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Table 1 Material formula of bread—making Baker’s %!

Material Wheat flour = 100 Wehicas flonriRice doun

= 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
Granulated sugar 6 6
Salt 2 2
Skim milk powder 2 2
Shortening 6 6
a-Amylase™ - 0.010
Lipase™® - 0.015
Monoglyceride*’ 0.5
Water 26 29™

*I The formula used was based on total flour (wheat and rice) weight.
"2 Wheat protein used ASP and gluten at a ratio of 2:8 or 3:7.
"3 Maltose was added by the result of gas production power examination during dough fermentation.
"4 The same amount of water as the wheat protein was added.
> GRINDAMYL A1000/GRINDAMYL MAX-LIFE E50 (Danisco) 0.005/0.005.
"¢ GRINDAMYL EXEL 640 (Danisco). The addition of enzymes, such as amylase and lipase,
are the optimum amount by pretest.
7 MM-100 (RIKEN VITAMIN). No enzymes were added to bread with added monoglyceride.



Sponge mixing  Instrument; Vertical mixer VM-3, Oshikiri Machinery Ltd.
Condition
Low speed (L), 135 rpm 2 min
Middle speed (M), 203 rpm 2 min
Temperature of mixing end point 24°C
First fermentation Condition
27°C, 75% relative humidity (RH), 4 hours
Temperature of fermentation end point 28.5 + 0.4°C
Dough mixing  Instrument; Vertical mixer VM-3, Oshikiri Machinery Ltd.
Condition
L 3 min, M 5 min,
Addition of shortening,
L 3 min, M 5 min,
High speed, 270 rpm, 2 min
v Temperature of mixing end point 26.5 =+ 0.5°C
Floor time Condition
27°C, 75% RH, 20 min
Dividing Dough weight
One loaf bread; 450 g, Pullman-type bread; 220 g

Rounding

v

Intermediate Condition
proofing 15 min

Molding Instrument; Molder, Model WFS, Oshikiri Machinery Ltd.

Final proofing  Instrument; Dough conditioner, Model OBS-D35, Oshikiri Machinery Ltd.

Condition
38°C, 85% RH,
Baking Instrument; Deck oven, Model DOV-T43, Oshikiri Machinery Ltd.
l Condition
One loaf bread; 240°C, 28 min, Pullman-type bread; 230°C, 40 min

Cooling & packing Packing after 90 min cool down at room temperature after baking

Fig.1 Bread—making process by the sponge and dough method
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ANk ERF L, LLT.ERR, PEEBEICEIVETO
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82%) L., Ty UHEEORLZDIABICEI AW AU ERT L
e WFRIZBWTYH, IWNEX X ZE (VT > ASP, 7:3) I+
AR ICHT, NEBIEKBHOERICHL T 10% (ww) & L FE
FCTHEMLE, AHoFBBEOMKEIXRBOT v 7 HEENR A
LZ2RBXOGHEICHLRERUMAKSHEE LEN BE®R (FH5,2018) &
FEZ2Y, A=A 7= F-HAALHEZHEHLZZD, MKEZ 68%&L
L7, 2B, ERILGBHBE CTHABRZIT R E. HBX 10
<~V b= 2EMEEF 1%, ABRKX 3 Tid~A b —XAEEKEIN T+ ok
RO RBERE (FEEEBEZL) 22 Rnan0 ., AENE
TR AR VABREZITRY) 2 L, EREHRME CITERAI XS
(VM-3, &> % U st 8y [ FEHR LHBEE TR I (AR
MIFH /S v 7E =% A5 A Model HM50, # ¥ % U )
AR L., REAMZE®RLZ, PREAMIT, 27°C, RH75% O 18 i
HEZ (FV 225 4 ¥ 3 F Model OBS-D5, 4 > % U #E#l) T 4 K
MoOREBEEIToT, WWTHEDD OB SGHEEZMX TARE L., 20 5
DT T ZALDKR, pEL. OO, XRUTFEX A LR EMITE L
2 (A4 K77 A 2»E/NHK Model WFS, A+ > F U L&) 24 H L T,
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02— (F 1 re—JMK% 8.0mm, 3 22— MEZ 3.5mm & L
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7=
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7= (Fig. 2)
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Table 2 Material formula of bread-making Baker’s %"‘1

Material Test 1 Test 2 Test 3
(C1/C3 100/0) (C1/C3 75/25) (C1/C3 50/50)
Sponge

Wheat flour 42 42 42
Rice flour (C1) 28 21 14
Rice flour (C3) - 7 14
Wheat protein (gluten) 4.9 4.9 4.9
Wheat protein (ASP) 2.1 2.1 2.1
Maltose™ 2 2 2

1 = 0
Yeast food 0.1 0.1 0.1
Emulsifier 0.25 0.25 0.25
Compressed yeast 2 2 2
Water 47 47 47

Dough

Wheat flour 18 18 18
Rice flour (C1) 12 9 6
Rice flour (C3) — 3 6
Wheat protein (gluten) 2.1 2.1 2.1
Wheat protein (ASP) 0.9 0.9 0.9
Granulated sugar 2 2 2
Salt 2 2 2
Skim milk powder 2 2 2
Shortening 6 6 6
a-Amylase™ 0.010 0.010 0.010
Lipase™ 0.015 0.015 0.015
Water 34 34 34

*I The formula used was based on total flour (wheat and rice) weight.
*2 Maltose was added based on results of gas production power examination during

sponge dough fermentation (the scale of the laboratory). Top showed the scale of the laboratory, bottom
showed the scaleof the experimental factory.

S GRINDAMYL A 1000/GRINDAMYL MAX-LIFE E50 (Danisco) 0.005/0.005

“*GRINDAMYL EXEL 640 (Danisco)

Optimal amount of enzymes, such as amylase and lipase, were found in pretests.
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1.12. Ny o X O ERMEO W E
(A Ao 3D U — VK FE EF (Selnac-Win VM, 7 A « 7 7 v &
() XV BHICEBLREL., NCOBAEBERD I,
BRXUVCANMEONZOFEEOREIXIAME N ONIHZ 25mm A 12
Iy L.27 VU — 7 A — X% (RE2-33005S, IUE 4 H) |2 XV [ E£L 40mm
DT T Yy —% Imm/s DA E— F T T0%EHM L 7= D 50%E i K
DI AENMHEOM S & L TREM L 72,

113, KBIEAE NN VICBT 5 a-7 X7 —BHRMNMOEE
MARVHIZCHEREN WS -7 27— B I EBEBEO R D 2H
¥ . BB GRINDAMYL A1000 (2 3@ i £ 50°C, Danisco f: 8, DL F 1%
o-7 27— ¥ A1000 &£ + %) B X " GRINDAMYL MAX-LIFE E50 (&
R EE 70°C, Danisco fE#, LA FiX a—7 X 7 — € E50 &9 %) % ff
HL.ZNZENOBEEFEZREEHICK L THM T 50ppm £ 72 1% 100ppm,
HDHWITMEESRZE SOppm T oA L0 EZRML, AR E
iTolz (WNEX X TH ASP L7 VT v DHFEF 2:8 L), &
BRI ER, NHEBHETECZoRBMNE/LEZBE L., @&
BhmmElc oW THaE L7,

1.14. kBBEAE RN VICB T DU R—FHERMOEE

oY N —F8A (GRINDAMYL EXEL 640, Danisco tE ) %
M vy 50, 100, 150, 200ppm Z ¥ ML, WA HBZ21T -7 (&M
THWNEXLRITE ASP LT VT ORERT 3T ELE) , B,
WE RBRER S HiIcEbh TWwWas AN HE ) 7 U U F A
(MM-100, BE#fE ¥ I U 4E8) 2 0.5% M =8 AU B 24TV,
L7,

1.15. %t &t 47

MR AR AT X — Jr Bl & S B T % . Tukey @ HSD IC L % 2% & LR
E (SPSS Statistics Ver.25, H A IBM #Ml) 247\, A FE KU 5%K
e Lz, v rvEEEDERICOVWT, EBREHBEOLE D
AR ) PE o fE B X (SPSS StatisticsVer.25, H A IBM tE8) % H v,
— T Bl B 4y #4 BT #% . Tukey (b) IC X B AEFRMR E . KB TH BB
J2 2 BT —XOMMIT tREZITH. WTINLLAEEKEELZ 5%
il & LT,
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Dedicatedyigh- 0 o 02 0:0s 0e 1
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Fig.2 Method of sheeting roller stress curves during the dough molding
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2. R B IOER

2.1. INEB B X O KK o B AL 7 A MR

TIn—2AFBOMEIZLELIKHEAE N ORI EZHRET D
. B oRL L 28E, "RACHBREL THWYWDL A TW D EHE
OHF T I —RAK (VXY AR=FFE) BLOAEEGY I 72— R XK
(AT 4+ W) OB ERCBENEBRDIZOWTHEELZE (Table
3)) N EBICHEARTAkBEIVWTR O XY U RN IHEEE. T T UEE
EREKLS, PHRFRIZNAEHD TOSE N2, ME T2 EECHL
biLamR EFm o7 o7 o HEEIX 7.1-17.8% (Araki et al., 2009)
EHANRTHERANCHKRR 3.1% L KWHEEZ R L 72,

