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SUMMARY

I. Titile

Development and Commercialization of baby foods through using a high pressure

processing technology and practical approaching food color therapy

II. Objectives and Significance

O No matter what the reason, "high quality’ and ’safety’ products are preferred in the
baby food market. In this way, we need to development of baby food enriched safety

standards both domestic and international market.

O The purpose of the delivery baby food has currently nourishing supplement for baby
and make up for the weak points on dry mixture baby food. Delivery baby food steady

increased consumption patterns that by atmosphere about environment and healthy.

O The delivery baby food in the market is instant cooking food, not a many other baby
food. Almost delivery baby food have been a problem for the shelf life and safety

because of authorised to instant cooking food.

O In the market, the delivery baby food has short shelf life about 7710 days. If we
extended shelf life until 4°8 weeks, we expand distribution process such as a department

store and off line market.

O In the past, we sold delivery baby food by homemade type(food type: instant cooking

food). but we had to stop business because of the short shelf life.

O To start a new business, we have to meet the requirements for 'high quality’ and
"safety’ baby food in the market. Also, we set tighter safety standards about our

products and need to market expansion strategy.

O Consequently, we developed color baby food of homemade type that
phytochemical-enriched and extend the self life(over 4 weeks) though improvement of

food processing and cooking method.



II. Contents and Scopes

O Its goal is product development of a new concept for homemade-type baby food and a
extended shelf-life. Specified goals were as follows.
- Development of commercialization process and investigation of quality characteristics on a

current homemade—type baby foods

- Development of fruit-vegetable based baby foods using a novel processing technology
and the concept of food color therapy
- Development of shelf-life extension technology using a novel processing technology

- Commercialization: production of prototype and launching test

O Main contents of annual research

<lst year>
O Investigation of quality characteristics for existing delivery baby foods
- Establishment of standard for existing delivery baby foods
- Investigation of quality characteristics(The application of Food color therapy , Study of

usefulness, Investigation of sensory and physicochemical characteristics)
- Feasibility study for applicability of “live cell”
O Development of process for commercialization on existing delivery baby foods
- Development of appropriate cooking technology for commercialization production
- Development of process by considering the Microbial Safety, qualities and production

- Development of extending shelf-life technology (more than twice extension)

< 2nd year >

O Development of three type of fruits & vegetables puree-based baby foods through
using a novel processing technology and practical approaching food color therapy

- Selection of domestic raw materials according to recipes on the Food color therapy
with CHAUM (Future hospital model of prevention and health promotion)

- Investigating processibility and quality characterization of the raw
materials(Investigating kitchen test, sensory, and physicochemical properties)

- Selection of a novel processing technology that can apply the principle of no adding of

synthetic supplements and artificial sweeteners

O Development of a technology for extending shelf-life and producing fruits & vegetables
puree—based baby foods through using a novel processing technology

- Development of a commercial process for the production through using a novel

_‘IO_



processing technology

- Application of extending shelf-life technology and shelf-life testing (storage at 4°C

during 4 weeks is purpose)

O Commercialization of developed products

- Standard specification of product and identified term setting

- Three prototype products and Launching test

- Establishment of marketing plans and distribution/marketing strategies for exporting

IV. Result of research and development

1. Development of Homemade-type color baby foods

O Analysis of quality characteristics for Homemade-type existing products and processes

O Estimation of improvement direction through analysis of qulity characterization &

production process

Analysises of existing products

Estimated improvement direction

Quality characterization

Consideration of nutrient balances

Development of organic based production
Enhancement of phytochemical in fuit-vegatable
(emphasize of color)

shelf-life extension(7~10 days — 4 weeks)
Change of food type

(instant foods — special purposed foods)

Production process

Development of HACCP for manufacturing process
Development of shelf-life extension technology
Integrated precess of optimal-scale

Development of integrated process according to
improvement of cooking precess and introduction

of a novel processing technology

O Development of shelf-life extension technology

O Suggesion of appropriate production manufacturing practice to HACCP

O Development of shelf-life extention technology through retorting after product package

— Change of packaging method(glass bottle — plastic bottle or pouch)

- Retorting at 2 step condition (step 1: 80°C 15 min, step 2: 82C 25 min)

_‘I‘I_




— Change of food type (instant foods — cereal based baby foods or other baby food)

- Pasteurized product has a refrigerator shelf-life of 60 days

O Development of Homemade-type color baby food by cookery improvement
O Development of mix proportioning for homemade-type color baby foods
O Adoption of applicable baby foods cooking process to industry

O Development of homemade-type color baby foods : 3 cases

Yellow
) Sweet . )
Apple-beet thin . Vitamin-pear
] pumpkin-cabbage L
rice gruel thin rice gruel

thin rice gruel

O Development of commercialization production process
O Small-scale production process

- Suggestion of manufacturing practices

O Integrated precess of optimal-scale

Main

. _ Sub-material . )
Material | = material = ) = | Heating | = |Packaging| = Retort = | Product
mix
heating

2. Development of fruits & vegetables puree-based baby foods through using a novel
processing technology

O Development of a natural thickener agent

O Development of a material that can be granted a spoonful characteristic of fruit juices

by high pressure treatment
- Physically modified cereals: puffed rice flours
- A way to use : 4%
- A nutritional Balance effect: calorie improvement

O A viscoelastic promoting effect
O Development of fruits & vegetables juices for early childhoods through using a novel
processing technology

O A High pressure technology that is selected for rheological properties and a

_‘|2_



microbiological safety

O Product development of fruits & vegetables juices for early childhoods : three type

O Process development for commercial production

Natural thickener

. agents(puffed rice High pressure
Raw Extraction after
. |=»| Washing |=» L = flour) addition |=| Packing |=|process at 3 min,
material combination
after 500 MPa

homogenization

3. Planning for commercialization
O Standard specification of product and identified term settin
O Homemade type baby food - "many other baby food”

- Fruits&Vegetables Puree based baby foods through using a new food processing
technology - 'fruit and vegetable juice(contain non-heating) write in ingredients, mix
proprtion, place of origin, nutritional information and warning of allergy

O Reaction on market plaing setting though development on three of prototype products

and lunching test

_13_
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- Diverse items securing and 'elvins’ will be signed MOU to mass—produce

— Test-market the new product in social commerce and online mall that confirmed reaction
on market
O product test/marketing plan/price policy/ commercialization time line setting

V. Research result and practical use of result plan

1. Research result

O Two patent applications / three papers (submission plan on March) / product release
- Patent

application number

o applicant name of invention
(application date)
Baby food approaching food color
10-2014-0004654 . i
CHABioF&C therapy and manufacturing method
(2014.1.14.)
thereof
10-2014-0179780 ) Color therapy and method for
CHABioF&C .
(2014.12.12.) preparing thereof

- Submission plan paper

1. The development of fruit and vegetable drinks for infants with ultra high pressure
technology

rice flour and puffed rice flour

2. The effect of high pressure treatment on rheological characteristics and gelatinization of

3. The development and quality characteristic of phytochemical enhanced baby food
O Manpower

- December 1, 2014 to take on new staff
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2. Plan of research result utilization

O Increasing of sales through execution technology and transfer.

O Utilization of new processing technology to development of silver foods.

O Substitute for import baby foods in the domestic market.

O According with Well-being food trends, demonstrate to foreign market for superiority of
korean cuisine through korean cooking method based baby food. and construction of baby

foods exportation ground.

O By allowing feed intake for the constitution from the infancy, we can contribute to
promotion of public heath and to development of well-bing food culture in domestic and

foreign circumstance.

O We can contribute to increase of farm income, to promotion of know-how in growing
organic crops, and to overcome the damages of farmhouse by opening domestic

agricultural markets.

O It overcomes the preceding factory based mass product and contributes to creating
women’s job opportunity by applying the product method, so called “Kitchen type”,

based on the concept of “mom’s care”.
O The targeting market will be high-rank offline store including department store and
off-line store. Additionally, we also target the market that is influencing Hanryu in

China, Japan, and southern Asian countries.

O It can be sold as premium product, having price range in 3,000 won per meal, if we

emphasize that the meal is made by finest material and technology.
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¥. Some criterias for selecting optimal sterilization method for baby foods.

e Food safet Nutritional . .
Sterilization X Y Product range . Semory quality Peckaging
affecting fecton influence
. . Covers almost all . Causes structural .
Inactivates miches and Causes nutritional Glass jars, cans,
Autoclave . food product taste and colour
the bacterial spones defects resort pouches
groups defects
Better nutrient
and vitamin
retention than in | Minimal Flexible high
. Lack of semperature | Covers almost all . . .
Ohmic L. R conventional mechanical barrier packages
. monitoring techniques food product . .
heating . . heating  systems | damage to the like pouches and
n continuous systems groups .
Comparable to product plastic bottles
microwave
heating
High .
€ Heating can be Pre-packed foods, . .
frequency . Flexible high
. controlled very both solid and no data no data .
Radio . L. barrier packages
precisely liquid
frequency
Difficulties for Pre-packed foods . .
. . . . Flexible high
Microwave | controlling heating both solid and no data no data .
. . .. barrier packages
uniformity liquid
Bacterial spores High acid
o . . . . Better sesture
difficult to inactivate products like Better nutrient . . .
. .. . . . . and taste than in | Flexible high
. by high pressure alone, | juices,jams,jellies | and vitamin . .
High . . conventional barrier packages
Food should have 40% | and salad retention than in . .
pressure . X heating systems like pouches and
of free water for dressings, yogurt, | conventional .
.. . . . Effect on colour | plastic bottles
antimicrobial effect. certain meat heating systems
. . product dependent
No evidence of toocity products
. . Nutrients are
No evidence of toocity L. Better colour and . .
Pulse . . Liquid products preserved better . Flexible high
. Kills vegetative cells | . .. . flavour than in .
electric like fruit juices | than in . barrier packages
. but no effect on . . conventional
fields soups and milk conventional R
enzyme and spores . heating
heating
Insufficient to
. inactivate man . Flavour defects .
Ultrasonic . .y Any food that is . . All kind of
waves bacterial species alone heated No data especially high fat ackages
Causes DNA damage foods P &
to bacteria cells
Restricted use in EU
.. for food and not All kind of
Irradiation K . R Prepacked foods No data No data
compatible in organic packages
foods
Possible adverse
. . Fresh fruit and .
Ultraviolet chemical affects Not Fleuble high
. . vegetables, dry No data No data .
light proven effective foods barrier packages
against spores
Low moisture Flexible high
Infrared No data No data No data . &
foods barrier packages
No data but No data but
. 80-90% shorte 80-90% shorte
Low to medium e b. orter e b. orter Cans and other
. cooking times cooking times
Shaka- viscous products . . packages for
No data . may improve the may improve the
system like soups and . . autoclave on
quality compared | quality compared
sauces . . report
to conventional to conventional
heating heating
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O weta 2 doA= 71E A AlFH 7€ 85 A5
A+ A2+ homemade® ol#2 #HAYE 7HTetaL
Ferlsts F Hld 4 F2 =87] & A= s

2. Homemaded 7| & #v] AF U FAEAL ¥ 2 7€ 34 4

7} A=

O 7] vl AFo digh gt A 2 4 S Al 34 S48 EAEE
EE3ha

O dotd EAHe Ad WP Agstnz @k

1. Homemade® 7] vl A|#F<] 254
D Atabaaer Fe Az 54 2AHAAR 20 29)
7 A

O Fwda AOAC934) Wigel 938t 106C Addzgo=

AN

3

O A= =4A: Viscometer(Model DV-1I, Brookfield, USA)E o]&3}lo] 25CoA =4

Lk b w9 9mst 9 9 Aoz AR AAH WAE S48 A
agh @ B Mol AL 0014 +1000] 7HgaL,

mAjo] F@5E 04 800 Fadte @
bk ¢ Aol e =E QoA +7000 7HgFaL

YAo) FABFE 0NM -T00E FhE 3

E 3-1-1 Abah - wen Fe AAe 27

zx A= #HZE ()

5 100 mlE &§3to] 30%7F blending 3 %
Blending(1) 180
& 100 mesh A2 W#HAA 714

Steaming() oveng o] ﬁ%}‘ﬂ Quick 120C EZojx 5HETH 180
eamin
g steaming3 % 100 mesh A= W&HA 71<

Blanching(3) 100C, 400 ml Z<lA 1%3F blanching 3+ % 100 10
chn1
anching mesh A2 WHA 71<E
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3 3-1-2. Ak FrEl A9 A

Quality Characteristics Blending (1) Steaming (2) Blanching(3)
Moisture (%) 81.72 80.06 82.68
Viscosity (cp) 2980 5632 2583

L 36.21+0.77 38.71+0.42 42.31+£0.29
A +0.67+0.44 -1.91+0.31 -3.32+0.27
b +8.24+0.62 +8.54+0.66 +9.58+0.41

O S w
NESE S I E
82.68% = A9 A+

of m& FH gFS blending 81.72%, steaming 80.06%, blanching©]
A VHERE

I o

[«

O A= W3}
Aph FEle] AEe Q7 5632 cpR T E%on MH(3)9] 2583 cp 7HE kT

O A= w3}

AMe = Axlo] ostd W (1)S Lak 36.21, azt +0.67, bgk +8.24 o]t} o= thE vy
I st E My v A er =9kt W (3)2 Lk 4231, adt -3.32, bak +9.58% 4
Bl agk2 4 bk Ao

| 77k Ao® et

Y
BN
ro

S~
>
i

4
&
lo
e
i

R I ERRSE A

o
r
olr
bl
>
i
::l
rlr
v}
o
i)
i
O

r

¥ 3-1-3. Abab Sfel wes AL

Blending(1) Steaming(2) Blanching(3)

S 9.2 6.7 2.0

o Al Bk 14 38 2.4
- N T e e 6.3 6.7 2.3
HNE e 9.1 73 14

ob2kA g 48 85 5.1

Azt A7 2.4 7.1 5.8
NEE 8.4 6.7 55

72T 9.8 3.4 15

A &7 A 42 55 5.1
NEE 26 6.3 5.9

A Al A= 6.7 6.9 43
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# 3-1-5. doHd re ds AL

