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SUMMARY

I. Title: Development of Soft Type Healthy Snacks for Infants by Superheated

Steam and Extrusion technology

II. Research performance against goals

. Patent Papers Presentatio
Division Application | Enrollment scr non SCI n
1st year G.()al - 1
Attainment 1 1 2
2nd year (;‘foal . . i
Attainment 1 L i
Goal 2 1 2
Total Attainment 2 2 3

II. Purpose of Research and Development

O Infant health-oriented Snacks product development using superheated steam and

extrusion technology

IV. Contents and Scope of Research and Development

A. Contents and Scope of Research (1st year)

Development of health oriented snack for infant

O Product concept decision by preference survey and properties analysis
O Raw material pre—treatment technology established

O Products quality indicators selection for standardization of products

O Development of coating technology

O Comparison of working convenience, stability, quality improvement

Optimization of physical property and quality of soft type healthy snack for infant
O Determining the effect of superheated steam treatment conditions on the physicochemical
properties of rice grain.

O Determining the physicochemical characteristics of extruded rice snacks produced with



B.

superheated steam treatment.

Contents and Scope of Research (2nd year)

Development of soft type healthy snacks for infants by superheated steam and

extrusion technology

O
O

O O O O

Development of functional ingredients material production process for infants
Establishing manufacturing process for infants snakc using superheated steamer and
extruder

Development of packaging methods

Development of prototype products and industrialization process

Development of 3 type of soft type health oriented snacks for infants

Establishing final mass production process and economical analysis of manufacturing
process

Marketing strategy and ensure distribution channel

Development of soft tvpe healthy snack products for infants and their production

Process

O
0]

Surveying the type of target consumer for infant rice snack

Determining the effect of brown rice replacement and SHS treatment on the
physicochemical properties of extruded rice snack.

Determining the effect of amylose content on the properties of rice snack.

Optimization of brown rice replacement and SHS treatment for production of rice snack
for infants using response surface methodology (RSM).

Establishing quality indices of rice snack based on organoleptic and nutritional
properties.

Determining the shelf-life of rice snacks.

IV. Results of Resesrch and Development

Development of health oriented snack for infant

O

Product concept decided by preference survey and quality analysis



- The preferred form of snack has been investigated was spherical or bar shape, and
prototype product was produced by spherical shape.

- Snack was developed for more 6 and more 12 month infants, considering infant growth
characteristic and nutrition.

- Coating material contains vitamins, minerals and freeze dried natural fruits and vegetable
powder

* Pre-treatment process for raw material has been established.

- Texture and solubility of snack has been controlled by superheated steam treatment on
the raw cereals.

- Composition of cereal for snacks has been selected by physical property analysis and
preference and sensory evaluation.

- Coating materials was treated by superheated steam and freeze dried. Process condition
for each raw material as optimized by their characteristics.

* Quality indicator for products standardized has been selected

— Highlights of the purchase of infant snacks has been surveyed and the factors
influencing the sensory quality has been analysed, from the results hardness, solubility

and water absorption rate was chosen as snacks quality indicators.

Optimization of physical property and quality of soft type healithy snack for infant

O Effect of superheated steam (SHS) treatment on the physicochemical properties of rice
grain,

— Damaged starch increased up 22% at 350C for 4 min. However, damaged starch was
not influenced by SHS conditions below 250C. Water content decreased after SHS
treatment. Color attributes affected by SHS treatment, resulting slight darker color. WAI
and WSI had no significant differences among samples regardless of SHS temperature
and duration. RVA profiles revealed that peak viscosity decreased only when heated at
350C for 4 min.

— Particle size analysis of rice flour showed that the proportion of particle (150-250 1m)
increased with decreasing that of larger particle (>80 um), indicating SHS treatment
rendered the hard endosperm to soft and flexible texture as well as reduced binding
force between starch-protein.

O Physicochemical characteristics of extruded rice snacks produced with SHS treatment.



— Moisture content, bulk density, and hardness decreased with increasing temperature of
SHS. Color was not changed regardless of SHS temperature and duration. WAI was not
different significantly among samples, meanwhile WSI increased with increasing SHS
temperature. Higher the SHS temperature, water uptake of the sample increased rapidly
due to porous structure. Puffed rice snack had smaller pores and thinner air cell wall

when heated at higher SHS temperature.

Development of soft type healthy snacks for infants by superheated steam and

extrusion technology

* Produce process for health functional ingredients for infants has been developed

- Manufacturing technology of vitamin, minerals and natural freeze-dried powder
composition as Health functional ingredients for infant's growth have been developed.

- Superheated steam in the pre—treatment in order to improve the nutritional quality of
natural raw materials has been used and so the loss of nutrition and flavor of the
material have been reduced and the microbiological safety has been improved.

* Manufacturing process of healty snacks for infants using extruder and superheated

steamer have been estabilished

- Optimal manufacturing process has been established for hardness, gelatinization rate,
shape control by super heated steamer condition (200~300T, 2~4 min) and extruder
condition control

* Packaging methods selection

- Properties and stability of snack during storage as function of packaging methods has
been compared and transparent polyethylene pouch has been selected by considering
affordability, quality stability such as packaging design.

* 8 types of infants customized soft snacks prototype products has been developed

- Vitamins and minerals have been controlled between 6 month and 12 month, and 4 type
of taste (strawberry, mandarin, sweat potato, brocoli added) have been developed.

* Prototype production and industrialization process has been developed

- Manufacturing process has been designed for prototype products

* Purchase intention and consumer price sensitivity has been measured for infants snacks

- Price level have been determined and quality have been complemented based on the

analysis of snacks quality and sensory preference



The final mass production process has been established and production economics has
been analysed

Retailers secured such as Hospitals, eco-friendly organic distribution network through
health-oriented functional food retailer

Development of soft type healthy snack products for infants and their production

Process

O

Effect of brown rice replacement and SHS treatment on the properties of rice snack.
Hardness and bulk density decreased as the temperature and duration of SHS increased.
Water uptake and disintegration of rice snack increased significantly as not only the
temperature and duration of SHS but also amount of brown rice replacement increased.
SHS treatment caused the formation of smaller air cells with thinner cell wall.

Effect of amylose content on the physicochemical properties of rice snack.

Physical properties such as water content, hardness, bulk density were not different
significantly among samples. Rice snack with lower amylose content disintegrated and
dissolved more easily during soaking in water.

Optimization of brown rice replacement and SHS conditions using RSM.

One of the optimized sets of conditions in production of softest texture of rice snack
(2.84 kg/cmz) was brown rice replacement ratio 15.81%, SHS temperature 279.59°C and
heating time of 197.40 sec. Highest water absorption (378.79%) achieved with brown
rice replacement ratio 17.18%, SHS temperature 274.52°C and heating time of 196.22 sec.
Quality indices of rice snack based on organoleptic and nutritional properties.

Off-flavor generated by lipid oxidation was determined as a main quality deterioration
factor, meanwhile the loss of vitamin C during storage as a second nutritional quality
deterioration factor.

Shelf-life of rice snacks.

Based on occurrence of off-flavor, shelf life of rice snack for the age of 6~11 and 12~
24 month was estimated for 379.97 and 410.63 days, respectively at the annual storage
temperature. Shelf life of rice snack for the age between 12~24 month packed in
transparent PE pouch were 40342 days at the annual storage temperature,

The average loss of vitamin C in rice snack for the age between 6—~11 and 12—24
month was estimated for 243.61% and 295.58%, respectively during the period calculated



based upon the lipid oxidation at the annual storage temperature. The average loss of
vitamin C in rice snack of for the age between 12~24 month packed in transparent PE
pouch was estimated for 293.4296 during the period calculated based upon the lipid

oxidation at the annual storage temperature.



CONTENTS

Chapter 1 Overview and Goals of the Research and development
1. The Purpose of the research and development

2. Research performance against goals

Chapter 2 Technical developments of domestic and abroad

1. Technical developments for the relevant areas of domestic and abroad

Chapter 3 Details and results of research and development

Definition and developmental characteristics of infants and children
Decision for product development concept of Snacks for infants
Pre-treatment process development of raw material

Manufacturing technology development of infant Snacks

Development of coating technology

S A e

Prototype products development and consumer acceptability survey

Chapter 4 Goal achievement and contribution to the relevant field

Chapter 5 R&D Results and performance utilization plan

Chapler 6 Reference

Attachments



41

= !

F ATMEAAe Ae 2 43 F%

A1d a7de 54
A2 A d74% SR 9 43

A 2
A

4 3
A

A

A

Al

AT 3 dH 494

53] A=

=EAA 4%

. ST E A9

Z 309 AL 4%

14 =9 & Hopol]l Uid 7|& A #3

1. 24 AF I 7 =A

F avaAe 94 g 4 27

13 gfeols Ao # dE5Y

1. g-Fole] Ao

2. T Dol 9% 43 7]+ (Dietary reference intakes, DRIs)
3. dHrotd AFRAEA

2 4 Ffoks 299 AF AL 24 44
1. Ffolg 299 A9

2. G-frot7l AEdte AR AFRFE A
3. dfret 29 AEFDH FA

4 AFEES AT 299 FEAE AA
38 dfror 29 f59] AAY FAAMNL
1
2
4
1
2
3
4
5

AowoN e

L AXNE A4 e ¢80 F4 B4 uum
. BE F71E o) £5 vAZE 28 e § A 7le A
A Ffol 299 Az AL
. GERITNE o] 8T 249 Az
L7 Az FAY AA
. dut Az del Aol vu AR
cotdR e A% Fo] HAFV|AD] GEAFgAYY EA VX 4F
. Gfrobg & Astade] Az 2 FIJEA

LW W W DN N DN DN D

a3 [ I G . . . - 7. N i v v e i e~ e
N%Eﬂmqummoqumhwwww



H Tz gyol we Fdus ¥ #3554 37

BUBAES o 48 Ffobs HBF/IAY g2Astade) HYFF=A
L Gfrobg 2UAEY FE/1T HAALY

4 299 297% A

.2 4Ed) e 2v 5y 54

 FAFZEL ol4W B BB =Y

6
7
8
5
1
2
3. Frot 29 XA
6
1
2
3
4
5

v
oo o

g

A

A AAE AL 9 28R 75 RA}
. FArol g 29AFY AFEA E 24
- GHrokd 29 BA AR 8 4R

frob 29 AJAE Ad

CAHA A EE 24}

A

CAAF G - ol 299 AlFd gidk SWOT &4
A 473 Exdydr 2 AdLoM 9 7o =
1. 53 @X4=
2. FAR}Y 7%
A5 AFAL A3 2 AAEE A8
A6 & FEH
| A

33

91
108
133
133
139
148
154
14
192
197
203
208
212
212
212
213
215
218



12 87AEANS] AR ¥ 47 S5

AlA d3ALY 54

Aokge “EdaA) da ESATE A 27 S0 AUAT, o 2AdH T4
A5 AT FT BB 34g0 D ALY AR AW 27 A9 20059 36eF £
A 2olggL AR Y,

24 RFB O] ZEFX| W

| i)

\‘i/ —— ] .

ma|E| & S
[ 1 -
[

‘Dell ‘07l 'OEL 'Ood] 108 11l 123

JH -1 SHaAny xsxd gy

A4 A F9 HF Hed 9y Ed2Ae] 05 M9 Y AS ELAAR 02 EAH
2 9o} A ad EQLA 0] ¢A3] golA dvkm Y 4 Yt 2HY EAE =Y
2A B ol ¥HAPE AEAIAGY HI9HS HEAE 4 AT Z4 AW FAE
Wd del Ao SR s Adolrt, EHA YL EALA Y] kA Ho] RS FHT EH
43S AL 4 sle Fdeo] A4HAG 2 #opye] €23 n glen Hiuz|, A7,
7], HE, 4%, A= 5 T2 F2Y 7|89 TAUAT 23U E, kA 7|#, SISAHHE
e 42y 7]z 25l 2HANE FUYPRXE FHolirs FY FHAHEY 2UEF
SH{IDL)2 715& 943 dAsia 43vid g HE3F HHE Fole 9 S92 FH
& ZA%3 e Aez 9 28A QA GRold A2 AFFRE o 4009409 go
2 A4 ARAE AFY sz A4dy AAAY edx A, 4, o7 EF Al
ZAAE folf A A7 RE& 953 Ju. A2E £ BAZE &Iz FIEI
glen WEFe HEAu of7] EHA, L2+ PERATY ‘2HY dFE2E o™
W F71% BIAE AZES €A €& AESE ®§AH2 (R EA =, 201210.25.)

B A7 E Aze AdE7 9 redd N5 o &y AE FAY HAA %o} ¢
Aol =3 H/HES Y WA Feol HAE E99 sia gL g2 =4 5 gle d4F3F
Ty 4d-olg 2vS Addtaa 3



Al 24d A7 B3 gy A3
1. 974+ 53 du] 24
(&5 - A)
=35 sy e
TE EX] 55 Scl scr | TEYE
" = I 1
= =24 1 1 2
. =3 1 1 1
22k d a4 1 1 1
A ¥ 2 1 2
24 2 2 3
2. 53 A3t
Z244x 533 299 293 2943
2015 Ry g &84L SN Ffekad AL | (F) o | dEds 10-2015-0110628
2015 A F2ES Bde A2Y HEE 248 (F) o | dei= 10-2015-0114774
- Z:le' A Vol ;|L1H2] H
ﬂlzﬂﬁE ‘i"_"‘ll:‘g _zr_}]z]_ ﬂ».\]xiz} :‘}%111]- EI'EZI'g (NO.) :11_5_ SCI‘?'I
Ko, B. S.
Effect of Superheated Steam S (I:’?lrk, BJI II-{I Food B
Treatment on Lee, S. oi, E. H. | Food Eng.
215 | physicochemical Properties of| Y. | X% I K| Tee M Y. | Prog.  |1%)| 54 | HISCI
Extruded Rice Snack Yoo, Y. M.
Cho, E. K.
nditions of the Snack for Yok A ood Sci.
D5 | Infants Using Response [0 B+ S Lee I K| Toe M %, | repng) S | vIsCl
Surface Methodology Cho. E. K
A SHEuRE 4%
#RYA HEeEY 249 o | 7| 3F
Effect of superheated steam treatment on the |#] 81 2} &= F a3 | _ -
2014. 8. . physicochemical properties of rice A EU 3 TR
. ) A 43 3
o014, 10, 27,| Charecterization of puffed rice snack prepared | g5 nxaguny | ga | 29 | 9
using superheated rice FA8208
Effects of superheated steam treatment on the physical 1 SoAlE s
2015. 06. 03.| properties of extruded rice snack containing various I & ;}zﬂ%}igéﬁ o B4 = | 98
levels of brown rice, =




Hq 2z UL 7l &#8

A1A e A4E Eofd A3 e AR EF

ot AFR A7 TAEFY AANE A, 4R ARE AT o|FFFH A o
38 ojFstdnh. daold T3 BRI AFA e LnA7E AARE FHE-wE-AH 7
Ao HEARE & Fo £ YA dd. 25¢ A2Few F9HE 4Fo|HFH A}

fretd &, AZ75HF did Az=PAe HE2E=E, AF9dd4as AHAEE 2017d7
A gAHe= gF3td Rt ¥ oFe] A%e AT A= viddr #A-AYF{, @
-85, 2FHF, AF2AA, FER, FAHFAYE, FIEF-IT, STEEYF T ol
7124 F 871 F5°] U HACCP 9% FHEo] FUHz 5d4F AdE 65 Ag=Hu
Atk AZF £4%8 wErldE 4FHY. 20158717 YEE £97] 25 & RE AWAA
DA 2 AT BEY, FHFAAEFT F 107 A% 'HEF £07] dAFIH'E A
3 A FAAAE THEEH. 2 FLIN, AAEALEAR FE, 32 &4 AAE ¢
371 & AFse FHLE A Al FAHR v ARV HF A A=ETT Ad
ARdY, 43715470 @it #3, AFAW7] TAME drd ¢ J=F A=7}F AdEH
1A Al LuAVF dEE TR AFE L€ T UES vH I U ER2AG B o}
Udh ¥3ATE 4EEF @Y AUABE 72T 7 AT a9 diFd A= ld DellM ok
o 5-5d Agelrh. dA Firots A ARTEE oF 4004 Holx ok XHHQ AFA
E AFT ALz AYEHY, AAPA o= A%, £, oVEF BHEAME Fol§ A}
EA7F REd o|F2 X AER 59 BEHEE AHFHoR FUHHIT oy A HHF
AR} ofy] EAAY, AEEHPRIJAFY ‘2HY deFUiE Op)d ¥ #7s &

HAF F7HES ¥A &2 AFEC] 4F EAHAZ AE.

1. =4 AFe s AF =4
. 2 AFAR 2 NF AT

1) 29A3e &

2009 2HAIG FRE 43 499 9 FREZ w27 gy, AdE Il FAAFE
F3ts RUAH, 282, HHAH, AFATY A FH, 2ER, A9 AYHEAL 1=
38009 Yoz AddH 87% F7H5tHA T



A7WAY] #A FEE AGFEE HEH, Ado] 2009d 43 49 Yo g HlA7] thEoR A
Zo] 2 Aoz eyt Adun ARFERE Fol7} 11L1%E 7H4 Zr8tgn, Loz A
Y(10.0%), 2R (6.7%)°] EA BT Aoz ek

¥ 2-1. #ANE FFE AR
(gt9l: o1§1%)

T B 2007 2008 2009 = 7(°09/°08)
A A 11,370 12,700 13,800 8.7
H| 2 7] 9,660 6,280 6,700 6.7
E 3,430 4,000 4,400 10.0
Tt o] 1,800 1,890 2,100 111
7] & 480 610 600 -1.6

*3 2007, 200892 A FAEY, 2009922 A FAAAR
*AE: EFHFHARA(2000), “2010 FIHEAAZGRIA: AFAGEY"
*F 554 E(2010), T2010-2011 F=2)EAzh,, 146p

2) 2 A% 54

AUAI L ZH LS AHFE 7HE LA A9 ARER F FE, 29 A "oty

) 43 £3

2UA L HmA AAQ FoF Mo E FEI AN, FAuUFA ALEF
Fagt £ A7 A7 AFE AEF w2t o AFe] AAHT Y. JAE &HAY A%
AF Az 33387 98, F71A FL AF (82 e &fA ZaatzT)oly Sy
A ZFEAA T ‘eaud, ‘FGE R Afeela F) AF, FAHNE A= AF (g2 ‘v
L' AF) T AR5 YUt

HIol= & T F3ES o] 83 AEE AFo] gluten free, well-being 58 Yoz FF
8 Fs Al 9lth Hot cereal AlF T2 AZE o] &8 oat meal 59 AF FE At ¢
t}. (http//www.kellogg.cokr/, http//www.postopia.cokr/, 2009) =UlolA A dule 109
d A He|dEAFOE AS AME F A4S dALE NS FAF W A A XA
E7F 30094 ol=2x gl #HA JAAA FASE YelolE Hle AA FRE F 3,0009 9
0 F 99 keal¥-Hl 190 kal7kA] ZEHER AFE pF dololE vzl EAIHx glen I
2A¢ HFHAEL 43 HolojEge F 7R Y AHMEE UE GoloE e AY 2



Add FHsa .

83%9] AH|AEL AAL Alo]o]] snack® HF 3T, snackeZHEH 3F WL AFY 20% ©]
A& derh 53] snack FAA 74 B o] F2 ololdl snack barst Zo] ARVFAHE
BH g A|FEo|). uF Herchey Codld A4 Hvldli= Smart Zone nutrition bar, Abbott
Laboratory®] ZonePerfect nutrition bar, SlimFast Foods Co% SlimFast meal bar, Glucerna
Co¢] Glucerna snack bar %2 BF3ES 4& ¥F EFATE @39 F A7 doE
E AR RS 28 3, A4 g4} o, &2 A34E 848 AAE 44 e
3 gt ol x Al EH A AAFZ L& = snack AT dE Ao 8
o §-83t7] % AFe Ade] 243 a7

E 22 N# £ F4 o) 2F

AE9 A3 £%/714 F714% Az R b b
w3 127449
ARB V|- =B E QM 1Tt E )
e + AF HEYBLS =2 . <
avans \;?(gn FRE- BTN EEFEDE | wholofs Tff g ;EZH?
7)1 &=} ' 19%+2H A 2 AL B H3 2%+ 27| 5% | 92 RN
BF1%+G =u EXL0.08%, Fr}
E4AJA, vetUBIgAY
=g 127]1€
AU -Gay g b4,
] o] gl BLSH& =g
avlavd \32230 ERES - ATIINNEEEENE | wholeRs iﬁ%;fiﬂf
7% Bz} ’ 18%+ M 524 F2%+EAAER | gy oz
BB UE 089+ R ER02%, F
vl2 A YA, HEIBIYAY
25 74
AAF/-B2E2+ 2 olHdF v
hui b= r
e g | UBLE4, g | FEAESTY
B S [+] =
P \3.900 FUE7- BGITR%BREIZIEY — WLH )

196,31 H £2(H o) ), 2 244
g, FelEAA U E, vERIBIgAt

Feqotol e | FIERLSNATESRRY, 4 | Fwee
Il Fo | diew, #4248, 7 | AwERE | (Drsve
w2 SE ye
e oy | FEEA, #7199, wswew | Puse

4 : h N
S ed | A aees, avte, | AvRer | aave

4 ZEd

29




s
#7127 Blg | AAwAN, FAHE, AEREE |
A o rt ol e = (F)XLF&B
p 2200 | A, BeaT, MEEC g2 20
- 715 dn, #7149, f71=23:0} =&
Triij"} \zsggm 2y, BoleFE | (F)ERFEB
= SASEFAAR S, BT gxzgwal
il g | 475, 471549, 29U
#71% \>.300 E a P ETAS | AMAgE | pgugRa)
SEAA & =
oF7] Lo ; (FHEE
Bg | RABE, AAEEY, H7ERE,
Adgar =
%;'j B0 | f71BR, $750s gfg g Ll
w2 Aol | TEHERARE, R4S, ey
sl \3900 2 EZ2Z2AFAAER A7 | (F)FA= Eh;]]o]rg
i suleed AA9 =
Biporg s ~QEAAA, 2RI, H75AT,
sz %g | FBAY, 9k, H4FRG, TE | .
w= 3900 | daEd, Wy, gAd Hgeaz | ONEAE | FenE
2qER 24

) A71A gL AdF 29NAF
Zv|Y FAANZS] E E 5L 49 4FF A7 dF Aol E WA 71Ee
H7le dA FEosA, 4FS BE AFo ¥ AL Ade AL udth HI2Zd &
Ad & 29AFdE L8528 ‘BEHF HYA 2L 2FHo| 2, ‘HU|A ¥ Aol
23, v ‘eapATRvx’ HEHAR ‘FFHF 7L dRxHoY § AFEL JEHIE
i e $A4E 3 A% 498 UFo AEF AFYL A=z gk



Jd 2-1. %7 H 222 WAARYE Ardo2f’, ‘NAx gt 237
2ol 28" ‘02 X =2op="

2uAEL 4 #F, JF AL F9Y 0T F A8 AFdANaF FoWA,
AdLYA JF ¢AGd ARHA HUE ol AdAHA 224G TEE A2 AF F
A4 A5G FE:es AF0] Bold A HUd. JF 282 GEF HAA G Agete
23 'HAA g& eFdHe|2P'E A Fu4 A9 4, W ‘erdA EEa2'E
F4gA, AL vih2 YA AF 73 RS AMEEA g 100% 54 g a8
Ax 'CEY TEFTEE AAT Y9 A FeEN AR HAAE A2

A3, FASG oL+ 7 Aoy ol HACCP 35S wEomy 26|AAA gtA# WA=
T FHEE A2gE 45 Aln Ao w98 20009 B oRRFAAAN A4AHE Sy
‘THOER' F AAX T P22 AT HACCP AL $Ee=M AFANAE T
e AEE ]S e, A 2dqAE 1Fe A, F9, ], AF 59 4Ra 4
F B2 1009 SujiteE AldSm gl eEe& ¥ T 9L 4+ e /7 Ta@r)d 4
$to= Aalg o4 AF T AXNAL L5 RIH WAL AT, olH FF ¥ Ee T4
FU A 4A H== A2 HACCP ¢5€ e ul gith

38 2-2 =4 ANy A%



. 9 AL R AT 4%

v 29, FI|7, FHRFE T 59 29 AFTEE o 159 2FLEA5Y 2F)
2, ofAlol-gjH@o} A QoA AR, F3o ojo] A WA F  AFo]H, go] ofr|o}-e]H ¥
2UA AN A WFo] 33%30d) HlE BFE 51%T ATHsF @Re] Autd) HHH
3t 2250% B AL AU A 3F9 AT 29 LT EE @39 349 o]Feld

T A £ 5z of 3.7%9 dAzr AR ES 7S FF 5dAT A A%
EX 3%UE AT o2 ALHAAY. 35 AA 2YAEY o 20%= 37 AT
151%& AA st 5A91A 44 Abol9] AQlo] AnHlstw e ¥ ZEHE i WHoR
29 2HE AEss F7e] o BE, 35 79 203%% 04lF¥ 1444 otFL AA
2 A Z] 13.0%E &vlstEd 1A 35~4449] Lv|Fel] Hlg] FHLEH, o] FRe A A
7ol &g A T B ol EY oEF FUM #E Aex A HAEVES B Y
TF FARA M2, 35 184 ol A< W9 544%, 49 382%7F AAFT Ex Hw
o2 gomk I AT &¥F ALE Holy o|d mE} Z5e AYAFE FAGe] olfE
Bzs e FA ol

59 2YARLE AA-77% AEAE, AdE A3 ] Axsal Yo Natural Products
Expo West7} Adt 39 ojifstdeld AFH o, AR ALEFE 5§ 1ZFY AR+
A7 ARt vs 2¥E719¢ Daiya Foods Abe A7 $£4 f&the 2] 7 WA,
& 5 dEHQ A2HE AFES FY2EE0] gl A4 AGYAF. ¥, 2]
W3S ded 5 Sle F, €8 4T 55 F7SIA godA JAd 2L sldE AEE E
Al FL S AT HA-F71F AFQ F R Ee] AF 2R 1AL HA= 8
£& &8+ Cholesterol-free, Low—fat, Fat-free, High Protein, Trans
Fat-free, Gluten free, Additive free, No Sugar Added, No Preservative, Non-GMO 5 ¢ &
T AE2 ANAAZ2E 48 FE Organic, All Natural, Kosher $¢] T8 X759

Hg#s 2R A viges Qlsto], agssd 40A J{FE AR 248 A= B
#7178 Eoivta givh AwAQ) HE@E A9AF2 YFAS AFse], 2007~20129 &
o e Aoz FUMEIATh 53], 2012dL A #Hel FHste FTIA R=
201271 ERE 3 E, AHEEe] BV =F EAHE AELL I FTFHY AA L87F S
3 43¢ A a4 712 71&9 we fAsE, A%sA 478 + dE 299 87}
FOFAZ

X
X
T
>
i
N,
52
24



292-3. 294 F &9 Fo|(R), TFE AEd o ().

HeEd=s a4z 29% Ze MAES A2 FEHE A& F8% 97 2HAE
< 44t AFHY 71Fo] Bl T AFTd AR GALE e sl 2AEL /&
28] g3 ge] fASE AL dspAu, AF FU% dZEAE e #3 2Ee
T& A2¥g, ERA Aot TR Abt 2dd v AL 24 HdF3Egg. dEd=
g € 29 Ed=d g3te] tpFd dH o] EAHUY. 2HRY 87¢ mE g
B A 2227l I, EU4HE §F0) 23, LER-JNE-JFTHANERE Fol HA &
o]zt 29 FAFx vy, B wholegrain AF, 7= (Gluten—free) AF, AAFH +#
1% &M, A" WER Fol % XH LY, 29444 L2 52 U

Avrtalld e #71% fetdF AIFERE AF AR A&713 F712 8574, &29% &
1’5ot F A8E B7lez AddE zHsE ok 2% AWEY ARY A A9
el oA EA AUt frlFERordE AFE ASHU FHAE Ren, 8 &0 A
8 85 HFHAEL 2R E JAHE vz 29F {75 FolF AF &L 8
s & "Heart ok AU fFoldFAR TEE 20084 & & FoF Aok fepdEARLE
TFYHAA 3% A3, 441000 FAvct 2HE Z1E5Re9 20089 & 3 F FAHA
SHAA AuT FolHFANFLE Al A ggley gel H5% Yrke /71T AFTAF 0
S7tshe, 9adA 32 44S 71 FSRA

¥ 2-3. 5479 AT FoldF AT % (2003-2008)



200861 34 --200001 3RAA Mt A 2vd ERYE AMEAE 4L odF 8

X 2-4. AYY #0144 F A3 4% (2008-2009)

E=E =115 W wi= )]

|1 &l 17 90051

= Ml AUEEl 6, TO0=)

nUrS A2l e}

=0 A 2. 100

ZMX WEr]del Ewromonitor Imemnationel b 20139747 A A ol #AFE
2008 oid] 5856 F7I 49134007 AvitiEE 4 FREE o Re8 4 FFHA

F 25 Av 014 F A% 44 1 A (2008-2013)

CS milion
2008 2004 2010 2011 2012 2012
itk farmisla arra a8 284, 7 2ha 7 oyt el | 207 4
atandnrd madk lormila i a5 4 6.4 il 1003 1021
Follow-on mik formala {084 111.1 1128 114.7 116.0 {10.7
Taddlod il boariila iT B 'R 48.7 4% 1 il Ll
Lpecinl naby milk 284 283 b, M1 20 280
farmuda
Fropared baby ood BE 4 K] 64 4 i 5 a7 IR
Uried baby lood 422 427 412 417 44 ] 44 9
Uther baby lood 211 212 21.4 21.5 21.7 218
Babyfood 4100 414.2 418.6 421 3 4286 2 4MO0
SOl CAfcim Sarsanes, §aos Asso0miovid PAJD DREAR. COMDATY MMGRICTL MO0 INon W, Furoimorioy riemasiona
pElvTales
FHET | Euromontor Imtarmational

g4 Ald 91 =8 el S4 AR o4y oY gon o “sajHouHmiEs
WA A% ¥ T3 Y AFLE FHEE /7% A440Y, 717 299 AR, £F
W7, #7% €oldd, 4715 9ARo o f4 & AHs otolF, dELE 448 37
Al st 0 E AER{c].

