.03+0.46° 46.62+1.54°
a* —(4.34+0.39)" —(4.61£0.63)" —(4.58+0.05)" —(4.75+0.15)" —(5.21£0.06)° —(5.21£0.08)°
b* 2.52+0.13" 2.61+1.68° 2.57+0.69° 3.62+0.27° 4.07+0.09° 4.65+0.40°
% whiteness 57.62+0.60° 52.03+2.72° 50.19+0.97* 49.42+1.24° 47.67+0.46" 46.16+1.56"

e FAT PARTEAS A A bR LA R 2 12 5 (P<0.05)

Notes: in the same line, values with the different superscripts mean significant differences (P<0.05)
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Fig. 1 Changes in TBA of L. japonicus fillets

during ice storage
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Fig.2 Changes in TVB-N of L. japonicus fillets

during ice storage
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Fig.3 Changes in pH of L. japonicus fillets
during ice storage
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Fig. 4 Changes in total viable count of L. japonicus
fillets during ice storage

27 REES

A B3 (4SBT P B YRR 8] 174 22 < T AS Wy
REAR (151 5). Bréfpfo i GV e, HE SR
WLOLUHE M, A B, oSk AEHT1EIK

0~8dﬂ;ﬁlEﬂ%‘fﬁ¥ LR R, BEJR TR A K
itk (4 V0 R LA L LR R, 12 d IFRCE 2

22
20 &
18
16
14
12
10 +

B
sensory score

0 4 8 12 16 20
T [)/d
storage time
ES5 kEdiEhitraRRESENTL

Fig. 5 Changes in sensory evaluation value of
L. japonicus fillets during ice storage
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Fig. 6 Changes in myofibrillar protein content of

L. japonicus fillets during ice storage
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Fig. 7 SDS-PAGE pattern of myofibrillar protein of

L. japonicus fillets during ice storage
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Fig. 8 Changes in total sulthydryl content of

L. japonicus fillets during ice storage
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Fig. 9 Changes in carbonyl content of

L. japonicus fillets during ice storage
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iDL AL A B OO B (>0.7, P<0.01). AL
JRAgEATESRESER B EAMX (=
—0.820, P<0.01), {554 WF 58 18 J AL B 1T £ 45
b5 8 A A e bR 9 AH G PERT & 3L, TVB-N{E
HEHEL . WURLF 8 A a5 2 UG

3 iR

31 BRM5eE

R S0 JSOAE) 95 A 19 A8 AL 2 N IR S
SEA B A G, MR B Ca’ % Ca™
S, KR LERE H Z 2L, L

T4 KEHEEY SR RREESIRAEERE HHEZEBEXED T

Tab.4 Correlation analysis between freshness index and biochemical properties of

myofibrillar protein from L. japonicus fillets during ice storage

£

index H L a' b’ TBA TVB-N TVC Prot Sul Car

H 1 0.445 0.484 -0.676" -0.798™ -0.401 -0.771" 0.670" —-0.422 -0.795™
L 1 0.550 —0.448 —0.754" -0.697" -0.697" 0.916" —0.676" -0.627"
a’ 1 -0.743" -0.761" -0.625" -0.737" 0.702" —0.420 -0.751"
b 1 0.726™ 0.430 0.775" -0.638" 0.353 0.802"
TBA 1 0.621" 0.907" -0.904" 0.504 0.924™
TVB-N 1 0.706™ -0.738" 0.711" 0.473
TVC 1 -0.865" 0.593" 0.857"
Prot 1 -0.619" -0.820™
Sul 1 0.316
Car 1

e HBEEEAE; Prot. SulfiCar IR RNURA 4R A S8, SESEMPEE R, * 7E0.057K T L 835 A5 **. 720.01/KFCR i) L&

