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Effect of Extrusion Process on the Quality and Structure of Textured Composite Protein
WANG Meng-yan, LI Wen-zhao®, FENG Ya-qian, TTAN Xiao—xiang, RUAN Mei—juan
(College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457,
China)

Abstract: A textured composite protein was prepared by a twin—screw extruder with soy protein isolate and egg
white powder as the main ingredients. The extrusion process of the textured composite protein was optimized
through single factor and response surface experiments. The influence of the extrusion process on the protein
secondary structure and the mechanism of extrusion in improving the quality of the textured composite protein
were studied. The results showed that the optimal extrusion process was moisture content of 42% , barrel
temperature (zone I11) of 145 °C, and screw speed of 17 Hz. The textured composite protein produced with the
optimal process had the unique flavor of bean, uniform and elastic texture, good taste, and high sensory score.
No new characteristic peaks of the protein secondary structure appeared after extrusion. In addition, the
extrusion process reduced the content of a—helices and B—turns, increased the content of B—sheets and random
coils, and improved the structural stability of the protein.
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Table 1 Response surface test factors and horizontal design

KA A K ERY%  BHUTEEE/C € BT %3/ Hz

-1 40 140 16
0 42 145 17
1 44 150 18

1.3.4 A HSE A BN E

B A HLVE A A 40 “C/KIERHAZ 7K 30 min,
B JE7ER 22 M F 7K 10 min, Y1 2.0 emx0.4 cm 1
FESh o SR TRA SN i 2 2 B 45 1 TS AA R, T4
5 DA R 4 A K, IR 3k 4 Pr100, )
TR ANE R 1.0 mm/s, IR EEEE R 2.0 mm/s, MRS
B 2.0 mm/s, FR4A LR 40% , IR R 46 H]FE S s,
fih % T30 5 g0 BEAEER M 6 A TAT I g T
A
135 BHUHASURARACEN ¢

275 T 7k BEFLERO™ 5 10 B, LU#PR
R AR SRS i B AR (em ), e
EREAL B AR Cem) B FLEL R A AL RS SR

REACRE 190= (7 i ELARMRFL E AR )x100

1.3.6 AL F KRN E

S SR ik BRI 20 g ARG, I
A 500 mL BERRH, BITA 300 mL ZE48 K , 7E 40 C 14
TR K 60 min , BUH JEHCE BRZZ M _EWi7K 10 min, FR &
WK S5 7 b Bt . B RE AR 3 AT, A5 SR T
B, IHEAKXT

WK %/ %=(W,—W )W %100

b W, KRR ST, g3 Wo AWK SRR S
JiH, g0
1.3.7 A EL AR T AP

BEAHSUEAE TR R G T 120, F
TFF ik e DRGH A S R A0 100 H 0, 253528 FH  FiRERL
1 mg 45 150 mg Z2 47 1) KBr TR R PG IR A )5
IS, F R WU BB B E 2 i Ao OB AR S iET T
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Table 2  Sensory evaluation table of composite texture protein

P53 H IR HE
SIUER  RSEHGRTERAN , K IFDEHE TR (11 73~15 53)

(154%) AR IPAREHN , A D A, BRI
(6 4r~1043)
SRR TEARAFIIN ekl , 2R, B2
(043~5743)
[GRES RO SR AR O SIS B OIS
(1541) (11 53~1543)

ERE T, OIS, WA ERIEA (6 70~10 73)
REM O, BRI AR B ING(0 73~541)

AR TrRUEAR , BA ™ SRR I TR, TEHARA Rk

(20 43) (16 43~20 43)
FATHRIR AR, 77 i SRk (10 43~15 43)
ToARE, =i G ERER S, 5 ERANE (0~9 41)
MBURE SR, TS AR B (21 43~30 43)
(3043) NG TR, T 5T, Al S5 A 5 B

(10 43~20 43)
ZERRNTRL, BT 5] A S ANI B2 (0 53~9 43)

