
.A Feasibility S tudy  of In-store Corn Drying 
under Tropical Climates 

Pairoj Won,girojm Somchut Soponronnarit 
and XCislk Nathakcmk.de 

King hfon$ut's [ d a t e  of Tecb.olog Thonburi 
Sukuwat 48 R o d ,  3angkok I0 140. M a n d  

ABSTRACT 

Xnatoxin is one of  the major probIems on quality control of  shelled corn after 
hanesting. To avoid arlatoxin produced by fung, s o n  has to be dked properly. Tk-is 
paper describes a feasibilirj study ofin-sore corn dryins under hot and humid clirr,ztic 
cocditions. Experimental results indicated that in-store corn drying ~x.s  ::cisicL!~. 
feasible. The concentration of ul2to.xin could be well controlled. E n e r g  
consumption index was relatively positive, escecidy with the strategy of  ventil3tion 
only duriig the day time. T o  achieve :his, initial i~loisture content of  corn should be  
limited to not more than 1956 wet-basis, initial concentration of atlatoxin as low u 
possible, m d  air t lowate  around 2.0-2.5 rn3!min-mj of  corn. The c o r e s p o n d i r . ~  
drying t i r e  was approximately 10 days. 

Corn is one of  the most imporrrbt exported a,oricultural products c f  Thailand. 
. U a t o i n .  prcduced by fungi named .4scer~illus F'av.ls and AscerqiI!us P3rxit icos , is 
one cf the rnzjor ?roblens on corn quality for expcrtxion. T!is :oxin is d a n g c r o ~ s  t~ 
k,umm m d  animals 

~ F l c t o r s  c a u s i n ~  arlat0.G production are type of  funs ,  type of  products, w,d 
entiron-nent i.e. air temperature, relative humidity, m d  drying time. Among thesz 
fzc~ors,  entirorunent is the most important. The apprcpriate en\ i roment  For arlatoxin 
production is at the temperature about 25-35 OC and relative humidity of morz than 
85%. Lit Gch case, h n g i  can produce the t o i n  in 24-18 hours. In order to solve this 
problem, the 9ou.rh of  fungi has to be decreased by controlling air relative humid ic~  [o  
6574 or  less. This value of humidity is conespondent to corn moisture content o f  10- 
15% we: basis. 

Nom,~l(j.,  corn mois:ure contezt ~ ? e r  harvesting is about IS-jO?/o wet basis 
yshich is :oo high and has to be reduced to przvent ;he grouth  of  h n g i  and a i l a toen  
producticn. Csually, direct sun drying Is applied by farmers to reduce moisture. Since 
this me:Sod netds a large area and takes a long drying time, corn is easily deteriorated 
by the g o ~ v c h  of fungi and aflatoin contamin~tion. T o  avoid this problem, use o f  a 
corn d ~ e r  ~bhich spends less drying time is suggested, 

Paper presentcd at the 16th XSErLV Seminx on Gnin Postharvest Technolog, 
24-26 XUZJS~ L99:, Phukct, Thailand. 



In-store drying is the technique of drying grain in a storage bin. In this 
method, there is no ga in  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. Ln Thailand, in-store and batch drying of paddy and batch drying of corn 
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 consumption was obtained when corn was dried at the 
temperature of 1200C and the air flowrate of 120 m3/min-m30f corn and further dried 
at the temperature of 1-5 OC 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 corn 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 US% 4.68 per ton. Increase of initial moisture content 
andlor 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 
dyer  capacity significantly. Using a big fan with high horse power or multiple fan 
could dry more amount of corn 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 WS less. The axial fan was appropriate for the dryer with large capacity and low . 
height of corn. 

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 & drying corn in a dryer with a diameter of 10 meiers and a height of 5 
meters. The height of corn in the dryer was 4 meters and its weight was approximately 
8500 kg. The initial moisture content of corn was about 3010% wet basis while the 
final moisturc content was about 14% wet basis. The air flowrate during the 
experiment was about 20 m3/min-m30f corn. It was found that drying corn with high 
temperature at thz beginning, followed by low temperature, consumed less energy than 
drying corn with high or low temperature only but used-up aImost 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 corn 
drying at a farm in Michigan State in the north of USA. I t w a s  found that in-store 
drying with ambient temperature and low air flowrate consumed energy about j .3 
bUkg (evaporated water), and batch drying with heated air used more energy, about 
6.6 W k g  (evaporated water). 



