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ABSTRACT

Aflatoxin is one of the major problems on quality control of shelled comn after
harvesting. To avoid atflatoxin produced by fungi, com has to be dried properly. This
paper descrives 2 feasibility study of in-store com drying under hot and humid climatic
corditions. Experimental results indicated that in-store com drying was tachnicaily
feasible.  The concentration of aflatoxin could be well controlled. Enerzy
consumption index was relatively positive, especially with the strategy of ventilation
only during the day iime. To achieve this, initial moisture content of com should be
limited to not more than 16% wet-basis, initial concentration of aflatoxin as low as
possible, and air flowrate around 2.0-2.5 m3/min-m3 of corn. The corresponding
drying time was approximately 10 days.

[ntroduction

Cormn is one of the most imporant exported agricultural products of Thailand.
Aflatoxin, preduced by fungi named Ascergillus Flavas and Asperetllus Paraciticus | is
one of the major problems on com quality for expertation. This toxin is dangerous to
human and animais.

_Factors causing aflatoxin production are type of fungi, type of products, and
enviromment t.e. air temperature, relative numidity, and drying time. Among these
factors, environment is the most important. The appreprate environment for aflatoxin
production is at the temperature about 25-35 OC and relative hurudity of more than
85%. In such case, fungi can produce the toxin in 2448 hours. In order to solve this
problem, the growth of fungi has to be decreased by controlling air relative humidicy 1o
65% or less. This value of humidity is correspondent to corn moisture content of 10-
15% wet basis.

Nommally, corn moisture contant after harvesting is 3bout 18-30% wet basis
which is 100 high and has to be reduced to pravent the growth of fungi and aflatoxin
producticn. Usually, direct sun drying is applied by farmers to reduce moisture. Since
this method neads a large area and takes a long drying time, com is easily deteriorated
by the growth of fungi and aflatoxin contamination. To a.v01d this problem, use of a
com dryer which spends less drying time is suggested.

Paper presented at the [6th ASEAN Seminar on Grain Postharvest Technology,
24-26 August 1993, Phuket, Thailand.



In-store drying is the technique of drying grain in a storage bin. In this
method, there is no grain movement when drying and storage. Moisture gradient
between each grain layer in bin must be as low as possible and moisture content in
each layer should be low enough for safety storage. Drying temperature is usually low,
i.e. close or equal to ambient temperature, and is heated only by fan. The higher
drying temperature is used, the more corn weight for selling is lost. This is because of
over drying at the bottom layer. As air pressure may drop when the air is passing
through a high storage bin, it is necessary to use a low air flowrate.

Many research works on in-store drying of grain were conducted in temperate
countries. In Thailand, in-store and batch drying of paddy and batch drying of com
have been studied.

Morey et. al. (1978) studied energy consumption of grain drying. Corn was
dried in six dryers of same diameter of 5.5 m, height of 4.5 m and capacity of 106 m3.
Initial and final moisture content were about 28% and 15% wet basis respectively. It
was found that the least energy consumpnon was obtained when cormn was dried at the
temperature of 1200C and the air flowrate of 120 m3/min-m3of comn and further dried
at the temperature of 1-5 9C above the'ambient temperature and at the air flowrate of
1.7 m3/min-m3 of corn. _

Bridges et al. (1980) developed a mathematical model to calculate the least
cost drying conditions by studying the effects of the factors such as dryer capacity,
initial moisture content, final moisture content, as well as size, number and type of fan.
It was found from the simulation model that a dryer with diameter of 10 meters and
capacity of 76.7 tons was appropriate to reduce com moisture content from 23% wet
basis to 15.5% wet basis at the drying temperature of 60 OC because of the least
drying cost of approximately USS 4.68 per ton. Increase of initial moisture content
and/or decrease of final moisture content made the least drying cost per ton higher.
Increase of the drying temperature decreased the drying cost per ton. Different fan
sizes and fan combinations did not affect the least drying cost per ton but affected
dryer capacity significantly. Using a big fan with high horse power or multiple fan
could dry more amount of com than using only one small fan. The least cost point of
drying with centrifugal fan was higher than drying with axial fan while the capacity of
dryer wds less. The axial fan was appropriate for the dryer with large capacity and low
height of com.

Muhbauer and Kupping (1981) studied the energy consumption for drying with
high temperature and with combination of high and low temperatures. The experiment
was done by drying com in a dryer with a diameter of 10 meters and a height of 5
meters. The height of com in the dryer was 4 meters and its weight was approximately
8500 kg. The initial moisture content of corn was about 30-40% wet basis while the
final moisture content was about 14% wet basis. The air flowrate during the
experiment was about 20 m3/min-m3of comn. It was found that drying corn with high
temperature at the beginning, followed by low temperature, consumed less energy than
drying corn with high or low temperature only but used up almost the equal amount of
energy to drying with relative humidity control strategy. '

Kalchick et al. (1981) reported the result from a 3-year experiment on com
drying at a farm in Michigan State in the north of USA. It “was found that in-store
drying with ambient temperature and low air flowrate consumed energy about 3.2
MI/kg (evaporated water), and batch drying with heated air used more energy, about
6.6 MJ/kg (evaporated water).



