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Abstract: [Objective] To deal with the gel quality degradation caused by improper temporary storage conditions during the industrial
production of fish cake. [Methods] Frozen surimi is used as the raw material to produce fish cake. The effects of microbial
transglutaminase (MTGase) addition amount, temporary storage temperature, and time on mechanical properties, appearance chroma, water
retention properties, and sensory quality of fish cake are studied. The process parameters are optimized by a response surface test. [ Results]
MTGase addition amount, temporary storage temperature, and temporary storage time have significant effects on texture profile analysis
(TPA) parameters, puncture characteristics, chroma, water retention properties, and sensory scores of fish cake (P<C0.05). The optimal
process parameters are as follows: an MTGase addition amount of 0.35 U/g surimi, a temporary storage temperature of 19.2 C, and a
temporary storage time of 55.4 min. Under these conditions, the gel strength and sensory score of the fish cake are the highest, which are
24.15 N-mm and 37.38, respectively. [ Conclusion] During the industrial production of fish cake, MTGase is suitable to add at the amount
of 0.35 U/g surimi. The temporary storage conditions of mixed fish surimi should be selected at a lower temporary storage temperature (not
higher than 19.2 “C), and the temporary storage time should not exceed 55.4 min.
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Table 1 Sensory evaluation criteria for fish cake
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Table 2 Effects of MTGase addition amount on fish cake quality

MTGase % Jill i/ ) % W7 i R B/
o i /N e 3 LU /N Il &2 W HN -
(U-gh) % /mm (N+mm)
0.00 19.134+1.32"  0.7540.03° 0.42+0.04° 7.71+0.65° 0.214+0.02° 1.7940.07° 5.00+0.23°  8.92+0.55°
0.12 26.1641.48°  0.8040.05" 0.44£0.08° 8.6040.90° 0.2240.04° 2.16+=0.21Y 6.024+0.31¢ 12.974+1.39¢
0.24 30.9240.63%  0.8240.02 0.47+0.04° 11.931+1.46° 0.24+0.03° 2.4310.09° 6.651+0.24" 16.16+0.86°
0.36 32.440.26° 0.8040.01° 0.544-0.03° 14.0241.00° 0.2940.02° 2.63+0.14* 6.53+0.33° 17.12+0.61°
0.48 33.8020.41°  0.8440.03" 0.5740.02° 15.8741.12° 0.2940.04" 2.74+0.06® 6.904-0.28" 18.92-+0.82°
0.60 40.03+1.27"  0.84+0.02* 0.66+0.05* 20.47+0.91° 0.36+0.03* 2.864+0.13* 7.20+0.30° 20.58+1.07"
MTGase 7% /il / KA J&E R
L a’ b w KR/ % [E7ES )
(U-g ) S - iy
0.00 81.53+0.34° —1.054+0.03* 7.4840.31° 80.04+0.36" 70.0240.48° 13.45+0.40° C 29.00+2.65°
0.12 82.470.35° —0.85£0.02" 8.504-0.16"° 80.49+0.36° 75.17£2.03° 12.9740.58" B 29.7042.77%
0.24 82.74+0.32" —0.88+0.02" 8.42+0.28" 80.78+0.37" 77.59+1.98" 10.61+1.63" A 31.834+3.97%
0.36 82.7940.43" —0.9940.03° 8.27+0.14° 80.8840.41" 78.9740.47" 9.1140.76° A 32.83+3.37®
0.48 82.95+0.40° —0.92£0.05" 8.1940.19° 81.060.33" 79.44+1.44" 8.48+0.74° A 33.67+3.27°
0.60 83.34£0.40" —0.950.04 8.34+0.40" 81.34+0.43" 8541+0.93" 5.18+1.91¢ AA 32.5042.07%
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Table 3 Effects of temporary storage temperature on fish cake quality

FHERIEIC BN ik AEN MmN EEE s o R
= /mm (N*mm)

10 43124096  0.8540.03 0.6840.02° 24.2020.96" 0.38£0.01°  3.0420.12°  7.40£0.50" 22.5640.94"
20 42.88+1.45"  0.8540.01 0.6940.03° 24.6021.60° 0.380.02* 3.002-0.07"" 7.86-0.24"  23.5740.54"
30 39.78+1.24"  0.8440.02 0.66£0.05" 20.2240.78" 0.36+0.03" 2.884+0.12"°  7.24+0.38"  20.84+1.19"
40 37.7940.91°  0.8340.02 0.62£0.03" 18.544236" 0.3540.02° 2.7340.09°  6.98+0.13°  19.06+0.90°

AR C L a’ b W KM% BB WHTE TR S
10 83.964+0.27° —1.12£0.04 7.16+0.49 82.39+0.41" 85.834+1.05° 4.71+0.39" AA 34.50+1.46"
20 83.8840.40° —1.1620.04 7.2140.60 82.29+0.50" 87.0440.44" 4.33+1.23" AA 34.704+1.79
30 83.2940.29° —1.13£0.05 6.84+0.36 81.91+0.30" 84.96+0.81" 5.164-0.48" A 31.9040.96°
40 82.0640.40° —1.11£0.10 7.27+0.39 80.61£0.42° 84.4040.78" 6.41+0.39" A 31.70+1.04°

T RGNS RN R R A 35 M 25 5 (P<C0.05) .
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Table 4 Effects of temporary storage time on fish cake quality
BAEmE ] /min A /N B PR NEL /N 7l 52 P % 8 J3/N L BECSR ]
B /mm (N-mm)

