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Absorption Characteristics and Prediction Model of
Ginger Powder by Different Drying Methods

Hae-Kyoung Shin, Sung-Hee Hwang and Kwang-Sup Youn*
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Absorption characteristics of hot air-, vacuum-, and freeze-dried ginger powder were investigated. Monolayer
moisture content as determined by GAB equation was 0.257~0.540 H,O/g, showing higher significance than BET
equation. Absorption enthalpy was calculated based on different drying methods and water activities. Absorption
energy decreased with increasing water activity but was not affected by drying method. Isotherm curves showed
a typical sigmoid form. Among models applied for predicting equilibrium moisture content, Caurie model was
the best fit model for ginger powder, showing the lowest prediction deviation of 1.2~5.4%, followed by Henderson

then Bradley models. The prediction model equations for the moisture content were established by In(time),
water activity, and temperature.
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zZ}zb 1.5kge] A7 EF7ARE hot air dry oven(C-DM3,
Jeil Tech., Korea)S ©]-g-3te] 60°CollA -] W37t §lg
7kx] ¢ gAIZHS AR eH, FFHRE vacuum dry
oven(Gallen Kamp Co., England)2 ©]8&3t9 60°C, 70
mmHgol A 8A17F Bt AZ3II| Y. AR deep freezer
g o]gale] —50°CelA] 24r17F Bt BAAT F FEAAX
71T D5070 RR, Ishin Lab Co., Korea)& AM&3te] 10
mmHgol A4 20217+ AzxsGth AZT A7FE cutting
mill(J-NCM, Jeil science, Korea)2 E43}] 100 mesh ©]3}
Z Rk Age] AME-3h

Gingerol &%

A7y Efe 93 & e ARQ] gingerolE HPLC
(Beckman system gold, Beckman Coulter, USA)E #4]&
lgen o EAZASZ columne HP-C18, mobile phase
¥ CH,CN:H,0(38:62), detector UV/VIS 280nm, flow
rate 1.5 mL/min, injection volumeS 20 uL$ T
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Eazte] gyeredate RS E47](Thermocon-
stanter, TH200, Novasina, Swiss)Z Z33l9t}. 03¢ &Y
A7F& chamber Well €3 717] U§e] $£EEH=E ¥ 3}
FLAe o]&3kd 0.11, 033, 0.53, 0.75, 0.902 FAANZ
%10, 20, 30°CY =004 HFo| B wWrkA] FHAIA ¥
PFEIFS FITh
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DEASE FEFFE BET equationt GAB equation®l] &
&3t sttt
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BE AW - - T
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GAB ioh m, CkAw 9
equ =
> equation M = T Aw)(1 - kAw + CkAw) @
Aw: Water activity
m: Equilibriim moisture content (g)
m;: Monolayer moisture content (g)
C, k: Experimental constants
saEme| 2
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P: Vapor pressure at temperature T
Hs: Absorption enthalphy (kcal/mol)
R: Gas constants (1.987 cal/mol.K)

T: At;solute temperature (K)
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Bradley equation lnA—lv; = KK} 1C))
Kuhn equation M = ﬁ +b )
Caurie equation InM = InA —rAw 6)
Halsey equation Aw = exp(—a/M") @)
Henderson equation 1 - Aw = exp(—KM") ®)

Aw )“'
1-Aw

Oswin equation M = a(
M: Equilibrium moisture content (d.b.%)

Aw: Water activity
Other Alphabets: Experimental constants

Tg, 5eEeTA Y% 4943 B PO THE

n
100 Mi - Mi*
P(%) = Y 2 I—Wl (10)
1=0

Mi: Experimental moisture content

Mi*: Moisture content on the curve representing isotherm
equations

n: number of data point
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Table 1. The gingerol contents of ginger powder prepared by
different drying method

Drying methods Gingerol content (mg%)
Hot air drying 4389+21.85"

Vacuum drying 561.1+£15.38
Freeze drying 501.6+24.81

DValues are means=SD of triplicate determinations.
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Fig. 1. Isotherm curves of ginger powder by different drying
method at different temperature.
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Table 2. The regression coefficients and monolayer moisture content of ginger powder determined by BET and GAB equation with

different drying method
BET tion GAB equation
Drying method S0P e d
0 bOY b1” SigF R? C k m, SigF R?

