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Abstract

The objective of this study is to determine the effects of barrel temperature and moisture content on the physico-
chemical properties of texturized vegetable protein (TVP). The water absorption index, water solubility index, tex-
ture, integrity index, color, and scanning electron micrograph of the TVP were analyzed. The extrusion conditions
consisted of barrel temperature (110, 130, and 150°C) and moisture content (40, 45, and 50%) at a fixed screw
speed of 250 rpm. The TVP extruded at 150°C barrel temperature and bearing 50% moisture content had higher
water absorption index and water solubility index. Elastic force, cohesiveness, and color differences were the highest
in the TVP extruded at 150°C barrel temperature and possessing 40% moisture content. However, the TVP at 150°C
barrel temperature and having 40% moisture content had a lower integrity index than the TVP carrying moisture
contents of 45 and 50%. The structure of the TVP extruded at 150°C barrel temperature and having 40% moisture
content was found similar to a chicken breast tissue’s structure. In conclusion, 150°C barrel temperature and 40%
moisture content are optimal conditional characteristics for the texturization of soy protein isolate and gluten.

Key words: texturized vegetable protein, soy protein isolate, gluten, barrel temperature, moisture content, physico-
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Eo] AR dF FYHZHES 9HE 5 J2H(Shin
et al,, 1999; Park et al., 2004), 3|, AFEY, o|AZT}E,

e ke gt o] 1 3% 9 thLiener, 1994; Kennedy,
1995). B3t tiF= A EAH L3 719 T8
Aol A Eo] WaAE, WolAE 2 e /hyAEF] &
A= opeFslA o] &=L tH(Back et al., 2010).

olefgh tfFoll A et falste] BstE ) Aol
AAE LT i Fol A wald AEnk F2 sk
90%e]de] TMAS st dlow, AlEe] AAE
7b 2 223 JhAel o] & H ™ (Kim, 1992), T A
o] YA FHT} 28] o]

EobAl, w7 et 4ol
Zg3sto] @35 ¥ 4= tH(Hong et al.,, 2008). 3
Selol £dfel qUT 4F] YA, JUARY, ol
1:} ]o}gz\_,% {L%%%xﬂ, AR ZAE 2032 Jdy)
1% 3 al(Park & Lee, 2005), 713 A& A%
A 2A7 9, Falkg A, nad, A3Y 59 7)%H
=4 30% Jh S0 PO AT AERS 95
=4 4 2l et Al AFEE AL ATh(Lee et al,
2003)
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1960t = ml=ollA] Ao 2 FEAF7E o] &3t k2 BA s, 42T Al Azl Zagh A
AR d$ete 9l Y 2 AFEoE AEA de o} R sl A sl A} gk
Aol xHstE A ASATE AL, Ao R Tge
T2E HIAA B o2 QT she HHS AFREHA = 3 gk
Etﬂ, I o]g7]&o] A&H oy WAkl gtk(Song et

. 1994). FEAFTHEL A=A dde tE 2343 M=z

4—7@ Jol| vlste] FA o] ThEste] FAZ ] HollA B2 A Ao Abg3 E ) F T (Wachsen West Road,
ol AIL(Ryu, 2003), TrA| 7ol A|Eo] AL A Ato) Qingdao, China)2] T2 gtafka} 8 shake zhzt 90%,
7Fsste] Aatag&e] Sk oA A 9 A AFY 6.2%ATH ST AES 6aFSAKSeoul, Korea)oll A T+
A 2ko] 71H3tHKoh, 1996). UEAE FHS 22 nHj st om, 8 S 10.8%%th ZF8l(Roquette Freres,
g otof|A F| sl 2T F 2ste] YE57F EEHA Lestrem, France)] T2 safy} =8 ghake zhz)h 83%,
npEo] A AaE s} s d& whol AAje] AES B 62%ATh BT 50%, FFE 40%, SFEFAE
A FEAE vE £ JE AEo] AtHKim & Lee,  10%2 E5tated A=A Y dAS A5 2 AF3HA T
2009).

