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Tab.1 Response surface test factors and levels

S K Level
Factor -1 0 1

A TG B E TG enzyme addition/ % 2.00 3.50 5.00
B: BN Gelatin addition/% 1.50 2.50 3.50
C: 727 E] Immersion time/h 4.00 6.00 8.00
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Tab.2 Sensory evaluation criteria for sea bass small pieces

i P BRI SHH
Type Evaluation criteria Score/ 4y
it A IR B, A 17 ~20
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(20 49) WL L Al IR, B e 9-~12
BT B R g 5, 0-~38
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g it AR RS , I e 912
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BE(P<0.05) 7 1.7 £%,5% 5 SETIADI 2" 2%
R—F, MM BE S /N 7 R P 2 R o 92. 25
g3, LR P40 R E A s A G
LR R F R FE SR 55, 2™ A D i K Bk
Fw/INAT EER i Rt R AR R, R
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WM B H . SRR E , TG B 7S & X /) Fr
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SR VT 25 5 32 W f /N B T R
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T8, 183 K W 5 4 BORRE A, T 2 4 AR A 22
TG FHIG ANiEA 0. 50% 3 n %) 3. 50% , gk
BP0 B T 5 (RS R A 5% M LA
i, BN MR T e, S5 R N TG Wi 4%
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Tab.3 Effect of TG enzyme addition on the quality of sea bass slices

Ty TG {7 Addition of TG enzyme/%

Type 0 0.50 2.00 3.50 5.00 6.50
fifi B Hardness/g 102.67 +14.68¢  29.50 £11.37" 194.33 +25.81*° 211.33 £52.24" 255.50 +36.65° 254.17 £37.61°
#%: Elasticity 2.51 £0.22" 2.86 +0.15" 3.40 +0.35% 4.19 +0.62° 3.31 £0. 14 3.25+0.23"
NHIEAE Chewiness 0.96 £0.21" 1.03 £0.23" 1.58 £0.55% 2.21 +0.43® 2.30 +0.72" 2.15 +0.44°
L* 89.93 +1.68"  90.63 +1.47" 88.67 +0.31%  87.79 +0.86™  87.47 =1.24™  86.60 +0.38¢
a* -0.69 £0.30® -0.31+0.27" -0.52+0.15®  -0.17 £0.08* 0.28 +0.78 0.46 +0.38®
b* 3.05 £0.24¢ 3.87 £0.66% 4.97 £0.42¢ 5.11 £0.45" 6.92 0. 18" 6.13 +0.32%
IREV Oh 71.75 £9.67"  86.50 +6.14™  86.00 £+6.27"  92.25 +5.62° 70.50 £11.09"  73.75 £7.59"

Sensory score/ points

T FAT/NG T REARTR, Ron 2570 B35 (P <0.05) o TG FEEsINE 0 Jy=s (4.

Notes: The small letters are different, indicating significant differences (P <0.05). 0 of TG enzyme addition amount is the blank group.
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Tab.4 Effect of addition of gelatin on the quality of sea bass slices

E3iil B & Addition of gelatin/ %

Type 0 0.50 1.50 2.50 3.50 4.50
fifi i Hardness/g 98.00 +12.68"  101.50 +8.72"  121.83 +10.00" 194.33 £37.70° 213.33 +2.75* 214.00 +13.70°
3 Elasticity 3.62 +0.25" 3.42 +0.03" 3.70 £0.38® 4.21 £0.12° 3.95£0.07% 3.97 £0.16®
MG Chewiness 1.12 +£0.35¢ 1.09 +£0.13¢ 1.52 +0.40" 2.58 +0.62% 2.61 £0.84"  2.92 +0.09*
L* 80.80 +0.91¢ 83.03 +1.19%  83.40 +0.64" 84.30 +0.82" 84.32 £0.49"  89.66 +0.67*
a* —1.40 £1.12* -1.44£0.89° -1.39+0.60° —1.11+0.08" -0.92+0.27*  —1.37 +0.66"
b* 3.74 +0. 68" 1.83 +1.04° 1.65 +0.74° 2.11 +0.06" 2.01 +0. 88° 2.29 +0.20°
BT 62.00 +2.00" 60.33 £3.21>  77.00 £13.11®* 87.67 +5.03a 75.67 £5.86"  69.67 £7.51%

