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BRI LT ARL5H  ASHITFE LR Lo 4 25 1 0 et
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1 MBS FR*®
1.1 #REiRFH
KEWAEH (FEHA T 72.65% /K5 8.52% .
NEWT 0.31% JK5F 6.53%) , 2% 5 5y il 2 Tl A
BN F] /AN VERY (B ) , o AT 5 B e B A B
ONEl B, 250 5 A e i S R A PR
YN
1.2 UEH5EE
FMHE36-24 [ [i] W A SUEAT57 FEHL , 191 7 =
LR & TREBORA A F]  JHF-20L Bz 5§
TIHOR AP, FBIN 4 A 3 5 il i A BRA A
TA612C H L MBI R AL AL & TB601-5 K A4 ik
TR, IR MR W Sk A R Bl 5 CS-580
2t WA SRR A FRA R TA-XT plus
A4, HL[E Stable Micro Systems 2\ Al ;D7200
BIAHAL, HA Nikon Corp 23 Fl ;CX43 Y624 W 3%
5%, Olympus 22 ] ;SUS010 Y 4 Hi F i 13 B% , H
7 Hitachi 23 7] ; LYNX 4000 #5553 5.0 4L, 35
Thermo Scientific 2\ ) ; HES3 PR /K 4000 & 1L , ¥
FrE—+C R £ (1§ ) /A F] ; Aqualab Series 4 TE 7K
4315 BE N 7 A%, 3€ E Decagon 23 A] ; VIMR20 -
010V-1 BURZ LR AT T4, 50 41308 53 B A 8
WA RAF,
1.3 Fi%
1.3.1 ARG HFERGEANSE ROk
EAS/NEERE 91 iR A RS PR
B XS R I 3E A A RS A B AL

B 5 A X B IR EE AR I Bl 60,80, 145,
150,130 °C, /K4 & 5 60% , BT 5% 33 4y 240 v/
min, R E R 8 ke/h, BEELIRBE Ky 70 °C, R 5
R IE AT e S S AT A P

132 BUKGHFEREEAN T it
P22 SCHR[10].[16] [ 1719 (7 B RS 1R Bk

1) Z& FOKBRIT ZE A 5 min [FHEHF
RYE T RN I, 40T 20 5,10,20
min IFHCEE, BHIEZIR, MK LR Tk
G

2) il KRBT, BAST IR,
AT 5,10,20 min BFECRE , B HIE =R, H
WK AR R MK 57

3) KM FESSPEA S, KB 5 4
BT, 7E 180 CF 4 HIKEH] 1,2,4 min B HL
B M HI R =R,

P A B S AR S B A B = RO ARE,
RE A AR M %, Fl 40 F-80 °C
UKFE ORI
1.3.3 R 3% Bhuiyan S5 T 1L IR
YRR, 33 43 B ST 5 B P i 25 5ok
W BF P S AT R

K (%) = (M=M,)IM,x100 (1)

KrpM, AT IR i, g5 M, H R
ANEEAR L)

1.3.4 W45%E 2% Bhuiyan 59807 %I R AE
WL, 38 AT 50 BT S AT S B A 0 R 22 S ok o
FEBT PRI AE R

W45 3 (%) = [(Ri—P.) +(Ry—Py) +(Ri—Py) )/
(Ri+Rw+R1)x100 (2)

KA R Ry Ry 53 500 0 55 0 ) S AT T B K
E \ﬁg \ETE ,mm;PL\PW\PT ﬁ%Uj\jij?\fH",%éi/E{
JE PR ST R mm,

135 A% fHZRE CS-600 436 @A
YRR A TINE . BRI S22 (AE)RYE T
KA

AE =V (L-L)+(a-a")*+(b-b")? (3)

