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Abstract ; The purpose is to produce plant — based protein meat products by using wet extrusion texturing
technology, to alleviate the supply pressure of animal protein and to ensure the protein source for daily
life needs. High — quality pultruded proteins can be prepared using a co — rotating twin — screw extruder.
The rheological properties of the plant — based protein meat were measured, and a model was developed
for full — scale numerical simulation of the flow field in the extruder using ANSYS Fluent. The reliability
of the numerical simulation was verified by comparing it with the experimental data. The changes of key
parameters such as pressure, velocity, temperature, shear rate and shear stress in the flow channel during

the extrusion process were analyzed. The results showed that the outlet flow, screw torque and head

pressure increased with the increase of rotating
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which  verified the wvalidity of numerical
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protein meat’s molding quality. Among them, the product quality was the best when the rotating speed

was 290 r/min. With the combined effect of screw elements design and wall temperature regulation at this

rotating speed (290 r/min) , the pressure of the flow channel in the screw section fluctuated and rose,

and the material temperature first rose and then decreased with the wall temperature. Material closer to

the barrel heated up and cooled down more quickly, resulting in wall velocity slip. The residence time for

the material to reach the critical temperature for phase separation was a power law function of the rotating

speed, by which the suitable rotating speed of the twin screw could be determined to ensure that the

process requirements of full maturation and pultruding quality. The shear rate increased with the increase

of screw rotating speed and reached its maximum at the kneading block. The shear stress reached its

maximum value at the screw clearance. In conclusion, numerical simulation can be used to guide the

actual production of plant — based protein meat.
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Fig.4 Apparent viscosity of materials at

different shear rates

HH 1l 4RI, Bl BT DR A 3G, PRk FR
FHEEGRHT T W, PRI B VISR A (00 1k 38 AR AE
B 1 1 70 °C 7 E) 100 °C, PRk 2 WA T
R, FEJRLEE B 100 °C 7 21 110 °C i FAE BT,
2 e RS T AL R . 110 C )
B T8 AR B B, 43S 2 B 2 2 R
TR T . P, J 22 AR AF 58 L iR 3
KPR AL

AR A 40037 A R A AR AN [R] B VTR T )
BHY R WRE T80 G o 4L Arrhenius Law 57
ST AR SR Y R A RIRE (w) LR, W
K(4),

peme g G @)

Xfem PR RZEGy MV s sn W
G o NTEILRE S IO W B L, K5 T
PENREE K T, 022500 K

Xof 45 2 i O 85, 15X (5) o

. 1 1
lnM—lnm+(n—1)lny+a(7—i) (5)

1



2025 4 55 50 45 55 8 1] T

i 09

FEm=1212.n=0.34 a=2955.6 K"}, 2l
TR (In ) BESY D)X (In y,x0) 22
(EDSE S NURKIRE

070 °C — y=7.79-0.66x
080 °C 1=7.55-0.66x
AQ() C --- y=1.32-0.66x
72 v100 °C --- y=7.10-0.66x
©120 °C ---- y=6.70-0.66x
o130 °C — y=6.51-0.66x

x 140 °C —— y=6.33-0.66x

ES5 RUFMENBEIEERFTUXRHOUSE
Fig.5 Fitting the relationship between In 4 and In y

1 &l 5 A1,100 120 °C 1 130 °C 8145 i 2 B %k
A B L), 70 °C 8L G i 6 2 B0 ik
BRI I 5, 80 °C 1 90 °C U144 85 B K st ik 36 %
P ARAR , 140 °CH8LA 14 86 B 3000 e 06 00408 516 M 55
VA RIS R, A MR 7 R C dck
T 3 st A0 o A 0 o P R 2 R IR A
PR AR LA T B R B (BT e
YRR
1.2.2 A%

[Fi [ SUBRAT 55 FEALAIL G 14 5 8 BEAS [w) g B i Yk
B, A3 3R 2 (27 °C ) 1 60 .80, 110,130,140 ,120
100°C ™ HLIETRE T 50 B0 W A 30 4k, T R T
6] AP URFFB ). H AT WA A EE A 2 E X
ANTRV AL R o T Y B R, T R U S
TV VAAR R IEAT i3k v b S B Y i B3 TSR G
U] [ | [R) G SR | SR FHRE ThT e 1 1, DR
A R E R 240 265 290 315 340 /min,

