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Effects of protease pretreatment to the digestibility and
the texture of textured soy protein

Shigeaki TAKAGI
(Labolatory of Biological Chemistry)

In previous report, papain or protease from Asp. oryzae was subjected for the
improvement of digestibility of textured soy protein (TSP), and the in vitro
digestibility and the resulting alteration of its texture of the partial hydrolyzed TSP
were determined by comparing with original TSP.

In this paper, two different proteases (Protease [, from papaya and Protease [J,
from Streptomyces) were further used as pretreatment enzymes for the same purpose,
in which the digestibility of TSP with pepsin followed by pancreatic enzymes was
determined and the lowering degree of its texture was also estimated with
“Texturometer’.

The initial velocities of the preincubated TSP with Protease I were always lower
than that of the original TSP while those digestion degrees were improved. From the
results of lower initial velocity it was deduced that the hydrolyzed sites of peptides
with this protease would be similar to pepsin.

Protease [ catalyzed mild hydrolyses of TSP to produce partial hydrolytlc products
which had much peptide bonds available to be hydrolyzed by pepsin and other
digestion enzymes. Therefore, Protease [I, which was considered to have different
substrate specificity from pepsin, was preferable to use for pretreatment.enzyme of
TSP.

From those results the recommended pretreatment method in this experiment was
considered to de the preincubation of TSP with 0. 075% Protease I} for 7 days at 4°C.
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Table 1 Comparison of digestibility of extracted soy protein and textured

soy protein .

‘ Substrate Digestion ratio (%) . 7 Initial

Soy protein -| - protein ) pancreatic .ﬁ digestion

N mg/75ml pepsin enzymes velocity
Extracted® 241.7 55.69 65,93 4.45
Textured 226.1 60,20 . 74 .40 4.53
Textured** heated © T 206.8 60.09 | 70.57 . 4,76

¥*

*% For 5 min at 100°C,

ER2E/ETV DY,

Extracted from defatted soy flour by the ordinary method?

2. Protease [ MU & 4 X7z A { LR I3 350

2—1. Protease (LIS HE 1 TSP » A
Wiz & 5@ Protease ] @ VEAEE pH % 3K
»AHEFig. 1DL5%5, fiEPicsnT
BIALTEEE 2 35°C 109 5 EKREE P K 3
TECERMHOFEVRETH 5700, 4°C
OEESENHERIN TS, 22 TpH
7.5, 4°C it~ T TSP % Protease | &
incubate L7z & SICEHEL T 573 v E%
=ve RV U EEERLYERT 5 & Fig
20k 5B, Thik, FILEEHIETSP

(zAER EULTLEY) 2EEFHEUELIEAL
HHETHEml it Lz 305 0.5ml 2E D H
LTHECEI) = e FY v ERIROD
S702HIEL TV 3,

0.1% ¥ TONEBEEETE4°C, TH
MBI & - TABRICR S 28 B 3028
0. 2% T2 h BALDEA TN S,

2—2, MERESEEE & MERE SR
133858 : Protease [ OHE & 4°C itk 13
BMEREN R OMEER R RIZTH#
BRI OHN Fig. 3THY, FNTZ—o¥
vy RVER SR SOMEHM LG ®
Fig. 4 TR 7,

WM OEE TN T $ RIS & 35k
BEEENEREIOBERICHY, TO T &
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DTN LEZ3DEEL SN S, Fig. 4
130.29% Protease | CRIMELIZEED R

o o o
N W b
: T T

[
—
.

Enzyme activity ODsp

<o

Fig. 1 Optimum pH of Protease [ activity

Fig. 2

to textured soy protein,

Two ml of 29 TSP suspension in
0.1M phosphate buffer with various
pH was incubated with 1 ml of 0,1%
enzyme solution in 0.01M phosphate
buffer, pH 7.5, for 60 min at 35°C,
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Hydrolytic dcgrec(stm)

o

1 3 7
Preincubation time (days)
Hydrolyses of TSP in the pretreat-
ment with Protease I at 4°C.
Each preincubated TSP (1.5g of net
protein) was homogenized and messed
up to 75ml, of which 0.5ml was
subjected to determination of ~NH,
groups liberated, Protese I concent-
ration; @—@, 0.2% : ©—Q, 0.1%
: 0—0, 0.075% : ©—©, 0.05%.
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elative initial velocity.:
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*Preincubation time (days)

Fig. 3 Initial digestion velocity of
TSP with pepsin,
Calculated from O.D, 570
values obtained from the
ordinary method. Incuba-
tion, for 40 min at 35°C,
Concentration of protease
I used for pretreatment ;
@@, 02%: 0O, 0.1
%:0-0, 0.075% : ©—O,
0.05%.

