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WA 8 2661005 4. WAREARESAIAT L 355200

WE AHAREETR - KEZGEFABRERTRMReHAFEARBRREFSENEY
(Lateolabrax japonicus) # 7 = & . DL K E b By g 45 ) BE N JEal R R, B R EIRM . M.
KM BIREEE . BE SR, KRR E F LA W kB R BT AT R L, R R A T
JeRi. 2EBR. BB, HELTR. BRAESTHARTEREZTIN, M- XALELEK.
EREELNEABRGCORBERL COEEIEN R, £RFH, AXHERLERR
FL B ERNE DR FERMERIMERZTRERMELSS N A W E S EN 1.15%,
1.10%7f1 1.00%; #F&E G4 8N 1524/100 g, & & 573 ¢/100 g, A LB A RLE A
FAO/WHO ##MWBEREGFIHER; MHMKEE Y, HFAEtE, TR, EZ5EENEY S
BEACTARETd, E2CTHARAFEISd, ERHEFEFEERTLERAGE. ZFAELRH
FEEABHRBET —MFEANERERLRE, WHEBFBRNIRETHESE, HEKERKEMW
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2015), DLk, IR BSRAENN T A6 5 i 2% H b |
JE A AE RIS B, DA B AR AR RO B
R (RHAE, 2017),
S5HEPrTmA L, b EEFEER TS T R
JRwI, HErEZUS SRS E. T LE s

* A BB AR AR A BRI AR 7= b B AR K R L0 9E 4 (CARS-47) . BRifg i 4+ 2 & R AU A Rl A/ 5 T8
TIR T A7 HB 4> B 5 408)(2320004001523) MG @ A L F & M B S LB =0 H 2024) R B, Bk #§, Email:

chenqian_christina@outlook.com

O BEEH: REEGHE, RS, Email: wuyygd@163.com

Woke H A 2024-11-19, WoiE Bk H #1: 2025-01-04



70 ook B

¥ B 546 4

N H R B SR EAS A R, EEA TR AT
DETAE, XU i BAR S TR RAMEN, (HEFRME
AR, MELL A 2 B AR AR B FRT R R R
ZE(2019)FN X FHAE(2018)F 5% & BH, [ P Tl f 26 £ 4F
B b YR Z AR AR . X PHAEQ018)MF 5
FEH, X R K AL A RN RE R A T
B, B TR R AR AR ARG, ARSI e
R R0 B I 28595975 118 JRUG: o

¥ fifi (Lateolabrax japonicus)f Sk — Fit 2 55 ¢ (i
1o AR TR 7K SR B 2 DR HG v 7 5 0 1 £ 5 11 JRT 32
Nz i ChEEL SRS ) G, 2018—
2023 AEFR VAR B 18.02 J7 t G & 24.69 JT t,
HERRIK 37.01%, XA B T 7E 57 56 Sk 1Y 3%
PIRBAY, W T ARy E W IR
(BWIEKEE, 2024) BRI, R0 & 0N T A7
TR B, T SR, 72—
AL A e | AT A R 0 T DL B o
L HIVE AL G, 7 b BRI E AR X AR, e = TR
FE & FRE AAR N T, X LA TS 20472 i OB e 0 2 55 1
FTT 5 4 7 o DI B F (10 785 5 0 00 T R A
AT, Fofa s & Ui a o BRI & 5 A%,
HZZERANNG, 2 F @ AT Ak, X (A5 fa A A
I & TR A5 O R A B Vit £ PR B K AL
B E AR, SO AR MR KT 1 AR Ok
UL H B, BRI AT Rk G P A K B G 22 5 200 1
WEWE S, DT B T 2 45 B A i £ 357 g S R
Ao s FRRE AR, XEEARS THAK
THALIR L, RBHE AN 722 4F N BRI E SR, AT
YEF5 LA BT B ARBLAE , Hom R Sy, BB
Ak, M A EE AR IR, $5E o-3
JR T , 3 i 0 T %ok 28 4 N 1o M i A8 fe B KA 25
Ab, BEAEREARIMAR . (R, W IS 90 1 & 2R R
Br , TR) Bt X A i ekt Bt B AR, A Bh T 4EFRiC12
TIFUNFNRE ST, TP & AR G PRG , 2J5 iik E &
AE N B AR BRI 7 K

MR R TS SK AT g e ok &, it 2 E Nk
JEE PR S, BEE ER TR R INTR ,, B4E ABE
TR E TR A H G B A B A TR S B
SERAR S YT A AR SR T ST, I
R T S A0 1) AR R LA )T R T A R
SME. HIt, A AR E T ZEANETESR
ok, AT RIS B MRy RS 2 S
EOHRAER . YR MESAENERR, Bl
AR T A0 B R E SR, HE IR N4
I, Y AT A A AR RRR TR SR . R, T e

B2 A\ 14 IH . T B R A 2 8 ek 55 114 A 28
R, RBOTER—FP S SR 4K . S T AN Tk Y it
M5 £V 7 o ARG SR FH PR R 2R S0 A R A, DA
JE R VRS A8 R, B2 3 FE SRk i AR 0N e
B, FEXE 7= R TR R VS SRR AR R T 0T, IE L
BRI | BE TR . R A AR R E
ZRR(E AP VR SECH T FR bR, TR R 7 =0
23 A0 20 1 3 28 ) RIS [V R B (4 °C R—2 “C )X
£ £ Vi 5 JOR ) S T X TUARIF 5 AN T Ry A TR
B SRR A K PR, LT R I A RS Y TR
PEREAR SRR, TR It ] Sk TR0 Vg 55 BRI K L ARG I
BT R, (RN TR R R A B A B

1 #wRERFE
1.1 ###

i T Ve iy 0 ) R T A0 K PR R AT BR A WD
a2k 600~800 g, 1A 254 30~40 cm.

WA B N SRR AR, RIEFEAEY
AR K IRA A A 54 % WL i (transglutaminase,
TGase), dtIREFEEFHEAMRAF; NaHCO; (£ i
9, TMELE S ECRA AR R SR,
WL —it E MR A BRA ] K G B (B MR,
R () A RHE A IR | AKEEE, T R A
M A RA R N BEMDAYIR &, M il
AR AR AH

1.2 UE5EF

QTS-25 RUFA{L, #FE CNS Farnell /A F];
GCMS-QP2010 M EIE-—FHBEHANL, HASH{LE
/5] Agilent 1100 WAH GRS, 3¢ E ZHERFHE A R
/v )5 SoxtecTM 2050 ZUfg T H 8 73 HT X, £+ FOSS
25l Kjeletee TM 2300 %94 H el [RE AL, FH3
FOSS AFl; 3-550A =il ikd, 35E Ney Vulcan
v BS124S UM FRAE, H AR HALAR A A
Sunrize WOGHEFFRIY, Fit Tacan /A H); Sigma-3K30
B FEHEAHEOHL, fEE Sigma A H; KDN-19A
FERAEERFE R AL, IR A BRA A .