Liu & Hsieh (2007)] ©]3l¥ &4 952 2183  USHASH
37} et U EYe FRstEe -5t 4EAE Ao AMEH A8 8 FEF7 e U RS =4
3 A AFHEE 2 S2719 fARE 23S TR R & 71(THK31T, Incheon Machinery Co., Incheon, Korea)®
2, OASoZ AL 7 Ao RAuET) A5 ¢ 273 Zole] ¥|(L/D ratio)= 23:1°103, F72L 30 mm,
EAYTRAAE FEU T S ES §a7]eF HEHA 2370 g 2AGY 2375 AHE-SH th(Fig. 1)
ZA7HE = = AT} Lin et al. (2000)8] Aol 4% EYWFEH 50%, FFE 40%T SFEFEHAE 10%E &
AE TR FRTEF 30%Y o 2Ho] WA, £ et FYst, FEFHS P2 95 BTl AF
T 50% o) delA BTl E o] 8% T ES ES Fist 2dsdlon, &850 25 HdE7|¢
A e 244 AFEe v F Ao 2AaEst WZtrE AMgste] 24 sk, REER2 7.5 HPSIT
o|9} Zro] FEAIFFHL Fa71¢} vl d A S 1A HEXNE THTE 98 FYHF 100 gmin, =3F 3
' OASS BeEs £93% Aotk gk B A3E ALSE 250 mpme 2 A vjE L% 110, 130, 150°C
FEuFay, S5 SEPHES wld25=(110, 130, o ZHzE R s 40, 45, 50%=2 A3 AxE 9
150 °C)e} FH-3H=H40, 45, 50%)= 2t FEAFFST EAF ASS EIFAE71(DS-FCPO250, DongSeo Sci.
ZAZ, FESFE, ZAARA S, A, v 72 5o H Co., Seoul, Korea)ollA] 50°CZ 8A|7F Axsle] 2 E4]

Water mjection port

Comrotating twan screw

Die

Motos

3. Full pitch screw
4. 172 Pitch reverse screw

4.4 cm

$045 cm

"

—

—

Fig. 1. Screw (A) and die configuration (B) for extruded soy protein isolate and gluten.
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5 5g2 water bathE ©]&3l] 80°ColA 607 314
2 o 1587 B8 AAGA F3E AR FAE S
Attt 7xE A5 F3tE A5e] FAE 33 4
S & g TEAUAE FIHATHA 1, 2)

WSI(%) =

Dry solid wt. recovered by evaporating the supernatant
x100 (1)

Dry sample wt.
Wet le wt. - D le wt.
WAI(%) = et sample ry sample %100 @)
Dry sample wt.
XKRIZ+
=

F3tdE GEAY A8 Z2FZS Sun Rheo-meter
(Compac-100 11, Sun Sci. Co., Tokyo, Japan)E A}-& 3}
103] A5t HAwS =5k 19 probe(3 7 2
em)E AHESER oM, S-S AAY o] FHE 100
mm/min, Zt-3-8 2kgo| T 1.5-2.0 cm AR E A-E-31
water bathollA] 80°C, 607 F3HA71 tha 1587 &5
AA AL ©Ed, SRS S5 TH(Trinh & Glasgow,
2012).

ESFSININES

223} St dASe 24YE A=E Hrte] 9
sFo] Z A ZRALR] 4 (integrity index)E Han et al. (1989) %
Park et al. (2016)2] WO Thew} o] =T} 9
247 AS 55 80°Co EollA 30%7F F3AIR
121°Cell A 3087 3%t 7Hdslith 32+ 2ol W22l
< 100mLe] FFE F©] homogenizer (IKA, Staufen,
German)Z 15,000 rpmol|A 187F #23FA]71 32, 20 mesh
FFANM 52 £ 1H Aol ok 105°CollA] 84]
FAZANAY AR F AEZ AR FAE Uro] o

& A 3)°l wet sl

Dry residue wt.

Integrity index (%) = Sample wi

x100 3)

OIM=Z=
UEE D HASS 80°CollA 1417t

—

= BRI

Azxsle] @S MFo g I8 F YRS FAAAAY]
ZA(MIRA 1l LMH, Tescan, Inc., Cranberry Township, PA,
USA)O.2 /M A8 20 kvellA] ul Al 222 st

>~

H

H

=~

2

=48 ASS E2te] 80 mesh ETAE T
BEus AMdE & AT A(DP-400 Chroma meter, Minolta
Konica, Tokyo, Japan)E ©]-83}o] ™ X (lightness, L), %2}

T
d

% (redness, a). A S (yellowness, b) 7S 39 S35
HAae AHEstem, o] of ARSS FFE WA ] L

=9722,a=032,b=247 o]t}

SAXE

Ayl EA A= SPSS (Statistical Package for the
Social Science, version 23.0) 32 13 (IBM-SPSS, Thorn-
wood, NY, USA)S ©]&3te] U Lu) X422 (one-way
ANOVA)S AAZE = 93 Zpol7t e gl thsfiA
p<0.05 =X Z ZA3FE Duncan’s multiple range test=
A skt

TR 92RA, iAlSe] 223 |d
A AAE 7L Aok wiE 2ot i) e
EEAHAT D FEFHAFE] #sk= Table 1] YERH A