Blending(1) Steaming(2) Blanching(3)

char 74 9.2 8.7

. Alut 15 1.1 13
8 GEuk 6o gt 5.8 8.7 6.3
NEE 6.2 9.7 79

ol 2 A Y 5.1 75 5.9

Azt 27 6.7 48 7.0
HEE 5.4 8.7 6.5

72 6.2 5.4 6.5

A &7 A= 6.4 8.3 8.4
NEE 74 85 78

AAAA No= 6.3 8.9 74

S sl A}J+<a:~za1>, k(e ghal), Bl e A
H

= Bl =,
el WEl HRE, S EelAE, we eE Aok, 84 WEUBDHRE 2154
t}.
O HAEFL ZH(HeA)
- beA W] gre 23
AN=E

3 & AL E 501?151— Z 7 A 2

2 A 83} water-soluble pectin(WAP)S A9t}
WSPFZ% ZHAbell 0.4% ammonium oxalate £¢ 70 mlE 7}38le] 30TColA A< 3 W HHES)
o &3 & oS £33 250 mlE 83 ammonium oxalate- soluble pectin(ASP)<©.
2 39tk ASP F& FAE tA] 0.05 N gAakgdoz BTAA 1 A7k 2 M FE3}19
hydrochloric acid-soluble pectin(HSP) 200 ml 4 vlx|=to 2 HSP F= ZHAF] 0.05 N9
ksl YEEED 70 mlE 7k 30ColA 15 4 3 ¥ FE3F9] sodium hydrochloric
acid-soluble pectin(SSP) 250 mlE A At}

- Hgo g

m-Hydroxydiphenyl "ol wel 2z} 7184 £8E53 &4 F55 1 mlE ice-water bathell A
1 AZHEt ¥7F A2l % HoSOy/tetraborate 894(0.0125 M 5 X = tetraborates 4t <l
&) 6 mlE st &gtstel Wzh Az 100°C ol A 5%@ 7k4et & =A] ice water
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bathell A W¥Z+ A7) 0.15% m-Hydroxydiphenyl & 0.1 mlE& Y1l &33fo] w1 Ao}
30 F 520 nmolA FTHEE =AY EFEEo AE
m-Hydroxydiphenyl t4l 0.5% NaOHE<¢ 0.1 mlE Y1 WA A FF =S
a
[e]

S do] FAuk FF 248 galacturonic acid monohydrateE ©]

O Hg 7t=29 3= S (=)
- Andarwulas¥} Shettye] W oz =435ttt 10 mg B-carotene/50 mle] chlo roform
2o 1 mlol 20 w0 Lioleic acid, 184 ¢ Tween 402} 50 ml H202E 7}s)o] emulsionS
Stk 5 ml®] emulsion®] AZ 100 WE &3+3}o] vortexing & 50T A 30 &3F Wx|sk &
28T 470 nmoll A FHEE FAH5t o= ALkstad

Protection Factor (PF) = control O.D / Sample O.D

$83tel 24 9S24 98 I mg/ 1 misEs SRS 34

= =]
s ¥ 3%

—

o 4.8 ml, 50% Folin—cioculteu’s phenol regent 500 u
89 1 mig e F 1A B PR

A [e] ] (¢}
sttt & EZE9E sheHES Caffeic acidg o83t AAAE B+ FHO=ZRY &S 3

32 o &Y >

O StEAJod 3t 4 (R eA)

- Standard =%

cyanidin—3-glucosideE 1000, 500, 250, 100, 50, 25 ppm &%=% 3|43t} standard FE=E =
Z+zy 05 mlell 0.2 M sodium acetate 4.5 mlE 3 7Fste] 520 nmol A 53 54 o}

5 gol 0.2 M sodium acetate 45 mlZ volumeZ %3 ¥ 520 nmoll A &% =A 3o}

MEZ 5 gol /9 20 ml, 5% takadiastase 2mlE 7}3stal pH 4577}X] v O

A 24 AZF incubationst At SFTE 7t F BF 100 mlS @ thg 045 m A YA
B2 o g v of el 2 mlol| 1% KgFe(CN)e %‘1‘1‘ 0.2 ml¢} 30% NaOH%QH 1 mlE A7t
3 t}h. n-butanol 15 mlE 7}étar 1053F A& 3+ th3 anhydrous sodium sulfate® 5 Al
7 n-butanolToll st 368 nm¥} 426 nmol A FF=E SAHSA

W A3 A

O 7t F84L w4

A9 "y Age] F34S A4 A4S dRshs ds@b, gsdh vEA, S, v
e 8 AE FEFe 24 Ak ® 3-1-69 24
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F 3-1-6. Al FE8AE =2 4

FeEH
45 HEl HEr 7129 Egds  dEAOMA  HIEW Bl
(mg/g) (ug/g) (mg/g) (ug/g) (mg/g)

-2 (AFa 51.34 - - - _
EekA(2et - 44.18 - - -
= A4 (W] EFRLAR) - - 132 - -
B (B2 ) - - - 320 -

31 A (HhLy - - - - 1.8

Zy Auith 2 gt BES 543 2y AlgSrElE 51.34 mg/gd] HES S Sl o
Sl Fd= 4418 ug/g WE 7H2E S HE A FdUE 132 mg/g T EYdsES EFdE 5
g 320 ug/ge StEAOIUS HiuY FFdlE 1.8 mg/ge HEHWIBS disls Ao® e
pe=
3) Wtay olf4 A=E =L #AFAHA
7hH Ad v
O & AFdAMe= EdHER Yiro] 4287F 753t e s 3 GAR ol /-4 S Az 3tk 1 @A
= Ay Fd Ax o] AFESII oY o= 3 7HA] A For FAEY Yele A
e Froge Z27ae=w A A F QEE S eH (i 3-1-7), 2 dAl=E AF 6 /Y o
SHRE F2o] 7EsteE oy E AsE EFSIT. SF= EA v AFE FloT
obAlSF 2 SFE HUISEY 1 9A o2 HstH Az ANS JHAEE A THE
3-1-8). 3 @Al= AF 9 MLEFEH FA0o] 7Fsst=S gt AlFolH o= 2 Tl H]5}H]
sl Aol vs i e 7 esE Ax skl (i 3-1-9)
3 3-1-7. QWbaiy o] 72 A A EF-19A
A % 48 FHE57(g)
1-1 AR} 150
1-2 2Rl 150
1-3 H] R ) 150
1-4 E 5 g 150
1-5 CIREARS 150
F 3-1-8 Wk ol f2 A AE 28
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#HE 5

A = A= (9
2-1 WA40, )20 eF 10, A FeIM A 10, ©uks @t5, 1HAS, 4 T5 150
2-2 w35 A0, §h9-2] 317)20, 9 % 810,74 8] =2} 915, 1 ks, 3k 2 2 715 150
2-3 WA35, F215 S7FEA20, B ES YRl 5,4 S ol W A5, w5, 7EALS O] 75 150
2-4 W40, 310, 3941317120, A5, 95, FuH A5 H e AL B 2 25 7HA5 150
2-5 W35, A5, B2 27120, A5, ofzsteiA 25 nEls, B AS, 6, 1At 5 150
* 3-1-9. vty o] {2 A AE-32A
SEAE
A% 2 (%) A cggﬂ‘
3-1 w40, F810, 10120, LR W 25 FauwAl5, 5 AldolwAls, BEAEs was 150
3-2 7840, 815, FA20, 7 =45, 5, olaus, ofanhElA 525 150
3-3 W35, S ERS §9-21 317120, 74 5, 5, AEolMAl5, sz e gt 5935,%55 150
3-4 W35, 10, S7hA5, a5, S445, vhebRlAs, 35, v 95, A5 150
3-5 40, 1120, FEA 10, B, FAA5, Fzelgls, FE5 wEus, tes 150
O 7t AFe] F¥a BAS $E, 9% BHEE, @, AW, 2HAE, Eds AL 7
7t 24 Stk BE A9 AFATLNA AN AF e AT
O T4 A 452 30 ¥ gfe=z HAAsder 10 4 7|5 =Yoo=z H7hskd
) 29 A
O Y% H4
¥ 3-1-10. 9ty o] {2l JddA AEF (AEFT 150 g)
PER S g F HrstE g 2 ZSAY Edaxw
(%) (kcal) (g) (g) (g) (g) (g)
1-1 86.7 83 25 2 1 0 0
1-2 82.1 92 27 3 1 0 0
124 1-3 839 84 24 2 1 0 0
1-4 84.5 91 24 2 1 0 0
1-5 85.4 97 30 3 1 0 0
2-1 85.2 117 24 3 1 0 0
2-2 83.5 117 19 6 2 0 0
2¢A 2-3 83.1 119 21 5 1 0 0
2-4 84.3 119 22 5 1 0 0
2-5 86.7 100 18 5 1 0 0
3-1 86.2 115 16 6 3 0 0
3-2 87.3 115 21 6 1 0 0
34 3-3 79.6 136 22 6 3 0 0
3-4 83.7 113 17 9 1 0 0
3-5 81.4 129 23 5 2 0 0
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A& B33t HACCPO tist 7o) . uk
% | o83t Aol =7 A st 913 o] ofd 4 gtk

= K
e
S

(o]
9 12
)
Ll

(o]

[

Jol $4dcr 49873 4 AR dvAF F8
gl 7|75 1077107 cfu/gA =] d¥bAlde] EAadnh (Hg 2 oW n QY E?)

AEF S ol §AF AT, HEFIS /G A - fokd oz B Y FROIBS A
A TEAD), FO1 mg/hkg ©13), HEF00 meg/100 g olsh), AT A
(100 clu/g ©1h), vhael 2= Ad$2(100/g ol3h, ol B(EHEE 47
A 571 21 9= Agskach
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<¥Hz 31-1. 7| I A

I
=3

}1\_:,]_

d o5 Ax>

A AlE A A

A AFRsA QoF ERR Y &l
! . Zxmen A |2
Al “Agkolgkel” o fEIIF ALY ]
AT AR A ( ) ALY 0 )
49T HEY | e A A At ol ez
A 20139 04 W 209 -2013d 0649 209 HE YR | PR Py ] =
Axm | Eaveledzan | dud FEES Lot ~ No. | - e o
Rk HEEUA AFTF = 610 .
Fa : a -508- E
Fa SE(edE 4 2 02-508-6464 48 3 o
agey | JEL| GOAaFORs  (dEd sa de @R el ' [ 2 = TE
T Y a9 s A L] s
o - AgA JHT % 57 . en B
% F2 | Saem gdEeag s | S9N 02-953-6568 HEER 24 Y HESHY
A YA -3 A7 AR Ea 0.1mg/kg 03t HE Yoy
A% AT FAE AT 429 YHEE 200mg/100g 0|3t 74.29 ABBHY
AT A8 AT e azzniz A
ez CES OEE: CE W = #2 #HE HEBHY N
%_? pra aF - HZ%(clu/g) 100 0|3t EY AEBHY
aet SRR PA 100/g 0l 7|@ol 5t MYPUI|
og #H% wHE sy
* 8718 A9 A3
T e
[ awazsaon 5 ol 6.7 |
NYEE &4 4
upd el AjE9-2(log) 2 o]s}h 0.0
4 PSS 24% 248
" EERS L TR
W7t 5 o4 | 7.4 |
k| A AFHEAE (D) 21 (FAAF 0.8 9) | ‘
| | ‘
E — APAE EUZ FHY FEFS 10 CTolA 274 92 FAHHI, E D oAb B fel 4D} sto]§ Jix| D o|o],01F 7} g10{o} Bich,
FEHG T 9rd ade n Y A A FEVI1RLe @FE F
ﬁligi "J%’l?ll—*r(ois, ANE *e}‘ﬁﬁ}oi fE71de APt ok B | - } By R ] PR
ANG g FEAFHAN (F)Auol L) ZAN T AEHoz AF — |
o 5 Atk (%, BEAEE 10 Colaz fAdsojoF drt.) 471 Y P2 SAL B M2lDjol A Al Zatel
. dAAFE 3RS 20134 0589 02%
HAFBHMSC

uAE

Slet o - fobl

A
3% afeel Fug A olmlol A7t A
wean ", A4, 5. o, 84, nasa
D g AL o oplg a7E HE
A, AREEFol ¥ F & 25 AA3 =%
AEAEE 2) 3;5; ol & F st @ v oA A3 E
3) AEL f2 % G TR AL F w5 I
ERAA el
EAEH u%
Ega 150 g
BE P FERE 9$% (10 )
RER ALGAR -
Fefra e -

| A EE @

A2 A3
Zh A@AL AR 2 AP
2 4y Agd

AFL F)Avtol oo AN ABE A ¥z Uy IPF AF

AFE 10 T MBIl 50 A AFAAEA 10 @ FAoe AYE FRSAT.

b A% 2 499y

FAAR ’éﬁﬁ}'ﬂ‘
AubAIF AFETA A0F 3B EAYY 3.5.1 DBAFSF
o8 E i K ria AEFA A0 3.VABAYY 3.7 AR T
vha 2 A2 | AFFA A0 3.08EAGY 3.18 vhe 2 Ades
AeHvE AETA AT 2.4F F AFAMEAYY 2.2.1 A7HAYE
ol shat
R ES AFFA A0 2 4F F AEAAEAEY 2.4 A8
Eiss FANZEDA 973 4y 7z
o dg=d
TE A
AREE 10T
44712 5 9
kiR 102
Agurag 30y
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2. FAAR 44

FaAE : e
ﬁ:;"?f/; 5 ol g en 2 del e
A T AEEA 6 - fobiel @it
R EPTEESS
i 2 0l5 AEBA 19 - ok Azt
QEgule ¥ HEBA 6 - fobdel @it
ETEIN wae HFEA 16 - folie) AFTA
Wt 5 o4 o4 Hen e

