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Sorption Characteristics of Barleys at Various Relative Humidities
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Abstract
The sorption characteristics of pearled, cutted and pressed barleys stored for 360 hours at 20°C and various
relative humidites were analyzed. The adsorption rate at RH above 57% was the greatest in pearled harley

and the lowest in cutted barley. The desorption rate at RH below 44% was in the decreasing order of pearled,

pressed and cutted barleys. From the sorption rates an empirical equation was proposed, which can be used
for the estimation of moisture content of three barleys at arbitrary storage time and RH.
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Fig. 1. Changes in moisture contents of barleys
ring storage at 20°C and various relative humidities
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Fig. 2. The changes of adsorption rate of pearled
barley during storage at various relative humidities
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Table 1. Linear regression perameters of adsorption of barleys at various relative humidities (20°C)

Parameters Pearled barley Cutted barley Pressed barley

57% 67% T75% 8% 57% 67% 75% 8% 57% 67% 5% 86%

second order —r  0.9991 0.9999 0.9999 0.9998 0.9992 0.9989 0.9972 0.9988 0.9984 0.9998 1.000 0.9993
regression equation —a 09165 0.9248 0.9270 0.9332 0.7290 0.7397 0.7425 0.7566 0.8841 0.8853 0.8880 0.9041
logb  2.4938 2.8287 3.0417 3.3136 2.1893 2.5944 2.9253 3.1720 2.3513 2.6968 2.9555 3.2160

overall —r 0.9952 0.9949 0.9955 0.9949 0.9966 0.9966 0.9946 0.9978 0.9944 0.9952 0.9953 0.9934
regression equation —a  0.8469 0.8490 0.8555 0.8572 0.6826 0.6842 0.6944 0.7155 0.8145 0.8155 0.8174 0.8230
logb  2.3453 2.6669 2.8892 3.1515 2.0902 2.4973 2.8232 3.0841 2.2034 2.5479 2.8047 3.0428

a: r=Correlation coefficient

a=Slope
b =Intercept



Vol. 19, No. 4(1987) AR BE Bejg F4£54 333
Table 2. Linear regression parameters of desorption of barleys at various relative humidities (20°C)
Para-
mete-
Pearled barley Cutted barley Pressed barley
12% 23% 33% 44% 12% 23% 33% 44% 12% 23% 33% 44%
second order -r 0.9995 0.9991 0.9997 0.9991 0.9997 0.9994 0.9995 0.9997 0.9995 0.9997 0.9996 0.9990
regression equation -a  0.8193 0.8169 0.8149 0.8115 0.8003 0.7933 0.7909 0.7862 0.8198 0.8101 0.8078 0.8003
logb  3.3257 3.1753 2.9606 2.4235 3.2044 3.0124 2.7909 2.1297 3.3797 3.2198 2.9510 2.5560
overall -r  0.9893 0.9885 0.9892 0.9891 0.9990 0.9916 0.9907 0.9898 0.9927 0.9935 0.9933 0.9921
regression equation -a 07261 0.7213 0.7211 0.7193 0.7155 0.7127 0.7065 0.6980 0.7414 0.7365 0.7334 0.7228
logb  3.1267 2.9712 2.7605 2.2268 3.0284 3.8404 2.6108 1.9415 3.2124 3.0626 2.7921 2.3907

a: r=Correlation coefficient
a=Slope
b=Intercept

Table 3. A comparison of the moisture contents of pearled barley between the measured and calculated values
during storage at 20°C and various relative humidities

