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Textured Soy Protein Incorporated Mushroom
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SUMMARY

Devleopment of manufacture system for Textured Soy Protein

incorporated Mushroom

Extrusion process was optimized to produce textured soy protein
base, which incorporated with mushroom powder. Maximum addition
ratio of the mushroom, which the texture characteristics of the textured
protein product is not inferior to the textured protein with the soy
sources alone, was depended on the kind of soy protein sources such
isolated soy protein(ISP), concentrated soy protein(CSP) and deffatted
soy flour. In case of defatted soy flour, the maximum addition of
mushroom powder was 5—10%, above this addition ratio the texture
formed on extrusion cooking was inferior to that of defatted soy flour
only. The extrusion temperature was above 155C and the dough
moisture content was between 28~30% to give a desirable texture in
the extrudateof defatted soy flour incorporated with 10% mushroom. To
reach the system parameter of extrusion temperature of 155C with
28% moisture content dough, the special process conditions was
required. The optimum operation conditions were the barrel heating
temperature of 180T, the crew configuration with two parts of reverse
elements apart 1 diameter from each other, and a breaker to restrict
the flow of melted dough. To increase the water management capacity
of textured protein, addition of gum mixture (Na—alginate:methylcellose
=1:1) of 3% w/w with soy lecithin of 0.5% was required.

During extrusion, the general non—enzymatic reaction typified by
caramelization, the maillard, and oxidative decomposition are paramount

in flavor—component formation. However, one can not add a flavorants



to the feed material before extrusion because of the following reasons:
1) some flavorings degrade due to the conditions of temperature,
pressure, shear and water activity present during extrusion, 2) most of
flavorings are lost to atmosphere as the extrudate exits through the die,
and 3) the presence of flavoring agents such as salt can interfere with
texture formation during extrusion and usually decrease product
expansion. The objective of the research were to develop the method
that can be give heightened meaty—flavor intensities in texture protein
extrudates in order to omit or to simple a flavoring process in the
flavorful textured protein.

Process flavor is important food flavorings. Process flavor is defined
as a group of flavors or flavor ingredients that are produced from
precursors via some type of processing technique such as thermal
processing. Precursor play an important role in the generation of
process flavor. The mailllard reaction between reducing sugar and amino
acid is known to generate flavors similar to those cooked foods. Meat
flavor be produced through process flavor technology. Hydrolyzed
vegetable protein(IIVP) has been used to impart meat—like flavor to
prepared foods and represents one of the forms of process flavor. HVP
i1s primarily composed of amino acids liberated by hydrolysis of
vegetable protein with HCI at 110—140T.

Enzyme—hydrolyzed vegetable protein, which is an alternative to the
traditional HVP, is produced using proteases under a more neutral pH
and lower temperature.

Manufacture system for beef—like process flavor was established by
extrusion of HVP with the precursor mixture using a twin—screw
extruder. The formation of meaty—flavor is favored at temperature

above 150TC and higher shear conditions(above screw speed of 270rpm)



in combination of moisture content of 5% or less. The panel scor of
odor and taste of reaction process flavor products depend on the

extrusion conditions and the formular of flavor precursor mixture.
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Sample

Thermocouples
Pressure Transducer
@ 2] 3] 4] {
Barrel 1 Barrel 2 Barrel 3 Barrel 4
@ Motor = Die
Axe —» 1 [ /’_ nozzle
M (7 mm)
Barrel 1 Barrel 2 Barrel 3 Barrel 4

Configuration of screws ;
66R * 3 44R*2 KD( kneading disk) - R*L*R
44R * 3 RSE(reverse) - L 44R * 4 RSE(reverse) -L
RSE(reverse)-R*3 33R*4 Screw top

Fig. 2. Schematic diagram of twin-screw extruder

AR FEAF P 22 v=d g

Screw configuration and extrusion condition

Extruder Co-rotating, intermeshing twin-screw extruder
Buhler Brothers Co., DNDL-44, Uzwil,
Switzerland
L/D20 feedZ25-¥ 3,49 714
Heater 120 7 180 T

Screw Type 66R*3, KD(RLR), 44R+5, RSE(LR), 44R*4,
REE(LRL), 33Rx5, ST
Die slit die insert /1 e.a.
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T zZo] A FHHo, AAHJ W& 1yt SPIE 30%, SPCx 20%,