Brookar and Duggal (1982) used low tamperature and low airtlow com dring
model of Thompson (1971) to simulate corn storage affected by initial moisturs
content and tnitial temperature. The safe storage time was defined such that the drv
matier loss was not more than 0.5%. Na ventilation while storage and ventilation with
an air flowrate of 0.111 m3/min-ton by using ambient air condition of Misuri State
from 1957-1961 were investigated. It was found that initial moisture content affected
the safe storage time significantly, especially in the case of no ventilation. It was also
found that the safe storage time was about 130 days for an initial corn moisturz
content of 16 % wet basis and a storage temperature of 15.6 ©C. The time decreased
to 25 days only for an initial moisture caatent of 18% wet basis. In case of ventilation,
the safe storage time was 60 days for an initial moisture content of 20 % wet basis and
an air flowrate of 0.111 m3/min-ton. If the air flowrate increased to 0.223 m3/min-
ton, the safe storage time would increase to 120 days. Initial temperature aifected the
safe storage time only in the case of ro ventilation. Decreasing initial temperature
from 21.1 ©C to 15.6 OC would increase the safe storage time from 55 days to 180
days. C

Shove (1934) studied the energy consumption of comn drying with unheated
air. Corn with an initial moisture content of 22% wet basis was dried to 15% wet
basis. It was found that unheated air drying of shelled corn with air flowrate 2 - 4.5
m3/min-m3of corm was accomplished with an everage energy of about 6.0 kWh-per
metric ton per percentage point of moisture removed, compared to an everage of
about 12.0 kW-h/t-per percentage when using electric heater and air Sowrates of 078 -~
2.2 m3/min-m3of com. Experimental results showed that increasing air flowrate was
more efficient than increasing drying temperature, in terms of energy saving.

Krongsup and Soponronnarit (1990) investigated appropriate strategies of
batch corn drying by conducting experiment and simulation employing a mathematical
model. A dryer with a diameter of 0.75 meter and a height of 2.75 meters was used in
the experiment. The thickness of comn bed was 0.4 meter. The experiment was carried
out with continuous ventilation and intermittent ventilation. Initial corn moisture
content was about 15 - 26% wet basis. Air flowrate was about 5.5 - 45 m3/min-m3of
corn and drying temperature was 45 - 50 ©C. It was concluded that the appropriate
strategy of batch com drying depended on user's need. Low temperature and low air
flowrate technique was suitable for saving energy. But for high drying capacity, high
temperature and high air flowtate technique was more suitable. Contiruous ventilation
should be used in both techniques to prevent the rise of aflatoxin.

Lynch and Morey (1989) also used low temperature, low airflow com drying
model of Thompson (1972) to examine differeat fan control strategies for finishing
ambient air com drying in the spang. [t was found out from the simulation that
intermittent fan operation could result in more optimum final moisture conteats and
slightly reduced energy requirement but at the expense of increased com deterioration
and an extendad finishing date. Rewetting control strategies which sougt to rewet the
bottom layers of corn after safe moisture contents had been reached and resulted in a
more uniform moisture profile through the bin but at the expense of extra fan fun time.

In addition to the results of above-mentioned research works, there are other
suggestions on in-store drying of com in temperate region. US Department of
Agriculture (1968) suggested that, at the ambient temperature below 10 °C and com
moisture content below 30% wet basis, it was advantageous to use low drying
temperature as shown in Figure 1. Midwest Plan Service (1980) also suggested the
minimum air flowrate for com drying temperature of below 10 ©C as shown in
Table 1.



It can be concluded from the research work's above that in-store drying was
appropriate to use in temperate countries because the cold weather in this region could
* prohibit the growth of fungi and aflatoxin producing ability. But in the tropical
country such as Thailand, fungi grows very well and aflatoxin problem will be found in
case of long drying period. Thus the possible tendency of in-store corn drying in
tropical region is to use higher air flowrate and drying temperature than in temperate
region so that the drying time is shorter. The initial moisture content of corn should
not be too high.

The objective of this research is to investigate the feasibility of in-store drying
technique for corn drying in tropical region, such as Bangkok. Quality of corn, energy
consumption and drying time will be regarded as criteria for this study.

