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Abstract

Thermal properties of 12 Korean foods were determined by using an apparatus constructed
by authors.

Specific heat of acorn mook showed the highest value (0.856 kcal/kg -°C) and that of Chung-
kookjang the lowest value (0.606 kcal/kg-°C) among 12 foods investigated. Thermal conductivity
found to be the highest
0. 451 kcal/m-h-°C) among the foods investigated and that of mungbean mook the lowest(0.304

of the salted wild sesame leaf at the initial temperature of 20°C was

keal/m-h-°C), Thermal conductivity appeared to get higher as the initial temperature increased
from 20°C to 60°C. Thermal diffusivity of Kochujang was the highest (0.0877 ¢#?/min) and the
mungbean mook the lowest (0.0518 ¢m?/min) among the foods investigated. Thermal conducti-
vity of foods also appeared to increase as the initial temperature increased. The difference bet-
ween the calculated values and the measured values was very small (1.655 residual percent in

the statistical analysis).
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Table 1. General composition of some Korean foods
(Unit : wt. %)
Carbohydrate
Food Moisture Protein Fat Ash
Sugar Fiber
Cooked rice 63.4 3.9 0.2 31.7 0.7 0.1
Kimchi 88.1 1.6 0.8 2.3 6.4 0.8
Soybean curd 82.4 8.7 4.8 2.4 0.5 1.2
Kochujang 52.2 6.1 2.5 26.6 2.8 9.8
Fermented soybean paste 48.6 13.8 3.8 16.5 3.6 13.7
Chungkook jang 52.6 14.4 11.1 13.5 4.4 4.0
Mungbean mook 70.3 5.2 0.6 23.4 0.4 0.1
Buckwheat mook 75.9 2.1 .7 20.4 0.6 0.3
Acorn mook 82.2 1.0 .6 15.4 0.7 0.1
Fish meat paste 62.1 18.5 .3 13.8 0.2 2.1
Soybean curd residue 80.5 8.7 52.5 5.4 2.6 0.3
Salted wild sesame leaf 8.1 2.2 1.1 5.1 2.6 3.9
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‘Table 2. The temperature changes at the cen-
ter of cylindrical cell with cooked
rice, soybean curd and buckwheat
mook at the initial temperature of
20°C and 60°C

. Soybean  Buckwheat

Heating time Cooked rice curd mook

(min)  990C §0°C 20°C 60°C 20°C 60°C
10 27.2 72.8 23.4 64.5 33.8 75.4
20 29.9 75.0 24.9 66.4 36.0 77.8
30 31.3 76.4 26.5 67.2 37.5 78.9
40 32.0 77.4 26.8 67.6 38.2 79.3
50 32.3 77.7 27.8 67.8 39.1 79.5
60 33.2 78.0 28.0 68.0 39.2 79.8

Current : 0.643 amp. and 0.675 amp. at 20°C and
60°C, respectively for cooked rice.
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Table 3.

B R

<& R

G4 EF YA

The temperature changes at the center and surface of cylindrical cell with cooked

rice, soybean curd and buckwheat mook at the initial temperature of 20°C

(Unit : °C)

Heating time Cooked rice

Soybean curd Buckwheat mook

(min)

Center Surface Center Surface Center Surface
0 20 20 20 20 20 20
10 20.2 29.8 21.7 33.4 20.2 32.2
20 23.5 41.0 27.8 47.6 22.3 45.3
30 27.4 50.7 40.1 61.7 26.1 57.6
40 39.6 65.4 53.8 75.0 38.2 70.7
50 45.8 72.2 66.3 87.6 50.8 82.3

Heating rate (A) : 0.912°C/min, 0.906°C/min and 0.902°C/min for cooked rice, soybean curd and buck-

wheat mook, respectively

100 oo
B0 o—eo surface temp.
e—e center tomn
60 p
o - EES
c «
RIS e
: )
e
e
0 ; . —
z 2 20 2 LG c
Timeimin
Fig. 9. Time-temperature relationship of the-

rmal diffusivity test for cooked rice

0 1 B 3 i %
Time{min }
Fig. 10. Time-temperature relationship of th-

ermal diffusivity test for soybean
card

°Colglomz A4T=25.8°Colc},
wetd Ll ke BiEE K4 A oew 3
o] MEHEE 2.

