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where:
MR = (M - Mc:)/(Mo - Me),
M, Me' Mo = average, equilibrium, and initial moisture

contents (db), respectively,

(1)

(2)

(3)

MR = exp(-kt)

MR = exp(-ktn
)

of groats. Hulless cultivars of a crop can be more vulnerable to
mechanical damage and invasion by storage fungi and storage
insects than hulled cultivars. Oats are used for livestock and
human food purposes. Oats play a major role in maintaining
human health due to their water-soluble dietary-fibre content.
Oats seem to reduce blood cholesterol levels, risk of
gastrointestinal cancer, and post-meal blood glucose levels in
diabetics.

For hulless oats, no data on thin-layer drying characteristics
have been reported in the published literature. No information
is available on thin-layer drying of oats for the temperatures
and relative humidities experienced during the drying season in
Canada. The present study was undertaken to determine the
thin-layer drying characteristics of hulless oats by fitting three
drying equations (liquid diffusion, Lewis, and Page) to
experimental data at three initial moisture contents (11, 16, and
21 % dry basis) at several relative humidities (27, 37,48,61,68,
69, 75, 88, and 93%), and drying temperatures ranging from 15
to 36°C.

THIN LAYER DRYING EQUATIONS

Thin-layer moisture-transfer equations are used in simulation
models of drying grain in deep beds. A thin layer will dry if the
vapour pressure of the drying air is less than the vapour
pressure of the grain, otherwise it will rewet. Jayas et al. (1991 )
reviewed thin-layer drying and rewetting equations developed
for cereals and oilseeds and they concluded that further work is
needed for developing thin-layer equations of new crops. Pabis
et al. (1998) have comprehensively discussed the general and
particular grain drying theories and various equations that are
used to determine the thin-layer drying characteristics ofgrains.
Various equations have been used to describe thin-layer drying
of grains; three commonly used equations are liquid diffusion
(Eq. 1), Lewis (Eq. 2), and Page (Eq. 3):
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Hulasare, R., Jayas, D.S., White, N.D.G. and Muir, W.E. 1999. Thin
layer drying characteristics of hulless oats at near ambient
temperatures (Avena sativa L.). Can. Agric. Eng. 41:167-173. A
laboratory thin-layer drier was used to obtain the thin-layer drying and
rewetting data for 70% hulless oats (Avena sativa L., cv. 'AC
Belmont') using air at constant temperature and relative humidity
conditions. The data were collected for various combinations of initial
moisture content (II to 22% dry basis), temperature (I5 to 36°C),
relative humidity (27 to 93%), and air velocity (0.05 to 0.97 m1s).
Thin-layer drying and rewetting data were analyzed using liquid
diffusion, Lewis', and Page's equations. The thin-layer drying and
rewetting rates at constant relative humidities agreed well with Page's
equation. The effects of temperature, relative humidity, initial moisture
content, and air velocity were characterized by parameters k and n of
Page's equation. Temperature, relative humidity, and initial moisture
content had significant effects (p > 0.05) on k. Relative humidity and
initial moisture content had significant effects on parameter n. Air
velocity did not have a significant effect (p > 0.05) on drying or
rewetting. Due to their nonlinear distributions among the experimental
tests, k and n could not be correlated with temperature and relative
humidity for all the experimental tests.