13 BHERERRS

Yttt 0 L | BRI R NS BRI A,
L APLERE, FEABRILETRE, 82587 2 min, DA
RS ECR 1% (LA R E TP NaCl ik 5 min, Fn
A 0.4% TGase F1 0.02 mol/L Y CaCl, ¥7$¥ 3 min (%7
PRI RFFTE 4~10 C), FAT A TP it £ Y BE
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PR T W T A8 B 1 90 B R 5 I ST AT 71

DA TSR Vg B £ PR JBE A IR, 4 00 R) B8 IO VA
HAb4RE: NaHCO; 0.1%. W 0.3%., KE2E
I 3.5%. ABEEE 0.01%. TGase 0.4%. £k 1%,
KEIM 1.5%., il 1.5%. JER 10%. 7KK 8%FMIE
FERy (e FRTC 7 BT S S ) o 5 981 ) e 7y £ 7 5% s
FEaIER S JETE 40 ‘CTRORIR 1 h, K5 HHEIA 90 °C
WK F AN 30 min, RS ) R SRR ES , B
Sy TR £ T
14 EFRZHRMEMBRZLREIT

i e s 0 R JBE IO N i LA R, ST D
I (0.4%. 0.8%. 1.2%. 1.6%F1 2.0%). FF3&H
I (0.5% . 1.0%. 1.5%. 2.0%F1 2.5%). %I
T (0.5% . 1.0%. 1.5%. 2.0%H1 2.5%) MY B 2 5L
95, DAt £ 0 B B R S AR bR, i = R
15 MEBRAHKEFRERME

CEA RN R B IR N L K45 5%, R BBD
MERIBE T SR B, DA MR IR S s &
BRI Ry AR R, DURE RE (Y R i 408 B T
IELY) M RAE , I FH Design Expert 11 X 325625 5 7F
TFEEILE B 2245007, SERR KR 1 iR,

xr2

x1 MEEERERKFE
Tab.1 Analytical factors and levels for response surface method
K
ES Level
Factor -1 0 1
A T MERINE 0.4 0.8 1.2
Carrot powder addition/%
B B INGE 0.5 1.0 1.5
Celery powder addition/%
C HAds e 05 1.0 15

Inulin addition/%

1.6 BEITE

£ GB/T 16291.1-2012 (B4 164k . 35
SEETH B0 5 1 sy RN )
PR 10 245 53 5 L)W MIFE /A, 10 £ /N 5L 1Y
FECOMRAE) AR TP . IuPE L IR EH AR, MRS
BB o g2 16 5 R D) B BE 29 1 em (1)
Aok, XFIEEE . SN AR . BT R ZUIR ST
BBV, BARIEMARAEDLER 2, W53 100 43, HL
SEREAE T S5

BYERREITERE

Tab.2 Sensory evaluation standard of sea bass paste

bR PEAPRUEQH 43 100 43) Scoring standard (out of 100 marks)
Index 16~20 43 11~15 43 6~10 73 0~5 73
(GRES AOLRE, EHRHAERE  ADLE, AREOMbEE mAOEE, AIMbeRE Ok, ARZHbERE
Color Glossy, no evident other color  Slightly glossy with slight Slightly glossy with Lusterless, with more other
other colors other colors colors
st - . e I o _
JE# BASE Very bright BA=% Bright T Dim A7 48, Discoloration
Appearance
R HAMPNREARER, A mAERE, BEUEIR  AASIRESR, PRk SR
Odors TCHEBE Fresh fish flavor is strong, Fresh fish flavor is light, Strange odor
Fresh flavor of fish, slight fishy taste fishy flavor is strong
basically no fishy taste
J5 RS RS, Ak R, sRPERCE AR, JouE
Texture Firm and elastic Relatively firm and elastic Medium soft, less elastic Very soft, no elasticity
HEVIRES Wi 52, JTTRAAL Wi s, TR, A Wi RS, JORAAL, UIIERAE, A =S
Organizational ~ Firm section, no large air- /NS HEL/NEAL The cut surface is loose
status holes and hollow

Firm section, no large air-
holes, a few small air-holes

Section more compact,
no large air-holes, more
small air-holes

1.7 RHash

BRI 25 mm*25 mmx=25 mm 75, fif
AL TA44 B3k, BEWET. . JFsE RN
1 mm/s, RAFIEAE 50%, filk )15 g. B4 6 1~ F1T,

MO .
1.8 EKEENE

Z: 08 E AR (2017 )8 5 i e o, Kk
AL 25 mm=25 mmx=25 mm FJIE TR, i B
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TA39 #5k, BEEMIET, o JEEEEY R | ms, filik
5 g, R 15 mm. 00 Hh £k b 55— R i b
PREE A (g), RIS RIMIEEE B (mm), 753 fHRD
RBERCSRE N (grmm), B2 6 P FAT, Z5RBCFE.

N=AxB (1)
1.9 #HKANE

Z: BRI B A5 (202 1) ) 5 RSB B 0 K T i £
REEYI A 3 mm MY, R R AR S L 7R DB 4R ik
AB L, (4£2) C . 2000xg 20F F B0 10 min, 5
O JE FRRERES . R EARXIT .

c="% x100% )
m

K, CHRFKII(%); m AEES R (g); my MED
Ja i (g)o

1.10 EFEFEESME

SR E S B GB 5009.5-20164 & &%
E R P EARMNE ) , AR el e
I GB 5009.6-2016 &ML 2 FEFRNE & f g
A SE ), KA 2 B8 GB 5009.3-2016 ( &
G EFhRE AR IE ) RO I
Z M8 GB 9695.31-2008 { Al & B R=IE ) , K
A AE 2 8 GB 5009.4-2016 ¢ £ 52 4 FE bR ifE
BRI IIE ) , B RES R MR R TIE 3 1K,
25 R BCT- 1A .

RE{E AN RE(H 5 25 H % &t (energy to protein
ratio, E/P): #& 1 R AEE 4 23.64 kI/g, It 39.54 ki/g,
WK AL A% 17.15 kI/g #EATHHE o BRI & 2 IR
GB 5009.168-2016 { & & EZEbriE & &g
FRIGISE ) , WA B R, RN E S
I8 GB 5009.124-2016 ( & @2 EZRME B
MM E)Y ; 4% A. D, E IESMW GB
5009.82-2016 { & ah & EFEEIRE B gEAER A,
D. E MillxE ) ; 442 B, ME 2 GB 5009.84-2016
CEMhZeEZE P 4EAE B RIIE ) 5 44
£ B, 2 MR GB 5009.85-2016 { £ fh 42 4 E K hr i
TP gEER B, MIE) ; MR E S GB
5009.89-2016( 1 ity % 4= [E ZARE B i K R R R 15
FERGINE ) 5 RN E 28 GB 5009.211- 2016 (&
e A E AR E B R A E ) .

