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Effects of Moisture Content and CO, Gas Injection on Physicochemical
Properties of Extruded Soy Protein Isolate

Na Yeong Kim and Gi Hyung Ryu*

Department of Food Science and Technology, Kongju National University

Abstract

The objective of this study was to determine the effect of moisture contents (40, 50, 60%) and CO, gas injection
(0 and 800 mL/min) on physicochemical properties of extruded soy protein isolate (SPI). The expansion ratio and
the specific length increased, but piece density decreased with the increase in CO, gas injection from 0 to 800 mL/
min at both 40 and 50% moisture contents. On the contrary, the expansion ratio and the specific length decreased,
but piece density increased with the increase in CO, gas injection from 0 to 800 mL/min at 60% moisture content.
Extruded SPI with CO, gas injection at 800 mL/min had small cell size and higher amount of cell than extruded
SPI without CO, gas injection. The water holding capacity and nitrogen solubility index increased, and the integrity
index and the texture decreased with the increase in CO, gas injection from 0 to 800 mL/min. In conclusion,
extruded SPI with the CO, gas injection at 800 mL/min showed better expansion properties and cell formation than

extruded SPI without the CO, gas injection.
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=
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CO; gas pressure and flow

regulator unit
tank |
1 |
1 |
| |
1
Hopper ' #‘--:
1 Screw Extruder barrel I CO,gas flow meter
1 1 | {mL/min)
1 I
feed 1 |
er i | Die exit
1 I
| | I
AAAA A AL _I_I_A. . - AN l
Extruder
Motor
1|1]3]|3]3 2 2 2 1 1 4 |1]1| 1 11

1. 1/2 pitch screw
2. 2/3 pitch screw

3. Full pitch screw
4. 2/3 pitch reverse screw

L/D ratio 23:1
®: 3.0 cm

Fig. 1. Assembly of co-rotating intermeshing twin screw extruder and screw configuration.
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Expansion ratio =
Dd

D,: Diameter of extrudate (cm)
D,: Diameter of die hole (cm)

Length of extrudate (cm)

Specific length (cm/g) = Weigh of extrudate (g)
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p,: bulk density of extrudate (gem®)

p,,: bulk density of millet (gtm?®)

M : mass of extrudate in a cup (g)

M, : mass of millet in a cup (g)

M, : mass of extrudate and millet in a cup (g)

& A2} (Chrome Meter CR-300,

719

Minolta Co., LTD., Osaka, Japan)Z ©]-&3}o] ™ %= (lightness,
L), &M = (redness, a), 3= (yellowness, b) %= 33 =4
Sk HAE o2 AMHESLE (color difference, AE) #h2 YERY
ATHA (@), E= Ao 3 1=97.22, a=0.32, b=2.47°]
At

AE = J(L-Ly)*+ (a—2p)’ + (b—by)’ @)

AE : color difference

L, and L: lightness of raw material and extruded sample,
respectively

a, and a: redness of raw material and extruded sample,
respectively

b, and b : yellowness of raw material and extruded sample,

respectively
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Hydrated sample wt. — Dry sample wt.
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WAL (gg) = (6)
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Dry solid wt. recovered by evaporating the supernatant

WL (%)= Dry sample wt
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batholl A 80°C, 1A]17}F 3027+ 423 3 50 mesh A|oA 155
7 ES i & FAE 33 4¢
Ha i ¥FEAE ek

Wet sample wt. — Dry sample wt.

WHC (%)= Dry sample wt. ®)
A TEARK| S
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AEE Hrlalr] Y3 AA 07 Park et al. (2016)2] 23
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Ae] EA A= SPSS version 23.0 (IBM-SPSS, Thorn-
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sh&o] STkt R 60%lM = CO, 7t F
Fol 04 800 mL/min®.2 F7F+5E Hasiditt. o]
7Y YA ¥ ARbAQl R Fh e
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Table 1. Expansion index, specific length and piece density of extruded soy protein isolate with different moisture content and CO,

gas injection

Moisture content CO, gas injection . . Specific length Piece density
(%) (mL/min) Expansion ratio (m/kg) (gfem?)
40 0 1.2540.09<" 73.77+4.18¢ 0.60+0.07"
800 1.50+0.08* 76.88+4.37 0.58+0.07°
50 0 1.29+0.06™ 82.99+7.17° 0.66+0.05%
800 1.34+0.03° 84.70+5.89° 0.55+0.10°
60 0 1.16+0.06° 108.48+7.46° 0.62+0.07°
800 0.94+0.06° 95.77+4.98° 0.74+0.08"

