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As aconsequence. the grain circulation on the other
hand the rate of paddy entraired from the
downcomer into the spout region would be
improved. However, increase of feed rate with
unchanging of dryer volume resulted in the decrease
of residence ume. Fortunately, gaining the higher
grain circulation rate could compensate this and
hence the increase in the ratio of the spouting
period and the tempering period in downcomer
should lead to enhancing of moisture reduction
ability.

CONCLUSION

The prototype was shown {0 be a desirable
feature of spouted bed as well as capability of
continuous drying and offering consistent results
throughout the testing periods. With assisting of
iempering process in downcomer. the drying
kinetics in the spout performed well. and resuited
in satistactory moisture reduction. No significant
change in head rice vield was observed even the
moisture content was reduced 10 [8% dry basis.
nevertheless. using high inlet temperature up to
146°C. The whiteness was also acceptable. Finaily,
to overcome the problems of low feed rate {<1000
kg/h) and high thermal energy consumption. the
intfluence of enhancing those of air flow rate and
pressure should be studied.
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Develepment of a Commercial Scale
Vibro-Fluidized Bed Paddy Dryer

Sombeon Weichucama, Somchart Soporronnarit and Wuttikon Jarivatontivait

ABSTRACT

The objectives of this research were to design, construct and test a prototype of vibro-fluidized bed
paddy dryer with a capacity of 2.5-5.0 tons/h. Experimental drying conditions were: air flow rawe 1.7
m*/s (1.9 kgfs). bed velocity 1.4 m/s, average drying air temperature 125-140°C, residence time of paddy
apprdximalely I minute, bed height 11.5 cm, fraction of air recycled 0.85 (1.6 kg/s) and vibration of
intensity 1 {frequency 7.3 Hz and amplitude 5 mm.). It was found that moisture content of paddy was
reduced from 28 to 23 % d.b. at a feed rate of 4821 kg/h. Electrical power consumption and average diesel
oil constimption were 9646 W and 17.6 1/h, respectively. Specific primary energy consumption was 6.15
MJ/kg-water evap. Electrical power of blower motor and vibrator motor was S5 % as compared to electrical
power of blower motor used in fluidized bed drying without vibration. For operation of 12 hours/day and
90 days/year, paddy drying cost was }.50 baht/kg-water evap. (fixed cost (.50 baht/kg-water evap. and
operating cost 1.00 baht'kg-water evap., US$ 1 = 40 baht).
Key words : drying cost, head rice yield, paddy, rice whiteness. vibro-fluidization

INTRODUCTION suggestions to obtain good paddy quality were:
drying air temperature should not be higher than
Soponronnarit and Prachayawarakon (1994) 115°C and moisture content of paddy after drying
studied drying of high moisture content paddy  should not be lower than 24 -25 % d.b. (mainly
using fluidization technique. The factors, which  considered in head rice yield and rice whiteness
affected paddy quality after drying and energy qualities). The study and development of paddy
consumption, were investigated. The experimental using fluidization technique was continued and
conditions were as follows: drying air temperature succeeded in 1996. a prototype of fluidized bed
100-150°C. specific air flow rate 0.13-0.33  dryer was constructed. The commercial fluidized
kg/s-kg dry matter and initial moisture contents of  bed dryers with capacities of 5 and 10 tons/h were
paddy 28.4-40 % d.b. The résult showed that constructed and had been sold since the beginning
drying rate increased with specific air flow rate of 1996. The conditions of paddy drying were as
andfor temperature of drying air. Energy follows: drying air temperature inrange of 120-150°
consumption decreased when specific air flow rate C.drying air velocity approximately 2-2.3 m/s and
increased or fraction of air recycled increased. The fraction of air recycled approximately 0.8.

School of Eacres and Materiuls, King Mongkot's University of Technology Thonburni. Bangkok 10140, Thailand,
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Rysin and Ginzburg (1992) studied food
product drying using vibro-fiuidization technique.
It was found that vibration intensity (A@%/g) should
be lower than 3.3. The suitable values of vibration
intensity and amplitude were 1.5-2.0 and 5-10
mm. respectively. Ringer and Mujumdar (1982)
designed a chart. which provided 10 aid in the
selection of the operating parameters of drying by
using vibro-fluidization technique (the ratio of
drving air velocity tominimum fluidization velocity
and vibration intensity not more than 1.1 and 3.3,
respectively.). Han er al. (1991) studied the
residence time distribution and drying
characteristics of a coentinuous pilot-plant vibro-
fluidized bed dryer. Wheat particles and BYN
(trade name Biyanning, a medication for rhinitis)
were used as testing materials. Operating variables
in the study included vibration intensity, mass flow
rate of air. material feed rate, inlet air temperature,
and particle size. The flow of particles in the dryer
was considered as plug flow. From the results, it
was found that vibration intensity was the most
significant factor affecting particle meanresidence
time, particle diffusion and constant drying rate.
As vibration intensity increased, mean residence
time decreased and drying rate increased.

From the past research, it can be concluded
that the appropriate operating conditions of paddy
drying using fiuidization technique to obtain good
paddy quality were as follows: moisture content of
paddy after drying not Jower than 23 % d.b., bed
height of 10-15 cm, drying air temperature not
higher than 150°C. For drying using vibration
fluidization technique, it was recommended that
vibration intensity and amplitude should be in
range of 1.0-3.3 and 5-10 mm, respectively. and
low frequency should be used w0 avoid the
deterioration of vibration system.

