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Fig. 1. Photography of Kimchi on the drying
pan for freeze drying

A3 BAAZXE I8 13 o] A7Ae Bt
AEE A Aelo A Sem 712 Ak 220%
‘>7o><1o< ><D<h/mm) Arlel dErly gl 1A

o
N

Hsﬁ QE@H'@" A
EA(Yagogawa, Japan)E &A31H 7tdd &
jg] SL7t dAges AYE A

M1 rfe
jo H‘
Y

FANE 2o wE dxAAY PiAHE A
A A 28 (AromaScan A32, Aromascan Co, UK)
SHSAT Juae o8 5403
10F°4 0%’3071" de7HE X

¢

AqoH EATME Hﬁ‘:oﬂ‘ﬂ =4, AR 7 &
A, T A, gRE7] S ¢oF AYs
Ak

E 1 HAAIE ol8% PR B 2HeE
AR shtE SAsked & 980l 28F%en B
M A Alz"e) FUREE e flowmeter
& ]88l reference TANA 160ml/min®] §4 ©]
ol HEE th AXUAE 208 S5V
g F 15miel FRFE 7FE 35CA 208

MroR AL e

ot 2 AEE 53 ¥
1.2 dynamic head space J‘ﬁé o= Fqon, 7t
N BLEE RS2NCE £
AolZ VA o BAEAY suel FAE &
Mg AAs o

2




202 - KiliEREE (Mog 2001)

7. AZYA 29 24

AAH Y BEL AAS F 5em A7 Aee A
Z WROZHE Sem AYR g Addsie AR
& > FE
F A T

of 283 B9 A7l § X (ADVANTEC No,
4HE FTU5E A7ele] dEex ALE S BF
37 15949 Hdg e R AsarE st

gurdo g FANE R st 52 AEY AG
& YRR Axd 2% HURA, orld T
Y 9 ane 8ny 4 9 S3o] A4y g4
TEE ZXol Lol3lx YOHEF curve fittingHE
o} &-3le] NG FIEEN FHAELE 43
Gk ®mA, 84S A BAL Y8 5C

Table 1. Analytical conditions of flavor pattern of Kimchi by electric nose system
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Stage Reference Sample Wash Reference
Programing -
Time 2min 2min3 min 2min
Temperature 35C
Humidity 30%
Table 2. Comparison with measure data and reference data in thermal conductivity meter
Temp. Reference data measure data
Sample emp SD(%)
() (nt/0r)D (v/hr)
409%x103 -6.2
5~-6 436X 1073 395%10°8 -104
420103 -37
Ice p
450 %1073 -5.3
-17~-18 475%10°3 445%108 -6.3
440103 -74

1) International Critical Tables
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Table 3. Effect of thermal
conductivity of Kimchi

diffusity and

Temp. thermal diffusivity  thermal conductivity

() (ni/hr) (W/mC)
15~20 4.89% 104 0513
5~10 471 X104 0,508
-5~-6 144 %103 0.734

-10~-11 157 %1073 0,799
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------- Seasioning(solid)

Temperature(°C)

¢ 5000 16030 15000 20000

Freezing time{ssc)

Fig. 2. Freezing curve of Kimchi
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Sensory descriptiol
Only salty taste, Not feel the savory faste

Salt taste, week savory taste
Excellent Savory taste, not salty taste

Part of Kimehi
Bad fermented smell

Condiments
56
1389

A(AD) AR AR

gol 5

q

Z

.

Color of freeze

dried Kimchi
30range color
Orange color

84.5
130

Leaf
Deep orange color

Deep orange color

e 2

ko=
5}

1172
117
1198
1197

Yield of
freeze drying(%)

Distribution
Rate of part(%)
Yield of freeze drying(%)

6.03
453

Table 5. Sensory description and yield of Kimchi fermentation stage(pH)
402

Table 4. Yield of part of Kimchi after freeze drying
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Table 6. Quality factor for nomalized pattems of low temperate freeze drying (LTFD), high temperature
freeze drying(HTFD) and Air drying(AD) Kimchi by thirty two conducting polymer sensor

elements
Treatment Quality factor
AD Kimchi vs LTFD Kimchi 2.195
AD Kimchi vs HTFD Kimchi 2.042
LTFD Kimchi vs HTFD Kimchi 1.501
8.10 T T 7
4 & AD Kimchi
3 B HIFD Kimohi
&  LTFD Kimohi
A
0.08 - [ |
3 - 7{ ® 4
= Y Ed
5 B A\n « A ; ®
% ) ’ ‘v ¥ 0.00 koo S, §
e 3
: .
Tl —o— HTFD Kimehi 005 -
—&— LTFD Kimchi °
—a— AD Kimchi
Fy
0 it i : 13 L i i 1 i P 040 | L i N
0 5 10 15 20 25 30 35 oz 0.1 0.0 0.1 6.2
c ical sensor ef PCA 1= 82.91%
Fig. 6. Insensity of low temperate freeze Fig. 7. Principal component analysis for

drying(LTFD), high temperature freeze
drying(HTFD} and Air drying{AD) Kimchi
by thirty two sensor elements.

normalized pattern of two type of freeze
dried kimchi and air dried kimchi with
thirty two sensory in Aroma Scan
system.




