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< SUMMARY >

Purpose &
Contents

O Development of high-value rice products by improvement
of quality index of domestic rice flours

O Promoting the export market for processed rice products
through the development of competitive technologies

O Research contents

- A study on the distribution status of domestic and foreign
rice bakery, tteok, noodles and rice snacks

- Development and specification of quality index of rice
flours for rice bakery (bread and confectionery), tteoks
(rice cake), noodles and snacks

- Establishment and standardization of processing process
of rice bakery, tteoks, noodles and snacks

- Analysis of consumer preference by sensory evaluation of

products

Establishing a strategy to enter the market through

product development

Results

<Technical results>

O A study on the distribution status of domestic and foreign
rice bakery, tteok, noodles and rice snacks

* The distribution channels of the products developed by us
are established through the analysis of the literature
survey and by visiting exhibitions, individual companies,
and experts for the distribution of processed rice food
through the interview. In other words, the company seeks
to find ways to promote and distribute its products
overseas through promotion and distribution at festivals
and events of local governments, online marketing at local
governments' homepages, and the Hansang Network held
in Korea through the World Hansang Convention, the
World Korean Federation of Congress and the World Octa
Congress

O Development and specification of quality index of rice
flours for rice bakery (bread and confectionery), tteoks
(rice cake), noodles, and snacks

» Specification of quality index of rice flours




- Amylose contents. particle size distribution, damage starch
contents, and the manufacturing method of rice flour
(soaked and dried at a low temperature drying) were found
to be the major quality index of rice flours based on
wheat flours quality index and application patents.

- According to different amylose contents of rice flours
showed different the texture, appearance, and sensory
characteristics of rice products. It was confirmed that the
amylose content of rice flours suitable for rice bread and
noodle production was the range of 15-24%.

- The particle size distribution pattern of rice flour blends
showed two maximum peaks at 1-10 um (rice starch
particles) and at 100-200 pm (rice flour particles). These
blended rice flours improved the quality of the product
compared to products prepared single size of rice flours.

- Quality of rice product prepared from rice flours using by
the stored and half-crushed rice showed similar product
quality compared to rice flours using by normal rice. These
results showed the possibility of rice product development
using the stored and half-crushed rice.

- Specification of quality index of rice flours consist particle
size distribution, moisture content, damage starch, and
amylose contents. This quality index of rice flours included
the types of rice flours, such as raw rice flours
(wet-milling, dry-milling rice flours, and soaked and dried
at a low temperature drying), gelatinized rice flours and
rice flours premix.

« Study on the measurement and management of quality
index and Development and specification of quality index
of rice flours

— The quality of confectionery product and noodles was
effected by the amylose contents of rice flours, and the
confectionery and noodles showed highest product quality
prepared by the rice flours which contained 15-25% of
amylose, irrespective of rice varieties.

« Microbiological safety researches for markets (for exports)




- No pathogenic microorganisms were detected in the
manufacturing processes of rice flours and some general
bacteria were detected. Microbial reduction treatment
standards were developed, such as functional water and
UV treatment.

- According to microbial test on the rice bakery (bread and
confectionery), tteoks (rice cake), noodles and snacks,
some bacteria were detected before heating, but no
general microoranisms were detected after the heating
process.

O Establishment and standardization of processing process of
rice bakery, tteoks, noodles and snacks

*Rice flour

-  Rice flour, below 11% moisture content, was
manufactured by drying and milling after steeping of
organic rice grains

*Rice bakery (bread)

- Non-fermented rice bakery was established the
processing process of the premix of cup cakes for
microwave with semi—dried rice flour. The premix product
was filled in a eco—friendly paper cup and minimize the
environmental pollution. Distribution network 1s could
secure readily and export of it because of simle method of
cooking.

*Rice bakery (confectionary)

— On anaylsis of bread from rice flour with different
conditions, 15~18% amylose contents of flour was suitable
for rice bread. Rice bread was manufactured by one—bowl
baking with batter and improved the volume by egg-white
powder and the texture by fat powder. Rice bread premix
was devolped for supplement the short shelf life of bread.

*Noodles

- On anaylsis of noodles from rice flour with different
conditions, rice flour with 2% proteins, 0.4% gums, 0.15%
enzymes and 18% amylose content was suitable for wet
noodle, and the higher amylose contents of flour was

incrrese the moisture content and volume of it. Gelatinized




noodle was improved the texture by addition of TGase, and
rice noodle premix product was developed.

*Tteoks(rice cakes)

— Injulmi and garaetteok were established the manufacturing
process by steeping of semi—dry rice flour for 6 and 4 hr
respectively, and Dred tteok was dried at 30Cand 32% RH.
Vacuum packing of tteok inhibits the proliferation of
microorganisms.

*Rice snacks

— Rice snacks is that children usually eat, and the rice flour
is produced at HACCP factory with high temperature
extrusion method of more than 110°c and the PE packaging
method 1s applied. We entered the market in 60
eco—friendly specialty stores.

O Analysis of consumer preference by sensory evaluation of
products

- Terms for sensory evaluation of rice bakery(bread,
confectionary), noodles, tteoks and snacks were determined
and score sheets of quantitative descriptive analysis were
developed. Quantitative descriptive analysis and preference
test were carried and correlation of properties and
preference of products were analyzed.

O Establishing a strategy to enter the market through
product development

» Establishing a strategy for market entry through the
establishment of domestic and overseas distribution
methods for rice processed food developed by us. In korea,
we will promote in elementary, middle and high school
meals, military delivery, kindergarten, nursing home,
hospital, and local government festivals, and promote them
using home shopping and social networking services to
spread them to the national health—-functioning food. As part
of 1its strategy for overseas markets, it has exported
developed products to China and Singapore as part of its
search for export channels of development products within
the Korean town of Southeast Asia by establishing




marketing strategies through on- and off-line newspaper
media, magazines, exhibitions, and fairs in China's three
northeastern provinces, and by utilizing the Food Hansang
Network of nine ASEAN countries.

<Main Results>

O (Commercialization Index) 3 Patent applications, 1 Patent
registration, 2 Execution of techniques, 11
commercializations,
3 Creation of employment, Sales 19.6 million won, Export

1.2 million won
O (Research Index) 9 Articles (2 SCI, 7 KCID)

<{Strategy Results>

O Strategies for promoting domestic demand for rice
processed products and promoting and revitalizing
overseas exports

O Quality recommend standards(suggestion) of rice flour for
bakery (bread and confectionery), tteoks (rice cake),

noodles, and snacks

Expected
Contribution

O Utilization as theoritical basis for export of domestic rice
flour and products

O High—-quality and diversification of rice products by the
secure of processing standard and the improvement of
preference of products

O Promotion for consumption, enhancement of image and
profit  of local brand rice by popularization of techneique
and technology transfer to agricultural company

O Supply of consumption plan of rice

O Expansion of market size and promotion of cunsumption of

rice and rice products by commercalization of rice bakery

Key words

. Processing ) Pre—treatme
Rice Exportation | By—product
Technology nts
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—1. AN F 2K =20l L

2R 22 AN E 7H*.j% St =228

| >

Ef M& HE

BeCal FUYAR TAS AED SO0 AAFAD A8 4 3
. o}3

7. AAF S o setH B4
(1) &5 Az

WS WESAL A5 A8 Agslna Addsus A
A She] A2 I FEw 38 FAlste] ALU8LFC)IAA 6
18 AAT I 18£3°Col A BebEE Fiste] 4B g

(2) 27T T8 FF 2 AR

A7hEe] AN R e AOAC WH(2000) 0% BAsdT S
o g Ay, 242 JHEE §WE ST SAgHO

R

A7) s2 5 ol &3t AH ez FAHG.

(3) 2RV] old =X~ B

A7VEo] AR 7] ofd g2 e Wiliams 52 #H(1970) 0.2 =439t 271F 20 mg
(A=) 05 N KOH 10 mLS #H3&te] vialdl 2 ¥ vpaug vH(P3.2x13 mm)E ulHks}

WA dztE] S35 AAHT E3t4S 100 mL &% FehA %%—’Fi L&t olF 10
mLE F3te] 50 mL &% Zet~Ae €3, 01 N HCl 5 mL, 825 €9(0.2% 12/2% KI)



05 mL& H7F 2 A&l WA F A2 207F WA St bFIAIZT EFEFE
(UV-Vis spectrophotometer, Optizen pop, Mecasys Co., Ltd., Daejeon, Korea)E ©]
650 nmel A FFEE FAst FFF4(Figure DOZFH o g2 ks AlLtetdth
=242 Montgomery 9 SentiH(1958) 0.8 E2 B Hio|A oldEZ A9} ol aHES
gato] AdA Hlem Tt o WS A&stel AAsdler, ZEHAM A2 Y =

0.0077X+0.03322 A4 Al (R2=0.996)7F w§-5- =3ttt

OFO o

ol

-
M m 2 g

(4) & A& F=F

H7Eol F AR S Megazyme kit(K-TSTA Megazyme International Ltd., Wicklow,
Ireland) 2 AACC 76-13(2012)¢] ¥l whe} FA4 s tH(McCleary 5 1997). A& 100 mg(zd

D) 0% ol ekE 0.2 mLE Alg o] ¥ vortex mixerZ 2 3131 th Thermostable a
—amylase solution(300 U/mL) 3 mLE #7}ste] £+ EolA 623F vESAI AL vHg 5 50T
o] g4 ¥ 200 mM sodium acetate buffer® 4 mL T3k %, amyloglucosidase 0.1
mL(20 U)& ¥il 50CeolA] 307 AR AT A4S 100 mL &5 Feb~=ae ol 3%
g 5, YA Tl 25 mLA ol 3000 rpmoll A 1083 94 Bk A e 4
B3} glucose standard, blank® S 0.1 mLS 33t GOPOD reagent 4 mL< U gH 4 5
0ClA 2087 wkg-AlA 333 = A(UV-Vis spectrophotometer, Optizen pop, Mecasys Co.
Ltd., Daejeon, Korea)E ©]&3}lo] 510 nmolA S3EE A9 =43 3= U}%«]
2ol oa) F o] FEFS At

ON

100/ glucose &3 %=

T AR T ) = T T g < P

(5) &27tF9 24%5H

A7LFol EAT s E 2 Medealfe} Gilles®] WH(1965)S o] &3te] =435It 50 mL Y4 &

o 2A7LFE 05 g(dHF 7159)9F =74 20 mLE ¥& & vy g vH(d3.2x13 mm)E ¥
A Ao A 1AZE FeF nWby|E o] &5te] EAMAZ T ’1\}0”—% A2 7] (Hanil Science

Industrial Co., Ltd., Supra 22K, Seoul, Korea)= AR . 94
TS 18 AFE AS] AAAE AASt JAHE FAE —3—?‘33}04 As Auste] T

a1
(@]
(]
(e
2
=
2
_>L
w
(@]
Hm

x 100




(6) 27179 B&Y R &=

>
0 r-{m

oo o
> o
WL W

BHHYy &= Schoche] WH(1964)& o]&3ste] 80TAA FHsH T 50 mL
Foll A7k 05 g(AF71F)9 TFF 40 mLe ¥ wpadlE vH(@3.2x13 mm)E
BEAAIZL 3 80C 4ol 30=3F wHk7|E o] &3l AHojFE ¥ nfzE I Eo J
ok vtadlg vbE AlA % 5000 rpmoll A 3073 @Al ¥ 2] (Hanil Science Industrial Co., Ltd.,
Supra 22K, Seoul, Korea)st3th. 94 &8 ¢ HAAd A5 FAE SAs vg gFshd
HAZEAZL &7]o BEgd NS Ho] 106TC dry ovendl X #Ax3% FAE S F&
Hi e thgo A4S o] &dte] &M EE AXtsAT

9

1

N
>

AAE AT A (g)
A(g) x (100 — % &3 =)

x 100

(7) 27159 Ax

A2} A (Spectra magic TMNX, Konica Minolta, Tokyo, Japan)E ©]-&3to] Hunter?

L(lightness)#k, ta(redness/greenness)#t 2 tb(yellowness/blueness)#t< 33 WHE =4 351o]
I Hagre 7 YeRA Y. AAAlE 1L=9654, a=0.07, b=1.90 ¢l WA gFFHoZ HAsIo] A}
&35kt

(8) 27179 33 &4

A7LF9l 53t e AEH =S4 7] (Rapid Visco Analyzer, RVA, model 3D, Newport
Scientific Pty, Ltd, Narrabeen, Australia)E ©]-&3}o] =43ttt RVAE canisterd] A5 3
g(FETF 12% 7I9)el 57 25 mL& 7hate] war 0714872 50°C, 1.074.45+% 2 95C7HA]
A, 445771582 9B CTE 74, 7.15711.06%2 50C7FA] W2z, 11.06712.30%2 50CE 4 35F
HA AeE 545

-

U EFFE R

A
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we

A &

J{m

g =4
(1) & AAol=Y FF Ky, uAA

Pl FAAEY AACC 72-102000) 0% ZASAT AF FAE A& o
F 147 Wzl S4skginh MAR F/EAES ok Aol ube Axatgic,

H] A 4] (Specific volume) = ———3<~



(2) &2 FAl=9 o R HF A=
s

14 1-7b-(N9 A3 Wy 5o
(3) & HAAlZY H2A A

g~z EAAL 17 fHAOAE Ao 1A ¥4 F crumb FEES 1x1x1 cm32 %+
2}4] Texture analyzer(TA-XT plus, Stable Micro Systems, Ltd., Surrey, England)E ©] &3}
o] Table 29} #2 o= 103 HHE f5 AFS HAASH T TPAZHFH 7 % (hardness),
5%/ (cohesiveness), ¥ (springiness), %4 (adhesiveness), X ¥4 (chewiness), %59

(resilience)®] EA XS v uL3}S

(4) & PGA A AFH7}

o AFE AAY &YW R AAE A

(1) & HA NI A= TH

§71, =, A&, 295 THT F 87 e ARE Y3 295 o]83dte] 60x s Ao
o AR JAAA000w) el 1 1027 =2 § &7]dM AEs 7 A3 § ddgez A

g3t
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of
e
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off
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Rice flour samples”

Properties

WR BR GBR

Crude protein content (%) 6.8+0.2"% 8.0%0.3? 8.8+0.42
Crude lipid content (%) 0.2240.06° 2.27£0.20° 2.34%0.15%
Ash content (%) 0.2940.04° 1.22+0.01° 1.27£0.07?2

Total dietary fiber content (%) 3.74+0.0° 7.5+0.22 7.9+0.32
Water binding capacity (%) 150.1+0.2? 112.0+2.2¢ 127.2+10.6°
Apparent amylose content (%) 18.5+£0.5% 16.1+1.1° 13.2£1.2°¢
Total starch content (%) 82.3+2.6° 77.7+2.2° 60.8+2.8°
Swelling power at 95°C (g/g) 21.9+1.0° 21.6+1.72 17.440.1°
Solubility at 95°C (%) 31.1+0.5° 23.8£2.0° 45.6+1.2°7
a-amylase activity(maltose mg/mL) 0.15+0.02°¢ 0.2440.02° 1.00+0.05%

Crystallinity A A A

Color value L 94.65+0.01° 87.78+0.03° 85.93+0.02°¢

Color value a -0.91£0.02°¢ -0.44+0.01° 0.05+0.01°
Color value b 3.38x0.01°¢ 9.82+0.01" 10.61+0.01%

D Rice flour means white rice (WR), brown rice (BR), germinated brown rice (GBR) flours, respectively.

? Mean+SD and values with different superscripts in the row are significantly different at p<0.05.

o 8779 B354

=

71915)e] Wake 5 ek #u] shEs v 4 o AR
Q1 Aol f, HEIE, GABA, #vh elas 52 EFeha vk weldns 45 A
S G2 A0 U BE vlole B4 SFEL FHstm Utk WolAre) a-amylase
: E Wol@n] 7h7e] 53 B4

Bl
W) R S3ASEE 71.0°CE dnjep whol
B ubokrt o] A FAn =AY ot o) Alxd Woldw o] st 9w
2ol & HolA et A AT 3F AT 3t o AR 5
final, breakdown¥} total setback viscosity7} =+ 27} 21
(p<0.05), Woldw] 717 Fx EAo] thE Ao Hls] v S S ®Wrh o] wobd
n7p vre FARE Y ofd R A S 7 B ofyel H& a-amylase €4E 7HA 7]

]
Folgta AzFE QT wn] 7F9] peak, trough, ¥ breakdown viscosity: 7 E=& FE B
o}

Sl
=
Jo 4

AAIR, setback viscosity= @v] 7FE7F b ®S e YeERI. @n shRele AA
Aol 3y o] 9lom 53] Aol WA A HAfihe AR st o3 7|lE =
Azel Z742 oAsE ARoly] WEOR ol JFS Weke Aoz AZHUTH Setback
viscosity+ final viscosity®} trough viscositye] == AAFE
7 =0l v oA 7tdE W dATERIE A HAS o
3

2 setback viscosity: Z7FFo A AEARLe] 53 o

et HA4 dolth 292
EE UE

t}. Trough viscosity:s A2 2}
ZY

HA A} 5= A



N
o
o

1o}, 28 A] final viscosity®} setback viscosity: = FHlo] {1l &A7FF 3319
A F2E A=Y ulg 83 84U o=z AAFHST AT QoA =2 &
2 W52 peak ¥ setback viscosity W7FFel SFFHY 7S AT 4+ de T
AAZ s xof & oz AZbE QT

£ 2. 47kRe BaE

Ri Pasting Viscosity (RVU)

ice

flour? tem;zoeéa)lture Peak Trough Final Breakdown setback

WR 71.0 302.3 137.9 259.4 164.3 121.5
+0.1%? +6.72 +11.1° +14.0° +5.1° +2.9°

BR 72.9 251.2 128.4 264.6 122.8 136.2
+0.6° +1.7° +2.6° +4.52 +4.2° +0.9°

GBR 73.4 86.9 30.0 88.0 57.1 58.2
+0.8% +3.6¢ +0.4¢ +1.3° +0.3¢ +0.9¢

U Rice flour means white rice (WR), brown rice (BR), germinated brown rice (GBR) flours, respectively.

? Mean=SD and values with different superscripts in the same column are significantly different at p<0.05.

7F & HAlZ9 54

A7FF 2 THE Bl 9o H| TS fAolAE WEA HFEAHQ AER olF UILFE ALE
st HAlolA W] vl F 3 fASHAl Ak 2l wu] JF HAol Ao wkEe] HF
S 0382 ZA3AqAq dnje} woldn] yLF Wk v TS ] ol ¥ 9ot

Al FFe] A7bFR BE Aol ae] HiAA e W] 7FE7F 316 mL/ge® 7HE Zlon #n
A

A za -
9 Ao ®wgte] 7|l @& Fs Hol= o= AR dnet woldw| & Bl
2 ou) ARgFol} G40 Aol Folk ¢ Z v AAHE Bl AL ol JMFEY AFE A
A A e ST E A2 diE  ddnh dn) 7hRE Az HGAela F
o} v A Ao] e AL FT7|Y AF s T Fol MEel WIAFE H 7AH
Acta s 4= )k satE AEJAIE F 2 GF AFe did njEY A JAH YA
o3 Sy 7] =A4E WHEAV] wEolth Saer WMAdoE dwMz AL FhAA|E HE



HEo o] S7HEA B WEo] AHEHo R o] FojEt o] AlFolA Aeola H
g wkso] e wWEvh AVEF Aol AEAAE 71.0-734°Col A TshE 7] Al AEEA
(R 2) G @A 82-96°Ceol A SHATIL STk 2H B R o] A= dEdEe] B
Al o R gheko]l B Wim JpRE 2 AV]e] Es AAE F gl f & FaE ukE
Ao AFHAHTH 1). AAlel=2e] WU Fo M= vE 42 Bolsd &dv 7t
F AACNAY crust MEE =2 S HASY crumbS W2 #E Ho] ANkd AFS E
WTHE 3). Aol Al A~z Z=AHXE texture analyzer® =743 ZA¥=3 30 AAH AT
B 24A9 A%, 44, B4, A4 HBUL 3F2F AT A% GAc AN BT
FOHQ AolE HATHP<O.05). Wr] AFE AxE PAA FE, vy, AL @Avlsh
Wolgy] AFE WE HAelAnth Fe ghd wyom weldn AT wE HAo|a 7
=SP4, A%Ye dn AR wE Qg o Be g ngn
&3 Wm F@ul Holdn®E Alxg SFEze & fHAo|AY FHEA
- D
Characteristics WR Rice cupg;kes CBR
Weight (g) 30.05+0.15? 30.03+0.32° 30.44£0.22°
Volume (mL) 95.00£5.00? 81.67+2.89" 88.33+2.89%
Specific volume (mL/g) 3.16+0.17¢ 2.744+0.09° 2.90£0.12%
Crust color L 61.40+0.07°¢ 63.46£0.07? 63.3440.03°
Crust color a 14.53+0.14% 13.95+0.51% 9.73+0.78°
Crust color b 35.82+0.51° 37.18+0.51° 35.29+0.16"
Crumb color L 78.06+0.03" 72.44%0.25" 72.61+0.03"
Crumb color a -1.45+0.29" -0.47+0.34% -0.25%+0.01°
Crumb color b 23.08+1.01 24.17+£1.84 23.37x£0.01
Hardness (g) 84.22+10.92° 172.48+29.28°? 160.33+24.63°
Cohesiveness 0.70+0.03* 0.72+0.01° 0.6940.01°
Springiness 0.83+0.03° 0.87+0.02 0.87+0.03%
Gumminess (g) 59.22+7.56" 112.55+12.88°¢ 105.75x12.61°¢
Resilience 0.3240.02° 0.33+0.01° 0.29£0.01°¢

7 Rice cupcakes are prepared from rice flours, white rice (WR), brown rice (BR), and germinated brown rice
(GBR) flours.

? Mean*SD and values with different superscripts in the row are significantly different at p<0.05.

w2 HAol=e FH

O 12 AV fFAelAY FEel WwHel RYS HoFEoh du|el Woldn] A o] A9
crumb®] 7] &S EafARst w LA A FA AT £ dujep wotdn JbF A o)A
3} W 7} HAAE HwEYS W AET opdZ s Fapo] wo win s1F AolAr) H
o7 Fo 7]Folt} crumb& 2 o] Wy 2o V| FS PAAT Ao 45U



WR
a9 1 9 (WR), dv(BR), Loldv(GBR) 7FF2 Azt

o & HAolZ9 BFH}

I 42 BAAE ZAA A R o Hrhksk degrt Avel 7S E AR A 57HA]
FgEoz Hrisk Ang AASATE. EAAE ZAA Ve ddE, I, AR, FEHR
A, B4 F5T =748 BF FoAd Hols HYtHp<0.05). T3 7|TE ZAAE BE
T ogu)glE AolE YEFHITH(p<0.05). 71E9 wYEet B wn 7HF Aol Ao FH
I AFE Uy AR FEHRA, B4, 53 dus Poldn FEZ Alxg fGAel AVt
S ATE wUnh g#He wn spR w2z 5L Woldn] VR A xg fGAo| At b
F =S Aol S AT wole #TA 5o ¢S Fe TAI 8ddS FAT ¢
AATH 71T FAfo| A @S Woldn] 7} Alolar win| 715 Ao]Ar) 2 Hgold
AR g2 whe] AgE yERWTh S Wu|el Woldn] JRER e fHA)AE v JpRERE
e Al ART BRE #TA SEAAAA =& AFE Bt

BR

2 7l0] 2]

GBR

>, (e}
)
%)
(e
=)

34, Wn| o Fdn| otdn & o] &3k A Aol AT}
: D

Test type Attributes WR Rice g;scakes GBR
Difference h?&foge;‘zlilty 714119 47+1.1° 4.94+0.9"
Volume 6.8+1.27 4.9+0.7° 5.14+0.8P
Hardness 5.34+0.9° 6.1+1.3% 6.0+0.9%

Chewiness 4.910.8 4.840.9 5.3+0.9
Softness 5.1+1.1° 4.1£0.8¢ 6.1+£1.0°
Springiness 4.9+1.1° 5.6+0.9% 6.1+1.12
Moistness 4.44+0.7° 5.240.9° 6.3%£0.9%
Acceptability Appearance 7.4+£0.92 5.1+0.7° 5.6+0.9°
Flavor 4.9+1.1° 4.4%1.0° 6.3+0.9°
Taste 6.1+1.1° 5.240.8" 6.3+0.9°
Texture 6.4+1.1° 4.941.1° 6.0£07?
Overall quality 6.6£1.1% 4.9+1.1° 6.3£0.72

1

)

Rice cupcakes are prepared from rice flours, white rice (WR), brown rice (BR), and germinated brown rice

(GBR) flours.

? Mean=SD and values with different superscripts in the row are significantly different at p<0.05.



O AFE #AANY FH A AAF AL

A AFE el o] 7FA | woj7 g Mdr s EAA A 2 FEAF 1YL 9
Tyl AEOR YA E AEetux AP go]l HYH S

Z 92 (premmix) ¥ Gl 9] preparedmix®] ¢fAE A FE& WE wf AR&sty] #EsA v
g 1 AFE 19 AEARES 1 AFd P AES W&o et ddsA £33, vhee
Aol dirs ou|aty wZoA = T2 AT, AWEoR de AMEEII lom oA
T ZY s AES FEE, dAEoR wol Jde] Ha AN &g o] &3k wo]AY =g
s AEFEAE EE Agemg S A B olyE 19 AFHAS 9% AAES
Mg stz gk

E AgoA = dn HAela e~ HAlg ddd dudy A8 § ool o] &
AXo® B o]43 Aaz Afs o83 oz o] S Ayt Alxd 71
ol A= HArHJIA A Aol 304 % A7 F HollA Aule] HA A FHA #T V)
AY B4 S4sAT
Testl. FZA FFS 23t EZA=x
Test2. ¥ ZFA F§F & 23t EZAZ
Test3. T2 /A T/RE 23ty EZAZ
Testd. FEFZFS @3l E=2A=x
Tests. 43l&= A7t sl E2AX
Test6. HHlEd A7 FS S8ty EZAX
Test7. WA FFS 23t AFL=ZAR
Test8. 2 A FFS 23 AT =ZAZ
Test9. # 4 /A FTFE 23 Ado=ZAX
Testl0. & T/ E 2Estd AFo2Z2Ax

£7(H), Hgt 48 s Aes Aetd g0 gH BEIFEE 21 2 AR LIF(1000W) TE WU M2
A8 &J|H| HE SoELCL E0I =L} = 0l85t 60x 12107 =2 R
S0 HHFELCL

ES o] &% HANZ AxTH

g7)(g) 8 48 SN EEY FHHME LY 2Eg oa@sto e0 FXAATO000W) TE AUN 4g
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: Cohesive
Group Hardness Adhesive Springiness Chewiness  Resilience
“Nness -ness
6365.99 -136.65 a . 1911.21 .
A 487 04 196.41¢ 0.54£0.05 0.46+0.03 +184.39° 0.15%0.02
5828.98 -85.12 ab a 1510.23 a
B 473,68 119 65¢ 0.51£.05 0.56+0.04 +933.90P 0.20£0.20
5074.45 -63.20 b b 1162.76 b
+ + £
C 138634 +9350" 0.49£0.05 0.52£0.03 +164.95° 0.18£0.01
4401.91 -35+76 b b 833.27 b
D 340,489 .96 0.46=0.05 0.52£0.04 0946 0.18=0.01
7 9FA FFS 2@ A gAY Ax
Sample L a b AE
A 67.14+0.17¢ 0.99+0.01¢ 17.66+0.01° 36.53+0.15°
B 7452+ .21° 1.74+0.04* 21.48+.07% 32.78+0.21°
C 77.32+0.47° 1.19+0.04¢ 20.86+0.36" 30.29+0.60°
D 78.10+0.05% 1.31+0.01° 21.50+0.01° 30.20+0.03¢
Test2. 2% FA §F 283t EZ Ax
BEFAE hdugel fejgrng Teua AFY Rede AR TARS: AES w9
Fol, waAdse) ikg Fol AR o §¥ W Utk BT FAE AFFH, BH T F2
M HE FoHA, AHIIERSE Ansh 2yl FiT e B Axstel Az
Ao B Aol AHEE gelstel dAvl HAolag Axd A% BUsAE ¥4 @ 4
ZA Hls FE FA o] 7SS 4 E=(Hardness), F2 (Adhesiveness), XA
(Chewiness)7F o] Aoz 7asts 2E 55 o o AF9 Aol F=u9 A= A
S ¥ Jdon TaFldA BREAAY Gl vlEo] B fA e 94 FeAdEEG 2Eg
NBe FHtE AS B Yok Ax An BRsAst D Qe A3 wEe] HbEe
uel AFY] Mo JEES W AS B don addXMR Hole AAF HIbo]l F7t
F5E FUAAS Pt AL FADE YUk BTRA A WrhPel UR Be 4% U9
N EFolAE AL nol BAYL Fd AHFUS 1T b 4PS AYsar



A B C D
&m 30 30 30 30
I 4 4 4 4
BP 0.9 0.9 0.9 0.9
e 12 12 12 12
= 35 35 35 35
A 0 2 4 6

E 9 BueA e 9ee Avl gAlelae] 8an 5y
Group Hardness Adhesive- Springiness Cohesive- Chewiness  Resilience
ness ness
A fﬁgg:?ga -39.60+5.12°  0.47+0.05°  0.53+0.03 ifggggab 0.18+0.01
B 351253773 -37.20+817°  0.53+0.06"  0.54+0.02 i9§82§55a 0.19+£0.01
C fg??;fb -2257+556"  057+0.05*  0.52+0.04 1897(()52;) 0.17+0.02
D fgffggb -12.57+.42*  0.58+0.04*  0.51+0.03 Z;j;gc 0.17+£0.01




AE

Sample

0.75+0.04° 19.60+0.10¢ 27.98+0.26

79.29+0.28°

27 55+0.02°
2750+0.15"

20.24+0.02"
20.43+0.32°
20.89+0.012

80.63+0.02° 0.89+0.01°

80.94+0.62"
81.90+0.01°

0.92+0.05"

27.23+0.01°

1.03+0.01°

233y 22 Ax

el 7HAIR

slolhele] ARG

ol

iz

d

—_
o

L e

el

=] [e)
=kl

1

3T
™

B R

kv

Fel A=

I A3 7 %=(Hardness), 2/ (Adhesiveness)

o] fo Aoz Z}7F4072.45, -29.45% X

ke
L

il

o

ce

el

]2

o

| A2 AZA]

=1
B

ST
it

30

30

30

B

oF
R

0.9

0.9

0.9

BP

12
35

12

35

12
35

el

iy

b E GRS 4

Fu =70 4




[}
8 (3
<) 8 g
[} = g :
2|2 3 S
G & S z : 3
| 1 7 +_ o/~
™ S = = : % z
(@) : -
e 2 . x % o i
[} . ]
3 { |se s R RN
K = AN 2 S, =2 SR :
i 2 mw@mam = 8o FTEE
|2 : S : % o\ o~ ) J il
° @) T = & % O mﬂ ; :
‘wn : WU ‘m_.l ;.01_ “%
hel m.u < © b 5 5 Mv Wo
— .V S 1 :
= F4| < 5 F - w H
% f81 % 2 S |2 % % PiEy
% O 5 < o . : 5
: O . - < — H B B ™
m ! g 2 i %
i B mb = 8 =\ I 2 of- %L i
il ) g T o < = a5 ° i = :
Z._O 1 n ki T o O () — m = q,.u
™ a8 Te) © T s | @ > 2 ) . ;
— T P S L0 5 : 5 s uT _61_
< ST o S & o4 i+ BT
WW H | o ,ﬁ O AO_.. = ﬂ Oﬁ L 5.0
(=l mmu ] Lo < e ) .m_w i
> % . ﬂ:q |
< | 2 g 4 4 < e i mo
< e = a3 ) B = B Nd ®
e | < & S 2 (= ¢ S - 32t ﬁ
i in =2 o R I s 3 ) o
: _ < B H o A T o o] o
, 0 0 = ’ .
N 7 % = gy T (U
z.ﬁo | ) S @ o) A G
N = 0k 5k QE iy &~ mﬂrmf%im
X S |5 S Q9 nE 1o uxﬁ.LeT
T s 5 s X N N iy i e
L H 1y e Mo oW N M ~
Ul RN S = X % ]
HT._ _ : : ; e Of ﬂ .EI )
o a o | 2 oy W _m
— =] L = L. EE :
= P < a Pee T
i ) ) | » O o T N
C - W oy K
“ : %
9 %en
S 4 R
% R
_ N
N mK B



gt Ax} FEYo] B2 A9 FE(Hardness)# < fFroldoz vrorn} Rz (Adhesiveness)
o] U EA Yetus S gl ¢ dom A (Chewiness)gth HgE 3624302 9] 4]
L EE ol&ete] A HHAAE AT W FEYgo] Hon

A AA gEE A= AEFe Bon B AFdAaE &

A B C

an 30 30 30
L 4 4 4

BP 0.9 0.9 0.9
ety 12 12 12
=Y 30 35 40
Tv]f]_‘?—:]-_’%x] 4 4 4

A B C
a9 5. SRS ES gk dn gAola sy v
¥ 156, FEgES gk dn gAolae dax 54

Group  Hardness Adhesive Springiness Cohesive- Chewiness Resilience

ness ness
19903 ) - — 507 :
A Do 2645092 041:004  047:004° 2000 0162002
4126.90 B b a a 876.03 A
B +958 88" 24.50+2.64 0.55+£0.03 0.51+0.03 62 04° 0.17+0.01
3506.68 B . . b 362.43 b
C 1931 50° 34.47+4.95 0.33+0.04 0.45+0.04 130 15 0.14+0.01




I 16 FEEHS dEg dn HAolAY AME
Sample L a b AE
A 67.03+0.01° 1.00+0.01° 17.66+0.01¢ 36.62+0.02
B 74.38+0.06" 1.77+0.00? 21.55+0.01? 32.930.05"
C 78.13+0.03° 1.30+0.01° 21.50+0.01° 30.18+0.03¢

Tests. AAH AR J3l& ATE 2Esld EZ A =X
= %9

AARERIA = 1F32 Ztdsts 28 7R ATt ddFe £ AsA REste]
Aot AE o] &3 AoR wWE At 12 79T e FHES A dvk S8 34
o &2 dAub= AF uiFtel AR BEA el o do] AR ALkl 2
FRE7HA L2A 7t glonw HA w2 AEFS WAt XEsted E&F 0w
o] g e glo] B A= A 1A (1000W)E o]&3&to] 60, 70, 80, 90% <} IA7tES &
gato] Axstdnh. 2 A o3 Algte] dojd 5 F27d (Adhesiveness) 7t o] H o ® FHA
st o R E A (Chewiness) 763.78% 4oz 714 =4 Yehdth 58 o] gste] dn
Aolas AxT 49 1000W AAtaldA= 1% 1029 ZgAgte] Fastgiom 700Wel
A A o] A= 18 30%9 ZeA o] HaEd

317 AAERJAA g8l = AREE 2eld dnl HFAola wiF R

o

A B C b
) 30 30 30 30
ne 4 4 4 4
BP 0.9 0.9 0.9 0.9
A 12 12 12 =
= 35 35 35 e
kg %) 4 4 4 !
A2 21 A] 12 15102 1820% 1#30%
o1 3 A| 7+




%18 AAHIA o8 7S welg dn] Arola €A B

Adhesive-

Cohesive-

Group  Hardness Springiness Chewiness  Resilience
ness ness

3913.71 B q . b 352.92 b

A 907,50 65.16£7.68 0.32£0.04 0.35+0.03 134 08° 0.09+0.02
3983.85 . a a 763.78 o

B +981 14 28.42+3.90 0.47=0.02 0.44+0.02 160,21 0.16+0.02
3775.38 B b b a 585.47 a

C 17713 16.11+3.63 0.38+0.03 0.46+0.03 171 0% 0.15+0.01
3913.13 a . a 380.45 a

D +916.62 5.61+1.10 0.34+0.03 0.46+0.02 137 89¢ 0.17+£0.02

3E 19, AAERIA el AbE gy A HAola Ak
Sample L a b AE

A 80.68+0.01" 0.26+0.01°¢ 19.03+0.01¢ 26.61+0.00¢

B 81.05+0.02% 0.35+0.01° 19.00+0.024 26.33+0.01¢

C 80.69+0.02" 0.36+0.03" 19.63+0.02° 27.04%0.02°

D 79.27+0.01¢ 0.68+0.01* 19.67+.02% 28.05+0.017
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E 21 IR HUbS gEld dn fAlelae] "HaA
Group Hardness Adhesive- Springiness Cohesive- Chewiness  Resilience
ness ness
4018.86 B b be b 1006.29 +001b
A +950,60° 32.34+£2.57 0.48+.04 0.48£0.03 157 57¢ 0.17+0.01
3951.09 - b . a 1186.75 a
B 116899 22.99+5.99 0.47+0.04 0.53+0.03 +80.15° 0.19+0.01
4050.20 - a b a 1366.06 a
C 119550 19.12+3.77 0.51£0.04 0.53+0.04 195,63 0.19+0.02
42871.78 a a a 1822.96 a
D +164.45° 17.39£3.39 0.63£0.04 0.54£0.02 £96.90° 0.19£0.01
w22 dEnw dAEe gud dn oA ME
Sample L a b AE
A 80.03+0.02° 0.47+0.02° 19.66+0.03 27.49+0.01°
B 81.19+0.07" 0.11+0.01¢ 19.46+0.02¢ 26.58+0.06°
C 82.03+0.01? 0.21+0.01° 19.27+0.01¢ 25.87+0.00¢
D 78.05+0.03¢ 0.66+0.03% 21.62+.02° 30.30+.01%
Test?. A FFL B ste] Aoz A=
At gbdAFo2 A 7HA7F =2 W ooy e Aol A & 22 AN, A AlF
o7 A A, dAFEA A, FEANA ol WHF TS st Utk AT =EAfe|
At AARE FAAR gt Aoae AL GG TAARRL Aol SxAo
2 FH4S A= 283 F83% dsojth E AFoA e dn HAClA AxA ATES
7| &0 2eto]l AAIE HAFE eI E AES At WA AEA FqFFS sk
AP A AR PAClA FRYA EHoE T2IAL wEo] Frd =4S 7Y
ARk Az o]l Aol A 2] F BFAZE EoUA FS AE AT IR FEALS BoH 1
Hol Al He= AAT AED7E o 729 U 727 AFoEA 7MY vt g FEHE B
3 QQen BRA BAFe] FAB4E AE(Hardness)7h it Azl AAE T
AE Ko B AFS B A $E03g)e2 1A e 2ES 1A AH
323 WA TS e dvl HAlA wigE
A B C D
Al & 40 40 40 40
A 8 8 8 8
T 2.4 2.4 2.4 24
BP 0.1 0.2 0.3
e 3 8 8