Sensory score/points

T AT/ P REARTR 2R 22570 B35 (P <0.05) o BIEHS i 0 Sy A4

Notes: The same small letters are different, indicating significant differences (P <0.05). O of gelatin addition amount is the blank group.
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SERB AR 25 Bk 2D IR B B R M D) 4% 2
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O 264 T B 28 | LT 24 % o g, ™ i ) B R
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IS 5 A, B 25 2 3 0 S ek g 84 8 3 A
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X, BIHE R R HERIE MR INE N 6. 00%
S PRI fh1 /N B BEE | MEL GG A 38 3 £
FEHHAHEMEO0)

FEYE By — B FH R 338 ik £ B 1) 5 S5 5 L

TG FE . h3E S WAL RINES RS
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0.05) . X5 FE " LI E TG R 4
PIAL a” {H 520 R A1 45 SR AR T, 4 0 n
10. 00% I, ¥ 815 #1708 F 9 b BE 28 1 4 (TR Jn
0) WSR2 DR g R 3 08 1) 7 8 LL /08 A 1 1
FEAR, AR I 5 f /0 R 91678 B, R R I 5
X f N R B SR R SR R AR, YR
TN 6. 00% i, B B WEL I L™ {2 A %
B b EEAR, W R S M 4 R R Wb
RIS G B 2 2k B U R
TR /N A AT A T, 2 2 3 R I Ay
6.00% N VL FBF BCE T RE. 2580
Je b 45 1 7 AR % R, BT R S R B
6.00%
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Tab.5 Effect of addition of egg white powder on the quality of sea bass flakes

A A HIEHIS N Addition of egg white powder/ %

Type 0 2.00 4.00 6.00 8.00 10.00
fifi if Hardness/g 94.50 +3.77"  147.17 £19.75" 152.50 £15.66™ 174.67 £39.32" 181.30 £29.34* 184.00 +21.70°
Pt Flasticity 2.66 +0.35" 3.35 £0.29% 3.98 +0.29° 3.40 £0.24" 2.84 +0.53" 3.01 =0.50%
NHIG: Chewiness 1.17 +0.20" 2.34 £0.67° 2.49 £0.26° 2.47 £0.47° 2.50 £0.40° 2.53 +0.18°
L* 79.78 £0.42°  81.56 +1.43" 84.36 £0.76™  84.80 £0.57° 84.01 £0.35®  85.69 +2.07°
a* -0.69 £0.20°  -0.63+0.06° -0.97+0.34*  -0.66+0.08° —0.60+0.27*  -0.61 £0.58"
b* 5.38 +0.61° 6.74 +0.28" 6.94 +0.49" 7.50 £0.21% 7.17 £0.27% 8.22 +0.34°
SEEVEOY 58.33 £3.51"  60.67 £9.71" 68.67 £8.14®  82.00 +3.00° 80.67 +3.21° 81.00 +2. 65

Sensory score/points

T R/ NS PR, FOR 2R B (P <0.05) . BRI 0 Sy A4,

Notes : The small letters are different, indicating significant differences (P <0.05). O of egg white powder addition is the blank group.
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0 ~10.00 h B, A5 B i1 0H M- F 152 Tk FSF 1) 1) 228 )
SEBSET 5 I REAG A k 3 i s ) S B sl vk
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E RGN T (1 15 FH R 3% 7 4 A i 40 0 AR 550
b (B HEN, 3X R REE R A i 17 F) SE AL R BE T
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BV RE W 00 15 1) 28 56 TR w2 I 4
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Tab.6 Effect of immersion time on the quality of sea bass slices

