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I.

SUMMARY

Research title : Development of high wvalue rice products with improved rheology,

processibility, and good taste

II. Need and purpose of project

0O

o}

Rice has been a main crop in Korea and has contributed the agricutural economy of
society.
Rice has minimum market access (MMA) from the result of UR and the amount of

MMA should be increased to 408,700 ton in 2014.

Domestic rice consumption has reduced due to the westernized eating habit trend.

Rice is healthful food having good blood sugar level control, cholesterol lowering, good
digestion, and antioxidant activity.

Various rice products including bread and noodle should be developed to protect the
health of Korean and to improve rural economy

The purpose of project is to develop rice noodles and breads with improved

processibility and taste.

M. Research content

1. Optimization of processibility and taste of rice noodle using biopolymers

o Optimization of processibility of rice noodle using biopolymers

o Optimization of taste of rice noodle using biopolymers

1. Optimization of processibility and taste of rice bread using biopolymers

o Optimization of processibility of rice bread using biopolymers

o Optimization of taste of rice bread using biopolymers

IV. Representative results

0O

The processibility and noodle making properties of rice was significantly improved by
adding biopolymers (HPMC and HEMC) resulting in successful preparation rice noodle
with over 97% rice content.

The bending strength of dried rice noodle with HPMC and HEMC was lower than
that of wheat noodle. However, it was increased with increasing viscosity level of
HPMC and HEMC.

Turbidity of cooked solution of rice noodle was decreaed by adding HPMC and
HEMC. Some biopolymers including PMC60U, EMB60U, PMB30U, and PMH9860N
resulted in lower turbidity than wheat noodle.

The taste of noodle was improved by using various HPMCs and HEMCs and various



tastes (smoothness and chewness) of rice noodle were obtained by different various
subsitution degrees and viscosity levels of biopolymers

o Successful preparation of rice bread with good color, smell, taste, and texture was
possible using high viscosity HEMC showing a better result than conventional wheat
bread.

o Good rice bread could be also obtained by using HPMC.

0o As a test result of rice bread performance of 7 different type rices, Sulgaeang,

Goammi, Hiami, Hanareum were proper for the preparation of good rice bread.

V. Research products and its application plans
1. Research products

- 3 papers are published or in press in journals. Another 3 manuscripts are under
review for publication (Total, 6 articles are expected to be published in journals)

- 2 domestic patents were applied.

- 4 oral and poster presentation in domestic and international conferences (2 domestic
and 2 international)

- 5 researchers have been trained and graduated by the project (4 masters and 1 Ph.
D.)

2. Application plans of research products
- The rice noodle preparation methods with patent is planned to bhe transferred to
Noodle manufacturing company
— The rice bread preparation methods with patent is planned to produced by "Coffee

Myunga”.
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S %A 0]
A3 2ol HPMC7F #8381 A2 7 dus ARde] BasdA (7F 5, 1997a),
HPMCE &&3k & W Azxof gt AF-E0] o]FoA $ka.(Blanco et al, 2011; Sabanis
et al, 2009)

Fate] A E ) ooFE HuMAR dE AMEHa odE AAo|th Es| A WS
o)

A ool A ol EFHO did A E SHiEe AT ol A W AE e 4
& egon, ‘golaE, ‘Hon] g A 5 A W AEAGHEE AAYT] A ZS)
A 2HY Zdeks 2] AdAda 247 EAEES] Bola AH|AES] WSS ¥
A ek, A WoAYER A W A FTFE AW YUt ofd By i KX
W oz oz Adetal g AAA(Yoo KAS Kang MY 2005, Kang MY % 2000, Kang

MY ¥ Nam YJ 1999).

AW (quick-bread) ! WA A EF2] AR AFAAGLS UUFFe] =7 G
F3}Ad ol 71918t AT E H A% (Arozarena I 5 2001, Turabi E 5 2008)0]&t &
A=, B A Gl %"Er‘;ﬂol ST Eo] A Forn=E Wmiite] Hoakgo sk
dAaEE R £Admo] mul Az AAs nvlo] 9=

.

AnkA 02 gluten-free dough=Z# AWd-& AESIE 45 AFe d&=244 54
E& #7138k hydrocolloid(lo] 2. &8 M) 59 & | 1e(Dickinson E 2003,
Dobraszczyk BJ & 2003, Schober T] & 2008, Sivaramakrishnan HP 5 2004).

A EAR o] At A 2Ee] Ax 9 vtEaACA 2EFY 7ed A 2 b A
oo BHoE wole e Eo] teFsHA AREE AL oW (WHO 1991, 53] AER 2~
FEAELS hAdo] Fu o vk FHolA A AAASE 7 Fo] &A= A
A <) (DeVries JW 2003, Jones JM 2000).

2 A2 o' AE R Q A~ (Hydroxypropyl Ethylcellulose, HEMC)“ AZg2Z oA~ Ad
2] Aol f =24, HPMC(Hydroxypropyl Methylcellulose) @t A sHA], B =, FxF3F, = 3k
7| 7] &F sl=E A T2 F Y]] AR &)l wet tpekdt 54E YERH(Gomez M T

2007, Collar C & 1999, Guarda A ‘& 2004, Rosell CM <& 2001), 53] X|$t5ol we} 2
ol vFeA 82 5 e F8&F 54e /AL s Aoz AR (Burdoe GA 2007)

= AE HUhEd.

ol#]3 HEMCY A A 59 Mald+(B
1557 2 3124 5o o4 AFE

o3l & B B AAEF JA Fes AT A

Sl
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% ~—
A3 AFARFY UE 2 A
1A A 1Ak =
L Al 1A F-34A : vpo] 2 )W & o] & Ao 7lgAd R A HA 3
7k mrol e &l 49 FHEd It
1) )\lﬁl l:ﬂ—l:ﬂ
o ZAAEL FEEAZRE WEadsz e~ (HPMC)Sl PMC60U, PMC30U, PMB30U,
PMHO9860N, PMC40H 57}#] A3, %1 ERNE uﬂ%*ﬂ;%féo 2 (HEMC)?l EMB30U,
EMB6U 2714 A%, (2422929 MCAOHZE & 8714 AF& AHE3H3 S

o AE2Q2 JdHEE B2 SHTol s B4AA 2% (w/w) =2 A2
e E FEHE AT S
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A A AL QT MCO A t] WS SReA] FRE I AlEEE ol f= MCol 9
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i 2-1. Effect of different molecular weight with HPMC on overrun
Sample Overrun(%)
0.1 0.5 1
egg white 806.21

EMB 70U (E8) 571.60 782.13 850.97
EMB 25U (E7) 861.18 771.40 609.32
PMB 30U (P1) 864.07 728.41 687.99
PMC 30U (P2) 839.03 708.14 603.13
PMC 40H (P3) 587.52 582.57 284.76
PMC 60U (P4) 765.43 746.91 639.34
PMH 9860N (P5) 603.84 714.31 498.58
MC 40H (M6) 482.23 449.53 244.38
K15H (K9) 543.04 541.37 393.83
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g, 2-1. Effect of different molecular weight with HPMC on overrun

o olel, Pl A A noleEenSe) 44 AEEEE A4 A4 ]
o EYH o] FEE 0.1 %, 05 %. 1 %= 33, o3 Walzle] E3u|E 119, 28,
3 Zen W 44 v o

7, 46, 55, 6:4, 7:3, 7:2, 91 T o2 WATF AAAE nvlo] o
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Az PAdo SEldt ARE AYS (F 2-3, 2-4, 2-5).

