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Fig.2  SDS-PAGE analysis of acid-soluble wheat protein.
Marker, molecular weight marker; ASP, acid-soluble wheat
protein.12.5% SDS-PAGE. CBB staining



[. HWALEL BT 28O SWE L EAIC KT ASP IR s 2

RPN NRUET 2 EPEHL TIX, MEOY bR EE LB LO—D2ThHDH, LL
RGP R E B LTWD Z D AHOZEED KREEED DD
BB ORERRELE 2%, b L, i%%@ﬁﬁﬁ% ﬁmbﬁfni TR

DX ELE TRPMERFT 52 ENAREETH D, Ll EBEIZIE, BB — M4
FFT 27T OISR EA LT T 52 & b)TTKT%E) Tl E, ®/iBIRo
V) —ME 2 RO T DI E 11 3 J:Uﬁkﬁérjj D KRIZ72 % & G ORI KON
MR EET 5, AHIEIZLZEEN WS, TR EIRO TR T <, BEkh
@%ﬁ%i@mﬂﬂu‘%@%ﬁﬂf>é:ﬁ?ﬂ@%%f%é

AREETHEH L PREEIC L 28002, A B A OBMNEZLZE TiEZR v (Cauvain,
1998a) . L72>L ., #tlfbB S zdsnTid, oo Phom B B ICHE 2 O B AIHME
HENTWD Z b, FREICKIT 2{EA] (Yamada & Preston, 1994) | #L{L7 (Tsen
& Weber, 1981; F_I, ¥kH ft, 1995; Miyamoto, Sakamoto et al., 2005; Hattori, Dupuis et al.,
2015) & D\ MEEEFE (Maeda, Hashimoto et al., 2003; Harada, Lysenko et al., 2005) DZhEIC
DNTEL OIFREPMTON TE 7o, ZRHDORSNE, /U OREE I L, Ao AT
2 dgZ L. &2 WITRMHOB S 2R T T 28RBH L Z L B> Tnd, Ll
M LRI DGR TRTEL L 7 n T 4 LOKMZEIC X 5 At 2 biz ﬂ L
TOMHIZNRIZET HHE LA SN2,

— I NERT DT NT v OMWEIF AN BEGEIIRE R RET ZEAHL N T
0. TNT UGy & AR L ORIOBIRIZHOWTE K OBFER T T&E Tz, £< D
WIENE, N EROYNER T VT O T NNT = Akt T 5 7 T U ORICRE
<HAF9 % Z L A/R L7= (Uthayakumaran, Gras et al., 1999; Uthayakumaran, Newberry et al.,
2000; Noor Hasniza, Wilkes et al., 2014) , L7223 > T, HER 7 U 7 2 2 DMlEME 2 10
BT NT = ISR S Tesh N O RGE N L E X 2 G 2 O #
INTEDINTG A B ET D EITUWD (Wieser, Bushuk et al., 2006; Wrigley, Békés
etal., 2006) ,

%*fﬁ%fiz%P@%m’iéiﬂ@%@®miﬁﬁﬁﬂﬂyiﬁmﬁﬁéiﬂ
Wt DL TEAL & B DY LI RIT T B OV TR L2, S 512, ASP OFRINIC &
2% A Hifif e o ) _Eh B _E'gﬁ‘éﬁgﬂﬂ%éf/ﬁ ZOWTHMT 2D 72,



1. 3B L OVERITIA

1.1, /NEM B KO RIIR M N & X7

INERNE, BRI BIED N T-HIRO /S AR (2 VA4, BIEUmkEH)
LT,

TVT U EERGy ET DRI NE X R E (ASP) 1E. BRIk O TR,
(7 V7 A, T~ bk Stt) 2o, ASP I HiE L U v FREDO KRR & VT
WE/NENOAEDNTZ 7 VT UGBS LTz (RIS, Fik fth, 2014) Bl TR F|
ASP IZIZENREENTND N, T O BRI BT 2 B FANEMICITEE L nw &
R LT D,

TS OB B & K5 RFF T (water SRC) % Table 1 (2R L7z,

1.2. mp#rdiis

KB XOIK3E, EEI AACC 1% 44-19.01 3 1 O8 08-02.01 (AACC International,
2010) (2L VWHIE LTz, #2737 E X, AACC % 46-11.02 (AACC International, 2010) {Z
£V Kjeldahl 7ETHIE L7z, KZEEEH L 7-EELREF /) (water solvent retention capacity;
SRC) OHEIL, AACC % 56-11.02 (AACC International, 2010) (ZHE-> THEfE L 7=, H5HE
E, BLREEYZD O wt% TR LTz,

1.3. Bl bR < TR

KB TIH BT 5 AEAZBE LI ERTY (RS AT3 V) Tombil <
NZEkoT, BRBEIT o, 2y r— Ry (LU Fr—LsR2) % Table2 IZ
R RLE & Table 3 IR T TARICHE S T, % 3 REREIREEE X & 2 ik 2 v il
L7z, 2 TOFEMBHIR/NERERICESIS R—D—A—B L FTRENTEY,
FEOFMEHT MR 70%, SR (Y = Z v A — A b, AUz X OVEERE T 360k
Xatt) 2.8%, FHALH (=~/L P —MM-100, FAFE # 2 U #ktt) 0.3%., ik B A
(CT T 4—S, IV = ZVEERF T MRS 0.1%, 7K 40% Th -7, AALANIE,
KTHRX (HEFRIN) 38 X OV ASP IRINIXIZ I8 1T D NFE ORE & OFRIFRY 722 B8N 2 i <9~ 5 7=
D (R, WHE M, 1995) ITEINLTo, AREBFETIL, FEE%Z O RRA M X O%/NE
MERICIESSEY ORIy E LT, /MER 30%, WFE 12%, vYa—h=27 (BT
YA b, HHRREAD) 12%, BAEHTEL 2%, B 1.8%. K 22%% x> 7 L., &%
WA HIBRIREE L LT-, AEBRO T —/L 0 DA . BiEA AHIRIREE L 725 I %
VU VHRERNE, TR EREH ISV AT ATHUELEZIXF I OT7 745
JVEEBEBIRE R 30-90 P TH D Z E B TR DI ST o7, 722U, T OREH
X, BLA &SV OREICE TS, ZNOOHEEND, I X2 VOB BE



Tablel  Analytical properties® and solvent retention capacity (SRC)® of wheat flour or acid-
soluble wheat protein

Materials Moisture (%) Ash (%) Protein® (%) Water SRC (%)
Hard wheat flour 13.9 0.42 12.3 64.1
Acid-soluble wheat protein 6.5 3.70 782 1481

4Data shown as percent of total weight (wt%); n = 3.

SRC tests are conducted according to the Approved Method 56-11.02 (AACC) using water.
Data shown as wt% per product weight.

°Nitrogen to protein conversion factor: 5.7,

Table 2  Material formula of bread-making

Material Formulation®®
Sponge
Wheat flour (%) 70.0 (36.27)
Compressed yeast (%) 2.8 (1.45)
Emulsifier (%) 0.3 (0.16)
Dough improver (%) 0.1 (0.05)
Water (%) 40.0 (20.72)
Dough
Wheat flour (%) 30.0 (15.54)
Sugar (%) 12.0 (6.22)
Shortening (%) 12.0 (6.22)
Nonfat dry milk (%) 2.0 (1.04)
Salt (%) 1.8 (0.93)
Water (%) 22.0 (11.40)

aFormulations are reported in baker's percentages based on
the weight of wheat flour.
bValues in parentheses are total formula percentages.



Table 3  Bread-making process

Process Instruments and conditions
Sponge
Instrument Horizontal mixer, Laboratory mixer system, Model HM-50,
Oshikiri Machinery Ltd.
Mixing time Low-speed, 55 rpm (Low) 3 min; High-speed, 110 rpm (High) 2 min

Temperature of mixing end point

25.6 £0.4°C

First fermentation

Condition 27°C, 75% relative humidity (RH), 3 hr
Temperature of fermentation end 28.5+0.4°C
point
Dough mixing
Instrument Horizontal mixer, Laboratory mixer system, Model HM-50
Mixing time Low 3 min, High 3 min, Adding shortening, Low 3.5 min, High 4 min

Temperature of mixing end point

26.6 £0.4°C

Floor time

Condition 27°C, 75% RH, 20 min or 40 min
Dividing
Instrument Dough divider, Model DQS, Oshikiri Machinery Ltd.
Dough weight 80¢g
Condition 10 strokes/min, x4 pockets
Rounding
Instrument Conical rounder, Model RQS, Oshikiri Machinery Ltd.
Intermediate proofing
Instrument Proofer, Model PQB, Oshikiri Machinery Ltd.
Condition 15 min
Molding
Instrument Molder, Sensor moulder system, Model WFS, Oshikiri Machinery Ltd.
Condition Roller clearance, First: 8.0 mm—Second: 2.0 mm; Perpheral speed of

roller: 38 m/min

Pressure board height, Inlet: 15.0 mm—Outlet: 15.5 mm; Width plate,
Inlet: 160 mm—Outlet: 170 mm

Panning to the baking pan (for bread roll)

Final proofing

Instrument Dough conditioner, Model OBS-D5, Oshikiri Machinery Ltd.
Condition 38°C, 85% RH, 60 min
Baking
Instrument Deck oven, Model DOV-T43, Oshikiri Machinery Ltd.
Condition Upper (Temperature/Heat control): 210°C/3; Lower (Temperature/Heat
control): 210°C/1; 11 min
Cooling
Condition At room temperature for 40 min after baking
Packaging
Condition Individually packaged using polyethylene bag

*Bread rolls were produced using the sponge and dough method. Used 12.5 kg of wheat flour.
(a) The illustration shows the baked product seen from the upper. (b) Full view of the make-up

line.
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2T, p<0.05 THEMHNICAR L AR LI, 77V /7770 A7 02770
TERE RS FIRRICALER LT,
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2. fRBLUEE

2.1. NUDOHNBLERNFRICKITT 70T H A LOFEL ASP TINORNF

Bepk o R, JERMIS LOWmIZd T 5805707 4 L ASP OIRINE

DEB % Fig. 3128 Lz, ®BX RN TOT7 a7 2 A AORRZEDR L Bl534
LHE, TaTHA L 40 SHOAERIT, 20 5T, ERBEIZILN S T, 20
FERIX, S E TR O A OMEDO R EMEPE LR S ACB W TEETH L L0 O
SREFHERE LTz, RERAIIC, ASP0.5%3 LN 0.75% IR O r — /L X Digix, 7a 7 ¥
A LDEBLEZ T IR Tz,

Fig. 4 |2 L —WRBEREEIC X 2WEMEERT, KIZENLL T, =00
i, LA, BES, BBIOEIEZRL, E0IC78T7 XA AORFRZEDRELZ R L
T35, 2TCORBRXE T T XA L5 20500 — L0 DRERBBIOESICHE
ot 7a T HA L 405 @%ﬁwﬁf@ﬁ%if%@%&méWﬁMLtw
Ta7 XA AORMEICH L THEEREZ ~EIC LGS, Zo/RITEE TH D,
TORBRXBEIT, 707 XA L0840 % T@of%w@%&mé A E iﬁ#oto

T EEBLWIEIZERT S & E%E(%%M)@A?i a7 XA L 405
@D~»A/@§éi7m754b20\i0%ﬁ . EITHEBICRR -7, 1
SR D Z D2 L, B LR S 1T féﬁﬁﬁﬁwﬁmﬁ1®ﬁT_o&ﬂé 54
RN —EIRTZNTNWD D, 7 a7 X A LAORRIZENEMHED L 25 & 2

LR EZEZD LN TE S,

—HF ASP IRIMX DO — /LR DOE S LRI 70T X A LAORRIZED B L T 72 )
ST, T— LR OB 720 D IE, ASP FINX DA Mo it g < . A i
DUHED/NE N & T, BERBE DO R — AR DRIV EDL RN EEZ bivle, bk
ROT — X%, WA SE ORI L o TEERAMPMEOLEMIX, ASP & A HIZHR
M2 &LV mETHZEERELTND,

S 5|2, Table4 TR L7z K 912, S PNAHIZ BRI TR SRk S5 1 mm? 2L
FOKIAENHBETT7 a7 XA 5 20 4312%F L 40 53 CTRE M L7=2, ASP 0.5%
BEO 0.75%BMEXONFEOIRIEIT 7 0 T X A LOEBIZIAEEBTIHEV AL
NoTz,

INHORERIY | B8O Z KD S B HEAL R 23T ASP DS
mz k-, %%%AJNNWQ&ﬁ%@@fﬁﬂ%ﬁ\/%ﬁﬁ?ﬁé*kﬁ*@%é*kﬁﬁﬁ
Linkrlpot-, ZOERIL, ASPIRINC L > To7 a7 XA LAHIZBT 530 AR OIHE
D ST o EHEER LT,
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@ ®) © (@ =) (0

Fig.3  External appearance and cross section of bread roll. (a) No additive (control), floor
time 20 min; (b) no additive (control), floor time 40 min; (¢) 0.5% acid-soluble wheat protein,
floor time 20 min; (d) 0.5% acid-soluble wheat protein, floor time 40 min; (e) 0.75% acid-
soluble wheat protein, floor time 20 min; (f) 0.75% acid-soluble wheat protein, floor time 40

min
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Fig.4  Specific volume and shape of bread roll. Results show the average value * standard
deviation (n = 8). Bars labeled with different letters are significantly different at p < 0.05,
according to Tukey-Kramer test. Control, no additive; ASP, acid-soluble wheat protein
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Table 4  Cell number of larger than 1 mm? in cross section of bread roll
No additive 0.5% Acid-soluble 0.75% Acid-soluble
(Control) wheat protein wheat protein
FT20 FT 40 FT20 FT 40 FT20 FT 40
Cell numberfcross 143 185 148 151 151 140

section

*Cross section in Figure 3.

**FT 20, floor time of 20 min; FT 40, floor time of 40.
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2.2, HREEICEB T 2 A TR P O A& HME~D ASP D2h5E

ASP DIFRINZ, 7 a7 & A AORFHIZEICK L TR E 2 ZERT 208 AR~ LT
D, K0 FEZR AT D T2 OIS TR DK B COARMIMEZRIE LTz, &I, H
FEIEIC BT AR TP OO ELZRE LI-fE R4 R LTz, Fig.5a X ¥ HE—%

DENERL, BT, Fig. SbIIT Y 7 by =TI k> TR I Nz I o0 7Kt

BT, Ya— b= T EEINT DRIOBRM THET 5 & RIRIX (RN & ASP T
MK E DRI TENOEB LI X2 0 ZTIRIIORKREIZIZ E A EEN 2o, Th
DOFEFRIZASP ZIINT 5 & XTI NTKOENHEY ThHh-72 Z L 2 XFFT5 b
DTH 5D,

HREICB T DA TEO B, K&AEMOYIEE +3Ic B bS8 b 2 Licky,
HELLLIINVT G| O THERAEMZIES Z L Th D (Cauvain, 1998a;
Marsh, 1998; Stauffer, 1998) , > = — b =2 7SNk O BEMECHIZLT 5 & ASP IRINX.O
IRV UTIBPOBERENKRX L VIR L AR LT, FLTZORIZEZNIE. ASP
DOUWINERNEEIMNT B LN > T IF T T DT 7 A FIVERBRESOEREI F2
TN SN D Z RS, S E LT, ASP ORI AERDIE AU B % 5-
25T LRI T,
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4.0 250 Adding shortening
3 (0.5% ASP)
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Fig. 5  Electrical power curve (a) or mixing resistance curve (b) during the dough mixing.
Mixer motor electrical power (kW) obtained every 5 s was converted as the mixing resistance
(DIV?) of the dough by the analysis software. Each test was performed twice and the results
were confirmed to be the same. Control, no additive; ASP, acid-soluble wheat protein; Low,
low-speed mixing; High, high-speed mixing. “The unit of this system, which means division
(vertical axis in the figure b). "The final stage of the high speed mixing after adding shortening
was taken as the time at which the maximum mixing resistance decreased by > 10%
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2.3. IR OERMIEICBIT D 70T XA LOFEEL ASP DR

B LRI IS 1T D HEAEHAEIX, AR 28T 5 n— I xfoMzBmi S5, 2D+
SERAEIZ R D (A DR S A 10 550 1 LLFICHA L, REAEIZ 3 520 BIS#m3 5,
JEREREAEDSE 1 O HAYIE, FEEAEMO "B CRFET A 2P A L, RERKIBE D S
52 ETHD Marsh, 1998) ., — 5. AEHIOYMER 1 —TF DOBRE L O0e —T O E
IZHl S WA, KIBOHIMEDHELT Liaunds, £ EEAMMNRELZ T, Ok
RELTRUVONWENEREEZT D,

Fig.6 I, 707 Z A & 2053 F7213 40 53 DO EIERMEZ NI LT & & IR EELER —
TIWMA BN R RIS Z2 7T, X (BRI TiL, 78r7 %A A 40 55 OEHIC
XoTue—ZTMAabnzbnd, 7a7 %4 5 20 & LT, 56.1 N B0 L 7=,
EHOMBEMET LI EEZEX b5, AKX DR —F OFRESRMFIL, HRX D7
BT ZAN200%EREE Lc, 207D, AMPENRE S EL L, AR
KT 256, B — VR OAEMDRE S NEELZIT 5, e LT, ARt
DIR T, WA ONBlOENE LTHNLD,

—J5C, ASP 0.5%IRIMX D7 a7 2 A L 20 53D KIS HIERK L FEICKL
VMBS BT B RIE TRO 7D O BiF2iEictkE S -2 & &
BRI %, ASPOS%INIIX T a7 ¥ A L% 20 005 40 IIER L= 56 KR
DML 542N TH Y | RIS STOZEAbIT X & i LTl S 4172, ASP0.75%%s
MXIZBIT D 70T ZA L 20453 TOHRKNIEIE, ASPOS%IIIMX LD FEICE -T2,
ASP 0.75%IRIITCT7 a7 XA L% 20 00D 40 SIHER L2356 O R RKIs /1 o8
416N Tholz, ZNHDOFERNL, ASP OUMENINTSE L, 7aT7 #4144 2045y
D5 40 53 DI KRG I DZE TP Uz, FER E LT, ASPO.75%IINXIZBIT A7 a7 #
A L 40 Gy DERIGINE RPRXICB T D27 a7 X A 5 20 53 OfEIZE S\ e, ZHUE,
BB TSI D ) e A I 8GE SN 2 2R LTV 5D,