[7i] o) SO 5 0 A 1 TR o R e, A R
FFEPERTE i B . EADREN O, I
DA TR O B4 7313, 75 21 Y 01 A d5c K R 5
(P.) — MU P, 1 50% F g i I ESRAE " o 7F
TR AT A [ (240 ~ 340 x/min) Py, W5 0 59 [F]

4.81

] AURFTHF FEHLAL K FE5RAE 3 ~4 MPa JulE[ N, 275
IR R IG O, B R GRE 2 MPa 417 5
ST
1.2.3 MR 5 TSGRk

K JH ANSYS Meshing R A7 i A 158 10 o 4%
K153, 75 B3 4 ROST B 1) i85 RUBE AL, foff Y Dl v 4%
S TR ARSS G5 7 2 SR BOie e 3t i
2, R FH VO T4 D) s 5 o 9 B R 2 ) B AT AR
H TS TR PR o Ay sk A X o) RSS90 25 1 7 A
BRI, 43 590 %o TR0 K1) 4 AN ) B0 (1. 68 x 107
2.01 x107 2.29 x107 .2.51 x 107 .2.73 x 10" /~) 11y
A% , 5 E IR AT R 290 x/min BN [A] 4% 5 52
ARATI Y i, 45 R LI 6

4.4 r

Z 40}
a0

=
= 36f

O
=32f
283 2.0 25 3.0
WIS E (1071
6 WRFRARMEATRREHEORE

Fig.6 Outlet flow obtained by different mesh

schemes in twin — screw section

6 AT, S RS A n £ 2. 29 x 10" 45,
YRR AL, 1 R ARSIt
ARG R AN A TR, 32 A% 5K 2. 29 x 107
MHATEUATTHE
2 EHERS
2.1 HEdgE R A B IIE

D55 4 56 R T AR R (0 25 #4 A 00, iR L
i FMHE36 — 40 #4 [w] [a] SUIB AT 55 H AL (9 g & SRk
i TRHE ARG RA ), BUER LR A ANSYS
Fluent 2022, A[a]#EFF4 3 ( 240 265,290 315,340
r/min) NAHLS IR AY H 9 IR LR AL Sk
JEAR LI 7 .

e <]

(a) 201 (1) [ () ——

R = —o— 1)
24 = s S 6f
= 40 < =
g = e
2 =10 e 4 ;_,,.’n———'/.
»E 3.6F +ii£3(j EE +ﬁ§g’ﬁ X ° . P —
H 30l —e— 1l & 5k —e— fEi 1) =92}

[

2.8 1 1 1 1 1 I 0 1 1 1 1 1 1 0 1 1 1 1 1 J
240 260 280 300 320 340 360 240 260 280 300 320 340 360 240 260 280 300 320 340 360

YEFE 4% 3/ (r/min)

BTG 3/ (r/min)

W45 38/ (r/min)

7 AREAEE RS H ORE BT EI L ER

Fig.7 Simulated and tested outlet flow, screw torque and head pressure at different rotating speeds



70 CHINA OILS AND FATS

2025 Vol. 50 No. 8

] 7a ] 50, B IR IR B, B AL F I
il AT A S 0 o T 3 A, L M O A 8 o B
BT S PR 38 I R AT . D A B R AU RE AR 47
b PR A e R AR AL, SR AT A 240 ~ 340
r/min B A 0055 5 55 19 1T I B A R R 22 D,
1 -1.39% ~3.56% , i & TR 7K

B H AL 45 57 132 B 2 A% sl b AL, 4045 3]
1) 2 B FEAT A I B4 . & 7b AT, Bl BT
S A BG T, 3K RIS 0L 1) BER T L 6 X A v K
TEBARIRAT % 14 (240 ~ 260 /min) [, 55 58
AT A A 22 R, ELARSC LB 4 R 110 5
HA S5 AFAZIEOLT | AT 5% AR, WrBHEDLfE
(P R TR A K, S SO RHIR B D =i, B VI 32 45
I E5G 18 S AT, il I BT D) 580 28 1 XA 7R Xof
R EE A TR s K, = BB AU ) SR AT A LE a5 1
WEFFHLAE R . FEMBAFT4% 3 4 290 r/min £ 315 1t/min
i, AL X 56 M AT L 26 1 R 3R 22 /N, 43 B
-0.98% 1 1.30% , EAERE A B W T 00, A6 12
FEEE Ry 340 +/min B, 3556 55 455 401 1) SR 4H 6 1)
FHXT IR 22 MK, HAHUME R Tk g, HAth 251
ARG BT ST 8, YPRHE LR 3 45 7
i ) 206 6, L AU /N 3 1, SR B 1) 3k
FIR A AR S Al A I 5 55 D0 3 3 1Y DX e
TR 286 32 1 T g A , - SE5CABE 40L ) MR AT 6 L 3K
I AT R . R b, AR R PR 5 e R Y IR
FHRAE (B2 32 YR RE PR 52 ), 6 B A AR Xof
WEHH A P TR A E R