Materials and Methods
Instruments and Measurement

1. The experimental dryer had a diameter of 0.75 meter, a height of 2.75
meters and a capacity of about 600 kg at the height of corn of 2 meters. It was
insulated with fiber glass of 25 muillimeters thick. Drying air was blown by a 0.75 kW
centrifugal fan and heated by three 0.5 kW electric heaters.

2. Instruments and desired data

2.1 Air flowrate was calculated from the product of mean air velocity
in duct and its cross-sectional area. The air velocity was measured by a hot wire
anemometer.

2.2 Com moisture content was measured by the method of Association
of Official Agricultural Chemists (AOAC). Samples of corn had been dried in an air
oven at a temperature of 1030C for 72 - 96 hours.

2.3 Temperatures in each corn layer in the dryer were measured by
thermocouple type K (Chromel-Alumel). In order to measure temperature at the
middle of dryer, the thermo-couple was inserted into the stainless-steel tube every 20
cm and connected with a multi-channel digital recorder "Takeda Riken TR 2721" with
12 connected points to read and print out the temperature change in each layer every 2
hours. The accuracy of the data logger is about +1 9C,

2.4 The measurement of dry bulb and wet bulb air temperatures
followed tfie same method in 2.3. '

2.5 Energy input to the drying system was electricity, which was
consumed by the motor and heater and recorded by Watt-hour meters.

2.6 Com quality before and after drying was measured by sampling
about 1500 g of comn before and after drying at each level of dryer (every 40
centimeters). The amount of aflatoxin Bl, B2, and G1 was checked by Thin Layer
Chromatography method (TLC). '



Experiments

The height of corn was set at 1.4 meters.  The initial com moisture content
was about 17 - 25 % wet basis while the final moisture content was about 14% wet
basis. The experiment was divided in to 3 categories as follows :

1. Continuous ventilation with air flowratss of 1.5 - 4.5 m3/min-m3 of comn
(Test nos. 1,2, 4 and 6).

2. Continuous ventilation with refative humidity control at not more than 75%%
and an air flowrate of 2.5 m3/min-m3 of com (Test no.5)

3. Intermittent ventilation by ruaning the fan during the day time (8:00 - 20:00
hrs.) and stopping at aight (20:00 - 8:00 hrs.) with air flowrates of 1.5 - 4.0 m3/min-
m?> of corn (Test nos. 3, 7 and 8).

Results and Discussion

Test nos. 1 to 4 were conducted in the rainy season in 1991, Test nos 5 to $
were carried out in the rainy season in 1992. The final moisture conteats of all tests
were about 14% wet basis. The experimental results were shown in Table 2. Figures
2a to %a showed the relationship between corn moisture content at each level of drver
and drying time. Figures 2b to 9b showed the relationship-among ambient temperature,
relative humidity and drying time.

Moisture Gradient in Corn Bed

From fgures 2a to 9a, it was found that the moisture gradient after drying was
not 5o high. The mean moisture difference betwesn the top and bottom layers was less
than 4% wet basis. Experimental results of batch drying of com conducted by
Krongsuﬁ and Soponroanarit (1990) showed that the difference was more than 3%
wet basis. This was resulted from the higher drying temperature used in the latter case.

[t was found that moisture gradient of corn after drying in test no. 5 was
highest. This was due to the control of relative humidity of drying air by an eleciric
heater. As a result, the moisture content at the bottom was relatively low.

In view of figures 2a to 94, it was found that the evolution of moisture at each
layer in the grain bed could be divided into 2 types i.e. normal and specific types. In
the normal type, com was slowly drizd from the bottom to the top layer (test nos. 1, 4,
3,6, 7 and 8). In the specific type, com at the top and bottom layers was dried
simultaneously but with a slower rate 1t the top (test no.2). This was due to heat
deliberated from respiration. In some tests thers was rewetting, caused by
condensation (test nos. 2 and 3) due to high air temperature, high humidity and low
com temperature. -



Energy Consumption of Drying

There were 2 parts of drying energy, mechanical energy and heat. In this
research, conversion factor from mechanical energy to heat was 2.6. The results in
Table 2 showed that continuous ventilation consumed more energy than intermittent
ventilation because continuous ventilation with high relative humidity air at night made
the total drying efficiency decreased. Continuous ventilation with heated air at night
showed highest energy consumption.

Aflatoxin

In all tests, it was found that the amount of aflatoxin increased with the height
of corn, that was, with comn moisture gradient. The largest amount of increasing
aflatoxin was in the test no. 8 because of long drying time resulted from low air
flowrate and a large initial amount of aflatoxin.