Un sechoir en couches minces a ete utilise en laboratoire pour
obtenir des donnees de sechage et de re-hydratation pour de I'avoine
agrains nus (Avena sativa L., cv. 'AC Belmont') en utilisant de I'air
ades temperatures constantes et des conditions d'humidite relative
stables. Les donnees ont ete recueillies pour differentes combinaisons
de taux d'humidite initiale (II it 22%), de temperature (15 it 36°C),
d'humidite relative (27 a93%), et de vitesse du debit d' air (0.05 it 0.97
m1s). Les donnees de sechage et de re-hydratation ont ete analysees en
utilisant les equations de diffusion liquide de Lewis et Page. Les effets
de la temperature, de I'humidite relative, du taux d'humidite initiale
ainsi que la vitesse du debit d'air ont ete caracterises par les
parametres k et n dans I'equation de Page. La temperature,l'humidite
relative et Ie taux d'humidite initial ont eu un effet significatif (p >
0.05) sur Ie parametre k. Par contre, la vitesse du debit d'air n'a eu
aucun effet significatif (p < 0.05) sur Ie sechage et la re-hydratation.
A cause des distributions non lineaires durant les tests experimentaux,
les parametres k et n n'ont pu etre correles avec la temperature et
l'humidite relative pour tous les tests experimentaux.

INTRODUCTION

Oats rank sixth in the world cereal production following wheat,
maize, rice, barley, and sorghum (Hoffman 1995). Oats is the
fourth most important cereal crop in Canada. During the period
from 1986 to 1995, an average of 3.0 Mt of oats were produced
and stored annually in Canada (Canada Grains Council 1996).

For hulless oats, the hull usually becomes detached from the
groat during threshing and the harvested grain mainly consists
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Thennallnsulation D = diffusion coefficient of moisture within the
grain (m2/s),

R = equivalent radius of grain kernel (m),
k = drying constant (lIs);
t = time (s), and
n = drying constant.

Equations 2 and 3 have been accepted as standard equations
for describing thin-layer drying of grains (ASAE 1998). The
parameters of Eqs. 2 or 3 have also been related to independent
variables. Different researchers have used different
relationships for this purpose. Detailed lists of various
relationships along with the range of values for independent
variables used by different researchers are given in Sokhansanj
et al. (1987) and Jayas et al. (1991).

Fig. 1. Experimental equipment for thin-layer drying.

Table I. Standard error of moisture content (SEM) and mean
percent error (e) for liquid diffusion, Lewis', and Page's
equation.

Equation

Test Liquid diffusion Lewis Page

SEM e (%) SEM e (%) SEM Page

T2736Hl* 0.60 2.01 0.56 3.27 0.22 1.36
T2736Ml 0.41 1.75 0.43 2.66 0.08 0.51
T2736Ll 0.17 1.11 0.23 1.70 0.03 0.27
T3726HI 0.50 1.99 0.59 3.16 0.13 0.83

T3726Ml 0.49 2.56 0.33 2.15 0.13 0.77
T3726Ll 0.13 0.85 0.14 1.01 0.03 0.21
T4815Hl 1.02 5.11 0.80 4.05 0.24 1.30
T4815Ml 0.37 2.14 0.41 2.08 0.14 0.73
T4815Ll 0.10 0.65 0.02 0.11 0.02 0.10

