Food Eng. Prog.

Vol. 22, No. 2. pp. 137~144 (2018.5)

DOI https://doi.org/10.13050/foodengprog.2018.22.2.137
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

n-w'-

r. JkII.-°é1IE'o1

Food Engineering Progress

HIXAZP Ede 2alths =&t thHlo| FH0| njxl= dg
239 - aAH - R
FFo sk AFF, Wity

Effect of Biji

Addition on Quality of Extruded Isolated Soy Protein

Sang-Hyun Cheong, Kyeong-Tae Kwon', and Gi-Hyung Ryu*

Department of Food Science and Technology, Kongju National University
'Hangaram gf

Abstract

This study was carried out to determine the effect of biji addition on the quality of extruded isolated soy protein
(ISP). ISP-based biji addition (0, 20, 40 and 60%) was extruded at die temperatures 140°C and 150°C and a screw
speed of 250 rpm. The moisture contents were adjusted to 35% and 45%. As the content of biji increased from
0% to 60%, springiness, cohesiveness, and cutting strength of the extruded ISP were significantly decreased. When
the die temperature increased from 140°C to 150°C and the water content increased from 35% to 45%, the nitrogen
solubility index, cutting strength and integrity index decreased. When the biji addition was increased at a barrel tem-
perature of 140°C and a moisture content of 45%, the integrity index of the ISP texture decreased. With an increase
in the addition of biji to ISP, rough surface and irregular fiber structure were observed, but regular microfiber struc-

ture was not observed.
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Ryu (1995)°] oIt &P TS ol&ste] Hx ] 7+
A 2)Es}o] e A9} Han et al. (2002)°] <3 71}

2 o3t Bt A B AU 249 Holn
& 371 5ol AT A3k Fol WE HAA W Br)re
o MAS B/1E 4EAY S 2@ A7 A,
Weh £ A BeuEae) w27k, 20

40, 60%)% % @ 924y 248 BT
540] Fsje] A7
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Ago] Apgsh E o5 (Wachsen Industry Co.,
Qingdao, China)e] @2 92.3%, TEEHS 5.4% oA
t}. v]R|= A4 E(Jung's Food, Chungju, Korea)o 25 H
Alg ol AR AL T AL 7.2%, FETFFS 77.3%,
AL 5.5%, 2314 0.98%, THrSlE 8.9% ] ATt

e S
Aol AHE AEAET e P8 T ASUEA

3 7](THK31T, Incheon Machinary Co., Incheon, Korea)Z
23F AL 300mm, Zojet H7 2] H|(L/D ratio)=
23:10]3, AFETE slit die2 Aol 44mm ¥ 4.5x
1] 100 mml AL AHRSkg o, 2a%e] Wjde 1A
e 2375 AMEATHFig 1), ARdel 3 H 989
FRUFS 71FOT so] 1 FRE F2 AR AR
7ol g 2dath &880 2 HErIs ¥4
TE AMEStY 2Asta o 98 AR R 100 g/min, 2=
IF A £= 250 ppme 2 g3}

HE e HAE 0-60% 7H7t E3teksitt.
99 2435t BejuiFdue] 3w uE F4
S Golry] 93] WiEREE 140°C, 150°Ce} %
S 35%, 45%= A3 AxRS dEAAY 22
ﬂﬂ%%m" AEE 60°CollA 8AIZF Az3le] EE]H
S 239, 7HE-8 24 71(FM-909T, Hanil, Haman,
Korea)Z &2 ¥ 50 mesh 3T (Testing seive, Chunggye
Industry Mfg. Co., Gunpo, Korea)S 533+ 22 A&
= A1gslart.
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(nitrogen solubility index, NSI) A& & Capritar et al.
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|= g % 50 mLE 3k 2000 rpmollA] 202 B AR
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(Starcher, 2011)H & AFE3sle] 84 Z A EH(soluble
nitrogen content)S FY3IA Tt F F& TF 2 AR
1.5gS 6N2 g4k 100°Ce] 244]7F &<t A 3] 71=E-3)
ate] 75 mLe] SR/l =20 F A 0
Ninhydrin (Starcher, 2011)H 2.2 =743} o} 2] (1)l
ekt

soluble nitrogen content
total nitrogen content in sample
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TS0 Hxl—r

