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Kinetics of Drying Shiitake Mushroom, Lentinus edodes sanryun No. 1
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Abstract

Dehydration phenomena has been studied for the shiitake mushroom Lentinus edodes sanryun No.l,
through which examine the effect of temperature and air velocity and derivation of its kinetics.

Temperature effect for the dehydration rate constant were examined under the constant air velocity
(1.5m/scc) with the variation of temperature from 40°C to 55°C. Water content were reduced exponentially
with the course of time and calculated dehydration rate- constant values varies with temperature with an
Arrhenius-type relationship, which had been expected in the chemical reaction kinetics.

Influence of air velocity for the dehydration rate constant under the constant temperature (455C) showed
interesting results. For the range 1.0m/sec to 2.0m/sec, dehydration rate constant values are increased with
the air velocity, but for the 2.0 to 3.1m/sec, dehydration rate constant values are decreased which were caused
by case hardening.

One of the selected conditions in the optimal dehydration range, temperature 5 0°C, air velocity 2m/sec,
and its measured humidity 38-41%, mathematical model of dehydration curve and dehydration rate equations
were . developed and the resulting kinetic models were X=6.94 e~0.345t and dx/dt = -2.39 e—0.345¢
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Fig. 1. Schematic Diagram of Dehydration Apparatus .
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Table 1. Instruments Used ,
Name of Apparatus Specification Manufacture Remark
Drying Oven 45 x 40 x 40 om Dong Yang Korea
Dynamic Strain Amplifier Model DPM -6 E Kyowa Erectronic
6 Channel Japan
Low Pass Filter 5~25 Hz Kyowa Erectronic
6 Channel Japan
Thermocouple Selector Model Y 2001 FLUKE U.S A,
10 Channel
Digifal Thermometer Model 2190 A FLUKE US A,
accuracy + 0.05 C
Recorder Model Servocorder WATANARE Japan
inkless type 2 Channel
Slidac 40amp 0 ~ 130 Valts Japan
Blower 1.15amp 100 Valts Dong Kyun Korea
Thermocouple Copper —Constantan U.S.A,
gauge # 24,
insulated with asbestos
£ A8 FA L ZHs7 ded Fig | 19
Bl uls} o], Cantxlever type strain gauge
load cell & A Asted d&x ez FA ZFFE = A
4 4 A shden, o load celle 57 2m 3 'S
Z 0 m, 2ol 200m, Aluminum Al 88 wEd > L
Ao}, load cell & output & dynamic strain 10k
gauge amplifier & %3 o1& F5 ggkel =
2 noise & A A3ty ¢ste] low pass filter & &
HAlA 7| EAle 7| Zakgivh o] Cantilever type
load cell o] FA|¢] w2 output voltage wis}zfo
AT Fig, 26 2w} Row, 0~30 7 05
7t2 &= Sensitivity 7} 0.0z8 volt/ g o2 A8 A
HyHow wastel 30 ¢ o4l oz Sensi-
tivity 7 Fs}slw vl4& load cell o}
s %9 432 Blower o Valve & 243l
TS W 1., ¥49 <4 (Anemometer e
THd AR m, THE FTEA( ) 0 0 20 30 0 50
2 233ld ditE FHor YAHIA FAAZ gram

o 259 242 Ni-Crae TF=HE Ad%S
Transformer 2 #3A#A 224 dFess 2
8% 257 HEE 24

Fig. 2. Calibration Curve for the Cantilever
Type Strain Gauge Load Cell



< AFREY A8 o iy 2EE AFE
$ste] T - type (copper — constantan géuge Na
# 24. made in. US A) thermocouple = =373}
dom, WAY A3 @A PEsta ¥2). H4
g 29, Uy, 3 9 U4 Ax Fe 5
M 9] thermocouple & 4le] F9 0w o] & thermo
couple output & thermocouple selecter & &3}
o] Digital thermometer ¢} recordere] 4] 2
gt Aztell W8 LEE dEH 2 A E AT S
NEF sk F5E SuA4g Wet cotton 4
o] A A Wet bulb temperature 2 2g Psy-

Temp : 50T

AirV,

0.10 9152209 31948965

8.88 8.99

i 2m./sec
Humidity : 38~ 41 %

9.82 10.56

®BFRE & 10 (1D, 53~ 60, 1981

chrometric chart &) ¢a] A} 2ka] W},

. &40 2 ng

AzA4E FEEFHE st Sample o FA7t
ZAHE o] FAHolnR FANBor Id=:
Az okal e Cantilever type strain gauge load
cell =2 3¢ A5 A% Aol A4 Fig. 3 3
Zskel, Fig, 39 data § 937 2Aez F
Ag A4 ¥, 106C Azfezr Y% 274
255 (874 %, Wet base)om He 2+ A 7l A

214 (30

23.31

20.39
. 1576178

© 11,58 29
i 12.72

[
L)
Weight (g.)