T6136Hl 0.42 1.02 0.09 0.40 0.09 0.33

T6136Ml 0.14 0.46 0.08 0.42 0.05 0.21

T6136Ll 0.12 0.34 0.06 0.28 0.01 0.06

T6826Hl 0.30 0.67 0.14 0.57 0.12 0.43

T6826Ml 0.05 0.16 0.06 0.25 0.02 0.07

T6826Ll 0.21 0.80 0.06 0.31 0.04 0.15

T6915Hl 0.15 0.33 0.18 0.60 0.03 0.10

T6915Ml 0.16 0.79 0.02 0.09 0.02 0.07
T6915Ll 0.68 4.02 0.35 1.92 0.17 0.76

T7536Hl 0.21 0.58 0.12 0.50 0.08 0.31

T7536MI 0.06 0.14 0.05 0.16 0.01 0.05

T7536Ll 0.37 1.37 0.09 0.46 0.03 0.12

T8815HI 0.68 1.94 0.61 1.69 0.64 1.69

T8815Ml 0.91 3.44 0.48 1.43 0.49 1.46
T8815Ll 0.87 3.20 0.48 1.54 0.50 1.52

T9326Hl 0.47 0.88 0.18 0.42 0.07 0.15

T9326Ml 0.71 1.55 0.37 1.08 0.10 0.25

T9326Ll 1.65 7.13 0.50 1.67 0.13 0.40

*The meaning of characters in the code are: T =test; next two digits
represent relative humidity in %; next two digits represent temperature in
DC; next character refers to high (H, 21-22% db), medium (M, 16-17% db),
and low (L, 11-12% db) moisture contents; and the last digit refers to the
replicate number (i.e. T2736H1means the first replicate ofa test conducted
at 27% RH, 36°C, and high initial moisture content ).
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MATERIALS and METHODS

Thin-layer drying equipment

A schematic diagram of the vertical type of thin-layer
drying equipment used in this study and fabricated by
Sinicio (1994) is shown in Fig. I. The dryer consists of
a chamber with nine separated-tray-sections ventilated
with air at the same temperature and relative humidity
in each section. The chamber was connected to an air
conditioning unit [Climate-Lab-AA (C-L-AA),
Parameter Generation and Control Inc., Black
Mountain, NC] which provided constant air
temperature, relative humidity, and airflow. A return-air
duct recirculated the exhaust air to the C-L-AA unit.
The chamber and transitions were thennally insulated
with extruded polystyrene (50.8 mm thick). All joints
were sealed to prevent leakage. The ducts were
insulated with fibre-glass (76.2 mm thick).

The air velocities were controlled by the valves
located in each tray section. The air velocities were
measured between the air valves and the trays at nine
points for each tray section using a hot-wire
anemometer (Model TA400, Airflow Developments
Ltd, Mississauga, ON) with a precision of ± 0.01 mls.
For each test, the air velocity was measured twice, at
the beginning and after the equilibrium was reached.

The average air temperature for each tray section
was sensed by nine type-T thennocouples arranged in
parallel. The thennocouples were installed 25 mm
below the grain trays. The air temperatures were read
with a precision of ±O.1 °C by a digital thennometer
(Model Pronto Plus, Thenno-Electric Instruments,
Saddle Brook, NJ) connected to a manual switch box.
Dew point temperature was measured at the air inlet
section using a dew-point humidity sensor (Model
Hygro-M 1, General Eastern Instruments Inc.,
Watertown, MA) with a precision of ±O.I°C. An
aquarium type air pump forced the air from five
collection points in the air inlet section over the dew
point sensor. The sample holders or trays were made of
square, extruded-aluminum frames with aluminum
screens (212 x 212 mm) to hold the grains. The
aluminum screens were held in place by compressing
them with plastic splinters. The mass of the grain and
tray was measured using an electronic balance (Model
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EXPERIMENTAL DESIGN

at the time of recording mass of trays and grain.
The time to reach equilibrium ranged from 3 to 8
d depending on the air conditions.

Sample conditioning and moisture
measurement
The hulless oats, Avena sativa L. cv. 'AC
Belmont' used in the experiments were purchased
from a grain company, United Grain Growers,
and transported from Saskatoon to Winnipeg.
The oats were at an initial moisture content of
11.6% db. The seeds were stored at -15°C until
used. The samples were conditioned to moisture
contents of II (11-12), 16 (16-17), and 21 (21
22) % db for thin layer drying and rewetting
tests. The seeds were remoistened by adding
calculated quantities of distilled water to obtain
higher moisture content samples. The rewetted
samples were kept in a sealed container and
tumbled gently but constantly for 1h after adding
the distilled water, to ensure uniform and
complete mixing. The samples were kept for 24
h at ambient temperature, with occasional
tumbling to get uniform distribution of moisture,
before being used for tests. The initial and
equilibrium moisture contents were determined
according to the procedure outlined for oats, in
the ASAE standard S352.2 (ASAE 1996a) by
drying triplicate sub-samples in a convection air
oven at 130°C for 22 h.