111 EFZITEM

MR 6 A AR A 41 20/ 52 T A 41 81 (FAO/WHO)
1973 F42 I 2 B TR PP/ bR iR = (%, T Bhd) e

W F R A B (%, TR, A
2 3~5 TR AR MR TE 43 (amino acid score, AAS) ., b3
P43 (chemical score, CS)FI; 2 FEFRTE %1 (essential
amino acid index, EAAI),
) BER R
 FAO/ WHORRAERE 2[R a SE 1R 5 B

_ FEm R AR O
NSRRI R R R

EAAI:Q/IOOAXIOOBXIOOCXWXIOOH (5)

BE CE HE
X, n NILERLHEIER LG AL B C Ly
H R it rp 2 B 0 5 2 BE PR % B (mg/g) ; AE \BE
CE. .... HE &8 i F i P 5 @ HE MR & 1 (mg/g)
% 2 SR R E

VLA 5L 0 0 1 6 £ Y BE R Bt B8 MRy
N 115%, FEBEInE N 1.10%, 56 ainE
1.00%, il A R A5 i 1 o 400 3 S BF SR X 52 o 2R s /)
Mt I BB, 2 2 40, 50 1 AR A
TR, 5 2 R A e MR i
fipi £0 3 73 W BCEAE 4 "CHRI-2 C &AM N FEATIRE, 1%
PE3. 7. 15, 20 130 d 5 AR AL, W0 AN T 4
75 2RI G BT VAR B £ 3 ) o B AR Ak
113 ERMEHERE(TVB-N)UE

¥ R PEER LA (TVB-N)# I GB 5009.228-2016
CE i P L R LRI 2 ) AT .

mAR B ZER(TBA)EME

B AQ LS B 22 R (TBA){F {8 FH Pl e Jl i it A M Rk
FA PR 7 7 W (MDA )R & 470 7

115 EEZHNE

B TE OB B GB 4789.2-2016¢ £ Sh s A= Wy 446
U0 -BA VR B E ) PRI E .

1.16 HIEALIE

>k JH Microsoft Excel 2016 #8550 56
¥4, SR Origin 8.6 il SPSS Statistics 26.0 X £(#
PATGETT T
2 HRE5HMH
21 EFEXNBHEERRHNNG

K1 o 1t fa i v S I & S A 2k X

3

CS

C))

112

1.14
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Wk 9ESE: 35T 2R AT B0 I B £ 0 o 37 5 I B A 73

=R R, SR, B X 2 FE SRR
T A AN, I S0 W RO RE R 2 R R, X R
1A B TR T &5 i R4 . M2 T, AR
ITE 1.0%~2.0% 1% 5 1170 Bl P 0T B8 B 1) 52 i AN K B
i, R R A Bt R R R A £ 1% 38 g B AR
X — WG L5 T e 5 ) S FE 2 R L4813 [T P X

i iy 110 18 TR R IR B R SE SR G . O T E— 2B A
Pttty £ 18 AR EC T, AN BT F R A L A3 SR B E 3 Fof
BIRR AR LB, & 7 S BB AR i A R
b, XA E, AT LUR G A AN R A
X 7 i R R A B SR, DT 4R B e A Y
BLJr & o

a 280 b 250 c 250

210} + ¢ a ., a a
o b b b c oy 200 ab abc be o 200 [ a
7 200 3 . 3
£ 160} g 150 g 130
5 I 5 g
120 T 100 F T 100 f

40 - 501 2 507

0 : ; ; : ; ; 0 '

04 08 12 16 20 0 05 10 15 20 25 05 10 15 20 25

% NEINE Carrot powder addition/%

MY INE Inulin addition/%

TESEMIISINE: Celery powder addition/%

P 1 B PR BRSO o VA B 8 S L 1) 5

Fig.1

Effects of single factor experiment on hardness of sea bass paste

ANE/ING AR A LA [H] 2% 57 18 35 (P<0.05) .

Different lowercase letters indicate significant differences among treatments (P<0.05).

22 MEERUEFZFIMENERSN

N T M T SRy TSR R R AN AN
X A B E VP I EE G R0, 7E 2.1 B RS
SR BLAE b IEA TR N A S . SERRAS RN 3 fr
7~o FIH Design Expert 11 XFSZI0E AT BE LA K
J5 255301 A58 2 A2 o0 R AR, 43 B LAERE(Y))
FIiER B £ 38 R PR (Vo) A AR, W OB R
(A). BRI (B) . MR IR (C) R A AL i :

Y,=34.60+117.85A+105.63B+96.03C+3.00AB—

36.75AC-20.40BC-21.16A>-38.94B>~16.74C*  (6)

Y,=74.10+12.06A+11.30B+11.05C+0.50AB—
1.00AC-1.00BC—6.09A’-5.10B*~4.50C? (7)

ARG 56 TR U5y R A A S5, X [T AR A kA )y 22
IYMER S A, S5 4 RSk S PR K ah
R, EAR RS 22 B 3 (P<0.01), iX
TR IR AR e 14 72 o 7 A A S R I 2K 0
T P>0.05, FWIBIREEE G R R L, BRI
R 430 0.9703., 0.977 8, = HIBHI XA A4 &
FREE WG . FAERRRIESE 7R85 v, X R
PR E 3 FPE T A 2 53

P2 7R T 3 i 37 3 R ook v iy 00 3 BeE 2 1) 5%
M, MIE 2a AL 2b RTAT, 4 320 F 25 8 16 R Jn it
PREFASAR I, Tt €0 Vi B B R Bt 4 S RS o Y
BEI AN, IS MR IR R 1.2%H)
RENR A, BEAh, 5% MR RS i i T

foi 0 JEF (%) B R B T SRR AN I S RS I, K2
TE 1.0%I Ik BN, SR e Bl 2 48 im0 2E— 25 8,
T 35 0 2 02 T A 1T o £ 3 %) 8 ot 25 28 400 O o
AR R BLE T B TR R, FE AR R e
1.5% 3k 21 fe R AH

®3 MMEKRERITRER
Tab.3 Design matrix and experiment results of
response surface method

SR 5 c BE M (47) (1053
Sample Se.nsory Hardness
evaluation (Score) /g

1 0 -1 -1 83.8 160.4

2 0 1 -1 82.2 182.3

3 -1 0 -1 83.4 187.9

4 0 1 80.4 182.1

5 0 0 0 79.8 199.9

6 -1 0 1 83.2 210.0

7 0 0 0 80.0 206.3

8 1 0 -1 80.2 197.7

9 1 1 0 78.2 198.8
10 0 0 0 77.0 195.9
11 0 0 0 81.8 196.4
12 1 -1 0 82.2 184.4
13 -1 -1 0 85.0 157.4
14 0 -1 1 83.2 168.0
15 -1 0 83.4 170.8
16 0 0 0 82.0 164.0
17 1 0 1 81.4 163.2
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R4 BWEEAERFENNER K3 s TIRVETE D S E R R ERA LR .

