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Effect of the enzyme treatment on the
retrogradation of rice flour and development
of roll bread, frozen rice dough using the
rice flour
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SUMMARY

The effect of B-amylase on the retrogradation of rice flour gels, stored
at room temperature, was investigated by means of a-amylase—iodine
method and differential scanning calorimetry. And the physical properties of
wheat flour suspension and wheat dough that were added with regular rice
flour (control) and B-amylase treated rice flour were analyzed with the
amylograph and farinograph. The optimum dosage and reaction time of (3
—amylase in rice flour gels were 50 unit and 210 minutes, respectively.
Degree of retrogradation in rice flour increased as time passed in both gels,
added with control and B-amylase treated rice flour alike. However the rate
of retrogradation of rice flour gels that were treated with B-amylase was
slower than that of regular rice flour, due to retrogradation-retarding effect
of B-amylase. As the content of rice flour in the mixture increased, the
gelatinization temperature of both control and B-amylase treated rice flour
mixture increased in amylograph, and the two results showed not
significant difference. In amylograph, result of control indicated minor
decrease in temperature of maximum viscosity, while that of B-amylase
treated rice flour showed more significant decrease. Mixture of B-amylase
treated rice flour showed drastic decrease In maximum Viscosity,
breakdown and setback value as the content of rice flour increased, while
those of control indicated a minor decrease. In farinograph, water
absorption increased slightly in both mixtures of control and [B-amylase
treated rice flour. The development time and stability in the mixture of
control showed significant decrease, while those of mixture of B-amylase
treated rice flour showed lower decrease rate. Both mixtures showed
similar levels of increase in weakness.

Effects of B-amylase, gluten, and sugar ester on degree of retrogradation



of rice flour were elucidated using differential scanning calorimetry(DSC)
and a-amylase-iodine methodology. The optimal conditions for the restraint
of rice flour retrogradation were determined by response surface
methodology(RSM) as the values of 100 unit of B-amylase, 1.5% of sugar
ester, and 10.09% of gluten.

To find out the optimal conditions for retardation of frozen rice dough
retrogradation, the optimal conditions were determenated by hardness, color
and degree of retrogradation. As a result, we can certify that 20 ppm of
1-monocaprin is effective for retardation of frozen rice dough
retrogradation. The optimal conditions for the restraint of frozen rice dough
retrogradation were determined by response surface methodology(RSM) as
0.5% of sugar ester, 5.0% of gluten and 10 ppm of 1-monocaprin at 2 day
and as 0.44325% of sugar ester, 5.0% of gluten and 20.691 ppm of
1-monocaprin at 5 day.

For comparison texture of regular bread which is made out of flour and
bread which is mixed and baked with the rice powder added, various kinds
of emulsifiers, activated glutens, and enzyme treated rice powder are mixed
to measure physical property, such as volume and hardness. As a result, to
enhance the texture;, for an emulsifier, sugar ester and polyglycerine mono
oleate is effective. For activated gluten, 15% concentration mixed with
sugar ester is effective. For enzyme processed rice powder,glucosidase
enzyme is effective. In measuring degree of retrogradation, mixture is made
with, among variations of previous comparison; activated gluten and sugar
ester are fixed. Thus quantity of addition of rice powder is varied as 30,
50, 70, and 90%. The physical property of mixture is turned out good when
159 of addition of rice powder is used with 80 ppm of enzyme. Analytical
result shows that the hunter value is not dependent to the quantity of
addition of rice powder. However ratio of volume and hardness of mixture

are dependent to the quantity of addition of rice powder. But the result of
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sensory test is turned out good when 50% of rice powder is used with 80
ppm of enzyme and 15% of rice treated with enzyme. When the roll of rice
bread that is mixed and baked with rice powder is stored in 25C, the
increase of viable cell and change of pH are monitored 4-8 days slower
than the control group and water loss is slower than the control group as
well. Thus, storing method can be considered effective. As for the
comparison with additives, 1-monocaprin and mustard paste shows change
of volumetric ratio after 6-8 days and hardness doesn’t change from 2 day
to 8 day. Also hunter value of crust and crumb-L, a, and b values—
doesn’t indicate substantial difference compared to the control group. That

is, additives do not affect the properties of bread during storage.
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3 columne 0.02% sodium azideE 73t SFHFZ AT 125 mLe &

%)
g Fdte] & 9 IS ds-yer F45n

Uz i thete] 02% L2= €9 003 mLE WAl A 625 nmeol A
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g2

FYES AUEFALS ZHFORA §2 ADS 24

gt 7 AbE 23 540 A7 Bl 9ste] Agld dE 25 mge DMSO 1

mL9 01 M ZA4FENpH 48)02 R FxoA s =9 o

isoamylase(SigmaAl: EC 3.2.1.68) 5,000 unitsE AF&3}% 37CelA 48A1 7+

Mg A7l The BE x4 208 bdstel Mg FEE F w2 mL

£ Sephadex G-50 column(2.8x88 cm)oll FU 3t 0.02% sodium azide &+
3 10 mM QUASE8A(pH 7)22 21 mL/hrd 52 20T A &34
71WHA 5 mLy #&8sla, 7 & FoA 05 mLE FHolo £ & §FES dH=

)

Aoz FHA4sle ££F HYHS Al ££F ¥Yd AR ZHEH
amylopectin Al&9 £XE AA,

2. Roll ® 574 54

7@_

o
A

7V FEESE =4 Air-oven H(AACC44-15)E AF&3te] 8%

. EB3gEo w3 EA: AACCH(AACC22-10); Amylograph(Brabender

o]

Instruments Inc., USA)E At&3te] AR % 10%(db)2 SHTA 5T E
10%(d.b.)). &, amylograph= 30ColA 7HAl8te] 1.5 C/ming ASsEERE
BC7AA 2EE F7HA7IH BTAA 1583 AT & 22 52 50C

= W7 3 54,

o BERe W=z EX AACCH(B4-40A)0] w2k AlE 10 g2
z;g.

Mixograph(National Mfg.Co., Lincoln, NE, USA)& A}-&3lo] =

=3 Texture

rlo

2. Roll®e] ®lxx  =#: Rollmwe =X
Anyalyzer(TA-Xt2, Stable Micro Systems Co., USA)&
oo 20 mm FAR A9 $ oujdde Yol MEd ths 25T A
B Fuel Waks 24ek o W A% 40 mmel FEUE probes

olZ3le] 2L =3

AFEsEe] 05 mm/secd] €% & 10 mm7bA st B4
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7k Roll*o] AWE4 =744: el F(g)= baking F 1A3F &<k WA

ool Z43tal F9(cc)= FAX 2 (Rape seed displacement) &2 24

st o] 2 HE o] WA A (cc/g)S Tt Wl SIW(top crust)F WS A

o

4

@3 fE(crumb)e M-S AAA(Minolta CR-200, Japan)Z =743}
Hunter#t Q! L(E %), a(H A=), b(FHE)gho 2 EA.

v s AR o] Ae A 108 sids e R sto] Wl Ry iy
A FI S, oFTd, Ve, R 2243 ), SEA Ve 3ot
g s 58 A= o nhgA e Al

Brret g ghvh. Z} g5 o

2 Ao g 31 SAS programol| 9
=32 ANOVA 2 Duncan’s Multiple Range
Test® 5%°lW o] #o4dE& A5

o,
=
o
FH
N
g,
2
Ll
>

FolE Abgste] ¥x4e] HF2 PDA H¥ WY & =%
of destel ok Ao g AE el HF

[e=]
1 a
dao] 4270 H3 AR 93 25TE FAHE 7]

of, kAl AAL ulHE A EES salinel® @A FA3 FiF5 v A (plate
count agar, Difco Lab., USA)el 1 mL* pouring culture method® % %3k
U2 30ColA 24-48A13F wjeFste] A ¥ &S Quebec colony counter®

7b ESE AVERe] AUbES Z2AS] Skl A7EFE 30, 40, 50% A 7b

e Axste] 2 7lae Al T AP BRERS o]&sto] &4

BN

g

o=

r:ﬂ

575 EE HUt
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MAAY Z4: FANGYoR THm we TAT 4

(cc/g) o & reRd,

7F 30Ceol Z=gstslS ul polyethylene
bagell Egsto] 24A17F FF Ao WA gttt Weo] FIHAE 15 mmTAA
2 A& 5 wo] AEE Texture Analyzer(TA-XT2, Stalle, Micro—system

Co., England)& A}83}l9] probei 25 mm diameter cyinder, trigger force

auto-10 g, test speed= 1 mm/sec, 60% deformationZ=AolA =4.

pu

R

i1 = = . P o
gh e 54 W FEdEge A

A FEA(FO-600, Kett Co., Ltd.

RS

]

b, AAlAQD 7128 53vleR

XA
37},
| &= 0|87 roll Bt HASAR] THEL |
et ¥IERI =T
[&F SofoN mHay | | Roll b =|7= [ | LT AT IS |
= HI = | = Hl
s L8y pramylase Ta- « WOIF 30-50%7A #OHE WNF HE T
o2 HS A 2 AT} roll ‘el &= iR o] 24 HH
tE4PE * Roll We| S s Aol WEAR BE
o WOHF YRte| 201/ E *Roll We| ®Aatd ST
& amylopectin EZ =3
oGO EAE EX £H
s Mz2EE =H
==Z5= =S5 = =Z5=
* Somogi-Melson ZANY crEEE &4 U EHES =5
S Fe =5 S *H E2H =3
+ 3P E HY s SEE s Sy I =X
*Roll el &l~H 23 cTEEE 2H
Qo TRE ZEZ =H s HSEI c2SEI
O d= At
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1 el E% 2

VEH T W E 559 4S o §ate] BuE Axsigov, Axy WHT
CHEAA R BT A ol¥e AXT W 209744 @R A
of i wslA LA R LI ke B5PIt SHA o
Apol7h A8 vhehbA ok AFAA Bojshe duiv F, QEwe] B T

2

=)

Z3% 5 air-oven W(AACC44-15)& o] &
B

oS 1688%¢% Aow AFHAL

Water content (%)
N w
o o

[y
o
T

0 10 20 30 40 50 60
Drying time (min)

Fig. 1. Time course of water content in rice powder.
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A7l w3 Ad gyrt dvkar JuE = ZH2ke] 84, &, a-amylase, B
-amylase ¥ amylo—glucosidase 3% A1A3}e] DNS(dinitrosalicylic acid)
of ogh Aol u PP S AbESte] mAS ARt HAWMEERAS
A7st7] 913 A5 T8

WA, 10%(w/v) 2 dEN(200 gof 25 2 L 2 @)l Z2e] axs
25, 50, 75, 100, 125 unit(E4 1 unit® ZH7te] GAWHg A 27103k A
ming 1.0 mg9 glucoseE AAslE THOoR A3 S)e TEZE HIA
1AM E2x97ME 549 A, &4F 100 unit o) AHEEH Ea
productivity7} To] S7tekA] &+ Zow AW Eo F5 AFedA = 100
unit®] ®EAE 22 ARgshrl = A5kl

o] el FollA EaAY HAHANS A

AAHe Weke Sste] ohdle] A% AL & Ak

2

A-Absorbance at 550 nm

0 20 40 60 80 100 120
Reaction time (min)

Fig. 2. Hydrolysis of rice powder by a-amylase (DNS method).
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A-Absorbance at 550 nm

OO(J L L L L L L
0 20 40 60 80 100 120

Reaction time (min)

Fig. 3. Hydrolysis of rice powder by B-amylase (DNS method).

1.2

A-Absorbance at 550 nm

0 20 40 60 80 100 120
Reaction time (min)

Fig. 4. Hydrolysis of rice powder by amylo-glucosidase (DNS method).
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ool Axr & uj, #B7tF] 43 AF a-amylase, B-amylase %
amylo-glucosidase Z+Z} 60 min, 90 min ¥ 60 min®] 7F4 A gsly, &AH

o AhRE dFoz YA gel 200 gol #ol EFE 2 L Astele] 27}

o] &4 100 unitE HstE Aol HAow AAHoH FF BE Ao
ME ol 2Hor AVFEE FhAPse] YEARAN F ¥dF 2 Ay

SRS EIREEI 28

FoEH HiE FRoE &Y AAEE FIHAA FiL, A ZAY HHol
U 274 999 S dAste] w3t WAeke 23E 4 skl &
Fol fretAlE Aelste] amylose-lipid complex ¥4 A& A4t WL
2 blue valueg FHstA =0, 27FF 60.00 mMoll 3F4] 200 mMS F5o]H
M AREA-ARE SFAE AT ts HAA wHEg=4 97 10 mL7F H=
= 3tk &9 1 mLE Hst 2% £2=E EFst = 02% K&
1 mLe} 4o HA3A A7 Y3 Apaxs UV-spectrophotometer®
Ao, Al ©lF FEo wa} amylose-lipid complex? A #HEA o] 7%
ST

o
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Table 1. Effect of emulsifier kinds on Amax shift (amylose-lipid complex

formation)
Emulsifier Amax
1-Monopalmitin 570.9
1-Monostearin 571.8
1,3-Dipalmitin 615.4
1,3-Distearin 617.3
Sugar ester 575.4
Distearoylhphosphatidylcholine(DSPC) 620.3
Dipalmitoylphosphatidylcholine(DPPC) 620.0
Dimyristoylphosphatidylcholine(DMPC) 618.7
Blank 620.5.

9o A¥E E u amylose-lipid complexE FAs= o 7b4 &3 o3
A= 1-monoglyceride 2 sugar estere]™ diglyceride % phosphatidylcholine
S amylose-lipid complex Ao A9 7]1oE stx Eet= Aoz ey
o] w 1-monoglyceride®} sugar ester’} H7FEo] FF=7F A on o
= WA T xeke] #AR ubtolA siAsku e of 53wkHl o] W

F7ro]l A8 =4 1-monoglycerideZ} H7 s AA o] vpAA W3 =

.

1z

ok 2%l sdsteE 485071 F&S /3= amylose-monoglyceride
complexs BATS & F ATHUIEF 15659 & AFFAEE AL A
T 25 amylose-lipid complexE 34384 %3t Aoz #AYHJdom AdH

& ARRE EASA S%E).
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AA S roll A=A w3k A Fket 24 S B dE ek ed e
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33[A7] AR ARAAE g BrE AEAReE §A}8E 7] 2 A o)

6 imFEe] XS GEhlgon, SaE BTG AR BT 2FF 29
T AtelelE 2 Aolsk 9l AoE uehgrh add, B A7dste A8}
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4. A7 &<l /trouble shooting
718 vl wpRtA R 8le] FAHL AULFo A= wjA FHoford F Al

Ao wasel, $F APl E HaE WATE AgHA %2 AP

3} ALFE o] &3 AAE 2 SF Age &

Ftskad

i)
fo
o
o
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S,
o
it

A7EF =3kAd g3yt b Y AddEHE 4 B-amylase®:
DNS(dinitrosalicylic acid)oll ¢33+ o] v HS ALLFTo=zH gi
of A7pFotel HA WS AAsr] A ATFE AA FASAT WA,
10%(w/v) 2 #EH(200 g &S 2 L = "ol A4 a4E 25 50,

m
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>
Ny
1e)
o
ko
B>
18
N
il
N\

9] glucoseE AAtslE FE o2 Ao F&
Ak A3 84 E 100 unit oA AF&3tH &Aool 23 productivity 7} Tl o] A+
S7tstAl v Aeow Wy o] &5 A= 100 unitd] EAHE ZH2F AHS
a7 = AR5 AT

o] o] FrolA EAAE HAANE AAsH7] flske] Zhzbe] @il g
AR WstE S48t ot AAE A& F Ul AUFFO w=3tA A
of 74 &37F v FHEEHE A B-amylaseE FAI A HIH (S LIFA
Aot ofgfe] ARE AS F AATH

FE
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1.2

Concentration of glucose (mg/ mL)

0.0 1 1 1 1 1 1 1 1 1

0 30 60 90 120 150 180 210 240 270 300
Reaction time (min)

Fig. 5. Hydrolysis of rice powder by B-amylase (DNS method).
(®: 25 unit, ©: 50 unit, v: 75 unit, v: 100 unit)
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s 34
el FF5 35 mLet
175 mgs 7Fsta 72 71(M123/128-0, ESGE, Switzerland)Z 2
A7FE 4k 25 mLel 15 mL, 0.1 M <14k

0.3% NaCl) 1 mLE Y3 a-amylase(E.C.3.2.1. type II-A

=

- T2

=

bR A

=z =2 =

2k ST

from Bacillus species, 1400 unit/mg solid, Sigma Chemical Co., St. Louis,
MO, USA) 1 mLE 7Fste] 37C x4 10237 AT 4 N
NaOH& 9 25 mLE 7hstol &4awg& 4 N HCIZ pHE 4
& SHTE I8k 50 mLE o] & 1 mLe} 82
w/v) 0.5 mLE 7bste] 10 mL2 vHE
Sl WA F %= A(8452A, Hewlett-Packard, NY,
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°] FYEE
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retrogradation) & th3-2] &
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Folzl HolA at F w3 BT BP9 FRE, b H2WE A F
wol BobE BEe) YR, ok il o3 #4435 BiE 25 Wt 23
o FHEE vehdch
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L Eaxee 27t5e] Az
B-AmylaseE 50 unit A3t B7}F dEgNS FAHUZEIS 40 meshZ F
AL T FE 12%% BVFFE Alxste] AAFAIE EE ol 83 w3t e
SAY EYA 5A4S S48 9% a4 AT AlEE AR
2. oA ArbFet drbe SR 48 9 g
YsAA AxE 93 47 EFEY B 5A4E A6 S d8
o] uj3tH] & Table 2% 3olA YeERUSLEL, A7FF 10%, 15%, 20% Z7t+s
ehes v stal fxad FFo® B-amylase A2 A7MEE 7L
3}9] amylograph % farinographZ "7} Z3&9 &4 EA4S va 4
ST

Table 2. Formula of wheat flour compound for amylograph

Content of rice flour (%)

Ingredients
0 10 15 20
Wheat flour 500 g 450 ¢ 425 g 400 ¢
Rice flour 0.0 g 50 g 75 g 100 g
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Table 3. Formula of wheat flour compound for farinograph

Content of rice flour (%)

Ingredients

0 10 15 20
Wheat flour 300 g 270 g 255 g 240 g
Rice flour 0g 30 g 45 g 60 g

3. a-Amylase-2 2 =W S o] &3 w3le =4 Ay

B-Amylase A#lol] @& =3t=E AT A3} Fig. 63 o] AFA LT
wel =3leE BT F71E oy B-amylase M A ® AVME7E A &t
o] HEIA =3t A F7 etk AUERe walE A A 7] Ao A
el Z7Fe Al B-amylase Aol wEl wgmo] Wt & JgFo)

PN
% 4 Ak

oo ]j>_~1‘

X2
filo
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Degree of retrogradation (%)

@
0

1 2 3 4 5
Storage time (day)

Fig. 6. Degree of retrogradation of rice flour gels during storage for 5
days.

(@: with B-amylase, O: without B-amylase)

4 AAFAL LI E o] &

o

A

AR

B-Amylase A 2¥d 27}F Az uxgd B7F AS A2 547 BY

1l

& 5 sARZs AR =] 12(w/w)el HEF st on, 10 mge] A=
s &FulgE Wl ¥ F wEsto] 24 hr WAk ARFFANE F7](TA-50

series, Shimazu, Tokyo, Japan)® ZA3lgth 719 24L& 24ColA 100C7
Al 10C/mine]™ reference= %W M-S AF&3FATE A&+ 40TolA 70T7HA
o] 2% ®feA &F¥art Uesow o238 E Z7|2%(To), ¥a2%
(Tp), TEL2(Te) B AEI(H)E F3FAH

P ARAFALGINE o §F wotn

A

=4 23
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B-Amylase A 2]¥ &7}F9} v 2] &7t DSC thermogram-> Fig. 77}
2t F peak BT 100TC HF e & 2nxoa i HE AL HolFu

m

13 B-amylase AT H B7}1F2] peake= B-amylase " A8 E &71F2] peak
Hop 23 2EHNT-TykE Wizl Z& = 4 vk = Table 49149k 20]
B-amylase A2 H A7}F9] &5 =W 268TCoA 31TE HoAHL &
& dE3 % 6.35 cal/gl 2 B-amylase "] A @ ® A7LF o 475 cal/g XY =

e ghe mach

Table 4. DSC characteristics of rice flour with B-amylase treatment

Temperature of DSC transition (C)

T, T, T. AH (cal/g)
Regular rice
100.30 109.20 126.10 4.75
flour
B-Amylase
treated 76.40 102.80 107.40 6.35
rice flour
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=20 |

40 |

DSC heat flow (mw)

60 |

80
0 20 40 60 80 100 120 140 160 180

Temperature ()

Fig. 7. DSC thermogram of rice powder with or without B-amylase

treatment.

(— : rice powder with B-amylase, -+ : rice powder without B-amylase)

5. A7VE7F AH7be A EFEY =84 54
B-AmylaseE Azt 2715 AS T4
bR BS Axdte] gaAed 2R dAvtE EFEI Adub ArpEs)

T T a2

A7He EFE 2] amylograph®} farinograph® &4 =43}t

7}. Amylograph =74
Al&9 amylograph® EA& AACCHWo| wg} amylograph(ASG-6,
Brabender Co, Ltd.,, DuisB.Urg, Germany)ES Al&3t9] 50 go A|&E 450
Frol @EAAA bowlel ¥l bowle] FHEEE 75 rpmoE 2F I
o A2 133F 15T v&=2 50Tl A 95CT7HA 7FE A 71HA] paste?]
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53}/ A = (gelatinization  temperature), FHI1FE == (temperature at
maximum viscosity), 1% = (maximum viscosity), &34 % (breakdown), X

" = (setback) 3t 2 439t Amylographe =%2 W3lo] w2 H7pg9

AEo] "X = a-amylased] &35 FAHT & A& 71710 amylogrameol
dFS T A AR T, T ALY EZAE, a-amylase EEE
5ol At

Amylograph® S 3EAL 3 3PA 2= (GT: gelatinization temperature),

HAuHAE 2=(MVT: temperature at maximum viscosity), & 18 =(MV:

maximum viscosity), 73} = (breakdown), W E=(setback)Zt o2 A TH
o}

SefAREE HE7E 10 BUC =23s "] 2% HudE 5= F
DHE] S o £x HudrE 3334 Fo Yets JuPes
Zbzy etgilor Fald s HufdEe 255 BTN 1580 fA3 F
of =gt AolE Yetila, A== 95T 1573 FAg 9 A
Eok 50T = WaAg 59 o ZolE HEUT

ANt A7EF9F Bramylased 2] A7HFE ZH7E 10%, 15%, 20% H7Me &9
9] amylograph 54 Fig. 8, 9 % Table 5, 63 7t}
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Fig. 8. Amylograph properties of dough with a different content of rice
flour (control).

(WF: wheat flour, RF: rice flour)

Table 5. Amylogram data of dough with a different content of rice flour

content (control)

H 2 45 DBreakdow
Content of G.T. M.V.T. M.V. Setback
n
ice fl (%) () (C) (B.U.) (B.U.)
rice flour (% BU
0 60.9 90.4 765 179 647
10 60.8 90.2 639 178 560
15 61.0 90.0 598 184 512
20 61.6 90.0 565 182 491

Y G.T: gelatinization temperature.
? M.V.T: temperature at maximum viscosity.

3 . . . .
) M.V.: maximum viscosity.
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Fig. 9. Amylograph properties of dough with a different content of rice
flour (treated with B-amylase).