Brooktr md Du3gd (1952) used ;ow ttm?tra&re and low Srtlow corn dq. iy3  
model of Thompson (1972) to simu!att corn storase fleeted by initial m0is~di-p 
content m d  :bitid temperature. The safe storaee time was defined such that :he 2~ 
mat;er loss ivu not more than 0.3%. Yo ventilation while storage and ventilation ujrb 
an air flowrate of 0.11 1 rn3/min-ton by using ambient air condition of hfisuri S t x e  
corn 1957-1961 were investigated. It .#as found that initial moisture content aEfec:ed 
the safe storage time significantly, especially in the case of no ventilation. It was also 
found that the sa€e storage time was &out 180 days for an initial corn moisturz 
content of 16 % wet basis and a storage temperature of 15.6 OC. The time decrweci 
to 25 days only for ul initial moisture cantent of 18% wet basis. In case of ventilation, 
the safe storage time was 60 days for an initial moisture content of 20 '36 wet basis and 
an a i ~  flowrate of 0.11 1 m31min-ton. If the air flowrate increased to 0.223 m31rnin- 
ton, the safe storage time would increw to 17-0 days. Initial temperature aEeaed the 
safe storage time only in the case of r.0 ventilation. Decreasing initial temperature 

, 

&om 71.1 OC to 15.6 OC would incrme the safe storage time &om 55 days to 150 
days. 

Shove (1954) studied the energy consumption of corn drying with unhated 
air. Corn with an initial moisture content of 22% wet basis was dried to 15% wet 
basis, It was foand that unheated air c b p g  of shelled corn with air flow-rate 2 - 4.5 
inj/min-m3of corn was accomplished with an everage energy of about 6.0 kLVI per 
metric ton per percentage point of moisture removed, compared to an everage o f  

- - .- 
about 12.0 kW-hit-per percentage, when using electric heater r t ~ d  air Sswates  o'f C 3  - 
2.2 rnj/min-m3of corn. Experimental results showed that increasing air flowrate was 
more efficient than increasing drying temperature, in terms of energy saving. 

Krongsup and S o p o n r o m ~ t  (1990) investigated appropriate strategies of 
batch corn drying by conducting experhent and simulation employing s mathematical 
model. X dryer with a diameter of 0.75 meter and a heipht of 2.75 meters was used in 
the experiment. The thickness of corn bed was 0.4 meter. The experiment was carried 
out with contiiuous ventilation and i~temittent ventilation. Initial corn moisture 
content was sbout 15 - 26% wet basis. .%I flowate was about 5.5 - 45 mj/rnin-mjoi 
corn and dqing temperature was 45 - 50 OC. It was concluded that the appropriate 
strategy of batch corn drying depended on user's need. Low temperature and low air 
flowra&;echnique was suitable for sating energy. But for hi* dryins capacity, hi&, 
temperature and hi$ air fl o w a t e  tecSnique was more suitable. Continuous ventilatioa 
should be used in both techniques to prevent the rise of aflatoxin. 

Lynch and Xforey (1989) also used low ternperature, low i f l o w  corn dqing 
model of T'nornpson (1972) to examine different fan control strategies for f i sh ing  
ambient air corn drying in the spring. It was found out £?om the simulation that 
intermittent fm operation could result in more optimum final moisture contents and 
sli&itly reduced cnerg  requirement but II the expense of increased corn deterioration 
and an extended finishing date. Rewetting control strategies which sougt to rewet the 
bottom layers of corn a e r  safc m o i s ~ r t  contents had,been reached and resulted in a 
more uniform moisture profile through the bin but at the expense of extra fan iun time. 

In addition to the results of above-mentioned research works, there are other 
suggestions on in-store drying of corn in temperate! region. US Department of 
Agriculture (1968) suggested that, at the ambient temperature below 10 OC and corn 
moisture content below 30% wet basis, it was advanta,oeous to use low drying 
temperature as shoun in Figure 1. Midwest Plan Scnice (1950) J s o  suggested the 
minimum air tlowrate for corn drying temperature of below 10 OC as shown in 
Table 1. 



It can be concluded fiom the research works above that in-store drying was 
appropriate to use in temperate countries because the cold weather in this region could 
prohibit the growth of hngi and ailatoxin producing ability. But in the tropical 
country such as Thailand, hngi 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 Rlethods 

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 millimeters thick. Drying air was blown by a 0.75 kW 
centrihgal 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 Corn 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 
thennocouple type K (Chromel-Alumel). In order to measure temperature at the 
midd.le of dryer, the thermo-couple was inserted into the stainless-steel tube every 20 
cm andconnected with a multi-channel digital recorder "Takeda Riken TR 2721" with 
12 cdLected points to read and print out the temperature change in each layer every 2 
hours. The accuracy of the data logger is about + 1 OC. 