_1|:|_



¥ 2-6. A® 29 39 ojdo] AUt

A# A4 2 AR 9 33 > EX @l A
2= 5RE
IR W Y | 100850 | srEel B4 HE 27 ome AT 48
adla | Sos 31 QN 7 =5 WS WelE | S 23 7o
Aem Y | 5000~55008 | ®%: #3a, Wk, 0= AlolE 47
-mqﬁ,w Wiohdz, Ao
Zaa: gHe, EUAE,
™ A%, BALAS
" Eﬁ E‘ A2/51.90~350 | TAY ol alAg CEL TR T
G m“’“ 5“ g o =4 S QM AdxgA % | AF AW | 0 23 T
% 500055008 | =& A= & Ae|E AT
F8: Abgs], e, &
e, vy, mvd
Organic =y " @ omza M gL
pitts .__.r,] £p/8329 4 MR | TS A 03 AelE &7
: #7%
28 : A, =412
ais @& A= crisps
3y
met slg, | 9E oA ol E |
i BN 2mee A% G2
‘*’i ,;:EE z}]_:n Ak lel | gilas | To g U
4
5a00~69008 | obel, Wgm 5 g |the Be) HH A<= 27
2% B8, AFADA,
P AR
AN $7)F QEET, eehel : Gul, 11V 7H
#7% BAAAR, #7] 24, dEha, qai,
o :"_ i ¥47HE, A% Oy Edqu¥, GS SHOP,
| 5317450 2 fAFEdd e AETAE
ﬂﬂﬂﬂjﬂ'l ~ Tooun = cogMo00d | olf-Ae AT o] ﬂ:q;tnlm omarel : Y&
T s e Btk #0008 B, UEo $A& 27 = | pBt A Eol A 2,
i AR b AT g2 g, A3
ZH: A, s, B, W0l dls22 w2,
off, el g=qq
g = comm | HEED b @ | | R
: pd o i FAe], G +A T Produets LLG 2 L g
y.2-35 PET T P
e il S wHdo | 39 edd 7
! % e E,EWH | 3
e et . M3 Alelm x3

- 11 -



TERE 1006 H7%Ck
Ast 3, Fg&
#7184 % AP
FH  ATAARG
F N
Pufted LEL LR ER T
: 1.4802/52.05 Kozy kida | Sl £+ W3 §i&
e s S P 4% Asls A7
IANTAE
Puffed : Puffed grains made with | FULTON | 2tetel W gl¢
Grain — 1480z/3228 | reel fruit end essemtial | STREET | =W 2@d 4% g
Snack El vitamins, MARKETIM| A5 A2 A3
e
' "
Cheerios | * = ¢ = bt L&J 2R 4% §#
Teadler | 060 0PeM | 1100212 WO n = e % 68
Bt
o
R 4 el 4 gl
vin fo - [14Bee/210~400 BF AR, mTEL, Wb 29 249 1% 88
X A% Loz M3
[
Little Putts A9 2 An fe | oo
. ezgel 44 g
Iittle puffs AZgfELAT Z5 : =, shdd, Al |Babies-B-us| 3 &9 A3 g8
A3 LgoE BT

_12_




H3ZHAFAZ T UB X 7%

Al 14d dfote do R ¥4 EH
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d ARESEFEE 200NAA e ‘GoH0~11714), Fok(Fh 1M ~%F 5A)'=E Aot Ut nf
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O o} (0 ~ = 574)
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3. Ggore] AREA

A AREHE A5 dhohs 29AES 2], FHG T AF AR st 99
AES FTAHALE Az, ALHz glon, Ffol AFR7|#Y By d H A FE & (mastication
efficiency)& Zdg A2AZTo2A9 FE3 EAd AT AEE vEFF Aot walA
F8 AZNTY Ay A&7 73] Z3Hcoordination)7t A H A &S FFole AR E
of et EAY AFAMLe] a7HH, o] {3t AFd %E ARV T A4S W
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7}. A& 9] A& (mastication)
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= A 38 549 FLoz FZ 5 e &2 o7 AHE JA}E Ao s
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), & &, Ao} A A xR0 A, 7} 7@ AUdG e AP e} Yojsiy YnkFow
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1) F A (FolF; maxilla, 319}F; mandible)

Ao Ag3e F AL AAdde wf 7 W) Aot FE AT, Aotst AFo

28 3773, 2 2489 £48 %A &0, 2 =49 43 wg FAse £49
g AA e Zl5s a8 dHok et &4 F 6419 |22 30 mmoA 55 mmE
s, T4 ol (palatal length)x &4 % 255 mmolAd 1d F 325, 6419 436 mm= A
3 tH(Vorperian et al, 2005). wetA A7) AE84H4E Fato, Afol & 232 4F A 3
of Aol Azete] ALE7IZA ALHH, 49 T 24 AVE ZE 1844 43& FAH
th gfotel 2 23 FFIAvdE Jhold] FFF A olfA FFo| GATAVB
4] F(orofacial growth)g 93] 243l

2) & ZA(AA; temporalis, 7; masseter muscles)

AL A st d4E 2 £F9 ol F £HI Hoto FALHo| dojrpy, w
Zx A Fe| Adste & 239 AALEH & =F 9 ZH(coordination) FEd| wEt A
Zzgo] AFH. Ffrobd A} = 2AL AF Fd o 2 2H9 AFF g4 T2,
Aretst shete]l w2 # A (temporalis), T (masseter) 2 E71 2% S o4 (medial
pterygoid)oll eJs] o] Folxm, Aotz shete] ddd= sl o] BI(digastric), °HEET
(milohyoid)¥} ¥4 & Z(geniohyoid)e] #-&3t}. #AZ3 T2 Aoy dholde] A7
2 A HAEY AL T 7Hestth. dfotd md2 AF 59/HAA 947 mme FA
A AR F, AF 737444 1003 mmE et w2 FAY o]zt gl (p<o.ol), #AE
o FAE A AFdFAA Zo]7 gick(Castelo et al. 2010). A<le] aw #ARZY F
A€ W= 13 # 14 mm ZEEA, AAH} FFote AxAY F AFE L(bite force; AT
2o ANA Frte & 2F9 AFE zold 7] g

3) Ao}
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A3 6L 24 7AA ] FArelE UALE Aolgk A9l HF(apple sauce, gelatine,
Cheerios)ol W& <ot dad 2 49 4323, AFS HAstd 49S 2= 49,
spoon A FE A& AAS] fF¢ g9 YL dHo| B&FE Freden, o8
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Hu, A% 24-3071€e 0|28 &FWFF(lateral motion)& A|F o2 AT €S e
HE A F3Y(rotary motion)e] 7H53tth Frotel AZTd S AF BALAXNE FE3]
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34704 8o

5) 3282 (bite force)
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6~127HE. 127HE OIZ. 24 0IF

a9 3-2-1. AAE Ade] aA

7 AAFE AL A

A 2ue au] AL ofAL s GholE Yo Hd Adzs Bde %g
FHFTA B 299 dRol: AFo oF deAs AT & Y= AnY AL WA
P 2% 299 Az A JEANERY e A0 GARAYG A28 B, 471% 4=
2 AL, A2 Bd9 4, 5, B 54 AU 4NN AR A

Feyehel Pspave] Azel oM due AANE B 2us HETE w7, 4
2o 2zoe A% AYA 59 2APe AN, Ghob W YA $47 U] AF
st w6 JlEe AdAed ¥ AE £FL sy, £57% T wud AR
Finger food B}9e] 223 AT L ALsinA A AL Faol 2Ue A 7129 43
Az 34 59 Az F49 ANE Bo] RHez sEe FNY AL e A3,
1A% 59 2AE HAT ALY B2 ALsTA FQt Aoz AzH AZY
o 64 BAL BRI FHED D 714 ALsd, Ffote) ABeed Aol wgol
A3, AZe w3t gol AHE AT ARARA FAG. AE ALY Fo FAPL G
2.



* @R, M= S NESE  R2Y 28, EHXIE e xHES

ﬁ ok 2k OI0IXL HZEJH —|

k== N p°5e] JSE LAt

a9 3-2-2. AFEAYNE] 8 FeAH
2HAFE A9 AF Uz Adsden, 299 3%, Fd, 2AFS e,
29 d8E& CBP, 57, o, 19 4 EFAZoE tgsaddrt. 9o 9 AF 5
4L o3 gk
- 6AME~1d ¢ o B3 YetdlA & BY
- 1d ~2A41(Reh) - YA ¥ + 29 AV 24, &% F e Hre ge
- 2A4] o] FCHEd) : AYPA A + HAF T H7 A Y, 2940 7E7 FHY
AZE 4 4AE Balance, 2A]-$-4)

. Al el 299 £33 54 14

Ad AEFS AzxFeH A4 A2 GE&staz, dA4 U ABFA Gfof 299 AEY
FHE A AdE oS3 Ao gfole] dRHEE AuE e AF v - ol A
BeEn e dvid avev §7F ARV AA4EZ 12709 THER FEHY o,
71ere] AFEL AR WP TRl Hol ix Arh AFEY FFL HF 05 g FELE
2AERen, AFY 27 1x4 cm FELE gFEY AFA 4 4599 ez EFHHA
th olE F9)9 AFEo] olelE5e] AP REE AFQ Z7Y Fv) EAS gsea, 7t
" ¥4 FeEE ALd A s AEFLY FF ¥ FuH7F O%sA XF o=
A o)At}

M

E3-2-6. AHEQ I Aol 249 HE HH
A% =3 34 24 JH

7= A= x|
(cm) {cm) (cm)

5
o

= F(g)




EeRel R
=73

R R

s

$-g ofo]
A olE
w7

$-7o}o]
2
e

Tol story
F71249-

=7

H o] 8] 2.-
9]

045 2,40 2.40 114
2% | 006 | 1014 | 2014 | on
0.37 2,00 1.50 1.06
A | 1003 £000 | 000 | 009
085 480 1.44 1.38
A o7 | s031 | 009 | +013
058 324 1.80 114
000 | =020 | =035 | =017
054 368 178 152
006 | 044 | =018 | =029
042 2.06 2.06 0.42
003 | 009 | =009 | 004
1.08 3.46 128 114
010 | 021 | =004 | =009
057 2.38 2.38 058
1003 | 008 | =008 | 004




0.21 1.98 198 0.98
o}7] o} 007 | 044 | 044 | +0.15
0.59 3.12 154 1.34
=~
v +0.05 +(.13 +0.05 +0.09
e 0.88 3.70 1.62 1.50
2FEE 10,18 +0.35 +0.08 +0.00

o2t £ AFdAE Gk AU S REF AFY FHE A¥EER FEuo

AEL A7), I, BAY 54 Fd S4s AL, 758 A& 2" 7€ AEE A

F dAd eEHE JEES WU AFE AEstua @

4. AFEES} AT =99 F4AR 44

Sl AlEFo] HelH] A EEA BEAS A4S AL FdRet 2 44 FH 5

48 AEE HA}AS

7. A& 59 Hloly] 2de] B8 3 54 B4

1) 43A %

294 54 $4d AHSR F AR ghot 299 nEe

¢« avjav « ZJEE
* FFo}o] UrE * H|o]H| - Hn|
* Tol story #7124

2) 2394

2ol 24 &4 44 AL b&d A 299 A= 4 29 19 &4
o, 29 EXL prober A0 ¢F 5 mm ¢ RE ALY BEAEY

e 2.

ISR
o}7) 3o}



¥3-2-7 . AW Qg0 29 B4 24 =4

Probe 5 mm
Mode Measure Force in compression
Option Return to start
Pre-Test Speed 2.0 mm/s
Test Speed 1.0 mm/s
Post—-Test Speed 10.0 mm/s
Distance 6 mm
Trigger force Auto-10 g
Tare Mode Auto
Data Acquisition Rated 200 pps

3) A% 4 EE

S E mlEAA ARF Gl 29 BE B4 ZFA= o Ao FYE AET
A= Mot ute] whel AEFY o] thEA EAFHIAH, ol AE A4 A AL H
= FARE Fd W EH 2 JEE ste AFY Ao 2HA7] HfEU AL
daddt. AFY A= g8 AL 676 g FELE EAHILH, FE7 & AL 9F 3000
g HA EAFHQAG FT Ald 2d] AFQ AEE oF 1000-2000 g FEoZ EAFHGIY.

® 328 NaFA dfol 2o s

AEE 5 Hardness (g)
== 91593 £187.78
av g -7} 67658 £159.75
=g 9269.32 141242
@7 122565 £155.49

[v)
FElobel dUdR s 1137.86 +28657
@) 161957 +373.28

o o~

Tal story #7124 EER 2999.96 +744.01

HhE 916.74 +202.64
A2HEZ 693.82 +200.95
| o] B] & — ¥ 1) 1880.79 +331.66
o} 7] 7o} 1204.64 +162.86




A3 A ggot 29 Qs AN IAAR

1. A4 =7d W& dsv9 FF 54 nu
Ffole 2ue] Ao YolA Fo AR FE WA o 2de £ WHE 2
Hatel, 489 AR 71&e ALRLR, B RAFI)AARYS] AT st 29

$A540 MAE 9% vm BASATD,
NIRRT

7}) SHS A& =37
53E A% v ALFr] 7HEEA A u Y A F gl o 100 g ¥ AR @
F APHNH, 3EH & 100-150T, 289 2%& 200-350C WA 2-4% 3+ 73
HAh 459 Age dETAHLE APHI oW, 77E FHde dole 9 06 mE 2
Zr AYPse AR A$ 100 go] 5 mm/sec?] FE2 A7 HAoh d2TRO)L 719 A
g oA &2 WnE AL&3gT W st A7 2L ok #ok Frt

& ot

tim

I 3-3-1. HHE7| JIUEXS o|EF Moo Hxz =4

No. Heater () Steam () Time (min)
RC - - -
2R1 100 200 2
2R2 100 250 2
2R3 150 350 2
4R1 100 200 4
4R2 100 250 4
4AR3 150 350 4
Hqx 24

HEAEE Weje] M o 10 g ¥ @2 ¥ AR A (Spectrophotometer, CM-3500d,
Minolta, Japan)2 #A8tdon, SHS A o qate= RS 54K €& & 7§
2 o ZR¥ Y Mo HolF ALl

B3 54 ¥4
Winle] SHS A o8 A ¥ Texture analyzer(Model TA.XTExpress, Stable



Micro System Lid, UK)Z o] &3t Alg5ol td gEBHAM 9 %X (Hardness) W3lE =43
At A% &AL probeE 20mmE o) L3P, Texture analyserd] ZA=ZAL ol#g] F ¢
2u RE B4L 72 AT 53] wtEse SAEm, 13 §3 A 53 [jtEe 2HoR

3 A

¥ 3-3-2. SHS xz| Wojo| =g

B H x
sS4 =4 =4

Analysis T.A (Probe 20 mm)
Pre-test speed 1.00 mm/sec
Test speed 2.00 mm/sec
Post—test speed 10.00 mm/sec
Target mode Strain
Distnace 20.00%
Trigger type Auto (Force)
Trigger force 50 g
Tare mode Auto
Advanced options On
Control oven Disable

2) 4% 2 3%

937 7HGFAE ASF 1R BaolA wule B4 4L A%, B8 54, 5

2, TEEARS 22 o3 54 £4& Futo] FrHEHAG

4

Hule] HdFy) AGFA % AN F vule] Y5 Am 2N AR Ggd 2
o $EF7) A48 #AAZL e HARE 72 FEAA 78 FEAA FrtHeH ¥FS
e AR AREHM, 71D Agte] 28l A 402 F7Hgel ue}, 7t SE7 Fvbgl w
g Alme MAE 5§ Frlets AR E4HANY. ot 7ME Ay =7} FUhee o
o) 4 i Aol satgd me} Ao A TS Ao Armdy. 1Y 350T
o &g ZEAAM 483 7HRE A2 B4 A=Y} 933 FoAE AR TAHUEH,
ol L A dste] 87t AW HWA QAR FYRIL TR, g HRET}
4% Aoz EAE.

B



B 3-3-3. §HE EHo] TR ol A5 ¥

Sample Lighitness Redness Yellovness

72164013 0.12+0.03 18.08+0.27
74460 06 0.02:0,03 18.14+0.1

=1+0.17 -0.02+0.06 18.28+0.09
T6.7+0.14 0.15+0.12 20.08+0.23
T6.7740.08 =0.040.07 1836015
TB.BA0.07 -0.04+0.08 18.07£0.16
T4.81+0.10 236+0.04 21.08+0.33

A Wo]s) A= WRE Aue A, 2B AEY AR F4 2HsE] 2= 30T
oot NS 4 #9490 A= W/ BEEHE HOE WEEY, AT AH NE
§ A%, W0TAM MG A 88| AFE A @nA {8 pELS AAHE o=
wedt,

Y min -
4 fmif
¥
§ 00
:jg I
1 00
D.0¢
Al A2 A3

RC

Rl

W 3-3-1. 5HE E¢iol OB w0 4 HH,

diefis] B lgAee S¢ A6y ME Afg Ued Aol 28 AF Ang A
§ MEl &57) A4ed W 9y} wE FEE Lo= die Aem gauEn, 443 B
0THN Mg Amd AP W7 AdHeR HPLom BEHAH, B &na HA7
HRE gWo Y99 A" wuyd



E 3-3-4. SHS H2lof oj# Mojo| AEHH

Heater—Steam Time (min)}
(T) 2 4
Control Loy
LAl ]
£ %= i had
lW' 5 "
100-200 “\ o i
’ e
- 1
100-250 A 4SS
- » I ®
. 7 ’::"‘l{
150-350 T ()
f r
&4 54

HdZ72 AANY Hd 14 B¢ qus g4 B A: 9o 2o ANdE X
ge WMol AP AR O 2Wg SO BAYE wd, Az 2Es FUHR w158
AZo] 439 e Hele BEE Tase Aoe RAHUL. ANLE A e Wy
AEE 10002 F5S 0 I0TAN 487 g 459 B4 0% 7 gaate Aes
PASRG. £¥ 30THA 287 AW ANRY A5E o TN BTN 483 A @
Ags $A18 +29 F5F V= Aom BAEQY. & o9 sdsg A4 A8
o 17 A A LE/e LEE ZAATAY, A AT AP FHo =y 7
Eg 4940z 238 4 9o 24y deAez slr)8 A Adel AQPe] GE FA
Hql Mg F740) 57 GBA) AE GFAVNE A BT AP LEE Bl Ao B4
A9 Aoz waE



i 335 #Y 735/ Aajol oot Moje A e

SHS treat time

Sample 2 min 4 min
Hardness {(g) % Hardness (g) 2%
RC 2725.40+505.27
R1 2511.18+421.10 92.14 2339.01+468.70 85.82
R2 2226.06+511.56 81.68 1960.12+409.61 71.92
R3 1956.99+347.50 71.81 1910.01+332.68 70,08




2. #d F71 & o8¢ 9N =¥ 7 € Ad 7= A
F4927) A7t 98 WAL AlE G734 vRE FFE EA5] Ystd QRS @)
b T FEFVNE A ARy FIEFE BAAT

mlm

1) 484 s
A ALLH MulE 2A S FtE EFoE 2013dd AAaEo] 2014d 499 X RPCel A
=4 AEE AT

2) 431IY

SHS A3 =34

Hules FA F oGl "ol &2 AAT F, AEFV] J19#A  (Superheated steam,
Naomoto, Osaka, Japan)o] E#A|Zch #nle] 719 24L SE7F 100C, 2€o] 200002
aASFE, o] o AL 30, 60, 1202 (R30, R60, R120) &3} ey, dEF(RC)S
7tE A E A @& WNu]E AL AT el 7ME AE 212 ofd e ® 18% At

Fas 24

Wojo] mAE APE BdE AsUe AR EMsden, 3437 AYT 9 E A
ol 3AMate] A F 3M paper HjR o] 24413t B¢t Wi ¥ & 2FFE EYsgT &
7 AL AT 79 ES 36TAA AAFHUYor, RE AHL 33 wESIA.

¥ 336 old= AH 5 vl waty] 9i# Wnole 71H X2 =4

Sample Heater {T) Steam (T) Time (Sec.)
RC = = =
R30 100 200 30
R60 100 200 60
R120 100 200 120

3) A%} 2 n@

$4%7) AR WY FMAE AEEA AN 9He BHS] Aste qng &y
100T, £9 200C=E 30, 60, 1203+ Agste n|AE AEEE E4T 29 AHE % &2
Wu ok 700 CFUS] Ut mg%e] 42% 2oz 249 ve dAs & 9u: nAe
of A9 HEHA Bt Aow FAFUY. D £E7] AP AR HE FH Holx B



97 ggkon, A 2A0M 302 ool ou] 90% ool AEH Rom EAH, 7}
@ Az o F AR FAo] fdHoz JAUE Ao AR, EH oA TAL 2
Wg Az A% AR AP Aol 21 oY AL mARAS W, BUAHHNA W BE
o Abge] 383 o|Fol7 2ANA Ade] ANE Ao Buslel, RgTRHos 4
49 AEe Aio] H5d Ao B,

I 337 AHS7| Hejof ofet ool ojdE YES Hw

Sample A9 43
RC 6.95 x 10°
R30 15 x 10* (J)
R60 15 x 10" ()
R120 55 x 10" (])




A 4d diot 299 A=xr|= AL

1. StEA37|E ol &3 299 Ax
T8 4 A3 T A% 2dg ARy el F2o wWiPnE 2Hd Az
299 ¥4 B4L wmstgth

1) 4894 %

A AHEE 95 JAT a9 2% #Hurt AFSEHIAT BEE ¥ RPCelA 2013
doll A4tEo] 201499 =RE AT A7)V7F ARGEReH, Fae 201394 A4d
FAEH T AL EHAT. 259 Hrje] 3 v &S HAEV FHAA = HYH.

2) 4399

2u8) Az A$E G BANE (F) BN ARS 7178 AgAart AR FY
e 93 2kg ¥ ASHoR FUHH, 7 Foo] B 299 APe] @A Ak F
U8 FEL YRY 2AFE Food EHE F 18 ngd I5H 20902 8 % B3
Hol AzHE THITh B3 299 A4 F4 £A% 4FAH Y g@e e g



(A)

o) S| o-mmmmmmmmee- | a=op|

-

(B)

A Of 2t
38 34-1. dEdE A4 Az oA (A)°F Ado Ax=of ASH %= HaT|o o2 (B).

3) A7 9 EE
FEAste 3 2de] AxE 95t P& FEL 0-30% £ 29L A=A
Az3 24 F R #5H FF F4L o599 IHd 2.

..

a8 342 ' Yrol AY HEHH

s HFE 10002 s Axd 2de 2R Fu Ad AT GRY 2HRe
AAE AoE FAHAT. & REF7] 9)5] Wad] FRE EFH TF W& e deF



o A9S A2 43 299 ENo] R=HY A2 A ALEZ FEAFHAC F&e ¢
Fo| Mg 2 73x FA A7 FAY FFo] ¢ 30% F/E 29 HdExS AR F
L€ Aor BAEAUY,

E 3-4-1, Woje £ 620 GE Adol B5H SA

HE L+ H}A VA
A% RE% a7 FRE Aamx T AR TE

i ) B3l Azt
100 0 R 0.28 100 245 0.36
80 20 rt 0.28 90 2.65 3.85
70 30 Hh 0.26 90 461 3.28 80~90=
60 40 HH 0.24 90 477 3.02
50 0 H 0.26 90 3.23 3.22

74 HEYPoFE A}

T Fae] o] F7HEe mEt Ao No] o) FAA 3, AFAET} FAET, FaA
H7b7r 2de F &3 ke F8F FFL AR Kdte Aoz E4H P wE
2de] 48 24stn, §IS=E 7ME367] A 7IeFHd AXY T4 Aol 8
THE AeZ AdH A, weA ol £4 FAIAE wlFem d5v9 HfdF7] A
o3 12k &3t AAEZF 299 Az v = g #F A7V APH A



2. 712 Az FA AA

2yl AxE 929 A8 B AAY, 29 Az B 754 B oz o FojATh
AAY 2 Az 7149 AL Faho] ALHE dfol 29 Az TH WAL BeH 2
7 g A4 24 959 FF 9 2vd 430 met 2AHA, 44 299 Sxol
Bxo] AHsY Az TR Agdct

Ao ANE Fo dus H= FBe ALY 3 AR FAEe ok, #Y, B4
F BLE EEgxe APt YEvE 13 335 F 2 AFRE AYPHn, FY EAELS 7}
ARF F $F AU 22 ez Axso] APEAd AL Bk AdBHY 45 1
A 331 A A B4 WU FAEA FAE dAe T %o AL, AygEAY 3
o gard Wi $& FheA) @3 FEY BAL &5 PSe Aol AL A4

= 8Qlo=® #EsHA ot olE fsly ZF dAd J1E % g 270 2EEHX A A
457 AHEZA
(g, F=, 2| A3 € A= A 2 (44, A4,
T 3) A B
& +
Superheated T - Superheated
Steam >| =23 R AT =8 % Steam
& 2
A gz} TE5IZ
oy 2 il kil (5T Chiller)
\7 ¥
= 5y eaely) Az 2 &4
gEA (2 = A= Az 4% 9 53
4 WV
=29 &4 5, AIY,
I 3 Az 2o 59
WV b
ECEEZRE] s

A &4 59
v

37

&

3

313 3-43. 9%

ofg A4 HZx



3. At A=A Aol M= HE

b AutAQ Az Byl gt Axd 295} AHD Fid A Az
a 249 83 £ "=
E ddAe gutdel Az I3 AHY T oato Axg 29 &3 SA& v
w3, AFe FF H AdHAH S vl A3

1) APA=

e 24 Az el 5t AzY A ALY AFH WTey) A5 29 A
A AE 7 332 WAl RN £3 £28 Hmagch AHel A4B JfolA
& e 2.

¥ 3-4-2. 8o £k HRo] AIEH Yol A

2y
HAEEY: POP Graduates @34 anar| gy Ad & Ay

S SNAX _  Pufis =4 w7lzd

2) A8y

2de] f3é&x Hu 243 AJ2d4 AFPHUew, &4(207C, 100 mL)o] 29L& 144
Wi, vyl ulE o] 83le 4AE £52 2asEA €A A7 vtk 5= JYS FA3}
At}

AR L EE
2o &3 £x AFL ¢oF 10 ¥ AsHFen, 48 AAE gL ) AHdE AE



YA o ojste ALY 292 AS- 37 ool YH7 FUAT] APt o8 FdE A =
T &£#o] Eo E&d Fos gRH[UY. @d4, Ag 299 AL, diEs 2] 105 3%
AMAAR P7t FAQ AHE 54 g EAHE Ao2 FFHYY. dxd Ads] Fy
B8 &7 2 7)Ey A ulsie] 24 )& o)y, AF 277 VR 27 ¢F
of Fe Azte] AGHE AL FAEYT dwrdd] H =g A9 AFSL FHd o g=
1, Gradnates puffs®] 4§ 5847 F 343 £83= 4% 7172 19, &= &4}
@ A€ KA 94 A ¥ F43 $e=o] FIxlsg e B4 SR &
Aoz wigEd,

AAE i 2% AxH A2 AFY 49 24 oA daFd A=x F
Ad 98§ Jx=d 2Ud vde] A f AL ST deiRler, <2d 84 ==
T2 A 2=, A, 259U Fi9 2fd ff A5E q9, dHol 4AH4AAA
LAY + = A Fl= Y A2 EANE Ao AR - S Aoz %
adr.

¥ 3-4-3 7= AERY 84 %% 8|2 (207)
29 AU HE I A4 S A A =

HIFA|ZE  HAPRY

C}z Hh Qo/geo
BABY  PoP SNAx Graduates  CR A m;,:A,_,l P BT cha
PUFF . i
oE ?,‘,-;;* ’ \ i 7 p—
. - LY . i: L . ] .\
'. " e ¥ r i - -F--",;
3= - f/ Sy ’
-} .." — 'HL_\.\//
= r y 7 i
.#1 \
= — = Z
108 - Ldv ‘ oY
o :f:‘" -
S 4
F = ..ﬂ"""a

metd ANE BAE B AZE 2y 7129 dfol Ads g 2o UL

_54_



7,

7 959 A A T4, 4549 £ A}aE AHI}E 9= ¢

249 - ¥ogd g 4 #54 $F, w2 258558
944 =g 29 : qg3 4 Ax
— G - ot & BEANA F e 1FE REH AZE 24
AA T8 o] g8t L=t ¢tE oz Y3
— EAXAY = A ZE2Y ARAYY =Y
A ¥ x4, Z=2e A9, 9gd, v, 4ED AR § &
— 7154 AE 43

T 33 F2



4. opd 2 Q 23 o] HAF7IAE A=A E4d VA= 9F

ol A%FE AFAEY =25 € =33, 29 T4 22 #eEAA APHY 4
AL 7HAY, dETAHANAE dEEY HEAHAS B 9¥E A T FEAE
AAtel}, Frotd dEFstade FA4d vAE oldr o AT FFE AES] HAsd,
ofd o AqFro] Aol ddtdin], widsy] ¥ FAL UnE FEHIH2YE Ax3I, o
e EA43 vATEE FASGAT & 43EHE 89, FEF7TAR LY
40 "A= ofdRe 2T TF FFE FHHLEN oldRe AT =HE TH Ffot
o Fgste FEHEYY S /e E #eds dy A34d 23, 34 A4
F71AE S g9 WA A spEHPe] RAFela B AR(ERe], dFe) 5T
Tbe2ANA Azx7t EZbsstlen, oA oF AFPeA= detfu g NF g A8
Z ot 4385 AP

7}, AdA=s
E Ay ANBERE ofdR A Fo] Ho|g Ald A r|(TA3]71E] F5)9 HAFH S
A71% 2R g Fste] AR AL

v A8 Py

1) #dF 7144
A Z7Ade Fd$4ZF7] A FR(QF-5100CB-L-24H, Naomoto Corp., Osaka, Japan)Z
ALgste], A AN8E Zh7 250TAA 120 23 7HE A8 8o

2) ojd2 Q23

old 2 0 A% FL ANFEE Udy EH71E AHE3te] 100 mesh ©|3t2 £ F  petroleum
etherS AL§3H= Goldfisch XW2Z72 G889t o|F A8 oWZ QA3 FEamylose
¥4 kit(Megazyme, Wicklow, Ireland)& AM&3te SAEN Yo FAHS .

3) 4EAs2de Az
FEdsade 14374 BuF (Prhedy AGe BEEENE FEote] Azsta

on, &7 HAH LHA2AL A9 quddE F5to AAAT dz1E2= FEF7) A



4 ge duius HAFUE FAF FELARANA hEste] Azt

4) =¥ E sty 54

gdEdstade] REFFL 105°C FRA7TETZH(AACC 44-15A, 2000), &2¥E=(bulk
density) FAAFH(AACC 44-19, 2000)2 o] &3t ZAATYt =& AYAA(Minolta
JCB01, Osaka, Japan)E AM-&3l4 Hunter AAo] & WE(L), AM%(a), FAE(b)9 o=
T3l Al29 FHXE¥E Rheometer(Compac-100, Sun Scientific Co., Japan)Z Al&3le &3
3Rt

5) FEFTE ¥ F3/1aA

E X (Water uptake)= Mariotti 5(2006)8] WS HIFAI A, &5 29 ¢ 10 g&
o] FRS IAAZHR0, 40x) FF F HE=d FUFES FolHYR AAF gL FA
248t 2715 dv] 3 F9 FAE FTFYER(%, db)x EA AN A5 3
7+ (Deformability after hydration)< ¢4&¥a2d9 10718 429 Fiad €33 @7 =
E £ Aol Az oo BHAHI| AFee AR A HrrEdo.

e

A

T

2
i

&

it
o

6) 2& 9 "4 =

GEgstade) QAT L XA (Model SZ-61, Olympus Optical Co. Ltd, Japan)&
Abgete] @At 4EBE2YY R mATEE BF A (freezing fracture)d A EE
ok FlE g ol Zo] B3I F A=R}E 7 A (Scanning electron microscope, SNE 3000MB, Sec Co.
Ltd.,, Suwon, Korea)S ©] &8l 15 kV9] 71&A g A #AZ3s14 )

. 4347 R 29

1) ojd =90 ~ 3szF
ol Z o~ dFL dvubdln] 139%(db.), BAFH 431%(db.)E ZH2Zt EFHIU.

2) 44829 E9358354 54

durgs WAFUE Agete] Az BBV FEYY, SHUE, A= 2L 4%
=423%8 g&e) mol 22 mASAY.



i 3-4-4. Physicochemical properties of extruded rice snack.
Sample

SHS Temp. SHS Heating Water content Hardness Bulk drt[elrllsity
e (T Time (sec) % (/o) (w/mD
ol why ) Untreated 1.99+0.41° 3.71+0.90° 0.12J_r0.01;
- 250 120 2.17+£0.12° 3.53+0.85" 0.10+0.00
RS Untreated 1.79+0.46" 3.63+0.68" O.lliO.m:
- 250 120 2.15+0.43° 3.34+0.38° 0.10+0.00

# 3-4-5. Color of extruded rice snack.

Sample Color
HS Heati Tt
Type SHS Temp.(T) S Hegung, Time L a b
{sec)
4 Untreated 45.10+0.017 3.03+0.08" 70.9+0.02*
9k T 5 5 5
250 120 45.41+0.01 4.03+0.03 9.68+0.03
] = Untreated 45,58+0.01° 2.51+0.08° 8.43+0.02°
3 7] &= d J d
250 120 46.16+0.01 2.84+0.06 8.47=0.03

HEWsAe FEFF, A R SANEE 29 FROIEELE §F), HEFVAY o
ol FAGC] AR L 7oA e AR ZAMEJY o] olE2o A R wEt ¢hE
4989 HAaE, Ax 9 =40 Aolg HYE B2 dyHuge dvtd Ao, A
< AMEE 2 AT A4 A= Aol ojHF EHAE F AR ofdEesy
F Aol7t EFWE e EAHE YEHZde TEA €7 WE] Aes AH .

3) 4EAg2 e FEFTE 2 T3 HAA
FEBs LYY FREFFESG S IAAS FAF FAE E 3460 YA

¥ 3-4-6. Water uptake and deformability of extruded rice snack.