(WF: wheat flour, RF: rice flour)
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Table 6. Amylogram data of dough with a different content of rice flour

content (treated with B-amylase)

Content of G.T.” MV.T.? M.V.? Breakdown Setback

rice flour (%)  (TC) (C) (B.U) (B.U.) (B.U)
0 60.9 90.4 765 179 647
10 61.4 86.7 261 109 226
15 61.8 85.6 197 84 159
20 63.0 84.7 166 76 132

U G.T: gelatinization temperature.
? M.V.T: temperature at maximum viscosity.

¥ M.V.: maximum viscosity.

2 4l gz Ahde g BN LEZ UATE 100%7}
60.9Cola &7k &aFo] 10%, 15%, 20% < 7Fsrel wet 77} 60.8TC, 61.0C,
16T Lhet AAH o 234 F7hshe 43¢ R Andss 95

A BEE

et

F 100 %7F 765 B.U.Q1 ®bH A7LE gaFo] Fr)slel] whEl 639 B.U., 598
W #EE Aow

B.U, 565 BU.Z #4239t Judes AEAAe 33y
Aol sty F YEhE Ha
100%7F 904Ceol A aL A7 FheFo] F7hgrel web 90.2°C, 90.0TC, 90.0C=
7L Feke] wE o)At fle A o2 e

FedEE WrHE 100%7F 179 B.U.ol%l 1
178 B.U,, 184 B.U,, 182 BU.Z ®7}% A7 Z7lo] wWE 2 $ox2 Ho)
A gkokrh AMbHEE WU 100%Y W 647 B.U.CIA 560 B.U, 512 B.U.,
491 BU.E HaAow A% Hadts 43S Weddth

B-AmylaseE Aelgt 27t FE FHEZ HA7AS w9 S = g
7hF 100%9 ®W 60.9Ce] . A7be kol Frbgel uwhel 61.4T, 61.8TC, 62.
0C=E AWk A7k3 H7b Aleh fAbehA Eobdoh Had=EE E7HF 100%7F
765 B.U.QI Wb ZAxe] A7bE ko] Frhshel wel 261 B.U., 197 B.U,
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166 BU.= Ayt &7p3 H7HA Bu dAsA gadts 43S B HAu
A &5+ F7FF 100%7F 904°CQ1 whde] aihx e &7lF o] S
of wel 86.7C, 85.6T, 84.7C= URF A7LF H7EA B #e AE B
o AR EE 2o 100%7F 179 BU.SL whdel] #743 3ako] F7}gko
2 109 B.U,, 84 B.U., 76 BU.2 &7}F 37tako] Z7hgtel wpet 743k
AP == EWI7FF 100%Y W 647 B.U.Ql ®F¥H B-amylase
HA7yeFol F7hetel whel zbzh 226 B.U., 159 B.U, 132 BU.2 &A8HA 3+
e A4S JeERATh

et A7FF 100%2F B-amylasex] 2] &7FF 100% 9] amylograph E4< H]

il
A
i)
=
b3
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Fig. 10. Amylograph properties of regular and B-amylase treated rice flour.

Table 7. Amylogram data of regular and B-amylase treated rice flour

G.T.” M.V.T.? M.V.? Breakdown Setback

Ingredients (C) 0) (B.U.) (B.U.) (B.U)

Regular rice

flour 63.8 91.8 393 157 434
B-Amylase
treated 63.4 69.2 56 11 33
rice flour

U GT: gelatinization temperature.
2 MV.T: temperature at maximum Vviscosity.

' M.V.: maximum viscosity.
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Fig. 14. Breakdown change of dough with a different content of rice flour
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A Th.
Farinographell A W= A A 7k (development  time)S  HFE9]  HZEL
Lo =gdd wj7hA e AZFS UEbd
(stability) = 7122 Sl§-4o] 500 B.U.(brabender unit)o]l =E3< wHEg
g w7 o] AlFow FAGH RESe] oFsl e (weakness)® WHE @A AIRE
(=7} 500 B.U.Cl Z=9gat= AlZh) F5E A Zsto] 127 9 ABFA 9
174 A& 500 BUAMo=RH Ag(B.U)RE Uit
dnt A2 E FH=2 H7l @S w Farinograph 542 Fig. 163 21

Farinogram #t= Table 8% Zt}.

Farinogram

time), W59 <FA = (stability), W59l °F3l = (weakness) S =4

ofs

i)
19
Ay

(consistency) 7} #3113 o] A=

y 1

Table 8. Farinogram data of dough with a different content of rice flour

content (control)

Content of rice WA D.T.? S.B.Y W.N.Y
flour (%) (%) (min) (min) (B.U.)

0 66.3 20.2 28.9 19

10 68.0 5.5 15.3 36

15 68.5 2.5 7.9 44

20 68.8 2.2 4.5 61

D W.A.: water absorption.
2 DT development time.
¥ SB.: stability.

4 .
» W.N.: weakness.
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o & FoA= HolA gtk WA D7EF 100% 9 -5 20.2
min °o]¢loet} A7 o] 10%Y W 55 minS®E FZA3| W ow 15%,
20% HA7MAlE= 25 min, 2.2 minC 2 e Sheko] w2 WHEtE F#] gk
o A EE LUFFE 100%Y w289 minolA B7E HIbEF

min, 7.9 min, 45 min® 2 #4231 3= Wi 100%Y we] 19 B.U.
oA 36 B.U, 44 B.U, 61 BU.E HA=Z F7tste] AAH oz =3P AT

fut)

Hrh B-Amylase A2 &A7lFE5 FdFHEZ H7MAS w2 farinograph 542
Fig. 173 %3 farinogram 3t Table 99 #t}.

Table 9. Farinogram data of dough with a different content of rice flour

content (treated with B-amylase)

Content of rice W.A " D.T. ? SBY W.NY
flour (%) (%) (min) (min) (B.U.)

0 66.3 20.2 28.9 19

10 67.7 14.8 18.0 55

15 67.8 11.0 15.3 46

20 67.8 9.3 9.5 52

W.A.: water absorption.
D.T.: development time.
S.B.: stability.

W.N.:weakness.
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Fig. 18. Degree of retrogradation of rice flour gels with B-amylase during
storage for 5 days.
(v: control, ®: 50 unit B-amylase, ©: 75 unit B-amylase,

v: 100 unit B-amylase)
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Fig. 19. Degree of retrogradation of rice flour gels with gluten during
storage for 5 days.

(v: control, ®: 3% gluten, ©: 5% gluten, v: 7 % gluten)
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Fig. 20. Degree of retrogradation of rice flour gels with sugar ester during

storage for 5 days.

(v: control, ®: 05% sugar ester, o: 1.0% sugar ester, v: 1.5 % sugar ester)
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Table 10. Experimental data and Box-Behnken design for degree of
retrogradation from rice flour

Degree of
Exp B-Amylase Gluten Sugar ester .
. retrogradation
No. (unit) (%) (%)

(%)
1 100(1)" 3.0(-1) 1.0(0) 0.58
2 75(0) 5.000) 1.0€0) 0.43
3 75(0) 5.000) 1.0€0) 0.51
4 75(0) 3.0(-1) 1.5(1) 0.48
5 75(0) 5.0(0) 1.0(0) 0.67
6 50(-1) 5.000) 1.5(1D) 0.48
7 100(1) 7.0(1) 1.0(0) 0.58
8 75(0) 7.0(1) 05(-1) 0.59
9 75(1) 3.0(-1) 0.5(-1) 0.77
10 50(-1) 3.0(-1) 1.0€0) 0.73
11 50(-1) 7.0(1) 1.0(0) 0.55
12 50(-1) 5.0(0) 0.5(-1) 0.69
13 100(1) 5.0(0) 1.5(1D) 0.55
14 100(1) 5.0(0) 05(-1) 0.57
15 75(0) 7.0(1) 1.5(1) 0.42

Y Coded level.
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Table 11. Regression coefficients calculated by Minitab program for
response variables

Degree of retrogradation (%)

bo 0.580"
Linear

b1 0.026™
b 0.023
bs 0.1317
Quadratic

b -0.010
bz -0.023
bss 0.020
Cross product

b1z -0.003
bis 0.005
bas 0.003
R-Square 0.989
Probability of F <.0001

*Significant at 5% level, “Significant at 1% level.
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Table 13. Formula of the frozen dough (unit ; baker's %)

Ingredients Sponge Dough
wheat flour 70 30
Granulated sugar 3 12
Butter - 12
Instant dry yeast 1.2 0.8
Mineral yeast food 0.1 -
Water 42 8
Salt - 15
Whole egg - 8
None fat dry milk - 4
Vitamin C - variation

Table 14. Composition of mineral yeast food

Ingredients %
(NH4)2S04 34.5
CaS0Oy 8.0
Diastase 0.5
Starch 57.0
Total 100
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Table 15. The sensory evaluation data of 3 kinds of roll bread according

with rice powder mixing ratio

Sensory evaluation

Rice powder mixing ratio(%) (ranking test)+

30 18
40 20
50 28

A8 A AW FIe AT A

I 34 AHE A=

A w2 A kAL 9

FEe A HAE FEAe] TR e AAS] AT A

ol

Table 133 149 recipe®] sugar ester, sorbitan mono palmitate,
polyglycerine mono oleate, polyoxyethylene sorbitan mono laurate, propylen
glycol mono ester®] emulsifier®] #7712 AAS ¢a polyglycerine mono
oleate®} sugar ester® 2tz 0%, 05%, 1% H7tste] dujadd 3 Az
05% A7t 94 &g 2 2o E4 ¢ FEd3 WEEY A%t F%
o o]l Heol HAA, 1% H7Fr2 05% Hrup ¢ @o] FEXA i @

gl s @4 Bk

2. rakAle]l A4

FtAES 05% A H7hste] v Ao weol RIE 43 A3 Table
1604 &F #o] 25 9 o] H A o] "7ME 100%2] Wrh & ol
A2 #H7l3 A8 = sugar ester, poly mono glycerin® 7Z-$+ &3y W7}
T 50%% Wi Az A FARE S dEtlde wEbs 57EA 8 f3kA)
% sugar ester?} ¥ AF] wH|A|Fo] F F3AA poly glycerine mono

oleateE A}-8-3}7| = 2733 th.
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Table 16. The effect of emulsifier addition on the load volume and weight

of roll bread made from rice-wheat composite flour

supies b, Mg Soee roll b
W100 233.34 25.62 9.11
RW 275.0 23.57 11.67
SERW 256.67 24.63 10.42
SBRW 218.34 22.81 9.57
PMRW 288.34 25.35 11.37
PSMLRW 236.67 26.48 8.93
PGMERW 235 24.92 9.43

W100 ; Wheat 100%

RW : Wheat 50% added with rice powder 50%

SERW : RW sample added with sugar ester

SBRW: RW sample added with sorbitan mono palmitate

PMRW: RW sample added with poly glycerine mono oleate

PSMLRW: RW sample added with polyoxyethylene sorbitan mono laurate
PGMERW: RW sample added with propylene glycol mono ester
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Table 17. The effect of gluten addition on the load volume and weight of

roll bread made from rice-wheat composite flour

Samples Roll bread volume Roll bread weight Specific roll bread

(cc) (g) volume (cc/g)
W100 233.34 25.62 9.11
RW 275.0 23.57 11.67
SEGRW 216.67 24.60 3.81
SBGRW 208.10 2291 9.08
PMGRW 218.22 25.85 38.44
PSMLGRW 226.35 274 8.26
PGMEGRW 215 249 8.63

WI100 ; Wheat 100%
RW : Wheat 50% added with rice powder 50%
SEGRW : RW sample added with sugar ester +gluten
SBGRW : RW sample added with sorbitan mono palmitate +gluten
PMGRW: RW sample added with poly glycerine mono oleate +gluten
PSMLGRW: RW sample added with polyoxyethylene sorbitan mono laurate+gluten
PGMEGRW: RW sample added with propylene glycol mono ester+gluten

A AFES HES] 98] Table 18% #Zo] a-amylase, B-amylase,
glucosidases dElate] Z47ke] 45 AWHAHo] F5% 5 ppme = H7Hgh
&, Avste] vAAE S48 Y Table 18949} o] tjxo Hlsl] H]A
Aol A er & AFS B-amylase Ag]Font HA HJrrt Astho]

AEoR FA A = AR BHYA, I SO FE g-amylase HF7MF E
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Table 18. The effect of enzymes addition on the load volume and weight of

roll bread made from rice-wheat composite flour

Roll bread volume Roll bread weight Specific roll bread

Samples (cc) (g) volume (cc/g)
W100 233.34 25.62 9.11
RW 275.0 23.57 11.67
ARRW 235 24.92 9.43
BRRW 243 23.76 10.23
GRRW 236.76 26.48 8.94

W100 ; Wheat 100%

RW : Wheat 50% added with rice powder 50%
ARRW : RW sample added with a-amylase
BRRW : RW sample added with B-amylase
GRRW : RW sample added with glucosidase
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5. maAeg A7HE A7t

T M 2AE 8] Table 1994 o] Ak W AddoA] AME-S 3714
B7HEe) g e A7 5, 75, 10% H7h F Azt #53

A} o AT 7b7E 59 "bol A gro] o Aoz H{rbE gt

Table 19. The sensory evaluation data of 3 kinds of roll bread according

with enzyme processed rice powder

Samples The contents of different enzyme Sensory evaluation
processed rice powder addition (%) (Ranking test)*
AR 5 16
75 19
10 29
BR 5 12
75 18
10 30
GR 5 13
75 17
10 30

AR; Wheat 70% + processed rice powder with a—amylase 30%
BR: Wheat 70% + processed rice powder with B-amylase 30%
GR; Wheat 70% + processed rice powder with glucosidase 30%
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2 A7bE A7R7E Al v A= g
axAE ALE JAbe AAS] S8 aaAe AvkRel AUl HA
As FA4R A3 7 maAe A7 A7k W7 100%W e frARE
FEo WAHE dediglen, O FellA FdHom wA A el sbg &
AZ= Bramylase A A7FFiom oizel & Aol HolA ok

(Table 20).

+
ol

Table 20. The effect of enzyme processed rice power addition on the load

volume and weight of roll bread made from rice-wheat composite flour

Samples Roll bread Roll bread weight Specific roll bread

volume (cc) (g) volume (cc/g)
W100 233.34 25.62 9.11
RW 275.0 23.57 11.67
ARRP 246 24.99 9.84
BRRP 278.3 25.35 10.98
GRRP 248.3 25.3 9.81

W100 ; Wheat 100%

RW : Wheat 50% added with rice powder 50%

ARRP : Wheat 70%+ processed rice powder with a-amylase (100 unit) 30%
BRRP : Wheat 70% + processed rice powder with B-amylase (100 unit) 30%
GRRP : Wheat 70% + processed rice powder with glucosidase (100 unit) 30%

7b A% 71 T FREEH &4

A F 2 Az FEFEe] WEl= Table 213 o] AAY x99 &
30% <t W7 70% A ,
=2k FAREE S B AlRES Bramylase A2 A7FF H7bgrolal

ofo] AmE2 A T v e ge B3

14
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Table 21. The changes of moisture content of roll bread made from

rice-wheat composite flour

Moisture contents

Samples 0 day
W100 25.1 £0.60
RW 27.96+1.58
SERW 26.30£1.05
PMGRW 25.42+1.77
ARRW 26.08+0.75
BRRW 25.74+0.38
GRRW 24.66%1.19
ARRP 24.96+0.28
BRRP 27.94+0.36
GRRP 26.82+0.10

W100 : Wheat 100%

RW : Wheat 70% added with rice powder 30%

SERW : RW sample added with sugar ester

PMGRW : RW sample added with poly glycerine mono oleate +gluten
ARRW : RW sample added with a-amylase

BRRW : RW sample added with B-amylase

GRRW : RW sample added with glucosidase

ARRP : Wheat 70%+ processed rice powder with a—amylase (100 unit) 30%
BRRP : Wheat 70% + processed rice powder with B-amylase (100 unit) 30%
GRRP : Wheat 70% + processed rice powder with glucosidase (100 unit) 30%
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b =244 =
4CoAA ] 3UF ARES A F AL Table 229 7ol A% A4
9] hardness#t< & 30%, U7FHF 70%<] W] ki Ao FAEE FFEoldlony

I FoNAE 7 e 3HE glucosidase A #] AUIF R vE wul {32

ot

e

+ poly glycerine mono oleate ¥ 7Fola, 7 gtol & A2 B-amylase #
Zba e A 29 A= 2 30%, D7 70% o] hardnessdtel F7F o]
A& 1L, sugar ester A7}, B-amylase H7FT, B-amylase A7 &71E
A7 A F7F Fo] A2 o R Hol A Fo w3t oA EHE HF
st = AT 289 glucosidase A A7F= A AALL hardness o
ghol dlzFroh Zgkory A 2¢ Ao hardness T7F o] 71 Z AR
SAFATG. AF 3dAdE & 30%, BIHF 70%E 9 W S FHo] &
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ol
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Ve FF Fol #okal, 53 St %01 & A2 sugar ester H7F-ot
a-amylase ¥ 7F, B-amylase A8 A7bF HA7bR w=spd o] 7HE gAE
ANz 2 AR A

20ColA 34z A S =23 Wl Table 233 o] 4T ARt
hardness® 7} %o] A FRow, A =AG/A frshA A7, a4F
JHE, BAaA Y A7FE H7FFE9Q hardnesst f7F F1Et e A EL d%le
v & 30%eF W 70% M7l hardness®] F7F Fol 7 AA, f3HA
o} EaA, EAAE AVFEY] HU =3elAlY] s Ads 5T 7 AN
th A AAGE qz27e & 30%, WIFE 70% H7bte F7F 2o d A s
Ao, FeAAE T, EaAYF, EaAY A7t HbFEY T 22 A
A gkowy 1 FolA F3kA A8, a-amylase A 2], a-amylase *
A7V A7, Bramylase A E A7FF HI7b, B-amylaseE HU7F Alsie
hardness®] ¥&}7} 22 A5 =2 SAH ¥ Qo)
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Table 22. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour stored during 3 days at 4C

Texture profile analysis parameter

Sanples  Sringeness  Gumminess Cohesiveness Hardness Chewness

0O 2nd 3rd O 2nd 3rd O 2nd 3rd O 2nd 3rd O 2nd 3rd

WI100 0685 0.84 0.796 714.3 2963 4705 0354 046 0348 19532 6542 1309 4879 2482 372.3
RW 0773 083 0728 1,135 2838 3652 0.423 035 034 5067 831.8 10801 746.3 232.8 268.4
SERW 0853 0.83 08 2187 2076 2373 0507 0.38 0355 542.0 5526 660.4 1845 171 189.9
PMGRW 0872 0.84 0.779 1945 2180 270.1 0429 043 0389 454.1 512.8 6934 1695 1822 221.6
ARRW 0822 0.79 0.748 2354 179.9 161.1 0447 038 0315 5274 4824 510.2 1935 1409 121.2
BRRW 0877 0.82 0847 2685 254.1 2534 0444 0.38 0418 612.0 6879 6004 2344 204.3 2155
GRRW 0819 0.87 0.834 2433 2643 3056 0442 040 039 550.7 669.7 7884 199.7 2275 253.6
ARRP 0862 082 0812 2676 2205 2606 0404 036 0334 654.6 6227 752 231.1 1787 209.6

BRRP 08 087 0841 2483 2424 2488 0447 042 038 567.2 5751 582.3 2186 208.3 209.4

GRRP 0843 081 0784 151.7 2533 2356 04 036 0362 3814 7134 653.3 127.1 203.2 186.1

Refer to the comment in Table 21
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Table 23. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour stored during 5 days at 20C

Texture profile analysis parameter

Sanples Sringeness Gumminess Cohesiveness  Hardness Chewness

0 2nd 3rd O 2nd 3rd O 2nd 3rd O 2Znd 3rd 0 2nd 3rd

WI100 0685 0.84 0.827 714.3 390.7 314.8 0.354 043 0382 19532 8787 7964 4879 3242 2612
RW 0773 086 0.834 LIB5 3688 3369 0423 038 0365 506.7 9522 10362 746.3 313.0 333.0
SERW 0853 0.83 0.837 218.7 214.7 2055 0507 04 0436 5420 5372 4668 1845 182.8 173.3
PMGRW 0.872 0.84 0.861 1945 237.1 3053 0429 0.43 0481 4541 5545 6364 1695 2025 262.9
ARRW 0.822 0.79 0.835 2354 189.1 2564 0447 04 0435 5274 4799 5941 1935 151.8 215.0
BRRW 0877 0.82 0.821 2685 2275 2045 0.444 0.37 0500 6120 610.7 609.6 2344 1848 168.9
GRRW 0.819 0.87 0.817 2433 410.1 4409 0.442 045 0.399 550.7 913.7 11234 199.7 350.1 363.8
ARRP 0862 0.82 0.770 267.6 2524 270.4 0404 0.36 0314 6546 7089 8589 231.1 2082 209.4

BRRP 088 087 0.843 2483 206.0 2252 0.447 041 0408 567.2 5058 549.3 2186 1745 189.5

GRRP 0843 0.81 0.768 151.7 2050 217 04 037 0331 3814 5582 3561 127.1 1641 166.9

Refer to the comment in Table 21
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A o Ak st A 4ToM AZE ARES] A st ust
Lt thz7ed =7FF 100% Alsrt & 30%, "7FF 70% A&e 4-5-7F
E2 As Ba, 2 AT ARES A 30%, B7HF 70% Alsel HlE A

r1r

oﬁ

agke & 30%, IR 70% A2 WU 100% HUbeE = @S HYan, B
AR AREL o] tgx7¢ A FAS Aas B, bata 97HF 100%
Bubs 2 30%, W7HF 70%0] AlR7F =2 #@e dEwla, & AP AEE
= A FARE S BHley, a-amylase 79} B-amylase A# &7}
Fo H7F =& s UEt A% EAE crust A5 Lake & 30%, 2
7FE T0% AlEE E7HE 100% Alsel sl el F7hF Aoy B A
AFZEL @Y ¥t "2 ety gtk agte] AF F9 ®ske YERY
A eFkAL, bk WI7FF 100% Alsel vl& & 30%, WIHF 70% Al A
o] F7F vEtw o, B Ade] ARE F FAANTE @ S A
Ko, iAot aaAY A7HF HUb e Wl A9 gle e v
Ebutth A 3Y A9 crust A9 Lake F3bA 7o EAHET E4AA
2] A7LE A7 A e BYlow, O FolAR THE F7he] Feo] & A
3T sugar ester 79}, glucosidase M7} a-amylase # 2 &7}
b2 UEsth A7 30%, B7HE 70% AlRe] A 7ol Fo] =LA
gom, B Ao AZELS YAz & Wiy gldlen, bis & Wdke
EbLbA] @ okth(Table 24).

ACAA AA3 N85 MAx W3lolA crumb A 2 A ANEES

tlo

L &

< tHEFel Hl& EE ARV @ AES Hoy 1 |41 %= poly
glycerine mono oleate H7F7-7} 7FH¢ W& s YERWT A% 3 Ao A

Azl L, agte A T 2 Wsks HolA &%, bitxE 2 ¥gE oy

B-amylase A& 2A7FF A7l = 3 7 2 o2 YERSTH(Table 25).
20Col A Axst AmEe] e Wk crust 45

Algrohes & 30%, W7HF 70% Alse] ghe]l =9k, 2 A 2E AlsE

< T A 30%, E7HF 70%°] AlmETE gho] 2 AESs Helon
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a-amylase A2 T7} =& ASZ YEWI, agke dx2T9f & A3 ARE
o] Fol7} §ller, bk WIIF 100% AlZHTE & 30%, I 70% A&
7F =2 e e e, B Ado AZEEL a-amylase AP TFE A Qs
e A 22 @S ey A% A cruste] A iz 2
30%, H7HF 70%° AlE= Lite] #arF BRlow, dAA R A% T 2
Hal= iAok bk & 30%, U7 70% AlE7F U7HE 100% AlE X =
2 s HYon B A ARERE AY FAS s HS o, a-amylase
A7 7V =2 s UEhdde A AlAd e Lkt agke 2 st
fRom bate AR F7hshe AdFES e tH(Table 26).