HE=8Y 243} FEviFe TR e 84

= v‘i“ﬁohz} AACC (1999) W< S-83it. 2
T AR 1ol 75 25mLE 7Fshe] 30°Ce] &
(BF-45SB, Biofree Co., Seoul, Korea)llA 30%7F 1
F 5 4152 7](H-1000-3, Hanil Science Industrial Co.,
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502MP, Han Beak Co., Yongin, Korea)ollA] 2A]7F &<t
Az & s IPFE FHFS S5 FEEIIA

(water solubility index)E 4] (2)Z AlAFsFA T

WSI (%) =
Dry solid wt. recovered by evaporating the supernant % 100 (2)
Dry sample wt.

=] -
HE=8Y 243} BT E e 8 FrEFS Hrtet
T &5 & (hydration ratio)S Lawton (1984)
=3 ol sk dEAI
2 FE 10 g 80°CellA] 3047+ 7HE st

[ 1]

|41 f2f2]2]2[3]3[3]2] 1 |

1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Forward paddle
4. Reverse screw element

L/D ratio 23:1
@:30cm

Fig. 1. Screw configuration used in this experiment (model THK 31T).
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15%7F drain & FAIE S35t th 2 (3)ol whet 4
st
Hydration ratio (%) = Hydrated sample wt. — Sample wt. < 100
Sample wt.
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Fole St 2F st FElviTEe] 22542 Sun
Rheo-meter (Co-mpac-1001I, Sun Sci. Co., Tokyo, Japan)
£ AHEste 33 S-S & HAwe A=t AEA
3y 243 BT o] probeo] T THO] 1 cemx
Lem7F HA A4® - 90°CoAM 2417 73} & 1587 =
& AASIT. SHZAL probe angle type (65°), HtH-3-
g 2kg, AAY ©]EZEE 100 mm/min®] YTt S A&
€Hd 2 (springiness)?  -8-F ¥ (cohesiveness)=  Trinh &
Glasgow (2012)7} A|AJSE BFH S o] &3t & (4)3} 2]
(5)e.2 ALEetH 2 A E (cutting strength)S 2] (6) 22
ALkt

o D,
Springiness (%) = B—l x 100 @)

D,: distance when first occurred maximum stress
D,: distance when second occurred maximum stress

A
Cohesiveness (%) = KZ x 100 %)
1

A,: graph area when first occurred max weight
A,: graph area when second occurred max weight

F
Cutting strenght (N/cm?) = —én—l 6)

F_: maximum stress of extrudate (N)
S: cross-sectional area (cm?)

el
3y 243 EUlFEY 5¢S 80°Ce £ 100 mLelA] 30

B2 ZA], BAAZ T 121°C 4 1587F 71471 sl
s2s =9 3027 YA B4E A B SRTE
o] 100 mLEZ %83} homogenizerol| A 9,500 rpm o2

1587 #383 A17] & 20 meshg AU A s &
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L. Dry residue wt.
0, = ]
Integrity index (%) Sample wi x 100 @)
AHCZ
——

UEAHFES B8l 50mesh EFEAE T3t BL-S
A = A(DP-400 Chroma meter, Minolta Konica, Tokyo,
Japan)E ©]-&3}4] T T (lightness, L), 4 &= (redness, a).
A = (yellowness, b) S 39HE SA 5t 7 HAHs
ARESFATE o] W ARE-S 3 WA O] e 1L=97.22,
a=0.32, b=2.47 °] AT}

o|MTE
FEAW 243 FeldFeue sece] Bol 247 5
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LMH, Tescan Co. Ltd., Brno, Czech)2.2 7}£48 20kV
oA Bl AEET BRHAT