= Zxe S ®F w7

4

[

EEIER

2

B

AR FA L

k™
L

o Fdo] "otk 19 9

-30~-40C 9 2T olME 0.0966~

HEALE

02859 torr

Z

pu ol

A A3 2z -25C, 40

tol &

3|

T, 24CE 7%

o

of 7 ®A FZRHUG. dHlEd A

ok

ge]
™
Klo

i

e
£

~NH

1

b

<0

o] 50% o]

o
A

ok ey

A
®

ok

A=A

wk
=2

~
N4

A4

o

3]

35 of

2

A7 AR 2R Bt

il

s

o
T

ok
°

o ool Aol AR Azrt gEE AdeR

718719 712L 100% AHT = w

F4 ¥ o A9, A, AxAY T I

o FF, dexe Aol 54

T Y

FAHA &

=]

e

i

PP 4
. ;
8§ g 8
() -dwisy
Y
AN
AN
g0 Epo
350 2ED
BH 5 2 ES
5E N\ BEZ
§ E g
B8 4
S ER L4
N

.

0%

107 L

=3 > o
2

{Brunuainssaig

102/

Pressure{Tor}

Water state

Fig. 9. Comparison with Temperate and vapour

Fig. 8. Changes on water state by temperature

pressure of water.

and pressure.



2001)

P2l

9

wE (H

E

208 - KU

ble

5

7k A

ol
oy

ks

Meapping®] <3t 3

|

o

3}

ammon Map

S

N
T

&t

T

]

A A

A

o meb 29

A

AD Kimchi

B

Fresh Kimchi

A

HTFD Kimchi

D

LTFD Kimch

¢

Fig.10. Photography of dried Kimchi by several drying method. A is fresh Kimchi at pH 4.25. B is

dried Kimchi with air drying for 36hrs at 65C, C is dried Kimch for 24hrs at 25~40°C with

freeze dryer and D Is dried Kimchi for 18hrs at 45~80°C with freeze dryer.




M o209

E.
=

k|

ie]
o

7

=7 A

Nd
o

T

n
£

Bl

wir

AAA

=2
A=

Wk

-
o

Abstic.
W7t 74

ggHold

AR
13 2

{5}

2
&

oF

)
oA
oF

ol

14

BAR H dEd

=+

& L
iy

&

I

EL

A

%+ 11

10

i
0

YA
5

3=

z

A

ol

ofw

<
Nir

: AD Kimchi

B

Fresh Kimch

A

HTFD Kimehi

D

LTFD Kimehi

C

3

h for 24hrs at 25~40°C with

t pH 4.25. B

I &

Fig.11. Photography of restored Kimchi after several drying method. A is fresh Kimch

Imc

th air drying for 36hrs at 65C, C is dred K
freeze dryer and D is dried Kimchi for 18hrs at 45~80°C with freeze dryer.

i wi

dried Kimch




210 - kWERE (M9 2001)

10,

1L

Co]8H(1997), WA EE9]

AAH(197), 7

]

Ho
1ok

A,

ofd
f

A 483438 1 17-20
A2 DA YA Az, 58

s

ok

H A 496635 : 63-67

. Byun, MLH, Choi, M.J, Lee, SM. and Min,

S.G.(1998), Influence of freezing rate on the
aroma refention in a freeze drying system, J.
Korean Soc. Food Sci. Animal resour. 18 @ 176~
184

. Byun, MH, Choi, M.J, Lee, SM, and Min,

S.G.(1998), Influence of freezing process on the
change of ice crystal size and freeze-drying rate
in a model system, J. Korean Soc. Food Sci.
Animal resour, 18 @ 164-175

. Hong, SI, Park, JS. and Park, N.JH.(1995),

Quality changes of commercial Kimchi products
by different packaging methods, Korea J. Food
Sci, Technol, 27 © 112-118

. Kim, M\H and Chang, M.J.(1995), Influence of

organic acid or ester addition on Kimchi
fermentation, Foods and Biotechnol, 4: 146-149

 Kim, SR.(1997), Aroma ammalysis of food by

electronic nose(in Korean), Food Sci, and Ind.
30:126-133

. Koh, EM. and Kwor, H.J.(1996), Determination

of fermentation specific carcinogen, ethyl
carbamate, in Kimchi, Korean J. Food Sci
Technol, 28 © 421-427

. Ko, Y.T, Kang JH and Kim, TE.(2001), Quality

of freeze dried Kimchi, Korea J. Food Sci.
Technol. 33 : 100-106

Kwon, JH, Lee, GD., Lee, SJ, Chung, SK.
and Choi, JU.(1998), Changes in chemical
components and physical properties with freeze
drying and hot air-drving of dioscorea batatas, J.
Korean Society of Food Sci. Nut, 27 & 908-913
Lee, BY.(1999), Application of electric nose for

12,

14.

15.

16,

aroma analysis of persimmon vinegar
concentrates(in Korean), Korea J. Food Sci.
Technol. 31 © 314-321

Lee, BS. and Lee, SJ.(1997), Automatic control
of food freeze dryer, Food engineering progress, 1

o 240-246

. Lee, BY. and Yang, Y.M.(2001), Analysis of

Aroma patterns of Nagaimo, Ichoimo and
Tsukuneimo by the electronic nose, Korea J.
Food Sci, Technol, 33 @ 24-27

Park, S.S. Jang, MS, and Lee, KH.(1995),
Effect of fermentation temperature on the
physicochemical properties of mustard
leaf(brassica juncea) Kimchi during various
storage days, J. Korean society of food and
nutrition, 24 @ 752-757

Park, WP, Ahn, DS. and Lee, D.S.(1997),
Comparision of quality characteristics of whole
and sliced Kimchi at different fermentation
temperature, Korean J. Food Sci. Technol 29 :
784-789

Shin, DH, Kim, MS, Han, JS, Lim, DK. and
Bak, WS.(1996), Changes of chemical composition
and microflora in commercial KimchiKorea J. Food

Sci, Technol. 28 @ 137-145