According 1o the success of producing the
commercial luidized bed paddy dryers which have
been sold 1 Thaland and exported w various

countries and the requirement to reduce electrical
power of blower motor, the objectives of this
research are therefore to design, construct, and test
acommercial-scale vibro-fluidized bed paddy dryer
with capacity of 2.5-5 tons/h (suitable for rice
mill), expecting that it can reduce electrical power
of blower motor by applying vibration technique
with fluidization technique.

MATERIALS AND METHODS

A vibro-fluidized bed paddy dryer with
capacity of 5 tons/h was fabricated by Rice
Engineering Supply Co., Lid. and tested at
Thanyakanwangtaphet Rice Mill. Suphanburi
province, Thailand. The unit comprised of a diesel
burnerand combustion chamber, abackward curved
blade centrifugal fandriven by 2 7.5 kW motor, 0.6
% 2.1 x 1.2 m drying section, and 0.6 X 2.1 m
perforated steel sheets with 0.5 mm thickness and
1.1 cm diameter hole. The vibration systems
comprised of cams, coil springs, waich springs, §.5
kW vibrator(frequency of 7.3 Hz, vibration intensity
of 1 and vertical amplitude of 5 mmj}, hopper,
rotary feeder, rotary discharger, recycle air pipe
and cyclone, the details as shown in Figures 1(a)
and 1(b).

During drying, paddy samples before and
after drying were kept every 20 minutes to
investigate moisture and testquality. Before esting
of paddy quality. paddy samples were blown with
ambient air until moisture content decreased to
approximately 14 % w.b. The positions for
temperature and ai velocity measurement were
showninFigure 1(a). Temperatures were measured
by a thermocouple, tvpe k, connected (o a data
logger with an accuracy of £ 1°C. Air velocities
were measured by a hot wire anemometer with an
accuracy of £ 4 % and clectncal power was
measured by a clamp-on meter with an accuracy of
+0.5%.
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Figure 1{a} Diagram showing a vibro-fluidized bed paddy dryer.

Figure 1(b) Photograph showing a vibro-tluidized bed paddy dryer.
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RESULTS AND DISCUSSION

In this research, vibro-fluidized bed dryer
was tested. The paddy drying conditions were as
follows: paddy feed flow rate of 4.82 tons/h, drying
air flow rate of 1.7 m¥s (velocity of air in drying
chamber was 1.4 m/s), fraction of air recycled of
0.85. drving air temperature in range of 125-140
°Cand vibration intensity of 1 (frequency of 7.3 Hz
and vertical amplitude of 5 mm). Experimental
results shown in Table 1.

Moisture content of paddy and temperature in
drying chamber

Figure 2 shows the values of temperature at
various points of dryer. In case of average inlet air
temperature of 140°C, average temperawure and
relaiive humidity of ambient air were 35°C and 66
%. respectively. It was found that average paddy
lemperature at drying chamber outlet was 64°C.
Figure 3 shows the inlet and outlet moisture contents
of paddy. the average values were 28 and 23 % d.b.,
respectively.

Paddy quality
In order to investigate the percentage of
head rice yield, paddy samples before and after
drying were kept every 20 minutes. It was found
that average percentages of head rice yield of
paddy sampies. which were dried by ambient air,
and vibro-fluidized bed dryer (in case of average
inletdrying air temperature was 140°C) were 32,0
and 37.0. respectively. iead rice yield obtained
from ambient air drying was approximatety 5 %
lower. as shown in detail in Figure 4. This resulied
from high enough initial moisture content of paddy
as well asfromusing suitable drying airtemperature
(140°C) within shor drying period (approximately
I minue).  Consequently. partial gelatinization
ccurred in paddy kernel. which was the same as
the results from the study of paddy drying using

"

Table 1 Performance of vibro-fluidized bed paddy dryer (bed height = 11.5 ¢, bed velocity = 1.4 m/s, vibration intensity = 1, fraction of air

= 4821 kg/h).
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Fromthe test of rice colour of paddy samples
dried by ambient air and vibro-rfluidized bed dryer,
it was found that average rice whiteness were 42.5

(Nat. Scup 34 (3
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and 41.2. respectively (according to scale of
whiteness measuring instrument type Kett C-300),
with approximately 1.3 difference, as shown in
detail in Figure 5.
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Figure 2 Temperature at various locations.

{average rlet air temperature = 140°C, vibration intensity

1. feed rate = 1.34 kg/s, inlet

moisture content = 28.0 % d.b., bed height = 11.5 cm, bed velocity = 1.4 m/s, outlet moisture

content = 23.0 % d.b.)
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Figure 3 1nlet and outlet moiswure content of paddy.
{average inletair temperature = 140°C. vibravon intensity = b, feed raie = 1.34 kg/s. bed height

= 11.5 cm. bed velocity = 1.4 mi/s)
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Comparison between head rice yield obtained from vibro-fluidized bed dryer and ambient air
drying.

{average inlet air temperature = 140°C, vibration intensity = 1, feed rate = 1.34 kg/s, inlet
moisture content = 28.0 % d.b.. bed height = 11.5 em. bed velocity = 1.4 m/s. outlet moisture
content = 23.0 % d.b.)
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Comparison between rice whiteness obtained from vibro-fluidized bed dryer and ambient air
drving.