Rakako] 40, 45, 50%% Z7F

o} HiE &% 110°ColA] FEF
L2 FEAFHAFE 5.00+0.00, 5.00+0.00, 7.67+0.58%
2 Z71etHen, 130°ColA] 22k 433+1.15, 6.00+0.00,

Table 1. Water solubility index and water absorption index of
texturized vegetable protein at different barrel temperatures
and moisture contents

Extrusion parameters

Water solubility Water absorption

Barrel Moisture index (%) index (%)
temp. (°C)  content (%)

40 5.00+0.00°) 190.40+1.06"

110 45 5.000.00* 191.87+5.97°
50 7.67+0.58* 284.53+16.82°
40 4.33£1.15¢ 211.73+8.22¢

130 45 6.00:0.00™ 215.9343.92°
50 6.33+0.58" 229.13+8.09¢
40 6.33+1.15% 311.20+1.93°

150 45 6.67+0.58" 323.204£6.01*
50 7.00£1.00" 335.40+3.82%

YValues with different letters in the same column for each barrel
temperature and moisture content are significantly different (P<0.05) by
Duncan’s multiple range test.
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6.33+0.58% 2.2 78t o™, 150°Coll A 7}z 6.33+1.15,
6.67+0.58, 7.00+1.00%°-2 Z718l 2, wiE &% 150°C
oM FEF 50%Y W 7P = T8 AI(7.00+
1.00%)E YERH AT

TEFHATE TR ST E ST AEE
Bom, WHdeEs} 110914 150CE Z7heel e
190.40+1.06%114] 335.40+3.82%= & 7}3t1th. Lin et al.
(2002)°ll ¢J3tH A& did gAY diAS] 2
Fo| F7HETE FESHATT St Bael ¢
st

X7}
Al

Algel Mol AAE F AFHE Foke vleo

kA

3 ] &
gidolar, 3ol gk AgAgE ol&ste] 2% Y S
& = = Aol SR A o|tH(Trinh & Glasgow, 2012).

Table 29} 7Fo] iR LEZE 110°CE LA 7]|ZL 53
FS 40, 45, 50%= HSIA S o, B2 83.93+2.67,
82.42+4.60, 76.38+4.74%2 A8, S E 68.53+
6.30, 59.55+6.20, 45.07+7.38% %2 ZAdte AEFS H
At HiE LR [30°CE IAZANT| I FESHS
50%= ZHzF 2Eetle u B2 86.20+3.35, 8531+
292, 80.414£5.52%= 7423, &
71.99£7.66, 53.97+11.41%% 7FA8IA T MlE =5 150°C
2 IAGAT I FETES 40, 45, 50%Z 5F9S W o]
w2 G2 AL 91.96+1.27, 87.05£4.00, 86.94+3.56% 2 A

AL, SHA FEIF 85.82+2.39, 84.41+£3.65, 73.02+7.91%

7233tk Gu & Ryu (2017)5 5o s o=

SRS 2aT %5 Y

0

H
]
£

ofl
of, U
ol
R
o
=)

Table 2. Texture and Integrity index of texturized vegetable
protein at different barrel temperature and moisture contents

Extrusion parameters Texture .
- - - Integrity
Barrel ~ Moisture Elastic Cohesiveness  jndex (%)
temp. (°C) content (%) force (%) (%)

40 8393267 68.53+6.30" 33.73+0.36
110 45 82.42+4.60¢  59.55+6.20° 36.07+0.09*
50 76.38+4.74°  45.07+7.38% 36.13+0.18°

40 86.20+3.35 73.84+6.72°  29.93+0.22¢
130 45 85.31£2.92"  71.99+7.66" 30.53+0.71¢
50 80.41+5.52¢ 53.97+11.41° 31.93+0.09°

40 91.96+1.27° 85.824+2.39" 16.47+0.22¢

150 45 87.05+4.00° 84.41+3.65° 18.33+0.09
50 86.94+3.56° 73.02£7.91° 20.53+0.09°

YValues with different letters in the same column for each barrel

temperature and moisture content are significantly different (p<0.05) by
Duncan’s multiple range test.