2 EEOKMAEKBETLIE, 7 I v —X KB IEFRAVCHXRBIC
kL, 7Ivn—RGE, o IJEGEPEL., T UoHEE
ERE»-oT, FHRFBEEET I —2AXkB TR L 2R
W7,

22. MNEBB XK+ O B R ZE

EEMETHEMEEICIY, ERAER. kKo REREEBEL -
(Fig.3) o NEZ M EKRB TEBMRITELRRDI N, FHR FENOR
mWANEBRIZ, ZAFERT, SXREVREFRABEINTE, KBHiX
E#oHBmo s mE-TWAE GEA,2010) TR OGN -T-, F2.
R REDNIELS RSN TEET 2 v — A KRBT VR 2 % < Bl
B/,

23. NEW., KBBIOZONEET v 7 v Ok E R

INEITHR LK R 30 B KON 40% & B iR L 72 BE o WAL B RIS
RIETEBEBZOWTEF, 79 F— 730777 THIEL.,
EMOBLORESAMEIZ L, KB OBEBEERE RIZHE-> TRESMED
EHFT2EVIHMEDRNDLDL (BH H,1986) . T TR DB /NEH &
B ERMELZAT L2 2HBRBT D, MEH., kBB LU
EThEhoT 7O ERMEEZ RVA THIEL L., KXKHIX mf%
ICH N T MIRE ., EeME P, T Ehrb oL T
YU bR OMEm A2 R L. (Table 4)
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Table 3 Chemical composition, amylose content, mean particle size and damaged starch content of rice flour
and wheat flour

Sample Moisture  Protein  Ash Amylose Pgnicle Damaged starch
(%) (%) (%) content (W%) size (um) content (w%)
Wheat flour 13.9 12.5"1 04 - 73.5 8.1
Rice (japonica) flour 12.1 592 04 12.67 50.8 3.1
Rice (indica) flour 10.8 7.7 0.4 24.9% 40.3 2.0

*INitrogen to protein conversion factor: 5.70.
*2Nitrogen to protein conversion factor: 5.95.
*The amylose content per starch.
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Fig.3 Scanning electron microscopy images of wheat flour and rice flour

A, Wheat flour; B, Rice (japonica) flour; C, Rice (indica) flour.
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Table 4 Viscosity properties of rice flour, wheat flour and starch separated from each other

Sample Peak viscosity Trough viscosity ~Final viscosity =~ Break down"! Set back™  Pasting temperature
(Pa-s) (Pa-s) (Pars) (Pa-s) (Pa-s) (°C)

Wheat

flour 2.60 = 0.01 1.47 £ 0.01 2.75 £ 0.02 1.14 = 0.02 1.29 £ 0.03 643 =14

starch 4.35 £ 0.01 3.86 = 0.08 5.71 £ 0.08 0.46 = 0.05 1.86 * 0.02 61.8 =0.5
Rice (japonica)

flour 5.42 £ 0.04 2.67 = 0.06 4.04 = 0.04 2.71 = 0.01 1.37 £0.10 70.5 £ 0.3

starch 6.20 * 0.08 2.39 £ 0.04 3.96 £ 0.04 3.81 £ 0.05 1.57 £ 0.01 69.9 £ 0.6
Rice (indica)

flour 5.00 £ 0.03 3.49 = 0.04 6.57 £ 0.04 1.51 £ 0.02 3.08 £ 0.02 783 £ 04

starch 4.82 £0.05 3.11 £0.03 5.48 £ 0.02 1.71 £ 0.03 2.37 £0.02 71.7 £ 0.5

*IBreak down: Peak viscosity — Trough viscosity.
“2Setback  : Final viscosity — Trough viscosity.

Results showed average value + SD (n = 3).
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2.4, KB B G A O FBEIC KIE T RERNO B

HRHERBICEEND T T U HEEIT/NERICH ST KK NIE
WZ &AW (Table 3) o MEB O AN RIZIE, NEMITE
NH>28ET 7R EMBREREFICB-TIT—EBORE LR, £ E
D<) h—2AEZAEKRT D (&G H,1980) . "o BT K N E W
R THRASND EAEMPTOFTF L 7o BEENETT 50, R
NETDHIHERIARART A ENHERERINTE . 22 TCINEHMI D,
INEBITK A A0%EBRIRM LI X AEMICHEE L T b — R %
WL, BEBEYOTRALEEEEZ 7 7 —F 7 77T, A
MEBEF O ABAEEOREIX S R IV, HARERI L oOH
Bl HARAERRY — v &k LTz (Fig.4) .

INFERIT K B 40%E B PR N L 7z A I N BBy O B A T b
MH (30-70 0 ) OFAREENEZL @7 I —XAKXkKHEHWE
AT EL s, MEBICKB A EBIRMNL 2N EMIT/NER
DHZHWLEG A B L THHEBORBENERLELE W) R
(=% 5,1986; @M 5,1980) tMHmAs —H L, Tk, MNEKHOD
HOEMIT IR ETCHTAOREEN 5 7MIC 4-5mL ZH#HEF L C
WAHEB BT I — AKX AE 40%E MBI L 7 AT 2 R R ARG %
MAACHAkBERAWEAEAMTY 2-3FMoOMICH LT A REE I
KFL, hEBOLOEMEBRRDLZFEBEZ R LT, 4 RFAKRBR%ZO
M AREBRIT/NEHMOALOEM TIX 173mL & s, KB %
40%EHIW ML 7= b O TIHHAAHKH T 160mL, & 7 I 72— &K
By T 147mL £ 20 INER OB O AT R TIELS oo, Bk L
X, T UEEBEEOR VKR ICITREE T ICA L DN R E
LTWDEHENML . KMZ 40%EMBRIIMLCEMITY LN —R2 % 2%
Mz 5 & 4aRFMRBREZORT AREAZITH S H AR T 18ImL, &
T I —AKXKHT 183mL 420 INEBHICILET 5T RXFEEEN
B,

bk, kBopay, BEARERD 2 VT ERE, 707 U H
B, BEMEREEEEZEL T, UTo®RANVERER &L,
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Fig.4 Effect of maltose addition on gas production of wheat flour and
rice flour blended*-yeast dough fermentation

*Rice flour was used to replace 40% of wheat flour, and 10% wheat
protein (ASP and gluten) was added to the wheat flour and rice flour.
The ratio of ASP and gluten was 2:8. <>, Wheat flour ; O, Wheat/rice
(japonica) flour; A, Wheat/rice (indica) flour; @, Wheat/rice (japonica)
flour+2%maltose; A, Wheat/rice (indica) flour+2%maltose.
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25<wvwﬂx%%MLk%1mwM~V®ihyﬁ%

KBy & A0%EHI N T 5 kBB A N TIE, BT /R Z 8
JEEMOMLEND D, /J\?%&//\ﬁ’féf& WHE/NEHR KD T VT v
ERWDN, AT AT D 20-40%% ASP ICE#H T 5 Z L1

LR oA oM BEENT EL, CEKH (40%) BAE S DR
LI&®ﬁmmkiomeL% L = (B D, 2018) 0 A T

IHHERERBETOTARAEBEOHMIZEERMALETH L 2RO
INFEEZ R TE (ASP L VT U DEER 2:8) AT L b — &
Z 2%WmML CR AN VEABREIT o, PREBEBEPICHEZR AWM EFE
BEICEUCRL T AT ASP IR THEME O & 5 A HIZ+ 5 RE I,
AR OAEMAEAREIIT ISHEUEERST (T— 2 KB . B
LTHELONTEARBE SO EZ Figs L, ANV HXE
ERHWEANACYORBRIEIE T Ir —R2AKXK T EHFOMBKE, 7 —
Ly RBEISE, WA THE LR AERED Ry H B
T 466720 mT7T I — XA KB AEEMHLZ 488 X VIELS 2o 70,
XKoo nr oIy s 2B EHVWESEATbE 7 I v — 2K TIE
=Y rZIFEIORNE DD DAL FEENEL . WAL EE
MWZ L EMRBEL, P77 I — AKX KN BEBEEICENLD &

Bbhd (FEH,2009) toWmEnNdbsd, 2 T, A%i$7¢
—X%%ﬁﬂkbfméiﬂym* yE R VI RBIREAE N O R
%\&—t/&:ﬁﬁéﬁﬁﬂugk%z\m£%®A®%Ay:
LbHRERAELTHVWOENRTWDOIERBAICEBRL., kKBHEA Ny ~D
MR BF IO THES L,
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Fig.5 Appearance of wheat flour and rice flour blended bread* made with different rice flour types

*Rice flour was used to replace 40% of wheat flour, and 10% wheat protein (ASP and gluten) was added
to the wheat flour and rice flour. The ratio of ASP and gluten was 2:8. Wheat flour and rice flour blended
bread A was made with domestic rice (japonica) flour and B was made with foreign rice (indica) flour.
Specific volume (mL/g) of one loaf; A, 4.66; B, 4.88.
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26. kBMIEBE NN ITBT D a=T 2 YR o %

(kM EBEELERN VTN EZ ORI EEREAS L TH AL L # <,
LERBEBNPEKTFTT A2 ENHEEO —2>ThHd, MEBITAkH 30 B &
N A40%BEHRIEML, DEHKD o7 27— ¥ &2 M 2 THIAL R, 5
R EME~OEBELEHRFTLIEHER, Kho@EBREBEMIZ LY, EF
Lk EEZDREMNMICTITF LRI LRI R EFESNALTCND (BF DL,
1986) . RHFZERIZEB W TH ., Ak L7z RVAIZ X 2k E R MR T
@\mi?y7/KmNT\*7V7V@W%%£@%<@ot:
EMNDL ., NUAEHANOKRMEENELS D EREKRTPICKOMILT

VTR DR L, RO R BT N DD TR WL H
B LT, EZT/IHEHMD 40% kM ICEBKML., NEXY T H
(ASP & 7 v 7 v o #E 2:8) ZikMLE-HPHEETRENNCZ2HET S
B, AEFICEHEREOR LD 2BBED o-7 I 7 —EBEEHEML, £
O, WRBIE CICHEIORBHUELICRIETEELZRFNL -,

WA g 2R, HHZ., V- EBETHRE., KABEZ I E
LR, a7 I 7 —8 A1000 % 50ppm E50 %# 100ppm /%2 72 &
DB MICETHRE, KAEIARICHMNLE, o7 27 —F
A1000 % 100ppm, mo%swmank%éwmwmm&@ﬁ%%ﬁ
M ZENENOEBERIIBEMICEENOLIZ BB LN, 2.