20Tl Ags ANgEe] Mre WloA crumb 4% Lt xz+9 A
o] fFAFSE el flal, agke HWIHF 100% Alsr T & 30%, BI7HF 70% <
AB7F =& #3e Beloy B A3 ARES 719 FAEE S HEUA
o bt A EE Als7F tixzTet fFARSE gholl e, poly glycerine
mono oleate A7} E7} 7FF e e UYL A 29 Lie R
TRl 30%, "IFF 70% AlE7F "7 100% AlREY =2 gE Balon,
B A ABEL A9 A S B, I FME glucosidase I
7btet a-amylase A2l &7FF HI7Fe] gho]l wrekom, agkd vz A&
30%, HW7HF 70% A5t frAReE HEdS B S sugar ester HE T E W
He Bom, bate 2 ¥ v A 39l o] Lars -9k AR
%o} sugar ester F7F¢F a—amylasex @ #7}F HUMHE 2 #3S
AL, agk & 30%9F WM 70% A5k fFAREE ol bk ol
AgAIzro]l EoUHA Frtehe IS BQow, O TR dAS FUhe

B-amylase A& &7} H7FFAH(Table 27).

<
i)

fx
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Table 24. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 3 days at 4C

Humter’'s value of Crust

Samples L a b
0 2nd 3rd 0 2nd 3rd 0 2nd 3rd
WI100 4495 4452 4231 19.52 1976 1873 2783 2352 2456
RW 50.81 5325  50.77  20.05  20.25 20 33.14 3571  34.68

SERW 46.04 4643 6119 2069 2127 2029 2974  31.63  30.05
PMGRW 4815 4975 42.1 1975 1963 1923 3119 3361  33.26
ARRW 54.5 454 5794 2034 2155 211 38 3031  29.67
BRRW 4593 4442 43.02 2127 2065  20.65 30.4 2143 2817
GRRW 4227 41.00 5049 1971  21.27 2057 2477 2451 2295
ARRP 4256 4283 5764 2136 2014 2040 2475 2299  26.43
BRRP 51.8 4573 4807 2031 2095 2011 3570 3445 2933
GRRP 46.73 46,52 5140  20.05 2036 1944 3043 3282  39.77

Refer to the comment in Table 21
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Table 25. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 3 days at 4C

Humter’s value of Crumb

Samples L a b

0 2nd  3rd 0 2nd  3rd 0 2nd  3rd

W100 738  71.06  69.07 -298 -313 -295 2071 17.39 174
RW 734 69.83 68.04 -312 -2838 331 1915 1887 1798
SERW 7345 6693 7352 302 -291 305 1907 1764 1872
PMGRW 7413 7245 7285 -310 -251 -294 1641 16.2 16.46
ARRW 7896  69.25 7441 -3.00 -2.72 -2.9 1777 15.7 16.17
BRRW 7323  68.08 7129 307 -289 317 2048 1721 16.60
GRRW 7050 6799 6682 314 -289 -316 1821 179 16.61
ARRP 770 7074 7284 -2.88 2.7 -291 1960 1722 1722
BRRP 75.31 7249 7138  -324 -271 -246 1988 1798 1945

GRRP 76.90  71.83 70.1 -314 -281 -313 1922 1859 17.14

Refer to the comment in Table 21
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Table 26. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 3 days at 20TC

Humter’s value of Crust

Samples L a b

0 2nd  3rd 0 2nd  3rd 0 2nd  3rd

W100 4495 4327 4243 1952 1928 1944 2783 2555 2613
RW 50.81 4813 4261  20.05 2056 1848 3314 3211 2543

SERW 46.04 4985 4906 2069 1954 21.1 29.74 3334 3438
PMGRW 4815 4934 4928 1975 1941 1863 3119 3316  32.80

ARRW 545 5423 4713 2034 1662 1973 38 2517 3142
BRRW 4593 4342 4654 2127 2109 1912 304 2836  30.29
GRRW 42.27 4447 4445 1971 1953 1984 2477 2782 2839
ARRP 4256 4048 4174 2136 1976 2012 2475 2322  24.99
BRRP 51.8 4814 4558 2031 1967 1975 3570 3236  29.40

GRRP 46.73 44.7 4694  20.05 20.2 1949 3043 2821  31.01

Refer to the comment in Table 21
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Table 27. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 3 days at 20TC

Humter’s value of Crumb

Samples L a b
0 2nd  3rd 0 2nd  3rd 0 2nd  3rd
W100 73.86 66.82  66.90 -298 -317 -300 20.71 18.57 17.90
RW 734 71.09  60.78 -3.12 -3.3 -2.25 19.15 18.49 17.98
SERW 7345 7194  70.90 -3.02 -195  -290 19.07 17.84 18.72
PMGRW 74.13 66.83 64.75 -3.10 -2.85 -2.81 16.41 14.83 16.46
ARRW 78.96 7029  62.85 -3.00 -322 -2.09 17.77 16.05 16.17
BRRW 73.23 69.06  64.31 -3.07 -317 -288 2048 17.79 16.60
GRRW 70.50 65.29  66.24 -314 325 -3.05 18.21 16.91 16.61
ARRP 7770 65.91 69.99 -2.88 -3.07 -2.96 19.60 18.29 17.22
BRRP 75.31 68.73 66.77 -3.24 -2.83 -2.78 19.88 16.57 19.45
GRRP 76.90 6835  67.39 -314 306 -3.09 19.22 17.46 17.14

Refer to the comment in Table 21

_82_



S

~
e

Aol 712 £& Aoy HILE AlEE a-amylase H7bolal I v o
= sugar ester H7FFE HI7IH AL, textures HI7FF 100% AlBET &
30%, V7 70% A s7F 53 Aew HrhEolon, B-amylase A &7}
F AHANTE AYstasE HERT9 texturedt A FFoE HulHAa, A
A AR 71E %= a-amylase F7F7F 7 =2 AoE FUhEJL, o R

+ a—amylasex 8] 27} A7 2 H7FE AT

Table 28. Result of sensory evaluation of the roll bread made from rice

powder—-wheat composite flour

Overall

Samples Color Flavor Taste Texture

preference

W100 2.00+0.57" 2.14+0.89° 2.00+0.57° 1.85+0.69" 2.14+0.37°
RW 3.00£1.00° 2.71+0.48" 2.14%0.37™ 2.42+0.53™ 2.57+0.53"
SERW  3.00+0.81" 2.57+0.97" 2.42+0.53%° 2.42+0.53™ 2.57+0.53"
PMGRW  3.28+0.75™ 2.71+0.75° 2.85+1.06™ 2.42+0.78"™ 2.57+0.78"
ARRW  4.00+1.41° 3.00+1.00 2.85+0.89" 2.71+0.48" 2.85+0.69°
BRRW  2.14+0.69" 2574053 2.28+0.75™ 2.42+0.78" 2.42+0.53"
GRRW  257+097™ 3.00£0.57° 2.28+0.48%° 2.57+0.53™ 2.42+0.53°
ARRP 2.00+1.00 3.00£0.81° 3.00£0.57° 2.140.69" 2.71+0.95°
BRRP 2.71+0.95™ 2.85+0.89° 2.14+0.69™ 1.85+0.69" 2.14+0.69°
GRRP 2.28+1.11" 2.57+0.78" 2.28+0.48" 2.00+0.57" 2.28+0.48"

Superscript with the same letter in column of each sample are no significantly
different (p<0.05)

Refer to the comment in Table 21
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A9 d WA =stefA] Wl

A7EE gl ks gAsty] 9 AFE HJAd ¢ B-amylase &4
& Ab&ste] w3 A aaE glstdon, AV Fx2E WSATA we

=3tojAl ek 91 WHoew FIAAE B TS HUbste] A7EEe

w35 & g-amylase £ 2= o2 3¢l 9t

ol utgo® YWEAAE Az, HIuMAC e w3t E FRlTorH
WsAA ol wstolAl webs mpdstdth ohA A mbek o] a-amylase
80 E olfste] WEAAe w3l FAHE& HAASATE Conical tubedl
THT 20 mLet sA0x A7 WE

AA Y ELAE 714 mge 7teta A
71(M123/128-0, ESGE, Switzerland) 2 2% 30%7r 723 Al7] d54x 2
HAlE AR 25 mLel S/ 15 mL, 0.1 M 14FekE& A4 (pH 6.0, 0.3%
NaCl) 1 mLE Y3l a-amylase(E.C.3.2.1. type II-A from Bacillus species,
1400 unit/mg solid, Sigma Chemical Co., St. Louis, MO, USA) 1 mLE 7}3}
ol 37C F2F=xolA 103 w&A AT 4 N NaOHE 9 25 mLE 7}sto]
4 WSS TEAAZ F 4 N HCIZ pHE TAHLE oE T SHFE 73t
o] 50 mL& W=t o] &9 1 mLe} 22 =89(0.2%, 2% KI, w/v) 0.5
mLE WA & FHFE 7Fste] 10 mLE wHETh 208 3F A -&olA WA
, &334 =7(8452A, Hewlet-Packard, USA)E o]&3}e] 625 nmellA &

FEE 543kl =3 % (DR, degree of retrogradation)E T 222 319

o

b
=

e oy
[
ol
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Lr7bF= @l 13%, 3 04%, 7 135%9] 1ed 8 (HeAR), 4
g2 Tx 99.0%° AuMg(d), JAiFEEZ] oiEE AXaR

98.9%(DCL YEAST LIMITED, UK), HHE Fu47de AES AR
o9l A7 = AlFIEES AFESAT

| R e R ) I =L 1
WEAAE Straightfol wel Table 299 2 wigu|= A xs%ich
Hobart mixer(Hobart A200, Beijing, China)® 120 rpmel4 3 min, 220 rpmoll

A 2 min £ & HEHE ¥ 120 rpmolA] 3 mintt £% F 220 rpmol A 5

min?t o Egste] WSS A AT AxE vhsS Aol 1583 FA

A A 30 g¥ ®Esle] FEE71e & 1583 FHRaAAY. A= ] &

o] FHgel] Md § 40T w5YFL(C85-22, So-Low Ltd., NY, US.A)

N FHZEE 15T 744 oF 3037 WeAlzl & Zddal wo zh7hs

120 98 E335t0] 4T YAAZIL(GC-124AHF, LG, Seoul, Korea)oll 4]
o3

<5 W3k Qlo] 57 At ofFA Az WEAAE 19 FHeR =
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Table 29. Formula of the frozen dough (unit; baker's %)

Ingredients Dough

Wheat flour 100.0
Granulated sugar 15.0

Butter 12.0

Instant dry yeast 2.0
Mineral yeast food 0.1

Water 50.0

Salt 1.5

Whole egg 8.0

None fat dry milk 4.0

2. WEAA ] wE EA
W2 wie Z=HL Ayl wilnm =AW o "ol g

—amylase 22 =HS o] &3Art EA2A(B-amylase)E 50-100 unit, &A= 7

H 27 10-30%, =F 49 3-7%, sugar ester(F-160, ILSHINWELLS, Seoul,

Korea) 05-15% F+o = zZ+z}

A Q7 Agetdnh Aztel A@Te AvE Aste] FAAZ(Bondiro,
[e}

ILShinLab Co. Ltd., Yangju, Korea)dl®] a-amylase S 2 E=WOo R %=3}%

Ahstel AAE AR F 4T YFAG L

i

=489

7}, B-Amylase A2 WeA4A Y =3= FA A
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Degree of Retrogradation (%)

0y : : : : :
0

1 2 3 4 5 6
Reaction time (day)

Fig. 24. Degree of retrogradation of frozen dough with B-amylase during
storage for 5 days.

(v: control, ®: 50 unit B-amylase, ©: 75 unit B-amylase, v: 100 unit B-amylase)

Fig. 24049} #o] B-amylased H7lgd wE YsAA9 =sxs &<l

Ao Z83lo] dextrin® maltose® gt delx] glow yeasto]

2 =95H, 274 S A s, =35 A= 2drF Utk

—amylase) A & ¥ A7FEE 10, 20, 30% F=o 2 ZH7 H7bete] A A

g AxF F 4T JFAFRNA 597 ATk Azt APTe AN
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7} &4 (B-amylase) A 2@ AVIFE HIMeE WA w3k &4

40

Degree of Retrogradation (%)

0 1 2 3 4 5 6
Reaction time (day)
Fig. 25. Degree of retrogradation of frozen dough with B-amylase treatment

rice flour during storage for 5 days.

(v: control, ®: 10%, o: 20%, v: 30%)

F4aA(B-amylase) S AR H7FsE Al oA 2 gaAgE AU
= HUISE o= E4A(B-amylase) S A HUFS Aty 2

= AARE AL vz A e AA A7 e tH(Fig. 25).

23 Aol

4. 34 (Sugar eater)E X 71st WE AR 9 w3l=
oldel Ao & F3AES 05% A Hr7iste] wjA| g oz wo] Ryl 2

3 23} Table 309 M ¢k 2ol wlAlA A4t A3 2E ¥ el v Ao

A

&
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A7 100%¢ WRTHE 2 Holi, F3AE H7Isk A8 5 sugar ester,

poly mono glycerin< 7+ 23 A7FF 50%% Wi Az A {FARS
FS UEt AT webA 57EA Y] 344l T sugar esters AHEE7]E A A St

ol
AR .

3} A4 (Sugar ester)E 05, 1.0, 1.5% T

§ 5 4T WFAGIONA 593 AFFAT

o
fru
i

27 Gt 4AE Az

of
i)
A
:
2
9
5
=
Q
&
ko
fo
[
e
o
it
b
o
k1
e
A\
ol
o
2
O,

Table 30. The effect of emulsifier addition on the load volume and weight

of roll bread made from rice-wheat composite flour

Roll bread volume Roll bread weight Specific roll bread
Samples

(cc) (g) volume (cc/g)
W100 233.34 25.62 9.11
RW 275.0 23.57 11.67
SERW 256.67 24.63 10.42
SBRW 218.34 22.81 9.57
PMRW 288.34 25.35 11.37
PSMLRW 236.67 26.48 8.94
PGMERW 235 24.92 9.43

W100 ; Wheat 100%

RW : Wheat 50% added with rice powder 50%

SERW : RW sample added with sugar ester

SBRW: RW sample added with sorbitan mono palmitate

PMRW: RW sample added with poly glycerine mono oleate

PSMLRW: RW sample added with polyoxyethylene sorbitan mono laurate
PGMERW: RW sample added with propylene glycol mono ester
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7}, kAl (sugar eater)E H7HsE Wa A9 3%

A
ol
iy
B

40

30 |

20

10

Degree of Retrogradation (%)

O@(. ---- - 1 1 1 1 1
0

1 2 3 4 5 6
Reaction time (day)

Fig. 26. Degree of retrogradation of frozen dough with sugar ester during
storage for 5 days.

(v: control, ®: 05%, o: 1.0%, v: 15%)
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fd

>
o3
oX,

o] Fol ZIAWAS FAA7I= oA A BES JAANA HS FE
= 2F ol FohA sta, ST W A4 WES =9, 7 AR Aol
A F828S 37 wEol mixingo] FEHIL WEEY] AAANE A dAria
defA Sl

Fig. 260419 w=3t% F4 A3}E dHEA, F34A19 H7tel wet w3t A
Aol @awrt e oz vedken 15% AswR 1.0%e HrbaelA =
st A E37F o e Ao Hol WeAA Alx A fFEAY HIbEE

1.0%7F dAIE) Aoz Atzdt
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Fig. 27. Degree of retrogradation of frozen dough with gluten during

storage for 5 days.
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6. Hardness<] %3}
g A4aA(B-amylase), 438 &7FF, F3HA| (sugar ester), &4 =58
ZheFe]l wE Wes A st A wWete] e HAXAS HES F =04
2 YTAAE Axs9 . Y5 A= Straight® ol w2} Hobart mixer® 120
rpmel A 3 min, 220 rpmolA 2 min % ¥ WEHZ ¥ 120 rpmolA 3 min
7 £% % 220 rpmoll A 5 mintt ¢ £&3sle WSS A xst, Axd b=
= AEolA 1573 FAAA 30 g¥ Bt s=E7] ¥ F 1681 S
2 AFHY Ale=EEr] st WA
A 2EE -15T 7bA oF 304 WEAIZl 5 £
g8 TAste]l 4T WAAZaelA 2% Wt gl

A Az Y2 AANZ 19 1402 30 g #H3o] hardnesse W32 ghels}

Texture analyzer(TA-XT2,Stable, Micro Systems Co., London, UK)& A}l-&
3R o™ prove type 25 mm diameter cylinder, trigger forcet™ auto-10 g,
pretest speed 2.0 mm/sec, test speed 0.5 mm/sec, post test speed 2.50
mm/sec, 60% deformation Z7AoA =43},

Table 312 WedA o] AxA 22AE A4 A7 ddLomr A% 7]
7kl w2} hardness® W3l A4 F7lsles F41E 2 olH, controlol] H]FA
= 7 ek Fo] AUk Controle A% 494 7Md 2 7SS UEWS
W, el WE) UE sample5S AAME Z7keE Aow etk Sugar
ester®} SF "ol Hrrgo] 242 05, 5% %2 1A o A= sample Exp No. 99
Exp No. 149 ZEAA= Z7F 100, 50 unit® *Fo]7F AAEdl, EiaAe A7t
Fol S7hetel wet hardness®] F7FEo]l W& #1d ¢ ATk ol #
& @AAY #H7teFo] hardness Wabo| JEFS v
63 Exp No. 1094 %= gldt 4 At}

T3k B-amylasest ZFEle] H7bgo] Z+Z 75 unit¥ 3% = LA EHUE
sample Exp No. 49} Exp No. 79 sugar ester= 212} 15, 05% = zFol7F 2
A=, A HrrEFo]l S7Fel wet hardness®] F7FEo] WES &1l
F dAn. FF8 H7EEe Aold]l wE hardness® W3 Exp No. 43

Exp No. bollA &elsh 4 o™ B-amylase®} sugar ester®] #7}=Fo] 2zt

rr
2,

A2 sample Exp No.
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ZF 75 unit, 15%%E 124850l & W, ST HIbsko] ISl wep
hardness®] S7F%o] W& 40T + AUk

AZHog YWFAA AZA ZaA, #3H4, FF499 7l hardness?
wslol] s AW, "7t S7Hgel wet hardness®] S7HE5S Eol=Hl

==L 0 5 =
REFS FAT 5 AU
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Table

31. Comparative

hardness

of frozen

dough made

from

—amylase-sugar ester-gluten composition stored during 5 days at 4C

Sample Hardness (g)
Exp B_ljrszy_ Sugar ester  Gluten Storage days
No. (unit) (%) (%) 0 1 2 3 4 5
Control 0 0 0 475 480 495 536 669 676
1 ) 1.0 5 479 457 495 604 667 626
2 75 1.0 5 476 493 528 5564 584 619
3 100 1.0 7 495 523 558 582 612 647
4 75 1.5 3 514 532 563 3589 607 628
5 75 15 7 476 493 512 529 538 552
6 50 1.0 3 476 495 517 3546 579 609
7 75 0.5 3 442 465 492 512 538 56.2
8 100 1.5 5 495 499 503 509 511 514
9 100 0.5 5 40.0 418 435 459 462 476
10 100 1.0 3 457 475 475 514 537 552
11 ) 1.0 5 485 512 533 558 595 628
12 50 1.5 5 533 553 576 9594 621 647
13 50 1.0 7 485 525 551 589 615 66.7
14 50 0.5 5 457 476 505 529 554 571
15 ) 0.5 7 443 475 531 574 60.1 570
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Table 32. Comparative hardness of frozen dough made from B-amylase

treatment rice flour-sugar ester-gluten composition stored during 5 days at

4T
Sample Hardness (g)
Exp qugrlyrhle?lste Seitg;r Gluten Storage days
No, e flour
(%) (%) (%) 0 1 2 3 4 5

Control 0 0 0 475 480 495 536 669 676
1 20 1.0 5 495 51.3 535 56.1 583 60.9
30 1.0 7 485 52.3 351 576 61.2 60.7
3 20 1.0 5 40.0 426 451 472 496 514
4 30 1.0 3 478 499 50.3 50.8 51.1 59.8
5 10 0.5 5 43.8 453 471 495 51.8 533
6 30 0.5 5 458 46.2 504 549 589 59.8
7 10 1.0 3 45.7 487 516 564 604 62.8
8 20 15 3 44.3 385 425 469 51.2 552
9 20 1.0 5 43.8 46.2 49.7 538 56.2 59.0
10 20 15 7 40.1 41.3 46.7 50.1 536 55.1
11 10 1.0 7 48.1 44.3 506 57.1 61.3 60.6
12 20 0.5 7 495 526 575 604 637 66.7
13 30 15 5 534 56.1 589 61.2 631 64.7
14 20 0.5 3 476 50.3 535 56.1 586 60.9
15 10 15 5 45.7 479 50.3 534 556 57.1

Table 3201 & WEAA AxA Z4xdd A7F2 Hrlstes Addo
A Table 31% mz7FX 2 WS X A& 7|7to] Wl hardnesse W3e

A S7beke FAE Hola glow, I Aol ofF wmmg Ao ey

f
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o} Sugar ester®} SFH HrbgFo] Zb7F 05, 5% = 1A EH & sample
Exp No. 5% Exp No. 6] &4A2 27bF= 247} 10, 30%= AFol7h 9lem
FaAy A7EFe Hrbe] F7hgtel whel hardness A9 WEE fles
gl & A}t olok e EAAY AVLFY Wbl WE hardness W
5l = sample Exp No. 23 Exp No. 11, Exp No. 13¥ Exp No. 1594 %= &<l

g = 9t Xk Bramylasex 8] AUMF e} 2F " HItEe] 77y 20%<)
3%E 4%l E sample Exp No. 8% Exp No. 149 sugar ester:= Z+Z)
15, 05%®= zkeol7k low, fratAel H7tFo] F7igtel wet hardness®

FHEo) Wge FAF + Utk olsh LS §3H4 H7hFl uhE hardness

J

—

9} Exp No 494 #eld 4 9%l o™ B-amylase®} sugar estere] 7}aFo]
77} 30%, 1.0%%2 A S w, FFule] Hrtgo] Zy)ste] wa)
hardness®] Z7}Zo] =

AgHor YeAA AxA maAd BV, F3A, SFde] Hbe
hardness®] Wstoll FFS M A, Faxe] A7LFo] HrbFo] F7hekol whet
hardness®™= A9 Ws7b glglom, fshAle] Hrtake] Bess, S50 F

7beko] ZS4=2 hardness? Z7F £& Zol=d $7sre Fod & 9t}
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7. Mol W)
Hardness 39| sample® #& Wi o

= =
£ -15C 7hA oF 303t WeAzl § ZdolEsl e zz4E 12704 948
il

ke 4T WA GdA 25 st glo] 5Azt At ol g A Al
23 YEAAE 1d9 402 sample® #H 3 F cuttingdle] el A= W

A & = Hunter’s color value(Color JC801, Juki, Tokyo, Japan)& A}
gt e, L(E %), aid), b(AM=)E S4s

Table 332 W&sAA AxA AF ahAE H7He Aoz L(EE), a
(A7), b(AE)gkol A% 7)3bel]l whe} LAk zpo]& ol S o = UATh
53] 4ToA A4d AmE ME Wsl= controlel M3 79 zto]E Ho]
A ggkor, Z}7) sampleE o ZAol webA FARE FE WERH AT

Table 34= WEAA AxA aaxgd A75E H7He dd2o= L(Y

), a(A7), b(A=)gke] AR 713bel whel 4% Aol = vrol s & 5 9l

O:
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A10 4 EYAS watelAg 93 APz 23

w3l AE A HAH 27 AAH-2 Minitab program= A}-§3}

of WU ALHeR SAAHY At
k8- ¥ W24 (Response surface analysis)< o1 7fe] QAW Xy, Xo, X,
o XZb Bl 28-S o=y o v S (dependent variable, y)el

q
G Fa gle u, ol W W} o T Mg Eel U FAK

BAMYS wath o714 QWS Bl 9Be Fr Sgus £ Q
A% weha, WEUGE QWSS GFS WolA oW WS ey F
Swss 9wt MeEW BAGA 374K SPWSE Bamylased] Wb

=}

(Xy), sugar ester® 719 (Xo), =F9 3F=ak(Xs)

7FF9] H7FRR(X)), sugar ester®] H7THH(Xy), SFH $FaR(X3) group 2714
group®] WFEHF(Yn)E =3t=(Y)E 3%t}

NS EREAG @ WEAA watelA 27 A ztzte wews
=z
-

group¥, B-amylasex @ %

¢
oo
e
¥
2
=
QL
=
&
o,
I
g
@
il
*ﬁ
)
iin)
st
5
rr
I

Y HELE 3}7)

o L=

il
-
p‘L
N
o
i
N
-
1o
r
ot
2
24
BN
P
2,
R
rII.
oo

f8]8t= 2 Minitab programolA =% Zh(target)® FHA2EA  Frlower
bound)& 77} 54 kel Haupd Higom HAHSY SA Hshd wkg
F7F BE el JbEeS AR Es 1o 7k A, ke

A kel 7Whes NEREES == 0ol 77 X

L g adEd S o83 YA wsholA =3 H A3}

WEAZ w3lodx 2718 2dolrr] ¢35 Box-Behnken 237 g wE

Ztz¥el £ 02 B-amylase®| H7FE, sugar ester®] /b B =FE g
group?} B-amylasex 8] &7}F2] A7l sugar ester®] H7le 2 ZFEl g

& group, 2714 group®l Wet EA #S Table 35, 3691 YEF AT
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S WA B-amylased] M 7F%F, sugar esterd] H7Fe 2 S FdE ghakd
e WegA e =3tk wgxH 39755 Table 3701 YEbHAT. vHEE
| o374 AAAFR)E 0989% wER o] Agsigon, FAHoR u
T fojido] AAFHATP<0.01). 2L 123 B 223 E FAAOZ wf§-

WS

oot e (P<0.05) woag2 FAH R frolahA &FArHP>0.1).

