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Equilibrium Moisture Content of Korean Ginseng

(65 v ZEGRE) * * AN * * AR E* ZR{RH * *
B. M. Chot J. H. Lee S. J. Park C.S.Kim J. Y. Rhee

Summary

This study intended to measure the desorption and adsorption EMC of four years old Peeled ginseng,
Unpeeled ginseng and Taegeuk ginseng under various conditions{four levels of temperature(20C, 30T,
40C, 50C) and five levels of relative humidity from 31% to 88% ) by the static method. Four widely
used EMC models were selected and evaluated. Also the empirical model was evaluated.

The results are summarized as follows ;

1) EMC difference between ginseng size was not found but found between ginseng species. EMC diffe-
rence between Peeled ginseng and Unpeeled ginseng was not found. EMC of Peeled ginseng and
Unpeeled ginseng was higher than that of Taegeuk ginseng.

2) The hysteresis, which is difference between desorption and adsorption EMC, was found. Desorption
EMC was higher than adsorption EMC. The hysteresis at the same temperature decreased as rela-
tive humidity increase. The difference of hysteresis between Peeled ginseng and Unpeeled ginseng
was not large and the hysteresis of Taegeuk ginseng was smaller than those of other species.

3) Among the selected models, Henderson model was the best to predict the adsorption EMC of White
ginseng(Peeled and Unpeeled ginseng), and Oswin model was the best to predict the desorption
EMC of White ginseng and the desorption and adsorption EMC of Taegeuk ginseng.

The models are as follows *
@ White ginseng(Peeled and Unpeeled ginseng)
° Desorption EMC(Oswin model) -
M=1(0.1272—0.0007420T) - [RH/(1— RH)J!416++0001365m
o Adsorption(Henderson model) :
1~ RH=expl —0.0003480T, M,****]
® Taegeuk ginseng
o Desorption EMC(Oswin model) :
M= (0.1051—0.0008439T) [RH/(1— RH) J "%+ osszst
o Adsorption EMC(Oswin model) :
M =(0.08247—0.0007559T) - [RH/(1—RH) 70+ omsein

4) The developed empirical models could predict the desorption and adsorption EMC for White and
Taegeuk ginseng more precisely than selected models. The empirical models are as follows 3
@ White ginseng(Peeled and Unpeeled ginseng)

° Desorption EMC :

M=0.124—0.000647T —0.216RH + 0.373RH*
o Adsorption EMC :

M=0.0879—0.000663T — 0.197RH + 0.399RH"
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® Taegeuk ginseng
° Desorption EMC :
M=10.159—-0.000728T — 0.429RH + 0.565RH*
o Adsorption EMC :
M=0.123—0.000662T — 0.384RH + 0.555RH*
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Fig. 1. Constant temperature water bath and

arrangement for EMC measurement.
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® Electronic balance @ Stainless wire
® Rubber stopper @ Ginseng
© Glass jar
@ Balance stand

® Saturated salt solution
® Excess salt

Fig. 2. Constant relative humidity jar and arra-

ngement for weight measurement.
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Table 1. Equilibrium moisture content models.

Model Equation
1-RH=expl-A" T\ M.*]
In(RH) = (-A/R*T\) *exp(-

Henderson

Chung-Pfost

B-M)
Modified-Halsey RHo=exp(-A-M™")
Oswin M=A[RH/(1-RH)*
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Note)M : Equilibrium moisture content(de-

cimal, db)

Mo - Equilibrium moisture content( %,
db)

RH  Relative humidity(decimal)

RH, : Relative humidity( %)

T : Temperature(T)

T. : Absolute temperature(K)

R : Gas constant, 831X10*J + T,
kMol

A B  Parameters
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Table 2. Desorption equilibrium moisture contents of medium— sized ginseng at different levels of re-

lative humidity and temperature.