¥ 2-2. Changes in overrun of EMB 70U (E8) with egg white

Overrun(%)
Treatment 0.1 0.5 1
egg white 100% 806.21

E8 10% + egg white 90% 776.88 803.80 810.22
E8 20% + egg white 80% 749.88 801.39 814.32
E8 30% + egg white 70% 722.85 798.98 818.52
E8 40% + egg white 60% 697.92 796.57 822.82
E8 50% + egg white 50% 674.23 794.16 827.23
E8 60% + egg white 40% 651.70 791.75 831.74
E8 70% + egg white 30% 630.25 789.35 836.37
E8 80% + egg white 20% 609.79 786.94 841.12
E8 90% + egg white 10% 590.26 784.54 845.98

E8 100% 571.60 782.13 850.97
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¥ 2-3. Changes in overrun of EMB 25U (E7) with egg white

Overrun(%)
Treatment
0.1 0.5 1
egg white 100% 806.21

E7 10% + egg white 90% 811.61 802.51 782.38
E7 20% + egg white 80% 817.03 798.86 759.64
E7 30% + egg white 70% 822.47 795.26 737.91
E7 40% + egg white 60% 827.94 791.71 717.14
E7 50% + egg white 50% 833.42 788.21 697.25
E7 60% + egg white 40% 836.93 784,76 678.19
E7 70% + egg white 30% 844.46 781.35 659.92
E7 80% + egg white 20% 850.01 777.99 642.37
E7 90% + egg white 10% 855.59 774.68 625.52

E7 100% 861.18 771.40 609.32

¥ 2-4. Changes in overrun of PMB 30U (P1) with egg white
Overrun(%)
Treatment
0.1 0.5 1
egg white 100% 806.21

Pl 10% + egg white 90% 811.88 797.60 792.61
P1 20% + egg white 80% 817.58 789.19 779.46
P1 30% + egg white 70% 823.31 780.98 766.73
P1 40% + egg white 60% 829.06 772.96 754.41
P1 50% + egg white 50% 834.83 765.11 742.47
P1 60% + egg white 40% 840.63 757.44 730.90
P1 70% + egg white 30% 846.45 749.95 719.69
P1 80% + egg white 20% 852.30 742.61 708.81
P1 90% + egg white 10% 858.17 735.43 698.25

P1 100% 864.07 728.41 687.99
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¥ 2-5. Changes in overrun of PMC 30U (P2) with egg white

Overrun(%)
Treatment
0.1 0.5 1

egg 100% 806.21
P2 10% + egg white 90% 809.48 795.12 780.99
P2 20% + egg white 80% 812.76 784.36 757.09
P2 30% + egg white 70% 816.03 773.89 734.41
P2 40% + egg white 60% 819.31 763.72 712.86
P2 50% + egg white 50% 822.60 753.82 692.36
P2 60% + egg white 40% 825.88 744.19 672.82
P2 70% + egg white 30% 829.16 734.82 654.19
P2 80% + egg white 20% 832.45 726.69 634.40
P2 90% + egg white 10% 835.74 716.80 619.39

P2 100% 839.03 708.14 603.13

o gy, PMC 40H, PMC 60U, PMH 9860N, MC 40H % KI15H & Foll &= v
EPAREC o BT Aol 28y gobAal des ¢ o (& 2-6, 2-
BT @l &ee =
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=

& =
ST

=1 o
s A=,

T

[e]

¥ 2-6. Changes in overrun of PMC 40H (P3) with egg white

Overrun(%)
Treatment
0.1 0.5 1
egg white 100% 806.21

P3 10% + egg 90% 777.26 776.71 696.34
P3 20% + egg 80% 750.25 749.23 610.54
P3 30% + egg white 70% 725.20 723.57 541.68
P3 40% + egg white 60% 701.70 699.56 485.20
P3 50% + egg white 50% 679.68 677.03 438.02
P3 60% + egg white 40% 659.00 655.87 398.03
P3 70% + egg white 30% 639.55 635.94 363.70
P3 80% + egg white 20% 621.21 617.14 33391
P3 90% + egg white 10% 603.90 599.38 307.81
P3 100% 587.52 582.57 284.76
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¥ 2-7. Changes in overrun of PMC 60U (P4) with egg white

Treatment Overrun(*)
0.1 0.5 1
egg white 100% 806.21

P4 10% + egg white 90% 795.64 794.89 781.00
P4 20% + egg white 80% 790.53 788.78 761.91
P4 30% + egg white 70% 785.89 782.88 743.85
P4 40% + egg white 60% 781.69 777.19 726.71
P4 50% + egg white 50% 777.93 771.69 710.42
P4 60% + egg white 40% 774.60 766.38 694.90
P4 70% + egg white 30% 771.69 761.26 680.09
P4 80% + egg white 20% 769.20 756.31 665.92
P4 90% + egg white 10% 767.11 751.53 652.35

P4 100% 765.43 746.91 639.34

¥ 2-8. Changes in overrun of PMH 9860N (P5) with egg white
Overrun(%)
Treatment o1 05 :
egg white 100% 806.21

P5 10% + egg white 90% 782.15 796.80 765.14
P5 20% + egg white 80% 759.08 787.45 726.83
P5 30% + egg white 70% 736.94 778.14 691.03
P5 40% + egg white 60% 715.67 768.89 657.48
P5 50% + egg white 50% 696.05 759.67 625.98
P5 60% + egg white 40% 675.57 750.51 596.36
P5 70% + egg white 30% 656.63 741.39 568.44
P5 80% + egg white 20% 638.39 732.32 542.09
P5 90% + egg white 10% 620.81 723.29 517.17

P5 100% 603.84 714.31 498.58
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¥ 2-9. Changes in overrun of MC 40H (M6) with egg white

Overrun(%)
Treatment o1 05 |
egg white 100% 806.21

M6 10% + egg white 90% 760.22 753.63 685.28
M6 20% + egg white 80% 718.33 706.32 591.80
M6 30% + egg white 70% 680.01 663.52 517.39
M6 40% + egg white 60% 644.82 624.61 456.74
M6 50% + egg white 50% 612.40 589.08 406.36
M6 60% + egg white 40% 582.43 556.52 363.85
M6 70% + egg white 30% 554.64 526.56 327.50
M6 80% + egg white 20% 528.81 498.91 296.05
M6 90% + egg white 10% 504.73 473.31 268.58

M6 100% 482.23 449.53 24438

¥ 2-10. Changes in overrun of KI15H (K9) with egg white

Overrun(%)
Treatment 0.1 0.5 1
egg white 100% 806.21

K9 10% + egg white 90% 764.16 762.34 728.89
K9 20% + egg white 80% 733.93 730.87 670.96
K9 30% + egg white 70% 705.39 701.56 620.59
K9 40% + egg white 60% 678.41 674.18 576.38
K9 50% + egg white 50% 652.86 648.55 537.24
K9 60% + egg white 40% 628.63 624.50 502.36
K9 70% + egg white 30% 605.62 601.87 471.05
K9 80% + egg white 20% 583.73 580.55 442.80
K9 90% + egg white 10% 562.90 560.42 417.18

K9 100% 543.04 541.37 393.83

o oo A¥ & WA Ax A v BT S 93 AAEHA blol e

= EMB 70U, EMB 25U, PMB 30U, PMC 30U 5% & < %lod, o529 &4 A}& &
25 stz EMB 70U Aol 1 % X} agkgl 15 %, 2 %, 3 %= 7+~
Eatgou, ¥Rt BoldS4S o3ld pATE Y%l A gl doe o
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o Eg EMB 25U, PMB 30U, PMC 30U &< 0.1 %5t AF=el 005 %24 A= 4
o, TR Gl AsEE daE d9ds (& 2-1D).

¥ 2-11. Overrun(foam volume) of various type of HPMC

Overrun(%)
Control(Egg white) 806.21
. Come 005 0l 05 1 15 2 3
EMB 70U (ES8) - 571.60 782.13  850.97 41191 204.60 55.03

EMB 25U (E7) 523.42 861.18 771.40 609.32 - - -
PMB 30U (P1) 51097 864.07 728.41  687.99 - - -
PMC 30U (P2) 476.89 839.03 708.14  603.13 - - -

PMC 40H (P3) - 587.52 582.57 284.76 - - -
PMC 60U (P4) - 764.43 74691  639.34 - - -
PMH 9860N (P5) - 603.84 71431  498.58 - - -
MC 40H (M6) - 482.24  449.53  244.38 - - -

K15H (K9) - 543.04 541.37 393.83 - - -

Values are MeantSD, n=3.