Y1=30.333-4.050X,-0.555X5+0.020X5+0.468X % +1.323X5*+0.573X5°~0.025X 1 X»-0.37
50X1X3+0.330X5X3

71 Yiv =3t=oH X, Xo, X3= B-amylased A 7}%, sugar esterd 3
3714 =g B4 B4 A3 B-amylased A 7FE(P<0.01) ® sugar

(P<0.0D)o] EAIA o2 Fol2l aglo|qlt.

Lok SYwal B-amylaseA 2] A7 HIFEF, sugar estere] bR 2

@
142}

+
@

=
e}
/\
I
o
>
il
—Wl
YJ?L'
o

=5 g e Yysaxe =3lx vkgEH 37 ASE Table 3891 e}

otk wreud 3 AAASFR)E 09398 WS m ol Adslgon,

FAMoE 1% FoAo] AAHHAJATHP<0.01). 22a 128 2 2218 = 5
[e)

2 w5 Foled ek (P<0.05) g2 AR FolotA St

Y1=30.033-3.800X;-0.538X5+0.186X5-0.1529X,*+1.019X5*+0.2192X 5*+0. 100X X5 +0.
15OX1X3+O.172X2X3
o714 Y= YEAR 9 w3troly X X, Xs= B-amylasex ] &7}F 9

A7bE, sugar ester®] H7hF B S FH FFS 77 vEhdich

37HA Ewie] b #2143 B-amylasex ®] A7bRel A 7bHP<0.01)
2 sugar ester(P<0.05), 254 dZFP<06)°] FAHoE F222Q Qo]

o,
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Table 35. Experimental data and Box-Behnken design for degree of
retrogradation from frozen dough

B-Amylase Degree of
Exp . Sugar ester  Gluten .
treatment rice flour retrogradation
No. (%) (%)
(%) (%)
1 20(0)" 1.0(0) 5(0) 30.0
2 30(1) 1.0(0) 7(1) 27.0
3 20(0) 1.0(0) 5(0) 30.6
4 30(1) 1.000) 3(-1) 28.0
5 10(-1) 0.5(-1) 5(0) 36.7
6 30(1) 0.5(-1) 5(0) 28.3
7 10(-1) 1.0(0) 3(-1) 35.0
8 20(0) 15D 3(-1) 31.0
9 20(0) 1.0(0) 5(0) 30.4
10 20(0) 1.5(1) 7(1) 31.9
11 10(-1) 1.000) 7(1) 355
12 20(0) 0.5(-1) 7(1) 32.8
13 30(1) 1.5(1) 5(0) 275
14 20(0) 0.5(-1) 3(-1) 33.1
15 10(-1) 1.5(1) 5(0) 36.0

Y Coded level.
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Table 36. Experimental data and Box-Behnken design for degree of
retrogradation from frozen dough

Degree of
Exp B-Amylase Sugar ester Gluten .
. retrogradation
No. (unit) (%) (%)

(%)
1 75(0)" 1.0(0) 5(0) 29.0
2 75(0) 1.0(0) 5(0) 29.6
3 100(1) 1.0(0) 7(1) 26.5
4 75(0) 1.5(1) 3(-1) 30.0
5 75(0) 1.5(1) 7(1) 30.8
6 50(-1) 1.0(0) 3(-1) 34.0
7 75(0) 0.5(-1) 3(-1) 32.0
8 100(1) 1.5(1) 5(0) 27.0
9 100(1) 0.5(-1) 5(0) 27.3
10 100(1) 1.0(0) 3(-1) 26.0
11 75(0) 1.0(0) 5(0) 315
12 50(-1) 1.5(1) 5(0) 34.3
13 50(-1) 1.0(0) 7(1) 339
14 50(-1) 0.5(-1) 5(0) 35.0
15 75(0) 0.5(-1) 7(1) 32.2

Y Coded level.
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Table 37. Regression coefficients calculated by Minitab program

response variables

Degree of retrogradation (%)

bo 30.333"
Linear

b1 -4.050"
by -0.555."
b3 0.020"
Quadratic

bt 0.468

ba2 1.323

bas 0.573

Cross product

bi2 -0.025
bis -0.357
bos 0.330

R-Square 0.994

Probability of F <0.0001

*Significant at 5% level, ™

Significant at 1% level.
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Table 38. Regression coefficients calculated by Minitab program

response variables

Degree of retrogradation (%)

bo 30.033"
Linear

b1 -3.800"
b2 -0.538"
b3 0.186™
Quadratic

bt -0.152
ba2 1.019

bas 0.219

Cross product

b2 0.100

bis 0.150

bos 0.172

R-Square 0.967

Probability of F <0.0001

*Significant at 5% level, ~Significant at 1% level.
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Fig. 28. Response surface for the effects of B-amylase and sugar ester, and

gluten of frozen dough on degree of retrogradation.
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Table 39. Optimum response variables on response surface methodology

Goal Upper Target
Degree of ..
) Minimum 100.0 1

retrogradation (%)

" HoaEel #E Sugar es Suten
OmeaJ cH [gg' g] [114334] (& 5'9022]

ar & b

072257 |14 10,0 0,50 i

D.R.

kdinibnm

yw = 27.7433
d= 072257

Fig. 30. Optimum condition by response surface analysis for degree of

retrogradation from frozen dough.
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Fig. 32. Degree of retrogradation of rice flour gels with 1-monocaprin
during storage for 5 days.
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Fig. 33. Hardness of rice flour gels with 1-monocaprin during storage for 5
days.

(@: 0 ppm, O: 20 ppm, ¥: 40 ppm, V: 60 ppm, Il 80 ppm, [J: 100 ppm)
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Table 40. Hunter’s color of rice dough added with rice flour during storage

at 4C

Storage 1-Monocaprin contents

Values time
0O ppm 20 ppm 40 ppm 60 ppm 80 ppm 100 ppm

(day)
0 7770 77.62 7774 77.66 7773 77.63
1 7755 7757 77.50 7752 78.48 7797
L 2 77.38 77.67 7778 76.47 77.42 77.48
3 76.78 7771 77.30 77.64 7757 77.26
4 77.16 77.59 77.02 77.48 77.67 77.82
5 77.04 77.20 77.46 76.84 78.07 7752
0 -1.54 -1.18 -1.26 -1.14 -1.01 -0.94
1 -1.51 -1.50 -1.35 -1.35 -1.17 -0.79
a 2 -1.49 -1.41 -1.53 -1.04 -1.29 -1.26
3 2.25 2.06 2.03 2.08 1.89 2.36
4 0.62 0.67 0.78 0.60 0.73 0.78
5 -1.27 -1.10 -1.31 -1.32 -1.44 -1.56
0 19.40 19.66 18.72 17.80 18.26 18.92
1 18.53 19.06 18.23 18.23 18.31 18.86
b 2 19.72 19.85 18.71 18.71 19.31 19.20
3 18.46 18.42 17.34 17.26 18.29 18.00
4 19.20 18.77 18.30 18.06 18.04 18.60
5 18.89 19.01 18.28 18.18 17.64 18.65

L: L-value, lightness — white +100 <> 0 black
a: a—value, redness — red +60 < -60 green

b: b-value, yellowness — yellow +60 <> -60 blue
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Table 41. Experimental data and central composite design for degree of

retrogradation from frozen rice dough at 2 days

Run Gluten Sugar ester  1-Monocaprin  o&re¢ f
number (%) (%) (ppm) retrogradation
(%)
1 7.0(0)" 1.0(0) 20(0) 20.67
2 7.0(0) 1.0(0) 20(0) 20.67
3 5.0(-1) 1.5(1) 30(1) 22.97
4 5.0(-1) 1.0(0) 20(0) 13.95
5 9.01) 1.5(1) 30(1) 5.32
6 5.0(-1) 0.5(-1) 30(1) 10.89
7 7.000) 1.0(0) 20(0) 20.67
8 9.01) 0.5(-1) 10(-1) 11.79
9 7.0(0) 1.0(0) 10(-1) 10.34
10 9.0(1) 1.5(1) 10(-1) 3.81
11 7.0(0) 1.0(0) 30(1) 12.24
12 9.0(1) 0.5(-1) 30(1) 19.23
13 7.0(0) 1.0(0) 20(0) 20.67
14 7.0(0) 1.0(0) 20(0) 20.67
15 7.0(0) 1.0(0) 20(0) 20.67
16 7.0(0) 0.5(-1) 20(0) 20.00
17 9.0(1) 1.0(0) 20(0) 15.69
18 7.0(0) 1.5(1) 20(0) 23.29
19 5.0(-1) 1.5(1) 10(-1) 9.00
20 5.0(-1) 0.5(-1) 10(-1) 5.88

Y Coded level.
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Table 42. Experimental data and central composite design for degree of

retrogradation from frozen rice dough at 5 days

Run Gluten Sugar ester  1-Monocaprin  o&re¢ f
number (%) (%) (ppm) retrogradation

(%)
1 7.0(0)” 1.0(0) 20(0) 42.72
2 7.0(0) 1.0(0) 20(0) 42.72
3 5.0(-1) 1.5(1) 30(1) 30.86
4 5.0(-1) 1.0(0) 20(0) 37.50
5 9.0(1) 1.5(1) 30(1) 30.30
6 5.0(-1) 0.5(-1) 30(1) 32.32
7 7.000) 1.0(0) 20(0) 42.72
8 9.01) 0.5(-1) 10(-1) 42.72
9 7.0(0) 1.0(0) 10(-1) 66.13
10 9.0(1) 1.5(1) 10(-1) 60.17
11 7.0(0) 1.0(0) 30(1) 52.33
12 9.0(1) 0.5(-1) 30(1) 55.43
13 7.0(0) 1.0(0) 20(0) 42.72
14 7.0(0) 1.0(0) 20(0) 42.72
15 7.0(0) 1.0(0) 20(0) 42.72
16 7.0(0) 0.5(-1) 20(0) 50.00
17 9.0(1) 1.0(0) 20(0) 63.00
18 7.0(0) 1.5(1) 20(0) 51.92
19 5.0(-1) 1.5(1) 10(-1) 52.94
20 5.0(-1) 0.5(-1) 10(-1) 60.87

? Coded level.

- 116 -



Table 43. Regression coefficients calculated by Minitab program

response variables at 2 days

for

Degree of retrogradation (%)

bo 19.9896™
Linear

b1 -0.6868
b -0.3401
b3 2.9836"
Quadratic

bu -4.1444
bz 2.6795
bas ~7.6695"
Cross product

biz -4.6360™
bis -1.2534
bas 0.3787
R-Square 0.916

* Significant at 5% level, ™ Significant at 1% level.
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Table 44. Regression coefficients calculated by Minitab program

response variables at 5 days

for

Degree of retrogradation (%)

bo 46.9801"
Linear

b1 3.7127
b -1.5145
b3 -8.1577
Quadratic

bu -3.1226
bz -2.4111
bas 5.8547
Cross product

biz 0.2133
bis 41841
bas -4.5142
R-Square 0.578

* Significant at 5% level, ™ Significant at 1% level.
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Fig. 34. Response surface for the effects of B-amylase, sugar ester, and

gluten on degree of retrogradation of frozen rice dough at 2 days.
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Table 45. Optimum response variables on response surface methodology

Storage time

Goal Upper Target
(day)
Degree of 2 Minimum 20.0 10.0
retrogradation
(%) 5 Minimum 50.0 0.0
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Optimal A B C
i 1.0 1.0 1.0
Cur [-1.0000] [-1.0] [-1.0]
0.00000 | 4 -1.0 -1.0 -1.0
22 T
Targ: 0.0
Y = 3.3879
d = 0.00000

Fig. 36. Optimum condition by response surface analysis for degree of

retrogradation of frozen rice dough at 2 days.

ned TH
rinirmum
Y= 36.8146
d=026371

Fig. 37. Optimum condition by response surface analysis for degree of

retrogradation of frozen rice dough at 5 days.
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Co., USA)E o] &3te] 190TColA 158 7F baking stttk Al %3k wo = RE
[ex]

FA(g), F9(cc)E F438t] o] ZFE v A A (cc/g)= A=

it
QL
S

v

Table 46. Baking formula based on wheat flour weight

Material Mixing ratio
Wheat powder 50
Rice powder 50
Yeast 3
Salt 1.8
Sugar 15
Powdered skim milk 3
Egg 30
Milk 25
Butter 12
Water 25
Yeast food 1
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Rollle] YBRE ZFagdoz dAZ s 10ue dod¥ PBS(Phosphate buffered
saline, pH7.4) & 0] Yol #234(10,000 rpm, 10 min)ata, 108) AP oz 34
3l nutrient agar brothel =23t o] F 37TColA 48417 wjdste] AHF=

NE 5 g& Hde FHSF 102 ¥ B3 5, 28 723 sk pH
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Table 47. Chemical compostion of wheat flour and rice powder

Contents(%)
Wheat flour Rice powder
Moisutre 33.5 158
Lipid 0.9 0.4
Protein 12,6 3.8
Ash 0.4 0.2

(= e
A7V E HA7VEES AAE 7] Yske] 30%, 40%, 50% H7bt MR A Z3 v
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Table 48. The effect of rice powder-wheat composite flour on mixogram

characteristics
g | Water absoprtion Peak time Peak height Angle
ampies (%) (min) (cm) (')
W 64 7.52 54 112
RW 46 7.49 55 118
RWSE 44 6.44 5.2 118
RWSB 39 7.93 55 117
RWPM 39 5.57 7.0 119
RWSEG 44 6.14 7.0 87
RWSBG 44 561 7.8 86
RWPMG 44 4.67 7.6 77
RWA 44 6.01 8.1 34
RWB 44 5.76 7.6 93
RWG 44 5.73 7.7 9
AR 44 5.21 8.0 36
BR 44 5.10 8.0 90
GR 44 6.43 79 85

W: 100% Wheat flour roll bread

RW: Wheat 50% added with rice powder 50%

RWSE: RW sample added with sugar ester

RWSB: RW sample added with sorbitan mono palmitate

RWPM: RW sample added with poly glycerine mono oleate

RWSEG: RW sample added with sugar ester+gluten

RWSBG: RW sample added with sorbitan mono palmitate+gluten
RWPMG: RW sample added with poly glycerine mono oleatet+gluten
RWA: Wheat 50%+rice powder 50%+a-amylase

RWB: Wheat 50%+rice powder 50%+B—-amylase

RWG: Wheat 50%+rice powder 50%+glucosidase

AR: Wheat 50%-+rice powder 50% +processed rice powder with a-amylase
BR: Wheat 50%-+rice powder 50%+processed rice powder with B-amylase

GR: Wwheat 50%+rice powder 50%+processed rice powdeer with glucosidase
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w27k s 53t

3} MAREE U7 ol 3T S7bskla A7 50% A7t 100%
7o) vE) oF 3C Ak WA dEtETh ol e o] w2 AU
H7bR Ao A&ol oA syt Adw ZloR Bt A AEe gz
F9 20 BU.l w8 frshAl H7breh g4 H7brE fAE #3e Belou
axAe 7L F2hFE dEzTol vle B9k 50T FEE dETe 0%
o fohAl A b EadvbE wda, g4 27 AU 24aA

A7 2 AT L= g 2P e E=9htH(Table 49).

ﬂ it Jim

Table 49. Effect of rice powder added to wheat flour on amylograph

characteristics

Gelatinization  Peak viscosity 50C Viscosity  Set back

Samples temperature (C) (B.U.) (B.U) (B.U.)
A 86 22 45 -23
RW 83 20 70 -50
RWSE 86 20 65 -35
RWSB 86 20 50 -30
RWPM 86 30 15 -5
RWSEG 30 30 80 -50
RWSBG 84.5 30 80 =50
RWPMG 81 40 80 -40
RWA 84.5 20 35 -15
RWB 84.5 20 30 -10
RWG 83 35 60 -25
AR 815 45 70 -25
BR 79 90 130 -25
GR 80 30 80 -50

Refer to the comment in Table 48
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4. AgA A

7h frEkA AHE AE
1) BlA Aol o]k M7

34 FF US AAS7] 98] Table 509 recipedl sugar ester,

sorbitan mono palmitate, polyglycerine mono oleate < Z+7 05%%
74ek Al5 59 v AT Table 503 o] &S @& wel ulA| % o] jx7
woh gioh Ay A 33 A5 AREE f3A AbE AlEE BA A
o] i 1 FAAE 7P 2 AL poly glycerine mono oleate &3 Al &

So) mAHo] thzTel vl Ak

Table 50. The effect of emulsifier addition on the load volume and weight

of roll bread made from rice-wheat composite flour

Roll bread Roll bread weight Specific roll bread

Samples
volume (cc) (g) volume (cc/g)
AW 283.34 28.77 9.85
RW 310 25.92 11.99
RWSE 305 28.36 10.85
RWSB 306.67 34.77 12.24
RWPM 340 26.83 12.65

W: Wheat 100%

RW: Wheat 50% added with rice powder 50%

RWSE: RW sample added with sugar ester

RWSB: RW sample added with sorbitan mono palmitate
RWPM: RW sample added with poly glycerine mono oleate

2) fr&kAlel ¢ hardness

el Aed FoiAlE Yo AWt =23E 543 A3 Table 51
3} o] thEtol| mla] 2 50%9 DI7FFE 50%¢] o] hardness:E A %Al
A7FFol A3t FIAE 83 A ZEQ hardnesst Zth #3834l Tol &

hardness?} 7F4 & A& poly glycerine mono oleate % 7}io] ¢t}
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Table 51. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour

Texture profile analysis parameter

Samples - 3 )
Springeness Gumminess Cohesiveness Hardness Chewness
AW 0.819 230.0 0.577 398.5 191.0
RW 0.812 201.1 0.602 335.7 160.1
RWSE 0.875 532.4 0.478 1,117.1 464.0
RWSB 0.862 676.1 0.509 1,294.4 567.2
RWPM 0.82 921.6 0.521 1,725.3 814

Refer to the comment in Table 50

3) Fr8kAl A&l 293k hunter value

o] ol Yo A% Wl Table 5291 2ol crustd] Lk tix
9] 58.03X.U}= poly glycerine mono oleateE #l|9]dh #3834 AL-&3F
AlsEo] wokal, byt A3 WIHE 50% =3kl 23718t F3kAl H7t
T7F Stk Crumbe] Lite 79 88.19 Hub= f3hAl H7k7 @

kil a@t®= EFoF FAFSFRA AL, bk sugar ester 7S A Qs
=2 @S BEou Lt crumbZt =3 agkd bak crustZb A LEL
b=
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Table 52. Effect of rice powder on crust and crumb color

made from rice powder—-wheat composite flour

of bread

Hunter’s color value

Samples Crust Crumb
L a b L a b
W 56.34 13.47 22.47 78.51 1.65 17.49
RW 58.03 14.57 23.71 88.19 0.33 17.01
RWSE 40.91 14.90 16.44 78.97 0.44 16.73
RWSB 43.72 19.35 19.97 82.38 0.52 18.65
RWPM 66.03 11.69 24.51 8147 0.52 18.19

Refer to the comment in Table 50

5. o] texture

7} 15%% Y1 Z2A7S =43 A3 Table 533 %] springeness
o} A9 H|ER o) gumminesst =58 HI7MTo] diERT H] 3
hardness$®} chewnesst™ WZTHtt= 25" H7koo] 2-4u] A= E=9kow

bo wHE Als7h el

rlr
Hi o
N
-

o

=

E?L‘
ol

tlo

o] 5 % hardnessi:= sugar ester®} = FHl
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Table 53. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour

Texture profile analysis parameter

Samples
Springeness Gumminess Cohesiveness Hardness Chewness
W 0.819 230.0 0.577 398.5 191.0
RW 0.812 201.1 0.602 335.7 160.1
RWSEG 0.873 421.0 0.497 844.7 369.1
RWSBG 0.834 762.1 0.457 1,669.9 635.4
RWPMG 0.834 713.5 0.455 1,569.6 595.2

W: Wheat 100%

RW: Wheat 50% added with rice powder 50%

RWSEG: RW sample added with sugar ester+gluten

RWSBG: RW sample added with sorbitan mono palmitate+gluten
RWPMG: RW sample added with poly glycerine mono oleate+gluten

24 FFE bl ol Ao W3ki= Table 549F Zo] cruste] Lk
2o H]38] sugar ester®} poly glycerine mono oleate #7}to] ki,
a®t b#ke =79 AT Crumb®] Lt thx-¢F 79 H]zakqla,
ast b= 719 Hd A¥de BAow, LikE crumbZlF %331, ash bt

crust7} =kt
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Table 54. Effect of gluten on crust and crumb color of bread made from

rice powder-wheat composite flour

Hunter’s color value

Samples Crust Crumb
L a b L a b
W 56.34 13.47 22.47 7851 1.65 17.49
RW 58.03 14.57 23.171 88.19 0.33 17.01
RWSEG 49.90 18.09 22.44 78.49 0.18 16.68
RWSBG  62.76 13.35 28.14 79.61 0.94 19.16
RWPMG  48.14 16.39 20.64 83.61 0.29 15.24

Refer to the comment in Table 53

444 SFdY FIAE TR AlEES HAAHe] Fa, I FAAE
sugar ester ®7F7F 7H =93, U522+ poly glycerine mono oleate 3

7} tH(Table 55).