Sample Water uptake (%)
Type SHS Temp.(T) SH.S Heating —— — Deformability (sec)
Time(sec)
ol el ] Untreated 243.83+23.80" 280.29i13.25a 1111:4.24:
250 120 345.17+12.03° 368.98+7.50 91+4.24
W Untreated 266.28+11.36% 318.34+20.28° 91.5+3.45°
250 120 300.29+23.50" 367.83£15.80° 6821.41°

GRS SEFSE SAAT, dutvnlel MARY AR EFE FIE/ A upet
2BEEE 27 A5 2dU #9357 AE QidE @ wAFE A=Y A
SEFFEEE FPAR) B FolaHy. FASy)AY ek Ao Fg, 0% 53
of uie} 345%°] HulFEEFSAL Usule] WMAF Am B BE 27 SEFFEE

fled



eI a3y 402 FRARNAM Y FREEFFEE F AR T F9F AolE HolA ¥k
th olo] met AR oldEAYFE FEFTEE TS VAW, HIER FY F F
TEFTFNE s FA ¥ AR AU FEHELYS s AR FEHIL
B EE FOA7) ANFseH £85E AR S FIMHAE FoY AR A &
4829 73 W S48 Fddas BFrsdn. ARY 3 ML Fd5FT] A
o gz} Fastgon, fdAeE AFAZ A2 FEGspaYo] Iytdn| o) |t FE-
Azt B He Aoz ZAMHUC. WEA ofdze X FiFo] REFLE G2 YE A F

A F WMEA &FHH FFole] AFEA FIels Aoz AGHUY. GEHEY A
72 o AL I¥ 14 A GEAsAYe P2 RIITAY R opEELA
g ARl 2718 FE7L FAE Y B rEREAY AR O34 204 A
£ 4dedie], 713 A7 £371 Aol AdF7] AstA F& Lurdnig @ Fu
AR Ay, BA4dE 71F9 Arle FEIVIAE AR HY 7 AR fFEHJY, 7T
TE ¥ #d3A &L AL U d BEyFr)AE dEAeade Fe A5
ofdEe X FIF FASA vuF FUT 71F 2719 £FE YEUUT



I# 3-4-4 Appearance and microsiniciure of exiruded rice anack produced from (a) nomnal head rice
without SHS treatment, (b) normal head rice with SHS treetment, [c) baskginju rice without SHS treaiment,
(@ baekginju rice with SHS treatment; Lefl; appearance, center; inner microstructure, right; alr cell wall.

dadntad Mas Ji sATEE Aoz 358 AR (OE 344, FU9F)H
ol 8 A= UF 71F 277 Fase AL 89 sHe, Unkde g WIS =2 A
3 AR e dF7PR FAF 37 delgA] o}, old2Ze 2% Aolst nyTFE
9 Qg mAEs G¥L vu Aoz AFHAY. FEdEsd AR 79 71F Y FA
€ E 139 G 7| F 9o FAE L7 AY5A d ditduie 9IFn 2 A=
W GEgEo] 3491 m R 2460 = FAHZ LT, AEF/AHA "g A1F § FA=
2460, 2338 m2 ZZ L[ 2 FLEFY) A il AF0E AERG A
84 71F ¥ FAe F43 Aol7l gdod, A G AHY did FHAHE FF
¥ FAT ofdE e AHFE Aole ¥FE A G A2 guHU.



¥ 3-4-7. Cell wall thickness of extruded rice snack.

Sample
SHS Temp. SHS Heating Time Cell wall Thickness (tm)
Tape (T) (Sec)
ol wh v Untreated 34.9118.18:
250 120 17.’79i2.29d
. Untreated 24.60+3.72
BT 250 120 20.2646.65%




5. 9ol 2 A2y Ax 8l FEAEA

Ffrolg AL Ak =N E HE5F 7] (superheated steam; SHS) A + ¢4&%
sate Yoz Azt & 299 AESAQC vAE #FLdFFr) ALY dFLS
97 Mg FEdFF7] L2 ATE 2YdY AR F rEAsstd gy P29 B
28 etA 5434 st A3

7. #5577 A o 95 Be] EHEITE 54U

1) AYA=
s 2ve] 982+ 20139 ANHo =ERAHEE AHEFH RPC) A7 &
Zo) AR E Yol AH$SHAh

2) 4339

71 #4571 AH
FE4F7] A7 ANEE FE+F7] HA7(QF-5100CB-L-24H, Naomoto Corp., Osaka,
Japan)& o] &3le] A8 A& 200, 250, 350°Ce] HEF7] 2=oA Z4Z 2, 483 1dEHe
o, Ag AEE E2haY W o] YERASEA ofF Y ALEstAH.

) B8 54 24

FEEFE REFF7] Af] F ARE B39 105°C A4 A= (AACC 44-15A,
200002 &AsEY. #AMNEE AAA (Minolta JC801, Osaka, Japan)Z AM&3}< Hunter
AAS =z} BEL), HAZ(@), FAZEDY Hez FASdAT. ANEY FHEFZtotal
starch content)® <£AALEIH(ESS;, enzyme susceptible starch content)S HEAEFHH
(AACC 76-13, 2000)¢ll @&} Megazyme kit(Megazyme, Wicklow, Ireland)S o|-&3le E243}
At A2e FEFFAF(WAL water absorption index)$t E-43]X45(WSL water
solubility index) Anderson %< ®¥(1969) w2} 25, 50, 70°Col A A8, o} 2o
2 &S

WAI (%, db)= (A= FF)/(Nae gL $%F) x 100
WSI (%, db.)= (B5fe L TH/(ANEY ZFE TF) x 100

™



) g 4 vAT=
BeAde] o AEAL AAAY H(Model SZ-61, Olympus Optical Co. Ltd., Japan)< A&
o @FIAYG. AR vA JRFERE AAAY A (Scanning electron microscope, SNE
3000MB, Sec Co. Ltd., Suwon, Korea)& ©]438lo] A|&& W5 4] (freezing fracture)ste] &
W FlRE o= R & 15 kVe 7F&AGd A, 9B (peripheral), W3-(prismatic) 2 =9 )
4] E(central endosperm cel)E& #H&slo] ZAslG T

Z) RVA 3354
Alge] 33EAHLE AHE Udy cyclone ¥47](Udy Co., Fort Collins, Colorado, USA)2
100 mesh ©¢]3l=Z ®3] ¥ Rapid Visco Analyzer(RVA-3D, Newport Scientific, Australia)E
ALE3te] A3 RVA SAZXALE A5 $/RTE 79 AR 297 §5 12%(db)
o] FHAE 458 F 50°ColA 95°CE 7H4sta, %B°CoA 280 #A F 458 F<¢ 50°C
2 JZtet= RVA cycle® sttt Al59 3354 LS 53 AA2E, Hd AL, breakdown
X, sethback A% ¥ HF FAEE FAsIA Fr7eAoh

n}) ¢ x & ¥ (particle size distribution) &34
AR AEBIE #d4Z7) AdE A8 50 g2 7148 E47)(HMF 600, Hanil Electric,
Seoul, Korea)E& ©]83ld 18T E4 F AY A& 7)(Sieve shaker EML 200, Haver &
Boeker, Germany)Z AM&39 10 £7F No. 20, 40, 60, 100 mesh #ol A 3l &A 3 H v}
AR JEREE AY F Ad dFoldde AR FAE A, AR FAAY FA 9y 9
H B ANEY FF BEE(% wwE BN

uh) FAA

MARE 33 9E SA4ste] ¥4 IEUALE AES FAGG e, HHAEY §9

24HEA(ANOVA) ¥ Duncan®] tEu|uy o2 FAsAtHp<0.05). TAEA L SPSS
T3 (SPSS Statistics 21, IBM, Armonk, NY, USA)E AHg3te] Sasign).

b

ol

2
5

é.

3) 43945 R B9
7H ALdsF7 A e 29 E345H 54
HEeFr] A= B A mE &Y £E FF, Ax, SAAE ¥ £ A= Wds
FA4% A% E 3-4-83% Zr



¥ 3-4-8. Physicochemical properties of rice grains.

Sample Color
: Damaged starch
[v)
Temp. () ;Ir‘rll‘urrlg Water content (%) Hardness (kg) 06)" L a b

200 2 11.431:0.25; 2.51+0.42 18.44+0.14° 05.87:0.01° 3.73:0.04° 152520.02°
4 10.53+0.27 234047 17.50+0.32° 05.94+0.01" 3.8310.04° 15.4440.02°
250 2 11.8810.36 2.2310.51 17.53+0.36* 95,16+0.01% 3.80:':0.052 15.41+0.01¢
4 10.00+0.89 1.96+0.41 17.2610.49" 95.7310.00° 3.87+0.04° 15.2810.02°
350 2 10411074 1.96+0.35 1856+0,14° 95.80£0,00° 3641004 1540+0.01°
4 7.75+0,41 1.91+033 2214+0.31° 94,32+0.01" 3.90+0,03° 17.22+0,02"
T Ti 12.14+ 2731051 16.8440 54" 2.24+ 3 -+ 13.25+0.01°

"Damaged starch (%, db.) = damaged starch/total starch x 100

#eo] 2RIFL FHA5Z7) AFHLE D A Zrbd wet oF 121% (YEF)A HA
77% (350°C, 4% A )74 A28t FEeLF7] A=z e A5 LEHLE 34
AFE T8, FEEGF T4 FE5E79 SxERT XA % FEo] v F Zo=
ZALH AT &9 Axe #E54F579 Af2x 2 AR F7td mE i ZAEE AEE
YeEhiglew, AR E AR 7 foAte g AR 2AEHY. o8 A AdF
71 Agel m=t & 233 e i 71852 Aold 71A3 T H(stress crack)e] &
F A mAgA AT HEQ] Aoz oAU B SFALTFL 200, 250°CH HEF+F
7] AFYLENA A #ARe] AET4 AR % 175% WS el o, 350°CA A
42 AE2 ESFAEFFLS 21%= 7RIS ol ALY F3}FAANA aFHE FEF
F AT Ao v FEIFLE Q5 FEFFIY B2 2RAME 387 ATHH, 29
ALE WE722 48t FLFF719 WF Fido] 2 At o] FoXA &7] WEL=
waEch g e AdpFrld % ARSI F2 A9 HHA WY Aoz ¥
gE At #EFF7] Agd BE A9 EH ARE FAHE A, HYR(L)E 9224904 %
95 V2, BAE(h)= 1325004 ¢F 1542 F7lstgley A x(a)= 696904 3.8 &2
234 th 28U 350°ColA 4 Aed AIEE AAF ALEs-F7] AFH2d & AETY 9
ME, QHE 3 FAEY Hol= vv|s3id.

W) #4371 A g 49 5354

FEeF7] AgzAd wE 25 50, 60°CAM e 2o FEFFAFWADY FEEHAS
(WSI) §A4Z2#&E o329 2% o FA A



# 3-4-9. Water absorption index (WAI) and water solubility index (WS} of rice grains at various temperature.

Sample WAI WSI
Temp, {T) Time {min) 25T 0T 70T 25T 50°C 70T
200 2 3.03+0.02" 351+0.10™  7.39+0.01° 2.33+0.02% 3.07+0.03% 4.25:0.00°
4 3.08+0.06" 3.39+0.08% 7411015 2.23+0.01° 278+0.01°  3.39:0.07°
250 2 3.22+0.01% 3541001  7.85+0.00° 2.52+0.09% 3.17+0.04*  3.79+0.02%
4 3.11£0.01™ 346+012° 7.75+0.01° 255021 2.04+£0.18¢  4.06£0.01°
350 2 3.11+0.00™ 345+0.06°  7.72+0.017 2.23+0.04° 2.84+0.18%  3.770.07™
4 28+0.13" +0.06° +0.68° 2 90+0.62° 2.52+0.05" =0.11*
n 1 2.85+0.01° 24+0.02" 27+0.06" 2.74+0.01 +0,01° 21+0.05°

2= o]3H25, 50°CY B F32:=(70°C) HH A S #ALdFF7] A N8 FE
FrAT(WADE AZ2x ¥ Aztd @Agel A gz SAX FAg oM, A=
Z70 WE AR Ho] TF vu[dHTt ol A HAAFFVY A z2ddN &
AR 237 T3 AFHOE Ay qEoR, SAARTF] &4 A4 E A3
Ath. 2= ©]3H25 50°C)l A ERE REAFF7] AZAEY FEEHAF(WSD E§ o
ZT79 A 28-S JYede], FdFF7] A oF AR 357 AEe AL A
T Ao ZEY 70°Cel A FH 3 FE-F7] AN ESY WSIE dE2T B g4 @A &
AHRoH, olAE AAE FLdFFT7] A F AR BAAAAA 45 ssAEe] AEAA
3l (retrogradation) ¥ 7] HEo2 o453



3% 3-4-5. Water absorption index (WAI) and water solubility index (WSI) of rice grains at various
temperature.

A5 7] Az 4 29 RVA 3354S 5 4348 bad 297 Fo 24
stATH RVA #4233, # HES RVA 42 HdaF7] Agxd wg Aolsiin
200°Ce] #Hd+ZF712 HEF &9 39S, RVA profile (W] 5313H %, breakdown HXE,
setback %=, HFHE)S AAZe AAGC] TLT F4E HEY, FEFF7] A £
Aol AR B3 WA= FFHL A F& AL FASAT. EF HAY dx¢ H|aet
of, 200°C AP s ANIFHIEE A3 ZE RVA A dz279 FAHE 448 Y
el Qv 250°C #E5%57] M B, 2000C HFAHNA A AFAet fASE RVA
profiled ettt 350°Ce] FLrF7Z A7 &9 A5, RVA profile2 A A|7ko] o}



g &4d3) "Wy (E5F7] Az HEEDY A YFE A= AR FAHKA
t}, 350°C AFAEY ol ZIHEE 7FEARIe] 284 4502 ZeojFe) we 637.0:14
oA 463.0£240 RVA unite.2 A sd, F85327 Az A A2z =7 F7st= A

< 485y

Y700 1 100
(a
41 90
600
= 1 80
s
£ 500 1 1 70
g 400 4 60
€ 50
2 300 |
3 40
2 L 1 30
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> { 20
100 | %
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(
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2% 3-4-6. Rapid Visco Analyzer (RVA} profiles of rice grains: a) 200°C; b) 250T; and c)

350T.

E 3-4-10. Rapid Visco Analyzer (RVA) profiles of rice grains.

Sample RVA Viscosities (RVA unit}
—Temp, (C)  Time Goin) Peak Set] Final
200 2 548.510.7"u 263.5+14.8° 116.5i2?.g 38(].0i12.7:u
4 540.0+15.6" 241 5+10, 151535 303.0+14.1™
250 2 56201127 266015, 1255449 390.5i10.§
4 619.025.5” 31202255 96.0184" 408.0+7.1
350 g 6370£14 @11_21(5]_%“ 157.5£10.6 AR5+
4&3.! !124.!! a4 4 £ =
Untreated tce 4840138 203,507 172.0+4 370.5+4.9




29 = ¥ I J=E RVA 3¢S S48 AT + A dutiez ©
FARE2 FY AAR(raw starch) Kt RVA HUU 3384 X (peak pasting viscosity)7} weH,
ALY At &9 N +E& F53 Fodtd, 2334 T oln HE A
¥ o], pastingF B A FEEFT 4T AEAA FHo] A &7 WEe|th
28y RVA 43435, HAg dzxz79 HYasies 2 FE5457] Ag AR B0 ¥
£ Ahtd A3y #F5HJY. H AR S AR YA (compound starch granule)Z2 =7 &
4-8 y1m=z "¢ #Fon, 4 (polygonal) FENE st gtk olEld AEYAE MlFAE U
o] & matrixe] @23 =2 Mol glen, dNA-HAE A(association)S FH E=
sodium bisulfite *|2je]x FFHA] gov], F& 4718 §4NaOD9] HA=A AL @
49 971 7Hestt. olg 22 & HES SA4E 2T W, ALsFV] AYE A #2
2T AR HUIFAET AT A8 Brp 22 42 A HdEo| matrix ZHY & &
WAz AdeA S2HN RVA pastingF QoA AEF &Ko AdHY] ez FHHEY. o
23 238 Hge s B AEFFI] AFHE ALY HEES Bw ol & vjfdd
WA ZE3te], & AE 55 A 4TS F= AL AGHIUGL

) F45F7] Az g A9 g 54 2 vA 7=

AAEF o2 AZE FEdFF7] A &9 AFE olf e T EA G FEFFT
A EE AlmdA Hg 2 Fdian 2o Y3 g s DA Fked, #4557
A e o AE UH9 TY(stress crack) T L Fesigtt FHALEF27] HAgARE JYRY
TP LE 129 AgAAgol &2 8 YH ¢& V|gHE Aold Ydtes Aoz, o
g9 AAAEE RAETF7] AHRXET F25F, APALe] 2+F FrIAY. £ 350°C
A A5 A5, vAS JF FEE Qg W APFoE FyPy Fgo] BEFEYPE fuMe=
Halele AS #E539T FEFE7] AT 5 ABdA FW Fe FaN by e
7t ExH dE AL #FASoH, ol FEF7 Y AF [ JFFoE FH AR &
steo] A HE Aoz FEHHUGY. BT 260°C o9 2=dA AT dF ARdAE &
AAAAA AAHA F2 o FEo] Aoz ZAst= AL FASAt mety 3557
A wel Az FAE(a)7 F7HE BEA 4¥24d= WMgerm) FHY ZWd Tlse

L2 ALREUT



17 3-4-7. Appearances of rice graing: {a} unirealed rice; (b} 200°C, 2 min; (e} 2007, 4 min: (d) 250, 2
min; () 250T, 4 min; (f) 350T, 2 min; (g) 3507, 4 min.

%) d457] AdzAd BE 29 TIA PRFZ
AXNUT AL Aol BA5F7) AAEe) Aol eHperipheral), ] (prismatic) X E%
#)-%-4 Z(central endosperm cel)® THee] @} A



38 3-4-8. Scanning electron micrograph of rice grains, showing the contenis of a peripheral
endosperm cell; (3) untreated rice; (b) 200T, 2 min; (¢) 200T, 4 min; (d} 250C, 2 min; (e} 250T, 4
min: () 350°C, 2 min; and ig) 350T, 4 min.

HAAZE f ARYAE 2o oagsy e fXds Ao2 $FHUT. ngdy #g
T57] Ao A% g =2 BE4 9y 2 &4 TAsA @ ALoE AWEIAt 27
W RE7E7] A mE Alge] HR d4 HE2 dfAEe 7Ee] HA fan, A=
THAfused) & FHE WASE Aoz AFZHYY o T2 AL 9AF] vl§ F
A7t 229 2HAR A&t §-FHT, BHA FHHE ALE YHUY.



1% 3-4-9. Scanning electron micrograph of rice grains, showing the contents of a prismatic endosperm
cell; (a} untreated rice; (b) 2007, 2 min; () 200T, 4 min; (d) 2507, 2 min; (e) 250, 4 min; (f} 3507,
2 min: and {g) 350T, 4 min.

H 2| Wi {peripheral endosperm)} ol#Z W)-F-(prismatic endosperm) F-E& AAHn A
o2 @AF d4, JdeF7] A AEe A= 2o YEud dAMe]d O WiAx
&4o] & ALE AFZHYT. £8 REFF7] AR E A FARTFE WlF WE 2
B fAH X Alolo] Hdo] Hagen, 2 A% vRAE o L= R AL AFIHUTYG
(29 3-4-9(f, g)). Y HALTF7] AR AEAA P EHHR Fol, AEEH
£ HA45A g8 Aoz FHH.



38 3-4-10. Scanning electron micrograph of rice grans, showing the contents of a central
endosperm cell; {a) untreated rice; (b) 200, 2 min: (g} 2007, 4 min: (d) 250, 2 min; (e} 2507, 4
min: {f} 350T, 2 min; and (g) 350T, 4 min.

%9 Al Zlcentral endosperm) #F2 5, e B iR Hf-HES ] AdFFI
A= MEAE FH7F FAEY, HFAE e FEAAY 22E, FEYA BY B
WESA 2+ AL #FHAUY. fA & FHY FF H9A HAEFF] A 8 o
o) 713 AA wA= FEUE YT + A AF WFe FEE TG AR Elcentral
endosperm)®] X & #F=Hlov, AL WlfFH LY Aolgt FA ME A PHH, AL
I 293 (AT 2FYE 42E 5 A0

— 77 —



n) JE5F7] A BT Q=X

#E5%F7] A AEE 94 242014 24 F JE @ 2EE4S AW FAe g9
¥ 9 2t JdrF] AT BE ARG AT YJEREE HAE dE2F-9 Aol
o, 345F7] JYPxAd BFAE YEEZE Fo|aAt. 2T AEEXEE 425-850 1
m>250-425 um>850 um ©]4>150-250 nm] =&, 250-850 um ¥ YA AA %
T1%E T4, 850 nm ©]4e] 15%, 150-250 um HH 7t oF 7%9 2A4& e ALE FA]
Hodth ol Ze fz2TY JREX AL Jd£=Fr] Y ARs Fdsged, =4 ¥
oAt dolatglth 200°C 2% AFHARE AT BE #4537 AR Y=EE 3
3= 850 1m o] ¥ 150-250 1m 9 YR elA TASAT. YEEZY HIE Ak
7t ¥&4E, Aol ZojdFE 80 um oW JEE e TYEY §Fe Fadz
150-250 um = W9 nHE 2AHL FUtetEt ek EHANREE AHeete ¢EdE 3
Ao BAe nAY o, L5427 A B B BT JE Fas 24 wse 42
B3} 2de) B4 TR F8 98902 AL Ao qAHIUY. o|HF AAE 53}
o, FA5F7) AEe 49 BEd 2AE B AFANT) T 4A FAAE A4S FoRE
ZAoZ FAHA oA, olg e EANUSE FAFF7) Ao g AL FE I3}, & 4
Rol flA 29 ¥4 2 AL dude AR Fx 5o 24 7dsE ez AVHI
t}

3¥3-4-11 . Particle size distribution of rice flour.

Sample Percentage of solids remaining after sieving
Temp. (¥) _Time min) R G Gheesein G

200 2 1471+155° 47.06+1,70° 29,33+6,10° 890595
4 10.74+0.77 50.58+0.67° 23,39+3.76° 15.3245.20™

250 2 14.46+1,69° 51.42+0.79° 22.16+1.24 11.96+0.34™

4 5.44+0.56" 48.75+2.28% 25.64+6.84* 20.17+4.00%

350 2 9.90+1.50" 48.45+1.76™ 22.51+4.15° 19.14+0.80%

4 3.84+0.67 40.93+2.26" 30.75:4.25 24.49+2.66

Untreated rice 14.96:0.80° 48.8+0.16~ 29.37+371° 6.97:2.76"

. dfolg =¥t 2o E 3554 EA
1) 484 s

dfots 2Ue FEWY HUPY AAE whoz A% EAWHE 20, 250, 350°Ce
A2 & B9 F4537] AP F 4E W] Axstgrt



2) 43449

7 g4E 35 299 A=*
stz sl AL Erieo A AA) A A3 single screw type extruders Al&3te] ouH|AH S
53t AA"E FHzA ot Az

L) E23584 54 24

ANgg FERFE ALFF7 AP F AEE EHstY 105°C 7SI FZE(AACC
44-15A, 2000)2.2 FA] At §A Y= (buk density)E= FAAFH(AACC 44-19, 20000 ©]
£3le Fado A3tAaYe A== A3A (Minolta JC801, Osaka, Japan)E AH&%9 Hunter
AA wet Wnil), H4n(a), FA=MY #Hoz FAHSAY. FTHETF(total starch
content)¥ <£AZAEZFF(ESS; enzyme susceptible starch content)2 JAEIHAACC
76-13, 2000)9] we} Megazyme kit(Megazyme, Wicklow, Ireland)S o] &3t &A3st 4t} 3
stavdo] ¥R 9 EdA ZAEFE AFTHA(EANLAW 1154, A 1154, 2014)
o wi} BAFAY. #slAye] FRFFA S (WAL water absorption index)$t FEE3A 5
(WSI; water solubility index)®= Anderson 59 W (19699 wheg} 25, 50, 70°CelA &3 3o,
ofgfe] Aoz AEeHct.

WAI (%, db.)= (IAE FH/AEY EE FH) x 100
WSI (%, db)= (A5 ndE FF)/AFEY 18E FH) x 100

o) ## R vAF=E
dalade] FAn REAL A En A (Model SZ-61, Olympus Optical Co. Ltd., Japan)
< Ab&ste FEEA AlFY vA URETFRE AX@YF(Scanning electron microscope,
SNE 3000MB, Sec Co. Ltd.,, Suwon, Korea)S ©]-8&38td ¥5 33 (freezing fracture)st A|EE
FH JHE Hol=o] F-3 3 15 kv ZHEAQ oA #Es o

¥}) RVA 33154
A7 F3EA4L Rapid Visco Analyzer(RVA-3D, Newport Scientific, Australia)& ©|£-8}
o ZA84tE A2+ Udy cyclone £#71(Udy Co., Fort Collins, Colorado, USA)ZE 100
mesh o]3t2 sl Algag e, FAZAL 1FJE Fx 12%(db)9 A5 dg94L 45



B Xol 50°ColA 95°CE 7Fdsdlm, 95°ColA 287 §x F 458 ¥9F 50°CE Wzhsls
RVA cycle2 stfth. N2 F3542 53 AAN2E, HU Z3AE, breakdown FE,
setback = R HF AEE FA39 H7PBIAT

4% (Water uptake) &3

Palrdel FEESS(Water uptake)= Mariotti 59 W (2006)2 WAFste A5
AR 1 g& AL ZFF5Pd 9dAAZAO, 20, 40, 602) £33 F, FAE A48t %7 a1y E
Z%F v =3 A F9 A8 FFS NEL(%, db)E T

~
¥
)
ok

3) 4349 9 29
7 f&¥83 299 E23153 54
HEqF7] ATSEE 2Esto A2 WAy R, F4UE, A, S4HE ¥

F 2 AE ¥EE 489 X 3-4-12 o] EAEAH.

X 3-4-12. Physicochemical properties of puffed rice snack.

Tems.ampl?l‘hne Moiosture Bulk density  Hardness Damaggad *starch Uolog
) (mmin) (9%) (g/ml) (kg) (%) L a b
200 2 6.00£0.23°  0.11:0.02° 0.64+0.06 81.00£0.04°  92.61+0.00" 4.88+0.04° 1860+0.02*
250 2 505£0.10°  0.10x0.01* 0.51+0.04 81.18+0.48°  92.31+0.00° 5.430.02°19.25+0.01"
350 2 2.71+0.28°  0.09+0.01° 0.34+0.03 80.44+0.11°  90.96+0.00P6.11+0.04°20.63+0.02°
Puffing snack

. 6.66+0.11% 0.14+0.03° 0.90+0.07 78.07+0.03*  91.67+0.00° 5.48+0.05° 20.15+0.01°
without superheated

"Damaged starch (%, d.b.)= damaged starch/total starch x 100

Belave] SEFHL FAFF7Y AFYLE F7lel bt FAeAT 350°C, 2% #HEF
7] A B2 A= A2 FS, 7R @E2 271:028% FEIFoR BT i
% 60%9] TEILEF F4AE dEHS. Astade] §AUEE LS5 AL v
sto] g 2y AE AR 7 §49RY T ARE A g%en, 350°C A
A 7HE 2 00920149 EFHEEE UHEUAT. olE ¥ AFAE T FEFLFI] AF=R
¢lste] WPt Adleo]l W3 (degree of expansion)?} tha F7lete AL Fele . A~y
9 AZe #4537 AH2=d HEHste] A FASEY. dE2TFY AZe 200, 250,



300°Ce] #L4%7) Aol wek 0.9+0.07 kgol A 0.6410.06, 051+0.04 2 0.34+0.03 kgo & 2}
zt Zasld, AfdseF7] Al o @Ayl =& 94 EA AFENE JAT ¢ U
v BaAve] EAAEEEFE 200, 250, 350°Ce] HETF7] A=l mzt oF 80-81% HH 9
ZRAXNE YeEdY RE27(78%) Rt i F78te o2 FRHUY. o8 g AAe AL
o] &t&W3 FAHANA UdFE 33 we, A5 AAY 7 AEZSEE AT A
stave] EQARLTFF TS FAA FE7] qELE AaHAT PFg2de] ¥8 M8
2% 49, Fd£F7] AR FAR(L), YD) 2 AAZ(a)E =T FAHSLY
FAeE7) Aol o Asfavel Ax Wie TSR gv Ao 2AE UG Hshay
o TIAW ¥ EAA AWTFLS FZF 034% F 0.01%2A, o= Zo] &« THA AW
9] &t FAMEhY, BEAY AzAAY g% EIAY YW EdA Ao FIESE Qe
Aew ZAEAT

) Agxde] FEFFAS L FREAAS
FE5F7] AALEE Geste] Ax BR2UY FRFFAFWADS 52§45
(WSDE 25, 50, 60°CIA] Aste] Thge) gs Eo FASQ BT SH7T3<
Astel ZAHE FEFFAFE QWA ol A3 2 TS, o B3] I I
Y= gy Txst AR ss Jldut BFay A2 SEFLASE EE 34
= S5, 50, T°0)NA FAE 4L vehRol, gt 2ol diEe Axol W 3

T ARIAA FAE Aoz BEdtgrt. FEEFATYS §4 FAHE FELIANATE T84
4ES F7t AR E Ao G AAAA Y HAR ttdRe] I e AR AEAE
(depolymerization)& &¢lsle AREA AEHI Aot TEEIAXT FHZEHN, & P2
Y ASE FALEES B0, 70°C)7t #8545 FE§AXF7 S78i9len, $71 A

e AT B8 EE SAIE P4 fdF7) AZAEY FEEHATE A=
B} Eston, 4,37 AR £E44F FEEAAFLE SUMEET. FEEHAFE
25, 50, 70°CellA 350°Ce] FEF57|A 8 Astado] HY FAHXE Hero], 70°CAA g
FEAF 51.37+0.04% = 59 2= 2T SHX no) £REIHAAFE o 8% F7)
ek AR GFFEA)7E AAE 48 9ue] JREAHLE 1HT o, FIFFU|AY 4
gteadle] FREHRAF ke FEdE BA A S AREAY AEAF 75
Aoz A=) olf g AFAE F3o & ARL AE5F7] A wet FEA A
A HAE dx=T By AREAY LA Fe &4EAo] §oldtH, o= FEFFIIA
2o o3 AEF} Dd matrixtte] BRH gt AEYAIF 22 R 1ge] EAs =



Aol o 47 =297 AEOE FRHAY. gt AAEZs] AP GRrde FAG &
24 Aeggon dstdd ARAA F A geHm Foid oz dyHw 282 =Y
oty Aow AlREol dfol 2vond AP BHL 2= Aow BHHAY

A

A

33 3-4-11. Water absorption index (WAl and water solubility index (WSI) of
puffed rice snack at various temperature.

¥ 3-4-13. Water absorption index (WAI) and water solubility index (WSI) of puffed rice snack at various
temperature.

Sample WAI WSI
Temp. ('C) Time (min) 25T 50C 70°C 25T 50°C 70T
200 2 580+0.19° 562:001"° 564:005°  39.23:0.04" 44.00:0.73° 4558:0.15°
250 2 573025 567:018" 566:001° 41231092 46.04:075° 47.34+0.36°
350 2 547+001*  527+0.01> 5344003  45.74+0.87° 50.92+1.01° 51.37+0.04°
Puffing snack

. 584+0.13*  576+0.03" 5.81+002° 7.4240.13" 41.87+0,16" 43.62+0.29°
without superheated

}) P32 de] RVA 3354
Pal 2ol RVA S4E 53 AT E 59 o ZIAEY. F3 299 RVA 33515
A& FAT 47, RE A&+v RVA S3AY =74 Ax7r 533 F718a o] F 4% 3¢
2

a0 dAY it fAHE F4S BT o)EE A q3d 2ol fEEY dF



o FEAL AAAA 5y qEes S4ALWF FAAFGE YAHHY. 30°C I
9457 AGstd Az FH2vGe] ¢, G8 A8} Hwste Re 2/FER Ve
F2457) Ade] A8 TRl S1F onl, AR 4] FEPHARAN 1 2A
dojui Aoz Bedy

200 1 100
4 80
41 B0
1 70
1 60
50
1 40
1 30
4 20 ——— 3507, 2min
4 10

3

e
o
=

160
140
120
100
80
60
40
20

e PUFfiNE snack without
superheated
— 200 T, 2min

Temp. (°C)

— 25071, 2min

Viscosity (RVA unit

Time {min)

24 3-4-12 RVA profiles of puffed rice snack.

