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Quiality Factor Analysis and Process Optimization of Textured Pea Protein
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Abstract: Box-Behnken experimental design was employed to investigate the effects of different combinations of screw speed, barrel
temperature, and moisture content in a high-moisture textured pea protein extrusion experiment. Correlation analysis and factor analysis were
performed on textured pea protein indices such as hardness and degree of texturization. The results showed that the indices could be attributed to
four main factors, with factor 1 dominating hardness, water absorption, and AE; factor 2 dominating cohesiveness, sensory evaluation, and
degree of texturization; factor 3 dominating springiness and oil holding capacity; and factor 4 dominating soluble nitrogen content. Among the
various indices, soluble nitrogen content demonstrated a poor correlation with other indices; hardness demonstrated a highly significant negative
correlation with water absorption and highly significant positive correlation with AE; water absorption demonstrated a highly significant
negative correlation with AE, cohesiveness, and sensory evaluation; and springiness demonstrated a significantly negative correlation with oil
holding capacity, cohesiveness, and degree of texturization. The indices for textured pea protein evaluation and the corresponding weights were
hardness (25%), degree of texturization (25%), sensory evaluation (25%), and water absorption (25%). Response surface analysis of hardness,
degree of texturization, and sensory evaluation revealed that the extrusion parameters exerted a strong impact on product quality. The optimized
process parameter values were as follows: screw speed: 153 1/min, barrel temperature: 170°C, moisture content: 56%. Our results may serve as a
basis for further exploration of methods to improve the quality of textured pea protein.
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Xi[ZAFAE % /(t/min)] Xo (WU 35/ C) Xa(KAM%) FRJE/g 3k #hekbh oK% b /% T2 7% BB 21810 AE

1(170) 0(170) 1(60)  9747.11 0.85
0(150) -1(160) 1 9231.54 0.84
-1(130) 1(180) 0(55)  15190.55 0.87
-1 0 1 10839.34 0.84
0 1 -1(50)  17262.90 0.84
0 0 0 13289.57 0.83
1 1 0  16531.36 0.87
1 -1 0 1690091 0.86
0 0 0 1470827 0.85
0 1 1 13094.08 0.86
0 0 0 1482501 0.84
0 0 0 1490091 0.86
0 0 0 14100.94 0.84
-1 0 -1 17385.11 0.84
0 -1 -1 18354.14 0.85
1 0 -1 1665025 0.84
-1 -1 0 15757.98 0.84

0.70  179.42 36.53 2.54 62.00 1.27  58.07
0.65 161.20 42.78 292 68.00 1.15 5372
0.67 13443 37.49 3.95 63.00 1.17 6147
0.63  167.85 39.98 3.18 65.00 1.16  59.09
0.71  147.84 40.86 3.79 52.00 1.02 6037
0.59  155.02 38.33 3.36 74.00 .72 6137
0.67  125.69 34.61 3.63 70.00 .22 62.61
0.63  153.04 43.44 2.85 66.00 1.33  61.01
0.62  136.60 45.29 3.20 78.00 1.49  61.41
0.66  182.26 37.97 3.32 69.00 1.13  53.89
0.71 15848 45.96 3.25 74.00 1.65 6228
0.63  147.29 40.11 3.26 79.00 1.55 6236
0.63  146.62 4325 3.23 80.00 1.60  62.56
0.71  149.46 46.64 3.57 54.00 1.02 5727
0.69  139.63 41.96 2.98 53.00 1.39 6798
0.70  134.44 42.85 3.81 60.00 1.15  66.61
0.62 132.62 45.66 2.96 65.00 1.34 6241
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Table 2 Descriptive statistics of the quality properties
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AE 60.85 372 61.41 6.11
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Table 3 Correlation analysis of pea textured protein indexes

FE R g M RSN BORM%  HhMES% TEMR% BB ASMLE AE
R /g 100 013 030  -0.68%* 0.28 0.47 035 0.04  0.64%*
Sk 100 0.05 -0.10 -0.49% 0.09 0.10 021 -0.01
Ak 1.00 0.05 0.06 0.29 -0.68%* 0.51% 0.07
BN/ %% 1.00 -0.18 -0.47 0.04 008  -0.69%*
Fribh/% 1.00 -0.14 -0.02 0.14 0.12
ST RS Y% 1.00 -0.18 -0.30 0.20
BB 1.00 0.72%%  -0.06
LRI 1.00 0.39

AE 1.00

E: Kk a=0.01, *X4& a=0.05.
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Table 4 The eigen value and the factor loading matrix after
revolving counterchange

A BHF1 BFf2 BAF3 BHT4
R 084  -029 006 022
b 014  -005 090  -0.02
FeEH 012 -086  -001 001
BokM 081  -0.09 003  -041
okl 023 004 082  -0.13
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RBREIN 009 092 008  -0.04
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AE 092 008  -002 -0.08
HEAEE 287 232 155 078
FETH 3186 2580 1722 863
Zitdrak 3186  57.66 7488  83.51
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Table 5 Variance analysis
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A2 101 035 1671  <0.01 * 1155 0.01 * 159 024
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