Table 55. The effect of gluten and emulsifer addition on the load volume

and weight of roll bread made from rice-wheat composite flour

Roll bread volume  Roll bread weight  Specific roll bread

Samples (cc) (g) volume (cc/g)
W 283.34 28.77 9.85
RW 310 25.92 11.96
RWSEG 313.3 24.75 12.66
RWSBG 315 27.03 11.65
RWPMG 313 25.92 12.08

Refer to the comment in Table 53
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6. BaA H7reh Al A

7 @4l 93 texture

Aupol A7 AL A3 @49 a-amylase, B-amylase, glucosidaseZ
food base® AAse] 2z 2 5 7 ppmS ¥& ANBEES sYPHOoE AFH
AbgE A Al &4 BESFolA 5 ppm M PG V1S ETF Eol A47be] Ba
Z SppmA £33 A 559 XA 7S Table 563 #o] springeness™ &
o} FAFeFA AL, hardnesst B-amylase &=&7+7F ol Hl& gho] =k,
glucosidase Z37% UZ2FRU Zekow chewness® WZ2TF9F FAFSH 4
@& B A H(Table 56).

L gl os Me

Crust9] Lzt dizol vlsl] skokar, aghe dizo s =9kon, bt
B-amylase &3 A&7} =3t} Crumbe] Lite dlxz+9F AR
zTol Wl wekar, bt ofth =ton o] FolAk B-amylase AR
T2 S YERAT Lk crumb’F =9k3, a9t bt crust’t = H(Table

57).

ok & ofg A A
Hl A A2 glucosidase A 7FsH Al&7F iz vld] =¢koy f-3hAle =5

S TS AREY AP HEAAMAE Au™Her ¢ S YEHAG
(Table 58).

o
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Table 56. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour

Mixing Texture profile analysis parameter
Samples  ratio
(ppm) Springeness Gumminess Cohesiveness Hardness Chewness
W 0.819 230.0 0.577 398.5 191.0
RW 0.812 201.1 0.602 335.7 160.1
2 0.856 341.6 0.491 998.1 1114
A 5 0.553 379.8 0.53 7471 192.1
7 0.857 480.9 0.494 1005.5 1172
2 0.841 583.8 0.463 355.1 120.7
B 5 0.882 1219 0.668 181.4 192.1
7 0.799 754.8 0.438 456.1 1454
2 0.851 769.4 0.664 345.6 163.4
G 5 0.892 180.8 0.635 284.8 161.1
7 0.860 723.9 0.619 555.7 1755

W: Wheat 100%

RW: Wheat 50%+rice powder 50%

A: Wheat 50%+rice powder 50%+a—amylase
B: Wheat 50%+rice powder 50%+B-amylase
G: Wheat 50%-+rice powder 50%+glucosidase
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Table 57. Effect of enzyme addition on crust and crumb color of bread

made from rice powder-wheat composite flour

Hunter’s color value

Samples Crust Crumb
L a b L a b
W 56.34 1347 22.47 78.51 1.65 17.49
RW 58.03 14.57 23.71 88.19 0.33 17.01
A 45.58 20.49 28.956 82.60 -1.95 19.86
B 46.49 20.13 30.23 82.75 -2.45 20.35
G 51.01 21.36 23.73 83.23 -2.44 19.71

Refer to the comment in Table 56

Table 58. The effect of enzymes addition on the load volume and weight of

roll bread made from rice-wheat composite flour

Roll bread volume  Roll bread weight  Specific roll bread

Samples (cc) (g) volume (cc/g)
W 283.34 28.77 9.85
RW 310 25.92 11.99
A 301.6 275 10.98
B 293.3 25 11.81
G 313.3 23.66 13.29

Refer to the comment in Table 56
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7. ZaA e AT

b EaAE BHE AW 27

aaxgy A7hE dArbe Ao a4 AHeld 27EE 5 75 10% %
dto] £HMOR WA ke @ A 37HA Ea RFOlA 5% Ik #s

A 715%7F =4 FAME A, springenessE W ETOE FANS A A, £
glucosidase *@] 27} E3A 29| hardness®}t chewnesst WET79F A
Ak AA H7PEES a-amylase 5%7F 7P dlZTe fAMElew) B
—amylaset™ 7.5%7F tix27-9F frAketlout 24 wkdo]l A7 5%E 3 7HskA
o} glucosidase 5% F7Fato]l tix=+9F 7H4 ARSI tH(Table 59).
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Table 59. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour

Texture profile analysis parameter

Samples Mixi.ng
ratio Springeness Gurmminess Cohesiveness Hardness  Chewness
W 0.819 230.0 0.577 398.5 191.0
RW 0.812 201.1 0.602 335.7 160.1
5 0.85 361.1 0.48 764.6 304.2
AR 75 0.82 1,353.4 0.521 2,994.2 1,111.8
10 0.862 676.1 0.509 1,292.4 567.2
5 0.83 396.2 0.434 913.5 327.2
BR 75 0.873 421.0 0.497 844.7 369.1
10 0.834 762.1 0.457 1,669.9 635.4
5 0.877 150.1 0.644 233.6 131.7
GR 75 0.874 188.0 0.646 291.4 164.2
10 0.883 158.6 0.651 244.2 140.4

W: Wheat 100%
RW: Wheat 50%-+rice powder 50%

AR: Wheat 50%+rice powder 50%+processed rice powder with a-amylase

BR: Wheat 50%-+rice powder 50%+processed rice powder with B-amylase

GR: Wheat 50%-+rice powder 50%+processed rice powder with glucosidase
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. g4 Z7FFo 93t hunter value

Table 603 7o), crust®] L3te glucosidase 8 271 H747F 714 &
*a, v A TS FAsERA T agke gl Hle) RE AT
oA =3, I FAAME glucosidase A2 &71F HIMF7F /M =9kew b
#e izl vlaiA RE AT 7F =8kt Crumb®] L2 tix+¢F 2E
A T7F FARSRA L, agt> A 7F el wls) ki, bt tix-s
FARIG o 1 Fol A% a-amylase A2 2A7FF HIUF M =L 3

Atk L2 crumb7}, aghe crust’h, b#tE crust7b = A YERS

o 84 AU Aol B A A
BaAE A7 "7 T ouARS A A9 HAH g48 HUME A
AL frAbgE FEolRN oY Bramylase A E A7MF Hbw e b =2 gt

= EtH(Table 61).
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Table 60. Effect of enzyme processed rice powder on crust and crumb

color of bread made from rice powder-wheat composite flour

Hunter’'s color value

Samples Crust Crumb
L a b L a b
W 56.34 13.47 22.47 78.51 1.65 17.49
RW 58.03 14.57 23.71 88.19 0.33 17.01
AR 57.45 19.43 38.56 86.89 -2.18 19.79
BR 53.86 20.62 35.73 83.29 -2.35 17.68
GR 47.43 22.15 29.93 86.56 -2.68 18.65

Refer to the comment in Table 59

Table 61. The effect of enzyme processed rice powder addition on the load

volume and weight of roll bread made from rice-wheat composite flour

Roll bread volume  Roll bread weight  Specific roll bread
Samples

(cc) (g) volume (cc/g)
W 283.34 28.77 9.85
RW 310 25.92 11.96
AR 310 27.38 11.32
BR 320 26.24 12.20
GR 318.34 27.28 11.67

Refer to the comment in Table 59
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A

7V 2A7

20CAAM 2 A% Fo H= Wsles Table 629 2ol & 50%, W7 50%
W2 hardness”b tHETEY AASA At A% AA o] hardness &4
AT FeA A F= gER2F FASRI, 1 Tl A X sorbitan mono
palmitate®} sorbitan mono palmitate?} ZFF8 EFA 571 7FF 2ok A A
29 Ao+ sugar esterd} BAAYTELS URTFRU Id SUE HYo
Y sorbitan mono palmitate, poly glycerine mono oleate &3 A|H+= & A 3]
78kt A 3L AN & 50%, HW7HF 50%<9] hardness W= 7HY F
ow FA9 FAAY BIFE H7MTY hardnessE @iHE Z=71E w9l o
sugar ester®} =F 8 3= W37 AU

0-5¢ &< 4TAdA A& F AET Table 632 o] dlzx7+o s &
50%, "W7HF 50% W F7FstR AL, tiFEe] AlRES 20Tl ARt
ES e Btk 4TA A% 29 Adle 2 50%, B 50%e HET R

t} hardness”’t A S7Fst¥ o, 84 EFAEE 99 SUHE RN, #

L

Aot FFE A 5= ZA F7Fs 24 sorbitan mono palmitate®t sorbitan
mono palmitate®} =5 FAE7E 7HE wskth A% 3dA o= & 50%,

g =
W7FE 50% W R Zo] hardness’t FHow, thEEL Alm

=0

= 1

hardness’} 718t AdS HAoyY 84 T e gt I7HAHE Be
w532 A& FolA] sorbitan mono palmitate®} FFE =3 A8V &4

+ glucosidase A& &7}F 717} hardness®] W &k7F vkt
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Table 62. Texture profile analysis parameters of bread made from rice

powder-wheat composite flour stored during 5 days at 20C

Texture profile analysis parameter

Samdes  Sringeness Gumminess Cohesiveness Hardness Chewness

0 2nd 3rd 0 2nd 3rd 0 2nd 3rd O  2nd 3rd 0  2nd 3rd

W 087 082 0784 3107 3908 3056 045 048 0362 6953 8226 8385 2683 3149 2414
RW 0881 0.86 0.851 2874 6166 8549 045 037 0392 6424 16980 21798 2532 5304 729
SE 089 084 0804 4068 4014 3351 051 040 0352 8198 9985 9583 3587 3409 2689
SB 086 087 0817 2624 6601 4986 052 037 0355 5121 1,794.8 14103 2236 5731 4079
PM 076 084 0.841 1,209.9 2417 3,186.6 0.42 043 0.442 2.905.2 5,701.1 4,6034 9144 1,9985 2,587.4
SEG 059 084 0595 4505 3257 2938 039 0.32 0305 1,134.3 8475 9478 2774 2727 1720
SBG 087 0.79 0813 386.1 4941 4133 049 034 0368 7887 14481 1,120.7 3333 3877 336
PMG 083 066 0811 537.7 3355 6327 045 037 0.331 1,199.3 9336 1,910.1 4434 2086 5135
RWA 088 0.80 0.743 3285 3465 357.8 042 034 0300 7968 1,052.8 1,1834 2865 2741 2658
RWB 087 0.75 0.785 3605 3546 3262 044 035 0.347 831.1 10105 9352 3088 260.2 337.8
RWG 086 0803 0.795 296.7 3528 4245 041 033 0321 721.6 1,089.4 13274 2533 2832 363.1
AR 085 082 0816 361.1 3986 4455 048 0.34 0371 7646 11679 1,207.3 3042 3283 3323
BR 083 083 0811 3962 2769 4092 0434 035 0352 9135 7814 11622 3272 2286 4622

GR 0847 0.85 0.806 5108 369.2 5725 045 038 0.358 1,1280 971.3 1,602 4268 3127 6831

Refer to the comment in Table 48
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Table

63. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 5 days at 4C

Texture profile analysis parameter

Sanges Sringeness Gumminess Cohesiveness Hardness Chewness
0 2nd 3rd O 2nd 3rd O 2nd 3rd O 2nd 3rd 0 2nd 3rd
W 087 082 0.813 3107 301.3 3419 045 041 0368 6953 7446 9229 2683 2466 2789
RW 0.881 0.85 0.797 2874 4068 504.6 045 036 0.305 6424 1,1574 16479 253.2 3421 405
SE 089 084 0.789 406.8 402.0 3162 051 039 0321 8198 7142 980.9 3587 3358 249.7
SB 08 087 0.798 2624 304 373 052 037 0326 5121 8357 11405 2236 2619 2979
PM 0.76 082 0.848 1,2099 1,850.3 28205 0.42 045 0.460 2.905.2 4,1659 6,124.3 914.4 1,507.0 16648
SEG 059 071 0635 4505 394.8 3422 039 032 0299 1,134.3 1,2416 1,1485 2774 280.1 217.3
SBG 087 086 0824 38.1 3406 5553 049 04 0377 7837 8659 9309 3333 2904 455
PMG 083 0.77 0745 537.7 4412 5353 045 031 0303 1,193 14342 1,7655 443.4 3389 400.6
RWA 08 075 078 3285 3129 2741 042 031 0318 796.8 10293 8645 2865 2333 2149
RWB 087 079 0817 3605 2651 2643 044 033 0338 831.1 8176 779.7 3088 2069 217.1
RWG 08 076 0736 296.7 2872 3161 041 033 0290 721.6 8649 10994 2533 219.2 232.7
AR 08 081 081 3611 4163 3526 048 037 035 7646 9478 10152 304.2 3346 2871
BR 083 082 081 396.2 2843 2272 0434 037 034 9135 7865 6687 3272 231.3 1836
GR 084 077 080 5108 3409 3549 045 035 033 11280 981.2 10866 426.8 2642 285.3
Refer to the comment in Table 48
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Al
ACAA A3 ANE8E9 AME W3l= crust] Lk tixT49 fAMFI S

lPF

L}, poly glycerine mono oleate Al&7} 7F% =943, agt2 sorbitan mono

rlo

palmitate, poly glycerine mono oleatet W7o B3] & A3 ki, bk
sorbitan mono palmitate”} tZ+ell vld] 7} wdvh A = AR F
st A4S BT Crumbe] Lit2 BE Al87F g7 FA8F9 L, a
sorbitan mono palmitate <A1 &7F 7ol vl FA 8] ki & Alx
58 thET9 FAES T bike sorbitan mono palmitate?t 7FE wrgkar,
—amylase 2] &7}F5 H71s Wo] 7174 =9k th(Table 64-65).

20C A Alge] A% WA cruste] Lt A =4/ o gz}
FAF8F AL, poly glycerine mono oleate® ¥ 4th A A gto] Hsty= =
7Vet Aol e a-amylase ] &7FF9}F glucosidase H7H& A9
7bebAl ek, A AA Fo] Like sugar ester?t B-amylase E3HA| B 7}
7 et a, agtd> AxTdel= diET9 fFAFSER AL,  sorbitan  mono
palmitate®} poly glycerine mono oleate £&7++ “kom, wArxg 2715
© a-amylase A2 77} 7HE Wokth A% 24 22 dAR FUkste A4S
Holow poly glycerine mono oleatex= A% 3L Ao 74 AA3 /1=
Romw, ZahAe AVFE HUbE S7HY Fo] ofF AUtk A" A byt
el wle Ao ghol Wokal, EAAe] A= E=7u 2otk
oA a-amylase Ag A7FF SR 7P =ska, P d
o1}

H
AN Ex4 SEEHE F718F9lal, sorbitan

B
o X

o

o|\

ok af

50
LI

s

rlo
rlo

sorbitan mono palmitate®] 31

mono palmitatei= 7 St (Table 66-67).
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Table 64. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 5 days at 4C

Hunter’'s value of Crust

Sarples L a b
0 2nd 3rd 0 2nd 3rd 0 2nd 3rd

W 4706 4772 4283 20.03 21.79 1970 2899 30.78 24.23

RW 5208 518 4931 2007 1989 1981 3386 33.67 32.77
SE 4967 5529 6119 2183 2046 19 3288 3868 42.30
SB 3527 5408 421 1587 191 1931 1583 3555 25.50
PM 5580 6331 5794 1802 1425 1673 3327 3563 36.1
SEG 49.62 52777 4302 2102 2033 21.05 2709 3598 28.08
SBG 56,6 47775 5049 1989 2095 2057 3841 3239 34,2
PMG 6396 5632 5764 1528 1811 1753 3807 3539 36.70
RWA 4638 5339 4807 1932 1959 20.09 2863 3536 32.24
RWB 4842 4701 5140 2156 21.16 1944 2342 3154 34.98
RWG 4645 50.75 5295 2099 209 1899 29.04 3485 3537
AR 5259 5597 4945 1193 1954 2033 5226 3785 3299
BR  52.87 4821 3894 2073 2123 1813 3632 3281 40.16
GR 5677 5566 4975 1928 1948 20.75 3611 3717 3391

Refer to the comment in Table 48
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Table 65.. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 5 days at 4C

Hunter’s value of Crumb

Samples L a b
0 Z2nd 3rd 0 2nd 3rd 0 2nd 3rd
W 8146 7846 7770 -227 -203 -261 1773 182 1642
RW 7874 7448 761 -181 -163 -2.08 1874 1681 18.25
SE 8048 &80.19 7633 -216 -1.7 -233 1976 1851 14.81
SB 8057 7734 7638 -271 -051 -328 2033 1622 2312
PM 7678 7589 7273 -196 -281 -232 2617 2434 1651
SEG 7481 7469 7125 -219 042 -233 21.87 1787 1860
SBG 7929 7331 7803 -259 -163 -2.08 1940 1766 175
PMG 8128 7579 74838 273 -182 -269 2049 3539 15.23
RWA 81.23 5 7464 -253 -22 -246 1753 3536 13.69
RWB 8062 7351 7781 -251 -217 -258 1789 3154 13.73
RWG 8233 7579 7748 -271 -19 -258 1601 34.85 16.77
AR 8307 7657 7538 -201 -198 -270 1585 3785 1532
BR 8124 7524 7547 -260 738 -270 10.70 3281 16.28
GR 8208 7675 7929 -246 -23 267 167 3717 1241

Refer to the comment in Table 48
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Table 66. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 5 days at 20C

Hunter’s value of Crust

Sarmples L a b
0 2nd 3rd 0 2nd 3rd 0 2nd 3rd
W 4706 4673 4464 20.03 20.28 20.00 2899 2028 2747
RW 5208 4862 4752 2007 2042 19.65 3386 2042 3161
SE 4967 4765 5735 2183 206 1886 3283 206 376
SB 3527 5585 49.06 1587 2191 20.00 1583 3876 31.97
PM 5580 4455 5251 1802 2024 1483 3327 2818 36.93
SEG 4362 642 4462 21.02 1350 21.27 2709 3504 29.56
SBG 56,6 4614 5483 1989 21.01 2047 3841 29411 37.67
PMG 6396 558 5995 1528 21.09 1715 38.07 38.06 37.13
RWA 4638 5784 5191 1932 1827 20.7 2863 3738 36.14
RWB 4842 5156 5215 2156 206 2071 3342 3457 30.67
RWG 4645 5056 4674 2099 21.31 20 29.04 3372 36.16
AR 5259 4914 5383 193 2157 2042 5256 3269 37.06
BR 5287 5586 5382 20.73 2007 2041 3632 3756 36.45
GR 5677 50.86 5365 1928 21.19 2044 3611 3415 3361

Refer to the comment in Table 48
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Table 67. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 5 days at 20C

Hunter’s value of Crumb

Samples L a b
0 2nd 3rd 0 2nd 3rd 0 2nd 3rd

W 8146 67533 7404 -227 -252 -236 1773 1589 1691
RW 7874 76,05 7760 -181 -205 -198 1874 17.07 1832
SE 8048 759 7870 -216 -066 -221 19776 1826 1747
SB 8057 7549 7730 -271 -145 044 2033 1878 16.93
PM 7678 7843 7601 -196 002 -325 2617 1727 25.06
SEG 7481 7534 8050 -219 367 -148 21.87 1985 1840
SBG 7929 8068 7945 -259 -03 -222 1940 1761 1912
PMG 8128 7743 81.01 273 -187 -196 2049 1832 17.70
RWA 8123 774 7847 -253 -236 -2.70 1753 2259 16.46
RWB 8062 7924 8056 -251 -238 -255 1789 1654 16.55
RWG 8233 7676 7626 -271 -234 -249 1601 1579 1596
AR 8307 758 7766 -201 -222 -252 1585 159 1679
BR 8124 7925 7861 -260 -243 -275 10.70 16.67 16.29
GR 8208 7676 7802 -246 -228 -262 167 1829 183

Refer to the comment in Table 48
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Fel A+ poly glycerine mono oleate,
-amylase H7}, B-amylase A g 27}F H7p47

-

A &+ sugar ester, =58 H7}7 ¢} sorbitan mono palmitate, &5l H 7}
a-amylase @ A7bF 79} B-amylase A A7HF 7R S
St Aow HrtE AlHi= sugar ester, 258 H7F9 sorbitan mono
=78 H7b a-amylase A g A7HE AR F7RE A F
7} 9as g GEkAd ZEE HpE>aaAd AR HApE>Es A
7he] o= FIbEAAL, Aol 943 AlE+ sorbitan mono palmitate$}
=578 79k glucosidase A2l A7bE H7b7F HE =4 H7EE A
(Table 68).

palmitate,
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Table 68. Result of sensory evaluation of the

powder-wheat composite flour

roll bread made from rice

Overall
Color Flavor Taste Texture

preference
W 3.16+0.98"¢ 333+051"° 3.33+0.81" 3.33+0.81™™ 3.50+0.54"
RW  266+1.21™% 333+051° 350+0.54" 2.83+1.16™ 3.33+0.51"
RWSE 3.16+1.16"¢ 3.66+0.81° 3.33+0.51™ 3.50+0.83"™ 3.50+0.54"
RWSB  1.83+0.75° 266+1.21* 283+0.75" 1.83+0.40°  2.16+0.75°
RWPM  150+0.83° 2.83+0.98" 3.16+0.40™ 2.33+1.03¢ 2.83+0.75"
SEG  2.66+1.21™%  366+051*  4.16+0.40"  4.16+0.40°  4.00+0.63"
SBG  4.00+0.63" 3.83+0.75° 3.66+1.03" 4.16+1.16° 3.83+0.98"
PMG  366+1.03"™ 316+1.16° 350+1.04™ 3.00+1.78"™% 4.16+0.75"
RWA  250+0.83° 3.33+0.81" 3.16+0.40" 2.33+1.03°¢ 2.83+0.75"
RWB  3.83+0.75" 3.33+0.81%  4.00+0.63" 3.83+0.98"  4.00+0.63"
RWG  233+051% 3.33+0.81*  4.16+0.75" 2.66+1.03"¢ 3.50+0.54™
AR 3.33+1.03™¢ 350+1.04° 3.83+0.75" 4.16+0.75"  3.83+0.75"
BR  366+051™ 366+1.03" 4.00+0.63"  4.16+0.98"  4.00+0.63
GR 4.00+0.89*  350+0.54* 3.33+1.03" 3.33+1.03"™ 3.33+0.81™

Superscript with the same letter in
different (p<0.05)
Refer to the comment in Table 48

column of each sample are
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2) Hardness®| ®3}
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hardness®] W&7} 7b¢ 22 th(Table 71). WAL= e A4 &2 H7}
Tl A= 2 30%A 2l A 60 ppm, 50% 2 &34 100 ppm, 70%°1 A
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2ol Az 29 Folwt AT = AL a2 Fell= WMol HAoH, 2

of 30% &7HF EFTolA EAAY AVHF 10% H7FE AR, 50%
Aloll &Y A7bFE 16% H7HE AR, 70%01= 20% &axe 27}
A7rek Azt 90 % A7 EAl = 10%9] EaAe] A7kE H kst
A2 E9] hardnesse] Wat7F 2da, A a42E M7 A5 68A =
30% &7} 60 ppm F7F3 A&} 50% &A7FFo] 100 ppm, 70% 2ol
60 ppm #7}3+ A 259 hardness® W3l= zgkth(Table 74).

o
ot

U

Table 69. Experimental data for moisture content of roll bread during

storage temperature at 5C

Contents of rice Contents of I;?rocessed Moisture contents (%)
B-amylase rice flour
flour (%) . Storage days

(%) 0 7th

Control 32.9 31.7

20 10 31.6 30.6

15 325 316

20 34.2 335

Control 33.1 32.6

=0 10 329 326

15 34.7 30.0

20 344 32.6

Control 36.2 33.2.