YMeans with different letters within a column are significantly different (p<0.05) by Duncan’s multiple range test.
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Table 2. Color and nitrogen solubility index of extruded soy protein isolate with different moisture content and CO, gas injection
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QA HoA FEIE] ZI1STFE Q

W3t €O, 7k FYol WE Felrhr

Zo] 0 oA 800 mL/mingE F7}rE
I A e} FA = SIS

EAE FEEEF 40%0]13 CO, 7t F
OmL/mm%] o 18.87+0.102 7H¢ =qkom R
o] 800 mL/min¥ ™ 16.02+0.182 74 Wt} &
o] ZHA3IAL CO, 7= FYFe] 0 oAl 800 mL/minZ
7FslHA F AR Fketinh et & MExR=
FA RS
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3 9sk

co, 7

7} 82.7440.08, 0.35+£0.05, 18.17+0.06°]
6& %FHEHC%%P% HE=
= Skl AEE Bl
o] 60%°]3L CO, 7k~ FY3F 0 mL/min
0152 7P¢ =skor] s
00 mL/min¥ ] 65.21+0.152 7}
&7 40%, CO, 7t~ F9 % 0 mL/min¥
400322 7P viekon SRS 50%, CO, 7k F
00 mL/min® ] 333£0.062% 7P &9kt e

SHF 60%, CO, 7F2= FY3Fo] 800 mL/min¥
(=1 7].1]— =0} "‘H?ﬂ-\'ﬂ:
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e F o] FEAd P oA A]’E:IL
71 130°CY w) SE-3hero] kA
3 THE Park et al. (2016)2] B39}

£ COo, 7I=E

= 23 YA e WA AEES
A ¥ o]tH(Han et al.,

T4
3340, 50, 60%) CO, 7F2~ (0, 800 mL/min)l
e

et FEd e

©] 800 mL/min¥

CO 7].% =0] ao]:o

CO, 7k F)#o] 0014 800 mL/min® & Z7}
BALAFE H=
FSrE 2287 £31E AT Noguchi (1990)2] B2}
‘%h?] 0 mL/min¥

25907 Aztad. AT g

2 o] 0mL/m1 o o 2

=7
[$

o] =8 4] S
Fastdnt RS
2.76+0.27%,
W 23.64+1.78% % Egkow R
60%AE CO, 712> FQ &0l 0mL/min® ® 21.43£0.54%,
] 800 mL/ming W} 22.33+0.98%% SFATH.

2~ 2~
IrE T8

XA A7}

R ECNEES
1R e HAPEE AR
BAEAT olE Fig 29 2o} 5

CO, 7k F4&o] 0 mL/min¥d

e
= 784

7retl=dl ol

3}
=

FEHAEAFE

FE 26.96+1.26%°)

50%°l14 CO, 7+
O 7}_)K ZOTa’t

FEAAEAS

S 3000 i st
#F 40, 50%°1A

w2 7350

wol FAHEAJI Co, 7t 101%01 800 mL/mind

71 ZE Atolof e 7| FEo] HAE
CO, 7k~ 0 mL/mins

XYL

719l FA=A

=
S 60% A=
Cd
5|

c4= = D Rl
TS o 7]
CO, 7} 800 mL/mins

1
bie m W] ge s13Ee] wol AH

FERFIO] Fol HETh wop B 550

Moisture content  CO, gas injection Lightness Redness Yellowness Color difference Nitrogen solubility index

(%) (mL/min) (L) (a) (b) (%)

Control” 82.74+0.08  0.35+0.05 18.17+0.06° - 26.96+1.26"

40 0 66.79+0.23¢ 2.48+0.03¢ 22.50+0.27° 18.87+0.10° 21.45+0.52°¢

800 65.21£0.15° 3.24+0.01° 24.53+0.14° 16.66+0.20° 23.14+0.57%

50 0 68.12+1.48° 2.92+0.25% 24.44+1.53* 16.94+0.21¢ 22.76+0.27%

800 67.44+0.23" 3.33+0.06° 24.81+0.08° 16.19+0.78° 23.64+1.78°

60 0 68.72+0.15™ 3.09+0.06 25.43+0.20° 16.21+0.23¢ 21.43+0.54¢

800 68.58+0.30™ 3.20+0.05° 25.53+0.16* 16.02+0.18¢ 22.33+0.98%

YRaw soy protein isolate.