Tab.4 Analysis of variance results of the hardness regression model WRAE N BB TR AR AR AR I, T £ Y R

FEAW PR HM ¥y R P REME NBEE TN ISR MO R iz e B e

Sourceof Sumof & Men  F P Signific  pn Bty 1.0%M A BB E Y. 205, BN
variance squares df square value value ance . A s . -

A E— BRI, BV TT AR BT T e A, T

Model 463433 9 51493 2539 0.0002 ** . . . .
o ats 1 3am08 1ses o000l we | TENOUSHURCRENT, 06O IS S N
c 2512 1 3512 1603 0.0052 0.8%~1.2%Z [ IRFFREA AL . [FIIF, I T 4583
AB 144 1 144 007 07976 Fi T B £ 2 1) SRR DT 20 B A6 R0 VS A e ) 48 o 2 B
AC 21609 1 21609 10.66 0.0138 e LIHE TRER S . S8 Uit SR A E I,
B¢ 104041 10404 513 0.0579 ®5 BYEBERETSEEERNTENFER
A 4825 1 48.25 238 0.1669 Tab.5 Analysis of variance results of the sea bass paste sensory
B? 399.03 1 399.03 19.68 0.0030 ** score regression model
2 - .
C 73.74 1 73.74 3.64 0.0982 ** Wk ErF HE By BEME P
B 14196 7 2028 Source of Sumof & Mean F P Signific
Residual ' ' variance squares df square value value  ance
KA 463433 9 51493  25.39 0.0602 Model  23.33 9 259 3423 <0.0001  **
Lack of fit
iR A 4.20 1 420 5554 0.0001 **
Pure error 323208 1 3232.08 159.38 B 0.50 1 050 660 0.0370
ISyl 19013 1 19013 938 C 0.13 1 013 1.65 0.2397
Total sum AB 0.04 1 0.04 0.53  0.4909
e SRR 2R E, P<0.01, T, AC 0.16 1 016 211 0.1894
Note: ** denotes significant different, P<0.01. The BC 025 1 025 330 0.1120
same below. )
A 4.00 1 400 52.86 0.0002 *k
& 2c HE— BR T 10 RS TR N 6 2 B A i B’ 6.84 1 684 9040 <0.0001  **
. ; . e 2
. R R A R B T g - C 5331533 7038 <0001 -+
Tho MU, RIS R, w2 os 7 oo
FETE PO RN RN L1% 20 T, 2R
) 0.23 3 0.08 1.02 04714

AT, XS LR, S M. Lack of fit
FESER R R ROV B v B R A o YORE L 0300 4 008

P Vv (L “ o Pure error
W, HAFTERC HAEA] . WAt S8t , o410 LItk A
s N N , , w 23.86 16
BRG], LLIRAS BRAR 10 VA7 f £ 39 B 5 Total sum
a b
240 240
5 230 9 230
5210 £ 0l
T 200 T 200 &
190 1 190
i 180 2 180 I
170 170
1.5 12 L5 12
13 1.0 1.3 1.0
& L 08 & a1l 08 g
% 07 06 N by By, 0° 0.7 06 B
Q. Lo o o J° % - xsOV %, °
%00/20&§ 8 C%‘f; RS %"/% ca‘;&\xxo

P2 3 R R RSN A (] A 52 B AR T T 7 £ 8 A 88 14 52 )

Fig.2 Effects of interaction among three nutrient on hardness of sea bass paste
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Fig.3 Influence of interaction among three nutrient on sensory score of sea bass paste

B R RS I R v TV £ M AR TR, R
B Ry 9 R e o P4 B KR . A L2
T, AR RSN BB P4 B R WA X2,
SRR IR 20 1.0%.

MR A5 0 07 T 25 SR A AT, &5 B SRR AR 2 3 Rl FR
A IINECLE . A% MR InE R 1.15%,
MR INEN 1.10%, A8 IR 1.00%, 7E 50
T A RS 228.7 g, BYEESF 91.16 47
R R 5 P I S 00 255 B 3 YOS, A5t £
HAERE N 226.8 g, BYETESN 89.8 43, SLME 5 Fi
IR AR W 422300, 0 H A 3 2 0 7 T 3k T A5 1 2 80T
AE, ATRASEBRE R T T2

23 BYEFHEAENE

SRR S RN A TR R K B iR
M) 35 B 2 XoF 7 i ) B A N 2 AR . B AT I ) 3
K, BAEATTRES R E 8GR L . HALTIRE TR, o
VR 8 St 9 4 1) A, 3 ) A S 0L VR T ik
55 P, Sy B AE AN BT B LA 3 ) R
5 TR 7 B A MR AL RS s o PR 6 T, Y fo
0 B A A R R AR K M T 40 R L 4K
g, MEREEE R, AEEE A SN i A
FER 226.8 g, X —BUEMLTHABILA & &, ik
1014 117 (8 482 g) (KIVE, 2016) . TS T )8 4 HL(3 505 g)
(RS, 2019) . IRIFFTIE (S 504 g) (MR2%45, 2015).
B F A FL(669.5 g) (M 55, 202 1) HIREE ., HLAb, b
AR KA N 10.27%, 33— H I T i £ £ g
A (12.6%) (B NIBTE4E, 2018), 3k SER I 2 I g 6o £
T AE ST 3l A B AE N i HLAE K A AR5 T
FRILRAF, XA B T8 8 0 R Fn gk i firi
Vi A o SR HL i Ry A N B £ R e B, RERS

YRR NP 7R SR A= £ 1 Sl = T OE B
24 BEYEENEREFMS

EAR NN iR N S REd /YN i g i
KEEERER, BNEAR LGOI fEES & B &2
Wi o il A A, A AT B 1A 1 31 P TR A i
SR, B NTEE TR 0 H O TR N I FE
RBWERELEE, 2017), J55 46 M 352 LA sk G B JHE
1o R JMLAE A5 (g R [l R, 8 1 0 T OR P AR TR L 1
SR ) R S Il 21 488 A A SR A g fn
B IR i Hr el L6 7, Tt RO B A
1524 g/100 g, W E S TRZEHEFQS)HIEME
G S AL 2R BT 5 (8.96 g/100 g) Fil AR RUTR 45
QOINIRIEFIMER . RAKIL, HWURAAL, IFIL. i
WEFUH 1 & R (8.2~13.0 g/100 ), X S5MAAL
o £ AR PR I K S 43 B AR R IS A G o vl s £ 3
JEWi & 5.73 g/100 g, EARES T EZOAE B2
BRI AR ECN T 3 g/100 g), HIHFF & AR Tl
AL AR R R A 25 T %48 A A& 5 . N5 s
1) fE {5 A 226.56 kJ/100 g, ™ &b B REE
(883.38 kJ/100 g)fY 25.6%, Xif #4FE NFEA i A8
JIg 10 SRR o A B 5 Hp TR e e T RO AR TR
W, AWHE )R R 2 R 1.2 7%, (HERAR. A
WHBELEAR PN B AN 32 19 5 2R =301, I HL BB 85 £ 1 T
FEJ3-ip g 5 25, PR G5 S AR PR BB o TR B
LEERL o N g = D il il o v s 1LY (Wl (TS
Jig 0 AR KA A5 P B B BRI AR R B T AR N B e
FRETER, MH O — S A& AR A E RS