A

19 8 #EA g

24 WAA TS Gl dAn fgAelae] "
Group Hardness Adhesive- Springiness Cohesive- Chewiness Resilience
ness ness
2568.16 B a b 780.72
A +995 15 8.44£1.05 0.79£0.04 0.63£0.02 L8704 0.22£0.2
2329.61 . a 1485.74
B +179.81" 17.79+4.12 0.85+0.03 0.61+£0.03 196,99° 0.24+0.02
2072.70 B b a 1532.59
C £62.66° 1047+1.80 0.83£0.04 0.62+0.03 +121.00° 0.23£0.01
1796.56 b a 1109.81
D +89.61 -11.23+2.16 0.84+0.03 0.66£0.02 57 0P 0.23£0.01
% 25 WEA gEFS G dv] fGAolAY AE
Sample L a b AE
80.95+0.03" 5.32+0.012 43.22+0.012 47.44+0.022
B 82.95+0.05 4.98+0.02" 41.83+0.03" 45.39+0.04"
C 82.20+1.09% 4.95+0.15" 40.79+1.28° 44.71+1.05"
D 80.51+0.02" 5.26+0.00? 40.79+0.04¢ 45.38+0.04°
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W27 EURA FFS 29 dv) gAolAe A Sy
Group Hardness Adhesive- Springiness Cohesive- Chewiness Resilience
ness ness
1861.68 B b b 1280.78
A +160.89° 11.64£2.40 0.81+0.03 0.64+£0.01 +119.61% 0.22+0.01
177547 a ab 1090.16
B g9 714 -4.41+0.78 0.84£0.02 0.695+0.02 +105.10° 0.23+0.01
1748.86 a ab 1057.32
C 10103 -3.14%1.21 0.82+0.03 0.64£0.02 144,35 0.23£0.01
1629.38 a A 946.59
D +114.91¢ 3.79+1.24 0.85+0.02 0.63+0.01 +79 85° 0.22£0.01
X 28 EERA FEE G dn) HAelaY Ax
Sample L a b AE
A 83.40+0.01* 2.76+0.02¢ 35.42+0.01¢ 39.09+0.01¢
B 81.01+0.12° 3.89+0.04" 40.43+0.18" 44.72+0.15"
C 81.00+0.06" 4.24£0.04% 42.42+0.17% 46.57+0.18%
D 83.36+0.02% 3.26+0.1° 39.12+0.01¢ 42.55%0.01¢

2

T8 A FRE DYste] "l Aol Ax A 1%101]/‘1 e AAEY *‘“B«l o] g
= “?%

=

R 18] A (Chewiness)997.69%2 &3 ©& A
o] g3t  Aolas AT HF AFo] "dusiA wEo A Jd=d FulE 709 AW g+
] 7

=< A=
ol M AMAE T Ue Aer Ho] # A= FulE 70 985S AASA

o o 4z

A B C

Al 40 40 40

&l 8 8 8

T 24 24 2.4

BP 0.3 0.3 0.3

v 3 3 8
=HRA T T 6 270 6 PSS EE 6




A B C
a9 10, wEA FRE EEd dn HAelAe SiH di
E 30, RURA EFE Deld dv) PAolAe] HraA 54
Group Hardness Adhesive- Springiness Cohesive- Chewiness  Resilience
ness ness
1665.76 b 940.75
A +84.19" -4.10+1.26 0.85+0.03 0.63+0.02 455,01 0.21+0.01
1693.36 ab 997.69
B +8871" -3.57+£0.62 0.85£0.02 0.63+£0.01 +85.36" 0.22+0.01
1933.78 a 1074.33
C 116,68 2.38+0.83 0.85+0.03 0.64+0.04 130,96 0.21£0.02
E 3L $UEA FFE 9 Av) gAlolas A
Sample L a b AE
A 80.14+0.01°¢ 1.79+0.02¢ 39.22+0.22¢ 43.83+0.2°
B 81.84+0.05% 2.46+0.01° 43.61+0.02% 47.22+0.03?
C 80.90+0.01" 2.60+0.02° 41.89+0.03" 45.99+0.02°
Testl0. & THE Gty Aoz Ax
dn HGAolAL] AFE Myl A&l A wAg, A, E33(E5)ste] HAAE AxgH
A1 AMZE Be 7 E(Hardness)1542.86%2 o)A oz vtAl Yebg AR F-2H4 (Adhesiveness)©]
=A YERH 1‘:9011/\1 HEAAT AF Po] Eqf3sty Wi & 7|g5c] AA wv&



Agk JHE 252 Eokd B4 Qo vbd wiaAs) 3AS Sk A9 AR FEA 9
2 oobet Il mERAY AF ok el J1Fo] FAsA FYH| A
3 Avl HAola AxA Avl Wan A TPl AAF el mgol Ao
55
%322 FTHE Gl dn AAolZ wiE xR
A B C
A <+ 40 40 40
& ml 8 S
= 24 2.4 2.4
BP 0.3 0.3 0.3
g 8 8
A 6 6
A B C
a9 1L % ERE 9@ an AAolae] 9uy vy
T 33 % FHE 9@ @v) gA0ae daq 54
Group Hardness Adhesive- Springiness Cohesive- Chewiness Resilience
ness ness
1705.76 a a 932.58 a
A 115520 4.48+1.55 0.84+0.03 0.64+0.01 +48.55° 0.22+0.01
1542.86 b , 69228 .
B siop ey 8542069”  0.86£0.04  062+0.01 oo 0-20£0.02
1627.04 B a a 813.61 b
C 134 457 5.23+0.68 0.86+0.02 0.64£0.02 £97 18" 0.21+0.01

Kt |



E 34 % FRE 2T A gAelae Ak

Sample L a b AE
A 81.94+0.27 1.96£0.03° 4157+0.21° 45.27+0.10°
B 81.38+0.03" 1.89+0.01° 39.83+0.01° 43.88+0.02¢
C 81.38+0.03" 1.86+0.01" 40.33+0.01° 44.34+0.01°
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(2) EFATLFE o] &F AW Ax

RE ARE @AW B3 Y PHoE wES Wy NFoR Azdgch

F 12 Ax 2=

B Mg = B 5 Ag | Aeze
150 40 1 40 100 50 2

ReNz 29
Ct5+242h 300g =y (30°C/ 75%),
it A (170°C, 255

19 1 Ao Az W

(3) EFATIFE o] &% AW W= H= % pH

wlol A== ¢ @ W EHBrookfield DV-II Ultra programmable rheometer, Brookfield,
Middleboro, MA, USA)& ©]&ste] S43ak3ith. Spindle no.2& AR&3F3low 23TelA 1
T ¢ HeE AFste] s HAS WY A=E SAHs%H. pHE
Fisher Scientific)& ©]-&3Fo] 743}t

pH meter(Accumet,

(4) EFEATE ol &3 Ao HAx
14 1-7-()9] A3 39t B PyoE A s,
(5) EFHNTFE ol §7 AW P24 54

14 1-4-3)¢ 43 Iy sd3
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2. 4943

7w 54

299} o}‘?—__liﬁil%_ gFe =4
A dAe 2737929 a-14 glucosidus 2o =2 7HAE 2 23 £A49] otz
o7 FAEY o HAEL Eo] T3 d& W b o3 WE, T3HEA ofdr o~
= %
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& 2. EFATEFE ol &3 ARk HE B g AIzbE pH =74
pH (for fermentation)
Sample Viscosity
0 min 10 min 30 min 60 min 70 min
amylose 0%  15040.00£151.32""  570+0.02"  564+0.11"¢  560+0.00°°  538+0.01" 5.35+0.02°
amylose 10%  16633.50+292.04"  568+0.00"  577+0.11"  561+0.06™ 541+0.01* 5.35+0.00"
amylose 15%  18026.50+150.61%  571+0.01°  581+0.05*  565+0.04*  542+0.00°  5.37+0.01°
amylose 18%  21760.00£301.23"  563+0.01°  578t0.01"  556+0.01™  541+£0.00° 5.37+0.01°
amylose 20%  25706.50+150.61°  5.74+0.00°  5.71£0.01™  553+0.00°¢  541£0.01°  5.34+0.01"
amylose 225%  2761650+164.76°  559+0.01"  552+0.01¢  548+0.01¢  5.35+0.00° 5.26+0.01°
amylose 24%  28266.50+150.61°  559+0.00°  552+0.017  548+0.01Y  5.34+0.00° 5.19+0.01°
amylose 25%  30400.00£151.32" 5670019  559+0.00¢  552+0.01Y  5.38+0.01°  5.27+0.01°
amylose 30%  37217.50£163.34*  562+0.01°  555+0.00°  549+0.007  5.34£0.01°  524+0.01¢
E 3 EFAVMFE ol &g Aol T, Fy, v A A
Sample Weight (g) Volume (mL) Specific volume
(mL/g)

amylose 0% 52.81£7.01 483.00+£24.04%°V 9.020.77

amylose 10% 47.63%2.30 480.00+14.14% 10.08+0.19

amylose 15% 38.51+14.74 488.00+8.49° 13.63+4.99

amylose 18% 40.47+17.34 459.00+0.00P 12.49+5.35

amylose 20% 55.64+9.73 466.00+14.14% 8.53+1.75

amylose 22.5% 59.98+9.31 456.50+6.36 7.86+1.33

amylose 24% 61.90+11.13 425.00£7.07¢ 6.99+1.37

amylose 25% 62.97+9.47 420.50+4.95% 6.75+0.94

amylose 30% 65.88+1.11 395.00+7.07¢ 6.00+0.01
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(A% 0,1,39)

S
Sample
Amylose Storage L a b AE?
content day
0 63.85+0.30° -0.37+0.119¢ 20.75+0.38% 39.07+0.46
0% 1 65.31+0.07¢ -0.29+0.02¢* 21.47+0.47" 38.25+0.32¢
3 62.69+0.50" -0.23+0.03® 20.50+0.05"" 39.93+0.45"
0 64.57+0.51¢ -0.27+0.07°% 21.95+0.63" 39.14+0.04°
10% 1 63.14+1.27° ~0.08+0.02°94 21.35+0.17" 40.00+0.97°
3 63.10+0.04" -0.12+0.05" 21.28+0.23° 39.99+0.50°
0 62.79+0.27" -0.17+0.13"" 19.38+0.02°" 39.42+0.22%4
15% 1 65.34+0.08%" 0.16+0.12"* 21.08+0.74"* 38.01+0.47%
3 66.20£0.17% -0.3920.04%¢ 19.81+0.13°8 36.59+0.07°¢
0 66.77+0.03° -0.62+0.04°" 20.13+0.26° 36.30+0.12°
18% 1 67.02+0.15* -0.52+0.05" 20.15+0.35° 36.10+0.32°
3 65.07+0.79°® -0.63+0.06™ 19.64+0.57¢ 37.45+0.98"
0 66.71+0.43°4 0.13+0.01%* 23.34+0.03** 38.23+0.35"*
20% 1 67.15+0.29"4 -0.25+0.01°" 21.35+0.02"" 36.68+0.23"
3 65.49+0.11" -0.59+0.02 19.50+0.04% 37.02+0.07"F
0 65.2620.28% -0.10+0.08" 21.42+0.18"B 38.26+0.33"
22.5% 1 61.96+1.04fC 0.71+0.03* 22.39+0.21°¢ 41.56+0.99°C
3 66.95+0.27° -0.41+0.02° 19.65+0.22¢44 35.88+0.1194
0 69.09+0.60" -0.33+0.02%" 21.50+0.46™4 35.22+0.75¢
24% 1 69.20+0.15 -0.15+0.03% 21.14+0.21°4 34.91+0.01'
3 68.21+0.26° -0.36+0.07%" 20.03+0.17"8 34.97+0.47"
0 68.27+0.21"* -0.11+0.01"* 21.11+0.22094 35.63+0.30°44
25% 1 68.15+0.01"" -0.14%0.01" 21.27+0.16" 35.82+0.10°
3 67.73£0.11%A -0.3220.024 20.31+0.10°¢ 35.60+0.03°®
0 66.05+0.66°* 0.07+0.07° 21.77+0.14" 37.82+0.45"*
30% 1 68.16+0.00"° -0.01+0.00° 20.460.01% 35.34£0.01°™®
3 67.32+0.31"F 0.00£0.06 20.11+0.31"8 35.82+0.43%8
otz o s FFE FAEM, A-C: ARVIRPE(0,13Y) TAEA



E D EFATIFE o] &3 A AAT|HE dax 54 (A 0,1,39)
Sample Fracturabil Adhesive Springi Cohesive
Amylose Storage Hardness (g) ity -ness Elesg hess Chewiness Resilience
content Day (g.sec)
0 817.69 =2.77 0.44 0.45 162.88 0.12
+78.50°¢ +1.17 +0.01°° +0.02°4 £12.178 +(.01%%A
0% 1 1101.85 -2.07 0.56 0.45 275.45 0.12
° +79.778 +0.82%° +0.05%4 +0.024 +52.18% +0.01°4
3 1455.23 250.90 -1.99 0.34 0.21 104.65 0.08
+173.754 +78.71 +0.71 +0.01%°¢ +0.020P +16.61¢¢ +0.01"8
0 1052.75 -1.06 0.46 0.37 176.82 0.11
+107.43% +0.95 +0.05" +0.02° +30.23°4 +0.01%A
10% 1 1180.24 -0.56 0.42 0.32 158.10 0.09
© +69.81¢8 +0.64" £0.04>A +0.018 +12.48°44 +0.00>B
3 1540.09 283.21 -1.49 0.36 021 114.92 0.09
* +137.024 +15.26 +1.55 +0.03%8 +0.02"¢ +20.76%B +0.01"8
0 1217.97 -2.23 0.45 0.37 205.21 0.12
+143.96°%® +0.60 +0.01°A +0.01 +25,36eA +0.00PcdA
15% 1 1285.06 -1.18 0.37 0.30 139.82 0.09
© +138.60% +0.74 +().,02¢48 +0.01% +9 (0298 +0.01>8
3 1599.11 287.90 -2.03 0.33 0.21 113.88 0.09
+159.17°4 +5.49 +1.21 +0.04%"B +0.01¢ +12.96%¢ +0.01°P8
0 1299.93 -1.03 0.46 0.31 188.69 0.10
+71.98B +0.85 +0.04"2 +0.01A +18.34%A +0.00°*
18% 1 1446.47 -2.07 0.37 0.26 141.54 0.09
© +110.91%® +1.14% +0.02098 +0.01° +14.18% +0.01B
3 2081.17 326.94 -2.54 0.31 0.20 125.76 0.09
+138.07°% +26.68 +1.05 +0.04°¢ +0.01°¢ £22,777¢0B +0.01°2
0 1552.09 -1.49 0.53 0.33 275.17 0.11
+138.10° +0.81 +0.03%A +0.014 +30.31"* +0.01°9A
20% 1 1832.88 -1.85 0.39 0.27 193.13 0.10
© +107.608 +0.93 +(.02¢48 +0.018 +5.20>8 +0.01"8
3 2295.20 390.17 -2.09 0.34 0.22 171.67 0.10
+£220.35%4 +82.19 +1.04 +0.01%°¢ +0.01°%¢ +21.49%B +0.00°"8
0 1602.76 -1.30 0.56 0.36 320.43 0.12
+72.04¢ +0.55 +0.02°4 +0.03" +27.21%4 +0.01%PA
29.5% 1 2065.45 -5.13 0.38 0.28 217.46 0.10
o +244,5238 +4.10™ +(.04<4B +0.028 +3].42B +0.00"8
3 2363.69+218.37* -2.41 0.34 0.24 186.95 0.10
bA +1.03 +0.04%°¢ +0.01%¢ +32.62% +0.01°®
0 1552.70. -1.92 0.43 0.29 192.18 0.10
+77.00°¢ +0.26 +0.04"A +0.0294 +17.914 +0.01¢4
249 1 1861.40 -4.66 0.39 0.25 180.13 0.10
© +144.19® +2.80°P +0.04°4A +0.02° +25.28¢AB +0.01PAB
3 2301.55 -5.11 0.31 0.21 149.96 0.09
+221.89%PA +4.57 +0.02b3 +0.01¢ +25,04>B +0.01"8
0 1684.49 -1.04 0.53 0.29 253.11 0.11
+122.68"8 +0.884 +0.04%A +0.019 +30.40A +0.00°4A
959 1 1931.82 -5.74 0.36 0.23 159.92 0.09
© +71.78>B +2.36>B +0.03% +0.018 +20.56°8 +0.00°¢
3 2289.53 418.05 -2.40 0.30 0.20 142.26 0.10
+285.76%4 +37.80 +0.95% +0.02"¢ +0.017¢ +26.85<dB +0.01°"8
0 1847.31 -1.07 0.56 0.22 225.11 0.13
+346.93%8 +0.91 +0.04%4 +0.01°4 +60.38°0A +0.01%4
30% 1 2204.12 -7.28 0.44 0.19 183.67 0.09
© +190.94%AB +£6.74¢ +0.03" +0.00° +£25.92bcAB +0.00>P
3 2512.65+242.22% 570.26 -1.70 0.37 0.16 147.07 0.10
A +15.25 +0.87 +0.02°¢ +0.02% +23.04>B +0.01°8

* A2 2]: Duncan (p<0.05)
ool gl BAEA, A AAVE(0,1,3Y) BAEA
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¥ 7. ET Horeks dE sk Auko] dl A EA4
Adhesiveness Springines  Cohesivenes . .
Sample Hardness (g) Chewiness Resilience
(g.sec) S S
A 1448.46+144.13  -763.97+158.60°  0.68+0.13 0.43+0.04 426.87+106.10  0.09+0.00°
B 1508.46+81.78  -634.48+90.72°>  0.66+0.08 0.39+0.02 38852+43.66  0.11+0.00
C 1418.76+57.17  -581.02+25.07°  0.63+0.04 0.40+0.01 354.78+31.46  0.11+0.00™
D 1474.67+119.90 -52891+141.85*  0.63+0.09 0.41+0.01 37854+82.01  0.11+0.00°
¥ 8 WET HUbeks dEsh Aol Aln
Sample L a b AE
A 69.18+0.01° -0.78+0.00¢ 14.25+0.01¢ 31.21+0.00¢
o B 70.21+0.22° 2.54+0.30° 25.64+0.56° 37.18+057°
N C 68.20+0.10¢ 0.42+0.01¢ 19.82+0.02° 34.94+0.07°
D 71.34+0.07% 1.71+0.07° 25.64+0.222 36.34+0.13"
A 69.16+0.72¢ -1.30+0.012 7.49+0.34° 28.75+0.79°
- B 73.41+0.10° -1.48+0.014 7.57+0.10° 24.72+0.06"
U C 74.39+0.01" -1.43+0.00° 8.81+0.02° 24.23+0.01"
D 75.79+0.00% -1.45+0.01¢ 8.92+0.01° 22.98+0.00°
¥ 9. W ET Hrteks dalsh Auko]l R Hul wAd 9w o gr]EAE
Sample A (g) 53 (mL) vl A& (mL/g) H71EA S
A 270.98+3.42 429.00+28.28 1.58+0.08" 29.98+3.49
B 269.44+1.18 459.00+12.73 1.70+0.04® 30.94+1.22
C 271.88+1.48 469.50+2.12 1.73+0.00™ 28.32+1.70
D 267.88+2.21 492.50+10.61 1.84+0.05% 32.43+1.93
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&1L EERA HEE g Al gy 54
Sample  Hardness (g) Adhesiveness Springines  Cohesivenes Chewiness Resilience
(g.sec) S S
A 139552+61.89"  -694.14+160.09°  0.65+0.11° 0.41+0.01 368.12+65.21"  0.09+0.01
B 1581.59+141.19"  -704.21+108.62°  0.70+0.07°  0.39+0.02 433.65+40.94*  0.09+0.01
C 1304.28+183.40°  -521.96+126.82""  0.62+0.14*  041+0.02  324.01+84.36™  0.10+0.01
D 1374.22£138.72"  -396.93+121.17°  0.44£0.10°  0.39+0.02 328.30+65.90°  0.10+0.01
® 12, FHEA HUbEE gee A e
Sample L a b AE?
A 73.52+0.01° -0.43+0.01° 18.54+0.01° 29.91+0.01°
g B 71.70+0.27¢ -0.710.01°¢ 17.65+0.13° 30.83+0.15"
o C 76.23+0.01° -0.86+0.00¢ 16.91+0.02¢ 26.79+0.024
D 70.80+0.02¢ 2.14+0.01° 26.16£0.01° 37.10+0.01°
A 72.78+0.02° -1.28+0.01" 8.43+0.01° 25.59+0.02°
B 73.38+0.02¢ -1.24+0.00° 8.20+0.01° 24.94+0.02°
o C 72.03+0.02° -1.12+0.01¢ 8.41+0.01¢ 26.28+0.01¢
D 73.23+0.08¢ -1.21+0.01° 8.41+0.01° 25.16+0.07
& 130 A HFEE gee Al T, Fu, vjA A 9 arlEAE

Sample A (2) 3 (mL) vl A4 (mL/g) wlEAE
A 273.25+1.05 406.50£7.78 1.49+0.02 26.92+1.14°
B 276.05£0.11° 424.00+5.66 1.54£0.02 24.41£0.04°
C 274.01+0.06 438.50+£4.95 1.60+0.02 26.54+0.16
D 271.62+0.33° 427.00£7.07 1.57+0.03 28.65%0.28"




g 54 BB 9 Ao FASA

ol Z Ajolo] P ASS FAEe] cross linkingAl 71+ &4 9 Transglutaminase(TG)E
A7eto] & Gl A2 dwd As AAdste] Ao BuE FXA7 A TGH 7P

3* 14 TG #H7bge @3 2o migx

9 g
A B C
(TG 0%) (TG 0.06%) (TG 0.12%)

=gRTLF 120 120 120
A e 35 35 35
Ealsr 1 1 1
alolo] ~E 2 2 2
e 3 3 3
vk 3 3 3

TG 0 0.10 0.20

- Transglutaminase(TG; protein-glutamine y-glutamyl transferase, EC2.3.2.13)+= 2 2]
2] Al 2+719] e—amino group¥ ZFFEFv]E 7] Abo]e] non-disulfide covalent crosslinks & 4

S St EA4FE o] §4F HUbehdW A G AETE e Hrbsh @R Qe oW X
s FgAsted =S T AR 17 83 o] AW kg Hubso] TS FE HaAdol
FolA &= AL &5 QU

- 2 99 o] Aol Iy WS B wil yA AE Be Fyrt b Fom Wy 7
THAAE 7 ddEA A HAME AS E S o vk Hubge] FrtEeE 7] F o)
e P4 HAuo

- TGE AA T%9 0.06% 713 BAZoA 714 ve& 7% (Hardness) 54



Fermentation

0 min

10 min

20 min

30 min

A B C

1% 8. TG 7;5,]7]'%]:—% ‘;]E.'Fq sk %‘—BHO]—Q] }\]Zl,tg ‘?‘:]'_-E_A]‘Z(l

A B C

a8 9. TG A7 e gajsh #upo] giwal v



3 15, TG #7MES 2els Aol gz 54
Sample Hardness (g) Adhesiveness Springiness Cohesivenes Chewiness Resilience
(g.sec) s
A 1277.42+149.88*  -415.59+125620  0.53+0.12 0.40£0.01 276.43+79.80  0.11+0.00
B 976.67+88.92" -351.48+78.22 0.46+0.07 0.39+0.01 176.18+35.39  0.10+0.00
C 1162.77+67.77"  -414.24+111.05  0.53+0.11 0.40+0.01 242.40+52.12  0.10+0.01
3160 TG H7M=gEs 2esh Aol Ax
Sample L a b AE?
A 71.78+0.14° 4.62£0.012 29.29+0.03* 38.97+0.07°
o] B 71.76+0.62" 3.77+0.40" 27.89+0.57" 37.84+0.88"
C 72.71+0.27% 0.86+0.03° 21.52+0.18° 32.47+0.08°
A 74.85+0.05" -1.41+0.03° 9.79+0.08" 24.19+0.02°
sl B 72.56£0.14° -1.28+0.02" 8.23+0.05° 25.73+0.14
C 72.83+0.08" -1.2320.01* 9.18+0.13" 25.80£0.12°
17 TG #7bgs 223 Aol 54, Fy, vAl4 9 wr|EdE
Sample A (g) 3] (mL) H A4 (mL/g) wlEAE
A 270.63+0.48 453.00£15.56 1.67+0.05 30.74%0.30
B 271.27+0.33 480.50£7.78 1.77+0.03 28.99+0.01
C 270.58+2.44 452.50+0.71 1.67+0.01 31.22+1.20
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¥ 19. H7tES

deld An) Auel Bad 54y

Sample  Hardness (g) ~¢oVeness Springines - Cohesiven o iess Resilience
(g.sec) S ess

Control 516.03+180.13 -0.51£0.64 0.77£0.03 0.44+0.02 176.15£59.75 0.16+0.01

A 1408.25+42.32 -0.85%0.82 0.53+£0.04 0.35+0.02 265.02+£41.98 0.10+0.01

B 458.12+101.90 0.76+0.03 0.44+0.02 155.20+£33.19 0.16+0.01

C 416.71+38.78 -0.28+0.09 0.65+0.04 0.43+0.03 114.59+15.96 0.15+0.01

D 2324.10+43.07 -1.87%0.50 0.49+0.02 0.34+0.01 384.09+26.21 0.09+0.01

¥ 20, A7MES gEe dnl Awe] Wiy e

Sample L a b AE

Control 58.92+0.26 0.49£0.03 22.13+0.45 44.01+0.02

A 66.68+0.28 0.69+0.02 23.95+0.06 38.63+0.26

B 55.26+0.97 0.24+0.19 0.33+0.65 46.37+1.16

C 59.34+2.49 0.23£0.14 21.35+0.76 43.27+1.81

D 62.34+0.08 2.06+0.07 27.58+0.39 44.34+0.19
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o ERAITR AGAE FHEOR fURO A J%AE AFAI Q= TobE, Azeln] B
3 RAE AMEYE HE AL Felsgi,
E 2 2AY BTF AE
Sample L a b
A 90.15+0.06 -0.83+0.01 8.40+0.06
B 90.04+0.02 -0.79+0.03 8.62+0.08
C 88.33+£0.04 -0.80£0.02 8.01£0.09
D 87.47+0.03 -0.81+0.01 8.05+0.10
% 23 wEse ze54
ol Water absorption of Volume of cooked Cooking loss
Sampie cooked noodle (%) noodle (mL) (g)
A 16.52+1.67 10.37+£0.38 1.94+0.13
B 18.46+0.52 11.23+0.35 1.03+0.04
C 19.40+3.09 12.00+0.17 1.06%0.22
D 22.89+1.86 12.47+0.45 0.92+0.17
324 2ElE e gax 54
sample Hardness Adhesiveness Springiness Cohesiveness Gumminess  Resilience
A 924.74+53.38 -19.90+4.89 0.47+0.02 0.33£0.01 309.96+£24.87 0.12+.01
B 1376.51+54.44 -17.17+£4.42 0.45+00.3 0.390.02 411.68+36.33  0.12+0.00
C 1389.65+55.71 -16.48+5.86 0.43+0.04 0.29£0.02 438.82+36.36 0.10+.01
D 1403.95+£42.01 -12.68+3.11 0.57+0.04 0.30+0.02 488.02£38.52  0.11+0.01
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(4) =3 #2717 B&4 R L=

BAT Yo

i
ol

AT

(%

14 1-7k-6)¢ 243 W

(5) #8 FEATY BHEA

S|
]

AT

ME
ol

14 1-71-8)¢ 49 ¥y} od3 e

(6) FAAAARF S o] &% 3 FA7IF o AAIH

r

A FHFEHE #A#Es7] FAFA AT A (Scanning  Electron  Microscope, SEM, JEOL
JAM-540, Japan)< o] &3t} stubdl] YHHOIZE B F A& FuF =¥3ta, /W
To2 Euste AEAS ZA S FARHA duA S ol &ste] & HSE 15 kV,

-0 =

Phototimes 85 sec® 3,000} 9] wj& = 23t}

(7) X-AH Jd=

X-A 3|de BEXe uidls X-A FJHEX7](x-ray diffractometer, D/Max-1200, Rigaku
Co., Tokyo, Japan)& AF&3ste] & A& A5 A4 H A4 EE S4s90. 7171 =1
2 target, Cu-Ka: filter, Ni: full scale range, 3000 cps: scanning speed, &8°/min: voltage, 40

kV: current, 20mA = 3| A7 =(20)= 40-5°7}A] 3]d AlA X8}

)

(8) AA FAL Al & 4H 54

2 A AFALE Z71(DSC-Q1000, Universal V.3.6C TA Instruments, Olivia

o ZFAsATE A5 30 mgol TFF 6.0 mhg 7I3HE stF5<t WA

‘jr &2+ 30-130C, 7ME45 5+ 10C/mine 2 337/ Al &% (To),
52 (To)et sstgdu(H)E 38

A7VFo 944 &
Gibson, UK)E 9]
sk & A2 o] &3

39 A% (Tp), &3HF 519 o}
. AE EAAY AT
(1) fr3te] F9
14 1-v-)9 43 B3 sd3 oz A0
(2) e A=
14 1-7F(19 43 w3 43 o= EAt



14 1-4-(3)¢]

HEs 4%

H 7% Wbl we

3
=

(4)

v 78

32 0.1 ml¥ Folin—Ciocalteau

ol

ROLN
—~
o

X
i)

—~
fife)

Folin-Ciocalteu’s reagent A2k o] &

o &5 0.1 mlol 0.9 mle

—_
fite)

o
R

il

7hek A3t
reagents
Al 1AIZE

=]
=

il

UV-Vis spectrophotometer (Optizen pop, Mecasys Co., Ltd, Korea)=

ke
T

WA
716nmol A TPz =

ofp

ToR

n71% H7bFd & {39 DPPH

e
2

(5)

il

DPPH 2.1 mLel 80% ethanol 1.3 mL, 3 F

Al &= ascorbic

=l

B

—~
fie)

Y

AJr

ST =
"0 =

o]-&-3to] 517 nmoll A

=
=

UV-Vis spectrophotometer

acide} H] L

Te HERAT

led DPPH #tlZd &A

S

2. 57 FAATY 54

A FAHNT olney 5

P
T

7},

o)

151.94%, 151.32%= vl 4 =& Fk

i)
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el
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LA A0 mE SREY 2ARSY, S, Fad
water binding . .
water content . solubility swelling power
sample (%) capacity %) (%)
(0] (%) (¢] (0]
0 8.80£0.04* 140.63+0.94® 29.24+10.39 9.10+2.95
6 8.27+0.22° 151.94+7.76° 34.86+£2.08 25.57+0.40%
9d 8.10+0.11° 151.32+5.30° 31.68+1.28 25.15+1.86°
12¢ 7.71+£0.23° 129.10+12.00° 38.71+3.38 27.30+0.28%
144 8.81+£0.17% 128.40+10.46" 39.38+0.92 26.94+0.54?

Data represents mean=SD.

1) Values in the same column with different letters are significantly different at p<0.05 by
Duncan’s multiple range test.
g, 53 RATY 5554

THLT 2 FAVLF S5AHS % 29 2oy I EE BT FYFQ AolE B
Atk TP REE FHAZE A g AUEEQA 04 AZA 7350CE 7HE = e
Uil R 69 AZo] 67.08C R Foldoz s A YebgTh FHAFEE s AZo)
SSPRAIZ =7 A YEY A SHA S AEFET Bl A w22 EoA Wy 5317}
1 ZE S gttt ¥ud =S YERE Peak viscosity®t HAHE=ES YeERH+= Trough
viscosity™= 3 717F 9¢ M Z oA Z+ZF 3187.00, 1031.000.2 7} =koh W7 A= E e
Y+ Final ViSCOSltyE— TH7IZE 04 AZoA 71 A e e A RS AZelA =
2 #Es B HadEe HAHFES #olE YEUE Breakdown(P-T)#k2 2156.000.=
T3 7|3k 9%1 AMEANA 7 =3k om Setback#k > 3 Aggh AEFoA FYAHoRE =2 F
< YEU A

i 2.8 FAVN nE 53 A 54

Pasting Viscosity (RVU)
Sam
temp. Peak Trough Final Breakdown Setback
ples
() (P) (T) (F) (P-T) (F-T)

0¥  73.50+0.49" 176.50+2.71¢ 99.25+2.36° 127.75+2.12° 77.25+0.35¢ 28.50+0.26"
6 67.08+0.05°  2824.50+7.78™  999.50+6.36% 1254.00£8.49*  1825.00+1.41% 254.50£2.12%
99  67.65+0.26 3187.00+1556% 1031.00+1556* 1267.50+16.26°  2156.00+0.00 236.50+0.71%
129 67.99+0.20° 2672.50+167.58° 955.50+37.48°  1193.50+72.83* 1717.00+130.11¢  238.00+35.36%
149 68.01+043"  287250+7.78"  995.00+18.38"  1269.00+8.49"  1877.50+26.16"  274.00+9.90




ZE7MF dA¥EH (7170, 6, 9, 12, 149)

kis

AR B L ol &

. F

A A7t FolAe Bas p

o]
H

) %

KeR
T

(6, 9, 12, 14 day)

3z
=

SER

;‘g

o] 2k
2 Y

)
S,

)

A= FAEA ] Ve

S
T

Signal A= InLens

1 mm

wo= 8.