SF= 10 & 5%9 A 225 wjgsts 2ol #HHolqur oy el 1 7
dEwmel A1 wMFguE GEAET W dojzl #4 A4ng FEAoL U
i oA et
Table 1. Extruder Operation Variables for Various Op
Dough Dough Ext. Ext.
Formular No. Peed rate Moisture  Temp  Pressire  (Jyicy)
SPI (30) EXT-1 12.5 30.6 175 5 912
EXT-2 15.0 30.0 163 3 1045
SPC(20) EXT-3 15.0 28.0 168 5 925
EXT-4 20.0 28.0 168 5 925
EXT-5 15.0 25.0 168 7 1288
SF (10) EXT-6 15.0 30.0 165 4 875
EXT-7 20.0 36.0 153 5 627
EXT-8 15.0 25.0 168 7 1250
SF (5) EXT-9 20.0 30.0 165 6 890
EXT-10 20.0 36.0 158 3 790
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Fig. 3 Views of Cross Sections of Hydrated Extudate of TSP

Table 2. Water Management Capcities of Extrudates

Formula Run
r No. NSI

before afeter

after

WHC Hardness

Rehydration

Bulk Density

B. Reh. A. Reh.

Press Press
SPI1(30) EXT-1 5.6 6.83 3.63 421 0.63 0.10
SPC(20) EXT-2 5.4 9.35 7.97 345 0.45 0.14
EXT-3 4.4 5.38 5.10 493 0.44 0.09
EXT-4 11.9 5.31 5.08 400 0.84 0.13
SF (10) EXT-5 3.2 6.29 4.09 397 0.88 0.25
EXT-6 5.8 5.50 3.20 351 1.00 0.23
EXT-7 11.3 4.02 3.02 375 0.76 0.17
SF (5) EXT-8 6.9 6.20 5.90 211 0.58 0.18
EXT-9 8.4 4.37 4.72 233 0.92 0.17
EXT-10 11.8 3.85 4.43 395 0.53 0.11

o1gel ANE TN MAS Th AP A T

oI WY SRl 25-30%7 AARE & 5 9l



A7) A 8o Gum( Na—alginate ¥ methylcelluose) & 1~3% HY oA #
7 @5 A7) HA & 23olA dEAEE] A diFxd dE gumFE A7t
2] ¢koks wl Wt} 43 hardness @ bulk densityZ} Edth T1Ela 53 §
water hoding capacity7} S7FIith. 18y 3% H7H-elA= 38 Tke] dojA)=
o] M I
olelgt WAl& W8yl fletol F3kAl (T lecithin) & 0.5% F7Feto] AAksE A%
9] water management capacitys 543 A¥S E30] YERASITE ¥ 39 YERd A
I Zol {IAE 0.5% kb FEAgte] @EHEE @iyl itk ARFo=
GumfbE H7FshaA wAlS 7o msm dojubs 3 (WHO) 9o #aE A7)
a39E Yeplow 3t A 5 bulk densityE 0|+

2% olst FA7ret B9ule 2 dFS MAA e AoR ARSI
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_\'1_1
il
<
o,
=
32,
o
£
)
[

3

=i
il

Table 3. Water Management Capacities of Extrudates extruded mixture of

deffted soyflour, mushroom and Gums* *

WHC Hardness Bulk Density
. Afeter
Mixture NSI before p after
ress
press Rehydration B.R%:. A.Reh.
SM5 8.4 7.37 4.72 233 0.47 0.17
SM5G1 5.4 8.35 5.97 345 0.45 0.18
SMb5G2 4.9 9.54 6.70 493 0.44 0.18
SMbG3 8.9 10.7 7.08 511 0.84 0.23
SM10G1 5.8 8.50 4.20 334 0.50 0.18
SM10G2 4.8 9.67 6.57 451 0.55 0.16
SM10G3 8.3 10.1 7.04 475 0.76 0.27

# All mixture doughs were adjusted the moisture cintent at 30% by

sprayed the 5% soybean lecithin solution
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Ak

2

2374 %)

=

o Ago] WAl 2] FHd wiEnle SEdiFa (ISP), sFulTa
(CSP), ¥ =Xt FE (defatted soy flour) 7} 22+ 30, 20, ¥ 1075% St} o] oA+
o WAEEE Hrkehd x7 Ao EIFeISIty 7 dwe] 3154 (water

management capacity) S 71437 93k Gum F°o =3k Na-—alginate 2} methyl

_l

celloulose 1:1 E3ES 3%E soy lecithin 0.5%%} A H7}ske] WMC 7RAdel &3
7F QSlek o] ERES FETE 287 30%0 EetEs Ee HUksle] dE% 155C
: 24 Gl Ao wEH E2EE 155T ofdew
28H7] $18A = barrel 7FE2%EE 165C ooz 7t Ao getors 2
ol SAZE Qlol, mEEAE AN SIS 55 screw XRo] dQEgith =,
screw elementE 2 parts® Wro] 98 Z3E WS

screw elements Fgtol] o

=1
=
extruder ©)$E22E Ad W 9 screw elementsol] 23 TS 83 £ 9=

YRE e WA o] Basiih o] URUEE 0% Slate] o screw 2]
2 9 pRel A% WA AAAR SHo] AVIA Lo olEHol FA3] Askah