70 10 34.1. 33.7

15 32.3 31.7

20 36.1 33.6

Control 34.2 335

90 10 334 33.1

15 344 336

20 36.4 35.6
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Table 70. Experimental data for moisture content of roll bread during

storage temperature at 5C

Contents of rice Contents of ?rocessed Moisture contents(%)
B-amylase rice flour
flour(%) Storage days

(%) 0 7th

Control 32.9 31.7

20 60 34.7 30.8

80 36.0 295

100 349 29.8

Control 33.1 32.6

50 60 30.3 30.5

80 35.0 349

100 35.7 34.4

Control 36.2 33.2

0 60 369 36.2

80 32.1 31.3

100 359 316

Control 34.2 33.5

90 60 37.2 34.3

80 35.5 32.8

100 33.0 31.9
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Table 71. Texture profile analysis parameters of roll bread made from rice

powder-wheat composite flour stored during 10 days at 5C

Hardness (g)

Samples Storage days
0 2 4 6 8 10
rf3c 484.0+140.4  1140+112.7 1034.1+221.2  1,103.4+325.4 1300.7+332.5  1339.84322.5

rf310  456.3+112.3 77751748  296.8+163.7 92321272 1331.1+374.8 1206.8+142.6
rf315  254.0469.0 1366.8+129.6  953.4+275.4  1360.2+392.2 1538.9+542.8  1642.6+310.1
rf320  278.6+35.0 1239.8£479.9  1094.1+424.4  1175.3+£193.8 2412.8+44.1 1462.8+422.2
rfbc 361.2+194.4  587.1+28.0 965.9+181.8  1384.6+216.3 1201.9+249.2  1019.2+132.5
rf510  4454£259  858.6194.3 1113.44£358.4  1252.6+299.1 1691.5+209.8  1246.1+361.8
rfbl5  344.6+206  607.9+94.2 1291.2+332.8  970.9+182.0 1056.2+194.6  790.6+200.7
rf520  460.0£287  648.0+131.2  1124.5+230.5 1241.9+212.2 901.0+224.0 940.7+235.6
rffc 236.0£19.9  6384+119.8  8952+160.7  1296.1+£353.2 1510.0+606.0  1298.6+541.2
rf710  263.0+19.9 1589.5+207.4  1440.9+297.9  1694.5+237.7 1057.8£120.7  1258.1+338.1
rf715  1591.0£667.7 1508.8+381.3 1650.7+324.1 1488.8+146.4 849.5+133.9 958.0£13.9

rf720  320.4+26.3  631.6£119.2  831.6+114.0  1188.5+306.4 1041.0+303.6  1123.9+67.4
rf9c 2505486  300.0£28.5 489.8+120.9  1384.9+354.0 1021.2+226.9  837.2£146.9
rf1910 307.3+22.1 359.1£28.0 79712914 914.8+3884 1,215+2775 956.5+64.2

rf9l5  273.9+266  345.8+53.7 823.0+£89.9 1222.7+234.3 960.3+183.5 1098.0£295.0

rf920  610.6+1984  364.2+3.5 783.0£195.2  1285.1+162.2 981.9+288.3 1080.0£157.7

rf3c: rice 30%+flour 70%
rf310: rice 30%+flour 70%+B-amylase processed rice 10%
rf315: rice 30%+flour 70%+B-amylase processed rice 15%
rf320: rice 30%+flour 70%+B-amylase processed rice 20%
rfoe: rice 50%+flour 50%
rf510: rice 50%+flour 50%+B-amylase processed rice 10%
rf515: rice 50%+flour 50%+B-amylase processed rice 15%
rf520: rice 50%+flour 50%+B-amylase processed rice 20%
rf7c: rice 70%+flour 30%

rf710: rice 70%+flour 30%+B-amylase processed rice 10%
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rf715: rice 70%+flour 30%+B-amylase
rf720: rice 70%+flour 30%+B-amylase
rf9c: rice 90%+flour 10%

rf910: rice 90%+flour 10%+B-amylase
rf915: rice 90%+flour 10%+B-amylase
rf920: rice 90%+flour 10%+B-amylase

processed rice

processed rice

processed rice

processed rice

processed rice
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Table 72. Texture profile analysis parameters of roll bread made from rice

powder-wheat composite flour stored during 10 days at 5C

Hardness(g)

Samples Storage days
0 2 4 6 8 10

rf3c 484.0+140.4 1140+112.7 1034.1£221.2  1103.4+£325.4 1300.7+332.5  1339.8+322.5
rf360  296.8+19.2  654.5+182.6 81711476 1349.1+346.4 1339.8+76.2 1206.8+142.6
rf380  286.8447.4  843.4+128.2 1100.4+113.8 1009.3+314.9 1564.1+381.3  1830.5+278.5
rf3100  458.4+70.6  1005.2+223.4  1176.2£102.2 1493.1+338.1 2614+902.9 2921.4+783.2
rf5¢c 361.2£194.4 587.1+28.0 965.9+181.8 1384.6+216.3 1,201.9+249.2 1019.2+132.5
rf560  351.5+30.3  887+169.4 1139.3£144.5 2051.2+270.8 1352.9+127.5 2183+373.6
rf580  207.4£109 918.6+112.6 1405.2£212  1731.4+480.6 1275.9+161.2  1733.7+120.7
rf5100  2555+24.2  779.8+56.4 1057+154.8  1270.9+4299.4 1317+111.3 1307.3+247.7
rf7c 236.0£19.9  638.4%119.8 895.2+160.7  1296.1+353.2 1251.0+606.0  1298.6+541.2
rf760 193.4+36.2  560.7£115.9 1375.2+£522.8 1220.5+283.7 998.3+68.0 1060.5+285.5
rf780 27524327  1091+149.5 1610.9£137.6 2061.2+121.3 1405.0£69.8 1446.6+283.0
rf7100  218.84+8.9 595.6+138.5 1460.8£277.9 1443.1+£128 1670.7+103.3  1382.2+1087.6
rf9¢ 2505486  300.0+28.5 489.8+120.9  1384.9+354.0 1021.2+2269 837.2+146.9
rf960  861.3+x110.2 248.6+23.4 1759.4+287.9 1800.7+155.8 1338.92+64.81 950.02+145.39
rf980  886.3t94.3  302.9+147.9 1151.8+130.2 1233.8+83.5 919.0+56.9 1519.4+£397.8
rf9100 1128242845 132.0+41.6 1637.1+174.8 834.1+279  1476.2+287.3  1490.8+463.4

rf3c: rice 30%+flour 70%

rf360: rice 30%+flour 70%+B-amylase 60 ppm
rf380: rice 30%+flour 70%+B-amylase 80 ppm

rf3100: rice 30%+flour 70%+B-amylase 100 ppm
rfde: rice 50%+flour 50%

rf560: rice 50%+flour 50%+B-amylase 60 ppm
rf580: rice 50%+flour 50%+B-amylase 80 ppm

rf5100: rice 50%+flour 50%+B-amylase 100 ppm
rf7c: rice 70%+flour 30%

rf760: rice 70%+flour 30%+B-amylase 60 ppm

- 188 -



rf780: rice 70%+flour 30%+B-amylase 80 ppm
rf7100: rice 70%+flour 30%+B-amylase 100 ppm
rf9c: rice 90%+flour 10%

rf960: rice 90%+flour 10%+B-amylase 60 ppm
rf980: rice 90%+flour 10%+B-amylase 80 ppm
rf9100: rice 90%+flour 10%+B-amylase 100 ppm
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Table 73. Texture profile analysis parameters of roll bread made from rice
powder-wheat composite flour stored during 2 days at 25C

Hardness(g)
Samples Storage days
0 1 2
rf3c 484.0+£1404 1491.5+355.9
rf310 456.3+112.3 901.4+£319.9
rf315 254.0£69.0 1166.9+238.9
320 278.6+35.0 1181.3+317.8
rfe 361.2+£194.4 480.0£23.5
510 445.4+25.9 730.8+68.3
515 344.6+20.6 465.1+60.8
520 460.0+£28.7 956.5+202.1
rf7c 236.0£19.9 227.5+60.5
rf710 263.0£19.9 795.5476.1
rf715 1591.0+667.7 980.2+£78.9 1218.2+36.3
720 320.4+26.3 4745+16.5 605.6+22.0
rf9c 250.5+48.6 214.8+42.5 298.9+39.5
rf910 307.3£22.1 390.6+27.8 334.5+65.2
rf915 273.9+26.6 351.9+73.4 449.2+84.6
rf920 610.6+198.4 325.9+45.3 530.0+165.3

Refer to the comment in Table 71
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Table 74. Texture profile analysis parameters of roll bread made from rice
powder-wheat composite flour stored during 2 days at 25C

Hardness(g)

Samples Storage days

0 1 2
rf3c 484.0+£140.4 1491.5+355.9 405.2£76.9
360 296.8+19.2 724.8+1279 860.1+138.2
rf380 286.8+47.4 582.3+165.6 1469.1+469.9
r£3100 458.4+70.6 1164.5+168.1 1744.8+458.3
rf5¢c 361.2+£194.4 320.9+59.0 444.8+42.3
560 351.5+30.3 672.8+217.3 938.8+1774
580 207.4+10.9 586.3+101.4 869.3+187.2
rf5100 255.5+24.2 425.5%20.0 629.7+63.7
rf7c 236.0+19.9 281.7+58.9
rf760 193.4+36.2 373.0+63.1 540.4+28.0
rf780 275.2+32.7 556.9+6.7 1166.5+404.3
rf7100 218.848.9 400.0£94.6 1256.6+428.8
rf9c 250.5+48.6 401.0+131.9
rf960 861.3+110.2 861.3£110.2
rf980 886.3+94.3 886.3+94.3
rf9100 1128.2+284.5 1128.2+284.5

Refer to the comment in Table 72
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A= 50% &S =%
W A tH(Table 78).

25C AMAolAel aixeg & &3¢ el crustt crumbe ME W=
T AHE B7FE EFe 24 HUbe Ao wEle Az gddx
BE AREY Fol frAbsta 29 Folm w®iste]l £ AA UEhwth
(Table 79-82).
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Table 79. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 2 days at 25T

Hunter’s color value (Crust)

Storage days

Samples
0 1 2
L a b L a b L a b
rf3c 5443 2053 3824 5726 203 41.18

rf310 63.57 1737 4228 6547 1639 40.32
rf315 5773 19.67 3878 5628 22.03 41.89
rf320 60.29 1918 406 5264 226 39.04
rfoe 539 2331 4062 59.06 20.34 42.02
rf510 52.31 2303 3866 57.02 2051 39.75
rf515 7497 1037 40.79 64775 1774 41.15
rf520 483 2091 2929 7595 937 3777
rfic o751 21.21 4298 582 1935 4148 4723 21.62 3271
rf710 4816 221 34.64 5577 2143 41779 43778 20.64 26.76
rf715 5734 1931 3927 52.04 2322 39.01 35971 20.68 43.68
rf720 59.22 2065 434 5771 2023 4249 5771 2023 42.28
rf9c o4.67 21.08 4047 54.02 20.83 39.07 5758 1941 41.81
rf910 60.01 1853 4295 6094 1962 4318 59.39 1889 41.02
rf915 56.74 208 4151 491 2324 3665 66.09 1578 40.68
rf920 59.73 1995 4325 5042 2366 36.85 66.32 1567 41.93

Refer to the comment in Table 71

- 167 -



Table 80. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 2 days at 25T

Hunter’s color value (Crumb)

Storage days

Samples
0 1 2
L a b L a b L a b
rf3c 80.78 127 2521 7998 1.34 24.37

rf310 81.08 0.72 2315 7959 1.01 2338
rf315 76.67 141 2443 793 118 22.79
rf320 7927 112 24 77164 125 23775
rfbe 8358 0.76 234 7765 115 2412
rf510 8055 093 2372 7545 122 23.26
rf515 82.04 094 2358 7558 173 2281
rf520 81.83 114 2382 7644 115 21.78
rfic 80.05 069 229 77138 083 2281 4723 21.62 32.71
rf710 7739 098 2272 7669 129 2298 4378 20.64 26.76
rf715 781 083 2219 7976 071 205  59.71 20.68 43.68
rf720 99.22 2065 434  78.04 0.63 21.68 7804 0.63 21.68
rf9c 80.87 029 215 8293 -0.07 225 7485 0.14 2091
rf910 79.78 003 21.21 8327 044 2207 7822 0.65 2242
rf915 80.82 0.07 23.03 8151 027 2212 7809 087 22.79
rf920 81.99 139 2281 8156 084 2118 7769 0.83 21.98

Refer to the comment in Table 71
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Table 81. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 2 days at 25T

Hunter’s color value (Crust)

Storage days

Samples
0 1 2
L a b L a b L a b
rf3c 522 2053 3509 5191 20.75 347 5533 20.68 39.62

rf360 5942 1883 41.04 575 2058 40.19 62.06 1932 44.41
rf380 51.76 21.47 36.77 5098 2257 3722 5349 2202 39.19
rf3100 5039 2121 3456 6881 1466 40.37 60.17 19.87 42.01
rfSc 522 2053 3529 54.08 21.01 39.73 5894 20.05 4212
rf560 5942 1883 41.04 6666 1637 4311 62.83 1813 41.52
rf580 5176 2147 36.77 5645 1951 4041 60.75 1954 43.37
rfb100  50.39 2121 3456 5177 2159 3798 5558 2211 43.35
rf7c 61.44 1848 41.73 6952 13.15 42.01
rf760 53.14 2046 3743 6872 1279 38.54
rf780 50.32 2177 3441 5844 20.58 42.62
rf7100 50.5 2046 3921 5266 21.3 404
rf9c 5541 20.18 3834 5111 21.26 38.02
rf960 54.67 1952 3661 5059 21.83 36.55
rf980 6257 171 40.05 60.72 1823 42.66
rf9100 6379 16 4221 6856 13.57 40.88

Refer to the comment in Table 72
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Table 82. Comparative color evaluation of roll bread made from rice

powder-wheat composite flour stored during 2 days at 25T

Hunter’s color value(Crumb)

Storage days

Samples
0 1 2

L a b L a b L a b
rf3c 712 155 2704 7716 159 2647 7828 0.73 24.74
rf360 7472 102 237 77186 127 2549 7847 0.72 2514
rf380 73 114 243 7849 053 2344 7759 024 2317
rf3100 74.04 164 2542 7939 1.23 2313 7982 132 242
rfbe 712 155 2704 7786 084 24.73 77 14 2569
rf560 7472 1.02 237 7891 095 25 7823 126 25.76
rf580 73 114 243 7758 096 2497 7715 149 248
rf5100 74.04 164 2542 766 035 2405 775 137 24775
rf7c 7556 099 2286 7584 1.09 2552

rf760 75.83 087 2269 7559 0.66 22.87
rf780 7497 101 2278 7937 068 23.05
rf7100 7973 084 2364 7784 037 22.24
rf9c 77102 041 21.29 79 061 21.74
rf960 779 009 2114 7746 045 21.61
rf980 78.69 0.54 2247 7716 043 22.09
rf9100 7889 013 2091 7893 061 23.81

Refer to the comment in Table 72
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4) A&

25Tl AMAH = Az Gl aaAE B7IFE H7HS ARES

5 g@X] ¢k controlE T A A o] Flow Az F 2UAM e FAGoA= &

Sl A 10% EaAE A7 A7 50% EFTAlAE 10% &
A AP TF, 70% B7EE FAUPFAAE 10% B, 90% A Sl A=
10% A TEo] AG F Wale] Fo] 22 AmEo|Ath(Table 83).

FAE FA7tee APdAE Ax FUdE & 50% AR5 AZ
o] AHTE FolA M o, 3U F FAHAE 30%e] A7tF EFT
A= 100 unitH 7F9F 50% A7FF S ol A= &4+ 100 unit, 70% 2
b A7l AR 100 unite] H7bEel WErh e s Bt
(Table 84).

W £x9 Ao A= Table 8594 o] A Fdel= TaAe A7)
F A7 EEC] ¥A %S controlol HE A Fo] Fow AF 6d F<l 3
Aol FAANE 30% AT EFFAME aaAE] AT 15% H7H
o} 50% A7HE HIbrolAE A AR 10%, 70% A7HE 3 ol A
= 15% Adg Z7LEel H7b 90% #IFE EFdTolME 15% &4
A7VE 7MY A4 2ol A WEv 2 AFaEelaL, EAFTH
52 A 39 Fol, 30% A7tF EFTelAE 80 unit, 70% B7HE &9
Tl A= 100 unit, 90% A7HF EFA A E 80 unite] H7F AlEEC
A A el WMstrt 22 Az 5ol tH(Table 86).
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Table 83. The effect of enzyme processed rice powder addition on the load
volume and weight of roll bread made from rice-wheat composite flour
stored during 2 days at 25C

Roll bread ight i
Roll bread volume (cc) OFf breac welg Specific roll bread

(g) volume (cc/g)
Samples Storage days
0 1 2 0 1 2 0 1 2
rf3c 115 95 2877 266 399 357
rf310 1325 130 2592 245 511 201
rf315 100 1125 2836 283 352 397
rf320 110 105 34.77 247 316 4.25
rfoc 1225 120 26.83  26.8 419 447
rf510 1115 1075 2648 265 421  4.05
rfb15 1175 875 24.92 25 471 35
rf520 1325 94 2877 278 460  3.38

rf7c 110 76 885 2592 259 288 424 293  3.07
rf710 985 9 108 24775 24.8 26 397 399 415
rf715 120 120 1015 2403 270 285 443 444 356
rf720 1225 94 103 2592 259 26 472 362 396

rf9c 100 90 110 2877 273 247 347 329 445
rf910 1075 925 1075 2592 275 288 414 336 3.73
rf915 1175 100 9 215 285 26 427 350  3.65
rf920  82.5 80 82.5 25 269 274 3.3 297 301

Refer to the comment in Table 71
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Table 84. The effect of enzyme processed rice powder addition on the load
volume and weight of roll bread made from rice-wheat composite flour
stored during 3 days at 25C

Roll bread volume Roll bread weight Specific roll
(cc) (g) bread volume (cc/g)
Sanples Storage days

0 1 2 3 0 1 2 3 0 1 2 3

rf360 125 125 1275 1225 2366 259 253 259 528 4.83 504 4.73
rf380 140 1425 110.5 132.5 28.77 265 262 268 4.86 538 422 494
rf3100 122.5 122.5 1225 120 2592 259 252 285 472 473 486 4.21

rf560 100 90 100 2738 288 278 3.65 3.13 3.60
rfo80 140 1125 &5 2624 26 265 533 433 321
rfd100 1475 135 98 2128 2714 268 540 493 3.66
rf760 117.5 1325 26.6 258 441 514
rf780 1225 130 263 264 465 4.92
rf7100 125 122.5 266 264 469 4.64
rf960 110 65 245 273 448 2.38
rf980 985 925 245 266 4.02 3.48
rf9100 99 62.5 26 255 3.80 245

Refer to the comment in Table 72
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Table 85. The effect of enzyme processed rice powder addition on the load
volume and weight of roll bread made from rice-wheat composite flour

stored during 8 days at 5C

) Specific roll bread
Roll bread volume (cc) Roll bread weight (g)
volume (cc/g)

Samples Storage days

o 1 2 3 4 o0 1 2 3 4 0 1 2 3 4

rf3c 115 925 1225 135 140 2877 287 259 273 278 399 322 473 495 504
rf310 1325 120 12751375 145 2592 268 265 259 248 511 448 481 531 585
rf315 100 135 1225 130 110 2836 27.3 259 288 258 352 495 473 451 4.26
rf320 110 975 125 12251375 34.77 236 286 265 268 3.16 413 437 462 513
rfbc 1225 100 13251275 150 26.83 259 263 268 256 4.19 386 504 476 586
rf510 11151175 120 115 14252648 24.7 288 268 274 421 476 417 429 520
rfb15 1175 975 115 125 115 2492 263 273 26.6 266 471 371 421 470 432
rfb20 1325 110 1225 125 12752877 256 26 287 259 460 430 471 436 492
rf7c 110 126 875 100 105 2592 263 276 282 287 424 479 317 355 3.66
rf710 985 1025 109 1075 105 24.75 283 30.8 26.8 263 397 362 354 4.01 399
rf715 120 120 1165 110 107.524.03 286 259 251 27.1 443 420 450 4.38 397
rf720 1225 11751075 1225 140 2592 286 252 282 265 472 411 427 434 528
rf9¢ 100 95 1075 110 11252877 341 289 268 274 347 279 372 410 411
rf910 1075 925 100 120 10752592 263 285 259 268 4.14 352 351 4.63 4.01
rf915 1175 94 110 12751075 275 287 259 283 258 427 328 425 451 417

rf920 825 925 90 925 1125 25 268 265 259 287 33 345 340 357 392

Refer to the comment in Table 71
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Table 86. The effect of enzyme processed rice powder addition on the load
volume and weight of roll bread made from rice-wheat composite flour

stored during 8 days at 5C

) Specific roll bread
Roll bread volume (cc)  Roll bread weight (g)
volume (cc/g)

Samples Storage days

o 1 2 3 4 0 1 2 3 4 0 1 2 3 4

rf360 125 1475 137.5 1325 1125 2366 266 245 283 24.7 528 555 561 4.68 4.55

rf380 140 1425 1425 1475 1375 2877 278 272 265 278 486 513 524

o2l
Ul
|
B~
<o}
a1

rf3100 1225 1375 100 1375 1025 2592 288 26 285 266 4.72 477 3.85 482 3.8

rf560 100 125 1225 95 10252738 266 242 281 248 3.65 470 506 3.38 4.13

rfb80 140 1275 120 95 105 2624 257 254 249 268 533 496 4.72 3.82 392

rf5100 14751325 125 1025 90 27.28 287 266 285 263 540 462 470 360 3.42

rf760 1175 130 110 1125 95 266 257 265 268 259 441 506 415 420 3.67

rf780 1225 95 975 1025 95 263 288 26 274 258 465 330 375 3.74 3.68

rf7100 125 14751175 115 1125 266 253 26 252 273 469 583 452 456 4.12

rf960 110 875 1175 110 95 245 288 26 282 269 448 3.04 452 390 353

rf980 985 95 95 95 8 245 245 278 259 273 4.02 3.83 342 367 3.11

rf9100 99 925 925 90 & 26 276 265 288 263 380 335 349 313 323

Refer to the comment in Table 72
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Ao A8 T A A= Table 873 zFo] M7t 7 gsshA 3

=
7 Als e A 30%9F & 50%, 70%, 90%°] Az H]&] AWeA JA
H7FE 100 unit AlEE0] -8 WS ko, wo Aol F2 A
552 & 50%t & 70% Alm= 80 unit H7F AIREE WERSI A F

¢ 71Z = 30%, 50%, 70% #7bF &3 Aol A= 80 unit H7F AlRE
of FsF BT wokon B Age msAad AT

Table 88% o] A7FF 30%, 70%, 90%°] A5l 15% 7 =50l -

A7hE =

8 Aow et

= 30%, 90%°] A7FF &g ol A

= 15% @7t Alé%ol S48 Aom vehdth % 30%, 70%, 90%¢]
AN B A 15% H7F AaSoe] 948 7oz ey

