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Effect of starches on the properties of textured wheat protein with high moisture
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Abstract; The effects of the amount of wheat starch, potato starch and corn starch on the properties of
high moisture textured wheat protein were explored. High moisture textured wheat protein was prepared
by high torque twin — screw extrusion equipment. The parameters of textured protein, such as color and
lustre (L % ,a % ,b % , AE), textural properties ( degree of texturization, hardness, adhesiveness,
springiness, cohesiveness and chewiness) and sensory evaluation were analyzed. The results showed that
the addition of wheat starch, corn starch could improve the quality of color and lustre of textured protein
significantly , while that of potato starch had no significant effect. The addition of starches could improve
the degree of texturization of textured protein significantly. With the increasing of the addition, the textur-
al properties ( hardness, springness, cohesiveness and chewiness) of textured protein gradually de-
creased. The addition of appropriate amount of wheat starch (5% ), corn starch (5% ) could improve
the sensory evaluation, while the addition of potato starch would reduce the sensory evaluation. The opti-
mal addition were wheat starch (5% ) or corn starch (5% ) in consideration of the color parameters, tex-

tural properties and sensory evaluation of textured wheat protein. It is not only achieve the purpose of re-
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ducing production cosls, but also improve the color paramelers, degree of texturization and sensory evalu-

ation of textured wheat protein.

Key words :starch ; textured wheat protein; product properties

GEE7ki {SPRYNCNY SR S0k =)A= o S SN
AR AR D R o AR, 2 81 1 K S A
Dk o /INAZ £ 1 /N A2 BB Tl REDR Tl 9 i T
R4, TR Ik 75% , BATE SR E = ks
PR o FRIE /N 7= i (0t 55—, 3 FLB
HVER TV AW A R , /N A 3 HAF = R E 35 30 J7
A I ELAT AR

AN R HLAT SR A IR K P R TP 9 R
e WARFLAYE H BT IR, SOKIR AR AT B
i vy T AT (0 50 R o N A R R A 2 I
A R A A SRR S, B
eI BBUN T S/ ARITR AR & N AN i -4 = I § T
Fe /N R R AL AR, Tt — 2P R A
BT AR

FLWIEE E B e 4L AL I i 8 5 JEORHE £ R AL
E N NI R S B (AT S ) W
SR ARNE ST R HES , JE B EAT Bl ) A RE g R
7= SRR R RO LSRR A SR A
Y L2 AR 53 Al K o 85 1, MRk 43 &
T 40% 9 ik oK 7385 15 8 T 40% W 2 =5 7K 53 %
FET K G35 BB K 4357 b T4 4k B 1 AL
A HL VLR R H R | BRI IR o 40 Ok A A
Deait™ o RABE R HA A 7= T K 4 4 S Uk /N 4 2
1, AT 48 5 /N 22 25 R T £, i L e e 9 R 3R
[l /N2 SR AAR DI g A

TEE b B TR T A v, by BT B R B
PR PR AT, e B8 e i B 4G LR T K R
T B BRI R N X R K 43 B FE AL
GULEE 7™ i A 22, G R A R A B
e R 1) 22 A T 52 ) B 5 T 2L S AR B 1 7 i 1Y
R G0 il BTG TR R XK S AR B TR TR
o TR S R SR R B AR AR S RN, WA K
fifp BN 5 BL A, A 5 AR B Z AR 2 A AR
R A ELAT R 2 AR 8 R K 5 S A
TP AT AR R DRI 6 B T ) A 14
I .

ARSI T /NETERY B TR BORTE
R I X 7K o AH R /N 22 38 7 Wb R PR Y 52

W, DANESRE AEA R B O R, SR
fr FH SR AT 3% 1 288 45 T i /K 43 Uk /N A2 3R,
H R THSE R @S B (LT a” b7,
AE) JFUAREE (SR R REEPE Lk R4S
PEHIEEE) (DL E M. BTE N mK AUk
IINFE B A R R A AR

1 #BERE

1.1 ##)

DR LR B A R F s AR A
FSEIE R A PR A B B LA T 5 R R TR
ARA T /INEZVER ARM AT BT SR B e
by AU A B AT BRA B s EKVEN : BIERUER
ABRAF] . RN HEAH A& = LR 1,