160

160

•

Drying characteristics of oats were determined at three
temperatures 15, 26, and 36°C; at nine relative humidities 27,
37,48,61,68,69,75,88, and 93%; and at three initial moisture
contents II (11-12), 16 (16-17), and 21(21-22) % db. Three
grain samples with initial moisture contents of 11, 16, and 21 %
db in triplicate, spread on trays, were placed in the drying
chamber. Thus, nine tests at each relative humidity were done.
The air velocity was not incorporated in the experimental
design but was measured for each test and thus was considered
in the analyses of data.

The temperatures and relative humidities were selected to
represent normally occurring conditions during the drying

Determination of equivalent radius
The 'AC Belmont' oat samples in triplicate at
three initial moisture contents (11, 16, and 21 %
db) were used for the determination of radius of
a sphere equivalent in volume of a single oat
kernel. Eight hundred oat kernels were placed in
the sample holder of a pycnometer (Model 930,
Beckman Instruments Inc., Fullerton, CA) and
standard operating procedure was followed to
determine the volume of the 800 kernels.
Average volume of one kernel and equivalent
radius were calculated for each of the nine

samples. The mean of all the nine radii was taken. The mean
equivalent radius was used in Eq. I to evaluate fitness of the
equation in describing the thin layer drying and rewetting data
of 'AC Belmont' oats.
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Mettler PE1600, Mettler Instruments Corporation, Greifensee,
Zurich, Switzerland) with a precision of ±D.O I g.

Drying run
The air conditioning unit (C-L-AA) was started one day prior
to data collection to ensure stable air conditions for the tests.
The empty trays were weighed and 100 g of hulless oats,
sufficient to form a one-kernel-thick layer, were uniformly
spread over the aluminum screen of each tray. The mass of
trays with grains was recorded every 30 min, for the first 6 h,
and every 8 to 12 h thereafter until the mass was within ±D.O I
g between two successive readings. The moisture content at this
point was presumed to be the equilibrium moisture content
(EMC). The initial readings were recorded at shorter intervals
because ofan expected exponential behaviour in loss or gain of
moisture by the grains. The air and water temperatures in the C
L-AA unit, ambient temperature, dew point temperature, and
average air temperature for each tray section were also recorded

Fig. 2. Residual plot obtained with Liquid diffusion (2a), Lewis (2b),
and Page (2c) equations for a typical rewetting test at 48% RH,
15°C, and 12.2% db initial moisture content.
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Table D. The parameters k and n of Page's equation (Eq. 3) for thin-layer drying seasons in Western Canada
and rewetting of 'AC Belmont hulless oats. (Environment Canada 1996). The

three moisture levels were selected
Test No. Data set k n Test No. Data set k n to represent dry, tough, and damp

I T2736HI* 0.5331 0.5529 6 T6915HI 0.6987 0.4909
conditions of oats and were defined
as low, medium, and high levels.

I T2736H2 0.4681 0.6043 6 T6915H2 0.4189 0.6372 The moisture content ofoats during
I T2736H3 0.6017 0.5129 6 T6915H3 0.5333 0.5870 harvest is usually in the range of 13

I T2736MI 0.4662 0.5282 6 T6915MI 0.0301 1.0896 - 15% db (Kawamoto et aI. 1991).

I T2736M2 0.4046 0.5612 6 T6915M2 0.0051 1.5713 Analysis of thin-layer drying and
I T2736M3 0.5004 0.5019 6 T6915M3 0.0815 0.8561 rewetting data

I T2736LI 0.2407 0.5979 6 T6915LI 0.1069 0.7142 The liquid diffusion (Eq. I), Lewis'

I T2736L2 0.2876 0.5647 6 T6915L2 0.1233 0.6969 (Eq. 2), and Page's (Eq. 3)

I T2736L3 0.3065 0.5390 6 T6915L3 0.1275 0.6986
equations were fitted to each of the
experimental data sets (42 for