25 Bt EERAMEITMN
S HERR AN LR A B AR BT, BT ITE AR N
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Tab.6 Texture properties of L. japonicus paste
i H i it L ML P O B T FE ik 4
Item Hardness/g  Springness/mm Cohesiveness Chewiness/mJ Gel strength/(g'mm)  Water loss/%
ZE W Result  226.8+14.72 11.85+0.08 0.58+0.02 22.83+4.29 1861.6+281.84 10.27+£0.92
xR7 BYHEFERERRI W =8 BHEREERAKESE
Tab.7 Nutritional composition of sea bass paste Tab.8 Amino acid composition of sea bass paste
Wi H Item 253 Result L R & 7 1
[T &t Protein content/(2/100 g) 15.24+0.16 GBI AR i AL
g H7 ¢ 4 Fat content (g/100 g) 5.73+0.09 Amino acid content/(mg/g) Rel?tlvte ammto ac/t;i
S Total sugar content/(2/100 g) 11.67+0.21 py=rr e COMTer 1N Pofet/7
T4y Ash content/(g/100 g) 1.310.02 %;zﬁﬁ Asp ;j zg 1;? (6)
7K Fr & Moisture content/(g/100 g) 72.90+0.06 éﬁa S 3.08 1'99
AEf Energy value/(kJ/100 g) §83.386.48 éﬂ“ﬁ“@( Her Yot s
E/P/(kJ/100 ) 62.04 AL s ' '
H&mR Gly 6.06 3.33
S o AR PR 06 R 10 4, % A PR % 5 ;i‘@% o o oy
2RI SRR T RO, T - o
2 Ala . .
FERRL TR AR, NMALE AT, SatENd & WS SR Tyr 5 50 L4
F T2 ; § ' '
WA, EAIR TR ARER RIS s O
(%1&#3 2017)0 E@ﬁ@?ﬁqﬂ, /\1/\{'}-"]%” 17 ﬁ’fﬂﬁ ﬁ%ﬁﬁ% Val* 7.32 4.02
ﬁé, @?ﬁ 8 ﬂ%‘aﬁﬁ?ﬁﬁﬁé 2 ﬁﬂéﬂ‘%ﬁﬁﬁ& 7 *':FE'EM‘ ERAMR Met" 4.08 2.24
T BIEMR (R 8). WFigh bR AR TN N Phe* 3.35 1.84
52.79 mg/g, 5 RVEIERR S E Y 40.56%, i i b 2 S R e 6.46 3.55
FRIY &k 51.88 mg/g, A ZIEMR & it 39.86% SFEER Leu” 12.97 7.12
BRI EEEE, N 23.8 mg/g, EIEEMERPRE W Lys 12.25 6.73
KHAER, JFHZ50RN 2R Y U & B e i 22 Pro 4.95 2.72
45, 2023), KAAMYL 13.4 mg/g M & R, o e
XH LR R REDIREAT B A SE R R AT RERE o
I_JEI/]M‘ %%%(12 97 mg/g) 51@%%@&5@ 9.97%, NEAA 77.35
I , R Ehe3 HEAE UAA 51.88
FHCHF5E R W] IR ENAE 5 3 AL HEAR 5 73
fift, HERp A A RE P 1, XEPR AL REAE . AR AT | EAA/NEAA/% 68.24
T BE PR | 5 LR AT 2 3 13K (Holecek et al, 2018), EAATTAA/Y 40.56
VR S LR RS, W1 5 T 5K £ (Semil abeo UA‘ffTA*A/”’ — Y YT n
prochilus Sauvage et Dabry) (8.47%) (4 i Fl %, . PR j,k_ M mRBE ﬂ,_%g& LR
2013). 4&#%(Sinilabeo rendahli) (5.44%) (J&2%4a% AR TAA: REIEM: EAA: WTEUERR: HEAA:
P EIER ; NEAA: AENTEEEMR; DAA: SIREIER

2007). APk (Botia superciliaris Giinther)(7.95%)
(x5, 2013), MR AT 4 HE LR 8 0T 0 i £k
FIH, 7B SRR 0 5 8 35 0 (9 o (E 7L 4,
2018) . FAO/WHO #f ## iy B AR 25 (1 B X o

EAA/TAA 1) LB E 40% 7547, EAA/NEAA 1) FU(H
RLTE 60%LA I, Z &Y 8 A AL AL LU -, 5 IR
% 4F . ¥ 85 8 7 1) EAA/TAA N 40.56% ,

EAA/NEAA J 68.24%, EAAI J 68.35%, PG4
FAO/WHO ftnifE, RWIHE H 4 e i -, 5

Note: *: Essential amino acid; **: Semi-essential amino
acid; ***: Umami amino acid; TAA: Total amino acid; EAA:
Essential amino acid; SEAA: Semi-essential amino acid;
NEAA: Non-essential amino acid; UAA: Umami amino acid.

TR E R o PR, A 1) R A
i E Y, AR IS A AN, AT AT
H R rp B B A 2 MR R
'%Z%EPE@%E}E.%?%{METWHM%??E R
RPN i, b O T 3 SE b 7 A FE R AT A A
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PR SR Y W B TR AR (EAA)H RS A
KT SRARDLECET, HOE M EB R R, WRAES
PRI, FAO/WHO #2 i 7—A~ B AH ) EAA #51
K, 2 EAERE AW HIES B, HEH
107 1) BE R R 2R VAN 45 SR L3R 9 . v B £ T vh o
TR N TR A HE R VT 7 (AAS) Y i FAO/WHO #
HEREC, R b X F AR S E TS, BA
BRI . IR CS AT AAS ¥, FE TN &R AN K
FA R 2 v B £ T TP R SR — PR IR R . 7R CS 4)
Br, HE (IR RN bE 2 R Ol 5 BRIl MR s R, i
AAS ST, AR R A BRI R R, X LB R
il e 2 B R 1 & 1 v LA o H R IRE oy HA &
Yk wb st o b i b U T A B R R AU(EAAD
68.35, HE(E MR, B IR M (E s o i £ Y
EAAI & T % f4 (Hypophthal michthys molitrix)
(57.59) . K ffi(Ctenopharyngodon idella) (60.59) . i ff
(Hypophthalmichthys nobilis) (60.87). fifffi(Siniperca
chuatsi) (62.30) (4%, 1998), £F4 FAO/WHO ffi
TR, FR IV f0 i rh 2 SRR A T, IR
o PRI, TR O I ANRAL T B E R, M
H LSRR A R s B, AR5 S BN 2 AR H
FOREERE, A BT R AT S B R R YRR K

2.6 U EFRIIE AT ERH AL

Tt 0 T O AR TR A Lo BT (BR 10)R W, B A
18 MG, ALFG 1A AE 52 (saturated fatty acid,
SFA) 6 fl, (BRI 27.59%; BRASILFIAR IR
(monounsaturated fatty acid, MUFA)FIZ A FIAS B
Fi% (polyunsaturated fatty acid, PUFA)351A 4 FhFl 8 Fifi
g B £ 3 )N TR T PR B et ik 72.1%, Hw
MRS R FER, K 28.17%. IR Z —Fh AR
o (PR DT IR, 0T AT ot Al 7R JEL T IS, 75 A . A7
Wi B AR . Ak, TS TR PUFA AR 7
KF 43.56%, H5—RNEEENN(2.79%~34.39%)HH
o, X — B e . i R (EPA) M — 1
TSR (DHA) R N IR LT U E SR T, X1
Bl B 2= OCHE 2, If HA B T il BoiE R nd & 4
(Song et al, 2018; Rai et al, 2013), % faigh %
TE A 11.12%, & T & (Monopterus albus)
(2.07%) (§F404455, 2000), f# 44 (Cyprinus carpio)
(0.45%) (JEAX%4E% 2007). F I (Tilapia
mossambica) (10.90%)( &5, 2009), g
(Sinilabeo decorus) (10.10%)(2 &%, 2009),
FAO/WHO # K&+ SFA. MUFA. PUFA Lt