& RS AL AT, NELIG A A e (16 43~20 43 )
(2043) R LS o, MELOG AT, A ey
(10 43~15 43)
B TR GG UECR B W22 (0 43~9 1)
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K Excel 2016 #4403 R ] SPSS 16.0
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JH Origin2018 21, 1 17 [ K Design—Expert 8.0.6 15
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Table 3  Effect of moisture content on texture characteristics of

composite texture protein

KAy 1% Tl /g P MELIEG
36 542.96+48.87°  0.96x0.02°  457.89+47.70°
38 440.79+21.89"  0.94£0.02"  401.83+17.84"
40 337.02¢15.65°  0.92+0.02°  274.63+40.41°
42 365.10£32.05°  0.92+0.02°  299.14+44.49
44 427.60+25.56"  0.93z0.01*  350.82+18.33"
T FAAR R B om A7 B 22 5 (p<0.05) o
—— K F
240f —— EREI 180
178
® ¥ 210F R
2 % i
B =X 180+ 5
{74
150} 17
120L— : : : 70
36 38 40 42 44
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1 kHEENESAREARNE RKENRE RN
Fig.1  Effect of moisture content on swelling degree, water
absorption capability and sensory quality of texture protein

texture
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Fig.2 Effect of barrel temperature on swelling degree, water

absorption capability and sensory quality of texture protein

texture
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Table 5 Effect of screw speed on texture characteristics of

composite texture protein

AT 38 He i /g P AELAEREE
15 4725543228 0.90£0.01"  393.23+37.84"
16 438.02+21.76"  0.92+0.01"  368.48+30.43"
17 318.56+24.15"  0.95x0.01"  260.51x11.83°
18 372.55£34.08°  0.91:0.01"  294.82+15.98
19 684.59+30.16"  0.79£0.02°  547.06+25.53"

T AR T Bom A B2 1225+ (p<0.05)

B3 BirEENESEARARNE RKERMEE RN
Fig.3 Effect of screw speed on swelling degree, water absorption
capability and sensory quality of texture protein

texture
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Table 6 Response surface test design and results

A IKSy B ML C 12FF

5 it wEc e, | SEEA
1 44 150 17 84.62
P 40 140 17 83.48
3 0 145 17 88.25
4 44 145 16 81.36
5 44 140 17 84.55
6 0 145 17 $8.64
7 0 150 16 82.50
8 0 145 17 $8.49
9 40 145 18 80.53
10 42 145 17 88.47
11 42 140 18 80.27
12 40 150 17 $3.56
13 40 145 16 80.23
14 ) 145 17 §7.42
s 44 145 18 81.49
16 0 140 16 $1.96
17 0 150 18 $2.48
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Table 7 Regression model analysis of variance for sensory score

FERW ForR AamE ¥y P pfE BEE
FHiTE 151.99 9 16.89 4780 <0.0001  **

A 223 1 223 630 0.040 4 *
B 1.12 1 112 316 0.1186
C 0.23 1 023 066 04420
AB 0.00 1 0.00  0.00 09935
AC 0.01 1 001  0.02 0.8903
BC 0.62 1 062 177 02255
A? 27.64 1 27.64 7822 <0.0001 %
B 11.32 1 1132 3203 00008  **
c 96.59 1 96.59 27337 <0.0001  **
B 2% 2.47 7 0.35
AU 1.53 3 051 215 02368
R 0.95 4 0.24

Jevil 154.47 16

T TR SR I 5 (p<0.05 ) % FE B B K 2 5L 0HL
52 (p<0.01).

2 7 AT, L AR p<0.01, B i% 7 R A
AR 3 (p<0.01) M 2L /AT LUE K& &
(A XA E AT R R 23 (p<0.05) s LR R
(B) FRAT4% 3 (C) X 26 B BV E W3 52 ANt 3
(p>0.05); 2 HIfi AB . AC .BC 3 E A R E W3
M)A i 2 (p>0.05 ) 5 7K 43 7 2 (A ) B IR I ML IR IR
(B R I MEFTHE 3 (C ) I RS & 4 B B
PEA 52 A 8 35 (p<0.01) o AT p {H R 0.236 8(p>
0.05), JAUIAS I 25, 150 B (=] S A%E 750 5 S B 1 9L 40045
FREE R, 1T LA FH A R 000 42 45 2 2 B 1 B P4y
M (B HF AR, SRR B AR A E
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2.2.3 W o fh AT

i ] Design—Expert 8.0.6 F A4 %) iR i g4k R it
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F14) T TET , 5 P AR e B PR R B VP AR R AL

B WL IR/ C

140.00 T T T
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Fig4 Response surface plot and contour plot of the effect of the
interaction between moisture content and barrel temperature on
the sensory score
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Fig.5 Response surface plot and contour plot of the effect of
the interaction between barrel temperature and screw speed on
the sensory score
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Fig.6 Response surface plot and contour plot of the effect of the
interaction between moisture content and screw speed on the

sensory score
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Fig.7  Effect of moisture content on secondary structure of

composite texture protein
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Fig.8 Effect of barrel temperature on secondary structure of

composite texture protein
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Fig.9 Effect of screw speed on secondary structure of composite

texture protein
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Fig.10 FTIR spectrum of composite texture protein before and

after extrusion
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