O 2EED o-7 X7 — €% 50ppm T ORAS L TCHEML KR,
TN EnhrEERNMLESAE LD, KA, WA ELICAEBEEINT
HZ L W (Table 5)

N W P D BRI LR A B A o A 20°CTC 3 A RIMRTE LT RS
oW T, JEfMIC TMEEsms & L CHlEL =,

a7 I 7 —F A1000, ESO0 O W T N HIHWMT 252 ik ®EHRM
CHEA_XTHE T ORKEN R EAIAFEICHHI SN, 2FEDO a-7 2
7‘—“1275_’50ppmﬁ‘0¥§:é\bfc%é\\%ﬂ%7}”b@a77:?*—“IfIOOppm
WMEDHEEXLZITIRONLREPoRN, 3 BB TESHEB L, S0
RN EALARIAE SND Z & 2O (Fig.6) .

FEHWBENRZLD 20 o-7 I 77— F3EMIVLEBRAL
THRMTHZERRNRCORBBIOCRFEBEOBEMIZHERH - 1=,
INIE -7 I B OEBERBREOEZENBERTICEOEHOFR
MHrmo, BMEHIVDRENICRsTEOTERONLEHEL L,
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Table 5 Effect of a-amylase addition on the volume and specific volume of wheat flour and rice flour blended
1
bread*

a-Amylase
Material flour of Volume Specific volume
bread Type Ameunt (mL) (mL/g)
(ppm)
50 1890 =+ 20° 4.80 + 0.07°
A100072
100 1885 = 20¢c 4.76 + 0.06%
Wheat / Rice 50 1868 =+ 18b¢ 4.72 % 0.04%
(60/40) E5073

100 1892 + 16° 4.80 % 0.05°
A1000/E50 50/50 2028 =+ 232 5.13 £ 0.072
Non-added 1844 =+ 22¢ 4.66 % 0.06¢

“IRice flour was used to replace 40% of wheat flour, and 10% wheat protein (ASP and gluten)
was added to the wheat flour and rice flour. The ratio of ASP and gluten was 2:8.

*2GRINDAMYL A1000 (Danisco).

“GRINDAMYL MAX-LIFE E50 (Danisco). Results showed average value £ SD (n = 6).
Values followed by the same letter within the column are not significantly different (p <
0.05). Analysis of variance between the data was evaluated by using IBM SPSS Statistics
Ver.25.
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Fig. 6 Effect of the a-amylase on shelf stability of wheat flour and rice flour blended bread*

*Rice flour was used to replace 40% of wheat flour, and 10% wheat protein (ASP and gluten) was
added to the wheat flour and rice flour. The ratio of ASP and gluten was 2:8. Changes in crumb
firmness of wheat flour and rice flour blended bread during storage at 20°C. Vertical bars show the
SD of each value (n =9). Bars labelled with different letters are significantly different at p < 0.05.
0, Non-added; O, Added a-amylase A1000 (50 ppm)A , Added a-amylase A1000 (100 pm); A
Added a-amylase ES0 (50 ppm); A, Added o-amylase E50 (100 ppm); ® , Added a-amylase
A1000/E50 (50 ppm/50 ppm).
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2.7 URX—FHRA N R O mEICKRIET EE

— Ik EREEREALEANyCREKRBICTr—EE v I RnE
LRI, BRIFMICHNHEIELS 20T WE WD WEMRHEENE
ans, o737 —BE2HEERMNT LI EICLY, X KHE -
AR M EL, BN RELAOIMBI N AN TEN, F— B 7 IX
milsngpotz, 2 THr—E vy 7o0MERERER DL T WD
(WF,2013) ANCHYAN—FRHALZFHHEL, 2EBHDO -7 I 7 —
Y& S50ppmZEEESGLEEAGOARERFIZMLZ, ZOHERITHOVTH
Allc, BB ANUVEABROE S TIE/MNEXY N7 EHE LT ASP
ETNVT DR E 37 LN, M TRToE MR E M, S
YA OZEFEAL O IE I S,2018) AEFEELE, M AACEKE
FlLT, " fOCHEHAHSR TSI E 7)Y FRALOELK L
BT,

KRG NI N — WA Z RN (50-200ppm) L TH#LE L &
WA OFRBB L OEAEBELZELLHER. U — € /AR
MIZ T 150ppm MO L OIXERE. AR E L ICAHE 28 H
WO b ATo, 200ppm RN T D5 EARBEITIE T L, BRI L 0 FE 21X
L frot, ZTOfRE»L . U N—BRAIL 150ppm O UM D &
ToH 5 LD (Table 6) ,

U oX— VR H & 150ppm WL 72 A8 A X 0K 2 85N O
'/ 7)Y REA 0.5%FE MO b 0 & L7, U8 — P 5 H mE
Wi Ny EoMEREFELWVWR, U AR—B®HAZEMNT 2 L, E
J 70U REAGENERBEICSYy EHOMBE X —¥v v 73z
bhTWwWadZ Ex@d7c (Fig.7) o

UNR—BRMAERM THLIRFH 14-18OEHENHBR., 260D
H#EE®B MK N Y Z7 VY N, £ 270 Y NZEEr—v
YT OMEIEND D NS o TEBY (0 F,2013) . DR E
L s b oL HEEL I,

SH I R—BHAEZEMLEE KBRS S O E O EL
ERALEER, o-7 2 79—V OFRMABRICE X TEEMICE SN
WML, U N—FRHA 100ppm, 150ppm ZHE ML ZEE . REFH
REARITNEZEH OO NN IZHEWVERETZEY . RF 3 HHEOMS
XU N —FEFRIM, 50ppm IHRMICH X THEICE L . B2 61
Mmoo E N RN (Fig8) . £Z T, ~NryoEkR., KFE - bE
M, REEMEALIEHE O RN RBERSG /N ICEY N — 8 ®A
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150ppm Z_RMT B2 ERNHFHTHY NromERmMET SN
RN,

KkBEEGNyrOr—Er7MmilEBRE LT, U —ERAZF
MUL7en, REMNEOMBIC LR ALNTE, N rro@fbidTs
YT U DOREEAANB LI CRIDIZDT, TOERERDLT
FUDOHEERIEEBIET S RN oMb mEIcERD LEE XS
ns, faffEigge 7)) FEET 7 IC/EHL, 73
— A, TIaXIF U LLEARKERERTLOIMER., TEET T O
wWhHasMmx ., 77 RBOBEEZH S (BH%,1991) ., H Lo 3R
BT 7)Y REBERMLEASOBEEMNE (200€) ITHoW T, X
MEIIICED p-FT 7B AHEO 5S1A0RFE—27 o HBEKRM., I
N7 g orEtET T rBEOBADOE PO HREL, £ 7Y
vtV R TR EFRBIEL TVWDL I EERODTWVD (FEDS
1995) ,

—H. hEBRICxRF 2T hE —HERERNLEZSG ORI L
Bl RXR—FZ2HWT, XCOokFBEOEM, 0D REER
W7o & (Park et al.,, 2005) . AW ATEN®BRE > 7Y Y
RWRBEIFICZ )T ORISR EMICERN L. [ F o iw B K
hErR P, Z 7Ry MY =7 B@EICL, NUAEMO YT
NLFEEIND (FFLE,1997) LEREINTWS,

UR—BHADOKRHBIEAG Ny ~OmERN EHNRITYa — b= 7
DHIRERMINT > TR VT v ~BFET D RIS,

UbE.&mMT 2NN 7E8ED—8% ASPIZL TAKRBIREG NV
ODMEE LG A, BMOBMEBEHOE EREKTMAB N0 fHER EICHF
T EEnxrani,

27



Fig.7 Effect of monoglyceride addition and lipase on caving of wheat flour and rice flour blended
bread*

*Rice flour was used to replace 40% of wheat flour, and 10% wheat protein (ASP and gluten) was
added to the wheat flour and rice flour. The ratio of ASP and gluten was 3:7, and added a-amylase
A1000/E50 (50 ppm/50 ppm).

