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Tab. 1 Values assigned to extrusion cooking process parameters for response surface analysis

BREAS B i A5 5K F code level
process variable code -2 -1 0 1 2
Ml yANY)
RS 1% X, 60 64 68 72 76
feed moisture
A VE B
M PRI/ °C X, 160 173 185 108 210
barrel temperature
HEHL 3 2% /0,
HERHE /% X3 5 7 9 11 13
feed rate
PN .
BRFT A/ (r/min) Xs 160 195 230 265 300
screw speed
LB IHz Xs 15.00 23.75 32.50 41.25 50.00
motor rate

R HALEE A E R G LR
Notes: The motor rate means the cooling die motor rate.

®2 BKSEBEBFEASUEISMHTEN DTSR

Tab. 2 Results of the analogs under high moisture extrusion cooking

ﬁtgfjﬁﬁg’ Y Ya/N Y, Y, /mJ Ys Ye Y,
1 1742 1412 0.86 20.19 50.07 1.99 13.03
2 1.622 264 0.89 5.33 44.22 3.88 16.53
3 0.905 2.60 0.86 4.98 56.56 117 14.04
4 0.773 2.67 0.81 478 53.02 -2.00 10.97
5 4.101 6.38 0.84 12.47 31.66 3.98 13.61
6 5518 6.70 0.87 13.69 51.68 113 11.87
7 2.793 7.65 0.89 15.38 47.16 0.47 10.26
8 2.031 7.07 0.88 14.99 4573 2.09 13.43
9 1.569 9.03 0.86 9.21 47.70 1.08 11.19
10 1.569 9.03 0.86 9.21 47.70 1.08 11.19
11 0.644 157 0.76 2.69 65.06 -2.46 11.58
12 2.105 2.67 0.87 5.47 47.84 3.40 15.56
13 2.106 6.92 0.85 13.34 47.11 1.96 12.23
14 0.854 3.12 0.85 6.22 52.22 0.04 14.90
15 1.925 10.58 0.85 15.36 48.55 2.28 12.93
16 3.447 7.24 0.83 14.67 30.97 3.22 13.03
17 1312 7.78 0.89 15.69 44.80 0.85 11.54
18 1.620 13.38 0.88 27.92 4159 0.78 11.14
19 3.755 10.16 0.86 20.65 4021 3.41 14.24
20 1.380 2.49 0.86 4.96 49.48 0.42 11.64
21 1.949 6.87 0.88 14.18 38.40 3.04 13.01
22 2.924 271 0.91 5.82 50.25 3.37 17.33
23 1.569 9.03 0.86 9.21 47.70 1.08 11.19
24 1553 5.00 0.89 10.05 31.45 6.99 20.48
25 1.716 11.20 0.90 23.45 44.58 2.36 16.92
26 3.893 5.16 0.87 9.89 33.21 4.35 13.89
27 2.984 5.34 0.87 10.85 33.97 3.22 9.74
28 2.701 4.03 0.85 7.42 4233 3.52 13.01
29 1.569 9.03 0.86 9.21 47.70 1.08 11.19
30 1.210 2.39 0.85 4.69 51.64 0.32 12.60
31 1.569 9.03 0.86 9.21 47.70 1.08 11.19
32 1.569 9.03 0.86 9.21 47.70 1.08 11.19
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Fig. 1 Raw material(a) and extrudate(b)
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41.25 Hz; 68%. 185 °C. 230 r/min. 5%# 32.50 Hz;64%. 173 °C. 265 r/min. 7%#ll 23.75 Hz,

Fig. 2 Profile of the extrudate under different process parameters
The process parameters , including feed moisture, barrel temperature, screw speed, feed rate and motor rate, are respectively: 2%, 198 °C,