2} FERTEE

A 2ge] LEFTEES &M AAF olde 294 AR, dgtade] FRELS
% ®(water absorption capacity}®& FE4371Md g} FrERed, NDLES B4R
FRFLFL VAR FHET AHAYY SEFF FAE RE BAARAM 2] 10
Z AAAA FE8 SEFTIE 49 ¥ g9 FoMe Aoz yshkelh Ad SEES
FTEHE 7 B0CTHE dfve] By, o3 10 F SETFE oF 00%AX FI8A o
27 b o 24 BE& SRFEEL JHING. BHAWY SRFS 5T GBHY PR
T 7|88E AL A, Fie] RAF A4 28 7 Fpore) A2 #HEH F5E7] 9
ooy, T8 Pl FEFF TAL 71T 27 OE BARHL a2 Qs &
£ 71322 7AY AFAqY FEFF FHo| 2 71FY gAY W E AoE @8 A
A, Az F 49 £ s Fr]12 44 EAAE BAL Fhels AZXNEd§ AASE
FA® 8907 e AABMG 98o] AfolE AuAFIR AguAHclM Wi da W
£ 2317 F@solol Bl welM sgins] Nelfe] A AMAUL Fp LHFL 2

o 1 al i o 1= 2= o2 A
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193 3-4-13. Waler uptake of puffed rice snack.

uh) AsAge o9

AAGNRE A48 B3¢ AR2YY 98 % A4E L9 294 TG B
249 Y& AW E3}, EE ARAY AuE HAF 378 Yol A8 1 ARE
Aol AvY Aoz FAHYY E¢ TE YSAY A=k B o hEY F2E 4
Bhigio, 849 71Fe ZAE A" ol Aolagnh dzTe B, F% L & =279
71Be) BgaA BERE oz AFANLH, HA5F7) Azd G G20 FAPE
7179 A7l gagH, 127 ud 2@ EXS Ao 2 B, B0CAF Askade
1% 2e 2719 71 FE YABeer, $49 7 F 2= e AE 50 7Y Ao @
250 30T #4557)E Axg GFade, RAES 2¢ F2¢ A9, HaAd @
A Y= REAA W6 Yehtod, o= BTN Hd5Fs] MNAE 49 XUAE F
BAge) AR o] W(germ) £ BWo] §F RoE FAHY, FEAAIA AAsE
A& depolymerizations] 9|8 W82 2R Mgl B Gelo] Aag Aoz AR
9t}



a8 3-4-14. Appearance of puffed rice snack: (a) puffing snack without superheated: (b) 200°C for 2
mim; {c) 250°C for 2 min; and (g) 350C for 2 min.

o) PE2Ye AR HATE
AAYNA LR BET Giads] JRPRE ofds] add ARG AAEHA BE2
3 wE BFAY Afe e 7T ) AW HFAY dF 723 dehigled, A
BUAE #8, 2456 7F i cell waldg FAHAT 2 FEH WITFEE T4

= 717 2719 713 99 FAE FQ4E0) APARS dRT 2o FeoJ) = A% F
J8I. 00T BT A Asade BE, 7T Tle d2TH AL,
F0T Mzl MHAGe Y27 B FE 2709 7)Fe] A3 vmA FAsA E¥HE 2
& SAsn =8 DHade ST WA FE5EY) Add B AR BaaEd A
A A Image andlyzers 24F B=de 71T 4 FAE 557 AGLEs 27
gol mheh 422621947 um (AEFINA FA 1410:570 um GEOT, 28)2 Lassich te
A HAazy] Asel AZY WRAUL YZT By A5Y B4 AHH, o BEHAY
9 Ax2A AYARAE JA G

_80_



a4 34-15. Scanning electron micrograph of puffed rice snack: (2) puffing snack without
superheated; (b} 200°C; {c) 250C; and (d) 350%.

Hd5F7] M2 A= 2¥e dfd F4L AEYA #£384 Ale| o matrix 422 A
934 249 e©Mdo] #dF7 AYE AYe] FE Ao, s HAHgM 22 A
G4 43 &4 §84¥Y, 2 3} A% A &§ 238 ALEA S Rfim) PH=
BgEe] 71F Wg FAE7| WELE JAFHAY. Hfoks Mol o vy A Aa
HEEL JHAv, o8 ngstr] HafA ¢y BAG ¥4 A ¥ g4 G& % WS
717 944 EHA £ = AEFAHde] a7t g AF,Fr] A & &R FH
o2 AEP FHHE WoAHL A7] FHolE ALV SFHE EAC FHEIAE F
B3 EAL e o s i
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¥ 3-4-14. Air cell wall thickness of puffed rice snack.

Sample . :
Temn. (T Time (cn) Thickness of air cell wall (mm)
200 2 25.57+8.91°
250 2 19.85+7.21%*°
350 2 14.10+5.70°
Puffing snack without superheated 42.26+19.47°

o Gfol W32 T4 54

FL,F7) AHTE FH2RLE T £ AEFFLE dste AFRHAY T 4A &34
o2 AR AT, 238 EY old oz AlRHC, d#ol 2YoEZA A3
BAS #t Ae=E AdH3H AFRR T A2 7 Ae Z7E g4A AAE 542 97
ool AAEEL AAse T4 8der, o AAEAHE st Ffrobd 2YAETLS
AZRGoNA F Ao mE FE7F APHo ok Frh mEtM RAeT7] AZstd A= 4
g2Ye 2 FEEFT YR 8y dRotEd AFEAG R 4% Fe AL
E Asdd. Ficte AU 28 nsE AUy AZEES 7HAH, o8 Heshr] HEA
Aty 24 A AF F GIEA @2 34 498 A 4A XE 5+ e AES
o] &7EH. wetMd RdF7] AE F GEW3} FAHLE AT FfHobE Ay A7
Frots B2 87HE E4d Fiete A9 242 2= Ao=E daHUT

]:.1



6. 33H 7= JAH 9 F29s 2 ASEAH HI

1) 434 =

299 A zd AHEE WnE SHSE AMEste] 1A 33t A€ 9n F 289 £271 200,
250 €51 350CoNA 287 NE® AREE HFsdct 23] H3o) AL wWre 53
2732 334 2

¥ 3-4-15. AstAuo SHS S35 xa

No. Heater () Steam (T) Time {min)
SC —~ _ ,
S1 100 200 2
S2 100 250 2
S3 150 350 2
2) A3y

SHSIA 121 £88 ¥ue 29 AZ2E AT A7) FAAAZ, (F)gs, 731) F45
of AgHZew, AR FYL A&, FUHE WFl= 23 FE THNEAM E449 F
BEEHA 2doz AzHAG,

3) 43 2 &

7ty =271 93

o] MAE 274 299 AP )¢ FFE A= AR EAHA At 948 ¥
W& E3A7)A] & AS 299 AV Hd 14%15 mm FE9 FHolu, 59 HA g
7l & =AM JAAETF 299 277t F718ko S39 A4 16%20 mm FELE FHH
Atk 299 A gEo] o 2 mm 1% d Wty FEo] F 4 mm TS FEOA
2530z F/EtE Aoz EFHUCH, o) AT FAY GEV|ENE AFH YeoE
FAANA &7 Doz o] folar] &g Ao: AledEY

E 3-4-16. SHS Z#o| g Adel 37| Hal

Sample Length {(mm) Diameter (mm)
SC 15.08+1.06 13.90+0.39
51 17.35+291 13.79+2.26
52 19.27+0.40 14.81+2.12

S3 19.88+0.87 16.09+0.60
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77.{(:_' - o cll B - |
38 3-4-16. SHS =¢ol mfE AsjAd e 37| H|d; SC: =2, Sti:
steam 200T, S2: 250T, S3: 30T. &AL 0.5%x0.5 mm

33 =279 M AV AVE H2E AF: e 2o 989 53 A HA &L
Ado AL w3 din F&9 nlgo] ¢F 93% FFELE HEEH FYd J7te-y, dsH g T
B AANFIL B 299 AL @Z9 ugo] FZH9 80% FEOE HYEY /A U A
Z HolAE Aoz FAHIYY. 2] FeF 9F5Hez i, 299 Ry F FHY 44,
d5e AXNIYES 3 F& 2] AL of 23 mPoz EAHGo durve] 55 2x7}
Z7hgel njel 2ve RyE 40 m’e® FUste AE LE7F 100TAA 350TE F7El
mal 2de] BiE LE7 1T 4 F5ee] me Ade B3E 022% (001 m) 4 F713
T Aoz BE4EHUY

(A) (B)

T 3 T
# 1 T
i w ‘ 15 T
: I “ I
- 03
St pie

78 3-4-17. SHS Helol elg Astauel 37] Wl (A) HA(H%) thy| Lol(m=) u|g,
(B) A4l 53

i



E 3-4-17. SHS ZHo| IE Auel WL va

Sample Volume (m®) Weight {g) Density (g/m?)
SC 2.3040.29 0.26x0.02 0.12+0.01
51 2.731£1.30 0.3110.04 0.13z0.05
52 3.38+1.02 0.31+0.04 0.10=0.02
83 4051048 0.29+0.05 0.07+£0.00
934 7= A3

23 =74 o AFAYY Fx4 542 HRF s 4doF A, 23 257 S
Tl mEl Al QA= A7) ARAs FAC YA BHY JFR FoMElE Aoz #F
Holen, Azt @S Adstn WiRY tFyd 7x2E @2 23, 332 A g2 d=
TROS A+ 23 A7t 4L 71822 TAE O, 38 2571 S mE 299
78L& 27171 FotAa, 718 A7t T8t 24 fF 7R 2F0] YAPH= A=
#FH A

E 3-4-18. SHS EHOII m2 AsjAdg E} i )

X ..T' o 3

oy Wl K2 5L

ID

) &3 54

Haade FFd &3 £28 24 47 388 A €2 SC 292 ¢ 66/ FH
€ 9 53 2%t Gl wel Alzke] dEHol, 839 AL oF B2 old] ZE 23]
EE Aoz BN



E3410 o3 Weof me gajadol 7o 4 SHSE

Sample Melting rate (Sec)”
5C 65.00+12.81
81 34.33:1.63
52 33.00:4.53
s3 26.60+5.41

"time (Sec.) /1 Particls

25 BE 2o §& =8 Wm3r] H3td 5, 20 2E I HTH FATAR 29
A Zte] & WEg 245 B3 L7 Ao} 5TAA 479 AlRE 25 o 168 A4 +
2 R AP0 YHE e AeE FFHGow, 25 AL e du|@ FFHA]
&d AR 3% BT & A= ALE AREHUCG

Pl g 0 b v )

Temperature [T}

JH 3-4-18. 279 250 ME A4 B4 ML
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¥ 3H-20. B3Ad9 5HS K xHq O &4 &I BT)
Time (min) SC

33

 of

feodP Voo,

Lo

L

N

P

" Sef. m
Al

200 Hs A H# g FHFF A5 532 28 o Zof WHe 42 g, #AAe
= 54 @& Avg F4 blio] A E Yea FFstc ALE AAHYUY, A8 /=
AET £33 L£E7 W@ 7E AE A G Aert Fviehe FLE A%, 2F
7t F7Hgd wiE AdAd] 5 Ate] @R, A ELe Ao E RrHY, T =4
A9 BTAAE 8 ALDE 34 €& dEFs) A4dE 48 ojd) AHA FAHE 3
o2 gAH/UT.

_B?_



E 3-4-21. WA g 5HS Mo xdHo ¢ EN L& (AT)

Time
{min}

sC 51 52 53

Time (min)

SC

0

_BB_



B 4 54

Wrle] sz WE AEl #5449 Fd SEE M2 Ao vEst Ao e %
B AAT g0l A=zl 9S04 4%, =39 dastz, Yty 5+ A4 A =3
ol 28 Fx, a5 ZL HA7 Y] T2 @ojA= FAoE EMH[NY. o FAE
2 Wrle T £EY G whe} 2=o] upAsta FEEAAN, A o] FrhE
Avrdql 7xxr AdEs ALz vEEg. WEs 2de] Faerl Fibde wE 294
#AAEo] Fr7hEa, 9% #2UE Z1Fe] FNWEA, A 29 fRd g JEeE
23y gidte ez FHEUA

Xi7s ol
=8I LR

d# 3419 2ojxAo] ME 249 5 FH um



E 3-4-23 #3jAde B55M uR
e K 237 % @
A% A7} Ay |- Bdo] Wndy I EEECE e
mous gob nA |+ FAw wed 2AR | gel g n#E e A3
@ o] Ak o] giut, ) =
sc « BE AR A 2] ge gL
z# o] A, tebd .
*EE Al x40 ¢
i B AR O
Jotel Ao BIAE |- B &= U] AL A ol me . ogel £3 Azo
e g3 drol A |« A7t O At CAXA gEG, | Y, vaF fude
A4 ke, « ZomA AR 2Azte] |- g o] =4 | FHE FAs 3
At ] A, o,
s e L A gzTEag 4z =
s1 71 LAlo] weth o] eFETAL
.+ Bl WEsY, RO HEAo T @A
WA AL, Y,
« A7t gz vt =
= AR,
.« gAI momy Az
Z3te] 2.9 wEth
Fo] Tt - wHo| wWnH, go] A =A . ant & 9_A4
» AdtHezm " wiashg, | AA wm, we | oz, 9ge] =T &
FomA =Ae A | we Wy =y | FERE (A5
52 ZAge] xn, A3 = 3 Fike] ozt =g 4
Aol =2 we=n o uehts] AFa
. gl mEAE =70 gk,
9.
o] W$ maST |+ 2719 F@e muletA |- oo wte] [+ D& AEEel H¥
Ad =AY Mmy A gl
.« H$ Regs wiabe) HeE  UEygle
S3 . aEy geeA 4 W, =gd g e
N i £ Rio] AsAn
. Yool A =] A
g, #UsHA =




HEAYL o] 8% YHol e HAZA A FEA2u9 F

A3 FAF7|AE EAMNA AFE I mE, FAol AFFHA F-
Hete EAS AW dEdE 2499 HF FHZAELE WA HAEA Y (Surface Response
Method)& AMgste] £ALSHT Ffotd GEHsade BEAARES FFol AXEAH
74 AA-E AR e Aoz ZAME A X(hardness), FEE&5 E(water uptake), 232
T (bulk density), 3t 7}'Ax(deformability after hydration) ¥ 713 29 F#(thickness of
air cell wal)E A FEAAZ ztzh MAsta dvle] EF L, FEF7] AT £ 2= 7
£ AREAAY ¥stE ZA{AE Gfroks &2 Az FFH AXTH(FHEFVIAY
Zzz7) 2 HZF Fo AN EL 3-level-3-factor AT A F< Box-Behnken design(BBD,
Beknken %, 1960)& AM8-3 WS EHEHE o 5.

7. Av] £ & 9 AAFV] Agzde gE &2 o|3sH 54

1) 434 =

GEdstad ] Azde ARHE dvHuGLAz st F5)9 drE Arie FAAAY
gl s FUst] ARE ALE-SIAH.

rr

2) 4319

7y 4 E71A =
A g9 AdFrIAFHE #4457 TAFAA(QF-5100CB-L-24H, Naomoto Corp., Osaka,
Japam)E AME3IAY. A AR @v el AVAEE Z+2} 200, 250, 300CS] HLF7| 2=
A 120, 180 B 24017t 714X 28

) g&Ast2ve A=
dEHrde g&(F)A ZAA A FsE JdS94E7](single screw extruder, Dason Food
Co., Bucheon, Korea)& AtE-3t3th 4&AFA2YL 3T o 2 kg A8EE H&E7)¢d FYst
o #B(barrel) WREAA £ F n&ugoz 353, &850 ESTF(die)dlA Fitste 4
oz Azgen, tE7] +4L A8 hEV] AFLAY Gud el mEt AdsEoh @y



EFARE A EYUL vt Qs g EF F dEAH] Azsgov, Yz
TEE dunuEe AZ2E FEAssY ARE ASsac

) A% 33
Ad=FP3~ Y A 72 HEE Texture analyzer{Rheometer; Compac—100, Sun Scientific Co.}
2 Algsle] 33 9 A¥Ee 2gsgth. 2H2A0FTE AA 4 cm® probeE A5
o] FAE 10 mm, °]F%% 1 mm/secE 35t

i

) SR 4
FE W2y F4He Marriotti et al. (2006)9] H'8€ WHste], AR o 10 g& 2
29 FRFANN QAN £3 F Al A4 F=@ BE FRS AAR B TAE F33

LA A AR 2% Ou £33 F FAZ WEeE wAsan.

M
b

M JN

T
s oy
A
T

lo

B
N

8,

n}) 4231719 4 ; Deformability after hydration
FH7PAL GEAF2Y AR 1018 A2 FHs7E 270 "eolAd 23 ¢43] F
Fo F7 AEHE ste] AR dRAFHIL E4EHA FoA Y L8HE ATHE F
7het s

nh) Hx
Ao MxE MAA(Minolta JC801, Osaka, Japan)Z AM&3}9] Hunter A A W 3%
(L), AN E(a), FA=(h)eo] goz A4

A £4dx
&P EALE(bulk density)= FAABH(AACC 44-19, 2000022 T3t om,
FEFFS 105°C FY7HEA=H(AACC 4-15A, 20000 AHS38te] A3t

o) 8|3t 9 mAFx
AP AY QAEAL AV H(Model SZ-61, Olympus Optical Co. Ltd, Japan)<
A3t @EE g e, R vHATFERE FAAE7 A (Scanning electron microscope, SNE
3000MB, Sec Co. Ltd., Suwon, Korea)s ©] €39 d% 3H(freezing fracture)d A58 &
W FHE HolZo] K3 & 15 kv 7HE5AYGAlA S2Eu.



) SAEH

EXAAE 33 9HE SRS P IFHUAAE FAGIF LY, AIA R Foates B4
EA(ANOVA)H Duncan? multiple range testZ 7234} (p<0.05). EAEAL SPSS %7
E 2 I3W(SPSS Statistics 21, IBM, Armonk, NY, USA)S AM&38te 33t MR HEY

€ Design-Expert 9.01 X = 71#(Stat-Ease Inc., Minneapolis, MN, USA)& ¢]&3la] A3
A

3) 434 9 E9
7h) fE9s2d N g9 ZHEFSH SA4Es
#LdF7IAEd =0T A AH S Gste] A2 SR FEFY, SILE,

AE SgARS} NE 24438 gee T 27 TASAT

I 3-4-24. Cell wall thickness of extruded rice snack.

Sample
Brown Rice . ‘Water content Hardness Bulk density
Replacement SHS( g ;:mp. S,Eif?::;;g (%) (kg/axf) (g/ml)
ratio (%)
200 180 1.54+0.05™ 4.42+0.28° 0.12+0.01°
q 250 120 1.95+0.17* 4.47+0.36° 0.12+0.00°
250 240 1.92+0.20® 3.21+0.41° 0.10+0.00%
300 180 1.48+0.46° 3.11+0.37° 0.10+0.01°
200 120 2.69+0.03° 4.66+0.47° 0.12+0.00%
200 240 1.82+0.49° 3.98+0.30° 0.11+0.01°
15 250 180 2.07+0.46™ 3.0420.30° 0.11+0.01™
300 120 2.12+0.43%° 3.18+0.49° 0.10+0.00%
300 240 2.02+0.30° 3.07+0.39° 0.08+0.00°
200 180 2.07+046™ 3.41+0.22° 0.09+0.00°
- 250 120 2.63+0.23° 3.35+0.29 0.09+0,00%
250 240 1.77+0.27 3.08+0.22° 0.08£0.00°
300 180 1.95+0.11™ 3.97+0.28" 0.09+0.00°

@EAstaY AR FETFE FDFY) AR} AT wE} i FEE e
21}, A B 7H FAE QT B ZE X B 3% olste] WL £F FFo2 HatAg
B 29AE SR Ahe dEgith ARY FEe #4357 2R AL G e
gt £ v INRRE AF A8 AEFIT 4 2, Y fAH L0 BEFE
BEE Zadgh mEA BdFr|Ade dule] A R4 #AAGo) gEPsad JEF
A= AE AT dEHgae FALNEE FdFY] =9 Ado| w74
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AH& 30%04 &AL ETE 7 WA 2AME o] Hul diAel o Hsty Frprt SAHA
FE@stade] EHATe] FAHG A3 AFEY HAR(L), A4 (a) L FA=D)ANA Hd
27 AAEs} dvl g gl J& AR T FolAe FAHPoY, Ax L wAE &
BA LY Aol7t mlH| e Ktd] g M ol YE Ao vEhgTh

I 3-4-25. Color of extruded rice snack.

Sample Color
Brown Rice SHS Temp. SHS Time L a b
Replacement ratio (%4) () (sec)
200 180 45.38+0.00* 3.51+0.00* 6.88+0.03°
" 250 120 45.36=0.02" 2.760.07" 6.82+0.03°
250 240 46.05£0.02° 3.450.08" 9.07+0.03°
300 180 46.64+0.007 2.99+0.04° 8.99+0.047
200 120 44.56+0.01° 3.30+0.04° 6.37+0.05°
200 240 46.71+0.00° 3.19+0.04° 8.45+0.00°
15 250 180 44.71+0.00° 3.06+0.00° 8.09+0.07%
300 120 47.03+0.00" 2.760.07" 8.650.06"
300 240 4578+0.03 2.82+0.13 8.35+0.05'
200 180 46.3120.00° 2.99+0.00% 8.70+0.02"
5 250 120 47.09+0.01F 2.05+0.04" 9.89+0.02
250 240 47.28+0.00" 2.37+0,00° 9.51+0.00*
300 180 46.26+0.00™ 3.06:0.04° 9.25:0.00"

W) gEdstade) $EFFE L FoiiuA
FEAade) FEFFEG 55 e okl AAEHY BAs Fad oS
gt ATl MASH Ghokd] A%, 4 SABL QAN AL BY FFEA A
495 7 H9 AE 93] A Ao B WA FEave] FREFE L 55 7

6
¥4 24 5 Ghot AZEAY APIRE BUT + AL A0E ABET. G295
299 FEFFESG NG 2AERE oo Fo TARY,



I 3-4-26. Color of extruded rice snack.

Sample Water uptake (96)
l_E{Srowrn Rice SHS Temp. SHS Time Deformability
eplacement C) ) 20 sec 40 sec {sec)
ratio (%)
200 180 283.3+11.407 354.1+12.54° 83+14T
0 250 120 981.8+11.82° 356.0+27 73 79+5.7
250 240 356.4+15.91 436.6+37.75°% 50+1.4%
300 180 363.910.34 457.9+9.05° 45+35°
200 120 264.2+24.49* 316.5+8.843 93+2.1°
200 240 314.7+5.07° 370.8+19.97™ 70+2.8°
15 250 180 374.3+15.99¢ 428 8+13.39°% 60+1.6°
300 120 357.2+16.77 450.3+29.96™ 55+35%
300 240 365.9+16.57° 385.3+12.83° 51+5.7%
200 180 338.6+20.36™ 401.5+20.17* 90+2.1%*
20 250 120 346.2+3.25° 405.8+6.61™ 684,28
250 240 367.6+20.12° 431.1+4.55™ 55+1.4%
300 180 355.1+6.85° 441.3+1993* 50+4.2¢

2e ARE vR e, 74 Age £7] FEFFHE WL fste] 2023t SRS o] F
Ad) FEFTF LS 3] 02T $38= FHo2 488 A3gh 4 A8 27]
TEETEES Aq pEErde FAIV|AE 20 F2pE, 719 Agte] ApE S}
Stk m=g @] A &) 22TE FEFTSEY FEFFFL SIS AR A

o ool 22 e Avl 999 FAHAEL HolHFdd A% FEFFTH TV WELE 4%
HAow, AR Y vATZE, § 71F 27 9 UF 53 22 P25 97 %=
283t 25 AR EH QY. 43718 (Deformability after hydration)2 3 Ao w2} gk&
Batxdo] Eo g8 A EHn FoAE ARE FHNHLE AT golrh. ¢=Asx
Y A B9 3 /M4 323, FdF57] A2Er 24 F E9 MG AF-E A8
¢ B3 E=r &4 F2 Az Wd dojue AL AN G. a8 Y AR £IIIHAS
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3to, IHEF7 A gEHsANE A5Gy F B 4o w2 T3 Lo Ffok
AZEA Bt EAS 2t S QAT
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38 3-4-20. Appearance of extruded rice snack

fa)" O/2004180, (b) Qv2S0/120, (e) OVE50/240, (d) QR00/180 () 152004120, () 15/200/240, (g} 15/250/180, (h) 152007120,
fi) 15/300/240 (3) 30/200/180 (k) 30/250/120, (D 30/250/240, (m) 30/300/18D,
"Each numbers represent the brown rice replacement ratiof%8y Temp. (°C)/Heating Time{s).

HEAs2ve i 3 NF PEHE GG B LR FRY A, AEE AR 279§
HE vehlsien, P Aol dvsiy Age f3UdE FHAASG dAGHT. AE W
o g4 72 #5494, FAH 7 F(ar cel) 27| 7|F EX s H4F37] AH2a4 ¥
o dAld] we el AW A w2 ALFIISEQ00TA AHdE A 4-¢, AE
Foe= vay & A7]9 7l¥e] BAHALH FEE T8 gyt @ FId5AE &
=g AF7H o gEBsAY R Z4EHE 7199 27T d4Eien 2dE &
TE YT v diAH R Frlol o 7o HEE gz AAHPL A, FE
HA 2o FUHF oY, o]z REF7|A Y AT Hl(germ) F-F ¥ e v ¥
94 nt& 432 4.

#) & PHade qA QRLTE
AR A BAF FEAHAYY Y3 0 ATEE UEe 2ol BAFAT.



38 3-4-21. Scanning electron micrographs of extraded rice snack: ()« O/200¢180, (b) Q/2904120, {c)
/250/240, {d) 0/300/180 {e) 152004120, () 15/200/240, (g} 15/250/180, ) 1543004120, (i 15/300/240 ()
30/200/180 (k} A¥250/120, {0 30/250/240, (m) 30300180., Numbers represent the brown rice replacement
ratio{%)Temp.{"C)/Heating Time(s). Lefi: inside microstructure of extruded rice snack, RAight Magnified air
cell wal.
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FEAsAYY YFe B 7 Fair celo] Y B3 TEREA, 4 JFL 4ERET
AoA &§, 239 AR 71F H(air cell wal)S FAsET GEAslAy Yo FAY
717 A7Ne ADEEr] HHLxe Azkel Flo] upel AIgovy] uwE nEA BY

< FAstdrh g=Hgsa AR 7 dEAe Azdd we H4 9 11.96m
AN A 2267m= dgFd AoxE FAHAHJNE 17). ¢ Ls 7|5 He FAE FEF7]

E2ETE A48t A%E Yoy @n AN &d o2 ZAelE yEhiA gst
o oolg 2L A HEZ7Y vt &4, E AR §§, 537l 8ol HAA
M AR matrix7t G HAE 71 wet 44 HAs] HEQ e dddy. F, JAE
PAF Ewe] AHAEA A& wlF dNE matrixet AELA e AFH o] A5 A
of ute} ofsix|o], ALAYAZ Y& HA] e 1Y 2 AL s 44 z3, &
FH T FAo] A, I A B A g Hfilm)e FHE HA BFH7) fEe= F
BEY. B FEHsAve] AREY APE E3o FAF AEF7] HYLE Tt w2
GdEHsade] A F4E FAHE 71T 99 FAY 2HE AFAHS Ul Ae=EA,
Mellowes(1991) 52 4&EAHFE WF9 71§ HFA7 248 F=e 43S deda

Hasgt)

i 3-4-27. Cell wall thickness of extruded rice snack.

Sample
Brown 1;.'1:; Replacement SHS Temp. (T) SHS Time (sec) Air Cell Wall Thickness (ym)

o (%)

0 200 180 19.65+2.48°%
0 250 120 20.99+3.18"
0 250 240 16.39+2.47¢
0 300 180 11.96+2.40°
15 200 120 23.67+2.81°
15 200 240 19.97+2.58%
15 250 180 17.63+3.11*
15 300 120 14.71+4,03°
15 300 240 15.79+2.84%
30 200 180 19.45+3.37%
30 250 120 16.83+2.30¢
30 250 240 14.97+3.09°
30 300 180 16.27+3.21%

Frobg A2 Ffrote] mad AFeHEE st R 23RN g4 A A g
7HEA €2 SEE JHAE 2 delA el o8 fA X2 &IE = e =4l 8
TEo. A7) A¥924#E Fotd fEAsAdl] AxHAHN HAEFI)|AHE FHobE A
o 483 243 Foste= Aor HF HUHULH, ojd w Fwold &I 2vE
Azxs7] A7 H9 Tz F9 42 1A




. 4ols =299 3 A=A B4

1) XA e AF4A

Aot dE22de HAY IFZRA FHL 3-level-3-factor AP AFS Box-Behnken
design(BBD, Box and Beknken, 1960)2 A}-&-3= wHERHEAHE o] &3t HAA gAY =
HawsEe dv EFHE(X, 0-30%), #8357 =Xz 200-300C), #FE8F7] A=A
7HXs, 120-240 %)8] 3 7HE HAs, & aQ¥9 AHE5FEd wdd -1, 0, 19 3 DA
2 Fogstn FEA9 2 33 vHE JdHSUTHE 3-4-28). o] ¥ dFE L FHHES
2 Edstade A, FESTE, £A9E, 735 /1A 2 71E 99 FAE SANH.

I 3-4-28. Box-Behnken design for optimization of brown rice replacement ratio and superheated steam
treatment condition.

Order Brown Rice Replacement SHS Temp. SHS Heating Time
%) () (sec)
1 0(-1) 200(-1) 180(0)
2 0(-1) 250(0) 120(-1)
3 0(-1) 250(0) 240(1)
4 0(-1) 300(1) 180(0)
5 15(0) 200(-1) 120(-1)
6 15(0) 200(-1) 240(1)
7 15(0) 250(0) 180(0)
3 15(0) 250(0) 180(0)
9 15(0) 250(0) 180(0)
10 15(0) 300(1) 120(-1)
11 15(0) 300(1) 240(1)
12 30(1) 200(-1) 180(0)
13 30(1) 250(0) 120(-1)
14 30(1) 250(0) 240(1)
15 30(1) 300(1) 180(0)

HEEHEA LS FHES X% X9 @ S5 YAE, sEFTE, §44E, 3714
4 R 71F ¥ FA)T o9 24 FAFALE YEUNY.
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WY % V1T 99 Fo)el weEd 2% AANLNL TaE, AL BT BARA
(ANOVA)E AA3te) FE4E AFSA #9837 2%, A=A 2 av g e o
7 F2use) 23 IARLYY BAEY D, ARG FEFFES AYsHT wdyo]
FEFA Ge Ao =AFR,
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7h 4449 =
ANOVAEH A9ZA7, §Hdxd Bt 23 3 Fmodeld] p valuer 0.05 o144 ¥ ofY
g 2dA9 lack of fito] 0050|422 ZAHYUY. £ 23 37 modeld] 9 AAALRI=
068022 FolHo] FaA o] drtn Bdatyth

¥ 3-4-29. Analysis of variance for the predicted response surface quadratic model for bulk density of
extruded rice snack.

Source Sum of Squares DF Mean Square F Value p—value
Model 0.0025 9 0.0003 4.2991 0.061412
X1 0.0010 1 0.0010 155769 0.010886
Xz 0.0006 1 0.0006 9.4231 0.027793
X3 0.0001 1 0.0001 0.7692 0.420581
X1X2 0.0001 1 0.0001 1.5385 0.269875
Xi1Xs 0.0002 1 0.0002 3.4615 0.121889
XaX3 0.0002 1 0.0002 34615 0.121889
X1Xa 0.0002 1 0.0002 3.1953 0.13389
X2X3 0.0000 1 0.0000 0.3560 0.577225
XX 0.0001 1 0.0001 1.4201 0.286858
Residual 0.0003 5 0.0001
Lack of Fit 0.0001 3 0.0000 0.4167 0.761472
Pure Error 0.0002 2 0.0001
Corrected Total 0.0028 14

) 35719 A ; Deformability after hydration
FE7 Ao oid ANOVAEA] AF(E 20), 23 3# model?] 9] p valuet 005 ©]&=
BdNo| frastgoy, HEHSs X(d8r EFE)R X(FEF7] AHAZNY pvalues
0.05 ol4o=z Yetst. o ¢&Wst2Ye FIrIHA FFE Fo adHFEE X
4357 Lx)nte] FESEZE a917te] AFAAE YEljs ojxA Ruhs A} 39344
of AFsirii ddatrh
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# 3-4-30. Analysis of variance for the predicted response surface quadratic model for deformability of
extruded rice snack after hydration.

Source Sum of Squares DF Mean Square F Value p—value

Model (RZ: 0.727) 2941.608 9 326.845 5.137 0.043129

X1 4.500 1 4500 0.071 0.800899

Xz 2278.125 1 2278.125 36.806 0.001859

Xs 12.500 1 12.500 0.196 0.676112

XXz 0.250 1 0.250 0.004 0.952447

XX 441,000 1 441.000 6.931 0.046381

XaX3 90.250 1 90.250 1.418 0.287107

XiXa 6.981 1 6981 0.110 0.753898

XoX3 106,673 1 106.673 1.677 0.251944

X3X3 9.750 1 9.750 0.153 0.711583
Residual 318125 5 63.625

Lack of Fit 316,125 3 105.375 105.375 0.009415
Pure Error 2.000 2 1.000

Corrected Total 3255.733 14

) 71 9 FA
gEAsad Yie 71F 8 FAY dE 3 modeld o] E4E24(ANOVA) 23, model
2} o] pvalue 0.05¢]4 8= o] o] FEFA F2 FHAoF YEWY, E3 SHHES Xu(F
d57] +2)E AT Xu(Fr EFHI RS X(FEF7] AAE EF p-valueZt 0.05 9
do2 3F modeldl Al FA3HA Fgkew 8RI3H9 X F G (interaction)S flv AL =A}
HA

# 3-4-31. Analysis of variance for the predicted response surface quadratic model for deformability of
extruded rice snack after hydration.