/go] wAEe], oF 4 dia length W& ATy ¢ screw HIX|7} D3t A gst
ZAE YAAAZI7] 8 FUE R ZEskeE W) (28~30%) A 155C o)Ak

, 3% die Woll =2al7] A ¥l 35S

12

2

A
Z257F HQo3dte] screwd ¥ HE

o
52y

Wellsl= breaker?] zro] o]

2 30mm ©)%} §-Xstodok kSTt

1!, die opening< slit dieE 2X 20mm®|| land

laYal



SAERY AR P f ol w2 obvleelda 0 £849) W

£ Blaste] AT JRe HAx gE

7t AR 2 P

1) A3 A=

Ao AFESE EX|thFE (Wilmar/ADM J.V Baker soy flour) o] A& #A41e &
o} gkt
Soy Flour Proximate Analysis D.B (%)
Crude protein 50.1
Crude fat 0.56
Crude ash 6.11
Moisture content 5.99
NSI 71.46

RS &4AE NOVO industrirl A% Alcalase® 2.4L, Flavourzayme®™ 1000L,
Cellucast®™ 1.5L, Viscozyme® L& 3l3to] AME-ataiT},

2) @At s
GA TS LFEN (100Mpa) ollA] 7l 5448 E43818lth gA T At
A 10% (w/w) ol enzyme (Alcalase, Flavourzyme, Celluclast, Viscozyme)2 =2

x
st Ey] G255(0.25%, 0.5%, 1%) s+ Aer17+0,12,24,36,48,60hr) & &2

il

o] 119 WH2-7](Super high pressure fermentation system TFS—0.5L, Toshiba) &
100Mpa, 50C Z7fA 7}4==3) AlFTh

N7



Preparation of 10% Soy flour Dispersion (w/w)
I
Added 0.5 ~ 1.0% enzyme, E/S (pH 7.5)
!
High pressure fermentation system
(12~60hr, 50°C, 100MPa)

l
Cooling at 4C
!
Centrifuge 12,000 x g for 10min
!
! !
Residue Hydrolysate

Analysis : Amino nitrogen
Soluble carbohydrate

Fig.. 4. Diagram of hydrolysis at high pressure on defatted soy flour

7FrEd = (Degree of Hydrolysis @ o =884 (%)/Total nitrogen(%) X 100)

4l =843 (Soluble Carbohydrate) S Z33}3iT},
Total nitrogen : micro—KjeldahlH, KjelTec system 1026
obv e A A% : Formal 27

Soluble carbohydrate : Phenol—sulfuric reaction
7teE8l = (D.H, degree of hydrolysis)

Amino nitrogen — Non-amino nitrogen
x 100

D.H =
Total nitrogen — Non-Amino nitrogen

laYs)




SR FRY TR EE agEH oA EA%E 0.25% T 1%, AHEA7F 127604
1% 9 W 37.42%% 7P =&

Sl FpeRmg Bolrh el APl E ARt Sk 12403

Table. 4. Degree of hydrolysis of protein in defatted soy flour during reaction

with different enzyme concentration high pressure

Time 0.25% 0.25% 0.5% 0.5% 1% 1%

(hr) pressure control pressure control pressure control
0 0.71 0.71 0.71 0.71 0.71 0.71
12 1.29 0.84 1.30 0.89 1.37 1.04
24 1.30 0.90 1.32 0.91 1.45 1.05
36 1.35 0.90 1.40 0.92 1.45 1.08
48 1.41 0.91 1.40 0.95 1.45 1.08
60 1.41 0.91 1.41 0.95 145 1.08

Table. 5. Increase of Soluble carbohydrate of defatted soy flour during reaction

with different enzyme concentration on high pressure

Time 0.25% 0.25% 0.5% 0.5% 1% 1%
(hr) pressure control pressure control pressure control
0 0.21 0.21 0.21 0.21 0.21 0.21
12 10.11 8.34 16.53 11.46 23.94 16.81
24 19.04 12.11 20.33 19.20 29.24 24.51
36 20.15 16.03 23.04 20.23 32.10 25.95
48 23.99 16.37 26.30 21.38 34.54 29.44