Equilibrium Moisture Content (% ,wb)

Temp.(C)  RH(%)

Peeled ginseng Unpeeled ginseng Taegeuk ginseng
20 33.1 8.22 a" 7.64 a 6.07 b
44.1 9.15 a 8.79 a 6.98 b
65.4 13.21 a 1231 a 979 b
75.6 1587 a 1541 a 1393 b
86.6 21.17 a 20.57 a 20.28 a
30 324 7.56 a 6.75 b 563 ¢
438 847 a 8.04 a 6.29 b
632 11.78 a 1135 a 861 b
75.2 15.23 ab 15.00 bc 13.38 ¢
86.3 19.82 ab 19.35 be 18.75 ¢
40 316 6.87 a 6.06 a 496 b
49.2 8.65 a 828 a 6.00 b
61.2 10.66 a 10.39 a 771 b
75.0 1433 a 14.25 a 1259 b
879 20.11 a 19.35 a 1898 a
50 30.6 6.28 a 5.69 a 388 b
46.3 761 a 735 a 504 b
59.2 961 a 957 a 6.58 b
74.9 13.46 a 13.64 a 11.60 b
85.0 17.82 ab 17.25 be 16.40 ¢

Note) * : Mean values within a row followed by the same letter are not significantly different at the
5% level in DUNCAN’ s multiple range test.
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Fig. 3. Desorption isomoisture lines for White

ginseng on a psychrometric chart.

Table 3. Adsorption equilibrium moisture contents of ginsengs at different levels of relative humidity

and temperature.

Equilibrium Moisture Content (% ,wh)

Temp.(C) RH(%) : - -
Peeled ginseng Unpeeled ginseng Taegeuk ginseng
20 33.1 530 a" 499 a 410 a
441 6.52 a 6.56 a 526 b
65.4 1142 a 11.24 a 899 b
75.6 15.88 a 1512 a 13.17 b
86.6 21.07 ab 20.55 be 20.00 ¢
30 324 461 a 4.26 a 353 a
43.8 594 a 5.89 a 4.49 b
63.2 9.96 a 9.84 a 8.04 b
75.2 1491 a 14.34 a 1252 b
86.3 19.63 a 19.29 a 18.64 a
40 316 3.96 a 3.65 a 289 b
49.2 6.23 a 6.02 a 437 b
61.2 912 a 8.86 a 712 b
75.0 14.06 a 13.59 a 12.13 b
87.9 19.63 a 19.36 a 18.91 a
50 30.6 338 a 3.25 a 217 b
46.3 511 a 543 a 3.56 b
59.2 798 a 7.93 a 581 b
749 13.03 a 12.82 a 1095 b
85.0 17.36 a 16.94 a 16.11 a

Note) * : Mean values within a row followed by the same letter are not significantly different at the
5% level in DUNCAN"s multiple range test.
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Fig. 4. Difference between desorption and ad-
sorption equilibrium moisture contents

for Peeled ginseng at 30C.

Table 4. Parameters in the Empirical equilibrium moisture content model for White ginseng.

Parameter )
R? F
A B C D
Desorption 0.12375 —0.000647 —0.21615 0.37263 0.994 2063.6"*
Adsorption 0.08792 -—0.000663 —0.19728 0.39873 0.997 4284.2**

Table 5. Parameters in Henderson and Chung— Pfost equilibrium moisture content model for White

ginseng.
Parameter )
Model R’ F
A B

. Henderson 0.000104586 1.31396 0.973 671.2"*
Desorption

Chung— Pfost 5840341.5 11.6335 0.964 4894

. Henderson 0.00034796 0.92309 0.992 2186.4* "
Adsorption

Chung— Pfost 3911376.2 10.0046 0.975 7082 *
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Table 6. Regression equations of desorption and adsorption parameters in Modified— Halsey and Os-

win equilibrium moisture content model for White ginseng.