?Means with different letters within a column are significantly different (»<0.05) by Duncan’s multiple range test.

1989b).
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Moisture

CO2 gas injection (mL/min)

content (%)

SEM HV: 10.0 kV

SEM MAG: 300 x

50

SEM HV: 10.0 kV WD: 19.40 mm ]
SEM MAG: 300 x Det: SE 200 pm

60

WD: 20.15 mm e

SEM MAG: 300 x Det: SE 200 pm

SEM HV: 10.0 kV

MIRA3 TESCAN|

MIRA3 TESCAN|

SEM HV: 10.0 kV WD: 19.59 mm MIRA3 TESCAN|

SEM MAG: 300 x

SEM HV: 10.0 kv WD: 20.18 mm
SEM MAG: 300 x Det: SE

W &4
SEM HV: 10.0 KV wD: 1951 mm | MIRA3 TESCAN|

SEM MAG: 300 x Det: SE 200 pm

Fig. 2. Scanning electron micrographs of cross section of extruded soy protein isolate with different moisture content and CO, gas

injection (300x).
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7F & dojuA] = A
ST dEE =l tet
CO, 7k FUFe] S7HET
o] Bt sisitt. Tl Tt
FUF 0mL/mind = T A o] I
CO, 7} 4% 800 mL/mind W= o] & 7]
Atolo] 22 71EE0] 34" AS &
T o] e gheke] Ajo

J}ﬂl l’E
fd
-of,

Jz: o

[

rlu
N
ol oX
il
o

2hei},

TRt RS, TRETH
"r"JEHTD]' FEAFES] EE(50-70 mesh)S
A

L o] &3}
o] =73t 552X 4=(water absorption index, WAI), 5=

8- X >(water solubility index, WS} 2]t F&h
PZ2AHHES 152emE A2 224S o] gl 243 5
#3858 (water holding capacity, WHC)< Table 39 Y&}
WA

HE ] WAISH WSI= ZH} 4.5440.15 g/g, 10.9240.31%
ol WAIE 23 40%, CO, 7= Y% 0 mL/min
A W 467+0.12g/gCE 7P = FEIFF 50%, CO,
7h2 FY%F 0mL/ming w 3.71£0.18 g/g 2 7FF LSkt
WSI= FE23F 60%, CO, 7t~ FU&F 800 mL/mind
6.56+0.70%= 7Hd =L FETEF 40%, CO, 7 T
F 3.611025%= 7P okt el 50, 60% o
CO, 7k FY o] 0 oA 800 mL/minS. & F71&F=
WAISF WSI 57 Z7HFAA T gl 40%Y we 7
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Table 3. Water absorption index, water solubility index, water hording capacity, integrity index and texture of extruded soy protein

isolate with different moisture content and CO, gas injection

Moisture CO » gas WAL wsP WHC? Integrity index Texture
content injection 0 0 o . -
(%) (mL/min) (g) (%) (o) (%) Springiness (%) Cohesiveness (%)
Control" 4.54+0.15™9 10.92+£0.31* - - - -
40 0 4.67+0.12* 5.84+0.21" 507.94+0.42° 75.65+1.08® 78.77£2.27* 61.40+4.71%
800 4.27£0.31° 3.61£0.25° 510.70+6.35° 38.00+2.07° 70.26+2.29% 49.84+3.03°
50 0 3.71+0.18° 5.05+0.67% 506.03+2.58° 73.35+0.45° 75.60+2.19% 58.30+2.98"
800 3.78+0.04° 7.20£0.97° 547.54+8.22° 12.64+2.80° 68.26+3.67¢ 48.99+4.33°
60 0 4.56+0.04® 5.99+0.39 508.38+9.14¢ 77.33£0.46 81.94+3.38" 62.64+4.44°
800 4.62+0.12* 6.560.70™ 591.13+5.64° 10.31£0.88¢ 78.67+3.26™ 61.55+4.37%

YRaw soy protein isolate.
DWater absorption index.
9Water solubility index.

“Water hording capacity.

>Means with different letters within a column are significantly different (p<0.05) by Duncan’s multiple range test.

2313t
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