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The viability of fababean seed heated in sealed containers decreased as moisture content (14.7 - 19.4%), temperature (40 -
70°C) and exposure time (0.5 - 96 h) were increased. To decrease viability by 10% at 70°C, fababeans with 19.4 and 14.7%
moisture content required an exposure time of 0.5 and 1h, respectively. At 40° C fababeans at 19.4% moisture content required 72
h while those with 14.7% moisture required more than 96 h exposure time. An equation to estimate the exposure time required to
reduce viability to 50% was fitted to the data.

INTRODUCTION

Fababeans (Vicia faba L. var. minor)
may become an important crop in Western
Canada because they can be used in the place
of soybeans as a protein source in animal
feeds (Canadian Department of Agriculture
1975). If they are grown extensively it may
occasionally become necessary to harvest
them in a damp or tough condition during
unfavorable harvesting weather. One
possible method of preventing spoilage in
storage is to dry tough or damp fababeans in
a high-temperature dryer. To operate a
dryer effectively, the maximum tempera
tures to which the beans can be safely
exposed must be known.

Marquardt et al. (1976) showed that
autoclaving for at least 20 min at 121°C was
required to improve the utilization of
fababeans by animals for feed; autoclaving
for only 15 min at 121°C denatured the
water-soluble proteins in fababeans but did
not improve them for animal feed. Therefore
any changes caused by exposing fababeans
to heat are probably better detected at lower
temperatures by seed viability tests than by
feeding tests.

The object of our tests was to determine
the effect on fababean seed quality (as
indicated by seed viability) of exposing
fababeans at three moisture contents (14.7 -
19.4% wet basis) to heat treatments at six
temperatures (40 - 70°C) for time periods of
0.5 - 96 h.

MATERIALS AND METHODS

A 3-kg sample of fababeans (cv.
Ackerperle) harvested in the fall of 1975 was
used in the experiment. The sample was
divided into three 1-kg lots. Measured
quantities of water were added to two lots to
increase their moisture contents. Each lot

was equilibrated for 9 days in a refrigerator
at 2°C and the moisture content was

measured by drying four subsamples of
approximately 15 g each for 72 h in an oven
at 103°C (American Society of Agricultural
Engineers 1976). The moisture contents of
the three lots were 14.710.1, 16.5 ±0.3 and
19.4 ± 0.3% (wet basis).

During heat treatment the fababeans
were placed in moisture dishes with tightly
fitting covers to prevent moisture loss. The
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Figure 1. Effectof heat treatment on the viability of fababeans at 19.4% moisture content (wetbasis).

dishes, each containing 30 beans, were
heated in a gravity-convection oven (Thelco
Model 17) for predetermined lengths of time
varying from 0.5 to 96 h. Six oven
temperatures were used (40, 50, 55, 60, 65
and 70°C) which covered the range of
temperatures expected in grain dryers used
to dry fababeans. Todetermine theeffect of
reducing moisture content and evaporative
cooling during heat treatment, separate tests
were run at 60°C with the covers off the

moisture dishes allowing the beans to dry.
A mercury thermometer was used to

measure the temperature of the air inside the
oven. The temperature of the air
surrounding the fababeans was measured by
sealing copper-constantan thermocouples
into one dish of fababeans of each moisture
content. Thermocouple temperatures were
indicated by a manual balancing
potentiometer (Honeywell Model No.
2736).

One dish of beans for each moisture
content was removed from the oven at each

predetermined time interval. Twenty-five
beans from each dish were immediately
placed on moist filter paper in five petri
dishes (five beans per dish). Each petri dish

contained two 9-cm diameter no. 3
Whatman filter papers moistened with 8 ml
of sterile distilled water (Sholberg 1975).
The seeds were incubated for 7 days at room
temperature (20 - 25° C) before counting the
viable seeds. Beans were considered viable if
they produced a primary shoot at least 1 cm
long and the growth was normal.

RESULTS

The temperatures measured inside the
dishes increased exponentially with time
when placed inside the preheated oven. The
mean time constant (the time for the
temperature to change 63.2% of its total
change) (Beckwith and Buck 1961) was 23
min ± 5 min for all the sealed-container
tests. The time constant for the temperature
rise in open dishes at 60°C was 28 min± 3
min.

The effect of temperature and duration of
heat treatment on the viability of fababeans
in sealed containers (Fig. 1) followed a
pattern similar to that reported for wheat
(Watson 1970) and rapeseed (McKnightand
Moysey 1973).

The length of time that fababeans can be
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TABLE I. EXPOSURE TIME (h) FOR
VIABILITY OF FABABEANS IN

SEALED CONTAINERS TO

DECREASE 10%

Temperature Moisture content (%)
<°Q 14.7 16.5 19.4

40 96f 72 72

50 72f 72f 48
55 6.0 5.0 3.0

60 3.7 2.4 2.2

60* 4.2 3.0 3.0

65 3.2 1.0 1.0

70 1.0 0.5 0.5

t Viability was above 90% when the test was
terminated.

t In this one test only, the containers were open
allowing the moisture content to decrease
during heating.

exposed to high temperatures without an
appreciable loss in viability decreases with
increasing temperature and moisture
content (Table I). Roberts (1972) expressed
this mathematically by the equation:

log P5o ••~KV - Cxm- C2t

where

Pso = the time taken for 50% of the seed

to lose viability, h

m = moisture content, percent

t = temperature, °C
Kv> Q
and C>> = constants.

The constants calculated using the
experimental data for fababeans were Kv =
5.4, C, = 0.080 and C2 =0.056. With these
constants in the above equation, a crude
estimate can be made of the exposure time
for 50% of the fababeans to lose their
viability.
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One test was conducted at 60°C to

compare the effect on viability of heating
fababeans in open and sealed containers.
The beans in open containers maintained
their viability longer than those in the closed
containers (Table I). This effect was
probably due to evaporative cooling and
decreasing moisture content because the
beans in open containers lost approximately
seven times more water than those in

containers with covers.

DISCUSSION

The temperature inside the dishes of
fababeans rose exponentially with time to
the preset oven temperature. A more
accurate indication of the effective exposure
time could be obtained by subtracting from
the times given in Table I and Fig. 1the time
constant or some multiple of the time
constant (e.g. in two time constants 86.5% of
the temperature change has occurred and in
three time constants 95.0% of the change has
occurred). But whatever exposure time is
used, it must be recognized that under most
test and practical applications there is an
initial transient period when the seeds are
exposed to an increasing temperature.

The seed temperatures and exposure
times presented here can be used as a guide
in drying fababeans with little or no damage
to the seed. In most dryers the temperature
of the drying air can be set higher than the
limiting seed temperature and higher
temperatures can be used where viability of
the seed is not an important factor. The
viability of fababeans which were allowed to
dry in the oven (open dishes at 60°C in Table
I and Fig. 1) remained high longer than that
of the beans in the sealed dishes. But in a

heated air dryer with air forced through the
beans, the rate of drying would be greater
and damage due to the rapid movement of
moisture through the beans could occur.

Further experiments are required to
determine the relations among seed damage,
rate of drying, and seed temperature.
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