®1 ERHERESMEE %

JOR} Ko EE MR MEE Ky HE%
N 5.78 76.76 0.76 0.68  0.63
piacy: {=| 5.88 52.31 1.21 4.89  3.21
PR 7.84 80.59 0.08 3.42 1.0l

1.2 {U#E5E&

FMHE36 —24 #4541 55 QU FF 57 L - 91 7 e
SRR A LR AR A FR 2 7] TA — XT Plus #4914
M {Y . ZE [# Stable Micro System 73y #]; X — Rite
SP60 AN AR BRI 6 6 EE AL - 5 X - Rite 2 7,
A 7] 3 DGG —9240B T g FAHE Y 3 XU 4 < il
ARAE LA A BR 2 ) 5 7 T HL s JE Rt R K %
ACERATBRZS T 5 gy s KHETT o B 5256 H AT BR
A 5 Soxtec2050 4= [ 3l & [CHlHE 2R 45« 4 W 434X
s A 5 Kjeltec8400 4= [ 31 AUANL : 4 W7 23 #r (4%
5Tl 5 Fibertec2010 4= F sl £F 453 ¥ R 58 : 48 W0 B
INE NI
1.3 XWHE

Ak AEAEE RIS B 1 65.5 1 13.5 ¢
21 HNR G B 5 VE N Bk, SR e W /N2 T by B %
BUVER . EKIER 351 0% 5% . 10% , 15% |
20% \25% “ER BEGS B HRL D IR G A R 1T 5
JESCHS B R T2 SH0R & K5y & & 49% , Rk}
B 11 kg/h, AT 8 330 v/min, £ EHL T2 T3 . T4,




IRHREME 5265 2018 F 15

RENNT

T5 . T6 X435 60,100,170 140 100 C
1.4 F=E4sEnE
141 @FENE

f#iH X - Rite SP60 51 B4 BR 243616 B X
e R B JFICSR LT a” b7 (AE,
1.4.2  JEAaserE

i TA — XT Plus B 4744 U342 ( TPA £2K,
P/36R 473K ) " I 5E 4L 4UA A 1 ™ o 10 B L B
HVE PRk PR KA LTI K
15 mm, &4 3 mm B 1E 50K, B T 00L& e,
BETHE 1 mm/s, P EE 1 mm/s, I 2 12
I mm/s, FERERE 50% , [a]F@Rta] 3 s, A2 52 PR o
1.4.3  HZULEMNE

15 S mm) HATEYY), M ET AL 1 mm/s 035
1 mm/s, RJE B 1 mm/s, BT IFE BE N FE 5 S
B 75% , H LU RE J 1) 55471 7 e g2 5 1) 55 47
TR HAE
1.4.4  F=EUSCEIENTY

PR AT 10 B A (B L& S5 %),
FNE X £ IR 28U 7 i i AT IR VT e IVETIT
Yt 2 o3 g AR (R 85000. 4) (A (REL
0.1) KRR (RELO. 1) I CRET A -
FEO. 1 JiHiHE 0. 1 AhFEE 0. 1) FXBR ( £%00.1),
BRI 10 430 REEIE O RIEIER 2, 8YRA
UL R E AR A AR
Y (FIEES x HRRED) y

FRETIEAY =
{8 F HDP/BS FREIAHFE A (1 20 mm, 5§ 10 mm, RE) 10 100
%2 AANEAFSBETSRAE
i H 1~3% 4 ~6 4 7~9 4y 10 4
—— T I R B B R R
AN T
g IR RS BB OGN, R R, R OGN, TR, S,
N N N Y STRERS 22 157
S L UL LR B AT R AT RO SRA (L G e AR SRR LS H K S
R SR P PILEOE AR R P, R, T U P, E R, TR
TR, e i )
g ,;%;;E*L*”“é’%% CURBERE VS PR CURRSEE MR PP RN AT, AT
. , AT A B SRR, A A AT BT SR,
U ST 5 B T BT S0 P gt