Table 87. Result of sensory evaluation of the roll bread from rice

powder—-wheat composite flour
Samples Color Flavor Taste Texture pr(gi\"]eerl;ilce
rf3c 2.86+0.69° 2.71+0.76° 2.57+0.79° 329+1.11°  3.0+1.0°
rf360 243+1.13"  3.86+0.89"  4.0+0.82" 357+0.53* 3.29+0.76™
rf380 3.86+0.69" 3.86+1.07" 3.71£0.95" 3.43+1.40° 4.29+0.95"
rf100 429+095"  3.86+1.07* 3.29+1.11" 3.29+0.76" 357+0.9"
rf5e 271+0.76"  257+053"  3.0+0.82"  2.86+1.07° 2.43+0.53°
560 2.29+0.95" 3.29+0.76™ 3.43+1.27° 357+1.13" 3.14+0.38"
rf580 3.86+0.90" 3.86+0.69"°  4.0+0.82"  4.14+0.38"  4.43+0.53"
rf5100  3.86+0.69" 3.43+0.98" 357+0.53" 3.43+0.98" 3.71+0.95"
rf7c 257127 2.86+1.07° 2.29+0.49" 286+1.21" 257+1.13°
rf760 3.26+0.95" 2.86+0.90° 3.43+0.79"° 3.29+0.49" 3.14+0.38™
rf780  3.71+1.38"  4.14+0.90° 4.29+0.76" 4.29+1.25"  4.43+0.79"
7100 4.29+0.49°  4.14+0.69° 4.29+0.95" 3.86+0.69" 4.0+1.0"
rf9c 20+0°  214+0.38  2.14+0.69°  2.0+0.82°  2.14+0.38°
rf960 343£053" 3.14+1.07" 3.430.79" 357+1.13" 3.71+0.76™
rf980 2.86£0.69" 3.14+1.07"° 3.14:0.38" 2.860.69  3.29+0.49
rf9100  4.29+0.76" 4.29+0.49° 4.71+0.49° 3.86+0.69"  4.29+0.49"
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Table

powder—-wheat composite flour

88. Result of sensory evaluation of the roll bread from rice

Samples Color Flavor Taste Texture Overall
preference
rf3c 3,0040.82°  2.86+0.9° 2.86+1.21° 343+098" 3.14+1.21°
rf310 417+1.07" 329+0.95"  4.0+0.82"  343+14* 3.71+1.11°
rf315 429+095"  4.29+1.11° 3.86+1.21° 4.0+0.82"  4.29+0.95"
r£320 371111 4.14+0.69* 357+151* 2.86+1.4%  3.29+1.38°
rf5¢ 3.14+0.9"  3.29+0.76* 2.71+0.95" 3.43+0.98" 2.57+0.98"
rf510 414+0.9° 3.86+1.217 3.86+0.69°  3.0+1.0°  4.0+0.58"
rf515 3.14+1.35"  4.14+0.69° 3.43+0.79" 357+1.13" 3.0+1.53"
rf520 1.14+1.21°  3.86+1.21* 3.14+0.9"  4.0+058" 3.57+0.98"
rf7c 3.43+1.13" 357+053" 2.86+0.69° 2.71+0.95" 2.71+0.76"
rf710 3.29+1.11* 2.86+0.90" 3.29+0.95 3.14+1.07*  3.0+0.58"
715 3.0+058"  4.43+0.79"  4.0+1.0"  3.86+0.9" 3.29+1.11°%
rf720 3.86+0.69" 3.71+0.76" 4.29+0.95" 3.86+0.69° 4.0+0.83"
rf9c 3.71+0.76"  3.0£1.41*  3.0+153"  2.0+0.82°  2.14+0.38°
rf910 3.43+053" 3.14+1.07° 3.43+0.79" 3.71+0.76" 2.71+1.25"
rf915 3.86+0.38" 371+1.25° 357+0.98" 4.0+1.29°  4.43+053"
rf920 371£1.25%  4.14+0.69" 357+053" 3.14£1.21°  3.71+0.95"
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Fig. 38. Response surface for the effects of rice flour contents and

—amylase modified rice flour contents on moisture contents.
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Fig. 39. Response surface for the effects of rice flour contents and

—amylase modified rice flour contents on volume of roll bread during

storage temperature at 5C.
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Fig. 40. Response surface for the effects of rice flour contents and

—amylase modified rice flour contents on volume of roll bread during

storage temperature at 25C.
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Fig. 41. Response surface for the effects of rice flour contents and
—amylase modified rice flour contents on volume of roll bread during

storage temperature at room temperature.
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Fig. 42. Response surface for the effects of rice flour contents and

—amylase modified rice flour contents on hardness of roll bread during

storage temperature at 25C.
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Fig. 43. Response surface for the effects of rice flour contents and B
—amylase modified rice flour contents on hardness of roll bread during

storage temperature at room temperature.
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Fig. 44. Response surface for the effects of rice flour contents and 83
—amylase modified rice flour contents on hardness of roll bread during

storage temperature at 5C.

2. BAIA ¥s)
99} o] Be] HIHS e tFoz sy 9 A ZZ 30%0 A 90%

o
Aokel YEF A3} A wmatwste] HuYL Folahr)E olel i, A

3l
2]
U} hardness= H|W# %33 Aag RAXEgE HAZAL S 2= 9l9o

- 185 -



b, Az gade) e Ao Aol Anw ¥ A 4 Wrhwd] Al &
2AE & HIMES 15%7F A Fast AHola, E4AF AH ¥ A9oE
80 unit® A% Al %53 Aow AZALS 4 9t

2 30% (B-amylase) 2 50% (B-amylase)

A 90% (B-amylase)

2 70% (B-amylase)

- 186 -



2 50% (B-amylase, 1 ppm=10 2 70% (B-amylase, 1 ppm=10

unit ) unit)

80ppn

2 90% (B-amylase, 1 ppm=10

unit)

3. el wsholAl HAxe AA

S

P Egge) MemuEAel 243

- 187 -



E4A(B-amylase) g ol wE RS WESEHEA W 4 3ti= Table
899 =7 o2 Minitab programs ARE3te] S g s} o] W BE &5
Hulgol] g wrge] HAugs v £ o2 Fig. 459 22 # 4
ZAor Z4zteo] e AUFE E 60%Y w B-amylasex ] &7} ek

= 16% o g A7bE FHEF 60%Y W & H7FEFS 80 unit® UERSE

o A7t g 9 B-amylaseA 2] A7 sk gk o 54 g FE

SeF 349294010tk 1ejal AVFE e 2 B AAl(B-amylase) o ol thEk ¢
ke o5 54 %S 333617010t EE wgHae 54 s 1esksl
S o A HEEE 10 AEE YEY

L B A A o] RS RHEA o] 2 A 3]

A7V o, Bramylasex| €] A7HF kol whE Ryl A A AVbe b
9 GAA(B-amylase) g F T} o] A Ao wE HIA A WS HEA
WMol HA3l= Table 899 7S 2 Minitab programs Abg3Fe] =4 g
SRt o] W RE mg¥ge g vhgHse] HAdigs vEhde 2o
T Fig. 46-48%} o] HH A7LF T 60%d W B
—amylasex 8] &7} &S 15%Y o =3 A7LFE T 60%Y W A
A7 2 80 unit® YEbEh A7FE S 9 Bramylasexl 2] A 7HE gl
sk o 5A e FIAA 112.067T), 10050(25T), 117500422 7)ol
ot a2ga AR g 2 g AA(B-amylase) 3ol thE By A A o=
54 72 1045(5C), 1045(25C), 13302 Aol At BE wgHEe] 5
A s st S W 348 MR 1.0 AR R e

L

r—{u:

puda

zHhow 74ztel 3

Lo

of
rlo

o
hu

t}. Hardness9] WH&-3 W EAH o 43}

A7FF SheF, B-amylasex 8] A7FE EEFol| wE F I A A AR gk
9 g4 A (B-amylase) e o] A% wWE hardness® HHSEW ¥
Hol HA 3= Table 899 A& Minitab programS A3l A
ahgith o] Wl EE SyRgd did weHa A4S vl 21
= Fig. 49-517 ze] & :
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A
—amylasex 2] 2A71F g2 15%Y
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A7vE 80 unit® YEET B7HE o 3 B-amylasex 8 A7FE gkl
ik o 54 #2 hardness 821.8020(25C), 597.7420(% &#7), 976.1840

GT)oldT. 28l A7FF 3% 2 g4 A(B-amylase)d@ol 3k hardness

Table 89. Optimum response variables on response surface methodology

Goal Lower Target Upper
Moisture content
(B-Amylase modified rice Maximum 1 30 100
flour)
M?és_tzrriyclzgsm Maximum 1 30 100
Volume
(B-Amylase modified rice = Maximum 1 100 150
flour)
Volume Maximum 1 100 150
(B-Amylase)
Hardness
(B-Amylase modified rice ~ Minimum 1 1,000 2,000
flour)
Hardness Minimum 1 1000 2,000

(B-Amylase)
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i L= a2 ADI=
& Hi 102.4264 22.0711
Cur [60.0] [15.0]
1.0000 | o 17.5736 7.9289
e Ehe
MAasirmum
v=234.02904 | AT | i ]
d=1.0000
——— BHOL=5ter = A
i Hi 102. 4264 108.2843
Cur [60.0] [80.01]
1.0000 | o 17.5736 51.7157
sghel e
e e [ R et
Il mim [Ty
v = 33.3617
o = 1.0000

Fig. 45. Optimum condition by response surface analysis for moisture

contents from roll bread.

Hirral w2 SAXEIRIE
QOD H 102. 4264 220711
i [60.0] [15.0]
1.0000 | 17.5736 7.9289
=1
[a=ran¥anl
yv=11z0 | | | ~1 7 |
o = 1.0000 S
COptirral = =S|
- H 102, 4264 108.2843
CLr [B0.0] [B0.0]
1.0000 |5 17.5736 51.7157
=)
Az
v = 104.50
o = 1.0000

Fig. 46. Optimum condition by response surface analysis for volume from

roll bread stored at 5C
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=l

=ATHE D =

el
QOD i 102, 4264 22.0711
Qur [B0.0] [15.0]
1.0000 | 4 17.5736 7.9289
=1
Esinmurm
SE=FO0, 50" e S
d=1.0000 \ \
Cptirmeal 2= =2
& H 1024264 103.2543
< [60.0] [E0.0]
1.0000 | o 17.5736 51.7157

Fig. 47. Optimum condition by response surface analysis for volume from

roll bread stored at 25T

- 2 L= SaT2 =
Qogrej H 102, 4264 e Reral
ur [60.0] [15.0]
1.0000 | o 17.5736 7.9289
20 e ] hezmo———
IR /“
v=117.50
o = 1.0000
Optirmal iy ==l
5 H 102, 4264 108.2843
ur [60.0] [e0.0]
1.0000° ) o 17.5736 51.7157
=2
IEsdirmurm
v =133.0
o =1.0000

Fig. 48. Optimum condition by response surface analysis for volume from

roll bread stored at room temperature.
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el =] SRS s
CDD H 102. 4264 220711
cur [60.01 [15.0]
1.0000 | 4 17.5736 7.9289
Fardness \
[0 [ T o o T e e et IS
v =821.8020 —
o = 1.0000
Cptirrel ST == =l
= 102, 4264 108.2843
Cur [60.0] [E0.01]
1.0000 | 17.5736 51.7157
Farcness
MARIPLI
4w = 988.2420
o =1.0000

Fig. 49. Optimum condition by response surface analysis for hardness from

roll bread stored at 25C.

tirral =B el (= vy =1
QDD H 2[2.071]1
[ 15.0
1.0000 | o 70280
hardrness /—\
[(alag ¥ag!
=B 7420
o =1.0000
Cptirmal A= =
O H 1024264 108.2843
cur [60.0] [50.0]
1.0000 | 17.5736 517157
Fardrness
MARIFLr
W = Z230.5380
ol =1.0000

Fig. 50. Optimum condition by response surface analysis for hardness from

roll bread stored at room temperature.
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10000 [

M=
102.4254
[B0.0]
17.5736

E=Enrol=al- ) =
220711
[15.0]
7.9289

hardness
IARIFALT

W =975.1840
o = 1.0000

Hrral
(& o

o e
1 .00 Lo

hardness
MANIUrT

yw = 988.2420
o = 1.0000

Fig. 51. Optimum condition by response surface analysis for hardness from

roll bread stored at 5C.
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Al 14 A 22e] shelf-life

LAz 9 Wy

A7VFE 75 meshd] AE THAR BES ARE AHESGen AHE2 g
AT (TN A A 155 249, A8 % 99.0%2] AudAdAD), A2
Exdgo] yeastts HUZEE RVRIBALAD), HEHE AMSHFd AFS, B
—amylasex 2] &7} A
% AA paster= (F)AA onocaprin< Sigma Co., Ltd.9] AES AE39 2

olsle] Az AREL AETAT

B

i

B
M

SAFA 8, B-amylasex= food base® Novozyme A
, 1-m

2 Ao Ags dFE s FATHAAA B Aspergillus niger

2) i A]

Athul ol AFg3 wiX]= PDA(difco) WIAZ4 39g/LE boilingdt
test tubecll TmLA &F, Witsto]l SAZ] F 4TNA BytshaA 2ol
A SAF7E AVl As AldEd wiAE AREsilen B
Aspergillus niger ATCC 3794 ¥A+Z 19 Fo] A tsle] 30TColA 3-4U3+
v fate] Aol AEEFaATh
3) AAF paste?] 3t

FATFF 1 colonyE AHF3dk PDBol| HEste]l 30ColA 24412 wj st
ol 0.1mLE PDA(difco) viAo] Z=%sla, "H® 0.65mm filter paper
disk(Whatman No. 2)°l Zt AAFE F5FAA petri dish FHoll Fof 3
0CoA 24417F w3t & disk =92 clear zoned 27 (mm)o ZA] WL
EIs

1=} 1=}
U9 B4 2 duey

UrtEe BrrEe Atz BIEE AR 250 g& 1087F seive shaker(Rotap
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RX-20.W.S. Tyler)& o] &3lo] FAsH oM, A5 Ik +42 AOACH
F3to] 438k

o} o] Al %

ZE o AINFE 50% FFLE H7Fsle] Straight dough methoddl] 2]3Fo] 40
g dough W& A zsN e, 7124 formula= Table 463 Zuh. AW Al ¥
£ National Co.(USA)Y mixer® ®¥=3dgom WS moulder & sheetring
roll(National Co., Chicago, USA)E A}&3lo] A3} 2™ roll oven(National Co.,
NY, USA)E ol&sto] 190Col A 1583t baking sh3lch. Az Wozhy 77

(g), F-9(co)E FA43te] o]ZHH vA A (cc/g)s A&

gk A5 Az
D f A&
A9 Aol AA paste 0.5%2 0.8%2 1-monocaprin 0.5 ppme £33}
Az Aot
2) fr A&+
WI7LE 50%, 27FF 50%0°] A A} paste 0.5%, 0.8%¢ 1-monocaprin 0.5 ppm
= Edete] Azl
3) frbeta rice Al &t
U7FF 50%, #50%, B-amylase# 2] #7MF 15% =38t AAl paste 0.5%
2 0.8%% 1-monocaprin 0.5 ppmS E3Fsle] A =33t}
4) fr amylase A] &
W7LE 50%, B7FE 50%, food base B-amylase 50 ppm E&3&til Az}
paste 0.5% % 0.8%<} 1-monocaprin 0.5 ppm< Z33to] Al 2315
af, A o] AT
Baking ¥ 1A17F WZAIA cruste e 98-S crumbt WS cuttingsle] £H

Fage RGeS AT AR

=7

J[N

=5

$ ZA8g o W Ax e

(MIinolta-3500d,  Tokyo, Japan)&  A}&3}o]  L(lightness), a(redness),

b(yellowness)E reflectance W2 435
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A

A\

whoAlwe 247 24 9 e

ANEES 50% FEoZ Hubstel Az Z47e] WS 20 mmE  slicedho]
texture analyzer(TA-XT2, express Stable Micro Systems Co., London, UK)&
AR& 3}l texture profile analysisol] ¢dle] ZA 7S =AU} o] w] AFEE &
FulF plungere A& 40 mm plungerd 2™, 05 mm/sec® £EZ 10 mm7HA]

AEste FAFAT. I WS AN 5C 2 BTAAM AF F A= WHIE

pul [e]

texture analyzer@Z =743}l om™, o] u] 4% hardnessE =3lx=9 X EZ ALE
&ttt
Ak A HE] A

Rollf o 22 E ¥A(g), #3(cc)E At o2 H H A4 (cc/g)S &8
=3
of, Fwghek

Roll& A xg F air-ovenH(AACCH4-15)E& AMEste] FEIFS S433
ot

2k Ay =4

Zh 202 Azd WS 25T WEEdA Astar] AdrsE SAs A
1% 3] 10vfe] € ¥ PBS(Phosphate buffered

=
saline, pH7.4) &) Yol #23}10,000 rpm, 10 min)dtaz, 108] 3P o2 34
3lo] nutrient agar brothol =23t o] & 37TColA 48247 agste] ATTE

=435

=
9_
=)
lo,
éé
mim
r:U
)
o
fetl
(o]

Ak pH 54
AR 5 g& Fstel SRS 10ME ¥

5 al
meter(HM-30V, Tokyo, Japan)Z 2733}t

7h. e AA

TAAE AdE 20M e AAFYA Al Scoring Testz Q=S st H7)

= L

o
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stazt sh= 54& Hal 53dA HAA 1HA Aol AEFE =2 HeE F
= 51 AW er stk AlRe weHA AA 108 dell dsHARE 2% '

El. A3} A
A3}= SAS version 108 o] &3l Hyd xFHAE AL, F4 AS
< Duncan’s multiple range test® 31, A&7 7o W& 23 h

correlations A7 d= H AT

2, 2 9] shelf-life

Fig. 52. Photograph of antibacteriotic effect of the flour and mustard paste.
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AukA o] WstE 5743 ZA3= Table 907 2t

il
AN

2
o
ol
lo,

o

D f A&

o] ZFo W& 25TCeA ®BystdA H7bAle 3k Tl wek A%
29 Wyl vebgn R A719] AdEErE 10° cfu/gelds de 7
orgt W, gl FAE 7 10° cfu/g ©l3, AR paste 0.8% H7MA 8=
A7 44 Ao, F-sjA]71e] Mol o] 2% 3L, 1-monocaprin 3
= A% 6ARE Wk vepton, A% 49 A= 10° cfu/g FEl
el vl F-j A 7] 7F =5l A A ekt
2) fr A&

=77k A% 64l 10° cfu/gelir, A#} paste 0.8% F7He Az A
2 494 10° cfu/gel i, 1-monocaprin F7HA B % A 6] A 7]
AdrE et ow izl vls) Far7E 3= 2347t ik
3) fr beta rice Al &"

== A 2ddd FHA7IE Yedls #5E 2 ou, AR paste
08% A7t AEE AF 694 10° cfu/gS Ve 2™, 1-monocaprin
b A% 8ol 10° cfw/ge vreblel dlzrel His) RulA 7] 7k 3-4

FolA= 27 AAT
4) fr amylase A &+

HzTte A% 499 10° cfu/gs e S 1-monocapring 7 7hat
AzE A 8ol 10° cfu/gs Yebo] thztol vls) FajA 715 3-4%
AAAN 7= ZEHE YERY A

=
N
-

Al

il

-
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Table 90. Changes of viable cell count of roll bread prepared with rice

and flour during storage at 25T (unit: CFU/mL)

Storage days

Samples
0 Ist ond 3rd 4th
£100 3.3x10° 30x10? 27x10°  14.1x10°
0.5 4.0x10° 161x10°
£0.8 4.6x10° 19x10? 1.1x10°
fMC 35x10°* 30x10° 1.7x10° 1.8x10°
fr 46x10° 18x10° 20x10°  3.96x10°
r0.5 88x10° 2.88x10°
r0.8 33x10° 61x10° 369x10°
frMC 41x10° 27x10° 36x10° 8.7x10°

frbeta rice 40x10° 23.3x10°

frbeta rice 0.5 10x10° 12.4x10°

frbeta rice 0.8  46x10> 2.2x10° 1.5x10° 2.5x10°

frbeta rice MC  88x10° 20x10° 17x10* 2.0x10° 2.7x10°
fr amylase 30x10° 88x10° 23.5x10°

fr amylase 05  61x10° 33x10° 16.1x10°

fr amylase.0.8  67x10° 36x10° 25x10°

fr amylaseM.C  14x10° 37x10° 6.9x10° 8.7x10° 6.9x10°

D100 = flour 100%

@10.8 = flour 100% + 1-monocaprin 0.8%

@f0.5 = flour 100% + 1-monocaprin 0.5%

@fMC= flour 100%+ 1-monocaprin 0.5%

®fr = flour 50% + rice 50%

®fr0.8 = flour 50% + rice 50% + 1-monocaprin 0.8%
@fr0.5 = flour 50% + rice 50% + 1-monocaprin 0.5%
@frMC= flour 50% + rice 50% + 1-monocaprin 0.5%

Ofr beta rice = flour 50% + rice 50% + B-amylase processed rice powder

@0fr beta rice 0.8 = flour 50% + rice 50% + B-amylase processed rice powder +
1-monocaprin 0.8%
fr beta rice 0.5 = flour 50% + rice 50% + B-amylase processed rice powder +
1-monocaprin 0.5%

@fr beta riceMC = flour 50% + rice 50% + B-amylase processed rice powder +
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1-monocaprin 0.5%

fr amylase = flour 50% + rice 50% + B-amylase

@fr amylase 0.8 = flour 50% + rice 50% + B-amylase + 1-monocaprin 0.8%
®fr amylase 0.5 = flour 50% + rice 50% + B-amylase + 1-monocaprin. 0.5%
(6fr amylasse MC = flour 50% + rice 50% + B-amylase + 1-monocaprin 0.5
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PAewdAs B A9 AAE 9 W5e AFEIE Table 917 2

84 Tk AFets T P AU #57k 10°09] w8l AR paste
0.5%, 0.8% #H7Fa3 1-monocaprin H 7t A7 A A4 SHHN
ou E3| -monocaprin 7t 8o % 10° AR o] ZAEE) v
& Ao w2 Ueuth
2) fr Als
WAemol el Ao T 290 A 10° oo}, A%
490 = o] b 10°02 dF F7bekdar, AR paste H7FFE 05%,
0.8% ¢+ 1-monocaprin H7F7& A4 8dol% w47 10°, 10'2 tz 70
vl 3] kAt e] F7HES e ok
3) fr beta rice A &

B-AmylaseEs E¢3F 2w AFL 2BCTAME AAAo] ofF vroki=d|,
WgzAdAE gzte A% 496 10°, 690l 10°02 dnkAlite] 54
o] whE HolRQa, AR paste 0.8%¢ 1-monocaprins &3 WELS 83U
o= #4571 10'0)9 e, AR} paste 05% E3Hat W 4G 4A5E T
SAEETE e Ao R yUewth
4) fr amylasee A] &+

fzte A% 49 A7t 10'e13 A% 6ol w57k 10°0)u, AR
paste 0.5% ¢ 0.8% FH7F9 1-monocaprin H7FE A% 8Uox A5
7k 10% 10'e191 2™, 53] 1-monocaprin& A9 ¢ F24] gt

N

WAz A A AR paste 0.5%, 0.8%<2] #H7F+<F 1-monocaprin
A7V dubAe S=2EEE g2 o Hei EA e Holdw A
A} paste 0.5% H7F = 08% 3 7F7+Y 1-monocaprin 7Rt 79 =
N&EEIl B Wolu WobEsl WrlEe} Bamylase EHAIBEE kA

F4%%7} wou,

4

2]
It
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Table 91. Changes of viable cell count of roll bread prepared with rice

(unit: CFU/mL)

and flour during storage at 5C

Storage days

Samples

0 1st 2nd 3rd 4th
£100 3.3x10° 20x10° 37x10° 23x10° 35x10°
0.5 4.0x10° 35x10° 48x10° 33x10" 92x10"
0.8 4.6x10° 33x10° 53x10° 72x10° 41x10*
fMC 35x10°> 20x10° 25x10° 88x10° 68x10°
fr 46x10° 28x10° 35x10° 396x10°  288x10’
fr0.5 88x10° 35x10° 68x10° 55x10° 66x10"
r0.8 33x10° 26x10° 75x10° 155x10°  525x10°
frMC 41x10° 28x10° 37x10° 57x10° 65x10°
frbeta rice 40x10° 53x10" 66x10° 254x10° 39x10"
frbeta rice 0.5  10x10* 34x10" 60x10° ]7x10° 95x10°
frbeta rice 0.8  46x10* 25x10° 255x10° 60x10" 372x10%
frbeta rice MC  88x10° 40x10° 57x10° 60x10" 77x10"
fr amylase 30x10° 58x10° 60x10" 89x10° 95x10°
fr amylase 0.5 61x10” 43x10° 61x10" 291x10"  152x10°
fr amylase.0.8  67x10” 46x10° 57x10° 72x10° 89x10"
fr amylaseM.C  14x10° 37x10° 59x10° ]7x10° 99x10°

Refer to the comment in Table 90
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Z}. pH

AA} paste2] F7Fe} 1-monocapring % 7Fgh o] pHS| W 3li= Table 92<}
2t

D f A&

25CollA A ANeE A% 299 =79 AA paste 0.8% 7+
© W7 gloleod, 445l dAASA YEutal, AR paste 05% FH7H
= A 245FYH W7l dEd oy 08% HbT e A% 49FEH ¥ETt
WEFEIL, 1-monocaprin A7 E A% 6Yd A WHEE el or,
ol5 ARE T pHE AA paste 0.8% #H7F= p<0.059] FoF=x=
e T
2) fr A&

ek Z4zke] H7MAE T3 A EES pHE W= A% 295H
UE o v ARt paste 0.8% H7F9F 1-monocaprin H 7= A7 20|
Asks uehiAl eska, A paste 08% AHUTE A 4del,
1-monocaprin #7F= A% 64l HAE YEFH AT
3) fr beta rice Al &

U7V, A7V B-amylasex 2] A7FF9] tiz2T9F AR 05% sk
ANEE AY F 2458 W7 detlla, A% 2de AAF paste 0.8%
7F9F 1-monocaprin ¥ 37} 91la, A 44 FE ®stE B, ARt
paste 0.8% ZH7F79 A% Fo| pHE p<0.059 #9435 vEld.