In the test no. 2, the initial moisture content was very high, about 25.5% wet
basis, and the drying time was long, which caused a rapid growth of fungi and a large
amount of aflatoxin. The initial amount of aflatoxin, which meant initial contamination
of fungi in comn, affected the final amount of aflatoxin significantly (test nos. 4, 5, and
6) because of the growth of fungi while drying. Final amount of aflatoxin was not
found in test no.l as there was no initial amount of aflatoxin. For intermittent
ventilation (test nos. 3 and 7), the amount of aflatoxin was not increased, although it
should be, because of low initial moisture content and short drying time (see Table 2).

Different initial moisture contents, air lowrates, and initial amount of aflatoxin
were compared. It was found that, for continuous ventilation (test nos. 1, 2, 4, S and
6), initial moisture content of more than 19% wet basis was not appropriate for in-
store drying because the final amount of aflatoxin was too high although a high air
flowrate was used (test no.2). For intermittent ventilation (test nos. 3, 7 and B), it
was found that the amount of aflatoxin was not increased when the initial moisture
contents were 17.4% and 18.0% wet basis (test nos. 3 and 5 respectively). But in the
test no. 8, the initial moisture content was about 18.7% wet basis and air flowrate was
rather low, about 1.5 m3/min-m3 of corn. It was necessary to dry for a long time. As
aresult, a large amount of aflatoxin was detected.

From the above discussion, it can be concluded that the initial moisture content
of corn shoyld be limited to not higher than 19% wet basis, air flowrate of about 2.0 ~
2.5 m3/min-m3 of corn and initial concentration of aflatoxin as Jow as possible. With
these conditions, the corresponding drying time was approxzmately 10 days and the
final moisture content was about 14%% wet basis,

Conclusion

1. In-store corn drying under hot and humid climatic conditions ‘was technically
feasible. -

2. Initial moisture content, initial concentration of aflatoxin and corresponding
drying time affected increase of aflatoxint concentration significantly.



3. The factors to achieve the lowest final concentration of aflatoxin were
- Lnitial moisture conteat of not more than 19% wet basis,
- Air Jowrate of about 2.0 - 2.5 m3/min-m3 of com (drying time of 2bout
10 days),
- lnitial concentration of alatoxin 1s low as possible.
) 4. Intermittent ventilation with the strategy of ventilation only during the day
time consumed less energy compared with continuous ventilation.

Recommendation

A mathematical model {ar predicting the concentration of aflatoxin should be

developf:d and combined with a grain drying model in order to investigate the most
approprate operating parameters.
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Table 1 The least possible air flowrate for low temperature corn drying,
air temperature = 10 ©C or less (Midwest Plan Service, 1980)

Initial moisture content The least possible air flowrate
(% wet basis) (m3/min-m3 of com)
20 1.1
22 1.4
24 22
26 3.3
28 5.6
Table 2 Results of corn drying (Final moisture cotent of about 14% wb)
t
Description test no.
1 PR 4 see 6 7* R
moisture coment, %wb
initial 19.1 25.5 17.3 20.) 20.0 208 18.0 14.7
final, top 127 13.0 17.0 16.6 16.9 133 15.1 15.5
bottom 109 15.4 12.5 12.8 124 1.5 149 1.7
average 13,6 14.0 14.2 14.3 14.2 1.1 145 142
2ir flowrale e 4.5 4.0 1.5 25 25 25 LS
(n”3min-m*3)
depth of corn (in) L4 1.4 1.4 14 14 1.4 14 1.4
ambient air
temperature (C) 280 28.0 27.0 259 276 27.0 26.7 26.7
relative humidity (%) %50 ¥3.0 76.0 758 X6.2 7.7 829 LN
temperature rise (C) 5.0 1.0 2.0 1.5 34 0.6 L4 13
total timse () 44 216 132 360 240 264 244 432
energy consumpiion (MJ/kg witcr evap.)
shafl energy NA 2.96 2.67 3.28 2.7t 2.27 1.95 2.3
heat - - - . 3.2y . . -
totat NA 2.96 2.67 3.24 6.00 227 1.95 23%
primary energy conswinption (MI/kg water evap.) NA .70 6.94 8.53 10.34 5.9 5.07 6.1v
condensation in grain bulk L] yes yes no no ne no no
average allaztoxin before drying v 16 119 51 605 48 274 34
average aflatoxin after drying 0 666 69 6l 1200 282 187 1166
NA = NOT AVAILABLE
* = INTERMITTENT VENTILATION (ON 12 hrs. OFF 12 hrs.)
b = RELATIVE HUMIDITY CONTROL (75%Ril)
25
g 20 I ' - ! ' ]
S COPREN MOISTURE CONTENT
= RCENT WET
2 15 T WET BASIS
= p
w
: NS | ]
w I | |
- 25%. : N
= ~N
= 30 7'
= |
o ©O
0 10 20 30 40 50 60 70 80 80
ALLOWABLE DRYING TIME , DAYS
Figure 1 Allowable drying time for corn
(US Department of Agriculture, 1968)
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