Mag= 300KX

9 day

6 day

0 day

14 day

EHT = 1500 KV

Mag= 3.00KX

12 day

EHT = 1500 KV

Mag= 3.00KX




2 X-4A 3=

5 ey
PR

me

Diffraction angle(28)

a9 2 5A7Igke] G AvbRe XA HAE

XA 3d= Ay a9 20 Yl 3 6, 94, 12¢
do A7hFo 34 ‘%EHL 20=15, 17, 18, 23°°4 I A& vetdo] P A0 AFSE HI
% = e el gle Aew AAHATH

’

>

_E_‘_

¥ 3. FR 7] g2 I 44 =4
To(TC) Tp(C) Tc AT(Tc-To) AH(J/g)
0 67.48+1.00° 72.63+1.03° 79.11+1.17 11.63+0.17" 11.18+0.99
6 59.72+0.36" 67.15+0.01° 76.75+0.15 17.03+0.51° 9.18+0.55
9d 60.01+0.08" 67.17+0.01° 75.59+0.15 15.58+0.23% 7.79+0.66
129 60.57+0.20° 67.17+0.26" 77.78+0.26 17.21+0.06 9.74+0.32
144 60.45+0.46° 67.33+0.00° 77.48+1.95 17.04+2.41% 9.53+2.27
A zp FAF G =E7](DSC, Differential Scanning Calorimeter) 2 =43 =317|7ko] & 3247}
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D =21717F A 09, B: 69, C: 9¢, D: 129, E: 14¢Y
Raw dough
After
Steaming
After
Punching
For 3 min




E 4% R BE frhg wEe Aw
Sample L a b AE?
A 75.17+0.04¢ -0.81+0.01¢ 11.32+0.09% 24.55+0.07?
B 83.38+0.01¢ -0.65£0.01¢ 5.22+0.02¢ 14.52+0.01°
ARk C 83.12+0.03¢ -0.49+0.01* 5.35+0.01¢ 14.80+0.03"
D 83.79+0.05 -0.52+0.02" 5.47+0.06 14.23+0.07
E 84.14+0.03° -0.47x0.01* 4.67+0.01° 13.61+0.02°¢
A 58.17+0.107 -1.57£0.00¢ 9.33+0.09* 39.86+0.07¢
oy B 49.75+0.38¢ -1.77+0.01¢ 3.27+0.14¢ 47.26+0.36"
-{a ”_f; C 49.90+0.304 -1.54+0.01" 2.96+0.10° 47.08+0.31°
D 53.91+0.05 -1.46£0.01° 4.82+0.09° 43.25+0.06°
E 52.01+0.25° -1.53+0.01° 3.98+0.02° 45.06+0.25"
A 67.32+0.08° -0.80+0.02% 12.49+0.03% 32.13+0.08°
B 61.12+0.03" -1.10+0.01° 5.72+0.13° 36.23+0.01¢
qHd = C 60.88+0.03° -0.92+0.01° 6.47+0.02° 36.59+0.03°
D 56.97+0.11¢ -1.36+0.02¢ 5.74+0.01° 40.34+0.11°
E 56.60+0.02° ~1.20£0.01¢ 5.13+£0.01° 40.62+0.02°
YEach value represents mean=SD.
Vad means with different superscripts in the same column are significantly
different at p<0.05 by Duncan’s multiple range test.
YAE = V(ALY +(aa) + (D)
® 5. 2 FH7e] & FHe A (2 F)
Sample L a b AE?
A 73.29+0.24¢ 7.77£0.48" 29.73+0.04? 38.87+£0.21°
B 75.78+0.09° ~1.07+0.12" 15.05£1.07° 26.02+0.71°
C 77.27+0.98% -1.15+0.06° 5.27+0.07¢ 20.35+0.93°
D 77.74%0.08° -1.50+0.10¢ 9.35%1.47¢ 21.42+0.69¢
E 76.39+0.70" -1.04+0.04° 4.35+0.21¢ 20.98+0.73¢
T 6 F SR/ ME Fe @y 2L ¥y 54
Texture
Sample — Volume
hardness fracturability
A 1935.10+46.51% 12.58+1.90 8.33+1.53¢
B 1275.60+91.87" 16.05£1.36" 16.00+1.00°
C 939.19+48.86° 16.84+£1.07% 21.00+1.73%
D 1323.28+148.81" 17.72+2.31* 19.67+2.08°
E 2124.84+461.15° 17.92+3.24* 19.33+1.15%
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Raw dough

After
Steaming

After
Punching
For 3 min

a8 7. AAA 7 w2 F3719) ¢ as]
¥ 8 HAAT WE Fipo] A%
Sample L a b AE
A 69.64+0.55° -1.34+0.05" 7.19+0.42° 28.22+(0.42°
B 71.20+0.25¢ -1.44+0.15" 6.14+0.67" 26.46+0.08°
C 74.72+3.32P -0.95+0.10% 3.34+0.43¢ 22.44+3.21°
D 78.91+0.21° -1.41+0.03" 6.80+0.18% 19.30+0.13°




7%% o ol I T Hy ﬁwﬂ_ =T o BW
— m . =n ) 03
oy T mﬁ. ol = MM WD = = 5 N o ,mwo_. QM
" O O A — s _ 9 ﬂ.ol%atmﬁvﬁ
o © 3 W an] M O K — - m o R _\]Zum/v ~ o
°©, = e IS ! 0| X ™ o) IR = my = L
2 = = 9 o P ;> SO Uy g o™ oL T o
£ S S Al N ] < 2 A o my ) ™ o
j=] prt +l +l 1 0 — o 10 Lo ,_Iﬂ_/! m ~ ~ UT_
—_— o o rl ~X — N — ﬂo XX
S |8 B 3 3 X T o D MW = = ® T oo
> S X 8 T RO < 2N < = T wo X oy = o
N < K WY 2 = w < T B o =y of N 3
Froy BRI omo o ox SRANCINS
2 N R o m M R of
T HA_I o) Tk N o] il B ™ P o=
o 20 h N = < - ol pn MW o o
@y S R w72 H T P o
- o M M = By X Twoe T
-— aN| \WE 0 N o] — . S Mﬂ —
=Rl BN © Lo . — xo T L T5 = o T ]
2l = 9 A 5o X Ty Y & ok Mo Mo Z W
R R wPe T o B XA W gp OF T X
Ele o © © SN ow B O i G = ~ e
ElR 8 o s BOE oo W g N H PR
Ol o o @~ < e . o J =
i || T TAW TR IR AT P
x N D A
" | g T LRI T oo T SN
o | 2 %Ho% e mhn«:im@ﬂ Mm m:gﬁmmw}on
= o {F ° h B B g o 2 ~ N o
G = 1 — B (@) Urc — = 5l
WoR WA e P 5 ok . = N %9
% 28 9 % g0 *F¥7 FasdElw opbxHw
< 212 B B 8§ AR T O ST B IG oo O o o
il e N N N — - —~ 1 il O X il —~ !
18 & 4 X T FR=E WL Ry oo Mg
or Bl & B SN o= 4 VBN o G =
o 8lg Z 0B o o N £ o X N e = e T He
- S 2 g % X Mg Tr WA (3 ol
oF e = o WO < Wa = wm ~ o = _ o| N o] °w oz
o ey o T T — S XK < T o= X
e o o Xowr o R ST o < i T 4
—_ ) AN o 0] ey =0 ) — ny
= oF o X 2 R K L b= o o < o’ N
y oy o X o NN @ o HW
= Wy P W = T L FT - CAAUNE
2, w W LR T oW ® ® R ook
-~ N o K o oF 3 o N ey e
< 2 = 0 R © ok S e 1
oy = <07 a e oy L . oF Mp
— < m @) A ~ TG ﬂr — ~ o N L ;. X° Ee N 1;1_ =
KO m 7L R OM < O OME _/L ~o — _/L — _ —_ —_
= X~ AR S R AR BN ~ ol B TR
B N < g o= 0K me T 0 < b = o = .
. O HO ™ e XO LSS =) o W o MG_H n
B AR E WM TT R RT = o N H
22 | ! | ! o T ooy oo of

]

=

T

°
pal

/\6] A

=
=

s
™

el ol

Al

=
=

=

R

7

Aol u}

i

]

A7}

]

=4

pZS

OX]

-
o] FA]

]_

o

5

Eaites

S

= A2

=

2 AAE dA

b o,

[

R

]



AV B C D
275 100 100 100 100
= 75 75 75 75

D a2 A 08, B: 105, C: 305, D: 60%

a9 8 FAAAAZ ] e frie @ 2 i
F 11 A AAA ] wE fape Ax
Sample L a b AE?
A 86.53+0.28" ~1.42+0.06° 10.41+0.03° 14.84+0.22¢
B 81.89+0.15¢ -1.72+0.04° 9.42+0.27" 17.85+0.03°
C 82.38+0.07¢ ~1.88+0.02° 10.65+0.51° 18.16+0.26°
D 83.71+0.25 -1.38+0.03" 8.43+0.36° 15.76+0.01"
I 12, A AAA T wE frpe] Hax 9 Ru 54
Texture
Sample Volume
hardness fracturability
A 1000.17+22.27 17.36+3.87 10.50+0.71°
B 1468.10+151.46 19.35+7.09 20.00+2.83"
C 1223.82+352.44 22.62+2.04 19.00+1.41°
D 1301.84+93.49 15.84+1.34 15.5042.12%
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%14 28 2E & {f A
Sample L a b AE
A 74.32+0.29° -0.96+0.02" 10.20+0.16" 24.82+0.20°
B 84.60+0.07° ~1.34%0.06% 9.10+0.88" 15.43+0.50¢
C 84.37+0.21° ~1.09+0.10™ 4.98+0.904 13.56+0.18°
D 79.30+0.51" -1.56+0.15¢ 6.94+0.99¢ 19.00+0.84¢
E 69.83+1.71¢ 3.67+0.29° 28.63+0.34% 39.68+1.43"
E 15 E & wE fHe gax 9 Ky 54
Sample Texture — Volume
hardness fracturability
A 25217.47+2556.96 2.40+0.27 4.50+0.71¢
B 4078.18+175.92" 18.11+2.92% 7.50+0.71¢
C 2802.17+381.96" 18.17+5.09° 15.00+0.00°
D 883.58+49.17¢ 19.93+1.88° 24.00+1.41°
E 1385.37+129.24% 17.75+3.02° 17.00+2.83"

- ELL wE f3e o BHFe 2x wEk & Aot Ak a9 9o ME AE R
™ 100Ce Be 2xoA v F37F W3 FEAG vd7] Y g2 {38kt 120T
oA F& ME B AgoE BFEd 42 & FEA Eda Ui W TS FASA
th QE2E 150CHE F37t Ad4o= dqstelr] Alztglon 2 E2%E 180T #Z D
o 4 o] W3 TS FAeEN AET F MY £ AW 2 g 2ZH5S B
200Ce] A& Dol AAA B s et ERE §3 Az A3sA &S 3o
2 A7E o

- LEREE H9Ye %9 AMEE E 140 YERATH AE B, ColA 77t 84.60, 84.37%
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Ho FE& AL} FAESE WYt
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19.34+0.31

10.85+0.27%
6.00+1.15°

~1.7220.024
-1.42+0.08"
-1.28+0.01°
-1.61£0.04°
-1.38+0.06"

81.04+0.19°

19.50+0.50
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78.10+0.02¢
78.89+0.66"

19.62+0.46

7.56+0.35P
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5.21+0.31¢

77.44+0.24
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AV B C D
A7} 100 100 100 100
= 75 75 75 75
A 0 1 3 5

Raw dough

After
Steaming

After
Punching
For 3 min
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F 20 A bl wE fae] A= (FE F)

Sample L a b AE
A 79.58+1.28° -1.50+0.14¢ 5.41+0.69° 18.23+0.97¢
B 77.42+0.46 ~1.74+0.03° 10.31£0.23¢ 22.13+0.51¢
C 71.43+0.38° 0.59+0.08" 19.55+0.28" 32.18+0.48"
D 65.90+0.42¢ 4.92+0.31% 23.90+0.61* 39.52+0.79"

E 21 Y Ebl e fbe Had % Ru 54

Texture
Sample Volume
hardness fracturability
A 1147.76£81.95% 17.67+3.20 14.50£2.12°¢
B 966.23+131.88" 20.39+5.25 26.00+0.00"
C 1007.13+66.02% 24.26+6.17 28.50+0.71%
D 967.56+70.37" 16.60+3.72 31.50+0.71°
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F 22, MEZbE AUbel mE 3 iR

Al) B C D
Codes 100 9 97 95
= 75 75 75 75

Raw dough

After
Steaming

After
Punching
For 3 min
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2
k1

E 23 MehTE B uhE fatel

Sample L a b AE
A 82.66+0.51 -1.61+0.03° 9.91+0.95¢ 17.50+0.15¢
B 78.41+0.27 ~1.25+0.07° 15.39+1.13° 24.17+0.53°
C 77.45+0.46° -0.12+0.04° 21.08+0.87" 28.78+0.34"
D 76.50£0.70° 1.23+0.51° 24.01+0.78° 31.65+0.17°

%24 WEAE Arhwel B fie Han W R 54

Texture
Sample Volume
hardness fracturability
A 1228.19+160.75" 19.39+3.30 12.50+0.71
B 1374.19+208.74° 17.78+4.24 14.50+0.71
C 1886.64+255.64° 20.40+7.22 14.50+0.71
D 2001.18+199.90* 21.05+7.77 12.00+1.41

e Arbgel WE gl elpe a9 136] Uehiglth A7EE daA@ wes
T Ashgel HOlIFE ANE Wl obel YA F, AY F wEe] 93 o] ol
e Kom ARk T F ONHRY By 1) vad FIsgo} vy
2% B2 A MR 1%8718 AE Bl $& /13 G4eE Aow uilh

- g AmE WHARE ArlSASe AE AdM 826608 71 ¥ ARFGE wo
o WelskE bl HoldsE Wrgtel sobyth MR skl HolUEE ag, b,

- o

- MAE YERNE Fracturabilityoll & 2] A<l Afel7t gllow vlwz we)7t3 3 7hafo]
=S AZ C, DolA zZHzb 1886.64, 2001.189 =& ARE
Holx &= A F94<0 2pel7b vER A e gk

9. & AhEe g A%

% Arbgel mE e FASYL FARY] A &8¢ BY FOR 0, 1, 3, 5% B
sle] ALgarlen] 747k A1E A B, C, D ¥dalel AF AZ 9 AR
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AY B C D
A7y 99 99 99 99
qw 1 1 1 1
e 7} 1 1 1 1
= 75 74.25 72.75 71.25
= 0 0.75 2.25 3.75
Ve A7k AL B9 0%, B 1%, C: 3%, D: 5%

Raw dough

After
Steaming

After
Punching
For 3 min

B

c

a9 16, &=

Aol whe 3ol S 2
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Sample L a b AE
A 77.24+0.77° -0.61+0.02" 15.85+0.09 25.33+0.53"
B 80.92+0.68" -0.93+0.04¢ 16.82+0.94" 23.31+1.15°
C 73.16+0.44¢ -1.12+0.06¢ 11.30+0.36° 26.35+0.24"
D 71.72+0.84¢ 1.13+£0.12* 21.48+0.32? 33.19+0.41°

E 27 & AP mE f3te] dan 0 vy 54

Texture
Sample — Volume
hardness fracturability

A 1301.63+£193.66% 13.20+3.52 11.00+1.41¢

B 1354.26+36.04% 15.45+6.42 13.00+0.00°

C 1014.83+75.37° 16.97+4.97 18.50+0.71°

D 1040.86+126.49° 17.98+7.15 21.50+0.71%
- = H7FF e fF3e o EHES 19 169 YET. & HUtEe] EojdaE £

FyE gAI o H7FF 5%9 A ZE DAlA] WFe & 7]FS dAs)

- e AxE Yeld E 2604 WEQ L2 71.72-80.929 WHE YElton & MUt
A HAAERl a9t FMEQl bk

Dol A Z+7z} 1.13, 21482 7} =4tk WA o] 2pol& vErA AE

A fFodoz 7 =A JER

A 2 Ry 54 7 279 AAEA T AEAL 13.20-17.989] HYE o9l

5 A E=ZE Ue= Hardness: 1014.83-1354.26%] WY& eyt om Hlw 3

= HAUbEe] v A, B AZAdA =4 YEYT Roe urs #E s R & A
] =0 5%(AZ D)OA 215008 7HE & 2uE 43S FaE8 5 gurh

Ue 59 thdsk Ay
52 singlet oxygen,

superoxide anion radical, hydrogen peroxide &=

S XSS S
species)S GHH o2 A AL HiE o] gt} olo] ikt Ve S b SwUtE
A

N
of HEake] f3k AzAG] F2 54 2ASAL FUbE Akl ¢E FAs5e ol

Bz & ¥s 4393 DPPH &7 %S 5433
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¥ 28 SH7bR bl whE f3 R
AV B C D E
A7} 100 99 97 95 90
F0) 7} 0 1 3 o 10
5 75 75 75 75 75
D sn s "UbE A 0%, B 1%, C: 3%, D: 5%, E: 10%
v Raw
Dough

After
Steamin

A

9

fter

Punching

For 3min
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& 29, SH7FE AH7bEel e A M= (T8 F)
Sample L a b AE
A 80.34+0.31° -1.26£0.17¢ 16.00+1.04° 23.14£0.93°
78.68+0.15 0.05+0.024 8.77+0.02° 20.25+0.14¢
C 75.9520.06° 2.52+0.14° 8.89+0.15° 22.93+0.03°
D 65.94+0.38¢ 4.60+0.06 9.33+0.02¢ 32.68+0.37"
E 62.00=0.05° 4.88+0.12 12.35+0.01° 37.36+0.03"
E 300 51 Hubeke] wE ke Hax 3 Yo 54
Sample Texture Volume
hardness fracturability
A 1214.04+31553° 14.39+1.91 14.50+0.71%
B 1305.25+283.44™ 17.52+2.05 16.50+0.71%
C 1754.27+104.31 1841+1.73 12.50+0.71¢
D 1767.53+92.34° 15.34+4.42 13.00+0.00°
E 1668.05£172.15% 12.9£0.52 17.00+1.41%

FOAVVES AR V1ESR 0, 1, 3, 5, 10%E5 tAste] Hrbskdth Arbge] w
ks g frakel ejake ' 1739 29 180 YERiTh Su7kE H7bge] b } ‘?
T RESS Ba wEe] AP =3 053
= 5 frkel o3 B dHs BEesls u Sv] HUbge] SpE s §u
_g_
7

A7 10630 AE BAA W) AT 1T Byl

- ZujzkR Avbgel wE frdbel MmE ® 29¢] Vet WERS 6200-80.349 W2
LERst o A& Al A 7}’5} ES WEE B wb Su7EE 10% A7 AlE EolA
5|

g e WEGS Hol Foom BAW A3 XS ARE moth HAEE eh
aghe - 12622 AE AdlA folHom b Ge gre REon AE EoA 488% 713

Fpo] "~z 4 Hu 54 #1309 YEMAY. H =3k Hardnesst Sv|7HF H7b
3, 5% AZ C, DAlA Z+2F 175427, 17675302 71 =& AEgS 29 =3 Hy=
1250-17.00¢8 ®H &2 Yetytomn Sn|7ts HJ7EEEl 10%%0 A& EdlA Foldow 7M1 =
< FI3Es vetloy ol R & 7l Wil Ao AZEIATH
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0.50

04D

d
b h b b
) I I I I
0.00
A B C (i} E

9 19 F0AF @bl BE e & Ak sE

a
a
ab
C
2500
2000
10:00
0.00
C D E

0.001% Ve C A B
a9 200 SP7HE H7beel wE f3te] DPPH 476

=]
L
(=]

mg gallic acid/g
(=]
=

DPPH

o8
g2 B8

=
B
a

b
B

DPPH radical scavenging activity[%)

in
B

Z A=A 3F¢E FJHFe Gis F
2ATH(No JH, 2013). Gallic acid %= |
A EE s ke Adxe a7 199 2k S bR HrbEe] 10%91 AE EolA
gHo g 7MY B F dHEA AgE XS el
- DPPHE ¢H4 e Afauzd= Afetdzd A4 @48 A o A8 v (No JH, 2013)
Sr] bl wE f¥e] Sakst 5EHS gelstr] 9l DPPH #@HolZd AA%S 17 209
e ITE )7 Hrbgo] Hojd=2(A—E) DPPH 2tz A7%38L 92 (p<0.05)
O EolAE AES HATE SH7EFY MAi AR Fol FAste S Eole AoE A7y
Rom o= AF MEs HAgeo] o] AlE THs st A
A7 e Aol Hadt Aoz A7t}
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O AAFE AL R &8 A

f@w % fﬁ ')'ﬁ
v ‘Q\:g &x m *\‘v \‘Q‘?
v q??k, Vo UE@P

29 22, AASE YAkl Ak
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=
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=
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=
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=

=
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=
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—2. M1MEQE N MSHE S

o
Wite ZIXNE g L AY AH 4F

AR E)E AVHE FEAAR S 2 A7 AR 24

1. A3

nd

i

FFW AR AR FA B4

(1) B7}5 9 $83 G D oAz A &F BN

,d
Oﬁ
rlo
—
o
o1
@
0%
A/
N
N
g
Ay
BN
)
|o
fr
M
i
_O|L
3
K
(03
S

A7re] Y AR g Williams

W MYste] ALgahsit,
(2) B2 BAGSY 24

A7MF] BEAFTH Medcalfg} Gilles®] W (1965)= ol-&st3ith 50 mLel A4 Fa]

! 2o & ovlady vH($p3.2x13 mm)E o]-&3ke] mwk
7|2 AL A 1AIZE E7F —L‘jt’?_/\]i’iﬂr. QA% 7] (Hanil Science Industrial Co., Supra 22K,
Seoul, Korea)= 5000 rpmol A 30 &<t 94 stk A& S 123 AFZE A9
THAE AASI L HHE FAE SHs Ae Al=ete] T EEE E43%5ES ALtsid

x 100

H7bEe] AR S starch damage kit (Megazyme International Ireland, Ireland)Z
o]-§ste] FA4sIATEH AR 100 mgs WA e el Fol 40T F2FFolA] 27581 d st
331, fungal a-amylase solution(50U/ml)<> 40Ceol A 57107t Oﬂ d3lA . A= fungal a
—amylase solution(50U/ml) 1.0 mL<S A& 100 mg=S ©2 &7]|o] €o] 40TCoA 1087+ Wvk-g
A AT 02% S &4 8 mLs ¥o] BHgS AAAZ L, 3000 rpme 2 57F A5k
ot dAEYS A5 HF glucose standard, blanke] 0.1 mL& —?4’3]] amyloglucosidase
solution(0.1 ml/ 2U) 0.1 mL& 7Fste] 40C &&xolA 1023F wESA]7 GOPOD
reagent 4 mLS 7} &7 €o] 40TolAl 2087+ wHS-A]1A 510 nmoﬂf\i THEE =4%A
ST FAEE ol 8ot thao Aol oa AR FFS Al

150 8.1
gluocose 54 = /\] 5 Al (mg)

i

b
>

FAE (%) =
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(4) A& &71F9] 535574

33 EAS AMEHE==HY](RVA Tecmaster, Newport Scientific Pty, Ltd, Warriwood,
Australia) & ©]-&sto] FAsIAT. AR 3 g(FEFHF 12% 7)ol 7T 25 ng 7}t
S48 50TCAA 13, 7% E BTAA AEA71aL BTE 258 FA% & 378 &
oF S0C7HA] WA 71HA A EE SASI Y. 7] &3} (initial pasting temperature), J’]JA

A= (peak viscosity, P), JHX T (trough viscosity, T), #HZF % %Z(final viscosity, F)<}
breakdown(P-T), setback(F-T) viscosityS A AFs} 1 t}.

(5) Al &71F9 u BF

HEZ gHel T A 5Z ol 20 cm =094 72k (Kento, Canon, Tokyo, Japan)Z
TAAZ TS oo ARE i FYste] S AFE )

(6) TAELA
BE dolHE Al W oo WHE ZAsle] iy FEAAE AL, FAEA

Student’s t-test®} Duncan’s multiple range test (p < 0.05)% %1335} t}. :rL ale] o
Ao sk AAAA F4 S Pearson’s correlation coefficients® #4133 th E A 4] 9
SPSS 12.0K (SPSS Inc., Chicago, IL, USA)E A}-&3}5t).

fr 2 o

. oolUEe s §FS 2AG AATY EF 41T FI 54 24

(1) BAT9) AR 2 FF B

L
14 1-7b-(D9] 4% st 598 PHos 2433

(2) &7}F¢] o]3stH

i

QB

A7EREe] EASTH S 14 1-71-(2), S-S 14 1-7F-03)¢ 543 o= EAs3dth

A
ax

(3) &71F 9 2354

M

14 1-7b-@e) 48as 598 oz Btk
(4) 2779 X-A IJHE 4

X-A gdx EXe uids X-4 JHEAN7](x-ray diffractometer, D/Max-1200, Rigaku
Co., Tokyo, Japan)& AF&3dte] 32 A& A8 2833 AR =S S8 717] =4
< target, Cu-Ka: filter, Ni: full scale range, 3000 cps: scanning speed, &8°/min: voltage, 40

kV: current, 20mA= 3| A2} (20)= 40-5°7FA] 314 A]l#H X5
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(5) & FAlZ A=

AA 1AL Az Kim JM & Shin M(2014)¢] WS A FAsto] A5
A7V FE o] &3 HA A Wk wistd] = AI7FF 50 g, A 100 g, A® 40 g, 2w 0.
e 10 g, A5 10 g2 stk A" Aw, @8s Bol ¥ 3 FIE AoFH =¢=
SEE 40°CE FTHS g A7 (800*], Spar Food Machinery MFG, Co., Ltd, Taichung
city, Ta-Li, Taiwan)& Al&3sle] 3¢k m&om 38 2o 33 & 1o AHo0= 30x T
Fegdd ddstste] EFES AxsAT AE 2H A AVLFE A BEol Y £ o
Aol ATE Y & E3tetdh s 0382 243t HGAol=Z A(D5 cm)oll HE=
g Yl 170/150°Ce] 2 E(Deck oven, Sam Mi Ind. Co., Seoul, Korea)oll A 22+37F %)
2 Al A T F AL IATE Wste] AR E ARSI

ﬂr}q

gt
g,

o

'_QQEI]O

(6) & HAlZY M=

A== Spectrophotometer(Spectra magicTMNX, Konica Minolta, Tokyo, Japan)ZE ©] &3}
Hunter®] L, a, b #< A}t Lk ©H =(lightness)E YEMHY, +ax= & M %= (redness), +be
A = (yellowness) S WERH AT

Trto] AEE ¥ 20 cm EHoldlA] 7hH| 2H(Kento, Canon, Tokyo, Japan)E LA A 71

(8) & HAolA Hxx 54 A

2 HAol A " S-S A FAAY FTUNA 1x1x1 ecm® A7 = HA|AE #
gt Aol AR&stth FAlolA AlEE o] SHHA FEE HASHA HAH F47)
(Texture Analyzer, TA-XT Plus Surrey, England)® WS t5A]8 S 2 A]3e] TPA(texture
profile analysis)& TstAth. AlE& 103 ¥HE SASI9on F3 TPA FHOo=ZHYH H=
(hardness), 334 (cohesiveness), ¥t (springiness), %24 (adhesiveness), % 3 A (chewiness),
3] -2 (resilience) 2] 545 W] a3}

(9) & @A o= #eH7t =4

2oAFA AAG #AeHIbe dddista A& A3 AYE wrol skt
(Approval Number: 1040198-171020-HR-077-02). #5H 7192 A FdFea sAyS XA}
of F7t A Almet Frhye #g FE A RbE AAIFQY Apol AR HOHAREA &
Aol #3 7|E% FAME 98 Ao R HUbsk Aolx:Abe ¥ (EW F iR, EH
w1, 71 ddAd, B AR, "A(elA, &), gh(ast, a4 s8h) 9 A (F s, B
2H4, g8 A, A, 5T, FEgR) S SASH. 7SR AR e, WA, Bt "9l
AdrAQl EAE vl F st



(10) TAEH

14 1-7F-(6)3F 543 g or B39t}

o
s
L)
rlo
>~
>,
Oko

@ AR Sael g Aolehn A2k
shere 21079.27% W w UEwow AI A7LE 7ho] §o]F <)
42 SRR PR BS AT wYL B

>

e

3

N

il

IS .
rpy
ox I
(TR

A
d

o
tu o
f
-

:

A]

e}
= =
1= A8 AFee dxs= 23U} (Jeong S

H mlo
o

T 1. A3 ATLF9] o)ty EA

Samples Moisture Amylose Water .binding Damaged starch

contents (%) contents (%)  capacity(%) content (%)
A 12.01+0.09*"  13.91+£0.08  109.66+0.17° 2.10+0.00"
B 10.37+0.02¢ 9.47+0.08" 127.85+0.53¢ 7.47+0.00°
C 10.07+0.09¢ 6.91+0.08%  156.42+4.55" 9.27+0.00°
D 1.85+0.08" 14.74+0.00°  187.34+11.51° 8.08+0.00"
E 11.14£0.01>  16.08+0.16"°  156.58+0.87° 2.65+0.008
F 7.78+0.03¢ 14.24+0.08°  136.84+4.06™ 7.97+0.00°
G 9.33+0.02f 1352+0.16°  156.68+0.19° 7.88+0.00¢
H 9.87+0.05° 15.9740.16*  149.48+3.77¢ 7.26+0.00"

Data represents mean=SD.
UMean values in the same column with different letters are

significantly different by Duncan’s multiple rage test at p<0.05.
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# 2 ASHESAVE ol &3 Al ATVHFO T35
Initial pasting Viscosity (RVU)
Sample temp. . Break down Setback

oo Peak (P) Trough (T) Final (F) (P-T) (F-T)

89.43+0.74"  258.00+4.24* 151.29+0.41* 106.71+3.83"  290.13+3.71*  138.83+3.30°

87.55+0.57° 211.46+1.59°119.08+0.71°¢ 92.38+2.30°  268.17+0.94"  149.08+0.24
86.150.14°  242.79+0.88° 121.04+4.30° 121.75£5.19* 191.21+4.66°  70.17+0.35'
88.45+0.57™  220.00+1.65 147.13+2.18% 72.88+053¢  291.42+0.35"  144.29+2.53"
87.20£0.21¢  253.75£0.47° 137.29+0.06" 116.46£0.41*  255.08+0.82°  117.79+0.77¢
88.50+0.42™ 198.00+0.24% 109.17+1.53° 88.83+1.30°  209.42+1.77°  100.25+0.24°
89.53+0.04* 205.67+1.18"117.79+3.12°¢ 87.88+1.94° 236.83+3.42¢  119.04+0.29¢

T O O o g oo woe

88.05+0.07°¢  222.00+0.249 114.46+0.41¢ 107.54+0.65" 231.38+0.65¢  116.92+0.24¢

Data represents mean=SD.
UMean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

Al A7ERe G54 e ® 20 YERSITE 7] 38 EE 861578953 TR LERG O H,
H 1= 198.007258.00 RVU, Trough A=+ 109.177147.13 RVU, Final M X+ 72.887121.75
RVU, Break down (P-T) #-& 191.217290.13 RVU, Setback (F-T) %t 70.177149.08 RVU=Z
eyt HaAEE 7Fdel o dE sstde] Axrt M =S rﬂH AR, 53y A8
PA7F FAEH 71 T &EFH AEA }*oﬂ o8 Yetdth HAuFdEE AFE I foe Ao

el oE 540 b}E}‘é‘ ZAolgtar A7y ),
fﬂ

7 g, ol% Fal AF Aol 47
= v she), opu e 2

Setback ZFS Wzl & Aw7} A3
=

o

FAT FFE obdR oz MARETE FFTAL B 5 vk obE R e & jhFo] M WA
et C AlZ9] 4% Setback gtol 7Hd WA yElstou ymA AZeAM = otz e s 3
F setback@t b FAGERA = HERUA ST wEbA setback #el= ol 2o A o
Wootyet Ea42 T o8 89l 28RS Aol AU

oo AR 27 H &

Al 7L o B A= a9 1 A ST Ald A7ERe] Al Setow wEs)
de W Z Aol dEhA ko A G AlEY] Ae = He " A¥Ss HEdey
D A&e] 49 t& A2l vla g4 ds H= Adow yewt 94a 2719 49 A, D A
Fol Aa #d YAE HEmew BC A& A B 23 AR fJAE Hole Zow
wE At
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D R i s B i

T AR eH, dwrz el ”“’é—h}—r,] o}mgg_
" o 7S 55765% W& R EFPS 493
E]r = | 13.86%% YErR7] ol o]sq. G AbEE opwl
2o S 7k k7] 98 55760% Alole] EEu|SS HTE AE3s sl AdS AdEy
o}

VRS Alxzstr] Ydl 5658% = Bl =&t
5} o]o] o]z}sta EAL ¥ 3o AAEATH
A3} 57:43 ngi ﬂ]u?’%ﬂr ﬁ* s EFeRS W 9% M Tk olE R s
et 243 SHEHe A$ opdrox Fgo]l UE Y A A E
177.947186.28% W92 Yelton, E3har} Z 3
ByHE ) L= g2 7.09715.96% W
Uk A gaas Z3hek S 3t A 2
Ak 5743 vl &2 £ ASs W eI TP Ak A& ARE HEgda, &lE A3

o 1 o
rulm
rz
X,
bk
N
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o to
rlot
o
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2
i
akin
L o
™
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o
>0
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2o

8 57, 58% &R AW AAR AT TRAAL @ AHF A Gl Herte
A AW F g AeAoR ohiRes FHe Yad, A% A3 g Bael A
& s

2
BN
ot
XX
N
4
K-
>,
o,
FH
%)
>
He
ot
o
rlo
o1
o0
o
5
=
U
o
H
fr
L
JL
pan
[o
H
B ol
o,
-3
>

- 117 -



o8 AR AATEI A Ee ARARe] 4w el Aol TATEHL /47
©ogglo] Hrh B AN Fa s34 2AFEUC dE X el B Ao £44
B3 dyo] 91e Ao AZHAE & AL, AFE AZE A AAE AudA AR @
PE 4P F 5 AL AR ARFAT

Sample Amylose content (%)
Mixture of Thai rice and Sinseonchal (40:60) 8.86+0.00°
Mixture of Thai rice and Sinseonchal (45:55) 10.58+0.08°
Mixture of Thai rice and Sinseonchal (50:50) 11.97+0.16¢
Mixture of Thai rice and Sinseonchal (55:45) 12.47+0.08°
Mixture of Thai rice and Sinseonchal (60:40) 14.91+0.24°
Mixture of Thai rice and Sinseonchal (65:35) 16.97+0.00*"

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

¥ 4, opdRE o ShES A3 AVLFe] o R e~ Sk EATHSE )ToAe] BaEy) g
o Swelling o Damaged
Amylose Water binding Solubility
Sample tent (%) v (%) power at L 80°C starch
conten capaci a
° bactty 170 80C (g/g) content (%)
Goamy 23.30+0.16°"  177.76+10.09 7.09+0.28° 8.41+0.56% 5.88+0.00¢
Hopyeong 13.86+0.00¢ 186.28+1.36% 9.10+0.13> 6.15+0.69¢ 10.10+0.00%
Sinseonchal 0.00£0.24" 177.69+12.25° 15.96+0.69? 7.46+0.33> 7.51+0.00°
Thai rice 26.80+0.24% 185.78+1.522 7.95+0.02¢ 8.97+0.48* 6.12+0.00°
56:44 13.36+0.08° 145.51+4.62° 9.62+0.47°  7.12+0.59% -
57:43 13.69+0.08¢ 134.12+2.47° 9.29+0.03> 6.45+0.11¢ -
58:42 14.08+0.16° 149.86+3.96 8.71+0.04°¢  6.07+0.08¢ -

Each value represents mean+SD.

D

a f Means in the same column with different letters are significantly different value
(p<0.05) by Duncan’s multiple range test
56:44, 57:43, 58:42: Mix ratios of Thai rice and Sinseonchal
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WoopdEeA TS 2HY AT XA HExE

!

Jl
i

}J\ \%
H)
WW ’M:M “ M/“”\ iy
\ “ \1\ WMWWM
gt »M“" v R i Hopyeong
MW ; "yt \ k\w.«mwm
|
u y e M“mp,w’”ww,, Thai rice
'%N Id .
MW "™, Sinseonchal

0 5 10 15 20 25 30 35 40 45
Diffraction angle(20)

Y 2 obdR s Fio] v VbRl XA Ide

olmw o Faro] thE Avhe]l XA HAE A¥i 1 20 Jed 53, B,
WA AR 84 Hee 20-15, 17, 18, 2304 S ehio] Ag e Lheit. 2
gdoz ojdzos e 4 e T 74 Sk

o ooldze s gHE AW AT SHEA

o= o~ Shaks M3 AULF iﬁ‘r‘f*é{‘i E 5ol YEude 27 33t &%
80.00787.18TC W2 Yelyteow I3 HEE 91.257195.67 RVUE e ow Trough H =
91.257195.67 RVU, HEHE+E 17738730480 RVU, break down #< 19.797137.63 RVU,
46.587147.38 RVU=E YElyt, &33k 2759 45 53 A7tFe 5354 9 Fdade=

2 uE A s vewdlon, sl ofdre s e B oolyg tE addEc] 9
= 71% Aol A7 E AT

e

=%

fﬂ
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X5 AFSHEZAT 9% ofdR e~ Fifo] thE AVFF o S35t B4
Initial Viscosity (RVU)
Sample tefi;_ﬁ?%) Peak (P)  Trough (T)  Final (F) Brefﬁ%(;wn S(elff?rc)k
Goamy  86.38+0.04° 111.04£3.71° 91.25£3.30° 177.38+2.30° 19.79+0.41¢  86.13%1.00¢
Hopyeong ~ 74.73+0.60° 29450+2.36" 195.67+2.36" 242.25+2.12° 98.83+4.71>  46.58+0.24
Sinseonchal 84.75+0.07° 13321+1.94% 109.04+0.18¢ 221.17+1.06° 24.17+2.12%  112.13+1.24"
Thai rice  87.18+0.11° 271.96+1.47" 134.33+4.12° 250.96+5.01° 137.63t2.65" 116.63+0.88"
56:44 80.33+0.46%  210.55+3.36° 160.25+2.83" 304.63+3.60*  50.30+0.53°  144.38+0.77*
57:43 80.00+0.00¢ 211.96+0.65° 158.25+4.48" 304.80+0.88% 53.71+5.13°  146.55+5.37°
58:42 80.70+0.07"  206.79+253° 155.63+0.64" 303.00£1.65" 51.17+3.17°  147.38+2.30°

Fach value represents mean£SD.
U a”e Means in the same column with different letters are significantly different value
(p<0.05) by Duncan’s multiple range test

56:44, 57:43, 58:42: Mix ratios of Thai rice and Sinseonchal

4 cbdE o2 FFo| hE # HA A BH £

7k & HAClAY A=

& GAelAL] WF As 60l e MEe] e 29 AVLEE HUEE gAela
OM 7V wA dEbsten AR AvteE ﬂﬂﬁ HAAel A 7HE oA et a®t
AR ATVRE R Al A T =A desten Bl=s4d JFRE AR 3 o
ﬂOM 7Hg A ekt B 7}2% A7 Al A & s vEhde e
AAolZd Al F2 UE 9 HE Ao® yEulth bgke AAE AVRE AU HAelA
oAA 7HE EA vEtskew, g5 JhEE 7R fHAlolAAA T A vy A4 F vt
FE5 AME Aol At Hup kg WS HE Aoz vElyth AE go] A$ A sb
F =A YEmen H=2 JheE AUk fAolAdAM s B dEstit AeHes At
Fo| FR7F AAlolAY] M dF e vIve= AS FAT F AT
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%6 oldRo A StES A & AT M
Sample L a b AE

Hopyeong 75.32+0.11% 0.28+0.01¢ 23.94+0.12° 32.30+0.07¢
Thai rice 75.04+0.04" -1.23+0.02¢ 21.20+0.81¢ 30.53+0.54¢
Sinseonchal 73.41+0.144 1.10+0.022 25.75+0.16° 34.94+0.217

Mixed rice flour,
thai rice and 73.72+0.13¢ 0.75+0.19 25.30+0.88" 34.40+0.61°

sinseonchal(53:47)

Data represents mean+SD.