60 25.05 17.81 28.10 22.10 37.42 30.86

laYa)



0.25 0.5
Enzyme concentrate (%)

O control [l pressure

Fig.5. Degree of Hydrolysis of Protein enzyme concentration after high

pressure processing

a1, ASPAEIY] AR 12413 o] & wAE o] el o] wraF s wAsITh

FEA G A oA 1.04% 5 Bl vt utA o= 1.37%% 31%9)

7HE BT o] A2 FE g EH A EXYFE MR 2d el
o)

TR AFRAE F7} A2

4y 2 oy

(o]
o
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I,
Y
o]
H_a
k1
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2,
X
|o
i
i)
A
=

o
ES

adAE A, ol mhE AhEEE VR EE vlas Ay el A #Har
42% S7FakAth. B A T2 9] soluble carbohydratet= 319k 2] &, -l kgl
o] 124]3to] Ak 5= 1 o] }e] Frh= & 4 IAAINE, AP E el Bk 1ok
Elo| A soluble carbohydrate’} # il 31% F7}stith 1822 v 52 dg=
AFEE giFEy EElEe udHdA 18R % 10%°l  Alcalase,

Flavourzyme2 1:1% &313 protease® LFE tiH] 0.5%9 TEZ H7}st &

o 4841t 7kt e AR F WES NS F 5 (ts 40%) Eio 27 AEss JloR 4
= 9 7k alE (HVP) o] Alxg S &4 3 skqloh



2. 8] AF-E2 (precursor mixture) & AZF

AET B EF 25 olu|=AF (cysteine, cystine, methionine, glycine,
alanine) % thiamin, IMP(Inosine monophosphate), GMP (guanosine
monophosphate) 2| &%= F&d2] 7FAW3-(140T, 2A7H 5 A E Fv=
A o] zro] #AS57AF I precursor mixtured AZFE 23 w)dv] (formular I,
IDE =3+, Z formulare &39S AlA precursor mixture? #AZ374
= HAI}E A=kt

¥ Z+o] Z} formulars maltodextrin(DE 24) & S&A)

ke
(@)}
2
k9
o
i
Y
)

T+ carrier® 3o, o R ¥EHS ofuAl FEO 2v|E V&

b

wisto 2 st 18] 3 beef tallows 1% wigstoe] &ujeo] 4 a17] o] Y=
= AlE3ksith. Formularll= ov] 89 7FEdubs & dsdA A3 7] &

Bohs Aol 7k S7E HallF = luecine ¥ glycines 7Fskith

Table 6. Composition of formular I and II

Formular 1 Formular II
Components %(w/w) | Components %(w/w)
1. maltodextrin (DE 24) | 75 1. maltodextrin (DE 24) | 75
2. Glucose 10 2. Glucose 10
3. Amino acid 5 3. Amino acid 5

Alanine (0.75) Alanine (0.5)
MSG (0.75) MSG (0.5)
Cysteine (0.75) Cysteine (0.5)
Methionine (0.75) Methionine (0.5)
Glycine (1.00) Isoluecine (0.5)
Thamine (0.75) Leucine (0.5)

4. Nucleic acids 1.0 Glycine (0.5)
IMP (0.5) Thamine (0.5)
GMP (0.5) Taurin (0.5)

5. Gelatine 7.0 Serine (0.5)
6. NaCl 1.0 4. Nucleic acids 1.0
7. Beef tallow 1.0 IMP (0.5)
GMP (0.5)

5. Gelatine 7.0

6. NaCl 1.0

7. Beef tallow 1.0

N4



Frl A= AA A5 g E (formular I, IDE &4 sk
precursor Z3%=& A X387 5] screw TS FYUEA AFATS A
At 97/ elements 2parts %t configuration (66Rx2/44Rx1/KD(LxR)
/44Rx5/RE (RxLxR)/ 44Rx3/ KDLx2 /44Rx2/33Rx5/screw top)& /333