1
A3 Aga9

PSTEP 1 AR7Icbe) whe 2 FaAEe] §3 wsh ¥4
10T AFLEAN 50 D AFES FAAE gRMsE o Fis Pk

1. Agkolgkel 10T APA}

&
0 1.78% 0.18 4 0.00 0.00 BHE E 9.00% 0.00
10 3.35% 0.04 - - - - 8.40% 0.55
20 4.59% 0,07 4 - = - 8.00% 0.00
30 5.51% 0.05 - - - - 7.60% 0.55
40 6.57% 0.05 - - - - 7.40% 0.55
50 6.73% 0.04 4 - - - 7.20% 0.45

Ay A€

49238 EdE AT §5713& 10 ColA 27.4 A= FAHD, FEHY Fo| 9pF
29 1T A A4 REVNEL 9Fd F donz AR08, BPE WIdd
FEIRS ARAh F.30) ANT AFREVI@UAAN (F)Autel e ZANI} AgHo
2% & F Avh.(&, BAFL 10 Colskz fH@elFejof get)

E3. HAFE AHEId

2 ZHol A HAAS 0.8 & BT Qo AZYA} AEFoR FAAF 1.0 WL AT £ Atk

A5 FnA=
1. AFGFIAR DA (A2011-15%) : AF9] {5718 2471%
2. HFFFRAA ¢ AF ] f871% AHAY 7ho] =21(2008.9)
3. AFolokEad  AFFAU(2012)
4.0 WS, A%, QWA ol9F: BEPA P 2 $8(1994)
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BSTEP 2 : FAAEE 7F4 gl nE F¥71% 43

E2. Agolgkol HE71H ¥A

F4eA ©ugas |
FAAR :
10T
AUEAIE S (log) 5 o]a} 6.7
g 4 4
wpd el 2 Aalg-2(log) 2 ol&} 0.0
AFYvIE ¥ae LY
EERTS EEEY EEE
w57 5 o4 7.2
VF AHEANE (D) 21 (FAAF 0.8 W)
BSTEP 3 : AWAIZSF 71 Eo2 FE71Q S
B3, Agolgol 10 ¢ FAARS] WEEE BT
FaAE wa T 24A%
ANAIZ S 17 Y = 0.2321x + 5.1513 0.9570
FE0 HAAT A BG WS w FAAR F AT MY we QuARs 1
NRA(Y = 0.2321x + 5.1513)0% HEV|@E AEF A% 10 CAM 27.4 A2 FARND, {844
Fo A%d 298 2R A A FEAGe BEN ¢ donz AT, BHE wlsal
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O Bacillus cereus® 75 A Z7]GAIR]l Ad5dAFH EXE HA7] wdo 24%F €
ZolA vk A5l Bacillus cereus?t AATHH A 90Tl A 20 1+ 3= ARCRE
= 1 log reduction®= dojupA] &S Aotk tha] @alA challeng testE sHH HF-A 3 A&
o2 FHE Zow ogHE ol#d dde A §lE dide] oy ® 3-1-129F £
thermal destruction kinetic A8 & W2 wdS F3A ZASIY 42 ZAEo|th

3 3-1-12. Mean log D-values at reference temperature Ty, upper 95% PI for log Drier—

and z-values for various pathogens

Micro-orgzmi=m Poiducs Tt"0y = (") Log D Log D T n Rsferem o™
{mean) gmin) {25% PI) (min)
Bacilus conmz Natioa i 128 1.38 028 055 485 10,22-36,29, M, 36, 48, 57
Bacilfur sevens (hent resmom)” iy produes® 120 12.1 053 154 043 19 10,29, M, 48
Camyylabacsor spp Warious i ILx .96 005 L] & 1, 25, M, 68
Tastridism bosulinum provmhtic Narima i .z 078 03z a3 176 1,25,
oypes (ADF)
Dommdium hosdmum non-progolyac Warkms 120 186 -1 47 oa7 L) 175 1,25, 3 37, 39 45, 55, 56, 60
ypes (BCEF)
(Tastndium hoadmum protohtic npe G Vanous X .0 -f1.50 022 LI 24 M
Casrridism perfrngens. sors Varioas 120 6.8 Q.52 043 048 & 10,25 34, 5]
Tastrndum perfrmpenr vegeadve cells  Vasious il [} .42 a32 W3T 146 34 40, 41, 52, 59
Ermbacier sk zaki Varioas ) a3 151 L n47 ™ 12,2135 52
Eschericha cali Varioas 0 & 047 0.5 Qa2 3R2 1,7, 1215, 17,25, 28, 32-34
49, 58 &2, A1, 65 &7
limcna monocwogencs “aroas ] .40 1.0 08 040 940 1, R 9, 1% 14 I8, 30,25 0,
31, 34, 46, 49, 50
Lisseria manocuagenes Sadwed (105 0 9.2 0.18 a8 e i
Sabmanclla spp Various L 21 -0EY 0.5 7T 1141 0, 2,4, 7,02, 16,19, 25 28, M,
IR, AL 47,49, 50, 61, 61, 66
Salmancla agp. Chacal e il 4 265 T4 .19 19,34
Segphylocoorus awvus Varioas L 2R -0.59 013 047 104 £ 25, 37, 34 42,54, 64, 65
Sreprococs oo e Vi 0 9.2 1.45 .15 .57 1 -
Hhno cholerae Cahmeat il 187 028 034 g 5 M
¥hria chakrae Poime waer W 218 -T2 148 005 i M
¥hrmo parabasmalyricus, Vs 0 RS 1M 1.30 L H L5
¥ibrao vulngfious
Yermmaa enirrocalingg Varicas T fl - 180 031 [ a3 IR IR M, M

Plis dhe pradicton nerval, £ s e empeaanre noees neaded @ naduce & 0 ovake with a facew of 10 (7T Toeris the mferm e empersare $O) Log Dy i the
Tngarittm af e 0-value (the emomm of hexting Gme needed i oborin 2 1-log rednaion fmin § a2 Tar 95% log D in e apper2 5% predicion lavd of kog kg o i
fe mandard deviation of Ze dutme l:-._.-"w' with A58 & resikal aim of aqees md OF & degres of fesdom); o o e amoom: of dxa wed B #e linear
EEESE L

9. conmis i maore hax recisant when present in olive oil, soyhem oil or pumpkan pie or when szam 981§ was prsem in 7.7 M ghycenol. Tmne ather heat mastam
sTam present in phophate huffer ako showed inceased heat resivancs compurahle o thess prodocis
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(F)Aputol A QAN A 7] Eell vl H Q™ AER]D Aol kol= FEAH ST E A8
g ool AR el anake] FAAR AR et fEr]FS 7 7 109R
skl #e fE7I1geR Qe A A% T3 2e oy gol g Ae F73d vl

27
Atk wekA o fr2o] it ofyel e AnjRtElAl FEol ¥
C\)ﬂ

muk ol el AF £ SHEYAF A “Y-fol s TF
Ao wAs] Wu Azs 84 <‘>P7l AsiA = A7E

(pasteurization) Ti= 83 (sterilization)©] 7§4t= ofoF 3t}

l

AW A ol R} SFEE HEA FRobd AF ASolE B gul ABAE @
4L A EE wuy ABe Feels 4F #42 gstel AEL AN-Avsy
Sl Aot

Aoz AFe Wud #dHE uAE Fo 7P WEAgo]l A HAES
“(m, reduction factor)Z 5(5 log reduction)E W=3st:= 7Fd A8 (60T,
of W& fF8S stoof st} olw] A VE 2T 10CE F&57]1h2 2

ko3
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o A ARAES FE5718E 5 e 7HEUlE e B2 =Y

a2,
_ oL
S I o
o
flo
N

o 2 5

go AN B X mx
N

N,

of

718 A 7lER A F7HA] AN, e " 7]sS UHT(ultra high temperature) &=
HTST(high temperature short time)¢} 22 7FEA]g], vlolaZ 9ol B A, & g,
& T AWhETE, FUEY B AAIYAEL] HU T UlE AlxTsd sSES
st WA e 7Ee] &85 Q)

2R e o
oo K

olg g oY 7HH] FE7Ig AF Ve FolA Il AFFA Aite]l Ttesd VwEReE &
At FAH o2 (D hot filling, @ retorting @ high pressure processing 133 @
cook—chill el we} AF Ax Fo] Fizgo] At ARE o]e} e WA Fo &
Az T4& AY FARHA FASHAA 718 A2 vjgo =2 Jdo] 7hestal, 71E AlA
= &&= SWolA = retorting¥ Z xSt AP AGdEA ooy B EAE

OEM A%t 3402 dF AFE 3 “AW =" &= retort NS 23 ot

=

kA 2 Ao E A=Y HEZE A A4S AASHA 43 Sl fEvg
2 o] = 4F o4 7F5 3 retorting M E ZHE AAEE AowR FEG AF 7
= Mtz g HFAH o me A3 14 6FA MTAFe 5718 244 4

sto] vl HsE & Aot
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184 AsE A4
fFE718 AL
A £ 3 [EHRAA =R RNF
4 F 9 +# 71 ek frob 4]
B2 & ¥ #%Fuy ALE() /ALC) /BB (0) /HEB () /718 ()
* % 7l k3 AZLE ¥ 602 BAER)
Agsd133FF AAC) /A )/ BF(0)
4859 71 & 9
F¥ANE AACTH
1 AEY 948 2 BE 54
£ AEe FHEL FE, B, SFTEM AAFTE AA5A J1E YN AELE EFA L] PPE D
EgSe] 9Re F7] € 4717 AFHA R wPEY Fe) 3AF.
2. A FH| 2
TR ATAE NE /% A
A £ ER YA =4S E Yot EI AR &
lals F2Y) 2o Z1) =
HE7Y 7184 ot 7€} frok4
a4 olH o] H7t glor UHE olH] o] H7} glon S
A Y4E B, s YA4E .
E4AA 2 EAYY FAFA A eP) FAFA A @P)
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A EE EEHY HEZEJ A 82¢C 2583 &4F HEEE A 827 2587 4T
HEE AR R w A By
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Rimcadhis AZYE 78 60(3%) AZLE 28 60(3%)
3. 5% ¥
1) 100C o4 Hgste] Aad AELE AAE S JAE F Q3L HVE FIY F Q= PP IEFE
EF 2 284 Foigo 4R F7] L #74 FREARA R HEZEA g2 2687 AFEHY
EAWGE H239 AFAHH
2) B AER AEFAe] A 71E AE {571%0] ARLE RH 602 B3P E A& gdsie
A g £871F A€ 0. 1. vk, ol gt F571F 3L AFsAL & AEY 72 E
TAZYE 2E 602 BF), B AR,
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29 3-1-2. A=l Fe A ok M AFH (NG FobA) FEF 2 AA
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SHA W Bacillus cereus spore= 85C ©|stoll A= AHE G347} §lvy= o] AwrEl 4
olth, & ¢ A3 AREE FgHE 7] fste] 7S & Aol digk A A WESs
s o), glst Aol glo] A& A AaEE FHET = gl

O wbA 23 A3 (heat penetration study) ¥ 4S5 F3lo] #5738 Ao] 7153 A
235 MEstarzt sk

2) Heat Penetration Study

7hH AdAQsE L A

O AWz AAE I Y= AF Fo B AT /sl = F3Y A= 4 &
o] 7F4 A1 Ao m AlgFHE “BErESAdA LS AE mdg AA

O G-Fots AF
YEo e WIS
HE 8o

Al o

O 1

Calculated D and =z values for B. cerens LWL1 endospores in boiled rice and in

rice gruel

Treatment

Boiled rice

D values (min)

Rice gruel

85 °C
90 °C
95 °C

90 °C+enterocin AS-48

9.25+0.51
556048
2.41+0.16
0.23%

95 °C+enterocin AS-48

z values (°C)"
6.85

14.43£0.19 P=0.0001
6.74£0.54 P 0.048
4.74+0.41 P 0.00078
0.21*

8.24

* Calculated from the slope of the straight regression line obtained for interval

0—1 min.

b z values of samples heated without enterocin AS-48.

19 3-1-3. Bacillus cereus®] W<

O rice greul2 Ald A%

shairh.

3} o) §-
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O 71€9 Ay =11 &A: 80T 15 ¥, 2 @A 82T 25 #)olA e 7k g Az 53 9
5CelA 15 % HgzddAe] 7FEAAAZHFM S dubior  Faginh. dubie
Yanniotis(2009)el] 2]&|A 7l N mz oA 8o AAsArt. 1 A A3

(F$* = 14 min, F2* = 01 min)¥= 29 3-1-73 19 3-1-89] AlAl&k T},
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0.001 4
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Lethal rate

Time
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in &2 Omar 5(2006)°] A Agt Bacillus cereus

m
spore®] WASAZAERFEH AL Dy 1973 mino= At TFEAARAREQ]

O 2= Bacillus cereus spores itd7d2l 7HAaA 42 5 log
Ao 28y I F5S st= Ao+ Bacillus cereus spore
5] ANE TAE ARNPER

AL SEoR A

FAgshd 10CeA 7~180Y¥ A1 7Hssttha 4 Qv

ojH g At B AT T

reductionS W= A

o] S-S AafetnE WX 5

AA A gotm ey, dntHow A
4

38t 60T ~70TCelA 307

webA e 71d A AdE TF AA VIes AAske] frerIdhe A stolok

3t S8 o] H=35)o], Ball's formula method(&
Aol AREEE TFEAEAAR(f S [ SESEHTEA WY JEEE 2L 2%
274 0% e WekE AR, T 7HEARD 271 2%, 4, js AAAFS] lag factor)S TH8)
7] 98to] Balle] A|¢tak vl o] ¢ A3te] heating curve®} cooling curveE 19 3-1-93
a7 3-1-109] Ve AT

T e e e e e T 94

=

Heating Curve (TrR=95°C)

i Heating Curve (Tr=82°C) 93

- Bxponential Fitting (to the
1 linear” portion of the
78 - = experimental data)
+ Experimental Data /

- Exponential Fitting (to the
“linear” portion of the
91 | o experimental data)
i Experimental Data
89 -
87 .
85 -

76
74
72

Product Temperature, T(°C)

hle]

Product Temperature, T(°C)
5
Retort-Product Temperature, TR-T (°C)

52 1 75 -

Retort-Product Temperature, TR-T (°C)

T I=Tr-TI
Tmzz 35
T I=Tr-TI T%. ; jhI=Tr-Ta
Ta 2 ;LhI:TR—TA + ]
2 - 100 -5 100
-12
fh= 52 min th= 34 min —]
e f2=29 min e
212 205 — Tii=T
| . Tm— T jh=—r =7 =12
jh= T 7 =48
912~ 1000 g 1000
o 10 20 30 a0 ] i 20 30
Time (min) Time (min)

1% 3-1-9. Typical straight-line heating curve used for f,,,f,, and j, parameter

estimation. (Left—step 1: 807, 15 min, step 2: 827, 25 min, Right-95C, 15 min)
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Cooling Curve (Tcw=21°C)

- Exponential Fitting (to the “linear”
portion of the experimental data)

5 :
S Experimental Data
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“linear” portion of the
0 experimental data)
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121 100
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3-1-10. Typical cooling curve used for

and j. parameter estimation.