U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

U & HAolze FHBF

2 fAlelae] dujaEe a9 3o YEhY. 538 AVIRE o] &3 & HAlo]AddAM =
TAHFIE ol FHE Aoy uE AVERE HURE gAolAd vs vEel =t st
A e =R TEES AR & Aol A A wolvk 7MY = e AS 24l
& g Ao SiFEe] WHeA yEEt 3 o Aol el vs] WAl BHAl e

AR BVRRE MR 2 gAola e A AT e Rgs #0538
o Add 7lEo] yEbskth = ThRel AR AVERE EE A fAolae] FE =
goll wla) v 2 71wl vEsen AR va vhEtete A F1d ¢ A 29a
Azl Wl B dd vles A 7 AT

o . Mixed rice flour, thai rice&
Hopyeong Thai rice Sinseonchal sinseonchal(53:47)

Alol=e] Wi Fef #F
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HAl A BaA S4e 79 HEhRATh BFE FRs A
= govl, ueix Aol el Fol @
Fheh wgel A9 AE 7 4009 Aok gglon S AAF AT
B2 Aol EnbA @t ML BT
S A 7w vebgon]
B as AAZ HRE Eehel BE o] 2ol
&3 490l 7173 A tebgt,

Aol 7} vhERA)
2 olga Aol
B A AAFE ERee] WE HA ol
frolg Aol7h GERA epgkt) Fuee
N 7 A Gehton AAz b A

(I L1
=2
X
o
)

¥ 7. opdRo A SRS A% & fAo]Ae HAx EA
Sample Hardness Springiness Cohesiveness Chewiness Resilience
Hopyeong 93.42+8.27 0.85+0.05 0.75+0.03% 59.16+5.30°  0.31+0.02"
Thai rice 89.53+4.69" 0.85£0.05 0.75£0.01% 57.08+4.27°  0.32+0.02"
Sinseonchal 87.86+1.66" 0.90£0.04 0.71+0.02° 56.40+4.41°  0.23+0.01¢
Mixed rice flour,
thai rice and 109.56+8.59* 0.91£0.04 0.77£0.02% 76.64+£3.53*  0.38+0.02°

sinseonchal (53:47)

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.

2t & HAolZY B 54

obAEo s Fepo] e AHAolae] #i5A EHE E 8 Uitk @ BEA EW
Mo AE 7 folF Aot golom, NFRAML HRA RS ALH AV AR =
o ge dEu, AAE BFTEE AST ABeIA g e g dEhit o slnw
F Avtel A BFE FEE ALER FACIANA A FFANel Y FA Vet Astsh A
st 4TS vt f7olae] Y E AR W A3 BE2 hEE Wrhe 7ol 2
A g A BE Ao WAHAI, AN AEE AL Al A g @ HE Qo
2 BEAY. ol slunBAA e Assl fAarsra

A S olAsk Gulel el Bk, oA A AE 2 FF Aol gl A
oz vehon] grje A9 HRA B ghol tehgam AAFeIA WA ke go] i
Bout 4F 7 2 Aot EdAE gtk we W wa 9w T obA FEe B
Bhe AQsgEd FEE He BN M B g deEhdow 4F e Aozt 2
A VA gkon, wute] F9 AE gk fo@ Aol gl Ao HAHr)
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Sam e R TS N S = A B B S B A
A (Off . ’ (Sm ¢ ks 9| . (Over
-ple (Air = icat (Del (Sw (Ha (Ad 9 9 #
(Col - . ooth  (So . Mo = = = all
cell (Vo e icat eetn rdn hesi . = = ) = .
or) . flav ness ftne istn ) ] 2 ] qualit
unifor  lum flav e ess) ess) ven 2 x| 2
. or) ) ss) ess) v)
mity) e) or) tast ess)
e)
50
625 350 b7B 625 47 525 275 550 575 550 650 650
+ + + + +
Hopyeong (5)(8)(2) ;{,5 0 15 £28 05 09 05 8 3 ?%1 05 05 05 05 10 10 =05 gg
: ® 9 0 6 0 4 0 0 & 0 0 0 & O
7.5
8.00 350 4.75 5.00 5.00 . 425 225 250 725 550 4.25 4.25
Thai rice g'ggi gb(zgio. 00 23 +09 08 +08 8 z S@i ©0 05 +05 05 +0 15 12 fﬁot
' o860 2 2 T 6 0 s s 0 0 6
40
400 300 37 500 525 _ 57 475 600 400 37 47 450 -
Sinseonchal ?‘52? gb(z()io. 00 24 05 00 09 (i ggi +15 +17 +14 +14 2 7 05 gggi
) 08 5 o° o 6 1; ’ 0 1? 1# I 6 1 & )
Mixed rice 57
ﬂpur, thai 650¢ 625:1. 575 350 475 5.5(3 5.25 5+ 500+ 600 300 450 550 5B 625 625 6.5+
e and oF o 205 30 #1205 05 o0 o0 00 08 05 05 12 15 15 o
sinseonchal ® 0 6 8 0 S D T - Y. ) S B
o 6
(53:47)

Data represents mean=SD.
"Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05.
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24, AR (LRa), ¥F 27HF FEAAE T 2 A% 740¢Qh) 24

. EF AATR AxG ARAclAY 54 24
(1) EF 27159 Az a2 54

ZhH &7HF A=

2

Ao G JElE 33 A AF(18+3°C)oll Al 6A17F R o 1417 B¢ BV A
Aste] A 2Z(20£3°C)oll A FdH = A2t (Shin M 5 2010). dx¥ 2] Fi3HEol
12%7F ¥ Q& W 160 mesh® A7} ¥ A&7 (Pyungjin Machinery Co.Gwangju, Korea)
2 A7VFE Azt A2l RastHA AlEE AMESHATH

(W) €3 271F A=

2 T Alxe T 37HA wHoR Wdqste] At
Az aopw] A7V 7 EFFe AVFFE ZH7E 100, 21, 11, 2:3, 1:2, 1:3, 1:5, 0:1¢] H| &

et ofdE A~ Fheko] O, 8 12, 15, 17, 19, 21, 25%¢%1 &3 A7}FE Al x5t

A EE ARESEAT.

3 AvpFek AW AV YRRy AvbRe] vhe Al s A dotry] 9
df e FEe AR dAE & AVbRet s EFete] aavbeel e 54E vHAe
A Bk AdE AT ob R ko] 17% A= dnky FE9 29& o835t

T A 120 viHE S AVR] sFALE EFE A

[€) AN
atopn] A7EFe} AAFE H AVFFO] ofd 2 s dd dAEEES 2 e W 2
ZFEE WA ¢ e TheAAde A HeA gdshr] e atetd = A ko) alopm] A&
ZhEel AR s obdRa F§EE st dAT HleR st EgavEEE Ax
& At

T 14 1-7F-(D, 2779 228592 14 1-71-2)9 43 B3 sd3 e

14 1-7b-(4)) Adds $98 Eor FAsgc
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(vh) Y=L E 534

&3 A7FFe dA=ar] B¥EE LS particle size analyzer(LS 100Q, Coulter International
Co., Miami, FL, USA)E A}&3te] #2483t

(2) TG BAFE AZF & A2 A 54
b & AAel 2 Az
14 1-4-(5)9] 4EuEst S48 PHos 2assin.

(b & gAY 9% 5

o

18 1--(M9] A8 S99 Fgoz 2asar

(th) & HAAolze 2y & v L&A

2 fAolas Wid § FA(9E FAse] Hdger Y, Fys F24& o3
TA AgHer SAsen Fr9 Fuo AR A (mL/g)e T

() & HA =Y A=

14 1-v-(6)9 AU

I3
offt
e
e
ok
L
lo
it
M
1%
ol
2
vl

(vh) & A2 H2H
14 1o Adgat ed3 e s S48l
U2 AR 559 Ax 2 54 £4

(1) =9 Ax ¥Y

Ao AEe] B3 v &2 F 99 Btk ATl @A AEA a7 58 s B
& F7bete] WhEE RbEAL 40Tl A 1A ZE FASAT FA3 = AWM E 5-63] T4
7 HYE HE dH T2 Zgioh A 10 g BE E 200 goll ¥l 58 ot a4t
3, e F AR ZEs R WA & xE§ Al 1A 3 wAste] 57] AA
< Aol A&kt

- 125 -



5

9. =4 T3 H&
A7FE (g) diFdd(e) AE4(g) a4 (g) = (mL) 2w (g)
= 60 2 2 0.1 45 2
BEFE 37HA W eR rel AES A st
NArae gEd g AW o) Az Sge) AvbEd] 77t 37, 40, 43, 45 go €& W7}
stol & o mhe wFo] ow el F A5 JguHe AN
obd R ol me A AW F5el Az WA FEQ dolEi 53, 59 olEit
ofd 2 A Frefo] FASHAl A E olw+Ald Z(311), Bl A +Al A B (5347 g Azl AL
gote] B AWl ojurs g wE 9ge A
AEa WEwe] Ax 54 v ¥y 53 47T ofuws g FUsA % A
23 0% ERATLRE olgete] W MHS Ax F, BES FEYER Hol 1
BE F oaEate] zald Agd wE A5 Wy WEE el 54 wasg.
(2) AU xHY o# 54
14 1479 AWy 593 BEow B,
(3) A= By, FEFTE, 2YEHE 373
Aol Hul= 50 mLe] WAy 30 mLe SHRFE AY ES W 545 9@ S
shs B HuE ZAstel o Fu AT 2y T4 FEFFEL U Ag
ol g-ate] 7akate] ALg&-agitt.
- %Zg = ol =2k - A o] =k
FEETE- E]T%i;m“é"%ﬁ AL 100
Y [}
EEEdee AUE 48 0 S5ERE 838 19E) AEE Y FAE 358
grotdl 58 105TC LEA 12A17F Axste] Z74 ATt
TUe Ho R FA AT
Ay TAT e B

(4) &= A=
14 1-v-=(6)e] At

- 126 —

(5) A= d2H
A= 1 emd 2712 2 12 1-4-(7)9 A



o A4 4
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W10, Tolrlsl MM ATNRR AEG ofims o] TE B3 A7bRe] Sustasl BA S

g A7

b 22 (%) FEIFF (%) E4%%59 (%)
0% 8.78+0.05¢ 129.43+7.51
10% 9.32+(.38° 132.92+0.54
15% 9.51+0.07¢ 136.49+0.40
18% 9.11+0.26% 137.63+7.21
20% 10.25+0.03% 140.53+7.99
22.5% 10.01£0.01° 144.80+0.70
24% 10.20+0.25% 142.01+1.01
25% 10.50+0.16 151.31+17.54
30% 10.10+0.06% 156.39+13.28

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

25 73.05~79.03CHAR ofdz 2~ Frefo] F
3} Al X7} EolAE AEFS HAT ol dubHe ©d EFo AILFE 7ho
T Ao R olUE A Frfo] W AUfFe el otk s3] A 5
ol 3} wAE opdm A Ikl 0%¢] FAILFolA 17650 RVURE 714 =
HAom ofdE 2 o] 30%<1 arotn] A7EF A= 11954 RVURE %3} I A7}
To Ao TE2ETF 12 AL AT dAEe] FFT TEE Ho

uj Foll WEE AEAAIE dy A Ho i Aol ol HA AAHAZA o] &
F3Ao)etal HustdthHHur 5 1984, Lee 5 1989). ol &~ 3] Zvlo] we EAO
T3 AR E oldE s e mE 335 AolE YEla, AlFE AxE A A7Fe] Ut
] 4FS vA Ao AYZHACH
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3E 1L aopm o A F ATV E ST ol R A ] e 3 AVLF 3354
Vi ity (RVU
Amylose Pasting iscosity ( )
content temp. . Break
0 B Peak Trough Final Setback
o ©) (P) (T) (F) down — “(F-T)
(P-T)
0% 73.05+0.49°¢  176.50+2.71*  99.25+2.36° 127.75+2.12¢ 77.25+0.35" 2850+0.24
10% 72.95+0.78  152.63+3.12> 111.50+2.12° 173.38+0.29¢ 41.13+524"> 61.88+2.42°
15% 73.95+0.64>9  146.38+1.00° 104.88+1.47"> 188.29+1.36" 4150+2.47° 83.42+2.83¢
18% 73.08+0.53°¢  134.83+1.18% 95.29+1.36% 190.21+0.41°> 39.54+0.18" 94.92+0.94°
20% 73.90+0.64>%  136.92+2.00¢  96.83+0.00°  197.04+1.47* 40.08+2.00° 100.21+1.47"
22.5%  73.88+0.67°¢ 131.83+0.47¢ 92.04+1.00< 194.38+1.71* 39.79+0.53" 102.33+0.71"
24% 7455+0.35"  130.96+1.00¢° 89.88+0.65° 196.83+1.89* 41.08+1.65° 106.96+2.53%
25% 74.30+0.00°  127.58+0.24"  88.21+0.06° 196.00+0.47% 39.38+0.18" 107.79+0.53
30% 79.03+0.11*  119.75+2.24¢  8838+2.30% 183.71+2.18° 31.38+0.06° 95.33+0.12°

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

o EF AT JEEA

atopn] A7pEeL AMF ApRR olUB A o] TrEA EFF EFAIIF PAAY)
EEEE 39 49 2ol QAaY] REEE AV 08 e BHew 7RE o9l
o2 AR HoR ARG AT Edeld YAREI F AolE HolH] ¥ o=
AZratglom oft 2~ 20%9 225% kel EATFFolA ZHE 10~40, 100~200umol] A
HA27F detds S0 FARE va 43S Bk ofd 22 15% £37HE= 100~200 pm
JAFAT A 7HE 23S UERTh ofd 22 0% EFATFFE ALS BE EFATFFOA
FelE AE 282 10740 ymoll A F 32 E YeER L 1007200 pmell A 2 H 3 73S YeEid
on ol TFAVNFNA F FH JAIF EFHO JAAY] BE FFo] LrEF B2
T ool E9E® vgEbdS Felstdth Kim(2007)e ErhEe] A9 ZER FeR drgio
2 455 AAAD A7 7 FopA L ¥ 2 fJAbe] v AVt Axlva Bustded, £
A7LFe] ol B2 A~ jhEfo] moldgR 22 Qe AVt EmolA= AFdS ATE FE g9
d F AdAnk

- 129 -



— 1. Amylose 0%
/ i —— 2 Amylose 10%
54 / —— 3. Amylose 15%
| —— 4. Amylose 18%
/ \ —— 5 Amylose 20%
— B Amylose 22 5%
— 7. Amylose 25%
—— B. Amylose 30%

Volume (%)

) T
20 40
Particle Diameter (um)

T9 4. aopweh AMF AVERE SHT ofEEA

60

g T3 AIEZ AT B HAolTY £F EA
(1) & HAZY & &4

A Al A THe 19 59 Zokth 18~225% A9 amylose TS 7H A A o]
A8} i Frt b F2 Aem yeiyy, ofdes o] ASas Fyrt zon I
Alol= Sido] Fu7h 7heheks SA4S BT ofd2s ool 7 w2 alopn] AvpF et
TAE BTN MY e FYE Bidow AdE HlEo] EoErE 1=
B AgAFolA s o] &3 M Al JFAVEF] AU S E Hae] Bye= 3t
zatgithE Bavh AokKim 5 1993).

<

0% 10% 15% 20% 22.15% 24% 25% 30%

9 5 arepu]el AE A7ERE E9E ofes Fhdo] vhE £9 AR Alxg & gAolA o
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(2) &2 FAl=9 7y, v & 54

ol merE & 4TS Hol, ofdEA o] Alola Alx A F

A<
el dFE B2 AR, ofWEs 2% T EFAATAA FL HE warh

3# 12 dtotu]el AE AVREE SR obEA ool v &9 AR AlRg & xFlelae] 54

Specific volume

Amylose content (%) Weight (g) Volume (mL) (mL/g)
0% 21.77+0.29 51.67£2.89 2.37+0.11

10% 22.34+0.25 56.67+2.89 2.54+0.16

15% 22.09+0.26 55.00+5.00 2.49+0.25

18% 22.36x0.11 58.33+2.89 2.61+0.13

20% 22.256+0.14 56.67+5.77 2.55+0.26

22.5% 22.06+0.04 63.33+5.77 2.87+0.26

24% 22.05+0.53 53.33+5.77 2.42+0.20

25% 22.34+0.38 63.33+11.55 2.83£0.49

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

(3) & FHAA A=

313 oplsh AN WS E3E opEs Pl the B3 hER A 4 el M
coﬁgﬁoi"e/o) L a b AE?
0% 77.17£0.45" -0.48+0.02% 27.61+0.08" 34.05+0.33"
10% 75.69+0.13" -0.40+0.11% 26.03+0.70° 33.68+0.48"
15% 74.51+0.05° -0.64+0.22¢ 25.01+0.13¢ 33.67+0.11%
18% 75.81+0.11° -0.47+0.02% 25.78+0.02¢ 33.41+0.06°
20% 76.10£0.07° -0.46+0.03 25.28+0.12¢ 32.84+0.12°
22.5% 75.77+0.08" -0.81+0.10¢ 23.93+0.01° 32.03+0.05°
24% 75.15+0.54° -0.45+0.01? 26.710.07° 34.55+0.28"
25% 74.68+0.31° -0.51£0.06" 26.25+0.25™ 34.49+0.39%

Data represents mean=SD.

U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05
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W Al A% Z4 Avks 133 2gth A@2ol nhe o9 Aol EAgoy
oz el we Ao Aol vhehiA gtk F74AQ Bedde Fa) oluzs #
ol w2 HAolme B4 FAG Wast ot

oll &2 A~ o]l 0%% EIRIFER AXIPS W M =L AR #I RHAAPS UEY
i, o e Fheke] =54 E ©Ao 12 5EA4S BT AT ofdrs FEpo] wiEF
5 5 A% Bolow, IEHL opdrxs Fko] FFE 2 FFE Btk Kang F
(1997)& ofd =2 gteko] =55 2 W v A (Springness)> 1L S =2 2 A4
e BHasth olE F obd s Fhake] wel ¥aA e 54 Wt Ueds 49 &
AN, opbm 2 FhF 15730%<1 AIFFE o] &t & HAlolAE AxSAS W FAE 5

3 14, aropm|e} 214z ARSI opd R s Sheko] thE &9 AR Az A qiA o)A "]
Amylose . . .
Adh - S - h - ) ..
content  Hardness (g) estve pringt Cohesive Chewiness Resilience
(%) ness(g.sec) ness ness

0% 813.71+116.23*Y  -361+1.92 056+0.04" 0.62+0.01°> 283.80+44.48"  0.19+0.00°

10% 465.09+108.50° 0.72+0.05¢  058+0.01°  194.73+46.28°0  0.23+0.01°

15% 608.40+68.38"  -2.81+1.62 0.78+0.03™ 0.60+0.01  281.76+30.41*  0.21+0.00°

18% 451.62+24.67° 0.81+0.04°>  0.62+0.01°  229.40+17.93* 0.24+0.01*
20% 433.46+77.36° 0.74+0.05°¢  0.58+0.01°  188.55+39.13°¢ 0.24+0.01*
22.5% 314.98+64.844 0.72+0.07¢  0.61+0.03*®> 138.89+32.71°  0.25+0.01°

24% 471.69+63.72¢  -1.18+0.75 0.64+0.02° 0.60+0.02? 180.44+27.54%  0.20+0.01¢

25% 491.52+54.28° 0.84£0.02%  0.60+0.02%  248.47+31.43"  0.28+0.01*

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05
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3. 5% A% AR ERee] QE PEE G EF Ah%) 54 L AF FA 54

7h = 23X 2 2E¥ £F 27T FEHEH =24 T

JB

A7FFE PR ETE AIEF Aol QS FEA dotry] i 2
P & BIEY AES TFete] ne AR e EAHS sAE=HA Felst
A et ofE = gako] 17% AESl Uuk
HAE B3 3 120 WHE T2 ArFo

=
2 ol 160 MAE BT BTG} ATHYL v

N
N,
o rlo
i
o\
o
=
N
N
!
g3
N
M
o
o
e
ot
(ot
e
1
N
N
ol
r
X,
N
N
!
1o,
inss
B
M
{
N
o
o
R
[
N
N
X

e
N
o
2
2
30
ftlo
2 7
Ho
i)
i, 7
2
Mo
o
x
it
N
ol
s
s
o
ftlo
L)
o
2
ANk
=)
)
o,
Y
L)
2
o4l
2

8 oo ol
T 4o X 1M o
FNHUUEMIOF_%
L B W </ - R S

Ae o .
UElstom &3t & 1] Aol YEUA] 2t EAS T H -2 14.97~155.01%
Wk A= A7EE 90%, AE 10%E £33 Z7FFolA] 155.01% %2 714

H
[e)
= H
ugth AR Wk £ AT BAGEIL AAGE APl AeS

N

(

Fo

oL Hfr oy Tk 2 o

O o
o
i

L

Starch addition (%) FEITHF (%) EA%ETH (%)
0% 9.02£0.08 152.37+0.78°
5% 9.26+0.66 141.97+0.89"
10% 8.97+0.62 155.010.122
15% 9.07+0.13 150.12+7.18%
20% 8.85+0.14 143.23+0.21°

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

g, &% 475 53

Jm

3

o A7EFek Ao &5 vEol TS S 2INAEEE 7345TCAlA 8128T R 7t

s 43S woth Trough A= final AEE ARl H&o] FHT5ES Zshe JBS
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B3 break down A%+ Fadte ¢S BT dE 3399 A PR 33 A%
of of&EsA HedH, A vEY S7HF oldgt Ax Wl JIFE FUE AR HA

o

I
1313 542 2 falola Az Ao dF= = Aoz A4

E 16 5% Akl AR B 0&S @ B Arbie 5854

Vi ity (RVU
Starch Pasting iscosity ( )

addition temp. Peak Trough Final Break Setback
(%) (C) (P) (T) (F) oy (F-T)

0% 73.45+0.00¢  284.00£1.30" 140.63+3.12¢ 267.17£2.95% 143.38+4.42% 136.54+0.18¢
5% 74.30£0.007  289.21+1.59" 145.88+1.36° 278.25+0.82° 143.33+0.24* 132.38+0.53°
10%  77.08+0.60° 27754+1.94% 151.79+0.18" 288.00+0.94° 125.75+1.77° 136.21+0.77"
15%  79.1420.72° 279.08+0.35° 150.58+0.00° 289.29+0.41° 128.50+0.35" 138.71+0.41
20%  81.28+0.32% 281.67+0.94™ 156.58+2.12% 296.00£2.59" 125.08+1.18" 139.42+0.47°

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

o £ AR AERE

ARATLFe] ZHESES 5 um FEOIN YERE 928 st o ol 54 nolw,
A7pFe] A vEel &olEe] 200 um e ¥ ATE fgasts S Hild o)E 2714
A PE RETE 2= RS A W Az 9ol FAHY Ao Amd

6.6 —— Starch 0%

= Starch 5%

= Starch 10%

— Starch 15%

= Starch 20%

~—— Starch 25%

= Starch 30%
5’\5
o
E
3
g

1 T T =5
100 200 400 600 1000 2000

¥ 1 T T
0.4 0.6 1 2 4 6 & 10

20 o 80
Particle Diameter (um)

9 6. = AVRFe A2 B9 Ve 2 £ 2V =

M
i
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2 5% F59) WhTel AEL TP YEPE GE EF AT AZT 4 PA0LY 54
(1) & AAelas 9B 54
e A7k e AR 0%

= A
whe} ojw Alo] AaA = AR wATh
2717 A3 FEAAE SHL wy

ME 0% HMES% ME10% HME15% HE20%

a9 7 5 AV AR EdHEes 2R £ AT R A 2 Aol o

(2) & A= 7, B E&H 54

59 B WRel ARS EFT 4 HAaY Rus nE4e 29 dube =
of vehilth 9 ARS Ak 2 wAeladN b & Rag ngon, A
10% H7bek AA A0l A 743 wol, A% WY Frkol e 2w wa 7

v+ =
N =
U ebsleh Mg A sHAEe ArbeA 9o Amsh 3RAE 15%014 178 mL/ge
Kl : =
3&

il Fﬂlﬂl-‘

I

= by 2 ek, o UEUA gt ol A7)
Uehd Zate AR, #7449

]
—|—‘0$,{-'4

ﬂ
2
N
N
&2 oy

F 17, 3% A7PRe] AR Eles S &5 AVRRE A 2 gAelae] A, Fu) % WeH

Starch addition (%) FA (g) 23 (mL) vl 8% (mL/g)
0% 21.81+0.86 38.67+1.53 1.78+0.14%
5% 21.78+0.89 28.00+2.65° 1.28+0.08
10% 21.12+0.22 24.67+4.51° 1.17+0.20°
15% 21.03+0.22 34.33+1.53%® 1.63+0.07*
20% 21.37+0.49 29.00+3.61> 1.36+0.18"

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05
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(3) & FAAolZY Mx=

A Mtk wE & gAolae MEwele ¥ 18 Utk ¥ME L e AEs #s
S7behe AFS B a3 AR 15~20% H7F Aldl b & gs Hol & At

o2

K

k2l
P UWATS & F AT a g - 142~ -089 W9E YElga, s37
l frellaL, b gk 2247~2604%1 0k WA Akl MARL AR g
TPAE0%ANA 37.222 7P A Yelwtn, AR Jrbgo] FrhEse
& A7hstd A7bent ol gsho] A7 Al At Mol A}
Aol dEFS vA 7 S AoR AR

F 18 = ATLRO A& EFHleS el & AVMFE A A fHAolAe] A

Starch addition

(%) L a b AE

0% 69.79+0.68¢ -1.22+0.01° 25.35+0.35" 37.22+0.26°
5% 71.43+0.36° ~0.89+0.06 26.04=0.04 36.52+0.22
10% 72.31£0.31° -1.42+0.01¢ 23.93+0.27° 34.43+0.03°
15% 74.00+0.32 ~1.41%0.05% 22.47+0.13° 32.20+0.13°
20% 73.27+0.59* -1.33+0.07° 23.36£0.19¢ 33.33+0.55¢

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

(4) & RAA 2 BxA

F 19, a9 A7LRo dEHleS 2Ed £ AVEFE Axg & Aol "

Starch

addition Hardness (g) Springiness Cohesiveness Chewiness Resilience
(%)
0% 310.35+16.922 0.81£0.06 0.67+0.01° 168.28+16.18  0.28+0.02%
5% 344.61+19.19° 0.82+0.05 0.66+0.01" 185.73+19.00°  0.28+0.01"
1096 324.90+31.94% 0.81£0.02 0.70+0.01° 183.92+17.66°  0.29+0.01%
15% 266.09+31.86" 0.84+0.01 0.71+0.02* 157.60£19.02°>  0.28+0.03
20% 250.16+28.81" 0.82+0.04 0.70+0.01° 142.95+19.86°  0.30+0.02?

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05
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20, aop] A7 MM AR-S Ejlele] obdE s ks delek B3 Ahe] SEsla) BAY

TE=HF (%) 24859 (%)

amylose content (%)

30% 10.23£0.19° 160.18+10.23°
25% 8.30+0.25" 142.34+1.19%™
22.5% 8.62+1.01° 146.95+5.63%
20% 7.9620.20Pd 148.68+22.707
18% 8.190.36™ 135.01+4.23"¢
15% 7.01+0.50° 127.06+0.70Pd
10% 7.49+0.27°% 122.30+8.42
0% 7.17+0.23% 117.02+0.86¢

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

5

21. aoln] A7pRo] AHNF QRS F3sto] ofdz A

Pasting Viscosity (RVU)
Amylose content -
(%) temp. Peak Trough Final Breakdown Setback
() (P) (T) (F) (P-T) (F-T)
30% 7898+0.04*  114.04+1.24"  83.00+0.12° 179.13+3.01'  31.04+1.12° 96.13+2.89°
25% 73.88+0.60°  193.00+2.95"  123.67+4.12¢  228.04+0.65° = 69.33+1.18"  104.38+3.48"
22.5% 73.45+0.00°  222.75+0.35¢  14567+0.12°  24550+1.41*°  77.08+0.24°)  99.83+1.30°
20% 72.70£0.00°  18858+1.65%  120.96+0.65¢  195.67+1.06°  67.63+1.007 74.71+0.41°
18% 72.70£0.00°  21579+0.06°  138.42+2.95°  213.96+0.06%  77.38+2.89° 75.54+3.01°
15% 72.63+0.11°  248.46+0.65°  164.13+0.41>  22875+0.82°  84.33+0.24™  64.63%1.24°
10% 72.68+0.11°  290.96+0.06°  197.04+0.18°  24554+1.24*  93.92+0.24% 4850+1.144
0% 72.78+0.04°  298.67+353*  197.17+16.73"  221.13+595°  101.50+13.20*  23.96+10.78°

Data represents mean£SD.

U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

ANBmE

atopn] A7FE(30%),

sLopu] 7HE e A%
3:2(18%), 11(15%)3 1:2010%)% E33 2717, A4 AR0%)o% T4t
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HNBRE  M7lREE()) WIRHR() AREEG? WIRHEQ) YIEHEE) 12HEG) SE 4

a9 9. atopn] AVERe] AldE AdRe edte] obdRA S G £ AVIRE
Az & gAel A 94,

A& aropn] A7ER(30%), aLopn] A7EFel Aol HlES 5:11(25%), 3:1(22.5%), 2:1(20%),
3:2(18%), 1:1(156%)3F 1:2(10%) %= &gk 277, A2 dE(0%) o= AR

(2) & fGAlAe Fy, vEH 54

3E 220 aopm] AVERO] AAF QRS st ofdEx S G £ AVMFE Alx
s & HAlolAe] FAe Fu 2 n&A

Amy]o?;)content Weight (g) Volume (mL) Speczf:uv;lume
30% 21.57+0.30 44.33+5.13" 2.06+0.25"
25% 21.52+0.30 44.67+2.52° 2.08+0.14"
22.5% 21.45+0.20 33.00£7.21¢ 1.55+0.33¢
20% 21.28+0.13 42.33+2.52° 1.99+0.13"
18% 21.40+0.43 37.33+2.52> 1.75+0.14™
15% 21.37+0.14 40.00+5.00™ 1.87+0.23"
10% 21.29+0.24 54.33+1.15 2.55+0.04
0% 21.32+0.42 52.67+2.52¢ 2.47+0.08

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by
Duncan’s multiple range test at p<0.05

Als = atopn] A7EE(30%), aLobr] Aol ] Hl&S 5:11(25%), 3:1(22.5%), 2:1(20%),
3:2(18%), 1:1(15%) 7 1:2(10%) &= =93k A7, Add AE0%) o2 FA skt
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* gk, Al ARozw Az
) 9] F3&= 5267 mLE /M A, Hl%ﬁ 247 mL/go2 obdE2 FFE 10%
2 zd8s W 7HE v aopn] Ao FAHAES €] ofdEA S 157225% %
ES Pk AW A HAC2sl $as g

S A S ehin. o Rael das A 1% A% 449l U

ﬂl

o
L
E
o
N
X
_1
u)
o=
=
=
o
_>.:
H'T
)
)
o,
i
=
e
N
o
=2,
o2
o
o
N
rlr
A<
o
=2
>,

(3) & HAlZe ME

A fAol ALY ME= 7 2337

oy, AR ARe) B wlgo Z71a
A

S7Fk AL, aLopw] AVERAE e HEE W Mg JERUTh a g2 -048~154
2 yeger, AdR dier Ax Al o] Zel| A FA + ghol fhe 2755~
377382 ARNZ ALoM 7HE 2 #s B, M =gAoR YEhd s AATh. AR}

= Al AFEoR Ax

E 23 Tohu] AbFe] AMZ ARG EHFste] ohUEs G2 PG &

gk g A o] Al

2 Aol ae] M=

Amylose content

A
(%) L a b E
30% 76.16+0.17° -0.38+0.024 27.55+0.06 34.60+0.05°
25% 76.08+0.26° -0.04%0.01° 28.82+0.15° 35.66+0.07°
22.5% 75.17+0.60° -0.12+0.02" 29.83+0.32° 37.02+0.10P
20% 76.60+0.46¢ -0.19+0.06¢ 29.44+0.05% 35.87+0.29¢
18% 74.39+0.44¢ -0.04+0.02P 28.96+0.27¢ 36.78+0.48°
15% 79.18+0.13° ~0.48+0.00° 20.14+0.31¢ 34.23+0.33¢
10% 79.42+0.19° -0.03+0.00° 30.34+0.03" 35.14+0.12¢
0% 78.36+0.43" 1.54+0.122 37.73+0.14% 42.21+0.312

Fach value represents mean£SD.

Da-d

p<0.05 by Duncan’s multiple range test.

A&+ aopr] A7HE(30%),
3:2(18%), 1:1(15%) ¥ 1:2(10%)= =3t A7FF, Aldz AE0

mobn] WrhTe} o] v

- 141 -

means with different superscripts in the same column are significantly different at

&S 5:1(25%), 3:1(22.5%), 2:1(20%),
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(4) & FA o= HxH

A fGAlolae] dAE SAHI At ¥ 249 2l aoln AvpEwo® A 23 Ao
A9l AEE 26083 g2 7P WA YERET AdFE Ao 2Rk Alzg fHAelAY] HAre
78154 g= 7V AA vEhga, Ao o] &4 E 9t F AFgS B ol 1
ofujg} A A AVFEE EFYS WrT o Fd 5EHoz Yehg diEem HuE Al A
Aol B2 o] AA FFES vHAES & F AT FAGLS qopn] AUFFo A= HERLA
o A AES HUbs BE fgAclAdA YEgew, HUMEe] TG E AX =
BEFE Btk Wi g4L AHdFE b SIS E facste A4S R A A
o] H7be HAelAY HaHE "o 74 wkEo] A AFoze EAo] AEAE A
g F AT FEAE FE AES HANEFE fold HAo AV EEAY L GEkEe HE
S RYS & F Y

=
DO

4 ofn] AHFO] AAE QRS EFse] obUms FFS deld EF AT A

g Aol 2] EAA

Adhesiveness

Amylose content (%) Hardness (g) (g.sec) Springiness Cohesiveness Chewiness Resilience
30% 260.83+29.66° - 0.77+0.04* 0.63+0.01* 126.50+14.54™ 0.29+0.00%

25% 282.25+42.51° -0.02+0.04 0.74+0.03" 0.63+0.01 130.99+23.01™ 0.25+0.00"

22.5% 401.17+44.73 -0.98+0.50 0.75+0.03" 0.66+0.03" 200.05+31.67* 0.25+0.01"

20% 274.40+27.09° -0.57+0.27 0.62+0.01" 0.60+0.02" 102.21+12.66° 0.20£0.01°

18% 388.08+68.05 -0.52+0.35 0.61+0.04 0.60+0.06™ 138.85+13.00 0.20£0.03°

15% 417.95+59.35 -1.34+0.74 0.58+0.02° 0.62+0.02% 152.03+25.03" 0.21+0.01°

10% 728.08+52.71° -2.22+1.44 0.49+0.02¢ 0.58+0.02° 208.37+22.20° 0.17+0.01¢

0% 781.54£56.76" -7.32+4.84 0.45£0.03° 0.62+0.02"™ 219.82+24.08" 0.18+0.01¢

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

Algi= aropn] A7EF(30%), aLopr] A7hEel o] Hles 5:1(25%), 3:1(22.5%), 2:1(20%),
3:2(18%), 1:1(15%) % 1:2(10%) &= &3 A7HF, AAdE HdiE0%) o2 A8kt
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= ROz A7Em 40 gol F5 Wo] Fras A i
o A& Py felHe Aolsh tEhtA gtk
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-
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-3
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il
X,
N
e
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o
ofo
o
o
W)
lo,
BN
A
Jm
oX

7t (g) %) zg &4% (g) 53 (mL)
37 69.09+3.05" 4.68+0.30 14.00+4.24
40 56.23+3.34 3.98+0.60 16.00+1.41
43 51.94+1.48" 4.20+0.08 14.75+0.35
45 54.64+0.02° 4.30+0.02 14.50+0.71

Data represents mean=SD.

U Mean values in the same column with different letters are significantly different by
Duncan’s multiple rage test at p<0.05

gl nhe el AR: E 2 . o A

Yol A R A desen, it bl S Ao DE A gk +el i
2 @ & gt

2 6757~68422 YEFSEA, a ¢ -185~ -1.70, b

=)
ool AEE w7 AR L g
800 etk zeld Wel MR g FRFF] wE

e 254~363, AE #he 30.64~32.
7d ko] zpoli= YELFA] gkttt

326, 7hE el mE AVLRE ol g3 gHe] An
7+ (g) L a b AE
37 85.00+0.80* -0.87+0.03 12.07+0.05 18.65+0.60°
40 85.65+2.28" -0.790.02 11.05+0.25 1754+1.61°
43 84.67+1.72° -0.95+0.06 11.54+0.79 18.59+1.08"
45 78.80+1.79" -0.850.16 11.53+0.66 23.36+1.71

Data represents mean=SD.

