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Abstract

In this study, raw ginseng produced by different methods was puffed and the absorption characteristics of the puffed
ginseng powders were investigated. Raw ginseng preparations, including white ginseng lateral oot (WGL), red

ginseng lateml 100t (RGL) and red ginseng main root (RGM) with 15% moisture were puffed at a pressure of
7 kgf/cm The equilibrium moisture contents of puffed powders were affected by temperature and water activity.
The monolayer moisture content determined by the BET equation was 0.034-0.045 g H:0/g solid. The R parameter
of the BET equation was higher than that of the GAB equation. The absorption enthalpies, calculated using various
water activities, showed a decreasing trend with increasing water activity. Amongst models applied for predicting
equilibrium moisture content, the Kuhn model was the best fit for puffed ginseng powders, giving the lowest prediction
deviation of 2.83-8.65%. The prediction model equation for water activity included the variable of time, water
activity (RIV100) and temperature, whereas an equation featoring the parameters of time and water activity was

the best model equation identified.
Key words : puffing, absorption, ginseng powder, isotherm
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GAB equation  m=

Aw: Water activity

m: Equilibrium moisture content (g)
m;: Monolayer moisture content (g)
C, k: Experimental constants
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P: Vapor pressure at temperature T
AHs: Absorption enthalphy (cal/mol)
R: Gas constant (1.987 cal/mol - k)
T: Absolute temperature (K)
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Bradley equation In—— = KK}

+b

M=
Kuhn equation - Aw

Caurie equation InM=InA—rAw

i Aw = e
Halsey equation Aw = ezp( M“>

Henderson equation 1—Aw =exp(—KM")

Aw )n
1—Aw

Oswin equation M = a(

M: Equilibrium moisture content
Aw: Water activity
Other alphabet: Experimental constants

Mi: Experimental moisture content

Mi’: Moisture content on the curve represented by isotherm
model equation

n: Number of data
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Fig. 1. Moisture absorption isotherm of puffed ginseng powder at
different temperature.

WGL: white ginseng lateral root, RGL: red ginseng lateral root, RGM: red ginseng
main root.
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Table 1. The regression coefficients and monolayer moisture content of puffed ginseng powder determined by BET and GAB equation

. BET equation GAB equation

Sarmple Temp.(C) - > - 5

m SigF R C k m SigF R
5 -13.298 0.034 0.000 0.993 -1.829 0475 0.157 0.110 0.890
wGL" 15 -18.035 0.034 0.000 0.993 -1.832 0.526 0112 0.061 0.939
25 41775 0033 0.001 0.985 -1.869 0.545 0.092 0.039 0.961
5 -16.556 0.040 0.000 0.991 -1.847 0.531 0.127 0.081 0919
RGL 15 25043 0.040 0.000 0.993 -1.857 0.551 0.108 0.055 0.945
25 58.488 0.040 0.001 0.987 -1873 0.598 0072 0.08 0972
5 20522 0.045 0.000 0,994 -1.858 0.586 0.095 0.025 0975
RGM 15 410018 0,044 0.000 0997 -1.871 0.605 0078 0.015 0.985
25 15816 0.043 0.001 0.987 -1.881 0.630 0.058 0.011 0.989

"WGL: white ginseng lateral toot, RGL: red ginseng lateral root, RGM: red ginseng main root.
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Table 2. The sorption enthalpy of puffed ginseng powder by
water activity

Enthalpy of sorption (calfmol)

Water activity )
WGL RGL RGM
0.11 1309.87 1313.65 1302.18
0.33 696.70 695.43 649.12
053 37199 371.61 37161
075 184.13 18225 18297
0.90 58.59 59.67 5945

WGL: white ginseng lateral root, RGL: red ginseng lateral root, RGM:  ted ginseng
main root.
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AHE-3H3.0 7 Table 1o)] VFERAIATE. BETo] js) Al4tgl
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Table 3. The regression coefficient and significance values for the absorption model of puffed ginseng powder