RS

(ODsm)

igestion enzyme activity

D

Fig, 4 Time course of digestion of TSP preincu-
bated by 0.29% protease | with pepsin and
pancreatic enzymes, See text, Preincubated
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PH adjustment

and incubation

with Z-pank_
i

Incubation
with pepsin

3 20406080100 140 130 220 260 300 340 330 420 460

Reaction time in min

temperature, 4°C, Preincubation time,
©—0, 1 day: O—0, 3 days: @@,

7 days,

TYURY L= s QLI ZBIR LI 3D TH B Fig. 3L DEEDRF VY

I AKRDEER2E LI A DTH 5,

Table 2 Variation of digestibility of textured soy protein preincubated

with Protease [

. . R e or
Concentratlgn Days of Concentration Digestibility (9%)
of of substrate
pretreat- . tiok*
Protease [ protein sk pancreatic
ment persin
% (N mg/90m1) enzymes
Q.05 1 197.6 65,98 77.55
3 188.3 69.57 77.76
7 206.9 63.68 79.56
0.075 i 1 204.3 65.68 70.77
184.0 65,19 73.39
192.6 66,82 77.05
0.1 1 180.0 67.24 74.98
) 3 141.3 72.55 81,97
7 190.4 78.06 79.45
0.2 1 185.1 69,6 80.44
3 180.2 72.16 81.24
7 179.2 74.29 90.10
0.3 1 185.7 75.65 84,63
0 (control) — 187.5 60.09 70.57

*  Calculated after pepsin digestion for 140 min,
#% Calculated after z-pank digestion for 300 min,
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Fig. 3A 5N 3 & 5 1Ci{LEEE E Protease | OBEH ARSI WVIZE, SAHEENE
WIEEINS L A EAMD B, VoIF 5 CDOEOELERENS E Table2D L 51T/ 3,
RN E L TR E L, CNISNERERE RO BRI Y BFIL T 5 &
HoM b, ULnL COMEEREEUHETT- LB AIZLEDZR (RT Y L #{ET80
GBUL, Z—rr o TR LL L) EHEIL TR S /haw,

2—3. Protease [z X B pH O ESHEEEOEEICRIFTES 1 LN TOML
HRINTEEPH THBL5TT->TWAD, ZNLNO pH 4T T TSP 20 L7
= oMLERE~. Fig 513823 pH T TSP 120.075% @ Protease [ % 4°C 3 [
MEAS BRI EED= v e FY U BEYEHOBINESRL T3,

: Fig, 5 Hydrolyses of TSP with Protease | at different
0.2 pH. 1.5g of TSP (wet weight 5.35g) was incubated
with 2.45ml of 0,075% Protease [ for 3 days at 4°C,
These preincubated T'SP were heated in boiling
water for 5min to inactivate Protease ] . Products
were homogenized and messed up to 75ml with .
0.2 N KCI-HC1 buffer. 3ml of the suspension was
added to 5ml of TCA and 1ml of its filtrate was
subjected to determination with ninhydrin,
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Fig. 1 TEHEROIS BBETH -2, T> T pHE. 0TS 5 IT/KENEATNE,
Fig. 1 O&ER35°C ©0 incubation Th bH, ZOHEE4°C THHDT, Protease |
DOIEHED pH EKFHIRERTIHIS VW EES T EWHES,

7 b=

6 o9
» ST
;f 4} Fig, 6 Peptic digestion velocity of TSP preincubated with
= 3k protease | at different pH for 3 days at 4°C. See
E text.
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Fig. 6 3E -7 pH CeiME L7z TSP it RFPY U2 EH SR L s OKBEERELI-
BOTH B, CORE, FOEpH 2700 L SMEEEE 3 - & $:k5 1, Fig. 3HL
TREMEBIZ X A/KEEDOAS W S DI EHIEAREEZNI > TWHADY, pH2EAT
MEUIHARCEEE pH KB T - & AHEBEENKE L 25 T3,

Fig. 7T RRAUEEEZELZ3OTH Y, LWEPH ITL > TRF ¥ T0~T0%, Z—
7 TIS~B0B DEHENTEE L T 3,

2—4. Protease [ MENS TSP OF 7 25 v —RRITTEE : ChETOMKELS, TSP
25 Protease | CORMLIEI & » TENHEX & B L THbEE, BEEEZIcmbsaa
ERHELLTHEY, COEETSPOF 7 AF 4+ —%2EbRWC LBHBORNE § BE
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2 70 PPSI Pig. 7 Peptic digestibility of TSP preincubated
B with Protease [ at different pH for 3 days
S} o
o at 4°C. See text,
L
T 2 1 1 L
4 5 6 7 8

PH

UTEE LW, COBA» SBRELEICMES 77 257« —H{L2HELI.