Al L7z & 902, #tb 8o~ TROZEMIZIE, S TR TELLI 7e T A4 L0
BRI ZE okt U CAEMBINEZ REIL ST D Z ENEETH D, ASP DIRMOBFIL, Fig.
3R L7 oM X OWFI O & Fig. 4 1R L8 OR DY — 1M 2 5 o
HZLIZHEB LT EZ BT,
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Fig.6  Effect of floor time on the maximum stress to the final sheeting roller. Results show
the average value + standard deviation (n = 20). Bars labeled with different letters are
significantly different at p < 0.05, according to Tukey-Kramer test. Control, no additive; ASP,

acid-soluble wheat protein
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2.4, EIEAEMES KOV — VAR TZAR & A O REFAE 15~ ASP IRINOD 5228

Table 5 ([ZJEEA M (FOEE A) & u—/L4AE#M (FOEHE B) DFNFNDOE S 2R
L7z,

KERRIX (BEVRIN) OFIEAMAZBIEE LI E. 70T X4 L5 2053705 40 3 ICHER
END EEX LIV hOHEIT ) BMEL Rotz, TRBORERIT, ik L7zpk
TEAEDEIE T —F OIS AEFRE R S L TV D L& 2 55, ASP IRINK & % HRIX &
B L7256, 77 44 L 20 OEMAMOES L1 (TAEBENhoTz, 78T
ZA I 40 pOSEEAEMOR S L1 AT % &0 ASP 0.75% AN I3 X Fs L OF
ASP 0.5% X L D BEICEN -T2, S HIT, ASP 0.75%IRIMNXITI 7 a7 Z A4 A 20 43
L A0 ORITTHBENRL LN, 2D DORERIL, ASP OIRINMN, Fig. 6 1Z/RT
K7aTHA MBI DHEER —T DOISHRERR & FERIC, 70T Z A LAOKFHZEZ
X9 D AEMPIMED R ENDOUGEICF T 5 Z L 2R LTV, FIEAMOE S L2 (1
TEAMDORES ) 16T 5% 70T XA LA TORBRKBICAEEZITRD bARhoT-,
INBIE, TVT U OREMEICKTT D ASP DR THY . SV TPV DIERTH D L
EZzbhi,

S B2, A=V 7 EAERTOJEIEA # O NE G & 2 SEM CBIEL L= (Fig. 7) .
Bz S TRULEDRF > 7o ORKTTh Y, Fig Ta BEU b IRTRIRX (MR
My OJEIEAEMO SEM B TlX, 7a7 A4 A 205850040 55 & HIioT v 7R
BRI BT, AT 3y hU =2 AR b o iz, Az iiE L <
HEMERIRNZO RS T LE o722 & Bbhiz,

XTHREYIZ, Fig. 7¢ B LV d 12T SEM B HBH H 232 K 512, ASP 0.75% X
DFEEAMIT T 1T 2 A4 MR, T 7 RIBHECELm L TR, Z AT v Ry
FU— 7 BNERFFENCHIEESNTND ZERNEETE I, VT 0%y hU—7 O
PERENZ ERHEER STz, SR L LT, ASP IR ESIEIC S L CAMmZifE L7 <
L. S5 snzliBEolfFEE2550 5 Z L ICEwE Lz,

Fig. 8 121, JEIEAEMA v — VBN RRE SN A BEOBAX 2R Lz, HWRIEZ v T
YFy NT—7ERL TS, RIE TR T, FRIFEEES O EITRETEIE T — 7 (12
Ko TFIESNTIEEAEME 2D =V T F =— 2 THERIZEE ZFE, kRNT
JEIEAR Cu — VO AEKILRIZEE S5, Fig 8a OXRXDOGE ORRIZ, 7 VT v %
v N =7 BWEFHENHON TN D & I AERITREEREIC X 0 X S 5w L Wiy
M, DFEY ., B 22 FMNTRIUET 2 (FEIE 7 M OB E G A28 < IHE T 2) .
Z AU LT, Fig. 8b @ ASP0.75% MK OB B A12IE, [EEHmIciEEns-= s
T Xy T =7 OIFENEC X0 | RIEAMITERE T A &0 E & 5 & T T
IHET D, ZORRE LT, 4T %y hU—7 OFFEMENRBIERIEIC LV IETE
TR AE M O W (A7 [ O B S M OUE) #5505 Z L IZHFH LT EE XD
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Table5  Measurement of the shape of the sheet dough (A) and roll dough (B)

Sheet dough Roll dough
L1 (mm) L2 (mm) L3 (mm)
No additive (Control)
Floor time 20 min 149174 (7.9) 119.22 (29) 1532%  (3.9)
Floor time 40 min 140.1%  (7.7) 1169  (37) 148.7¢ 4.0
0.5% Acid-soluble wheat protein
Floor time 20 min 159.02 (7.9) 1166% (7.9 153.3° (33)
Floor time 40 min 140.2¢ (64) 1159%  (4.1) 15114 (3.3)
0.75% Acid-soluble wheat protein
Floor time 20 min 1585%  (6.0) 151 (36) 15572 (29)
Floor time 40 min 1498°  (4.6) 1300 (41) 15224 (2.9)
A T ‘
L1 kL3>
|
k— L2

*Thick arrow indicates the traveling direction of the forming belt.

**Values in parentheses are standard deviation (n = 10). Means followed by
the different letters in the columns are significantly different at p < 0.05,
according to Tukey-Kramer test.

***Dough pieces were pressed and degassed with two rolls of molder (photo
A).

****Molded doughs were moved on to the final proofer after panning to the
baking pan (photo B).
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=== Sheeting direction

Sampling, quick freezing and lyophilization

@ Observation part

Fig. 7 Scanning electron microscopy images of the dough after final
sheeting. (a) No additive (control), floor time 20 min; (b) no additive
(control), floor time 40 min; (c) 0.75% acid-soluble wheat protein, floor
time 20 min; (d) 0.75% acid-soluble wheat protein, floor time 40 min.
Starch granules (S) are labeled in dough samples
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[Changes of [Each steps of [Extended direction
dough shape] molding process] of the dough]

@ Q/ Dough ball
v

.
SRR Sheeted dough
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£S5 5222 >¢Y
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Fig. 8  Effect of adding acid-soluble wheat protein to shrinkage of the molded dough. (a)
Control, no additive; (b) adding acid-soluble wheat protein. ASP, acid-soluble wheat protein
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iz,

FEFRIZ, Table5 IR LI —VAMOES (FTOBEEB) O%6, tHRXIZBWTT
BT HA L 203000 40 SIIER T S L RS L3 IEES fgoto ASP 0.5% %S INX %
TaTHA L 20 0ORNBXE LI LIEHA. n— AV AROR SICEIT o=, L
L. 7BR7 %A 2 4045 Tlid, ASPOS%IRINX O r—/ /VAMITHRX L0 R, Al
W DRFFURAFAIZ2EIE ASP DTN X 0 il S iv7e 2 & 2 o"e L7z, ASP0.75% 0
KoL, o— L AEMOES L3, £7uT7 44 LAOFBROES L)y ZNFhEE
WZEDhoTe, TRHDORERNL, ASP ORI, 7uaT7 4 A4 LORIDOEBEIZLD

1 — /L TER OAER O IR S D 2 E R ER S NT, T7eb b, ASP ZIRINT 5
ZECAEMOMENENRM EL, TuT XA AREL Ro THHBEDHERF SN L2
0 — )VAEROIRE — BT DT DICRD 7R IEE 12 N2 D B 72, £, kil
L7z & 9 T EE TR M OIS ([ A2 5 2 2 2 &b ASP 3 e — /LR D
FHOBEICRELS FHE LTS EHEE Lz, S5IT1E, ASP OUINC L 0 FEHERFZEN
NS EURZED D 72 < 7 DAHADFRD BTz,

Z D ASP OFEIFZ S OREO S ICHETE D B BN D,
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25 NUONHOE S B L OMRAFEFHOLIZE T2 70T X A4 LOFEL ASP OZNE

Fig. 9 |2 20°C T 24 FFRAFZ DO/ ONHOBE S & RFHF O ZEbE~T, KIX, 4%
R DO7aT H A L 204558 40 53D E R L TWD, /X ONHOM S ORI E
1%, ASP DIRINC X 5 A Hipik: D2 EAL S/ ONFR D S G- 2 5 B8 % B & M2 T
HZEEEBE LTS, 24 FERRGFZORRX (BGN) O S 285245, 7o
TEANLO BT T ZAL 203D RPN ERRALNTHDL, SHIZ, 7
BT ZA L 40 GORAFHR O S OEAbIX, 7R T XA L 20 O%ELD BES, N
OB S ORI 2 Z EMEN LI E W2 E DA LN TH o7z, Ll b, |k
WL LD, DB TROKMZEICZL D2 7 a7 ¥4 AOEE X e — L N OB
H 2%, 24 FEERfF%. ASPO.75% = IIN L6, &7 a7 2 A4 L TO/RUCONH
O SIHRBX I b ERICEN -T2, S5, IO OERIIRTFHR bR S,
E 51T, 24 R FER . ASPO.75% IR O 7 a7 X A I 20 43O S %, fBXICE
Jh7aT XA L 4055 LR L TH D, 24 FEFERIFE . ASP0.5%IRINC X D88 &~
DEBIIABX &L L CHBZEZRDR o1, 51T, 26 OB BEIIRFR b [F
CThHote, TNHDFERNG ., /INEK~D ASP0.75%D ML, /32 OO X2
X950 EN TR ORI ZOR B LIRS 5 Z LR LN E o7z,

ZO &I, BN TR OEMPIEDZEMICKTT 5 ASP IRINOSENRIL, N
Y ORMHDWE DL ENIZFTFGT D, BRI Dkt EED L E(IEL ASP
DT L > TEETEDZENHOENE D | ZHUTRBRO X 5 12/ B OB
HREWEL 2 7 S50, u—/LoX0 ORNAHOEEAR v — L8 DFE R
HeEZbN, NETIEIORIZOWVWTHLRBHFTLZ L L LT,
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B 0.75% ASP, FT 20 min
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Fig. 9  Effects of acid-soluble wheat protein on crumb firmness and change of the crumb
firmness during storage at 20°C. Bread rolls were stored at 20°C for 2496 hr. Results show
the average value + standard deviation (n = 12). Bars labeled with different letters are
significantly different at p < 0.05, according to Tukey-Kramer test. Control, no additive; ASP,
acid-soluble wheat protein; FT, floor time
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2.6. /NEKY DEHEFEIZ KA T ASP US> 4%

ASP Z/NEBAERIZTRM U & & 0 &2 0 VB BT 5 A B R~ 2%
RBOIT 7Y ) TT7 TR EAT T, FADRED ASP D7 71 ) 757757 —4
% Table 6 I[ZZHKIT 5, ASP0.5% £ 7213 0.75%DEMMN L., X (RN & HE L T4
HIEZ AR (Development time) % 12.5%%84E L72, & I, /NEMIC ASP 1% &I L
Te A XPRRIX & bl U CAE MU ARERR] 2250 20% 55046 L 72, ASP OUSINC & 2/ @
AHTERFEMOEN & W) ZORIT, FU I T72EHLEMRE T 5
(Noguchi, Shiono et al., 2016) ,

Flo, INOOMEMTHEBE L7227 7T Uy E/NERICINZ T XY 7T 7 OFEER
AR L —39 % (Uthayakumaran, Témoskézi et al., 2001) , S 52, Z UV TV HmEKE T
NT TN U 2TV T VUl 2z on T, XV 77 70— 7 F#
M % Ak 9~ D RE ) 23 AE S 405 2 &l E STV % (Murakami, Kitabatake et al.,
2015) . TIUDHDOFERIE. 7V T UV BNERE R A RET DR EET A —
BEL ORLTWD,

F 7. ASP DUENINTARIZ AR A4 a3 2 25, RIRFZAMOZL EME (Stability) % (7]
ET BN o7, ASP IZ TS U T VU TR EN TV DA, BT TO 2-
mercaptoethanol {#7E F® SDS-PAGE X, 0-7 UV 7V L @a 7 vr=r%7=
=y e BbhA N RRFEETDHZ &R LT (Fig.2) . M2 T, 710%=4% /) —/LT
HHTE NI T =R Y =—DW L SO0t Bt E 73 EN&tE T, 727V 7Y
v ERERIZ 70% =% 7 — /L CHItHATREIC 72 A Z L 3 S Twv % (Murakami,
Kitabatake etal., 2015) , % D#ER, SDS-PAGE D /3F — 1 L &V 7T 7 KEfH A B8
%32 \F 7= (Murakami, Nishimura et al., 2016; Murakami, Nishimura et al., 2018) , ASP (25
EFND, EREFEENDARREOH D I NEDITNT =y D 7 7V ) 7T 7 Rtk
DT, SHOMETH 5, 1277 L. ASP TN K D/ Thd & o= 7 RN
DYBEEBRTLLERD D,

N TRO IF U TEMEOR, AT, S IV OO L LR CEER
e 2 F 729 (Spies, 1990) , =7 AT 7T 71K 5 £ THIZES ATV DS A
OFRER T 0 J) — R IR & figk T 5 720 DEE TH Y | BN D7 D/ O A
IERRREROICIET 5 Z S L » TRl d 5 2 L AT & 5, Ao R E b33
DZEDTDD ASP IO E L MR T 57201, ASP Z/NEMITIRIN LI 27 X
TV T T TR EAT o2, FiR% Table 7 \ICEKIT 5, 45 4 EOMEE (Extensibility)
IERTIRX (R & 2T ASP IRIIK & OMICH EZEEZ B ORI o7T2, 90 /B D%}
FRIX DA T 45 738 & Hei L TRV R E 2 A L7c, ZHUcxt LT, ASP 0.5%35 LW
0.75%IMXIL, 45 53 E 90 SHEDM CHEEICHEEEZ TR I 20),

45 Sy E DA D B RAMIEIEHT (Rmax) (3. SHRX & 2 TD ASP HINX & ORICA H
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Table 6
wheat protein

Farinograph properties of wheat flour with varying levels of acid-soluble

Water Development Mixing tolerance
absorption time Stability index
(%) (min) (min) (MTI) (BU)
No additive 657 (0.21) 722 (0.17) 165 (1.84) 97 (L53)
(Control)
0.5% Acid-soluble 65.7 (0.46) 6.3 (0.06) 178 (162 63 (231)
wheat protein
0.75% Acid-soluble 656 (0.06) 6.3 (0.15) 186 (0.21) 7.7 (058)
wheat protein
1.0% Acid-soluble 65.6 (0.06) 58 (0.06) 179 (137) 7.7 (058)
wheat protein

*Values in parentheses are standard deviation (n = 3).

**Means followed by the different letters in the columns are significantly different at
p < 0.05, according to Tukey-Kramer test.
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Table 7  Extensigraph properties at three resting periods of wheat flour with varying
levels of acid-soluble wheat protein

Maximum resistance to

Extensibility (E) (mm) Rmex/E ratio
extension (Rmex) (BU)
No additive (Control)
45 min 1860  (5.9) 491 5¢ (19.4) 2.65¢ (0.16)
90 min 1738F  (44) 617.7° (24.8) 355  (0.12)
135 min 1683Ff  (27) 647.7%  (305) 3850  (0.16)

0.5% Acid-soluble wheat protein

45 min 186.7%  (4.) 5050°  (365) 2.704 (0.19)
90 min 1797%  (3.7) 61289  (43.1) 341° (0.26)
135 min 1780%  (4.3) 61379  (37.3) 344° (0.19)

0.75% Acid-soluble wheat protein

45 min 1928 (44) 5475%  (41.1) 2.84¢ (0.21)
90 min 18477 (31) 6912%  (247) 374 (0.10)
135 min 1830 (54) 70870 (233) 388  (0.15)

1.0% Acid-soluble wheat protein

45 min 19150 (64) 5435 (302) 2,84 (0.12)
90 min 1785%  (50) 68620  (46.9) 384t (0.21)
135 min 1767 (5.) 71720 (448) 4.06° (0.21)

*Values in parentheses are standard deviation (n = 6).
**Means followed by the different letters in the columns are significantly different at
p < 0.05, according to Tukey-Kramer test.

29



RS2, Ruax 1T 45 SMEOT — & LG LT, 3HRIX & 4To ASP IHIIX T 90 43
%K%M#é@ﬁﬂkb\nsﬂ (ZIFAIIWNC R D KO A Tz, 2T b DA HNE

. KHRX ERTO ASP MK CRI CEm 2R Lo, fFe LT, ASP AIRINLZZ
ORI O 7 a7 X 4 L 20 5O XK 5 RBEO L ikE L T
(Fig. 3)

Fig. 3 IREND L 912, HBXO T —/L R0 DIFIZ 7 a7 % A L 40 53 TH7RY A
{7po5TEY, ZHUEIBZE L AHOD Run OHIN & RIFRFIZE Z 2 (& ORI BEfR
LTWb, Lol \ﬁ%t’ﬁwféﬂwﬁﬁﬁ%%ﬁfékwm7u?&%b%20
SIRWEMGT D & AMOMERIRA R+ Th 72Dz — A3 O E L OW
FHMPS BB 2 520 D ATREMEN & D,

ZHUTK LT, ASP0.5%3 L TY 0.75%IRMIX. O 2 — /L3 DIgIL, 7 a7 XA LD
BT o7o (Fig.3) o ZAUX. Ruax DEEINZ S BT, MEEDSHEE S V28
RIZBERT LD & B,

INHDOT —H1E, ASP DML TREE SN D 2 < OO/ O ME
DEENTFET D EVIFHE S DI LT D, L L s AMoMEE
WIS AL72 ASP O EOEENNT A L T L HiE S Ve o 7o, T OBIG DR RIE
ASP DI L D/WNERdh D & 37 IR E OO B2 B R L 721 UL 72 b 720,
T AT VT T TE INER OO ENET S kL LT, Ty Y ) T Tk
HIZELSFEHENTWD, =7 AT v 7T 7ORRIT, NER~OHEED ASP DR
IR OMEE 285 L, BRFCAECDMEEDRTEZMEIT2 2 2R LTV D,
WFHUT L TH, ASP OAMMEIT 6 2 B R AT OIREEITRFET 572 B 13,
ASP DY) 2 NI AME SR L ORIV HFIBICRFET D &2 6D,

E R X OB/ NEZENSBELT-27 U 7 2 1%, microextension tester THIE L7z & &
MEEZHNIE, FHOBREEMZBALIELIEPREINTEY
(Uthayakumaran, Tomoskozi etal., 2001) . ZAUIAMEORER E —FH+ 5, bz, 7V
TIOVNLHEESNT: a-+ B-Z VTV T I TVVBEIN -7 )T V0T,
microextension tester O | i 12 %f L“C,E:fcﬁ HEBERIFTZENREINLTVD
(Uthayakumaran, Toméskozi et al., 2001) . S 52, ASP 226D o-27 U 7 ¥ OEED 7
U7 DOREEAKMEZ NS, % LT%@%S‘E& L CTMEIC BT D2 S &
HIZENEENTWS ([, KIE i, 2014; BF10,2014) , ZHHDZ &b, AHFSE
TEOLNTZ ASP OAEMGL BEIERL LRV EDOLZENLDON I T D 0- 7 ) TV
DG BHELE ST,
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2.7. ASP DZ [ B/K L 23 AR MU PE |2 R T 352 28

