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Effects of Additives on the Quality of Pea Protein High-moisture
Textured Extrudates and Optimization of Compound Formula
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(1.School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China;
2.Shandong Jianyuan Bioengineering Co., Ltd., Yantai 265400, China)

Abstract: Pea protein was used as raw material, the synthetic scoring method based on factor analysis and Box-Behnken
response surface method were used to explore the formula optimization of sodium alginate, L-cysteine, and compound
phosphate added on the process of textured pea protein. The results of factor analysis showed that the 15 evaluation indexes
of textured pea protein products could be divided into five independent common factors, that were texture factor, color
factor, adsorption factor, solubility factor and sensory factor, then the comprehensive scores were calculated according to
the score of each sample factor multiplied the factor weight. The cumulative contribution rate of the first five eigenvalues
was 78.588%. Therefore, factor analysis could be used as an evaluation method of textured protein quality. The response
surface method was applied to analyze the added amount of the three additives with the comprehensive score as the target
parameter. The optimal formula conditions were as follows: 0.32% sodium alginate, 0.08% L-cysteine and 0.31%
compound phosphate. There was an improvement intexturization degree and texture characteristics of the product and the
comprehensive scores of the standardized product was 0.92 under these conditions.
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Table 1 Response surface test design

KF AMEERREN (%)  BL-BMERR (%)  C EAREREE(%)
-1 0.2 0.06 0.2
0 03 0.09 0.3
1 04 0.12 0.4
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Table 2 Sensory evaluation criteria of textured protein
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Table 3 Design and results of Box-Behnken response surface experiment
A= p ==y p ==ty i Y )
oA oo ot TR NS B e PR e mewomswr L o b aF mEs
1 -1 -1 0 3792 211.00 8798 4.84 7698 0.76 0.57 3545 0.21 1.65 45.79 6.57 19.24 58.96 61.5
2 1 -1 0 3824 21632 89.18 546 7439 0.76 0.44 3037 0.22 1.88 48.00 7.05 2242 56.22 76.5
3 -1 1 0 5505 22225 83.11 483 6112 0.74 0.51 2796 0.19 1.67 47.00 595 2237 5694 66.0
4 1 1 0 4658 232.64 8947 560 7831 0.74 0.51 2745 0.20 1.82 53.1 6.08 22.86 53.88 74.0
5 -1 0 -1 5584 225.04 8529 536 5525 0.68 0.38 1622 0.15 1.68 49.57 557 21.34 54.69 67.5
6 1 0 -1 4326 21680 88.64 591 7167 0.73 0.57 2807 0.17 1.76 52.82 631 235 5439 80.0
7 -1 0 1 51.88 25037 85.56 398 8644 0.75 0.50 3033 0.20 1.73 46.96 6.36 20.76 5591 71.0
8 1 0 1 3449 23840 87.56 537 6416 0.72 0.50 2589 0.22 1.93 4745 635 21.89 56.85 77.0
9 0 -1 -1 4328 223.15 8572 380 6334 0.73 0.47 2327 0.20 2.03 43.71 6.88 21.00 59.41 78.0
10 0 1 -1 3527 249.07 9033 431 7297 0.73 0.45 2057 0.20 1.82 48.74 595 21.18 55.12 78.5
11 0o -1 1 38.85 24420 8746 4.42 5073 0.75 0.40 1759 0.21 1.72 47.52 6.58 22.02 55.76 70.0
12 0 1 1 38.74 25375 8831 331 5316 0.71 0.56 2514 0.20 1.67 47.83 6.53 21.81 55.59 73.0
13 0 0 0 3729 24538 88.92 533 6138 0.73 0.47 2084 0.20 1.75 459 631 2239 57.62 74.0
14 0 0 0 3801 246.64 88.05 544 6109 0.79 0.49 2165 0.19 1.84 44.16 6.99 21.96 58.88 74.5
15 0 0 0 3868 24468 89.32 5.02 6201 0.74 0.50 2132 0.18 1.69 4579 692 22.84 56.33 80.0
16 0 0 0 3643 246.18 89.19 574 6039 0.73 0.50 1996 0.18 1.77 46.92 575 2235 57.04 74.0