10 9 8 1 6 5

AJ

4

o
N4
i
o

Time in Hours

Fig, 3. Dehydration Phenomena Represented as Weight Reduction at 50 T, 2m/sec

o] ZAE AEsSE 4L¢7 (water content,dry
weight base ) X = 24gie)

AENE TEEEE AHEE olfe AE (dry
matter )2 7129 3 AAg Fated Wil g
okolm 2 o] & ol 83ld 3 F 3 (normalize)sted
Agol A5g H4 Sample 9 ok & FA7
2YetE 27 FETH w2 2L gor 3y
7w gell vt AYAD mad Xel o4
2 Hoid, ool FAlel 4algle] A &d 4

9ol S dgelsh. Fig. 4+ slsdd 48 o

24 43¢5 50 C. ¥4 2m/sec, humidity ,
38~41 % o zRAA Az Az A o
3 T2 dsie 24 439 ez g3 ve
wgleh

FEEH date Az A Hel A4
grHor 24FE & F gon, AEEEE o]
G55 A% A8 A LT GoE FesnE =3
A4gedon tad Aoloh wHatd AzxZA 9



J.Korean Soc. Food & Nutr, 10 (1), 53 ~ 60, 1981,

10
g Surface
X 5mm depth
{0 A Back side ~
0 &
Z ot Dry Bulb Temp 50 C | ™~
5k 150

—

e AR
,——"‘A_g——b——b—‘_‘—‘“40

‘ / _—"Wet Bulb Temp, 120

120
10

0 2 4 6 8 10 )

Fig. 4. Water Content Variation and Temper-
ature Change during the Dehydration
Period

3
!

‘;% A X 4% 3@g mathematical modél &

o ade s

ufo "

~(1)

@ 0

=—Ake kRt = B .e "kt ~(2)

U

t

AL

» X 2% (water content, g of water/g -
dry matter ),A,B & 4l (constants ) 2 = A

Ao

Z 45 A4 (dehydration rate constant hr-1)e]sh
45 A, Bt =09 dd sigd: 27 z2A
(initial condition )08 Ax 27 43aY(g
H,0/g -dry matter ) B+ 27 A% £=5(g -
H,0/g dry matter,hr ) & o n}s}q 9le},
Mathematicalmodel (1), (2)e] sis§ 4 A, Bk
o AFRE Tkl YA (1) 49 kel =
ol (natural log )& 2 std,
InX=—-%t+1In A

N8,

(1)

(1) 77

At a2=2E Jog X9 tE dyk BEZo| (com-
mon momograph el ZeAY, =: X ¢t & w1
ol & (Semi—log paper )of =2z Ao} o
o}z 1 o] A4e Slope &,

X=- 2303 t + loghA--

k
Slope =-— 5303
= — 2,303 xslope 7} =}
Fig.sL FERY XS At E
per of plot g #o o] 2o YH 27 #
+at A,

i

Semi log pa

1,

A=694 (g -H,0/ g - dry matter )o|x
log 0.85—1log 3.0
6—-234

k=—2303x (~0.15) = 0.345 (hr 1)

Slope = =-10.15

0.5

037
0.27

Water Content
. of water/ g, of dry matter )

g
<
&

»
0.14 log 0.85 -log 3
Sopem e oW

= -0.15

o
g

= 0.04

0.01

T

O 2 4 6 8 10 12

Time in Hours

Fig. 5. Water Content Variation Curve Plo-
tted in Semi-log Scale

Hetd], 27 Az 44 B,

B=—-Ak=-694x0345=~234 (g -H,0/
g -drymatter hr)s sc}

aejeg dFLE 50T, ¥4 2m/sec
dity 38~41 %4 2AZ2FTA4 X &,

X=694€-0345¢

AFx&5 4, dX/dt &,

dX/dt = — 2,39 €=0.345 f . (4)
zt+ Kinetic model o} 1oz},

g dFeE 50Cc+t1lC. &S
247 A Wi mdex,
eEt Fig 4ol e uieh 23dh 435 4
wade FAE 24¢ A FHE FYEH 10 mA
X olm2 oM stem upz B 5mm ol

AT

, humi

.
X4

(3)