ASP DIFINMC LD TNT vy b U =7 ~DIEREZH LT 72012, VT %
v N =7 ORI K E BN Z > TV D X 7 EHUKMEE 2 JIE LT, ZvT v
RBRARMED < L 0 F T T OBUKMEF BAFE A 23 A HE plcks K ORI R & < 5T 2,
FeiR Lz & 91, ML AN X D RS BRBRe 7 AT U 7T I K B A
DRFEIZIBNT, ASP Z RIS 5 & AAMOMERMENM E Lz, 51T, ASP ZinL7-
JEIEAEMOD SEM IZ L A8 TIX, 7T Ry NU—7 OEEREN D & RHELR X
iz, ZORERZEAIZ. ASP 2RI U722 LIS X D BUKMEFBE/E~DRETHH Z L
DHELE T,

% ZC. ASP O X X7 ERImBKIMEE (FL/mgprotein) ZHIE L. ASP O 7
THH7 VTV (TIva— VARt . VT =2 (T a— L REED) &
g U 7o, = OGS, Table 8 1279 K 91T, ASP DR EB/KMEEIT 155+2.0 (£SD) &,
JVT VD139 +3.6 ITIEVEERL, 7T =20 200+ 1.0 1IZHRTEL K-
Too LED Z &G ASP IRINC K 2 AR iR A 1) B3 X ONEEE 70 42 Hi oo SR EE
IZVASPIZE o TIONT BT DBUKMEHAERMET LIZZ LIk TEETS B
D EHEE LT,

DFEYV, INT = T VTVUREETHIETITNT  OEEEMDIERL S 1L,
DB MEDIR NS FE 0 ITHAKMEDE TV TV 0%, ZvT D53 %F’EJ*HEVEEH
NEL T, BAKEORENWN I VT = OfEGEEDDZ LT, JVT %y NU—7 DfH#
JEMICE S5 (Fig. 10 ® EX) . LU, ZT v OBKMAHEERRNE TR, JE
FEZZ > THIXSNTH LIRS T LEW, ZORER, AT LTLE S, Zhic
% LT ASP OFIME, BKMEOE WV 7OV N2 52 LT, JAT =0 DfiE %
BOLZEELVTTODLIET, AT O ETHD D (Fig. 10 D FX) , 20
fak, 2T xRy FU—=Z3RORT < JEIERIZTICR D 2 8137 < 720 | Ao
MEMEZE LT 56D EHEE Lz, ZOEHOMEEN, R ORI T 5 7 1
TEALDENVORBEZEF LD EFEZTND

ASP OFIE, TRy TE=H T AT A (Fig. 5) BLXOT7 7 U /7T 7 (Table 6)
(2 K DHET K0 AMBIE R 2 FfE T 2 W RO bz, b OREE S ASP IR
MBTNT v OB AERZR T S®ELZ IR THL EB LN,
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Table 8 Comparison of protein surface

hydrophobicity
Hydrophobicity
Materials (F.I./mg protein)
ASP 155+20
Gliadin 139+36
Glutenin 200+£1.0

Values are expressed as means + standard
deviations (n = 3). ASP, acid-soluble wheat
protein.

Glutenin:
/high hydrophobicity

Wheat flour

\

Gliadin:
low hydrophobicity

Sheeting

Wheat flour ‘ ‘
+ o

Fig. 10  Effect of adding acid-soluble wheat protein on viscoelasticity formation of

gluten in dough. ASP, acid-soluble wheat protein
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3. EfY

AT TIX, ASP OUSHINC L 2 A R O B RN THRIZ IS T 2 A it o
LAl & B ORI RIET I OWN T, BALER ST L O RE LT, R
ASP ZURIN U 7o AL, AEHPED B LR N ORE TREICHE L CWDH Z & &R L
Tro SBHIC, DEI TR TAEL S 70T XA LAORRIZEIC L A AEMTED LA %2 IEIT 5
Tl koT, WK EFEDME DYV FICFEETH L AR L,

HPAREVE DO AR TR O A OREIL, ASP DA KIRIX (R & ik LT
RRIF VU TEMARD SED 2R LT, 612, IF VTR TEEELS TS
ZRIZEY AHEEAMEESND Z EER LT, ZRHOEIT, ASP Z/NERICTR
MU=77V 77 7 EORERICE VEMT SNT,

BB TAR Tk, ASP OUINC XV [FIE 7 — T ~O RIS U, @l EMED 7R
STz, EEEAEFR OMEDOET, RIBAMOREL X ONEHEZEET 5, sRX
D7 AT HA L 40 531, 20 43 &l U TR RIS A 1.5 5128 L7z, ASP #INT
X7 a7 AL 2045, 40 3 HITHRKRIGINIRBX L D BT 720 . ASP 0.75%
XD 7 a7 ZA L 40 3O KIGIIE, RRX O 20 55 OMEIZES &, AR EKE
TROZD O 2YMEICSGE SN, 2D ORIT, EEARE XU e — Ao
FEAROBERERIZ L > CTHFFENT, b, 7T v ORHEIZRT 5 ASP O%)
RThHo, ZJITPCOERATHDL EEZ BN,

JEREA: I OTAIRE & 2 SEM THBLEE L 725 R, ASPO.75%IIMIX Tk, 77 & A4 AIZ
BIfR7e < ITEIEF N O e 7 v T o 3ry MUY= B L O Z O F > ChRM LT
VRIS, VT %y MU= ORENRE W E AR S, R
L C. ASP I ZJEIEHRMEICH L CAMAZMIZ L3 < L, &b s nz g tiho
259805 Z L& E LT,

EDIC, =TT VT T 7EDORERTII/NERIC ASP ZIRINT 5 &, ERO
JEPE A B L AEH ORISR 2R EEE N IH SN D T L AR ST,

TR DFER, ASP OFMIL, 71T XA LADEIZ L D30 DFRIRSCN A~ D 525
EEHLIEZbDEEZTVD,

FloL ASP X T IVT URERRZ VNI BT D TIVT = AT Z Ny R EBK
PEEEDMENZ & R ST, ASP N Z VT OB KA ERZ IR FSE5 2 & T
M OMEREL M S, WERAMBELZIHIT LD LR LT, ZOR, 7
FUFRy FU—=Z IO T L A0 Ao MENEAZR LT D2 ENHLMNE RoT,
Z DAEMOMHEEALD, XU DOIRRHRIZRTT 5 7 a7 X A4 LOEWO BB L
TbDEEZTND,

AZEORERIT, BBALRL S DO % 22 BLEIZ OV T L, ASP OFRINC L 0 SE o)
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—PERM BT DR H D Z & AR L TV D,
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L. A S O GBI KITT ASP BN

[ 2 ClE. ASP ORI 2 Btk AL L S N2 L=z L, & HIZI3EHo
BREER (a7 2 A L) OENTAELULIEENGITLZ 20N Lz, £ Ok
B BERZ OBLILTZIR IS X ORI Z AT 3528 B S v, B o %) —PE23 1) |k
THZENHLMNE ST, LU, ASP DIRINC X 2 A HPMED 2L OBl gh A3 X
M ORIEMEE~RIFTTREL TN O BRZICE 2 DB O TOFEMITMRE L
TR,

R L= L oo, MEAEROMED L IZ7 VT o~ b v 7 ADBIEBIZ L D H A%
FFODOIRTIZ /2D, I L OVR RS 3SR L O%RRICA DR E % 5.2 (Tang,
Wangetal., 2016) . KU MAFE TS OV VWFARAEEE (Omedi, Huang etal., 2019) /3 HL0,
ZHELD, BHECOXHRE LT, AMERATH LT A 2L E U BOIRIMEZ NS &
L, 2R TEEEOEmVNEBROER, HOWIET AT o ERINT D, & BT,
SRS A S/ NRIZENHI T 5 & W o e fIG 2 B D . 2405 OXERORE R, AT < |
fREMEMEL 22 5,

AR 722 E O/ G BAERIT, MR OKFER ORI & > T T i—
FREEEINTH, EHMEZ ORI TRICES T 2HBEOEIE TR TEE INLD
(Takano, Ishida et al., 2002; Naito, Fukami et al., 2004) , ZAUZxF L C, BRIEMERAERIZA
MR > B BER T 2 F TICA MG 2 BT DR E D TR RV, D720,
MHRRAFIC KD RBT D & K0 | B TR O A HRRREDN 5 D SVE I ERE R S L 5,
S BT, — AN LB N T 2 OB A O RS I IR BRATIZ R EE 2 12 L A L
TR Ens, MBHICERZ VT vy — MOEET D Z LIRSFTE 20
(Takano, Naito etal., 2002) , F 7=, M RAF14 O LM 2 2 8 L T s T,
R L AR T BIT R WKR R RS S s (AR, HAS th,2018) . oF 0
ST 0 B2 i 0 B8 TR TIEINAKIZ K 0 S A2 L7eBEWAERE, Lotk (7 7
2 RORIERE (BEF) I K DAEHD A DCHTERHICKIE DM LN ERIZ S <, &6
(ZAMOEE R ERRAET D RREMERH D, AT, 5H TR CORFFZEIC X 540
PEOZEIT, TNOEMET LI ENEZ NS, B TRPOMMEZLZ T 5
ZliE, BB A ORE ECHRRICEERRETH D,

I CARETIE, BRI HEAMZ x5 & LTl bR i L 2B A FEhE L, ASP
DN £ 2 EHPMEDO L BB RIEHEAERB L O BB b5 /3 O ME ~D
M BRI ONT, BEtLiz, S5, ZNHOMEIZE T D ASP OIERBEIEIZ SV
THRMT 2 D T2,
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1. BRIk

1.1 RIB A A oD B iE

INERY (R VU A, BIERImHRAESH) X1 FED 11 L FEREORL &2 L7-, ASP X
[EDOLLERULbDOEMHEH LT,

[ 3 L RBRIC, KB THICR T 2 AEZE L ER T BRSit4rxY) T
DFEBALEL S AT K o> T, B = AR OB HIRAEMEZ | ) — % A NGRSk
(Cauvain, S. P, 1998b; [N, — /i ff, 1999) Z AW TR L7z, £ TOFERIL. HE
AW BIE R O BRI EEERE (FD-1, 4V = 0 Z VR T RS 2 VT To 72,
FRbANE, FBE A 2 TS 2 m BB E O A O ML b L, & BITHEIRAT
2 X D EMOBIEDIK T 2832 (Inoue & Bushuk, 1991) . ZD7=, KEERD / —
H A DR AETII A TORBRKIC, LA L LT Aa e ViRails Lz
HIRDOAEMGRA (7 ) —~ v 7 A, AV ZVEERF T MRS 2 1%L 7=,
O EHE Table 9 IR L7 L 91, [ EEFRBEO R — ANV OELAE T, [ EIRLEZ
O EFRRICHER Uiz, SUAROFEREHEERIT/ N 10,000 g 2358 L U Ao
HEEITK 18,980 g TH -7,

ALE TR L Ikt 2BALE, TECHERALZbO ERU, Aoyt Zie
ZRETE DRI 0 (BSVEBRHAI /7 Xn v 7= A7 A Model HM-
50, Rl thA > V) M L TAMEZRR L7z, RS TP HERZITV., KR
AEHIERIREEZ 72 b3 I X2 U VIO ZIRE LTz, IF T 7 TROEIED —
D, AEHOHIZKIA Z T Y IAS BERFEBEDOBRIZI AT 2 ZBGIRFE DT A ZAED
ZETHD (Marsh,1998) , ZDZ ENnD, IF U TRHHEOEWL, Ao K aEE
ICREL BT L, #ERL LT, Table 10 IR T X910, R TORBRKICRIL I X2
TR ZHRE LTz, v a— =27 E#RETOMEHZOW T, Kl & @ TENETR
3NMEARHDOI XL T ERIToT, EHIT, Ya— =27 BNz T%, KEE S
WTENENAEE 6 nEIOIF T U T ERIToT,

ASP0.5% (w/w, UL F1Z% T# ) #/Eith o/ NERoEREICESWTHIML, LT,
[ BIZFEH L2 L DT, ASP DEED 1.5 FEOKEZAMITIIM LT, B, a—F
=2 T EMZ D RIX (B & ASPOS%ESIIX OARD 2 F o0 ZRET D K
EICREREWVIIAONRpo72Z & X0 lEOKPERIIINZ Gl Z & 2R L
77

IFXTTHITIE, IF VU TREOK TREOARIBED 20+£0.4°C 12725 K 9124
A mA LTz, @, BB BT DR AOBLE T, IX 7 TR
HOAMBEZ T, 707 %A A& LT, BATOAEMERELZ 6T 5, b
DML, EHOFEEZ 15T, AMOMERZ MfI 2, BIMEAER) b LS X7z ]
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Table9  Molded frozen dough formulation

Material Formulation®®
Wheat flour (%) 100.0 (52.69)
Sugar (%) 12.0 (6.32)
Shortening (%) 12.0 (6.32)
Nonfat dry milk (%) 2.0 (1.05)
Salt (%) 1.8 (0.95)
Dough improver (%) 1.0 (0.53)
Freeze-tolerant yeast (%) 6.0 (3.16)
Water (%) 55.0 (28.98)

aFormulations are reported in baker's percentages based
on the weight of wheat flour.
®Values in parentheses are total formula percentages.
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Table 10  Preparation of molded frozen dough and baking process

Process Instruments and conditions
Mixing
Instrument Horizontal mixer, Laboratory mixer system, Model HM-50; Oshikiri Machinery Ltd.
Mixing time Low-speed, 55 rpm (L) 3 min; High-speed, 110 rpm (H) 4 min, Adding shortening, L 4 min,
H 6 min
Temperature of mixing 20.0+04°C
end point
Floor time
Condition 27°C, 75% relative humidity (RH), 5 or 20 min
Dividing
Dough weight 809
Condition Manually
Rounding
Instrument Gyratory rounder, Model RGC-1; Oshikiri Machinery Ltd.
Condition Volume of gyratory cup: 250 mL; Time taken for rounding: 8 sec (3 times/s)
Intermediate proofing
Condition 27°C, 75% RH, 10 min
Molding
Instrument Molder, Sensor moulder system, Model WFS; Oshikiri Machinery Ltd.
Condition Roller clearance, First: 8.0 mm—Second: 2.0 mm; Perpheral speed of roller: 38 m/min

Pressure board height, Inlet: 150 mm—Outlet: 155 mm; Width plate, Inlet: 160
mm—Outlet: 170 mm

Freezing

Instrument Freezing room; Oshikiri Machinery Ltd.

Condition —30°C, 60 min (cooling velocity of the core of dough: 1.30°C/min or less)
Frozen storage

Instrument Freezer, Type ERF-C20CB; Fujitsu General Ltd.

Condition —20°C, 0-60 days, Individually packaged using nylon/polyethylene bag
Thawing

Instrument Dough conditioner, Model OBS-D5; Oshikiri Machinery Ltd.

Condition 18°C, 90 min, Panning to the baking pan (for bread roll)
Final proofing

Instrument Dough conditioner, Model OBS-D5

Condition 35°C, 78% RH, 60 min
Baking

Instrument Deck oven, Model DOV-T43; Oshikiri Machinery Ltd.

Condition Upper (Temperature/Heat control): 210°C/3; Lower: 210°C/1; 11 min
Cooling / Packaging At room temperature for 40 min after baking / Individually packaged using polyethylene bag

*No-time frozen dough method. Used 10.0 kg of wheat flour.

(a) Dough ball circularity measurement after rounding using a four-row gyratory rounder. (b)
Schematic diagram of dough rounding through eccentric movement. Photographs of the (c)
top and (d) side view of the dough ball (Control, no additive, floor time 20 min).

(b) @ Eccentric cup motion (©) I (d)

/ Gyratory cup

Circularity: 0.87

/ Rounder belt surface

Rounded dough  Dough pieces after dividing Dough piece after dividing
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Y OYE . AMOERRIEW (Thbb, A mET DA1OEROIZRRN 2 28
25) & WHBIORKICE LLEREL 5222 PHESNTWD (B, —F
fitl, 1996) . & BT, HEI TR ZHIZTE T T 572D 1 ANy FOAEMBIMEMI N D,
ZIUCHEDL LT, BRSO B TRIZ, —I2, 10905 15 5E2 0L §
Bo DD, 7T ZA LOEWIZ LY AHPMENRE L, HEAEMBYETH P T
FBZICAEHICEEG L 52 DR & 5, RERTIT I = LRI, #gifd oL
R DAY D L EITHRTT D ASP DZNR AT D7D, EILREATOAE D 7
By ZALIONT, REDEWVWEEXT, 2F0, BEITROEEY EEDOVIZAET
LI ZEIZHOWTHEFAE SN HRHEZZE L, O T a7 ¥4 L% 5 F3ITRE L,
ST, RICARIZH L TCTZ7aT A L 2055 THElEiTo7-, IFXF VU THEKZOER
KHEE10ETDHL. 70T %A L 2050 TOAEMBRIETORRX TL05 TH -7,

L7eio T, AMOBERIZES M S5 TV,

FEVNT, A FIEEICE Y 80g DAEMTIZHEI LTz, Bl S AR %2, Lo
(¥ ALV U Z T Model RGC-1, B4 % U, Table 10 D FD aB L Vb)) %
FAWT, AR CTADIRREBICERE N TRWI Y IR — D& TEMEL LT-, ZDk,
TaT H A LEARMASD ASP IINDONRZGf~T, Tk, AHiEZ 10 77/ (27°C,
X (RH) 75%) OHEFERE A #R =12, B (DA N7 7 A /L4 Model WFS,
HRASHA X V) 2 LTI LTs, BRI ORESRMEIT, o7 a T
AA LS5 FIZESNTEY, 2L T EEFRUThoTe, AHMHEICHT 7T X
A DDOFBETMT 572012, £ TORBRXIZE CURIESRMEZHER L,