265 r/min, 11%, 41.25 Hz and 68%, 185 °C, 230 r/min, 5%, 32.50 Hz and 64%, 173 °C, 265 r/min, 7% and 23.75 Hz(2-a, 2-b and 2-c in

order).
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Tab. 3 ANOVA of process parameters on fibration degree of analogs
LY fb g il B df V2% FA{E P {E
fibration degree sum of quares mean squares F-value P-value
175 model 33.68 20 1.68 5.07 0.0042 significant
Xu-HERL RSy 6.92 1 6.92 20.83 0.0008
feed moisture
XorflE I 0.56 1 0.56 1.68 0.2215
barrel temperature
X3-HERHE A 5.60 1 5.60 16.88 0.0017
feed rate
XiBRFPACR 0.23 1 0.23 0.68 0.4278
screw speed
Xe-TUBLFEE 0.42 1 0.42 1.26 0.2858
motor rate
X1Xz 4.06 1 4.06 12.23 0.0050
X X3 0.49 1 0.49 1.47 0.2505
X1X4 0.47 1 0.47 1.42 0.2577
X1 Xs 0.46 1 0.46 1.39 0.2625
XaX3 0.93 1 0.93 2.81 0.1219
XaX4 0.30 1 0.30 0.91 0.3598
XoXs 0.42 1 0.42 1.27 0.2845
X3Xy 0.24 1 0.24 0.74 0.4088
X3Xs 0.00 1 0.00 0.00 0.9838
XaXs 0.66 1 0.66 1.98 0.1869
X2 0.03 1 0.03 0.10 0.7610
X,? 0.02 1 0.02 0.07 0.7996
Xa? 11.11 1 11.11 33.45 0.0001
Xq2 0.68 1 0.68 2.06 0.1788
Xs? 0.17 1 0.17 0.52 0.4876
5% 2% residual 3.65 11 0.33
S lack of fit 3.65 6 0.61
4lii%#% pure error 0.00 5 0.00
S5 cor total 37.33 31
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Fig. 3 Effect of process parameters on fibration degree of analogs
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Heo WARTTZRIWTHA = P I HBULRCR, D Es

B R E TR

2.3 FESHXEMTY B A R
B R R 25 H E A b BE TR B 2B Pk

A, ORBEAE T R g SR B AT e M Ol T
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Tab.4 ANOVA of process parameter on hardness, springiness and chewiness of analogs

FHJ hardness S5 Fl 1 Vi % FE PE
sum of quares df mean squares F-value P-value
17 model 303.15 20 3.31 0.0227 significant
-gERE K 4
Xi-E K5 112.04 1 112.04 24.49 0.0004
feed moisture
_H vH BE
X PRI 28.24 1 6.17 0.0303
barrel temperature
Xor MRS 3.03 1 0.66 0.4332
feed rate
Ko BB 6.82 1 1.49 0.2475
screw speed
Xs- i B 2.01 1 0.44 0.5212
motor rate
NI chewiness Rl A Rk F P
sum of quares df mean squares F-value P-value
17 model 961.44 20 3.87 0.0126 significant
X1 486.27 1 486.27 39.13 < 0.0001
X2 135.04 1 135.04 10.87 0.0071
XoXs 69.60 1 . 5.60 0.0374
BPE springiness 7R Fl 1 Vi % F1H PE
sum of quares df mean squares F-value P-value
FE# model 0.014 20 0.85 0.6349 not significant
X1 0.002 1 2.43 0.1476
X 0.003 1 3.87 0.0749
G R R R TR R R R R K
Notes Only the significant parameters to the texture property were listed.
HIEE BT AT 93K 4, ARRERESEO =Y oK 3 & i 58 25 WA T 2 1) o rg ELIRR 2, s