A, non-added; B, added monoglyceride (0.5%); C, added lipase (150 ppm).
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Fig.8 Effect of lipase addition on shelf stability of wheat flour and rice flour blended bread*
*Rice flour was used to replace 40% of wheat flour, and 10% wheat protein (gluten and ASP)
was added to the wheat flour and rice flour. The ratio of ASP and gluten were 3:7, and added
a-amylase A1000/ES0 (50 ppm/50 ppm). Changes in crumb firmness of bread during storage
at 20°C. Vertical bars show the SD of each value (n = 9). Bars labelled with different letters are
significantly different at p < 0.05.0 , Wheat flour (100) without added lipase; <, Wheat/rice
(60/40) flour without added lipase; A , Wheat/rice (60/40) flour with added lipase 50 ppm; 4,
Wheat/rice (60/40) flour with added lipase 100 ppm; ®, Wheat/rice (60/40) flour with added
lipase 150 ppm.
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Table 6 Effect of lipase addition on the volume and specific volume of wheat flour and rice flour blended
bread™!

Material flour of Lipase™ addition Volume Specific volume
bread (ppm) (mL) (mL/g)
Wheat 0 2025 + 272 5.17 £0.07%

0 1922 + 12° 4.98 +0.04°
_ 50 1972 + 28 5.16 £0.07%
Wheat / Rice
60 / 40
100 1978 + 7 5.18 £0.04%
150 1999 + 462 5.23 £0.132

“IRice flour was used to replace 40% of wheat flour, and 10% wheat protein (ASP and gluten) was added
to the wheat flour and rice flour. The ratio of ASP and gluten was 3:7, and added a-amylase A1000/E50
(50 ppm/50 ppm).

“GRINDAMYL EXEL 640 (Danisco). Results showed average value + SD (n = 3). Values followed by
the same letter within the column are not significantly different (» < 0.05). Analysis of variance between
the data was evaluated by IBM SPSS Statistics Ver.25.
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28, T U UCHBENRE LD kKO i%%i@*‘ﬂ%#ﬁ

BN HAkBERH T, T FUBBEEOKR WK TP E R
FEOFERM, KT v 7 OMALKE 2 I 3 2 72012 F il E o R
D 2FBEO o-T 2T —BOEM, 7 HE/&?rnﬁ%lJ@f:&)@U/\°~
THRMZEBL, SCOUAEHE, WHEORKEELZR SO HEM LX)
REHG, LarL, ®HANCTRERPOAMBRICOD T R AKDEE,
BB A 2T OB A, NUAMOBB~ONMNER L OMENE
Co2Banbolc, ZZTHBILEANCVOFEEXEEZIBICW ET S
VEND DL EEZEZ, EFHOWKEICEELERIITKHOT V7 U
BEOBRTNET HZ LT,

— eI BT, DOAREOT T UHEEE N ML EIZ
LM, KB ERWE AN TIEEET VT L WA O M IC W
o~ 9 WA (Araki et al.,2009, Matsuki et al., 2015, A 5, 2016) 2
<, RBICEHASCVHRBOT 7 HEEIL 3%A1% O b O R
MEL WD, TS U HEEEY 8BREART LI NNUCHMNERICHT
RTh7ZEW, £22C, EELT > UBEEEICLY ArICK
SEN (FHE, 2013) 2EEOKKE CL & C3EH WD Z LT LD,
T UBGEEMREL, TOoEAENPNRAUHICKREITEEICOND
TR L7,

AR BRICHELERBOT 7 U BEEW RITKSRE . FE
YIRL 7 & & Table 7 1277 L7z, ¥R &1L 50pum A/ % T K 221X 72 2
ol MARMEHDICEL2 ClETARBHEBKO C3IThkTT 7
CHEEENELS . KOBRFBALEL o 72, Kk < oK R
mTiEBmhoBRRAICIY T T UOBEEENE ML, BN
K< sz &n@EINTWVD G RKDH,2009; 564 5,1998) , i X
KB TIIRBERE CHBICE R R VX N TR Kk oK
EyCHEIN, HIEEFEMAD I ENTE DL DIk NEE
BEZ T WEEBL L (FH5,2011) , £/, 770 EE
TR OWKIZEBRL, HEEINELS R AkBORKENEF D
EEZLNTWD (AR B, 1992; £, 2003) , Loz &b,
R Lk oRB FEOMENLT VT UBEEBE., KOoBREHOD
MHENELEZLDODEEZ LN,
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Table 7 Properties of rice flours

Rice flour Starch damaged SRC* Mean particle
degree (%) (%) size (um)
C1 2.7 77.0 46.9
C3 13.7 125.2 50.8

*Solvent Retention Capacity with water
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29 EEBE FHEMEIIC L D KL O H &

EHRLFRICRKRERLS TV HEBEEKSRFFIICHE?DS XL
Tl kbl O R & RO MMEE %2 SEM TH 2 L 7= (Fig.9) .
Cl TMAEMBOBREZR DK TR ZLFELL, CL TR
AR RO MEBEAICHEBREZRET S22 LI2E0 @0
KR AL, MAMBELRER, 2EHELST R TWD EB R
b7 (A 5, 1992; Saio et al., 1983) , HM A OB IR &2 £ > T W
H—MEIERLTCAHADLEREORByITMBE CTE DL, NHE T
T TR TR BB CR DD EIARRETCH o, — L. C3 Tk
WA ZH R RN EZLHFEL, TORMITHD N DN %
A, Ty UvRBNBHIANERENBE R IN -,

R L7Z 2BEOKRBITIFEHR FRICKETZVAE, Zo0BRIX
By, RAOBMES I CEIHEERALDNZ, ZOLHICBEIN
R ORENRMEEIEREZEOT S UCBEBESKSERFE DO ER
B LTWS Z ERnHERSN T,
iR L7z X2 kBT 7 HBEREILIKRE SO EREICER
ERIET EWVWbRTWS (EJE S, 2010; Araki,et al., 2009; K7 &,
1992; BLJE &, 2014; mEH 5 ,1986) , T Z CTRkBIES N v &2l
LZlE0CHWEIkBIcE LTy UBRBEEERB TSRO, KB
Cl/C3 DR E2E 2, WBRX 1(C1/C3, 100/0, > 7 HEE L L
T 2.7%) . RBX 2 (C1/C3, 75/25, T 7V HEE L L T 5.4%) .
A BRX 3 (C1/C3, 50/50, 7 7 U HEEE L L T 8.2%) T, FR
EHBETH AR RBR AT - 72,

210, WREREBEYTOAMABEREE T OEE L

FEBREBRBEOKBIEA S O® AR BRITHE T 5 F M5 EER O A
A (i) BXOEREOEE Fig 1ol L, 77 U #H
GEOLELZGE LEbDZEPHEEBRTORMGHOM®MO NS |k
MY NERLS BEARESED LN RENTE, BEEKNLE TOM,
T UVHREBEEOREEZES LEABRKX 2 (C1/C3, 75/25) . KB KX
3(C1/C3,50/50) X, 77 HEEOK W C1 O A H L 72X
1 (C1/C3,100/0) 12X T, HELELEOSEWVWEHEB N2 SN, 3
B XX E —MAKEHETITo TV dEd, KOHREIDRE VKL O K
FERAWAHBERX 2, 31k, AP oBEET T ~OBAKNIHE L,
EH O R EMESE T L (FHE,2013) R R BEEIC L DY
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EAMH S Zbo EHEE L, L2rL, WT AU BEE 4 K[ T 3
FEULELOEMBEBBORENALNL, T ORFBEBERETCH S N
rENTE, BEEHRPOLEMBEOELIZOWTIE, TS UEHEED
kxRZ2EmEL LeboElEbdIrTiEddNAEMBENE WD & MNIR
Eh, AMAEBo#EMEREEILT 7y BEHEENHWVWRRXIE L.,
HEENRSEDRZ EBREINT,

2.11. BN O WMWY MO R R ZE L

ERBXoOMAME N ZHERK L, 20CT 3 HMATFEL., £ OKNHH
ODIEMIS S ()  BEMMZWMEL., BRRHEAOLELZ LK LK
(Fig.11) . IB%‘%@Fwﬁﬁﬁisﬁ%cﬁfiﬁi&ﬁot
MU2ERBHBRIICIOXRXBOAZEA LERBRX 1ICkXT, 7 v
T/E%Eﬂ%wﬁﬁﬁl3TiE%ﬁﬁﬁ#ﬁ#oko3Eé@
Bix S RWOKETCETABEEI RSN o, HBK 3 T
BRIX 1 12, 10% RO KETIHAEEICEMISHHENIE» - 72 2
EL, RBRX3IEEIOKRKEHELNB DI ND2BHICH D L H
BLl. F . NN HOKE DomI 2R3 EBEE (BEHS,2015)
DENPRENWZELEFIELCHORE VW E2RT A, 3 BRBEZICAR
X2, 3 A EICES, BEMRED OREIXK» > 7,

UEF 7 rrHBEEORRLI A EZH T, EREHE TR
R AEIT oM E. NEB 60%I2x L TKE Cl 2 40%F & L 7=
BRIX 1IC_XRTC . Ty 7 r#EEOE VAR C3 2 AkBHE2EKED 25%
HDH VI 50%DERTEALERABRRK 2, 3 37 v 7 HBEE %1
RT LIk, KOERFHOE VKRB O RN 2 T, AR
R o, THNIEFHFHEER LRECEMOBEGEEEIEKTLEZ &
kRIS, SUONEBEORBEHELICO W TIEHE S & F
THEMIC DMEITHBRX 1k, ABEX 2, 3 K<, BEEHEMLD
milsnsElmicd d eHELL, £, BEHRITHABRX 2,3 TH
EAC KRR 72 D K 0 o T2

EREHBE CIT oL/ VABROERZZ T, ERILEBABE CTO
RIEE 2 ABRREKY ., kbhoT v 7y #HEER LR VEHBRKX 1
(C1/C3, 100/0, A F Test L& T 2) T v 7 U HBEEOKEE &L
L7 B KX 3(C1/C3, 50/50, LA F TestM &9 2%) O A&ZHAH LK
WA LT,
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Fig.9 Scanning electron micrographs of rice flour particle structures

Right photo shows enlargement of circled part in left photo.
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Fig.10 Expansion rate and temperature changes in sponge dough during fermentation in the scale of the
laboratory
Figure on the left shows expansion rate changes in sponge dough during fermentation.
Figure on the right shows in temperature changes in sponge dough during fermentation.
-0, Test 1; -o—, Test2; -@—. Test 3.
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Fig. 11 Effect of rice flour starch damage degree on change in crumb firmness and cohesiveness of
wheat flour and rice flour blend bread during storage at 20°C

Vertical bars show the SD of each value (z =12). Bars labelled with different letters are significantly
different (p < 0.05) according to Tukey b after one way ANOVA. Figure on the left show changes
firmness of crumb during storage at 20 °C. Figure on the right show changes cohesiveness of crumb
in the during storage at 20°C.