K B D AR RS AE M D RS T BE L2 58 AKRAE T Do BRORE I EE 3 3B VN2 DI I KOK B TR Rk
WNTOMBRRRINEW S, WEAMO 7 VT ARG EE KFT, Zhuck b,
Y OWNHEENSL L, AR5 (UH, $KE fil,2011a) . #12, /S
O DOmENREE D 1.5°C/0 2 5 BIRm L, SR Z D S 20T, U4
HORBROEGFRIZESTHETHD Z EBHE I TS (Neyreneuf & Delpuech,
1993) , ARFEBRTIT, WEMEREREZ#H L, 2 CoORERX O LR O HULE o vy A E
Z 1.3°C/ LA FICRRE LTc, S BT, WNUBROMEHENZ N LD (Table 9) . 1
BRI A T ORI A D T AFEARET IR T LeWZ L8 L=, AT, Ml
RO BARBEIRE L IRTFREICOEE Lz, BERIZ L D SEM OBIZ Tk, KIKIRE
3—40°C OWHRAERD 7 VT AEEOFHL MBI I T, s D BERk it O N O FE
WA LT Z LAVRESN TV D (I, K M, 2011b) , & HIT, MERAFHIC A A
BB DOWFERE D A 7 VST B & A OBREE S KIE IR T L, BERksh OAEFEA K
g (2987 L7= (Inoue & Bushuk, 1992) , Z @ b SEM HEif§ A E MBS L T\ 5D 2
& & 5T LTz (Zhang, Li, Liu, & Zhang,2018) , ZILHDZ &b, 2 TORERX O
A BRA L, A oD FULMREEAN-20°C I L=, D F 0. AR &ttt
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X U) T-30°C T60mmim Li-tk, Ay /RY=F L o BUSTHERIIEEL, B
JlE (WA N > 71— ERF-C20CB, At E L€ % 7 /1) T-20°C O—ERE TR
7 L7z, ZAD OFMIE T FEBR CIRE L,

1.2. RIBG AR D D1 — /L O

& B U OB L T T BRI B 2 iR U | S i8Iz IS ek 95 Z & T o
— R B U, BERICEIT D SEM I X B BIERE R T, FRIB AR5 T O &
WIS T NT S Z D, N OREERTEEZ 2R LTS (IUH, &
2 h,1999) . T DT EDD . AREBR TITHRAOKAE AR OIBm R R WS E L
T, HEENLSH L Tr— R HORKRIZIE~, HRERGS (R a7 v aF
OBS-D3, ¥k &tEA T2 V) T, 18°C T 90 3R] DR SN 2 5% LT, AEBRSA:
T CIEB R 60 BB CRIBHBAERD T ARAENIMET LW b, E Rk
HIEWE (35°C, RHT78%, 60 43) 36 X OWERSM: (210°C, 11 43) & Tk HRE L,
2TORBRXIZBWTH—OFME Lz, BRIBIOBEOSRMFIT T EEFRSMAE L,

1.3. AL DA T D MTEE DORIE

a7y HA L ASP OEFINE L OIS TRAAEMEDOEIZ LT T REZMET 5

. OB OAEMED i & A B Y A (Vision Systems IV-S200, 3

Y — 7%ﬁAﬁ)%ﬁmLTﬁ U7z, MIEIL, AMEo EmmEi & mEEgiEsT Y —7 b
7 =7 (Image J, National Institutes of Health) Z{#H L CitH L7z, %Eﬂﬁi@iﬁ?ﬁ@ﬁ
DERE L, HIEE 2 B0 iRl £ TOR KNI 2 R/ MNEBEO R L L CE
LK(EWH%)OEmE@ﬁﬁﬁEH®ﬁa\H%Eil_ﬁé(mm1M®ﬁﬁ
BMAELRT)

1.4. B5IE TR OJFIEEEIZ I 1T 5 A O E
[2ZD 1.7. LR CFIEICHKE- T, REFICAEMT NELZ DIELE T — T (2 KIET I
ZHE Lz,

1.5. SEM T & % il i o @l 52

FRIEAE - O PAE 1E 2 Bl 9~ 5 7212, BRI AMO FUE S/ N 28R L | iR
&R CRAMHARS LTc, ReW CHRS B 2l R L. iAo RmE A T = 1.9.
& [FBEIC SEM CTHIZE LT,

S BT, RIS X ORAEFERE TR 2 R m e (R 7 BRI 2o\ T,
H oy 2 BR B L | R ZESE R G U7, WO RRUEE A SRS LIS L 72 %%, SEM T#
5 36 L OV OEIW i 2 8152 LTz,
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1.6. m— 3 DGR ORIE

0 —/L OFREB L OUBRIZ, TFED 1.4.& FEEC L— PR ELEE 2 VT,
20°C T 24 BEBIRAE L2 BICHIE L7, AR, EEH7- 0 ORFE (cmy) & LTEF
BL7=, BIERIT T ED 1.4 L FEEIC, SMBLE X OWIME % #R L7-,

1.7, 7R A O B ORI E
L6. THRLNUIBImOmG A2 LT, I & L5 LRKIC, w2 1 mm? 2L Eo
ER(ANF - &g o [N O

1.8. m—/L R DN & R DOBIE

7 —/LoX > O R DB & il U 72 NFE O KUTa R S A SRR BEINEE (SMZ800,
M Eth=a ) AL TBIZE L, AT, NHEOXJaEENREZ DMK X <
W9 572 (Ishida, Takano et al., 2001; Takano, Ishida et al., 2002) . &JaA#E DOBIZH
STZHDONT, EDORICE ORI DI A2 ERBAMEEIC LV BIR LT,

1.9. /XU WA O E ORIE

WHHOE S 2 ET 272012, [F] RO s m s A 2 L0 & RIS Tz Ic iy
LT, £0%., G AMZ 30 AMMEERE L, i\ Tr—A o OFEIIEEH L
7oo BNCEEE SNz m— L R0, 20°C T 24-72 FERIERE Lo, HIEAREN O
EHIESRFT T ED 1.10. L FHEE LT,

1.10. ZEHIO W BERIT AR L OV ORI RIT T 2

U HZEVEIZXTT D ASP OENFINIRDOIRNT D= DT, /IWNEKD 2% % T VT v
(ASP DJFEN & 2D \WME ASP ICE i 2 T, AMOWERAES EHPET OV Dk
R KT THELZ G Uiz it LT 7 AL e U ER 30 ppm b [FIFFCHE L7z,
Table 11 (2R EBEAZ R DX M A BB 2 %4 (Swanson type 100200 gram
pin mixer, National Manufacturing Co.,) {ZX 0 3 3 IF 7352 LiIc k0L,
Z D%, 30°C 12T 60 Sy MIBERE SH. 174 g UNER 100 g 43) (28 LTz, Rmo4:
HOBEITL, FEOTHD, RUFHA L 15 5BO%, ALY (2 =F/LF— MM-230,
PR TARUERT) IS TR L, 38°C, RH85%., 50 offlils: (Kv a7 4 a )
DII-30W-DX, A RSt REEARER) ¥, =7 X777 7 (Model 8600,
Brabender) OFEEEAMBARNLZ —L 7 v 7 2 ACTAMBDYE E#OSIEY Wik %
HIE LTz, BEAEHOBEITIE 2405170 mm DR Y =F L o HF 4 v 7 8T o1
LCHE L, —20°CI2THE (32 v 7 7 U —H%— KQF-20A, Mg ERY) Lz,
1R/, —20°C ThRAFT S, 10°C T 1 FFEMEHRT 2854 4 BT 72 (LR, 2k
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Table 11  Low-sugar bread dough formulations?

Control . .
) o 30 ppm L-Ascorbic acid 2% Gluten/ASP

Material (no additive)

Wheat flour (%) 100 100 98
Sucrose (%) 5 5 5

Salt (%)

Freeze-tolerant yeast (%)° 4 4 4

Water (%) 63 63 63
L-Ascorbic acid (%) — 0.003 —
Gluten/ASP (%) — — 2

aFormulations are reported in baker's percentages based on the weight of wheat flour.
®Non-frozen dough: 2%. ASP, acid-soluble wheat protein.
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AR R AEALER & 3 2) , i 1 I 30°C (27T 60 2y i L. FLod LI I3R %
WOGE L FROBAEEAT o 1o, 723 RO A OLGE 1, AL OBERE &2 |
INER 100 g 2R L 2g & LT,

F o, EHOB BT DBERRE D/ ORI KT TREZ R T 572012, Bl
ATREEEZ 40 43 & LT DAMIRERE LT, AHoF S & it B E 21T - 7o, AEMZ AL
. 30°C IZT 30 D 2 B2 & 0, EAXITTHIE L, 105X70X50 mm O 7
0y a—7 4 TR — RIS Uz, BKBERE (R 27 ¢ 2 a7 DI-30W-
DX, AR FEEZRVER) 1% 38°C. RH85%. 55 43 & L. 200°C (27T 25 4y EIBERR
(m—% U —A—7 2 KRO-4SDX, FR=tHIFEERRIER) Lz, 1 Fiuntz, Hi
ZRE L., KFEZ L —VRRERIEREE (Selnac-Win VM, ¥ tE7 A - 727 &) 12T
FHHIL. AR (em¥g) ZHEH L7,

111, /NS 2R R D K TENEAE O I E

ASP 3 XN ASP DJFE 7 LT AZDWT, Koy 43%., [EE57 57%272 % K 5 127kt
2R KEANTZE—T—IZ A, K<BELTKIEE, Tz KaTEERE H
REZAIL, A LT 20 S RIE R ICEZ I | AKTEEE IR E 2 S (LabMASTER-
aw, Novasina) (2 v b L, KOTEMEE (Aw) Z35RD7-, ASPB IO LT D Aw D
ENENOFES (BAE) KOEIG A LT,

112, /N R 2 2R 7 TG A M DI 3 D B 5%

LILERIU/NES X7 EOE L glZx LT, 20g DKZMA T, HEFRE L, =
DB (3,000 rpm, 10 43) 12X VbR Loz 45 B UT-, Zhasikiigic, B
1.5. & [RIBRIZ SEM A LT, HiWrim O 2 8lss Lz,

1.13. HERHEHT

FBR TG DAL S 3 BRI 4 C 2 B 920 L, &3R8 IX OfE S 1X R U A %
RLTWD Z & ZMER LTc, AEDOHEMALEL N 3BT, FRZHTD DRWRY [ [RICH
(23S LT, B LS S BRBRIC I T D IEM, RIS, B OAEMEDMIZE, B
TAREDEIEBAER DR, v — LR DIRFE & TR IMEIRAEIZ K D OB A H
DR OEALE L ORI Z L ONFH O S ORERE ROV T, B2 55 BRI L
BIpH7ma 7 2 A DIOWTHIR LT, —JehlEn i 2 M U Chiatia BN % 2
Mri7=%. Y7 b7 =7 (Statcel-the Useful Addin Forms on Excel-2nd ed., R4 —
T LT ZAHRR) A L C Tukey-Kramer #iE 1T 272, 7ZElL. p<0.05 THEIICHE
LR LT,
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2. fRBLUEE

2.1, RRIEA M S FHEL L 72 v — LSy OAMEL & NAEIZ R 5 ASP D)5

G AR SR L 72 o — AR OAMVEEB L OWE I RIE TR 7 a T X A
LF KXV ASP 0.5% RO 2% Fig. 11 12~ L7z, Fig. 1la—d (X, $EHEE S BRE O
AN ST Lz a— R0 2R LT D, RIX RN Oa—L X0k
SLWEIX, 7T HA LN 5500 20 0HINT 5L, TNENELS R, B Ro
72 (Fig. 1lla B LOb) ., ZHITH LT, ASPOS%IRME D B — /L 0 OF& L, 7
0T A A LD Z T 7- (Fig. lle BEONd) . L—PEREERIEEREIC X2 HE
fad, TRbbr— L N OEFE, AR, RS, W, S ~0ORRL 7T Z A4 LD
AL R~ ASP 0.5%D RO 2% Table 12 12F & R LT, #lBR X O BER
BOENNIS o TT, KFEE WAEIZF CHIm 2R L, WEEICOWT, 717
HADLSHEHELT, 707 XA L 20 503D T NN E - 7208, mialBR X &
K7aT7 XA LAOME TR LG, AERETRD bRo otz A% 30 L7z
HEZ, M A G L2 — R e WE A2 BT 530 it 252 L Th
Do LTeino T, sl TRROTE TRICIIRE —BITR DT DIT, AIBMEHAEH OfE
BT e — AN ORI Lc, 20720, *FHRIX E ASP 0.5% X 4 b
Bt AL T7aT AL 5 OO — LR DR SITEBEN o7, LL,
INHIZHART, MBEXO7a 7 XA L 20 504D — /LR O IITIAEIZED
7,

ARFEBRTITENZIT L DMIERICRET DB, fBEZR OO R I 26 E 2 BHYT
MEMR AR L7z, 20720, m— A0 OREENEWE WD Z EE, G ERAOE
S, OF VITRIERFO AR OMEIERE D N2 ECEMDBIGE L2 L 2R LTV 5,
ZAUTHK LT, ASPOS%IRIIKIZ T 0T # A L 20 5 DAEHO B — /L /X DR SO0
THOHEET RIS T, ZHUTEAXIC L DHIBRHIT, AN X R L, IUHED 722
ST Z &R LTS,

O — LRV DEIIZONTE, SO 7a7 %A 5 20 504EMO g — 1L R0 D5
SAMORBRKITHARTHEICE D 5T, HREDOT7 a7 & A L 20 53 OEHD 7 —)1
SRUDIERIL, BAFNZ X DRRIERIC, AROMEMEIME T U CTRIBAERD E S 035 A
EHRTHD EEX DN,

SR X OWTE ERIT. 7 a7 Z A L 204D 1 — L 3 OWNFE ORIk D5 —ME,
TaTHAA L S5O =R L) BN &R L (Fig 1la BEX U b) . ZHIC
% LT, ASP 0.5%RMX D v — L 3 ONFOKIAREE I LIET R 70T 24 A

DT, MHRXITHERTHnE 9 TH o7 (Fig 1le BXL W) , Table 13 IZ/R L7z
BHEFEATIC &2 1 mm? DL EOKIAOEDORERIR S T2 B 1T Tz, 2T b O R
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Frozen storage for 5 days Frozen storage for 27 days

WL

(@) (b) (c) (d) (e) (f) (@) (h)

Fig. 11  External appearance and cross section of bread roll prepared from molded frozen
dough. (a) and (e) Control (no additive), floor time of 5 min; (b) and (f) control, floor time of
20 min; (c) and (g) 0.5% acid-soluble wheat protein additive, floor time of 5 min; (d) and (h)
0.5% acid-soluble wheat protein additive, floor time of 20 min
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Table 12  Volume, specific volume, and size of bread rolls prepared from molded frozen
dough

\olume Specific Volume Length Width Height
(em’) (cm¥/g) (mm) (mm) (mm)

Frozen storage period of 5 days

Control (no additive)

Floor time of 5 min 4722%+98 6.80+0.1 19752+56 76.82+3.0 495°+13
Floor time of 48552 +154 70°+£0.2 191.3°+45 76.82+£20 52.6°+1.3
20 min

0.5% Acid-soluble wheat protein

Floor time of 5 min 464.0°+3.6 6.7°+0.1 201.0°+15 73.22+23 495°+1.0
Floor time of 483.42+7.2 6.9+0.1 199.08+2.7 7422425 50.4°+0.8
20 min

Frozen storage period of 27 days

Control
Floor time of 5 min 45032+ 8.0 6.50+0.1 194.1%+4.1 758123 49.4°+0.9
Floor time of 461.1°+11.1 6.72£0.2 190.1°+1.9 7642+ 1.7 515°+16
20 min

0.5% Acid-soluble wheat protein

Floor time of 5 min 4426°+10.3 6.3°+0.1 196.8+3.6 7200+20 49.9%+0.8
Floor time of 464.12+11.7 6.72+£0.2 196.5°+5.3 725°+30 51.22+1.1
20 min

*Values are expressed as means + standard deviations (n = 8).
**Different letters in the same column (frozen storage for 5 or 27 days, respectively) are
significantly different (p < 0.05) according to the Tukey—Kramer test.
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Table 13
molded frozen dough

Cell number of larger than 1 mm? in cross section of bread roll prepared from

Frozen stotage for 5 days Frozen storage for 27 days
No additive 0.5% Acid-soluble No additive 0.5% Acid-soluble
(Control) wheat protein (Control) wheat protein
FT5 FT20 FT5 FT20 FT5 FT20 FT5 FT20
Cell numberfcross 156 189 156 166 191 174 157 125

section

*Cross section in Figure 11.

**FT 5, floor time of 5 min; FT 20, floor time of 20.
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mumP%%MLk%%%ﬁéﬂm\wfﬂw7u7&4A%%@%ﬁ%%ﬂ<w#f
ol Z L HRRLTND, WHAMFORE KT, NS WEIZITHART, HERT
I RTANICOKAE SR DN AR LT W ERHRE I TE Y (Essehnk, van Aalst et al.,
2003) . ASP Z¥SIN L 7= M A G, Hids < B — 722 K7t iE 23K B O A R o B
HIZD72 725 D FIREMED N B 5D,

Fig. 12 1%, B — /L X DHARFEITKE T 2 IR m s A O B IR IR O 82 7R LT
W5, WERT S B & LT, WmEiRTT 27 BRI OTEA A B Lo e —
LR DBERITETORBREICBWTAEICED Lz,

Fig. 1le-h |3, WELRAT 27 HREIORHEARN ST L7z — L 2R LT

Do XX TIX, 70T XA L SHPITHRTT7aT XA L 2055 TE—AN DR IN
B0 @IS 7257z (Fig lle BELUN) . ZAHUTxF LT, ASPO.5S%IRINX.D 17—
NN DRE R, 7a T A LOREAZZITT (Fig. 11lg B LV h) | WmER(ES A
WO BRAERN SFARL L 7o — L R TR SN IR E R TH o 7o, MR
27 BREORIGEBAED ST U720 — 80 O L — PRI E R 2 L 5 HE R
(Table 12) IZX D&, MRXDOT a7 Z A L 20 5 @E%@D~»A/@Eéi ASP

0.5% MU EE U CTHEICE > Toy ZAUTK LT, ASPOS%IRIX. D — /13 D
E&F, 7a7 440 55707 E A5 20 50MICEEZIT ol B—LR
DIFIZ DN TIE, WMEBRX & i 7 a7 ¥ A AR THEZIE R D> 7203, IRz~
T ASP 0.5% S INKIT A BITMEDMED 572, 2 —/R OFE SOV TIE, ASP 0.5%7
XX 7 a7 %A AMICHEEEIT RN -T, LLRBL, 7aT7 A L 20 5y OxtE
KO —n R DESIE, 707445 5 5OMBXO0—L 0 OES LY bAE
2@ To, R CAHMAS, MEsORAE S B B ORBIEE AR HFRR L 7o e — 13 Tl
BRIz,

Wri BZ SO\ T, R D —/L 3y (Fig. 1le B L) ORNHO KIS D) —M:
1%, ASP 0.5%IRMX D r—/L 8 (Fig. 11g B8 XL OV h) LV HEN- 72, AL, Wik
175 A OBTEA A S L a— A X0 LR U Th Y . BmEMEITIc L5 1
mm? UL EOKIEOEORERE R DB bR S i7z (Table 13)

