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Study on Optimization of Lactic Acid-Pressurization Extraction Technology of Chicken Bone Nutritional
Component by Response Surface Methodology

WANG Hua-jie, RAN Ran, GAO Yuan, TAN Wei, LU Xiao-li*
(Department of Food Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In this study, lactic acid-pressurization extraction technology was used to extract chicken bone nutritional
components, and the extraction conditions were optimized using response surface methodology. The results showed that the
optimal conditions are as follows: extraction pressure 0.11 MPa, extraction time 62 min, material to liquid ratio 5.6:1 (W/W) and
lactic acid amount 12%. Under these conditions, the comprehensive index on contents of hydroxyproline, calcium and phosphorous
and degree of protein hydrolysis is calculated to be 33.604.
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Table 2 Factors and levels of lactic acid-pressurization extraction
in single-factor test design

SES K-

AL 1 (MPa) 0.03, 0.06, 0.09, 0.12, 0.15

VAL 8] (min) 20, 40, 60, 80, 100, 120

FLIR (%) 3, 6, 9, 12, 15

R (WIW) 2:1, 4:1, 6:1, 8:1, 10:1, 12:1
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Table 3 Factors and levels of lactic acid-pressurization extraction
in optimization test design

SR
gl TRENE  PRIEE MERRERLLE SIHMAHE
(min) (MPa) (W/W) (%)
FARF(— 1) 40 0.08 5:1 9
LK) 60 0.10 6:1 12
FAKF(2) 80 0.12 7:1 15
AKTaIRE(A) 20 0.02 1:1 3
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Fig.1 Effects of extraction pressure on content of hydroxyproline
and degree of protein hydrosis
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Fig.2 Effects of extraction pressure on contents of calcium and
phosphorous
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Fig.3 Effects of extraction pressure on comprehensive index
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Fig.4 Effects of extraction time on content of hydroxyproline and
degree of protein hydrolysis
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Fig.6 Effects of extraction time on comprehensive index
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Fig.7 Effects of lactic acid amount on content of hydroxyproline
and degree of protein hydrolysis
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Fig.8 Effects of lactic acid amount on contents of calcium and
phosphorous
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Fig.9 Effects of lactic acid amount on comprehensive index
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Fig.10 Effects of material to liquid ratio on contents of hydrox-

yproline and degree of protein hydrosis

Fig.12 Effects of material to liquid ratio on comprehensive index
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Table 4 Optimization test design and results of lactic acid-pressurization extraction

WIS TR PEARIES) MEHRHCEIL S FLRH & MR & (mg/100g) 454 ft(mg/100g) 2 #(mg/100g) & KR (%) L& 4abr
1 —1(40) -1(0.08) 0(6:1) 0(12) 544523 990.778 485.099 7.784 27.988
2 -1 1(0.12) 0 0 615.998 1034.866 509.336 8.792 30.394
3 1(80) -1 0 0 602.684 1006.810 482.406 8.011 28.930
4 1 1 0 0 626.025 1060.918 501.257 8.950 30.832
5 0(60) 0(0.10) -1(5:1) -1(9) 698.664 1086.970 536.266 7.790 31.009
6 0 0 -1 1(15) 732.093 1135.867 546.140 8.180 32.321
7 0 0 1(7:1) -1 461.974 795.187 392.639 8.674 25.172
8 0 0 1 1 503.210 880.958 433.932 9.278 27.459
9 -1 0 0 -1 592.584 1019.234 491.382 7.920 28.952
10 -1 0 0 1 583.640 1077.350 519.210 8.364 30.166
11 1 0 0 -1 606.018 1027.651 511.131 8.102 29.550
12 1 0 0 1 613.820 1037.270 519.210 8.699 30.402
13 0 -1 -1 0 601.574 938.674 464.452 7.056 27.103
14 0 -1 1 0 451.877 743.484 354.039 8.443 23.937
15 0 1 -1 0 749.992 1171.138 573.070 8.356 33.298
16 0 1 1 0 559.187 1044.084 512.029 10.180 31.333
17 -1 0 -1 0 686.341 1088.172 528.187 7.589 30.616
18 -1 0 1 0 497.667 889.776 424.057 8.825 26.940
19 1 0 -1 0 698.711 1126.649 546.140 7.824 31.539
20 1 0 1 0 519.979 919.034 450.987 9.444 28.344
21 0 -1 0 -1 533.408 886.970 437.522 7.560 26.139
22 0 -1 0 1 541.224 991.980 485.996 7.710 27.902
23 0 1 0 -1 628.259 1064.124 516.517 8.822 30.911
24 0 1 0 1 638.419 1107.811 534.470 9.028 31.835
25 0 0 0 0 642.836 1157.510 540.754 8.934 32.345
26 0 0 0 0 641.740 1152.701 538.959 9.057 32.391
27 0 0 0 0 642.836 1153.903 538.061 9.137 32.485
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Table 5 ANOVA of regression equation

Tr R HhE Rl Bgim F{i p i

(EIPE] i) 14 138.3094  9.87924  7.668219 0.000557
PRI 12 15.46003  1.288336
Bl 26 153.7694

e FQDI(14V 26): 2.86.
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Table 6 ANOVA of items of regression equation

(R 2R A T B3 A F i p i

I 4 109.457067 27.36426675 21.24 << 0.001
e/ e 4 27.923958 5.5847916 5.42 0.0100
AL H IR 6 0.928342 0.15472367  0.12 0.9918
AU 10 15.449844 1.554984  303.41 0.0033
gl 2 0.010184 0.005092
Rz 12 15.460028 1.288336
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Table 7 Model parameters of quadratic regression

HR Jehrrih F L t p >t
R —105.166708 -251 0.0275
T 0.382408 1.32 0.2117
P 918.083333 2.77 0.0169
M 17.642750 2.47 0.0295
S 4.240361 2.06 0.0617
T? -0.002916 -2.37 0.0352
PT -0.315000 -0.22 0.8280
p2 —4182.291667 -3.40 0.0052
MT 0.006012 0.21 0.8358
MP 15.012500 0.53 0.6064
Mm? —1.864292 -3.79 0.0026
ST -0.001508 -0.16 0.8760
SP —3.495833 -0.37 0.7181
SM 0.081250 0.43 0.6752
s? -0.168991 -3.09 0.0093
AR Z (%) 89.95

*8 FERZWAESH
Table 8 ANOVA of factors

BES H & ST B F i p
T 5 9.130199 1.826040 1.42 0.2865
P 5 74.507287 14.901457 11.57 0.003
M 5 62.137158 12.427432 9.65 0.007
S 5 18.596390 3.719278 2.89 0.0615
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Fig.13 Response surface plot for extraction pressure and
material to liquid ratio versus comprehensive index
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Table 9 Estimate value of comprehensive index at stable point

ES bR AEbRHEN CERCLA
T 0.100577 62.012 33.575
P 0.609578 0.112
M —0.445352 5.555
S 0.148096 12.444

R FLRR I s 2 B th I TS H0h B4
F 47 0.112MPa, #2421 62.012min, kL 5.555:1(W/
W), FLERH & 12.444%, %554 F0bn 05 K AGTHE
1 33.575. X ZMHATIAF LY, SEFR LR AN
B’ )] 0.11MPa, ¥ 4EmT[E 62min, R 5.6:1(W/
W), FLRH&E12%, iR W%K 10, HE 10 fJ5, W
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Table 10 Results of validation experiment

FRIH AR & 5 [ B A UK P
(Mg/100g)  (mg/l00g)  (Mg/100g) (%) TR
7.210 1144.685 575.763 9.189 33.604
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