U Mean values in the same column with different letters are significantly different by
Duncan’s multiple range test at p<0.05
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E 27 o] ME ALEE ol 8% ZelE W A%

7+ (g) L a b AE
37 68.42+0.03 -1.80+0.01" 2.54+0.20 30.64+0.21"
40 67.81+0.78° ~1.70+0.02 3.63+0.14 31.36+0.76"
43 66.36+0.95" ~1.80+0.05" 3.56+0.09° 32.80+0.95°
45 67.57+0.10 -1.85+0.03 2.74+0.05 31.51+0.10

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05

7V Hardness Adhesive- Springi- Cohesive-

Chewiness Resilience
(g) ness ness ness

37 1075.41+47.16™  -4.07+054  0.92+0.04  0.68+0.00" 676.27+41.72*  0.45+0.01
40 1169.90£86.34*  -3.01£0.93  0.93+0.01  0.68+0.00°  739.33£46.06*  0.42+0.01
43 1042.14+22.70"  -2.92+0.23  0.93+0.00  0.70£0.00°  681.02+16.12*  0.43+0.00

45 881.55+3.77° -2.80£1.64  0.94+0.02  0.70+0.01*  581.08+5.15"  0.42+0.02

Data represents mean=SD.

D Mean values in the same column with different letters are significantly different by

Duncan’s multiple range test at p<0.05
6. O)LEL 3L Fo WE BIFE o] & A AW I A=X
b AWz 9o 9@ 54

WA EEQ FlEI 59, ST BobEI opuz s Fgol FAA 2AW wopy+

231, B2+ AN 26347 = Az ARESto] A AW e offlz s gk wE
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¥ 29 oldE A Stako] wWE AHO FHEA

zZAY FEFFE zYWHY 1Y zYPEdE
(%) (%) (g)

o}n| 47.60+1.33° 14.50+0.71 6.59+0.15°

A Z 98.28+6.94 1850£2.12 4.43+0.73

ol & 57.55+4.37" 14.00+1.41 3.22+0.26°

3 63.82+2.84° 1650+2.12 5.40+0.39"

aobm + A1 A F (3:1) 47.88+0.28° 13.50+3.54 4.06£0.50™
&+ 8% (53:47) 62.39+9.83" 15.00+2.83 3.73+0.92¢

Data represents mean£SD.
Y Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

. oldzs $30 e Aud zad Ay AE

Aol Mmool A Lke 84.67787.89% uYElg o Az wrE WM s ve M ke
B aFe -084-020 W= e on bk 1021712718 e, ofd &2 3}k

w2 Zpoli= ypebubA] gkghth Wbl ey we] Mmool Lk 465876449 W2 UERY:
om ML 34667523302 ol o Z s oA 1Y =o e mrh
3 30. o} = ko] WE AVIFE o] &3 A A%
L a b AE
Lojn| 87.89+0.07° -0.50+0.03" 10.21+0.12¢ 15.24+0.11¢
AN Z 84.57+0.35¢ -0.20+0.04 12.71£0.22° 19.38+0.31°
gol & 87.25+0.77% -0.70+0.01¢ 10.68+0.17¢ 16.05+0.48¢
39 86.64+0.16™ ~0.84+0.02° 10.95+0.19° 16.68+0.06°
JopH+2 4 (3:1) 87.76+0.04° -0.41+0.02° 10.88+0.14° 15.81+0.11¢
Bl &+ A3 (53:47) 86.44+0.05° -0.49+0.04° 11.83+0.29" 17.41+0.21°

Data represents mean=SD.

Y Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

- 147 -



H 3L oERs g wE AVEE ol&d zYd W Ax
L a b AE
aLotn| 64.49+3.61 ~1.20£0.09™ 3.73+0.77° 34.66+3.49°
24 59.47+0.42" -1.44+0.06% 2.75+0.42% 39.56+0.40°
ol & 46.58+1.98° ~1.05+0.06™ 1.02+0.95% 52.33+1.99"
9 62.39+2.21% ~1.5520.16° 2.17+0.71% 36.61+2.15"
JopH+2 4 (3:1) 58.75+1.86" -1.00+0.03? 3.31£0.13% 40.31+1.86"
&+ A A F (53:47) 60.85+1.24% ~1.34+0.06% 3.30+0.70%" 38.23+1.17™

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

% ojd2s g BE BTE T

ol 2 Fhke] mE AVIFE ol &gk We| "X 54 A= i 329 Zokrh dlopu R
RS o] ARTF 97895 g2 b A JERsaL, AMEER E warh 23782 g2 M
zZhokth. a3} dlopE o] 847517884.90 gL, o9 FAFEE opd s kS A Eg AU
v Ax7t 393 gtobgo] HlEl A yERETh o= Al el Fhefel] wrE JFgS Hth
SR SotFolA 7 A dEtgew, M-S dtopn| mFA g Ak £F AVt
FoF gaAs vuds o A=et S, AT, 5] AuHoR AA YERY ol R
S ollgl afo AR HA A E 5AE YW " IS F& ¢ F
AT
T 32 ofdZ A gako]| wE IR E o] 83 Aue "

Hardness Springiness Cohesive- Chewiness Resilience

(g) ness

J10}n| 978.95+32.15*  0.94+0.01 0.68+0.01°  622.17+11.05°  0.43+0.01
A 237.82+¢8.18°  0.93+0.05 0.68+0.04®  14958+1251¢  0.42+0.04*
ol & 847.51+29.20"  0.96+0.01 0.71+0.01*  573.14+12.73"  0.44+0.01°
33 884.90+14.15"  0.93+0.07 0.69+0.00°  567.14+44.99"  0.44+0.01°
Fol+AAZ (31)  795.38+12.95°  0.94+0.02 0.64+£0.03*  48292+9.18°  0.39+0.02°
Bl A (5347)  733.93£26.48°  0.94+0.03 0.62+0.01°  427.28+35.98'  0.34+0.01°

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05
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1}, WEe o gue 254

vel 2B ¥ 33 YJERT. WEwe zaE4e xa) £480A
Aols Wtk 2L T 398 g2 WEW MM A Urehd o
Aol £AEE Fust qolxs Ao ARtk Fu YEuEd Y

)
offl
-3
° &
it
ox

zgde FEEFTE(%) ZYEAE (g) zZz#de 79 (%)
34 56.23+3.34 3.98+0.60° 16.00+1.41
3Es 59 51.87+1.67 2.40+0.09° 14.80+0.28
3E H=+214 61.71+4.61 2.98+0.12% 16.00+1.41

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05
. WEd e Aud xd W Ax

W mE Ay xgE "W M= 3% 34, 350 YERAT wEse] L g2 85.65786.33°]
AL, a w2 -1.08 -053, bgt 10567118701tk =3 ARkFo = v Wi Ws s
= Axg S a g% b #2 ¥E wso] ¥ AA uyEhwv zdde] M= Log
65.79768.94, agk> - 1.717 -1.49, bak2 3457425, AE g2 30.32733.34% 0 Z| WA &= HE
S v bR BHAA A WS WE NS el WEsh ARS] A% zho]sh vhebyy,
W2 dhEko] T sl glEAy AR 53 AEE A ZRs WE vl 393t gE

s Mol A obU R FHuc AR A4 wgel Mol 9@ Aoz} o

ol = 2

i 34 s BE AVMRE o] &3 AW Ax
L a b AE
R 85.65+2.28 -0.79+0.02" 11.05+0.25" 17.54+1.61
35 59 86.21+0.68 -0.53+0.04° 11.87+0.54 17.62+0.60
YE H=+Ad4 86.33+0.61 -1.08+0.02° 10.56+0.16" 16.67+0.42

Data represents mean=SD.
Y Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05
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=
ki

L a b AE
39 67.81+0.78" -1.70+0.02" 3.63+0.14" 31.37+0.76"
35 39 65.79+0.36" -1.71£0.04" 3.45+0.23° 33.34+0.33°
YE B+ 4 6894+1.40° -1.49+0.15° 4.25+0.03" 30.32+1.38"

Data represents mean=SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

2t ¥Eo mE AVIFE o8& WY Hg&A

WEo g A7lFE ol &3 W dad 54 A dye i 36 22Ut AEe WEst
A B WA B AA dERY 116990 g2 WE WhsolA o 2 AxRE BHQa, 53 o
S Ho Al Ao A 65394 g2 AE7F 7HE AA dERET A3 932 Wed AdEo
ol ok #wAGle]l 0682 YERGI, EHE e AR FFS Yelyh olE T3 WE ub
Fo2 WS Azxdx FZ oA Aste e RS AGHJG B7FE o] &3 459
FEe =S WYsAZ FEHE AYstd= vk AAe Fd Ashe e Ao® A7tE A,
W Az Ale] FEAde At & Hestr] e WE whs Alx Ale 7 HUbES S
ANANAY 95 26 9GS Hhdor v ¥FPAE 83 §5 YHS o8 5 gl

F 36, YEol mE AVFFE o] &3 eE Wel 9XiA

Hardness Adhesive- Springi- Cohesive-

Chewiness Resilience
(g) ness ness ness

59 1169.90£86.34* -3.01£093 0.93+0.01  0.68+0.00"  739.33+46.06"  0.42+0.01°

U 33  95538+11.35°  -207+098 0.90+0.06 0.68+0.02* 585.79+33.17° 0.44+0.02°

. ;i , 6939440518 -399+0.34 092005 064+0.01" 38591+7536° 0.3620.01"

Data represents mean=SD.

U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05
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B 129 ol 3, YA
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4% 74(b) 43
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3d. A5, Hig A7)

(1) &-

At &7

gl

A A

=
=

b 27 B R F, AN B

=25
=

o
NaOH

ai

5
0.2%
(Hanarossack, Daesung Atron. Co., Seoul, Korea)

o] &3] Zo} 100 mesh®t 270 mesh A

=
=

Science

Hanil

2] 7] (Supra 22K,

Fod 3000 rpmell A 10

o4

=
=

Industrial Co., Seoul, Korea)

tel pH 72 F3hA1z1 o

S

of &4kA#A 1 N HCIE °l &

o

SIAA

100 mesh <l

ke
T

1_A_;o
N

wjr

14 1-7+-(4)¢]

(3) X-4 34

H

14 1-4-(4)¢]
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(4) FAAAARE F3

A= #xHA = #B#H37] FAFAAE R A (Scanning  Electron Microscope, SEM, JEOL
JAM-540, ]apan)a: o] &3ttt stubel FHHOIZE &2 F A& FIAF =Xk, 7/9
T2 LTasty dEAS ZA sdu. FAREAN dAnld s ol &St JEE At 15 kV,

Phototimes 85 sec® 3,0000] 9] wj& & #Z3A
(5) FFgA9FE A

Fetdu) S o] 835te] HEI 7} AAE #ZEFA T Leica DM 2500 microscope(Leica
DM 2500, Wetzlar, Germany)Z

o] &
DIXI Optics, Daejeon, Korea)S ©]-&

6) dAEEE 5A
24 ¢ 1-7F-(D)-(vh el A

el

W BA PPoR S4sgc

Ao Axes 14 1-4-0)9 dddoe= Axsal, i 18 1-4-(De] 29

Y. z3v, A7 S 883 8B F7)9 2 54
(1 & F719 A=

Ao ALt B7F= a3 AVLFE 53 naw ArEE o3 Aer] AVrE s318 2
5, %ﬁm aam A7 FR18 Aehr] B7FER 7 50g8 AFgske] Al xw Y8k,
A AT G H) 6lgy} AT 10gS o] E71F7F Holx] ErZE & 405U

& Ho] 35 cmé] AEo® Yo TIwE=S Wy, 160/140°C ¢
QB Yol 887F YT FH FI = APl &A A3 & Ao ARSI
(2) & F719 o4& &

14 1-94-(79] Azt 543 oz B3t}
(3) & F719 v= HAZYA

Hh==o] HAAS ZA37] 98] Whe ZolE A2 =Hsla QEo F8 F 7)o Aol
E A2 SA39 . vk JHZAA A2 ofElet 2.
% = (F

7181 do]/Rk=2] o) *100
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(4) & F7]19 M=

14 1-4-6)9 28 43 v ez £48 3

(5) & Zy)9 drx) EA

S|
ax

ATt

M
ol

14 1-y4-(7)e 28

offt

A3 Yoz

o T3 BAIIFE ol Ed A FE HAAY FA 54

(1) F=ZAa A=

S 169 FoF Eoll FHsle] 243 AIFEE o] &3 & A xﬂ sle] 24 EAS &
olstActh i A A= 213l Bl ol R AL HUbEHA] e v Ay, 2HE 3 7)she]
Wk elal, WS & 4087 Ao, YR ol&& A2dA Ewy 10+ 12#} 150Col A -

& Rice 10, Rice 12, Sugar 10, Sugar 12, Starch syrup 10, Starch syrup 12¢} 7]1A1E o] &3}
of 3 AW T o]ES Ao Ty 1083 1287 150TA & Rice MI10, Rice MI12,
Sugar M10, Sugar M12, Starch syrup M10, Starch syrup M12% A|Z3ste] A& s

(2) F&IHA B 53

12 1-4-(De] A8WHs S8 oz Btk
(3) 924 23

14 1= 48y $A% pgos BAsg
4) A= =7

14 11409 4auas 598 Pioz 2ty

5) #5H7 A

oAl AAgE #eEle Adddidw AEEeddE Y AeEs ol Wkt
(Approval Number: 1040198-171020-HR-077-02). #5H 7192 A FdFea sAyS XA}

5% 43
of 7k A AR WbEel B FERY AW F wE AN FolxAl
Aol e V1% 2AE 98 AEPo FAARA Aol A3 A v FE, $AY

)
g, et AR ew AL, VSR AR AWl A8 Hlal HUbsAth

’

— 154 -



2. 12 &% /e A4, 37FE BUE FF9 54

7},

2

1, @7te A T2 54

L
}o(r
o
5

(1) A& 53 54

J

o

rz
Hr o oN

| A7, b Artes s A 3
Aol A E4L A AR EFold

2l =
= M Al S-S dotr ] ffsf ATFFol A
4

0]

2

| &7} 73.88C, 73.40CE ol F

rok
N
de Hu
o Lo
4o
N,
oMo
mt rlo
fols
ot
T

o oolgEs #FL AW EF

3 A LS HolE Zow AR

| X
A7V 2E2 R 2 AL AR dAEC] 5T xR Ho] Wikew,
A7F A3t Adg el i APl mobd A dAARAM o] &l mIpA ot
thSong NJ %, 2018) §7be 2my] ophms gheol o 16%= FALE o}mfac
4 o] 87.25 RVUZ 7H4 =
o] 239.79 RVUZ 7}4 Zth Breakdown HE+v HIHES} HAAE o]z E o

AR
& A4 ol 9dm, JopuEs ARl A Fe EHL Hol:

-
AR R4 R AR e 4TS wanh An dwe A2

2 7bg S dehgh olg BalN olE bR oz 3
e Ao gzhEh

3E 372 AR 3354

=
)k

& ®es

H?iﬁ‘r. o A ol E 2~ gk ’ékﬂ-r«]
= o2 ZAR7

il
" e
9
X
Y
§2

1
fols

Yo oo
e
o

to mE K
o 3L

O
N}
—

o~ Hu

ol >1;

gig

J[m H

2

2 v o @ & 1o oM Ju ;

o
e 2
[‘:{O MU e ox
1)’ 1_01' FIO

mr&ﬁl

A =N

Ho}p, 31 o

= o
o O AL of mt b

o R

DY
i
H

ol Aldoel A 4571 RVU

o wel 7FEA Ao skl

Initial Viscosity (RVU)
pasting
temperature Peak Final Breakdown Setback

(P-T) (F-T)

Hangaru  73.88+0.05° 205.29+2.30° 103.83+3.18° 208.04+5.4%
Singil — 9213£000°  87.252047 ;g 169.25+0.94°
Chuchung ~ 73.40+0.05°  30833x059" 239.79+371" 391.25+2.59°

Seolgaeng  75.05+0.00" 279.21+12.90" 225.29+6.19" 367.58+6.95"

101.46+0.88*  104.21+2.30¢

45.71+£1.12°  127.71+1.59°

68.54+3.12°  151.46+1.12°

53.92+6.72¢  142.29+0.77°

Data represents mean=SD.
U Values with different superscripts in the same column are

p<0.05 by Duncan’s multiple range test.
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¥ 17 FAPA R G o7 ek A AR JAF FGE (x2000).
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3. QR Alolze] we #7Fe 54

(1) A2, &74F 2729 338 & 72 54

(7h) &7bse 23 54

W 38, AR Alolzol uhe AvlRel B3 54

pglslggg Viscositsf (RVU)

e TR g T Drdan S
Hangarul30  71.08+0.05%  173.83+2.71"  94.83+1.89"  18346+147° 79.00+0.82" 88.63+0.41"
Hangar200  70.93+0.00°  186.00+1.18"  102.38+0.83'  19558+0.82¢ 8363+2.06° 93.21+0.06°
Singil 130 91042000  6767+165  4675+141°  10046:218  2092:024' 62712077
Singil 200 9163:0.0F 6958082  4729+1.36°  10042+08% 22294053  6212:2.18°
Chuclang 89601000  186.17+165" 14446058  31146+336' AL7I+L12 167004283
Chudhing  g8.384005" 1812541478 127.96+1125  20033+1956° 56204348  16238:831°
SeOlgaeng  7350:005°  20021+312'  16333:28F 2205846600 45:88:029° 51255377

Data represents mean+SD.

1)Values with different superscripts in the same column are significantly different at p<0.05

by Duncan’s multiple range test.
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A7 A Aol 120-130 mesh® 200 meshe] Ao W& YAAo| =S 2e]|dte] A z23F 4
7hel 58t EAS SAT Ade w38Y itk A4 AR 53 AR EE 91.04-91.6
8CE ThE &71Fd ulajA =7 YEwtil, meshol W& 33549 2ol vpebubx] @gkth,
AEI np7iA 2 opdma defo] e AdoA FE JALEE Ea, v3 PEE
67.67-69.58 RVUZ YA uYeElTh Breakdown HEXE 20.92-2229 RVUE YA yelgton,
Setback XX S/ Yelds 5AS Btk d7bF9 A4L AUl E 33 A7y
ol Auk EFo] Ay FAEE EAS ®Hoj Az fRE shes AUEQ 3R AdS o
g3t 7t AF AZR AlY G ofdE A ko] odk EAo] M F Aoz A7t

(W) 27179 X-Ad 3Hd =

A7LFol X-A I HAE =4 Ade= 29 199 2t AEI nHA R BRE A7FFo A
A Bt ZAES o lak Alol =] wrE AA HFEo] xpoli= vrERLEA] gkt

——Hangaru 130

——Hangaru 200
-Singil 130
Singil 200

——Chuchung 120

——Chuchung 200

—5Seolgaeng

0 10 20 30 40 50

Diffraction angle (26)
7 19, YAAfo] ol wE A7FFO] X-M AL,

() AALol=e mE &A71F 9 AA FH

Aol o] wE Azt A FHE PetanAd FARAAgow dRH A
S 203} 213 Rk AR B4Go R Aol Zel whe e Fel= Abolzh e
o)
H

A skt A7EE i dAEl AR s SAS 2ol dAE BAatE] A & A=

_

e ngov, dselxt 4255 o 4 QA7 wol wAHYh AT AL o
WA EEQ AT e AAsh APl Aolsk YERtA el AR Ajue AbR
Wk WA olEtol AT TS Age] Ful AolE BolA HeS & & AATh
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Hangaru 200

Singil130

a9 21 Aol =] mpE AU Fetdn| g o2 sl

S
o

12 =l (x 1000).

() 42, AT BT ARREE

AA 7FE ATEFe] A BXEE F4% Aye aF 229 2t AR A
=1 pm, 10 pm, 50 ymolA] Y2 E Bt A7tFE AdH HuEddS W 59U meshsS
ol gste] AVFFE WHE o, EX v 2 JA7F Bol YEye A

&g Bt T &
1

H
7F¥= 1 pm, 10 pm, 50 pmol A 3 =7} B2 5 0 pym 2719 A &

E7F S7Fe T A LS 50 ume] AATE TR Weol skl e URE TR wlE)
10 pmdAke] A4 227 A4 yetvs 545 Bdv dubd o= 10 ym Welel A7 o
Biubs A2 A7 B4aE s B ElE dEdAd e r Alsdy. 2rhRe] =2
TRl dEe Fd £5 VMR dEoR AEHEATFE 982 AT ATl
7ol flo] el FstHY] flal FEI =o] WSl EAsoF strr E& F k=T
golgt frel WEYA E8o] Hasth(Song NJ 5 2018). wrekA]l 7 7FA] o] o] §iA} &
& Uetl= A 7 AR VhedeR Add Jor Atgdh

(vh) A4, &d71F B7FFE ol &3t Az & HAla 9@ 54

tEger Az JdE A UFE EFe] AVERE ol&ste] Axd & xdle|a9 9
BEALS 9 233 2otk I AEe) Vx2S o] gste] Axdst= HACIAE o] &3t &
7hEol Tt AE A bS8t 130 mesh®t 200 mesh® E3€ A7FF B o
A3 7Ed F2 FIE AW AFo] AxHJrE 200 meshz EaE A7FR A3 G
o] fdA rjgel ¥ #deta FFHSH A HANLH, o= AAAToNAM JARAFo] =0l wh
& A7HFe) fAAlolae] 54 U 2T
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SEER Fgnag| =Mt

a9 24, aamjef Aepr| 2 Az A F7)o] 9]

(2) & 779 WF AAA

F 39 aav el Ak E o] gkl Alxd F71e] vk HAHA

S 344 (%)

A R o 102.14+1.40°
%3 3131v] 101.88+2.39°
A 101.88+1.25°
ST 116.43+1.43°
E2135 33 100.63+1.25°
A3 123.57+4.88"

Data represents mean+SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

| o
)
AL
N
o

ettt 5X1135 FF A= an A7FE7F 10063% 2 M 2S HAAS veda, A7LE
= 116.43%, Aet71 &= 12357%=

A7 7 FEA = Bl Hgel A o R Alsdth T FES
q EFFToE Az A FI)d vlE FHIZE AR F7] Fo] o H=v
Aol o v Aoz Aty nav e} Aetr]= ARk ArFel vl e}
AE ztol= vEW oy 53 FFoA = A ANA AL FaFe] glof, 1

&35k AE el st et Az

N
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(3) & 79 Ax

Aol At S ol gsfo] AxgE A FI1e] M S Ayes ® 409 ZUT HEE
78.15-74.09 W= TH A7} aum7h Z+zb 7740, 78152 THE Al Hl& e

1.33~-0.16H A= F()9 s HEHATH bar

FA=S getdlon Sxxe77F 32212 FoHow g =@ AZE=rF ZA ey
74 36.14, 391622 7HF =A vegon EF w}
of wel o]l AolE RUPAW Hwkxow Z A
Aol FEFs WAA FE FoE ALmETH

L a b AE
TG AT 77.40£0.57 0.03+0.17¢ 26.56+1.10° 33.01£1.10°
&3 31311 74.51+1.46 0.32+0.17¢ 24.54+1.99¢ 33.31+1.40°
S GM e} 74.09+0.33" 1.08+0.12° 27.93+0.64" 36.14+0.56"
TAERE 75214022 -0.16£0.11¢ 22.59+0.69° 31.37+0.53¢
TH1Eam  78.15+.082° 1.01+0.09° 28.83+0.79" 34.49+0.60°
TA1EAE7] 7479+0.08 1.33+0.13¢ 32.21+0.57* 39.16+0.44°

Data represents mean£SD.
U Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

(4) & 77|98 Grx) EA

aav el Akl E ol gkl Az F7]9 HAA SAS AT A= £ 419 2o
F719] F4e dAshe Ta% ahe HAA SAHoY AEe FIIE hFsk=d oA
Bt M 2 de dEhaL, FARAS T e Thete]l ASo R el doju= b
ok & dol& ougth AP AHNA BTt =& Ase B2 FARIAY AdS e
Ak ol AE7E =25 FAA= ARtel § @A 29S oudn. 22 FF0 4%
Ael A 8 nan= B3 A AFS Bdn 28 3% 32 SX1E T30 AUl A=
T 2240 kg, 2401 kg® #2 FF Ad A3 nuvEg 52 A= @S dEkd F717F A
Hor ded d¥&s Hdes o 7 Al FARAECAAN AR aavs sd1E
T3 Hlustel FAE wjrhx] dedt b dolrk o A vEhd AdiA e b =A A
Ave A4S S & 5 U 5d 21202 FI)E AxdAS W R E ol &3tH A
Aoz ¥ & Ak ghe Bolal @it SAS Ho ¥g2x Aolrh yEh aav = oAt
A7bRel 52 549 Ael7t A YEuA Fes & 5 AT ARIE ol &5t AEE
Azxd w= Hrbshs FARY 8 e 2Estolor A 2SR AFeR ATt
bed Ae® AnHY, ArE E8ste] AES Axd W nauvy Ay £35ke] A
230 S S A &S MAA e AeR Asdy
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T 41 navet RS ol gate] Axd F7)9) €A

Hardness(kg) Fracturability (mm)
e R 12.33+1.60° 4.47+0.24°
S 3 3m 11.42+2.56° 413057
S @Mt 22.40+0.70° 2.20+0.15¢
X135 R F 14.62£3.16" 2.76+0.12¢
Ex13 3311 11.22+2.97 3.75+0.50
SRA1ZEH] 24.01+4.78" 2.60+0.15%

Data represents mean=SD.
Y Mean values in the same column with different letters are significantly different by

Duncan’s multiple rage test at p<0.05

3. #3% AT E o83 Az 7§ AR A 54

(1) 2 7% 3A A&

£ Rice 10, Rice 12, Sugar 10, Sugar 12, Starch syrup 10, Starch syrup 129} 7] A1S o] &3}
of 3R A F oL Ao we] 10% 12837 150TAA +2 Rice M10, Rice MI12,
Sugar M10, Sugar M12, Starch syrup M10, Starch syrup M12% A Z3}o] 2Adscy &
w2 s SAS Ay a9 259 ok

AH W2 A= dpgel A & FEo] Mo shek wbs Mg IR FA R Wk, A A
B WSoA s FHAE AAAA Mol dHEE SAS B ol TS AUA Fe
dOoRe] 71E @0l 23] ol FolA A ol whso] FEX @4V "ol vEiue dde
2 Aledn. ditqos {3 vkS2 A7) Sl 9lojA A= St BEas A
Z1e& 7L QAL 71 = Al wol A E w24l v A3 545 Bt (Jeon
HJ 5 199). o= 3 A= A= wse] F4d 5S40 4de 5& & & A0 =3

I 2 i 3 % e el H &)
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Sta rh Starch Starch Starch
syrup 10 syrup M10 syrup 12 syrup M12

" 25 9 2ol whE A A o 54,

2) & H2 BxA 54

Az "B 54 4% Ay % 4290 2ok AR A diA] o HkEshe] A 23
Rice 120]4] 54933 g2 714 =2 A% #S BA3, vh3o] sugar 12 4376.2 g, starch syrup
6 g

10 3140.8 g, starch syrup 12 31706 g2 7|AlZ A A & d=oA = AEE HYh
o= T3 FEA ol whso]l T HHE SRV "Wl 7lEo] FiEekA FAHA &
of 78 uj t] @Wol] Q37| WEoR Wk Xdle ALl A Hae] g9ax 41 54
2 AdEs S 4 F AU A Hx= AT A F2E A dbso] vE] Adwo] HrbE A$-
AL whol ZolAl= EAS B, 23 AlHo] HIUMHNESE wWET Ao AxsAS d
AE7 9 93 545 Bt FARA 54 2y 2HS HUbste] A xS o FARA

. A
mm7b © 27 et ge wkEe s § 47 2AAE S4% e
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T 428 A A 54
Hardness (g) Fracturability (mm)

Rice 10 2171.3+200.2% 7.8+0.4%

Rice M10 2001.4+589.2%" 5.6+2.8™
Rice 12 5493.3+752.9° 7.4£1.9%

Rice M12 2872.0+881.8% 6.1+0.9"
Sugar 10 2552.4+301.3°% 7.3£0.9%
Sugar M10 1753.6+277.9 6.0+1.7"
Sugar 12 4376.2+887.5 6.3£0.9"
Sugar M12 1516.8+54.3" 9.0+0.8
Starch syrup 10 3140.8+108.9¢ 4.6+0.6°
Starch syrup M10 2183.1+425.1%f 3.7£0.2°
Starch syrup 12 3170.6+336.7° 5.8+0.7™
Starch syrup M12 1976.5+351.3%" 3.9+1.7

Data represents mean=SD.
U Values with different superscripts in the same column are significantly different at
p<0.05 by Duncan’s multiple range test.

3) A T A%

B Ao MEE 3
584-677= =4 YES

ok S oA 40.8-489% e WL S HY
ol= 71Al AHEl A Hb=

A 2ol & W WEFe REIL G oo m
g Aol w7t 9ebAy] MEeR ARH age £YOR WED FolA o & 4o @
s wgom, AUt A% a gol A UEy o s gEue 9 5 ootk wma
2 »}FM&— b e 2ANAL AP TolA 17.0-2292 e Told = 4TS nel =
% oJ o] g
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432 A A=

L a b

Rice 10 45.4£0.3f 5.5+0.6° 18.3+2.0°

Rice M10 63.7+0.4 0.2+0.3%" 13.2+1.2°
Rice 12 48.9+0.9° 1.2£0.7f 12.8+1.2
Rice M12 63.9+0.7 -0.1+0.3" 13.0+1.2°
Sugar 10 465+1.1" 5.3+0.6° 17.0£0.3°
Sugar M10 67.7+0.4° 0.3+0.8%" 14.0£2.9°
Sugar 12 40.8+0.9* 0.9+0.4% 11.2+0.8¢
Sugar M12 62.2+1.3¢ 0.7+0.2% 14.4+1 .8
Starch syrup 10 41.8+2.5¢ 7.1+0.2° 17.0£0.7°
Starch syrup M10 58.4+1.24 2.1+0.8° 17.4+2.2°
Starch syrup 12 41.1+£0.18 9.3+0.6% 17.3+0.6"
Starch syrup M12 59.0+0.5 4.4+1.0° 22.9+2.2

Data represents mean=SD.
U Values with different superscripts in the same column are significantly different at

p<0.05 by Duncan’s multiple range test.

4) & A #5H7}t

W shAel PsEst 24 Ave § S 9w, BE #5Pt ARNM AR ] 017
Q1 AolE wath Aol 2Y A 128 P& A AAA foH0R A B G uol
A A2 ANTAY 94 Aada, ok A= 81 499 fie ApE 299, 49
J =

Starch syruplO, Starch syrupl2el 4] 7}75} =2 7

AR AgetA] e oA =2 Fhes Ko, VAR A
FA7e] Aatvtes Aes & F 9\1‘21‘3}. A5 S o ke AR =4S %ﬂfs& der A
A4 AFE Sugarl2el A 7HE =A e 714 AEE Sz o] Tha

oAZdS & F AUk AAAHJ] 7|5 % Hl A= SugarMI2elA 7HE = =5 29
A vlE| A'gom Ax Ald+ ¢ 77HlIETL ot Yehlial, 8ax o) Ak Y|
g Aol HlElA O 7|EET7F =2 AoE AR EH /\H]X}*‘E wubs 7HA AL i

=
A gbegto]l HAsto] QiAo Aol W2 AFS ¥ Adzdvs Aes &+ AT

ro>

- 168 —



¥ 44, & A BsF I}
Sweet Fracturab Mouth Overall
Color Hardness o ]
taste ility roughness quality

Rice 10  6.67+058™ 1.33+058" 6.33+1.53 500+1.73"™ 2.00+1.00° 4.33+1.15%d
Rice M10 3.00+1.00%" 1.33+0.58" 5.00+£1.00™% 3.00+0.00° 3.33+0.58" 567+1.53"
Rice 12 53340589 1.33+058" 6.67+058"™ 667+1.53" 4.33+153"  4.00+1.73"
Rice M12 2.00+1.00" 1.33+0.58" 4.67+1.15° 267+058° 3.33+153" 5.33+0.58
Sugar 10 6.33+0.58™¢ 267+058®  7.33+0.58" 4.67+1.15™ 3.33+1.15™ 5.00+1.00%"
Sugar h a de bc C ab

M10 2.67+058%  367+153*  4.33+1.15% 4.00+1.73 2.00+1.00° 5.67+1.15
Sugar 12 5.00£0.00%" 267+0.58® 7.00+1.00® 567+1.15® 567+1.15* 5.67+0.58®
Sl\‘ﬁ;r 367058 400173  333+1.15° 4.33+153™ 333+058°  6.33+153°
Starch o0 mei 30041000 8.0041.00° 4004100  2.0041.00°  4.33+1.15%
syrup 10

Starch

Syrup 467+1.15%  3.00+£1.00° 4.33+153% 567+1.15"° 3.33+1.15"  2.33+0.587

M10

Starch g0 0580 23341150 76741150 3.004L00° 3334058  3.00+1.00%
syrup 12

Starch

Syrup 6.33+1.15™9 2.67+1.53" 3.67+153° 4.67+1.53™ 300+1.73*  2.33+1.15¢

M12

Data represents mean=SD.

Y Values with different superscripts in the same column are significantly different at

p<0.05 by Duncan’s multiple range test.