WHRTFEORBEELETDL L, HRKIZHOWT, 7aT7 XA L 5 50mEEF 27 H
MO AN SR Lo — oS E, 7 a7 2 A L 5 OmEERTE 5 B O
B BRAE 17 HFFEE U 7o o — L X T B LT WA O KA & 0% — MRV K 9

ﬁxtd@lmkano_ﬂ ZxF LT, ASPOS%IRIIX TIZ, Wiho7vr 7 ¥

WL THr— A ONFHORIEHEE IS T DM HRTFORZEIH EV b

&#oto_hgﬁﬁﬁ_owf%@@mﬁ L HMMEREN N EEMIT TV
(Table 13) ,

IO ORERIT, 12D 23. TRAAEMOMENZUET D ASP OFRINZIEICK
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KL THY ., ASP 05%IRMXOEMANDKIEA, LT TR (2%, b, PRIFERS
K ORIE) H. FRCEEHRICHN S EfbSn 2 btk b B2 6N, 26T
— XX, W L7z ASP RSV TREFICA U5 EMMMEOZ{L 2T 5 2 & Z2RIg
L7c, ZAUE, TETHIRATZ L5, WM EOE—MEIZE > THETH D, I HIT,

AEH O 72 A IR BRI L D W A RFFT D1 OICEHE TH 5 (He & Hoseney,
1992; Naito, Fukami et al., 2005) Z & 72°5, ASP OFINC K B A H#MEDZAL O MHlIE,
WA O XTI E R L ORKORBICUENR L 72O T RN H 5 2 & 2 HER LT,

8.0 *
7.0
. o a o)
=) ——rrieree e
> 6.0
5
—~ 50
£
40 ¢ . .
% Control, Floor time 5 min
; 3.0  =--O--Control, Floor time 20 min
5 0.5% ASP, Floor time 5 min
(‘/&) 2.0 I —&—0.5% ASP, Floor time 20 min
1.0 +
OO Il Il Il Il Il Il J

0 10 20 30 40 50 60 70
Frozen storage (days)

Fig. 12  Effect of frozen storage period of molded frozen dough on the specific volume of
bread roll. The results are presented as average values * standard deviations (n = 8). *All
changes were significant (p < 0.05) according to the Tukey—Kramer test. Here, Control and
0.5% ASP denote dough samples with no additive and with 0.5% acid-soluble wheat protein
additive, respectively
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22. 70T XA LDENRID LR L ORIE LRI 2 5%

Bepk 1% D/ OREAR T 20035 BT, MERATREEENIE & A ST bl L )
WCAEMO I X TR THROARBEZKS L, 7a 7 Z A4 2 &< ERE LIEARERIC
BWTH, ASP OIRINE I L [FERIZ, 7 a7 ¥ A AORRHZEIZRTT 2 8 022 E b
ERRER L, 2k, RS TR TOREMEIZISIT S ASP OUSIIZh RO %
ITolfE ROV TR D,

SEVUTERT LA, a7 2 A ARGE L%, i VEREICHEIS R
(FEITR) | AHEICLO NS LD TR) , S5, FRFEEEE. BRIZIC L0 A
DORFAEE N E LSS (W, 1991) , ZHUIx LT, RE—72uo ok, WA
&R L 5 2 D I ORI D2 D Al REME A H 5 (Marsh, 1998) , Z D728,
AR DTS EPFR B2 R -3 2 BRI, MR SRR Bl S 7oA it L
T, O (T ) ZHHLTILD D Z EREYNZITONTZNE D hE R 55
ENbbH, 2T, AMEOMBELRNET S22 LX), 7T XA L (ETRES
DOIFFZEZETE LT 5 08 LV 20 40) BLOWRME L7z ASP O ALD ~DFEE T~
Too RTHRIXE L TN ASPO.5S%IRINXICHB W CAM EOMEEIZ. 7 a7 Z A L 5450 0.90
£0.02(*SD) X LT, 7RT7 XA L 2045T0.89+0.02 &720, T NI Lz,
L)L, ZNHDEICEEZEIT R o7 (n=15,p<0.05) , ZhHDOFEFR, REBRXET

BETBRINGR o, £2, 2 TOAMMIIFTEHRRICHD S, AT —TH
572 (Table 10d) . T 5 DFERIT, I IZHT 2 OO OFE T, RERIZBIT
HARBRX CIImE T2 &R LT,

B LRI I D EED F 72 BRI, KiufEZ 5 S HIX L. 2%l XD DERIC
AT DHRICKRERRINEA LD Z & THD (Marsh, 1998) , WA ORIE T, %
FERD7anTzd, RERTIADREAET H T LITIT E A LR, W, HEEOENTZ S
VT v — hADFEITHFF CE /2D T (Takano, Ishida et al., 2002; Takano, Naito et al.,
2002) . AHIOFARFEE DS EUNIEM SN D Z L2 YIfFT 5 2 T TE e, At
N —Z REIBRICE L CWRWEA, ZvTrr— MR EIET S (WEE A i, 2004)
Z DGR, BERE O/ DN OKTIME N BB Z T D,

TaTEA N 5HBION20 5%OAEMICONT, HEIL, ALHHOEMTE A
FERIZHRIE 3 D BE, IEITEIE T — T 125 2 2 e K 1 & JE L7 #5 3% Fig. 13 12 L
Too MDA, 70T XA L 20 5OEMN T —FICRIETISNE, 7uT7 24 A
5DAEMMNBMEFETINAL D & 411N EroTo, BAFDOFEED —F OFESMIL, %t
BEXo7a7ZA4 5 5oL Uiz, TORE., AmrENRKE <E L, Ao
JEMEDME T2 &, ARMOMENEE L, [iaEsy—Iofsfb a5,

ZHIZRLT, 7aT HA L 5550 ASP 0.5%MNXK OAERMO R KIS I, X O
BRI E Y BERICED 572, ZHud, TEEFERRIC, I L7Z ASP 3 EAE
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300 | a
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200 |
150 |
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Maximum stress (N)

Control 0.5% ASP

[l Floor time 5 min Il Floor time 20 min

Fig. 13  Effect of floor time on the maximum stress of the final sheeting roller. The results
are presented as average values * standard deviations (n = 15). Bars labeled with different
letters are significantly different at p < 0.05 according to the Tukey—Kramer test. Control and
0.5% ASP denote dough samples with no additive and with 0.5% acid-soluble wheat protein
additive, respectively
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DIHD B flEEE 5252 L a2 R LT, TORER, BiEte —F L RIERIZE - T
RN DI D AT S T2, S 5I2, ASP 05%ISIIK D7 a7 X A Lk 5 505
20 TIERT 5 & IKRIGID 2.0 NHIIM L7z, L7EERN-T, 7R 7 XA LADOEWNWIC
K BERISTT DAL, MBI LTS hoTe, TOREE, 7aT7 24 5 2045
® ASP 0.5%IIMX DRI SIE 70T 24 L 55OXMBRORKIESEOMICEEZE
TSR SN0 oTle, SN ZIUL, WIS ASP IZED, 7rT ¥4 LAZIER L
THAROMERMEZ MR L2720, i PICARICEE ORR DB IND Z L idho T,

M EIZB T DAEHASOKOEIED D70 < FEEN ATREZRIR Y fifil S iz /) —&Z A L
MBS AL TR, B RICREELEr —Z 1IN bR RIG L, [ = HfE
EERAWEGE LY 20 EE, WERMTHD Z ERENTz, LL, 77 ¥
A LEER U256 OEMMEO BT/ NS o7z, £72. ASP0.5% %= AR L7
SO 7 a7 HA LG XD EMYPEOZLINHIN R, TREEE W HE L0 b
Mmole, TR, B bR N AR N T WEEERD T D ASP DRI, [F
U/ ZMH L TR SR CHEEDO N Th - Th, B FiRIKET 5 2 &
BRI L7,

[ BT K DI, Ao MEEZSET 2 2 & BRI, bl Sz L2 8,
DEE DL EAITF G L2V, S I, aEIPICIRET 57 a7 Z A LOKFREZEIT
U CAMPIMEEZZESE D Z ENEETH D, LR S O TR CAEP M IE
MoRGE & & HIZELT D Z ENRITIUR, TV ORESH 2 —EICTDH I EAAEE
Thbd, LinL, BREIZIZTZaT A APMEESND Z LICL 0, AR L T
M OMBENMET LG A 2L, JFiEr —Z ORIBRAILT 5 2 LR AEER (ES)
)t T2 BRI TEAX DRER EKIE~V OB ERO 5 Z L1275, LarL,
TAUTAEHFHARICEEE L, S OICAEMOBELRIELZ LI EZEX BN, D
EV,AEHITT T XA LOERICT HHBEMEOM R NLE L 0D, SEIOERIZ X
D RIS EAE O BLE THIC IV T ASP ORINE, Ao ffREEDm e 7 a7 4
A ABIERE SN B Z LT L HAEMO MBI T 20§14 28BN T Sz, 2A50
FEFIEL, ERLO 21 TR AE 5 A& X O ERAE 27 B % ORIBG R %
BERk LTz — X O4MEES KL OWiE & IRIIEORER EBIRT b0 B2 b,
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2.3, RIAEHIES X OV BRAE D> O FHHL U 72 Bof R B AR Hh O ki 5

BT TR, PREFEREZOARTIL, It —J (X > THREAMIZ S, &6
(CEEAME — ) 7 F = — 2 THERICEE BT 7% BEKREFEHA L T —1 8
DAEMTERICEIE Sz (BUF, BiA) . 2 6o TRPIC, ARty m & 5
O I ST, [ ETHRRZ LI, ASP ZIRINT 5 Z & THEIER O Ao
JBENSSESIL, 7T XA APEE SIS Z I X 2 EMOIGERIIH S b 2 &M
%éﬁko*ﬁf\kﬁmzzmﬁbtiim\7m7&4Aﬁﬁ§éhé*&’tl
T D AEMMIED AL DT, RIE TR ARISEE 2 AR N2 b -5E, Al
NEETEZTHAH) ZLIEIBESICHERITE 5,

Fig. 14 |Z. SEM TH#I% L - iIBIE % O RIE AR O K m O E 2~ LT\ 5, xf
MXD7a7 %A 5 5 45 (Fig. 14a) CIIIBAERMOREIZ, 7 v 7 U RRE—I2 5046
L2 NTro— MR8 snz, LT, XfRXO7a7 %4 A 2055 TiEk, ZAvT
V= MIERHICRT L) e RE BANBIE S (Fig 14b) . 2L b OfERIT, JE
FERFIZ 2 — ZWZINZ BTSN, 7T 2 A4 L 20 5 DEMTRES B LTRR &
BT 2b0EEZLLNT, ZNHICx LT, ASPOS%IRIMX DAEMFER D 7 VT

— MZIX, 7a7 ¥ A4 AR, RERBAIIBIZE I N0 o772 (Fig. 14c BLWV
d) o THOHORERIL, ASP 0.5%RM K TIEIERFO e KIS IR xHRX X0 b L, &6
[Z7a T HA L 5505 20 50 E TORKISHOBEMMBEIH Shs Z & ERTL2H0
EEZ LT, DFED . ASP O L 0 Ao EMED W\ E L, M4
(ZMBE DRI RN T2 s E X BT,

Ta7TZA L 2055 DEMOGEHRAE T B OMIEEHAERD O U 72 et ss g4
Mo FR I L OFIWEIZ OV T, SEM THIZE L -l iE % Fig. 15 12 Lo, X
@Eﬂ@%ﬁ%L TRDOBEERRZI N ORBEERDHEBETLE, TVT

s n-RR (Fig 15a [CRAITTR L) 1T, BAEMOEFRmRICBZE SN
@&ﬁULTPtOé%’ BRI AR OEIMTE O SEM Bt THIfEICBIZE S L7z (Fig.
15b IZRAITCR L) o IR LizX 51, EoMREENMEN T & TR A FR
HAEEGE L TWDZ ENFRREBZ LT, B—EDRNWI VT~ M) w7 A 3T v
TGN E T E T, BRI O KT O BRI 2R IR I 2 DAV W RTREMED B B
BeR DI B B CRUAN AMICIEE L THEERT 5 &, [En K& <720 (Hayman,
Hoseneyetal., 1998) . Z iU/ N\ ONMHORIaMEEIC HEEST D, Fiz, N AEmon
WU L DT VT D OBEKITEFHHAUNICEZ 0 | Wl AEMZFRE L TH, K9d
INT O R ) v 7 ANTIOREBIZESZ Z LEFR2WZ ERREINLTND
(Esselink, van Aalst et al., 2003) , & L C. /N/ZE#O MR & Iz X DBEKIZ X - TH
SRR FT 20, 2UEZ AT o~ b w7 ZOMENE & BT 25 alREE R S
LTV % (Morimoto & Seguchi, 2011; Seguchi, Nikaidoo et al., 2003) ,
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Sampling, quick freezing and lyophilization

/\ L Observation part
Fig. 14  Scanning electron micrographs of molded dough surface. (a) Control (no
additive), floor time of 5 min; (b) control, floor time of 20 min; (c) 0.5% acid-soluble
wheat protein additive, floor time of 5 min; (d) 0.5% acid-soluble wheat protein

additive, floor time of 20 min. S denotes starch granules. The arrows indicate cracks
in the gluten sheet
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Surface Fractured cross-section

Sampling, quick freezing and lyophilization

/\ L Observation part
1 ,
e

Fig. 15  Scanning electron micrographs of the final proofed dough prepared from
molded frozen dough with a frozen storage period of 7 days with a floor time of 20 min.
(@) and (b) Control (no additive) and (c) and (d) 0.5% acid-soluble wheat protein
additive. The arrows indicate cracks in the gluten sheet
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NSO END, RIEREOAMOBEIZINZ T, WERIZELD 7T 20 OBEKD
OB AIR T SEDH 2L T, ZAT v — FREERRICIEE L TREE N B 5 =
EERWE LT, RaDBHD T NT o~ MY v 7 ZE, BERCR OSTE O LRI 72 IR (i
25 Z EMTE2\ (Ishida, Takano etal., 2001) , 2D Z End, AFEBRTHLE SN S
T v v— NOBENL, BERE DO — R ONFEOKTEMEER LORKICBWT, R
) — 728y MBI S D ATRENEIC D72 23 D

ZHUCHF LT, BRIBAE RO FR I & FRIERIZ, ASPOS%IRIMX OAMD 7 v7 v v — MZ
K& pIIBE I N> 72 (Fig. 15¢ 3L OV d) . ASP OUSHINC L 0 mEE b AR
HEESHRF SN0 EEZ N, IV T o~ R v 7 AZH— DA ENT=T
T RO, BER T DA MO R e RICEE R EIZ R L, Fc ko T
BER % DI O A S 2 P E L (He & Hoseney, 1991; Naito, Fukami et al., 2005) . Z 4L
R B B S 7 BEREAL DY) — Ze RIS IC B Rk 5 (L, Tang et al., 2011)
Lo T, KRERTEBEINTZHBREBE O 7 VT oo — hOEWR, Bk L= 2.1.0
BERIS D 1 — L X DN O ZIaREE OFEVIZELIN . L HELZ LT,

[ ZD 2.4 TR PREEOR R TIL, AHIZ ASP 0.75% %25 &, Ao 7
TRy NT—TICREBRBCNELDZ E 2R LT, REBRICEBIT S ) — %A LG
AEHEL AR ORERIE, ZEHIZ ASP 0.5% % IRINT 5 & IBAEMO 7 VT Ry T
— I BRIBIZEALT D AR LT, 2RO DOREFRIE, 1 B TR IO EIERED )i
HETF — 2 BLORHR L7 22.005 HlET —% & L<—&H LT\,
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2.4, BRI TRARO BB L A o — L R ONF ORI E I RIF T8 L
ASP D% R

2.1.CHlR_7= L 92, WmERAT 5 B & 27 B OREAEE O 7 —L 30220
T, *RXE ASP 0.5%FIMX O, SWEERDT-, 2O Enn, BEHOBHEK
RAFICE W SWEEN S DICIERT D AMREMERE 2 Dz, Lz -> T, EREMST %
AL TR OO KIamEE 2 8122 U, BIBHA A OSBRI 23 2 — LR b
BT T B LR Lz (Fig. 16) . Fig. 16a—d 1%, WERAF 27 B ORI G oA
PO L Tem— N ONIE & REZOERBMERG 2~ L T\ D, ZOFEERTIE,
Fig. 11 IR L7Tcm— X OWin 28T 5720 L7 b @ & [F Ul 25~ 7,
INEWITEORIAN B — LR DRZBITIH - TRIE S L, REBEOTIZIE, 2 kb
KE72FEHTEOKIAN 2T ORERX OIS b v,

KRR XA H#E LT, ASP 0.5%IRINXIT R & 72 #5 T O KTa 3 BRI D720 2 & 23
BlERSh-, MRARX EHIZ, BAd7aT7 XA ADOBOKIAEEICKE R BR S
NI o7z, ASP ZIRINT 5 Z & CAMOMEENM E L (Fig 13) . ZOREHE, ik
TEARZICBEINT IV T v — FOBREDOKE SIXASP ORI L VA L (Figl4 ks
L OVFig. 15) | BERRTPICKIE O AR HIH S dv, 20 Z &SN O KIS O ¥ —M:i
FEHELELDOEHETE LI,

Fig. 16e—h (Ti%, MR IRAF 60 A ORIMmEAMN IR Lo o —Lox ONE & &
FZ D EARTAMEEE S 2R L=, *THRIX (Fig. 16e BL O 1%, WHIRTE 27 HBORIE
B DT U7X S i LT, 7a 744 L 5 5B LN20 500,
WHOKIaEEPH R —Tho7-, I HIZ, 7a7T7 ¥ A L 204 (Fig. 16f) OWNAH
T, 7a7 %4 A 5% (Fig. 16e) ONAEL O RERFEMAEOXIEAN L 2D WD
PORE R ORISILR LG E TRET 20 BlE S vz, MR 27 AL
WEHRIRTE 60 H ORI E AR LR Lz e — L R O ERICH BEEITRO LR
2o T, L7 S N ORI IE OB FIT JHRIX O o — Lo OB 03,
IR RO B OBHREIFIC L > TR FLIEZ & 2R LT,

ASPOS%IINED 7 a7 H A I 5558 X208V T, miEifefs 27 AL 60 H
HOWNHORIEE Z T 5 & WEliRF 60 H TSR K E 226851 TE O K703
ZWEIICRZD, LL, a7 X405 559BI020 500N, £EJEICEE
THRI KBTI R oo 72 (Fig. 16g )35 LTV h) , L7213 T, ASP OIRINIIELTE
WEHERD HIRL L 7o 7 — X O NH O ZIEREE DY) — M0 A0 B O m IR T
WX TERT T 22 &2l LN ERoT,

