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Study on Freeze-drying condition and Transport Properties for Miso Paste
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Summary

Drying Characteristics and the transport properties have been measured for the dried layers of
9.6-28.8% miso paste undergoing freeze-drying. Optimum freeze-drying condition was investigated based
on the relationship between the heating temperature and color change by scorching at the sample surface.
The samples were freeze-dried at the constant surface temperatures ranging from 0 to 65°C under the
usual pressure range of commercial operations. Thermal conductivities and permeabilities were
determined by applying the uniformly-retreating-ice front model to the dried layer of samples undergoing
freeze-drying.

The surface temperature of 28.8% miso paste was allowed to heat up to 55°C, and its drying rate was
limited by the heat transfer rate across the dried layer. Optimum drying condition to produce a cup of
freeze-dried miso soup was found to be about 229 in solute concentration and 55°C at surface
temperature during drying.

Values of thermal conductivity were found to increase with increasing solute concentrations, while no
marked effect of the solute concentration was observed on the data of permeabilities, indicating the
pressure dependence under our experimental conditions.

Key words : Freeze-drying, Miso Paste, Drying Characteristics, Thermal Conductivity, Permeability
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Fig.2 Schematic diagram of experimental freeze-dryer and measurement system
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Table 1 Concentration and drying condi-

tions of miso paste samples

Surface
Sample  Temperature  Drying time
No.* _(© (hr)
1 5.0 41.8
2 25.0 339
3 45.0 28.5
4 45.0 27.2
5 0.0 313
6 20.0 23.6
7 40.0 25.2
8 35.0 22.4
9 45.0 22.0
10 55.0 20.2
11 65.0 18.9
12 47.5 19.8
13 50.0 18.8
14 53.5 18.6
15 55.0 18.2
16 56.0 234
17 57.5 21.0
18 45.0 23.0
19 55.0 22.5
* 1~ 4:akamiso; solute=9.6%(w.b.),
salt=2.9%(g/100g)
5~11: akamiso; solute=28.8%(w.b.),
salt=8.6%(g/100g)
12 ~17: shiromiso; solute=21.8%(w.b.),
salt=6.0%(g/100g)

18 ~19: shiromiso; solute=28.8%(w.b.),
salt=7.9%(g/100g)

4.3 RBoR@EEA

Table 3 WHEREOREAT —F &NV
vE—REBFK (L*, a*, b*) TRT, £+
DAE RENENOHEBRHORER L 21T
BECLRVWRBERGAT — 2 OFEHEL O
EZETT,

RIZRT LT, BE 21.8%(w.b.) ORE
TREOXREERE 6 CHrT. BE
28. 8% (w. b. ) DK TIX 45~55COEFHN T,
ZRETHRBEREIC S TERBSC2RER
BEOBENEFEEL., TOMITERS L LLIX
HYBEIKRET 2 bOEEX bR, T/
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Table 2  Mass, moisture content, and density of miso paste
Sample Mass Moisture content Density**
No. @ (%w.b) (g/em’)