ELEES

Notes: H. hardness; Prot, Sul and Car represent the content of myofibrillar protein, sulfhydryl and carbonyl respectively; *. significant correlation at 0.05

level (both sides); **. significant correlation at 0.01 level (both sides)
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Wi TF, WU EF 4 2Z R AR g As , T3 8UE A
JUL PR A s 38 0 7 IR AER ™ IS 300, ol o
B, EARAL AR, FEEARM
REEW PR, AR EEDE TR, Wik,
B B {5 T s SRR 3 UM G =-0.771, P<
0.01). Ak, fifl BE{H 5 o 5 7 & L 5t W 3 B A
X (=-0.795, P<0.01). 2K 1KLL BM ST
FOE H R PR ZS MR IR, AU A TR,
AT S SRR B (1T B0 AR YR S 43 B A 1 A
BEAE 5 T V& BB e — 8 A OGRS JT S 4
WFIEIN R, 5 IR M A EGAH L, e
£ PR 3 b 2 Ak R AR B /N, A i
RO T R AARSE , A )5 nl % & (A 5 o
Y AE R AR TP R AS TR R AL B ARG — 25 23 BT
W e WL AT e B S i PR, B
AP IR T LR T 4 AR 25 4, (45 2R 1 A
KERWED, SEMN LTR8BS I 525 T,
P, LY 5 UG £F 48 8 1 & & AH G M BoR
(r=0.916, P<0.01). L4k, a5 MR AL E
FIRMAEAMSEAX, MaEARERY
S A AR P X5 e UL 3 11 454 R AR AR I SRR A
MWL EE B S BCA S oK N, Bagr
2k DLk B IR AR eI, 2 i il s R L AT 2R
FIR R SR, TR 5 40 e TR 0 3 o A I O 2
B WOEUE e K, mRTEL
2. W RS R ZMER TN & AERRNT A
fb, ST, EhfimFRaLE. B,
Hig W7 Ak ™ AR 1 s o st AR AL 1 T i — 2P AR R L
EARMAD, S bEWSEE S, B
A K E A RIS bR (TBAMH . BR¥E & &) B
A RIS >0.7, P<0.01). % Lk, 1k
foys ok B b 2 (A O S iR R . A
A B AP
32 TBAfE. BREIFSS5pHE

TBA {H 57 B B 1EAE =0.907, P<
0.01). P WAyt 25 15 m— 7 T 5 905 100 5
Y R B A R E B A S, J— T
AT RE 5 £ PR I RS T Y ) Ak W I R T R
D RSB ARIRIS A O . AESTRHARIDT & =297 1.58%,
AH AR R & 6, RIS 9] TBA
EHI SRR Z —, ok, TBAfH 5 HIE S &
5 5 IEAH O (,=0.924, P<0.01), A5 L™
AR A R A A RIR GE A Y
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Vit 58 AR, i HF Rk BT A W E AR .
2 5E [ A R E B R E A
A, W AR SE AN 1 0 AR M R S A B, AR IR S B A R
T TBA {H A BN RS, orT i, W m
5508 (I 45 B AN S vKOEAE B£8R PO S
B EBRM . TBA 5 & & 2 0 % Uk
X (=-0.904, P<0.01), WHESHLLTE . MLl
B AR M S R I R il I 21 2R 2k R Ak o 41
FAE NG I AL K

0PSSOI 7 A Y B S A
WA M, A PG, 0 s SR B AR BN
Ui 25 S R TR I AR e A8 oy 5 77 S DR AH DG I e 2 4
UEAh, BRI 7 T A A N o A S R Y
TERUA 5 FESRE VR 5 A WA bt
B, VKK ZE 16 d AL £ 5 238 BIAS AT & H )
FRBE , Jr g3 (] 10 PR (%) pHL 5500 98K 1sf ] - 38 A
KA RIAH G, B — A9 pH $8 bR A RE 51 i
B A6t fr0 S fef R R L PR 0 44 A pH(E T R
5T TR K S B R FURR SR A LR Y
B4 G o ATP B ff o) B2 TCHLRE e 5 1 A B4l
ST B pH R R N 2 —P0 S a £,
K28 i LA AL A R H D Bk Ak
B (<0.5%), JFHFESE A=A m s,
pH 14 B ARG 1] I PR £ R R b v CO, A R
W 8 d J5 pH ETF, EERBFERAFNE, F
OHE & PR BRE B B (AN Z=UR = W R SR B AN
Hem .