Source Sum of Squares DF Mean Square F Value p-value

Model (R*= 0.686) 103.030 9 11.448 4.392 0.058895

X1 0.270 1 0.270 0.104 0.760528

Xz 72.060 1 72.060 27.649 0.003304

X3 15,792 1 15.792 6.050 0.057118

XiX 5.085 1 5.085 1.951 0.221302

X1X3 1.877 1 1.877 0.720 0.434823

XaX3 1.716 1 1.716 0.658 0.453984

XiX1 3.162 1 3.162 1.213 0.320862

XoX3 0.360 1 0.365 0.140 0.723435

X3X3 2.230 1 2.230 0.855 0.397447
Residual 13.031 5 2.606

Lack of Fit 12,734 3 4245 28.558 0.034022
Pure Error 0.297 2 0.149

Corrected Total 116.061 14

%) gEAg2vY F=
F4Z7)e) A2 Y] EPHRo] FEAR2YY FRo] WAE GG} F 2AE
FEAES VSFALNL F3 BY5L, Ghot FE2YY FEE 2% 4 Y Y =
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gae gt A ZAe] ANOVAEA A3 o)zt A4 AAAF(RY Fhol 0.9582
2 model?] el dig FejAde] AAFHAT.

I 3-4-32. Analysis of variance for the fitted quadratic model for hardness of extruded rice snack.

C.V. 2 . 2 . 2 Adeq.
Std. Dev. Mean (%) PRESS R Adjusted R Predicted R PSR
0.200 3.487 5.732 3.184 0.958 0.883 0.336 9.814

dEREAYe Frd ¥ 24 HAEDA Y p-values 005 o3t2 SHWES E Fx
9 ¥EE Ul Rd42 AFE AR FAHUTHE 3-4-32). 4E982Y Frd of
3 HF 221 3 AmodelA] 2 ot ¢} &t

Yi(hardness) = 3.033 - 0.26X1 - 0.48Xs - 0.29Xs + 0.29X:Xs + 0.25X:Xs
+ 0.14X:X3 + 0.16X:2 + 0.36Xz% + 0.33X52

E 3-4-33. Analysis of variance of the experiment results of the Box-Behnken design with hardness.

Source Sum of Squares DF Mean Square F Value p—value
Model 4599 9 0.511 12.789 0.005928
X1 0.561 1 0.551 13.797 0.013791
Xz 1.843 1 1.843 46.134 0.001053
X3 0.673 1 0.673 16.840 0.000322
XX 0.342 1 0.342 8.566 0.032758
XiXs 0.245 1 0.245 6.133 0.056085
XzX3 0.081 1 0.081 2.033 0.213245
XXy 0.097 1 0.097 2.428 0.179934
XoX3 0471 1 0471 11.784 0.018580
X3X3 0.407 1 0.407 10.192 0.024199
Residual 0.200 5 0.040
Lack of Fit 0.199 3 0.066 153.000 0.006501
Pure Error 0.001 2 0.000
Correlation Total 4.798 14

HEdF7) AH2AFH "H EFH Ll tEdEHAYe Akd vA= FIFES AFHEH,
p-valueZ} 0.05 ©]31¢l IAHXy, Xz, X, XiXe, X2, XHE0| #9379 4F& vAvdz &
At EF 3A modeld ] A FEEL EF 59 FE ZedH ol AzAF &
o AEZF R A4S ZAE AT Rt £ A A MHxd 3 oA 7}
F e ALE e 2AEE v EFHE 16581%, FEFI|RE 27959C,HEF7) A E
A|7F 19740 22 4=, ol 4&B2Y HuE 284 kg/em’E FAHH YU
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1% 3-4-22. Residual plot of model for error values with hardness; {a) Normal probability plot of the
restduals, (b} Scatter piol of the residuals and predicied values.

27 EAL d¥da dold Adge ATEE, WId 249 AEFHY R SHHETH
B3 Aleld] #A7 A¥EPE ASdrE 7HE dd R, Ed9AM @gEse e 4
FA ¢ 2d HAN dF 45K Feld Fa BM S Hajzn A4 2de {4
2 A3zl A9 ZE8 4Ad AVTHE ploti} A 4FA g AX=F EAGHH
B8 A9 FEE plotE A8 A4 FHI vehio A AHAE ZHAYE ¢ AN
. B9 Ao 4AXEE 2500 o9 +9 d= dd HA flens eid FEAHNE @
oo, WA FEd 23 5 Amodeld € AT A3 H HHAH Jg 24E §
g dv £ &, FEF7ILEE R XA die 230 oA 339 BnEEHE Ui
24 EA S
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I 3-4-23. Contour and response surface plois for hardness: {2) Contour plot of SHS time and SHS
temp. at replacement 0%, (b) 3D plot of SHS time and SHS temp. at replacement 0%, (c} Contour plot of
SHS tims and SHS temp. at replacement 30%, {d) 3D plot of SHS tima and SHS temp. at replacament

30%.

dedfade AxE 457 A% So4 FH 4 33949 SR EIHTE 44 o)
EHH &S 0 7 30%E IAANI| I FLFEV| S5 AYAY, F =7 qF 5§ gE e
igich v EFHEE 0% 2PN A% AN Fd4F7] N =Ad q@ FEFLY &
Hde ddFr| 220 FME,E AEE JAA FAIE AL vEHen AL 91 FY
@ FA4e nylch W9 EEHIES %R 2N AddA REFy) AAzAd A7 9%
£ GLF7 L2 Mo Fotge niel A A FAFP oG ALk 280T, HEAD
180 = o]¥HHE A= ti Fr8ke A2® UERt §, 948 4E2dd F=E o
7| A2d me it dALE ol EANANE o %o AeEiE i R
oF UEY,

) Edgade] S EFTE
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I 3-4-34. Analysis of variance for the fitted quadratic model for water uptake of extruded rice snack.

Std Dev.  Mean  CV. (%)  PRESS R Adjusted R Predicted R PrAd.e‘.l‘
€CIS1011
1062 341.07 311 889374 0971 0.92 0.54 12.47

dEHeaY e FEEFFEC e 234 AEDY Y p-valued 0.05 °]3tE FHWUF o

B FEFFES WHE 4Yst RE4e A ROD FAIAT. FEAR2Y FRESF
2o B@ AT 23 HFAmodels) & ojd st Zol TasT

Yao(water uptake) = 37366 + 15.29X; + 30.12X; + 19.37Xs - 16.10X:Xs
- 12.94X:X3 - 1044XoX5 - 12.94X:% - 95.43X.% - 22.75X4°

¥ 3-4-35. Analysis of variance of the experiment results of the Box-Behnken design with water

uptake.
Source Sum of Squares DF Mean Square F Value p-value
Model 18640.30 9 2071.14 18.36 0.0026
X1 1869.66 1 1865.66 16.57 0.0096
Xz 7259.52 1 7258.52 64.34 0.0005
Xs 3002.74 1 3002.74 26.61 0.0036
XX 1036.20 1 1036.20 9.18 0.0291
XiXa 707.03 1 707.03 6.27 0.0543
XoXs 436.18 1 436.18 3.87 0.1064
XXy 618.05 1 618.05 5.48 0.0663
XoX3 2386.90 1 2386.90 2L.15 0.0058
X3X3 1910.23 1 1910.23 16.93 0.0092
Residual 564.16 b 112.83
Lack of Fit 554.50 3 184.83 38.26 0.0256
Pure Error 9.66 2 4.83
Corrected Total 19204.47 14

27 ARG EHARX: A B &, Xe FAZ/NLE, Xe FAF7] AT
p #°) 0050512 BE7} felaH, 7 W4e) SAASE BT F9) %e U 20|
el o £EFFEE SoGE Aoz uvgnt 28 B93reEe) A7 A%(3012)
g 2 ge Ushlel, dEgsiade] SEFFE 1Y 2 9L WAE AL ¢ 4
9T SPWS Abole] WEA&(interaction) RAA4, @r) EPULH FAZF7eEe w
52442 FASAY. A 7 SYASS AR MY NN AP 5L FEFFES 2

i
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E 272 @0 E96& 17.18%, FEF7)LE 27452T, FAF) AT 19622 22 74
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o & HA=ZdH e FHFAHS AGEH7] $3e &S AR ATEHE pott B8 AR}
o F¥eg a9 6o HA R EEF B4 AFEE plot2 AY FH g2 YE
FAe ATAAE Z1ATE 4 A £F FAY AHEE 500 o9 £ W= 4 7
Az B4HE ¢34 2949 uel 03s] FEAAE FFHF felA HFH dEdgL
Y EEFrESY 23 34 2d4 & Fusida wastg.

(a) Mormal Plot of Residisk (b2 Residusls vs. Predicted

i}

enlzed Residuals
|
=]

Wormal & Protahill b
]
L}
tlﬂ
L
L
I
1
i

i
Exlemraly &
i}

Exer rely Shusentired Resdunis Eregiized

I8 3-4-24. Residual pkt of model for emor valves with water uptake: (a) Nomnal probability piot of the
regiduals, (b} Scatter piot of the residuals and predicted values.

dE&ha2ve AX FEEFTE d3E 99 Av] ENE, FAF7LEE L A A7
g 231 Fx4AE 3348 4EE9Es vEd 3= 9o a0 d0 Eued 4d4F
7] A zge] e GEAfdaYe FEFFE A =2 4AL fEe, W1 Ef9ES
0% St 30%E T nAR oA 5 @5 & =¥ 534 34 € 3544 wggd
o2 e, 89 E%HE %N #EFE7] AP0 GEAfLEJY Y] FEREFEY
X dYgdN FEFTEE AI9FNLE 245 ToMEig e Azt 9 fape
& YEURG. E0 E9dE 30968 AL, 4EEEAYY fEEFLEE FEFVIEEYG
Azte] 718 dEA ez Frsey, RAFILT 280T, FE AL 180 & o FREH
T € Y¥%E 7 g5 doE 2AHYUY. o I AEF7] A=) rEfnive
TEFTY 8 nAY 94 53 o4 RAAME A vujF A= 42HYT,
ol e d3¥AAE T FEHEHAEY Fxe FEFFES 9] T EEXE) Boe #
457 £ 5 (K)ot A A XK &8 F dFHE T AL Hesg
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(a) ..

Water ipiake (%)

P}/B-l:
Time (ses) =
\{ = St (<)

28 3-4-25. Contour and Response surface plots for water uptake; {(a) Contour plot of SHS time and SHS
temp. at replacement 0%, {b) 3D plot of SHS time and SHS temp. at replacement 0%, (¢} Contour plot of
SHS time and SHS temp. at replacement 30%, {d) 3D plot of SHS time and SHS temp. at replacement

30%.

SeamiT

E 3-4-36. Polynomial equations calculated by Response Surface Method program for hardness and water
uptake of extruded rice snack

Respanse Model Prob>F Equations in tettns of coded factors+
T Yi(hardness) = 3032 - 026X; - 0.48%: - 0.20X5 +~ 029X Xs
Onarrsatic 0.0059 & 7 5
(Harinese) + 026X XKs + 014XXs + 0.16K;" + 036¥y + 0.33%s
Yo Ya(water upteke ) = 373.66 + 15.28X; + 30.12X: + 19.37X>

(Water Quardmatic 0.0026 = 1810X: Xz -12.04%;Xs - 10.44XXs — 12.94112
uptake) - BAYXS - 2.75Ks

*X1, brown tice replacement; X3, superheated steam temp. Xa, superheated steam time



8. wroh8 2AFY w&7IT A34¥

7. o8 29 AF9 AFsE A 2

ﬁ.
ke

A4

Yoo e FYRE St FF2YAFE 45579 54, Ax¥4 R A+ A4A
olxel Ee3}etA W3t 9 Fdo] AAHEY. FHol 299 98 B AF 5A4L 1T

, Ffol 299 FAL AF-{HEAAAA dl(germ) T TH-E BXFATY A4 o
g ol A HIMEE vEwl AR &4 wet s FE FAeE AAHT. o)d G
of 2uvle] FE7|E AL A FHAANEZE AW 9§ o|FHLAHA HEHY C &4&
& AAsn &AL S ARG AR A AFLToA Al g AisE
7Hperoxide value)}g &AL AT HALE At o|FRA AFAAY FAEE FAXNE
AR 7F AFxEES 44590, v 2828 vgn 3 A3 24dE850 2L A
o2 d&EA HEY CE AFAEORT A5l AFLE @ Azt B2 I AAE =35
of A& E A3

1) A@2aksfo] 2|8 o] FHAA

SFE FHEE gt 2YAFAA AZ-FERARAAY o HLAL: AF F4E& A=
714 T8 FZAE AAeIt olEF olFHIAL F7{9 ol embryo) FHd ¥ EX
Ao A A sHautoxidation)oll ZAFT AW AFASE FEFFo] B A=A FA
A HOueEEE vy, AE 0 AWEF vosE 744 ANY EXsE ¥ XAl
T o 2R dAAGE e FHE vlot FHdd FHF AGL o] EXEA|o]
o Be] AL TA Awe] ¢ 90%7F EX A We)n o]F ¢F 40%7} linoleic, linolenic acid
8} 72 S E¥3tA YA polyunsaturated fatty acid)e 2 EA%c}. el =AFR L& 9
U & AREStE AExF Ffot 29 AFFFHANA A HEFE Aoz AdHAUT.
olo] XL AFAEHE EFF o|HILAY AFE FHol 2 AFEHHE FAAER HA
sk, AF- FAAFJAAE ot ¢} o] AASHT

— Fr3H(photoxidation) $ A& AT TZA AF

- FEeR B 7|3te A% AW AF4s

2) AZ-FERAANAY dEEE £4
Frots AFAFH 299 AEHE 9ste] YT 24 R R dE FEE EF

Zolt}, 53] Frol 2AIFS A5, Wue Hurt FHAELR dF vV, AdEg gd
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U dFAEC] ESEN, oldl wEk vF IR FFTEEL F537] Adkd AR dF
AE A37F dasid, dirde = vENle 324 2 9, B, 371 T4 9% FHadEH
olHzl A3 AANA HA As, Eel=Ho] 1 FYo] AAddT wEtN AF Ul FFHE
o AFFEE At AFE BAE dFTAC st TAV A Aoz 434
o JEHEEE 757 AALHAAE -] F B2 vEE CE EZASS AxE
E42 3o AFEE R AFd o Ed&8 S350

. Aot 249 FE7 ALY

1) de} 2 o8 2499 Ax

Folg 2 =AF NAFuE 82 st AXIHLH, Fold 29 Hulg W E
70:309] vl &2 &l AzsHTE 4 AMEE T 945E 20T AEF7E 1202 F9
71EA Y F g 4EAH7|(single screw extruder)& AlE-3d &AWL Azl o}
4 29Le A% 6o 127149 Fol, Fel-de AF 12748 o]F 9 folg Aoz J=
AFLZ AR A

2) TAYE 2 ¥4A A

ERAE TEdA A A9 S 249 L0 F9A9 Y $9x 25E A
2390 Jobg 2u9] Ao L F9AE ¥AAR ALFROoN fobg 2ue 2wl vy
Aot %7 HpAo) 4z P HE/12 FHEL AGAArt

3) AYAAE V1FeZ 3 457 AFAH

A FE71T AAAEL 2FAE] Ffrel 2HARE 40, 50, 60T HRQE
A AAEEA AA 7| Zbe] wE  FAEE 7} (peroxide value)E AT 2EIESAEY
(temperature acceleration test)2.2 AT, AFL2EE AFakde] wE&£=(K)s A3A
Zbe] M2 #FH4HEE 7Hperoxide value)E FA 8t T4t olu A5 (% A7 F
Z ol g TAAHo= st AASAU. AuAFAT, A5 o]HTLAYL 60THA 214 A
F F Hz2 AAHALH, o FAsETI= Fold 29 115 mg/ke, FotE 2V(FRE I
€2]) 1.04 mg/kg, Fotg& 29(&9 #9-X)) 125 mg/kge =z ZH7 FAHHAJG. A7) A
whet ol HIAA A A AASEIFE 115 mgkge R AR Afrols 2N RS F
e A E AT T A9e €37 N2V AAR)E AEEY 458 FEEEE 9

= JO% ~



&3] dA43Ar

7H Qot¢ =98 {373
AREE R AL wE Fobd Ade JEAREEY B Ui Ee a3 EAB
At

Time (day)
J8 3-4-26. Peroxide values of extruded rice snacks at

different storage temperature and time.

E 3-4-37. Peroxide values of extruded rice snacks at different storage temperature and time.
Peroxide Value (mg/kg)

Time (day) 40T 50T 60T
0 0.52 0.52 0.562

14 0.52 0.52 0.42

21 0.73 0.94 1.15

28 0.94 1.14 1.56

dotd A4 RitEE FHL AFERd @G0 27w WEHGA FReu, ofF A
227t B€TF 71EHo 60T AR AF, 149 o] F fidE §FL S48 Tk
289 AR A 156 mg/kgd] Ao FAAHE FES WIS o] L AARE g ¥z
FAE AFLE 0TS 0TAAE FLsHAt WA Fol-g 249 AL =E
AFLEAA 148 7R HAARE A7 d3H7 g AHAE fE7) 0 ol F 07
Hhgo e JgHE Ao AGHAT

Zero order: [Al= k=t + [Adl
where A; peroxide %X, Ag; 27] peroxide FX(t= 0), t; AFAZL k &4

— 110 —



AFEEE FJopd A9 A HEEEHFKE E 3-4-38% T, HAEY 2,
A4 o] ESEAF(K)E AR 40, 50, 60T oA 0.147, 0.228, 0.358% A H AT}

# 3-4-38. Values of regression model parameters.

Storage Slope (K) Intercept R’ Regression equations
Temperature (T)
40 0.147 0.3100 (.8900 y = 0.147x + 0.31
50 0.228 0.2100 (.8050 v = 0.228x + 021
60 (.385 -0.0500 0.8496 v = 0.38x - 0.05

AA FFLEANAY AP BEFEYFE Arrheniusd & AHgH] L&A

Arrhenius equation! K= ke ™*" | In K=-(Ea/R)}(1/T) + Inko
Ea: 438 o], K: ¥+84 % ke collision factor

# 3-4-39. Calculated parameter values of sample for the Arrhenlug plot.
Storage Temperature(T)

40 50 60
/T 0.0032 0.0030 0.0028
Slope 0.1470 0.2230 0.3820
In K -1.9173 -1.4784 -0.9545
m
0 ‘ :
s 0080 b2

y=-04814x - 04873

R = 09974

a8 3-4-77. Arrhenius plot of accelerated shelf-life test.

Gorg 299 FE71% HEE AR AA APHFLEE 0124 Ag R FAA 7
A9 APFA LG SAR el ToGOM, F LEFANNG Y AP Be&EL

- 111 -



T o] o] HASE oA EEFE X 3-4-40°) EASHAT

¥ 3-4-40. 54l dzi2cd oy RS F AMNS=Te HMelF

& ‘1 ok
Temp(T) T  UT In K K il‘“%"ig;éi? Azt AR (%)
10> 583 000353  —048000 0613238677 147 055
15 288 0.00347 -(0.48897 0.613256788 34 0.06
20 293 000341 048894  0.613274281 58 0.10
% 208 000335 048892 0613291187 7 0.13
30< 303 0.00330 —0.48889 0.613307536 49 0.08
A 365 061

«AA AFELE JARELS Hobhg Y8 20129 2)AHEAE o) E A& @ #9A, & 7/ NG9 LYATILE 2A
FE7 T B2 229 ZAR T

e d F HALR FHFEHE A5

wrrol g FEDrEety A4HE 27 gonRHe HAF

A7 daE v oz o4 299 {EV|ZHE FAEHE 115 mgkes ol TS o
A HJAFEEFEE dld A 55 9 25T A 379.97 2 370809 2 74 AEE Yk

T 3-4-41. Shelf life extruded rice snack.

27 sas  HAAL waew  avese ) 474
BHmgke) e (mka) %) 7 Aday)  FEANL

(A) (B) (B-A) ©) [(A-B)/C]+365 (day)

SEWE 0.52 1.15 0.63 0.61 379.97 30157

25T 0.52 1.15 0.63 0.62 370.89 297171

olof| we} ¢tA A (safety margin)S TE T A FF2E E BToA Folf 29 HF
FE571¢L A& F57d HAAST 088 FF 30157 # 297.714 =2 HF AZ 4

HZF dolg 249 {FF57%- A AEFEF7Y x 08

) frobg 2d(eu 94 £ FEAG
AR E A7) BE fobg 2U(£ B9 £3)Y FHAE I vheY Esh 1
gol EA k.
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—
Bo s
T 1

e e
[
T T T

=40

=501

60C

Peroxide wvalue (mg/kg)

[T T
—

\
h

=
—
=
ra
=
5

Time (day)

28 3-4-28, Peroxide values of exiruded rice snacks at
different storage temperature and time.

# 3-4-42. Peroxlde values of exiruded rice snacks at difierent slorage temperature and time.

] Peroxide Value (mg/kg)

Time (day) 07T 50T 0T
0 031 031 031
14 0.42 073 0.82
21 0.83 1.04 125
28 1.04 135 1.56

frobg 2d (&Y 23 ER)e HARE FFE EE AFSE =AM AFAZ vH
8t} F7kete) 60T Age] A%, 289 AFAN 1.56 mg/kegsl Hdf FLEE7HE LRIt
AFLEE frobd 2GARY AN B3EEAFEE E 2824 go. ALY FHA,
Agard MESEAF(KE AFLR 7k wah 026914 0323, 043822 F78te A=
A H At

I 3443 . Values of regression model parameters.
Storage 2

Temperature (T) Slope (K) Intercept R Regression equations
4D 026 0.0000 0.8575 y = 0.26x
50 0.323 0.1000 09138 v = 0.323x + 01
60 0.438 -0.1600 £.9791 y = 0438x -0.16

Arrhenius® € AM&3le A4S HA oY FFELEAAY A HESEATE G2
9 29 EA AL

= LR =



¥ 3-4-44. Calculated parameter values for the Arrhenius plot.
Storage Temperature(T)

40 50 60
/T 0.0032 0.0030 0.0028
Slope (.2600 0.3230 0.4380
In K -1.3471 -1.1301 -0.8255
i
ﬂ T 1
; gﬂ;za 00030 00032

04 L
05 L
X / =-0.2600% - 0.5793
08 L y=- A1

=
il R = 0.9907
12!

8 3-4-29. Arrhenlug plot of accelerated shel-Iife test.

AA AFLEE &3 I 2EFAAAY A4y se&=47E A% oq4 3
A#E 44 RAFE SFE FAAE tE4 14 &

E 3-4-45. 3 WUSER 4 FEULY HusETle dTHEs

: 5 a7t =g
Temp.(C) T I/T =K K 5 fEee" A7 AFF (56)

10> 283 000353 -058022 05597743 147 0.23

15 288 0.00347 -058021 (5097833 3 0.05

20 293 000841 -058019 05597919 58 0.09

% 208 00033 -058018 05508003 77 0.12

30< 303  0.00830 -058016  0.5508084 49 0.08

] 366 0.56

»AH ALAETEES} AFEUF & HH 200129 7[4HAE o4 A& H FGA, B 7 NG AWT7
& BASY FR7E AR 2= ZAS @

il | B LS HFEHE A

wono] 4 HEUFLEFS FARE 27 HGoZTEHY AR

2 BHRE blgos Holg A fE7Y9L HARET 110 mgtgd olHdAge] ¢
A HAREFEE o oA A4 FELE R 25CTAA 41063 R 4034292 22 AE2EG
THE 3-4-46).
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¥ 3-4-46. Shelf lite of extruded rice snack.
7] HALS <14 58

LT T G 47
s VAR gk % Rl AEAY
(A) (B) (B-A) ©) [(A-B)/Cl*365 (day)
2Eg 052 1.15 0.63 0.56 410.83 328.50
25T 0.52 115 0.63 0.57 403.42 322.74

+* A4 4374= Hd $371Y % 08

olo| wel ¢1AA(safety margin)g THI Folf 2de] HE HE7dL 44 {FEL2=
2 2B5CAA H #5714 ¢AAs 0.8F ¥ 32050 & 322744 =2 HF AE5 4.

) #okg 2U(EW #A4A x3)9 FF71%

AFZEE B A wE Fobd &E(FE A XY IEE HEFEEE US4 E
st 23d B4R £ #52 ZRAE AHEE Fold &dARe AARETE EE A
FEEd A Algte] Hl#dte] F7H8te] 60T AW A5, 28¢ AN 166 megkesl HU
#FAEE7HE HE .

Time (day)

J#" 3-4-30. Peroxide values of extruded rice snacks at
different storage temperature and time.

¥ 3-4-47. Peroxide values of extruded rice snacks at different siorage temperature and time.
Peroxide Value (mg/kg)

Time (day) 40T 50T 60T
0 052 052 052
14 0.73 0.94 052
o1 0.84 0.93 1.04
98 1.04 1.95 1.66
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Sobg AqEY FEA)ANLY AFLEE AWt FEEEANSEK) FEATDE ¥ 3-4-48
3 gk HARA WA, A4 ey ARSEEE AZLEY Z7bd W 0167014
0218, 030402 7l A S,

B 3-4-48. Vales of ragression model parameters.
Storage 2

Peur ) Slope (K) Intercept R Regreasion equations
a0 0.167 0.3650 0.9870 v = 0167x + 028
20 0.218 0,365, 0.8833 y = 0.218x + 0365
&0 0.384 -0.0500 Q.8800 y = 0.3%4x - 005

4 FELzeAMe Ay @& =ideE ArheniusH-& AME81e A& o

¥ 3-4-49. Calculated parameter values for the Amhenlus plot.
Storage Temperature(T)

40 50 60
YT 0.0032 0.0030 0.0028
Slope 0.1670 0.2180 0.3940
In K -1.7898 -1.5233 -0.9314
T
u T 1
.u,ﬁ.ﬂh 0.0030 0.0132

04 L
06 F
08 F

1
o 7 N
14
16 -
18 -

2 L

In K

y =-04292x - 05564
R? = 09543

28 3-4-31. Arthanlus plot of accelerated sheli-life tast.

A 4 FEEEAN Fotd 29 FF7)EE 427 HEY T LETANAY A
B EEEE st oWy AUNE Y WAgEG A ARE &8 29 A
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# 3-4-50. Calculaied parameter values for the Arrhenius ploi.

S A 2xY

Temp.(T) T 1/T In K K A4 sEez" dAzrastEF (%)
10> 283  0.00353 -0.55792 0.5724 147 0.23
15 288  0.00347 -0.55789 0.572415 34 0.05
20 203  0.00341 055786 057243 58 0.09
25 208  0.00336 -0.55784 0.572444 77 0.12
30< 303 0.00330 055782 0572458 49 0.08
A 365 0.57

PAA ARAFLES AFFFAS o1 A9 0129 AFFAR o8 A L A, F 71 Aeds) AHE]
28 AT 458 4E LE9 2= ¥,

wd W 3 AFeEd AgHE 95

v AT ERS ARE 27] goyH WP

de Aste HHom, F4E7} 115 meked ALY UA FUHFEFEE B §
g 2ug Aol §E/UL NHEF 27, 44 F#ELE D 25N 40342 D 410639
72t 2A1H 9.

X 3-4-51. Shelf life of extruded rice snack.

I i Ak 2 47
(mg/kg) (me/ke) (mg/kg) ) #871d(day)  RE/1UW
(gA) (B) (B-A) (9] [(A-B)/Cl]*365 ay)
R 052 115 063 057 40342 32274
25C 052 115 063 056 41063 3285

* Ay §371Y= A /571 = 08

ole mz} A (safety margin)E LEF Fold 29(FH -2 )9 {FFE7L2 49
4 fEEE € BTAA Y F571Ue AAAF 088 FF 32274 € 3285U= HF 44
stAch 5 #9-Ad XFE Fol8 A29YE 249 #e-Xo xF% A9 W FL2 F57 Y
Zte Aon FAE ] AWt i AL £ 992 uwlE 2 3}9-ArF A3
FHel AoE HaHuY.

o

=

e

4) HgYl C &45 x4 9% 5713 44

frob 299 FE717h2 AT A3t o)A A o3 ARz AAFHOOF F,
A AR o] M H e E44 % (degradation rate)= X DAtde] ot A FE7]7 A9
FFALER) FFT4 58 st zHHoF s 234 FAAR Ao HET
Co &4&Es APAAEE SRZLPAA AT TLT Ffold 29X B HED CE
TR @r1ER IR 40, 50, 60T AZLEAA ARZsEA Aztd] wg HEHE Co
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St A sl E 2% 2571454 9 (temperature acceleration method)2 2 -39t} Hlg R
CY AHFEHLE AACCH(T6-13)% ]88l HA|slgen, EFEFHZ= L-ascorbic acidg&

ALgsh e,

7 dobg 299 ugd C EAEE
A4eE 4 Az g dold 2W(FY A el Wk ¢ £ gl B

a3 EAEA

Vitamin C (ma/a)

0 7

19 3-4-32. Vitamin C content of extruded rice snack stored

n
1

n
16 21
Time [day)

at different temperature and time.

E 3-4-52_ vitamin C content of extruded rice snack stored at different temperature and time.

Vitamin C content (mg/g)

Time (day) 0T 50T 60T
0 085 085 0.85
7 072 052 0.28
11 0.33 0.36 0.32
16 0.33 0.33 0.24
21 021 026 0.22
% 025 022 0.24
31 021 0.18 0.23

Fob-s Zde] HERl Co 72 4 AFZEAA A3te] Aol waE A4 A

FewTt BS54
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E£44 5= v#H e Frsc. = vgd CY FFE AF7|L 27)
o FA3% #AisH, 119 AR oF2E s HistE o2 2AE O g Co
AYhge 12 whgo e APHE ZFow @Adsyh oo weh &xd vgd C £49-%
EAFEKIE AEH 4928 ¥ 3-4-534 A SGch

=

—
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First order: In[A]l/[Aol= -k -t

[Al= [Adde™
where A; vit. C X, Ay 7] vit. C == 0), tt AFAZ, k -84
E 3-4-53. Values of regression model parameters.
Sto

Temper::;z ) Slope (K) Intercept R’ Regression eguations
40 0.2225 0.1625 0.8322 v = 0.222bx + 01625
50 0.2355 0.1526 0.9308 v = 0.2366x + 0.1526
60 0.2413 0.1660 0.4049 v = 0.2413x + 0.1660

HARA A3, v C £2ANEE(K)E 40, 50, 60CAA ZHzh 02225, 0.2355, 024139
2 Z2RFYY. AZLE 60T 4% AAFA 2RAAFRY)7T 045 M$ ¥A AE2HUE
H, ol& HEF C tj¥-E0] 7)o & A3He o|F FFLA7L F3] "AEy] HEL A
oz QAP 4 FE2EdAY HEY C £4WSE5E Arrheniusd & ALg38ke] A&
stgen o A48 gfe 2¥F Bel BASHT

Arrhenius equation: K= koe “/FT
InK=-(Ea/R)(1/T) + Inko

(Ea: activation energy, K: 934 % ko collision factor)

¥ 3-4-54. Calculated parameter values for the Arrhenius plot.

Storage Temperature(T)

40 50 60
1/T 0.0032 0.0030 0.0028
Slope 0.2225 0.2355 0.2413
InK —1.5028 -1.4460 -1.4217

= L1 =



7T
021

T 1
D.D|JEB 0.0030 0.0032
0215

022

0.225
p y =-0.0094x - 0.2143

= 023
- R? = 0.9534

0235

0.4

-0.45 L

13 3-4-33. Arthenius plot of accelerated shef-life test.

A4 98 FELEAA Folg 2dg HEwR C Sd&=S 4E37) 3o 201249 A&
R FHA & 77 AGs 4HF72E SAR dd & LEFHOAY ¥EA C &4 uhgd
EdaE AT oW HET C J3EFE SASY e Ho| EANFHAT

¥ 3455 74 HEEY Y 7SS H|EE C elztsig

Temp.(C) T  I/T In K K f“‘j& ??f; 52.‘? ABAHE™ (%)
10> 88 00088 071433 080707541 147 11864
15 288 0.00347 =(.21433 0.80707987 a4 2744
20 203 (.00341 —0.21433 (.80708032 58 4681
25 2098 0.00336 —0.21433 0.80708076 T 62.15
30 303 (.00330 -0.21433 0.80708118 49 3955
A 365 20458

A ARRF LT G4FEYS HobL M 20129 AR o4 AL R FYA, 2 77 A9 YHFA)
S& FAISHY FB7W AR £54 AR §

g W 3 AALxe] HFEE df

wewd| AL fFEUpFoHe] AlEE C 27 FLERES] W

dote] HEE C 49AFFE 2 mge 2 FAHY JAHHFFTA). oo wat Foi-g =3
AL 27 28 HAPRE ZIASHAE o, 18 HH A 1 mg o34 HERl C7F AFH
of @it} el A2WAEQD g)d 4357 AL EE FTo 3015742 43RS
o, #8718 W HgY C £4%& I 7] wgd C ANFE 8 It
3015744 #F%71¢ f HER CH &4F2 HA 45FF2=d44 HEN C 93
29458%2 H-E o 24361%2 <3 wel, gots 29 20 g7 o 34 mg o9 HEd
C7t 2716] F7tElelof dLAAF 712740 mg Vit. C/20 g2 €78 + UL L2 4
AE A

— L2 —



) fobg 2d(L¥ #9A)9 MEE C 2ALE

Ages R 7] BHE fold 2d(ed 39X TR MEr C £AFE s 1Y
3 gl EARYE ok 2ve HEN C ¥FE AFLEs WSS gFasigon, 4%
A7 271 348 &45)e] A7 1Y o1F2E BueA FadE P dEn

L L L
0 1 u 16 il % i
Time (day)

18 3-4-34. Vitamin C content of extruded rice snack stored
at different temperature and time.