(Up—step 1: 807, 15 min, step 2: 82°C, 25 min, Down-95C, 15 min)

_57_



F gk

=

i3

Jn
1.2
Je
1.1

95°C
95°C

In
34 min

116 min
Aol AAZE Bt HA

3L

[e)

jh
4.8

12t wE A
2, Az

1.1

=

Je

AT
i~

A

[

fes ]

}

s
82°C
P
29 min
82°C

o 7}

=

86 min

3-1-13° A A|
52 min

3-1-13. Ball’s formula method®l] A}
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8 “S4dF4Fe] HACCP 442 913 Lubwed sjwo] dsum 5313, 2006€0: 4ok A
o e “o]gAFe G EAE A=FE FERY A gE AR IAS @}% F 9
Atk oleldt A7k APHALONE 10de] A AFz o] RS Hgahe At =Rtk A
e Ang BA & 5 ek F, HRe AAA Zdeld o 2ug Aga] olgiths Aol
A e o detdh B7%1e AR|etelok @ Aol

A el wle) AR A TS A MAEA kdAd A FAE AFea
o) ol O

wel welel 4ol Fu B fAR AE
5 X 3-1-14°l A st

sa Qete FAHoE 2AR

A3}

¥ 3-1-14. C. botulinum spores? %

gad PlA= A olF

4 73 33

Product type

Process times and temperaturas

Effect on the
reduction of
proteolytic

C. botulinum spores

Post process conditions
[see text)

Home prepared food

Puréed fruit, vegetablas,
meats

Peeling/washing
Boiled or steamed (95-100°C,
1-10 minutes)

Minimal {<1log)

General home hygiens

Finger foods like
sandwiches, apple
slices, camot batons

Mo heat processing, some
peslingAvashing

Mone to minimal
(=1 log)

General home hygiens

Minimally processad bal

Puréed fruit and
vegetables

Peeling/washing where appropriate
Cooking ¥0-95°C for minutes
{5-15)

Mone to minimal
=1 log)

Some cook in pack;
some hot fill (»70°C) and
some fill <70°C

Savoury meat meals

Cooking 70-95°C for minutes
(5-158)

Mone to minimal
(=1 log)

Some cook in pack;
some hot fill (=70°C) and
some fill <70°C

F A RS R "ot AATE thAl ZEelA hot filling v 2 $ol OHA] ZHhskeE 8
oj-gate] AFS Arkstal ATk AINE ol WAL Il 25 FEVE e AAdAE
Aedstar Qlgro] ZAE AT

2 AFEAAE o]E syl flste] F 7HA] Webe AAEYh stue £ WHE 1H
3-1-113 22 oz v ¥4 Fof| A4S = retortingS shal, 7FE Atel ok FA A5}
& Haststr] Sl klnetlc study s Al BE v 7159 1“7\‘34”3«] Al gEARE 27

linevtol gt =

shz Aelrk
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°F (process flow diagram®] A|A])

7189 B HAE FAEA oY T MR E FaUA QAsAY TR A & o
TR oo AAE sl7]e ofle AAolth weba xer|es $ds] sk AlzbE 507100

kgs AT 7 Qi gt AEFS AR F RS CIP7F 7438 340 st mah, M3l
,1 [e) [e)
=z

= steamplicity 71&3 ol 43 FARE 24 SAS 2t AEs Ateke 24

facs

2E e AEA THE EgeAe] sAldl o] Fof AH, FAa9 e
ASS o]

o
=
ARE AEANATE FFAES ge Y% HE 48T 5 Y= TWIRA 1Y 38 AN

)

FARRY PHS BAs7] 9slAE UHTSF #2o] 11(1211C)¢ S71& direct injection® o U

s
injection system= 23l AT 121CE 7Fsh7] flalA e BE5-57] FHE 2doftt 7Hsds
o

selsiglr vhl X AFHe B4 AR AW Jon F5A testd ¥ 5 glodeh

ghetolc,
Beozt 4A olfd Az F9 A9 dusel AT FAEE F0T + AYor 1
TAEE 19 3-1-14 AA A

Ag3e] Qo FANE GEER i F fust 94 PR oY HAS W 4 Az A
BIWA o oAl & Ao B
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9 3-1-12. FrymaKorumaAhe] MaxxD.
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Baby Food Line

ML 3.22

19 3-1-14. Process flow diagram.
A perforated disc mill B mixing vessel C shovel stirrer D propeller stirrer
E product thermometer  F feed pump G toothed colloid mill H manometer
I pipeline for junior food K pipeline for baby food L vacuum deaeration plant

M product thermometer N vacuum pump O scraped surface heat exchanger

ot 28
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O 7]1¥€ ¥4 BHdA =&FAY A ZAE 287 AeiAde AFse & 2 34
o] F7}xojo} it} oluf T A FAHORE FA wjEd o]F2 AEFS st Y=
AzEgor] o] Ay HEZE WHS dusd o o fF2Y AEFFdd 7IE G-
ofalo]l 7lFol Yo} = Bacillus cereus s Fwd § e HEZE A & Aato]

O AEA AGFE AT TS AEHAANAE NE Az FHAA vpH ookt
wol AAHOoE Yol &
HACCP2] 7]&oll Az g

o =
NE FHHY glole Az,

o
ofo
ol
ol
rir
pou
fz
i
1>
o
.
2
i
AC)
2

5. 28 &R /MAE £3% Homemaded color °]f4 74

7k A&

O ZAy Hgaad A Z AMS Hoste el &4 =2 (phytochemicals) S ©] &3t 7|2
AL Fale] ol AMA 9 A= o Ao A Hoz2 AAF =1, oy
Qo uwhep A A o=Z2M i 2 A 2HS A5t A9 F4,

=
= =4
o mxoz AYHe hdS AT 5 dE vl Polth el by Buk ohe
0] S
P

>

>

4O B o

_

o

v‘l% -
A gty S 22 0% homemaded ©]F2 A&
Fo] oy} g Azte] £ HIrbE WA XSt
& 21l GAlT 2 color ©]

N
o Auetang a9

O
o
do
Y
>
N
=)
>,
of
ol
=2
2
ofo
ofs
ol
N,
2~
e
o
BN
ivh
ok

O ol& #lgto] dnAddS Fate] T4l B olf2e S440 Fis wEste Wi
& 7FA 4, 38 § 7HE, S3Es & 7Y, 7hE & £33 Al 7HA xE 38 S o] &3
of Azxg Fol o2 =A< 5 olgTAd EAS WAt o219 color
A o} gtaksl g4 o] 9-4=3F Homemade® color ©]-f21<S 7R3l aiA}b sk},

O 2 Aol AHEE AZFE(EUADG FAFE(EAD, S EGAD, ATHEUAD, wEe
(FA), GG, W1k A (371 2, S, WA F ke (g el A
TFAste] AL gHAT

© 525 =9 3 3] FAste] gEES AT T Adee] EH7(A¢EEE
DY-2012, &4PCS, g=)ollA 45 %3+ vwpajste]l FHlekdvh Atk vl AES A7
of 33 A $ 30 =3t
=3 5 Aol WHlew, ol
of viAlHEE A EHEHA

I} spoonful testE o] &3t &

ofN o
B oHrorg W

o

IS T o

dE b

C &<
© 100C #x oA 10 B3 T3 5 271 2
aF

—_ T
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ARl Bits WA 7= vl N E RS R a7 o] -4 o] wiEe]= i 3-1-153
¥ 3-1-15. Homemade color ©]-+2]2] j3tn]
A& A= Hl 3+ 4) (%)
= 2.30
AL E RE! 115
Red v & 2717 1.15
(AB) A5 3.40
A A 4 92.00
IRy 2.30
S5 ukeF RES 115
Yellow | #1Fv" & EYins 1.15
(PC) A7V 3.40
A A5 92.00
) e} v ) (5} 2)) 2.30
H] €} 71 =) ] 115
Green LIRS R<3 a7} 1.15
(VP) A7} 3.40
A A 4 92.00
AR

7ZFE(CM1)& &4Fvjg WH(A7Z 18 cm, Z o] 85 cm)oll 4] d A=
z &3 3k % highlight lange(EGH-372, < =7) 3 ©@AeA] 13

v F7F 7rE skt 7Fd o]l ¢ Al &+ highlight langeol A 2] 3

2 Aol F Al de] A AFEstATh & A4S 17 3-1-159]

2 B o Mr ok
oA oo

o

£ ¢
—d

oo
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T 2 CE
(HA7IZ, SENIR) (M) (A5 2T
| | |
o1 2 Sk oD /2
w2 s wa
NERE e
| =H |
(=0l )
Hzr olZ 4=
25 mey
<HHFE #2257 NEE
e S
S Hzr

a9 3-1-15. & F 7FA(CMD =83 =

S
o> B o oly

oo £ Ry
)
=
>

=% 5 74 (CM2)+= &Frlw Hulol 27l JAVEE BATE ¥
highlight lange 3 ©All A 1383F 7143 & FH] H JAFE

5 827 71 g et 7hE 3 o] ¥y A8+ highlight lightol A
DU FASRE AojE F Al Ay A ARESHAT & sAES 19 3

o2l
o
X
2
N

(HEN=. SEN=) (&) 25, WEH

o gy a o 2 s/
S S 22

(ol > M=
| H |

HZ (o8 =Tk
| [

1A =8t =ty
| [

1A 2t =4
| \

ont 28 - o

<H9ME IF2F HEF>

| |

2R O
|

H HE

a9 3-1-16. &3 F 7t (CM2) =834 =,
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(3) 74 ¥ EF(CM3)= &Fvlg Huldd A7pFo} ek ngﬂ’“% ¥ 51 % U
7o 2 &3 < highlight lange 3 ©AlGA 13 &3t 7FE £ 1 @Al A 5 &3 71 7k
sho] v S Alxsdvh Alx © AnFol 74 ARl sHA 7\?/]% WA FE G 2 23t

30
o

UrFAeR EdelTodh & 4& 19 3-1-170] =4 3tske] e

Fas 22 s
(z‘—;mz,' FHU12) (’.é.’-*|.—E) (iﬂ_*._rEr,| N2
oD/ =l Y/
| | |
=t 22 =2t
| |
oIEHE M
| A |
HIZF OlEHAE
| |
17 E&f et
| |
Jre el
| |
ot 28 e 228 BuE =4
| |
HHE A
|

a9 3-1-17. 7FE F £HCM3) =H T4 =,

O 7 ZeWHolA 71d A BHFS FAFEIL BolRA REF GRFAL AAYFOE

Hol7bm st sl

7}11 zeleds olgsto] Axd offA& AZol PP &7] 200 g¥ Hol WEE

A3 F 2 @A 9 80T, 15 B — 2 %741: 821, 25 W)ol 2 HEZE HalZ 3o

A ARE AR

©)
-|-4—_>‘:‘4

JEZE

CM 1: &3 & 714 ) =

2 = = 7 s }id ' % = | 1 @A4: 80T, 15 &+ |=» A
CM 2: #7+&3 & 714 ]

[eZ] 2 THA: C.oo5 B

CM 3: 7td & =% 2 @A 82T, 25 &+

e

4T
e
J

19 3-1-18. Homemaded color ©]2 A% ==,
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3

b:

o] FA(g)
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N
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(3) A

s
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<

el
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o

< water bath

oA

dEARAE AA

2~ 0

t‘_'—~;|
HF =
= 1

o
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N

M

o] i

&1

A A

= O
A=

HlF =
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ko3
T

T %, 100TCe] Hdzx7]

—(:5}

o] JHIE7} HAF FEHOE KFAA
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J|

ol A 72

Az AZe]

KR
=

9wz

a5

= A9 FAg)

AEBIEEETE

S

oF
P
N

Eis

A

2 56 3] Ao &

ol AL 1.25%3H4F 200 mL

5

o e =

Kol
=

of we} A8 3 g

Ho
Hin

<

al

155
<

=
=

% 05 g 7}

4w

500 mLe] ZHegh~Ae] ¥

al

o
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N

—_
fils)

Zgta=o] oyt

o] az

71E

e A 28 WA Sejszie)

KeR
=

gow Aldo] 44
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_EH

T
o

EPNE]

500 mLe] =

S
=

g AHgstel ARE

200 mL

g9

Ot E=ZE 1.25% FASTUESR
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o
asn A
< vy e ek
el Azate dHzz Ae g Furol = @A ok 1475 Azt HA A ol E
oA A3 P el

4507500 2] A7) FolA @eo]l @ wWrbx o IAHEY AL F Fdate] thg Ao
L =t

Wyt fEe9I]E 1100 Axse] Gl AL wel FAl(g)
W, 1 A712eA Thdstel gkl HAL wWel FA(g)
SEREEIE EL