Model Equation R? F
Mod.— Halsey A=65.14—0.8667T 0.966 56.7"
. B=1.886—0.005497T 0.958 456"
Desorption . e
Oswin A=0.1272-0.0007420T 0.994 335.97
B=0.4164+0.001368T 0.993 275.0%*
Mod.— Halsey A=12.10—0.1477T 0.983 1186™*
. B=1.350—0.005251T 0.951 39.1%
Adsorption
Oswin A=0.09759— 0.0006992T 0.993 294.5™*
B=0.5792+ 0.002627T 0.966 57.3*

Note) T : Temperature(C)

Table 7. R square and F value in the Modified — Halsey and Oswin equilibrium moisture content model

for White ginseng.

Desorption Adsorption
Model ~
R? R* F
Mod.— Halsey 0.986 1348.4** 0.940 286.2%*
Oswin 0.986 1416.2** 0.981 957.8"*
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Table 8. Parameters in the Empirical equilibrium moisture content model for Taegeuk ginseng.

Parameter )
Rr? F
A B C D
Desorption 0.15862 —0.000728 ~0.42946 0.56544 0.995 1032.9**
Adsorption 0.12285 —0.000662 —0.38409 0.55486 0.996 1482.3**

Table 9. Parameters in Henderson and Chung— Pfost equilibrium moisture content model for Taegeuk

ginseng.
P. t
Model arameter R P
A B
. Henderson 0.000280376 1.02386 0.957 203.1**
Desorption
Chung— Pfost 3984410.1 10.7111 0.926 106.4™*
. Henderson 0.000560204 0.79423 0.989 777.5%"
Adsorption *
Chung— Pfost 3237460.7 9.9504 0.951 163.7**

Table 10. Regression equations of desorption and adsorption parameters in Modified —Halsey and Os-

win equilibrium moisture content model for Taegeuk ginseng.

Model Equation R? F
Mod.— Halsey A=22.00—0.3148T 0.992 256.7**
. B=1.642—0.008073T 0.883 15.1
Desorption Oswin A=0.1051—0.0008439T 0.999 2389**
B=0.4553+0.003425T 0.860 12.3
Mod.— Halsey A=17.862—0.1076T 0.997 608.9""
i B=1.300—0.007750T 0.975 776"
Adsorption Oswin A=0.08247—0.0007559T 0.999 2380.6**
B=0.5760-+0.005540T 0.959 471"

Note) T : Temperature(C)
Faz:0em = 1851
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Table 11. R square and F value in the Modified —Halsey and Oswin equilibrium moisture content mo-

del for Taegeuk ginseng.

Desorption Adsorption
Model " oL 2 >
R* F R* F
Mod.— Halsey 0.981 445.7** 0.961 209.8**
Oswin 0.983 499.9** 0.981 924.2**

Table 12. Mean square errors in the selected equilibrium moisture content models for White and Tae-

geuk ginseng.

Model White ginseng Taegeuk ginseng

Desorption Adsorption Desorption Adsorption

Henderson 0.000111202 0.000047536 0.000206334 0.000065864

Chung—Pfost 0.000150994 0.000144237 0.000380084 0.000300674

Mod.— Halsey 0.000056111 0.000341778 0.000096115 0.000237130

Oswin 0.000053456 0.000107352 0.000085863 0.000055509

Empirical 0.000024634 0.000016264 0.000028030 0.000023200
19562 22t YR YE o] 83 ““’34 et 2 dAsh o S8l Qo 1Y gu 2
Az F5F BEYF &L S HYgg °] Henderson & A% 40% o189} 75
Hdeln, 2 7, 8L %4 7]*4_%1-&0“*‘] 2 % ool Al Witel 4 HYTFE LS Fio

el Az 2 FF HIEFEE g 4 A b Aehe Belal git)

8l Oswin 292 7 Henderson 24 -& o] £3}¢ El=iatel 79 ddnde o3t Az 9 &5
d &3 FRTF &Il BREEFE S A& 3 A8y Q&9
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nts for White ginseng using the Empiri-

cal model.
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Fig. 7. Desorption equilibrium moisture conte-
nts for White ginseng using Oswin mo-
del.
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