SHXE

Aol EAXZE SPSS (version 23.0, SPSS Inc.,
Chicago, IL, USA)Z ©]-&3ato] Ui 2]iEAHEA] (one-way
ANOVA)S g & o3 2|7t sl &l thsiA
p<0.05 ===l4] =2 A3}S Duncan’s multiple range test=
AR skt

dn o ng
TEY EaX=F

2 55 S e e opvieqt A 3t
=2, Aoe 2 5o W AAY 522 24 S5 H
Fate 74 ECITHGu et al, 2017). T84 HA4
Ae A F84d9 Ade 7L Sle obate A
gHoz AT F e WPHolth 243 Y Al &Y
2o W ArE Ueho] = AXZ ARH (Yoo et

al, 2014) 9E2°] NSI #o] =255 A7t §olgk A
o7 Z#HA Uth(Han, 1989). FEIHI AT 0|

2 F8A4 ALASFE Table 10] JeRAQITH B A3
M AFET 2571 140°C oA 150°C, -3 aFo] 3594
45%= Z7Fgel wel NSI kol 75.80+4.78% oA 62.60
£238%= AR on AT 2% 140°C, T ol
35% 4w B]x]] o] 0%l 60%=2 F7Heel wek
NSI kol 75.80:44.78%01 4 66.4242.49% = 7+23}3itt. o]
= AT 2= 7R e TUIE ddoe] A
o] F7kste] 84 HAvt 7HAas AoZ AY7EEH Han
et al. (1992)l] 9JatH o] S/ 58 7ME=
Qsted EejgiFule] B8Adsl7) 315t 84 A4
A7 sk vhe Barel A A5kt
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Table 1. Nitrogen solubility index, water soluble index and hydration ratio of extruded ISP with different biji contents

Biji Barrel temperature Moisture content  Nitrogen solubility index Water soluble index Hydration ratio
(%) ‘°C) (%) (%) (%) (%)
140 35 75.80+4.78"<4< 10.37ﬁ:0.42.f'g 276.68+2.23*
0 45 66.15+4.89%¢ 8.93+0.15' - 264.14+4.11°
150 35 72.74+2.40%4¢ 11 .87t0.65df" 278.54+6.47*
45 62.60+2.38° 10.20+0.40" 268.02+2.20°
140 35 72.70£3.07°¢ 9.87ﬁ:0.55d'f"f 242.52+3.80%
20 45 63.36+2.77°4¢ 8.23+0.31" 237.44+4.26°
150 35 72.00+3.54°<4 10.53ﬁ:0.31.°'d 245.65+4.68°
45 62.04+3.53%4¢ 9.10+0.20'" 239.95+1.09
140 35 68.90+5.32*° 8.73i0.60b'f 208.90ﬁ:4.4031f
40 45 65.14+3.95%4¢ 7.17£0.40° 204.46+2.45°
150 35 67.82+3.24*° 9.20+0.40° 21 l.85i4.16f
45 62.27+2.77°4¢ 7.37+0.25¢ 203.25+2.15°
140 35 66.4242.49* 8.03+0.31° 185.51+2.638
60 45 60.90+3.59"4¢ 6.53+0.40%¢ 179.93+0.41¢
150 35 65.21£2.06™° 8.50+0.40° 182.69+1.00¢
45 60.16:+4.89°4¢ 6.63+£0.70° 180.48+0.89¢
* Means +£SD

i Values with different letters in column are significantly different (»p<0.05) by Duncan’s multiple range test.

SEBHKIG BERYS FRAF] 35%, ART LE 150°C, VA A

N AHES gelstel ARG 4ENT 2k R Aol 0% L o) AR 2] /b BT B 3]

Febe] 28315 F(water soluble index)= Table 19 1} 32 FgFoRA FINAL W B Wol Fostol
o

ERITE SRR T 55t E ) BElgol JEFe uk 278.54:6.47%% 7H¢ =& 3hS YERH AT Table 1).

o 29 AlFoEM olFY FAE weTE T2 4

o1 ETH(Ha et al, 2004). Y=AE Z2 3 EhFeby =2t

A2l 7-e] FEgal A= A Tl vs) S7Fst o v ot 4EHEY 248 REuiTEy e 25

29 Hrtake] TV FREEIAFE ATk & Table 200 YERNQITH HIX| ] hafo] A4S B,
& 35%°11 A4 ¥]A]

L&A Ay dide] w35 Yeille AEEA +HY, AdAETt SUte el S e
(Mason & Hoseney, 1986) 52412 S7F 9912 o o] H7FFo] 60%NA 0%2 7HAagoll wel 72.35+1.100f
WA ggEo] 7IAH Adge] oA S FFs7l A 8211:1.63%=E B E ol S, 63.5043.7090 4
FE 71Fe] B2 A2 WIE 7] ol