K. bRMEAGM L o F1b" (53R
89.73,-0.78 F/1 1.88,

1.3.6 M5
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1.3.6.2 2R MEEIEE  KET B YR 2
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1.3.9 ik HE:
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PEFIRHIEEE 3 MHEVR, 256 R TR REE R
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{8, BOFHIME,
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WK, A 2 ANRCRAEAN 2 A/ IME, BOFME, SR
M B TH 710 S5 AT FH 7 sy b st
e RS RE
1.3.10 BE.O0K BB RS Y BGAK R 5
mm e A7 BN HERR AR ] 3 J2 B A0 AR
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fE W 7 82 £ 13 = (1
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KM B OB R R g M, N

DIEFF YR, e,

1.3.11 RS a B & S RO &
ZEZRAME B PRI E ) (GB 5009.6—
2016) 2R FCA P A 70 5 2,

1.3.12 KArEa (] HES3 B K 430
A B B RK o & i, FREL 1 g FERICA S
FEA L TFUR I E W05 58 WA 10 S B | T8 B AR
i, FRIRLEE R 28 48 CLA R 4k8ailiE

1.3.13  JK40GEEE fEH Aqualab Series 4 TE 7K
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mmx5 mmx2 mm F/INER A K 5336 BEACHR g
Rt e ie k.

1.3.14 BEYEFHRE Y 2% Wang S50
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A8 fifi FH LS G HILEE SRS s AT (0 s i
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Ao M RS B B, g5 M, iR
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NMR 43 B A0 7 55 9 AR i 2 9%, I
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FIH RATRE S T B st 5 i 26, 143 BB
WV-4 T AR 5 HE w4 A AR U 2
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ARG E P EE 3 W, S5 5 DL E bR
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P il 2 0 T A [+ 735 o) R0 2 0 s ) o WA 4 52 1) 5%
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Fig.1 Cooking loss and shrinkage of high—-moisture

extruded soy protein
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Fig.2 Color change of high-moisture extruded soy protein before and after cooking
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ek sss o O 2 000 77 AR s W4 51 2, o] Ak B2
LT AL

200X 2000

(b)

B3 BASHEXEZRARIEA.EHEY (a)SRMLEM(b)

Fig.3 Macro— (a) and micro— structure (b) of high-moisture extruded soy protein before and after cooking
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YEZ 2~4 min B, 55 W% BN, KEH 4 min B
B /N, o (1.11240.006) gfem® B T4 s [i] 45
K KA g hn, N e 8 2 4L, S EUFE
TR, B R R TR R AR K A
BIMBE AR, T A B LU AR AR 1 BT R o 0 2
BN FEUR B R,

1.20
1.18 | a

116 | ab

1141 ¢ od od

1.12 e

W
Densily/(g/lcm®)
(=9
o

1.10

MO8 s 10 7620 A5 R0 2020 K1 H2 KE4
E T
Sample
AR NG FRERRA R 2 50 ] HAT 225122 53 (P<0.05) .
B4 BASFEXEEAREGN.ENEE
Fig.4 Density of high-moisture extruded soy protein
before and after cooking
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2.3.3  FiREYE BUMRRE SR IR T R K
Sr B AR A A RS2 B . TPA AT DT
7R T AR AT AL LS Y 0 BT R .
&1 AL, Z Ml R A S ) A 5% ) ) s RE A
ML JEE /1 | i SR B PR R o0 AR A I
[ 25 il G 55 A R R AR L, BT D) i, S5
WA EL , 28RS 7Ky EARRML A, £F
TRE—ERE R, HZEMH LA mI IR B T B 2 2f Yess
Fy, 22id 3 MR AT AL RS BF A S
RS ARSI L, 2 A B
PRy 1m0 o AR T D) e N A

BB Y R, IR TH Y PR
J7 el LB, KT O R AR B
PR, S B I G ] B 17 52 ma A K e il
TEOHRYRRE R DEVEEERBYYI ) KERIERT, B
FR T & K 2R R FEER YA
UREAPSE, KEMIET B B P T | I
JERBY Y] F7 8 (KE 4>KE 250 1), i fa] K il ff
a7/ LA s SN b S B S iy ol L e
A A 1 min ZEK 2 4 min (E5F Y890 234k
£ N 1.04+0.02 B9 A2 1.32+0.05, 156 HH K i Bt [)
XA ] 5 ) e ma R