A B .
I — —_— Fig. 8 Texturometer patterns of TSP,
A, no treatment ; B, preincubated with 0.1%

' = = Protease I for 3 days at 4°C, Conditions of
i o texture estimation are as follows, Clearance,
£ 2mm ; Chart speed, 1500mm/min ; Bite speed,
\ //’}\ 12B/min ; Planger, Lucite 18mm_ Voltage,

0.25 (A) and 1V (B).

Texture index
O =N W G

Estimation time in min

Fig. 8 WMz HIER P RT. UWEKOERELL G2/S1) RELEXDOZ2N X h 385
pIT/hE <, TSP OFEENFINHEICE - THhEL BT s, st HZEHOEI 2R
FIOTH B, CiEHLHCBUERIAS S, MMET X T TSP BHL 255 T
3T EWHMB

0%&@&@@ﬁ1£6%ﬂ7x & —DEERRT.,

(1) BTNEREROEBREELES & OEM% : Protease | OBEEH0. 0715% LI LTI
OEIDNUILIZ-TEH, FINEERICE T TSP P25 TW05, LT O
X 4°CRHNT 1 BEEOMETAMITHL 25> TH ), 2ORORBNEITED b h
e, (Fig. 9)

1.0
%
2 Fig., 9 Hardness of TSP preincubated with Protease [ of
50.5 ) varied concentration at 4°C,
E Enzyme concentration, @—@ 0.2% : @—Q 0.1%
= :O0—0 0.075% : ©—© 0.05%.
o
x

L e
01 3 7
Preincubation time (days)

(2) BIALPERSRI R O BESABLE &R & OB - R L BBR L THBoE Tk
2EDTEDOTHY, 0.05%BRBETIXEDGRBLTH 525, 0.055%Y LOBREITHT
51 EMETAHIETLTOS (Fig.10), 1 HLE 4 U OREHZEERET 2.5



&4 XA OBeEREE 75

n
22l
2
:q;; . . . .
K Fig. 10 Cohesiveness of TSP preincubated with Protease I
s of varied concentration at 4°C,
g _Enzyme concentration, @—@ 0.2% : O—© 0_1% :
3 0O—0 0.075% : ©—80.05%.
P
01 3 7
Preincubation time (days)
ns,

2 — 6 Protease | BIMLERIC & 5 TSP OW{LEEE 57 AF + — EOBEK : Ch %.T O
RB2 g )T Table3tnd., FiHIOENTH 37 7 AF + —2EL 20 6 H{E2 KTy

Table 3 Relation of digestibility of textured soy protein preincubated by
Protease ] to its hardness and cohesiveness

) R bili
Concentration D ¢ Digestibility
ays o . . .
of . ; Digestion ratio
pretreat- Hardness | Cohesiveness Relative
Protease ] initial ,
or ment nitia . pancreatic
7 velocity pepsin enzymes

0.05 0.85 0.94 1.09 1.09 1.09
0.79 0.90 1.13 1.15 1.10
0.87 0.96 1.05 1.06 1.13
0.075 1 0.26 0.43 1.00 1.08 1.00
0.28 0.39 0.95 1.08 1.03
0.24 0.29 0.81 1.11 1.09
0.1 1 0.26 0.38 1.05 1.11 1.06
3 0.28 0,34 1.08 1.20 1.16
0.26 0.27 0.95 1.21 1.12
0.2 1 0.20 0.28 1.20 1.15 1,13
3 0.23 0.15 1.07 1.20 1.15
0.15 0.24 0.77 1.23 1,27
0 (control) — 1,00 1.00 1,00 1.00 1.00

ZBIALEEE & U CBM 2RI RS 5 7205, MO TRAIF0L 5% HE T4°C, 3~71H
HORLENENTH S 5.

3. Protease IT MLEEDS & 4 X7z AiE { (b R34 5o

3 — 1 BTLEEEHOBES : Protease | OBFAE LR UL 4°Cicisis 5 Protease I] A &
HOALIREEAS TSP OKFIC RIT 388 Fig. 11 1Rs. ERFEE Fg. 2 HUTH 3.