JEE FIEL 14 52 Wi AR A AU 1 B 2 AE AR AR o R
K A3 77 4y VA e R S T i L I 25 (P<0.01), i Ak ik
JEE X6 7=y W T R 5 ) 2 (P<0.05), WRAFEL .
LBt SRR 25 50T 7 ) ) s S i) 1O W 3
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A RE . R 4T IE S, ERK B8
o7 0 g A 8 WY T R, AR B A B ) 2 i
§MWMF%M@E;#ﬂm%ﬁ%wﬁEwF%
WEL W1 1) 52 M 5 J31) . 25 (P<0.01), M ALEL K |

e} 388 S5 RITBURT 5% 38 X IEL PR A1) 52 ) 44K T D/, m
AN I 3 o s AT AR R AL 3R ) 58 A VT L
P 1 5% ) 5 2 (P=0.0347<0.05), 438 HAE
AN B 4R, PERIK S AR X = nH
EHA: 190 5 ) 5 0 7 A e R 1 ) AR — 3, R

A B B T e X MEL R AT — R R R A 4R TR
AL R I, ORI B4 T R 2 7 B
L WP A i s o ELATL A 3 A A Tk R g T XX L
IR RN AR S, 7RI DX B e Ty, LR
PEREAR, Wil X R Tt

AR TR o, FERLIIR IR ISR, X
PR SAEAT 3 SR A R X5 T L) )
1 SR 5 AR EAT 20, T A B AR R AN
(P>0.05). (HBERIK X7 dh S R 2 MAATS SR AR ]
A, PR IT BN S A AR kA A .
AR, R B R AL Wy SR T
0.85. I ML ELMLAXS 7 A Y SR A T4 RS, FEIR]
—HAAPET, X B A P KT g A £ 1) KRR
WREAT T B oA, B 255 0.90
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Fig. 4 Effect of process parameters on texture properties of analogs
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Tab.5 ANOVA of process parameter on color of analogs

L* 5 H V2% F 4 P i
sum of quares df mean squares F-value P-value
#78 model 1266.32 20 63.32 2.83 0.0399 significant
XurHE K 671.73 1 671.73 30.02 0.0002
feed moisture
XorflE A 32 55.43 1 55.43 2.48 0.1438
barrel temperature
X HUREE ¢ 8.38 1 8.38 0.37 0.5531
feed rate
Xar BRFTAEIE 5.50 1 5.50 0.25 0.6299
screw speed
Xe- LB 24.95 1 24.95 111 0.3137
motor rate
X1X2 140.11 1 140.11 6.26 0.0294
o EJ5 H R R FE PH
sum of quares df mean squares F-value P-value
model %57 84.85 20 4.24 3.23 0.0248 significant
X1 15.37 1 15.37 11.71 0.0057
Xz 21.99 1 21.99 16.75 0.0018
X2Xs 11.04 1 11.04 8.41 0.0145
e A A o g T F {if P {if
sum of quares df mean squares F-value P-value
model FE 7Y 133.75 20 6.69 1.83 0.1521 not significant
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Fig. 5 Effect of process parameters on color of analogs
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Effects of process parameters on
fish protein texturization under high moisture

WANG Shuai?, LIU Jun-rong®”, FU Run-ze', XUE Chang-hu®

(1. College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China;
2. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: For the purpose of reconstructing the fish protein with high moisture and making meat analog,
the central composite design and response surface method were used. Five extrusion process parameters
including feed moisture, barrel temperature, screw speed, feed rate and motor rate of the cooling die were
taken as the dependent factors, while fibration degree, hardness, springiness, chewiness and color of the
meat analogs as independent parameters. Firstly, the extrudate obtained have well-defined fiber formation
along the axial direction and resemble natural meat in springiness, visual and taste sensation. The results
also indicated that the feed moisture had very distinct influence(P<0.01) on fibration degree, hardness and
chewiness, and significant impact (P<0.05) on L* and a* of the color. The increase of the feed moisture
will lead to the decrease of fiberation degree, hardness, chewiness and a* and the improvement of L*. The
barrel temperature affected chewiness markedly while it affected hardness, a* and b* significantly. Higher
barrel temperature will increase the chewiness and a* and the hardness increases first and then decreases.
Feed rate also has remarkble effect on fibration degree.
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