2 T3725HI 0.5077 0.5081 7 T7536HI 0.5291 0.7813 drying and 39 for rewetting) using
2 T3725H2 0.4444 0.5516 7 T7536H2 0.2684 1.0171 linear and non-linear regression

2 T3725H3 0.5476 0.4766 7 T7536H3 0.7448 0.5842 (SigmaPlot 3.02, Jandel Scientific,

2 T3725MI 0.3588 0.5450 7 T7536MI 0.7579 0.7011
San Rafael, CA). The liquid
diffusion equation (Eq. I) was

2 T3725M2 0.4238 0.5017 7 T7536M2 1.2027 0.4362 evaluated using one, two, and three
2 T3725M3 0.4438 0.4865 7 T7536M3 0.6306 0.7560 terms of the infinite series. The

2 T3725LI 0.488 0.3783 7 T7536LI 0.3079 0.8843 parameters of Lewis' (k), and

2 T3725L2 0.3536 0.4316 7 T7536L2 0.4095 0.8823
Page's (k and n) equations were

2 T3725L3 0.4215 0.3949 7 T7536L3 0.4204 0.8999
determined from the experimental
data. The values ofparameters were

3 T4815HI 0.3419 0.4730 8 T8815Hl 0.2106 0.9974 back-substituted in Eqs. 2 and 3 to

3 T4815H2 0.3150 0.5465 8 T8815H2 0.1515 1.0713 predict the moisture contents at

3 T4815H3 0.4024 0.4715 8 T8815H3 0.2799 0.9565 time t. The observed and the

3 T4815MI 0.2509 0.5271 8 T8815MI 0.0983 1.1011
predicted moisture contents were
compared and statistically analyzed

3 T4815M2 0.2479 0.5654 8 T8815M2 0.1786 0.9950 for evaluating the best fit equation.
3 T4815M3 0.2900 0.4971 8 T8815M3 0.2126 0.9457 The best fit of the equations was
3 T4815LI 0.0336 0.9164 8 T8815LI 0.1429 0.9890 evaluated on the basis of standard

3 T4815L2 0.0562 0.8516 8 T8815L2 0.0909 1.0347 error of moisture content (SEM),

3 T4815L3 0.0425 0.8938 8 T8815L3 0.1762 0.9364
average relative percent error (e),
and randomness of residuals. The

4 T6136Hl 0.4049 0.9218 9 T9325HI 0.2397 0.8459 best fit equation was then used to
4 T6136H2 0.3962 0.9333 9 T9325H2 0.0856 0.9546 correlate the effects of temperature,

4 T6136H3 0.6338 0.7197 9 T9325H3 0.2805 0.8184 relative humidity (RH), initial

4 T6136MI 0.5322 0.6945 9 T9325MI 0.2525 0.7825 moisture content (IMC), and air

4 T6136M2 0.1747 1.3702 9 T9325M2 0.1494 0.7904
velocity over the entire range of
thin-layer drying and rewetting

4 T6136M3 0.5969 0.7005 9 T9325M3 0.3082 0.7386 data.
4 T6136LI 0.4064 0.7366 9 T9325LI 0.1425 0.8239

4 T6136L2 0.4114 0.7502 9 T9325L2 0.2226 0.8585 RESULTS and DISCUSSION

4 T6136L3 0.3979 0.7387 9 T9325L3 0.2552 0.8640 Comparison among liquid

5 T6825HI 0.307 0.8540 *Refer to Table I for explanation of the diffusion, Lewis' and Page's

5 T6825H2 0.6061 0.5397 codes. equations

5 T6825H3 0.7270 0.4848 The SEM and e values for the first
replicates of various tests, as an

5 T6825Ml 0.7195 0.4661 example are given in Table I. The
5 T6825M2 0.2602 0.9515 mean relative percent errors ranged

5 T6825M3 0.6394 0.4380 from 0.14 to 7.13%, 0.07 to 4.05%,

5 T6825LI 0.1893 0.8566 and 0.04 to 1.69% for liquid

T6825L2 0.2069 0.7946
diffusion, Lewis, and Page

5 equations, respectively. The SEM
5 T6825L3 0.1913 0.8750 values ranged from 0.05 to 1.7,