R1 BASFEXREELZ TN EHRARE

Table 1 Textural properties of high—-moisture extruded soy protein before and after cooking

285 A2 kg B/ % wBLf kg wEF I Hikg H@FrH ke LR B
HF 12.17+0.82° 8538+ 137"  6.83 +0.66" 1.67 £ 0.15% 1.41 £ 0.03" 1.19 + 0.08"
#5 13.94+1.49"  8537+1.90™  7.63+0.67 1.39 £ 0.01¢ 0.97 +0.09° 1.43 £0.11%
10 12.77 £0.35%  81.38 +5.09° 6.57 + 0.87" 1.53 +0.01% 1.00 £ 0.06¢ 1.54 £ 0.09*
# 20 11.83+0.36° 8548 +2.87"  6.67 +0.40" 1.52 +0.05% 0.93 +0.15 1.66 + 0.24¢
#5 13.97+0.82'  85.04 +3.64"™  7.62+0.67° 1.74 + 0.06 1.24 +0.05* 1.40 + 0.03*
# 10 9.86 + 0.86" 86.55 + 2.8 5.45 +0.41° 1.42 £ 0.03% 0.76 + 0.08" 1.88 £0.15"
# 20 8.57 +0.83' 88.39 + 1.87° 5.01 +0.33 1.26 + 0.05' 0.61 + 0.05¢ 2.06 +0.13
YE 1 18.70 £ 0.41° 8493+ 135%™  9.86+0.45 1.98 £0.11° 1.90 +0.11¢ 1.04 + 0.02
YE 2 2007 £1.07° 8370 +2.17%  10.48 £0.73* 2.87 +0.29" 272 +0.12" 1.05 + 0.06¢
Y 4 21.90 + 1.48"  84.94+1.03"  10.94 + 0.95 6.75 + 0.55° 5.13 = 0.47° 1.32 + 0.05¢

T AN R)/ING TR AR L ] BAT B35 12557 (P<0.05)

2.4 FERA&EFKSHFIE

2.4.1 JEWGEE g 2 A, &R Ak B
JE B g T A TG AR AL, MR AL B S B
W g D F i N (P<0.05) , ELKE il B[]
KRN & im . RSy S a
B, AR HE A ST LB B R
B VR 2 SRTE LR P K 28 AL Tl HeRAS
Bl J PR 28 VA T B B R AT R AR, AE AL P
HME T 2, LI T R s A2, I
B[R] A BE R 4, FLIRSE O, fl LI B 2 1 v
W% HE SR & R,

242 Korda mFE2AM, HrlWgidsEs
JE KSR, AR SR %,
HBE AR T 4, K A i K IO T
TEZE AL ST 55 W A B2 fl A TR K28, i A&,

il R B MR IEAE K, K EEEA R
P FLBE R (5T A 2 oK o, S BUK &
TORIREBERT N, KRl B 0K o3 5 A, 7
180 C il KEf BT H /K iz e, Btk il ik 1]
I IR OMFEEZE R K 4 min B K535 AR
7 20.49%.

243 JKIMEEE KPR RCMEE K B A R
J&E SRR A IR EPERY, B 2 Al B
YKo iE BEL SRR, 2G5 W10k 703 JE 1Y
SN, A K o0 A el R R R, HL AR
P TDR A AR B AA Y A A BRUR BF H ) P AR K
IRV SIVERAR , Bt A T iRk ) A 2 1 7K 235 B
0.9843+0.0005 & # T [ 2 0.9479+0.0061 (P<
0.05) , e 5% th By b ik oy K 28, B H
JRAAAE R K o i LT, (R A S PEREAR
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Table 2 Fat content and water characteristics of high-moisture extruded soy protein before and after cooking