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

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

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



Experiments 

The height of  corn was set 3t 1.4 meters. The initial corn moisture contect 
was about 17 - 25 % wet basis whiIe the final moisrure content w s  about 14% .set  
basis. The experiment was divided in to 3 categories as follows : 

1. Continuous ventilation with & flowrates of  1.5 - 4.5 m31min-m3 o f  corn 
(Test nos. 1,1, 4 and 6). 

2. Continuous ventilation with re!ative humidity control at not more than 75?6 
and an air flowrate of  2.5 rn3/mh-n3 of corn (Test 30.5) 

3. Intermittent ventilation by running the fan during the day time (3:GO - 20:OO 
hrs.) and stopping at night (20:GO - 8:00 hrs.) with air flowrates o f  1.5 - 4.0 m3/min- 
m3 of  corn (Test nos. 3, 7 and 3). 

Results and Discussion 

Test nos. 1 to 4 were conduced in the rainy season in 1991. Test nos 5 to S 
were carried out in the rainy season i? 1997,. The h a 1  moisture contents of  ail tes:s 
were about 14% wet basis. The e ~ p e ~ e n t a l  results were shown in Table 2. F i p r e s  
Za to 9a jhowed the relationship bepxeen corn moisture content at  each level o f  d ~ e :  
and drying time. Figures 4b to 9b showed rhe relationshipamong ambient temperature, 
relative humidicy and drying time. 

Moisture Gradient in Corn Bed 

From figures 3-a to 9% it was found that the moisture y a d i e n t  d e r  drjing ' . v ~  

not so high. The mem moisrure diff'-renc: Serxe=.n the top and bottom layers was !ess 
than 4% wet basis. Experimental results of batch drying of  corn conducted by 
~ r o n ~ g  and Soponronnarit (1990) showed that the difference was  more than 556 
wet basis. This was resulted From the 'ni@er drying temperature used in the latter c s e .  

It was found that moisture gsdient of corn a e r  drying in test no. 5 \,vzs 
highest. This was due to the contrcl of relative humidity of  drying air by an electkc 
heater. As a result, the moisture cont-nt st the bottom was relatively low. 

In view ofii ig~res 23. to 9% it i v a  found that the evolution o f  moisture at each 
layer in the g r i n  bed could be divided into 2 types i.e. normal and specific types. In 
the normal type, corn was slowly dried !?om the bottom to the top layer (test nos. I ,  4, 
5 ,  6, 7 and 8). In the speciiic r g e ,  corn at the top and bonom layers was dried 
simultaneously but bbith a slower rate 3t the top (test no.'). This was due to heat 
de!iberated from respiration. In some tests there was rewening, caused by 
condensation (test nos. 3- and 3) iiue to high air temperature, high humidity and low 
corn temperature. 



Energy consumption of Drying 

There were 2 parts of drying energy, mechanical energy and heat. In this 
research, conversion factor fiom 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. 

Ln all tests, it was found that the amount of allatoxin increased with the height 
of corn, that was, with corn moisture gradient. The largest amount of increasing 
aflatoxin was in the test no. 8 because of long drying time resulted fi-om 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 ailatoxin. The initial amount of ailatoxin, which meant initial contamination 
of fungi in corn, affected the h a l  amount of allatoxin sipiicantly (test nos. 4, 5, and 
6 )  because of the growth of fungi while drying. Final amount of datoxin was not 
found in test no.1 as there was no initial amount of atlatoxin. 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 flowrates, and initial amount of ailatoxin 
were compared. It was found that, for continuous ventilation (test nos. 1, 2, 4, 5 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 110.2). For intermittent ventilation (test nos. 3 ,  7 and 8), 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 I&, about 1.5 m3/min-m3 of corn. It was necessary to dry for a long time. As 
a result, a large amount ofaflatoxin was detected. 

From the above discussion, it can be concluded that the initial moisture content 
of corn shoyld be limited to not hisher than 190/'0 wet basis, air flow~ate of about 2.0 - 
2.5 m3/min-m3 of corn and initial concentration of atlatoxin as low as possible. With 
these conditions, the corresponding drying time was approximately 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 datoxin and corresponding 
drying time aec t ed  increase of aflatoxi-jn concentration significantly. 



3. Tr.c f x t o r s  to achieve the !o*sen F ia l  c0ncen:ration oivla toxin  were 
- Llitill moisrure content c i co t  more than 19% wet buis. 
- Xir i lownte  o f  about 2.0 - 2.5 m3fmin-m3 o f  c o n  (drying time ofabout 

10 days). 
- lnitid concefltration of d2to.& ~s low as  possible. 