{average inlet air temperature = 140°C, vibration intensity = 1. feed rate = 1.34 ka/s. inlet
moisture content = 28.0 % d.b.. bed height = 11.5 em. bed velocite = 1.4 mfs. outlet maisture
content = 23.0 % d.h)
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Specific energy consumption

in using vibro-fluidized bed dryer, total
electrical powerconsumption was 9,646 W, divided
into electrical power consumption of each
component as follows:

1. Blower =550 %

2. Vibrator = 104 %

Rotary fecder = 6.4 %
Rotary discharger=7.1 %
Elevator = 13.0 %
Bumer=8.1 %

The result from the test of dryer showed that
average primary energy consumption was 723.1
MIJ/h, of which 87.6, MJ/h was primary energy in
terms of electrical energy (multiplied by 2.6) and
635.5 MJ/h was primary energy in terms of thermal
energy. Drying rate was 117.6 kg/h. Total average
specific primary energy consumption was 6.15 MJ/
kg-water evap., nearly the same value as that in
case of paddy drying using fluidization technique
without vibration. Electrical power of blower motor
and vibrator motor was 55 % as compared to
electrical power of blower motor used in paddy
drying using fluidization technique without
vibration Soponronnarit et al. (1998).

o AW

Cost analysis

The fabrication cost of vibro-fluidized bed
dryer was 450,000 baht including labour cost and
installing cost (US$ 1 = 40 baht). Salvage value
was defined at 10 % of fixed cost. Others costs
were based on the results of testing dryer as follows:
drying capacity 4.82 tons/h, initial and final moisture
contents of paddy 28 and 23 % d.b.. respectively,
The dryer could evaporate water with a rate of
189.4 kg/h and the operating time of dryer was 90
daysfycar. The cost analysis was divided into two
cases as follows: 13 In case of operating time of
dryer 12 hours/day and 2} In case of operating time
of dryer 24 hours/day.

analysis were as follows:

The results {rom cost

1} In case of operating time of drver 12
hours/day: The total drying cost was 305,015 baht/
year which was divided into fabricationcost 100,131
baht/vear. diesel consumption cost 170.726 bahv/
year, electrical power cost 16,070 bahi/year,
maintenance cost 20.000 baht/year and salvage
value 1,913 bahyear. Therefore, it was found that
total drying cost was 59 bahu'ton of paddy (1.50
bahi/kg-water evap.)of which 19 baht/ton of paddy
(0.5 baht/kg-waler evap.) was fabrication cost and
40 bahtton of paddy (1 bahtkg-water evap.) was
operating cost. ‘

2} In case of operating time of dryer 24
hours/day: The total drying cost was 49.5 baht/ton
of paddy (1.25 baht/kg-water evap.) of which 9.50
bahtfton of paddy (0.25 baht/kg-water evap.) was
fabrication cost and 40 bahtiton of paddy (1 baht/
kg-waler evap.) was operating cost.

CONCLUSION

In this research. a commercial-scale vibro-
fluidized bed paddy dryer wastested. The operating
conditions were as follows: paddy feed rate 4.82
tons/h, paddy bed height 11.5 cm, drying air flow
rate 1.7 m¥/s (1.9 kg/s). drying air velocity through
bed 1.4 m/s. fraction of air recycled 0.85 and
vibration intensity approximately 1 (frequency 7.3
Hz and amplitude 5 mm). Incase of using average
inlet air temperature of 140°C, it can be conciuded
as follows:

1) Vibro-fluidized bed dryer could reduce
moisture content of paddy from average 28 % d.b.
10 23 % d.b. Paddy temperature aL drying chamber
outlet was average 64°C.

2} The average percentage of head rice
vield of paddy samples dried by ambient air, was
32. For paddy samples dried by vibro-fluidized
bed dryer, the average percentage of head rice yield
was 37, which was 5 % higher than that dried by
armbient air.



430 Kasetsarl J. (Nat. Sci} 34 (31

3) Therice whiteness of paddy whichdried
by ambient air and vibro-fluidized bed dryer were
approximatety 42.5 and 41.2, respectively.
according 10 scale of whiteness measuring
instrument type Kett C-300.

4) Total average specific primary energy
consumption was 6.15 Ml/kg-water evap.

5y Electrical power of fan motor and
vibrator motor was approximately 55 % of the case
of drying by fluidization wechnique without
vibration.

6) From drying cost analysis, in case of
operating time of dryer 12 hours/day (90 days/
vear). the total cost of drying was 59 baht/ton of
paddy (1.50 bahvkg-waterevap.)of which 19 baht/
ton of paddy (0.5 bahUkg-water evap.) was
fabrication cost and 40 baht/ton of paddy (1 baht/
kg-water evap.) was operating cost (US$ 1 = 40
baht).
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The objectives of this research were to design, construct and test a rice husk
furnace for fluidized bed paddy dryer with capacity of 10 tons/h. The furnace was
cylindrical in shape with inner diameter of 1.37 m and height of 2.75 m. Air and rice
husk entered to combustion chamber in tangential direction with vortex rotation. Ex-
perimental results showed that at heights of ash on grate 30, 45, 50 and 60 cm, rice
husk feed rates 110-136 kg/h, excess air 265-350 %, combustion gas temperature
was approximately 523-710° C. Thermal efficiency of the furnace system which
increased with excess air was approximately 57-73 %, while carbon conversion effi-
ciency was approximately 89-97 %. The height of ash on grate had no effect on
the system performance. Economic analysis on application of rice husk furnace

showed that payback period was 1200 hours when compared to diesel oil burner.
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Table 2 Carbon conversion efficiency of rice husk furnace (experiment in 1997).