(5) 3%

4EFA A9 QAW 112 f%o] weh AR Az Yeld AxA F sl
&7 WATs A9 Bo] Aold WA S0NTAN AR v A8 ews o
200CHE W HAACIEHE §A @3 A8 F Adste] Amel B[RS theAl w
2 Az aislt)

Wo— W
35 (%)= —— %100

Wo @ &&Fe] | =7t e FA(g)
Wy o 313k 5 by eb 3ol FAI(g)

6) T4

FAo e AFEA A 9. ARkAIEH 1141 FEe] ek Als 100 goll A w3 o
A A 3 ES 2ot 42 oA WEBER HASAT
o) A e

A # 10 g& petri dishell ©32 224 (Colory meter, CM-3500d, Minolta, Japan)E ©] &3}

st L( %, Lightness), a(d A%, Redness) ¢ b(Z2 % Yellowness)# = 43t 9]

=4
o] i WA L a b gk ZH7F 62.05, 0.96, -5.87°] AT

) H=
A& 05 mlE plated] Yo A=A (DV-2T Cone/Plate Viscometer, Brookfield Co., USA)E
o] 83}to] spindle CP 512 A&3k & 75 rpm, 25CoA 3 7 Z5A1A =A3FA )
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u}) pH

Alg 10 g= FH3EY test tubed] Y3l 24 pH meter(Orion 4 Star, Thermo Scientific,

Algm 3 goll 94%9] oet2 6 mle 7Fsle] 25TAA 2 Al F& & A4AE2 7] (MICRO
17TR, Hanil Science Industrial Co., Ltd, Korea) 2,000 rpm, 15ColA 15 #7F 94 &3 &
A5 MBS 045 um syringe filter® o] ¥&lo] F&FH o2 A3 Th

(2) DPPH free radical scavenging

2,2-Diphenyl-1-picrylhydrazyl(Sigma-Aldrich, USA)E 94% ethanol®] *<¢ 0.1 mM DPPH
g HS A x&At 0.1 mM DPPH €9 0.8 ml¥} F54 02 mlE E£§3Fo] Ao 1 A7+
Fob obxoA WFSAIZI 3 UV-Vis Spectrophothmeter(G10S UV-Vis, Thermo scientific,
USA)E o]&3ste] 517nmolA 3 EE S43 k. DPPH free radical scavenging® ©}&l 2
& ol &3t Axtst o, o uf control FEH Al 94% ol ¥-& 0.2 mlE 0.1 mM DPPH
£ 0.8 ml¥ BHSA| A

ABxperiment) )10

(1)

DPPH radical scavenging activity {'!th[l
Acontral *

(3) ABTS free radical scavenging

26 mM  Potassium  persulfate(Sigma-Aldrich  Co., USA)d %<9 74 mM9
ABTS(2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)diammonium salt, Sigma-Aldrich
Co., USA)E A=-taolA 24 Az &<QF WA St radicals FAAIZ o, A7 Ao 732
nmol A ABTSE ¢ &3 %7l 0.7+0.02°] %% E Phosphate buffered saline(Sigma-Aldrich
Co., USA)o. & 3|43}t

ABTS €9 950 wel FEd 50 s H7ete] A2-¢dhelA 10 #3F 98 F UV-Vis
SpectrophothmeterE AF-&3te] 732 nm &3

TE= t}. ABTS free radical scavenging
= DPPH free radical scavenging Al4H2 3 3l A4A o
20 S

2 ALtstHow, o] o control
A

F=9 2l ABTS &4 950 w3 94% ol &

A} Phytochamical analysis
(1) Anthocyanin

A8 2 gol 0.1 N HCI-80% methanol 2 ml& 7}ale] 4T9 Aol Al
10,000 rpm, 15CelA 10 &3+ ¥4 2t A 8¢ A dS 045

24 ANr FE3
mm syringe filter=
o]3}sk & UV-Vis spectrophotometerE ©]-83} 530 nmoll A FF =5 S43dd. I &+

212 Delphinidin chloride(Sigma-Aldrich Co., USA)® 1 ug/ml, 2 pg/ml, 4 pg/ml, 6 pg/ml, 8
pg/mle] Fxo BE fHS Axste] e FAS I8 A AT

hud
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(2) B-carotene
Alg 2 gol acetone 7.5 mlS H7Iste] AF2oA 30 B3F F=3 & 0.45mm syringe filter=
o]t gAlS 450 nmolA FHFE SAAY. dF A2 B-carotene (Sigma-Aldrich Co.,
2 1 pg/ml, 1.5 pg/ml, 2 pg/ml, 2.5 pg/ml, 3 pg/mle] Fxo TFLANS A xsto] 3%
= v Ak

I
2 |o

(3) % Chlorophyll

Al&m 2 gol acetone 75 mlS FH7bste]l AolA 2 AlZF 30 BE<H FE3 T 045um
syringe filter® o] ¥}3F £ NS 645 nm, 663 nmol A 3% =43} th. & chlorophyll §F#2
o Aol wet AlLkskad

1["_?_,

hlorophyll (1g/ml) = 8.02 4, —20.21 4,

Az olfe] FYARE FohmuA vk HEEAS AWk Al £ &(AB)T
Sk opi) S S (PO), MR AW S(VP)S] QbR 4] A & 3-1-169F 2k ABE:
Fio] 95.06%= 7H Be e AASF A, avs 2EUAE 0.60%, =AW 0.11%, =4

_~ rlo

0.09%<=0lom 3R HEHA &Uth PCE FEo] 9494%= 714 @gton, zdwz
0.66%) o]o] Z=AF7F 0Ml WA= shako] wokth ks Aol 0.04%, 3]%°] 0.01%<
o]ttt VPE AB, PCS} npz7lx 2 $=80] 95.06% %2 71 Wektow ZuawlA(0.74%), 274+
(0.07%) =olar, =AW} 249 TS 0.04%% sLstA S AT

Az olf2S 1 3 A&THE 180 go& FAakd & CAN-Pro 4.0& o] &3lo] w53tE, o
W A4, YEF, FH2HEd 22 FAETFS et o5 1 o %L 7IEAd o

g ug=2 vebd 232 % 3-1-179] ey

22
o

¥ 3-1-16. color o]l dHHHo A= dut AEF

FE(%) | FAO) | 29MA(%) | 24 | FR) | 2 F(%)
A}ﬂav}im i 95.05 4.24 0.60 0.11 0.00 0.09
e :;;:Hﬁlj] T o104 4.35 0.66 0.04 0.01 0.16
] E}U%;EH vl 95.06 412 0.74 0.04 0.04 0.07
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3 3-1-17. color olfr2el 1 3] A& (180 g)oll FfFrEol Ue I ETH
grste(e) | EH () #1 2 (g) YEF(mg) | Zd2H=(me)
Abse) E ) &
(AB) 8.94(10%) 0.73(2%) 0.01(0%) 4.78(0.002%) 0(0%)
T} & Bl okyl] =1n] &
ng(;;ﬂ).ru] © 8.90(10%) 0.72(2%) 0.02(0%) 0.59(0.000%) 0(0%)
o] x o
A ?VHPH)H "l & 8.24(9%) 0.71(2%) 0.03(0%) 0.52(0.000%) 0(0%)
Ogke] FA= 1 d dF2 7IEA dHa nlE.

2) 29 T4Y YJEEE =
) A

A shil E 6] S(AB)e] Zeliel me AR

7re
74 o L}E}“/Lﬂ— q_u]- a
of Bls] va A FA
Fo %= YEhY CM 1-AB_R°] a3
Ael A &5 9

JEZE
s ol Age 4

o 5

and Markakis, P., 1975, Francis, F.J, 1989). &3}

o] =
AR

ek

HJEZE g T3 9&
so] MAE AL Folgt Aztect

al,

'C"]AJ\J-— b7L(§]'
Zxol 7V i bgkol

wEe] Al 7bg el kel o3 erEAloku
bstel iteh wols] el Qo ola hEAlobvle] s

i 3-1-18¢F o HEE=

CM 1-ABo°] 4152, CM 2-AB 40.24, CM 3-AB 40882 @] yo] we} xjlo]i
F(HAME)E= CM 1-AB7F 27.17% CM 2-AB(30.94), CM 3-AB(31.74)
zloli= HAEEE e
71 E=A SHEAUT

1=)e = SAERG o9 3

slue dEee Ao Fo AAws A duch
$eh ekEAlolY A47) ol wzkely] wEo] Th(Palamidis, N.
A% AEAoh MAE

A7k sk s]o] WA

ko3
T

7FE(CM 1)¢]

=& Az A ABY| L
= o=

A

# 3-1-18. =Wyl W& A Ev S (AB)S] A s

L a b AE+ab

CM 1-AB 41.52 27.17 17.79 40.84

CM 2-AB 40.24 30.94 15.23 42.67

CM 3-AB 40.88 31.74 14.39 42.50

CM 1-AB_R 46.61 17.31 24.63 37.89

CM 2-AB_R 45.26 20.45 22.60 38.38

CM 3-AB_R 45.94 20.06 21.76 39.25

CM 1-AB: &% ?i 7g AR EN S, CM 1-ABR: &3 § 7t Al En & dE2E &
CM 2-AB: $3H&s 5 714 A}#H]EH] L CM 2-AB_R: 27t2% % 719 AlguERS YEZE

CM 3-AB: 7+4 ? &3 A Ev & CM 3-AB_R: 7}¥ ¥ &3 AP EN S dEZE §

_7‘|_

UJ—MT:T'ET



subeka) S (PC)l ZEwled e M= F 3-1-199 Yelidd dEEZE AHg
A PCe Lz CM 1-PCeo] 64.62, CM 2-PC 64.61, CM 3-PC 64.79% =%l uwg} x}o
= AL agt(AN =)= Lk v A 2 2yl wet Aol gle og yEyth o
T (M) CM 2-PC7F 39.45%2 CM 1-PC(37.35), CM 3-PC(3855)d Hla} tha =4 =
4 = At

ol Aol AEZE Aol Folw vheht Lt agte 2l wek ol gaAw
bgkel 4% CM 1-PC_Re] 30.19% 74 ¥A 245k dE2E A A% F2 vas) 1
WodEEE A Fo gol dE2E A Ao g3t FASA F4H] dEZE A Fo
% o] §AEL & 5

FE 3-1-19. =W Rel e daubdu]Fr 5 (PC)e] MrEws)
L a b AE+ab

CM 1-PC 64.62 0.40 37.35 43.30
CM 2-PC 64.61 0.64 39.45 45.39
CM 3-PC 64.79 0.52 38.55 44.51
CM 1-PC_R 64.33 0.41 37.13 43.06
CM 2-PC_R 64.20 0.59 39.19 4512
CM 3-PC_R 64.43 0.59 38.37 44.31

& ¥ e d@s

CM 1-AB: & L -
CM 2-AB: 37HET & 719 wsuke
e uopu &

CM 3-AB: 7}

v & CM 1-ABR: % & 7}d o
W3] g, CM 2-AB_R: &8 F /b v
&, CM 3-AB_R: 714 & &% %i\i}ookuﬂ_iru]% EﬂEiE &

—.~
2

=%

ay)
}0[:

H BRI 0] S-(VP) S el wE AxE F 3-1-2000 JeEudd. dE2E Ag A
VP2 Lz CM 3-VP 64.198 7H =9kow, CM 2-VP(63.04), CM 1-VP(61.99) o & »}
Ebuth azb(A A %)= CM 3-VPol -4.28% 7}d wA ZAHEAT CM 1-VP(-394), C

2-VP(-2.85) o2 YEtsth agto] wloly ()2 FAHAT= A Alm7t 54& EHE}E—
ouz CM 3-VP7F 7H¢ =45 " sAo] 7basit. bak(FM4 =)l 49 CM 1-VP7H
19.28% CM 3-VP(16.38), CM 2-VP(15.07)° Hl&] thx =A 45 At o] ﬁﬂi Hol CM
1-VP7} 7b8 =&dls dos As o 5 AT o3 Ade dEEZE Ay Follk M5

SHA YEbg S 4 7 A

d

AE2E A A 5 vas] 2w L bghe el weh Aole gle Ao u
Ehereh ovb agtel Al CM 3-VP_Re] 44 gkel Ael7F v 2la & o 3=l ol o4
3 AApel

Az A UEAE A7 F 24 A 1A BAHA gob AT AL E BT
A

27)7F meA %o Aw A7} ne



F 3-1-20. el g vk A S (VP) o] A= st

L a b AEx*ab
CM 1-VP 61.99 -3.94 19.28 25.63
CM 2-VP 63.04 -2.85 15.07 21.31
CM 3-VP 64.19 -4.28 16.38 22.95
CM 1-VP_R 61.76 -3.78 18.47 24.80
CM 2-VP_R 62.59 -2.54 14.55 20.73
CM 3-VP_R 63.87 -2.99 15.42 21.73
CM 1-AB: €% % 719 vlglAmn] S CM 1-AB_R: €3 % 719 HgAnn S gEZE &
CM 2-AB: £7+&3% % 719 vlgilAu)n S CM 2-AB_R: 728 £ 714 vegdafuju S g E2E &
CM 3-AB: 7}9 & &3 wlepulas)v & CM 3-AB_R: 719 ¥ &3 vetdAnin & dE2ZE $
) A=
o fA4F Wxw AR Fo| fE4 SAL FEe| A4y, DAL FF, AT, Fo
2ex Fol oa 9Pe Wi Jow AUA Jth FEE Fo FoB FEAA SHoR A
2 Eo] Mt FAse wiEnld ofste] o UtH(June JH et al,

e AT ARakR| E0]E(AB)
=]

=
W AEsF b BA SR, @EueFn] S (PC), Ve
E =

AmEE A F RS EYU G AR Wk o AR AR A A
<4 +(PC_R)¥} HEFRIAHiH] S(VP_R)> CM 3%
cga9e @ GEA AR B4 29 990, A2 A9 4% F Ame YEE wme