_0.912X (2.82)*

4%25.8 =0.0703 cm?/min

T .
| e —

. ¢ i
e !
1 |
3 | _
' @ EN 2 @

Tire (min

Fig. 11. Time-temperature relationship of the-

rmal diffusivity test for buckwheat
mook

aurel Ao} ol WER A ARY o 3E Ta-
ble 4] 4} 7o)l 20°C o)A FXX 0.0850 cm?/min,
ww B 0.0552 cm?/min o] ¢l o},

SEER AL BT 7 de FUT aRd #8
EEe AY #iE gov 354 280701 om?
/min 2 AKEE vl gig Jebdsh ARke
0.1010 cm?/min, A}z+= 0.09778 cm?/min 2 4 ﬁ?ﬁ%‘f
& HEL P LB EH Ke Bl
A P ghe] WE, HE, BEEEe uﬁzﬁé
vebi" K@) 29 B 48A de KE
e BEEEE o R K4 Hiisl Aol
= Table 5= BEEE ] BHMEYS K@) o9& &
EfEetE LB FRe% RAA veld  wpel 7ol
BEMES FHME Mol F2e #RE vebllz 8l
dl, F59 AL REME7} 0.0850 cm?/min, FEES}
0.0823 cm*/min 2, ola] 2L 0.0027 cm?/min o] iz,
BEZAL 3.18%9 25, AEHEAM 2ETHRES
2 1.655% 24 ¥ MEEE veldo. ol dze #

o
=
=4

RE

DR o
©



Vol. 14, No. 2(1982)

Re HWE, L# REEE | #EUEE 4% WE
¥ o e BE A 2ddE A& uFHse 2
o2 B A pEfe FEERE By A®xs
2389 24 Jebwd

Table 4. Thermal properties of some Korean
foods
;I;ea‘:‘u? S};::gitﬁc Density! ;:I;)hne(;\r:(]:z:l g?firsrlrial
Food re (keal/kg|(g/cm®) ‘(‘;‘Ctgl /m lt(}; .y
O [-°0) ‘h-°C) | min)
Cooked 20 | 0.715 | 1.148| 0.327 | 0.0703
rice 60 — | 0.376 | 0.0802
Kimchi 20 | 0.831| 1.056| 0.432 | 0.0791
60 — | 0.482 | 0.0022
Soybean | 20 | 0.828 | 1.042| 0.426 | 0.0850
curd 60 — | 0.458 | 0.0938
Kochujang| 20 | 0.613 | 1.232 | 0.373 | 0.0877
| 60 — | 0.415| 0.0925
foeyrgéggfed’ 20 | 0.707 | 1.243 ] 0.357 | 0.0667
paste ' 60 — 0.423 | 0.0786
Chungko- . 20 | 0.606 | 1.217 | 0.342 | 0.0718
okjang - 60 , — | 0.404 ] 0.0860
Mungbean| 20 | 0.805 | 1.132| 0.304 | 0.0518
mook g — | 0.344 | 0.0648
Buckwhe- i 20 | 0.818  1.112| 0.315| 0.0352
at mook gy — | 0.338  0.0676
Acorn | 20 | 0.856 | 1.088| 0.368, 0.06%2
mook | 60 Lo~ ] 0.413 "0.0m7
Fish meat | 20 | 0.662 | 1.194| 0.312 | 0.0669
paste g9 |~ | oassloons
Sovbean 1 59 1 0.800 | 1054 0.415 | 0.0841
%u?ted . 60 \ — 0.437 } 0.0328
wld sesa- S 20 | 0.842 | 1,064 | 0.451 | 0.0329
me leaf | 60 | — 1 0.475 [ 0.0356
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& WolA HEARY MBS WERG T, AN
#o] HED 1269 BERARS 1 kEH] 2EH

B2 A, MBI A oln @R ols MUY WAL A
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2 L AR AL ARE AA Sl B2 g
Aol A%, AL T Ada do| £ AEY 4
4 dde] 9T FAEEY Aok welHA dg
o oqel Mg ez W AFseer T A
otk AEBANAS WEFHozE A 2L W
RARS WEdle BT + oz, Fehd HEAS
o HES gou MERES 44 Hese ERLS