Experiment Carbon Cé?bon Ash CQ value 02 value Carbon ‘ Carbon
no in rice ip_ ash : oonvers:on conversion
husk | 7 efﬁaency efficiency
- obtained from | measured
] ‘ carbon balance
(%) | (%) : (g} | (ppm) (») | )| )
1/97 39 '84 |1025-186917.4-18.6| = 93-°F | 93
2,97 39 70 [1129-1999|17.2-18.7| 93 % | g5
3,97 39 | 75 [ 122-1732 [17.4-184] .96
4,97 .| « 39 % 60 [1083-198217.0-19.1 ‘l97
5,975 |. . 39" % |62 12531946 | 17.9-18.9 395
6/97. . 39- 60 |1204-1832|17.4-18.4 97
/97 | 39 - 53 | 20021803 |17.4-18.4| = lo6
8/97-. | 39 58 |1200-1993|17.4-18.4 g2
‘9,977 " 39 74 [123221879[17.5-18.6 “ 89
1079770 397" 83'[1230-1896 [ 17.4-18.4| BT | Tai
11,97 |° 39 74 |1235-1999 | 17.4-19.0| 83 ." | "82
12,97 | 39 |2 79 |1260-1988 |17.2-18.7| 85, | 85
- Low values of NO_ and SO, ( NO, : 1-12 ppm, SO, 1-20 ppm)
Table 3 Electricity consumption (experiment in 1997).
) Expéﬁh;;ﬁ{m Feed rale o!nce Elec'mcai} ;or:su:n;ﬁon '_Elecmcﬁy c<:vnsumph-cu{_T Heat pl’OdL!Cthﬂ

rate ln temxs of pnmarﬁ

rate of nce husk
)72 % [{ fumaca (kW)

] un

AR EIT IR

i"{?;ﬁ#s’é.bd

N WP

* Multiple by

factor 2.6
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Parameters for Mango Glace” Drying Simulation

Somboon Wetchacama, Somchart Soponronnarit,

Thanit Swasdisevi and Sakrin Ratsie

ABSTRACT

The objective of this research was to investigate parameters affecting drying rate of mango glace”,
i.e., diffusion coefficient, equilibrium moisture content, specific heat and density of mango glace”. The
equilibrivm moisture content was determined by static method at temperature of 45-70°C and relative
humidity of 10-90%. Saturated salt solutions and an oven were used for controlling relative humidity and
temperature, respectively. It was found that equilibrium moisture content decreased with temperature for

relative humidity ranging from 10-60%.

The BET equation was found accurate to describe the

experimental results. The results obtained from drying experiment indicated that diffusion coefficient
increased exponentially with drying temperature. It was further found that density and specific heat of
mango glace " decreased and increased linearly with moisture content, respectively.

Key words: BET equation, diffusion coefficient, fruit drying, mango glace’, saturated salt

INTRODUCTION

At present, there are many kinds of fruitin
Thailand, which are high requirement for both
domestic and export markets. However, there is
still problem about fruit storage. Fruit drying is an
important approach for solving the problem, as
dried fruitcan be stored in warehouse for long time.
Fruit drying analysis is an important method to
determine the suitable conditions for reducing
drying cost and maintaining product qualities.

Achariyaviriya and Soponronnarit (1990)
studied drying parameters and developed
mathematical model of papaya glace” drying. It
was found that BET equation (Brunauer et al.
1938) was accurate to describe the experimental
results of equilibrium moisture content of papaya

glace”. A mathematical equation used for predicting
diffusion coefficient was accurate to describe at
témperature ranging from 40-80°C. From the
experimental results of density and specific heat of
papaya glace”, it was found that both of these
increased linearly with moisture content. Nuimeem
et al. (1993) studied the optimum strategy for
pineapple glace” drying. It was found that the
appropriate operating parameters were as follows:
drying air temperature of approximately 65°C,
specific air flow rate of 11 kg-dry air/h kg-dry

pineapple glace” and air recycle of approximately
of 75%. The product quality was good and energy
consumption reduced. Teanchai and Soponronnarit
(1991) studied parameters to evaluate and analyse
pineapple glace” drying. It was found that Iglesias
equation (Iglesias et al., 1975) could describe in

School of Energy and Materials, King Mongkut’s University of Technology Thonburi Bangkok 10140, Thailand.
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accordance withexperimental results of equitibrium
moisture content of pineapple glace”. The
experimental conditions were as follows: drying
temperature of 45-70°C and moisture content of
10-80% dry basis. It indicated that diffusion
coefficient increased exponentially with drying
temperature. It was further found that density and
specific heat of pineapple glace”increased linearly
with moisture content.

All fundamental properties such as
equilibrium moisture content, diffusion coefficient,
specific heat and densities of mango glace” were
therefore to investigate and determine in order to
use for the mango glace” drying simulation.