5) AE FFoE AR B FA9 o ¥ FA 54

e F(Rice)d} A&



ok A

]

THA 2 A x

FsiTh 1023t

—

Fol miz @7, 30

5|

o =
Ly

Rice M12, Sugar

Rice M10D3, Sugar M10D3, Rice M12D3,

718k A aL, 1233k % At

3}

Rice M10, Sugar M10 o=

718}k

Sugar M12D3=%

T aa
Ml2=

-
T

e

hya
ar

22t w7) 89,

Rk

W-of 71go] At P = A

=
) #]

E]_]:

of 1af

b ug AN AR A

T

b

Aol Rbso] B & FEAT 8

-
1

L, 7

Z Al Az

&tol Al

'E.S:]]-

o =
= =

bol )

ol 413 o3
SR

i

Az

743

[e)
H3re

=9o
o«

o
=al

Ey_]__

Hde 9 4

= o
~
ol ol
o mm_n
N
oo
=X
& =
X
T
B 1%0
el
w
2
—_
O 0
K ~X
o -
L
me 1)
Ty
BRI
~ N
(-
0
ob =T
L
WX
= w
5 o
2 T+
T -
Y
N T
! el
ok N

]i]:

[e]
e

14 ore w shaje] b3

S

ks

A e

H ¥

bel 371

3|

A7

KeR
=

o

)

—~
file)

X0

el

N

Bl

7150] A7

S
KR

A

=
1=

|

A

o) ol
pabe) m3 9 2 eelA

oF
=
H

HA R

2 Adn. s

Ao

= 1
T

oy kel
S

]

o
|

L
[e]

of

3

A

Z

ol ole)
SEE

_{’:
5] a7t

o 2ol

~
HH

folm
g

e]
il

e m g

el Al

s 2014). 2

5740l @2kt (Oh SM

&

T8

f3hel

/g0l WateH,

E
=

7o)

&=

Aaat

W

=3
1=

]

%

2016). ]

i

Jo} wbatsbA e 4

ox

=
;

;OD
i

o}x| 7] wj &, 71FS

]
=

o]

0

B
-

S

N

=)

H

] Az HA A

Sugar M12

Sugar M10

Rice M12

Rice M10

Rice M12D3 Sugar M10D3 Sugar M12D3

Rice M10D3

29 26 & A IRk o

- 170 —



5. 2715 F3 AR

O =y A2 Axyzigde] A2 ol 53] 07425722 AEZ AEste] 120-160 mesh#| & &
BARL W AAF} fAS ALE TP B, GAARAA BHY Fae)R o
oAA gowl welAY AFE AATE A4

O Wl AYAFE molRR BATE Wl ALAFE AxA WAzl Eojwea A7t
AE Bz Boted @AW FURMAZITE W ol A AEES YENTe] et 1
AAAZ ANDHAS W AL FE AT A B B FAY

it

O 2A7rF5 A o 9o 535 PHor AZstd Wgo] AHsHA AT 12@1 ’%7}
FrRio g o) Al AE Ax7F rbesty dawWel 4 @A ol s Adud, &
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AF T2 AF 74 2 2AEA

=9 | 74 | 7% F4U% 74 e
CEEL)
4F3 7% 2 74 O Sk §7]
v | sog | mwa |AEEA J1E AR MR R ¥ owE A,
487 WY &
1. A5 © n=5,c=2,m=10,000,M=50,000 Tog AHA
GHAAY G LBAFe] B, BRAE | AH P
H fARE FHAEES Al geh
O 4% A% F4 (4 )

sujaw | OB | g | - EdsAw B3TAE wE, AUAE

38 5 bEAEeR AR FA9 AFTH

(G002 AAstI, HFS] AN FFEA

ol 53} 1 20061 ©] %)
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—4. H2g SN (Z)H 2| &HIO| LA ZH LA :
& JtSHE AHIX 7|5 24

14, 2g7(Ta)§ 271F S42A R AF 7IEE £4

1. A3

nd

R
7h AWM FRMRE)E AR EHZA
(1) 275 Az
27 (]2 E ) o) X#%?ﬂ MR EQS zAbel7] 9F) ol m o AdtEke] ThE & T g9l

] 2
AN, srotn], o, B, Aekr], SvlE ARSI A7 Ae2d2 A (A
o H‘ﬂﬂﬁr)@r O 0}741 sto] A2 Id FH R 33 Aol F(18+3°C)elA 6413 3

’1

@ Thg 147 2715 AASIL 183N BAHE T AR
B BAS WEE A AR BT AREAT WEas] A ABRAE 852
Festel 2@ gk A% L7HE—” 7 7% ARAT(H D, 73 7), @)% 3

Q F7lE BT
™

A%, A7), @), ARA AAR(EARA, B7), d=), vk =
2 AR NFAE, A8, @ > @HMT TGS, (FINFAE, A, @5, 3
Arh wrR (e, s, g, WA S QAT E, A7) @), 100%

S AF(F) A E, T, fﬂ)% A skl

(2) &27}F9 Aty &

BrhEe] Ankg e AOACH (2000002 RAstgnh FRa@e Agrtdnazy, e
Gd Ay SAEAR, 2AELS AHES SR AMSst AWAbs FERAR FA 6
oh 2322 550C A7 RE o]&3 A4 I or AU

(3) A7tF¢9 53154 5A
33EALS AEHEHEZAHYV|(RVA  Tecmaster, RV-4, Newport Scientific Pty, Ltd,
Warriwood, Australia)E ©]&3le] =AsIt A8 3 g(FEIHF 14% 715) F7F 25
mLS 7}8le] =43t 50Tl A 18, 478 7HA BTCE F5A 7)1 HBCE 7125874 74
sk S 11.0% 7HA 50C =2 YWZAAZ7|HA HAEE S99t %7] 532 % (initial pasting
temperature), = 3173 %(peak viscosity, P), #H A H%Z(trough viscosity, T), % &% = (final
viscosity, F)¢} breakdown(P-T), setback(F-T) viscosityS 74t} At}
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(4) BT oA 54

A7V E43tsd, da8d, A8 & SElol A (FH7II B WHow 3245}91
ot EZ2%54EL Medcalfe Gillese] H#H(1965)0. 2, 3H22  Schoche WH(1964) 0 =2
AR steFe Megazyme Kkit(K-TSTA Megazyme International Ltd., Wicklow, Ireland)

3(2012)°] el wel S48k

K

_

rlo

AACC 76~

;_¢

(5) wAT o Fistdy x4}

s

70% ol Er2S Alg3le] 45Col A 3AIZF 7Y FE3
2t S =A%t DPPH o)z A7 52 Ch01 5(1993) 9] A5
datdeh & xR ZAT AFEY 100 ulel ol €& 200 uLE 7hekal 2 x 1 M
o 300 uLEs 7F3F ¥ 5%7F vortex mixer® E§3to] Ao A 30E7F WS-
ELISA(Synergy HT, Biotec, Washington DC, USA)E A}-&3}e] 517 nmolA FHES =H
stttk E++= A5 Al ethanolS #7Fste] 28] 3F9) ).
ABTS @tz 42752 Art 5(2004)¢] WHE &&3t0] =
of 5 uloll ABTS gtjzt & 195 uLE FH7bste] 723 9
Biotec, Washington DC, USA)E A}-&3Fo] 517 nmolA &
4l 5 mM PBSE #H7bste] Asksitt. DPPH 31 ABTS
Ao ® F8kSith

F vhet 2
Ho Q

RN
=

J N'
oﬁ

stttk TEEE XA AR
$-A 71 & ELISA (Synergy HT,
AotAth x4+ AR
1

T =
—1- —
7 2784 wE ool A

-

¢

=
=
Z

oot

A
DPPH and ABTS radical scavenging activity (%) = (1- 5 ) x 100

A : Absorbance of sample
B : Absorbance of blank

v AMFHEE) AF AR 7S E B4

(1) 2gF0TE) AF BEAEY 7158 A2
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# A2 549 Hol=A
QA e . . g o d5:

M = AEE old] flEs 2Y U s3I S, A9 aE 2 Sd0EaTyc]
BB ES LS MM As e BAE A20H] WA0hH FAHA=

rme:
an
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2
£

{

[T
FEUE

EE

SFL AAClE SAHRAE 9

ol
ko
>~
>
M
4%
N
Jfu
Y

(2) 2gFMTE) AFY 2¥A 7ZE 7ISE Y

0

[¢]

W Aoz auA ABE 2AE HE AE A4S 99 19 29 WAEES ALg ol
AAolze] o9, w, &, A, AwAL JEEd tte] 9uwge Btk A9 FA
of BaE QUM & BAelA JEE A4S ANHPoH o 9y gl
385%, o 61.5% fom A= 20t 4.6%, 30t 7.3%, 40t 13.8%, 50t 43.1%, 60t ©] &2
31.2% At
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LAl 2016. g fulk
e VIS EIE A T7|EE B4 9 +EEE Y, 3L g B0 gAo3euyrk

PEA 22 g2 7H = AR 2470 S42 FEoe B FUAL,

b2 HSER 9EE J|ECE V=L @ISt FHAL

(18 CHEHS| ic) 5 EE0|0 9F: Tits| =Ch

o
e
ngl

o
A
ikt
3
re
2
e
i
ol
Ll

215

309

S EE

a9 2 At AnjAb Ve 2AF 7153

=

(3) BAFRA 0 2ul7 A BAH 24

A5g37F A= EAA F9A AFS Y8l SAS PackageE o] &3to] EA1E A 2 Duncan
s 4S5 AAEA L Pearson A#HIAAEAS AASG T F9A4LS p<0.05 G50l A
A4t

o ARAF, HRE 27F R AFY vAEY AL AT
(1) s F271F BdE A E AA

FHEEGT

A AR D AZFTHE AT MAGT RS 99 J
5)

i, ArdEl AALE AAIEAY. AlE AYe AR 5] Ao (3M Diluent, 3M Company,
St. Paul, MN, USA) 45 mls #7lste] 22 &<t 23 3 thx 9 ml | Aoz AFst uf
TR At mAES FA457] S8l 24 dAEE sAE AN 1 mlEs o 2 3M
Petrifilm wW A& o] &3sto] FA k3t

zZ v AE AANE 98l AEE A= AT 7§ 3M Pertifilm Aerobic Counts Plates
(B3M Company, St. Paul, MN, USA)S o]&3}o] 35+1TCoA 48A17F vkt & A% colony
FE 30-3007F Algrstel Log CFU/go® H7Ietith. =3 g« 4 3M Petrifilm
Coliform Count Plates(CC)< o] &3}o] 35£1Coll A 24417 viat o 320 3 = Ak 9]
£ 3M Petrifilm Staph Express Count Plates(STX)S o]-&3}o] 37+1TCo A 244 %F wjoFst &
SPANE AT 2L F4 ] A3(3M PetrifilmTM Staph Express)S ©]83Fo]  37+1C ol A
24770 weFste] SN ET =AY AA oFE gRlskih ’\LUL“E}Q] 3% 3M Petrifilm
Salmonella Express Systems ©]-83Fo] 41.5Co| A 24A17F v Fst & 3M Petrifilm Salmonella
Confirmation disks ©]-&3to] 41.5TelA 4-5A1F v eFate] Ardete] Ao FE F2lstgt.

AREAl T, ot
X
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2. AMF(HLE)E ANE BHZA
b AMF(LE)E Y, Ay AT olsed B4 2

F3w ke QAR B elsEd 54 9 285
[€]

A3 % 1, 2, 3] YEbdn. &5

gl A
8.56-11.82% WLZ YElyton 3ol ka2 0.11-1.50%<2 B9 =
et gede] shakd 585-7.95%9 WS YelWa, X Ee] shakd 0.14-2.86% HAZ
et ZE2d A1Ee] B43% 58S 182-234% 2 vElgon B8 821-1624, =4

o] ke 78.88-84.97%9 W E uUEetwth FFH AR ISEAS 27| SIeEE
70.95-84.05C & YErron HuHEE 2662.0-5429.0 RVU, Trough #HEE 1205.0-2610.0
RVU, Final A%+ 2898.0—5687.5 RVU, Break down (P-T) #<& 8125-29885 RVU, Setback
(F-T) <2 9585-3077.5 RVUR YERRTE A0 AMzE ArpFe] sgHo] 71 =0
™, peak timeo] Zol Z3}7} whe] A &FE a1, setback A =7} Yol =37t A Ae] JAqHS &

)\ }\}\}\}\q—

T (%) 33 (%) A (%) A& (%)
A4 11.33+0.03 0.93+0.52 5.85+0.03 0.22+0.02
azo}w] 11.72+0.02 1.500.95 6.09+0.04 0.06+0.01
=9 9.83+0.03 0.660.49 5.90+0.03 0.13+0.01
B = 11.82+0.02 1.13+0.64 7.74+0.04 0.37+0.03
Aet7] 8.56+0.04 0.11+0.06 6.45+0.05 0.71+0.12
= 10.75+0.03 1.08+0.63 7.95+0.01 2.86+0.09

EA43%%9 (%) & T 1 (%)

A1 190.38+38 16.24+0.55 79.06+0.66
azo}w] 192.04+0.86 9.02+0.73 80.64+0.63
%5 234.90+0.48 9.27+0.20 82.25+0.13
Bl =7 228.41+0.67 9.47+0.02 81.81+0.97
At 182.26+0.08 9.74+0.13 78.88+0.94
=] 225.29+16.06 9.38+0.23 84.97+3.38
W7 5 189.13+4.83 8.21£0.10 79.92+0.70
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# 3. w35 AUHFo RVA 33854 23
break Final peak pasting
Peak 1 Trough 1 ] setback )

down Visc time temp

214 3489.00 2317.00 1167.00  3370.50 958.50 4.74 71778

aLo}H| 3129.00 2202.00 937.00 4838.00  2641.00 5.53 78.23

| 5429.00 2440.50 2988.50  4721.00  2280.50 5.57 68.60

Efj = 3417.00 2610.00 812.50 5687.50  3077.50 547 84.05

Aet7] 4327.00 2439.00 1888.00  3766.00  1327.00 5.87 72.55

= 2662.00 1205.00 1457.00  2898.00  1693.00 5.67 70.95

dx3 o] atotm|sl A VMRS 23] ofdRS

#ARAT, Top A 2Y Ao
=

65:35 4w 171.03%, 66:3

4 o
3l &0l 65:35 W 876, 66:34 UH 875 67:33 C’E 57= H|SzstAl vebwith Ad &
Mg AolAFE olUE o sgeel FANWA BAFSYN Baeel HAaHILS ¥ &
it

I 4. pofn e} M T AR o] o]3lE A EA

sobrliald  BAREY (%) e
65:35 171.03 16
66:34 163.30 8.75
67:33 129.34 8.57

g, =g A% A AAE 4 FR Fd

AUt BE W o]3leltd EA W F3IE
2o 395-13.61% WY R el o, 37
e 6.23-7.74%°] WSS dERHa, A

oIk e e Azl He o

o,

fﬂ]ﬂ Algol A A= Q= A7FF 8F |
5, 6, 7ol WERWT Ald BTFRO]

= 06-1.57%° "2 yeruv, @
2 0.04-3.39% HAZ dEut AE

Aoletal Azt Al A7EFo] ofdE A e 1560-19.90% M= YEuil =
T H2 205-302% = YEbskow, W& 7.28-13569 ®HE UEwth Al dAT7HE 9
e x7] 33 6810-8410C= YEstew, Hud == 3810.0-4423.5 cP, Trough
+  2063.50-3362.00 cP, Final # X+ 3783.0-52515 cP, Break down (P-T) %t
1655.5-2716.5 cP, Setback (F-T) #t> 1269.5-2892.5 cP= YEIGTH S35 2] FFof
whet zpol7h dloem wAmte] 566602 I3t wTE 7Y EA UEbwth Als 27EE
bz I =AY Y, WHHS AREF VLR 54 o8 Aolrt et Aow
Bl

Lo

riﬁnﬁ

O
bl'mﬁéﬁmgi':i

o rlo

o R

b
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£ 5 A% bR QugR
A& T (%) 3 (%) G (%) A& (%)
A 11.92+0.03 0.60+0.37 7.74+0.04 0.32+0.03
B 12.56+0.05 1.25+0.90 6.30+0.04 0.04+0.01
C 10.75+0.04 1.100.72 6.34+0.04 0.10+0.06
D 11.75+0.03 0.77+0.40 6.23+0.05 0.37+0.04
E 11.25+0.04 0.98+0.35 6.53+0.06 0.63£0.03
F 3.95£0.03 0.63£0.56 7.44x0.05 0.57+0.04
G 13.612£0.05 1.57+1.09 6.35+0.04 0.20+0.02
H 11.13+0.04 0.79+0.07 6.65+0.03 3.39£0.26
E 6 AT AT o]BeE 54y
g bRz O FF (%) BATSY (%) e
A 16.80+£0.01 260.95 7.28
B 15.60£0.02 207.12 8.37
C 19.90+0.01 264.82 7.99
D 18.20+0.11 244.65 8.26
E 16.30£0.00 275.90 8.47
F 18.20+£0.11 302.29 13.56
G 18.40+0.01 205.34 8.09
E 7. A% A7bFe] RVA 3354 43
A& Peak 1 Trough 1 32‘3‘;1; Final Visc  setback  peak time pﬁjﬁgg
A M2350+2.12 243500566 199350071 4397.00+1.41 1985504212 6.00+0.00  70.93+0.04
B 547450+0.71 275800141 271650212 4609.00+1.41 1846.00:4.24 6.00£0.00  70.98+0.04
C  3964.002.83 206350£0.71 1871.00+2.83 3787.00+849 1683504636 597+0.05 69.38+0.04
D 456350+2.12 255250354 205350+2.12 4550.50+0.71 2039.00+1.41 6.04:0.05 67.73+0.18
E  434600:424 214650+354 218150+354 3421.00£1.41 1269504212 5.87+0.00 68.10+0.71
F  381000:7.07 214500+2.83 165550919 4166.00+1.41 201600849 584:0.05 84.10+1.13
G 5666.00:566 3362.00£5.66 2321.00+5.66 5251.50+354 2892.50+6.36 657062 75.83+562
H  457800£141 2565.00+141 2021.00:9.90 508350+2.12 251300£849 6.04x0.04 68.98+1.59
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o fAE] BT FABBY 24}

TV ZEE 70% ogS FEEs 4o Ftsad

8ol velitt. DPPH #ulzt &27%
ST

elol 1 7] 93] DPPH EM%L 2713

ABTs &tz &AAGS A 4345 & 2 10~100 ug/m
&5 HoA 44.47~79.85%°] &S, ABTS &z 27452 50~1,000 ug/ml %4_01]/\1 8.03~
8251%°) B Yehllew 228 & 2o g Rsgel Fraee HaAn.
%8 Fvle] Parshay
=44 100ug/m Fug/m 10ug/ml
DPPH 79.85+0.25 71.86%2.60 44.47+1.83
=44 1000ug/ml F0ug/ml 2 ug/ml 100ug/m Fug/ml
ABTs 82.51+2.16 72.56+1.27 51.45+1.24 13.58+8.03 8.03£1.18
3. AWRMTE) AF 24 7EE BA
}o1E BRRIRE) AFS 0§ HAEA 2 /5% 24
(1) 22 2% & AAl=Y #5AA
b ARA G del@ Av gl A BEHA
BAA Abgel wE Al Aol WA BA R A M EE 2 A
AT AL BFAZ WA FEE Agetan shgom, e delse] BAoaS
Zoto] AHR; 7|5 % % gk A3(329) %ﬂxﬂe YA g2 *@é Aol H]al

H
o
N
N
o

o] F7}eFEE(0<0.3<0.6<0.9) ¢, & ut
BAAE A &S AEF Aol HF J@%WH "ﬂako]

E =
B Fout oA % welNE F ARE FA 3
= =
[€)

o}, .

o REHE om, 9%, G, o, A PR
oA AAHoZ £ ANE Uuhel BRAY Gl FATFE AF FAH JBL
2 5ot AL g 5 AATHEL

A 7}

PEEL]

L.

° 8 = B
A 3.80+0.79 3.90£1.20 2.80+0.63 2.60+0.52 2.90+0.57
B 4.60+0.70 4.70+0.95 3.90+0.32 4.10+0.74 3.80+0.63
C 4.90£0.74 4.60=0.70 5.30£0.67 5.70£0.82 5.60£0.52
D 7.40+0.52 4.60+0.70 6.60+0.84 7.00£0.82 7.00+0.47
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310, WA FEFS s dv] gAY BAMA B AL
A B C D

*+H &7 1.77+0.47¢ 3.27+0.50° 7.80+0.67" 9.59+2.53%

9 A A 2.96+0.56¢ 4.01+0.77° 7.35+0.80° 9.51+0.58"
o U5 =4 1.89+0.50¢ 3.06+0.58° 7.93+0.74° 10.32+0.69°
RIEC 3.09+0.64¢ 3.98+0.65° 7.75+0.54° 9.46+0.43"

W & 2.35+0.54" 3.11+0.72° 5.06%1.20° 5.84+1.26%

. == 6.23+1.03" 5.67+0.99° 7.16+1.22° 8.41+1.00°%
° 1A 3.91+0.78 4.73+0.70° 5.73+0.91° 6.32+1.01°
o] # 3.29+0.83 3.87£0.92 471+1.77 471+1.13
eI 4.48+0.80° 4.94+0.90° 6.62+1.16° 6.50+0.98"

Bls =i\ 2.66+0.67° 4.26+1.06" 6.22+1.11° 6.90+1.28"
7%k gt 4.49+0.71° 4.96+0.85" 5.90+1.41° 5.64+1.17°

X] Foeg 2.38+0.57¢ 4.34+0.72° 7.44+157° 0.85+0.84°
o =z} 1.96+0.58° 3.5140.87° 7.18+1.40° 9.71+0.78"
" ZaE 1.81+0.65¢ 3.88+1.59¢ 7.14+191" 10.1621.07*

(L) FulE G% 2 ERE e dv) gPAelae Al
Fule] S W ERe| W An ALY 2uA /E BEPAE ANSAT B A
Tl ASR, Hh E= FaEclGE G4, AL BEFSY And 2¥d 43
3 oe BRslo] Axde] Az A AHGSATh Frie] BB Delste] HA S
Azste] A 7E%E BAE @ ATELD FUES BA T AZAd w8 fHE A
F(2g)¢) AZBY A%, F, %, A, AAAA J1EE WelA sHE S AWE ek #
MRS 94 e AEAd WS HhFEee WEBY FFol o)W, &, uh, APWA vrE
Az W A5 FS ARE U, A7l FEHYAE 2S¢ F AU B
e Ba fulEel TS 258 P AT B4 £ AWE UEIAT Y¥ B §0E
o gge AbEA e AT AN FA ¢S AWE FAT 5 YATHEID). FURY 2
2 sl Aol Azt auA MEE BAE F AW FHR00 A5 % A%
Wel A & We FA Ragon], FuRo]l Y £ ANE eUTHED)
¥ 11 foE g 9y dn gAola vEE A}
o3 3 % A7t R
A 490074 360:084 430082 410074 370+1.16
B 5.60+0.70 4.60+0.52 6.10£0.99 6.40£0.70 6.70+0.67
C 5.70+0.48 3.90+0.57 5.10+1.29 4.60+0.84 5.30+0.95
D 4.90+0.57 3.90+0.57 4.00£1.05 4.10+0.99 4.00+0.67
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¥ 12, o R ke 2k v giAolme BAMA #BE AL
A B C D
x4 87 4.78+0.90° 9.78+0.98° 6.57+0.92" 3.48+0.90¢
9 ¥ oA 5.06+0.76° 9.70+0.76° 6.27+0.89 4.18+0.744
Togn 24 5.46+0.56° 9.94+0.69° 6.39+0.63" 4944052
5 A 5.92+0.70° 9.37+0.72° 5.52+0.54" 4.65+0.49°
H B &k 5.80+0.68° 11.05+0.66 6.73+0.62" 3.37+0.314
== 7.40+0.59" 10.15+0.512 7.88+0.52" 7.05+0.59¢
63:
AT 3 7.92+0.44° 9.37+0.39° 7.41+0.46° 7.03+0.52¢
o] # 7.40+0.66 9.36+1.01 8.40+0.74 7.76+0.62
a3 vk 6.54+0.74° 8.40+0.59° 7.61+0.48" 6.99+0.60°
ot =R 7.41+0.44 8.63+0.52° 6.91+0.62" 7.84+0.32¢
7%k " 6.17+0.68" 10.14+0.722 6.58+0.61" 5.73+0.75°
ey 6.29+0.70° 10.86+0.70° 755+0.57" 5.16+0.69¢
2 .
N =Z3) 7.06+0.83" 11.08+0.94 7.52+0.73P 5.40+0.62°
E A8k 7.29+0.99 11.10+0.98% 7.88+0.74P 5.45+0.72¢
¥ 13, fE 2=HE g3 @ gGAolze VEE XA
2 A A el
I, B ok A7k
A=
A 5.80+0.79 4.00+0.47 2.70+0.67 3.00+0.82 3.30+0.82
B 5.90+0.88 4.70+0.82 5.60+0.70 5.10+0.57 4.40+0.52
C 5.90+0.74 5.50+0.71 5.40+0.97 5.10+0.32 6.10+0.88
(th) 8 =S 23 dn HGAolze] BsHA
T Shako] wrE dAvn] fGAolAL] AMA 7|E- AT HAE HAAIEAT B AFE F
o] ko] wat AHAAolAY BEF L A7 2 JFS F7| wio] BS5AAES W5
Atk R gFS dste] HANAE AXdY AvA V| HUFE 3 A3(E14) A
2ol HyF WoA R shEFo|(35g) M7 AE B #eHQ Ayt sbd EA e
Aol AE A xS uf FRo] o] FUIEFE Q(FH £7], BH A z2,
HREAH £& A2 Yelfle A8 s = AATHEL).
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R 14 FETHS G dn gHAlelae] 7EE FAL
o2 3 % a7 g
A 5.20+1.48 4.30£0.67 5.101.20 4.70+1.25 5.20+0.79
5.20+1.55 4.60+0.52 4.30+0.95 5.60+0.70 6.10+0.57
5.20+1.48 4.60+0.52 4.10+0.99 4.10+1.20 4.30+1.42
#15. % FFES 2dEs dn HA A BEAY Bt
A B C
x4 7.41+0.94° 8.21+0.85 9.70+0.83"
X9 A 7.64+0.82¢ 9.04+0.72° 9.78+0.76"
o]
Wi 22 7.73x0.71° 8.88+0.88% 8.32+0.70°
ui - A 7.65+0.68" 8.83+0.85° 8.31+0.75%
W & 8.30+0.83" 9.42+0.60° 8.89+0.62
. g @ 7.83+0.72" 8.95+0.75" 8.44+0.73"
: WA 8.49+0.54” 9.57+0.67° 9.02+0.55"
o] 7.50+0.58° 8.83+0.69° 8.21+0.65"
a3 ut 6.830.68" 7.53£0.59° 8.06+0.71¢
B =S 7.05+0.91 8.57+0.83° 7.70£0.85"
“71% gt 7.15+0.89" 8.51+0.80° 7.78+0.93
Feg 7.17+0.78" 8.26+0.85° 7.64%0.89°
Eledy %3 6.59+0.64° 8.07+0.59 9.82+0.56
2% 6.68+0.73¢ 7.88+0.54° 8.74+0.57°
(F) ZAHE ZElg dn] HGAol A FFAL
AAHIA o8] AIRES 2Elgh dv Aol ae] A VS E HALE AASHATE A
Foll = A A (1000W)S o] &3kl 60, 70, 80, 0% 23 A3+S gelsle] Az
T AT 97 Aol AARFE ¥, ¥ FeA = & HolE HolA fgton A=

AEBE A 1A 13 10

BN
N
N
N
)

23E eI TH(EEL6)
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Aozl 7]

e

16. AA QA 22 A[gte] v dr]

Ay A
It

N

NV

wmo

5.70+0.95
3.70+0.48
4.80+0.63
6.50+0.97

5.20%+1.03
3.40£0.52
4.50+0.85
5.40+0.52

5.20=0.79
5.80+0.63
5.00+0.67
4.70£0.48
A

o

-

4.50%0.85
4.30+0.67
4.50+0.71

4.40+0.70
n) Aol &

4.40+1.07
4.70+0.95
4.70+0.82
4.70+0.82

fro!

i)
~

A
Exl

K2

Dol HA ol Aol A 7H

3T

=

2R

“

1

0]
yul

7}3

3|

Dz
=

[e)

=

AHT} 05¢g

17).

=

“

Ay A
it

S A

R

o}
=

R TR

b

°©

=N

e 47t

sHAl EATH AR} VS e

S

15

A
fia

=

=

IR EE R

B
o

iyl
el
o
fro!
sl
R

=

&

B

N

XV

,_.wo

5.00+0.67
5.80+0.42
6.70+0.67
5.50+0.71

4.70+0.67
5.90+0.57
6.20+1.03
3.90+0.57

4.80+0.63
5.50+0.53
5.30+0.48
3.90+0.99

4.70+1.06
4.70+0.82
4.00+0.94
4.10+0.74

4.40+0.84
4.40+0.70
4.40+0.52
4.30+0.82

b A A el=2

T

k<]

(2) @Z= %9

Jo
)

o)

n) Aol A

Bl

B

[e)

il
o
oH

1+

AA

(7F) 3

SN

AR

=

2 3}

T

=0
e}

18).

it

ol

- 230 —



E 18 AAA FHe deld @vl gAlAe JEE 24}

A A A<
9] 3 gt REdy .
7 E %=
A 3.20+1.23 2.90+0.32 3.40+0.84 2.80+0.42 3.30+0.67
B 4.30£1.16 450£0.85 4.80£0.63 4.30£1.16 4.40£0.97
C 5.90£0.57 5.40+0.97 5.50£0.97 5.40+0.70 5.60+0.52
D 6.20+0.63 6.60+0.97 7.00=0.47 6.30£0.95 6.20+0.92

(b FulRe F 2 R

s = *é“rETOﬂ = 9114 71:4171]
ol A ZA AFE 7o dto] HAClAE AxstAL, FrIEY RS DEste]l Al
A5 Axste] AR 7S JUEE 3 AR FEIES BA &2 AEA vlE] o]
FHEFE (0<2<4<O)91 W, &, W, A7, AAH 755 Wl A £ A%E ebdh fr)
2o £7E gestel HAolaE Azl xulA JEE PAE F Ad {UIR09 4
@, o, AgddA Fe We FA Tagom, fuliel Y & ANE vehRATHE

o2 % % a7 e
A 4.70+0.95 4.80+1.03 4.30+0.48 5.70+0.48 4.50+0.85
B 4.90+0.88 4.80+0.79 4.10+0.99 4.00+£0.67 3.70+0.82
C 5.70+0.48 5.20+£0.63 5.70£0.67 5.50£0.53 5.50£0.53
D 6.50+0.71 5.80+0.63 6.70+0.82 7.20+0.63 7.00+0.47

® 20 Frrld ERE Y dn fGAclAY TEE FAL

BE 3 % Azt s
A 5.20+1.14 5.40£1.43 5.20+0.92 6.50+0.71 6.30£0.67
B 5.90+1.52 3.90+0.88 3.80+0.79 3.30+0.82 3.30+0.48
C 5.00+1.25 4.30+1.06 5.00+£0.67 5.80+0.79 5.50£0.71
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¢

n HAol Ao BAIA BEAAA

()
N

(th) 2 &5+
84“] HA ol

N

1

5 @ 2sED)
éﬂ:%ﬂﬂﬂﬂﬁ

i Ao 2o WAl
o £ ABE e

SN Ve

=5

g e vl

A B C

7] 8.020.81° 8.87+0.77° 7.20+0.84°
7.81+0.59° 7.00+0.69° 6.08+0.75°

4] 9.77+1.13" 8.41+0.84" 5.78+0.84°
8.62+0.94° 7.26+0.98" 6.28+1.00°
6.90+1.40 10.03£0.94° 6.02+1.22P

& 8.41+0.78° 7.52+0.66" 6.55+0.76¢

3 8.43+0.86° 7.3420.77° 6.52+0.98°
7.87+1.07 9.38+0.60" 6.61+1.06°

ok 8.86+1.12° 8.01+1.17% 6.10+1.40"

s 7.04+0.92 7.89+0.59° 6.11+1.07
6.75+0.92" 9.45+0.99° 5.63+1.07°
5.75+0.98° 9.47+0.71 7.66+0.86"
9.28+1.50° 7.47+1.09 5.78+0.75°
8.56+0.97° 7.10+1.04° 6.14+1.44"

3 & o]z9] s AL
AE AAdsty] fls dn i, 24, %L(5:5>6}04 AolAe] An
5 . A, FE, E3HE5)Ee] Az HAAE hvzE V]S
|, FHNA = Z AolE YEhA F%a, dn BES ALE
o, @J A A 71§E%°ﬂ*ﬁ 7} 2 44E YeEdg

_ AR A el
ol # o gt 2 7k
NEx
5.80£0.63 5.60£0.52 6.40£0.52 6.40£0.52 6.40+0.70
5.60+1.43 5.80+0.42 5.30+0.48 5.70+£0.67 5.80+0.42
5.40+0.70 4.90+0.74 4.10+£0.99 4.00+£0.82 4.00+1.05
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¥ 23 TFE 2y du HAol A2 ALY T AL
A B C
g 57 6.42+0.76° 8.53+0.69% 7.51+0.48"
g9 M 6.01+0.55° 7.67+0.80° 8.37+0.71°
]
W3 2 5.47+0.59° 8.35+0.66" 9.69+0.68°
5 A 5.43+0.71¢ 8.06+0.44? 7.07+0.50P
HE & 6.22+0.68¢ 7.28+0.50" 8.13+0.39°
== T 5.60+0.71¢ 7.04+0.92° 8.19+0.45%
z‘gt
4% 3 6.12+1.09° 7.11+1.05% 7.73+1.10°
Al ek 6.51+1.21° 7.72+0.86° 8.36+0.74%
I3 gt 5.76+1.10° 6.70+0.91% 7.33+0.88°
ut = e 6.27+1.05° 7.12+0.82% 7.70+0.98?
Al ek 6.81+1.10° 7.83+0.89° 8.38+0.862
=R B 5.27+1.08" 761+1.07° 8.12+1.06°
2 7r ==3} 5.01+0.79° 7.87+1.34° 9.68+1.72°
e 5.91+1.10° 7.71+1.54% 8.23+1.46°
(3) AFAF AAL 93 HANA VZx A
A oy TR dAFZ HACAE Axdt] FASsHAE HAAISH Ay Hgsk v]&o 27}
A YA F S AASAT A dge@ma dAu AR du) 253 fGAolAE A FFe] 2H| A
I HAALE AAEAT HAAAE A xS v V|EE HULE 3 A BF 53 o]
A4S bl dv), 23 fdAola 25 o3, & o A7 AAAEQl 7sx: HolA vzt
Az Skl A& Aot 7| E7F A YERTHE2526). BUFE E77F 92 A
ozl Mi% ZAF A vz 7lF 29k A 23 GAolany fas Tste] Az
Aol Mz w7l =okon Aoy dudde wE AFwo] zpol= AA| Ut
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® 242 HAlol=e v e E Z=AH1097)

a5
dulgAola (du]Z+AA) 63
Anjg Aol a (dn 2 414
zIARZANZ (FvZF+E) 61
ZIA[AA A (AnF) 48
% 25 dAn HAolAY 7T E ZA}
5 A A1
o ¥ ok Xy e
<] New
& v] A A 5.72+1.19 5.00+1.26 6.09+1.22 6.27+1.19 5.82+0.98
& n 2 6.09+1.38 4.18+0.87 5.64+1.80 6.00+2.00 555+1.57
X 26 23 Aun|HAolZY V|EE FA}
- _ . A ARl
<] 3F 3k Az NsE
A v) ZHg+ 0.36£0.92 6.09£0.94 6.18+0.87 6.82+1.08 6.73%£1.10
& v 6.09+0.70 6.09+1.30 5.91+1.30 5.82+1.78 5.91+1.30
o BAMEA 2 48R ZANY BAFH 24
B HAIATRE BAE At AAAAE B A dujdAolas= AEe M3t e,
g, 58, F28 Aol AA| 4Rl 7=}t 040]739] o] FAAATE vk e
o}H(3%£27)
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% 27, Aol 28] 547} Nl Ewshe] ek
73 %
oE! 3 ot 47} A
a8 0.3884 0.2219 0.4373** 0.4541*** 0.4931***
T <.0001 0.0038 <.0001 <.0001 <.0001
A 0.3731 0.2415 0.3774 0.4573" 0.4911***
e <.0001 0.0016 <.0001 <.0001 <.0001
0.3754 0.2179 0.3947 0.4628"** 0.4787**
B
<.0001 0.0046 <.0001 <.0001 <.0001
g 0.3523 0.2377 0.4219"* 0.4927*** 0.5274**
T <.0001 0.0019 <.0001 <.0001 <.0001
. 0.2496 0.1178 0.2032 0.2238 0.2943
° 0.0011 0.1283 0.0082 0.0035 0.0001
S 0.2627 0.0576 0.2288 0.2603 0.3282
0.0006 0.4586 0.0029 0.0007 <.0001
o 0.1953 0.0613 0.1548 0.2179 0.2968
AT T
0.0112 0.4296 0.0452 0.0046 <.0001
o) 0.1953 0.0613 0.1548 0.2179 0.2968
0.0112 0.4296 0.0452 0.0046 <.0001
_ 0.3418 0.0544 0.2340 0.2573 0.2919
S
<.0001 0.4839 0.0023 0.0008 0.0001
e 0.3418 0.0544 0.2340 0.2573 0.2919
=res <.0001 0.4839 0.0023 0.0008 0.0001
. 0.2275 0.1002 0.1477 0.1394 0.19096
. 0.0030 0.1964 0.0561 0.0716 0.0132
N 0.4185"* 0.0419 0.4074** 0.3677** 0.4039***
e <.0001 0.5896 <.0001 <.0001 <.0001
. 0.3791 0.1387 0.3362 0.3788 0.4063
o <.0001 0.0730 <.0001 <.0001 <.0001
. 0.4615"* 0.1416 0.4338"** 0.4582*** 0.4998***
e <.0001 0.0671 <.0001 <.0001 <.0001

“p<0.05, “p<0.01, **p<0.001.
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4. B EE)E A71F 2 AFY ABEF ABAL IF
7 mde] A8 ©E WBE HA

AP F7lE AR Ve #UlE BAVFR(ETE S5, AE, @), 100% 4E A7 (S Rk
gh=r), 100% el @ vbE B EATERE (U A 3, A, §h), 100% el R R vbE TR
(4, A, W), 1002% S AFECE AR, ob, ), DEE(BAE, A7),
), 7HER (N A E, A, gk, Ul AVER (R e, A7, g F 87kA 9] Alw ATt
2 Fste] mAE AALE AA Ay W HAFS, FAIEEATT ARdgE 25 2409
Ak A& 3x10° n|wto = HE5 A}

Jﬂﬁ;ﬂi

Rl o g2 oox

¥ 28 AlF A7 n|AEAAL

A WA T E. coli S. aureus Salmonella

(log CFU/g) (log CFU/g) (log CFU/g) (log CFU/g)
A 2.46x10° ND. ND. ND.
B 2.84x107 ND. ND. ND.
C 2.04x10? ND. ND. ND.
D ND. ND. ND. ND.
E ND. ND. ND. ND.
F ND. ND. ND. ND.
G 2.11x10" ND. ND. ND.
H 3.52x10° ND. ND. ND.
AW (5 1)) ND. ND. ND. ND.

U 27T AzTAE nAEHA

RIVE AZTAR(FRAAZ, 24 F) nAE AAS AN A3 3T, SFAEEATAA
Andels B5E SAoIQa, AWhATS 14x10° Hwte 2 AEE Q)
¥ 20 B7MFE AR FAH T AE BY
SIRSI i E. coli S. aureus Salmonella
(log CFU/g) (log CFU/g) (log CFU/g) (log CFU/g)
F3 Az «
T e 13.21x10° ND. ND. ND.
A 5 13.52x10° ND. ND. ND.
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o A ER) AFe S HAL

AAlel2 8 AAEOIE A, 7HE F) VAE AARE AARE A3 22d HAolA Y
o 4 11x107 wwto] o} Axpeldx] 22 F 15x10' vigte g ZaF 9k

%30, Al 2 BA F v AR B
A ukA w4 E. coli S. aureus Salmonella
(log CFU/g) (log CFU/g) (log CFU/g) (log CFU/g)
£ e Aol A 9.26x10° ND. ND. ND.
] )
g xIFAIH A 1035x10° ND. ND. ND.
i u) HAl A 1.48x10" ND. ND. ND.
S HNE! 1.00x10! ND. ND. ND.

2

R
%

WE(LE), AFE A SH2A L AFE NEE £
1. 23889
7h AW RCLE)E, AF8 27T SEAEA
(1) A7+F Az
A7)} FEol me AlRe] 54¢ vlately] g6 A, WolE, FAW R WS Az

T AR QA AR Azstt A7k Huzde ddws o] A, £1%
the wordelE Eske] AR Anl= 120, 160, 200 mesh2 ARkl URT/)S wlmeta

A s, dtoh sk SV 120 meshiz AS|o) AN} A FEAL e sl
A B7RE AREAS MwE] e AT 552 FUse] Aol gttt A

o AR = PR (AR (F)U T E, DS L%) 7F AT = (e S (52
15 ek=), 7 m]%—%%(éﬂ’QUPT, (F)NFAF, A& b)), A7 HE(F)F
, o), A AVE((F)YS, S5 A, =) E AASE

(2) Al = AZx B7Fo] AW E

Al B Al A7ERe] dRbg S 14 10 7k (2)9F 2ol AOACH(2000) 8.2 &4 8fitt.