. Correlation
:;H) Moisture contents (%, d.b.) coefficient
0
24h 48h 96h 132h 168h 216h 264h 360h r*
8.20 7.59 6.90 6.61 6.34 6.29 6.14 5.86
12 (8.09) (7.59) (7.02) (6.73) (6.50) {6.25) (6.05) (5.71) 0.9898
(8.65)* (7.59) (7.17) (6.75) (6.40) (6.01) (6.68) (5.13) 0.9476
9.27 8.86 8.23 8.13 7.95 7.80 7.72 7.70
23 (9.17) (8.80) (8.39) (8.19) (8.02) (7.84) (7.69) (7.45) 0.9797
(9.58) (9.09) (8.51) (8.20) (7.94) (7.66) (7.42) (7.02) 0.9392
10.22 10.01 9.73 9.57 9.42 9.36 9.27 9.21
33 (10.20) (9.98) (9.72) (9.59) (9.49) (9.38) (9.28) (9.13) 0.9937
(10.45) (10.15) (9.79) (9.60) (9.44) (9.27) (9.12) (8.87) 0.9535
11.36 11.29 11.24 11.21 11.13 11.12 11.07 11.03
44 (11.36) (11.30) (11.22) (11.18) (11.15) (11.12) (11.09) (11.04) 0.9862
(11.43) (11.35) (11.24) (11.18) (11.14) (11.09) (11.04) (10.97) 0.9581
12.26 12.27 12.28 12.34 12.34 12.34 12.34 12.35
57 (12.25) (12.28) (12.30) (12.32) (12.33) (12.34) (12.34) (12.36) 0.9508
(12.21) (12.25) (12.29) (12.31) (12.33) (12.35) (12.37) (12.39) 0.8994
i2.70 12.75 12.79 12.81 12.84 12.87 12.88 12.89
67 (12.70) (12.75) (12.80) (12.82) (12.84) (12.86) (12.87) (12.90) 0.9913
(12.60) (12.75) (12.77) (12.82) (12.85) (12.89) (12.92) (12.98) 0.8857
13.26 13.29 13.38 13.43 1345 13.47 13.51 13.54
75 (13.24) (13.31) (13.38) (13.42) (13.45) (13.48) (13.50) (13.54) 0.9898
(13.07) (13.20) (13.35) (13.42) (13.47) (13.53) (13.58) (13.66) 0.8876
14.36 14.54 14.60 14.67 14.71 14.76 14.86 14.96
86 (14.39) (14.51) (14.64) (14.70) (14.75) (14.79) (14.83) (14.90) 0.9752
(14.08) (14.31) (14.57) (14.69) (14.79) (14.90) (14.99) (15.13) 0.8719

1. Calculated data obtained from second order regression equation
2. Calculated data obtained from overall regression equation

*p=0.01
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Table 4. A comparison of the moisture contents of cutted barley between the measured and calculated values
during storage at 20°C and various relative humidities -

RH Moisture contents (%, d.b.) Corre_la‘tlon
%) coefficient
24h 48h 96h 132h 168h 216h 264h 360h r*
7.60 7.04 6.42 6.23 6.25 5.80 5.78 5.41
12 (7.56)1 (7.11) (6.59) (6.33) (6.12) (5.89) (5.70) (5.39) 0.9926
(7.97)* (7.40) (6.71) (6.34) (6.04) (5.71) (5.42) (4.94) 0.9628
8.57 8.26 7.93 7.58 7.47 743 7.26 7.22
23 (8.59) (8.29) (7.93) (7.75) (7.61) (7.45) (7.32) (7.10) 0.9849
(8.85) (8.47) (8.01) (7.76) (7.56) (7.33) (7.14) (6.82) 0.9631
9.39 9.20 8.94 8.80 8.74 8.67 8.58 8.57
33 (9.37) (9.19) (8.97) (8.86) (8.77) (8.67) (8.59) (8.46) 0.9888
(9.54) (9.30) (9.02) (8.86) (8.74) (8.60) (8.48) (8.28) 0.9593
10.32 10.26 10.22 10.19 10.17 10.15 10.13 10.11
44 (10.31) (10.27) (10.22) (10.19) {16.17) (10.15) (10.13) (10.10) 0.9968
(10.35) (10.29) (10.23) (10.19) (10.16) (10.13) (10.10) (10.06) 0.9675
10.93 11.04 11.11 11.16 1119 11.24 11.28 11.32
57 (10.94) (10.98) (11.03) (11.05) (11.07) (11.09) (11.11) (11.13) 0.9957
(10.91) (11.00) (11.10) (11.16) (11.20} (11.25) {11.30) (11.37) 0.9896
1147 11.68 11.94 12.02 12.05 12.21 12.23 12.32
67 (11.47) (11.65) (11.86) (11.98) (12.07) (12.17) (12.25) (12.39) 0.9892
(11.41) (11.60) (11.84) (11.97) (12.08) (12.20) (12.30) (12.48) 0.9811
12.39 12.99 13.49 13.68 13.73 14.80 13.85 13.91
75 (12.48) (12.86) (13.30) (13.54) (13.73) (13.94) (14.11) (14.41) 0.9524
(12.33) (12.75) (13.26) (13.54) (13.76) (14.02) (14.23) (14.60) 0.9484
13.85 14.46 15.04 15.40 15.75 16.11 16.44 16.74
86 (13.80) (14.39) (15.09) {15.45) (15.75) 116.07) (16.35) (16.80) 0.9979
(13.57) (14.23) (15.02) (15.44) (15.79) (16.50) (17.05) 0.9921