30 37.7940.91°  0.8320.02 0.6220.03° 18.54+£2.36" 0.3540.02° 2.7320.09"°  6.98+0.13°  19.060.90
60 43.6942.01*  0.850.02 0.70£0.04* 25.2642.42* 0.3940.02° 3.124-0.21°  7.260.47" 22.63%=1.37°
90 40.85+0.99"  0.85+0.02 0.67£0.03* 23.91+1.75° 0.3720.03" 2.9440.14" 7.76+-0.32" 22.87+1.79°

B AEI ] /min L a b" FEAKME/ Y% ZREBRR % T JEE AN Sy
30 82.0640.40 —1.1140.10 7.274:0.39 80.612-0.42 84.4040.78" 6.410.39 A 31.704-1.04°
60 81.8740.35 —1.144-0.05 7.184-0.47 80.467-0.41 86.53+0.45" 4.61+1.31 AA 34.304-1.30°
90 81.8040.24 —1.1540.07 7.1240.40 80.42+0.22 86.3340.97° 4.95+0.64 AA 30.40+2.43°

T RSNG TR R F R A A 2 5 (P<C0.05) .
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Table 5 Factors and levels of response surface test
o X, MTGase s X, Hffih X, BA7HIE])/
fniE/(u-g™h BE/C min
—1 0.24 15 45
0 0.36 20 60
1 0.48 25 75
Fo MMMEREEITRER
Table 6 Design and results of response surface test
= Y, AR E, Y, RE
HES X %, % (N+-mm) P53
1 0 1 1 21.06 34.80
2 0 0 0 24.03 37.30
3 0 1 —1 22.36 37.16
4 0 0 0 23.93 37.30
5 0 —1 —1 23.21 36.46
6 0 0 0 2391 37.30
7 0 0 0 23.82 37.40
8 1 1 0 21.62 37.10
9 —1 0 —1 23.54 35.10
10 1 —1 0 22.65 36.60
11 —1 —1 0 24.35 34.50
12 1 0 —1 21.71 37.20
13 —1 0 1 22.20 33.10
14 0 —1 1 22.35 33.90
15 0 0 0 23.98 37.50
16 1 0 1 20.88 34.20
17 —1 1 0 22.90 36.00

BIXAE RESBRRBIMEREER X R AR RN M

Y,=37.36+0.80X,+0.45X, — 1.24X;, — 0.25X,X, —
0.25X,X,+0.05X,X,—0.995X;—0.315X;— 1.46X;.  (3)
I DRV R K % T30 2R A T 22 G B 45 R L3 T AR 8.
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Table 7 Regression model of gel strength and variance

analysis of each coefficient

J5 KU SFar R F BB By FiH PE WEM
iR 19.57 9 217 37574 <<0.0001  **
X, 4.69 1 4.69 810.92  <C0.0001  **
X, 2.67 1 267 460.93  <<0.0001  **
X, 2.34 1 234 404.67 <<0.0001  **
X, X, 0.04 1 0.04 7.51 0.0289  *
X, X, 0.06 1 006 11.03 00128  *
X, X, 0.05 1 005 8.61 0.0219  *
X: 1.56 1 156 269.48  <<0.0001  **
X; 0.84 1 084 144.60  <<0.0001  **
X; 6.52 1 652 112616 <<0.0001  **
B 2% 0.04 7 001

A& AU I 0.02 3 0.01 0.97 0.489 5

gl 2% 0.02 4 001

B 19.61 16

TR BE(P<0.05), % 2 5 B (P<0.01); RP=
0.997 9,R%;=0.995 3,

M7 LR, Y, BRI E P <C0.000 1, 3 B 5170
B 2 T 25 IS 1 3 (P=0.489 5=>0.05) , F B )7 F2£41
BRERAT . P E R R2=0.997 9, i W 52 B {8 A1 151 00
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I35 (P<C0.05) , X, X, X5 X5 X5 X5 5 £ kK 058 e o S
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o
&8I LLAE H, LB R K P{H<C0.000 1, 3 B 4570
Mo i@ 2, 10 25 IR S 2 (P=0.528 0>>0.05) , % 1A 75 74 8
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WE A S P o RO, 20 28 AT A it S e 4% TR 3R
SECETTMROC R I BN R AE T2 %M. & &
O MR AL, X, X, X5 X X, X X XX X X A
FERE PR A AR WA 2 O B 2 (P<C0.01) . R FE AT,
34 B F X KR IR IT 4 0 5% 0 T O A i R >
MTGase iR i > EF R E .
242 WM E 4T 38T Design-Expert 13 8144 & H %
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®8 BEIMESN@AEERERABNATESF
Table 8 Regression model of total sensory evaluation

score and variance analysis of each coefficient

JEHKVE PR A B FH P RFEE
e 34.30 9 381 505.33 <C0.0001  **
X, 5.12 1 512 67879 <<0.0001  **
X, 1.62 1 1.62 21477 <C0.0001  **
X, 12.30 1 1230 1630.79 <<0.0001  **
X, X, 0.25 1 0.25 33.14  0.0007  **
X, X, 0.25 1 0.25 33.14  0.0007  **
X, X, 0.01 1 0.01 133 0.2874

X} 4.17 1 417 55265 <<0.0001  **
X3 0.42 1 0.42 5539 0.0001  **
X3 9.04 1 9.04 1198.05 <0.0001  **
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Figure 2 Effects of interaction of various factors on sensory score of fish cake
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