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Abstract: [ Objective] To optimize the overall quality of high-moisture textured vegetable protein products.[ Methods] The addition levels
of soybean protein isolate, pea protein, wheat protein, and flour were used as experimental factors, with hardness and sensory evaluation as
response indices. A D-optimal mixture design was applied to optimize the plant-based raw material formulation. Based on the optimal
formulation, the effects of twin-screw extrusion mechanical parameters on the protein textural characteristics of high-moisture textured
vegetable protein were further investigated.[ Results] The optimal mixture formulation consisted of 59% soybean protein isolate, 30% pea
protein, 5% wheat protein, and 6% flour (based on powder weight). The optimal mechanical parameters were a material moisture content of
50% and a screw speed of 180 r/min.[Conclusion] High-moisture textured vegetable protein produced by extrusion under the optimal
formulation and mechanical parameters exhibited good overall quality.

Keywords: high-moisture; plant protein; texturized; D-optimal mixture design; mechanical parameters; quality

L) 2 T 1) 2 A ELAT S L PR R R h AR
TR R RUZH SR BRI I R A
S A S PR 20 B UR A R TR YRR AR TV R £
st 7 R R RS R K SRR AT B AT S R0 e
FEAR BB SR, H B T 7K 23 ¥ 2 40%~80%" 7, Bk Ay
P RGP BEIE o 5 18 G FOBURT B T A 4 i AR OK 23 2L 8L 1
AR L, M U B T A2 77 B e oK 2> AL A 3 FO™ i B

A E R BT KA L EE R Rk o 4R
AELA) 2 17 A S UL R XU B TR R S T
5 AR AL R AL GE s A A O RE RS
& AR N B T 3 4 1A S B0 o 0 I U 45 AT A R Y A
JHE RO

FUTT, [N AN AT 5T 22 4 vh 7 B — ML 26 1 2
RO, A KLY E AR A FFRARIE . K

EE&THE WiVLa S &5 H (45 :2020C02042) 3 Wi VLA A4 T8 — 2= B8 35 H (485 : 282022010) ; Wi V1.4 — i 2= FHAY
BN I H (405 : CX2022007) s T B H A 200 H (455 :202002N3092) ; 7 3 1 2> 25 25 BH H-R1 590 B (405 :20228149)
BIEEE :HE1978—) B #iiL 7 B 22 B #(4#% . E-mail: yanghua@zwu.edu.cn

5 H#9:2023-01-08 B [E H #7:2023-06-02

SIAME BRI Ty, A B, 45 R K A A SV A IR RBHC L BT B AR AR LT ] £ S LR, 2025,41(12) 1 155-162.
Citation:FAN Jiong, XU Yuanfang, DU Tongshen, et al. Mixing design and quality optimization of high-moisture textured vegetable

protein[J]. Food & Machinery, 2025, 41(12): 155-162.

155



156

% K Fl DEVELOPMENT & APPLICATION

Ay R A NI AR BT R RV A BRI R K
P B W I P A TR T N R RO R B R
V18 266 L O A R PG T T DA v R Y L
FUREL WG A7 R E B C RG G R L B A R R
X bR IR A AT LA ke 3 2H S0 BR 1RY S5 R N 4 41
AbRE I 1 7= i A 10 ORI € VR R i e A G 4
P T A PR AL GUER O R R, Rk K 3 R MR R B x4
SV A = B R R B s Y R, B g LA
FHRUEFF Y R BEAR ZE LRI A G 0T L @l i R
SEEN BIEEA NEEAMNELL, B EIKS K
PLBR 3 i /K A3 2 84k R 1 B T R R R B, U
4 5 PR 4 Tl Al A 7 B AR A
1 #Rt S5k
1.1 FE#HE

G5 B 1 LR 5 A A fede IR A BR 2 D

Wi 5 A0 B RO S R BR A D

INFEEE R AR A R R R IR

T A R 1 R ek A ey 2K T B

Al A P B R T IR E R AR A E
12 WFEHEE

UM FT 5 15 8 Ak AL - MT65-V 31, 3% 35 3% 15 ML A IR

B2 Y he R B  TMIX B 3% 3k 7 2500 0 L bk B

YIE S BT AL . TMS-PRO 1 , 35 [ FTC /A 5
HLF ROF :JE1002 8, |- il 4 T AR A BRA 7 5
Y37 4y P B 85 . SEM-7 AU, H R Hitachi 23 7 ;
B 1H K 4 - DK-98 AL, [ 48 4 N A 2% il i A7 PR
NEIF