iy} V25t Bt ] Immersion time/h

Type 0 2.00 4.00 6.00 8.00 10.00
T & Hardness/g 96.00 £11.17%  109.50 £10.83°! 187.50 +25.24® 202.17 £23.71* 174.50 +23.45*> 150.83 £8.43"
FE Elasticity 3.05 +0.35" 2.96 +0.05" 3.17 0. 12* 2.25 +0.26° 3.26 +£0.32% 3.76 £0.05*
NEME4 Chewiness 1.35+0.22" 1.47 +0. 34" 2.15 +0.16™ 2.80 +0. 83" 1.68 +0.08" 1.57 +0.31"
L* 79.24 £0.61° 78.77 £0. 14° 79.50 £0.30° 78.83 £0.92°  78.95 +2.39° 79.50 £0.54°
a* -0.89+0.16"  -0.82£0.32° -0.86=0.10° -1.59+0.32>  -1.18+0.37*  -0.92+0.16"
b* 5.56 +0.35° 5.87 +0.66" 6.65 +0.80" 6.64 +0.32" 7.17 +0.78" 8.95 +0.28"
E P> . b . a

71.50 +9.87 75.50 £9.03 80.67 £10.36 90.67 =£11.12°  89.67 +11.43 87.83 £11.61

Sensory score/points

T R/ DNFREAR, FR 2R B35 (P <0.05) o ZBEINTE 0 h Az [,
Notes : The small letters are different, indicating significant differences (P <0.05). The immersion time O h is the blank group.

2.5 WEESRL S

AR AL IR R S B 45 R, A6 35T R IS
6.00% I, 7333 % TG i A e L% 32 3o B[] X 16
fifigi /NP SO A5 F AT OOA . R T FIEE 8
SR AT L AERE R A B, — R R R0 TG
BRI (A, ) BHIBCES I (B, ) (RBUR I (C, )
A D [T AR B8 35 (P < 0..05) , i 3 A~ X
i/ BORERE A R o SC IO AB B ff [] )51
AR (P <0.01) , Ui TG A1 EA 45 i
RS A RN /0N R 0 B BE A AR 2 R
TR (51U R RO R 2 (P <0.01) , i
TR /N R A R BT A R S R
IE S BRAS 25 T RIVAHAE P Fr) 2k 5 (1)

Y, =208.27 +10.334 + 6. 698 - 7. 81C -
13.134AB - 26.094% -21.30B> -65.88C” (1)

77 22 43 A Al A, B A 2% T (P =
0.368 0) KT 0.05, 722 5 A .3, W] [m] 9 75 72
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STPERILA 548, R =0.988 1,R%, =0.972 9,
PR A TR DL A O R A g, T R A B 2R 0 7= i 114
T

JEE PR BA AR 7 22 0 Fr (6 9) R,
—RIEHCR A? R C? A 1] U 2R B R
(P <0.01), $iBH TG [ AR 5T [E] P4~ &R
X R R T A R R S R e . 3E BB AB
%) it 1m0 U9 R 0% i 25 (P < 0..05) , W] TG il Fl
B s s 0 1) 58 A G /0 R B PR A
R, I (1 UH R B B (P <
0.01) , PLHH I XE f /) i B TEAN Y oA
P 2R MR DRI ) R AS I 2 s DA 2% DR
MR R(2)

Y, =94. 27 + 3. 794 + 0. 50B - 4. 54C -
2.50AB -0.25AC + 1. 16BC — 6. 094> — 4. 84B* —
10. 42C* (2)
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Tab.7 Response surface experiment results