HH ] Te TR, Bl R ) 3 A, 1K RO AR
PUAIHLS He s 338 A, FLBERL 56 (4 1L Sk R 5 A
XPIRZEI AR, BT Ry 240 ~ 340 1/ min ], B4
SR B Sk R AR XS R 25 7E 15. 3% ~22. 1%,
FESSFTAE R 240 ~ 340 v/ min A, BRI HL K
FESR /N FR G ALk FE 5, 3 AT BE S PO SEBR 1)
WRRPRHE 25 i i TR 2 R A gt o
{EAEBLR BB S T 1 A6 T LA Z 0 .

25 b, T BB TR AT AT b A SV AT B H A
YIE A R BUE B 3L

Bl 8 Ay [v] i) BUBRAT 455 He AILZEAS [V SR AT 5 3 BT
A A 2 PR o

B SEAT G ARG 0, D R R R M A
PIAE P73 BTt i, (L T 8 R B MR AT A ik
SEINAR B 1 A S T o AR 2 kR PR K A B
VIR Sy 2fir= i i W e . Dt 28 F i IR
PR AL B A= 7 85058 R R o o, i 43 e £
EFF A R 290 r/min,  J5 2 U 2 43 B BB AT A il

XS R AE A S0, 49 Sk %o 2 WA & T TS [ [ LR
FrEF AR B S R R S R R T 0T

240 r/min 265 r/min 290 r/min 315 r/min 340 r/min
B8 FEEFEETHEYESANR
Fig.8 Plant — based protein meat products at

different rotating speeds

2.2 Rl RRATH A & G WA AR AT
2.2.1 JER
P9 Sy [a] i) SUAT-5 He LI 18 119 s 58 2= P

JE 5/ MPa
3.58

3.15
2.72
2.29
1.86

1.43

1.00 5
0.56 Z

0.13

030 =

—0.73¢%

B9 NEFFENRENEREZE
Fig.9 Pressure contour of the flow channel of

twin — screw extruder

IO B, SR Be Ay s S5 B TH2 3.5 MPa
ZEAT BRIA PR 3 MPay XN N3 — U 2
IR B EIRAT IR A B, IR AR S BUA W B
B ESRIZHIG AN o et K FPPRL R 4b TR
FE B, RO GRS, SFEE RO B
YRR AT, IR PR A ZE 8 B, WU RHR i
T VOB E N B TSl PR 95, i 2 S i) SR 2
JUPFRIVERT , TR a2 W AR . WRHE AT BRIy
TEBE, EARRE T R /), s BE 7 9, e 58 3 — I
R I H A& B Bt ok ikl e A B i
NI FHEER I, SN )N e A 23 (R I 4k £
Mo B, ERSOTIE IR R A R BC AT, 12
FFBEE Y e £ B3 SR 2, B0y st T o Wk
DAL — AR AR T RIFIIE 1. 6
AR, ALK BT H AR b R Bt Ao 3 B A
VA, i P

KURFFBF A 3 1 P A 2 7= 2R e i
T — P fof P s 5 00 P ) T B8R AL, TOPR AR AR
TN T A R SR B o TR BB RE RS 3R A
LIE N 58 23, ARAT A R IRAF RE RE T,
i PR



2025 4 55 50 45 55 8 1] T Rl 71
2.2.2 #HF LT S 5%t D 1w b A [) A8 T Ak 00 sk A 3

T b Fe A, WIRAT Bek Bt (Z ) 75
o] b 4 GEANTRI AR E o 18] 10 BT 5 7 1) 1
[IEDACR

z= 1080 mm  z_sen oo

z‘.—Iy

X
B 10 HEAFHARNBELE
Fig.10 Cross section positions of model extrusion direction

JE/(107 m/s) /(107 m/s)
0.98 0.77

0.69 I 0.44
0.40 7\ 0.11

0.11 VW -0.22

-0.18 -0.55
LAalA) Ent f\
-0.76 / 121

-1.05 ~, -1.54 \

-1.34 N -1.88

-1.63 -221

-1.92 -2.54

a) Z=80 mm b) Z=300 mm

=K.