4) fr amylase Al &

Ag71zel Aol wel pHe oM Fasida, tixgtek A

paste 0.5% H7FF9 08% HA7FTE AAZA7|7F 249 pHe WH3tE ey

o onocaprin® 77} roll* 2]

¢l oy 1-monocaprine 64HE ZHAste] 1-
PN
B

FAvstel e nAE AL FAY

25C A & wel pHE Hadts 4FS Beloy, dxze 2974 E
pHe ®sh7l QAo A% 4dFEHE WeE Bl H7rAE] rolle] F34
Wstel IS FA FaL, ATl WAAF 50%Y% £93 Wi Avb

27} B-amylase TFAEE AP 296 A paste  0.8%<}
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I-monocaprin 7= W37b AL, A 445H FHaste A4S B
o o] IFoAE HIFAEC] rollde] FAMsle] JFgFS vAE Ao=
Holu, &AE A7 A B A= 1-monocaprin A 7S A 64 HE

Hase A0E vehg

Table 92. Changes of pH of roll bread with rice and flour during
storage at 25T

Storage days

Samples
0 Ist 2nd 3rd 4th

£100 55+05"  55+0.1"  54+02°  54+0.3

£0.5 5.6+0.1° 5.4+1.7°

0.8 5.5+0.3" 55+0.3"  54+02"  55+02° 54+0.1°
fMC 5.6+0.1% 58+05"  58+0.1°  5.3+0.1°

fr 5602  57+0.3"  57+07°  5.4+0.2°

fr0.5 6.1+0.8" 55+0.7°  55+0.3"

r0.8 5.7+0.2* 57+0.1*  55+03"  55+05
frMC 5.7+0.1° 57+05" 5702  56+05"

frbeta rice 55+0.1° 5.3+0.4°

frbeta rice 0.5  5.6£0.3 5.7+0.2°

frbeta rice0.8  5.7+0.1° 5703  56+02"  55+0.3™

frbeta rice MC ~ 6.1+0.1° 6.1+0.1"°  6.0£0.3"  54+02" 56x0.2°
fr amylase 5.7£0.2" 5.6£0.3" 5.4+0.1°

fr amylase 0.5  5.6+0.1° 5.7+04" 56405

fr amylase.0.8  5.0+0.2° 51+0.3"  52+0.1° 52404

fr amylaseM.C ~ 6.2+0.1° 6.2+0.2°  62+02°  55+05" 57+0.1°

Refer to the comment in Table 90

Superscript with the same letter in horizontal column 1is not significantly
different(p<0.05)
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ko W2 E A%Fe] pH ¥t
WEAE 5ol rolle] H7bAlel €] g pHe| W3t Table 933 #tt.
D f A&

W7FE 100% =2 AT roll-S WEARSHA AR pasted] H7Ret
I-monocaprin®] H7}7} rolle] FAd wx= JdFS &ls Ay}, o] 1
wol e AEE2 A% 64FE pHE WstE Ho H7AlEo] F4d
vz JdEs g = gldlent A7t weEk A paste 0.5%,
0.8% H7t = 5% olle FoAdE& vERth
2) fr Al="

o] aFol &st= ARES A7 T pHY WEteA = A%
4dell, Az paste 05% H7reE A 2dFH, 08%  FH7bet
I-monocaprin A 7}77F A7]17F 6L45EH s, AF73e] F7tel
w2t 0.8% H7b= 5% olule] fFoAd S YER AT
3) fr beta rice A &

== A 4958 ZAaedar, AA paste 05% H7be A7
445 ¥, 08% H7FF+= 8Yo| #AS H i, 1-monocaprin A7+ 6Y
of pHY Z4AZ mgon, AR paste 08% 7} 1-monocaprin 7}
o] A7kl WE pHE p<0.059] #2425 el
4) fr amylase A &+

Ag717rel S7tel wel pHe 2HAste AdS Jehdlon, diz-¢
7AA} paste 05% 7t A 24FH WHSE B2t AR paste 0.8%

%

A 7FF9F 1-monocaprin 75 AF 64 FH FAE YJERN ST

Wi 25Col Aol Aol A H7HAIES] rolle] FAWste] F= FIF
< WA= A%l pHY ®WItE vElE 7|3te]l & ] #olew, 4t
F100%9] AlsdEAdME AR pastee] 7t 1-monocaprin®  FH7H7}
A7 T FA FFE WA G AR Hola 11 9o AgE
e GEgs nx= Aoz "ot} A}l pastes 0.8%7F 05% KUl J3gFS
" X3, 1-monocapring WA A G Ag S5 A% 25T A8E3 o] pH
7 g8 AlgEel vlE =skew, EUEE 100% AlEwd A7EREel drbE
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50%%} B-amylasex @] 27} whol| A= AAF paste 0.8%7F 8UF-E pHE
HAas vo] 71 Wyt ol YERS S, 1-monocaprine A 6U -

B #aE YeErldth

Table 93. Changes of pH of roll bread with rice and flour during storage
at 5C

Storage days

Samples

0 Ist 2nd 3rd 4th
£100 55+0.5" 55+0.1"  55+0.2"  54+0.3" 52+0.1"
0.5 5.6+0.1° 56£1.7° 5608  55+05° 550.2"
£0.8 55+0.3" 55+0.3°  55:02°  54£02° 5420.1"
fMC 5.6+0.1* 56+05" 56401  55+0.1° 56+0.8°

fr 56+0.2° 5603  55+0.7°  54+02°  57+0.3"
r0.5 6.1+0.8" 58+0.7°  58+02°  57+0.3" 5604
fr0.8 5.7+0.2° 57+0.1°  57+03"  56+05” 56202
frMC 5.7+0.1* 57+0.6°  57+01" 5601  57+0.2°

frbeta rice 55+01"  55:04*  54+0.1"  54+02° 5.4%0.3"
frbeta rice 05  5.6%0.3" 56+0.2°  55+0.1°  56+04" 5402
frbeta rice 0.8  5.7+0.1° 5703  57+02°  57+02" 56%0.2"
frbeta rice MC ~ 6.10.1° 6.1+0.1°  61+0.3" 53+02° 56202

fr amylase 57402  56x03"  56+0.1" 5403 52+0.3°
fr amylase 05  5.6+0.1% 55+04"  55+05"  54+02°  54+0.3"°
fr amylase.0.8  5.0+0.2° 50+0.3"  5.0+0.1" 51+04" 510.3"
fr amylaseM.C ~ 6.2+0.1° 6.2+0.2°  62+02° 55+05” 56+0.1°

Refer to the comment in Table 90
Superscript with the same letter in horizontal column 1is not significantly
different(p<0.05)
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Table 94. Changes of water contents of roll bread with rice and flour

during storage at 25C

Storage days

Samples
0 1st 2nd 3rd 4th
£100 35.6+1.6°  35+21*  324+38"  325+1.7°
0.5 355+1.1°  334+1.1°
£0.8 354+14%  335+12% 324+1.3" 32.7+0.8  32.7+0.8"
fM.C. 30.9+0.1°  29.7+2.2%  20.1+4.0" 285+12°
fr 334437 30.6+1.4"  287+0.4™ 28.4+37°
fr0.5 365+0.7  30.8+0.8%  29.8+0.4%
r0.8 365+0.7°  329+0.8"” 31.9+0.8" 32.3+1.0°
frM.C. 31.6+3.4"  31.0+0.6° 30.8+3.0" 31.4+0.4°

frbeta rice 30.9+2.8*  30.0£2.1%

frbeta rice 05  34.0+2.6°  34.1+0.3

frbeta rice 0.8 384+0.2°  36.1+1.3" 31.3+35" 34.7+0.7™

frbeta rice MC  34.0+2.6”  34.1+0.3" 33.0+1.0° 339+1.4* 328+05°
fr amylase 309126  305+0.3" 30.3+1.0°

fr amylase 05 395x0.3"  36.0+1.0"° 36.0+1.4"

fr amylase.0.8  365+07°  30.9+0.8" 31.9+0.8" 32.3+1.0" 30505

fr amylaseM.C  39.5+0.2"  36.0+1.0° 36.0+1.4" 33.6+1.3" 35.2+0.3"

Refer to the comment in Table 90
Superscript with the same letter in horizontal column of each samples are not
significantly different(p<0.05)
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Table 95. Changes of water contents of roll bread with rice and flour
during storage 5C

Storage days (%)

Samples
0 Ist 2nd 3rd 4th

£100 35.6+1.6°  35+21*  324+38"  325+1.7" 31.3+35°
0.5 355+1.1°  332+1.1%  322+1.8" 299+0.6" 30.5+0.8"
£0.8 354+14%  335+12" 324+1.3% 327+0.8  32.7+0.8"
fM.C. 30.9+0.1*  30.1£1.0° 30.1+2.0° 302+1.4° 31.3+1.8"
fr 334+37°  30.6+1.4% 287+04™ 234+37° 24.7+0.7™
fr0.5 365+0.7"  30.8+0.8" 20.8+0.3" 289+15" 275+1.3"
r0.8 365+0.7  30.9+0.8” 31.9+0.8" 32.3+1.0"° 29.2+2.3"
frM.C. 31.6+34%  315+0.9° 31.6+1.0° 31.9+1.2° 31.3+0.2°

frbeta rice  30.9+2.8"  30+2.1*  31.8+1.7* 29.9+1.0° 29.9+15
frbeta rice 05 34.0£26"  34.1+0.3" 33.0+1.0° 329+05" 32.3+0.2"
frbeta rice 0.8  38.4+0.2"  36.1+1.3° 359+0.3" 335%1.3" 31.2+0.3"
frbeta rice MC ~ 34.0+2.6°  34.1+0.3" 34.3t05" 34.2+0.6" 34.3+1.4°

fr amylase  30.9+2.6"  30.1+0.3" 30.3+1.0° 29.3+05" 26.3+0.2°
fr amylase 0.5 395+0.3"  36.0+1.0° 36.0+1.4" 33.6%0.3° 33.4+0.3°
fr amylase.0.8 365+0.7°  30.9+0.8" 31.9+0.8” 323+1.0"° 29.3+1.3"
fr amylaseM.C  39.5+0.2"  39.4+1.0° 37.0+1.4" 369+13" 35.8+0.3"

Refer to the comment in Table 90

Superscript with the same letter in horizontal column of each samples are not
significantly different(p<0.05)
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F-Eolal, AA paste 0.8%9} 1-monocaprin @ 7MAN &+ A% 64 FE H7
H3E BT

4) fr amylase Al &

A7 297 ¢ hardness®] W3te] £2 AR paste 05% H7FAIE7F 7}
=Stk AlZEe] Ao whE Wt A 445 H gz e g4e Wl
= 23, AR paste 05% H7MAIEE A 64 HE, AAF paste 0.8% A
M mE A% 8YFE WstE Bl

o Kl

o

Bl 44713k W& 43 hardness®] correlation

AAF paste?] &Y, 1-monocaprin F 7o W& A F E3} hardness
9] correlationg H.7] Y&l A=} paste®t 1-monocapring FH7bste] A =3k
roll5 25C¢F 5TCelA 8U3t AgstHA F4E hardness®t Fw9 dad
A& Table 1003} Zu}

25CoAAMe] AR RE T f A3 Tollde= dizT e B8 AA paste 0.5%
AN EF7F AlZke] 335 hardness®] F7tol &S Fv a7t Ao
AAaH7F AR ern fr amylase A BTN E AR paste 0.8% H7H7E A A
2yt dE Aoz yelyan, WAAZNME fr A5l E AR paste
0.8% H717F, fr beta rice Al&ETolA= AR paste 05% F7F47F fr
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amylase A BT A= AR} paste 0.8% H7MAE7F AFEH7F dE Zo=z
e

Table 98. Texture profile analysis parameters of roll bread made from rice

powder-wheat composite flour stored during 8 days at 25°C hardness (g)

Storage days

Samples
0 Ist 2nd 3rd 4th
100 872.0+307.3° 1421.53+298.6™ 1479.3+385.4™  1523+211.0"
0.5 1895.5+373.4"  1933.2+492.6°
0.8 575.4£189.9°  1180.1£223.7™ 1180.1£223.7%" 1905.6+214.4° 2338.4+123.2°
fM.C. 1476.3£343 5" 2169.3+1862.8" 2579.9+1131.7* 2726.1£409.7°
fr 44282770 4279+301%  439.3£115° 457220
fr0.5 348.6455.1°  479.0£12.3°  500+101.0°
r0.8 3486455.1°  479+123"  479.3+127°  481.5:16.7°
frM.C. 81054232.6°  861.8+377.8"  931.9+545.1"  1429.7+606.4"
frbeta rice 2354+12.9"  615.3+12.9"
frbeta rice 0.5 678+241.5"  11385+355.7" 1207.9+306.3"
frbeta rice 0.8 5254+353"  736.1+1.3°  814.24129"  91312.2°
frbeta rice MC 1267.4+641.4° 13235+355.7° 2232+886.7"  2123.14289°  2073.7+268.8"
fr amylase  2679.7+222.6" 2833.7+210.3" 3166.9+511.0°
fr amylase 0.5 697.2¢747"  3102.8+1059" 3492.5+431.7°
fr amylase.0.8 11365£207.5" 1530.9+480.8" 1931.9+250.8" 2232.3+211.0"  3355:£101.0°
fr amylaseM.C 697.2£374.7" 1102.8+1058.8" 2492.5+431.7° 3011.8+320.9" 3520.2+373.4"

Refer to the comment in Table 90
Superscript with the same letter in horizontal column of each samples are not

significantly different(p<0.05)
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Table 99. Texture profile analysis parameters of roll bread made from rice

powder-wheat composite flour stored during 8 days at 5C hardness (g)

Storage days (%)

Samples
0 st 2nd 3rd 4th

100 872.0+307.3"  1061.1+27.5" 1868.7+78.8" 26825+849"  3875.4+80.1°
0.5 189554373.4*  2660.14112.1* 26939+193.6° 2777.8+1409° 2833.8+159.2°
0.8 575.4+189.9°  905.6+214.4° 118012237  1338+129" 133841232
M.C. 1476343435 2241.3+927*  25145+104.9° 2570.6+1199.1* 2226.6+590.3"
fr 442.8+277°  T605:346.6™  831.2+31.47°  904.8+37.2"  871.4+1545™
fr0.5 34865510 479+12.3°  537.6420.9°  T045+67.9°  5ART+266°
r0.8 34865510 526.2+37.2°  649.1420.9°  T045+67.9° 5574266
frM.C. 8105+232.6° 1432.7+11235"  1475+362°  2170.4+214.6"° 2204.3+359.2°
frbeta rice 23544129 3839754  514.4%69.3  594.8+62.7  1531.1+70.8"
frbeta rice 0.5 678+2415"  14556+60.3° 24105+16425° 33135+674°  3395:275.6°
frbeta rice 0.8 5254+353"  1479+12.3°  15883+16.6° 2581.5:16.6° 2893.1+226.6°
frbeta rice MC 1267.44641.4° 1441.7+60.3° 1892.1+6425" 2320.2+32.9°  2965.7+674°
fr amylase — 2679.7+222.6"° 2927.2+210° 3434.4+2688" 4232.0+886.7"  5678+764.5"
fr amylase 0.5 697.2+74.7°  2448+5143* 2751.8+11153" 3821+9269°  4660.9+426.4°
fr amylase.0.8 11365+207.5" 15309+0.8°  1931.9+0.8"  2132.3+1.0°  2660.8+558.7°
fr amylaseM.C 697.2+3747° 1687.8+320.9"° 2120.9+3734" 2918.1+431.7° 3681.2+1059"

Refer to the comment in Table 90

Superscript with the same letter

significantly different(p<0.05)

in horizontal column
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Table 100. Correlation moisture content and hardness of roll bread made

from rice powder-wheat composite flour stored during 8 days at 25C and

5T

Storage condition

Samples
25C 5T

100 -0.5789 -0.1692

0.5 -0.18310 -0.6571

0.8 -0.857749 -0.5460
fML.C. -0.9432 -0.7504

fr -0.7665 -0.2498

fr0.5 -1 -0.49953
fr0.8 -0.9664 -0.227406
frML.C. -0.8840 -0.2726
frbeta rice -0.1107 -0.287912
frbeta rice 0.5 -0.437732 -0.1817
frbeta rice 0.8 -0.2347 -0.36578
frbeta rice MC -0.378411 -0.5596
fr amylase -0.2701 -0.398376
fr amylase 0.5 -0.7999 -0.7390
fr amylase 0.8 -0.2784 -0.32456
fr amylase MC -0.8099 -0.8484

Refer to the comment in Table 90

D fAET

o] AREQ crustd LZe A7to] Axpatsz o
of 7k =& AEE l-monocaprin I7HA &

paste 0.8% H7IN &Y

. A Zkol At
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ARl FABEE  gass A%E dswon
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BFE HATH
3) fr beta rice Al &
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s ek o™, AR paste 08% HI7MAEE FF fActe IS B,
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&S HATH
4) fr amylase Al &+

o
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oFZE ko, Ao wE W= & zbolt §l%la, a #E

w2 Aol7h AL, bRE ALl et o Zrkshe 43S nYlo
th, ©d7]el A% 1-monocaprin H7HAIE7F 744 gkel Zth crumbi= bgkol 7F
2 AR YE

2) fr A5

A7 713kl

\l

o] AlREE9 cruste] %7] LE%E l-monocaprin A7MA 55 A Qstzs FAF
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2ol & UEb A %3 attd bate A7l mE Wiyt 719 gllen,
b# % 1-monocaprin ¥ 7FE7F 714 ZFth Crumbe AZ7|3t mE L, a,
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3) frbeta rice Al &

o] ABE9 cruste %7] Lgke A9 FA1E F=5o0la, Algto] A3 4=
ot S7Feh: B S WERATh agle of Sbekdan, Akl A= b

gk HAslel 2 o7t gl e paste 0.5% HI7MAIE7F 2719 bgke] 7H
ZAth. Crumbe] AZ717kel w2 L, a, bate Wl 2 Aol7t gllh
4) fr amylase Al &<

o] Al&ae] crust®] 27| Lat= A frAtstH, AdAgto] A5 o3t &
7bebi o, a, bt 7= Ao FAREe Y AFAIZEe] HolAgE FUte

= A Btk Crumbe AA7|7kel wE L, a bzte] Wal= 2 xo]7}
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WrhRe & 5ol Ans A4 20 99 WA EdeA Az A

x T4 HeHA AI= Table 1059 2t

Az L volumes fFAFSHAl H 718t o taste, flavor, texture$t &3
Al 7|ax &M= A=A paste H7IAFE 9 1-monocaprin H7HA B E 9|

2)
Tl vs) w7 Frrsol QA H7b rolle] Rs A ol dF

o] AlgE9 7|EZZAA flavor &5o] $HA HI7LE o dizTd H S|
volume, taste, texture®} £32¢l 7]E %7} AR} paste 0.8% 2 1-monocaprin
7R Bl A=A H7bE o AdS 9 HIFEAY &3to] rollwde] FH e
2|

A4S 74 9 Aow Azbad

o] AZwEY 7lEolA AR paste 05% H7H+e TFA 71a%7} 7}
F A HrlEd oy AR paste 0.8%¢ 1-monocaprin F7FE volume,
taste, flavor, texture 12]3l FTFAQl 7|E XAl djzFo Hl&| <t =
B7HE wol H7bEAo] rolle] B dFS FA Fe Aow AzHEr
4) fr amylase Al &+

o] 1H9 AREECAE l-monocaprin A7MAEE dETFo 1|3 volume,

taste, flavor, texture 18|31 F3AQl 7| ZoA =2 HIIE WUt
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Table 105. Sensory evaluation of roll bread crumb made from rice

powder—-wheat composite flour

Organoleptic factor

Samples
Volume Taste Flavor Texture Overall
preferance
100 4.84+0.41* 2.67+0.52" 3.33+0.82" 3+0.63" 2.67+1.21°
0.5 4674082  3.33+052° 440.89™ 45+0.84° 45+0.84°
0.8 4554055" 3454032 4.3+0.55" 46+0.21° 4.6+0.85"
fMC 4.8+0.89" 4+0.54° 4.30.81" 4.7+0.87* 4.6+0.82"
fr 367+052°  3.83+0.98"  367:0.82"  4.67+082°  417+117
fr0.5 35640.41°  3.66+052"  3.64%0.89 3.8+0.66" 340.45"
r0.8 417+041°  467:052°  3.33:052°  4.33+052° 440,63
frMC 4.550.87° 452+056°  351+056°  4.22+0.63" 45+0.87°
fr beta rice 3.83+0.41°  3.67+0.52° 3.540.84° 317+041°  3.83+0.41°
frbeta rice 0.5  355+052° 378£098" 3564089  364+087° 287115
fr beta rice 0.8 4.33x0.41° 3.8+0.32" 395£0.82°  3.88+0.22°  3.78x0.17°
frbeta rice MC  4.6+0.52° 4124052"  4.33+0.32° 4.3+0.22° 4.3+0.43°
fr amylase 3.83+0.98"  3.33:1.03  3.67:052° 4+0.89" 3.67+0.82°
fr amylase 0.5 4=0°" 417+0.41™  383:098°  467:052"  45:0.55™
fr amylase 0.8  3.88+0.35" 4+0.64° 3.52+0.76" 3.55+0.66 35+0.67"
fr amylase MC  458+1.2° 4.0+0.45" 4.2+0.88° 4.76+0.95" 4.6+0.77°

Refer to the comment in Table 90

Superscript with the same letter

significantly different(p<0.05)
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