A Ao gEZE A 5o A=V A ARG goldl As & F 3
Lee BY et al(1995)+= #aE9] 45 7Fdo] A Al &3}7} o] FojA o]d HE7}
wl

g e ool olfael Aol A4E dEZE A A 557 §4 BP0 D
77) BAVE, AT AAALL Pol weh s3] WES UG Ao FEA),
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Viscosity(cP)

CM 1 CM 2 CM 3
AB 149.13 158.79 154.65
AB_R 154.65 173.98 158.79
PC 144.98 154.65 185.03
PC_R 144.998 157.41 188.48
\%3 125.65 142.91 148.44
VP_R 129.8 146.36 152.24

3) 22347 AE2E Azo] G2 o4 ojghaty £ 54

7} pH

pHE= A9 AldE

PN
T4,

1A
g9lo® 2g3h(Jin et al, 2006). o2 9]

Efi et AFHI EV E(AB), @3 Hefulr] & (PC), HIEFRI AN wiv] 5 (VP)

247 F3 2 30 9L v
]

-1 O H
7F WstsbA] gokom HEEE A $ A g¢ vludte] = pHeO| W3t UEUA &Sk
¥ 3-1-22. 2| WHe W& color o219 pH W3}
pH

CM 1 CM 2 CM 3
AB 6.09 6.09 6.07
AB_R 6.08 6.09 6.05
PC 6.37 6.42 6.38
PC_R 6.38 6.39 6.35
VP 6.07 6.15 6.16
VP_R 6.07 6.12 6.14

= felzolA ee Hoz Anst et
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ABTSE o]&3 a3l A4S B dEZE g A Al8E 2o gE {2279 A
ol flE Aoz Yeiygon HEZE A & CM 371 3337x0.17=2 7Fg =4 S5 YA
TF CM 2(30.42+0.54)¢F =lol= gle

Ao PARYY. dEEE A% F2 vasgs o
CM 27} dE=E A9 F @arsl F4o] stob: A2 Fastgon, of oo g ey
MEe dEZE A9 An Fo kst B4 Aol gl Aow mdh

wef Al ALIH] EV] S(AB)E ZEE F 9= DPPH free radical scavenging®t ABTS free
radical scavengingZ} A YEW CM 2 & CM 35 o] &3t Zo] HHsvta Agdd

3 3-1-23. AHHIEV E(AB)9] @itst 24

free radical scavenging (%)

DPPH ABTS
CM 1 CM 2 CM 3 CM 1 CM 2 CM 3
AB 30.05+1.22 29.96+1.05" | 31.58+1.81° | 32.52+0.60%" | 3451+0.38" | 35.31+0.52¢

AB_R 22.61+053" | 30.47+0.98% | 31.30+1.44% | 29.98+2.707 | 30.42+0.54¢ | 33.37+0.17%

et 5(PO)e] A =2E d A|%e] DPPHE |83 Fitst 44 Zjiﬂr% 2y CM
3o el grel 7 AA Sl Hfdth shAR o= thE WA fFo1H A 8
Ao dudEv Ee HEEZE F AiAS Hu AbGH ER S (AB)O] A 9 75?%9} FrARSHA
CM 1°] CM 2¢ CM 3°ll Hlal] dE2E 59 glo] A2 de glun v vsghon CM 29
CM 3= dE2E A3 F ghe] Aol AARE frofHeolA] & Ao sddn

e B9 HdE2E A2 d CM 1o v =il vla] &4t
CM 1% CM 3 Tr-JZ#?l =] 7
E

053
oE
lo
9{_,
>,
Bt
o
2,
o
Sl
<
I
M =
ol
)
o
o2l
it}

E i%ﬂ - ‘%“Ji‘r %“é

DPPH free radical scavenging®} ABTS free radical scavengingE #4133 A3} walx @3
Wk 20 S(PO)E 28 Agd e Al 7HA WY F o= AL A
ztol = fl& Alolet wekEh
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¥ 3-1-24. @@ urekn)3=u] S (PC)e] &4ksl &4
free radical scavenging(%6)
DPPH ABTS
CM 1 CM 2 CM 3 CM 1 CM 2 CM 3

PC 13.04£0.80 * | 12.81£0.32%° | 1456+0.87% | 33.67+1.02% | 30.92+0.70% | 30.17+1.84°

PC_R 10.40£0.81¢ | 10.63+1.12% | 12.67+1.17% | 32.07£0.27% | 31.07+0.81% | 31.67+0.57%
HEF A ] 2-(VP)2] B EZ2E 2 Az DPPHE o|&3t atsl &4 A9sE 2 A 7}
dEZE A Folx= ZWH

Ao zawgel wa Aol gl Aew Yy wd @
We Aol glglen, dEZE A3 $2 vadde 4
Aow BAHAY.

to

H%Ul °<Pc>9} sdstA C
o HEZE A o= CM 101 e 27}
o] H¥¢lom CM 13 CM 3¢ o= HEE
Hw3t9S o CM 2014 HEZE g 3 3aks A zho
oA Aol7} gl FOo=E Hol AFAY =

N
E
S
=
o rr
Pk
o
HE
o
iuj
o 3T

Epre.
ol A1} 71 zolo
A7} A7 Ao B

ﬁ
i
[m
(2
_E

M

S o A
Jo

H et e 2(VP)E =& 4% ABTS free radical scavenging® Z¥=E w24 CM 1
o] gitsl &o] =A vERY M A e Aoz AZbE Y Blois, M.S.(1958)3 Cha, J.Y., et
al(1999)0] w=w DPPHE ABTSHUTH 24| @ibst @43 dAdto] & Aow wxEflon,
olo] DPPH free radical scavengingol Z¥ m=Zw Al 7}x] Zg|uHe]| wet gikst &4
zZkol7F §le Ao R Hol ol WS AdYs= FHE Aol AzEo X

¥ 3-1-25. v ER A ] (VP) 2] &2ksl 4
free radical scavenging (%)
DPPH ABTS
CM 1 CM 2 CM 3 CM 1 CM 2 CM 3
VP 13.87£053% | 13.04+0.60% | 13.59+1.33% | 20.35+0.16% | 19.10+0.53¢ | 17.36+1.3477
VP_R 13.68+0.21% | 13.96+0.46% | 13.45+052° | 22.09+0.867 | 18.15+0.40" | 16.81+0.23¢
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7}) Phytochamical
(1) Anthocyain §=F

ALl Ev] S (AB)2] anthocyanin =S =435 A¥l= ¥ 3-1-269 2t dEZE 37
A AR ENS(AB)9] 2% ¥ anthocyanin 332> CM 2°] 580 pg/gl = 7Hd =4
Elyton CM 37} 569 pg/g, CM 1°] 4.86 pg/gl & 71 WA ZAHHAY. dEEZE Ay &
AR ENS-(AB_R)9] Zg¥H o] wE anthocyanin S Ay E™ g A3 npsA 2
CM 27} 3.04 pg/go & =7 Yelem, CM 3(2.76 pg/g), CM 1(258 pg/g) o2 e

dEZE A Ay F5 dusnd Ax9es YEZE Az F9 anthocyanin o]
Al AR of dnk JhgE A AS B g et ole del WI3HE anthocyanine] 7HE
Al 33 = 7] wEo]tH(Raynal, J. and Moutounet, M., 1989, Kirsten, B.H and Flink, ].M,
1985).

¥ 3-1-26. 28| W& AFH|EN] S (AB)9] anthocyanin & %F

Anthocyanin(ug/g)
CM 1 CM 2 CM 3
AB 4.86 5.80 5.69
AB_R 2.58 3.04 2.76

(2) B-carotene =¥
G 1] S(PC)Y] B-carotene S A4 A= 1 3-1-27¢ 2o I EZE
7431 A sk Fu] 2(PC)e] ZalWy ¥ B-carotene $FFS CM 2°] 346 ug/go = 714
=7 L}E} o CM 1 7} 3.34 pg/g, CM 3°] 3.15 pg/go 2 714 9tA SA4HAL dEZE
?11“/] < Gk Fn S (PC_R)9 xe|WHol e B-carotene T#HS AW CM 29
CM 37} 318 peg/go & et o™, CM 3.13 pg/g YHEFSLT %LO H] dEH PYEZE A

o Alge 2yl whet B-carotene T Abol= gl A CEagi=g
‘j/ﬂEEE ﬂﬂ ZJ‘T’/]' H] ‘3HEUJ CM 134‘ CM 201]}\1 E}]EEE i%?q -7%«9] B-carotene
TF ol AY AR o AT S B o AT dEEE AP A 7hEA I H

wWol ¥ CM 1% CM 29| B-carotene®] $r&Fo] ¢ =3l P EZE AT § Yolx= AiE
Ho} B-carotene®] & Aol tis] & t] A2 AMF Hositia AZtE L

i 3-1-27. el

il

k& BFoku) =1 2(PC) 2] B-carotene 8tk

B-carotene(ug/g)

CM 1 CM 2 CM 3
PC 3.34 3.46 3.15
PC_R 3.13 3.18 3.18

_77_



(3) & chlorophyll =

HIEFAL A vl v] 2-(VP)2] % chlorophyll &S =74 3t JJrlC— 3 3-1-289 2t HEEZE
2] A vlepd A wv] S(VP)e] Ze]H ¥ ZF chlorophyll &2 CM 3¢] 3.46 ug/go =
71 =4 el o™, CM 1 7F 3.29 pg/g, CM 2°] 276 ug/go & 71 YA 4 %A}
dEZE A& & g xefn](VP_R)9 Zg Wi wE F chlorophyll &S Aswd
CM 1°] 3.02 pg/go.2 7} =4 vepyton CM 2 212 ug/g, CM 3 1.30 pg/g o=
et T #S Husl | dEZE AP A, $9o Aue W wel ¥ chlorophyll
kol Apojup= Ao AZbET

YEZE Ay A3y TE vjusrd 3 714 ZE A 2FE HEEZE Ay T A 59
% chlorophyll $t&F gh&Fo] g xRt 7AAas As & 5 A o= o uztst
chlorophyll®] 7} A] chlorophyll St &2 A 3kx 7] wjitoltt 7Fdo] 7} A '%“4 7?1 CM
39 4¢ dEZ2E Hel= & chlorophyll 3ol 7} =skoy dE2ZE Ay & F
chlorophyll &) 7k g7} g o= wo] ¥ CM 13 CM 29 H|&] =LA Zgill A&
B Ak o= AE AMFHTE LE2A o] Fof A A KaAe 7hede] At FS5H.

-1-28. =gl whE Wl A uin] 5(VP) 2] & chlorophyll &%

b
w

=

% chlorophyll(zg/g)

CM 1 CM 2 CM 3
VP 3.29 2.76 3.46
VP_R 3.02 212 1.30

gt A&

O 7]1& o) AFe] #AHS /MAdstax Al 22 homemade color o2 @AFE 7|H3}3
th Ao o] &g B A= lab-scale® o] f2 Az Al W 4o Fio] THHE AS
el gk wjgulolth. ol ZHgel A Ao R olfAs YT w Aol JhestH, o4
i Aol 7he gk A FzAIHo] ZEFolxl ol A8 Al dWbH o R xEdt= AHT FE

Awko] Aol shelw WU E $Aste] A gafopaih
EFHCM 3) o Al AR 2224
S e A% CM 12 ol £89E A% A
A 2 FAE ol gete] Axd AmRT ag(HAE)7}
(PC)4] bEH(FAE=)HgE CM 1ol A 7}” gl ‘/}E‘r

ol 1“4 Xéii CM 1& A9 & 4§ 27t Alxskaix &+ color 0]% o] =70l
color7b @eo] ®AlE 7hsAdo] & slolgt ddEtt
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H7kE A Va2 dHA ok

o HEHow AQN WMFHe 2 NeEPow ANES A FE/F Y AW
2 AAstel VAR 2 A HAHS PFskel, AgH A TS ANSFLA )

2. A4 AFA AR
AR R g

(1) A&

(7h) 4% &7hF dE
(712 QA2 ehdulE s ol Al Fulste] 271 (HMF-3100s, Hanil, Korea)oll L
5% 42 % 80 mesh #AE ol§ste] AT oA A2 BAIFE STHT 48 gol BIMF
2 g& B0l 4% 27T dHAS AT

(b 4% =9 77 dE o
HdmtE s oA e A (AFVIE HADS 249TColM HEES 5 2V
HMF-3100s, Hanil, Korea)oll @il 5% &<t #%kth. 7 F 80 mesh A& o]&3sto] 2
7HEE A olFA e A JLRE SR 48 goll A L 2 g& o] 4% A~
9 7HF ?‘i‘é}'o—ﬂ% Al z 8t A o

J

2) H]—tﬂ

hH =1% A€
4% A7V F dAg A 49 B 7HF A s 1E g9 $e T YA R 21t
Al 2~ 8 (Quilvtus(press type) QFP-100L-600, Avure, Sweden)= 5% 100 MPa, 5%
200 MPa, 5% 300 MPa, 5+ 400 MPa, 5% 450 MPa, 5% 500 MPa, 5% 550 MPa oA %=1
4 AgE A

~

(W) d=gtdel 4384 54 54
Shear ratedll WE viscosity 42 4= dgNS Rheometer(MCR302, Anton paar,
Austria)®] platen®] i 5% o detdlo] 2n-E 25T®E ZFA3I 3 Cone-plate

5 e} o
system(CP50-2, 7+4: 209mm)< ©] &3}e] =43t}

Dynamic rheological characteristics =74 %3t n}%7}4 2 Rheometer(MCR302, Anton paar,
Austria) g o] &3to] =43t th cup and bob system DG26.7S o] &3] 0.35% strain(A
) ¥ strain sweep testZ2FH AAE A3y HEA FI)AAl 0.1-100rad/se] s Lol
A frezuency sweep tests TetATH Ald T AR FEREHS HYIZTLIE LX)
of WAt AFEA E(storage modulus, G'), +AEAE(oss modulus, G'')&
Rheology Advantage Data Analysis Software(RHEOPLUS/32 V3.61, Austria)Z5FF A3
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E - = (complex viscosity) = A 2 &4 B EZEEH AAE AT