-o-. Test 1; -o-, Test 2; -@—. Test 3.
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2,12, HREREY O AMAERE O ZE L

FEBRLGBRME CITERERMKOABRIX 1 ITHY T2 Test L, B
X 3ICHY T 2 TestMOEE TR UVKBREIToTZ, ¥V F—AD
WMEIXTFEREHKED 2% L 1T HR 720 Test L TIX 1%, Test M T
Mz FTIT o7, PHBEBTOAMAERE (EHEL) OL/LITER=EH
BT o8 E8 LRI Test LICH T Test Mmoo s bH En
DARE WA, EEA4RERETESSSSHALORE, L2AL, WT LD
3EULEOEMEBERBOBENALNL, RFEORBEE L L CTIXt+o 2R
B L 72 o 72 (Fig.12) o 73, & AR B IX Test L T 29.1°C, Test
M T 29.6°C & 72 » 7=,

213, KfEFh oAk ET kT 7 HEEO R

T UCHEBEEEAEZLKRKBEAS NN O REF A MY MO L
ZRIGE L, TOMBIIMEE IS R (&) . MR R
BH %~ L7z (Fig.13) . Test LIk X T Test MM EHR AT TO
BKH»P O EHHEOBRBEOMOIBMBMEONYEDL EX YRR G0V &
b, Ao FLEDRNRIBWNWI A2 R LI, 2L TestM Ok
DS0%ICT T UrHEREESE W C3PAHWVWLR, TOEWKGEEED
NEELTWNWDLIZIERNBZLNTL, WMEERARZO LM ITEHARKX T
FfEEORMBEERIM CHBE L, KEK TR TIE TestM b 3 I
mWETH o T,

2.14. oA ICRIET AL T T HEEBEORE
oY E ALY AWM O EER OIS ERE R E L
(Fig.14) , A e —J 2 @B+ 2KFMICRERER IR Lo T2 2
EXy ., AomBHEICZRKREREVWITIARLON N> 0N, Test M [T
Test LIZH T, mRNIEHDBIENEZ R L7, Test M O A4 Hi i
ik L7z k21T v 7 U HEEN TestL L0 &< KR EET D
MU oz, AEA TIEAERIC o-7 27— A %
mzTHY . ﬁﬁ%@l&(7m7§4b/@0$ RBET T
VICTIER L. BBy MOIT Gy R A i %~ébﬂ@mA%ﬁﬁﬁﬂw) 4
ﬁ%iﬂ%mbt&% Lto7u7?4AuM\%w&;iéﬁ
BEToOLRETAMDENRESEL., BEIRHE L., HEMENK
TT 5L mlEHEIcEEL, SCOoNMHICERZERNTS, I X
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VIR TEHETORLHELS o7 Test M O KE % O A M (X Test L &
ERTHEL T, WEMEICERZRLITT Z TR oT,
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Fig.12 Expansion rate changes in sponge dough during fermentation in
an experimental factory scale
-0, Test L; -@—, Test M.
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Fig.13 Effect starch damage degree in rice flour has on mixing resistance during dough
mixing stage of wheat flour and rice flour blend bread

Mixing resistance curves were calculated from the electrical power consumption. Each test
was performed twice and results were confirmed to be the same. *The unit of this system, i.e.,
division (vertical axis in the figure). L 3, low speed (55 rpm) 3 min; H 3, high speed (110 rpm)
3 min; H 3.5, high speed (110 rpm) 3.5 min.

---------- , Test L; ——, Test M
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Fig. 14 Effect starch damage degree in rice flour has on sheeting

roller stress curves during the dough molding process of wheat flour
and rice flour blend bread
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2.15. /X OB R & Ok RE

Test L, M OB oA AN OB RIZTKER D > 7= (Fig.15).
L2r L, BEBERIL Test L 2% 9.3%IC X T Test M 1L 8.6% & ° 1K <
D C3IKRBMOKGRFENDOSINVEEL TWNDL I L EHEL T,
FENETNOEUAERFZE (SD) 5, Test M L Test L ([Tt T8
DNTDENRDI NI ERIR I (Table 8)

2.16. /X N AH 2 M O % K ) 2 b

Bepk e O N OO REEREAL 2 N N OB S & BEE MO R
EfRNPDOBmE Lz, Test L &b E F 5 &L, Test MIZFFHIZ 13 U
D1 HAEAPOEINAERICEKLS, BREMHICHESHEBL TS Z
ENRBOBNTZ, TestM ® 4 HEHIL TestL % 90% D X Toh o 7=
(Fig.16), BHEMHOREFEN 2L O RICB W TH, Test L &t~
Test M TEREMLOE TR D otz, KEOXRBIRSG N IX/NEH
NI EO—HIZASP E M A TWAEN KAEIFIZ a7 2 7 —E LI
ML TWD, Test MIZBITDH2HNMAHMEOREERZELDBDIT N H
OD*EJHI:T/7/@AK/\/\ﬁHi#I%ilk%z%hé o-7 2T —F
INCEMPOBRET T RBERFICHET T ICERH L. T
/7/%%”AMLTT#XFJ/%%@ﬁ T EOFEREE E R L
Nt oMb N OT7T I ey F oo FaibEemE T 5
(2 F 5, 2019; Hug-Iten et al., 2003) ., 7 > 7 U HE E % & O 7= Test
M T, o- 77— FBOEFHANARELEUBEOR S TR TAEL S
A O EALRBERR L O N ORNEY MO R E ORI F
HLZEHELT,

EBEOTHAEOLA., AHENZ V2D IZHE., LD, BIEE
IR ENAEAL, AP OERR DD, THRICHIELSE D
Nk onsd, BE®RTIET Cl ok s vy 7 rBEEOIK
WAk EHWTERN M DINEX R TEDO 3EE ASPICT 5 2L
THEOTARFEHELIMmM ELLE, 72, REALAEOEE., o2& LEH
Z7m T A LAORMETELLDIAMOMEELLEZIG T 272D
FENALFICEDREERM EL, BRBEO NN ITHNEORE O ARNYE —
PERN S ES N, B S OREAZL (20°C,24-96 B RE) BB L 7= Cor
H5,2018) , TOMRAICMA T, RETIEH/NEMICESHBEZ 52 KD
DT T B E %m®6;&6;@ Z DK Gy PR @ JE EE 72 W)
ERmAEE A ICEIETAAEMOERICE S TS EERLE,
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Fig. 15 Appearance of wheat flour and rice flour blended bread* made with different damaged
starch amount of rice flour

*Rice flour was used to replace 40% of wheat flour, and 10% wheat protein (ASP and gluten)
was added to the wheat flour and rice flour. The ratio of ASP and gluten was 3:7.

A, Test L (C1/C3 100/0); B, Test M (C1/C3 50/50).
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Table 8 Rate of baking loss of wheat flour and rice flour blended bread, using rice flour with different
degree of starch damage

TestL Test M

Baking loss (%) 9.3*1.11 8.610.47

Baking loss (%) = (weight of dough — weight of after baked bread) / weight of dough %100
Results showed average value = SD (n = 12).
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Fig.16 Effect of rice flour starch damage degree on changes in crumb firmness and cohesiveness of
wheat flour and rice flour blend bread during storage at 20°C

Vertical bars show the SD of each value (n = 14). Bars labelled with different letters are significantly
different (p < 0.05) according to t-test. Figure on the left shows changes firmness of crumb during
storage at 20°C. Figure on the right shows changes cohesiveness of crumb in the during storage at 20°C.