3.3 ERRMEXERSXEKI M

TVB-N {B 76 V5 Wl T &, 549
R BN T TR B A R OG . AH G2
LW, TVB-N{H 5% B IEAH (=0.711,
P<0.01), 15 B AL 5 5 8] B AH CPER 55 (7=0.473,
P>0.05). VK AL B 00 PR 21T 1 B A T AR S
FLEAL B B G, 28R BB B AR 0 5 R
BN, WORETH A S S E LA R SRR N
B AL AR I G, WS AL R A )
JE TR WAL P A RS Y AR T S
S A A s, B — 2D R R R 2
WL AN, B AR S R A X S
) 3 e 1 I 77 5 B 2 A i R R

L vk 3% ' MHC 5 Actin W6 45 38 11 i 4517
F A i R B [V F S < 7 Y B R i KA FA L TT g
SR TR S R e, M LU A A UK A
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T 0L 2% B R R O . TR, 16 d A HE K RS
H 90 ku B A4 T JLFE il R, mEAT
FE B P9 YR M 2R L o8 A B AR . T 30 ku BRI Y 4%
iy AT BE 2 WLES 25 (1 T /Y R A = 0 ILAS &
FIT J2& 25 0T 20 2% 22 5 26 1 40 A b UL s &5 4
BEHZ—, Z50EREAS S 08 SONE.
I 9 I W LS 35 (3 T o] fE ) BB RR AL 84, o
AT N VR AR IR PECY, (R T LS AR R

LB £ 24 7 1 76 16 d i H B0 B S R A, [
I3 BRI (P<0.05), %455 TVB-N
{EUFIEE 1% B2 A] 52 12 35 5URH G (7=—0.738, P<0.01)
- O N AR (Y o8 B o a1 g s N
PG5 Ty W IR, B 7K 1 % Ik 32 T ) A 5
R, 3 UEE O A B AR oAb, LR
LR R SR A R B EE UG =—0.820,
P<0.01), I P %0 AT b a2 ik 1 ) 8 2 11 o 3
FERE AL, RECE A e A A R AC IR A
R A ) S BEARER AR R, AR TR
R 3 — A TR

SR, B pH (ESL, AL R B b T
T 359 5 Y 9 I 180 7 6 A8 0 B AH e, T 3k
TIE A8 85 £ 1 &t S5 AR Ak 55 oI ) 09 56 R o IR
Je WG A P 0 R A, 1 IR AL S R
JoT 48U A ] B AH BLAE L 3k AT B S 45 AR Y
SRR o WIS R LUK AL S £0 R T R R S R
PSR . A Ak S 10 AU Ak TR A7 A B A DG,
A J5 T 3 A AR A A SRR A AR o
ZRREA Y SRR A, 2 i
T A= A5 B2 % r K PR 3% e o 300 0 37 2% Ak
— 2By BT, RFICTRE 0 [R] £ PR LR 2 4 2R Y R
fift AL VLB AT IR AR ST o LAh, HHERE T
oy KW TR R BURR bR T 0, AE S R VKR 16 d
I T2, M TVB-N {EAT 76 7]
BTHBBREEN . HHET, %500 5 R Jr i R
SRR, ABAEK T A I T T A 7E B I
JatE, H B — R AR AN RE BN R AR A
R bR, B, RABFED mobik ik
ORI P A O TR N = N B =:4 )
20 TP 5 0 A [ K 7= 5T 2R
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Correlation between changes in freshness and protein biochemical properties of
Lateolabrax japonicas during iced storage
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Abstract: Sea bass (Lateolabrax japonicus) is an economically important marine species widely cultured in Asia.
Due to the high content of water and protein in fish, it is susceptible to the influence of microorganisms, fat oxida-
tion and endogenous enzymes during circulation, resulting in quality deterioration. Freezing was a common stor-
age method, but the increase of ice crystals can easily cause quality loss such as low water holding capacity, pro-
tein denaturation, and microstructure damage. Iced storage, which can effectively inhibit the growth of microor-
ganisms, has gradually become one of the primary methods for prolonging the shelf life of L. japonicus. In recent
years, there have been many studies on quality change in fish fillets during frozen storage, while there were few
studies on the correlation between changes in freshness and protein biochemical properties of L. japonicus. There-
fore, the quality change mechanism of L. japonicus during iced storage needs to be further explored. In this study,
the effects of storage time on the freshness and protein biochemical properties of L. japonicus fillets during iced
storage were investigated. The value of sensory characteristics, pH, texture, color, thiobarbituric acid (TBA), total
volatile based nitrogen (TVB-N), total viable count (TVC) and protein content, SDS-PAGE, sulfhydryl and car-
bonyl contents of L. japonicus fillets were measured periodically to analyze changes of L. japonicus fillets during
iced storage. And correlation analysis between the main freshness indicators and biochemical characteristics of
myofibrillar protein were conducted. During the storage, the brightness of L. japonicus fillets values decreased
from 57.9240.66 to 46.62+1.54, the redness values decreased from —(4.34+0.39) to —(5.21+0.08), the hardness val-
ues decreased (174.92+16.80 to 122.25+15.73) significantly, the pH increased in the early stage and then
decreased. Moreover, the value of TBA and TVB-N value increased from (0.35+0.01) mg/kg and (9.41+1.03)
mg/100 g to (0.97+£0.04) mg/kg and (33.18+0.83) mg/100 g, respectively. After 16 d of storage, the TVC was
increased to (6.35+0.41) Ig (CFU/g), which exceeded the secondary freshness standard, and the sensory score was
unacceptable. The content of myofibrillar protein and sulfhydryl decreased from (104.21+£3.42) mg/g and
(145.81+1.02) mmol/g prot to (72.03+£5.25) mg/g and (137.284+1.29) mmol/g prot, respectively. While the car-
bonyl content increased from (0.63+0.03) nmol/mg to (1.45+0.06) nmol/mg. The SDS-PAGE pattern of myofibril-
lar protein showed a new protein band around 30 ku, which may be the degradation product of troponin T. Tro-
ponin T, which was involved in the contraction of striated muscle bound by myosin, may be phosphorylated,
improving the activity of endogenous protease and promoting the degradation of troponin in the late storage
period. Moreover, the 90 ku protein band I almost completely disappeared, and the protein may be completely
degraded by endogenous proteases. Correlation analysis showed that the correlation coefficients remain high
between TBA value, TVC, protein content and carbonyl content. TBA were significantly negatively correlated
with protein content, which may be related to the large amount of non-heme iron, which was released after the