MATERIALS AND METHODS

To determine equilibrium moisture content
of mango glace’, the samples were cut into thin
pieces (thickness about 2-3 mm) and placed on
wire net hanging in five bottles which contained
saturated salt solution of KNO,;, NaCl,
Mg(NO;),.6H,0, MgCl,.6H,0 and LiCl. After
that, placed the five bottles of samples in an oven,
The experimental conditions were as follows: oven
temperature of 45-70°C and testing time was
approximately 14 days. Finally, took the samples
out of bottles to determine equilibrium moisture
content.

Todetermine diffusion coefficient of mango
glace’, the samples were cut into dimension of
1%1x0.5 cm3 and placed in a dryer which drying
temperature and air flow rate could be controlled.
The experimental conditions were as follows: drying
temperature of 45-70°C, drying air velocity of 0.6
m/s and moisture conlent after drying was
approximately 15% dry basis.

To determine specific heat of mango glace”,
the samples were cut into thin pieces (thickness
about of 3 - 4 mm). Measured the specific heat by
calorimeter at moisture content of 10-60% dry

basis.

To determine density of mango glace”, the
samples were cut into small rectangular pieces.
Weighed the samples and measured the dimension
by a vernier to calculate volume and density. The
moisturecontent of mango glace inthisexperiment
was in range of 10-50% dry basis.

To determine moisture content of mango
glace”, the samples were placed in an oven at
constant temperature of 103°C for 72 hours. The
ternperature was measured by K-type thermocouple,
connected to a data logger with an accuracy of + 1°
C.

RESULTS AND DISCUSSION
The BET equation (Brunauer er al., 1938)
was employed for the regression analysis. It is

written as follows:

RH/(I-RH)M,, = /M, C + [(C-1)/
(M,,C)IRH (1)

Where RH
M‘,Cl equilibrium moisture content of

relative air humidity, fraction

i

mango glace”, % dry basis

M, and C were depended on drying airtemperature
(T) as follows:

M, = 21.443exp(-0015175T)

C = 6738.6 exp (-0.13443T)

It was found that the BET equation could
describe in accordance with experimental results,
as shown in Figure 1. From the study on the effect
of air temperature and relative humidity on
equilibrium moisture content of mango glace” as
showninFigure 2, it was found that if air temperature
increased, equilibrium moisture content decreased
at relative humidity from 10-60%. It was because
when air temperature increased, vapour pressure of
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mango glace” increased, causing equilibrium
moisture content decrease. On the other hand,
when relative humidity was higher than 60%,
equilibrinm moisture content increased. Athigher
range of relative humidity, the effect of sugar
content was more significant, The vapour was
absorbed more. Figure 3 shows the comparison
among equilibrium moisture content of mango
glace” with sugar concentration of 60°Brix, papaya
glace’(Achariyaviriya and Soponronnarit, 1990)
and pineapple glace” (Teanchai and Soporonnarit,
1991) with sugar concentration of 70°Brix. The
BET equation was used to calculate equilibrium
moisture contents of these fruit glace”. It was found
that at air temperature of 45-70°C, equilibrium
moisture isotherm lines of mango and papaya glace”
were nearly the same values, but those of mango
and pineapple glace” were different. It was because
the internal structures of each kind of fruit were
different.

From the experiment on the diffusion
coefficient of mango glace” at air temperature of
45-70°C, the regression equation technique was
used to analyze experimental results. It was found
that the relationship between diffuston coefficient
and drying air temperature could be written as
follows:

D = 5.2148x10°'0 exp (0.079062T) (2)

where D = diffusion coefficient of mango
glace’, m%h
T = drying air temperature, °C

Figure 4 shows the comparison of diffusion
coefficient of experimental and simulated results at
various temperatures. It was found that the diffusion
coefficient varied with air temperature. It was
because when air temperature increased, the
difference of internal and extermal vapour pressures
also increased, causing moving rate of water from

inside to the surface of mango glace” increase.

Figure 5 shows the comparison of the
diffusion coefficient of mango glace” with sugar
concentration of 60°Brix, papaya glace”
(Achariyaviriya and Sopouronnarit, 1990) and
pineapple glace " (Teanchai and Soporonnarit, 1991)
with sugar concentration of 70°Brix. It was found
that the best moisture diffusion of the three fruit
types at the same air temperature was pincapple,
papaya, and mango glace”, respectively. It was
because the internal structure of pineapple glace”
was more porous than those of mango and papaya
glace”.

Figure 6 shows the mango glace” densities
at various moisture contents. It was found that
density decreased linearly with increasing of
moisture content. Using least square regression
technique to determine the relationship between
density and moisture content of mango glace’, the
following equation was found.

p = 1419.8-3.8057T™M 3)
where p = density of mango glace”, kg/m>
M = moisture content of mango

glace”, % dry basis

Figure 7 shows the comparison of the
densities of mango glace (sugar concentration of
60°Brix), papaya glace ’(Achariyaviriya and
Soponronnarit, 1990) and pineapple glace”
(Teanchai and Soporonnarit, 1991} at various
moisture contents. The sugar concentration of the
last two fruits was 70°Brix. It was found that when
moisture contentincreased, density of mango glace”
decreased, but densities of papaya and pineapple
glace” increased. It was because the internal
structure of mango glace” had higher shrinkage
than those of papaya and pineapple glace”.