WA B S AEHOKE BN ER S ND & TV T o~ RN v I ANLT T
VRIS BET D T L 3R STV D (Berglund, Shelton et al., 1991) , & B ITHERAT
HHOAHRE L DR XA S IS 1B A T L, DB R AR OB PERE A KT S
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Frozen storage for 27 days

crust

crumb

crust

crumb

Fig. 16  Stereomicroscopy images of the crumb and crust of bread rolls prepared from
molded frozen dough with frozen storage times of 27 and 60 days. (a) and (e¢) Control (no
additive), floor time of 5 min; (b) and (f) control, floor time of 20 min; (c) and (g) 0.5% acid-
soluble wheat protein additive, floor time of 5 min; (d) and (h) 0.5% acid-soluble wheat protein
additive, floor time of 20 min. The arrows indicate the coarse parts of the crust. The scale bar
is 5 mm
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7= (Baier-Schenk, Handschin et al., 2005) , K#ED 23. Tk 7= L H 12, T 7 LR
NT o= Uy 7 R ITHDIA E I THME L7220 G6 | BERk T O R0l 2R IR 12t 2.
LNRVKIEARNEERT HBM N D5, ZOfER. WHOKIEMEI M 780 | RE—IC
RHAREMEN D D, AEBRTEBEINTHBRXEO 7 VT v — FOARFEDEVY (Fig.
14 3 X OVFig. 15) 1%, BHRFICE > TS DIEES LD Z &R S v, ZAUIARSE
BBl S NN ORI EDEVWORIRD—2 EE X b,

2.5. FRIBHBAEH O BB BIRIAC L A 0 — L X0 OFRLICITTHE L ASP OhE

Fig. 16 OHHRIRAE 27 HHFB L OV 60 H B OSEGEHRAM OB L7z —1 o
FKLLJE % B e WNFR O FRBAMER EIE D 11T, RIS DR OBIEER LR LTz, Mk
17 27 B ORRIEEBEAEMNA ST L 722 — 2o TE, 2 TORRIXIZTE N T
KBTI > TS WA ORI B S IR, REIZOWTORBRKXM ORI
ZEAERBLNIRNST,

AT 60 H R O RRBLAEAERD DI L7z 0 — L2 00T, SRR X m ER
727 HIR LB L T, WHORERFEEMEOKIENR L <20, HUVIREESBIZ ST
ZEMD, REORED 2ERMICHL 227 (Fig 16e BL ) . EHI12, WL 20D
ERONIIFEF NS R¥)—ThH o 7= (Fig. 16e BEL O FIZKRAITRLE) ., a7 XA A
20 S ONARITIE, 7T XA L 5580 REVKIEDBIE I, REBICEIET
HZREVTIEN S DT, L SBIE Uiz & ZICRFICKRE kNN BNL T
(Fig. 16f IZRFITT/RLTZ) o

WEHATE 60 H O RIEA AN ST L 722 — 101220 C, ASP 0.5%EINX
Xl F D7 a7 %A 2 (Fig. 16g 383X OV h) T, MERERAT 27 B ASP0.5%IRMNX D AL
e BRA D O I L 7e v — b X AT Hl LT R ORRED 2RRITH W K 9 1T %
7oo LML, BRBICHEET L RERKIBIZAONRN I ENDLRLITKEITERS
N7pho7- (Fig. 16g B LOh) .
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2.6. FRIGEEAE) LT L 72 0 — LR ONFORE S 15 L O OIRFEFH O 2L,

21502 L7l & R LB A 36 L OGRIE T, LB S T K D ROE 05 TRA it 2 58T
TR U=, & LT, WA 30 HIORRIZH AR D 0 — R i LTz,
Fig. 17 121, 20°C TIRAE L7=BED m—1 0 O ORE & 35 L OMRLET O 2L N
BREBX DT O T ZA L 555 TaT AL 2045 L D ER LT, D45
TREFOZEMITHT D ASP ORI L 5L ELZh RIS LT ASP OUINC X 2 B
AR SV DR AT T 5 721, NAHORE S ORIE 2 36 L7z, BBz adE
L727%300%, 20°C T 24-72 FERRAE LT,

KPR 24 BEMRAF. 70T A L 555 0OEMN BT L 72 0 — /Lo 2 i L
T, 77545 2050 DIINHEOBENMELS, DEVXOLELNWI ENRHLNTH
olz, IHIT, ZNDH DOZERIIRFHZ bREFFS L, 72 IR FHBR TIE 7 a7 ¥ A4 & 547
Z7aTH AL 20 3IZHE LT, BENFEICES Role, LLenb, Rkl
E OB TRORZEIC LD 70T 2 A4 AOERIT, SHBRIXO e —1 0 Ok, N
FEORIAMEIE R L ORKORBICHEEEL 5.2 2 Z LRSI, ZRHO/RRIT, =
— R DFELNE ORI MERFZ BIIZ, 7T A4 22 EL T2 2 LIXREETH
HT LERMELT,

ASPO.5%ISINIX D 24 BfERTFL, 70T XA L S OAEMN SR L7-a—1 v
IZHEEL T, 772145 2000 bDIXNHEBE LD -Te, Z0OZ EIIRHRX L[
UMM %27~ Lz, 72 RERIPRF4. ASP O.S%IRIIKIE, a7 Z A L 55504 DGl
B2 — LR ONFHOH SN O 707 X A L 200080 L IZIER T TH-
720 ASPOS%IRIMNXIZ T O T XA L 555707 XA L 20 5DEELENR-T-, &
I DFRERNS . BB O — L 32D T, N D F B D & OB 72 22 8 M A3
ASP DY LV B B+ 2 Z LIdHL N TH o7, 2D ORE R & BIRTEMEEIIC L 58
ZEE R, ASP DU I A DR L7z 0 — L ONHOWE 2 %8 S H
HZ xR LI, L7eho T, ASP U, # LB o TRPICHEET L2 71T
B A LDOEN L D AEMPNED A RV RANZMEIT 5 2 & T, X ONHEO B E R
E S/ LT b,

BEAEMOT RN DIAENT TN T o~ N v 7 ADREIT. B Uk
RREEZOLDPWANVOREZ BT Z EAHE I TS (Huang, Yuan et al., 2008)
ASP OIRMABANAHO MBI RIETHEIL, VT o~ N v 7 AORFELOFRERTH D
EEZLNT,

IHIZ, 2L, TETHAZ ASP OB — AR O SIZXT 57T XA
LOFBEWOSHDHZ LITHE L CTOW D ATREMEN H 5, HREEA M LT 54
HILZ ASP 0.75% & WINT 2 & RIFH O 1 — Lo OO S OZEA L3N S 47z,
J =B A D HAEME N AR LGRS 2 - ASP 0.5% 2 TINT 5 & [AlER
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DNENESNT-, IS DOFEENS . ASP OFlE e RINEITR S HIEIEFET 5 =
DR S LT,

4000
3500 |
_. 3000 r
e
2 2500
¢ 2000
8 a
£ 1500 | g
i b .
1000 Control, FT 5 min
--O-- Control, FT 20 min
500 0.5% ASP, FT 5 min
—&— 0.5% ASP, FT 20 min
0 1 1 1
0 24 48 72

Storage time (hr)

Fig. 17  Changes in crumb firmness of bread rolls prepared from molded frozen dough with
a frozen storage period of 30 days during storage at 20°C. The results are presented as average
values * standard deviations (n = 12). Bars labeled with different letters are significantly
different (p < 0.05) according to the Tukey—Kramer test. Here, Control and 0.5% ASP denote
dough samples with no additive and with 0.5% acid-soluble wheat protein additive,
respectively, and FT denotes floor time
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2.7. MO BT D ASP O h SR O fiF bt

24.FB XN 25028\ TC, BRIBH AR G L7z v — L/ O A O KA iE O
L) =MD E O RIG R IRAFIZ L > TR 9% Z &12%F LT, ASP ORI SEE R %
AT ZEDBHLNERoT,

24.THIBARTo L 21T, MBAEHIZ I W TEERE O/ N ONFIO KM EN 2T 5

DL, AEHOBHRIFIZ L D7 NVT v~ R Y v 7 ZAOBEIC L 0 AWM H AR MK
TT2ZENRERFRE 725, 40O FEERGA: CTIEA BRI I B3 s A= o
T A3EAT) @ﬁT&iiﬁ#o T2 e b, N ONHOKIEEE DX — MO T, P
P RAE S oD A= KRR (2 K WHRIRAF DO ENERIRK TH 5 &b,

R L7=X oz, /\O/iﬂﬁ@/“\@ KO TNT G OBEKREEZ Y (Esselink, van
Aalstetal.,2003) \ ZAULZ VT o~ R v 7 ZDMEEAZIKRT I T, BARUHEZE
T&H% (Morimoto & Seguchi, 2011; Seguchi, Nikaidoo et al., 2003) , F7=. WEHLEFIC
K0 AEMOMMENEL L, S OEENED T 57 EEDME T35 (Inoue & Bushuk,
1991; Inoue & Bushuk, 1992; Kenny, Wehrle et al., 1999; Tang, Wang et al., 2016) 75, ZiL 5
DEAITIE B ERAF T OIKFE b ORI REE S 5 2 & A ST % (Baier-Schenk,
Handschin etal.,2005) , 25D Enn, AMMO R OBEEIFIC X0 AR O T AR
FFAMME T3 200X, A i 7T oo b OB I TS5 2 & T LT o ofifi
NS HIET T2 KERICED AT o~ N v 7 ANEET D Z LN E
ELTExLNT,

24.OFERTIL, JRIX DO/ OIS IZ R OMBIRAFIZ L 22 BEFEIZER N
T o, ZHUTKR LT, ASP OUSHINTE O ERITFIC L 52 b %z B L=, ASP O%)
RlE, Bl U72 i BRAFIT K0 A2 M oD 77 AR5 /1 0ME 7 5 BRI 3 L T 2h R &
T2 ENEE SN,

2T, AEHOmEARIEIC L D EMMER LRSS OZ I D ASP ORhRE
et U7o, BRI X B AR~ DS A 5Bk U 72 G R % Fig. 18 1T/
L7z,

EME (BIEED MR (X, =7 AT 7T 7T THIE L Energy (em?®) = [
771, Resistance (BU)= [ Z#KPT]. Extensibility (mm)= PR | OFHEEEZ KD,

JREIIRGEROE T, KHEE & ‘bﬁf{ﬂm T HEETEL WD, BEITHHOIME
T, BmRMORGHIZKHT HEEGTER LI,

RN TIE, MEICE D HEERFIDREIE T LAERD N RE WA LIz, Z
AU L, T AV E BRI 2 &0 R, W E IR R E <L
IO ST BN L7223, REEOK T KRE <, AT < fHOO(ERWE & 7257,

—Ji. INAT B IO ASP IRINTCHERESUIIEIM L 726 O D7 X 2L B BRI
Her/h & < R BTN & R RS CAE R B AR LT, £, BT
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Fig. 18  Effect of freeze-thaw cycles on dough rheological properties.
Results show the average value (n = 4). ASP, acid-soluble wheat protein

63



DEMD NI T VT B LN ASP IIMOBIZZER N AL, ASP Z2iRINT 252 & T
HERIMORBROAMIZ I HITVME & 72572,

PR BRI K> THEL D AEMOFH LA IEIT 2720127 2 a /B BRI T
WA, IINC KA EEOILNTN 228 KL 23. TR L7e X 9 2RI T
BHIEFETO I NT v OWiEE B E S N OB 2 5] & 2 3 Al et R S vz,

F- B L 2AEMOF IR LT, Z T I REEOSEIT T <,
ASP N Ko THEEIIZ R b o> MREAM LSE52 ¢ TOAT U~ NI v 7
AOBEEWHIT D Z EARENTZ, THDOFER, Fig. 19 (TR LIz m A 2 BER L
728 DAL, ASP ORI R b E L o7,

S BT B AR I VT o~ B U w7 2B DOBEAKE X O KK il
AL AR K DOKFEROEN TR SN D, LGSR LT, ASP OIRINITHHIZhH
oRd I E R I v,
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Fig. 19  Effect of freeze-thaw cycles on specific volume. Results show
the average value (n = 4). ASP, acid-soluble wheat protein
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2.8. ZILT 3 KU ASP D /KAy 5E) & GRS o ik

INCHERDOIBEIZ LY ZT b OBEKNE Z D (Esselink, van Aalst et al., 2003)
XV I T r= Y v 7 AOMBEMEMET L CTRANMHEME T 9% (Morimoto
& Seguchi, 2011; Seguchi, Nikaidoo etal., 2003) , ZiLiE, Z /v 7 OB EERD &
FolERTHDLEBEZLND, JATUEBIW ASP LKy EOHEERIZOWTH
T 5720, KEMZ KR S 72l alEt O K 3T 2 I E L7z fE R % Table 14 12
RLTo, ZVT T 0.978+0.001 (3SD) %78 L7=DIZ%F L, ASP CTiE 0.960+0.003 &
ARGTEMEIZARBITIRLS 220 | ASP I VT AZH~ER KN L L BRAKIIB BN &
B 5N o7,

F7o. MRBHIKZ MR KA ST, RGBS IZ SEM 12 X 0 it & 2 8ls+ %
L TNT ATHART ASP O Xy MU — 7 REEITIERITE CTH A Z RO b
(Fig.20) , ASP X, ZD &L 5 i eiiEs L 5 2 LIC > T, KERFELOTWE
INIBF LI TND T ENRS I,

21. DT AT 7T 7 OFERE AT ASP 1T Z OGSV RAK NI K-> T
WHIZE DT NT in b OBEKZIHT 2 Z & T, TOMBEOK T ZAE LB
BN, ZHICE 0 RIBGEARD Z7VT o~ b Y v 7 AOEENIEI S, B
WNT = NEMO I ARFF ) AR D 2 & THAHOE —MEIZHF S Licb o L HE

2L,
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Table 14  Water activity of wheat protein dough

Sample Water activity (Aw)
Gluten 0.978% + 0.001
ASP 0.960° + 0.003

*As shown in the picture below, homogenized samples (solid content 57%) were placed at the
bottom of a disposable sample cup and measured for water activity using a water activity meter.
**Values are expressed as means + standard deviations (n = 3).

***Different letters are significantly different (p < 0.05) according to the Tukey—Kramer test.

ASP, acid-soluble wheat protein.

Gluten
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Gluten ASP

Fig. 20  Scanning electron micrographs of wheat protein dough.
ASP, acid-soluble wheat protein
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3.0 EH

ARETIL, ASP OIRMD IR EAEM LR L 72 0 — R O GBI KT T2 %
TR HEHAETII VT o~ N v 7 AOBEIC XL 0 ARO T AR MK T 5,
THUCH L THRESRIZ, T AL E VR LT A L 0 A A RIE T D 2 & TR &
T&E T, ZOREER. AP, MEEMES RoTLEY, S HIE, HEICLD Y
VT D OBEKIT S FHEOBOKMEMR AR 2@ EEME T T 5, 23 Bky
IZB T DEIETD I NVT o OMIHZHEE  NCNHEOMEA G S 232 & B3RS
T LN 5T, EHOMBENTRET S &, Fig. 21 OEAXOXBX O X 51, 7
BRI VT o — EREIINTC, RJaBE— LT LEY, &6iE, ZvT7ri—h
DEHENOT T U RINBHLTLEY 2 L&D, 2RBICL Y, Ao IE#EEN
RE—I272 0 | BERE O/ ONFHOKIEEE T 7> TLE 9,

ZHUZHR LT, S oEiERE BRI, EROMEMEZ MG Ue s b AR 58
T DHENRD D, /INFEIZ ASP & 0.5%INT 25 & 3B TRPORE2E (a7 Z A
L DOWFRIZE) (Zxd 5 s i AE ks X OVERTE O /X 0 O VB O 2 e b B R AR
ST, ASP OTINC L0 AMOENER R\ L L, 7 a7 Z A4 LAOFRFHZEIZ X 54 o
HEEOIKTFAIH END Z EICLD b0 EB X LI, RIFER 2 b NS RIBmEAE
Hi D Fe A& TR D 2E R O BSoRIA 1 2 B AR 1 APRERE CBIZE L 725 . ASP ORI &
Ve TRERFD 7 VT o ORETH L D BADPIH S 4L, 7T o v— b OB —MEDHE
BEND 2 EWRENT, BRICE D 7T b ORI A OB 2T S+,
INT v~ b w7 AEHEEIEDLEEZ LN, RAKTIOEN ASP OFIILA B
IZEDTNT b DK EIZ T, OB FZIETS, 2o, ¥
REZ 7 VT v o— MCRERBINTRL 720 KUEEPET 5 2 L1372 < Rk
DY m T 5 (Fig. 21) o« 2B DORRIL, BERKAE D/ DA O KIEIE D1
—fbicwE LI EHEER LT,

S BT, RIEG AR O BEHIE R T TiE, Fig 22 O OXTRX O X 5 IZBEK,
HEITT 22 TIONT OMBEBENIBITKTT 22 EI2MA T, OKKEWmc L2707
Y b w7 AOEBIZ XY | AMO T AEREIPME T T 5, ZAUIBERRE O DN
FHO KIS DR S PR D KNI D723 5,

TRIKTID3 @Y ASP DIRINE, BEKRSEITT 5 2 & TOZAT o OEMEN S HITIK T
THIEEMA, EHOMBEEZHERFT S (Fig 22) . ZORR, W77y —
NSO T AR EMEFFT D & B 2 B AL, BEREL O/ O N O KTEkEE & R
B— RNl o L,

F 7o, ASP Z RN L 7o B A M C I e E RS B — L 7 5 2 Lo n | KAk
D ERNIEI S 4L, 7T~ b v 7 ZAOEN DI Ip S T2 A REMENFE 2 BT
(Fig. 22)
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Molded frozen dough (after final proofing)

Control (no additive) Gluten sheet (Gluten+Starch [S] ) ASP addition

High extensibility

Gas cell S) Gas cell |

| Low extensibility” >

Q@/

o%%%% / )|

Q) OO are
88%%) @) OOO x| exposed
OOO(SD % @ @) \ through
OL5OOIHO K g
Slegelocionelolal sheet
Uneven gas cell structure | /' Even gas cell structure

e 9°250¢ et e SN ee

Uneven crumb grain structure Eeven crumb grain structure

Fig. 21  Effect of adding acid-soluble wheat protein on crumb and crust of bread prepared
from molded frozen dough. "Dough strengthening and dehydration of gluten due to freezing
increases hydrophobic interactions and reduces extensibility. ASP, acid-soluble wheat protein
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Molded frozen dough (after final proofing)

Control (no additive) Gluten sheet (Gluten+Starch [S] ) ASP addition

Decrease of extensibility: Gas cell S Gas cell Maintenance of extensibility:
non-uniform gluten sheets & uniform gluten sheets
decrease the gas retention maintain the gas retention of
of dough™ / s> & dough

"“\.