" 15.0kV x5.0k  10um

19, 2-3. Network formation with Egg white
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" 15 .0kv x5.0k  10um

1%, 2-4. Network formation with Bio—polymer

[elNe]

FZo] Aol & wjasly] fl8ted, 7o) wk= 0.2 g8 vacuum tray freeze dryerol A s
& =74 AF A%X3I F jon spotterol A 60F7F =PI T FAF AAE W A(S-4200,
1=

Hitachi, Japan)< 10000} gdiste] wjast A}, wksso] wal4-x P34 FAFSHA AL,

o AW koA W WAel mold vyt weloZelviol oA BHEHE Wy
T+

T 4L gelde & 5 AN

F, AT EE AT EE AR ke F e oAE (e S F9F £ A
+. Biopolymer®] 7-¢, 7IXE5 A% & F oAXI}F flE dHe WETEE A=
54 Wil el Axrt Brbesad Aojtal Arm

Hhso] AT QP2 Stahe T(1982)¢] W el F3he], FAdE AwE 100 mLe] &

o =41 100 mLe] &7]ol 20 g A "al A4 5 mme THo| 4A
=7 AL WAEHA, EHues HAY  FAE  digital
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Fggo] fAHolor 244 2 ARl S5 Awel A%t b5 wpebAl, whol o
Zelv] W A AW wEe) wyTre) g WA RS,

nlolo. EYME ARgSHE 4% A9 YHE BYTEe 4P
[e] o]
T ar

9le. wE, PPTRe G A

%)

9}
EMB 70U, EMB 25U, PMB 30U, PMC 30U %& &3 Al&3ts A7
7% [e)

A9y AEsA s 1THQ

EMB 70U Aol 05 %ET 0.1 % A& Ao @3]y Ao =& ZAuE
Aon wE Hlolo ZTWE] Hi=xo W otgAMd = vEH g 839E e
Y e A4S & F A s T2 FJAdoE H gk gy PMC 40H,
PMC 60U, PMH 9860N, MC 40H, K15H 59| vlo|o &g ER 0.1 %9 FTRolA =
< G35 YEeRE glof, AMAx o)L AEVY fR(o]EHW dd dAHHE AFE
(U720l AY, 7149 FA Fdx 247 2 AP S F 4T 2ol U&=
f)Re] ggo] ZyHE AL VMR S & 5 UdAS

i 2-12. Bread batter stability made from various types of HPMC

Foam stability(%)

Control(Egg white) 14.25+0.81

7777777 Conc. of biopolymers o1 05 1
77777777777 EMB 70U (ES)  68.2445.06 5935171 000000

EMB 25U (E7) 52.78+2.75 0.00+0.00 0.00+0.00

PMB 30U (P1) 89.03+2.09 37.35+1.52 0.00+0.00

PMC 30U (P2) 86.05+1.57 2.01£0.12 0.00+0.00

PMC 40H (P3) 88.57+1.46 60.95+1.78 11.63+0.70

PMC 60U (P4) 85.59+2.15 0.00+0.00 0.00+0.00

PMH 9860N (P5) 81.58+3.03 0.00+0.00 0.00+0.00

MC 40H (M6) 79.56+4.89 56.48+3.05 5.25+0.47

KI15H (K9) 74.71+1.58 42.67+2.19 7.51+0.65

Values are Mean+SD, n=3.
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i 2-13. Formular for rice bread with different levels of HPMC

HPMC content(%)
Ingredients(g) WE Ol)Contri);]F o) RFO”  RF25Y RF50” RF75” RF100”
Batter =~ Wheat flour 100 100 - - - - -
Rice flour i i 100 100 100 100 100
Salt | | | | | | |
Ejvligle% | | | | | | |
‘Foam  Egg white 200 - - 200 150 100 0 -
1% HPMC i 200 i 50 100 150 200
Sugar 100 100 100 100 100 100 100

1)WFO ; Wheat flour + egg white 100 %,

2)WF100 ; Wheat flour + HPMC 100 %,

3)RFO ; Rice flour + egg white 100 %, 4)RF25 ; Rice flour + egg white 25 % and HPMC 75 %,
5)RF50 ; Rice flour + egg white 50 % and HPMC 50 9%,

6)RF75 ; Rice flour + egg white 75 % and HPMC 25 9,

7TRF100 ; Rice flour + HPMC 100 %.

< Flow chart for the production of sponge cake>

Weighing the ingredients

l
Whipping egg white or HPMC

| for 2 min at speed # 2
Mixing the sugar

l
Whipping

| for 8 min at speed # 10
Mixing

| add flours, salt and B.P
Hand blending

| for 20 sec at low speed

Panning for 50 g per pan

l
Baking at preheated 170/150C oven for 20 min

| Depanning

Cooling off the cake for 1 hour at room temperature
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o Aw wso] A wF 9 pH A ¢ Awuks W HPMC2] Y] (specific gravity)<
AACC 10-159] ®rioll uwhe} ol 2o s 4F&3t9v) olw &9 UWEE 1.00 g/mL=
7B &

H - (g/ml) = —
= 57
o Wl HPMC A% % udl=9] pHE AACC Hd wel A% 5& mixingo] &
15g9] FF% 100 mLE ol Asele wEo] 3087 EFd 0 Aed 108 ¥4

% pH meter(MP220, Mettler Toledo, Switzerland)Z o] &3lo] =43} A2

o & wl=2 mixing A% 3724 HEA (Digital Viscometer, Model DV-1+, Brookfield
Engineering, USA)E o] &3to] A=E AN E. 54 =02 vAd 50ge AN=E &
o ~¥E No. S64, IH4EE 6 rpmoll Al oF 17 7F FAAZ] & 108 o] wHE =A%

o FEro = JeEM S,

-

o W ¥, WAH L F7] £AE ol T ALelA 1A 43 F FAE 4,
FAABROR F9E 245U, WEAL AW 1 go] AAee Buz we FAE
Gerol BAST. #7) £AEL oo Aoz ANAS

2 a9+ 4%

o HPMC ¥ s} A7pF=2 g vkss o
5. A7HEl HPMCO %& F7hAIel uf
2-14), A& sto] Mol & $-o o] P =l
AHgate] Azxsto] mpEAs T AES o

i 2-14. Viscosity, specific gravity and pH of rice bread batters substituted with

different levels of HPMC

Viscosity(cP) Specific gravity(g/mL) pH
Egg white 37,244 + 381 0.10+0.01 8.78+0.14
HPMC 89,928 + 269 0.17+0.01 7.43+0.18
R 16012 £ 356 056£002 854£001
F100 97,037 + 1646 0.43+0.02 8.25+0.02
RFO 22,430 £+ 400 0.52+0.01 8.80+0.02
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RF25 24,370 £ 1255

RF50 48,820 + 1637
RF75 51,150 + 301
RF100 84,430 + 429

0.45+0.04

0.37+0.03

0.40+0.02

0.44+0.03

8.57+0.04

8.51+0.03

8.34+0.03

8.24+0.03

Values are MeantSD, n=3.

i 2-15. Analysis of volume, specific rice bread volume and baking loss of rice bread with

different formulations

Volume(mL) Specific bread volume(mL/g) Baking loss(%)

FO 168.90+10.55 2.15+0.20 8.15+0.15
F100 56.73+2.97 1.51+0.07 20.55+0.80
RFO 177.00+14.80 1.98+0.06 11.26+0.41
RF25 163.20+12.18 2.01+0.14 12.11+0.91
RF50 122.67+8.08 2.29+0.22 14.73+£0.26
RF75 86.67+8.33 1.78+0.10 17.34+0.98
RF100 65.03+6.26 1.5740.03 17.92+0.64

Values are MeantSD, n=3.