L5 HiERESS R
K H Excel 1 SPSS 17. 0 #4845 5055047

2 HER549%
2.1 EMWNELAUEAEREENEN

P12 3 Bl R IR BB SV ™
PEREMZE R . al LUE /N TERT TR TER S
IEXTHLEE A A LT DO o WO
bT (2 AE WM 5 (P <0.01) o B ETER
AR HLVEE H ™ SR LT 52 il 25 (P <
0.01), X H AL E H ™ ML O o O
b* 2 AESZWA (P >0.05) . BEF /N GE
B ER RSB R T ORTE R A A 3G 0, 224k
HEEMBIYIE LT BB T BEE/NETER
Ly RPN  FORTE A IR I A9 3 i, H LU dE H
PEARBYELEIE o O b7 BT R A, B

VNN Eh 5 SEVE N 1 7 S AR AR RN, B N EE
VERY TR TR VS N RGN, 4 BU R R
.25 AE ¥R 5 Wi s i s, HLUS I 5 4% SE
T B A /N o Bl A R ORJE R IS N A 3G, 21
AULE A S AE BB TSR RA R
R I A9 R 0 1) 34, 2H 24k R 1 i B
LY 022 AE BP0, nTRE 2 th T 0E B A< B 1 i (o
LB RV, DT 5 | A6 T8 0 U8 A 1 A A 2 1
SIS . PRI SRR O A U Y R S
M 1% ~8% B, VE R I N2 2 Bl 8k i B ™
A B L RRAR, ELVS N ok 8 5 B B L7 BIG, 218
BEa® HEEEE b ST E R BRAR, X 5 AR AR
225, AT RESE H SRR B SN B T 9 AN TR
SR,
2.2 EMMALRKEATRREEFIEN R
P12 2 3 FhAN ) R U B A5 0 2H AL £ 17 i ot

[9]



RHRERE F26%5 2018 F 51

RENIT
- 500
0000 —
= DM Jonl
65.00F —A— FRuEH ’
* = 3.00—*/# ii!g i ;
26000 %
) 5 2.00F
—o— /NETER
55.00 1.00F —= SEAETEH
5000 1 1 1 1 1 ] 000 1 1 1 1 1 ]
0 5 10 15 20 25 0 5 10 15 20 25
TERYER IR/ % TR /%
a b
22.00 39.00
38.00
% 20.00 =
=
i 3 i
4 37.00
E( 8.00 b INAZ BE R
18. s J02 —o— /NEVES
el ¥ 36007 S G
16.00 | L L ) L ) 35.00 L 1 L L L |
0 5 10 15 20 25 0 5 10 15 20 25
TERES N/ % TERES N/ Y%
E d
Bl EMALANEETREENZR
2400 . 1400
—o— /NEVER) —o— /NZVER 4.001 N
- DREEH 1200 - nimyy | o AEERL
w 2000 —A— FORTERH o 1000 —A— TR o —— TOKTER
=2 R s00} 3007
= 1600 = =~
ﬁg ﬁ:% 600 | 5201
S =
e 400 - 2000
200} 150
800 1 Il 1 L 1 ] O 1 1 1 1 1 J 1 00 ) ) ) . ) |
0 5 10 15 20 25 0 5 10 15 20 25 : 0 5 10 15 20 25
ﬁﬁ]ﬁéﬂui/% ﬁﬁ?‘(ﬁf‘\ﬂl];/% ﬁf*ﬁ%‘»ﬂﬂi/%
a b 3
20 000 . /J\f‘ﬁE’{F’ﬁ 1.60T —e— /NETERS - g%@%ﬁ*ﬁ 1.001 e NETEN
18 000 —a— DHERREVER) —A— FKTER —a THERBEVERS
—A— JOKTER 1.20F 095+ —A— FORTER
16 000 It
20 #H Hoonl
i, 14 0007 Sz 080 £ 090
&2 000} &
0.40F 0.85F
10 000
8 000 L L L L L ! 0.00 1 L L I L ) 0.80 - - - - - |
0 5 10 15 20 25 0 5 10 150820025 0 5 10 15 20 25
VERHE L% VERHI L% VERHISIE %
d e f
0.901 =
) 17,000 e NETEH
087t —a— LEVRIER 15000 —a- DR
’ —A— JORTERY —A— EKIEH
oo 13000
3 0.84f 5
& = 11000 |
B 081 =
9000
Lt 7000}
075 1 1 1 1 1 ] 5 000 i L ! L L |
0 5 10 15 20 25 0l 50 IS 2025
TEMER SN/ % TETR I/ %
g h