—O—, TestL; —@—, Test M.
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3. E A

ARIETIEBAEME/NEY N7 E (ASP) Z I L 7= kiR & 8
oGS NERE KRB OMERE ST L. KBRS NV
OB ECHESTHOHSCEBEEFOBEUREMEHEEZRFAT 5 L& L
HT, LR S IC IR AR ARk T VT EEE O
EZREMFTTHLERENE LI, HREEOR A TIE, NEHO
40%% K MICE R, 10%D/NETLALVIELE (Vv 7T & ASP) %
Mz, KBREAGXyrTE. BET VT80V KB 2 /£ K
CEBEMT2H A1, PREAMBEE R ICRET DI AERNHD T
L2 ERDOD NV PN A 2%EFHRMT 2L BB LETITAREE
MEMLEE.Em7 Ie—2KBHIX BAACVHARBIYVEAEBELE .
v U7X E TR, BERNTEEIRLIBAUCRHXBEZHOW
T, ZEHBENAE L2 280 o 77 —FBHA (L 50ppm
FToMM) ZIRMT DL, NUoDORERM EARDL RITRBEHHEIL L
MK L7, i, VA= RHHZ 150ppm BT D5 &, F—v v~
TOMHNHELN, TNOBEEOBEERMIZABIEES SO HEMR
FeEBHTHDZERNRENT,

Flo. NEHMO 40% % KICE XWX KBIREEG N OB b
Rl onwT, kBporr7rrHBEEDERERFT L, T v
BEEREWKRBIZ, KoRFEHDLELS, KB TOBRK, XEo
MM EICHER D oo, EFREHABK BV 2975 L, T T v
HEERNKWKGL Cl (T 7 rH8BEE 2.7%) OArz2zHWIEEE X
D, T 7 BEEOH WKL C3 % 25%., 50%8 & L 72 5 H»
NRUNHDMEOREHELBIRD L, REEAEZHAEL., EB LT
BHET, ThZhoXhad 50% T 2B A (7T 7 HIEE 8.2%)
L, /AU LERE, 707 vHBEEPGLS 2D LT, Aok
AKMom EiIck KEBEOAMO £ & F 0 NRL N0 D BEREK,
MO RFEEALIME S, 51, AERKIZNAX 7 -7 2 7 —
TR RERMICERL, RNMEBEORENELLOIMEIICHFE L
EEx o, KBEGSAyoOEBiR Tl T T U HEE %
WEICHEST 22 LN EMORKMEZ &GO, WS EEMEI O IZ A
YoOmEREEAEICTAZEEZHLNICL L,
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0. M /NERz e E 3 25 8/ 8 2 Hoilr o Bl 3

AARTEEIND/NNEZDZL T EAREHAROMTEICEN
TWb, TOX U RXITEOEBEBEORMPLHE A VICIEIAME &S
T&7 (BHS, 1974; HE 5, 1986) . L2 L. 20004 LL [, 858
T EENER E O T L K (Yamauchi et al., 2003; 3 5,
2006; HH,2006) . HDHWITAEMICEZRSSEAER & M4 5 7
BT Ay VANLT 4 K4 Y AT—F (PDHOFHIC L B R
% B %R (Noguchi et al., 2015) 7 E® N M & QL #HE T 5 58 #H &
N A, EEMM/NEZO-UASN R ~OMGEREZ D,

I, EBENTEEIND/NES B FMHF &R &0 LH®EIZ
WL EOKERED LR TWD (MH,2017) , XU HD/NEE
L ClX2000F (2 dbifEiE © TR LA AEHE A, 20084 (1 (X587
IWNEORKMEERES (WO bLho | PIABEOCERMLE S L THRMA X
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ZZ T, EBRATAEESASOESWE R /NER 2 MW/ oS il o
FEPLELE X, RETEEAHNEHO X OR-EICTE T 53 E
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21, U RIJBIZEI2AHNEHRAMPDMED KR
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Mk, BEROTABEELIRMEST D ERHERINT,
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Fig.17 Farinogram showing the effect of wheat protein and salt addition on dough properties using
for domestic noodle wheat flour

A, Bread flour; B, Domestic noodle flour; C, Domestic noodle flour +3% gluten; D, Domestic
noodle flour +3% ASP; E, Domestic noodle flour +3% ASP +2%salt
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Fig.18 Scanning electron micrographs of dough microstructure made from domestic noodle wheat flour

The dough was observed by sampling a part of the farinogram development time (highest viscosity).
B, Domestic noodle flour dough; C, Domestic noodle flour dough +3% gluten; D, Domestic noodle
flour dough +3% ASP.
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23, FREGKBRICEI A2 AAVEASBS IO TR
EEHHANEZEREH R 03, RET D2 R T7BES 7 VT
YOIk, BAVICEARMEEESRA WS, ER., 77V T
TITTCINEL R ITBE T NVT U BEORZ VT v BB KIR K T
M L7 ASPOWM, S b IZAMMEMER LI2OHROH D EBERNE
METL7fE. ASP %2 3%, BREEA 2% KM+ 52 & T, N H/NE
Moz 77 aicERM LA EBS S LN TER, 2
T FMEEOM AN BRI W T AMBEREGOEBm M E2F 5L,
Mo 2 AEMAERK L, PEEBITOTAKFE D EZM LS E 5
T, RET 5% 7 FI21E ASP & 3% 2, @ F AR ERIC
Mz s2/8EZ2ZHPHEAMICEAS T A2 &L, BLAIE LT T X
AN ECEE 100ppm ICH L L Ao EE LG L L L Lz,
FrL . BEEIEBORBEZNGH T2, EMERNOBRMEZ 2%,
5 25%ICHEH L, ER EFHEEZ 27CIC LT, BEEEE L, 7
AR LI, ThadfEIBIESE LT, Table 9, I VT Fig.19
IZ Test3 & LT L, BH/NEMZMSEMH L Test 1, FH/NEH
IZ ASP % 3%W N L 72 Test2, st LT AR H/MhEHBZH WL CT
O3B ITEEN 2 FREBICIIB A VRBEEIT - 2,
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Table 9 Material formula of baking Baker's %

Material CT Test 1 Test 2 Test 3
Sponge
Noodle wheat flour™ — 70 70 70
Bread wheat flour ™ 70 — — —
ASP™ — — 2.1 2.1
Salt — — — 2
Compressed yeast 2 2 2 2.5
Ascorbic acid 0.001 0.001 0.001 0.01
Water 40 37.9 40™ 427
Dough
Noodle wheat flour™* — 30 30 30
Bread wheat flour 30 — — —
ASP" — — 0.9 0.9
Sugar 6 6 6 6
Salt 2 2 2 —
Skim milk 2 2 2 2
Shortening 6 6 6 6
Water 24 16.1 7 5™
" Domestic wheat cultivar (Hokushin)
? Imported wheat

“ Acid-soluble wheat protein

*4 Depending on the amount of protein (ASP) and salt added, the amount of water added to the sponge and
dough was changed. The total amount of water added was the same for tests 2 and 3.
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Process Condition

Sponge mixing CT; L2M2, Test 1; L2M2,
Test 2; L2M2, Test 3; L2M4H1
Final temperature of mixing, CT, Test 1, and Test 2 was 24 °C,
and only Test 3 was mixed at 27 °C.

First fermentation 27 °C, 75% RH, 4 h'?

* *
Dough mixing ' CT; L2M3H], Test 1; L2M2HI,
Test 2; LIM2HI,Test 3; LIM2H1
Shortening addition
CT; L2M3HO0.5, Test 1; M2,
Test 2; M2, Test 3; M2H1
Final temperature of mixing 27+0.5 °C, at four procedure
Floor time 27 °C, 75% RH, 20 min
¥
Dividing Loafbread; 450 g, pullman bread; 220 gx6
¥
Rounding

Intermediate proofing 15 min

Molding
v
Final proofing 38°C, 85% RH
Loaf bread; 10 mmheight above the top of baking pan
Pullman bread; 35 mmbelow the top of baking tin case
Baking Loafbread; 225 °C, 25 min, Pullman bread; 225 °C, 40 min
v

Cooling & packing Packing after 90 min of cooling down at room temperature (20 — 25°C)

Fig. 19 Baking process via the sponge and dough method*’

I Mixing Condition; L, M, H indicated the rotation speed of the mixer, i.e.L is Low (135 rpm), M is Middle
(203 rpm), and H is High (235 rpm). The number after acronym indicated time (min). "> Final temperature
of fermentation, CT; 28.5 °C, Test 1; 27.8 °C, Test2; 27.9 °C, Test3; 28.0 °C. “*Two types of bread were
prepared, i.e., loaf bread and pullman bread. The instruments used in the baking test are listed below.
Mixing; Vertical Mixer VM-3, Fermentation; Model OBS-D5, Molding; Model WFS, Baking; Deck
Oven, Model DOV-T43, (All equipments and machinery listed above are manufactured by Oshikiri
Machinery Ltd.)
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2.4, WHREC B A o R EEEE ORGSR L OV A M o #i% R S
HAH/NNEMAEHWOCTASPZIFML, FREAHZ KR L7 Test 3 O
HKEEFOEMBBEOELE/NEX N7 GBI THERO R REET
T o 7= Test1 & H# L T Fig.20 (77 L 7=, Testl TILREEEE 2 B
BT o EMEBEOMMITEH Lz, FREKRIEIC XD Test 3
DEMBEMBMIT 4R CTC3IMU EICHMT L2 L2,
ZIZT,. TN ZTNoRBEEZOLEMANTZ R 2L, AE THEA I
Mo ZRmRnBRanzizd, TO - A2 WY, SEM T M
m A B R L (Fig.2l) . Test 1 O TH A & 0Bk » H < .
KR OHARFEIIPRH NN EEZ R L, ASPEZRML, PGB
L7 Test3 RS MR T B EEBEBIZERSES LTINS Z 2R
Do, THREETOAMBEMAGOEREEZGLE., GH/NEK T H
W BN I ASPERIML , B O EELZXBRT S22 21Tk,
HEER, EESNDRBIVAORFE IR ET 24 ERRKT 5 2
xR,
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Fig.20 Change of dough volume during fermentation by the sponge and dough method
O, Test 1, Domestic noodle wheat flour by standard sponge and dough method; @, Test 3,
Domestic noodle wheat flour by improved sponge and dough method.
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Fig.21 Scanning electron micrographs of dough microstructure after fermentation by sponge
and dough method using domestic noodle wheat flour