0.0 I to 0.80, and 0.0] to 0.64 for
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Fig. 3. Effects of temperature on drying (3a), RH on rewetting (3b), and initial moisture content on drying (3c) of
hulless oats; and comparison of EMC with other cereals (3d).

liquid diffusion, Lewis, and Page equations, respectively. The
values of e and SEM were the lowest for Page's equation and
therefore it described the data better than the liquid diffusion or
Lewis equation. The plot of residuals versus time for the liquid
diffusion equation was predominantly patterned compared to
Page's and Lewis' equations (Figs. 2a, 2b, and 2c). The
correlation analysis for residual plots revealed r values of0.95,
0.47. and 0.36 for liquid diffusion, Page's, and Lewis'
equations. respectively. The high r value for an equation
indicates a strong trend between residuals and time. Therefore,
based on SEM, e, and r values, it can be concluded that Page's
equation is the best model among the models tested to describe
the thin layer drying or rewetting rates of hulless oats. For
further analyses of the data, only Page's equation was used.

Drying and wetting parameters of Page's equation
The values of parameters k and n for Eq. 3 are given in Table
II. Using these values, moisture contents were predicted and
compared against the measured data. Page's equation described
the experimental drying and rewetting rate for all individual
experimental tests at constant relative humidities except for the
rewetting rate at 88% RH. The rewetting rate was described
successfully by Lewis' equation for this test. At 88% RH, the
grain probably underwent alternate rewetting (moisture
condensed on surface and sorbed by grain) and then dried, and
growth of mould may also have caused this behaviour. All the

samples in triplicate behaved similarly. This behaviour,
however, was not observed for any test at 93% RH. The mould
growth was observed on kernels for two RH conditions at 88%
(l5°C) and 93% (25°C). Mould growth was probably due to
Penicillium spp. at 15°C and Aspergillus spp. at 25°C (Sauer et
al. 1992).

The procedure GLM ofSAS (1995) was used to analyze the
effects of temperature, RH, IMC, and velocity on the
parameters k and n of Page's equation. In the GLM model, k
and n were dependent variables as a function of temperature,
relative humidity, IMC, and air velocity. Using ANOVA (SAS
1995), the significance of these variables was analyzed (p >
0.05).

Effect of temperature and relative humidity on k and n
Both temperature and RH had significant effects on k (p > 0.05)
with the r value of 0.83. Temperature and relative humidity
also had significant effect on the value of k and n (p > 0.05)
with a p value of 0.0001. This indicated that the parameters k
and n varied significantly with temperature and RH. This can
also be seen from Table II, wherein k and n vary for all nine
experimental tests.

The procedure REG (regression) with selection MAXR (for
improvement of r), of SAS (1995), was used to analyze the
effect of temperature, RH, IMC, and velocity on k and n. The
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procedure REG ofSAS (1995) indicated that for k, temperature
was highly significant (p > 0.05). The effect of temperature was
more significant than IMC. The value ofr for the k model was
0.53 indicating poor correlation between the variables for the
entire data set. For the n model, RH had a significant effect (p
>0.05). The value ofr for the n model was also 0.53 indicating
poor correlation between the variables for the entire data set.

The effect oftemperature on drying rate is illustrated in Fig.
3a for 15.5°C and 25.8°C. Figure 3a, indicates that drying is
faster at higher temperatures and a similar trend was observed
for rewetting. The effect of RH on rewetting is illustrated in
Fig. 3b at 15°C for 48,69, and 88% RH.

Effect of initial moisture content and air velocity on k and n
The effect of IMC and air velocity was analyzed using
procedure GLM ofSAS (1995) on k and n. The procedure REG
was also used to fit all the variables for the entire data set.

