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Absorption Characteristics of Green Tea Powder as
Influenced by Particle Size

Kwang-Sup Youn
Dept. of Food Science and Technology, Catholic University of Daegu, Daegu 712-702, Korea

Abstract

Absorption characteristics of green tea powder were investigated. The monolayer moisture content deter—
mined by GAB equation was 0.024~0.052 g HzO/g dry solid. The absorption enthalpy was calculated with
different particle size and various water activities. It showed that the absorption energy was decreased with
increasing water activity but no difference was found on particle size increasement. Among models applied
for predicting equilibrium moisture content, Halsey model was the best fit model for green tea powders, showing
the lowest prediction deviation of 2.1 ~4.0%. The prediction model equations for the water activity was estab-
lished as function of relative humidity, time and temperature. The model equation will be helpful for future
work on drying and storage of green tea powder.
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mi: Monolayer moisture content (g)
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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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M: Equilibrium moisture content (d.b.)
Aw: Water activity
Other alphabet: Experimental constants
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Mi: Expem’mental moisture content

Mi" Moisture content on the curve represented by
isotherm model equations

n: number of data
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Table 1. Average particle size of commercial green tea powder

Particle size (0m)
Green tea >200 200~140 140~100

powder mesh mesh mesh
Diameter at 10% 6.95 6.51 6.30 6.62
Diameter at 50% 48.61 48.22 48.36 47.66
Diameter at 909 108.50 103.56 111.17 116.96
Mean diameter 53.83 52.26 54.29 56.00
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Table 3. The absorption enthalpy of green tea powder by
different particle size and water activity

Water Enthalpy of sorption (cal/mol)
activity >200 200~140 140~100
0.0 0.2 0.4 0.6 0.8 1.0 0.11 1191.35 1200.66 1186.95
0.33 644.25 643.65 643.05
Water activity 0.55 360.22 363.78 359.17
Fig. 1. Isothermal absorption curves of green tea powder 0.75 166.63 166.33 165.86
by different particle size. 0.90 99.61 72.31 68.11

Table 2. The regression coefficients and monolayer moisture content of green tea powder determined by BET and GAB

equation with different particle size

Sample Temp BET equation GAB equation

(mesh) 4®) C m SigF R? C k m SigF R®
10 2.110 0.078 0.005 0.949 -1.893 0.667 0.032 0.003 0.997
>200 20 2.068 0.086 0.001 0.986 -1.884 0.649 0.034 0.003 0.997
30 2.049 0.080 0.003 0.967 -1.881 0.672 0.024 0.001 0.999
10 2.065 0.098 0.002 0.976 -1.884 0.648 0.039 0.001 0.999
200~140 20 2.061 0.095 0.002 0.970 -1.884 0.604 0.052 0.005 0.995
30 2.094 0.074 0.003 0.964 -1.890 0.661 0.030 0.001 0.999
10 2.002 0.122 0.003 0.962 -1.874 0.621 0.048 0.002 0.998
140~100 20 1.987 0.120 0.007 0.935 -1.872 0.647 0.037 0.000 1.000
30 2.013 0.097 0.000 0.995 -1.874 0.619 0.040 0.010 0.990
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Table 5. The mean relative percent deviation for the various
absorption models of green tea powder with different par—

ticle size
Sample  Temp. P (%)"
(mesh) °C) Halsey Oswin  Khun  Caurie
10 1.94 5.16 7.34 38.64
20 3.26 5.98 6.20 38.36
>200 30 569 786 343 3847
Average 3.63 6.33 5.66 38.49
10 2.13 6.22 4.89 38.25
200 20 153 3.86 9.46 37.85
~140 30 2.71 476 8.72 38.45
Average 212 495 7.69 38.19
10 4.04 3.98 841 36.89
140 20 4.97 8.63 1.01 37.66
~100 30 3.10 7.46 2.62 37.83
Average 4.04 6.69 4.02 37.46
PP (9): Mean relative percent deviation.
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Table 4. The regression coefficient and significance values for the absorption model of green tea powder with different particle

size

Sample Temp. Bradley Kuhn Caurie
(mesh) °C) InK: InK; SigF R b a SigF R In A r SigF R
10 0525 -10.774 0013 0.903 0017 0028 0000 0991  -4326 3192 0002 0976
>200 20 0587 -12.151 0010 0917 0020 -0025 0002 0976  -4247 293 0003 0.966
30 0554 -12712 0012 0907 0017 -0.024 0002 0971  -4344 2996 0007 0937
10 0579 -10916 0013 0904 0021 -0028 0000 0991  -4095 2914 0003 0967
200~ 140 20 0708 -13.432 0007 0935 0026 -0023 0002 0972  -4087 2781 0001 0.983
30 0599 -13.127 0009 0926 0019 -0.023 0001 0980  -4369 3076 0001 0981
10 0943 -15475 0004 0956 0038 -0.020 0.007 0938 -3795 2410 0002 0969
140~ 100 20 0657 -12.051 0015 0.896 0026 -0025 0001 0985  -3887 2556 0011 0913
30 0619 -13477 0014 0897 0021 -0022 0001 0989  -4105 2666 0006 0941

Sample Temp. Halsey Henderson Oswin
(mesh) °C) In a n SigF R In K n SigF R? In a n  SigF R
10 -3657 -1.148 0001 0987 2455 1090 0009 0925  -2729 0002 0000 0973
>200 20 -3886 -1220 0001 0.986 2624 1141 0015 0895  -2754 0004 0000 0956
30 -3.803 -1.183 0.003 0963 2579 1087 0027 0845  -2844 0010 0000 0919
10 -3828 -1253 0000 0.990 2576 1173 0013 0902  -2637 0003 0000 0963
200~ 140 20 -4102 -1327 0000 0995 2877 1260 0008 0932  -2696 0.001 0000 0980
30 -3903 -1.194 000! 0.988 2684 1132 0009 0922  -2830 0002 0000 0972
10 -4411 -1500 0.002 0.968 3156 1419 0014 0899  -2589 0.005 0000 0.949
140~100 20 -4086 -1364 0004 0955 2711 1235 0036 0814 -2608 0014 0000 0899
30 -4254 -1346 0001 0982 2909 123 0023 0860 2771 0007 0000 0937
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Fig. 2. Comparison of measured and calculated values by the
model equations on equilibrium moisture content of green
tea powder at 20°C.
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Table 6. The linear regression parameter coefficients of the prediction model equations for water activity with time, relative

humidity and temperature of green tea powder

Model Independent >200 200~140 140~100
variables Coefficients Std. error R® Coefficients Std. error R’ Coefficients Std. error R®
Constant 5.286 1.323 5283 0.940 7255 1178
n -
I RH 88.350 1033 0897 86,580 1350 0947 85576 1672 0913
Constant 6.170 1.269 7.38 0.667 9.148 0.892
n? RO 84.120 2011 0907 79.397 1043 0.974 77215 138  0.951
In(time) 2,052 0.39 3.081 0.195 3558 0.253
Constant 8916 1.792 5.369 0.873 5.365 1126
, RH 83.861 1.999 79.274 1.020 76771 1323
m In(time) 1931 0397 0909 3.201 0194 0976 3.804 o246 0996
Temperature 0131 0.061 0.106 0.031 0.207 0.040

YThe model Eq. is Water activity=a (Constant)+b (RH). ®The model Eq. is Water activity=a (Constant) +b (RH) +¢ (In(time)).
¥The model Eq. is Water activity=a (Constant)+b (RH)-+c (In(time)) +d (Temperature).
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