Figure 8 shows the relationship between
specific heat and moisture content of mango glace”.
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It was found that specific heat increased linearly
with moisture content. Least square regression
technique was used to determine the relationship
between specific heat and moisture content of
mango glace”. The relation equation can be
expressed as below:

Cg= 2.23+0.0205M @

Where Cq

Specific heat of mango glace’,
kJ/kg°C
M = Moisture content of mango

glace”, % dry basis

Figure 9 shows the comparison of specific
heat of mango glace” (sugar concentration of 60°
Brix) and pineapple glace” (Teanchai and
Soporonnarit, 1991) at various moisture contents.
The sugar concentration of pineapple glace” was
70°Brix. It was found that specific heats of these
truits varied linearly with moisture content. At
moisture content ranging from 0-70% dry basis,
specific heat of mango glace” was higher than that
of pineapple glace”.

CONCLUSION

From the experimental results and
discussion, it can be concluded as follows:

I. The BET equation was found accurate
to describe the experimental results of equilibrium
moisture isotherm at air temperature of 45-70°C
and relative humidity of 10-30%. From the
experimental results, it was found that equilibrium
moisture content of mango glace” decreased with
air temperature at relative humidity ranging from
10-60%. The comparison of equilibrium moisture
contents of mango, papaya and pineapple glace’
showed that the equilibrium moisture isotherms of
mango and papaya glace” were nearly the same.

2. Mathematical equation developed to
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Figure 1 Comparison of predicted values of BET
equation with the experimental data at
air temperature of 45°C.

Fquilibrium mastues content
1% ibry haisy

o 10 2'0 3‘0 %0 ‘i;) \;0 10 80 ');! 190
Rebauve humuduy 1% )
Figure 2 Relationship between equilibrium mois-
ture content and relative humidity of
BET equation at various temperatures.

120

100 e AN laCE

------ papeya place
i w{ " - — pucapple glace
2w ;
i £ N
gf 40 - _.I
ra

- g
& g

0= —— e —————

Q 10 2 k] “ 50 « b)) B 9% 100
Rolaove begrudan (4}

Figure 3 Comparison of equilibrium moisture

content of fruit glace”at air temperature
of 50°C.



548

Kasersart J. (Nat. Sci.) 34 (4)

Diffusion coefficiest (m My x 10”7

*  Experiment

T T Y T T T T
12 bl » 40 R 0 0 ]

Air iemperature ¢ "C)

Figure 4 Relationship between diffusion coeffi-

cient and air temperature.

Density (kg™
)

500 -]

¢ Experiment
e Mol

T T T T T
Ww 20 Ly L S0 0
Moistare comets (% dny tass,

Figure 6 Relationship between density and mois-

»
=3

ture content of mango glace”.

-
w
N

-
o

[
[

~
=
i

15 4

10 4

Specific beat (kI&g"C)

o
ia

04

* Expenmend
= Mode|

Figure 8

1o 0 » 40 ht) 60 n

4

Mgisture cooteat (% dry basis)

Relationship between specific heat and
moisture content of mango glace”.

]
e mango glace
B 59 7t Papays galos I
= = ° * = pincappie glace -~
£ -
w4 N
E Fa
: d
-
g 3 -
} .
| /
9 T T T T T T T
0 10 20 30 L] 50 ] 10 80
Air weperature (°C)

Figure 5 Comparison of diffusion coefficient of
fruit glace “at various air temperatures.

e v @w a= me 2 SO
= = - — o —

Density (kgm?)

p—mang glace” (60 By

00 < = = * papaa b’ {70 Bac
= = pnepek glace’ 70 Bou
[ T T T T - x T
L] 10 20 0 40 St L) m s0

Moisture content (% G taurs?

Figure 7 Comparison of density of fruit glaceat
various moisture contents.

5

|5)

et

13

=

=

=

S

=

w

S

& | ——mango glace’

...... pineapple glace’

o

a 10 249 10 40 30 60 10 80
Moisture coment (% dny basis)

Figure 9 Comparison of specific heat of fruit
glace at various moisture contents.



Kasetsart J. (Nat. Sci.) 34 (4) 549

predict the diffusion coefficient of mango glace”
was good prediction with air temperature ranging
from 45-70°C. Froin the experimental results, it
was found that diffusion coefficient increased
exponentially with aic temperature. The best
moisture diffusion of the three fruit glace” types
was mango glace’, papaya glace” and pineapple
glace”, respectively.

3. Mathematical equation developed to
predict the density of mango glace” was good
prediction at ali of moisture content levels. From
the experimental results, it was found that when
moisture content increased, density of mango
glace decreased, but densities of papaya and
pineapple glace” increased.

4. Mathematical equation developed to
predict the specific heat of mango glace” was good
prediction at all of moisture content levels. It was
further found that at motsture content range of 0-
70% dry basis, specific heat of mango glace” is
higher than that of pineapple glace”.
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Drying of High Moisture Paddy by
Two-Dimensional Spouted Bed Technique

Somboon Wetchacamal, Somchart Soponronnarit!, Thanit Swasdisevil,
Somkiat Prachayawarakorn?, Jinda Panich-ing-orn!
and Suchart Suthicharoenpanich!