Enlarged
cracks in

\ M the gluten

sheet

Even and fine gas
cell structure inhibits
ice crystal formation

Uneven and coarse gas
cell structure promotes
ice crystal formation

Coarse parts occur in the crust :

Significantly uneven Relatively even

Fig.22  Effect of adding acid-soluble wheat protein on the crumb and crust of bread prepared
from long-term frozen storage molded frozen dough. “The progression of gluten dehydration
further reduces gluten extensibility and ice crystals damage the gluten matrix. ASP, acid-
soluble wheat protein
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ZHBHIZE D ASP AW L7 m A Tl BRI BRI K D4 o 0 A 4%
FEI OAK T 3 ) S 4, BERLZ O NFE DO KTaEE & REZ OB —MERm EL7Zb D & %
Hiv,
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M. KKRE /S ~D ASP FIHIZ X % B2 E L ORKE

KOHEBEILRNET LV F— ;B@W‘é TNT o7 V=B~ G KT8
VERLET DN S SN TE Y (B, (L7 fth, 1979; EEF, EBE i, 1986a; &
B, S5 i, 1986b; HA, GEiE, 2010; KA, ﬁ}ll 2012; &BF, 2014; VE[H, #H, 2015;
M)l 2017) | KOOSR KB /S iR IS O (mii, AR, 2009; HAR,
MEAS {1, 2010; Aoki, Umemoto et al., 2012) . **ﬁ}%%‘&{h@%/\/ (2B B HFSE (HL
JHE, FAR M, 2010; /IMAT, 7k, 2011; (L9, s fith, 2012; BLEE, FAK, 2014) KKy
BT RBET v 7 BN RAT TR (R, &fF fil, 2016) LTSN T
Wb,

KBy AR U CHRES 2 8 OFESEIZIE, T RN ER BN Z TR O D
WK SRS SR 72 & ORED 2 U35 [ 70T 27 U —100%Kk 30 ) 0K
MIZNEREVRR L7 VT & 2 BRRERN LT 70T Dk sy, &6
(/NN K 2 1~5 BIRREEIRG T 5 URBIRA (INE) N 13dH D (857K,2014)
KMOKREHEZ B E LI2%a. Bl 2 FITNEM AN ERKRNPRESRRDZ L
b, Rk L“C@(ﬁé?iff”jt@ﬁﬁﬁz’)w\é <. KB OMEBEINIFSMEL 2R D08,

H:*b/ﬁé (N 780 | KRB DB A A LoD, INER /AT ARV Z &

 HEEOZTANNES THY . KROMHBILR~DHFENRRENE B X B,
LU D 6 /NER D 2 FIFREE £ T O XK OUINT H UL A A 5 |\ HE ki o
INUMMHRETH D0, KM OBELALREZINS G L T NVT VR RET BB
DMK (BLEE, RAES fth, 2008) o ZAVEAH O T E ST L AFIAT 505, iR
SNTWDBZ T AT AERICINZ D Z Sl L0 AZE OS5 T HEEICH D
ZENMBNTEY (Weegels & Hamer, 1992) . ZiUFEUSUAAEDK FIZoR03 5, 2
IETIZHIRARE LD I LR S AN X D2 REAETIX, 7 a7 ¥ A4 Lk LT-
TRIZB T 2HEMO L EENSE—ERMLETH 5,

[ ZEBIONEOMEENS, ASP OFINIZ N SICHT 2% BRN SN, £
T RETIINEI O pBESNT -7 NVT U EFIRA LT, /NEBICK 2 4 8 & @il s
L=y (EBIRE /S ) ) ISk L, ASP 20T 5 Z LI X A EHDOER., T D
oSS X O~ DR B EZRF LT, S 61, B TRICBWTEFEBES LD 7
a7 XA LORRIZETHERE Y L IZBROWEEL 25, BEkth D/ OFE~DF
Bl L HIT ASP OENRIZ OV TR LT,
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1. 3B L OVERITIA

1.1, &

[ D LLBLIONED 1L1EFRERO/NER (I VA4, BEREEKASH) 268 H
L7z, HAREETRY =F L 84S (X 0.08 mm) (A%, WERTF LT,
Kyix, B IIVEN B2 DK TR AN R 0 (B, AR, 2010; /NMET, K,
2011) | KIEPHUET U ED R OSEICEET S (KM, & fil, 2016) Z &2
Fro TS, 22 TRRTIE, EHEK CHRREa A7) 2Rk LRI
N BET T U ERERND R BSUER RV E SR TV ARG O
Wb (7 7 A v, REMREFERSH, IRk & 5) 20, RGEFIEITNER
ElRERE LT,

INEZRIEE LT, BREHICHRENTWS Z7 LT (Whetpro 80, ADM) 3 X
WASP ZfH L7z, ASPIZ T ED LILBLONED 1.1.ERTCLOZEEH Lz,

1.2. BERBTEE O Ry 36 K OMEIR T

W (B, I, 1996) ITHERL L, KO3 IE 135°C # MBI IRy IR b~ 7 % v
U DIIRALIE (600°C) |\ & 2 XTI BIX T VA — B (NERB X OVNE S X ]
Nx5.70, K¥y: Nx5.95) IZ LW ZNENER LT, BET 7 EFFIZOVWTLEE
TR v b (Starch damage assay kit, Megazyme) Z WV TCE& LT, 7 I v —
A& &L E — FEAE (Juliano, 1971) 2LV o8 LT, 26 ORIEEZ NS O
HEYZVDOEAERTRLE,

o, L—HREPTRL RO AMHIELE (SALD-2000, FRA St EERUERT) 2 v
L GAETEIC K0 dr L, SRR A R T,

1.3. AHOPEIRICEE T 5 HIE

INEER DX TR 2 W e PRI < Y, BIZEC E T mIciEVWRIaE AL
DO, KB CT/INER A EEL LTS TR OFIG Y 40%LL T, IENEL 22y |
NRUBOLEREME T2 (BLE, WE i, 2008) , 2D E0h, /IWNEHOERITK
LT, 40% (W/w) & K CEHL L7/ NN & KM OIRGE (/K8 o4 Hifek
IZOWT, 77 Y /2757 (Model 8101, Brabender) (2 & % & % % L 7=,

1.4, FREOFEFEEETLIC BT D AMBROZELORE

HFEVEIC L2 N A AE L CL PO B ICI T 2 AMBREOZE LA JE L,
AR OPER ORE & [FREIZ, IR ERIC LT, 40% (wiw) Z KB CEf L, Z DO
DINEHZ R B ORBELE MR Uz, AHOFEITER 2 59 (Model VM3, #Rl&4t
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FoxV) AL, MR (NEBR/ K 2 kg HIABTITo72, ¥ 07 (KK
(135 rpm) 2 4y, F3E (203 rpm) 2 47) [ELFEDOHFFED LM 200 g & A AL U o H—Z A,
TEIRIEEES T (27°C, RH75%) CHEAZ X 2 BRBEELZIE LT, #EFRIIEEEBthRE &
100% & L7=Z LT LT,

INEER LRI (ASP BL NI VT ) 13/NER/ Ky DEEIZH LT, 10% (w/w)%
ERERML, ZO—f% ASP ICE XX T-BEOEBIIOWTRE L, 74T 0
FEEIIK LT ASP OE X #iz % 20-40% (w/w) THEJi L. ASP 2%+ 7 /LT 8%D X
INCRKFEL LT,

1.5. B3 EBR

B BRI RIS BRI K D K EAEPE T A S s &
ARIZRFZ1T > 72, BlA % Table 15, TF2% Table 16 |Z/8 L7z, SR 5BR & A RO
R FED AR I 2 B FEORE & FIERIZ /IR E IS LT, 40% (w/w)
R TE L., ZOBRO/NRY R TEOREE G LTz,

BRUDFEMELE LT, SUBERE (A B A — R b, AU ZOVEERE T R
X&th) ( L-7 A2 (BRI, bk att) | B, mlE. DKL
H, SEIA 7 I NI EE ) va— =02 (BT U= Aa b, Bk EAD) 2
AV

INFE B R BT & ARRREIZ 0 T, ANER/ K OB EITR LT 10% (wiw) &
ERETHRMUIZ, VT O—E8% ASP (2B XX - BEORBIZ OV THRET L=,
T NT v DOEEICK LT ASP OE X2 % 20% (Wiw) & 30% (w/w) THEE L. ASP2%
+ 7T 8%D X HITRIL LT,

BN ERGET HERIMER T 72O D/NEH DO Z X7 EEEPEE 11-13%Th 5
b, BRER LI NEBOX R EERRN 125% THHI L EEXDL L, RSV
N7 N10%DEINEZ N L H I DI D 3, %k (2011) 13K % 50%IRE L7207
T DEGETRINEZ R LIk R, N2 XDV 12%3E L TnbE L
TW5, £z, TlERZFEM U2, PREOBFEBERICB T 5 A B OZ(LOHE
IZBWT, 8%LL T DRI TIX R FEFEEEH D A A REFE A G (AR W & e o 72
(T—FRTH) . ZNHDZ LD, REINETR SVRERIZE Y ASP O E % it
T5H2LE LT,

AEHOFBIRFONKIE, Fig. 23 07 7V 7 77 ZHEDOFRER L 0 /N LN/ 4
IR & g Uz, INEZ VX7 BIZHOWTIE, NUR/NEBRNIZEERTHY o x08
GEROVIWEELSA/NER 2R E LR B G b, B fth, 2003; EEHE, 7R,
2003; JEWA, R fth, 2004) ([CBWT, WINEE FEOKENMKT HZ & TIhEH N
7ENC L DRSNS ESRENGLNEZ & L0 A RO RER IR Ukt
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Table 15  Material formula of bread-making
Baker's %?

Wheat flour/

Material Wheat flour=100 Rice flour=60/40
Sponge
Wheat flour 70 42
Rice flour 28
Wheat protein — 7
Maltose — 2
Compressed yeast 2 2
L-Ascorbic acid 0.001 0.001
Water 40 47°
Dough
Wheat flour 30 18
Rice flour — 12
Wheat protein — 3
Bakery enzyme® — 0.025
Granulated sugar 6 6
Salt 2 2
Nonfat dry milk 2 2
Shortening 6 6
Water 26 29

aThe formula used was based on total flour (wheat and rice) weight.
®The same amount of water as the wheat protein was added.
‘a-Amylase (GRINDAMYL A 1000/MAX-LIFE E50, Danisco:
0.005/0.005) and lipase (GRINDAMYL EXEL 640, Danisco: 0.015).
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Table 16

Bread-making process

Process Instruments and conditions
Sponge
Instrument Horizontal mixer, Laboratory mixer system, Model HM-50,
Oshikiri Machinery Ltd.
Mixing time Low-speed, 55 rpm (Low) 3 min; High-speed, 110 rpm (High) 1 min
Temperature of mixing end point 24°C
First fermentation
Condition 27°C, 75% relative humidity (RH), 4 hr
Temperature of fermentation end point 285+04°C
Dough mixing
Instrument Horizontal mixer, Laboratory mixer system, Model HM-50
Mixing time Low 3 min, High 5 min, Adding shortening, Low 3 min, High 3-4 min

Temperature of mixing end point

265+05°C

Floor time

Condition 27°C, 75% RH, 20 min or 40 min
Dividing
Instrument Dough divider, Model DQS, Oshikiri Machinery Ltd.
Dough weight 2209
Condition 13 strokes/min, x2 pockets
Rounding
Instrument Conical rounder, Model RQS, Oshikiri Machinery Ltd.
Intermediate proofing
Instrument Proofer, Model PQB, Oshikiri Machinery Ltd.
Condition 15 min
Molding
Instrument Molder, Sensor moulder system, Model WFS, Oshikiri Machinery Ltd.
Condition Roller clearance, First: 8.0 mm—Second: 3.5 mm; Perpheral speed of roller: 38

m/min

Pressure board height, Inlet: 21.0 mm—OQutlet: 20.0 mm; Width plate, Inlet: 240

mm—CQutlet: 240 mm
Panning: U shape, 6 pcs; Case volume: 5 880 mL

Final proofing

Instrument Dough conditioner, Model OBS-D5, Oshikiri Machinery Ltd.
Condition 38°C, 85% RH, 35— 32 mm height below the top of baking pan,
64-67 min
Baking
Instrument Deck oven, Model DOV-T43, Oshikiri Machinery Ltd.
Condition Upper (Temperature/Heat control): 225°C/4; Lower (Temperature/Heat control):
220°C/3; 40 min
Baking loss (%) : 8.3-9.1
Cooling
Condition At room temperature for 90 min after baking
Packaging
Condition Individually packaged using polypropylene bag

*White breads were produced using the sponge and dough method. Used 12.5 kg of wheat

flour or wheat flour/rice flour.
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L7,

RSB L2 TRAZEE L ER B X283 BT, 1= &R Uk
ZEH L TN (NERBIAR) 12.5kg HIAZTIT 572, X% 3o 7 2 RIRAE,
FEIERE T N A EH LT B S OFEE 72 Gl & LTz, 72, BET V7 ERD
RN EREEREME T 5720~ /0 b —R& 2%% PRI L, REm ESE2HE L
7o R HEERRIA] (GRINDAMYL A 1000, MAX-LIFE E50 3 £ O EXEL 640, Danisco)
B ARPRRFIZERIN L 7= (Table 15) .

A I XL U TBOAEMIT T 0T H A DERT, 220 g 125E I Lz, NEBZE 100%fH#
A LTSGR 2 EMKENRR D20, A OER S BITR 2 D08, kAR
ALEBAICHLRICEREICYE LT,

[ 2L [RERIC, BEYERZR 7T XA ME 20 5 THDHN, 1| Ny FOEMENET S
TREHFIZA U AR ZEDMER 22 L EMEIC KT T B L ZE L, R CAEMO 7 e 7 2 A
A% 4045 LI2BAIT oW T b [REEIC A5 5 32506 L 7=,

AR LYE] DTS ERE (T /34 4 Model DQS, FREtA T F V) BL OO
(7 U % Model RQS, #hRASthA % V) | HLdth O TR L T HFEEERE (v B
T7A 77V —"77 Model PQB, R =ttA T F V) 2 1 & & FERICHEH L7,

RIS ORI E VX 2R L CHE LT, ZOBOELY (VA4 K77 A %F
V4 Model WFS, R thA 2 V) OREITABRX 2 TEFSRM & Lz, BRIZHIE
L7=ATARE S HoNUR 3 /) I ATz, £ 0%, 38°C, RH85%DEIRIE
gy (K727 ¢ a7F Model OBS-DS, ki X&ttA T F V) CTAM EHA—EDE
ST D X VISR IEER LTV, A—T > (T v ¥4 —7 > Model DOV-T43, ¥t
T X)) T 40 4HRIBERL L7, BERLED/S1F 90 G HIE. RY Fo L ol
(& X 0.03mm) T 1 AT oE A LT,

1.6. B OFTRRICET D REEORIE

[ 2 & RIBEIC, AR S U200 L7z S 3 o 0 ZEE O RIE 21TV KBiIRS
XU DEMNTIBT D ASP DIRINOEEZ gt LTz,

Enz, I HEEFKICEANZICL DRIBROTEIER —F ~DIS 12 MET H 2 & T,
KBHRA S DRI O A TEIC G- 25 ASP DIRIMOEE A2 et Uiz, 13 LRk
(2 B RS B D MO ZEMEZRET D700, EITROME D LikbITE
CHRFZEZE L7 a7 X4 AOFER (20 47, 40 47) 12 X 5O IZRT
% ASP ODINEDFZEIZOWTHHIE LT,

17, 832 OWNHOBIEL L Wit X ORI L O RIE
MHBRICAR Y 7o e L AAURICE A LT3, S HICHIER 2L 02X 2R Y
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TF LS (JBX0.08 mm) ([ZEA L, WHESMHEORIEETT S £ T 20°C TRAF LT,
Z OB N H AT A B — (Fresh-100A, ‘E 15 THEASH) TES 25 mm (2 E)#
L. WHO 7R ORIE B E LTz, 2 OB, WHO R — 2 KatEiE (Z21k)
DAEEEIZOWTHEIL LT, AL R 21T B O RN /S W ~5- 2 5 B8
R 5720, 7a T XA AOERIZE DU NHOIREE L ASP OUINED F2C
DUWTHRRT L7z,

ATGAALTER/NE, SHICHRHEZBER D » % — (USC-3305, #R&thLHE
[ZE D 25mm AIZEIWr L, 7 U —7 A —% (RE2-33005S, #AStUE) 12XV, JEHE
J&JT (BERE 40 mm OMFETZ oY% —I2L 0 1 mm/s DA E— RT 70%HEA4E L 7B
50%)EAERF OIS )) B L OMEEM: (B 16 mm DT 7 oYy —I12k D 1 mm/s DA
B — R T 70%EME % 2 BT - 7= FHEI R TIRIB O mifEL) 20E Lz, Z DOERIZ
WARA~D T T o % —IZ X BEMGL. 730 O EE D FEIC AT TR T oRERE ¢t —
EHEE Lz, SBICIALNEBMEIZ ST, 730 % 20°C TIRIE L 7= BEORR IR 25
{bzHE LT,

1.8. SEM T & % fHAA# & O B 22

BN BRBRICRBIT A D I L S BOEHICOWT, Ak SR (EM 7
U —H—, HH EM X Eth) 2MEFE%-70°C THAE L72bOEEW L, 2.5%7 V4 —
NTNTE RBEOR1%A A I U ATREE Lz, WEiE%, =% / — /L TEMEMIBK L,
-7 F LTIV a— )L CERE, BETER LT, HRSREEUEHT, A A ARy ZIT kY
&% a—7 4 7 L C, SEM (Miniscope TM1000, kXt H S NA T 27 /0P —X) (2
£ 0 MR OB S OBIE A 1T o T,

EDIT, 7uaT XA L 20 3BICHEE LD EITV, FRIRESZ OAEMAE ELZICT
JEIEAEM S Uiz, £ LT, T ®EERERIZ, FIES NI T 005D K 5 ITBIESNL 2 B
MWUL7z, 2 LT, RO 3 0 7B OAM L RIS L C, i aRe &
L7z,

1.9. #EthLet

T — X DREFHAENTIC Tukey-Kramer 5% 722 H HLiGABR (Statcel-the Useful Addin
Forms on Excel-2nd ed., fifRftA—= A= ZAHIR) 21T7-72, 21X, p<0.05 THFY
ICHE &R L,
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2. fRBLUEE

- PR B O RSy
mﬁ% Kbk LOVNE S 8T B D3HTEE Table 17 127 LTc, /NEBNZHER LT
K OBIET 7 U ERERMRNZ &R ST, K OSBRI N Ry & g L
T/hShole, 7In—AGRIFMO—iKmfEE L TGS Tnbdave Y 26 H
L7k (@i, ASHH i, 2009; FAR, A fill, 2010) &bl L CTRIBE TH o 7,
INZB D RTEDE R EERIT, VTl ASP TIRIEFREE TH 72720
BCAH 2T ABICIIR U X o R G EORE S LT L7,

22. KT 7V T T T R R F R

INERN K B IR LT B MO ZAbE 7 7V /) 75 7 CHIE LT #5HR % Fig.
232 LTo o NN KK & 40%EHRIE A LB O WK RIT/NE) L RRETH -7,
77U 7T MK, ANERITE LT, AN/ R, AT AR (X DO RED) 1
HOWRZEE (Kb omizE) BME»- T2,

2.3. ASP DIRMA KK ZIRA L T= o> hFE D FE AR BT K 1T 3 5

KB 2 IRE LA 2 B S T LY G L O, R L B A AR O & L
HIE U7 8% Fig 24 1R Uiz, /NEBY/ KBNS 70T 2 % 10%IRIN LT85, FamEE

8 RO RFADRD U R E LTo/ NS Tl 4 BRI RER O RO A
(&> 72, FEBERE T A & 0 A AR L7 2 & 8RR & b=, Zhicxt LT,
TIVT D 30%% ASP IZIE X # 2 72 ASP 3%+ 7 VT 2 T%EMNIXIL, 4 FRREIZREEE% O
R D ZTENGIR & LI/ OB OB & [F% L 72 o 1=, hREREETH O M S O A
A DY TR & bz,

2.4, PHED 2 ¥ 2 2 7O A O AR ORI 1S

FER UGB T DB I 20 2 LRI PO IF U 7 %O
A= N AR ORERR 2 SEM THIZE LI/ R KM A IRA LT/ AT v 10% &I LT85,
7»7/Z/FU 7 DFEIEN AL —TH DD LT, ASP 3%+ 7T v T%% TR
MUTGEIZIE, 7T VIEEIMREES L, 70T %y MU — 27 38R LT
5z k#@ﬁ S (Fig. 25) o
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Table 17  Chemical composition, amylose content, damaged starch content, and mean
particle size of samples

Sample Moisture Proteim Ash Amylose Damaged starch  Particle
(%) (%) (%) content (%)  content (%) size (Lm)

Wheat flour 139 125 0.42 8.1 735
Rice flour® 121 59¢ 0.35 12.6 31 50.8
Wheat protein

Gluten 75 77.9° — — — —

Acid-soluble wheat 6.5 78.2° — — — —

protein

aMaterial: Koshiibuki, Niigata. °Nitrogen to protein conversion factor: 5.70. °Nitrogen to protein
conversion factor: 5.95.