E 3-4-56. Vitamin C content of extruded rice snack stored at different temperature and time.
Vitamin C content (mg/g)

Time (day)

40C 50T 60T

0 4.31 431 431

7 297 2.70 261

11 265 241 2.58
16 2.42 2.19 2,04
21 19 177 1.57
26 1.35 0.90 0.43
31 112 0.54 0.34

Ag2Ed WE folf 2YARS HER C &49SSE4rFEKE & 47348 &9
o FAEAT. FAEAY A, HER C £4A0EEEE 40, 50, 60TAA Zhz 02126,
0312, 041872 ZAHUTE A4 FE2EAAMY vEE C £4A¥EEEE Arrheniusd & A}
43l A& A

E 3-4-51. Values of regression model parameiers.
Storage
gl Slope (K) Intercept R? Regression equations

Temperature (T)

40 0.2126 -1.6308 0.9724 v = 0.2126x - 1.6308
50 0.312 -1.8149 0.9156 vy = 0.312x - 1.8149
60 0.4187 —2.0474 0.8814 y = 04187x - 2.0474
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H 3-4-58. Calculated paramsier values for the Amhenius plot.
Storage Temperature(T)

40 50 il
/T 0.0032 0.0030 0.0028
Slape (K) 0.2126 0.312 0.4187
In (K) -1.5483 -1,1648 -0.8706
yr
0 : :
0090028 00030 0.0032

01 F
05
w 02 L
St
03 +
035 |
04 F
oL

y =-0.1031x - 0.1083
R? = (.0996

ad 3-4-35. Arhenlus plot of accelerated shelf-life test.

AA 44 FELENM frol-§ 299 HEE C &A% 4TS 44 HEHE HE
B A= vhad ES g

¥ 3-4-50. =u w7l 2l Ay FEUT el C Wl HalE,
Y 97 Lxd

Temp.(C) T T In K K 4% gEds” ABARF  (96)
10> 283 000353  -0.10866 0.897031 147 131,86
15 288 000347  -0.10866 0.897037 34 30.50
20 293 000341  -0.10865 0.897043 b8 52.03
25 298 000336  -0.10865 0.857048 T7 69.07
30< 303 0.00330  -0.10864 {0.897053 49 43.96
A 365 32742

@A AF{ERZe 4B A S 8 20129 AGAAE o A& R P, F 7/ AYa ARFA)
£ FALEY #R71¢ A& &5 ZAZ &

s W F GdALE MY W

wend] 4} FESwelE] WEE C 27 FrEREE @NF

frote] WY C YUAHFE 4 mgo® FAH oW (FEFH), oo me Holg 2
YA ES 9 28 AFEIT ABHRNG o 18] HF A 2 mg o] vEkl C7 AFH o
of v} walAd A4l SEHdPoE HE3F folE A2dAEY F3719L 3205UE A
otz 18 AFTFL 20 go2 7AAHGL o F5718 U HlE) C SASEE nHstY 27
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A7 g o4 AEFSATE FE71E 32069 W HETR Co SHAFL AA ASFFESEAA
o] WER C AzbAsEF 327.42%(¥ 31-40)2 RE 20558%2 o494 e, feolg 29 20
g9 791 mg o4& wgEl Cr7F &7 Hrtsolor dAdAFHF 71ET A2 mg Vit. C/20 g)
€ EFT 4 AT AL=E JAHA,

1) fol8 29(FE 392 £F) gy C £AEHE
AZLE & 7|3k BE Fold 2U(FE F¢H 2RA)Y HEd C &4FE a9 2™
3 ®o| BEAISATH

——40C
*=50°C

5 60°C

1
0 7 n 16 pil b il
Time (day)

33 3-4-36. Vitamin C content of extruded rice snack stored
at different temperature and time.

¥ 3-4-60. Vitamin C content of extruded rice snack stored at different temperature.

’ Vitamin C content (mg/g)
0 4.20 4.20 4.20
7 2.82 251 240
11 2.62 2.20 201
16 233 165 161
21 191 1.38 1.18
26 15 0.87 0.57
31 1.21 0.56 0.34

el Co F&F2 AL et AU AT 271 HA3 4=, A7
411 olFEL dtstA Fase ALE UENT AFLEE Yolf ¥4 HEA C
EANZSERTKIE ST ZHE 59 #d AT FAEH 2, HEd CY
AN S EE 40, 50, 60T A 2z 0.1897, 0.3082, 0.3011= AAts it}
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B 3-4-61. Values of regression model parameters.
Storage

Temperature ()

Slope (K) Intercept R Regression equations

40 0.1897 -15480 09712 y = 0.1897x - 1.5480
50 0.3082 -1.6968 09738 y = 0.3082x - 1.6968
60 0.3911 -1.8513  0.8078 y = 0.3911x - 1.8513

AN SEEEAHS MEE C SUNSEES ArhenusN & AHEohe] AET AAE e
% 2,

B 3-4-62 Calculated parameter valuas for the Arrhenius plot.
Storage Temperature('C)

40 20 60
/T 0.0032 0.0030 0.0028
Slope 0.1897 0.3082 0.3811
In (K) -1.6623 -1.1770 -0.9388
iy
0 : :
_Mgnjgzs 0.0030 00032

a1t
a5 |
v 02
E 025 -
03t
a3 |
04 | -
a5 L

y =-0.1007 - 0.0949
R? = 09897

3% 3-4-37. Arrhenius pkt of accelerated sheli-life test.

frobg 298 §3F A 1497 £5Ed f3Ugd HAER, 4 2ETANAY &=
H 5 Co dArastzE ofdfle] &Ho EABIHEL
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E 3463 3U 917 254 o4 §EAS uEY C AZEHI
W A% £xd

Temp.(T) T /T In K K A4 fEg2" azrasigd (%)
10> 283 0.00353  -0.09526 0.90914 147 133.64
15 288  0.00347 -0.09525  0.909146 34 30.91
20 293 000341 -0.09524  0.909151 58 52.73
25 298 000336 -0.09524  0.909157 7 70.01
30< 303 000330 -0.09523 0.909162 49 44.55
A 331.84

»A A AHFELE dAFELds Tote Y3 20129 ZIAARZ o] & AL H FHA, F 77 XHe ¥
Hi7| 22 FALEY {3573 4% 259 &A= &,

¥#9 W F ARLTY FFHE=E A

srxa] Al FEDSTote) HEY C 27 Foe=REY Wi

o] 49 frolg 2AF (ST FeA] T)F TUY WHLE Fold 2HAR(FE F2A
zhel e C 27] A7tge 44 dESAd. F, 9 A T Fold Ade §
57198 3227442 AAF5 13 AFFHE 20 go = J1HFE S W, vEY Co 7 &4
2 o 20342%= =M, olo wet fob8 A9 20 g 7.87 mg o449 HEH CIt &7
o AHrlEook dYEFAF J1ET A2 mg Vit. C/20 g)& FFE T+ UL A= JHAT

5) #sH7tdl g FE7I 44

2ol AR/ B #FH F4 54 Az AFYFH ZAHEAY (QDA, Quantitative
Descriptive Analysis)©.2 M7tz AAHe HEE W3 HrsHch E FAH 33
HdL B7], A& Ado| AT 2060 o] FHE Ad 208 & P FPHAT. Al
2 29 3xE AR mASYeH, AEE 4 10718 A9 AFEG, Ay AF
Al g AF $ e ALY AALE B AT LS AFe A5 st 29
o w, ¥, Fe), 2z AR Vg BGrlste Z FFe) i J|IEE TH HEYHeR
FAsged, W dde 14, WS Soes 7302 FANEE gtk 23EL FAAHS
of BA3Hc

71 dok8& 2= §Folg 29 AFH F4 W3
AZ7|e] B2 Gl 290 A EFLE NG AgE T foh dfol 299 FH
T A 27 °F 46~48 FTLE ZAMHUSH, Fobg 2L A 32¢ 7, 50, 60T A
71Z&7F 220~240 FELE ZALFY fejHoz #ArE 5 YE FELE At AL=R
ZALE e, oy A2 A S W AF oF 541, 678% 9] AFdd AFAC =T
olg 299 A= AR 329 A ¢ 36~34 FFEOE BE otz Pl EHo] AH

— 12h =



Ao AP

¥ 3-4-64. A7 HE FHot 29 FAEH) A3

AFZLE AFd % °l-Al frol-Al
40T 0 460 =+ 0.89 480 + 0.84
8 440 + 055 460 =+ 055
14 460 + 055 440 =+ 055
20 440 + 0556 440 =+ 0.55
32 440 + 055 420 + 045
50T 0 460 =+ 0.89 480 + 0.84
8 440 + 055 400 =+ 0.71
14 360 + 1.14 460 =+ 055
20 420 £ 110 3.80 = 045
32 360 + 134 240 + 1.34
60T 0 460 + 0.89 480 = 0.84
8 460 + 0.89 400 =+ 0.71
14 420 £ 045 440 =+ 055
20 380 =084 400 = 0.71
32 340 + 114 220 + 1.30

dot 299 AL AF7|E B¢ Mol ofFHAE AL ZAMHGILH, o)HF
fobg 29 Af o Aot & ALz #HAHAUT. EF fold 29 FHd B
Al AFtel mpAIEA R 50, 60TAA A 329 AFE 2~18 :Eox AT Ao
ATt

3t 3465 AF7|td] e Ffiol 249 ASEA(AY) ¥

off :;3'_,
PN T

e

b
=

% A3d 4 °l-Al Trof-Al
40T 0 440 += 0.89 480 + 045
3 440 £ 0.5b 440 + 056
14 460 + 055 440 + 0.55
20 440 + 055 440 = 055
32 440 £+ 055 360 £ 0.55
50T 0 440 += 0.89 480 + 045
8 440 £ 0.5b 380 + 0.84
14 360 = 1.14 460 + 0.5b
20 440 + 114 400 = 071
32 300 + 122 200 = 100
60T 0 440 + 0.89 480 + 045
8 460 = 0.89 420 + 0.84
14 420 + 045 420 + 045
20 380 = 0.4 360 = 055
32 320 = 1.30 180 = 084
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frol 29l ot Mot JFYR #FH FZY Al F ALE XAHUY ARG =
7] Gokg AU 440, folg AUL 48002 ZAME P oW, A 329 A 40, 50, 60T A
frol4-2 3.80, 260, 26002 ZHAFRT, frol&L 3.80, 260, 28002 FAAF RO RALH
R

3 3-4-66. AF71{ B R0k 249 AFE(H) ¥

A G - g ol-Al Hol-Al
40T 0 440 + 1,14 48 + 130
3 440 + 055 460 + 0.89
14 420 = 045 420 £ 084
20 440 = 0.55 400 = 0.00
32 380 = 0.84 380 + 084
50T 0 440 + 1,14 48 + 130
3 460 + 055 420 + 1.30
14 380 + 045 400 + 1.00
20 400 = 0.71 360 = 055
32 260 = 0.89 260 = 1.14
60T 0 440 = 114 480 + 130
3 480 + 084 500 + 071
14 380 + 045 380 + 0.84
20 380 = 0.84 420 + 045
32 280 = 0.84 260 = 167

~ds) FHe] #8 FAL fobg 29e UE BEF EIF 4A® 470z Basge
=

t}.
¥ 3-4-67. A7 OE A Fol 2v9 AFEA(FY) Wg

25 A3d 4 °t-Al Trot-Al
40T 0 460 = 0.89 540 = 0.55
8 440 = 055 480 + 084
14 440 + 055 440 = 0.55
20 440 £ 0.5b 420 + 045
32 400 = 1.00 440 + 0.55
50T 0 460 = 0.89 540 = 0.55
8 460 = 055 460 + 0.89
14 400 += 071 440 = 0.55
20 360 = 055 420 + 045
32 260 = 1.34 280 = 1.30
60T 0 460 = 0.89 540 = 0.55
8 440 = 114 460 + 0.89
14 400 += 071 440 = 0.55
20 380 = 0.84 420 + 045
32 320 = 1.30 260 + 1.14

= 127 =



011
g

A7l wE FHrot 2o 2FRS OE FE WA i 2 FEE FX%
Aooz ZAEJOH, A &7] FohE2 480, frohd2 520202 ZAHJOH, A4324
7 For-&2 34~44, Fol&E oF 3.0~36 TELE FAT HAoR RAHUY

:10

3# 3-4-68. A7 4E FHol 249 AFTFA(EAH) ¥

2= A% g oAl #ot Al
40T 0 480 = 084 520 + 084
8 440 = 055 420 + 110
14 460 = 055 400 = 1.00
20 460 + 055 340 + 089
32 440 = 055 360 £ 055
50T 0 480 + 084 520 + 084
8 480 = 045 420 + 084
14 460 = 055 460 + 055
20 420 + 1.30 400 + 071
32 38 + 130 3.00 £ 071
60T 0 480 + 084 520 + 084
8 480 = 130 480 +* 084
14 460 = 055 480 = 045
20 360 = 089 440 + 055
32 340 + 167 340 + 1.14

AF71 ko] B8 Ffof 299 AWNHQ J|ZRE v A, Jol&S F7] 440914 32
d 4 280~30FE2E AT o HF] Ffop&2 44094 360~22022 FAdte] fFolf
248 FAASIL v AetA LA Aoz ZAEHAT dfol 299 3298 A2 AR
717t o= FAlstH dob 8-S 252~623¢Y, fol8S 340~678¢e 3detm, ol ARE ul
Fog ¢Jolf AW ¢ 250U Frold A2 47647A 2719 Vg £EE FASE A
o2 wggy, B AxoA fold Aue] y|axrt B d usle AAv|zke] o AA B
AL 2719 frolg 299 7|5E7 Jokg AU HEY B wie|)

= 128 =



¥ 3-4-69. A7t WE Gfol 29 HAutAQ 7|k W

25 A4 9 ol-Al #oF-Al
40T 0 440 = 114 440 = 0.89
8 440 £+ 055 440 + 055
14 440 + 055 400 = 071
20 420 += 045 400 £ 0.71
32 420 + 0.45 360 + 055
50T 0 440 = 114 440 = 0.89
8 460 = 0556 420 + 084
14 390 = 0.74 440 + 0.55
20 390 = 074 360 £ 055
32 280 + 0.84 240 + 1.14
60T 0 440 + 114 440 + 0.89
8 490 = 089 430 £ 067
14 400 += 0.71 440 + 0.55
20 350 = 050 400 = 071
32 3.00 £+ 071 220 + 1.30

) frobé 2=ve 3 A ¥ A3 F42 dg

froh-g 2uvle] ¥FA A ME AT FLAES v A= & Aok 299 FHE AF
32¢ 74 F73-$A(PE: Polyethylene)oll B3t ¢Fr|F FIAEF(ADY] FH W& 7|3%
ZHa=7h 4809014 50~60T Y wW 240~220 +FL=2 ¢ & ZeZ FAHLH, FHA-$X
A 29 300~3.8002 FAHAT

# 3-4-70. AZ717td] M E fHol§ 29 IZFA E ASFTAFH)

AZLE Agd firek-Al firol-PE
40T 0 480 = 0.84 4180 = 0.84
8 460 + 055 440 = 055

14 440 + 055 460 + 0.89

20 440 = 055 460 = 05b

32 420 + 045 380 + 045

50T 0 480 = 0.84 480 = 0.84
8 400 = 071 440 = 055

14 460 * 055 440 + 055

20 380 = 045 400 £ 071

32 240 + 1.34 300 £ 1.00

60T 0 480 = 0.84 480 = 0.84
8 400 = 071 440 = 055

14 440 + 055 440 + 055

20 400 £ 0.71 380 = 0.84

32 220 £ 1.30 320 £ 1.10

2yl o] B FAL x7] 480914 50, 0TIH AFe F=ulF WA= 180~207
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A AAiste, FEA-29] 3200 HlEte A WS sElE RAHIALL

N

¥ 3-4-71. AF710 BE Fol8 249 ¥JA E AFFAA)

AG2E AZd frot-Al frol-PE
40T 0 480 + 046 480 + 045
8 440 = 0.55 460 = 055
14 440 = 0.55 460 = 0.89
20 440 + 055 460 + 055
32 360 + 055 380 + 084
50T 0 480 + 046 480 + 045
8 380 + 084 460 = 089
14 460 = 0.5 440 = 055
20 400 = 0.71 400 = 071
32 200 + 1.00 320 + 130
60T 0 480 + 046 480 + 045
8 420 + 084 440 * 055
14 420 = 045 440 = 055
20 360 £ 055 360 £ 055
32 1.80 + 0.84 320 + 1.10

2] gho] g3t 7|35 CTAHFANESY 44 EFAZAA G& F-942 207l gl
, 50, 60TA AZF A5+ GFPE F-¢A7 26005 4FE d B8t frobgL 32~
34 #Fo 2 A =4 ZAHEHQ

# 3-4-72. AZ717H] 4 E fHol§ 29 IFA E ASFA)

AZLE Agd firek-Al firol-PE
40T 0 480 + 1.30 480 + 1.30
8 460 = 0.89 440 + 134
14 420 + 0.84 380 * 0.84
20 400 = 0.00 420 * 0.84
32 38 + 084 380 = 0.84
50T 0 480 = 1.30 480 = 1.30
8 420 = 130 480 = 1.10
14 400 + 1.00 400 = 071
20 360 * 055 380 + 045
32 260 = 114 320 £ 1.30
60T 0 480 = 1.30 480 = 1.30
8 500 £ 0.71 480 = 0.84
14 380 =+ 0.84 380 £ 045
20 420 = 045 400 = 0.71
32 260 + 167 340 = 1.14
2vo] e B4 BSEL Wdte ta BA RAE AR x7]6E 5400901, 50,
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60TNA 329 7 AFHGL o FFVF AL 260~280717 FAIAL, ForeS 34
2 Za® Aoz 2AHY.

# 3-4-73. AF71¢ BE Fotd "‘Ji——] ¥3A 4 Ad5FAEFH)

AL A4 Trof-Al +°-PE
40T 0 540 + 055 540 + 055
8 480 + 084 500 = 1.00
14 440 + 0.6 460 + 0.55
20 420 + 045 460 = 0.5
32 440 = 0.55 380 = 045
50T 0 540 = 055 540 = 055
8 460 = 0.89 480 = 084
14 440 = 055 440 = 055
20 420 + 045 400 = 071
32 280 = 130 340 = 0.89
60T 0 540 + 055 540 + 055
8 460 + 0.89 460 = 0.89
14 440 = 055 440 = 055
20 420 + 045 360 + 055
32 260 = 114 340 = 0.89

299 TAAA ¥ 2RSS 2 27 508 B F£Eo= ZAGY LT, o] I 32
g AFZsES o 4FuE FLXE 3.00~360, Gol8E 340~420 FFOT ZALHY ¢
& nlsle] 2] HAA] B Ao AlRHU.

# 3-4-74. 3713t 4 E fHold "“Ji——] XZA 2 A-FA(EFR)

AREE AZ4 +rof-Al 1+°1-PE
40T 0 520 =+ 0.84 520 = 0.84
8 420 + 1.10 440 + 055
14 400 = 1.00 400 = 1.00
20 340 = 089 400 = 1.00
a2 360 + 0.55 360 + 114
50T 0 520 =+ 0.84 520 = 0.84
8 420 + 084 420 + 084
14 460 = 0.55 420 = 084
20 400 = 071 380 = 084
a2 3.00 £+ 071 340 + 114
60T 0 520 = 084 520 = 084
8 480 + 084 460 + 055
14 480 = 045 440 = 089
20 440 = 0.55 400 = 071
a2 340 + 114 420 + 084
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l

H 3-4-75. AF71 BE Fotd *‘Ji-—] ¥3A A A5 FE(03E)

AgEL= Agd frob-Al fo-PE
40T 0 440 + 0.89 440 = 089
8 440 + 055 420 + 045
14 400 + 071 430 = 084
20 400 = 071 430 = 084
32 360 £+ 055 360 £+ 055
50T 0 440 £ 0.89 440 = 0.89
8 420 + 084 460 + 055
14 440 + 055 420 = 045
20 360 £ 0556 380 = 045
32 240 + 114 320 + 084
60T 0 440 £ 0.89 440 = 0.89
8 430 = 0.67 430 = 067
14 440 + 055 400 = 0.00
20 400 £ 071 380 = 084
32 220 £ 1.30 340 + 055

Ffrobg 299 ¥FAE dFUEFTEH F9X T ZHAEA F9A o £33 AR
Zho] wE 2o #zd FAS vz dF, 29 AvtFel J|ZEE AR 208 AA T o
35014& FARAY 2719 71E=% FAF Aot e, A 329 FEHE 50, 60T
N A8Y AR 7]15m7t 350082 FAHI 4FHFE F$X TFANEE 22071X @A
Zag oz 2AHAT B A APdME FEAAd AL Age FHo] i =
A ZAHE RO ol AFLEY Agoz IFA YRY Fio] #REREI v £ T
R A FAaT Aoz AARHY, o/ HE AHFE nAS W W] Wf we fol
£2de] Fe weAe] A g Aol AX GL AoR AP ARY AF 7L
B2oM FEde Aoer e AR AFAES F 410U7HA 7 AL E AlREHYH.

= T3 =



A5 A 29 :mgr7le AL

1. 29945 2 29 3y B4

7. 43A=%

v 39 AfE FY $5YF £%o] AL en, 37 HEEM ALHE 29L A
AFA gL W) J2Te s ALsRen, 299 AF e 7I L 4vy,
gx ¥ 502 HrEsYrh 2de) I8 H2Ed ALY 9REL e gk

E 35-1. 3 E Mg HE

9/
5 | AEY 34 /4 a4z 574
/AZR
A4 AGAVE %A 100%6 Cactus AGAVE
N¥ | MAYPLE ESLREE wE
- e FAFA Y GA8%,
AY | CAKE =9 3%, AATES
MORINAGA | "o ™ 0 T o196
AT 505,
NE | AN AR | Lg0 An s 4
=
w54 | 27 549 Sy @71 100%
E AL(BTINA 1527t &
2\ .y A e AL w3 4
BEWE - ] F2, At 90 AGE
99.9% s mawa | dAviz Axs. FHA,
Lo i Az, 334 T4 B
N 9 g A $37}

—: 35 =




-
5
= 620mil .
e . RgAAMNE=F
5 | zoz 100% s | = 100
FH A 21009 @7 7 (S E )
&9 aw s | B% AU 4989%, e}
el % q};;; ¢ 0.011%
FU4t ®wY) FEEEH
NPT 138ml B 17% 7% ©71)86%, | B71= A9l A7 =Hej
549 %;]' /AANTA | HA1E29% (THA), & | A ALE 9adsin, EREFe
/o1 B | Z1EF 954, AEES | 2 J4A
o, Fa4, HEC
1. ddgy

& Q74 AFE 29e oA Yz & =34 R FH (HEAEHA4, 4
7Del TE L9498 AVEAA =y A e g} o] ff 71713 2AL Drum ©] 30-70T, Blower
7} 20607, ol¥, =HELE = 20-60CA APSHAL.

352 Ad E5d 2 249 38 x4
Ale g ELE X B
el 40 mL
Xx Ig2y Ix &9 % g
¥y 4o 100 p Drum: 50T
= 40 mlL,
27 2g24 g7 Fa % g Blower: 40T
7] & 100 o
40 mL FFEE AT
Al Rl 2d vl FE % g
Al Eat 100 g
1) &% 54

2ve] A" o wE £E §F 4L AAdATHeE E4HGad, d@EHS

AQACH | 718ttt

2) FEFAE
2y 2y

FEEAEE
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TREMNE HA77] (Aqualab water activity meter model



series 3, Decagon Devices, Inc, Pullman, USA)E A} 83l E4 34

3) $9 % H2E

HY 2499 SH&EEE 39 29SS 25 100 mLd ¥ £ 3 F3F¢] 718AA &
£ S#02 WAZ A BB FHA BRIFQYY. o] ¥ 59 ex: FAUY ex
of 747t 3BCE FAFHh

4) B4 B4
29 ~de] 874 54 2y 7 1789 AE EHom ddsgoer, £ zdL g8
i 2},

E 3-53 29 AY EMH 2H =A

Probe 2 mm
Pre—test speed 1.00 mm/sec
Test speed 2.00 mm/sec
Post—test speed 10.00 mm/sec
Target mode Distance
Distnace 10.00 mm
Trigger Type Auto (Force)
Trigger Force 50 g
Tare Mode Auto
Advanced options On
Control oven Disable
L= - L B

1) g8 54

2o 28 HaEd AHSE A9H 4 wHA9 oty 5L $7, Ik, A== B
4 i FEARS obgEge FIFL AT BRI WS Pol IREoR Agated
Agax ge Aoz BAEo BEEY oF £23} Ax BAL AFHAYL. AAY F$
HFANFE AxFozA g9 5} FEE 249 S4d BA 2L 4 glo] A§o]
g Aoz BuEgo
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E 354 398 AE f=e o[ M
AEy T5(%) F5(%) A= (cP)
AGAVE 13.27 770 132360
MAYPLE 23.17 66.8 144.08
CAKE 17.33 72.0 394.94
HABAH 22.17 65.4 117.60
ES #7] 559 27.96 65.0 159.20
FEuZE Al F 10.8
e I H 84
BT II|F 136
olE=H B E 12.0

2) 9184 54

29 AGE 299 EW Aug wste] G Fuh, Fuel AR Qstel YE vug
FEHA AFHUG. EF 299 EW TE F 290 HA Fe FRE IY A 43
F gl o3t AR £FeE HHL Uuhlle s BRYe FUF Yo =Wl £
357 faME =9 ARe TPE 24, =9 A 2= 4 I SE 59 7752 ¥4
o xdel B d2Es} mAH oo} Bk,

¥ 3-5-5. 342 EF0| & 39 A9 YA 5H
F & Fig A 7] 39 24 A3l sie 2

-

2 ¥ 299 FHE= 279 vBuF AU 454 ¢
548 JeEhjglen, ol AP ANA LA BALE =
A e "3 R &g 7|QF Aoz FdHAT

R }EF BFFHe

o dn
i
i)
lo,
b
ft
)
H
ol
X
o
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F 356 =40l NZH 59 A4 Ay n @
ETE

TN

=Y & 2dg =27]e @R AR EF uirEA FIE FYE Uehdflen, 4%
Hellv 298 Y= AvEes JFHF @974 u-go] Fiss Aos EHHNDT

& 357 28 A2 ool nfz Adg 27| U=

ECE ELEE?
a3(D) 9.17+0.27 924104
&) 17 34108 1825:1.14
D/1.9§ 51.14+0.78 50.67+0.98
3) oHTH 24

SR F 23 5 §FE 6650 65% F e vH A A= AoE B4FHY
an, FRFAENE #9249 Aol7} gl LR ENHAY FEQFY DihE4E F9F
¢ T olZA Rats ALz Bgde] 2de @A 2V £SEEF 94 FREY
Zo 9%E& AR S Aoz #dnn, O0FdA 59 o= AF 7% F¢d OA4Ed
YO, E49 WEd A3Y Re2 gddt

% 358 TR0l e Ads o[HAE =4

A TEX Aw
sy 4 6.62+0.64 0.40+0,00
Sy § 6.48:0.16 0.41:+0.00

4) F&£3 d2E

a9 AaAg A G2 2de 43 Aol BoAso] YAF YUshs] Nange, 2F A
A8 B A9 5, 28 o] =W Aol geANP oy, Mwg Ads] YHE FA5te],
5% 4 xdel WA HAH7 Adsel o 1R A% 447 A¥SE Fo2 wHEgt.
ol 2us =Y AR TAkE FRU, AU HEEC] AEY s TAFAA &
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de| §88 Asjsts FoE Algsy, o2 ¥ BAL 77 A Fe g, E9E 28
o olale] G&g Ao Alnygrh

E 359 2EHA2of o Ade 2 A7 (357)
Az 23 4
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2. FAFERL o|§¥ A Fue 31y
< FEAYT 29 e Aol GHE Y 29 W pEd %

3 Fol9 Nz2Y QRS Egdoly diow Yt Az hEE 29 I B
ojv} iAol HAHE FIHAAY] st Aol BH, F3A Fo| A&HeH, WEEY
AEL A7re] XA ol ERA S ALGST. B AW AE £ EZolu 9449
TYF ZFE A3ty #8A AEel A= FVAE Az v aEY olHF AEELS
149%7 dF A4 F=9 FVE OFE AUHE FESAY, A 9§ AFY G5
ZL 92 E /A . gEA 29 ®gEd A= mgd glo] AFAE S F4ANE & I
= WY Ado] dad dAor

H, A8 B TEA EZAA 714 E2E F&3e Plde 1Y, $9E o) 4F
&, 7tid §4 Wyl ALEHA vt 53] F4 FZ2E(Tincture)2 2 EolY FEA =
A& 432 ZL2 FEAdA F28 AL gu . HEAN EFY FEd= €=l 1R
gt oz ALEHEI AT, Az SYAE Hedduz, 2293 Fgo|E F g
Z2A7F AHEEZIE g a8y, FE2A Y FRed odE AW AMge] EVlEZIE &z, dad
o AS A LY AL EF FEEE F s o]@E Az v B, 2
HALE o] 8H7 & AR F2EE0] WF B3, AxE 959 M= dF=olrng
e EEHAT A AL FEEL Wf e dHe] o ¢7EE o83 74

2L MY o= 25~60%9 ¢IAE FE7F ARGHH, sug 22 A4 249 &4
T 26% di&o] F= AHEHET.

A4 A EFQIE AHA FEH FAFEE AV SHEAE 542 FHFEE, A E
gHE Y FAFEE, Tolvt FAHAFEE, W2BAESI FAHAFEE, X2 EFTH
o] Ui, o] Lo vhFF AF gHE ALHI 9oy, dfels ARV F

ﬂl{N'

88 Hd =49 3 FEEL ThHE 2= &Y 2P

7t. AdA=

s ggel ASE WY 2w A AR 29 A 7
g A3l APl ARG AU AEHAT, A9 F 5% FES FAFD 9o
W) 27 ARAR % 10715 me] TF 2de] AFHAT, el AHEE TP FAL

2 23 Egdas 19 23 89 FA4 505 89 2 FA 5049 EfdEs 14 27 8do]
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2y 292 £AE ¥ 27 £22 AFAND A2 § 24
2o 29 2t} £99] =44 BE 299 B Gz B
of suc] 22 FdelA £ A3Y Aoz BRHNL

3d 35-1. a4890 o A4Y9 9@ vja

W) FF us

Azu g e my ERd g2 ~de] FF HEE S35l h2o 29¢] JENI
Water® E0|X, Waterttre® B3 1% EYEz s 2§ ffo]m, EtOHE0S F3 50% &80
T, EtOH60ttre® 1% Bz A9t F3 606 28 900}, Az fFJdM9 5 Hils T
AL AE3 2ol Az 27 oF 0EE EL AR AERED HEA AzHE o= £
FEHEASH, o T < 10 F%% JB7F EL AMETY 389 A5ET 54 E4HA0. ®
T 24A17F B9 o 16 FHRY] F£Re] L&A

2% 9, FHLE AHES 23e o 7 9% e AaHe 147 ol F AzfEe o
Ayte] Zd Aoz =330} o £ 3¢ £29 FHolz EY d#gEd £=:7¢
o ApolelM 711 o= Algdch wF, UAZ Az & AWy AF FHES EL AEE
o mYg Aot < 10 F9wL O 24 B4H3eH, ol ~dd Fdd Fadd 44
z 229 Zriem sgdEd. mg, Aud 2o Bdg bz dAzsis A 27 %9
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g, 22 Aq ¢ A= dE 1471 9

I

= 14l =



RS

bof Wl

d 7}8

P
=

HE22)E

NI oo T W = —
~ T T oo o M
- o T T
of  of aroAr o d = do N
T Il — .- %o H_H MM i ,ﬂ o0
o % mp ol
A DR I
§ i B . : o
T TG Y oo
T oA ‘olmﬂ%gm.wﬂﬂﬂm
y 0 1 .JI\A L — !
T B S A i
" G 5§ Moo o) T o
L o . o g T B g .
o E o ) LS A K g L o Bl
0 D O
+ H] — K Q o | &
R ERX: % g % X CE e E
N G w4 o 8 W gy
g | w T FoN g & A
- S =y ™ % =g
| 4 T i 4 s = = T
323 g < Sy mon S oo ™om W
i : m el L T
l { " E ™ A ] < o o Lom T 5 ol
H E h = 0 it = =
! ar: 4y T e Rew RNy
! s " | & T N - P IS
i ? . W, " o . Mo A . B T
L H ‘u.n.ﬂ T . ;Il..,l ‘ml T Wm o ,ﬁ e A _El
oy = S % &m Mo =
i E CRCEE =K oo om X©
£'8 3 8 58 2 B CRENES MT o Moy T % B
[ERUEEN o EE w = ~ i .&. | &I ol i
U i R S = M e &
&;ﬂ%@al.%%%]%,l
Y B S w5 3 = 3
< 5 B 2 W o
o L] s
sg B M oZp ™ o ol <~ ~
N _.w._mo __l__..# B — A#
WA M S Lomw 30 0 e
K r :
F P E o om o Mﬂ a% Mm w mm
ﬁl \A..# Mnuo JII.‘,I Of ﬂ_.wo _U_‘_ E# —
B = AN -
P | R R dm <]

— 142 -

HEg2AE

E%
ik

o2 AlRHH
B AtRER,

el
1



1.70 110
165 | U ) AN e

1 105
160

155
i 3— 100
150 i

145 1 85

D.size (%)

D. size (cm)

140
1 80
135
130
1 B85
125

120

—! 80
Cont Water Water+Tre EtOHS50 EXOH50+Tre

Coating

J% 3-5-3. 3§ AYyo I3 HE

2) =431

a2Y &q9 27/ 0E& 299 FEE Hudt d3s 929 a3 do. 27 £99

BEES °F 1800 g2 EMEILH, BT Z¥a £ H& o] & 2719 o 1307 16092 7
7= e =

S8 8 Ef R L7 A4y EHd =g 4T o2 ARHA, FHS gAlsle =238%

T gH e 25 " Aot A HA 24% Aoz Alad
o 2EH22, 39 A5 ZEst &9y S48 Hlad 23 FAS 2 &9y 9
o, BEY AT, z4gdA B2 AT ARER Hlay 95T 238 YEUR 2,

FH BRE F7tele AL £99 B 2 %L FA ¥ ALE A9EA.