ABSTRACT

The objectives of this research were to design and construct a two-dimensional spouted bed dryer
with draft plates, to study drying kinetics of paddy, paddy quality and specific primary energy consump-
tion. Experimental drying conditions were as follows: initial paddy moisture contents (M;) of 31.1-45.6%
dry basis (d.b.), inlet air temperatures (T;) of 130, 140 and 150°C, hold-ups (H) of 20, 25 and 30 kg.
Experimental results showed that minimum spouting velocity of drying air at the infet of drying chamber
was 15.4-16.4 m/s equivalent to velocity through the draft plates of 3.9-4.1 m/s. The operating parameters
affecting drying rate and specific primary energy consumption were drying temperature and specific air
flow rate or hold-up. Those affecting head rice yield and rice whiteness were initial and final moisture
contents of paddy and drying air temperature. The entrance height directly affected energy consumption
of the fan. The suitable entrance height was 10 cm as it resulted in minimum energy consamption. The

first order polynomial equation was accurate and appropriate for predicting drying rate.
Key words: dehydration, drying equation, paddy, spouted bed

INTRODUCTION

Most agricultural grains usually harvested
at moisture levels more than 25% dry basis {d.b.)
need to be dried to an acceptable moisture level for
safe storage over long periods. Grain normally has
an irregular shape and large size so that a conven-
tional fluidized bed often shows a slugging bed for
such coarse grain, thus resulting in poor solid-air
mixing and irc*ficiencheat utilisation for evapo-
rating moisture from grains. However, good solid
mixing and effective gas-solid contact can be
smoothly achieved by the spouted bed technique.

So far, this approach provides lower pres-

sure drop across the bed and can be applied effec-
tively for heat-sensitive materials in particular ag-
ricultural and phanological products, since the in-
crease of particle temperature is obtained by thor-
oughly mixing and short contact time in spout re-
gion. As high as possible for inlet air temperature,
depending upon the degradation temperature of
particular product, can therefore be used for dry-
ing. The use of high drying air temperature may
enhance the thermal efficiency and drying capac-
ity and reduce the dryer size.

Mathur and Epstein (1974) studied grain
drying using spouted bed technique. In their work,
the conical-cylindrical vessel with a centrally lo-

School of Energy and Materials, King Mongkut's University of Technology Thonburi Tungkru, Bangkok 10140, Thailand.
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cated small opening of inlet air was used. The high
air velocity transports and accelerates the grains
and carries them upward through spout zone in
which heat and mass transfers are ¢ssentially in-
tense. After reaching a ceriain bed height over the
bed surface, which is a so-called fountain, grains
reduce to their terminal velocity, separate from the
air stream and fall into the annulus region between
the jet zone and the vessel wall. The annulus re-
gion is a dense phase where the particles and dry-
ing air move in counter-current flow. Particle mix-
ing is very strong at the bottom of annulus due to
its movement to entrain into spout. Having a cy-
clic pattern and the spout are the main characteris-
tic of this dryer type. However, this conventional
spouted bed had disadvantages as follows: higher
pressure drops as compared to the fluidized bed
and limitations for increasing drying capacity in
commercial scale. In order to improve it, the draft
tubes were inserted in the central region of the ves-
sel which separated the zones between spout and
annulus. Such technique therefore gives more stable
solid circulation and reduction of bed pressure drop
while it still maintains the imporant feature of
stable spout (Viswanathan ez al., 1986).

As previously mentioned important charac-
teristics of spouted bed, the study of drying char-
acteristic has been received much attention in the
literatures {(Viswanathan et al., 1986, Zahed and
Epstein, 1992, Kalwar and Raghavan, 1993 and
Tulasidas er al., 1993) whilst the product quality
testing after drying has been received less atten-
tion in the literature although it is very important.

In this work, a two-dimensional spouted bed
with draft plates acting in a similar mannerto thai
proposed by Tulasidas et al.(1993) was constructed
and used to investigate the relationship of operat-
ing parameters to the drying rate and the energy
consumption. In addition, the paddy qualities in
terms of rice whiteness and head rice yield were
considered. This paper is organised as follows. The
details of dimensions of the two-dimensional
spouted bed dryer, the experimental conditions and

the method of quality testing are first given.in the
materials and method section. Then, the paddy phe-
nomenon while spouting and the pressure drop
behaviour related to the air flow rate are given in
details. Eventually, the drying kinetics, energy con-
sumption and paddy qualities are discussed.

MATERIALS AND METHODS

Materials

In this experiment, a two-dimensional
spouted bed dryer with draft plates as shown in
Figure 1 was used. The inlet cross section area was
4x15 cm?, drying chamber 60x15x150 ¢m, width
of spout {wy} 8 cm and entrance height 10 cm. A
15 kW electric heater was installed at the ambient
air inlet, temperature controlled by an on-off tem-
perature controller (thermostat). The fan used was
a backward-curved blade centrifugal fan driven by
a 2.2 kW motor, directly connected to a variable
speed controller. N

In order to get tid of the dead zone, the
slanted base was fixed at an angle of 60° recom-
mended by Passos et al (1987). Kalwar ef al (1991)
found a dominant dead region at the bottom for
slant angle lower than 30°. The deflector was de-
signed for limiting the spout height and for entrap-
ping the entrainment of the paddy. Consequently,
the grain particles drop into the downcomer zone.
The front cover was made of the heat resistant glass
to visualise the paddy behaviour during drying.

The selected values of spout width and en-
trance height as above mentioned were appropri-
ate for maintaining the paddy transport to the draft
channel and the stable spouting behaviour. From
the preliminary testing, it showed that the plugging
of paddy at the draft channel occurs when the spout
width becomes lower than 8 cm. For the entrance
height, the pressure drop greatly increases with in-
crease of entrance height and hence, it is more dif-
ficult to sustain the spouting behaviour in the draft
channel due to limitation of the fan power used in
this experiment. It is therefore fixed at the value of
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Figure 1 Diagram of the experimental iwo-dimensional spouted bed dryer.