BiR 111, A X 3 R B R B E
1:1.04 0 1.57, XXM 844 NRE R EFRMEA &
B S Mgt 1 O 5T I IR IC L A 3R R Ak
SR JE ph Vit £ JEURL RS T il 3 2L TR VE R S B

®9 BHEFIERERFIM

Tab.9 Nutritional evaluation of amino acid in sea bass paste

' /(mg/g)

Eam B e cs AAS
Fhs HH Chemical Amino
s ) EHmE  WHO/ acid

Amino acid Fa::t}l: Whole egg  FAO Seore < ore
paste protein
protein
TR Thr 218.25 292 250 0.74  0.87
W BR Val 251.19 411 310 061 0817

221.69 331 250 0.67  0.89
44506 534 440 0.83  1.01
42031 441 340 095 1.4
209.63 386 220 0.54™  0.95

SRR Tle
SR Leu
= R Lys
AR+
R MR Met+Cys
H TN A B +E 203.81 386 380 053"  0.54"
R Phe+Tyr

41 Total  1969.94 2960 2190

EAAI 68.35

Ve o —BRAITE IR ; 28 — BRI PR IR
Note: *: The first limiting amino acid; **: The second
limiting amino acid.

27 BEYABNEERAN

T s 00 0 ) 4 AR 2R B i A AT s S A R
RERREE, BEANBERXEEAEZZ L, W
11 R, FEEET I PR WL 7 R RS
Mg, Hh4eE R E S, 4 3.54mg/100 g, H
UORINRR , &l 3.48 mg/100 g, 4i/E &K E 2—Fhfig
W e R, BAPUEARER, A BT O A AN
Z H M IEAIE . IR T YRR IR AR . W RS
s LA e HS BhF AL B ) g e R 2 AR FT DY . iR
T 3.86 ng/100 g, AR B fa I i — R R
BB YR X —F E A 2 LA RO B H X
IR ) 4 R A i AR B T R R B 48 1 (2022) ),
BNEE H R A HEZE R A N 400 pgo BRIE, EUCK
Tt £ 5 AL B A R B s BC e, inggnt gk
3. GRMERY), DR iR A o i
W gEERAREN, EE—-MEFRMESNE
mh, UHGE A ZEANBEEH . 2RI, b TR AR
AT A, EE H R IR TR T A B ok R
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Tab.10 Fatty acid composition of sea bass paste
Jig s B A2k Jg s 2 44 Bk gy, AHXT
Type of fatty acids Fatty acids Structural abbreviation Relative content/%
SFA A ELREER Myristic C14:0 3.14+0.14
+ HJERR Pentadecanoic C15:0 0.25+0.01
FARE AR Palmitic C16:0 19.18+0.04
+-E 4t R Heptadecanoic C17:0 0.22+0.01
I fE AR Stearic C18:0 4.4140.02
1L %7 2 Docosanoic Acid C22:0 0.39+0.03
MUFA FEFRIMER Palmitoleic Cl16:1 4.2240.01
Il Octadecenoic C18:1 n-9 23.80+0.20
1R Arachidic Acid C20:1 0.39+0.04
M2 Lignoceric C24:1 0.13+0.02
PUFA -V JFk % y-Linolenic acid, y-LNA C18:3 n-6 0.60+0.01
JF i 2 Linoleic acid C18:2 n-6 28.17+0.01
WV PKER Linolenate C18:3n-3 2.3+0.18
A4 PUMETR Arachidonate C20:4 n-6 0.82+0.01
“ iR HIA R Eicosapentaenoic acid, EPA C20:5n-3 6.010.18
—+#% =452 Eicosatrienoic acid C20:3 n-6 0.26+0.00
“ 5k )% PR Eicosadienoic acid C20:2 n-6 0.24+0.03
iR SN HE R Docosahexaenoic acid, DHA C22:6 n-3 5.11+0.14
SFA 27.59
UFA 72.1
MUFA 28.90
PUFA 43.56
n-3 PUFA 13.47
n-6 PUFA 30.09
EPA+DHA 11.12

FE: SFA: MURIBRIIG; UFA: AUIRIEIIFR; MUFA: SRR ; PUFA: ZAMEAARNIR .
Note: SFA: Saturated fatty acid; UFA: Unsaturated fatty acid; MUFA: Monounsaturated fatty acid; PUFA: Polyunsaturated fatty

acid.
11 SHEBEEEMERSE
Tab.11 Vitamin composition of sea bass paste
2 R Vitamins F 8 Content

VA/(ng RAE/100 g) 228
VB,/(mg/100 g) <0.10
VB,/(mg/100 g) <0.05
VDs/(ng RAE/100 g) <2.00
VE/(mg/100 g) 3.54
JHMR Nicotinic acid /(mg/100 g) 3.48
& Folic acid /(ug/100 g) 3.86

2.8 g R E R L

JRAR R PR AN B A df SR SR A, R AL
R EE | SR FINE A o X BRI T P 1R
PRI FNE 4252 B (Li et al, 2011), fif 8 X 20 i
TMAI 377 A — 5 T A I it B0 7 o Tt 0 RS (14 8
INERREAE N B e A 2R AR ) fl HE L

AFIT 2 NE . 28 m T &8 L sh Jid
HOVAR AR R, MAN IR RERRET, A G AR B
WL P D A2 DL R 28105 R ) o A T (BT o
S5, 2015), vy £ 39 (1% B0 B2 0 M 32 A2 4 1 B A A8
PR RZI , X ZER T e b R AR, B T ZS (] 4
PR RS | Bt 30 5 AN s [ (9 A8 Ak, 8 B K
S FIRIE R s, FEOKRAS, WURER 4% B
B, DTAE PR BT i, A SR R, R S
¥R (G REAE, 2016; Xia et al, 2012),

[l 4a on, FERETT 20d N, TR ETFE 4 C
W2 CF, Wi fa g Rl REsn, H_%2
AT B 25 5 o XA B OR FE X BE R Rl Py, f 3
BB 7K G B Wi %, 38 B A5 Ko W o kA= R A
QT PGy Y R T E XN | B NS U3
B Tbo WX R ARAGTE 2 R T MR O i,
DAIA R I 25 5 (AP (Rl 2 30 d B, EAs
A 2B 1 VA B T R AR SR T, X R RE R i T AREEY
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-o- —2 CHEZfI%% —2 C Vaccum packing

-o- —2 CHZfu% —2 C Vaccum packing

-~ —2 CHZsfu%% -2 'C Vaccum packing

8 400 - -& 4 CHZ¥E 4 C Vaccum packing b 14 _ -& 4°CHAfu¥ 4 C Vaccum packing C 30 -4 4CHZ¥ 4 C Vaccum packing
- 2 CE A% —2 C Regular packing - —2 CE M —2 C Regular packing - -~ —2 CIf@AI%E —2 C Regular packing
350 - % 4°Ci%i@EfU% 4 C Regular packing E -¥- 4 C¥iEFL%E 4 C Regular packing g 25 L -¥ 4 CHEMLE 4 C Regular packing
&0 <=
2 300 | 2 g
5} £ g 20
S 250 | & 2
é g, 015}
200 |- Szt &
& 150 | % % 0L
100 1 1 1 1 1 1 1 - 1 1 1 = 5 1 L 1 L 1 L 1
0 5 10 15 20 25 30 0 20 30 0 10 20 30