denaturation of myoglobin and hemoglobin, promoted fat oxidation. The content of myofibrillar protein was signi-
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ficantly decreased on the 16" day, and the protein appeared significantly degraded in the pattern of SDS-PAGE.
This result was consistent with the significant negative correlation between the TVB-N value and the protein con-
tent. The structure of myofibrillar protein of fish was easily destroyed during the long-time storage, and the hydro-
phobic residues were cross-linked to form insoluble aggregates, which reduced the solubility of the protein. In
addition, the content of myofibrillar protein was significantly negatively correlated with the content of carbonyl
groups. Active oxygen could cause the oxidation of amino acid side chains and protein backbones, leading to pro-
tein breaks or protein cross-linking aggregation. These modifications would also reduce the solubility of protein,
which was not conducive for the freshness of fish. The results of this study showed that the L. japonicus fillets
reached the inedible level after 16 days of iced storage. The freshness indexes of L. japonicus fillets all had a good
correlation with storage time apart from pH value. These indexes can be used to characterize the freshness quality
of L. japonicus fillets during iced storage. Mass reproductive microorganisms and the interaction between lipids
oxidation and protein oxidation in the late ice storage may be the main reason for the quality deterioration. Studies
also found that there was a good correlation between the freshness index, protein degradation, protein oxidation
and fat oxidation of fillets during iced storage. In the future, metabolomics, proteomics and other omics can be
used to further identify different characteristic biomarkers related to metabolites and oxidized proteins. Mass spec-
trometry and bioinformatics could also be used to further analyze the new bands appearing in the electrophoresis
pattern, and the protein of fish muscle myofibril during storage can be further identified. In future, the molecular
mechanism of proteins degradation and oxidation could be investigated in depth. And the mechanism of fish
softening still needs further exploring, including the interaction relationship between activity of proteases and
microorganisms. In addition, it can be seen that the seabass fillets exceeded the acceptable range when they were
frozen to 16 days from the sensory score and some other indexes of freshness, while the TVB-N value was still
within the edible limit. Accordingly, although the traditional quality detection methods are rigorous and scientific,
there is a significant lag in the detection of aquatic products, and a single indicator could not be a reliable indicator
for the freshness identifying of fish samples. Therefore, electronic noses and hyperspectral imaging, nuclear mag-
netic resonance and other new technologies, combined with different modeling methods, are promising ways to be
used to evaluate and predict the shelf life of different aquatic products.
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