Protease | DFEHEL 5T, {REECHS I ABRBENSKEL, BREERCIZEN
HhE,

3 — 2 INIEREESR T & LERRS R DS It RIE TR - R % Fig. 121C77 Y, Protease
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Fig, 11 Hydrolyses of TSP in preincubation with Protease
O at 4°C. See the illustration of Fig.2.
Enzyme concentration, @—@ 0.2% : ©—@ 0.1%
) 1 0—0 0.075% : ©—© 0.05%.
01 3 7 :
Preincubation time (days)

4
s

<o

Hydrolytic degree (ODs
I
D

ey
g o ’___/‘
2 '»)
fid
= 1.0 Fig, 12 Relation of digestion velocity of TSP with pepsin
Z:;:‘ o and preincuvation time with Protease I .
o 0.5t Enzyme concentration, @—@ 0.2% : ©—©0.1%
Z :0—0 0.075% : ©—© 0.05%.
) . .
[a o] Y VY P T 5
001 3 7

Preincubation time (days)

Dil&Exy, DEEBNCEALTRFY VL 3H{LEED FES 3184 (0.2%, O.
015%) MWD b %, T72b b Protease | OBAE FHEERERDE TS & E
LTOWZNEELLNS, v

F oA RAYIT A LEEE & Protease [T BIAUEEXASS Protease [ BIMLER EL S5 NTH & 0

Table 4 Variation of digestibility of textured soy protein preincubated
with Protease [T

ancentration Days of Concentration Digestibility (%)
of of substrate
pretreat- ; ancreatic®*
Protease I ment protein pepsin® b
% (N mg/90ml) enzymes
0.05 1 208.,1 66,33 76,35
3 189.5 65.21 77.32
208.0 69,31 78.69
0.075 1 240.1 63.89 70.62
271.8 65.76 73.61
187.6 74,73 89.10
0.1 1 230.6 64,21 76.20
3 206.3 71.27 77.89
212.0 72,47 79.65
0.2 1 181.6 69.56 80,21
3 186.9 73.22 85,58
7 169.7 76,76 88.61
0 (control) — 187.5 60,09 . 70,57

*  Calculated from the values after pepsin digestion for 140min,
*% Calculated from the values after pancreatic enzymes digestion for 300min,
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L5THA,

3 — 3ALTEBEAIARE & /LR & OBER : Protease [T DEEDS TSP O LI i3
P ILTREGN & B9 TIH~x5 & Table4 0L 351/ %, Protease | OFEE (Table 2) ¢
5 ~THIEER D U BN,

34 RFVURUHEHEEBRE2AS L UZEED TSP o¥{bEoEl : chxTol
% OV R CHEEORE 21T - T30, 0.2t Uiz 3 OE{LER T &
7 3 TSP OZEB)2 Jg-~ic,

ZOF55E (Tables) % Table4@2h & I 5 &, BMBEEXSD OREEELZ

Table 5 Relation between Ppotease [| concentration and the digestibilities of
textured soy protein varing the concentration of pepsin and pancreatic

enzymes
Dlgest1b111ty (%)
Protease [1* Initial
concentration digestion 0.2% 0.2%
% velocity pepsin pancreatic
enzymes

0.075 3.42(4.86)%* 73.,80(85,76)%** 81,23(73.61)**
0.1 3:97(4.77) 73.40(71.27) 83.32(77.89)
0.2 2.56(5.79) 72.39(73.22) 83.52(85.58)

*  Preincubated for 3 days at 4°C,
** Figures in blackit exhibit the values at 0.1% digestion enzymes,

ETFLTNADY, HEROMTIRO0IBSZLUNKE BEFBD 5N, T0 X5 0. 2240
HEEBEECBOWTHEROHENED 5N DOW, IO TRy, Z—ity
220 E O VEEEIERT 3 X7 F Fi5EHS Protease ] HEEO. 1%L T E I & 7¢
S RBADKBINTHBRIID EEZLLNS, Lithi, TTables OEERME (4°C, 37
) Tix Protease [T OEEZ01BUERET 3 & 3ESRERY, —RicoE
BNTHBREONMBERIIADE L Bbil s,
3 — 5 Protease ] JUTEAS TSP O F ¥ R F » — T RIS 8
(1) Protease I DMLIEFRI RO ILE & TSP OFES & OBIR : AERKE % Fig. 13 1057

1.0
w
w0
2
=
= Fig_ 13 Hardness of TSP hydrolyzed by Protease I of
EO.S varied concentration at 4°C,
f, Enzyme concentration, @—@ 0.2% : O—© 0.1%
Poil
2

—(O 0.075% : ©—@ 0.05%.