17 0 0 0 3746 24385 8853 537 6179 0.73 0.46 2151 0.17 1.71 46.26 5.76 2293 58.63 75.5
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Table 4 Eigenvalues and cumulative contribution rate
- FIUREFE(E PEBCFJ5 A
FHEME Jr 2 BT (%) FRTTHR (%) FHIEE Jr 2T (%) FRTTHR (%)
1 3.604 24.024 24.024 3.604 24.024 24.024
2 2.955 19.703 43.728 2.955 19.703 43.728
3 2.566 17.108 60.836 2.566 17.108 60.836
4 1.409 9.393 70.229 1.409 9.393 70.229
5 1.254 8.359 78.588 1.254 8.359 78.588
6 0.876 5.839 84.427
7 0.787 5.245 89.672
8 0.657 4.380 94.052
9 0.450 3.000 97.052
10 0.200 1.335 98.387
11 0.141 0.937 99.324
12 0.057 0.382 99.706
13 0.031 0.208 99.914
14 0.011 0.073 99.987
15 0.002 0.013 100.000
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Table 5 Load matrix of rotation factor WRAEZZ 5 PRF i FE B T3 n A5 BIREAS PR 1145
4 M 3 TR = % E
bR WY W7, BTR 0 BT ET 53, LAXF L) 7 28 DTRR AR R T HCE 7240, 155 4%
AREARH TS SRS = YZEETT
T oom o o oow  oie REAR ARSI R AR A SIS, )
}‘%7}(%: —0.453 —0.052 0.638 —0.364 —0.179 F (%%/%ﬁ)=—0240F1+0 1 97F2+0 17 1F3+00940F4+
Frutk 0152 -0.132 0863 0203 0115 0.0836F . XJ T8 7K 435 M 2H SUL B L 20 1 )™ i ok
NSLL IO NG 008 0% 000 g, A GO S b, R
3 0.784 —0.248 —0.068 —-0.073 0.191 N g
\ ATRECY, I, A3 D T £, 5k R, R
stk 0544 0503 0250  —0.029  0.098 BT A o - - -
N VAR [ = AR v
HE 0.698 0.046 0.174 0.034 ~0.286 A INE, AR R AR R IEACAZS . Tl i 2585
NH M 0.940 0.031 —0.196 —0.107 —0.011 WEALE XS BN LRGPP orbrnifb . ansk 6 i,
Il &2 0.460 0218 0224 —0.605  0.235 2.4 EFEEFESBENE ST
HAULSE — N v 2
[ 0005 0dm 00w 0017 028 PR AR PP MDA TR 1 )7 s
L 0.213 —0.891 —0.004 0.302 —-0.028
a 0.327 0.479 0.208 ~0.206 0472 R,=0.88+0.10A—0.1B—0.024C—0.13AB+0.19AC
b 0234 0297 0.329 0.660 0.138 —0.017BC—0.47A%—0.19B*-0.078C?
AE - - I .
£ 0009094 0058 0030 0030 H1 22 7 R, BERZH AL O 1SR A S
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Table 6 Scores and comprehensive evaluation of each sample factor
FF5 A B C F, F, F, F, F LAY NG e ey T
1 -1 -1 0 22772 1.4187 —0.5962 —0.4794 —1.5354 —0.54 0.08
2 1 -1 0 1.0176 0.0812 -0.0619 0.4138 1.7616 —-0.05 0.50
3 -1 1 0 0.1574 0.2447 -1.9259 0.1968 —0.9859 —0.38 0.22
4 1 1 0 1.0953 —1.8118 0.1977 0.5062 0.3856 -0.51 0.11
5 -1 0 -1 —1.8816 —1.1086 —2.1236 0.4816 —0.6032 —0.13 0.43
6 1 0 -1 1.0307 —-1.2996 0.0347 1.9833 0.2306 —-0.29 0.29
7 ! 0 1 0.9000 —0.6656 —0.6733 —1.7005 —0.2382 —0.64 0.00
8 1 0 1 0.0523 —0.0158 0.2890 —0.1805 1.0666 0.11 0.63
9 0 ! -1 —0.5996 1.1759 —1.2578 —0.8014 2.2639 0.27 0.76
10 0 1 -1 —-0.2996 —-1.1161 1.1423 —1.1549 0.4731 —-0.02 0.52
11 0 ! 1 -1.0715 0.1593 0.3542 —0.8606 —0.1700 0.25 0.75
12 0 1 1 —0.2964 —0.6088 1.0312 —-1.7017 —1.0651 —-0.12 0.44
13 0 0 0 -0.5742 0.4987 0.6693 0.2836 -0.2762 0.35 0.83
14 0 0 0 —0.0520 1.8511 0.5825 0.5568 0.2916 0.55 1.00
15 0 0 0 —-0.3701 0.3289 1.0593 0.4925 —0.1011 0.37 0.85
16 0 0 0 —0.5823 0.2186 0.7846 0.8419 —0.7261 0.34 0.82
17 0 0 0 —0.8033 0.6492 0.4939 1.1224 —-0.7721 0.45 0.92
R GERIERHBEERE R KT 22 as R
Table 7 Significance test and analysis of variance of comprehensive score
HeIR S5 H HEE ¥y Pl Prob > F W
R 1.5517 9 0.17 31.5882 <0.0001 **
A 0.0797 1 0.08 14.5955 0.0065 **
B 0.0814 1 0.08 14.9044 0.0062 **
C 0.0047 1 0.00 0.8555 0.3858
AB 0.0679 1 0.07 12.4332 0.0096 **
AC 0.1462 1 0.15 26.7845 0.0013 *x
BC 0.0011 1 0.00 0.2070 0.6629
A? 0.9233 1 0.92 169.1598 <0.0001 oK
B’ 0.1502 1 0.15 27.5167 0.0012 **
c? 0.0253 1 0.03 4.6359 0.0683
mfE| 0.0382 7 0.01
ES0) 0.0161 3 0.0054 0.9729 0.4884
BR7E 0.0221 4 0.0055
SR 1.5899 16

T *: P<0.05, 255 035, **, P<0.01, 25 BE.
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