FO F100 RFO

g

L it

RF25 RF50

RF75 RF100

Z1¥. 2-6. Cross sectional images of cakes prepared with different HPMC contents.
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1) 2328

o ﬂ"iﬂﬂ]’ HPMC= g%?{ %]—Hlé]—g 33_—%—7]34/\]—%, Xﬂ}— ‘6!: }\O]'%Oﬂ}ﬂ 12}\12} Xixo]— ‘6!: /\]’%6‘]'9;\
2. Bt BEAALAL ARNTT AFIUS AAAA 208 AR A
24 0 97 @mel dale] WAL @ F A AEE S AAHUS

o AW M, v AR AWNAQ /5w 571 FEo| e FuA S Ewe
=

el 98 A =Rlo

(2) a+423%
0 E(E 2-16)9] AT = vhsh o] yje] vl 2 e 25 % olskE Al
Azxshz Ao V3t ¢ As & F U+

i 2-16. Sensory evaluation of sponge cakes with different levels of HPMC

Sensory characteristics

HPMC
content(%) Overall
Color Flavor Taste Texture .
acceptability

FO 6.71+£0.77 5.88+1.22 5.53£1.66 6.29+1.40 6.00+1.58
F100 4.06+0.97 3.94+0.97 3.59+.23 3.53+1.66 3.71+1.16
RF0 6.29+0.92 5.41+1.18 5.76+1.39 6.29+1.99 6.41+1.06
RF25 6.12+1.27 6.00+1.12 5.12+1.96 5.76+1.68 6.00+1.32
RF50 6.12+0.86 5.35+0.70 4.94+1.20 5.18+1.42 5.53+1.01
RF75 5.184+0.88 4.88+0.78 4.71+1.21 4.53+1.77 4.88+0.86
RF100 3.76+1.03 5.18+0.81 4.41+£2.00 3.88+2.50 4.59+1.94

Values are Mean+SD, n=3.
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2 4 A 2xd =
1. AIAF-2A : vo] e Egv] & o] &3 A9 JtaA] 2 v HAs
b By AFY Y EA AUt

1) 28 9y

o FAREE FulAh v A7FR (QFAE ), s S AR a HUkAl R thge
285 AA L PMC60U, EMB60U, PMC30U, PMB30U, PMHIS60N,
EMB30U, PMCA0H®] A&EZ0 2~ oeH 2 GHA™ESSH(F), k=) AFs A3
ow, WIREE YT oE AN S, B AP AES AER oA o HE AEe A
= 2 AT ARE #F 3-19 AY3I}AS

=

T v
4w o

E3-1 AR oHE AFe] HE B Af=
Viscosity (cps) Methoxy (%) Hydroxypropyl (%) | Hydroxyethyl (%)
PMC60U 67,000 224 9.1
EMB60U 62,000 232 7.0
PMC30U 32,100 245 8.4
PMB30U 32,000 28.2 7.3
PMH9860N 37,000 20.5 26.6
EMB30U 24,050 25.1 7.4
PMC40H 2,940 24.6 8.5

o UA, 12 dndA HAFH xHAoR 7E AZEOA HEE Hrls Axfe)
PMC6OUE 7oz H7tga & & (%, A7 S5 un)S 243t A545 Ax
sto] ZEAF FA, 88 A HEY YEE SAHY YxTo2E UIME 4AF 2%, E

=3tete] d WE Axste] Zage v BEg
[e)

)
o AR WFE okl Eeh 28

¥ 3-2. PMC6OUES 7|Fo2 A7s gasle] A%3 B=25 A2 odhn] (B %S 58%=
A, % B T )

PMC60U 58%

A7V (%) 1.5 2 3 4 5
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glalo] Azxd A=E A8 Wy (PMC60U # 71k

¥ 3-3. PMCOOUE 7|52 & 4S5 ¢
= gy

[¢]
= 3% 34, % AT -

PMC60U 3%

= ¥ %) 56 58 60 62 64

i 347 BERLE AHES HE Ao AR Mg (s 27FE S i)

PMC60U | EMB60U | PMC30U | PMB30U | PMH9860N | EMB30U | PMC40H
A7V
3 3 3 3 3 3 3
(%)
5 9
58 58 60 60 58 58 62

(%)

o 2715 100g3 BV FF div] 155 wt%e] AEZ oA JHEE HEAA =3t
5 SHFE BAUE S U] 56764% (w/v)E o] AUMFE/AER A TEE HUT
3lo] 10F FoF o2 Wks3h 108 F WS HHEe A TrEo] 2ukbA|o] H A WA
oAl 1A ZE B AN AT A F AW (ATLAS 150, MARCATO, o] €#
oh)E AMEElY] E 7HA S oA 10ﬂ Yo A 193], HHEs5o A 18] A A 8fo] g
A E FJAste] AAE, Ads 2252 10009 B2 EBoA ZF Ao g x4
e 4%, gl e Al gtel we) ’é}%fr% e 5 xYaEe s A

o el YA 100Te] HE ZdA AW A55E 18090 e felaezd
SHFL g8 felFEas dol A ke gek o] AleAE ARte s £4

3}
= .

o X¥ A F=E9 HEie &9 1¥=9 ARE Yehle FXE o] &3h U-2800
spectrophotometer (HITACHI, ¢¥)& o] &35 oH, 7} A= Zgrtoz A4 E
grobdl =& WAaLelA A3 & lemd 7 (C)9 A& o83t 675nmel Ao F3%
& (T)& S48t 2 31& o] &3to] & )
/ C (4] 3.1

) A+ 2%
o PMCOOUE 7|Fo2 H7l#d = <& deste A
3-60l4 H= A3 o] PMC60US] ol 3 &
AA YER . ol HUbeRo] AUFRe ATFHE TohFo
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o] &R R WS dAdE Aow oiE.
% 3-5. PMCOOUE 7|l = HIVFS dEste] Axzst Ao A (B G2 58%=
1A, o= AV T W)
PMCe0U 1.5 2 3 4 5
A7V (%) '
SAIZE () 5 9 12 18 19
% 3-6. PMCOOUE 7|+l 2 & ¢S delsto] Azt B A (H7FEFS 3%=E
A, %o A7FF T2 b))
= & (%) 56 58 60 62 64
I 3IA T (B 14 12 10 8 9
0 7E& AEzex JHEE HIISH Aago AL ® 3-7dA B Ay Zo] A
E202 oHES HEet ANFE L A3A|o wElA A Fo] Y EA YEE RS
& F 9)S. B3], PMC40H, PMC30U, PMCAOUZ AE7} Z7lat42 A7lEzke] A3
go] Lo} tekdt Wol FAH ol A ol FHEB] =4y e Alto] A,
% 3-7. A2~ JdHEYE H7bE Ao YA (%, B(A)7HE TF dib)
X2 AIZE ()
U7VE, AT 2%, = 40% 13
PMC60U 3%, & 58% 12
EMB60U 3%, = 59% 10
PMC30U 3%, & 60% 10
PMB30U 3%, & 60% 11
PMH9860N 3%, £ 58% 7
EMB30U 3%, = 58% 9
PMC40H 3%, & 62% 8

_71_



o ATFE e F, £5Y 1PE ARE Je= FARHA, W S HIE]
Ael zel=E9 HrE =43 PMCEOUE 7=oz A7Ey B s dgste] Ax
3 Ao Y aE ¥x ZAibi= 29 3-1, 3-20] el 29 3-104] Eghe
PMC60U9] H7FaFe] 1.5%00 A 2% = F71e w& F7kstthrt 3%l A& 4 3kt7t 5%
7EA A 8] w528k %Xlﬂb AS Holy, W Wyt e ke Hel. Hupeko] 3%0]
Y W AV
9 3-200 4 Bk
o] SUET=E ‘501

o FE v, WrlE #& #7] Wit Aare] AU 4 28

4.5

3.5
3.0
2.5
2.0 .
1.5-
1.0
0.5

3o T 2% N 77 R 7/ A (5 W /74 W 7
wheat 15 2 3 4 5

PMC 60U content (%)
% 3-1. PMC60US] H7tgS deste] ek a9
ZEaES] =

Turbidity (cm™)