2 Yehg7l= o "ot webA
Az e AR =
Park et al. (2016)2] "3

o
=
22452 St

ZAZAMA G Table 29 Zo] vl 2% 110°C, L%
2 50%Y W 36.13+0.18%% 7§ 2 zrolglon, wjEde
T O150°C, FESE 40%Y W] 16.47£0.22%E 7 we
S B2t Gu & Ryu (2017)7F BT S oF=A
Pt e w FRFo] P w2 40%00A HEALE
R

59| W57t 71 ol dojur] g2l 2 AR 47F
7 Hral Busiglon, & AYelM Zzke] 2o
EoEo] 40%Y W 2 o] Az o] Fadte] 2
7t sk A ghol ekt

N
2

]_

X

oMl
g 2o} gt mE FEAE wElu TR
o] FH(x150)9] mA|FEZEE Fig. 29 2t} FE
_]

=
wud 2457k 274kl FHA A2
2~ 0
+ o]

g3} dAsTh vlEeE 150°Ce] A B 59 242 o
A7) 7kt v ARTxE Ee O 5 iEe
T 150°C, R 40%Y W HaL7] 7k wAl xRt
7P AR t2E A S AT
A=

w7t o fg BEATE Jdae] EHo] dojua,
H g2 bl whgow did Fxo] opw|iih Agtol
s3E 4= drkal B E AT Ryu & Ng, 2001).

2 wo R e 4EET dAS] e
Table 39 YERY e

y
ATt HEE WELE 150°C, SR
40%NA 7 e 7kl 66.45+0.0199 3L, HIE 2% 110°C,
FEITF 50%0M 7HE =L 68.94£0.00 7HS UERN
o, WiE2% 110°ColA FEgFo] oA FE 67.58+
0.00914] 68.94+£0.0°.2 F7}al AL, Bl E-2% 130°CollA =
TSI =l 2 67.00+0.010014 68.79+0.010 2, |l
2% [150°CAME FE3tFo] oIS 66.45+0.019
A 67.1940.000. 2 7Z}z} Z71slth A EE vjEe s
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Fig. 2. Scanning electron micrographs of extruded soy protein isolate and gluten at different barrel temperature and moisture

content.

Table 3. Color of texturized vegetable protein at different

barrel temperature and moisture contents

Barrel Moisture Lightness Redness  Yellowness
temp. (°C) content (%) L) (a) (b)

40 67.58+0.00°"  3.04+0.03'  18.05+0.01'

110 45 68.64+0.00° 3.34+0.012  18.54+0.00"
50 68.94+0.00*° 3.29+0.01" 18.74+0.01¢

40 67.00£0.01%  3.71+0.00° 19.44+0.01°

130 45 68.49+0.01¢  3.73+£0.01 19.15+0.01°
50 68.79+0.01°  3.59+£0.01"  18.99+0.01"

40 66.45+0.01"  4.67+0.02*° 20.01+0.01°

150 45 66.77+0.01'  4.38+0.02° 19.28+0.01¢
50 67.19£0.00° 4.58+0.01° 19.69+0.00°

YValues with different letters in the same column for each barrel
temperature and moisture content are significantly different (p<0.05) by
Duncan’s multiple range test.

150°C, s=&-3taF
e YA, e e s
Z

o= MY we e

jud)

ANl Wi E % 150°C,

=

110°C,

40%N A 4.67+0.020.2 71 =&
H%Laok

L =4

[e]
o

40%01 A 3.04+0.03

e At ole} fALsHAl A=
40% A1 20.01£0.010. 2

~H5
TR

110°C, &3k

e o)
EEER FECER
7

M e we YRR, viE e s
40%°1A4 18.05+£0.012.% 714 v
Altan et al. (2008)2] X270l <]3hd
d2ro olste] 27t wold 4=
2 AT Wy} Avhe Aot 9
7t wel Aw 27 How Wiy
Att.

o oF
i =

N

EoAFE viE25(110, 130, 150°C)2F S5 4
45, 50%)°] AEATM A (T, FFe)e] =

9 =214 54 rXe 9T AT EEd
Wyl 2 Y UASY] FELAAFE
110, 130, 150°CollA Pl 40, 45, 50%= =of
2 Z7ksloH, 150°C, 50%1A4] 7.00£1.00%= 7+
Al Uebsth SRR G G 2 sjE 25004 i
Fo| FoldF4E FUFsIAAL, 7Y &2 32 150°C, 50%
o] FETFFAA 335.40+3.82% VFERSITE B 2 334
2 150°C, 40% T FY o ZHF 91.96+1.27%, 85.82+
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Jetilon, sigdes 110°C, 3% 50%04 7+
2 36.13+0.18% A3 7S YERNATE 7} v D220l A
FEFo] ZIIEFE HE(L)E T8 AES Bl
o, P L% 150°C, FETHF 40%1H A= (a)2} 34
Z(by= 27 4.67£0.02, 20.01£0.01°.2 71 =4 YERE
oh Al FRE FES A3 MEE 150C, T
40% N T 252 FARE AFTE2E UERY
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