S A B c fifi# Hardness/g JBE PE4) Sensory score/ 4}
Test number (Y) (Yy)
1 -1 0 -1 119.33 77.67
2 0 1 -1 134.17 83.00
3 0 0 0 203.17 94.33
4 0 1 1 115.00 75.33
5 -1 0 1 98.67 70.00
6 1 1 0 171.00 85.33
7 0 0 0 205. 67 92.00
8 -1 1 0 170.50 83.00
9 1 -1 0 177.50 88.67
10 0 0 0 206. 67 94.00
11 -1 -1 0 124.50 76.33
12 0 0 0 206.50 96.00
13 0 -1 1 114.00 72.67
14 1 0 -1 131.33 86.00
15 1 0 1 115.83 77.33
16 0 -1 -1 121.17 85.00
17 0 0 0 219.33 95.00
*8 WEEFERMNAFESITER
Tab.8 Analysis of variance results of hardness regression model
el I i 5y . . b
Source Sum of square  Degree of freedom Mean square Significance
T model 27 351.92 9 3 039.10 64.82 <0.000 1 % ok
A 854.08 1 854.08 18.22 0.003 7 R
B 357.78 1 357.78 7.63 0.028 0 ;
C 488.18 1 488.18 10.41 0.014 5 ®
AB 689. 06 1 689. 06 14.70 0.006 4 % %
AC 6.67 1 6.67 0.14 0.717 1
BC 36.00 1 36.00 0.77 0.409 9
A? 2 866.57 1 2 866.57 61.14 0.000 1 R
B? 1 910.39 1 1910.39 40.75 0.000 4 ® ok
c? 18 276. 64 1 18 276. 64 389.8 <0.000 1 *
% 7% Residual 328.19 7 46.88
ST Lack of fit 167.41 3 55.80 1.39 0.368 0
4li1% 7= Pure error 160.79 4 40.20
S F1 Sum 27 680. 11 16
e ZRRE,P<0.05; + + ZFREE,P<0.01,
Notes; * Significant difference, P <0.05; #* * Very significant difference, P <0.01.
®9 BETSEEPERHFTESFER
Tab.9 ANOVA results of the sensory score regression model
el I i 5y . . e
Source Sum of square  Degree of freedom Mean square Significance
FE model 1 096.98 9 121.89 74.56 <0.000 1 * %
A 114.99 1 114.99 70.34 <0.000 1 % %
B 1.99 1 1.99 1.22 0.306 4
C 165.07 1 165.07 100.98 <0.000 1 R
AB 25.05 1 25.05 15.32 0.005 8 ®
AC 0.25 1 0.25 0.15 0.707 4
BC 0.43 1 5.43 3.32 0.1112
A? 156.25 1 156.25 95.58 <0.000 1 *
B’ 98.71 1 98.71 60.38 0.000 1 * %
c? 457.54 1 457.54 279.88 <0.000 1 R
% 7% Residual 11.44 7 1.63
S4PII5 Lack of fit 2.69 3 0.90 0.41 0.7555
2% 2% Pure error 8.76 4 2.19
S Sum 1 108.42 16

T ZEREFE, P <0.05; = = ZRMPEFE,P<0.01,
Notes; #* Significant difference, P <0.05; * = Very significant difference, P <0.01.
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Fig.1 Effect of the interaction of TG enzyme and gelatin addition on hardness and sensory score
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Fig.4 Microstructure diagram of sea bass small flakes
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Response surface methodology to optimize the quality improvement
technology of Lateolabrax japonicus small slices
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Abstract; After the sea bass ( Lateolabrax japonicus) is cut into small pieces, it has quality problems such as
inability to cook, easy to fall apart, and poor integrity, which severely restricts the development of series of
products. This research develops a quality improvement technology suitable for small pieces of sea bass. The
effects of TG enzyme, gelatin, egg white powder and immersion time on the quality of fish flakes were studied
by single factor, and the formula and process of compound quality improver were optimized by Box-Behnken
response surface. The results showed that TG enzyme, gelatin and egg white powder could all improve the
boiling resistance and integrity of sea bass small pieces. The best process was: TG enzyme addition amount
3.90% , gelatin addition amount 2. 40% , egg white powder addition amount 6. 00% , dipping temperature
was 0 —4 °C, and the immersion time was 5.50 h. The processed sea bass slices had good boiling resistance ,
high integrity, white color, moderate elasticity, and strong aroma. The observation of the microstructure
showed that it could make the tissue structure of the fish slices more compact. This research solved the
“bottleneck” problem in the processing of sea bass cut into small pieces, and provided technical support for
the production of hot pot, simple community dishes and other products.

Key words: Lateolabrax japonicus small slices; boiling resistance; integrity; quality improver; process

optimization
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