& 2m/secE 7
Sdes 9 4at9

c

Z o]



A 4= Ed, A2 AP oz
57 A4 45EE ¢ F Jdgith H4y =9
<+E 2 J99 255 Axy AY el gl 44
3 Asstgdel AzARY Azt del AxEE
b elale diwel A3He 25 A Agsl
o Eul 2xoe] Aojst Y FolEg Aoz
=Y A FHAA dojvs T2 FRel FY A
F2 o5 ¢ U, E AXEEE =
A3l AlFH9 e dage & + ek
HA 4 257 d2e ASEY 2280 W@
L ASE B 7 Uddul Ae, L FF0l @we
B2, thermocouple 2] 9x|7} 23 FEo] ¢+%
< 7H AL FES Fold oy W Aol el
Aoz, oj2igk R R Fo ojFA & &
3 W Wgon &t Fuslsst dA 47
dAEd Aoz Yt olelg ol ofd H =9

2x€ ¢dH ez 4559 eEEY e
AEEGE a3

q4 F5

FTLEE A5 474 A dF Lzl

e 4%e5y 93¢ auss 9
£ A sA A A7l (1.5 m/sec )9
o &l A

T

Y S S Y M N Y S E
0 2 4 68(hr)

Fig. 6. Effect of Temperature on Water
Content in Relation to Time at Con
stant Air Velocity (1.5 m/sec)

e

BEZREE 10 (1D, 53 ~ 60, 1981.

REAYE e 4¥84dsie A3 42 AT
Aol Ao iddernzn F4EE o
e A24s A5 kg2 Fig.64d 7 7} 9)
Slope A4 T8 4 92 LEE 45A4FF 4
A9 FlgrlE Frslee, AxEEs) gL ¢
T Y=k

LE Absel We Az $25 Fose AL o
el 4l &5 2o 4 Arrhenius relatio
nship o8 w3tz glonz Fig. 7o AZE

0.7}

0.5(
0.4}

0.3f

0.2}

(hr™bH

0.1 305 3.10 3.15
LT (X10%H °K™

Fig. 7. Arrhenius Plot for the Dehydration
Constant

4544 kel 9§ Arrhenius plot & A58 »
%a, 2 d3 A2 45& Arrhenius fAof =
2 gEd A4 A4PsHos defilg: Ae
e 4 Jddeh. AxEEs dFexd a4
Arrhenius f4le] glvie YujE 258 444
715 S7afe] AgHn Hei4 Ax4&xs wehA
7] o]t

AzxExd nae 49 J3%E A=) I8
A =¥ AR 45 CE mPstn TS5E 10
m/sec o] A B¥ A 8 3.0 m/sec 7= W4
A o A¥s 2L oz dEG F, AAI4
4 #3}E§ Semilog paper ¢ plot &<, Fig, 8z}



J.Korean Soc,Food & Nutr, 10 (1), 53 ~ 60, 1981,

10
10 b
01 I SN SR SN SR N SR S
0 2 4 6 8 10
hr —

Water Content
X(g/g)

Fig. 8. Effect of Air Velocity on Water Con -
.tent in Relation to Time at Constant
Temperature 45 C

Zown, Fig. 84 T3 A4 71&7q AX4
EA4 kT £49 A&l A plot sk Fig 99k 3
o] B3 slch

a#de Fig. 9 o ostad 1.0 m/sec of 4 8y 2.
0 m/sec 7=l F44 Frt e} 24 J5
kgkel AAs8& £ 4 goy 20m/sec o]aog
FEE A% Fo T, kel 238 Fhse &
4& & 5 vk Fgel =t kol Assle ¥
Aol A Fdo] Wt el FEFLe] ZxF
o] kZtel Argsigl oy, kite]l A3ty WHYdA
EuAY gdesy WRLES A0 "=
AgA3NE etz 9ol A, 3143584 (Case -
hardening ) o} o] A W9 FHo|Fo] Fdy
A8y LES Fasl77h o % oueda Aew =
whsicl,

gt AL E 93t dAzAE
el FRARYAE 4L + v 2

X
98]

< ofs
e

ol rfo

0.4r
T 031
[
=
o/
e L ] [ J
02}
01r
0 R . ,
1.0 1.5 2.0 25 30

Air Velocity(m_“sec)

Fig, 9. Effect of Air Velocity on the Dehy-
dration Rate Constant %, at constant
Temperature 45T