4.5
4.0-
3.5-
3.0
2.5
2.0
1.5-
1.0
0.5

00l A o vl o el | b
wheat 56 58 60 62 64

water content (%)
2% 3-2. PMC60U A7}k 3%0] ts] & oS o] slol
e d Ao 2 aEe] g

Turbidity (cm”)
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7Ee] AERe s JdHEE HUE ASFE 42§, Ao xYTIEL ¥R die
19 3-3, 34, 3-59 vEbW. 17 3-3& AERQ A oH =) Axd %

teeE v grEgs B O¥ 34F AgRex JdH=2e AdAdE mdz
hydroxyethyl”] 7} 2 g€ EMB60US] 77} hydroxypropylrl7} =/ £k€ PMC60UR. T} of
ke gregd B a9 3-56% AERes deHze] AE 3 AFAY sz
PMB30U, PMH9850N¢] PMC30U, EMB30UM T} w& emzke 1al gmgho] w4
5 §59 nPEo] Aol e Felx A WS AT &
4.5
4.0
3.5-
3.0
2.5
2.0
1.5
1.0
0.5-
0.0

Turbidity (cm )

wheat PMC60U PMC30U PMC40H
Sample

a9 3-3. A=t g AR~ 01]E1]E7} A7 8 29

3 Aaramo] g =g o] g

4.5
4.0
3.5-
3.0
2.5
2.0
1.5-
1.0-
0.5
0.0-

Turbidity (cm™)

wheat ~ PMC60U  EMB60U
Sample

OF 3-4. AV g AR~ JHZVE HtE *

g wEe zolwEe BE
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4.5

4.0-
3.5-
< 30-
5 2.5
2> 2.0
g 15
P 1.01 Z
0.5-
Yo J N 777 N 777 A 75 N 1 A (5
wheat PMC 30U PMB 30U PMH 9860N EMB 30U
Sample
9 3-5. A= B XA E AERQ 2 oEH 27}
A7he xel@ ARsel 2280 B

o ASE AES A4 AAE AP
(1) 2% gy

o LA, WFHF AFL 2UFA 3

o

Tholl A Abg3 APzl g AxU FL9

0 7%—5’4 AZER o~ o g2V A7l BREE A xste] Azt tE zgde A7}k
=72 Rheometer (MARS III, Hake, 5%)9} =% =4 geometry S /\}36}04 oF= A
(compression)S =A% Zg W] Uld g=AAL 100C #E B9 o
AAHe] 25T 2&=ellA 4 geometryE 0.045mm/sé] HEE ?}%3}04 e z‘st'

o zZ el Ay Wt G

=

THA] o
% (transparency), #¥ (glossiness), ©%3t (hardness), Z7l&+
(cohesiveness), §-2Al (adhesiveness), "l17178]8A4 (smoothness), A3 A (chewiness),
EFH A (resilience), 9}31 & & (odor of cooked rice), ®}3l H7}F & (odor of cooked
wheat flour), 231 & 5t (taste of cooked rice), 3 H7}F 9t (taste of cooked
wheat flour), A¥ra el 7]Z % (overall acceptance) = T3S, AA| A 7He- 242 A
stil AER QA7 AU A48 AxmagE Az s Y4e Ee B et &%
FAo BmpE FolHd Hol Hrte & 52 dehs d4 e AEE FUMslEE 3

91-%.

2) a4+ 2%

o PMCHOUE 7|+=o & AHArtat B %S dyldte] Ax3 x2gde =45 18 3-6,
3-7°1 YERH. 21¥ 3-62 PMCOOUS #H7lzd mE AdFAEE el Aoz =7
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8, 3-9, 3-10°] }ERV.

7Eel AERos JHEE WAH xWe 4FAEE 1 3-
Ty EaE JEREI) 743 "olA T Mg 7

a8 3-8& AERZ QXA JEHEY A
el o PMCA0HS A= &

2321, PMC60UE 8%, PMC30UE 684 W 3rzol

TFHel glo] MAE Padhs AFE WolnR Lyl SE5E He 44T} St

& 1® 39 AERe s oHEe] ARAY BERE GFAEI MR s KAl

W, F AZEe Ag 8RolA We] vErdion, il%lﬂfﬂ T H=e &9t
|29 A3t 2 XA T2

o]aL gleom, PMC30U+ 8+, PMB30U+ 64, EMB30U=

M
Aol A M o] veby o, PMHI860N2 Wt o] glo] AAs] Aadts Ads X
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PMC30U 5%, PMB30U 6% 10%, PMH9860N 3%-, EMB30U 5%, PMC40H 5% 30%
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¥ 3-8 ASZ o JH 27}

Arke wasel w59t

Evaluation PMH986
list wheat PMC60U | EMB60U | PMC30U | PMB30U ON EMB30U | PMC40H
is
Color Yellow White White White White White White White
Appear
Transparency | 3.60+£2.40 | 3.80+2.17 | 4.20+£2.05 | 3.80+2.17 | 3.60+2.07 | 4.40+£2.41 | 3.80+2.17 | 4.50+1.73
ance
Glossiness 5.00+1.00 | 5.40+0.89 | 5.40+0.89 | 5.20+0.84 | 4.80+0.84 | 5.60+0.55 | 5.20+0.84 | 5.25+0.50
Hardness 5.20+0.84 | 5.20+1.30 | 4.80+£1.48 | 5.60+1.14 | 6.40+0.55 | 3.80+1.30 | 5.20+0.84 | 4.20+1.30
Cohesiveness | 5.80+0.45 | 5.40+0.89 | 5.40+0.89 | 5.40+0.89 | 4.80+0.84 | 5.00£1.00 | 4.80+0.84 | 4.80+0.45
Adhesiveness | 5.80+0.45 | 5.60+0.89 | 5.60+1.14 | 5.60+1.14 | 6.00£1.00 | 5.40+1.67 | 5.20+1.30 | 5.00+1.41
Texture
Smoothness | 5.80+0.45 | 6.00+£0.70 | 6.20+0.84 | 6.20+0.84 | 5.60+0.89 | 6.20+1.48 | 5.40+1.14 | 5.80+1.30
Chewiness 6.00+0.70 | 5.60+1.14 | 5.80+0.84 | 5.80+0.84 | 5.60+0.55 | 5.40+1.14 | 5.00+£1.00 | 4.60+0.55
Resilience 5.40+0.55 | 5.20+1.30 | 5.20£1.30 | 5.40+1.14 | 4.80+0.84 | 5.00+£0.70 | 4.60+0.89 | 4.20+0.45
Odor of
cooked rice 5.20+£1.48 | 5.40+1.14 | 5.60+£1.67 | 5.20+1.10 | 5.20+1.48 | 5.00£1.22 | 5.40+1.14
noodle
Odor
Odor of
cooked 4.80+2.17
wheat flour
Taste of
] 6.00£0.70 | 6.20+0.84 | 6.00+£0.70 | 5.20+1.30 | 5.60+1.95 | 5.40+1.14 | 5.40+0.89
cooked rice
Taste Taste of
cooked 5.80+1.30
wheat flour
Overall acceptance 5.60+0.89 | 5.60+0.89 | 6.00£1.00 | 5.80+0.84 | 4.60+0.89 | 5.90+1.14 | 5.00+0.71 | 4.60+1.14
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2. A2ARAA ¢ vo] @ EeJu]F o] 8 Aol F1FH L A AA3}

AME2 Q22 XA HPMChydroxypropyl-methyl-cellulosse)= BXE o] £3lo] A x4
AR e THY 90 % ol HoldFE et o (Lee EJ et al. 2011), 2 &
P, wEAAA, AP, BEd, 94, dals B8 T dds Vs s58E A=
A EATME9) (Lee SW et al. 2010, Nishita KD et al. 1976, Huebner FR et al. 1990, Kang

MY et al. 1997, Kobylanski JR et al. 2004, Schober TJ et al. 2007, Lazaridou A et al.
2007).

HPMC%  cellulose®] hydroxyropyl7] ¢ methyl?]7} 5o Qlo] FHEAo] EaL
(Dickinson E 2003), =& Fo|W gels FA3E EAol A7l wliEod(Lee SW et al
2010) gluten—free bread®] A|Zo] vFkdtA ol €W AdS(Crockett R et al 2011,
Peressini D et al. 2011, Mezaize S et al. 2009, Sabanis D and Tzia C 2011).