2 EMMARUER RRARENZm




IRHREME 5265 2018 F 15

RENNT

R m 5 5 . ] 2¢ TTRUE Y, ANZETE RS
THESTERY K TE M S N X 4l U AR 1 AL
UL % (P <0.01) . BEE/NETER D

EYSETERY R OKE MBS I 09 38 0, 44Uk AR (e
vt ) ZH AR P8 X8 2 T v, L4 o % B 1 2
ZULEE ™ T AL U0k BE T = i RN, LB
P i A A ) B 1) 0 B R R R R (L 8T 1)
IR R, AU S5 BTU) J) 5 AH G, A
175 1A = i ) L AR T T

H & 2d 21 2g F1 2h W] LAE /AN TERY . D44
SETERY T A TE RS 0k 41 SR B A A
P REETE HIR S A 3 (P <0.01) . BEE
INAETENS IHAL B TE R | KT R AR A B, 41
AU A= R e R A HBE SRR
AR R e, TE R A B 1Y I A AR S K T A
AR 7 il 1 20 25 R ] B 4% TR, el 7 o 10 s
A, DT o VG HL s 3 ELER B S R A ) B =Y

IHEREEERY TR TE R AH B, BRI/ 22 BE R e I 2

UL TR [ 77 i A0 B R | IEL IR AR A, R RE R R
F/INZZ VE Ry T A 38 v 1) SR VE B, T S B UE A Y
g W

M1 2e ATLUE H /NEZVERY DS B UE RS L oK
VE RSN 2 X5 2H UL B 17 o A T S e A
(P<0.0L), Bl /INZZVEN . 4% S 0E B iR i
(RN, 2GR 1 o R PR R SR T R BRI,
MUNAETERT B R TN N 4 N 15% (10%
W, LR 7 RGBTk B R KRB (1. 113 g,
0.786 g) . F RIEMEME R0 ~15% i}, LHLUbEE
1P i BB PR S T R S AR, WS N 5% B ik F)
RARAA(1.136 g) , Bl BEAT FH iR o TN DIGE £ 19 VE
SIREALCE AR E Y, X AR TIEM A &
HLAT s e
2.3 EMMEALLEAFRBEESENENE

Hi & 3 &1 4 AT, VEM IR LA /N2 K o
AR A =TT IR U E S S A P
EVERS I RS K, /N K A B AL R A
B E R T AR VG 5 M/ NAZ TE R VR I 5% i, ZH 40
BB OGRS, REOGE, TR, 45 %

L, A WL R 4R A, DY TG 5 > A
TERTER IR 5% I, UL )7 SR AR A 56 88
R AHLURE , A ROR, BAT W AU 2T SR 25, Dt

0% 5% 10% 15%

20%  25%

a /NETER
0% 5% 10% 15% 20% 25%

(R

b DhEERER
0% 5% 10% 15%

20%  25%

o BRIEH

3 EMAMENALLESTRREIREER I

0% 5% 10% 15% 20% 25%

a /NAZTER)
0% 5% 10% 15% 20% 25%

Jlm

b A EYER
0% 5% 10% 15% 20% 25%

Mt

¢ FKyER
B4 E#RmEsTALEEAFRUIEIMN LSRN




RENNT

RHRERE F26%5 2018 F 51

I 0 A R IR s XY B R TERY IS NN 5% B, /)N
F KB EA LU 7 ORI 58, R A
SR, AW WL Ak 250, DI R Z A
3 FIEM TR INE R T 10% B, 2HE UL E 77 %
NG, A7 W] 0 24, Bedit ™ o, 25 AN I, B
ARATERE , A TE MR S5 TE B /N, 41 2Ufk
JERUTREAIR , 2T 2 1k 25 0 5 55 85 2 027 Ak 2544
b4, YA /NS