my my my My Wi Wd 0i od Ow
1* 158.0 13.6 13.4 144.6 91.6 1.82 1.14 0.098 1.04
2 134.1 13.4 13.1 121.0 90.2 2.00 0.97 0.097 0.87
3 * 142.9 17.3 16.9 126.0 88.2 2.38 1.03 0.125 091
4 140.2 19.2 18.8 1214 86.6 1.87 1.01 0.139 0.88
5 155.3 50.7 499 105.4 67.9 1.62 1.12 0.366 0.76
6 156.0 52.7 S51.7 104.3 66.9 1.94 1.13 0.381 0.75
7 152.7 49.4 48.9 103.8 68.0 0.94 1.10 0.357 0.75
8 154.5 52.4 51.6 102.9 66.6 1.44 1.12 0.379 0.74
9 151.6 49.5 48.8 102.8 67.8 1.41 1.10 0.358 0.74
10 152.2 50.7 50.2 102.0 67.0 1.00 1.10 0.366 0.74
11 157.4 53.0 52.4 105.0 66.7 1.10 1.14 0.383 0.76
12 141.6 349 343 107.3 75.8 1.62 1.02 0.252 0.78
13 146.9 36.4 36.0 110.9 75.5 1.04 1.06 0.263 0.80
14 147.5 37.1 36.6 110.9 75.2 1.23 1.07 0.268 0.80
15 146.3 35.7 35.2 111.1 75.9 1.30 1.06 0.258 0.80
16 148.6 36.3 35.7 1129 76.0 1.54 1.07 0.262 0.82
17 147.9 36.4 36.0 111.9 75.7 1.16 1.07 0.263 0.81
18 154.5 54.1 53.1 101.4 65.7 1.89 1.12 0.391 0.73
19 151.1 50.2 49.6 101.5 67.2 1.16 1.09 0.363 0.73

* without scraping

** Density was assessed from volume of the sample holder using 138.4 (cm3)

Table 3 Color and color difference of dried miso paste
Surface Concentration Color
Sample Temperature Solute Salt Color difference
No. (°C) (%w.b.) (%(g/100g))
L* a* b* AE
5 0.0 28.8 8.6 6337 7.64 34.63 10.51
6 20.0 28.8 8.6 6156 8.43 37.10 12.96
7 40.0 28.8 8.6 6287 8.65 3649 11.67
8 35.0 28.8 8.6 6571 172 34.02 8.27
9 45.0 28.8 8.6 67.68 7.02 3320 6.15
10 55.0 28.8 8.6 5734 9.07 33.83 16.62
11 65.0 28.8 8.6 60.26 9.04 36.91 14.28
12 47.5 21.8 6.0 6787 6.21 36.72 10.14
13 50.0 21.8 6.0 71.00 472 3624 13.57
14 53.5 21.8 6.0 6894 6.06 37.85 11.32
15 55.0 21.8 6.0 68.59 5.79 36.00 10.93
16 56.0 21.8 6.0 5642 9.78 36.38 2.38
17 57.5 21.8 6.0 61.79 9.68 37.80 3.73
18 45.0 28.8 7.9 70.28 4.38 33.18 11.83
19 55.0 28.8 7.9 5448 1123 37.72 11.36
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Experimental data obtained during freeze-drying of 9.6% miso paste

in 20mm thick at surface temperature 45°C
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Table 4 Optimum drying conditions
of 28.8% miso paste

Surface  Sublimation Non-
Sample temperature dehydration  Scorch
No. (C)
5 0.0 @) @]
6 20.0 O @)
7 40.0 O O
8 35.0 O O
[ 9 45.0 @) o |
10 55.0 O X
11 65.0 X X
[ 18 45.0 [0 O |
19 55.0 O X
Table 5 Optimum drying conditions of
21.8% miso paste
Surface  Sublimation Non-
Sample temperature dehydration  Scorch
No. (C)
12 475 O O
13 50.0 O O
14 53.5 O O
[ 15 55.0 O o |
16 56.0 O X
17 57.5 @) X

Table 6 Thermal conductivity and permeability for miso paste

Concentration Temper- Thermal
Sample Solute Salt Position* ature** Pressure** conductivity Permeability
No.  (%w.b)  (%(g/100g)) (mm) (C) (Pa) (W/m*K) (XIO'ZI@
X() 0 > y) K
] *xx 9.6 29 12.2~133 -11.9 344 0.144 1.38
2 9.6 2.9 11.9~13.6 -2.7 312 0.119 2.10
3 xkk 9.6 29 13.2~15.0 9.0 34.0 0.117 1.05
4 9.6 2.9 12.0~14.1 8.1 31.4 0.130 1.51
12 21.8 6.0 13.0~15.0 3.1 38.8 0.201 1.30
13 21.8 6.0 15.7~17.2 6.6 31.8 0.166 1.99
14 21.8 6.0 15.7~17.0 5.8 34.1 0.178 1.69
15 21.8 6.0 15.2~17.0 8.8 344 0.180 1.79
17 21.8 6.0 13.7~14.4 9.8 43.6 0.175 1.12