287 R B 2/ % Ko4E/% Ko EE B S MK %
b 0.12 £ 0.03¢ 51.00 £ 0.19' 0.9866 + 0.0009* 2.09 £ 0.10°
&S5 0.12 £ 0.03¢ 52.82 +0.29° 0.9902 + 0.0006* 2.11 +£0.09*
10 0.11 +0.01¢ 52.45 +0.30° 0.9901 + 0.0007 2.35+0.20"
# 20 0.10 = 0.02* 53.63 £0.27¢ 0.9894 + 0.0005 2.17 £0.15*
A5 0.11 +0.07¢ 54.89 = 0.40° 0.9917 + 0.0004" 247 +0.10¢
# 10 0.10 + 0.00* 58.41 +£0.20° 0.9943 + 0.0003* 2.54 +0.26°
# 20 0.07 + 0.02¢ 61.38 + 0.09° 0.9957 + 0.0009 4.24 +0.29°
YE 1 246 +0.12° 43.54 + 0.42¢ 0.9843 + 0.0005° 293 +0.34"
YE 2 3.15+0.01" 40.04 £ 0.37" 0.9804 + 0.0009' 2.99 +0.05"
YE 4 3.87+0.12 30.51 £0.73 0.9479 + 0.0061¢ 3.92+£0.27

TE AR/ INE TR AR A ) B A 3B 25 5 (P<0.05)

244 BOBUR ORI SRRSO AR
SN ) & B N o B i K R R ST UE RN
RESIAHSG . TEABFFTH X T AT 28 i Fh il
UUSZNIOE A aREE 7/ IR 17 O I 0 N 5 N = RS 1
B RWIHRF R PR E | TRl A 2% ) 14
BSOS R IR A o o 2 WA, 2
Xt K TG 2 5, A S BRI T B
P RE K (P<0.05) , B A% s [] B 5% HH 4
KPR IR FIGEST 0 B OB R
{EATS/INT 2 20 min IFEF H 7 O K (4,242
0.29)%, Xk i TR AL BEAE Yy ok oy &
B BoK i ahthss , A e g Dl A sk

245 BBEMEATHRGEHE BIE S AT, M
J IR BT 2R A 2T 2 5341 6] R LB B
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@ AL
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(a) M 5% th P A 2 A5+

Y, B ) B FL R AL 4 TR A 1] 235
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Effect of Cooking on the Fibrous Structure and Water Characteristics of High—moisture
Extruded Soy Protein

HU Anna, ZHANG Jinchuang”, ZHOU Huan, GUO Feng, WANG Jiayu, WANG Qiang
(Institute of Food Science and Technology, Chinese Academy of Agriculiural Sciences,
Key Laboratory of Agro—Products Processing, Ministry of Agriculture and Rural Affairs, Beijing 100193)

Abstract To investigate the changes of textural properties and water characteristics of high-moisture extruded protein af-
ter cooking, soy protein concentrate was used as the raw material for high-moisture extrusion and the impact of three
common cooking methods (steaming, boiling, and frying) and cooking time on the fibrous structure of the extrudates
were investigated. The differences in cooking loss and shrinkage were evaluated, and changes in the macro— and micro—
structure, textural properties and water characteristics of the extrudates were explored. Results showed that steaming pre-
served a better fibrous structure with moderate hardness and shear force, boiling loosened the fibrous structure and re-
duced hardness, chewiness and shear force of extrudates. Boiling for 20 min increased the moisture content of the extru-
dates by 10.38%. Both steaming and boiling increased T» and Ty, while reducing the proportion of bound water, sug-
gesting a weakening of the protein—water binding in the extrudates. Frying enlarged the pores in the extrudates and en-
hanced the permeability of extrudates. Frying for 4 min increased the fat content of the extrudates by 3.65%, decreased
the moisture content by 20.49% and reduced Ty, T», and Ts by 0.14, 7.31, 81.04 ms, respectively, while significantly
increasing the proportions of bound water and free water (P<0.05). It can be concluded that different cooking methods
could affect their fibrous structure, pore morphology and components, as well as the textural properties and water charac-
teristics of the extrudates. This study provides a theoretical reference for the optimization of subsequent cooking process
for high—-moisture extruded plant—based meat products, with practical value in controlling their textural and water charac-
teristics.

Keywords soy protein concentrate; high—moisture extrusion; cooking; textural properties; water characteristics