AE Aol & Aog AAxel o4y Ao
2 HHe F5L 2m/sec 7 AL Ax 2AA
gt siabd 5 g

A9 AP g s, ¢EE 5¢FE% AxS
E7d wmEn $42 2m/sec /b AHAdgn 2
B S+ dsed, WA 53 F4-A4 50 CE
dod, ¥4 A7t didsez, A4 43 A=z
ZAol%, dFex 50C, ¥% 2m/sec g «=)
3 2 4 gtk o] 2AA Az APE Py F
mathematical model ¢ 44 ste] Kinetic :model
€ #xdd, AxF4d4 2,
X= 6.94 070345 ¢
AZEEY, dif di =,

d_’t‘ = —939€-0.345¢

2 odejalnh

V. & =

FaWAL LAz gold AREEE 53}
ey dxer, T4 F3E mars] B
gy g3 e AT deiet -



£4% 15m/sec & g FASHAA L=
40 Coll A H-8l 55 ‘C7tA] WA, 57 ¥
5, AxSr+ welgd ®E AxEr A
2p=oll thal  Arrhenius relationship & w&c},
=€ 45 CE AR AuelA T4L AnA
71|, 1.0 m/sec oA Re] 2m/sec AR F4
< SHAFE, A2x$E S Wby o, 31mysec
AL FEE wad 238l A2EE Fesgich

Ay Adxze 4d#=z4 50T, 2 m/sec o

E.
=
o
e T
Qs

o

Al A, Azd4E SEEHQA YRAA T8k
A4 AZIAY R Ax4E4L FEdhaded,
77t X =694€90.345 ¢ gX/dt = — 239 e70.345¢

5] & Kinetic model o] g1z e},

V. oF

FEol g FaNHY Az L SxEFJo
THE7 dA4 A2x45E AFite 5 74A 44
of a4 2 48 ndF F AEI 244 A
244 4 Ax4EAE FE38H500h

dd TH(1L5m/sec)dtel A 259 3 (40T
~55C) & Fe o &9 P4 Zl‘Fﬁa“Fz—‘.i
2 RLNGed AL 257 2445 S
stel 22 & 45 CR AT F454 98 (1. 0
~31m/sec )& F9& vl 2m/sec AAE F
ol wETE AxE&Et Folglon. 2 o]4Y
F&QAE 285ld AR&E 4l g4
FT4L 2m/sec o)A AF AZEES ¥l

AR &5 50T, F% 2m/sec , 5 3B —
41 %8 ZANA A2FA 2L AZ2E54 L FE5
o] B A5 X=694e7030 o gy /dr =239
€70.345¢ gl Kinetic model o] oozt

i L3

L dTF4LE st Fob, A S 59 F49 F
FREAATANEG AFA 2 Hds zads A

BEEALE 10(1), 53 ~ 60, 1981.

t2 Fod e A4 T8} 27FE nedd Ae 7
Fe celm, ofge £ ATE fstel G4 T 2
&3

b

A8 & statetAle] e F4 FFRAA T
H aAdA A4 AAsE =gheh
References

1, FERE. ¥4 &7 R, BURNLEE |
R 53 .

2. F&R, V4 4 7 ORERBCE T Z BEHSR
EBXUBE , BERRH AREHE 5. 56(1966)

3TAE R .ERITEBVA25DREB FREBIU
&1, EERRAIRERS 5.56(1966).

4. Sykes, S.M., F.H.C. Kelly, Kinetics of Drying
Apple Slice., J. Sci. Fd. Agric., 20,644 (1969).

5. Roman, G.N., E. Rostein & M.J. Urbicain.
Kinetics of Water Vapor Desorption from Apples,
J. Fd. Sci., 44(1),193 (1979).

6. hFE &, FHE &, &5x Bk, BROERICEHT
BN B, BERREEIE3L(3), 250.

7. Brennan, J.G., I.R. Butters, N.D. Cowell, A.E.V.
Lilly, Ed. Food Engineering Operations 2nd ed.
(Applied Science 1976).

8. Hansen, J.R.,, Dehydration and Hydration
Kinetics of Soybean Proteins, J. Agric. Food.
Chem., 26(2), 297 (1978).

9. Ito, Y., M. Toyoda, H. Suzuki, M. Iwaida, Gas-
liquid Chromatographic Determination with
Special Reference to the relation between Carbon
Disuifide and Lenthlonme J. of Fd. Sci., 43(4)
1287. (1978).

10. HE 8, EFEE , Kk BE=, TLVM 45 &8
WO |, Bl 7 v —VBIUERE S8
2T, BRAMTIELEEE26 (8), 356 (1979)

11. Earle, R.L., Unit Operations in Food Processing

(Pergamon, 1966).