(t}) Particle size distribution analysis
Particle size distribution analysist= particle analyzer(s3550, Microtrac, USA)S o] -&3}o] =

AsFAE A2 E vortex(GH60E, Scientific Industries, USA )E o] &3] Z HojF T Alm
st T J S "ojrmy particle analyzer(s3550, Microtrac, USA)& 33] ®HE =A &3]t}

(=) =3t 54
ek A A Fo] 4% AT dAg A} 4% g TLFE dgde] 53 EAHS A5
#l 3l Differential Scanning Calorimeter(DSC 200 F3 Maia, Netzsch, Bvaria, Germany)S A}
3Tt 4% A7EF Ao} 4% Axv JHR dEls 527 %71(DCI3IE, Ilshin,
Korea)& AM&ste] SZ2AXE 3 & A8E TAAPES ol&sto] o7, o7l 80
mesh® 100 mesh A& o]&3l A7]E A A wtx 5 vlAAIH| 7}z o] “’Fv‘f‘?}%k
o] dAeEE BFA.

panol] FEIFI A7]7F dAT 7HFE 5 mgs A4 Wi TFT 20 mE ¥l AR T
Fol H&S 142 WE §F sealing7]l & ©]-831] sealing st sealings ¥ % 7FF7F &
o TRTE T T F UAEF AR St AR AS S 1Akl Ad F Hjo 9=
aluminum pan< reference® AF&3to] ZF AZS 30ColA 120C7+4] 10 C/ming 22

255 7M7) 711 Differential Scanning Calorimeter(DSC 200 F3 Maia, Netzsch, Bvaria,
Germany) & ©|&3sle] 39S =43}

(U}) SEM =4
Zast Mg A5 A e 2 A5 F437] etel SEM images A& AT 21y
A Ao 4% BT ?SﬂEW?% 4% Z=d 7 dgds 5231 x27]1(DC1316, lshin,
Korea)E AM&3ste] 52X E 3 & o 5 mgs e, SHEFSE 12027 coatingS
& SEM(S-4300, Hitachi, Tokyo, Japan)©. = 15kVelA 1008 = 4Ae] e E =27 & =
st AT
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A2t 400 MPa 450 MPa 500 MPa 550 MPa

w
AL

e e

o
AL

19, 3-2-2 Effect of high pressure treatment on 4% rice flour suspensions
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450 MPa 500 MPa

g

A2t 100 MPa 200 MPa 300 MPa 400 MPa

AL

C

w
HI

5l

Ld

19, 3-2-3 Effect of high pressure treatment on 4% puffed rice flour suspensions

Zaehs 1, 3%, 5% A A9 wol FdaA =ejuA s GUAN 4% Arbe e,
4% Azed] 74 @Ee) B AZba} qhEle] FUhghel] wheh geofo] MlA WE= AS =
F oA mEb 2agh AR oS AxT u MY HelE §A duk AVLE Ee
HAEg AHgste]l B4 o8 5 U

T UdeS ekt (Alphs et al, 2003)

_87_



(2) =318k Agldd g dAdFAY HAE 54

4% 715 AR 49 A 71 dEAS oy ¢E 271(0 MPa, 400 MPa, 500 MPa,
550 MPa)oll A 537t 28] 3k Fof shear rateo] W2 shear stress® W3S =AH3le] 19
3-2-4 2 3-2-5°] YEFHATE.

2% 3-2-400 415} o] 4% U Beele] Aol AL Ge] &5 /LI F

Aok A F HEA AAE AL B 5 Atk we] 4% Asd bR Agkele] 49(2d

3250l 48 AeAmel webds 2 Aelst gAN e AsA e o Ha
ol

dEs AYI A5 VeI 2 As FAs AT o3 dAA

e Aeelel At gEe AT AEHE Aok AL g AL & & A o
A%z gEol /gl mek Aro] EaEel FErt FAUTn A2 B & Aot
SR ETEE che

14 oln] Zalrk dolibA HE e
A, 238 A S Fohe] HEAt F7b

5
A Fo Pz 2 sRAES FA5 w2 Tk

—— 27120

==L E 400

dr— 4712 500

shear stress{Pa)

MILE 550

a1 d 100 200 300 400
shear rate(1/s)

19, 3-2-4 Shear rate versus shear stress curves for 4% rice flour suspensions after
treatment for 5 min at 0.1 MPa, 400 MPa, 500 MPa, 550 MPa
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g

i —— %A1 MPa

E =8 2 AU 400 MPa

z #4500 MPa
i A L 550 MPa

0 3 T T T 1
a 100 200 300 400

shear rate(1/s)

Z1¥]. 3-2-5 Shear rate versus shear stress curves for 4% puffed rice flour suspensions
after treatment for 5 min at 0.1 MPa, 400MPa, 500MPa, 550MPa

T 3-2-45F 3-2-5% & U A wlwsn, 4% ) she el 4% BhE Ag
AHch 7|&77F H 2 AS B AT F 4% A9 7 dgdo] 22 shear ratedl A
] & shear stressE& 7FA 22 4% 2A71F dAEgARTY A3 shear ratedl X =7 ¢ =2
oo w3 ¢k mebA wx] A SRS vlas] B gad TRV £ ot

A5A 9¥e ¥ & Ao Anad

(3) st Aol mE AAdTA e et

o,
Jm

3

AAH-ASA S spoonful 54 Fo 7FsAdS Adstrl 918t dynamic  rheological
characteristicsE =743} t}. dynamic rheological characteristicsi= storage modulus®} loss
modulus® X %™ storage modulusi elastic behavior® X3t loss moduluss
viscous behavior< o] 3¢t} (Isabel verlent et al., 2006)

9 3-2-62 4% 271 F A g e dynamic rheological characteristicsE® WEIH Hoz =
1 AHAYE 3 A TR Ee A BT storage modulus®t loss modulus’} angular
frequency 7} S7Fgel wel Srbste ARdS Hoh T3t ad=E a3 EE Angular
frezuency W ¢l A storage modulus”’} loss modulus®.t} &% ©f =t} elastic F-+<!
storage modulus”} loss modulus ®B.th T2 2 4% 2717 SN okl gel A ¥ 3F3c}
= AL & 4 A}t Angular frequency”Z} A4S whE}l storage modulus”’t €A s A]+= A
o2 Hol 4% AT dAEYH ML networksE FAsohE AS & 5 Tk (Sanchez et, al.,
2002)
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Rheoplus

2 6
10 10
cP
1126 2Jt=2 0,01
Pa 5
10 DG26.7-SN24852; d=0 mm
* 1 % G' Storage Modulus
& 10 4 * - G" Loss Modulus - G" Los julus
¥ 10 -8 |q| Complex Viscosity & |n'| Complex Viscosity
n*
== ey e n 1126 2 7t 2 4002
y v 9. v - v ——
- - i =
G" L X i - g P \1 : = e 8 1034-7 DG26.7-5N24852; d=0 mm
¥ 0 T <. ¥ G' Storage Modulus
—e— 10 T, " ’_r./ - —
—e . oz —e— G" Loss Modulus
Tm ¥ 4
- 2 -8 |yl Complex Viscosity
P R 10
_— -

=
0.1 1 10 1ls 100 B an
Angular Frequency @ —» /\'7 nton Paar

Aaion Paar G

19, 3-2-6 Viscoelastic behavior of 4% rice flour suspensions after treatment
for 5 min at 0.1 MPa, 400 MPa, 500 MPa, 550 MPa

Storage modulus®} loss modulus’} HAH A= 3Lo] Q= Ao = Hol =319 AP &<t gel

S HJAEH gxvu & 4 v}l (Jasim Ahmed, 2005) 2wk ofyz} X3k ¢t o]

St storage modulus®t loss modulus’} #H4stE AL B F gormzg  dHS Ay &
=

=
T = elastict A &S 2ojn g Al viscous behavior® 7FE AL B £ 9t}

Rheoplus

1126 AL 02 1126 & A

DG26.7-5N24852; d=0mm DG26

- G Storage Modulus - G

-8~ G" Loss Modulus -8 G" Les

- [g*| Complex Viscosity & |n7 Complex Viscosit

1126 A 4 4001

DG26 7-SN24852; d=0mm
- G' Storage Modulus
-e G" Loss Modulus

B [y*| Complex Viscosity

&\—) Anton Paar

Angular Frequency @ ———

Arton Paar GrbH

19, 3-2-7 Viscoelastic behavior of 4% puffed rice flour suspensions after treatment for 5
min at 0.1 MPa, 400 MPa, 500 MPa, 550 MPa

a9 3-2-7& 4% &~H 713 FEA o] angualar frequency©] W& storage modulus®} loss
modulusE YEH Aoz 9 3-2-69 Ao} w7 R 5% 550 MPas A& 3 Z&
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Aeletars= A g o] WS4 E storage modulus’t & AL B ¢ AT}

e 09 3-2-67 vlusEH HAAHOR 49% B JME degdo] 4% AVl degd )
storage modulus®} loss modulus ZF2°] § F& RS B F UATE o] A2 4% &~ 7}
T dgdel gifo] 4% AT dgdH} geloﬂ Mde s B dd

(4) 211 Ao g2 HAHZEA9 particle size distribution analysis
9 3-2-8Y 3-2-9% 4% A7 dEN P 4% AAWrtE dE RS 04, 0.1 MPat-H A

ZFa) Al 5 100 MPa, 200 MPa, 300 MPa, 400 MPa, 450 MPa, 500 MPa, 550 MPaclA] =
A% Fo A4 278 B4 292 Jepd Ao

- Comparison Plot -

gy
8]
L

% Channel
=

[+
L

T
001 0.1 1 10 100 1,000 10,000

Size (um)
¥ — DB4:01%:Water3 [ —— DB: 8:0.15%Water 3 [ —— DB 12.0.1%%:Water 2
W —— DB:16:0.1% Water 3]+ —— DB 20:0.1%:Water 3w —— DB: 240 1% Water 2
W —— DB: 28:0.1% Water 3[w —— DB: 32:0.1%:Water 3

19, 3-2-8 Particle size distribution of 4% rice flour suspensions after treatment for 5 min
at 0.1 MPa, 100 MPa, 200Ma, 300MPa 400 MPa, 450 MPa, 500 MPa, 550 MPa
(DB:4 0.1 MPa, DB:8 100 MPa, DB:12 200 MPa, DB:16 300 MPa, DB:20 400 MPa, DB:24
450 MPa, DB:28 500 MPa, DB:32 550MPa)
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- Comparison Plot -

% Channel

T
0.01 0.1 1 10 100 1,000 10,000

Size (um)
W —— DB: 730 1% Water 3 W —— DB 77:0.1% Water 3 W —— DB: 81.0.1%: Water 3
W —— DB:85:0.1%Water3 W —— DB: 85:0.1%:Water3 v —— DB 23:0.1% \Water 3
v —— DB:S7-0.1% Water 3. v —— DB 102:0.1% Water 2

19, 3-2-9 Particle size distribution of 4% puffed rice flour suspensions after treatment for
5 min at 0.1 MPa, 100 MPa, 200Ma, 300MPa 400 MPa, 450 MPa, 500 MPa, 550 MPa
(DB:4 0.1 MPa, DB:8 100 MPa, DB:12 200 MPa, DB:16 300 MPa, DB:20 400 MPa, DB:24
450 MPa, DB:28 500 MPa, DB:32 550MPa)

S99 3-2-9% vhRMAR 4% By b deel 9 el kgl uhek dxtel A7)

7 EAbek Qe ol 9 AeE a4 @ Aol waAle gEe A el A
27 ANE A BE T 5 Ao TR #29 AT 44 277 o Q43
the A B9 @ Aotk F O OE9d A 2ud A e A% 2L e
WA ARl A 27 Makel o@ A Aot Basvin Arw

(5) =S Aol e AAFFAY T3t 54

AARZA] zustHeedd & d4 9 Aebygd wigte] g A wsle JFS A
stof 49%9] A7tF F gAad JFR dgdS 07, 0.1 MPait8 Al &84l 5% 100 MPa,
200 MPa, 300 MPa, 400 MPa, 450 MPa, 500 MPa, 550 MPaclA # 23t F¢ 53 EA4S
27y 19 3-2-103 3-2-110 YeERR AT

4% Ao~ 7hR A 3-2-10)d A= b= A 2ol whel s3tda WHe]  qf
o] F7tgtel wel FHAsHeiTh o] A¥E Hol kA diddtiE w2 qtHd o 3t
oqdtiE= S AT F AATh

E3] 450 MPacll4 500 MPa® 2 uf 33ly= WZo] 343 ZAadts AOZ Hol o
ol F8t7F 7h Z dojdriar o gEch Bk oyl 500 MPacll A sz o] Aol A
gHA = Zoe g Hol 500 MPadlx =strh A o dojuti= S & & AT
(J.P.Douzals, et.al., 1996)

)

TS
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9. 3-2-10 DSC thermograms of 4% rice flour suspensions after treatment at different

levels of pressure for 5 min

9. 3-2-11 DSC thermograms of 4% puffed rice flour suspensions after treatment at

different levels of pressure for 5 min

49 Ay Fh% Aetel(2y 3-2-1De1E B8 a7t GEuA gt oA 24 ey
ol Asue Az @ A o e REAA Ade dr] dre gee Az Aol
ofnl Eah7h Aojul, ol oY EACR AYstelw AmdR 35 SAe Aot gl A
o sttt 3 AL AYsr] Ao oln] sHu o] gy e wE Aolz} vk
A o= Ao ARFAT

o o

>N
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6) 211 Ao W2 HdAHFA9 scanning electron microscopy (SEM)

dAdSA e ZakAgel wa dxke] de) ¥ A7]E 43 SEM images 1H
3-2-12°] YERH A

X100 100um 14 40 SEI 20kV X100 100pum 13 40 SEI

X100 100pm 14 40 SEI 20kV X100 100pm 14 40 SEI

0/0.1 puffed rice flour 5/550 puffed rice flour

19 3-2-12. SEM images of puffed rice flours and rice flours after and before treatment
at 550 MPa for 5 min