Test 1, Domestic noodle wheat flour; by standard sponge and dough method; Test 3,
Domestic noodle wheat flour; by improved sponge and dough method.
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2.5, AR oNE,. KB X ORERE

KRN EETRE L LRSS OB & B L2 (Fig.22) . Test
VXA NERZH W T, ASP Z IR ME FIEHEN 2 b fyE ¢l Xy
LR ARBXEoF TROUBIANE > TV, f A /&K IZ ASP
Z 3%WMUL CTH Y R EEMIE LI Test 2 1% CT & [H R E K
L7, 7272 L, Test2 i, CTOAB L ITEZRD | Mo O RH K
REN DA, BEREEOZEMONLE D Z & EZR LT, Test 3 1% CT &
Db L, Mmoo OTHFENDNREL o, —&KIT, WO
A, BEE EFRICAEMAEBICEET S &, MEICORE DAL
C. TOWMOYNBRKREVWEFIERAACVERBVWESDbNRDS (LA S,
2017) o £, ASP O EH LKy THH 7 VT ¥V iT/ERAMITH
M4 2 L AMERBEMZE L, 2000 T AFHRBIZETT S
2%, TaPDI 3 X 0" TaEROl I L % SS#EG &z Mt 5 Z iz kb,
HADODFHRERNRKREL WL L, RUVDOLRBEXAECH NS S Z L
N SN TWD (Noguchietal.,2016) , L7z »> T, T b DA
PONBOEWT, FRBRXICBT2EMO 7 VT UMK R D WY
AR BEEROTARFENDBEREO N ZRICEEL -
EE LN, BEH LD, Test 31, BEEmn bk AdF ARSI N
CO, A%, %M (CT) OXCHAEHERUIUM»ZENL EOIRET
REFL T2, L2l Testl & Test2 i B o6 Ao gE:R
MWFEEERMG% 23T —2ZI1CEL, TO®%FEHBIREIC R D .
mrlt®A T HZ 2R LT (Ei#S,2004) ., DFED | Testl XX
VR ENRARRBELTWVWDEREDAEMBHEL, TAEFE IR Z L WVWO T
WRAFEES £, Test 21T AT 2% /N7 HE LT, AHiCiE
Was 5T 52707 % FE/RTET SH ASP (T, 200600% H Wi
., Ao BEEEm E L, Ll 2o TIxA DBk
FtHmlcidxkBEIRNR RN, FTRHEETIE., BERICEH W T A RE
NeEBETHHBMERD 2T REAEMAELE LTS, T2 T, HHEAEM
I E R A5 T Do A WS R TR o R
P L REATHIREBEICER LE, BEOPMEE CTIE, AR TR
THEMICEER NN AEBKBICHLTO05 ELE 1%D RE
ZHRREICIRMT AL, BREBERIEMS 2 WIE 0.15%0 & 1 N & © &/
BENnrEboltEEB L TERLENUyRNRBEBINEZ ERRE SN T
W % (Kilborn et al., 1981) , £7-. BHEICIZ. 7V 7Y 0FEER
a2 ZLSEDKREBEMEERE, 7V TV 2BESETH TFHEH
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b T A1EHAZHD ., AT UERICEEL TWVWDE EE LT
Wb (HEH,2008; Uraietal.,2008) , Z 46 O M A % B ¥ 2 T, Test
3IXEEM A /NEMIC ASP 2N 2 P REAMICAE & %%MLRO
EHlZ, BIbAFITHLH T Aa Ll rBoRLHESLCL., FOICEEL
T\ﬁxﬁﬁﬁ@%wiﬂ%%ﬁbko%@ﬁ%\ﬂ/%¢f%%
M L7 CT ICIEE T 2AEMOMFEMENSG LA, BER LN ITE
ORI, IHICKEZR20OVENANAELCDLIEE LA DK N
BrohlcbDEEZEXTL, Nro@fba FBMICHMT 7o, 1
BN OIRFE & FEE A2 M E L7 (Table 10) , ASP Z ML TH
FEAMALE L7 Test3 13, o 3 BRKXK LV KB, LABNEA
Flom<, AN EBREHWT ASP ZH MY P4k o b ik TR
YL Testl TABEICEKWEZ R L, ASP Z ik L., fE kik °H#l
Ny LTz Test2l I N HWMNEBMZEEHALEZECTERBEREOMAZ R L,
S8l (Fig.22) THBIZE SN REZEXMRTIOIERE -T2,

2.6. /N N AH O BRI G 8L 52
FERBX O NI OMMAE L %2 SEM T8 2 L 72 (Fig.23) , £ D
FIZATAALRELUB AN EM 20 Tr L, N HMNER
AW CT L3 25 &, BH/NNEMmZ B W7z Test 1 & Test 2 T
XARE R EPBE I, L2L., Test3 TiL, CT & [AERICE
MO - L[ EPIBEINTE, B, TNLELDOR
aEERmo — a2 KL, AOFIZ/x LT, Testl, Test2 Tlit. #£
HREOWICHAIN, RERT vy 7R +-PEHBHLTWE, CT B X
W Test3 T, RmMOHBER VL, B LET TR+ bT
IHOTWasRENBEINT, XNrAEMOKREEKEDEK Z B K
THITNT U E N EIE, 60-T0°CTEEMEZB G L. KFRE NN
BTFL., sk nT 7k +oibsEBBECHELDN D,
[UENPRKREL R FEOFMIZEM LT v 7R3 ELTE
L. ZATryry— bR EIMETDS (BA,1997) , 77 v~ b
Uy 7 ZICHDRAENTZT v 7 v O X BER b oAk &%
#WAERTLL X ONHEEZR®O D (Heetal.,, 1991. Naito et al., 2005)
T, RWAEBRIZCEFTZOEBKTHL I VT O EHENEET 5
(F Lk, 2016) ., "UNHEHOMMBEEOBELEE LG DT DL L, ASP
WM L7 Test 2 1L Test 1 KO b HEEEFIEWVAM N E D CT
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Il LR BERNDB R I N Test 31X, CT IZE WK 2 A
TOHAMMPHE LN EEHRELE, ZOBEM_ENL . KiZh
TeBERCHRF O B M NOMHEIC S £ E 10X O & H o ks 2 52
BL-ZtEEZLNIT,
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Fig. 22 External appearance of bread loaves

CT, Bread flour; Test 1, Domestic noodle wheat flour; Test 2, Domestic noodle wheat flour+3% ASP;
Test 3, Domestic noodle wheat flour+3% ASP. CT, Test 1; Test 2, Standard sponge and dough
method; Test 3, Improved sponge and dough method; ASP, acid-soluble wheat protein
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Table 10 Effect of addition of acid-soluble wheat protein (ASP) and improvement of the sponge and dough
method on the volume and specific volume of bread prepared from domestic noodle wheat flour

N Specific
Type of wheat Method Addition of Volume Volume
flour ASP (%)
(mL) (mL/g)
Standard
CT Imported hread sponge and — 2074+10P 5.21+0.05"
wheat flour
dough
Domestic noodle Sitandsrd
Test 1 sponge and — 1983+39° 4.99+0.09°
wheat flour
dough
Domestic noodle Standard
Test 2 sponge and 3 2071+42° 5.16+0.11¢
wheat flour
dough
Improved

Domestic noodle

Test 3 R — sponge and 3 2187+15 5.51+0.06
dough

The results showed the average value + standard deviation (n = 3). The values followed by the same letter
with the column are not significantly different (» < 0.05). The analysis of variance between the data was
evaluated using IBM SPSS Statistics Ver.25.
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1mm 50pum
Fig. 23 Scanning electron micrographs of crumb microstructure of bread prepared from domestic
noodlewheat flour using the sponge and dough method
Enlargement of the part shown in the bread pictures on the left column are shown in center column and
right column. Center column: Structure of gas cell wall in crumbs (low-magnification, X50). Right column:
Magnification of the surface of gas cell wall of the part in 1 (High-magnification, x1000). S indicates starch
granuls.
CT, Control (bread flour); Test 1, Domestic noodle wheat flour; Test 2, Domestic noodle wheat flour +3%
ASP; Test 3, Domestic noodle wheat flour+3% ASP. CT, Test 1, Test 2, Standard sponge and dough
method; Test 3, Improved sponge and dough method; ASP, acid-soluble wheat protein.
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2.7. XN T v 7 v AL E O ZE b
NRUYRNHOR[REOMMBEEOBENL FH-BRX TT v 7 vk D FF
EWCEWRARDD EEZLONTE, AN OK @O RSO B 203
FHRBRBEICBTLZ2T T UROEFEERBOEWVWEZ R LI, FIH 0N
Y oEAMIT, TUT ORI TRELSEREL2Z T D LEEZD
LCTW5b (Mord et al., 1998) ., XU BREFROT 7 > oMb E OE
x| 27202, 20CC 1 HERZIZT3IABMBFELEZ ORI
BT UL, WALE © ki BAP i (HHE 5, 1981 ; &
AKBH,1983) CHIELE, 2OBBL AT LT, Milbs v 7 &2k
T T DM D Gy R E BN WD R A FF o T 5 (Table 11)
A /NEMAEFA W R REEICKL D Test ]l OWILEIX 1 BH% T 41%E
BEICKLS ., 3%ASP Z ML CTHEM L7~ Test 2 1 51%., Test 3 I
55%. IO HNEMERHWE CT I 57%& 720 . 3 HERF %I
T NTHR 30%RMICH A Lz, 7272 L., Testl & H#L T, ASP %
WM U7z Test2 B XV Test3 1T, Mi{bLEDOER TR BA L, T§4b
L, Blho#EITR b icmEl S, AN EDZH R
BWT, ASPORMIEIT v 7ot L EBRICEREZEHE 2 57
MR D EE DT,