Sampie Temp. Bradley Kuhn Caurie .
() mK2 WKl SigF R b a SigF R In A r SigF R’
5 0.608 -8.839 0.040 0.802 0.035 0.032 0.000 0.994 -3.285 2,033 0.037 0812
WGL" 15 0.628 9262 0.026 0.849 0033 0.032 0.000 0.999 -3.470 2.288 0016 0.888
25 0.595 9.737 0.019 0.877 0027 0,031 0.000 0.997 3751 2.594 0.007 0934
5 0.646 -7.895 0.029 0.839 0.042 0.037 0.000 0.998 3222 2172 0.025 0.854
RGL 15 0.579 -7.707 0.027 0.843 0.036 -0.038 0.000 0.999 -3.374 2.364 0.016 0.890
25 0457 -7.698 0.021 0.868 0.024 0.038 0.000 0.997 -3.964 2734 0.009 0.925
5 0.628 -7.110 0.028 0.842 0.043 0.041 0.000 0.998 -3.181 22241 0.023 0.861
RGM 15 0.534 -6.908 0.024 0.859 0.030 0.043 0.000 1.000 -3.493 2622 0.010 0919
25 0457 -6.956 0022 0.867 0018 0.043 0.000 0.998 -3.826 22976 0.006 0.940
Sample Temp. Halsey Henderson Oswin :
() Ina n SigF 'S In K n SigF 'S Ina n SigF R
5 -4.132 1.586 0.010 0.920 2.631 1382 0.067 0.725 2269 0.397 0.029 0.837
weL! 15 -4.043 L1511 0.003 0.966 2646 1.358 0.037 0810 2326 0444 0013 0904
25 3917 1382 0.001 0.988 2614 1.276 0.020 0.874 2454 0.503 0.005 0948
5 -3.823 1.541 0.006 0942 2397 1360 0.033 0.762 -2.136 0421 0.022 0.867
RGL 15 -3.735 1.463 0.003 0.965 2366 1312 0.038 0.807 2192 0.458 0013 0.902
25 3554 1.301 0.001 0.982 2250 1.188 0.026 0.850 2327 0.528 0.008 0932
5 -3.620 1.49 0.006 0.942 2216 1322 0.054 0.760 -2.060 0432 0022 0.863
RGM 15 3473 1.351 0.001 0.980 2.163 1.227 0.029 0.839 2233 0482 0016 0.889
25 3352 1.209 0.001 0.988 2.083 L112 0.021 0.868 -2.338 0.574 0.006 0.945

"WGL: white ginseng lateral root, RGL: red ginseng lateral toot, RGM: ted ginseng main root.
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Table 4. The mean relative percent deviation for the various
absorption models of puffed ginseng powder

(%)’
Sample  Temp. (C) -
Kuhn Caurie Halsey Oswin
5 8.65 2536 16.30 2435
2 15 321 20.81 11.01 19.75
WGL
25 6.73 1737 700 1522
Average 6.20 2118 11.44 19.77
5 5.04 19.19 1381 2248
15 362 18.38 1148 20.58
RGL
25 383 1790 8.76 18.88
Average 4.16 1849 11.35 20.65
5 576 19.17 14.72 231
15 283 16.62 10.10 17.97
RGM
25 381 17.13 798 18,65
Average 413 17.94 10.93 20.11

) . e

P(%): Mean relative percent deviation.

"WGL: white ginseng lateral root, RGL: red ginseng lateral root, RGM:  rod ginseng
main 1oot.
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Table 5. The linear regression parameter coefficients of the prediction model equations for water activity with time, water activity(RH/100)

and temperature of puffed ginseng powder

WoL? RGL RGM
Model Indepeglden t > 5 - 3
vanaples Coefficients ~ Std. error R Coefficients  Std. error R Coefficients  Std. error R
) Constant 0,009 0.005 0.006 0.009 0003 0.005
I 0977 0.920 0.968
Aw 0970 0.007 0938 0013 0.950 0,008
Constant 0.002 0.004 0010 0.009 -0.009 0.004
n? Aw 0.903 0.006 0988 0.890 0014 0927 0.893 0.006 0983
In(time) 0.019 0.001 0.015 0.002 0.023 0.001
Constant 0,003 0.004 0.002 0011 0019 0.005
) Aw 0902 0.006 0.889 0014 0.892 0.006
mm . 0.988 0927 0.984
In(time) 0019 0.001 0.016 0,002 0,024 0.001
Temperature 0.000 0.000 0.001 0,000 0.001 0.000

"The model Eq. is Water activity=a(Constant)+b(Aw).

“The model Eq. is Water activity=a(Constant)+b(Aw)-+c(in(time)).

“The model Eq. is Watcr activity=a(Constant) *b(Aw) +c(ln(time))+d(Temperature)
*WGL: white ginseng lateral root, RGL: red

ginseng lateral root, RGM: red ginseng main root.
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