10 0.073 -0.051 0.275 0.372 80.800 0.156 0478 0.003 0.997
Hot air drying 20 0.118 -0.102 0.041 0.799 114.481 0.163 0.279 0.003 0.997
30 0.085 -0.061 0.235 0422 61.422 0.208 0.409 0.008 0.992
10 0.066 -0.046 0.233 0426  -164.626 -0.087 0.540 0.012 0.988
Vacuum drying 20 0.0938 -0.069 0234 0.424 39.280 0.318 0.375 0.010 0.990
30 0.074 -0.052 0.284 0.361 56.876 0.217 0.470 0.012 0.988
10 0.083 -0.060 0.245 0410 43.1063 0.289 0419 0.012 0.988
Freeze drying 20 0.135 -0.115 0.113 0.622 24.088 0.547 0.257 0.006 0.995
30 0.106 -0.084 0.174 0.512 32.018 0.405 0.328 0.019 0.981

UThe b0 and bl represent the intercept and slope of BET equation.
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Table 3. The absorption enthalpy of ginger powder by different
drying method and water activity

Enthalpy of sorption (kcal/mol)

Water Activity - -
Hot airdrying  Vacuum drying Freeze drying

0.11 1.241 1.247 1.238

0.33 0.660 0.659 0.662

0.55 0.363 0.364 0.369

0.75 0.180 0.179 0.179

0.90 0.083 0.085 0.080
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Table 4. The regression coefficient and significance values for the absorption model of ginger powder with different drying method

and temperature

. Temp Bradley Kuhn Caurie
Drying method g - . 2
(C) InK, InK, SigF R? b a SigF R? InA T SigF R
10 1.38 004 0004 095 3093 -672 008  0.68 239 474 0000 099
Hot air drying 20 1.39 004 0005 095 3104 -666 0.088 068 239 470 0000 099
30 139 004 0004 095 3073 669 008  0.68 239 469 0000 099
] 10 136 -004 0003 097 2953 689 0074 071 246 479 0000 099
Vacuum drying 20 1.35 004 0003 096 2959 -684 0077 0.70 2.47 478 0000 099
30 1.35 004 0002 097 2946 -699 0071 072 248 487 0.000 099
10 1.35 -004 0002 097 2877 -693 0068 073 246 474 0000 099
Freeze drying 20 1.33 -004 0002 097 2857 -696 0067 073 2.47 476 0000 099
30 1.33 -004 0002 098 2834 -7.07 0063 074 249 482 0000 099
Halse; Henderson Oswin
Drying method Teimp. Y -

(O Ia n SigF R? InK n SigF R? Ina n SigF R?
10 4.38 -1.33 0034 082 -576 142 0002 097 3.69 047 0012 091
Hot air drying 20 4.38 -1.33 0035 082 577 142 0002 097 3.69 046 0012 091
30 441 -1.34 0033 082  -580 143 0002 097 3.69 046 0011 - 091
10 438 -134 0029 084 573 142 0001 098 3.67 047 0009 092
Vacuum drying 20 432 -132 0031 083 -5.68 141 0001 098 3.67 048 0010 092
30 439 -134 0028 084 -574 142 0001 098 3.68 047 0009 093
10 454 -138 0024 08  -5.86 146 0001 099 3.66 047 0007 094
Freeze drying 20 449  -137 0024 086 -581 144  0.001 099 3.66 047 0007 094
30 4.55 -1.39 0022 087 -585 145 0001 099 3.66 047 0006 094
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Table 5. The mean relative percent deviation for the various absorption models of ginger powder with different drying method and
temperature

Drying Temp. P (%)"

method C) Oswin Caurie Henderson Bradley

, 10°C 8.99 253 4.88 776

i‘;tifr 20°C 8.41 3.47 425 6.69

£ 30°C 8.07 124 401 5.89

Average 8.49 241 438 6.80

10°C 9.18 2.49 5.13 7.96

\fiarcy‘iln“;“ 20°C 8.78 351 462 7.10

30°C 7.86 1.67 3.76 5.56

Average : 8.61 2.55 4.51 6.87

10°C 8.47 1.56 432 720

glr;fje 20°C 833 539 4.15 6.49

£ 30°C 7.48 3.18 335 495

Average 8.09 337 3.94 6.21

PP (%): Mean relative percent deviation.

Table 6. The linear regression parameter coefficients of the prediction model equations for moisture content with time, water activity
and temperature of ginger powder

Model Independent Hot air drying Vacuum drying Freeze drying
Variables  Coefficients  Std. Error R? Coefficients  Std. Error R? Coefficients  Std. Error R?
Constant 48.34 1.32 45.64 1.27 47.77 1.41
1
I In (time) 11.72 0.71 0.585 12.58 0.66 0.655 11.78 0.78 0.561
Constant 11.27 1.07 10.58 1.26 9.79 1.35
g In (time) 6.02 0.28 0.955 7.44 0.32 0.942 6.11 0.36 0.931
Aw 0.63 0.01 0.60 0.02 0.65 0.02
Constant 7.56 1.27 572 1.38 3.40 1.51
In (time) 6.25 0.27 7.76 0.30 6.62 0.33
3)
It Aw 0.63 0.02 0.960 0.58 0.02 0.952 0.64 0.19 0.946
Temperature 0.21 0.04 0.30 0.05 0.37 0.05

DThe model Eq. is Moisture content=Constant+a(In(time)).
AThe model Eq. is Moisture content=Constant+a(In(time))}+b(Aw).
»The model Eq. is Moisture content=Constant+a(In(time))+b(Aw)+c(Temperature).
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