2 AT AERE HPMC 3 % FH7bel ok AW AxHE /Igd v 2o th(Kang MY et al
1997), HPMC 7Fe} 3] o] =Eol &g @aw-s Axstaa st 4-gde 27T 54
of &/l ZIAsks AEAY R =AY LAE SESA ke A& HA ki =
A

ey Ao A2l o] &5 A e AL dE e vhkstel] wE H2o AAd Eds
of §-&3t7] Mt Wome] o] gl Wi FEE FaPstofof sivtal AAHEE WA
o] ol &AW (quick-bread) FEH R S ALt M w e Alxo| HPMC A
Zhell o3k 7S A ESIaA &%+

Sl My AZNEEAAG)S HrbFe SR o) F3ldel 7|l WA E
&% )(Arozarena T et al. 2001, Turabi E et al. 2008) .24 2&A7}F 2] 7 o= FFElo]
ShrE o] A 7] dwol W] Aokl &g WAATE A Tol HE ThsAol
of A

A gluten—free dough@Z A A& HES = 450, Xﬂ%ﬂ HEzxzd EQse Hrlet
+ hydrocolloid(¥}o] @& w)e] 543 Jado] vt HE(Dobraszezyk BJ et al. 2003),
Schober TJ et al. 2008)& L& 3trhH, FFdlo] @%Qoi AA| gFol moFEt & ol Wb
AET FT AR BT FA HPMCe F7e we 5L 7|dE F5 drtar A
Zag=N

ayrz E Aol £ # ASAY SR % AT ol 23 HPMCE 4
2 & My Az wE JhEAds AAselh

™A o) AT FAE A ALt s W vNe) 2% ANE s Ak
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3] 7] (Philips. X’ pert PW3710, Netherland)



0.04° 2 ©/s, voltage; 40 kV, current; 30 mA% FHAo 2 3|AZ% 20; 5-40°7tA] 3| LA 7
319 e, 58 & AE Fxo otdzae A<l ZAo] F¥(chain length distribution of
amylopectm)—‘f HPAEC-PAD (High Performance Anion Exchange Chromatography with the
Pulse Amperometric Detection)& ©]&38lo] 2439 5. =, A5 E 90% methanol X8 3 F
2 7tE sl FHd HEHUE HES *QLEH/\]?] AEL A sodium azide, 600 mM sodium
acetate buffer(pl 44)% H7}sle] ks 3 isoamylase® H7}8te] 37T, 2447F w8 A4
. 0.2 um syringe filterE o83l o33k thg 100 ul FY3S 3, AW CarboPacTM
PA-1 column(4.0x250 mm, Dionex, USA), o] 7|4 H2S /\}%6}9}-%. %?‘ﬂaﬂ A A
Aol dAgtd B2 AAFAFE 7] (TA 4000, TA Instruments, USA)
T4 Hleo] 1:27F HA aluminium panel] Hal &I thg A2clA FEE
WA § AMEE . SALEE 3BTHE BT7HA 10T/ minE 541 7] HA
AN o referencer= sample pand® FY3 pans 2EHA F ALEEAS. DSC
thermogram & 2 5-H S 3}/ A % (onset temperature, To), 3} A% (peak temperature,

Tp), &35 % (conclusion temperature, Tc)E F3ta Sd¥ =] WA RRY F3de

9 (enthalpy, AH)E T-3}% 2.

MOJHU-&

B

o
ﬁm oZi

obAA FA ; A¥ I TS Kim¥ Imm 22|30 Phillips 59 WHS 4% &
, AE 200 g5 E7F A8 mixer(Model K5SS, Kitchen Aid Inc., Detroit,
MI, USA)E whippingdte] A4 %= 100 mLe FAE &=Ase, (NE 100 mLe ¥4 - A
¥+ 100 mL9 FA)/AFE 100 mLe FA) x 100 & overrun(/)oi BAEFR oW, AEe <QF
A 7d (drainage)2 Stahe 5(23)9] WHel #3lo, FAdE AFE 100 mLe &7, 20 g¥ &
A @i, A7 5 mme 7ol EASHA Y E %Eﬂ Ao g AIZE b WA g & S
L2 A e FEAE digital balance(Dragon 204, Mettler Toledo Co., Ltd., Shanghai, China)®
SA st A3 =

>(d

o

oziji
r,:n{u

>_\|L o?.L
mor
_yg
>
}—A
o

NEso) vl F A 2 pH SA ; <& 4-1>0 AAstE dFAEEZN Axg WA g5
2 HEMC®] W] % (specific gravity)= AACC 10-152] "o ueH M| % (g/mL) =2 " ¥k
A/E FAES] 5= 1.00 g/mLz 7FA)] AR89 ar, pHe AACC ¥ uel AE
mixinge] €% ¥k= 15 gol S5/ 100 mLe 2ol dgds vhEo] 3083 &3 &
105 WA 8le], pH meter(MP220, Mettler Toledo, Switzerland)E ©| &3} A3
z2¥a, WA ARE EFee], dd24 HEADigital Viscometer, Model DV-1+,
Brookfield Engineering, USA)E ©] &3l HA3 Ao, =4 242 H|o|A 50 g9 ARE
Fol, ~¥E No. S64, A% 6 rpmoll A oF 183F A 71H A, 103] o] vk S48k 33
TROEZR AFESA &

-ﬁﬂ J%FEL

nlomzmerE
'F}Orlo
&
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i 4-1. Ingredient composition of rice muffin

Ingredients Weight(g)
Flour 100.0
Salt 1.0
Baking powder 1.0
Egg white 150.0
1% HPMC 50.0
Sugar 20.0

WA Az HPMCE 958 S0l 2443 o] % a5 A7 ARS8t i, = Eel e
HPMC #&HES A4 ol AFS I 2 Az & <29 4-1> o AAE SAY
2 ABES &8t W= 37 x 55 x 45 cmd 99 3ol 50 g® 247 gol 170CE 4
dH AV AL B (AT R)NA 2087 A5

EASA ;A AS Axste 323 9 30A17F Aol WA EHA B WEE Texture
analyser Model TA-HDi, Stable Micro Systems, England)ell ¢J3] ZA3s}o], TPA texture
profile analysis ) parameter 24 UEIAE. AR E 23 tAslE W fdojA= FA-A3 =
e TPA parameterZ25-8H HE, XA, &84, 534 59 84S F3Av. -
3

pre—test speed 5 mm/sec, post-test speed 2mm/sec, strain 80%, probe diameter 20 mm$% &
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Weighing the ingredients
l

‘ Whipping egg white or HPMC ‘

| for 2 min at speed # 2

‘ Mixing the sugar ‘
l

‘ Whipping ‘
| for 8 min at speed # 10

‘ Mixing ‘
| add flours, salt and B.P

‘ Hand blending ‘

| for 20 sec at low speed

‘ Panning for 50 g per pan ‘

l
‘ Baking at preheated 170/150°C oven for 20 min ‘
| Depanning

‘ Cooling off the cake for 1 hour at room temperature ‘

1% 4-1. Flow chart for the production of rice bread with HPMC

(2) 9+ 4%

® % % Methoxy”] A7} olgd HPMC 7kl wt & & Bng=A) 7t¥4 2
4

HPMC E5° & 7|¥A vl ; HIPMCE cellulose®| methoxy 719} hydroxypropyl”’} #|
gt AejolnE FWgAo]l Fi, 2% Wzt we} FI eI 2] wiFel gel FAA, 7
4 2 F35Hc] 87HE AFEY 7 S-S HEiA vdstA €8EHe A ERHME
T A wh=o] ddTE Ao FE JdEEs ot e VA (F

2 Al e AUA &FHE J]UEtEA HPMCE 2 &3ts Aoz, &84
ZaRed 31 A ZA o] A& e7f <HE 4-2>0l AAEHE mpel o] ME AFold 6 FF 9
& 47 ZAske] vlawsks. HPMC-1& %o A4S vehlin 53
methoxy 7] 2] A #%7} % F/F0)al, HPMC-2, HPMC-3, HPMC-4%= A% AxE U
Bl methoxy”] 9] A st= hydroxypropylﬂJ g oA zpol7F gl EAOl 9
HPMC-5 ¢} HPMC-6%& ©<& %
Z}Zy thE A B9, olE &

b

pmg
+ HPMCA 14*3:% NEFARAA<LE 4-3>3 7| EAAE
HE 259 HPMCAA 0.1 % =524 7|¥E JAA 7= A
o] 7}& aH}Ao|9 o, HPMC-4 > HPMC-3 > HPMC-1 ¢ +o= Juwe] 7|4 xTh &
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i 4-2. Viscosity and degree of substitution in HPMC samples

Degree of substitution(%)

Sample Viscosity(cps)
Methoxy group Hydroxypropyl group

HEPC-1 67,000 334 9.1
HEPC-2 37,000 20.5 26.6
HEPC-3 32,100 24.5 8.4
HEPC-4 32,000 28.2 7.3
HEPC-5 7,500 233 9.4
HEPC-6 2,940 24.6 8.5

1000

Tl

EO0 4 =

700

£ o0 -

S soo -

g 400 [ R
=T 05 %%
200~ [ FeE
100

o
& ~ " > b ) o
i
LP&

1% 4-2. Overrun of rice foam added with various HPMCs

I <3 4-3>°] UER)
wAue = B FAE

0.1 % sX9 HPMC A3
% HPMC ﬂﬁgt 3
7 & HPMC-4 +F#F<9 HPMCZF 0O

9}9211}.