(a) (b)
E 700 5 700 ¢ N
£ 600 L 600 |
n U DS PO Erveve el Sve N S Pl |
-‘§ 500 r//"i R % 500 **:*—%ﬁ:-l—*—:_—::f SE——
400 i i D
£ 300 / T = 200 JT
& / S 300 | !
2 200( - 9200
£ 100 £ 100 |
£ o g o
0 2 4 6 8 101214 16 1820 0 2 4 6 8 10 12 14 16 18 20
Time (min) Time (min)

Fig. 23  Farinogram of the wheat flour and 60% wheat flour blended
with 40% rice flour. (a) Wheat flour. (b) Replaced for 40% of wheat flour
with rice flour was mixed well in advance and used for the test. The amount
of water addition was 66% in all test groups. Arrows indicate the
development time. Double-headed arrows indicate the stability

81



400
350
300
250
200
150
100

50

Change of dough volume (%)

Fig. 24

i y‘( =0 10% Gluten
TP -4 2% ASP + 8% Gluten
oy -4- 3% ASP + 7% Gluten
L --@- 4% ASP + 6% Gluten
Wheat flour = 100
0 60 120 180 240

Fermentation time (min)

Changes in volume of the sponge during fermentation at 27°C. Wheat protein was

added in the wheat flour and rice flour blend. ASP, acid-soluble wheat protein
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Fig. 25  Scanning electron microscopy images of the dough after sponge mixing of
wheat flour and rice flour blend bread. (a) 10% Gluten; (b) 3% acid-soluble wheat
protein + 7% gluten
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25. KB IOINT U EIRE LA I 20 JREEICKRITT ASP D2
RUEHNE I 2 U SIS X DA CHPERE L, FORICHEEREDIL,
BOTRRE NS OMEIZE > THRIERRIE (774 T/VEME) L LT, IFv 72k
TETDH, ETHRRZ LD IC, PREIEICEBIT A2 ARE TR B, R&EHOmIE
EHOICELESEL LIk RELLE AT VSR RO D T A B A E

% Z & To D (Cauvain, 1998a; Marsh, 1998; Stauffer, 1998) .

FERTHHN BT, PREEIC L AR DA O A D I 32 0 7R 2
E LT % Fig. 26 l[OR Uiz, BRI KB I 070, iR Z, KE (L)
TS55mpmBLOEHE (H) TUHOmpm I TITo7c, [ EEFERRIZ, SEITHY 7 b =7
WCEVAEHMDOIF U U REEE R T IF VU THEIE LTERRLEEREZ R L, KO
BEHHAS 2 23 o Z R e N A LD R L SHBTA R T, I F U 7 OK TR
XU IEPLOB O L E AROIRIEX 0 I L CIRE LT, ZOBE, A
XTI BTL 7 7 A FTNABEREAORERILIY 2 — b= T IRINGORKI T
THBHN 10%LL B L7olRgm & LTz,

ZORER, TVT U 0% EWM LTSS, EIF U7 4 HEREIXFVTO
KTHEE LTz, 7T D 20%% ASP TEBGIN L7Z354A (ASP 2%+ 7 V7 8%
W) TIE 345308, VT D 30%% ASP CEBAASINLIZHE (ASP3%+ 7/ VT
T%EN) TIE3HDEAREIF L 7O TR & L7, ASP OIRIME QNN - T,
D 7T TR S, AR R L 0 S OMBERRITER SN D Z LR ER
Too BN IO DR Z RN VHEBOAIE I X 0 7 OREH & U, Al 2 7 R Y
Ltﬁ@a6@@Nymmém%ﬁﬁﬁﬂbk}@?~&f%é AEI XU TKT
BOERITS] X & BRI T D720 B EIRER TS D X ) I E
L7,

AR D TRRIZAERI ARk L EMEE 5 25 2 & T, 2 0% O TR E R
it % 52 5, —H THIRS N TWDHARIRZ VT A%, weid R0 IIEC L - T
HEAN|LSARVBECLE D Z D, AWM 2B AR OB 2 3900 S8, e
PR T &5 (Weegels & Hamer, 1992) , ASP OFIITHR KNI F L 0 A KT &
. IAT CIRINC K D AEROBPE KT 2 2 LA RS is (Fig. 26) . S HIT, K
BHEG /S ORI 2 0 7 THOAEMOIRIEIZ ASP 2N LTZZ &2 X DRk
D) Eh RN H BT, AMOEEO T & RO R EiX, otk ok TRIZH T
HEMOBEWRIEE 2R ESED b0 LB bz, % 2011) 12X D&, INEHO
HEIIH L TKHZ S0%ERIES LT KBIEA R/ N ORER- AT 4 02 L5 8hE
RERCIL, VT o O—#% ASP ICE X #ix 5 2 L ITAEMOMBMEOM GG TH
0. BERRITEA R E L7 LTS, ZORERIIAZERLEAKTI LD TH- T2,
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Adding shortening

500
= 10% Gluten
== 2% ASP + 8% Gluten
400 = 3% ASP + 7% Gluten
[0)
Q
c
g 300
2NN
45
o= 200
X
=
100 ;
L3 f H3-4
0 ‘#.-.p‘fﬂ 1 1 1

0 2 4 6 8 10 12 14 16
Mixing time (min)

After adding shortening

High speed mixing time

Maximum mixing 5 4he arrival of the final

resistance stage (min)®
10% Gluten 361 4.0
2% ASP + 8% Gluten 343 3.5
3% ASP + 7% Gluten 340 3.0

Fig. 26 Mixing resistance of during the dough mixing of wheat flour and rice flour blend
bread. Mixing resistance curves were calculated from the electrical power consumption. Each
test was performed twice and the results were confirmed to be the same. ®The unit of this
system, which means division (vertical axis in the figure). "The final stage of the high speed
mixing after adding shortening was taken as the time at which the maximum mixing resistance
decreased by > 10%. ASP, acid-soluble wheat protein; L, low speed (55 rpm); H, high speed
(110 rpm)
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2.6. KB LRI VT U ERE LI AEMORIEIEIC KIFE T ASP D2

OETHRRTL DI, 7aT & A LR Kb T AMITE, b, £ LT, HHFE
%%@%w& X DR TRZ& T, AMERS Y — LS d (WH,1991) . ZHIZ L

INUBERRIC K o TTHRAET D RIE T A0 U Tz AR T — 7o iR 3 AT L T BERK
%@fn«@ﬁﬁjﬂj PERHESZ L1172 D,

ASP 23X U A MO SIE~5- 2 2 5B 2 a5 72012, 25.04FMIZ OV TE
VT K DR, A Z EIET DB v — T2 5 2 D RIS ) 2 E LT R % Fig.
27NTR LT, 7 a7 # A L 20 53t OAEM A TEIET B BEOIE NI DWW T KRB EBLE L,
TINT v 10%% I L7 ARIZ L LT, ASP 2%+ 7 VT > 8%& DMt ASP 3%+
TNT v T%E LTZERIZIE, v —T| 525%kmﬁﬁﬁwbkooiwwmpwﬁm
(2K o T, AEHOREDSEBAL LS N X A0 TRRICE L AEcdE S s 2 &N
RENT,

FBNAF OEIER — T2 10 FEHE S L7 O A ORI IS 2 & AR E - BMERIC X
DEIER LI R % Fig 28 ISR LTz, T DB % 10%EMN LTIZHE. 250 f5I2i6K
THE, TAT Ry FU—7 DMONTWDHFENE—EHHTIERW A, ASP % 3%IR
MUTGE JEEn —F & @i LE S Him & RA M7 VT > %y U — 27 hMi
TN Z EREEINT-, ASP DIRINIENZIZ X B AEMOMEMEZ 1\ B L, AHiFH
ka1 T D Z LIZHEPBEO SN,
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250 r

200

150 r

100 r

Maximum stress (N)

50 -

0 1 1

en en ren
AQ% (;\;P * B0 G:;P + 7% OV
2% 2%

[ Floor time 20 min M Floor time 40 min
Fig.27  Effect of floor time on the maximum stress to the final sheeting roller. Results show

the average value + standard deviation (n = 12). Bars labeled with different letters are

significantly different at p < 0.05, according to Tukey-Kramer test. ASP, acid-soluble wheat
protein
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&= Sheeting direction

Sampling and quick freezing
@ Observation part

Fig. 28  Scanning electron microscopy images of sheeted dough of wheat
flour and rice flour blend bread. The dough was given 20 min as floor time.
(a) 10% Gluten; (b) 3% acid-soluble wheat protein + 7% gluten
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2.7. 70T XA LDERIZ X DAEMMDIED I KIET ASP D E

INFETHIRAZ L DI, LRV AR W T, Ny F Y720 OERO A BN
ZWEAIZIE, [Fl—y FONEIFTERE A 20 0RE L H Y . Z ORI AEROPEE A
ELLSAT D, 2B BEIZIES 2 EA L SELIHERO—2ER2>TND, Z
DI, KEAETIE, ZOREZEE LIZAMEENLELE D,

K E B WERTIRS Lo S TINES VXV BORINE Z0®, 2 LT, ¥4
DINESZ R EOMWENEE L 2D (1R#E, 2011; BYE,2012; B1G,2015) , 707 4
A LNRL D EAMOBAINE L, EAXRRIERHIC A OMEENE L IETT 5,
ZDOLGAEITITENZ THEIE SN THAEMMEROE — LR’ +212 72 S WRTEEMENS T
TL 5, [aDB AR EE 2N L3S NHORY—LDHER & 72 %,

Fig. 271X, 707 XA LOEZHE L= 70T X4 L 40 55 OAEME I 5 B
WCHEEr — T2 B X DS ORKRIE SR L TV D,

TIVT 2 10% MK T, ASP2%+ 27V T > 8%NIRIMK Tl 7 a7 ¥ A LADKE
7212 X 2 B KIS OB S vz, ASP 3%+ 7 V7 > T%IRMX TiE 7 a7 ¥
A LD ZEIC L DEBANTE A E 2o T, ZHUT LD ASP O IRINTA R DRk
FE~DIENSESILD & & I/ FTIROAMZ LB 2 B O A& O W HEZEAL 23 30
fil&s 2 & T, TRAPDOAEMOZEMENR L, B bR A L2 KREAFEICE L
TAEMIZR D Z RS,

[ ETIRAT KD IT, INRY Ry EOREBKMIEE & Wt & ORRFR T, ASP IZ7 v
T DRER ST D T VT = AT LT, RIEBUKMEE2MEV, ASP ORI, 77V 7
CYOERTINAT RO NVT = OBUKMEAAER 285 5 Z & CARIT i EE
AL, 707 XA AORRZEIC X DAEMMEOELEMEI LIz b o LB 2 b,

2.8. B/ DN

FRIE TAE TOAEROMMBEIEN T4 T Z & BNRER T, WO RO AR — 72k EEH
BHEE & 7R o TR G AR, WO ZHRIIZ SRR 5,

TaTHA L 40 SOEMAEER L AR N ONMEE Fig. 29 (IR LTz, ZAT
Y 0% LTz 37 a7 24 5 20 5 OWNAICRIGO R E)—72REEN B S
(HNIARAGHE) . 7 r 7 XA L 40 5> TIENHEOKIE DO ARE — 2 RED M & S 45k b
DEENBEESNTZ, ZVT D 20%% ASP TEHIINL7Z5E (ASP2%+ 7 VT
8% AN TiX, Z VT DI ERIMLT-SE L g U<, WHOZERLOBLG 23 1l &
T\, 7T D 30%% ASP CTEHRIN L7256 (ASP 3%+ 7 VT & T%IN)
TlE. NHOZERGITEEZE SN D > 1=, ASP OIRINE, BAbEL Sz X % KB
IZBWTHEER TRFOAMOZENEZ M BT 5 2 &R NHOBIZEREENS HoR
iz,
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Fig. 29  Occurrence of uneven crumb structure of the baked products of dough after a
floor time of 40 min. Wheat flour and rice flour blend bread. Arrows indicate the uneven
crumb structure. (a) 10% Gluten; (b) 2% acid-soluble wheat protein + 8% gluten; (¢) 3%
acid-soluble wheat protein + 7% gluten
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2.9. /X OPNFEYIE DR ZEAL

Fig. 30 OIRAF 24 BEf#% OFERITR LTZ X 512, KRGS OWNFO RIS /11T
BRIXMICIE & A EZEITR, L L, /17 96 FEfIZICIT, 70T v 10%ICxt LT, 7
VT D 30%% ASP TEBIFIN L 7Z85E (ASP3%+ 7 LT v T%EIN) XA EI2IEL
JEREIS 1 DRI ZEAL 3D 720N 2 & 358 BTz,

BEEEVEITIRAT 24 BERIRRIC, 74T 2 10%IZxt LT, Z VT > @D 20%% ASP Tt
WM LT=54E (ASP 2%+ 7 V7 > 8%IRIN) 13A BTNV, (RTF 96 FERZICIZRER
XEOETIFE A ERBNRL 2o Tz,

UL b, BB Nz X B REAEZE LT KR E /S OBERBRIZEB VT,
ASP OUINT TREROZELE L OB O FE R _E & me Lz,

ZOZ LI R RFEEHO S ACBIT RO EA R E LT T O
12k LT, ASP ORI EEESE L, NUWmE s BT AR REEA R LT,

91



4000 0.7 r

3500 06 I Ql'-'z:?'ln-...____.‘\
. \
— 3000 r T A
& \|/0.5 - B
z 2500 r ﬁ 04 |
#2000  a S
Q =03
S 1500 | 2
= b S 02
L 1000 r o
500 01 r
O Il Il Il Il L 0 1 1 Il Il Il
0O 20 40 60 80 100 0O 20 40 60 80 100
Storage time (hr) Storage time (hr)

Fig. 30 Changes in crumb firmness and cohesiveness of wheat flour and rice flour blend
bread during storage at 20°C. Vertical bars shows the SD of each value (n = 12). Bars labelled
with different letters are significantly different at p < 0.05 according to Tukey-Kramer test.
O, 10% Gluten; —=&=, 2% ASP + 8% gluten; —ll—, 3% ASP + 7% gluten; , Wheat
flour = 100. ASP, acid-soluble wheat protein
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Study on stabilization of bread quality by addition of acid-soluble wheat protein

In mechanized baking, simply making dough with firm rheological properties does not
contribute to product quality stability; it is important to prepare dough with adequate extensibility.
For good product stability, it is also important to minimize changes in dough rheological
properties caused by differences in floor time that occur during the dividing process. In this study,
the issues above were investigated using acid-soluble wheat protein (ASP), which is less
hydrophobic on the protein surface than glutenin, a gluten constituent protein. It was found that
ASP addition weakened the hydrophobic interaction of gluten and improved dough extensibility.
Furthermore, results showed that improved dough extensibility suppressed shrinkage after dough
sheeting. This, along with stabilizing the product shape, also suppressed rupture of the gluten
matrix during the dough sheeting and the final-fermentation, which maintained gas retention and
therefore prevented coarsening of the crumb grain structure.

In frozen dough, the resistance to gluten extension is reduced due to freeze denaturation,
which results in a bread with weak gas retention. The above is considered to be caused by water
release from gluten due to freezing, which decreases the extensibility of dough and weakens the
gluten matrix. However, results from this study showed that the high-water retention capacity of
ASP inhibited water release from gluten, prevented damage of the gluten matrix, and also
maintained gas retention in the dough, resulting in a uniform crumb grain structure after baking,
and the attainment of favorable crust quality.

The results of this research were examined in wheat flour and rice flour blend bread, which
has been the focus of much attention in recent years. Since wheat flour and rice flour blend bread
has low gluten content, gluten is added to strengthen dough rheological properties. However, if
gluten is the sole addition, gluten elasticity becomes too strong, and adverse effects, such as a
coarse grain structure of the crumb, occur. Replacing some of the gluten with ASP improved
extensibility and prevented rupture of the gluten matrix, making it possible to produce a wheat
flour and rice flour blend bread with a fine crumb grain structure.

In summary, it was clear that acid-soluble wheat protein (ASP) addition contributed to
stability in the production process in mechanized bread-production, and provided bread quality
uniformity, improving the condition of frozen dough, the usage of which is becoming increasingly

popular in mass-production in large-scale factories, and also in general.
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