AP 11l 0, PRt M E AL B 80 mm A iHi
AL B SR A AU 4 3 L e A MR Ak e P AN A
300 mm Eﬁﬁ&ﬂ%ﬁ&ﬁﬁlﬂ‘%ﬁ?iﬁd\ ﬂ%ﬂ%’ﬁ%ﬁ"‘

EEE&HTLTW‘HXT@’? Ji R X P BRI & 8
pIR R I AR I BU Y e s IR N B

YRR B 3= S BRI/, S AT A,
AR /N
FRPE/(107'm/s) JE/(107 m/s)
226 0.80
1.84 042
W A WY A
0.60 -0.74 0 A 0
0.19 ﬁ 0 -112
~0.22 151
-0.64 -1.90 j \ /
1 - e
-1.88 -3.05
¢) Z=560 mm d) Z=1 080 mm

E 11 AREEHELHEEEEZE

Fig.11 Axial velocity contours of material at different cross sections

2.2.3 RE
P12 S5 7 1) BRI AP R =
1P 12l S Pkl M E AALET RE 80 mm K
TAR N PR AR 2T . 7E 300 mm g AL,
WPRHESE LT HIL f7 BE Th7 AL 19 3 B2 1K 3] 353.0 K, AL
e R TET 1) AT A T I 28 W AR AT, MR RS 30 1 2 3K
#J341.7 Ko f£560 mm AL (8B , Yrkehmii

LK /K

JEE R e MRAT B e 1), BIL BT BE 1A -5 MR B 1 31 22
#15.3 Ko fE 1 080 mm #7HI AL, YyHab T IR T3
B BER AR T PRREL BE , v i ) I BE T
i AER: o S AILARTBE TAT 42 A2 ), S G0 AL ) BE TG
(P Tt A R AR B2 SR RIS PR UE Y A1
DA A 1 PR Y — Bk, R R BF T2 % 1&
SEACPPRHEST T N AR5

300.60 353.0
30055 —_ 3519
30050 4~ \// \\_\ 350.7 /4
300. 45 349.6//
300.4( 348.:
300.3¢ q 0 347.
300.23 3462\
300.20 % 3451
300.15 e ,,,,/ \¥/ 3440
300.10 3428
300.00 3417

a) Z=80 mm b) Z=300 mm

E/K /K
403.0 378,5
4015 378.0
3999 4 3774
398.4 376.9
396.9) 376.
395.4 375.8
393.8 375.2
3923 374.7
390.8 374.1
389.2 373.6
387.7 373.0

¢) Z=560 mm d) Z=1 080 mm

12 AEHELYEEEREZE

Fig.12 Temperature contours of material at different cross sections

P 13 B T 1) LA () A0 A e 1) S 2R

JEZR
420 1
23901
o) 5
il 360 F ——240 r/min —y= 3()() xe 0, 129)7
= g —-265rmin I xE (199270
7 ——290r/min 323837 € (3057517
B 330 F —v—315 r/min y= 3(1)3 xe 2%89?%
o = ¢ 3
—0—340 r/min {:39 ’;g 3053
| y= %73 X €(948,1 080)
300 — . .
0 200 400 600 800 1000 1200

B A E (x)/mm
E 13 AEHELHENTEHEE
Fig. 13 Average temperatures of material at
different cross sections

HIPE 13 R, W5 A6 5 7 [ Rk A S A TR
T REMNR AR (E . S5 AL E7E 0 ~ 700 mm 5 H
I, B B B HEAT, P oF 2 i R 2 e, {HL2
B/ NT 25 BOBERITRLRE o X g2 PR O i £ 3o HAT SEE I
PEo HEFHAELE 700 ~ 1 080 mm Jig [ ], Pk
P RE AL T R A A, (G R v T 4% B BE L
)RR I T i A5 38 5 2 — e I 1]

B AL M 240 1/min 3K 2] 340 r/min B,
WPRLA E A M A B R I LR (110C) P, 2%
B R IR 3 (n) T WG SF 29 45 B I (]
(Dygy) TNIEL 14 FiF 7



72 CHINA OILS AND FATS

2025 Vol. 50 No. 8

w R FI SR EE Y45 E ]
_DIH_106467 “m(R =0.998)

100
90
80
70
60
50 F

lng Dy

260 280 300 320 340 360
logn

B 14 FREEFEE TR0 TEHEERESH

Fig.14 Average residence time distribution of

4%20 240

materials at different rotating speeds

P Il 14 AT %0, 76RO B AR bR PRk B8 15t 1R) 5
R4 SRR OC R, A 157 B I )2 B A ok
MR R, BIAIRZE R R K5 0. 998 , R WI W 4 1)
T R B, 5 Sun 25 HRaE AL R —E.