{16.18)

1. Calculated data obtained from second order regression equation
2. Calculated data obtained from overall regression equation

* p=0.01

Table 5. A comparison of the moisture contents of pressed barley between the measured and calculated values
during storage at 20°C and various relative humidities

RH Moisture contents (%, d.b))
(%) e e e
24h 48h 96h 132h 168h 216h
9.52 8.64 7.99 786 77 Tl
12 (9.42) (8.85) 8.2 (7.89) (7.63) 1730
(9.96) (9.23) (8.36) (7.90) {7.53) 1712y
10.63 10.20 9.61 9.50 9.22 9.0
23 (10.63) (10.21) (9.72) (9.47 (9.28) (49.06})
(11.00) (10.46) (9.82) (9.48} (9.21) (8.90)
12.02 11.76 11.53 11.45 1118 11.16
33 (12.02) (11.79) (11.52) (11.38) (11.27) (11.16)
(12.22) (11.93) (11.57 {11.39) (11.24} (11.07)
13.00 12.88 12.73 12.70 12.68 12.61
44 (12.99) (12.89) (12.77) (12.71H (12.67) {12.61}
(13.07) {12.95) (12.80) 12.7)H (12.65) (12.5%)
14.01 14.03 14.05 14.06 14.08 14.04
57 (13.99) (14.02) (14.05; (14.06) (14.07) (14.04)
(13.95) (13.99 14.04) (14.06) 114 .08) 14 1ty
14.3Y4 14.45 14.49 14.53 11.57 1359
67 (14.38) (14.44) (14.51) (14.54) t14.56} i14.5
(14.30) {14.39) (14.49) (14.54) (14.58) {1461
14.96 15.05 15.18 15.21 15.34
75 (14.96) (15.06) (15.17) (15.23) {15.31)
(14.81) (14.96) (15.13) (15.22) (15.37)
15.80 16.15 1636 16.31 16.43
86 (15.90) (16.05}) (16.21) (16.29) (16.-42)
(15.60) (15.86) (16.14) (16.29) (16.401

(16.52)

1. Calculated data obtained from second order regression equation
2. Calculated data obtained from overall regression equation
-

p=0.01

Caorelation
coetficient

264h

11.07
(11.06}
(10.93)

1260
{12.57)
{12.51)

14.10
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14.60
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114.65)

15.36
(15.36)
(15.43)

16.45
(16.47)
{16.63)

10.90
£10.90)
(10 69)

12.53
(12.50)
(12.41)

14.10
(14.11)
(14.14)

14.66
(14.64)
147D

(16.79)

01,4841
0.9562

(.9903
0.9634

0,994
0.9683

4.9909
1.9631

0.9897
(1.9016

0.9882
0.9427

0.9952
(1.9336

9421
0.8831



Vol. 19, No. 4(1987)

log (dw/dtx103)

i

1.

d A

1.5 2.0
log T (hours)

0.5 [¢] 2.5

Fig. 3. The changes of desorption rate of pearled
barley during storage at various relative humidities
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Table 6. Factors and regression equations of sorption
at various relative humidities

RH(%) Factors Equation

12 0.6217

23 0.7491 log (dw/dt x 10%) = - 0.7993
33 0.8755 log t+2.3697

44 1.0000

57 0.9560

67 1.0000 log (dw/dt x 10%) = - 0.8499
75 1.0644 log t+2.7066

86 1.1705

for example: dw/dt x factor = Moisture contents
(%, d.b.)

Table 7. A comparison of experimental and calculated moisture contents by the front equation at various relative

humidities for pearled barley

RH Moisture Contents (%, d.b.) r
(%) 24h 48h 96h 132h 168h 264h 360h
12 8.20 75 6.90 661 6.34 6.14 586 0.9855
(7.09)" (7.05) (7.00) (6.98) (6.96) (6.92) (6.89)
93 9.27 8.86 8.23 8.13 7.95 7.72 7.70 0.9729
(8.54) (8.49) (8.43) (8.41) (8.38) (8.34) (8.30)
a3 10.22 10.01 9.73 9.57 9.42 9.27 9.21 0.9895
(9.98) (9.93) (9.86) (9.83) (9.80) (9.74) .70
4t 11.36 11.29 11.24 11.21 11.13 11.07 11.03 0.9869
(11.40) (11.34) (11.26) (11.22) (11.19) (11.13) (11.09)
57 12.26 12.27 12.28 12.34 12.34 12.34 12.35 0.9076
(12.11) (12.20) (12.30) (12.34) (12.38) (12.45) (12.51)
67 12.70 12.75 12.79 12.81 12.84 12.88 12.89 0.9940
(12.67) (12.75) (12.86) (12.90) (12.94) (13.02) (13.08)
25 13.26 13.29 13.38 ‘ 13.43 13.45 13.51 13.54 0.9934
(13.48) (13.58) (13.68) (13.74) (13.78) (13.86) (13.92)
86 14.36 14.54 14.60 14.67 14.71 14.86 14.96 0.9863
(14.83) (14.93) (15.05) (15.11) (15.15) (15.24) (15.31)