4. lntermittrnt ventilation ~ i t h  the strategy o f  ventilation only during tbe day 
time consumed less energy compared -kith continuous ventilation. 

Recommendation 

A rrathe.mtic31 modcl for predictkg the concentration of ailatoxin should be 
developed s?.d combined m~ith a gai?  drying model in order to investigate the most 
appropriate operaling paruneten. 

The authors would like :o express their sincere th& to the i\ustralian Ccntre 
for ln~enarional .Agricu!mral Research far the 5nancid support to this project. 
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Table 1 The least possible air flowrate for low temperature corn drying, 
air temperature = 10 OC or less (hhdwest Plan Service, 1980) 

T a b l e  2 Results o f c o r n  dry ing (Final moisture colent o rabou t  14% wb) 

. , 

Initial moisture content 
(% wet basis) 

20 
22 
24 
26 
28 

The least possible air flowrate 
im3/min-m3 of corn) 

1.1 
1.4 
2.2 
3.3 
5.6 

N A  - NOT AVAILABLE 
= IN l€Rh l lm iNT  VENTILATION (ON 12 hrs OFF 12 hrs ) 

'' - RELATIVE tIUMIDITY CONIROL (7JXRII) 

t 
Dcr r i p l i o~ l  

nwislurc COIII~II~. %ivb 
ifiitial 
final. lop 

bollonl 
avenge 

r i r  flo~vr;rlc 
(1n~3lmin-mA3) 
depth or corn (tn) 
anibienl air 

lcl~lpcnlurc (C) 
rclarivc hutnidil). (./:) 

len~pcralurc rise (C) 
lMal tintc (11) 
energy corlru~l~pl ion (MJfkg ~v:scr c\?p ) 
slwn cncrry 
heal , 

I a(al 
primly eucrgv consu~l~ption (Mlfkg w\atcr evap.1 
condcnwtion i n   rain bulk 
avcrarc n l b l o r i ~ l  bclulc dtyiug 
atrrogc aflnloxtr~ ancr Jr).ing 

ALLOWABLE DRYING T I M E ,  DAYS 

F i g u r e  1 ~ l l o w a b l e  d r y i n g  t i m e  f o r  c o r n  

( U S  Depar tment  of  A g r i c u l t u r e ,  1968)  

1esI no. 

6 

20.8 
13.3 
11.5 
13.1 
2.5 

I .4 

27.0 
87.7 
11.6 
264 

2.27 

2.27 
5 

IIC 

48 
212 

5'. 

20.0 
16.9 
12.X 
2 
2.5 

1.4 

27.6 
X6.2 
3.4 

240 

2.71 
3.29 
6.W 

10.34 
no 

M) 5 
12W 

I 

19.1 
17.7 
10.9 
13,6 
3.0 

1.4 

28.0 
X5.U 
5.0 
I 

A 

NA 
NA 
w 
U 
0 

7 

18.0 
15.1 
4 
14.5 
2.5 

1.4 

26.7 
82.') 

I 4  
244 

9 

1.95 
5.07 

110 

274 
187 

I 3' 

17.3 
17.0 
12.5 
14.2 
4.0 

1.4 

27.0 
16.0 
2.0 
112 

2.67 

2.67 
6 94 
yes 
I I9 
69 

2 

25.5 
13.0 
15.4 
I4.0 
4.5 

I..! 

28.0 
81.0 

1.0 
216 

2.96 

2.96 
7.70 
yes 
I 6  

666 

ti' 

IX.7 
15.5 
11.7 
14 2 
1.5 

1.4 

26 7 
XOI 

1.1 
412 

2.31 

2 IX 
6 1'1 

IIO 

314 
1166 

4 

20.1 
16.6 
l2.X 
14.3 
1.5 

1.4 

25.3 
75.8 

1.5 
360 

3.28 - 
3.28 
8.53 

no 
51 
61 
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Figure 3 Evo lu t ion  o f  moisture c o n t e n t  and  ambient  air 

cond i t i on  (Test no.2)  
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Figure 5 Evolut ion of moisture con ten t  a n d  amb ien t  a i r  

condi t ion (Test no .4 )  
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b. A m b i e n t  air c o n d i t i o n  

Figure 6 Evolu t ion  o f  moisture c o n  ten: and a m b i e n t  air . 

cond i t i on  [Test  no.5) 
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b. Ambient air cond i t i on  

Figure 7 Evolution of moisture content and ambient air 

condit ion (Tzst no.6) 
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b. Ambient air condition 

Figure 8 Evolution of moisture content and ambient air 
condition (Tes: no.71 
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Figure 9 Evolution of moisture content and ambient air 

condition (Test no. 8) 