T3 If 1] Storage time/d

IP-3B% AT [E] Storage time/d

I3 IF 1] Storage time/d

Pl 4 Tt D TR 1) o R A 2 1

Fig.4 Changes of texture properties during storage of sea bass paste

IR L e B R T, F i N I Ak I g
Ay F VA AR A e R b A7, E— 2P DL T H 2
A R — A5 1 o i 3 2% B R SR
R, T RE S PR oA 353 0 2% T 1A R BH Lk AR SR R
A FEE W 5 o3 ff £ P ) R SR
MR T HFAT A2 A e R P, DT el 3 R M R
XA, 2R B T A A 2 A A R 3 1 o R P
T ELAA B R R34, REAS O Ay M (R 7 i 7 4 [ O
AP, B 4b s TR [ X A £ 5
PRI AN B3, SRR, U3 BH fa i iy i
PEER L e SRR P 55 P A S 1 18 o0 e I it A rh
AIXTRR S, B & A R I R it s 25 A i3 o (HLAE
4 CHI-2 “CI IR EE T, 53 £ 2% 1) T f e dp 110 5o
B T AL B dc 3 B VAR f £ M A IEL G
JERUIME, fFEEASR AT, IR A
20 d PN I I A P RELOER P T s e B L, AR
20~30 d M), PHIEMER RS TS, MHILZ T, %
T 2% o £ VLA 4 C A2 CIN R T 2
Se bTHE TRERESE, 78 20 d R E R (E.

29 WEAPRETSHEN

B S JEoR Tt i AN R RO T, 2 Fhf
BN B PR Rt A 1) (AR A ka3, HE R T i i
VTR IR I B V4 1 R R AT 2202 o SR, NS
7RI, TR PR B, S A i)
0V B B0 T AR B S B R I A A
o X — G T LAA PR T £ A i J5ORI B P 5 Y AL A
Oy i, BN ST A RO UK R R M
2R, FLAS A A Vi £ AR SR PR BRI
ML 78 4 CRI-2 CRII AT, BIfEFE 30 d
MR ZE A, BE PR IR TE 80 43X L I,
I W T AR s AR i T XA S T B A
AR T AT R, R A TR AR
Y DG AL Nl S Do E R d A - Ky o)

SR RE A ] (o A B AN A AL 5 R Y (B KUK 45722
A A A B £ P BT AR, O ELAE Ve R i PP IR
S A SRR W T o 3O TR B 9 4 H Y B A I
BAEEE S, JUHIEAE B R 2008 BE A TF I 1 DL
o I, A GRS A R A A e R
Rl R A 3 07 2

100
o 95F
g
2 90
g
g 85! e 2cummg
w2 —2 °C Vaccum packing
& 801 - acrmm
B 4 °C Vaccum packing
m 757 e -2 Cimms
bif] —2 'C Regular packing
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Fig.5 Changes of sensory score during storage of sea bass paste

2.10 MEs TVB-N BTk

P P 3 5 ZU(TVB-N) & i 1 7K 7= o fef B A
KEEFR AR, B R T P 2B A W AR AR Ay
fif r R AN AL S R B (R ST, 2019), R
i E Z A dE GB 2733-2015 BRLE, 8 dsh¥rik
P2 TVB-N B4 AR 13 mg/100 g, W —2477 55
ANt 20 mg/100 g 2™ s AN 30 mg/ 100 g
W] 232 0 EBR . i 6 ffs, FENwIil, b
R TVB-N {HIE K208, XI5 KT N A
JAE R A BVE R T 0o, 7o AR R (R R AR A,
2024), Fifi 5 RIS ] A SE S, A 0 1 R R T
AR R Y, T2 TVB-N {5 W&,
A= PR B A (2020) % B 25 A 2% 14 4 W IR LA S TR RE 4
. WiE AR AN TE 30 d J5 TVB-N {HiZiT
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30 mg/100 g FIPREAE , T2 °C I jk b 525 40, 285 T i £
T MR — 2™ a7 4 CTF Y EL2S A3
i ff W 7E S5 30 K AF A TVB-N {H & (14.83+
0.1) mg/100 g, BEPEE h =)™ i o 530 A 2% 1Y) Ty o
fHMFE 15d N TVB-N BRI —FGuF s H204d
Jr il BT E R, RS, A TVB-N
MO HE R EM 30 mg/100 g ZEHZE(014) % i fl
B TVB-N & AU ek it (e E A T 5T, Bl =3 2 10
SRR IEMIE, SANITSS R —E.

~ 30 - o CHEA

éﬂ 28 + B -2 "C%::c@ufpacking

— [ 4 CH=ZS

) 52 [ al 4'g%£c@ufpacking

) 2 CHEE

2 22 —& —2 °C Regular packing

h 20r o scwHE@E

E 18 4 °C Regular packing
16 ¢

% 14

% 12}

# 10}

&8t

¥ 6t
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3% Af1E] Storage time/d

P 6 dfff £ 3 IR0 E) TVB-N {EAZ fb
Fig.6 Changes of TVB-N during storage of sea bass paste

211 ik TBARSHIZ{L

TBA (B 2 i 5t £ i v i 17 S A R B ) G B8 A
HERECE SRR . TBA {HIWT mibrs & & G
U S8 P T AR £ 5 B 1 T R (AR SR, 2014), iR
1 Ak TE B R RS K R . A S B A B 5
SRR S . (&1 7 #R7R T it Y FE AN [l A e Rt
PRI 257 N Y TBA HARL . i (1 PTG TBA {5
4 0.44 mg MDA/kg, FA I (] A ZELC, TBA H
S E T TR R AN, g n e D R A
FREEY T s e g, ik 7 I B A5 A RE BB AT R0 2%
NEWT B . FEIRI B (0~3 d)if, TBA BRI
KAX 225 SR, WER 7 RITUR, W 2% iy vt
falg TBA {HRE LT, X 5504 Y s 258 F i
AN I = A G, X R R AR T R 1
RSN, PeA RS A Y, F3 TBA (W #HH
hne HE AR A, 4 C4LM-2 “C4 TBA {H7E
7 A B4 31555 0.69 mg MDA/kg #10.89 mg MDA/kg,
O 2T U S I TR 2 B 10 S L5 T L 2 0 2 4 1
T, 4 CHM-2 CH TBA {ELE 15 d JF4h H BLIHAS Y
78, LRI DL, 254 206 T LU RO B A e e
FE, REEEAR, ORI

-2 CHz= 3
na 2T V:;cum packing
4 CHzA U
£l 14 4 c V;icum packing
= -2 CEBYE
a 12+ —2 °C Regular packing
2 4 CiEE
4 °C Regul: ki
é Lok egular packing
3
= 0.8
&
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B
x
g 04r
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Fig.7 Changes of TBA during storage of sea bass paste