B fE fe P TE N8 BT R4S - HS-100SC MY, 7 Il 4 SL
A BRA A
1.3 REHE
13,1 BEGME L SHEBMB RSP Ik RS
B (HF IR B 150 C, 8 FF 6 34 200 r/min, PP RF K 43 &
55% ., WEREEE I 9 ke/h, TR X [R] 43 31 K 60,80, 120, 140,
160 °C, ¥ #H1I5 FE 40 °C, ¥ 1 IX 0] Ky 120~40 °C) A= 7= 20 41
A RE AL B L A RE S 2 R G L DD B, B
T —20 CIH & H -
1.3.2 A8V & FURBHEC 7 1 1 2

(D) PRERE : 4B MAFRNKEZ S EEA
(45%,50%,55%,60% ,65%) B 7.2 1 (15%,20%,25%,
30%,35%) /INEE I (3%, 6%,9%, 12%, 15% ) M — & &
SN Y R A= N A E AR A S S I S W G Sl NI A

HEE 2008 | 2025 FF 12 A | RR5UUR

BEN BEEN DNEREA SRR R 100%, H 5
R TR) JEUA A 48 o e o 2 4R L B B R

(2) TRARHA L BT AR SR P R 06, LK E A B R
FLVR I & W 53R R i N B i I B L
202U Y B SRR VR N 48 B, SR H Design-Expert
V10.0.3 H1 (1) D-optimal #1785 3, Ui 4k 20 ZURT ¥ 25 T R
[y
133 MU S B iE 76 SRR 5 iy 26l b #8
FEHRLIK 53 (40% ,45%,50% , 55% , 60% ) 42 FT % 53 (90,
120, 150, 180,210 r/min) 45 AL AR Z B0 5% 14 XF 3 7K 43 41 21
7 R S OB PR A R
1.3.4  HEUE 09 5B E

(1) AR (TPA) : 555 32 BB G ik B el
A HE S T 40 “CHEAE 60 min, YIHE AL S em X 5 cm PR, R
P/100045 3% , A8 J1 24 1 N AR SL R B4 - 60 mm/min, JF
AR 50% , F IR T RS R EE 10 R, BUT- 1A

(2) AR WO et i, 5740 J3 B ) HDP/
BS 3k X H kA7 35 5) F7 03, 0347 60 mm/min, A4~
FERTATINE 10K, I 4% 2 T F A B0 P

=" % 100%, (1)

My
K
Z—HEUE , %;
ok ] 00 7
ZNGE RSP

) JEE AN . S H AW 7 ik o B L IR
20 4 S A BCE TP RN A R EE (B 104, &
PE 108 Fie 32 1 URATIBCE VEAR , TR e S0 e ) R0 2% 18 25
TR A

(4) FREHREE 1T - 5% AR 2 R U
1 Y1 E K 2 mm X 2 mm X 3 mm By HR LB TR 48 h,
of o i 2 v R AT M A Ab B O B AR RE L A B
FL 5 L 4 O A5 44
1.3.5  HUAR AL B 0 A O 35 BT 5 H £ dr ik 22 (n=
3), %1 IBM SPSS Statistics 25 % 1t #E 4T i 3 P 43 #r , %
FH GraphPad Prism 8 {4 1/EE .

2 HiRknbr

21 BEARMEMAR/LEARMSHNE N

2,11 REABEEABIME W& LA, RS KT 55
HE VU I A 30 A B S W R AL S T 22
FeHTINE BEAR . 24 R SL 50 8 8 LS I R 60% Ih, 20 41
A8 100 B /N, R R e R o R T R T Y R R
NGV v B B 2 T8 43 43 O Al 2R B OR
HEIN T R R s K T A R S e o i ) 2
7 A B B A, DT i 21 2 B 1 A T R

m

n,



F&M | Vol.41, No.12 B ME.SAkHSALUEYEQRBELZITRMAEK

F1 BEIFMIRESR
Table 1 Sensory evaluation criteria table
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Table 2 Effect of protein addition level on sensory score

of textured tissue proteins
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Table 4 Analysis of variance of hardness regression model
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Table 5 Analysis of variance of sensory score regression
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Figure 4 Contour plot and 3D response surface plot for effect of raw material proportion change on the hardness of textured protein
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