Aoe REE 23 3tk 424 AW%EE Be B8R
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Table 5. Comparison of the measured and
calculated thermal diffusivity of
some Korean foods

"~ Thermal

diffusivity

Food (cm*/min)  |Residual [Residual

Calcut-

I\;Ieedasu- ated lIlay %)

Eq. (8
Cooked rice 0.0703 | 0.0664 0.0039} 5.5477
Kimchi 0.0791 | 0.0820 {—-0.0029 — 3.6662
%é)ybean curd 0.0850 | 0.0823 | 0.0027| 3.1764

ochujang -

Fermented 0.0877 | 0.0823 | 0.0054; 6.1574
soybean paste 0.0667 | 0.0667 |—0.0010 —1.4993

Chunghkookjanng | 0.0748 | 0.0715 | 0.0033/ 4.4118

0.0578 | 0.0556 | 0.0022; 3.8062
0.0552 | 0.0577 |—0.0025 —4.5290
0.0682 | 0.0658 | 0.0024| 3.5290
0.0669 | 0.0658 ; 0.0011} 1.6442

Mungbean mook
Buckwheat mook
Acorn mook

Fish meat paste
Soybean curd

Soyoea 0.0841 | 0.0820 | 0.0021) 2.4970

Salted wild ses- | 0.0829 | 0.0839 |—0.0010 ~1.2062
ame leaf | !

,,,,,,,, S A —

Mean [ | ' 0.0013 1.6549
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FER, TE=|Eo] 0.856 kcel/kg °C 2 714 &9k,
A =3o] 0.606 kcal/kg-°C 2 7}aF wrorch.

2. BHHEE =, FHERE 20°CalA, 713e] 0.451
kcal/m-h-°C 2 713 9km, H5E-o] 0.304 kcal/m-
h-°C 2 743 29
b BTS2 e 290,

3. BUEEUE = 20°C oA & ge] 0.0877 cm?/min
2 7 =43, 55l 0.0518 cm?/min 2 JpA @
scew BES EE4E 5 S Jebdch sdEE
B, H#, BEzYE BlE HEEs AEER B8
2 BEAEC] 1.655%2 & HAEE Jebdd.
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£ =

A=Linear rate of heating, °C/min

C,,»=Arbitrary constants,

C,=Specific heat at constant pressure, kcal/kg-°C

C,=Specific heat of sample, kcal/kg-°C

C.=Specific heat of water, kcal/kg-°C

H.=Heat capacity of calorimeter flask, kcal/°C

I=Current, ampere

%k =Thermal conductivity, kcal/m-h.°C

g=Rate of heat transfer per unit length, kcal/h

R=Radius of a cylindrical cell, cm

r=Cylindrical coordinate

T=Temperature at arbitrary time, °C

t=Time, min

T:=Initial temperature, °C

T.=Temperature of mixture, °C

T,=Temperature at the center of a cylindrical cell,°C

T:=Temperature at the surface of a cylindrical

cell. °C

T,=Temperature of sample, °C

AT=Temperature difference, °C

A4T.=Difference between cold water temperature
and final equilibrium temperature, °C

ATr=Initial flask temperature minus equilibrium
temperature of mixture, °C

AT.=Difference between initial temperature of hot
water and equilibrium temperature of mixture,
°C

x,y, z=Rectangular coodinates

W,=Weight of cold water, g

W,=Weight of hot water, g

W,=Weight of sample, g

W,=Weight of water, g

Z=Resistance per unit lenght of heating wire,

ohms/m

a=Thermal diffusivity, ¢m?/min

6=Cylindrical coordinate

o=Density, g/cm®

x B

1. Jasen, A.C.: Dechema Monographien, 63, 21
(1969)

B EX-Z ER

R34 E3hers )
9. Treagus, M. J. and Elson, C.R.: Sc¢i. Tech. Sur-
veys, Leatherhead Food R.A., 106, 29 (1978)