1. Calculated data from equation in Table 6.
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Table 8. A comparison of experimental and calculated moisture contents by the front equation at various relative
humidities for cutted barley

RH Moisture Contents (%, d.b.) .
(%) 24h 48h 96h 132h 168h 264h 360h
7. . 4 6.3: ;.25 5.7 5.41
. 60 7.04 6.42 3 6 8 0,992
(6.30): (6.26) (6.21) (6.19) 6.17) (6.13) (6.10)
. . . 5 747 7.26 7.22
’s 8.57 8.26 7.93 7.58 ‘ 0.9752
(7.59) (7.54) (7.48) (7.46) (7.43) (7.39) (7.35)
9. 2 . 3. 74 8.5 8.57
" 39 9.20 8.94 8.80 8 8 0.9819
(8.87) (8.82) (8.75) (8.72) (8.69) (8.63) (8.59)
10.32 10.26 10.22 10.19 10.17 1013 10.11
44 0.2 ! 0.9963
(10.13) (10.07) (9.99) (9.95) (9.92) (9.86) (9.82)
. ‘ . 16 19 4 11.32
. 10.93 11.04 111 11.16 11 11.28 996
(10.89) (10.98) (11.08) (11.12) (11.16) (11.23) (11.29)
47 . _ 202 2.05 2.2: 232
o 11.47 11.68 11.94 12.0 12.05 12.23 12.3 0,904
(11.40) (11.48) (11.59) (11.63) (11.67) (11.75) (11.81)
12.39 12.99 13. 13.6 13.73 13.85 13.91
75 3.49 368 ! 0.9474
(12.13) (12.23) (12.33) (12.38) (12.43) (12.51) (12.57)
. 46 5. 540 5.75 . ;74
13.85 14.46 15.04 15.40 15.75 16.44 16 0,966
(13.34) (13.44) (13.56) (13.62) (13.66) (13.75) (13.82)

1. Calculated data from equation in Table 6.

Table 9. A comparison of experimental and calculated moisture contents by the front equation at various relative
humidities for pressed barley

RH Moisture Contents (%, d.b.) .
(%) 24h 48h 96h 132h 168h 264h 360h
.52 .6 . 7. 7.75 7.22 3.82
12 9.5 8.64 7.99 7.86 7.75 7.2 6.8 0.9874
(8.22) (8.18) (8.13) (8.11) (8.09) (8.09) (8.02)
10.63 10.20 .61 9.50 9.7 . 8
23 9 5( 9.22 8.81 8.81 0.9881
(9.91) (9.86) (9.80) (9.78) (9.75) (9.71) (9.67)
12.02 11.76 5 45 . 07 L9(
33 7 11.53 11.45 11.18 11.07 10.90 0.9916
(11.58) (11.53) (11.46) (11.43) (11.40) (11.34) (11.30)
13.00 12.88 12.73 12.70 12.68 12.60 12.53
44 ) 0.9903
(13.22) (13.16) (13.08) (13.04) (13.01) (12.95) (12.91)
14.01 14.03 14.05 14.06 14.08 14.10 14.10
57 0.9879
(13.85) (13.94) (14.03) (14.08) (14.12) (14.19) (14.25)
14.39 14.45 4.49 14. 14.57 14.60 14.6
67 ! 53 6 0.9917
(14.49) (14.57) (14.68) (14.72) (14.76) (14.84) (14.90)
14.96 15.05 .18 15.2 . 15. 5.39
75 15 5.21 15.27 5.36 1 0.9968
(15.42) (15.52) (15.62) (15.67) (15.72) (15.80) (15.86)
15.80 16.15 16.30 16.31 R . 4
86 3 16.32 16.45 16.45 0.9275
(16.96) (17.06) (17.18) (17.24) (17.28) (17.37) (17.44)
1. Calculated data from the equation in Table 6
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