The IMC had a significant effect (p > 0.05) on k and n. The
opinions of previous researchers on the effect of IMC on
moisture transfer rates are divided. The velocity did not have
any significant effect on k and n, Le. there was no significant
effect on drying or rewetting rates. Studies done by Simmonds
et al. (1953), Chittenden and Hustrulid (1966), and Misra
(1980) suggest that air velocity may not have a significant
effect on moisture transfer rate of cereals and oilseeds if it is
above a critical value of 0.16 mls. In this study, the minimum
and maximum air velocities were 0.05 and 0.97 mis, respec
tively. The insignificant effect (p > 0.05) of air velocity prob
ably was because velocity varied among experimental tests.

Procedure REG ofSAS (1995) was used to develop models
of both k and n taking temperature, RH, IMC, and air velocity
as independent variables. The value of r for both the k and n
model was 0.53 indicating poor correlation between the
variables for the entire data set.

The effect of IMC on drying rate is illustrated in Fig. 3c at
27% RH for IMC values of 12.0, 16.5, and 21.5% db. Drying
rate was higher for higher moisture content samples compared
with samples with lower moisture content and a similar trend
was observed for rewetting.

Parameter n as a product-dependent constant
The thin-layer drying and rewetting data were also analyzed
assuming parameter n as a product-dependent constant. The
assumption makes it possible to compare the effects of
temperature and RH on drying or rewetting rates by direct
comparison of k. The parameter n was averaged for
experimental tests at 27, 37, 48, 61, 68, 69, 75, 88, and 93%
RH. Nonlinear regression (SigmaPlot 3.02, Jandel Scientific,
San Rafael, CA) was performed to fit the model for k as
dependent variable and temperature and RH as independent
variables. The model did not fit satisfactorily with a r value of
0.45 indicating a poor correlation between parameter k,
temperature, and RH. Another model was attempted using
mean values of n for all nine experimental tests with the
corresponding modified values ofk. This model also did not fit
well, with an r value of 0.42 indicating a poor correlation
between parameter k, temperature, and RH. Other researchers
(Jayas et al. 1991) have reported equations for k as a function
of temperature and RH. The reason for such a poor correlation
of k with temperature and RH cannot be explained.
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Comparison of thin-layer characteristics with other cereals
The moisture contents predicted by Page's equation (Eq. 3) for
hulless oats at 36.2 °C and 27% RH were compared with wheat
and barley for an initial moisture content of 21 %, db. The
values of parameters k and n for wheat and barley were taken
from a study done by Sokhansanj et al. (1984). The EMCs for
wheat and barley at 36.2°C and 27% RH were obtained using
the values of parameters of the Modified-Henderson equation
from ASAE Standard 0245.5 (ASAE 1996b). These EMC
values were used in Page's equation to obtain predicted
moisture contents at various time intervals. The predicted
moisture contents of hulless oats, wheat, and barley were
compared and are illustrated in Fig. 3d. It is observed that
hulless oats dry faster than both wheat and barley. For example,
to dry from 21 % db to 16% db, it takes I h for hulless oats
whereas it takes 16 h for wheat, and 17 h for barley. Several
factors such as oil content, cultivar, grain or oilseed type, kernel
dimensions, density, and crop year (Neuber 1981) may
contribute towards the higher drying rate ofoats compared with
wheat and barley.

CONCLUSIONS

Based on the results of this study the following conclusions can
be drawn:

1. The liquid diffusion equation does not satisfactorily
describe the drying and rewetting data of hulless oats.

2. Drying and rewetting rates of hulless oats' at constant
relative humidity conditions agreed well with Page's
equation except for rewetting at 88% relative humidity.
Lewis' equation described the rewetting rate at 88% relative
humidity.

3. A relationship ofparameter k with temperature and relative
humidity for the entire range of data could not be
established although there was a significant effect of
temperature and relative humidity on k.

4. Initial moisture content significantly affected drying and
rewetting rates of hulless oats.
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