= I



4500 200
B Hardness (g) —— Hardness (%)
180
4000 1624
1 180
1393
3300 1305 140
B 1000 4 120 ¥
2 3000 + £
"
g 1 100 &
B B
§ 2500 |80 &2
2000 1 eo
1 40
1500
4 20
1000 0
Water Water+tre EtOHS50 EtOH50+Tre
Coating

dd 354, 25 249 F HH

2) 749 v & FFE R 29 A4 A=

7hH 4%

FH FEEL T2 WE 27| FEEY HEE HIF ARE 2 F 2. FHY 3=
30 780%o A 7 A s Yelsi e, Tl E B Bl £XHT, FEF
AzA o Ado2 fFFEEHAC. olFT 2rEEY 4L 2y AR 3 943 22 &
o2 AtaHA, o] £ e 2% A= R % A
A2 B4 dad d2E mAe AR dHEn.

=3

o

10% 30% 50% 70% 100%

79 355. 739 skol BE FE2 4T v

W) RY{E #F
g7l #4 #2229 F4 =24 4E& nEE

U_(‘:{_!I

& H w3t sh7] & 3-5-11 o] YEMASE
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¥ 351 FHY sTol 42 F5E9 IYPE ¥ un

F3 FZE(%)
0 10 30 50 70 100
. T 380 5.00 550 190 139
Solid (%) £.53 60 064 003 B9 001

E719] FE-2 4.38%2 EoA 7 FEEC] 233%2H, FA FE 30904 3.93%2 07 30%
Aol A FEEEC] B EMEJAT. o] £ FAH w27} 5092 F71g wE) & 2 &
o] ZaxH e 0% olFlME FEEY zlolrt BEAHA] PPt B BE FEo| B
#2244 HER C 22 T84 FUEe] oF THH gan, HF4d S8 dzLT
2 4ad4 FHE BE4L 7r7] dEd €me 5= 305 olskdA FEAEE] F718)
B Roz Al2Ec. a3y wERlg g2 £84 482 iy W sl 44 EdEE
245 7Rz 7] dEd 789 FeHdAE AsEr] 48 A4S tRln denE, g7
of AE nHES 307503 o €& 3ZdA FE 3 Hu#sle Zeo] HEEst A2z AlRd™

w

o 7154 BAY #8209 el AN, B ARANE 2499 z¥d] Hgd %=
22 Agsidion, el F2stna st BAY 249 e 9= ¥EY 2de] Le
% ZoE AEEE, Ex $3ES 372 £ Qb B BAS(2YA $)2 A7

o FEES FUMNL 7 Y= Hde= e

o) AZE

27 F3 FE29 w4 0 299 HIAEs Hade 29 J2"4 dUshlin. F
B FE 30760% A EB7] EEol &9 FH 6476002 JHa Bl AET A2z AR
2r, F49 w27t 509 olF2z Sigd wEt B2 AAFE 04 dasts A2=

ZE T

rL

=d 55 (%)
30% 50% 70% 100%

50.0 43.5 : 60.0

dd° 356 T80 so] OE 249 REYSY H|B

=l



&) ¢+#

FH FE2E9 24 o2 39 &d9 Ag@g Hmg 2 T
2289 BEAEd wE 2% Hase &7 5o el el gy, BAlgke] &9 F8
10%1 A 30% 74A] F7hEe uet Ede] ZHY TEA =ZHEH z
T F4 e 29 FaAFAE F9H Aelsk G B 308 A FEEL BASE F
T 14717% o Ee] of FaEE oz FFEUG.

FEsE (%)

A (%)

10

20

30

38 35-7. FYF&2 M0 g YT HEE o|u

¥ 35-12. FEFESY EAGN HE IFEY HAT v

; £E 3&3% (%) 3
EAF (%) A (%)
21 S 5 0
10 56.0 50.0 64.0
20 69.0 71.0 88.0
30 72.0 74.0 90.0

3) A4 9859 FTHA & 2J9 EdF 39 54 =
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OILE

f7] 29 A9 B2y TRe| gE 39 Aud JRe ey 4z0d. AA By
5ol 48 29 ~uq q@e Wnd 2 7A 2EEL 8 2ue 294 ge &
o W] AAGE Eao] FoAde0], B g3 do] A AL Hez AINY
ol B 4914 489 27 23 F28L 1%, 290 Edels #5E Ed0] £3o
4, Be2dd A4nTad 2 Boes ogdA 9= ez #EAAS. ddbd 23
2289 4T 2us s 932 fiA = Hoz RFHYLY, 2ud Bl 9%
s oAz Aoz @ESY FF4nA = Bod g5y S43 299 + Y FEEL
Agete ol 9ew Ao gz,

A=

1%

(a) 2 (B)E7] (CyB=Z7 (D) A} 30}

A

(B)

Jd 356 HHase SFol OB Ade 35 S4 0|1

o]s} Zo], AVFEHL] F4 FEFEL ﬁ%ﬁ}f AEzd AL 2HEL olidld 22U ®
Heg B4 A AL 29 mae A2dg A 2EA5n, AS39E g £ 3l
Eet ofjg xHbe] AR em Auo] A= AbER|HE FAAE g sls olFe] gt
AU EdEe] B BAG £ A2dd 2EE A5 AU Ede] ZEdE A=2de 43
Alate] Aud AW E@Es)s EEsn, #id AU gde] &9 Az HEHY g
Zue] BAde] FAEA e wAe] e WA, B 4R £ FEEL olEF 4=243 A
4E 2L ol848le 24 ERL FHY Afels 2d Efe] 224 HEd £ F
el MEA Fdste 22U £ WEE FA4LHE 5 Sl qdshA, B dHE g £3
FEEL T A=Y FIE 2HEL 2y A2dE ZEIHS] A4F AFARS FE5
A olgd & 3lg A2z 7FlddE.

=1
=

l-ﬂ
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3. 9ol 299 XL

7t. 299 3 54

2N FS A AAANA Ae] A} R FHOR A3Y FHo] AEAY F
B 29 o] 43 Ex AHEd o|HE TAAIIG. o|HF A e 29S
A, 8 383 F&02282REH ADIAY, EFUFA 4 TAAE FHrste JAF>
Aok = A29L AT 7MEE, B A AARA S A AMEsE AR Z
#ajor .

dvtH o2 {FHe= FARAEYL F7|EGA T EE7F 0056 g/miol™, HELFH ol
o AAaMozk g9 3w (STP)7l EF5HA Astd & genz 299 77k 52 9
e Feado]l2e] AAE 1%0|5lE ZAAA L, ALEHRET G EZAHE AL of
gt dtaew Ade] ¥FL AdA Y # A F AES %] Astdq FUIE A
s, 718 299 A9 20~409 T FFo] sHEdEvh wEbA 6718 ol frEstnA 3
T A E Ardyge] T2 TR AAXNE TR a7HM, AFAE JA 7] Aty @
o dig A= Fasdo

7] 29L& g2 I8 SYAAZE EFUE, 978 98 He=E o 2HEH=E 2
etk 28y AR E WHRAFe] #L WE FEOY A AdAde voE did s gt
At o] F 43 A FHAY, dHFAAE 717 PVDC 2¥ H2do] ALEEHIJon,
A= AEF OPP YES T2 ALE-@rh OPPY ¥ AT S AAs] Hs 59 A& 5
Av 992 ¥FE B3R FHES W FEE EE FHIdE E AL FolV] H3d
F& A=d S92 5L AMgE, 23 € #Y2de Fd A3 st sheAd

FrAEFA CO2 712 ABAEZE 37|E v} CO2 7F2rt A Fo] FAH ¥9-X ¥
Aol AFTE FAY LHFZZE ED MY o) Ao sEEth Y EFHAUE
FA L ASpLA, FFo] A, By, " A & FHoR 3 NAXNEXAE Ps= A
SdE QX2 AR XNFE QEFAEY AF QUEEL Mo Ay ojok Fhr)

3]

o

o o

b 2349 F7 2 54 24
durmom 2o ¥AAZA ALY 4+ Y& X A FF 2 HHe A4S At
theat g,
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LDPE(Low Density Polyethylene): A2 x Zddd#

* ditde = 'PE(ECEA)'ZE &P HDPE, PP, PVCS B &4 IuldA 71 &o] Al
€5 A5 dtveltt. LDPEE 54 £9st djdtde] ¢z & Soluy, A33
EE g AAT WFTAHAHo] AT 7HEEtr] 4 AFSA ik AFEFY &3
ToE AMGET.

HDPE(High Density Polyethylene): ;1Y =g 4

« A3, &7, Ax7E BF 2AR, A EAUs AA)H JdEFAE0] Fa 7R HEo
o FE, ©@A0] S-Fete] A4 AFAF 9y AMEHY, @ELEE YydYe ¥ A7
qAo] glovt Eiyol X fn EHAY] % THe| Ak

oft

LLDPE(Linear Low Density Poyethylene): 418 Adx Z 4

* LLDPEE A% AZE Zd 2ol 34T ey Z= ¥4 HDPE Ev+= &
i LDPE Bt o9 08 542 LDPES vkt dutd oz EFASE go] 20)H
AFHAPol T2 FEA7] WEH AFEFAL o F=2 2901}

PP(Poiypropylene); Z& X493
4744 #A¢ EFHZ=29dLe Tt Za gEekEoy dd Ade AEe 3 F
HAol Tt AT A2 A FHo FIEE AL Fo o gt

OPP(Oriented Polypropylene); 2.2 E F]x =9

PPE 4% EE o|F02 AAE 34 Azxg LES OPP TFolgx vt 7MY Ed=
=FAPP) Hste AR, FAZE T 71AY ZE7F 88 A R #HAHo| ¢
Zatn S8 FAHES 7R o FFH, F501H fAHe M dF 29 F % 5, @9
7 59 EFolu A& LoE AHEo] 7HEsttt

CPP(Cast Polypropylene); 794 ¥d=z=9d

CPP FILM& FQ4le]7] W&o OPP LEol H|dte #8, EPHL oA AL $H4FE
2 dg Ao 538 CPP FILM @502 A9 A4 ¢on 90%o]4e] B 4=
IE(OPP, PET )3 A3t ALg-drl. Ed Aol Hojur] B 4, AH, 29Fe
AE AR wo] AgdT
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PET (Polyethylene terephralate); ZTol €4 g EEdH o=

ditdo R FgdiH=2dar i) ofF gFHe] vm, NFA, WYEL, I 8 HAEH
Aol 53] Wi S FngoR Wol AgT Ed2HZE HE59 5L &
28 dF FoAA 7M1 A dFd Falxm, 1714 AdEo] e, g4 A,
g2 dFo® AMEE # oy, A&, F94, IFAZE 2. JAFFE AX d=He
3W), ZF 22U 10ue] Gt ST FA AL RO\ BF £xd wE W A1
FF71d 7148 FHEn A, EgdidHad F e FBA, A%, A% AL, F
e g ZE7t F 4 5 ol &{A AFEE, FAIE 9F, AV|HE, HteHe|x, 4
dHlolZ, AFERE EBE, EF oA ¥y F %’f‘:‘éﬂ‘a}ﬂ] Hoh Bld TN HdE R’
o AFsr] o) ¥ JAFEAEL 83k ¥ old F$- PETE A&-s7|= 3o,

=

Y

—

Nyion(Polyamide); o] &

UL ELEL2 v SEFIFLoEA HHEA O wof A7 &S BaAsAY JAFE 838
T EFA F2 ALE. tAFHE] Yo OPP BEH Fo] AL AFEY a2 F
Fgo] £ LEF HYE TF T2 FAINAU =B FAE FAAIE Z2AL T
=3t

¥3 513, 4t%, ol s T HEH [g/m® 24hr’ atm]
1 B 02 CO2
Z 2] g A(PE) 13-16 70-80
Z g o] ~2H Z(PET) 0.08 0.2
1}2 2 (Nylon) 0.03 0.1

Al-Foil(Aluminium-Foil); &5y 39

dFvE TU2 £33 2o R B ¢FUE F5E FToAEH A v9 ¥ ¥2 A& ¢
ot GFRES FF7IY ALY FIEo] A4, Y& 443 Xad 5 on yEAd, WE
A, WFAe] At EFA2E YAE, PET, PE 53 @A 8o A7zt 5o 27HE
HEoly =& gl aFHE AANEE, J%E T ¥F A5 d¥ ALHA gtk &
TulE 599 $5% 23 42L& A B AES AEEA FHUEo] o] AHEHT
Aot FFEEA = OPPF&, CPPF 4, PETS & To| don 357 A i 3aAgde
Fou dFvEAYH YUe 4HE AR ZEv dFveH vFtAE PET, PE 53
A st 29F FHF 59 TAARZ ZHA ALE T g
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i
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B o

F99 53 BF AAE UASE 2u AQE ASZA FFPEo] Bol ALY

= OPP%#, CPPZ4, PETE4 So] glod 27 AdAz 44 A
MY 9d& 433 AdsAE Ry 47 EI} A E PET, PE
, HEF 5o ERAR FGA AHEEZ Sl

ot o K

rlo yo

g £
o

T ol

B

me e

t ulru

4, o
o

)
N
ok
&,
[>
&=

o4y L WE ¥IFAE 43 Gk ¥ HE ¥ v g2 gon, 29
o & e YR e vud g Hoz $XE 4 g 22Uy 94X 7 HF A
o2 MAHAULL

¥3-5-14. AAQA NEXFL AF FF

A4 - [PET NY]+AL+LDPE

% - H9A, 299 H9A, A9 299 #$F

54 - 91 BAge) wEHe uit AR=E YFo} TAYE F T3
4.

T4 - ¥4 B 549 U FEAF

A4 - [PET.NY]*LDPE

ATEF | F4 - 940 $4dtn Ausel uF YSHEN 2 AG

74 - ¥F RERY $4 B FRAF

&7 - AERE F97

HFEF | 8= - %, RAE 47 T2 KA E EAA, §79 224 g 13 mZst
UL, gL A 141% ] 437 HEE ARE AAd XA
A4 - LDPE

A = o L5 - YF, GAAEFY T3 HEF & W ARHA @i o7 dHe o] A
S5o4 o fEF
24 - dgd X, PP &
L5 - ZAL AEZFFES KEAse IFAZA YLES 3 e o 24 g1 A
A xF F AW 2E HEFES BASe ZFAEA Ao FEe] AHE AEH
,-,101*1 23 $& AES A 2HE AHE 23T 5 o)A AFe A
sl AL SR & FUd. (&, ZF71%, AFHEFE S o]8&)
) 9d A9 2 hitp//www.djpmkr

2o Tgol AL WES & FFY THAZ AL moke og Ado) BFHo
2 43889 JU= ASTn gon, dNMos NEFY T AYA AgHE 2T IF
9 %% 2 54¢ vedt 2.
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¥3-5-15. EF AFE AEY 54 2 4AF FH
£ = Ad 2 74 5 4
. y. 1& S
U345, A%T, 297, OPP/Dry/CPP L e
I = -T—
ﬁcﬂi-n- VMCFPP .« 2% Roll 4 7}3E
S5, /g A, OPP/PE/CPP-LLD © AT, R4
TEF, YEUER PET/PE/LLD - A% Roll 4 73E
o HIFY, AFH
) NY/Dry/LLD .« e
& AFAE
. N s A= NY/PE/LLD EEE
SRy TR T NY/PE . AWIHE TR
« 2HIEILE
s WEAA, WA
. BFy
AR E, @b, NY/Dry/A/L/PE/LLD . dEzEeNS
qorEs PET/Dry/A/L/PE/LLD . AT avrte
= PET/Dry/A/L/Dry/CPR . agEaE
*+ A% Roll
B —— PET/Dry/CPP,PS,SPP o HEA, BFA
T3 _;;I :‘;A % il OPP/Dry/W/O(ZA)) « PETY #%
FEET BT SPET, PVC 2% Roll

() 937 ﬁ]°“‘%!l & o}l http://www.djpm.kr

E3 Hole BB AARAE, F FAE,
gol G AHEHT Yom, ARTEAE
% % S4e ge 2

#3-5-16. ¢FvlF #¥A9 T 2 5A

AAA] 22l (Manreal jit)

AEH &2 ulF Complex

& 50 g~ 150 g

A Z 100 mm ~ 1,600 mm

Ly g, WEFe a1e 4FvE ¥4
Fol{40 g) + &F7E(7 um) + PE(15 um)

= Fo|(40 g) + €FE(7 um) + Surlyn(15 pm)

K ARZEA (L0 g) + EF7E( 7um) + PE(I5 pm)
AHRZEA(40 g) + &F7E( Tum) + Surlyn(15 1m)

[www.lebus.co.kr,www.manreal.com]
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¥ odToA Age 24 ¥4 YUt 299 397 YUE Adsgon, 299 594
o Ade $9 PE B UBH g0y 2dTE 23 Ws$ ueldad. $9 PE B
4ge AZY RE BT 4+ Ja ANG Brhs ol g Wy, 42FH 2 )4
3457 Bt vdlel 3T, AFE U AS AL W Fou e 24 §
A + g& @del 9 o] T FFY WE 54 B AR/ U AFY FAL
ME A A9e AR B8 A7o4 W,

(A) & C) &5vE I(=ZE

293-5-9. FHrot 29 AL AAFS] 45-A £F o
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A6 3 ANAFE AR R AHA V|5 xA

1. Gfobg 2AAF] NF=AL L 2
A#EHL e U Ffrokd 2lAFd A AFdzALeY 248 §3d AFSAHAA £
ARE AES A Fdwrobs 294 Fe F4 2 AFVES AR

7h A% dfolg 2UAFES NFzA
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1) 4ot A58 54
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3t5-o 2-33)¢] HEFA o] Aaspy, 12~24714 9] ol Al= 3-43¢ HFAF dael upt
1-23)¢] =9 HF7) v deivtn d4stn o

W) Gete] AAY H&# A=
Holol We dobs) H&W NEE WEA7|el Wk olesh o] ERAT
¢ 0~3AE: EHE FRHAE Rol o, £471 AAY RBF e A4l THE I
& FFH, B4 o199 £4 %e A3 FRUFS A9 FAFS HolE A WP
s,
¢ 4~6719: AF 1008 AURA ol fi7} AsaE a7 4n AT Qe HE, ok
% 5& ¥A w50l WolEF s ol FTou f4% FAIHAY Hj Hevkm BA
2 Yo 1 97U AE Fol oA A=,
¢ T~1449: EAN $43& AL B 5 den, ol gyent
g4, A4, op) A A 5& ool 8% 28 AR FE Ao
¢ 15~18049 = B v S glom, EXA Ho By $E gk $Hu g
§ENe 234 Go} FEEF W o4 PR, ¥R 7Y & wIFEE £4
W ERA &7 A8 $E sl

P e R, 93w

rulo IH

-IN om

= L8 =



) ekl Asd Ax

frote A W &gge] oA RE QAR Hol7|Hute At 2R dAF F o
ol Aol Frh A @Evtm HIA|EGE ofcl7}t HiZt ZE PR TR EIL Bl
o WE 22 o HAld 7Hae FE AL FX g 9|2 FojEe foldA HeR
B B 49 248 Fd 222 HE o dolsta, 40 JAFAA RIAnB {3 &S
F3 otol7t ¢ Hr|E 4T W Folok At oz 2FBo HA § dute] Fe
A ofold] AALE Wel@ch kAL 5T 2 3 AR Fo, 287 & i ] FRo] H2
ZAE  Adste]  ofolel  7)Ze w2} Bka QJFE Edehe Aol wHHsSH
(http//www kidkids.net/kid_magazine). B-fot 29 & FHolo] AEH Ao HFFeteE o,
I Az £4do] YaF ASE ARHG,

4) 9-frotsl 448 2 A4 54

) G-fetel 44F 54

G-frobel H&B BAste] YA FHYL 2AE AAE E ULec F, 200000 E

AT Ghobe) AANLE FHAY 630%, ‘FHA) oI 37.0%2 wmA FH7
ol Aoz EAH AT

E 3-63. 9 R0t AMAZIS FHN

ANz A4 W& (%)
T3 A 63.0
E13E A 37.0
ZA 100.0

AFrole] HAtAZEo] FEAAFO|R] gL o]FEE ‘ThHE dol EFIT Yo M7t 26.6%, ‘A&
o] glojA’7 255%2 M= SHEHES RFow ‘NAE EFFHEA AAAN7} 202%=
ZALH AL,
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# 3-6-4 F-frof AAAZio] S 0|7

HALA 3] B A § of & (%)
HALE 3R] @ 255
tE oo BFaka gloA 266
HALE BT A EHA AHAA 20.2
7+4 44 53
71 11
A 100.0

) 9-frobe] A4 g%

q-frote] A& HEd #F AERA A, A4H Hmd EAA UF7E 195%, ‘3t
ATk 59.4%, i ‘gt 21.1%E FAIH S (Lee 5, 2000), B2 F-frololA @] &4
Aol e e gl

£ 365 dgotel s HE
d-fote] Aad A% NE (%)
o 195
Had Hug ¥A % o1k Ut 594
gt 21.1
24 100.0
NEd g A4 .1
Axg A 134
Sze dze 24 S A 15
¥Ho=z A 43 23.1
718} 52
Z4 100.0
Rk 6.2
A 8.8
Az 11.3
B9 79 99 “;;H fgj
25 A4 29
J-frote B4 150
71 e} 2.6
A 100.0

g fmd B TA BAZE AE) BF B 621%=2 JHF wgod, ‘Ao
2 A HE Ao BI%E ZAFJL BF Jg Jgn FAZA HAE A=ze R, A

= 195 =



AR ZEY] B ERA, ‘FH R Wol HE A 2R vgdsA 2AMEZAT. oo Ze AFE
53t qG-fol AFAe FE EAE HYyoz MY, F-frol B Fg dele=E
‘Tt'o] 59.3% % JHd wtew, HAY 154%, ‘elolg dA’e] 150% £ o2 FAMEI L, o]
T meF, A, A, iR A Fo g §5o] FAHUHLee T, 2000). Lee T
(19972 £39 =T 5, 689 3439 & Aoz WY dist dEXA 23, HY olF&
64.7%° @3tm, A9 o FEE ‘FE5EF AL A7 & g RusYP.
ol¢} L 2T HEHL J A A58y 4HT A/ E /1A Y 151 Beyer &
Morris(1974)8] 479 Zo] 3 A AF# HEoz Avdrt. gty A7 A53E 93
of Ffol A7|9 AHFHL v$ FasTa AU

o) dfoksl 2447 I
-roke] YA BF 2AZA AL AHPA AFE el ®ol e

¥ 3-6-6. 9-wor2 ZHHF EH

g-fole] 74 47 & (%)
1> 0.3
1 426
1-2 1.
143 74 43 3= 2 44(')7
3 110
4< 0.3
AE7T E2A 248
olo] 7} Folsi=7 67.8
A FEALe] BAE 21
r49 AY 7%
HH e A9 7] 74 0.4
X3 04
71 45
T A 6.1
Hl2d 734 45.1
e Fe
&% TE B eI SE 190
BI7E 3 20.8

Afrete] 712 A= 19 287 47%2 M BhoeH, 1371 426%, 33 11.0%S e
At Dirore] A9 Ad EOoRE ‘ofo|r} Foldts A 67.8%, ‘¥ Evdn NZ4H
E Qo] 248%=E FF o|FAth F-froldA A& FE WHoeRE Hud FFF|}r}
BI%E 7HF Egten, B3 E 208%, vnd 273F 19.0%, 73F 61%E AU

= J96 ~



(Lee &, 2000). 173 A4S st Pfof A[7]9]

A&ERe d9 Fasivly AN
TEAAQ DAHAE T3] A4s g Ao Badjr}
3. 4ot 29 AAF Ad
E d5-A HFFHoE MEd 29 AAFY T/ o9 29
7 A AE S5 2 a3y
E 367. NHEZ £7 ¥ g
1 HE 24 SHSA g £7 YR
e G7Eh R EY SR 2 EF
=7:15:1:05
Al 51, -1 ] : : =
A} A 71 F v} 70% Heater:100T SRR :;:;H}wr Prel
ol-& +830% Steam:250TC FEPEr R
HE2 g 28 i
5 #ars b)) 2R
Z+93 a1
@] g7 EY g Ay g S
= =7:15:1:05
A} 51 vl 3 k3 ) ] =
A4 7 e} Heater:100T e ;Zﬂ!—:}‘%‘% e
frohg WA 30 100% | Steam:250C TP m e
FE & T -:4:5:1' M
_ e s dhahuuin o] 5
TR —4:4111

. AAE] 54 2A
N ANAES FH 54
A} 299 B4 gye ~

A
o

1) =99 A27] R T%F
249 #71E Fobge] 1490~1551 mm +
£ go}go] 0.23~025g, Hotgo] 025~033 g FF2.
Forg ot o2 Fu FFe] FIE A

o],

= T =

o2 ZFRHUCH, ©
o 9% Aol £3o) MAGHRT IEW AR oFd FFeo| FiHgH

%, 247, TREAE, A7), §9= S hatel 243
£4 A% 440 A48 g% FUsH

o}-§& 1481~1506 mm o] oH, FF

2 ZAEHJY. 29 A7 E foldol
1= 299 5y FAHAA F=
5t Ao Hadd,




¥ 368 249 27 ¥ 5

s q=a 7] Adquyvo Bvzddd F+dzd
15.30 14.90 1551 15.26 15.22
o o}-&
=27 +().84 +0.96 +0.79 +0.62 +0.65
(tmm) & 15.05 14.85 14.81 14.93 14.90
frel&
+0.72 +0.53 +0.81 +1.08 +0.73
- oolg 0.24 0.23 0.24 0.24 0.25
3 +(.02 +0.01 +0.02 +0.01 +0.01
{g/17) PR 0.25 041 0.1 0.33 0.33
frobd +0.01 +0.05 +0.03 +0.03 +0.03

2) 29 & 4 FEEAE

2dj9] FE& golgo] 416~6.32 %, frobgol 557~837%= ZAHJ e, FEEHEE
Bokgol 033~035 Hokgo] 0.35~038= FAHAUL. FohgF Folg =7 BnZEs 2
o] T & FEFIFE U en, Fokd Boke fobdo] o 1~2% 71F & FEF
Fe e, FREEHRE 002 FELE Edou, F93HQ Aoe e Ao ZAH

o B a7 AMgpu HzHg  Figgu
o} & 0.35 0.33 0.34 0.34 0.35
AW +(.00 +0.01 =0.00 +0.01 +(.00
g0} 8 0.35 0.36 0.36 0.37 0.38
£0.00 +0.00 =0.00 +0.01 (.00
o} & 481 4.16 484 6.10 6.32
2B (%) (.18 +0.50 £1.10 +0.18 +0.07
= o} g 557 6.81 6.83 8.37 807
o (.99 0.23 =0.50 +0.89 (.35

3) 24 9] 7Z X (Hardness)

Ffrot 29 AEE Jolgo] o 2031~2083 g2 ZAHYLH, folfo] mEIA ok
2de] A9 1580 g oA =W F 2094~2458 g EOE SAHYJY 7] 2V FEE §
oh-go] gothgdl Hl3teq ta ®oy 3 o] F F7iEF Ao #odn. AYe] PxEE 7
717 & A FAFHNLH, olv 4849 eX =2 Asdr.
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¥ 36-10. 249 I

== ®7 e e ) Sl B =i E+gdv
o ol-4- 2083.30 2030.94 231,12 2065.01 214661

+151.37 119685 +262.60 17856 12627
P 1580.48 2094.29 2424 57 237461 245849

+190.61 +220.55 +318.13 +271.00 +365.12
4) 299 RH&=

FedAe 298 gEg vy B U5 Rk Fobd AUl BT A 48
o ¢HAs #HERew, Ade TRl BE ol FAFHA WKl dokd A2 I A
4L 2E&Ed 9% "AA F= ALE ALHAYL

E 3-6-11. Yol AY=e 2% (35T)

A2t =2 271 ApAf 10

fobg 29 52 ool o SAHRLL, dobs 2o} AP He 299

a4



¥ e S840 g4 AdEE o 2YPHgon AFARF H2Ey Ada g &
do] H3le] thd {87 AdHE Ao BAHGD, o= dFP2Y L2281 Ede ¥
Fr7t 5AAZ HEY =9 Ad 7|0F Ao ARHL.