15 J2& 3 RO R IR TE R X 2H LU AR 7™ i %
EREN AR, M S TTUE D, NEER D
FYEEVERY B OKVE S N X A UL R 7 A Y
PRREZ ML 3% (P <0.01) . BEE/NEZTER K
TERYAS I A3 0, GV TR 7 R E R 5
T J5 1 W REAIR, 2 /N2 VE R L K VE R TR N i
5% B ZHZUREE 17 R DT 43 43 0 Gk B o R ME
(78.4 43.75.3 43) o Bl Eh 4% S UE M VS Ik 1) 38
T, LR 7 B V2 e RS A T
TN 1 JE A 22 5 | R A 24k B P R M A

22 MGV B, IEE W PR AR
or —o— /NN
= DR IEER)
80F —— FkdEk
B
i 60 -
S50F
40 ; : ' ' : '

0 5 10 15 20 25
TER IR/

Bs5 EMMARLERTRRERENRME

3 4it

INZETERY K TE R B USR] A 3 B v
PCEE 7™ i B 58 il B, 8 T TR A ) AR a0 k) 2 41
PCEE 5 A TR RS 2 35 S T TS el
A SULE AR B . BEE VE Ry U N i Y
S, AU A TR R (R SR R 4
MR JRE ) HA13 T R AT, /0N 22 B A A AU T B2 1K T S 4%
VN EORTER . WNIIE /N TER (5% ) \EK
TEBT (5% ) ¥n] 4w AV 3 FUBCE dh o, Th A%
VEM A I PRI E W i, 2885 B UL E

P i 5T ZHEUR T | Bk R P R BT, 5
INFZTE %(5% ) BEARTER (5% ) A, AL E
TREARAE A B, i B TS E A6
i BT ZH SV B R i o

S 230k

[1TBsE R, DRUL. & ks A se S A [ T]. £ SRk, 2007
(6):31 -34.

[2 ]2 h0. RO IT R S =il [T ]. e R 547%,2013,38
(5):50 -51.

(3] %2, NRE, Al . 28 ok I TR R [T]. vh BRI 4 4R
2005,20(5) :16 -20.

[4]Yalcin E,Sakiyan O,Sumnu G, et al. Functional properties of micro-
wave — treated wheat gluten[ J]. European Food Research & Technol-
0gy,2008,227(5) ;1411 —1417.

(5184, Tk, XI5 10 JA A0 B 48 75 45 e oS L 4k ok A B 52
[J]. ME S5E Tk, 2003 (4) 145 —47.

(615K 413, B4 b, TR0, 55 HSVL R R AR T2 05T 5 0
HEJELJ] . EARINA-42,2015,30 (10) : 135 - 139.

[7] Akdogan H. High moisture food extrusion[ J]. International Journal of
Food Science and Technology,1999,34(3) :195 —207.

[8I7MREE  BREESE , Tk, 55 MW IR A m /K o0 B IR 2L UL AR B 5T

JELT]. 4ok T FE224H ,2009,25(3) 1308 - 312.
LO Tl , sk e, T R EE. 10 Fhie b B ALRA M 5 (U] o B
TR ,2011,26(4) ;37 —41.
[10]E L, THRRER , JR 1, 4. K w28 1 0 R R 22 3o 5% R 2 41
ferisZm (1], i £ a4k ,2002,2(1) 133 - 38.

LU H e, ) s Sk A 22 % ok 8 A B AL UL R B[]
A7 o 1. (% 1)) ,2007,88 (1) :20 -23.

[12]BAAR 20T, 128 25, 45 B8 78 1 R O 57 JE 4 201k
TR [ ] R R R 224, 2016,31(1) <17 - 21.

[13]Shiau S Y, Yeh A 1. On — line measurement of rheological properties
of wheat flour extrudates with added oxido — reductants, acid, and al-
kali[ J]. Journal of Food Engincering,2004,62(2) ;193 —202.

[ 14 ] 5Kk, A8 FHF AL GUL B AR R HDLELAF 5T [ D], P bR Ak
R, 2007.

(15T HEEE, Ak R, 5547, 55, T8 T B K 20 BF e 4H 4 UMk 48 (R 1
()] &k ,2014,35(7) 1184 - 189.

[16]# 2. JFARRREXT S IR B A A K T B I mBtsE [ D], R
Fesfelr K7 ,2009.

[17]Lin S, Huff H E, Hsieh F. Texture and chemical characteristics of

soy protein meat analog extruded at high moisture [ J ]. Journal of

Food Science,2000,65(2) ;264 —269. &