A 6881£5.99%%E S o] SIS SH, 6.79E+0400 A4 1.11E
oA vIx|e] A7tEFo] TS FREEAMATFI A4 +05 Nlem’Z A7 Sttt i o] 5718
= ol= A9 HIIR <Qlal] AHoR 74 F8&4  FF vA4Y, $Y, A4 Er) Sk, 7 3
i F o] ol vjE|ste] et Aoz WAk FEHY o] 35914 45%= Sl weEh edE S| St
Al Sl =5 lE lf AEE F717F Bol A ST Guet et al. (2011) EEHHFEHE GEAS
Ha F717F 249 AATE Belet SuEo] e u, SRR 24F SR wE gdAdd Y4
TE2E FAE T 58] 2okl Zlo g AddEn BT FRETEY o] JHdAE B, g 98y
I} AR FEFTES VAR 73] e #4
==y o] kil Buagith £ A= HAE AU o=
FEISTES 449 243 Beuirde 7E, &5 AT A3 BEuira e g H SR B 7
TP e S #do] YA 53] FEFEFH &8 & TS BIth
TE FEEFTFYY a3 Q40 thLin et al, 2000). %= T3, R o] 35%004 45%= S wEh Mt
g AEEC] WREFE P75l AAY] Wi F3F¢ AEE 1.03E+05°14] 7.61E+04 Nem™ 2 ZHAstl=t, ©l
o B8 o) Bo] F5 Ho] FRFFHo] U BY £ Lin et al. (2000)°] FUFENE JEAFHL o
Hofddth & FEEFTFES FIAT 4EAE A3 B TR Tl 60%014 10%=E S7HEE FETE HAskel
o Feb o] 223} ol D AAE VAL Atk & the Aot YA g
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Table 2. Springiness, cohesiveness and cutting strength of extruded ISP with different biji contents
Biji Barrel temperature Moisture content Texture
(%) ) (%) Springiness (%) Cohesiveness (%) Cutting strength (N/m?)
140 35 76.87+1.21° 65.64+0.68" 6.19E+04°
0 45 81.24+ 1.49° 67.58+0.92°%¢ 5.93E+04°
150 35 76.47+1.17° 66.21£1.27°h 6.37E+04"
45 81.96+1.36° 68.72+0.6740<4 5.99E+04™
140 35 75.49+ 0.43° 64.40£1.758" 5.38E+04'
20 45 80.60+0.76° 67.18+0.98°<d<f 53 1E+04?"
150 35 75.74+0.67% 65.75+0.66°¢ 5.76E+04
45 80.94+ 0.72° 68.72+0.56*"° 5.32E+04'
140 35 74.05+0.83%4¢ 63.77+0.28"" 5.11E+04"
40 45 79.33+0.72%° 65.90+0.910<4 4.97E+04#
150 35 74.78+0.64%4¢ 65.25+0.57°4<" 5.27E+04"
45 79.12+0.81%° 67.52+0.93* 4.93E+04°
140 35 72.19+0.21° 63.51+ 0.87%" 5.01E+04¢
60 45 76.99+1.13* 65.36+0.83*° 4.88E+04°
150 35 74.48+1.07° 64.66+1.37°<4¢ 4 95E+04°
45 76.84+2.17* 67.28+0.90* 4.76E+04°
* Means £SD
*P Values with different letters in column are significantly different (p<0.05) by Duncan’s multiple range test.
Table 3. Color of extruded ISP with different biji contents
Biji Barrel temperature Moisture content Color
(%) O (%) Lightness (L) Redness (a) Yellowness (b)
140 35 63.07£0.01' 3.74+0.03° 20.76+0.02*
0 45 66.84i0.01f‘ 2.83+0.03° 18.90+0.02f
150 35 67.36+0.01' 3.70+0.03° 20.09+0.02°
45 68.23+0.01¢ 2.43+0.03¢ 17.85+0.01°
140 35 62.8620.03 5.20+0.03¢ 23.08+0.02°
20 45 66.06£0.01° 4.50+0.01¢ 21.62+0.01¢
150 35 65.43+0.02° 4.87:4:0.014d 22.26+0.03¢
45 66.55+0.01° 4.15+0.01° 20.99+0.012
140 35 64.22+0.02% 5.64:4:0.02.f 23.75i0.02.f
40 45 66.1420.03" 4.98+0.01 23.67+0.03
150 35 66.64+0.34" 5.32+0.02" 23.15i0.01f1
45 67.75+0.01° 4.55+0.01" 22.49+0.01
140 35 60.91+0.02 6.9120.02' 24.37+0.01%
60 45 62.72+0.01¢ 5.70+0.01" 23.08+0.01™
150 35 64.25+£0.01°¢ 5.72+0.03" 23.92+0.01'
45 65.76+0.02* 5.25+0.03° 23.09+0.09"
* Means £SD