* Position of the sublimation front
** Average value for the dried layer
*** without scraping



SUE 9.6%(w. b)) ORETIXEN TN 0. 117
~0.144 (W/m + K), 1.05~2.10 (X107?%m*/s)
DHEBEIZH o, —FH. BE 21.8%(w.b.) D
KB TIEZENRFN 0.166~0.201 (W/m + K),
1.12~1.99 (X107%w?/s) O&EHEHIZH Y |
DT ENLAREROREIEE®RHECIIBEE
RIIBERRWVIZEREWEZ AT O L,
FRFEHEOBEKRFHIIBRD O,
F7-. 3B No. 1 & No. 3 ODFBREAEITRAE
No.2, No.4 L Lt# U CHXMNMIZ/PNIWVWESE
R LTz, ZHIXEE No.1 & No. 3 2o\ Tid
BFORERRIC AR REICR S L= % SIH| L
o foinh, KEKIOBEIRMNAE KL
ik BabotEX LN,

-
—

5. =
EREESERROMBBBME L LTIY

N— 2 FERBHIBROY, T ORKE RN L

ERBORGERE JOERGEEERE L,

UTRAMETHLNEEREZTRT,

1) BEF5EE 28.8%(w.b.) - ¥4y 8. 58%
(g/100g) A F ORE TIE_— R MREET
OHRFEEERMPARETHY, TOREBE
55 CETRET DI ENAIRETH o7,

2) MBLtOBE S BENREL 251220 Tk

AIBHEABE KT I2b00, T0E

BREEIRABHEEICL Y EHERINE

ERgh ot

BESBLOCESBEOR R ZHEM T

BEMEEL e LR, BVrERIT

REBERBWVIZEREREELTLE,

FBRBREOENRGFEENED b,

TIROFRMERI VIt OBREIIER S B

BT 22%(w.b. ), H5IBE 6% (g/100g) T

HY . T OEEERRMEITREREIRE

55CUTFTHDZ B nhol,

3)

4)

S

AMRITKOE (K) BRMLBAMEFRTOX
BB TETENEZbLOTHDLEZZE
TLTHEBEZET,

281

BE

Hosokawa, A. :Proc. 3rd. Int.
Drying Symposium, 487 (1982)

. Sagara, Y.,

2. Sagara, Y. :Proc. 4th Int. Drying
Symposium, 2, 443(1984)
3. Nagashima, N., Suzuki, E. : Applied

Spectro-scopy Reviews, 20(1), 1(1984)
Sagara, Y., Ichiba, J. :Drying Technology
12(5), 1081(1994)

FAMA, HRET, BMEEA, KT
—, IR KEEH T
43(2), 112(1997)

2s oA =t
¥ &= o

6. fH R F|IT, M)A : EHEEE38(3), 329
(1977)

7. FAREBAT, MU, BREEAT « B RLARAT
ge4:3k, 28, 30 (1981)

8. Sagara, Y . : Proc. 5th. Int. Drying
Symposium 1, 413 (1986)

9. Araki, T.,Sagara, Y., Tambunan, A. H. and
Kamaruddin A.: Bul. Keteknikan

Pertanian, 12(2), 18 (1998)
10. International Institute of Refrigera-
tion, Refrigeration Science and Techno-
logy, 165 (1985)
BHALFR VTV RT A RDT T
v=v 7., 351 (1988)

Advances in Food Engineering, CRC Press
Inc., Boca Raton, Florida, 111(1992)
Araki, T., Sagara, Y., Kamaruddin, A. :
Proc. 11th. Int.
Vol. B, 980(1998)

11.

12.

13.
Drying Symposium,