01 3 7
Preincubation time (days)

3, TSP i24°C, 1 BOBEELBEICL - THEIRETTSD, 0.1%FTESOBL LD
X%EULTBD, Protease | L HEU TEMZKETHIETAS.



K B

o

78

(2) Protease Il METALIERGHI KO BRI & BEEENE & OBER - WERBF2 Fig. 14TR
T, 4°C, 1 HOMBETHISHDEEMEZEL Protease [ £ 5NTF 7 RAF v —OEAL

b,

=
=)

Fig, 14 Cohesiveness of TSP preincubated by Protease
Il of varied concentration at 4°C,
Enzyme concentration, @—@ 0.2% : §—¢0.1%
:O—0 0.075% : ©—@ 0.05%.

Relative coliesiveness
>
o

I

01 3 /

Preincubation time (days)

3—6 Protease [] BB k2 TSP D77 AF » —EH{LEL OBER : ChETO 8
2% & T Table— 6 IR, .

Table 6 Relation of digestibility of textured soy protein preincubated by
Protease ] to its hardness and cohesiveness

Digestibilit
Concentration rgestbiy
of Days of s Digestion ratio
pretreat- Hardness | Cohesiveness Relative
Protease [J initial .
ment ) epsin pancreatic
% velocity p enzymes
0.05 1 0.77 0.81 1.04 1.10 1.08
3 0.64 0.74 1.14 1.08 1.09
0.56 0.64 0.92 1.15 1.11
0.075 1 0.55 0.64 0.78 1.06 1.00
0.45 0.53 1.02 1.09 1.04
0.48 0.63 1.30 1.24 1.26
0.1 1 0.57 0.69 1.04 1.06 1.07
3 0.42 0.44 1,00 1.18 1.11
0,32 0.31 0.91 1.20 1.12
0.2 1 0.16 0.40 1.20 1.15 1.13
0,14 0.39 1.22 1.21 1.21
0,10 0.22 1.49 1.27 1.25
0 (control) — 1.00 1.00 1.00 1.90 1.00

T DOEEEMELM & U T HERSE S U 3 O Protease T J4EEQ.0759%C4°C, 78 @
WMED DB oNE. T2HE, COFHFTIE TSP ODF 7 27 » —250%% L, #Hik
ST BERLU T A, U UEIOBMIKEH T2 L ERXHF IR Y 5 3, BILE
Protease itk 3 TSP D7 7 25 » — 2 FL TH{LEER2 RMSET 2 M HE» BHT C
LY HEOC & EEBbh 3, -



&4 Xzl oL 79

& =

BAHER S A XTc A E (TSP) OF 7 2 F » — 2L 2 5 bR R2T> HIW T2
O Proteuse K & A2 E A, 2L EDF I RAF +—~F{L & in vitro K17 3 1L
BR2HEL, 205 OREENSFHENICEET 25ILEEEZ R LI,

Protease | (Cigma, from papaya) JIET: AL < EENE M LEEE S RUIEE { 5
TH 5T 3D, TRk O Protease DEEREHENA ST & Listic TSP ~0 ¥ 8 3 1
B, RPVLOFNRELLTOWAND EZFAL B L EMWHEFRS, BRBEEERIROHEXDIO
~30%HEE T 5 TN S,

Protease [ (Kyowa, from Streptomyces) & HEZHIRFIZ/KEZ T, 2R X % M
TSP OM{LEE S Protease [ L h 3 k&0 Ens, BRI ETREE? 2T T
% Protease TH % EEAZ SN L. Tk E{LEIE Protease | LESYEAUTH A, Lk
S THIEREER E U THERNEE LW EDTH Y, Z OIS E L T0.075% Protease 11
w3 4°C, 7HEOQENET LGNS,

Bbhiesd 4 Az AZLERPEEI N BRRERISHICEST 2 LA, 7727
2o x—% —DOERCEUAZEREZBOE/AFEFRUFETLR, AEREZRICEL
BRLERALULT 3,

b4 iy
D NBET : AOBEE 29, 27 (1976)
2) BMIUEL : R - BEHEIRE (BEEE - BB - B3I 456,35 MR, FEE (1976)

3) BEUKFERE « Bk 46, 52 (1975)
4) BEARFEH - REE
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