AN IRAF LA L 25T, 45 B st ] 5 8
P o e A PR R BCRR BUE AR . A i 2k
GEASEHLL R ELF, Y 2 E A
T B3 65 PR £F 4 o b, R AR IR S TR R B R
R E R Z — o FERfE R R T 4 A
T 3 ok AR MR T T A AR R T A B T R 2
BB A5 B B R], LAPRIIE 78 43 20 Ak RN 22 5 11 T

LR,
2.2.4 B
B 15 g% 0 5 1) A ] 4 T A 0 e 1 - 34 B
VI,
SIS F1/(10°MPa) FHI% F1/(10°MPa)
11.20 3.74
10.20
: - 342 —
. ' - \Y
7.16 n ' n 244
1 i Calay.
46
- | ANy
2.07 0.81 o
1.05 0.48
a) Z=80 mm b) Z=300 mm

300
—o—240 r/min
T ——265 r/mi
22507 27560 t/min
A ——315r/min
# 200§ ——340r/min § e
= 4
jm\ 150 o BlBa o AR 0000000
H— 100 JRXCERILG podoqyboy & [ “nooonoon
50 . 1 1 1 1 1 I
0 200 400 600 800 1000 1200

B AL B/ mm
15 FEHEY T YIEE
Fig.15 Average shear rate of materials at

different cross sections

HIPE 1S ], Bl ST 54 S ry 38 I, BT D) R
GG . AEYRE A B R R B D) o R A
/N AREE [ RTHEDE Y} PURHELEE T R i)y, oY
DI AN, 75 800 mm K TAT A 17 e #) B ) 3 R 3k
PR BRSO B (BB PR ) 35 U8 5
et /N T i BB, BT VI RAES 3.4.5 1
WG b IR B R AR RSV Z [ F ) B Ak 4 e
(B V)38 AR dp A, i e F T (6 1) SR iz SR
Sl A XU 8] Bt Ak 1) 8 32 81 X5l 114 5 D11, BT 913K
R
2.2.5 gy H

BYYINE ) A5 T LT B 5 1A SR AS ) S
Gy RIS T S BN T o BT U)K A B
PURH 0 B o 18] 16 D9 5 I 1) b AN [R) i
ARSI 1 =

FIYIIYJ1/(10°MPa) Y1 J1/(107MPa)
1.52 1.79
138 1.64
124 1 48 \
1.10 \ 1.32
o.% 1. 16
052 | 1.00 ﬁ
0.68 0.85
0.54 0.69 \;
0.40 053
0.26 0.37
0.12 022
) Z=560 mm d) Z=1 080 mm

El16 TREELMABIEYIN S ZE

Fig. 16 Shear stress contours of materials at different cross sections

i1 16 R, BRI B Ak ) B U0 ) e Kk, 4
ANEHEAL , 80 mm A ] AL A7 AE T R BT YN S), 200
0.112 MPa,560 mm 714k 95 KBTI J18/N, 2
4 0.015 MPa, X J& P BT U) N J1 BEYIRH R Y 1
RIMTIG I, BB RN & B TR R E AV RKIR &
YIRLRERE B, B AT DI 380K 5 WA Wk A Z5
B VBRI T B BRI BT OIS BRI, R
XF BEYIRL T R0 H Y VT AR A EE 560 mm
I, 1 080 mm A HIAL BY LI Jy s R, 31X 2P O R
FE32 20V TN BRI A2 00 , SR BE 1S i, 57 4)
WEJEEIN . PRLIG, W sk 10 i e O 7 X B U0 ) 1 S
A A T E R

3 & it

BTG AR E B R E P, R A
BAERAUTT RSB T 5 AR 3 [R] 1) SURAT %
FEATLE R SRAT AL FORLK st , i i 16 56
HERTTEARTE T BE R nI A7 1, AR5 e 1 5%
AR A 1 YA R TP B AR (i | BT
& BIUIER MG YN FT) o LR B B IEHL 1
DA IR AL Sk T 5 A0 B 2 ST P 3 4 16
T R, 3 (B MU E AR X R 22 /N Bl 1 %
AEAUL A AT S0P (L i 2 S 5 o ) 5 U0 R 2 B A
PR P BR A, FG R SR S 3 290 v/ min
AR Al B R o 7E 290 1/ min BRATHE 8 %