(3) 7159 o)gsd EA

>

19w e avbRel elstsd S48 1ALk sk Ze duen BAY S, AR

HS =A3R 0 o dE A TEFe Willlamse #H o= A5t
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4) A% 2 Az A1) HEY 23

\1

AN 2 Az B7F 33EAHL 14, 1. 7L (33 2ol AEHEZAH7|(RVA Tecmaster,
Newport Scientific Pty, Ltd, Warrlwood, Australia) & °¢]-&3to] ZAsATE AlE 3 g(FEE
F 12% 71)dl T7T 25 mL< 7Fste]l SA4sith 50TColA 1+, 4.

713 728744 95CE FA g F, 11874 50CE YAA7IHA degs S48 27153}
<%= (initial pasting temperature), # 317 %= (peak viscosity, P), # (trough viscosity, T),
2 &7 = (final viscosity, F)¢} breakdown(P-T), setback(F-T) viscosityS A AFs} 1 t}.

TE7A BT E ASA

E
X
o |

N

U 27T AFl A AL LA Fad FA FAL
1) & Ed¥ds &F

T EY9E e ARV AETA e ol&ste S-SR 5 FEE 10 mge T
9 10 mL2 223 FE53% & F&9 1 mLa 575 7.5 mL¥ Folin-Ciocalteau’s phenol
regent 0.5 mL, 35% Na:CO; 1 mLE A2 7}k thg A4 1A &9k HESA|7l &
UV/VIS spectrophotometer(UV-2450, Shimadzu Co., Kyoto, Japan)E AF-&3te] 760 nmell A
THE=E =4 3ttt o) tannin acid(Sigma-Aldrich Co., St. Louis, Mo, USA)E Z+&5 2
B2 Abgste] AR Ads At olmRY T EYdle FEs ekl

(2) DPPH € ABTs &9z 2A%

AHE AF ARH BAML AL AYF 4L Aol B Sz FERS Axe
i gakslE e 2Ake7] 918l DPPH #htlzk &A% 3 ABTs #t)2 £74% S A8t
Al 1 (

4

-
o] GAsE A e PRz At

1

) &

W f{ dagdade A3 Ag, 4, HAsE #42 Design Expert 9(Stat-Easy Co.,
Minneapolis, MN, USA) ZZ13& £ ¥ A A g (Response  surface
methodology)®] SA AT A<l whel AAlsdh, dAd gl =AM R &, A% &
2k F St S E 19 2o A7 =y SsRE st Ad AR pH, A s, W, A% At

O,T_r__‘lTU =

— o

el ddwgele By HHxE dotrr] 913
21 modele] A oJF= Fotest® froldS AT sl
3 o
=

w7 9feiM =

Hades BheHsE A

ANOVA test % 3]#A&AlS o] &3}

R, WHFE Abo]

pertubation plot®} response surface 3D plot= ©] 83} %t}
2ol HAste 4 bl g HA 58 Hd ATHE 2

A A 2efzrt FHEE FEeE Tt

ol
ol
O
&
hines
L)
ol
o
8
o
R
N
N
olf
o,



E L obEuol A Eele] Bhak FATY tAAe] uhE Wset g

Coded variables

M 715

-2 -1 0 1 2

A% o= Yo} (%) X 4 12 20 28 36

A (%) Xy 05 4 75 11 145

AR EF (%) X3 0 4 8 12 16

(2) AdLgd AZ

H2lF AAdgAe gue} it S48 SHA7]7] 913 dSPezs A BEFE
Fao fAA7 T Ax"E wWYFE E3ste] 267TolA 80 pmo2 497 ukw)

<
(WiseCube WIS-10R, Daihan Sceintific Co., Wonju, Korea) 3+ & Ao Azl w8 HF H4A
| =]

AAAEGH wep(Table 1) 167FA] 231 0. 2 (Table 29} 3) A %3}
**oﬂ A}ﬁo} sa=

(3) HATE Y o5y 54 54

Gkl

kg olol pHE pH meter (SevenEasy pH, Mettler Toledo AG, Schwerzenbach,
Switzerland) 2 33] ¥H5 SAste] Hgto= Yeh Sl

HAdgdo] HA A= Alme pHZF 83¢] @ uwl 7b#] 0.1 N NaOH(Showa Chemical
Industry, Tokyo, Japan)E 4H| 3t 4S RAALo 7 3hAlsle] AlRES =45 e A8 e 3

5 wE AAEe] Bighe
Fre Fus
o2 e AT
AHEL-:. ,\]E ;-(H_i'q
2t A9 L( +) a(#
, a, bgkel ZFzk 98.90,

T ATt
F = A(PAL-1, Atago, Tokyo, Japan)E At-&3te] 33] b

1o

A=)
B\
1z
X
8
:U
Cﬂ
§
=)
o,
=+
Q
O
°
3
o
=

<
o
)
8
5

m
S
Dol
oo
Ol
ol

lo £

(4) ATz AAA

=487] 8] wRAL 493

Addgole] 2, AR
Al ol

@5
A (0.85% NaCl) 9 mL<}k

=
=
53
T

ol Al 48AZF
Laboratories) &
v ol A A 4= %

HjFE A

Wofela RS

w

515t

Yeast

AL-8-sFo] 25°Ceol Al 48A17F vl st
Alg 1 mLY log CFU/mLE 2=
gdoz vty AFHS SA57] 8l o 2ol AL EFTE AXS I

fad
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A sk & A5E dAHoR A% b
. B2 Lactobacilli MRS agar(Difco Laboratories, Detroit, MI, USA)ell A& 3o 37°C

Extract-Peptone—-Dextrose
i SE S EY

starh

i

agar(YPD, Difco
4= 30-3007191 4]



AALF Y 10 g, FHE 10 g, 25 02 g& Este] anbujetr]el gof 26TeA 12413t &
P e & AHE 20 g, = 20 g, &5 04 g& ©l EFete] 6A1%F wigstith o 7)ol AHd
T 60 g, = 60 g 2w 12 g& TFt] 3AZF ¢ wigsto] AR gFow AGSATE WA
TEF 100 g= AHF F wsS F2A vEo] 500 mL Ml =A™ T o] w) /\]7}‘3}\?} Ll
2@0C, ddls= 80%) #FE F9E mLe YERAT BE A2 33 wHele] Hitghoe
2 YER AT

(5) 2F £ 2 ¥4

AAdad T TR FAkatel JHE Bol FElE ARE AW
Laboratories) @ MRS agar ¥} #| (Difco Laboratories)oll 4] Rl &S 7 20 #5F4 235t}

29 vAE 5AHE 16s ribosomal RNA G714 E BEA oz o, BEAS REAE
(Daejeon, Korea)oll <& 3&Att. PCR %  sequencer= 22t ABI 9700 PCR (Applied
Biosystems, Foster City, CA, USA)¥} ABI 3730XL DNA Analyzer (Applied Biosystem)”}
AT BAE nAE9 16sRNA 9714 ¥ National Center for Biotechnology
Information (NCBL http://www.ncbi.nlm.nih.gov/ BLAST/)E o]&38to] &4 23} e e
w3l

AAwg 2AwS A x37] Y EHAHUE, of2 Yol B QU5 o]&ste] HAYgagH
T A2 F ANF, =, aue HUbebEA 33 28 AAde AX AAdLERTS A=s

Oh AAEES o §F AW A

W F 4% AAVREL o] &3 o] AANE F 29 o] AAWAFH AR 1
& 112 s9lov o|2Eg AslehA @ Azdgch AdLE Awe AR o] E
&3k F 33C 75%RHANA HaAzon S1E180T, of#E 150ColA 25&3F 7 tt
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http://www.ncbi.nlm.nih.gov/

Az e,

S|
=

9,

M

o
T

l

26C, 80 rpm, 72A1%F Hl

%

l

i

ol

of\

l

Z

L§_o =

100 g, 27HF 100 g, &

o 2g

126, 12713 vl

12 AZF(A)

l

A A= A7 200 g,

=200 g, A9 4g

126°C, 6713 wj <

22 9%(B)

l

— 241 -

B A&, 27 600 g, & 600 g, &9 12 g
126°C, 3A1ZE Bl
el HdEEd
g LA AxE 9% AT dAEETY Ax oA
E 2 HAAYEFTE o] &g A HAY
A= g (2)
A7 60
e f{ Ydadsd 60
A 35
e 1
= 10
7hs e 37
Al 50
| 0
(W) Jddagos Azxs Ao 54 A}
AAdggo=z Azxst Ao 3= AACC 72- 10(2000) TR S o
H] 84S crumb &S 1xIxl em® 2 Zg FAE A3 T oy 4
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AlRH= © g1

2 =. .
AL 2017, . . g k=4 s

i
o

m
5
iy B

a9 3 AWl BEAXRAE

Ho
r U
2l
S~
>,
M
1%
N

il
)

(2) 2¥za 7E= 7158 A

gge) 5% S A8 AL dHoR Y 4% 2 WIAEE AHESHel 9% WA
o5 NEE 2 AAFGT LA JEE R Hﬁ;ﬂ 7&7}% Fa ¥ PEAL o
ow AN sglow WA 1829 F 9R 420%, A% 57.1% 9, AHA WEe 209
3.8%, 30t 12.1%, 40t} 13.2%, 50t 42.9% 60t 28.0% %t}

(3) BAIEA 2 AR AALY FAF 4
#5g37F A= BA4 FY9A AEE Ysl SPSS Program 23.0(Statistical Package for

Social Sciences, SPSS Inc., Chicago, IL, USA)E ©]&3}o] #24E24 % Duncan UYsH9
A& AAEFA AL Pearson A AEA S HAAISATE 2432 p<0.05 Foll A 2SS T
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o] 7|5 TAb

Z

LAl 2017, - . M o

T& 7IZ3HE 4HA 7SR 24 9 EEY 2, THE 7ig F¢ gAo=gun.
DEH E2E g8 7 = AR e S48 FESN "IloH FUAL,

bz 2EEE 9Eg 7IESR 7=k HISIH FuUAl2

(1&: CHEts] alch 5% 280l 9&: et

o

ook

o
1]
o
3
i3
[kl
[
o
fot
il

637

821

429

345

187

7IEr2lA:

O 4 2MR JEE 24 /SR
of, AAAF, 978 A7F 2 AF VB AL T
(1) &8 A7t5 929 FAE vAE HA

A A7 wlxo] AxFHE vAE A4S fE] IHbAld, gl g, A EEST
ArtE AAstar, AHE AxEA 3

AAEAT 14, 1. . (1) g9 #4

Y= st e, 3M Petrifilm WX &

7.86~12.62% WZ vEbGon, 3] e 019~
057%< WA= vepytar, A A ghEe 0.05~0.27%, SWAS 519~7.12%% 2 eyt
(3£ 3). 32 Al A7EF T el 1A A7EEL Al A7EE Sl ek A7EETE 7F
FERI, AEe A9 A4 AVLREIE P wkom gde hRRA-ae] g THd =
Xtk Al AVFE= QAL 1E&FE IR dwde] mov dn] FFO Az AV
AT AR =

120 mesh= A3k T E2

E Btk Al A7FFSE Alx AVFFe YA wE AIr) wb

H
%9 Aol b5l A& AoE FE3Ah
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G A% 2 Az 275 olsetd =4

Ak B Al AVERe] ol R e~ PRk 127~161%°] WeE Rel EEF g 2rted
S ¥ F A EAT TS AW AVFE 254.36~297.02% Q3L A Z2 AVFE 32116~
376.56% = Az AT 2AFTH] o Ehon, A EE A% AVMFE 571~6.60, Alx
A7FFE 759~819% Al A7 A9 d =2 #s UEHt flEE 256~564%% Al
o AT Az AVER Aole AL fIATGE 4). Al AVEFRG vaA oz A2 Al
Z AVMF BEAT wE A&ge] wol £ F4UF T3 AVME AFAAE Az A7t
F7F o wigA g 548 UEtd Ao w2 Azetedtt el o AVt R dv| A7EE e
EA e Yol wkon dAAVIVF AErE EAT G H A =T AXh

ooA® R Az BATY BHEA

Al A7} Al A7FR 38548 RVAR S43519H. 27] 3325+ A3 275
= 77125~8748CH 1, Ax 27FF= 71.00~88.78C=E YEerwt. v A7l =
L7t b E=kem g 1A AVEEIE P gt HJudEe Aw A7EF9 9 2453.0
0~3599.50 cPS L Az 27+ 49 241500~359450 cPZ dwv] A7IF9] ya HE=7 o
o} Trough HE=+ 1424.00~201550 cP, Final %=+ 2905.50~4359.50 cP, Break down
(P-T) %2 46850~1907.50 cP, Setback (F-T) %k 1481.50~2416.00 cPZ YEFSTHEE 5).
HhA2l 08 AEE Az 2A7FeE Ald A7tEHc 331 y3 dxsE 23S Hol x| 9k trough

A=} setback AT/l ok w3k A Lol AoE et

£ 3 FFY AbEe) duyR
SR (%) AR (0 A e @uA©%)
7HE - L 8.30 = 0.12 0.26 £ 0.04 0.06 + 0.03 712 = 0.04
7 A== 9.01 £ 1.02 0.20 £ 0.03 0.05 £ 0.01 6.86 = 0.04
T A - 7.86 £ 0.48 0.19 £ 0.01 0.06 £+ 0.01 6.56 = 0.06
AV E-AE 1090 + 0.06  0.29 + 0.01 0.06 £ 0.02 6.43 £ 0.03

SAPRE-10006 27 1027 £ 057 0.33 £ 0.03 0.08 = 0.02 6.93 + 0.08
A2 27+ 9.36 + 0.52 057 £ 0.05 0.27 = 0.03 590 + 0.05
7 (120 mesh) 9.61 + 0.27 0.29 + 0.02 0.09 = 0.03 5.83 = 0.01
A7 (160 mesh) 9.42 + 040 0.24 + 0.01 0.10 + 0.02 5.48 + 0.04
A4 7] (200 mesh) 9.31 £ 0.28 0.21 + 0.01 0.08 + 0.04 519 + 0.04
gho}& (120 mesh) 1262 £ 031 048 + 0.02 0.07 =+ 0.02 6.67 = 0.09
%3 (120 mesh) 9.30 = 0.29 0.28 = 0.01 0.06 = 0.02 6.65 = 0.04

I+

H+
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=5

=4%54 (%) B9 S 5= (%)

7hF - 297.02 6.60 4.48
A v e 296.60 6.22 3.00
T - 296.08 6.45 3.12
AV E-AE 265.04 6.20 2.96
SAME-10026 27 254.36 6.13 3.08
A2 27+ 295.08 5.71 3.48
A7 (120 mesh) 360.76 8.04 4.32
A1 (160 mesh) 362.98 8.19 4.60
A1 (200 mesh) 376.56 7.84 5.64
gho}&(120 mesh) 321.16 7.99 3.96
%3 (120 mesh) 328.72 8.19 5.52
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=

5. %% 47kF9 RVA 2854 23}

Peak 1  Trough 1 break Flpal setback geak pasting
down Visc time temp

2453.00  1424.00 £ 1029.00 290550 148150 550 £  85.00 *
+ 60.81 28.28 + 3253 + 5445 £ 26.16 0.04 0.78

I+

3186.00  1709.50 147650 341550 1706.00 530 £ 8498 =
+ 19.80 3.54 + 2333 + 1485 + 11.31 0.04 0.60

I+

o 9276.00 1738.00 1538.00  3435.00 1697.00 540 £ 8253 *
+ 33.94 11.31 + 4525 + 2263 + 11.31 0.10 0.11

3599.50  1900.50 1699.00 341050 1510.00 587 £+ 8748 =
+ 53.03 38.89 + 1414 + 6293 £ 24.04 0.00 0.11

I+

FAEE-E g

™

SAPRE-10026 3302.00  1776.00

I+

1526.00  3652.00 1876.00 570 £ 8643 *

A7 + 849 4.24 + 4.24 + 849 + 424 0.04 0.04

A5 2972.00 1541.00 £+ 1431.00 3201.00 1660.00 5.64 £ 7725 *
A2 A7 + 0.00 48.08 + 48,08 + 2546 + 2263 0.23 1.20

2 241500 194650 £+ 46850  4359.50  2413.00 520 £ 8878 *

(120 mesh) + 26.87 10.61 + 1061 + 1768 £ 141 0.00 0.60

S2hs 2603.50 195550 64800  4221.00 226550 520 £ 8848 *
(160 mesh) + 30.41 21.21 + 2121 + 1556 £ 24775 0.00 0.04

I+

S2h 2095.00 201550 £ 57950 433200 231650 513 £ 8840 *
(200 mesh) + 18.38 16.26 + 1626 + 21.21 £ 19.09 0.00 0.00

ghol& 3566.00 165850 £ 190750  3308.00 164950 513 + 8463 +
(120 mesh) + 90.51 64.35 + 6435 + 5233 £ 26.16 0.00 0.04

33 3594.50  1694.00 £ 1900.50  3547.00 1853.00 493 + 71.00 %
(120 mesh) + 6.36 41.72 + 4172 + 4808 £ 0.00 0.00 0.07

3. B7HE AT YT BANL 249 FAHBY 24}

7h A : 24 PR & EYdE ¥ F

AAMz AR AAH BEA, okzyol, 2Fue, ov] B F229 & Edx 2
Zepniol= #ate 4% Ad: ¥ 63 2t F FYdiE $e 2024:115~
132.78+0.52 mg/g WA ZE YEYa, F FgtH o= -2 501+0.22~12.08+094 mg/go =

JEpsh
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E 6 HAAAL A AT 459 T EYds 2 F SdE ol FF
T EYd= T PR o=
(mg/g) (mg/g)
s 89.05+1.86 12.08+£0.94
ofZ o} 132.78+0.52 6.71+0.54
S5 g 29.24+1.15 5.01£0.22
< 51.84+1.04 5.07+0.84
Y, A2 &4 Wi F<e DPPH ¥ ABTS 9z £2AEA
AL 24 w7 ikstaA S A el HJEAk, ofz ol SF g,
FEEY s HFE 918 DPPH 2 ABTS #@tvz 2GS 5483 294+ &
2l DPPH 2 ABTS @0z 2484 % % o9& og Ao Zrlss 4
i, of2 Yol > BEA > ot > EFRHE £oE =2 F4S B
X7 AANE A WY Fe FaksEA
T DPPH (%) ABTS (%)
1000 ug/ml 33.04 55.10
500 ug/ml 49.53 29.99
At 250 ug/ml 33.28 14.84
100 ug/mi 18.38 5.21
50 ug/ml 9.40 1.36
1000 ug/md 87.53 71.20
500 ug/ml 66.02 40.82
o} Z 1o} 250 ug/m 43.87 20.61
100 ug/ml 23.68 6.66
50 ug/ml 12.47 2.33
1000 ug/ml 34.29 15.65
500 ug/m 15.43 7.38
5 g 250 ug/ml 6.69 497
100 ug/mi 4.60 1.60
50 ug/m 3.00 0.88
1000 ug/ml 48.50 19.05
500 ug/m 23.55 11.47
A= 250 ug/m 7.55 521
100 ug/ml 5.09 2.09
50 ug/ml 2.01 0.32
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4, 2R E HALaF AL

rf

:rL

7h o olZYolE o] &3 HALERFT AL

(1) o}2Yo}lE o] L3 AL FgHAF9 0|38tz EA

O

ol2 o} HALFHe pHE =A% A= 1 87 o] 295~472¢ HYES verdth pH
+ linear = do] AElEAQ o p-value 7} 0.000322 Fo]AQ A¥ES YW th(E 10). 2=
2 o]l S E pHE FoAde=z Aasida &4 %o S7MEas

= =] =

o <

Fleh wb=o] pHE H7he =3 o Fd ] 2o e Tl 9

b A4 A

ofZ ol HALgde] ArE FAT AdE # 8% Utk AALE A tee 034~
0.742] WS YeElW 3 quadraric E o] A&E QoW p-value 7} 0.00562.2 F2 &<l A}
E YEItH(E 10). Pertubation plot WHe®EW 48 AW Ay £ FFo] T/TFE
AETE gtolxlon] A® o]l SUMESE ARV foAom FUbee BES UEUAH
(9 5). Age Tadomy o] =275 4 A F] T/ AEE FTHAHES
glstdon, & HA7MAd = ey dEo] d5zgdd o8 o 9FE =+ Aew F5
kAt
(th

chzuoh WA BEi E g3 2ol 710~1863 *Bx Atk B lncar weo] A
oo p-value 7} 0.011302 F9#<20 A5 Yetlt(GE 10). &Y Az A&¥ A
g TRt BESTE Bade] gEE B2 gs FASATHE 5).

LR A= o FaNe Bert gaFa ks Sbskley, 29 AN 2R
of dagk o A Fwi o] FFor WwagNs Az wet Hrbg Aw Fake] I
A A, R AEHL Fe Fo] A5t FEIF =4 SFAHHJG

() A=

of2 Yo} mgolio] MTi= ¥ 83 o] W(L) 2 31.71~74.32, M =(a) #2> 543~
4346, FAE(b) #he 751~2713°] HWHE YERATE WEE linear Edo] AEEglom
p-valueZ} 0.00362 9]l A7E YEFWTHIE 10). LE A Azxo] ALE3E o=y olel
gafo] Z71ete] wel HEole] WEE fojdoz 7hastdh AMEE linear RHo] AE
Ko™ p-value 7F 0.0001 mIRFO. 2 {o] Al ARE YEFHUTHEE 10). of2 Yo} §heFo] F7hst
of el AT} Z/slgn BS vt Z7kstel wel AAs= 7Aastg ofZ ol o

sy
oo BT linear Lol AEE o pvalue 7F 0052 HE O Aol FAEo]
JAQ FEFE FA= BUH of2Yols S H24S 7HAAL o] HUbEel weEk Wi
Aol JS Fr E7o ol A wE R AEe JFS FAFS & F AU



+ sourdought T g #ofst= mA=d Y 2 IS PoH &

T odE MAEREA TFge A Aow 4efA AtHGobbetti M
1998, Corsetti A & 1996). welA] o2 o} HA WFgHXE ALty §H7F 8 28-S
s Zlom AdHERE dd dade] A 9 staew Ai= F 99
ok}, Axdd s dad 24 uel Ha A 081 ~ 1.15 log CFU/mLA #a % 19
5~827 log CFU/mLZ Z7Istda, @aFel ikt % linear Edo] AElrlom
p-value 7} 0.0381= o] 2l A& YeEPUTHEE 10). HaEH A=Al A7tk ofZ Yot} &
ghefol SIS E AT F7F SR TH L 5). el RE f3ol Bikdto] T4 5 e

olr

m
=
¥
Ll
AN
ol
0

o 2ot £ Jddo] Hol ikt S7bel JFE T AZska

R T E X 99 Zol g A 092 ~ 1.25 log CFU/mLoA ¥a % 255~6.11 log
CFU/mL= Z7}stlom wagEo] §R+= quadratic @0 AE Ll ofz o}t F
FaFol SUMETE ER7F SUtste A BHAou  pvalue’t 04575= oA ol A= ¥ %
th Lee JY 5(2003)9] A-AFNAE AwWE AAYZTTd I, A7 & H7k o
Ao ae A St ey 229 F7bke= st on g H7HAd e 288 A
stom FiEgel wep Aikdt Aol Hx1Eo] R digh Yol nAEHIL pH A}

of ola] mEe] o] AAHATGL Hiustt & AgolME TR o] wel fFaktol
T ] =

o} & o} fﬂ‘?i‘?ii‘?‘ﬂ“ Aeitog NS Az ¢ wadFEs 43 A= 1 99
2otk 12417 we & A@3E wkse] By = 0~1025 mL 12 2FI modelo] A€} % ¢l a1
(Table 4), p-value 7} 0.0117= <& =o]7F YAt} Pertubation plot¥} WHS-EWH XS
B &4 o] S7tEas Hadidgoe] g o FUketAtH(1d 5). ZAkdd 5 R
ofaf AAE COy 7h2 of o) o] dojdk Ao AZHw ofz ol A FHrH {7
bt g g ol A AAFE AHE 8ol FFEl o TS Fol HaHgYe TS FUS

Aolehat Azkehglth

AE A8 8H AR
o

0 % ERJL P wol e AR o
2 242 B WA4ES S

s}

2

|
ste] 16s RNA ¢ 7] A4
T4 Ay &% 20 ¥ 55 Saccharomyces cerevisiac®-
T Enterococcus frecium®.2 A F . & A oA FEelE v
. feciume "W A A BE§ TR ANE TFsAol e AoR

3}
el
|
=

gl
= B
= 1
.]

o=

-0,

n

]

Q

s A
&

Q

o

>{I

s,
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E 8 olEUolE o8 AAWE 279 o]y 54

R ulg 1 =2

Aol e —r
oo X X% pH o g0 (oBy) L a b
. 4, 38 0% 815 8808 1761 1928
+0.08 +0.04 +0.07 +0.77 +5.54 +11.61
L 4 4B 03 103 45 1260 2188
+(0.08 +0.01 +0.04 +1.32 +2.14 +1.76
3 q 1 q 3.41 0.60 10.03 48.10 27.54 13.55
+0.13 +0.01 +0.04 +6.57 +2.06 +2.76
L4 33 05 1848 m2 880 1871
+0.04 +0.05 +0.11 +7.78 +3.10 +2.56
5 1 q 1 3.57 0.63 &.30 32.73 38.05 27.13
+0.09 +0.03 +0.14 +4.62 +3.17 +7.88
6 1 q 1 4.07 0.47 10.90 31.71 23.13 20.03
+0.01 +0.01 +0.00 +2.38 +3.81 +1.24
7 1 1 1 3.37 0.47 10.13 35.87 36.26 1894
+0.10 +0.06 +0.04 +1.41 +2.39 +3.96
3 1 1 1 4.00 0.35 12.04 34.67 23.82 20.40
2009 +001 001 4239  +024 203
9 0 0 0 3.77 0.b1 9.83 34.98 29.72 19.22
+0.07 +0.07 +0.04 +10.41 +4.71 +5.51
10 0 0 0 3.69 0.53 10.48 43.63 20.43 18.43
2002 £002 018 4202 4097 029
U o o 39T 03 LZ® 6% 543 123
2002 £001 004 <110 +102  +1.92
12 9 0 0 3.72 0.52 16.80 30.44 32.55 22.71
+(0.10 +0.03 +0.07 +0.01 +1.68 +1.21
13 0 9 0 472 0.37 7.10 36.04 22.45 18.56
s001  £007 007 084 4393  +078
U o w38 050 186 3% 2017 1750
+0.11 +0.00 +0.18 +7.34 +5.78 +0.48
15 0 0 9 2.95 0.74 11.55 74.32 43.46 751
+0.06 +0.05 +0.07 +3.95 +4 .88 +0.17
4.46 0.43 14.03 37.92 15.51 19.88

o0 0 2 006 2003 004 2761 #691  +3.04
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=gus! uES
A 2]t Bkt wE u} g 3 %) 2
X, X X, (Log CFU/g) (Log CFU/g) = TmL;’ K
Before After Before After
. o o 4 1.03 2.25 1.03 4.81 5.00
+0.06 +0.07 +0.08 +0.13 +0.00
5 4 ) 1 1.15 6.38 1.11 4.54 22.50
+0.08 +0.08 +0.11 +0.38 +3.54
5 o ) 4 0.92 2.73 0.93 4.56 27.50
+0.04 +0.32 +0.15 £0.41 +3.54
4 4 1 1 0.85 2.75 1.15 3.69 0.00
+0.08 +0.35 +0.09 +0.26 +0.00
. . ) ) 1.09 4.14 1.16 3.40 0.00
+0.07 £0.04 +0.06 £0.15 +0.00
6 ] B 1 1.11 7.95 1.22 6.05 102.50
+0.01 +0.07 +0.07 +0.07 +3.54
. ) ) ) 1.04 3.20 0.97 2.85 20.00
+0.03 £0.28 +0.05 +0.21 +0.00
. . . . 1.10 .27 1.25 6.11 27.50
+0.02 £0.02 +0.16 +0.15 +3.54
9 0 0 0 0.93 5.34 1.21 3.87 25.00
+0.02 £0.03 +0.22 £0.04 +0.00
0.99 6.47 1.19 2.55 27.50
10 0 0 0 €008  *046 015 007 3.54
1.03 3.02 1.23 3.53 0.00
11 2 0 0 +0.10 +0.03 £0.08 +0.17 +0.00
1.08 4.61 1.08 5.72 10.00
12 2 0 0 £0.03 +0.01 +0.16 +0.14 £0.00
1.10 547 1.09 2.59 5.00
13 0 2 0 +0.04 +0.13 +0.13 +0.12 +0.00
1.05 5.77 1.11 2.57 32.50
14 0 2 O 007 027 w008 0.5 +354
0.81 1.95 1.13 4.44 0.00
15 0 0 -2 £0.08 +0.07 +0.12 +0.22 +0.00
0.83 3.96 0.92 3.54 57.50
16 0 0 2 +0.06 +0.06 +0.11 +0.05 +3.54
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¥ 10. o}2 Yo} HAwrglF FAo| thdk RSM programol 2|3k t}ah2]

P,
E)RCREES o}l R®  F-value
value
pH +3.79-0.042X,-0.49X5+0.65X 3 0.7790 14.10 0.0003

+0.51+0.04X;+0.06X5-0.11X3-0.39X; X>

1_4] 3
4; ~0.13X,X5+0.02XsX5-0.07X,2-0.085X,> 09372  9.96 0.0056
ST L0.065X4
9% +11.75+0.68X,+4.51Xo+251 X5 05806  5.75 0.0113
L +43.76-16.26X,+2.58X,-10.68X 3 06632  7.88 0.0036
a +923.83+13.64X,+1.01X,-13.42X 4 08708 2696  <0.0001
RAE +4.64+1.58X,-0.40X5+2.13X 04914 959 0.0381

g +22.66+14.38X,+(9.163%x10 )X ,+26.88

. 0.7867 5.93 0.0117
BWAE  C-27.5X,X2+60.0X,X5-70.0XX5
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ALEAF wgr HA 35

A

Z

(4) o}=1jel

el ofmok(4~36%), AT (0.5~14.5%), &7 (0~

3=

o whgl A4

ol
ol

o} 2 1o}

el ofmuel,

ganl
Hr

=3
o

T
)0

ﬂo

Z A o
1Ta =2

A ZFo A FHae desirabilityE UERH FH

5

s

bol maE
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N
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et
o= Yo} 19.72%, A® 12.44%, & 1.95% olAH1™ 6, 7).
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(%) M paug -0
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A: Driec
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F 11 o2 Yol HAF Ao wE A whs-wSg Alolo] Ay
Az 2 EF 1SS
ofz o} o TTF
pH -0.0425 ~0.4900* 0.6525"
HA e 0.04 0.0600" -0.1150™
R 0.6775 45075 2.5125
L -16.255" 2.5775 -10.675°
a 13.6437° 1.0088 ~13.4163"
b 4.2275" -2.3325 3.3575
Akt 1.5788 -0.3963 2.1313"°
in 0.6488 -0.2038 0.3713
wg A 14.3750 9.16x10°'° 26.875"

"p<0.05, “p<0.01, 7 p<0.001.
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2
Wtk pHE quadratic 2 @] A& Sla p-value 7} 0.00030.2 -9
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it

12¢}

8.14~25.229 ¢

% R linear 2dlo] AE=ASH p-value 7} Z+H2F 0.0005,

B
JJJ

e
T

2.31~31.24, &M %=(b) #*

ke
T

o] M&=(L) &< 32.56~88.30, AM=(a)

XN
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%12 EYAUES o] 83 AALF x4 ostst =4
L w0
e X X X H “7 KA L b
! 2 : P AE(%)  (°Bx) a
| P 358 0.47 6.40 7621 11.67 993
001 005  =0.10 05 £002  +0.02
) L 429 0.59 6.80 72.38 5.04 10.47
+0.00 +0.02 +0.00 +0.02 +0.04 +0.01
3 q 1 q 3.73 0.44 11.40 68.78 8.76 12.27
+0.00 +0.01 +0.00 +0.04 +0.02 +0.01
, L | 422 0.55 1390 5892 473 15.34
+0.00 +0.01 +0.10 +0.01 +0.00 +0.04
5 1 q - 3.28 1.22 6.70 43.36 27.76 23.79
+0.00 +0.12 +0.20 +0.04 +0.03 +0.01
6 1 q 1 3.84 1.02 11.90 38.48 22.02 22.07
+0.01 +0.02 +0.10 +0.01 +0.01 +0.02
7 1 1 1 3.30 0.95 15.00 53.20 22.74 17.96
+0.00 +0.01 +0.00 +0.09 +0.03 +0.03
3 1 1 1 3.85 1.00 15.20 3847 20.46 22.24
001 002 010  +001 001  +0.02
9 0 0 0 3.62 0.97 15.20 46.75 21.26 19.10
+0.01 +0.04 +0.00 +0.01 +0.01 +0.01
10 0 0 0 3.92 1.01 11.80 44 .48 21.13 19.83
001 001 010 001 002 001
. Y5 . 4.42 041 970 7697 231 8.14
001 005 000  +001 001 001
12 9 0 0 3.63 1.25 11.30 32.56 31.24 25.22
+0.00 +0.01 +0.10 +.001 +0.02 +0.03
13 0 9 0 3.96 1.11 6.10 41.07 21.05 21.25
001 004 010 002 002 001
y . ) . 3.95 0.82 1650 5000 1739 1893
+0.01 +0.50 +0.00 +0.00 +0.00 +0.00
15 0 0 9 2.84 1.69 &8.60 &88.30 20.28 10.48
+0.01 +0.14 +0.00 +0.07 +0.04 +0.02
" . . ) 4.02 0.93 2020 4328 1484 2064
+0.01 +0.05 +0.10 +0.02 +0.01 +0.01
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Variables”

A

5
(Log CFU/g)

H

&K

(Log CFU/g)

Xy X3

X1

4.26

2.70

10

8.01

5.29

10

8.13

493

15

3.70

4.08

10

8.54

2.70

35

4.70

6.92

20

0.00

0.00

10

6.69

773

434

6.24

10

7.96

5.43

10

20

6.95

3.98

11

10

8.11

0.00

12

494

4.32

13

8.07

3.48

14

7.36

0.00

15

45

7.35

7.96

16
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g W7 F JALaFE o8& AW 54
W25 459 HAALF TS o] &t WS A3t Alxzd AW I8 129 2ol
2E glo] ARz Fo o) FEoH, F 149 2ol 4T TaF T EYAHE Ha3
7|2 W AzA QY] g Fe] ok Awto]l Rujel H|gAo] 7Y Fa EHAHES
= EYAYME BEF VT2 AXxA F9rt ¢ o 1 168 2o ofE Yol ofZ Yo}
HeE 7leom AxA FI7F 9 FHa SEEAE 7 20 BT od s ByE Az
Auo] M= EFEarel oy HEFo Mo wel S FASHdE of T AMES ylo
EIYATES} olZ2 Yotz g Fo Ao g} ¥a4S wr)
T 14 EUAHE 2AA)CE AzY WEs AdngEos Axd gure] Ex
H] -84 A
| 2] 3 (mL) 5
(cm”/g) L a b
EIdAUE 135 0.74+0.15 63.31+0.01 1.15£0.01 28.46+0.01
ol=Z 1o} 100 0.71£0.07 69.06+£0.07 2.37+0.01 28.42+0.06
252} 130 0.78£0.01 45.68+0.04 1.42+0.01 5.53+0.01
L 160 0.75+0.05 48.24+0.04 -1.18+0.01 6.88+0.02
3% 15, of2 Yo} (Bl 93 wgF dAdaFToZ Azt Aol AW 54
H] &4 A
I:H = 1=IRy3 ( L)
Fel 7 m (cm®/g) L a b
EYAHE 105 0.61+0.16 52.61£0.03 0.74+0.01 8.89+0.00
of= o} 125 0.78+0.10 72.52+0.03 3.22+0.01 27.16+0.04
=232t 135 0.79+0.0.11 74.62+0.01 2638 £ 001 28.33£0.01
ot 130 0.72+£0.07 46.77£0.00 -1.83 = 0.01 3.95+0.00

- 262 —



iy
X

» <

o —_

! 5 °

B g -

S ™

—~

0

e
o

- 263 —



>,0
(e
He
R
i)
e
rE

o}z o} B

=R
SHAHUE B

= . ]
1 IZ [ﬂa‘l z] o O:] § _ 1 v’] OE
T =2 [¢) ]
[e) L%O

- 264 —



7} AR 4T AATAFS o8 B BEHA
Wel§ 4% FATRAEL ol 43te] A BYM B BYOR Axd AW JEE A
@ e ofdl ® 33, 340 btk WA MEED A B(E 1608 AxF Awe) o
FEL 500+0.80-6.83+1.600. % olRUolel BAAAET} frolHer 71 = g e
% o 24

o & 52 5174041 ~6.83+0.982] HAARE Al gEZ AxS AR wF 4F
3 & a7 Gehlon o o
G AT WY 4% W

i
ofN

[o
e
oo T
o

¥ gEZ Ax g FS o] g3 Aol Foj¥oz A e
wed 2 F oy HALgES o83 Awo] A dEldig A7 858 500+0.63~
650122 B9S YElWa ot BHaFS A8 wo] FolHow =& H4ES wekow Ayt
A9l 7le =+ 517+0.75~6.67+1.039] WS YElW=d LU, ofZ ol EYAHE HAwtgy
29 o] 83 Wo] FolHo7 A = HALFE uigrr)

ez B B 1o =2 Az Aol o 52 6.00~7000=2 HFEFY ALt wlzb
THA R olZ Yot} EUAUEV} 7 =& S UElW oY BAFH R oA olAE &t}
g &Eo 580~6.802 HAR Al &R A3 AMpc vgF 4359 HAXRTFTS o]