¥ 3-6-12. 7ol3 242 EI L (35T}
A2t
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o AAES HF A= ¥4

AAEFY Az AL A FE9 A2 T R A=Y 2 A FHLE FEHH, A
=4 cAE O5d 29 AFTAFS 479 ALE€F7] A" 2 HEH 754 9489 A4
F71 AEl 2 BHAARE AxHgen, AQ4589 29 30 dokg e IAPFREZ g9
=38Y 2HT FAANN 29 B FJAVEA Add5e] SHIAF o2 agH e, fof
& A8 A8 A FAFEEL EFEE2 89202 A3l 24ad. o F FIAFE
ELS AHEE &Mo] I9E ARG 2o AxA JefEE T A

HE HANE

g A= HE
A g3F ol
wa

38 362 A% MAZY Ax 33
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Zt. AlAEE 471 A 2 4349 v

1) frob8 249 (27199 €971 A% Jq9
¥ 3-6-13. wol8 A4 (H7|oh)e| A} AL YA
g = @ 7t dEdd
A 75 1 320
o)+ 34 120 4 30009 /kg. B7]25009 /kg

1.000kg +40g=25"%"x10ss95%=23%-
2,7509 +23%3=1204

g7 8 140 \20,000/kg +(50g x14%=Tg)
Hhu o 30 \20,000/kg +(50g*x13%=1.5g)
EfIEz~ 20 \50,000/kg + (50g*x2%=1g)
H Ebdl v & 10 \100,000/kg+(50gx1%=0.5g)
A = H 150
2Rl 5932 100
o A 50 1,000-9 /v + 34 ¥ 20%5-=\50
A A Az 123 1,0008/9 71¢&
= By 100 w1/9138 71 F(20%/Y ) +2,000%-=\100
2] o 8 \3,000x5=\15,0004] +2,000%-=8<
d 75 H
T ¥ 9 10 \20,000/¥ +2,000%8-=\10
A B E
F 4 9
g2 & A
s & F o 5 \10,000/9Q +2,0008-=\5
v Al £ o9 78
7 7F A 7t |
7+ 3 < 7 40 80,000/4 7]1&
°] &
aE 38 2] 81509/ 49 7] & A =\75,000/L 7] &
71 Bl 7 W
+ & 15 2004 2(2,000%8-)A60,000/t 715
2 A \686
o] ¢
2 17}

frob-g2d (E7]3h)8 Az 971 4 68692 A=HG oW, fEudS 1
= 30 g9 FE7H4L 3000~400049°] 7 o= AlgHE, ol AT #uHz U=
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2do] F 7189 FEY. 299 B WA e V1TAH A 98 v4d= 3
HE duEs B2 71Fe] kg B 20,0008 FFEo)x, A¥e Edd IYHE ¢ 0.
1~1% +E22 5 HL2Foln, IFFFEAS AHEsHA] Furd AxTALY £4] A
o] WS« Yom sAAS AAo| glrii AR HT}

4. MR} 7155 FA}

AEF Girok 29 AAFY 2% /1ZE 2A: FH 24T Qe 2okTel g4
Fgstgor 7pgo GRobrt e 20-60t19] S Ao R S VEE ALY R
P& dfolrt 29e A, RIS Ffote ¥eg BuA gusign J3E 2A
E AL AAF 8% dete] 2AE stgev, 2vte] Edold 8F& A AFsA AE
Ax ot 29 Hd9 AF J1EFH, 29 AFe J1ZE 24 283 AAFoR 29 A
o) 4% FeH B4 @] 2A AT

AL

.Y
v% ®

92 3-6-3 AH[K} 7| BE ZAR AJRE

ANAES fot 29 FuA FRE DS AFEY EME 452 BUE A3,
AN FAUNB KT} 5% FEOE G A 2AE o), dfo 2u dY A A
9o B5H FART FASA e Yo EolbA g RE o ¥z oz
A A6 AF FLEE AHHoR Fe Ao 2AHe], Fhol Ay AY A
o) 3t ATl BOHA W AFolgE Aol Ba kobE AdF sFsyol
Aoz ARd

BN

-

A

qy o
i

ro
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0 10 20 20 40 50
S8E (%)

13 3-6-4. g-7ot AH9 i Al MHQ0lg %

ol 299 W HSEE MuF ARAAE TYF FYe] M e 45EE o
Buiglen, dobss Al Hugel ok 60%, fol8e TYo] 4% FTOE Tt B
ENHAT. EEAEE B 29 998 B 2o JhotEe) @Y Wim 97 WE
Ag wFtel 2de At FTE e,

® ot
" fot
50
40 |
30 +
20
; N |
. ) . .
T oo

Ffol 2d XAEL J1HL FERE 70%7F oF 30009 Mo] AHHEF Ro= gusgon,
od-fol zke] FrelF 4l Aol Tt 2de TF AL 4% GHEAT ULE9] ¥
AHE E 4 9 FEHGLAE A Aoz 2AHJoY d2oE FHoxg Egjx
8718 AB3e gUAEL oF 6~30%2 FAE Y EFAA o] H4HU Aol (e A
oz ZAHAG, EF 29 FHE GAd¥F, EFEF] dE {93 Fom #FHA
ggteh, AF x4 FF BN E o 60% FHAI 0 g TARHAE A5 A=
BEse, 13 44 & & e ¥% d38e Rez 2AHGNSH, AFY Az AEE
9 @8 F 4~10 g el FAHUA AUt o, FAAELS 2 g £EY FLe GHR

B @)
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te dfotgol 180 A 4FT 4 9k 529 TAVIE A3HE Qo= ZAHY
o},
100
90 Bgots
il Hgots
70 |
= s0 |
ﬂ 50 |-
x 40 |
30 |
5| N
10 |
Q9 L L TTT—
2000 4000 5000
ZHE)
39 3-66. ¥-7of A4 714 MSE
(A) (B)
50 50
45 45 r
40 40
35 _ 35 f
£ £ 30
ﬁ i ﬂ 25
% 20 ™ 20 |
15 15
o 10 |
5

s@mex

YRO|E WA
=YY

gelag 87

SREDE=ED =2=3

Z33

ErUEFD
=REROs

aY 3-6-7. §-7ot 249 ZHAAA) ¥ xTHH () HEE

I¥
=

e =F 5@

gorg

24

449
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1% 3-6-8. ¥-wol Ao FEHH Y =F oyl




(A) (B)

70 70
= = | = =2
60 ‘ EOorE sa | HOoFE
— =gors =gorg
50 o -
£ 40 L £ 40 |
o o
= 307 o 30
20 20 |-
10 [ ‘ 10
0 | 1 1 === =t 0 I_i.___ 1 e M S .
20 30 50 2 4 g8 10
Sdle) NE=ZE STl

I 369 9-gof Ade AE STQ) L AHEIT o SaE)Y MBE

Aol 299 sto diE 713§ vnd dAoM= FobE 29e] 3B6~404 o E &AL
HRoH, folg 2ol 378~402 FFELE Yobg 29o] v ¥ J|EEE /AT AL
= ZAE AT

E 36-14. 9-Fof Aol ctof O VT H| {n=50)
=99 £% Fore 23 Forg =9
7] 3.86%0.18 3.88+0.18
3 3.90+0.20 3.92+0.19
HZ =7 3.96£0.16 3.78£0.18
A} A 317} 4.04+0.16 4.02%0.19

4ol 299 Pol @ TEE 2AF BFNHE Fol8 Avo| 362~388%, ol &
2ujo] 366~3924 02 ZAHAeH, o Y 2AATHNNE folf Ade] ki BA B

7HE i
¥ 36-15 Y-Fof 299 Fof Ot 7|5k HN {n=50)
2dd] 27 Johg 2 frold A
= 7] T BB ET1R 3.02+0.19
= 3.78%0.14 3.88+0.15
HZEF 3.62%0.16 3.66*0.19
2} 71 s} 3 744013 3.84+0.16

2de] Reofo] U] F|EEE 406~4103 02 FFA o & PHrE wgtom, ¢foli
2Jg] Aol A& Fol7l gl ASE FAHIYL
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E 3-6-16. ¥ -0l A4o| oo rjgt I Tk HE (n=50)
299 F7 Fohe 29 frohg A
il 4.08%0.12 4.10%0.11
2 4.10%0.11 4.08%0.11
2229 4.10£0.11 4.06%0.11
A4 31 o) 4.08%0.13 4.08%0.11

2dlg] Ao g 7|EE FA AN E Fol§o] 438~450, Folgo] 438~442F o=
ZAE R oH, 299 Ao g ZALAFANAE Foll, frobd 7He] fF4H<l xel7t gl=
RO ZAHRAL, 299 F5fd GE ol AFHA Fgoy, H2HE A9y Jaxsf

O BE Aog ZAHE Y.
¥ 3-6-17. g -fol 249 Mo djst 7|9k H® (n=50)
29 F5F dorg 29 frohd 29
7] 4.42+0.14 4.42+0.16
=3 4.50%0.16 4.40%0.16
SR 4.38+0.14 4.38+0.15
A} 37} 4.4410.15 4.4240.16

Zdle] Ry ARZd #F 7|3x A= Holfo| 322~328, frotso] 318~3200 =
2=A50] Gobgo] i o REHE Fon 2ASO, 2 FRo BT ol B

A st
¥ 3-6-18. ¥ -wof F=i2 Hicof Of& 7|5k vl (n=50)

2J9 % Gors 29 frotg v

=27] 3.28*0.27 3.20x0.27

= 3.26*0.27 3.2020.27

BHEZY 3.26*0.27 3.20*0.27

A} 31 o} 3.2210.28 3.18+0.28

zue] et Aol Ex Sme] e Hm ZAAE Golgo] 316~318, frolgo] 298~
30002 Folfo] fold R T4 Ba) R: Aoz zAHYen, folf 2uel ik

=5 279 dsto] AEE AL AIRHY o ¥ 2H Z|go] AHHUT
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X 3-6-19. ¥ -wol Lo ojgt Hlu

5t
=d9 5%

Jorg 24 #or8 29
=7] 3.18%+0.39 2981047

Ty 3.184+0.39 3.0010.46
BHEZg 3.14%x0.41 3.00£0.46
A} Lot 3.16%=0.40 3.00=0.46

ot 299 Fu] el @ FALNAME Folge] 338~352, {otEol 3.36~3.462=

zAp5e] Gobge] frobguT i BE THYFE AAE Ao 2AFYL,

¥ 3-6-20. ¥-wot 7ol oo i u|w

=d9 % Jobg 24 For8 =9
7] 3.52>0.32 3.44=0.36
Sy 3.52:0.30 3.46+0.30
B 3.38:0.35 3.3600.36
A4 315} 3.50*0.30 3.4670.34

5. AAE o - fro} 299 Aol )& SWOT 24

7. AAF 9 - ol 249 A9 F3 8 A(Strength)

O 9 - +tok &9 &H] gL olF4E AlFske Ffroke UAdLE 39 AAs E49
e 4 5 JEE ML

O 249 o= HFd A& &R AL = e A= AHES WA AH.

O 24e Az A A4FH7EE H7bs AAE MASAY A48 3z, /7% 58S Al
&3, 4AE 29 A, 5, F9 S48 AUFE FARES AxAH.

O F=IHY Azt Azxd 3lolA €89 HAAYE T3t 299 IJEE Fo|I, Al
=9 FEVHE AR, A¥4 T9 =FRE £F6q, dfrot e A 727 Yo
Algehs gl ZHEE AgEE 9 dF 5 FA%y, EF7)T 54 wE 3
3% Finger food B}Y1¢] 25 d AEE ALsigit.

O AdE el ot Azxd A2V AF &F Sxol oA 4ty Az T4
of &3ty Axd 29 Hlgte] wle- AP FHE e, o)A &3 = 7
A delAX 2x=, F, = FAEol st {5 7158 Ho, gaoke] dHAAANAM &
A o e AU V= 993 22 TAFE EF4oR ¥R 5 & Ao Ad
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HaArt

O 71&9 Az W4 T Az e AdL F3td dAFS=E V&9 {FEAH AF
o] 7FAE A3}, nEF T E£AE AAFH

O AFe A 7|54 E4L A5 I EE 2 7S Ao, ot AF3ddd
AZd =gl Hx, AEFL 537 Fo] AME AFE ALsA

. AAE 9 - o} 29 Ao ¢4 22l (Weakness)

O AZol TFE TR FAE 9 - fob 2do] HEHIL gom FANe] 4% 7 7
o] g ¥ Aoz 2AHYC
O - feb 29 AFe AHE7) BAZ BEF AdH BRAAL ARHAUA Fe )

ojy], FENLH} HeFEL A vpRE stoj=o| vt FuARIE §lo] FEVIRH 7]
A FEASE FFAEANA oJFFe] Ak

O 4 - fole 2Rl A& HYLREWE FEHAIE AFFHA AFHo glo] AFA
AEE AP AFAde] Ut

O 4 - frof 29 A& 3] LHAEC] AEFH ¢ Ux 22U 71FHe] EAs F4& 75
@ AEA 71F AgdE FEF o Frh

O #AFEE 9% AF2A Ar7 Adaoz E£3.

o AAE D - ol 29 A9 713 220 (Opportunity)

O /Mg AFY AxFd A3 ArZ FEnA, A I AR 9 - FoF 2949 AF
o FHE FANE s AR AFES A™ed dig TR Ho A ¥x gFE 1 4
T AFe] AR o d¥E tEFY ABAYE I - ok 29 AF gF &F
=7 & Ao dgdd.

O matA & AroAe dfrote e SA4d 2ES AT IFHE d¥EE TES
AEe =271, |, B4 59 F2 54 GAFsL, 7led AR AW 7led A=
A% A 27HE AEES WIS AFS ALGEEH AFY APHE =4 7 A
=

O =l d¥ vlEdAN Al&AFS] G« ot 292 FLFT AFTNME Aot gto] meh
AFe 4ol B=2A EAHANLH ol AF Aide 2EE € FAXNE FAE Ho
DA G5 vy B ACAEFH Zo| 4 FAE EFEF FAAEY HFO ART
d - ok 2de B A2 AEFBAY e $HE AAE = JE Aot
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O
O

O

Z AAF D - ol 249 AZ9 H 322 (Threat)

WA 7] Aol e 7124 F v8 22 % FAH fAdA-] A

B3 Fdo] dASE ool ofd B vIETR FEo diF LAY ERte|y Mo
AF A o3 AL 5 o

A9 B2 AFEol A= Fo Tl F2Q] R, stelHvtd FAX I&Esk 3
o AF R 714 AAo| E71H 5

TUHAIZelA @ - frol 29 AFY @izl FIHE) e A AR FRdAS A8 A
Aol ALttt

Tl 78 B AFEC] 9 - fot 29 AFE 336 AFse ALAEF A7 X
Aol FHo] v}

u. AAE Q- ok 249 AFe SWOT A

AAF Q- Fot 29 AP S-0 AF, W-0 ¥, S-T A4, W-T A2 &3 2.

= 20 =



¥ 3-6-21. MAE o - ol 24 AF2 SWOT 8

Strength

Weakness

AltunlioddQ

S-O &

W-0 D&

BAAsAel ¥x &AA Fad O 78
3 NgA%e] SdE - ok 29 AFE
BAoE AZATY oluAY aFd w3y
2MAFLE AFY AEAR Uz 24N
197 AERFLE T¢ Az 449 9
Cfroh 29 AF AFE ARY & U8

FRE A% @AY B8 o] 24
=474 2(SNS), A(App) § M=E
golg %% Ade Sz AHY dds
QEste QxaAH FAd LA 9§ - Fo
249 AE dE A4

= A AEAY FHE g9 AN FH 2

AE g FEE &4

Ads B AxFA 9¢ nEFY 9 - #
ol 24 AXRE IFUYEs B2 T3 ¥ HYF
2 AFL Azl A AAEHE Foli A
FAg A g iz 3

o - frol A Xz AAdx7] dAE g
B Adsa EFAAN AGH9A gL A
Hojnz HEFg AFH4 2 FRARE F
494 1 99 2 AFE 248 d=F

lealyl

S-T &

wW-T @&

d -+ Frok 29 AF A2FTAA 9o ZRY
A7&s HEs A= o9 AF ALE
e AESE A=

7 244 EEs FAARA %Re) Azg
9 - ot 299 FL $4402 AF B4
Ho Qo] S8 A H

994 ¥3¥ AZAFY 9 - Fok 29 A
Fo g 2R FR8 FFY

Fu-9 A8F FEYA T AFS AL
E4 s, stoldntAdgA Ay Az
FURA FEAZE HYST 4F 2 A4
78 % SMER B8 & 2N

FU dE I8 o] § HEARIHLR
Mol ZARA eMAE FHIAL AAEF =
] 2dz=e 3AYL =9

avAEe] 7HARIAAY Aehs BF HFH9
Y4 RANYE FH A3 M4 ARAE
SEGES §

W=7 43 e T59 o - #ol BF
A oig AAE 2A 2 E4E T8 F
I FEAE AY 2 A998 5 9 #F A
& B FEA A4 84S dLAR

= 2] =




H4Z SEEHEE R #8E002 J0E

(@9] : A%
o= 29 | 5% scr_ | wser | TEEE
_ =y 1 1
1,:]_1;__ R . e L || O P | Lo g
17 d oA 1 1 2
_ iy 1 1 1 1
ye == 1 L 4 4 & ]
2 9= gy 1 1 1
4 == 2 | | 2 |
g 2 9 3

2. #AR ke Fo %

2 A7 FAAA FasA Add Ve FEE7] A 9% HA €959 F5 2
Az 7z, BEF7] Agd o AEL T3 ©rE ¥y 29 2AZG A Ve, B4
T 2 oldE2eo X~ UFd ME 299 A 2d 7|E, 7ITAH ALY FEES B8 &
9] Alz9g 3¥ 7= Fo| Adrh

HBEF7IE E83 HH 959 F5 2 Ax 7le2 T2 2 dEAHEY 43 44 244
ste g A9 €959 71F ZleE HEo] JhestH, APERAAM L HEA FH29 A
2 T BEY A 7T 5 T

HEZF7) A o A7 53 g A9 B & 299 £ Ao 7l A
£ oA 9§ A7 AFF 299 Azr|E Add 798 4 glon, B3 gl SAd 2 o
FE 29 Az 9 Add 743 £ Ao

1T FEES B4 2V A=Y 32F V|2 AR dit¥eR 244 HAEE o
|5 A=Y 249 FARS MAs, FE A4V T AFe] 2GgEHRY] AxVe Ad
o 7Z]|9& 4 4.

e

=

i



H5Z2 A7 847 R 4388 A=

7t. 743 &8 B

) 53 A
S4dx ek 2499 | 293 =993
2015 Fed i £ S FAZ Ghek2d AL | () g& | dEe= 10-2015-0110628
2015 T4 FEES Uade A2Y 484 248 | () 0& | dads 10-2015-0114774
) =844 45
Ko, B. S.
it v L | s
reatment on Physicochemi oi, E. H. ood Eng.
2015 Properties of Extruded Rice Lee, S. Y. | Lee, J. K Lee, M. Y. Prog, 193) | = | HISCT
Snack Yoo, Y. M.
Cho, E. K.
O Soa LS Y, Food B
nditions of the Snack for Lar 5 ood Eng.
2015 Hifarics Using: Hesporse Stface Ko,B.S |Leg, J. K %?,ﬁ’ 1\{{1 1\&&, Prog. 19(4) | = | ¥ISCI
Methodology Cho. E. K.
o) st&vw A
TEIA . A T
ERE ¢ i+
(9.9.9) LEEEY il 22 | 75| 22
Effect of superheated steam treatment on the A 81 & #54F75 = =
1. 8. . physicochemical properties of rice EL e ¥ | AW | %%
A 43 3
St of ; K ;
o014 10, 77 Characterization osigiazeszjc prepared using PR g4 | =y gz
A &&0 g
Effects of superheated steam treatment on the physical -y
A 82 2 g4 F 3
2015. 06. 03.| properties of extruded rice snack containing various L& % _i—l_ﬁd‘} gt | =3y | 9%
. A g&0 g
levels of brown rice,
2) d744 g4
(24 : 4
e | 185 | wEs | A9k | wsA= | 9gFn | 9
g84F 2 6 2 1

= 123 =




4. 474 28 A8
B A7E wgoz /gy 9 - fokg 29 FAVEA (F)TEA )Eold Wt
Aggg ARE 970

71 2#4 wA"

O g-frobd =99 -5 - AvE 8l AFAAF 2AAAEFZTHALL (F)FIIHAA
(www.cookey.cokr)st 20150 4€FE GFHYF IAAFAIY, AF7HE, AFFE
%) A5t 108 F AF A4 dF

O (F)FFNHNAANY olET}LARF(EEFT FF52F ) Rvlgdd 4 TF 9

O A71= %3 2% FEHE IAEFAF AE9EY “O&E Shop”d F-foH& &9 F

F 3
O (F)ok& FEPAQ 383 AENF FARLEFFZHT AF A 4 A
7ZlEeld  HEEA FE F 1IAEE X R&D
AFCEE)E _ TR
o 7 o4 AFE g NA=E
F - frotg 2\ o 0 194 1 70%
) FEAN%

O 33 frobg AFS A% S ZARG oo WaZ 5 folg A Fat B
Atz dth & A7E Bote ARE G - fo} 299 FF £2¢ 99 AR
- $%9 9 fobSF 2UTREA : FAF) ¢ (13) 25009 (S} 229)
- 3% 959 HARF 24
(‘11) 76.299HE > ('12) 868 WTHE > ('13) 9Q.19 W&

O B A8 ¥t AU G- fot 299 FF 432 AT AR L 4F Ad
A9 94

= 124 =



62 siurd

1. AACC. Approved Methods of the AACC. Method 44-15A, 44-19, 76-13. American
Association of Cereal Chemists, St. Paul, MN, USA, 2000.

2. American Dental Association, 2005, Tooth eruption: the primary teeth. J. Am. Dent.
Assoc. 1360 1619.

3. Anderson RA, Conway HF, Pfeifer VF, Griffin EL. 1969, Gelatinization of corn grits by
roll and extrusion cooking, Cereal Sci. Today. 14: 4-12,

1. Badrie N, Mecllowes WA. 1991, Effect of extrusion variables on cassava extrudates. ].
Food Sci. 56(5): 1334-1337.

2. Barker DJP, Godfrey KM, 2004, Maternal nutrition, fetal programming and adult chronic
disease. In: Gibney M] et al.(ed). Public Health Nutrition. Blackwell Science.

3. Beyer NR. & Morris PM. 1974, Food attitudes and snacking patterns of young children.
J. Nutrition Education. 6(4): 131-133.

4. Bourne M. Relation between texture and mastication. J. Texture Stud. 35(2): 125-143
2004.

5. Box GEP, Behnken DW. 1960, Some new three level design for the study of quantitative
variables. Technometrics 2: 455-475.

6. Castelo PM, Pereira L], Bonjardim LR, Gaviido MBD. 2010, Changes in bite force,
masticatory muscle thickness, and facial morphology between primary and mixed

dentition in preschool children with normal occlusion. Ann. Anat. 192(1): 23-26.

7. Chatoor, I, Ganiban, J., Hirsch, R.,, Borman-Spurrell, E., & Mrazek, D. A. 2000, Maternal
characteristics and toddler temperament in infantile anorexia. Journal of the American

Academy of Child & Adolescent Psychiatry, 39(6): 743-751.

8. Chess, 5., & Thomas, A. 1977, Temperamental individuality from childhood to
adolescence. Journal of the American Academy of Child Psychiatry, 16(2): 8-226.

9. Gisel EG. 1988, Chewing cycles in 2- to 8-year-old normal children: a developmental
profile. Am. J. Occup. Ther. 42: 40-46.

= 215 =



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gray H. Gray’s anatomy of the human body. Philadelphia: Lea & Febiger. 1918,

Guy R. Extrusion cooking technologies and applications. Woodhead publishing limited,
Abington, CB, England. 2001.

Hoseney RC. 1998, Principles of cereal science and technology. Z2nd edition. American
Association of Cereal Chemists, Inc., St. Paul, MN, USA.

Kamegai T, Tatsuki T, Nagano H, Mitsuhashi H, Kumeta ], Tatsuki Y, Inaba D. 2005,
A determination of bite force in northern Japanese children. Eur. J. Orthod. 27(1):
53-57.

Kim SH, Ahn ]JB, Nam HU, Kwon DH. 2010, A Study on the Differences of the
Chewing Skills for Normal Infants and Young Children between Korean and Foreign
Food Texture. J. Korean Soc. Occup. Ther. 19(1): 1-11.

Lee NH, Joung HJ, Cho SH, Choi YS. 2000, A survey of eating behavior and food
preferences of children in preschool nursery facilities. J. Korean Community Nutrition.

5(4): 578-58b5.

Lee NS, Im YS, Kim BR. 1997, The stduy on the food habits and preferences of
elementary school children. J. Korean Community Nutrition. 2(2): 187-196.

Lee YS, Lim HS, Ahn HS, Chang NS, 2006, Nutrition Throughout the Life Cycle.
145-252. Kyomonsa, Seoul.

Lumdubwong N, Seib PA. 2000, Rice starch isolation by alkaline protease digestion of
wet-milled rice flour. J. Cereal Sci. 31(1): 63-74.

Mahan LK, Escott—-Stump S, 2004, Undemutrition throughout the world, In: Krause's
Food, Nutrition & Diet therapy (11th ed), Saunders.

Mariotti M, Alamprese C, Pagani MA, Lucisano M. 2006, Effect of puffing on
ultrastructure and physical characteristics of cereal grains and flours. J. Cereal Seci.
43(1): 47-56.

Reverend BJ, Edelson LR, Loret C. 2014, Anatomical, functionial, physiological and

behavioural aspects of the development of mastication in early childhood. Br. J. Nutr.

— 216 —



22,

23.

24.

25.

26.

217.

28.

29.
30.
31.
32.
33.

111: 403-414.
Schwartz JL, Niman CW, Gisel EG. 1984, Chewing cycles in 4- and 5-year-old normal
children: an index of eating efficacy. Am. J. Occup. Ther. 38: 171-175.
Soponronnarit S, Nathakaranakule A, Jirajindalert A, Taechapairoj C. 2006, Parboiling
brown rice using super heated steam fluidization technique. ]J. Food Eng. 75(3): 423-432.
Stolovitz P, Gisel EG, 1990, Circumoral movements in response to three different food
textures in children 6 months to 2 years of age. Dysphagia. 6: 17-25,
The 24th Annual meeting of the korean society for molecular and cellular biology T-55.
Vorperian HK, Kent RD, Lindstrom M]J, Kalina CM, Gentry LR, Yandell BS. 2005,
Development of vocal tract length during early childhood: A magnetic resonance
imaging study. J. Acourst. Soc. Am. 117(1): 338-350.
Wright, D. E., & Radcliffe, J. D. 1992, Parents’ perceptions of influences on food
behavior development of children attending day care facilities. Journal of Nutrition
Education, 24(4): 198-201.
Yamammoto K, Sumie S, Toshio O. 1973, Properties of rice starch prepared by alkali
method with various condition. Denpun. Kagaku. 20: 99-102.
d &g MR hitp//www.nielsen.com/kr/ko/insights/2014/global-snacking -report.html.
Aok EFE AR =¥, AW AR, 2007.
ols @&, EHE, 434, wEA, FAA 2012,

frol2 59, HE A 108545, 2011,
A7A. =284, arg, ALY, 2QdEFE A7MFE o] &3 FFoks A2y 7 HA A
7, A A F T3 A 14: 322-327, 2010.

= ZIT =



d-2of Ao 2u|n} 7|EE Ea}

4e %) CH Ho.
| PHSUURY W A St 29 W AFEE LT TS E4
= i
=« 30, 80, 40, B0, 80 =4
-5 dE T ot of of
454 24 A ot (1 olgh R4t (19 <l

FHAEAEE A¥ @ &F 29 A A48 84 GIE 29ad mol)
(L 7IRA #7117 mE =Y 24
Z FHUxE W9 | o $W W
8. ¥% 'ﬁ’ﬂl Wafh =gl 2009 B 4w

S g4 WHE S

1 H-Rot Ao HE 7|5

[1-1 9 5oF 299 49 2] 7Ff Fasl 2 29& F9UUs

(FAf @sdz Y 7|UN Foe)
o P RENTE 55 74 i A By

1-2 U 20 9 Rof 294 W o8 o ausn
= T FOLTERER Y k.

] L LR EojC 31 J1%ct 4 EC EofL EIr
L™ e 1 r 3 4 &
7 z 7 3 i z
4 - 1 2 3 i E
*H4 2 at 1 2 3 i z
= el 1 3 3 i g
& 7 1 7 3 4 :
T wzgs 1 7 3 i :
~Hy 2 —=af | 2 3 i E
2-2 9 5of A =99 ¥
e TUR B 3.0 190 13 ErE =
F Rl 1 7 3 ) :
7 1 7 3 4 :
B mags I 7 3 i g
TH D2ab l 7 3 4 :
L el ] 2 3 i E
. u s i p 3 4 z
RALESTE X 1 7 3 i :
~Ha 2 2af | 2 3 i E

= 1218 =




-3 9 fof AAE 299 =F

L LUHE Wojck 374 JI5ct 13 T FE =}
B0 I 1 5 i T
AT wags 1 1 3 : 5
e 1 1 g 4 3
B 1 1 5 ] 3
— il = .g.g; i : 3 ; i
'r‘pilEJ_':..ur- 1 1 g ] 3
I-4 9 5of A& 299 9
— e LUR Wojg §14 J15¢ 1LE LoE Fo
[l 1 1 5 i 3
oot ) 1 2 g ) <
=T uMaga 1 . ) ) 3
e S § 1 l g : i
CEl 1 1 5 i 3
2nk & p ] i 5
T Mg 1 1 g i 3
2-5 9-gof 4
il A8Cy S04 SCRh
l:‘:l':.'- E 1 ! 3 4 i
1 uFE3 1 1 8 i 3
e 1 1 3 i 3
R l 1 3 i 3
7 | : g 4 3
T MR ES 1 2 g 4 :
z+al p2ak 1 : 3 i i
2-6 9 RoF A AE 29 Uty Wi &L (7|F MET H2)
Lamg wbct LUUH b S71Ed 4EX LHID BY  cdL YA
H#E o sl e = | e T
LU At e LimT wb Bon  mpdt
Bl 1 1 5 1 3
" l 2 8 '} 3
B magy i 2 : : ;
T+l D2t 1 1 g il §
Rl 1 5 i i
T wggs 1 1 5 i 3
zHil =at 1 1 3 4 :

= 129 =




-T 4 7or 249 J~|Jl=|~!“"| iﬂﬁﬂ"ﬂ -'r'-ﬂﬂi"ﬂ dqpol Yoiusi? (MEE)
LESEF dgoGE 2 LAWHE  Sde wd

T 1 1 ] 4 3
o '} 1 1 g 4 3
B wzga l . g . ;
74l D 2a} l 1 3 4 :
B 1 1 ] i 3
: " l 1 5 i i
T wzgs l 1 3 4 :
zh4l D 2ot l ] 3 i ]
3. H& &4
3-1 94 -8of 20 AA4FY =Y 71 Yok Azaps st
Horg AW (30g) 3000 40005 S000%
—0bF AW (302 JO00H 00 S000%
5-2 o Bof A AgRd HEEHE ¥ ‘”:I“IEh. PR e
:-‘I' 5'”‘ i".i"l 20 & 30 E B0 =
o A 20 g 30 g B0 g
3-3 @ gof o] Aot ERAQUY Eas SagUTR
L 29 gosa@ I @2aly oo 3, guﬁq §7]
FaE ¥ .k PP Aol 3 2@l
&R 7 » A9 BRODG NEY 2+ aq oW 224 34
L, R 24 & 297 7§38
3-4 § Fof 20| WW BEEEREE
FRE S £y2y BUTHT AYURY 85
5-5 9 #'»'f 2udg fEEd poh TiE =y ’!Hl 3¢ guRidsh
2 e dg 10g

4. 7|g} i

= 220 =



o

=
T

0

1. o EXME sEFMMZFOM Aldet DEII7IA] MZF7[S7HEA 2

I

2.0 EIM B LUEE o= BIEA SEFMAZFolM AlgE 12
17t A FI7|SUAIEe A7 E T} b

i)
o
o
or
=
I3
bl
Eu

3. =7IEE7lg 7|2 wXlol ERE UES Moz UE e Z75HHA
= ot FuCh




	과열증기 및 압출성형 기술을 이용한 영·유아용 건강지향형 스낵 개발에 관한 연구

	요약문

	목차

	제1장 연구개발과제의 개요 및 성과 목표

	제1절 연구개발의 목적

	제2절 연구성과 목표 대비 실적


	제2장 국내외 기술개발 현황

	제1절 국내의 관련 분야에 대한 기술 개발 현황

	1. 스낵 제품의 국내외 현황 조사



	제3장 연구개발 수행 내용 및 결과

	제1절 영유아의 정의 및 발달특성

	1. 영·유아의 정의 
	2. 국내 영유아 영양 섭취 기준(Dietary reference intakes, DRIs)

	3. 영유아의 저작특성


	제2절 영유아용 스낵의 제품 개발 컨셉 결정

	1. 영유아용 스낵의 정의

	2. 영·유아가 선호하는 시판 제품유형 조사

	3. 영유아 스낵 제품컨셉 결정

	4. 제품표준화 위한 스낵의 품질지표 선정


	제3절 영유아 스낵 원료의 전처리 공정개발

	1. 전처리 조건에 따른 원료비의 품질 특성 비교

	2. 과열 증기를 이용한 단시간 조리 기술 및 살균 기술 개발


	제4절 영유아 스낵의 제조기술 개발
	1. 압출팽화기를 이용한 스낵의 제조

	2. 기초 제조 공정의 설정

	3. 일반 제조방법과의 차이점 비교 검토

	4. 아밀로오스함량이 과열증기처리 압출팽화스낵의 물성에 미치는 영향

	5. 영유아용 쌀 팽화스낵의 제조 및 품질특성
 
	6. 다공성 구조 형성에 따른 품질변화 및 관능특성 평가

	7. 반응표면분석법을 이용한 영유아용 과열증기처리 압출팽화스낵의 최적공정조건 설정

	8. 영유아용 스낵제품의 유통기간 설정실험


	제5절 스낵의 코팅기술 개발

	1. 코팅원료에 따른 스낵의 코팅 특성

	2. 주정추출물을 이용한 천연 분말의 코팅

	3. 영유아 스낵의 포장방법


	제6절 시제품 개발 및 소비자 기호도 조사

	1. 영유야용 스낵제품의 시장조사 및 분석

	2. 영유아용 스낵의 타겟 호비자 유형 설정

	3. 영유아 스낵 시제품 개발

	4. 소비자 기호도 조사

	5. 신제품 영·유아 스낵의 시장에 대한 SWOT 분석



	제4장 목표달성도 및 관련분야에의 기여도

	1. 목표 달성도

	2. 관련분야의 기여도

	제5장 연구개발 성과 및 성과활용 계획

	제6장 참고문헌

	별첨