2025 4 55 50 45 55 8 1] T

Rl

73

PET T8 BRFF IO R HEAR FIRIL B 1 38 B2 ) 42 1
R BOIE B TR 53 I8 b T ekl B Bt B 1 ik
JESET R Ja WA, S AL A ek ik AR o T AT
B, P E— e R B Y BE AT P TR AS s WURLR B A 2
5l S R )5 B ] 2 MR 2 3k % A e R, o
SH R R KU PO L5 T, A PRAIE 58 73 A R
22 ST ) TSR 5 Y ) 3R R ) i
FER AEMG 3 BLAL 38 S 85 KA 5 BTV 3 A BRAT 8] Bt
ARV RAE . &5 b, AT LA s B ALY Ty s 4
SAEYE AR SEERAE

SE 3k

[1] YANG Q H Z, EIKELBOOM E, VAN DER LINDEN E, et
al. A mild hybrid liquid separation to obtain functional
mungbean protein [ J/OL]. LWT - Food Sci Technol,
2022, 154, 1127842024 - 05 — 07 ]. https://doi. org/
10. 1016/j. wt. 2021. 112784.

DENG Q, WANG Z, FU L, et al
extrusion of soy protein; Effects of insoluble dietary fiber on
anisotropic extrudates [ J/OL]. Food Hydrocolloid, 2023,
141. 108688 [ 2024 - 05 - 07 ]. https://doi. org/10.
1016/]j. foodhyd. 2023. 108688.

HAGNT, 200, £, & mKR g B E DR
J il g8 Bt BORFPERIESE [T ] op BRI 274l 2022, 37
(1):72-80,88.

PR A AR S m K SRR SR
L AELAIE ALHI B TS RE LT ], P Eh g, 2023, 48
(6):67 -72.

CORNET SH V, SNEL S J E, SCHREUDERS F K G, et

(2]

High - moisture

(3]

(4]

[5]
al. Thermo — mechanical processing of plant proteins using
shear cell and high — moisture extrusion cooking[ J]. Crit

Rev Food Sci Nutr, 2022, 62(12) . 3264 —3280.
[6] SUN D, ZHOU C, YU H, et al. Integrated numerical

[7

[

(8]

[9]

[10]

(1]

(12]

[13]

simulation and quality attributes of soybean protein isolate
extrusion under different screw speeds and combinations[ J/
OL]. Innov Food Sci Emerg Technol, 2022, 79. 103053
[2024 - 05 - 07 ]. https://doi. org/10. 1016/]. ifset.
2022.103053.
BT, TR FIRR AT Y E BB LR 0
BTSSRl ]. g, 2024, 49(11) : 146 -
152.
MALIK M, KALYON D, GOLBA J C. Simulation of co —
rotating twin screw extrusion process subject to pressure —
dependent wall slip at barrel and screw surfaces: 3D FEM
analysis for combinations of forward — and reverse —
conveying screw elements [ J ]. Int Polym Proc, 2014, 29
(1):51-62.
M, @R, Hakz, 55 JET R AR T
PSR B SRS i BB [T ] Jr2f 552k, 2023,
45(3) . 544 -550.
B, TKOUKE. SUBATF S PURSOCAF R Z BT e
HIiEIM]. Jeat: Bleg L, 2018.
TELLEZ - MORALES J A, GOMEZ - ALDAPA C A,
RODRIGUEZ - MIRAND J. Impact of extrusion on
swelling power and foam stability in mixtures of corn
starch and whey protein isolate as a model system [ J/
OL]. Emir J Food Agric, 2022:2869 [2024 -05 -07].
https ://doi. org/10. 9755/ ejfa. 2022. v34. i5. 2869.
MANEPALLI P H, MATHEW J M, ALAVI S. Stochastic
modeling of expansion of starchy melts during extrusion
[J]. J Food Eng, 2019, 245 57 - 64.
SANDOVAL MURILLO J L, OSEN R, HIERMAIER 8,
et al. Towards understanding the mechanism of fibrous
texture formation during high — moisture extrusion of meat

substitutes[ J |. J Food Eng, 2019, 242, 8 -20.