V4 S Ayl

Z]\F A o
o) 3 i o Az o
A=
Control 500 £ 089" 517 + 041° 517 + 1.17° 500 + 063> 517 + 0.75°

2 A 6.00 £ 0.89" 583 + 041 633 £ 0.82* 533 = 052" 6.00 £ 0.89%

I+

olZ o} A 683 + 1.33% 633 + 0.82° 650 + 0.84° 6.00 + 0.89°> 650 £ 0.84°
2dAHUE A 683 + 1.60° 683 + 0980 667 + 0.82° 600 + 0.89" 633 + 1.03°
o A 6.17 + 075" 617 + 098" 683 + 1.17* 650 + 1.228 667 + 1.03
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¥ 17 885 459 AR gE(Laxd B)S ol &3 Ao V3 x FA}
ZEEA 1
<] ¥ 3F gk iy B}
7NE %
Control 6.00 £ 1.22 580 + 084 500 = 071> 560 + 0.89 580 + 0.84°
=252 B 6.80 £ 1.30 6.00 + 1.22 740 + 055° 7.00 + 1.22 760 + 0.55®
ol= 1o} B 7.00 £ 1.26 6.20 £ 075 680 + 0.75°  6.00 + 063 660 £ 0.49™
SY9AYE B 720 + 1.48 6.40 + 0.89 7.00 £ 0.71* 660 + 0.89 7.20 + 0.84*
QY B 6.80 =+ 1.10 6.80 £ 164 760 £ 055" 660 + 152 7.80 + 0.84°
U g #eRst Ave 54 A B4
Aol EXX 9} gyt Ay Alole] A BAS A A= ofd ®18¥ 1k
wre] B3 wgA Amsl sEwele] FAAAE BHF A 2FH 544 JEwt F
oln| st F@AAAE UEINA = LAt 7 E dES o3, & ub Aol BF HHbA Q)
=9} o AHHTAAES LERUT
% 18 Aol EAI g ete] A
73 %=
Z] 9} A o]
- —]: U]— ] 1— Tl 7w
by -0.324 0.000 -0.502 0.205 -0.324
o 0.595 0.000 0.388 0.741 0.595
e 0.141 0.157 -0.106 -0.214 -0.081
0.501 0.453 0.612 0.305 0.700
L -0.023 0.149 -0.328 -0.199 -0.486
0.943 0.644 0.298 0.536 0.109
A 4 -0.117 -0.034 -0.292 -0.095 -0.457
= 0.716 0915 0.357 0.770 0.136
b -0.026 0.150 -0.329 -0.210 -0.490
0.935 0.641 0.297 0.531 0.106
BE 1 0.676™* 0.133 0.507** 0.493*
= 0.000 0.527 0.010 0.012
5 - 1 0.083 0.578™ 0.535™*
- ° 0.695 0.002 0.006
5 A - - 1 0.304 0.554*
= 0.140 0.004
271 - - - 1 0.561**
0.004
A REA Q1
N3 - - - - 1

"p<0.05, “p<0.01, 7 p<0.001.
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7} AAAR, UFE ANF BAZA
(1) 7% A=
Wsha, WFol e AF FAS A 99 oluzesde] BE M 4T U
= -
T

g
B, AR, Qu)w, o AR E GobEE A WA
Aol A, QulH= 45 % ol g

= 4 , A 3

45 A2 Rbi, A4 54, 37HA o R ARedth v AR ddzeh 3o
T Zefol oA I 22 o AAS. 4EFe] A2 2 AHE 33
Alate] F2-(18+3°C)ell A 6A1ZF =3 & v 1A3F E71E5 AlAsaL 18+3T oA 2L dH =
skl AEedh Al A7 A=At vastr] fs) AT AVHEE 45F 9
A ogds e G AEEAEA, A7), )R E4ske] Alxsla, sA4AE B
= 2dS FAsto] F208+3T)olA FHI va EER 23] EHste] AxzsAdt

—_
—_
)
S
1S
)
Sl
10
e
rEE
oX,
Mz
A=
.
rlo
ok
T
o
fr
Sy
M

- A EB7HF2] 77 (g)
) ‘QI‘E:] =
B+ (g/g) Aol FA(g) x (100 — % &3] =) < 100

ATFFS] = LS particle size analyzer(LS 100Q, Coulter International Co., Miami, FL,

”é}ﬂ'—r«] ?JZ} TAFHE BFEe7] FAPAAA W A (Scanning  Electron Microscope, SEM,
JEOL JAM-540, Japan)< ©] &3t th stubel gHAHCIZE B F AEE ZiF =323k,
w/Maor =gste] ARAS ZHA Sl FARA dnlAd s ol&ete] 7HE HSst 15 kV,
Phototimes 85 secZ 7,0000] 2] wj-&=2 #zs}St)

A7kl X-Ad o FAdE #4e awdls XA I 7I(xeray  diffractometer,

A

D/Max-1200, Rigaku Co., Tokyo, Japan)& Al-&3dle] F& AR A5 A2AYY AAHAEE

o —-=
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A5 7171 212 target, Cu-Ka: filter, Ni: full scale range, 3,000 cps: scanning
speed, 8°/min: voltage, 40 kV: current, 20mA=E 3| HZ%=(20)= 40-3°7}#] 3|4 AlA 243}

i
g
Hu
>3
A
t

(o]
(Z
¥
Jm
oX,
SE,
18
S
)
ol
N
A

G5 AR WE B4 28 L h Sk e PP ASHE ZYAS A =
SRS Y.

(2) 57 AAY &8 £ AxETH BES

(7h 1dm] A=

Ar7ksk 28 LIREZIR)E £33 F 05%9 298 H7bete] 0~124 35t 333
o WSS 30w A7lel A kST 1083 AW 5 Agukel] a1 3x6xlem 2 Aol
Est el

b 7hee A=

A7VFo} BES BT43(A BTV E)eR2 TF3 F 05%9] AvS HIUbste] 0~4A1 sk 3%
oh WSS 4087 A7) A F we e 7(0S-777, L7 A, A, )& BYAA Alx
H 7FIY S 10cm Zol= Zet EAsu

(th) "o e

go Feje By A9 9L 4 F Avstel A4S BIsHA

= 43-S, Mettler Toledo, Greifensee, Sw1zer1and)i o=
o] M= HBMIA(CM-5 Minolta, Tokyo, Japan)® ™ X(lightnesss, L), 2%
(redness, a), &M (yellowness, b)E SAstAt olu] TFEMI2 Lk 9848, azt2 - 0.04,
b#k2 - 0.48°]31

wo]l ®Axx= TA(TAXT Express, Stable Micro Systems, Surrey, UK)Z A}-&3}o]

mastication test® =43 o AE HAA ©A SHA, HA, resilience ko= YEFHTE
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o AxY Ax ® 54 24
(D) 7teE = Adw 9 Az =2
g sk Z2A7 40ToA 147}, 30Tl A

3y otassium hydroxide, Magnesium chloride, Sodium chloride 3 3}-&
HNS Az F dAACIHA A9 40T FE 30TolA HxeAA AxE st
Potassium hydroxide, Magnesium chloride, Sodium chloride ¥23}-8°) o 2 ] % H A A o] H
o] FREEAHL 40T A 0.063+0.004, 0.316+0.001, 0.747+0.0010]A3 30T 745
0.074%0.006, 0.324+0.001, 0.751+0.001°] A T}

g2 dEgds 5 AAFALFADSOS X-4 d7|2 w3}

& A xFFEARE Z7]1(DSC-Q1000, Universal V.3.6C TA Instruments,
Olivia Gibson, UK)& ©o]&3lo FA3A k. A5 3.0 mgoll S/ 6.0 mhs 7}3-% 552t
ek & Alg g2 o] &3t JfEeEE 30-130C, 7FEE5EE 10C/minle 2 S3/A &%
(To), 33}9 A2%(Tp), 28T E2%(Tc)9t ety (H)E T3k
X-A A B4 uids X-A 3dEA7](x-ray diffractometer, D/Max-1200, Rigaku
Co., Tokyo, Japan)E& Ah&3to] Xz W AAJFy ZHAAYEE SAHsAG. 717 =02
target, Cu-Ka: filter, Ni: full scale range, 3000 cps: scanning speed, 8°/min: voltage, 40 kV:
current, 20mA=E 3| A7} % (20)= 3~40°7}4] 3] A AlA A9

(3) Ax 9o A7tE EA

Azxd Ho JHE #F 3 F FEFTE, Y9 F, Y 95, 9245 e
ol EAS Y. FEFrES Ad2d ¥ 3 ge ATt #= = 300 mLel ¥ 523t =
23 & HAAE Aol dAe] 183 525 Eol WZA7I A, 283 A2 HAg & FF
= SAs] Ateai

FEFTE%) = (g5 g FF-x2de] Yo T/ He TF}x100

Fy 542 &S "o TS 4% 4 5 100mLe TFTFE 92 250 mLe #2424
of & § F7kske =9 ¥y =z ALe AT

e HEs B2 dol AW 22 A4 158 43 vs UV &332 =45 AHEst

5 ot
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o zng w24
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=3

A AR} 95 A
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(3) RAMEA 2 2u% Fae] BAA BA

A Akl BAH BHL 28 1oeh ()% 2 PPOR B

(1) e F27F & nBE AHAL

AT d Hig AVEFe] nAlE FAS ARkA,
HAALE AAEAY. vAE 242 14, 1. o (1) 759
7o o g Alg AHex 3o, 3M Petrifilm v A =

o]

A2 30w7t Asshel WMAE ARE A9 AARALh A% A2 A, Fo By vl A%
2 BAsgom ARAYE 14 1t (1) FUe BA/3 02 AR GalAsh 2L

FA LT, AR, g, v e s AESs FEAEYY R HEZ
2 ArdeE A7) (D) Fle FE7Fd mE rAE
HAAV e w4 W o el A9 3M Petrifilm £, coli/Coliform Count
Plates 35+1Coll A 3 .
A 2~ A 31]70‘314 A A& 5 goﬂ 45 mle] buffer field's phosphate-buffered dilution
waterg 7tato] 1 &3 o4
% streakingdle] 30TColA] 2
stdom, FRAEUS Hzdd s A9 3AFE o] & dHsE ’\]?ﬂo
Cooked Meat Hj =] 2] o} 5 3 =
g -, TSC agardl]l vt WFANE HF8ko] 37CAAM 24 A7+ Frwjdstar, =
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0.1
164.1

TG
7

161.6

il

BK

A=

oy

Gl

(2) 7

el A A xg A

34 1. . (@)

A
el

il

N

W

=

jariy
fils)

=z
gl

mL

250

=
=

100 mL

Haddre] Yal 22 & =

- 275 —



2. AAAF, §FE BT SHEA

. AHAR, 47 S AT oFtH 54 24

(1) 27}F 9 Ity &

£z 9 Aol e drhsel AdubgRe T o7 poth SREEe At ot 3
ol 7} dlow wrAA AR 634~797%, 714 A7 9.23~10.49%, 4 A7 24.09~
36.33% Atk =T FEFS 461~796%F o HAEZ A A9 FAS e BYa 2F
W oekake 0.31~058%H o 23 e 0.04~0.79% ATt A AULF= A ghgkol
w3 ARY 2P GHe wdor F4 AT F9 wud FFe v 44 FFe
FAAA £ S AN WA AATE BuA Fe A4 AT FAkg o A
A e F24 AT fFAsEA T A ddo] = AAF S AXHA Eo| T3 AEUFl
S84 BA9 §F0 4940n nuHUY
& 2 4%F AT AW e ARk A Ay
Samples Compositions
Varieti Milling Moisture Crude protein  Crude lipid Crude ash
arieties
method content (%)  content (%)  content (%)  content (%)
semi-dry 797 + 0.02 6.65 £ 0.04 0.35 £ 0.07 0.07 £ 0.02
Sinsunchal dry 997 £ 0.10 6.71 £ 0.06 0.31 = 0.09 0.04 + 0.01
wet 36.33 + 0.26 461 + 0.10 0.37 £ 0.01 0.66 + 0.08

semi—dry 6.48 £ 0.12 796 £ 0.01 0.58 £ 0.08 0.16 = 0.01

I+

Baegjinju dry 9.45 £ 0.13 793 + 0.01 0.51 + 0.06 0.05 + 0.03

wet 29.85 £ 0.10 598 = 0.09 0.57 £ 0.01 0.79 + 0.08

-+

semi-dry 6.34 + 0.09 749 + 0.07 0.41 + 0.05 0.09 + 0.01

[Imi dry 9.23

I+

0.13 719 £ 0.01 0.40 + 0.09 0.04 + 0.01
wet 2409 £ 018  6.02 £ 0.03 0.42 £ 0.01 0.71 £ 0.02
semi—dry 6.96 + 0.21 6.61 + 0.06 0.34 + 0.04 0.09 £ 0.02

=+

Samgwang dry 1049 £ 020 644 = 0.01 0.33 + 0.03 0.07 + 0.01

wet 2654 £ 003 486 = 0.05 0.36 £ 0.04 0.60 £ 0.04
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(7}) B9 olgter4 54
AEdro]l o 4 FF9 A7tF9 olsletd 54 ZALE A 24T 5, 80TCAA Y 53
897 S E SAHSIAT(E 3). BUFFe EAY T8-S 29.76~6868 o|lom EFF1 A
LU W Aok Ak WA duis Y WL 8 FEY AUIRG 9T
ke woh 2Rl fow, A4 TRy HALs 4 ArhTe 2A% ol o
Z S UEREAT 80CE 7Hdste] 4% A&8 9 &l A% 83 2ol F5 Al
Fpyol whel ohE S ueblih BeHR geEE AR FF AWM Avg RAF #)
F7F WA 5590 dujet A AVtRERYg 2 s yeEldoen A RYHe uEtA s 524 Al
BE AT A4 WA AR Be Aadd gdE ghe vt
3 3 4FE BT AEHA mE olgkstA 54 A
Samples Physicochemical properties
L Milling Water binding  Swelling power at Solubility at
Varieties .
method capacity (%) 80°C (g/g) 80°C (%)
semi—dry 46.79 £ 1.87 2827 £ 315 1962 + 3.71
Sinsunchal dry 29.76 £ 2.02 26.80 £ 042 19.90 + 1.22
wet 56.34 £ 0.09 41.46 * 6.93 54.60 + 2.83
semi-dry 59.63 + 0.03 1141 = 0.01 6.66 £ 0.31
Baegjinju dry 3795 £ 151 10.89 = 0.27 7.38 £ 0.31
wet 56.54 + 2.93 16.67 = 0.11 28.12 + 3.56
semi—dry 65.73 £ 1.70 779 = 0.06 3.92 £ 277
Imi dry 4245 + 1.65 7.86 + 0.36 564 + 0.62
wet 5345 + 2.39 9.63 £ 0.40 1490 + 0.54
semi-dry 68.68 £ 0.69 811 + 0.19 542 + 0.20
Samgwang dry 4821 £ 1.81 765 = 0.16 578 + 0.48
wet 54.05 + 1.37 943 + 0.24 13.70 + 2.57
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<Ur> A7HES] P

FE ATFFO AR e JE AolE dolry] 3 A AVE #AE Ade %
49} Aotk 3 F ZeEE AR FAAE AR HEP=et 10%, 50%, 90% YA
717F 7HE Alem 1A AVERel wbi AVER= Wyt Qs WsmekARt vk A A7)
A2 AR FEY 10%0]8F GAA7= o #Fa 90%elst = r]E ¥ Ak

—

¥ 4. 4EF AT AEWMH u2 x BA A}

Samples Particle size distribution
Varieties Milling Mean (um)  <10% (um)  <50% (um)  <90% (um)
method
semi—dry 55.57 4573 40.8 131.1
Sinsunchal dry 56.17 10.27 53.83 106.1
wet 103.8 51.97 104.5 156.3
semi—dry 64.76 7.038 53.01 142.8
Baegjinju dry 62.24 12.09 61.07 114.7
wet 85.00 29.85 83.63 142.8
semi—dry 61.65 6.713 51.39 134.2
[Imi dry 62.34 12.17 61.47 115.1
wet 85.74 31.45 82.36 146.4
semi-dry 66.28 7.513 58.12 139.8
Samgwang dry 60.84 11.39 60.08 1124
wet 87.04 34.21 82.04 149.0

(th Bzl A4 G

4EEF) AT AR FUE FAAAEN SEMS o] &3ko] 700089 H &= B3
B0 ASkE TF 59 B9tk AME QAL FFl ME Aolt molA @w ARy
Wl e A4S etk 14 ARG AhRE BE FEA ALx 448 2
2 A FHE JEla 4 AR AhTE ARYAT 4T gA Eve] 2o
FehS ek WA BbRE A4 Ak U R4 FeE vhebio,
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(mh) A7} 535574

AR o] e 4559 A7LF9 33t SA4S AAFALZEADSCOE AHgste =
o E 59 o] FHE EFEFT AAF AFEE ABHe wel 5819~77.17C H
endotherm ¥ A& H A3 1.25~1.92 J/gd E&Fs veElon, WzxF A7tFs A
w2} 55.79~7738C HANA endotherm I AZE EFI 0.76~1.76 J/go E=S e
A EFQA A AR AR wel 5743~7554TC W9 oA endotherm ¥ E KWL
0.82~1.74 J/go d&Fs Uetdlon, 43 A7tF = ABURed el 54.98~74.46C Wl A
endotherm ¥ 35 B3 054~158 J/g ¢ &S et

DSCZ Z4¢ AAF e s3t2% A9 &§ d8Ie A7F #F3o wet Idskoem 14
AEd 45 SsiAE &5dD9 7t 7P =qkow v AR dA g 524 S
2
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[\ A\
/AR \,,uﬁ—'-.\
\,; ‘ — AL
2\ — s —eNETE
R-.W wf EA-AHE
N Wk — HETI AL AL A A o ERHALEEIE
N Mr y IR
W‘* Moy,
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3 6 8 11 13 16 19 21 24 26 29 32 34 37 39 3 6 8 11 13 16 19 21 24 26 29 32 34 37 39
Diffraction angle(20) Diffraction angle(28)
A
f s
AT
A0 L
[
Yo \" — s
N‘M-"’ "-.-_._w .w“vﬂwmm‘_‘wmw R
Wi, UHA4T
w\\. oty it
il o z

M
'Mw""rh

ey,

— T
3 6 8 11
Diffraction angle(26)

9 6. 4% F

5

5. 4% F 7T AEHH

T T T T T T T T T T T
i3 16 18 21 24 26 29 32 34 37 39

r T T T T T T T T T T T T T T
3 6 8 11 13 16 19 21 24 26 29 32 34 37 39
Diffraction angle{28)

A7l Al wE XRD A}

Hol & DSC 23

Samples Endotherm
Varieties Xéf}llr;i T, (C) T, (C) T. (C) AH (J/g)
semi—dry 59.01 £ 1.15 67.93 = 0.60 76.60 £ 0.18 159 + 0.53
Sinsunchal dry 60.37 = 0.01 68.75 = 0.15 7717 £ 0.30 1.92 + 0.04
wet 5819 + 1.92 68.61 + 0.38 76.40 + 0.02 1.25 + 0.40
semi-dry 56.81 + 1.44 69.58 + 0.85 77.38 = 0.66 1.62 + 0.21
Baegjinju dry 61.63 + 0.18 70.08 = 0.11 76.81 = 0.21 1.76 £ 0.13
wet 55.79 + 091 64.37 = 0.00 71.35 = 0.16 0.76 = 0.21
semi-dry 60.37 £ 0.83 67.28 £ 0.13 75.27 = 0.01 1.23 + 0.29
[mi dry 62.15 = 0.07 68.34 + 0.26 7554 + 047 1.74 + 0.10
wet 5743 £ 0.04 66.53 = 0.04 74.37 £ 0.09 0.82 £ 0.07
semi-dry 5498 + 0.12 65.10 + 0.36 74.46 + 1.86 1.49 + 0.27
Samgwang dry 5891 + 0.13 65.94 £ 0.13 73.27 £ 0.19 158 + 0.02
wet 56.37 + 0.61 64.12 + 0.14 70.77 = 0.67 054 = 0.01

— 280 —



g
&
S
-1m
il
o,
oo
!
rH‘.
AN
2 [
oX,
N
>

+ T2 AwEste] AVLFEE A xS
SR 3 63 o] Sl A WMAF= AN AR
} 2% =3, breakdownd setback#t® =4 =

= w2 AR AS 7P =9koy peak HE
=

=

%
4 ARE BAEA VY 20, w5
=

M o

final H %=, breakdown %=+ ¥+

1= )
d =38 4= 9l sethback S AAAE &7}

ut
N

F 6. 45T AT AREel wE s SAH2

Samples Pasting Viscosity (cP)
Varieties Milling teznp. Peak Trough Final Bdr(f;l: Setback
method (€) (P) (T) (F) PT) (F-T)
o 73.43 604.00 548.00 659.00 96.00 111.00
Yo 1067 + 566 + 4667 £ 3111  +424 £ 1554
Sinsun- 4 63.53 233750 96350 120350  1374.00 305.00
chal Ty + 0.60 + 1626  + 5020 + 3606  + 394 + 566
et 67.58 1172.00 677.00 858.50 505.00 181.50
+ 0.67 + 566 + 2.83 + 212 + 566 + 495
o 69.55 312150 100150 149650  2050.00  497.00
Yo 1o + 1485 + 354 + 495 o+ 2404 @+ 424
Baegjin- & 70.10 388450 115800  3569.00 272650  1611.00
iu y + 134 + 13.44 + 283 + 283  +1626  + 566
. 70.03 2063.50 795.00 1165.00 126850 370.00
we + 0.04 + 1485  + 1980 + 2546 <+ 495 + 566
o 70.08 473650 204900 357250 273750 152350
Yo 1004 + 38.89 + 566 + 7.78 + 348 + 212
e & 71.03 408650  1897.00  3464.00 213950  1567.00
y + 0.04 + 1344 £ 3536 * 1556 + 479 + 19.80
. 81.40 257650 140800 251600 116850  1108.00
we + 707 + 92899 £ 2121 2687 <+ 778 + 566
commiod 63.63 4800.00  2022.00 370150 277800 167950
Yo 1067 + 5374  + 1376  + 1873  + 1950  + 496
Sam- & 63.65 417250 1937.00  3678.00 223550  1741.00
gwang Y + 071 + 3041  + 2687 £ 990 + 354 + 377
et 85.58 2862.00 154550 271850 131650  1223.00

+ 0.04 + 38.18 + 54.45 + 14.85 + 16.26 + 141
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semi-
dry
Sinsun-
dr
chal y
wet
semi-
dry
/ ‘(/ D /
Baeg- \
: .g dl'y . .
jinju
wet
steeping 0 hr steeping 6 hr \

9 7 FES ARG, FAAG] TE qAn)e] Yo
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semi-

[imi dry

wet

semi-

Sam-
gwang

wet

steeping 0 hr steeping 2 hr steeping 4 hr

Y 8 EET AR, FAAe] e el P
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2 63.32~69.32, ALl a gk -1.63~-2.19, A 5

A e Azd Qdvs WdF Qdn wy gue AAEE o Ugn AR
g =gt EFol 0 AT Az ddve] AnE AT A Anst dEe 79
s Aow

b ANANFERG E4 BRR A2 9

Samples Color values
o Milling Ste.epmg
Varieties time L a b
method
(hr)
semi-dry 6 63.97+0.93 -1.90+0.09 4.67+0.43
Sinsun-
dry 6 66.12+0.88 -1.63+0.06 5.20+0.52
chal
wet 0 63.89£0.24 -1.98+0.04 4.65+0.06
semi-dry 6 69.32+1.66 -1.91+0.16 3.98+0.12
Baeg-
. dry 6 68.03£0.75 -1.72+0.03 5.83+0.29
jinju
wet 0 69.31£0.27 -2.19+0.03 3.75+0.55
(W) Aol BE gldnlel eaiy
Az MRS AS AR H wEl gEA A A7E=Z 4 A EAS
NAES RS 0N WA A4 bR 6A7e] FARYE AH AANE A
233 B=AE 40
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AAFET N AR R A x2S AQdn|e] A E SAHS e
41.09~129.81, F=A4e -0.09~-690, BAL 082~0.87, $HAE
41~9239, 3582 037~0530]ATh AR AILEE Az du
23 Adu = AELH wEt e 9axdE yeldn Aurygoeg Al

R ] P s e @A, AgAd, AEEddA =2 e HEET

h84

R

Al

=

BN

24

b

£10. % 0 ARPY, £RA00] BE ddvlel 6sn A
Samples Texture results
Varieti  Milling Ste.epmg ard- Adhesi- Springi- Cohesive  Chewi- Resili-
time veness
es method ness (g) ness -ness ness ence
(hr) (g.sec)
semi- 6 129.81 -5.50 0.85 0.84 92.39 0.37
dry +32.17 +4.81 +0.03 +0.02 +22.32 +0.01
Sinsun dr 6 110.94 -0.05 0.85 0.87 83.02 0.53
-chal y +72.88 +0.01 +0.02 +0.02 +57.03 +0.01
wet 0 88.35 -5.91 0.87 0.82 63.22 0.53
+2.08 +8.26 +0.04 +0.04 +4.44 +0.01
semi- 6 95.49 -0.09 0.82 0.77 62.87 0.43
dry +64.37 +0.07 +0.03 +0.07 +46.69 +0.03
Baeg- d&r 6 121.36 -6.90 0.84 0.85 85.75 0.44
finju Y +56.60  +1190  £002  +001  +0.01 =003
wet 0 41.09 -1.33 0.82 0.78 26.41 0.40
+12.04 +2.02 +0.02 +0.02 +8.81 +0.01

214 S Folsy] 918 FRE Aol AW Az A
8 24 A3 ok £ 113 2Yth FRE A/ Adr)e] AEE L 6224~6797,
ask> - 150~-2.06, bat 1.39~458°] WM& VEFUTH A4 Z2H of MzlsF A7FFE Az
QA WE Pge A/ A JEsb B %D $9 EATRAE EFS BAE S
AAEst Ao} o Frheksink
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I 1L HA7beSs 2

21w

1o A

Samples Color values
Varieties Milling Additives L a b
method
PS 65.16 +1.82 -1.50+0.10 2.51%0.21
512;2?' semi-dry TH 63.02+3.07 ~1.57+0.05 1.39+0.36
PS+TH 62.24+0.74 -2.01+0.09 4.12%+0.43
PS 67.97+0.67 -2.060.06 4.34+0.23
B}.?f}.i‘ semi-dry TH 64.31+£1.38 ~1.80+0.06 3.00+0.88
PS+TH 63.76 +0.18 -1.91+0.04 4.58+0.17
U Additives : PS is powder sugar, TH is trehalose
() #A7tEs g ddn e dax 54
T oEEY AVMFE A xS AT w3tE dAleteE AR dEx 29, EfdE~
THHEH TR AE 717 Hubsto JddnE AxSFa AEE A4S A= ofd ® 129
2tk FE&E 4356~156.52, F2Ad2 - 0.00~-3.20, B2 0.82~0.85 SHAAS 0.76~0.81,
3 A2 2858~108.01, 3] &5 =2 0.33~0.47°] AT}
312, A7beS 2 Qv e e
Samples Texture results
Varieti Miling Addi-  Hard- 37 g iigi Cohesive- Chewi-  Resili-
T veness
es method tives ness (g) ness ness ness ence
(g.sec)
PSS 43.56 -0.07 0.82 0.79 28.58 0.37
+11.99 +0.00 +0.03 +0.04 +8.88 +0.02
Imi semi— TH 47.23 -3.05 0.4 0.78 30.52 0.33
dry +12.22 *£1.77 +0.06 +0.02 +6.46 +0.03
PSATH 46.96 -3.20 0.8 0.79 31.78 0.35
+1.05 +5.43 +0.04 +0.06 *+4.46 +0.02
PSS 126.69 -0.08 0.8 0.81 87.03 047
+14.77 £0.00 +0.02 +0.02 £12.12 +0.01
Sam-  semi- TH 63.83 -0.05 0.83 0.76 41.44 0.44
gwang dry +28.30 £0.00 £0.01 +0.08 £20.96 £0.03
PSHTH 156.52 0.00 0.8 0.81 108.01 047
+35.24 +0.00 +0.02 +0.00 +23.54 +0.02
U Additives : PS is powder sugar, TH is trehalose
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(3) &7t F7E A"y 54

b Aol e st Aw
FE 9 RPN e AvRe HA FANGoR Az sYEe] MRS 243 A
= ¥ 1378 v "WEES Ul Lk 60.76~6642 W9 R ey, A ES el E a
e -121~-1.700.2 Yepgon, FATE UElY= bate 460~716 HAH. vk &
e A3 wael vs BEE wn AEs FAare FE906 A9
E13FF % ARYY, FAAG] e e An A3
Samples Color values
. Steeping
Varieties Milling time L a b
method
(hr)
semi-dry 2 60.76£4.94 -1.62+0.07 5.23+0.30
Ilmi dry 4 65.72+1.60 -1.46+0.04 5.78+0.27
wet 0 61.40+1.36 -1.70+0.06 4.60+0.09
semi-dry 2 63.02+6.70 -1.57+0.06 5.76£0.18
Sam- dry 4 66.42+0.63 ~1.34+0.09 7.16+0.09
gwang
wet 0 65.42+0.64 -1.21+0.02 5.60+0.40
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() AEHHe] o 7heige] "X

FZ 9 A2 (dry), ¥HA A (semi-dry)2b 2] (wet)e] A|EHHo] 2 BILEE H A FHA
o2 Azxzsta vhsael7lE o83t A4 1 ecmE 4=H e 7HIES =0] 1 ecm® e}
Texture Analyzrg ol&3te] FAstom 1 A3E ofg] & 149 #Zo] Yehlidth Al
Hel wel 7% (hardness), § 24 (adhesiveness), -5 4 (cohesiveness), ¥4 (springiness),
314 (chewiness), ¥4 2 (resilience) *}olE& UElWt = AE & = A 4 E(hardness)
Auj e} 4hd 25 wbd A AR R Az Jhlgel b 23S dvER Al ol AR

dFE To= A & dden, A4 Ao Axd JHE2 FF0 wek AolE B

Atk H#A(adhesiveness)> dwuje} A FFoR AxE EE ABINA =g B4
(springiness) ¥ 8% (cohesiveness)> F+ #% EF WA 7202 AxH A|RoA =
A UeEbl T A (Chewiness) A X st vp7HA 2 7 #F EF v A o= Azxd 7t
oA =A YeEfW o 352 (Resilience)S 7 3% BT W2 > A4 > FA A2 =
Al el v A AVtEE Az e e AR gAY SHAN FEHo] ol AE

o) A7kel m&ol B Aole Aztal .

5

14. #F 9 AZWH, A% ] v 7Y e gax Ay

Samples Texture results
Varie- Milling P parg- AT g0 Cohesive  Chewi-  Resili-
. g time veness
ties method ness (g) ness -ness ness ence
(hr) (g.sec)
semi- ) 692497  -7451 095 0.76 4893.18 047
dry £270008  +36.18 +0.03 1004 +168063  +0.05
. ; A 305318 -81.98 092 0.78 2165.70 045
o 24 +149186  +28.65 +0.04 1003 +100158  +0.03
wet 0 409882  -967.8 0.90 063 9527.54 0.31
+305065 6433054 001 1001 +188417 001
semi- ) 1033983 -136.02 081 0.67 6204.48 051
dry £929394 44217 +0.36 1030 +298609 002
Sam- A 487065  -341.34 095 0.75 3412.78 046
gwang Y 1229364 +160.30  +0.02 1005  +137934  +0.06
et 0 358346  -61059 093 0.71 2344.86 0.35
£126330  +161.69 001 1003 76376 001
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e o] A

6‘

FEo] o2 db A ArLFo] HIMES gt Az sty MEE S Ay %
159} #2th HEE UJEdE LIS 60.76~66.42 B2 YE i AAEE el E agke
112~-1312 Jehgon, 352 Jeus bgte 563~6.25 B9
¥ 15 HES e @ e Ax

Samples Color values
Varieties Milling =\ 4 4iives? L a b
method
PS 70.46+0.83 -1.31+0.06 5.90+0.32
Imi semi-dry TH 70.34+0.40 -1.19+0.03 5.88+0.12
PS+TH 70.88+0.54 -1.18+0.08 563+0.24
PS 71.110.62 ~1.12+0.03 6.25+0.05
Samgwa“ semi-dry TH 69.52+0.94 ~1.31+0.09 5.88+0.38
PS+TH 70.92+0.52 -1.23+0.08 5.85+0.40

U Additives : PS is powder sugar, TH is trehalose
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’LZ—O] thE w2 (semi- dTY) ’%7H‘°ﬂ A7bEE gdste] Alxsida wheadrlE ol &
o] A4 1em2 4EH+ 7HAYS 0] lem® Ze} Texture Analyzrg ©]-83te] 343k
o o5 BAF A} ot ¥ 167 To] YElWULE HIES Lﬂ AAst= Aoz ¢4zl
w3 PS)H EYZEEA(TH)O o] &9 EFPS+TH)oE & 3T7F° ?‘47}§Q AbE-SA T A
% (hardness)s= ARFA 02 HI7MES HUFE 44 AR A FFEY dn] FFA =&
#e UeW I F F EF BT EYIERAE HUME AsdA BT =2 3g Yehith
224 (adhesiveness) S A 59} dn A BF EFIARAE HIEe AR5 E=ghon AL

A AES 29t A A (Chewiness)S €v FFAA= H7FHE TH > PS+TH >PS

=

S e W AY EFAE HUME TH > PS > PS+TH A= EUda~
A7Fe AR EdA] =2 3tS HYow Fabgdy 22 AdES YeEbY. dHbdQl "l A=
UetWlon HI7MES H7bshA] e AlsRy HIMES

o
=
Se ghg e A% 9 & At

Samples Texture results
Varieti Milling Addi-  Hard- ‘i‘;};:ls_ Springi- Cohesive Chewi-  Resili-
es method  tives ness (g) ness -ness ness ence
(g.sec)
b 382547  -762.25 093 0.78 2770.96 042
+167766  +16820  +002 1003 +113022  +003
L 627500 -1011.32 0 0.74 4310.80 0.33
dry 085466  +287.22  +001 1003 +185854 002
poopy 097 -101124 0% 0.74 4123.39 0.33
+198791  +29757  +001 1002 +129481 001
. 297902  -746.90 093 0.72 197457 0.34
+60337  +217.28 001 002 41092 =002
Sam-  semi- 314646  -904.89 092 0.75 214804 0.37
gwang  dry +1390.05 +23598 001 1003 87636 =003
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40°C 0.32 46.17+0.48 54.32+0.24 62.80+0.24 16.63+0.24 0.69+0.08
0.75 46.05£0.88 53.07£0.83 62.5310.88 16.49+0.01 0.52+0.04
30C?82%§i?g)(;043) 44.17+0.41 50.75%£0.35 60.15+£1.61 15.98+2.02 0.64+0.18

3E 20 Axxgdo] & 7ty d4 54
Az z=7

P A To(C) Tp(C) Tc AT(Tc-To) AH(J/g)
0.07 43.77+1.44 50.91+0.83 61.95+2.04 18.18+£0.61 0.51£0.00

30C 0.32 46.30£6.22 50.88+0.11 63.35+£0.58 17.05+6.80 0.38+0.10
0.75 42.37+£4.29 52.43£1.09 64.28+1.50 21.91+£5.78 0.66+0.07

0.06 44.53+0.40 51.91+£0.12 61.23+£1.07 16.70+1.47 0.72+0.11

40C 0.32 43.52+3.75 57.50+0.93 64.19+6.87 20.67523.11 0.40+0.07
0.75 47.39£2.73 57.41+1.52 67.67+£1.38 20.28+1.35 0.41+0.02
SOCZ(L(())2CZ>(3>(1)S)CTO43) 44.42+0.25 50.91£1.05 60.67+0.40 16.25+0.16 0.69+0.04

- 297 —



U, Ax 2719 & ZAHYY #As)

the zA4A AzE Qv dEe] AYELS 2] 9
4 X4 9SS A 2 ARE oA 39 187 149 dehide. 29 13 Az 2
A A

AR ANLE FAGAG. A2 AAEe B3 T
Ax HE B 20029 VY vast FeA FEem 15 17, 240 2ANA ok 3=
7 E4 ek

£
\%E;
.-'F': =
;
o
Bk
ra A
re
uE L4
=}

| e — T T T T T
3 & 8 11 13 16 19 21 24 26 29 32 34 37 39

a9 13 . Az Jddvel vk e X-A i =

- 298 —



ne e
re ric
J§ e

I

m

3 &6 8 11 13 16 19 21 24 26 29 32 34 37 39

Az 42y

——30%C-5C
—30°C-MC
——30°C-PH
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
& & F O IS s D21 3 3638 B2 44 97 9 3 6 B8 11 13 16 19 21 24 26 29 32 34 37 39
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>