3. Jordan, K. A. and Dale, A.C.: Trans ASAE, 6,
11 (1963)

4. Suter, D. A., Agrawal, K.K. and Clary, B.L.:
Trans. ASAE, 18, 370(1975)

5. Michael, P. H.: J. Food Sci., 44, 435 (1979)

6. Disney, R. W.: Canadian ]. Res., 31, 229 (1973)

7. Kern, D.Q.: Process Heat
Hill (1974)

8. Kunii, D. and Smith, J.M.: AICL E, 6, 71(1960)

9. Chuma, Y., Murata, S. and Iwamoto, M.: J. Ja-
panes Agr. Mach., 31, 45 (1968)

10. James, E. H. and Sunderland, J. E.: Food Tech-
nol., 21, 1143 (1967)

11. Saravacos, G.: Food Technol., 19, 193 (1965),

Transfer, McGraw-

12. George, D.S.: J. Food Sci., 80, 773 (1965)

13. Duncan, G. A., Bunn, J. M. and Henson, W. H.:
Trans. ASAE, 9, 36(1966)

14. Miller, H. L. and Sunderland, J.E.: Food Tech-
nol., 17, 124 (1963)

15. Tsederberg, N. V.: Thermal Conductivity of Gases
and Liquid, The M.L.LT. Press Combridge Mass.
(1965)

16. Hougen, J.Q.: Chein. Eng. Data Series, 2, 51
(1657)

17. Woolf, J.F. and Sibbitt,
Chem., 46, 1947 (1954)

18. Gentzler, G.L.: J. Food Sci., 37, 554 (1972)

19. Lentz, C.P.: Food Technol., 15, 243 (1961)

20. Poppendick, H. F., Randall, R.R. and Murphy,
J.R.: Cryobiol., 3, 318 (1966)

21. Ball, C.0O. F.C.. Sterilization in
Food Technol., McGraw-Hill (1957)

W.L.: Ind. Eng.

and Olson,

99. Evans, H.L.: Food Technol., 6, 276 (1958)

23. Held, E.F. M.: Appl. Sci. Res., A3, 237 (1952)

24. Powell, R. W.: Adv. in Phys., 7, 276 (1958)

95. Vos, B. H.: Appl. Sci. Res., A5, 425 (1955)

26. Hill, J.E. Leitmann, J. D. and Sunderland, J. E.:
Food Technol., 21, 8 (1967)

97. Abrabam, B.: Adv. in Food Res., 20, 218 (1973)

28. Jakob, M.: Heat Transfer, John Wiley (1957)

29. Hurwicz, H. and Tischer, R.G.: Food Res., 117,
518(1952)

30. Hooper, F.C. and Chang, S.C.: Trans. ASH-
RAE, 59, 493 (1953)



31.

32.

33.

34.

35.

36.

37.

Vol. 14, No. 2(1982)

Hooper, F.C.: Trans. ASHRAE, 1488(1951)
Martin, R. E.: Forest Product ]., 13, 419 (1963)
Pelanne, C.M. and Bradley, C.B.: Material Res.
and Std., 549 (1962)

Dickerson, Jr. R.W.:. Food Technol., 19, 880
(1965)

Carlslaw, H. S. and Jaeger, J. C.: Conduction of
Heat in Solids, Ofxord Univ. Press (1959)
Carslaw, H.S. and Jaeger, J.C.: Operational
Methods 1 Appl. Math., Doner Pub. (1963)
Chun, J.K., Mok, C.K. and Chang, K.S.:
Korean J. Food Sci. Technol., 11, 157 (1979)

frihe) Bbtkel BARE BIE E1HD

38.

39.

40.

41.

42.

43.

(121)

Chun, J.K. and Mok, C.K.: Unpublished Data,
Dept. of Food Tech.,
(1980)

Yamada, T.: J. Jap, Agr. Chem., 46, 665 (1972)
W.F. and Mennie, J.H. Can. J.
Res., 10, 452 (1934)

Wiallm, M.M. and Sunderland, J].E.:
Technol., 21, 90 (1967)

Qashou,

Seoul National

Univ.

Hampton,

Food

M. S., Vachon, R.I. and Touloukian,
Y.S.: ASHRAE, Res. Rep., 2264 (1972)
Annamma, T.T. and Rao, C.V.N.: Fishery
Technol., 11, 28 (1974)