HHEHFFE 2, TBA {HAY RTH5Z BEE 2 mg MDA/kg,
24 TBA {H7E 1~2 mg MDA/kg i, 1 PITECE WA
AT DA Sk DL A AN 32 SR (T 1856, 2014), 16
AREFFEH, 4 CHM-2 CHIMIFLE 20d, 30 d HYI
HVE RS RN, ELI A0 0 4 2% A B
w2k o XA 5 (2013) X #7 £ (Acipenser
schrenckii Brandt)iff5¢ & B, TBA {E& T 2.2 mg MDA /kg
BT ISR = E, SARF AR B A5 R — 3L

212 TEHEE ST

8 B T IR £0 1 AN R f 2 A i R 2 A
TR AR R AR A B, R I e RN A Ty =X
XS E DR R A 7R 4 CRUETR, Mgk
G0 P B R BT, TR VR B e T A A
(P<0.05), FEULIREET, i A niai g NS 7 K
THH BB AR BG4, T B2S R I ER 15 R
TR BB RIE L o X T 4 TR, 2 TRt
AR e A AR MK, FE2 CF, HiE
0,255 PR B A0 T NER 1S R AR ) R o e
PR T L 5 2 G T B £ 3 0 S8 R A A A )
B, X — 25— R T B A I B R
TR AR, JCHAERAR I R T .

3 it

R T R AR N E R S SRR, ARSI
KT — R AW N FH B 5 fn i B, DA
R TR P T S R JBE SR Rk, LD 2SI G R O 5 T
XiF i SR T BT AL, WA E 5% 2R SRR N e ok A
MBS 1.13%. FE38H 1.09%. 2585 0.98%, 17Kk
PR RCRESE 2 AP R I 5 it £ o b 2R
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% gl elderly. Sport, 2017(16): 132—133 [ABitH. Z4ENKEIE
%'0 s RERETE. 250, 2017(16): 132-133]
ﬁ % 6r cnmm DING T, LI T T, LI J R. Comprehensive evaluation on freshness
&; 4t =2 °C Vaccum packing of salmon slices at 0 ‘C storage. Journal of Chinese
#]Eé A ig%ﬁffwmg Institute of Food Science and Technology, 2014, 14(11):
=2 - 2T 252259 [T, Ztisles, JARAE. 0°CYoE = 3CH 1 4ot
e ol Ly ¢ CHEEE FELEAVEMY. TR EL 2R, 2014, 14(11): 252-259]

4 °C Regular packing
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I3 E] Storage time/d
P& 8 oyt e 8 I JBCADY ) T 7% S B2 1k
Fig.8 Changes of total bacteria count during
storage of sea bass paste

Fl &k 15.24 g/100 g, JEM & &M 5.73 g/100 g,
IR AN BAR R M, H EAA/TAA A 40.56%,

EAA/NEAA i 68.24%, EAAI  68.35, &4 18 Fil
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Nutritional and Storage Quality Analysis of Sea Bass (L ateolabrax japonicus)
Paste Suitable for the Aging Population
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Abstract  Population aging has become a universal phenomenon with the rapid development of the
global economy and medical technology. China, which has the largest number of older adult people,
has one of the highest aging rates in the world. Despite the large elderly population, the market lacks
food designed to meet their safety and nutritional needs. Therefore, food development for older adults
has become a popular research topic. In 2018, the National Health Commission of China released the
“National Food Safety Standard—General Rules for Elderly Food” (draft for soliciting opinions),
aiming to regulate food production and quality standards for older adults. It classifies food for older
adults into easily consumable, nutritional-formula, and nutritional-supplement foods and sets specific
nutritional requirements for them. Experts have proposed principles for developing food for older
adults, including providing sufficient high-quality protein, dietary fiber, vitamins, and trace elements,
while emphasizing low-fat, low-sugar, low-calorie, and low-cholesterol formula designs.
Additionally, texture, sensory properties, and packaging suitability during food processing are
considered to meet the physiological and psychological needs of older adults. Compared with the
international market, the food market for older individuals in China is still in its infancy and sells
mainly health products. The variety of foods suitable for older adults is relatively limited and
includes milk powder, pastries, and biscuits. Although these foods are easy to chew and swallow, they
often lack sufficient nutritional value and do not fully meet the nutritional needs of the elderly
population. Research has shown that vitamin and folic acid content in domestic pre-packaged food for
older individuals is insufficient, and the carbohydrate and energy content is often high, increasing the
risk of obesity and cardiovascular and cerebrovascular diseases in older individuals with a low
metabolic rate.
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Leveraging the high economic and nutritional value, as well as the delicious taste of seabass
(Lateolabrax japonicus), its meat serves as an excellent source of high-quality protein with a low fat
content, soft texture, and easy chewability, making it an ideal ingredient in food designed for older
adults. Based on the dietary needs of older adults, this study developed an easily chewable and
digestible seabass paste by adding carrot powder, celery powder, and inulin. Single-factor
experiments and response surface methodology were used to determine the optimal ratios of the three
nutrient powders, using hardness and sensory scores as key evaluation criteria. Textural
characteristics and nutritional indicators of the products were also analyzed. The study also assessed
the effect of different packaging methods (regular packaging and vacuum packaging) and
refrigeration temperatures (4 °C and -2 °C) on the quality of the sea bass product. Quality indicators
included textural characteristics, sensory aspects, volatile basic nitrogen content (TVB-N),
thiobarbituric acid value (TBA), and total colony count.

The optimal amounts of nutrients for sea bass paste were 1.15% carrot powder, 1.10% celery
powder, and 1.00% inulin. The paste contained 15.24 g protein and 5.73 g fat per 100 g. The amino
acid profile aligned with the ideal protein pattern recommended by the Food and Agriculture
Organization/World Health Organization. Moreover, the sea bass paste contained 18 types of fatty
acids, with the relative unsaturated fatty acid content reaching 72.1% and the total EPA and DHA
content accounting for 11.12%. The sea bass paste contained the highest amount of vitamin E
(3.54 mg/100 g), followed by niacin (3.48 mg/100 g). It exhibits moderate texture, good water
retention, and is easily chewable, making it suitable for consumption by older adults. During the first
20 days of storage, the hardness of sea bass paste gradually increased, but there was no significant
difference between the two refrigeration temperature groups (4 and -2 ‘C). However, the hardness of
the vacuum-packed sea bass products continued to increase for up to 30 days of storage, but it
decreased sharply in the regularly packaged product. Storage experiments demonstrated that vacuum
packaging could effectively delay the increase in the TVB-N, TBA value, and total colony count,
maintaining the quality of the sea bass paste. The TVB-N of the regularly packaged product was close to
the 30 mg/100 g limit after 30 days, whereas vacuum-packed sea bass paste stored at —2 °C was still
below 13 mg/100 g (within the range of Class I products). Fat oxidation was higher in the
regularly packaged fish paste than in the vacuum-packed group. This indicates that vacuum packing
was effective in slowing down the fat-oxidation process. Vacuum-packed sea bass paste can be stored
for 7 days at 4 C and 15 days at -2 C, showing a significantly superior preservation effect
compared to regular packaging. In conclusion, this study not only introduces a nutritious and healthy
food option for older adults but also presents novel insights into the processing and high-value
utilization of sea bass, offering technical support and a reference for the diversification and
development of marine fish products.

Key words Sea bass paste; Elderly nutrition; Nutritional formula; Quality; Storage properties
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