2.8 NUHNMHOM I ERREEBS LI OCZORE R OEL

200CT3HMBEELESERBX O8N NI O S &k E MO R
ZAbZWE L, 20T 1 HREHE OM I X Test 1 DA EICH <,
Test2<‘:Test30)ﬁjii?§iCTc‘:H$£fp7io7io3E‘|‘i %z, &R
BX CHEEND o720, Test 31X CTIZIKRWTIHKWIEE 2o 72,
BEAEMEIL I R THAMERXIZ *Hﬁ?iﬁé?)@\Testl\Testl Test 3.
CTOMEIZE < 728 >7, Test 1 O LA LITRKFRIZEHZF TH D, Test 2
MW ZENITH N To, Test3 & CTIZIEAEEZIT & o 72, Test1 X Test
2 LN D EREFF AR TIEMA S LT (Fig.24) . B4 ME I3 E
DEWIFE, RCVHNHORAE IR ERRENT WD, KHE O
XWICHEI BT, 7T A DOKT (BEHL,2015) BXLOT
V7V®Wm@ﬁT&%%ﬁ%5&%bnfwéoiﬁbksm%ﬁ
HBOENPL NN OKEOREERHE. FFIC Test 1, Test 2 T
i%ﬁ:@ﬁbfmém$&7/7/@#%<ﬁﬁbko:@;5
LT T TIEKRGRERLL TS, BRELSSTWVWERO —
EHEE L T2,
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Table 11 Changes in the degree of gelatinization of bread prepared from domestic noodle wheat flour
using the sponge and dough method during storage at 20 °C

Degree of gelatinization

Type of wheat Method Addition of (%)
flour ASP(%) Storage period (day)
1 3
Imported bread  Standard sponge
T — P 28.6+3.
¢ wheat flour and dough STA4E5.4 8.6+3.7
Domestic noodle  Standard sponge b
Test 1 — 20.3+2.2
©s wheat flour and dough 40.9+2.9
Domestic noodle  Standard sponge
Test 2 2574
©s wheat flour and dough 3 S1.7£2.6 >7 8
Test 3 Domestic noodle Improved 3 547409 268+ 1.1

wheat flour sponge and dough

The results showed the average value = standard deviation (r = 3). The values followed by the same letter
with the column are not significantly different (p < 0.05). The analysis of variance between the data was
evaluated using IBM SPSS Statistics Ver.25.
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Fig.24 Changes in crumb firmness and cohesiveness of bread during storage at 20°C, for
bread prepared from domestic noodle wheat flour using the sponge and dough method

CT, Control (Bread flour); Test 1, Domestic noodle wheat flour; Test 2, Domestic noodle
wheat flour +3%ASP; Test 3, Domestic noodle wheat flour +3%ASP. CT, Test 1, Test 2,
Standard sponge and dough method; Test 3, Improved sponge and dough method. Vertical
bars show the SD of each value (n = 8). Bars labelled with different letters are significantly
different (p < 0.05) in between the test groups. The analysis of variance between the data was
evaluated using IBM SPSS Statistics Ver.25. ASP, acid-soluble wheat protein; SD, standard
deviation.

ATestl; A, Test2; @,Test3; O,CT.
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Table 12 Material formula of bread-making Baker’s %!

Material Test L Test M

Sponge

Wheat flour 50 50

Gluten 10 10

ASP 5 5

Salt 1 1

Ascorbic acid 0.001 0.001

Compressed yeast 2.5 2.5

Water 40 40
Dough

Rice flour (C1) 50 25

Rice flour (C3) — 25

Granulated sugar 6 6

Salt 1 1

Skim milk powder 2 2
Shortening 6 6
a-Amylase 0.010 0.010
Lipase 0.0015 0.0015
Water 50 50

“IThe formula used was based on total flour (wheat and rice) weight.
Wheat protein used ASP and gluten at a ratio of 5:10
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Table 13 Properties of wheat flour and rice flour produced in Saitama Prefecture

Protein Damaged starch Solvent retention
(%) content (%) capacity (%)
Wheat flour 8.7 1.8 —
Rice flour (C1) 5.5 2.4 72.2
Rice flour (C3) 5.7 114 103.1
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Table 14 Volume and specific volume of wheat flour and rice flour blended bread

Volume Specific Volume
(mL) (mL/g)
Teat L 1992.2+73.8 5.28%0.19
Test M 1940.4=59.0 5.00%£0.15

Results showed average value + SD (n =7).
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Test L Test M

Fig.25 External appearance of bread loaves
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Fig.26 Effect of rice flour starch damage degree on changes in firmness
of crumb of wheat flour and rice flour blend bread during storage at 20°C
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Which bread do you prefer?

m B is good

mA is good

® Neither taste good

minvalid

What is your reason for choosing B?

m Softy

OFirmness

® Moist feeling

® No moist feeling

u Chewy feeling

m Less chewy feeling
Crisp

m No crisp

Rice flavor

W Less rice flavor

Fig.27 Preference survey of wheat flour and rice flour blended bread with different degree of starch
damage in school lunch
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Improvement of bread quality and development of mechanized bread-

making technology using rice and noodle flours.

Japan has a low food self-sufficiency rate. One of the main reasons
for this is the decline in consumption of rice due to changes in dietary
habits. Japan has a high self-sufficiency rate for rice, but wheat, the
raw material for bread, which is in stable demand as a staple food in
modern Japan, is almost entirely imported. The supply of imported wheat
for bread is in a state of instability due to global conditions such as
climate change, rising transportation costs, and the Ukraine situation,
all of which are causing wheat prices to hike.

Therefore, the use of domestic grains, such as rice, which has a high
self-sufficiency ratio, and domestically produced wheat, which is
predominantly used for noodles, is required as a replacement for wheat
for bread. However, rice and noodle flours are deemed unsuitable for
bread—-making, especially in the case of mechanized bread-making
techniques, and in terms of overall bread quality.

Therefore, in this resecarch, the development of mechanized bread-
making techniques and improvement of bread quality were examined,
using rice flour and noodle wheat flour. It was hoped this could reduce
dependence on imported wheat in the future.

First, the research on the use of rice flour was conducted by replacing
40% of wheat flour with rice flour and developing production techniques
that can be applied to mechanized bread—making, leading to the mass
consumption of rice flour.

Recently, rice flour for bread has been developed to have a small
average grain size and low starch damage. If the rice flour for wheat
flour replacement ratio is high, it leads to a reduction in moisture
retention in the dough, causing the dough to become soft and sticky.
This stickiness is a major problem in mechanized bread—-making and
requires improvement.

In this study, it was found that combining rice flour C1, which had
low starch damage, with rice flour C3, which had high starch damage,

created an overall damage level that was the same as that of wheat flour,
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thus a higher proportion of the moisture in the dough was transferred to
the starch, contributing to a reduction in stickiness.

Also, bread baked using rice flour with a high starch damage degree
had a lower rate of baking loss (%) than bread using rice flour with a
low starch damage degree. Furthermore, when starch damage degree
increased, suppression of the temporal rheology changes (firmness and
cohesiveness) to the bread crumb, due to the effect of a-amylase, was
apparent.

Next, when making bread with noodle flour, ASP was added to
compensate for the lack of protein, and salt, which is usually added at
the mixing stage, was added to the sponge dough. Salt promotes the
aggregation of gliadin in the gluten and enhances its interaction with
glutenin, resulting in a highly viscoelastic dough. As a result, the gas
retention of the dough was improved and a gas cell structure of the
crumb of the bread was formed, which was similar to that of bread with
bread flour. Furthermore, microstructure observation showed that the
gas cell shape in the noodle wheat was similar to that of bread with
bread flour.

It was realized that, by combining the above two technologies, it was
possible to produce bread with a 50% blend of noodle flour and rice
flour via mechanized bread—-making, using noodle flour and rice flour
that was produced in Saitama Prefecture. With the aim of comparing this
product with conventional rice flour that has less starch damage, a
preference survey was conducted among junior high school students. In
the survey, the product was evaluated very favorably, and was deemed
to have excellent softness and moistness.

As described above, both rice flour and noodle flour are said to have
poor bread-making properties. However, if the properties and
interactions of their glutens and starches were properly understood, and
a bread dough with suitable viscoelasticity and water retention was
prepared, then technologies that enable their usage in mechanized

bread—-making could be developed.
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