3 IShe]| wet Ao R 5
(1425 + 0.81 g)ol 1] 3|A

ot AFES FAskal d%leH, 05
o] AE=E YERNA Y methoxy”] o] |
S5 S AFAALES HER A



HPMC AFH 71l 9t WA w59 o]3std EA ; & vy nfghdslal hAd A~EX
A FolEr] e, st kA Hoslr)e] &gk nfo 1 ZY M (HPMC) A AS 93 o]&
o) NEAAEIAANAL 2 AADNES 47 AES Ay HPMC-1, HPMC-4 05 %% =&

@A ol Hggho] npgA g olo, AIVIE(100 g), 21 g), WolA (1 g)ofl ¥ T
= oHbe] &Y (200 gl Hae Alxdte] ARG AsaadxE 23, HPMC-4=2
g wyel Adydol HPMC-1 ¢ A-¢uut 38137 witd, HPMC-4=2%4 & ™A 7}
S AES7)E 3 HPMCEHN &3 7AMFE A gluten—free breadE A %317] 93k vlo]
M9 5SS HAAS Yael V. 59 AFAAE methoxy”]el A3E7F & FFY
HPMCE A183lE A5 AwWade]l o g3l A4 23 58 1@dste] & o ¢
AL HEE 7}AE Fo|A methoxy7| e X357} AUz o=z %o HPMC-424 A Xxd
28w e Aol ek AL Al Adear Az 29l <E 4-3>¢l AA S vt
%!

o o X |
e o HJ

S} zrol bl AEREE ARG Aol AVERE wSo] WULR wkSiu o] xal, v
= Ae & g ey, dk=e ple daYA Hoz o 2 AS & 7 e wie
of HPMC-4 75 iba Abg38hs Aol &7 whso] AV wksyv A 8 vjgo] 2

i 4-3. Foam stability from different concentrations of HPMC

Drainage weight(g)

Concentrat
ion Control
%) (Egg HPMC-1 HPMC-2 HPMC-3 HPMC-4 HPMC-5 HPMC-6
white)
0.1 14.25+0.81°  85.59+2.15% 86.05£1.57° 88.57+1.46" 81.58+3.03° 89.03+2.09° 74.71+1.58°
0.5 1425+0.81°  0.00£0.00°  2.01+0.12° 60.95+£1.78°  0.00+0.00*° 37.35+1.52° 42.67+2.19°
1.0 1425+0.81  0.00£0.00°  0.00£0.00° 11.63+£0.70°  0.00£0.00*°  0.00£0.00°  7.51+0.65°

Values are Mean=SD.

Means with the same letter in column are not significantly different at p<0.05.

_86_



i 4-4. Physicochemical properties of muffin batters substituted with different levels of
HPMC-5

Specific
Viscosity(cP) gravity(g/m pH
L)
Wheat flour with egg white foam 22933.334251.66°  0.45+0.02° 7.97+£0.01¢

Wheat flour with HPMC-4 foam only 81266.67+378.59* 0.36+0.01° 7.01£0.03"

Rice powder with egg white foam 9933.33+208.17° 0.29+0.01° 8.26+0.03"

Rice powder with egg white foam 75
% and HPMC-4 foam 25 %

17733.33+450.92° 0.35+0.01° 8.03+0.02°

Rice powder with egg white foam 50
% and HPMC-4 foam 50 %

20533.33+351.19° 0.39+0.01° 7.76+0.04°

Rice powder with egg white foam 25
% and HPMC-4 foam 75 %

57100.00+£556.78° 0.43+0.02¢ 7.53+0.06°

Rice powder with HPMC-4 foam
only

76533.33£611.01" 0.45+0.02° 7.00+£0.05°

Values are MeanSD.

Means with the same letter in column are not significantly different at p<0.05.

A, M3 e ThEds AES Ay <Oy 4-4>6 AN i WA dHARz o
, W AET HPMC-4 A%S 3 :1 9 vj&=2 st ¥ x5

7 kg A e As & 5 o, WA ujAA 9 e $o Fu W3 5
oA Lj@foR= IR W whmom ARt Ay E wdT {9

2= o) =
Ao

T PN
o) oo

)

o

)

o

rr o
o %@

9o ofh =3, P T P WEE of B FAE uehye] & AT ¥
5 WbRE AxS varg osle ngAd due WA Axt Asge ¢ 5 AL
<E 4-5>. 7] W Agstel & 8 MAS AxsHE FoE nAH o

T S0 Fuwsle] WA= AUt
A A vhel 2ol AlxE el A WA (
o A Wl AE Tmow Ax

=
o] uj&= E3ste] Axdte 4fd =& FAES HERIL UAAS.
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i 4-6. Sensory evaluation of muffins

Sensory characteristics

Muffins
Overall
Color Flavor Taste Texture .
acceptability
A 3.9241.00™ 4.17+1.40™ 3.83£1.11™ 4.17+0.72° 3.17+1.27>¢
B 2.08+0.67° 2.25+1.29° 2.00+.0.74° 1.50+0.52° 2.67+1.50™
C 4.08+1.00° 4.42+1.68° 4.17+1.47° 4.25+0.97° 3.75+1.54%
D 433+1.07° 4.42+1.38° 4.33+1.37° 4.50+1.00° 4.00+1.28¢
E 4.42+1.08° 3.67+£0.98™ 2.9241.24® 2.75+1.29 2.08+1.08%
F 4.00+1.65™ 3.50+1.38™ 2.67+0.89* 2.3340.65" 1.8340.94°
G 3.00+1.48% 3.00+£1.35% 2.50+1.24° 1.50+0.67° 2.92+1.44%¢

Values are MeanSD.

Means with the same letter in column are not significantly different at p<0.05.
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A B C D E F G

18] 4-3. Slice of muffins, wheat flour with egg white foam only(A), wheat flour with HPMC-4 foam only(B), rice powder with egg
white foam only(C), rice powder with egg white foam 75 % and HPMC-4 foam 25 %(D), rice powder with egg white foam 50 % and
HPMC-4 foam 50 %(E), rice powder with egg white foam 25 % and HPMC-4 foam 75 %(F), rice powder with HPMC-4 foam only(G).
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it 4-7. Batter

volume, specific cake volume and baking loss of each muffins

Sample Volume Specific cake  Baking loss
p (mL) volume(mL/g) (%)

Wheat flour with egg white foam de be b
168.90+10.55 2.78+0.26 7.81£0.15

only

Wheat flour with  HPMC-4 foam . . .
56.73+£2.97 1.36+0.12 6.68+0.22

only

Rice powder with egg white foam b .
177.00+14.80 4.22+0.37 14.52+1.36°

only

Rice powder with egg white foam 75 . d c
163.20+12.18 3.61+0.33 11.85+0.29

% and HPMC-4 foam 25 %

Rice powder with egg white foam 50 o . o
122.67+8.08 2.93+0.16 11.21+0.24

% and HPMC-4 foam 50 %

Rice powder with egg white foam 25 be b de
86.67+8.33 2.36+0.22 10.69+0.53

% and HPMC-4 foam 75 %

Rice powder with HPMC-4 foam b b .
65.03+6.26 2.44+0.17 9.80+0.13

only

Values are MeanSD.