, die opening= 1mm orifice 17} ¥ 945 F&HEE 50kg/hrZE 3t 7)<F

al
Fe st FUARY FEIHS 2ES bE S A 2 A% BT

o] formular 18] 4% FEETF 9.0%14 =Gl o] F# Xk =<t

gotal bEREE 1256TR sro} SR 4 vbgs F=shA Xote A3E o

RSt Formular 119 A% FE23Fs A2A7IW G227 dsdte] &

€8 AA AR GEE ¥l fstol ndo R d& F i FEEES

5.4%% Y AaA7ld A3 FHE FASH dEHL ¥4 Fol% porousdt
5

AH ol stEddS IS = U

Table 7. Extrusion conditions for production of beef flavor precursor

mixture
Screw )
Moisture Ext. Temp Pressure SME
formular speed

(rpm) (%) (0) (bar) (kwh/ton)
formular I 270 9.0 125 3-7 350-380

300 10.2 125 5-10 231

270 8.3 152 5-10 222

formular 1II 270 5.7 152 5-10 246

270 5.4 156 5-10 366

225 5.4 157 5-10 311

NN
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Alcalase, FlavourzymeZE 1:1% =3+
2 A7MEE - oF 48417 Zh Al F g S 5 (ts 40%) Ev 251
Z35 A

Precursor mixture: A7) 239X maltodextrin(DE24), amino acid, A},
gelatine, NaCl, beef tallow =%&& 2% dAg AANA gE8to] AxT

Yeast Extracts: "]= Quest A} A%
o tEE el g v Ad

Z% 24 AZXE 95t HVP YW yeast extract @5, HVP X+ yeast
extract®} precursor mixture® E}ES AAZE Wb A7 & =3l
Fste] 18 & Wi W AAYE AR AETS dEAE] =FAA
AArete] BsHAE Soko HA 3= EEith 24 Al

=
2 QoA ks 2dstA Eo] dEd screw 3 HEE AT
5

T 58 & system parameters(ext. temperature % pressure)o] H¥ o =
93t & A5 E st 5, w4 dEste] #s AN AlEE ARSI

GErde ot g
. barrel heating ; 185T

L/D ratio of barrel ; 20

Die nozzle, 2mm single circular nozzle(lead 15 mm) without breaker
plate

Screw Configuration ; from left to right

conveying element (66R)x2, conveying element (44R)x1; R—kneading

disc (20mm)x1; L—kneading disc(20mm)x1, R—kneading disc(20mm)x1;

la¥a)



conveying elements(44R)x5; reverse element(44/3Lx2, 44/3Rx1);
conveying element(44R)x3; conveying element(44/3R)x3; conveying
element (44R)x3;L—kneading disc(20mm)x1; conveying element(33R)x3;

screw top

Table 8. Preparation of extrusion flavor samples

extrusion conditions*

ext. foed
No Sample speed ext. press e
(rpm) temp (bar) rate
ar
() (kg/hr)

HVP(ts 25%) + precursor
1 mixtures** 250 151 4 50
— Rx. (98T, 3hr) — Spray Dried

2 Yeast extract powder(Quest) 250 153 6 20
Yeast extract powder(Quest): HVP

3 ] ) 180 160 5 10
=1:4—>mix—Spray Dried
Yeast extract powder(ts

4 44% Quest) 180 159 4 13
+ precursor mixture

5 HVP powder 180 140 5 10

6 HVP powder + precursor mixture 180 165 5 10
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Table 9. Comparison of Odor and Taste of Extrusion Flavor

Flavor description Sample

1 2 3 4 5 6 F-value
e WA 4.60°  7.00° 3.83*° 6.97° 3.94° 3.38° 35.66"
aL7]E WA 5.53* 276"  5.07*° 236" 4.63* 4.76° 14.12
Tk §Ag 5.25  2.86° 4.37° 261" 520 5.07* 13.18
= WAl 6.14* 243"  4.46° 218" 5.44* 530 19.66"
AA AR H e 5.05*  6.83" 3.65° 6.48> 4.88" 5.02° 21.17
Bl 3.71°  7.00° 2.89* 6.77° 4.95° 3.11° 47.19
aL7l= g 6.00°  2.73"  4.46° 4.39° 4.25° 551° 18.59"
e o 6.11° 2.98" 4.37° 3.82° 3.77° 561° 1551
FzE 6.29°  2.36"  4.27° 3.96° 4.61° 598 21.58
AA A A= 5.65  6.90° 4.18c  6.08° 4.78° 5.65" 13.77

1) Method of sensory evaluation refers to Scoring teast (7 scale)

2) * @ Significant at P<0.01
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2. Pilot Die A&

A4t die insertd AdeAdE AAE vF R (HZ openning lead
ratio) AlZFE 50kg o4& A A 4 = 6F9 Die Insert & 1% 7
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1% 7. Piolt 7FE (A7t 35kg AAH) 9] Insert Die W HxHEE 93t
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