Zast AEE A @2 A7ERe] d9 dubHom Qixte] ko] tiRE tad dHE
wnolow T oa dHE @42 JAE SAQlEdnk wbd 29 3-2-129014 &9 & 5 3l
ol 2t Agd AVEF= A Aviek dEiv dASHA o fFRo] Wiy A &%k
O 2t 20 A7FR= 23h &8 oo W A st dojy FAE ETH
Ha el dArel dHE @2 Aow AA4En. (Gyoung Jin We, etal, 2011)

dad 7hRe] A= 2ad AYE s f%ke wxE AVFREIE A= dAe dHE
B Aoz HA oA okl v Aol AREAd AAHE 2k AH2E 7] A
o olw] 3}, &§ T vhgow <l FxA It dojurve RS LajErh w3
Zask AYE #F A2y 7R Ae AYE sA @ v JhF B gve] R
Ao JAREel MR AdHo] = AL #F T U AT o)A 3L dojd fYAE



A9 gHom Qs ® 3 WMol UAE WA HEA ME bridged BHe] HEA O E

O 4%°] A7pFof B 713 de s it Agstd, 33F 59 Wwgor Qlst
a7t A= AS & 5 A
Aoz Yetukth ol @ olf+
& AYAR Qlste] ojw] 237t glofut7]

StAIRE AWl Sl7F oS EFstal SEM AR Aebdel agzE BH A
Ao B £& 93-S 7] X I particle analysis 235 B xS FHGHA st A=
[e)

(i
< Z29E 7HE AR AqAH HAFSARA T2 AT & Aol T

oot

3. A7ME7IeS 28T FAF Fellvlolx9 o] s

7h Aw Ry

1) A=

b #A
FZ(HFWAD, EvtE(WAD, HE(SWAD, #&m=qh), A X
AL(AF71%= FE), 719G A=), FaHETA), Q@] (7]
A Tt o WAL EHAT) R Bkl

’

(Lh) Al of

F=o] AFEH 94% ethyl alcohol Duksan Pure Chem. Co. (Ansan, Korea)ol A
2,2-Diphenyl-1-picrylhydrazyl(DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS), Potassium persulfate ACS reagent, Phosphate buffered
saline2 Sigma-Aldrich(St. Louis, MO, USA)oll A z}z} ) 3ste] A3}t

b 4w 4&E A

@O eshE
A2 H4A 100 g TAA &, 2dud, 22T 2 T dS Hste] dL FoeEAM %
Al skt
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A9 AAEHl 1143 Aol AW ol g3tel Z4AA A2 AR F AR F
HSI o2 A4 a-chBetobdl, ZzeolAl, bR I T AN RAR A&HOD P
stel A% WAL AARAL F Aol W FH(TDF) A% BaPaEe ol Qi 4ol
e e Astel YAAA olfeta o eEs} ohMECR ANG F, Aol 1
FAE FAsgth BREA Ao HAIDRE EAPAES omaoa WE mEd B2
AHSD 1 FAE Helste] Husteth 584404 G(SDP)E IDFe] 1132 7hgel 4] ol
& clsfs AdAE Goiel AgEs FAAU S el 7&%%% Axsa FAE

¥ F Aoldf T2 7) F 2ol R(TDF) 8% =4S 5940z F-3ste] AA3AL
8) EE8A Ao AF(IDF) =4 % 9) F8&4 2 OMJ%<SDF> ZAo A T3 IDF$ SDF ¢
75 le)
7hH FAlE s (B, mg) A4
B = [(BIR + B2R) / 2] - PB - AB
- BIR, B2R: &TA1d 24¥bE-o] gt ZHALe] FA (mg)
- PB: A€ (B @l d A (mg)
- AB: FAEB2)Y 3E FA (mg)

) Aol -5 &= (DF, g/100 g) =4:
- MIR, M2R: # A 28+rE-9] A} A (mg)

- P ZAHMIR) 5 @i FA (mg)

- A FHAHM2R) T & F A (mg)
-B: TAY &% (mg)
M1, M2: A A 9 | (mg)

() =214 54

O A=
A 2} A (Colory meter, CM-3500d, Minolta, Japan)& ©]-83te] =743 L(%Xx, Lightness), a
(A%, Redness) ¢t b(ZFA =, Yellowness)#S 33] Ry SASIATH ojwje] & WA
& 1=89.19, a=1.37, b=-7.40% 7]F 2o & 33ith.
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)
Rheometer(MCR302, Anton paar, Austria)o]l CP50-25 ©]&3}o] shear rateo] uwWE

viscosityE 3% HH5 =AYt

o,

(th olstet# =
@ pH
pH 4, 7, 10 calibration &S 2 calibrations 3 & A& 10mlS pH meter(ORION 4
STAR, Thermo Scientific, USA)E AF&3sle] 25T oA 33] wbE 73130

@ 9=
ZH 42 calibrationg 3 ¥ D EA(HI96301, HANNA, Romania)E Ab-g&3e] 33/HkE =3
SF S T}

@ itst 4 =4

oD F=

70%9] o &2 10 goll A& 1 g2 o] 30C water bath(DH.WB000111, DAIHAN Scientific)
o A 2A1ZF 30% F= & Advantac 045 mE o]&€3te] o3} 3tk (Ji-Hye Lee et al,.
2014)

@ DPPH free radical scavenging
2,2-Diphenyl-1-picrylhydrazyl(Sigma—-Aldrich, St. Louis, MO, USA)E o|&< 94% 9]
0. mM DPPH €& ®HE F DPPH €9 09 mld] &3 A2 0.1 mlE #7189 &
A, Ao A 1AIZF B8 & Spectrophothmeter(G10S UV-Vis, Thermo scientific, USA)E
AREEte] 517 nmoll X FFEE SASIT o A& ol &ste] HJYZd LATES AASEA
o™ o] w control 0.1 mM DPPH&9 09 ml + 70% &2 0.1 mle™ blank: 94% O
B2 1 ml 91t} (Bong Han Lee et al,. 2011)

A :
DPPH radical scavenging activity :“faF{l —_t-ﬂ'i“-ﬂ) w100
Mantrol i1

©@ ABTS free radical scavenging
2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt(ABTS)E 2.45 mM
Potassium persulfate ACS reagent(Sigma-Aldrich, St. Louis, MO, USA)Z =¢] 7 mM
ABTS &5 whEnh whE §9& 244 7F 5 A, A2oA] WA & Ag 2 el 734

nmoll A &3 %= ko] 0.7+0.027} ¥ %= Phosphate buffe saline(Sigma-Aldrich, St. Louis,
MO, USA)=Z 348}t

A& 0.02 mlol 343 ABTS €9 098 mlE H7Msta o4&, AdA 2087 69k
Spectrophothmeter(G10S UV-Vis, Thermo scientific, USA)S A}-&3te] 734 nm %%

i o
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ZAstAdTt ofgl A& o]gste] UL AATS AP e o ul controlS 7 mM
ABTS €9 098 ml + 70% ol&2 002 mle]¥e™ blank: Phosphate buffe
saline(Sigma-Aldrich, St. Louis, MO, USA)°]it}. (Dan-Bi Kim et al,. 2014)

A
ABTS radical scavenging activity 1%}={l[] S }xlﬂl}
AControl @

. @AY A

O

O

food color therapy®l %& FaiF Fd Hlo] 2 o] f2 =

Al colorg A3t A L 2o B 2 St
FE Ad4o] v FAFY A5 AES AAStE 59 £d Fo A7 dE 7 RA[FES
ofe 74 e 2 =
F2=°] spoonful 54 Fodt7] fdte] HAFTA = e 22 &
stirrers Abg3to] A EA HEIFUAL. olHA wEH oY MEFES M2 B
HA s AAE AA ST

Al
=

o2

At g-frobs AT Az BHE e 2
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19 3-2-13. Lab scale production

EE 10:20:5:2:309] T HEH 2, =3

-
X

g, EvE, 0E, A8, 4

15:1:109] F&H =,

=
=

S

=i
=

19, 3-2-14 Pilot experiment for recipe
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sk-310, Zhejiang Hongzhan Packing Machinery)®= 33| A %

= 7
=
deAe ATE s xaet AL T FuE

1o

Ol

2
s

R

of]
2
o,

{1 :

O A7FA Aol -frolg FALwme AugRe PAF AFE ¥ 331, 332 % 3-3-3

of ehgith Bzt Solsk gl ww BARI Gk Holdfvt wor, UEF ¢
e w7 HAFA G2 BARY s wol FHshu du, 7 9o eA AR fAbeg
=3
3. 3-2-1 Proximate compositions of red juices
AgEE EE]
et 315 (%) 13.44%
Z o (%) 1.16%
Z A HH%) 0.21%
3
B 103.77 mg/g
(2, E 59,49, W ob 9 (mg/g)
U E & (mg/100g) 23.08 mg/100g
2 o] A (%) 0.36%
3. 3-2-2 Proximate compositions of yellow juices
R 2E
e 3} 5 (%) 14.81%
= o 3 (%) 1.36%
Z A7 (%) 0.28%
35
B 106.01 mg/g
(I3, 2= AF, Wl 7+3)(mg/g)
U E & (mg/100g) 12.48 mg/100g
ol (%) 0.72%
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. 3-2-3 Proximate compositions of green juices

AR 2}
EF25HE(%) 13.48%
ZRTHERAT (%) 1.55%
ZR4H%) 0.27%
oW 13 /
- 108.13 mg/g
(g, x = At ot , 53 (me/g)
U E &(mg/100g) 16.90 mg/100g
A o] 5(%) 0.31%

O 1% A o & zut Al A5 A Aol (AE)E T-test FHER 45 a2
A, =77 BF FelgdEo] 02212 oAt oy WA Fok 254 579
A% frelggol 7 7k 0001, 002082 o128 2ol dE Ao Yehuth sA 2
A grow 1 2ol HlwEEW 05 nvte R At wo® Huw 3 F e AL olE
oy At

ARz 72 T F 9= ALy ojyez Az B AES AES st AdE EA47F 9
= Ao=w deettt.

O 4T AFFAA B

A5 47

O?_]_— T
A5 9S W 457 o AE o] Ay Fdd Hls] 44 = HAsE AS E 5 AN
SHAINE 2319k A& s w7l A Fe AL AE Fho] 7TE IAHE o= Hol 21

oF E
A S 3 Zo] MHMEE FHA3lele 8% vt & 4 9lvh. (Niranjala Perera et al.,

2009; Young-Kyung Kim et al,. 2010)
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80

70 A
60

50 =o' =
48 I
‘..': 40 =3 /c00 22
- =t /0 L 2

20 —in 3 /500 L 2F

10 =00 ==

" —8=3/500 =2

T T T T T 1
=2 SR OE 1 23 3F  4F
M2t

9. 3-2-15 Color changes after and before treatment at 500 MPa for 3 min during

storage at 4TC

O olgfd AL RRY YHFEUT)AA 27t r AT F8718s AT A =+
T2 Astes sk @712 sk

i)
)

b A=

O shear rated] WE viscosityE =4

,ﬁ
o

& 2 Ax A HAF E5F shear-thinningdt 7 3
Hol= pseudoplastic A S FAstArt. olH gt v|7t A4 F A= shear rate?t S 7Fgol
we} viscosity 7} #AadtE A4S zk=th (CINindo, J.Tang, JR.Powers, P.Singh. 2005)

==

O 1Y 3-2-16°1A4 ¢ 7ol Al 7}A - -folg H}AMFA BT shear rate’} 100(1/s)Ech &
BAg-olA A=Y ThRE HrbekA ¥ ARG A2V JRE Hbe AlFEe] AE7F o
=A UeRth ol gk ARE S A HAHFTAE FMetE AP AR A
V7 4% A8 Ao spoonful 54 Folste S & ¢ dow HAR AF A&

(e}

e AFol= a3t les HelFal gt
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0.5 '\
= 04
[ =}
E &
P 0.3
a =00 E
0.2 4
=f=3500 &
Eony ——3500 2 &
{] T T 1 1
4] 100 200 300 400
shear rate{1/s)
0.5
= 04 4
[=]
=
™03
P
4 — 0 L
0.2
=3 500
S ogy —ir=3500 & L
G T T T 1
0 100 200 300 400
shear rate{1/s)
0.5
= 04
[=}
c
P 0.3
a —0.0 5
0.2
-3 500 =
S o1 —4=3.500 & =
0 5 il _— i ]
8] 100 200 300 400

shear rate{1/s)

219 3-2-16. shear rate versus viscosity after and before treatment at 500 MPa for 3 min

(3) o]3}st4 54
(7}) pH
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Fol T-test

bl 9%

S

4 Aols A%

9l

pH<]
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T

O Zagt Aol ut

W
N

o] 0.842,

347

[e)

pH7} A< ®
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-

B 25714

P mEA 25 =

S

=

o

okt

1A 712 AAs9 T (Ju-Hyun Park etal., 2013)

O
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=

7F dol7bd A pH7F
A

=

AV
It

=
T

A5 frelgEo] 0.789% 0.05 Bk AAM Al FA

RO 0 Iy
e T I
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19 3-2-25. Colony of micro-organism after and before treatment at 550 MPa for 5 min
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19 3-2-26. coliform group qualitative test after and before treatment at 550 MPa for 5
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ﬂ. Thermal technologies \
(Conventional thermal sterilization, Electric heating methods, High
frequency/radio frequency heating, Microwave heating)

Z. Non—thermal technologies
(High pressure processing, Pulse electric field (PEF), Ultrasonic waves,
Electromagnetic radiation, Other methods)

Q. Combined technologies __/

Fig 1. General overview on sterilization concepts
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2) HTST (High Temperature Short Time)
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3) UHT (Ultra-High Temperature)
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