Means with the same letter in column are not significantly different at p<0.05.

Agste], 7t 8] vastE fEA ST JgEol TEEe] AR via
Azl Wk 7hEAadE AEs] g, SAAE FEE A& dRe] o]
sS4 W 71249 ARE Frtolol & AN, dEEAS] HATEE
b sk ofdmA RO AlEZo] B¥E 4-8>, AEAAY AALEE FFT F
S X-4l S Am<aE 44> 8B SEEAE 4-9>8 AR, o] 3 o]
A SAe] MA AxA oW E JheSAda dude] flEAe Wik AEs A&A
T2 T ool ki grtd
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i 4-8. Varietal differences in amylopectin chain length distribution in rice
varieties
Amylopectin chain length distribution (%)
Variety A B, B> B;
DP<12 12<DP<24 24<DP<36 DP<36

Goami 37.70+1.35¢ 53.14+1.19° 7.15+0.15 2.01%0.09*
Goami2 22.70+£0.19° 53.47+0.22° 15.57+0.12¢ 8.16+0.28¢
Deuraechan 35.71+0.15° 51.62+0.08" 9.48+0.03 3.194+0.05™
Baegjinju 34.58+1.36" 51.73+0.60° 10.01£1.35¢ 3.67+£0.71°
Seolgaeng 39.15+0.52¢ 52.01+0.44° 6.9240.08" 1.9340.04
Haiami 34.23+£1.02° 53.70+0.39" 8.52+0.66" 3.28+0.21™
Hanareum 35.03+£1.22° 51.59+0.61° 10.66+1.37¢ 2.714+0.18°

Values are Mean+SD, n=3.

Means with the same letter in column are not significantly different at p<0.05.
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0 10 20 30 40
Diffraction angle (20)
18] 4-4. X-ray diffractogram of rice starch varieties.
iE  4-9. Heat of gelatinization and endotherm characteristics of starch
granules from different rice cultivars
DSC characteristics
Cultivars
To Tp Tc AH(cal/g)
Goami 66.73+0.47" 77.15+1.34° 89.99+0.72" 3.34+0.09"
Goami2 78.13+0.76° 88.25+1.22° 103.5140.43¢ 4.87+0.35¢
Deuraechan 71.4240.66° 81.49+0.41% 93.914+0.61° 3.38+0.27"
Baegjinju 72.34+1.12° 82.32+1.03° 94.62+0.88° 4.57+0.24%
Seolgaeng 71.73+0.76° 79.27+0.85° 92.24+0.20" 4.33+0.36™¢
Haiami 70.04+0.21° 80.50+0.17" 93.86+0.33° 3.8340.09™
Hanareum 71.81+0.64° 80.85+0.47° 92.41+1.10° 3.60+0.30"

Values are Mean+SD, n=3.

Means with the same letter in column are not significantly different at p<0.05.
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i 4-10. Water and Fat-binding capacities of various rice flours

Variet Water binding capacity Fat binding capacity
aric
Y (%) (%)

Wheat flour 73.95+2.37° 161.09+4.24°
Goami 161.32+3.53¢ 71.63£1.74°
Goami2 153.75+1.46" 82.51+0.64°
Deuraechan 144.41+3.92° 72.69+0.40°
Baegjinju 126.07+3.59¢ 83.88+1.63°
Seolgaeng 118.04+0.27° 80.55+1.10°
Haiami 135.56+2.92¢ 80.46::4.48°
Hanareum 129.24+2.84¢ 81.09+1.33°

Values are Mean+SD, n=3.

Means with the same letter in column are not significantly different at p<0.05.

o) olsetA 54 ; UPMCe Wule] A%e] <E 4-10>e] AN %ol
Hol WU PE EGW AAFEC] AAE £Hel, MU Az
Hi AR ARSI FEAE A3 vhehd 5 ool olgets 54

o] Ax HF, pH 52 =4 <3 4-11> v &S,
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i 4-11. Viscosity,

with rice varieties

specific gravity and pH of muffin batters substituted

Variety Viscosity(cP) Specific gravity(g/mL) pH

Wheat flour 23666.67 + 723.42° 0.43 + 0.03" 778 + 0.02°
Goami 69866.67 + 1285.82° 0.53 + 0.04° 7.90 + 0.03%
Goami2 11033.33 + 550.76" 0.86 + 0.03° 7.72 £ 0.01°
Deuracchan 49200. + 435.89" 0.55 £ 0.03" 7.93 + 0.02
Bacegjinju 18800. + 458.26" 0.65 + 0.04° 7.83 + 0.03°
Seolgaeng 32033.33 + 1320.35° 0.45 £ 0.04 7.88 + 0.02°
Haiami 68566.67 + 1350.31° 0.55 + 0.04° 7.96 + 0.02%
Hanareum 26100. £ 700.00° 0.54 £ 0.03" 7.97 + 0.01°

Values are Mean+SD, n=3.
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1% 4-5. Cross sectional images of muffins prepared with rice varieties. A; Wheat flour, B; Goami, C; Goami2, D; Deuraechan,

E; Baegjinju, F; Seolgaeng, G; Hailami, H; Hanareum.
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7.11 + 0.11%

574 £ 0.11°

522.00 + 7.55™

Wheat flour

8.31 + 0.31°

493.67 £ 6.51" 541 £ 0.19°

Goami

3.50 + 0.31°

528.67 + 6.11° 3.28 £ 0.16"

Goami2

6.60 + 0.52°

48433 + 14.64 527 £ 0.14°

Deuraechan

543 + 0.45°

445 + 0.43°

484.00 + 21.28°

Baegjinju

1022 + 0.19"

47333 + 41.40° 6.23 + 0.43°

Seolgaeng

8.52 + 0.48°

5.69 + 0.35°

477.67 + 20.11°

Haiami

727 + 0.32¢

487.67 £ 15.95 5.23 + 0.35°

Hanareum

=3.

Values are Mean=SD, n
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<3t 4-13> Sensory evaluations of rice muffin from different rice varieties

Sensory characteristics

Overall
acceptability

Color Flavor Taste Texture

Wheat flour 4.10 = 0.99° 3.80 + 1.32° 540 + 135" 5.00 + 1.56° 4.30 = 1.95

Goami 5.00 + 1.56° 4.20 + 1.03* 4.40 £ 0.97° 490 + 0.99° 4.40 + 1.07°
Goami2 2.00 £ 1.05° 220 + 0.92° 2.10 £ 1.20° 140 + 0.70° 1.40 = 0.70°
Deuracchan  4.60 + 1.07° 4.10 + 1.45™ 470 + 1.16° 5.00 + 149" 4.50 + 1.51°
Baegjinju 470 £ 0.82° 4.90 £ 1.66° 5.00 + 1.49° 540 + .65° 5.30 = 1.83°
Seolgaeng  5.10 + 1.29° 5.10 + 1.29° 5.00 + 133" 5.80 + 1.03" 5.40 + 1.26
Haiami 470 + 1.16° 5.00 = 0.94° 540 + 0.97° 590 + 0.99° 5.30 + 1.49°

Hanareum  5.10 = 1.66° 5.20 + 0.79° 540 + 1.17° 5.80 + 1.62° 5.40 + 1.65

Values are Mean*SD, n=3.

Means with the same letter in column are not significantly different at p<0.05.
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2000 -
1500 4 oO3h
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18] 4-6. Hardness of rice muffins after storage for 3 and 30 hours at room

temperature.
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19 4-7. Springiness of rice muffins after storage for 3 and 30 hours at room

temperature.
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218 4-8. Cohesiveness of rice muffins after storage for 3 and 30 hours at room

temperature.
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219 4-9. Gumminess of rice muffins after storage for 3 and 30 hours at room

temperature.
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19 4-10. Chewiness of rice muffins after storage for 3 and 30 hours at room

temperature.
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