*° Values with different letters in column are significantly different (p<0.05) by Duncan’s multiple range test.
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7} F7hetarh ole 4EHY WA i 8 B84 4
ool 8 el ABRose) Blde] 24 WA
o8l FEYFE] 2ot FAHo] 2HIAAGTL
shek o2 derd,

TS B ol HEAY T FEEH U= Q8 2
Tt ZAAEL FRo] FFIR Ho AREToA] A U
< uf 27t g dojHth(Miwa et al., 1990).

M7z

A HX s} Md s, Fid bE &Y 223 &
o= JEAY A o Wete B84 54 T o ZldiFae] FTH(1000 x)2] #lA|F32+= Fig. 33 2Th
ola, 4EXE A FAAN =2 & wjEed Aol W BATF 0%, 140°C FEPE 243} LuTade] F
sto] 7 wkeah whld WAy ke Wy dojdn, WS A s S o] FolA ke HfRF o] #E
TS A7t o] Fe EAUSTE Y] &Ho] dojib FHALS, 140°C T 45% A8l HIA] H7EEEe] St
3L, BjEAA ZhH 9k ol E g ofn|ieik A o whef whilE A YTt A o] E Al Az
o] B¥E 4 Urt B I3 THRyy, 2006). AFETF % 215 FFE 5= QIQdth 140°C 8 45%0M e B 7F
7} 140°Col A 150°CE Z71ghol| whef s g o2 Qlsted & &2 4= d9on syt o] dojytr] wjzel Azl
T7F gAasle] WErE 7RI e AT 22U 5 RHA EE RS AT S 90t B AES
VS WO R Qi vt AAast] A% @0 & B8 B2 7] FFE ANELFE FRETE sue
AE(bye S7F A7t ZAastAy grol Zasidith 2 AL AT 5 Ak ©l= Lin et al. (2000)°] F&5
ShFo] BegE AWo R s WE(L)7F A AN g oy g9 53 #Ho] glor, A 7S] WA
S FAEb)E 7N AFS 2t 2571 37 5 37150] At WEF dAET 18a Y
E, T Gl Hadrs F AAbs SUteke A @ 2EolM WA F] 0% 60%2 SIS o,
24 | 24
2 Moisture 35%, Die Temp. 140°C A 22 - Moisture 35%, Die Temp. 140°C B
20| 50 Metetore 60 Die Tomp 160 20 | T Mt S5 ie Tomp. 120°G
EEEH Moisture 45%, Die Temp. 150°C R Moisture 45%, Die Temp. 150°C
18 18F
g 16 | g 16 -
g “E % 14 b [
E 12 ‘E 12
g 10 T [ T g 10 F
8 8L
6F 6
41 4
0 0
24 24 |-
2 Moisture 35%, Die Temp. 140°C Cc 2k Maisture 35%, Die Temp. 140°C D

=S Moisture 45%, Die Temp. 140°C
XX Moisture 35%, Die Temp. 150°C
EEEH Moisture 45%, Die Temp. 150°C

g |
S
3 T XXX T
g begedes
> 12 KL
£ 288
=) X
g LS
£ 1l 3K
RS
3 28K
8 285
2%
o
6

XX
KKK
5

Integrity index(%)

=X Moisture 45%, Die Temp. 140°C
KXJ Moisture 35%, Die Temp. 150°C
B Moisture 45%, Die Temp. 150°C

Fig. 2. Integrity
moisture (45%).

index of extruded ISP with different biji (A: 0, B: 20, C: 40, D: 60%) contents, die temperature (140°C) and
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