10 cm.

Drying air and paddy temperatures were
measured by the k-type thermocouples connected
1o adatalogger with an accuracy of £1°C. The tem-
perature at downcomer was measured at levels 0,
30, 50 and 70 cm. Pressure drop across the bed and
inlet air velocity were measured by a U-tube ma-
nometer and a hot wire anemometer with an accu-
racy of £4%, respectively. To determine moisture
content, samples were taken at five minutes inter-
vals for periods of 5-20 minutes during the experi-
ment and dried in a hotair oven at a temperature of
103°C for 72 h.

Experiments

1. Preparation of moist paddy and dry-
ing conditions

Moist paddy was prepared by uniformly
spraying water on paddy, mixed throughly, kept in

a closed lid bin and stored in a cold room at tem-
perawre approximately 8-10°C for 5-7 days in or-
der to avoid the moisture gradients inside the paddy
kemel. :

Experimental drying conditions were as fol-
lows: initial moisture contents (M;) of 31.1, 37.8
and 45.6% d.b., bed hold-ups (H) of 20, 25 and 30
kg corresponding to bed heights (Hy) of 40, 50,
and 60 em, respectively, drying air temperatures at
drying chamber inlet (T;) of 130, 140 and 150°C.

2. Determination of pressure drop and
minimum spouting velocity

Various initial moisture contents of paddy
(M;) between 31.1 and 45.6% d.b.and some
amounts of paddy (H) 20, 25 and 30 kg were used.
A low ambient air flow rate was initially flowed
through the drying chamber and the pressure drop
across the dryer was then measured. These pro-
cesses were repeated by increasing continuously



96 Kasetsart J. (Nat. S¢i.) 35 (1)

airflow rate until the pressure drop ultimately ap-
proached to a constant value at which paddy en-
trains out of the draft channel.

3. Drying experiments and paddy qua-
lity testing

For testing the paddy quality, moist paddy
dried to different moisture levels at spouted bed
dryer was then dried with ambient air until the
moisture reduces to 16% d.b. Finally, the dried
paddy was passed through the milling process 1o
quantitatively determiine head rice yield and rice
whiteness. The head rice yield, defined as the rice
having the long size at least 8/10 of the whole rice,
was determined according to the method of the Rice
Research Institute (Pathum Thani) and the rice
whiteness was measured by using a Kett meter C-
300. In order to consider the impacts of the final
moisture content (M) and the drying temperature
on such both qualities, the paddy used as a refer-
ence vvas dried carefully with air at room. For bet-
ter comparison, both head rice yield and rice white-
ness were reported in terms of relative values as
follows:
Percentage of relative head rice yield =
rice yield of paddy dried by spouted bed dryer

1
rice yield of paddy dried by ambient air x 100 M
Percentage of relative rice whiteness =
head rice whiteness of paddy dried by spouted bed dryer % 100 (2)

head rice whiteness of paddy dried by ambient air

RESULTS AND DISCUSSION *

1. Pressure drop and minimum spouting velocity

From varying initial moisture contents (M;)
between 31.1 and 45.6% d.b. and hold-ups
{H)between 20 and 30 kg corresponding to the bed
heights between 40 and 60 cm, respectively. It was
found that when the air velocity between draft plates
is so high enough that the paddy existing between
draft plates is started moving, the pressure drop at
this point had a maximum value. As the air veloc-
ity is further increase, the pressure drop would de-
crease and uitimately approached to a constant
value although the air velocity increased. The first
point of irtlet air velocity at which the pressure drop
is independent to air speed is a so-called minimum
spouting velocity. As shown in Figure 2, the mini-
mum spouting velocity increased linearly with the
bed height and the values were in arange of 15.6 -
16.4 m/s, at 4 cm-wide dryer-inlet with width of
spout 8 cm and entrance height 10 cm, equivalent
to the air velocity flowing through the draft plates
of 2.9 and 4.1 mVs, respectively. The pressure drops
at minimum spouting velocity varied from 1400
Pa for bed hold-up of 20 kg to 2300 Pa for bed
hotd-up of 30 kg. The maximum pressure drop at
initial movement of paddy was range of 2000 Pa
for 20 kg bed hold-up and 3600 Pa for 30 kg bed
hold-up.

4000

3500

—*— Hold-up=20kg
—*— Hold-up=25kg
—— Hold-up = 30 kg

Pressure drop (Pa)
§
]

2000
ES00 A
1000 T T T =
8 10 12 13 16 18

Air velocity {(m/s)

Figure 2 Relationship between pressure drop and air velocity (at the dryer inlet) at different hold-ups. (M;

=31.1% d.b.)



Kasetsart J. (Nat. S¢i) 35 (1) 97

In contrast, the minimum spouting velocity
was independent to the moisture content in the
range considered. The explanation of such varia-
tions of the minimum spouting velocity links inti-
mately with the pressure in that higher pressure
drops, due to larger amounts of solid existing at
spout region, result from increase of bed height
(Hp). Therefore, higher air velocity would be
needed to obtain a stable spouting.

2. Influence of parameters on the moisture
contents

The effect of specific air flow rate on diffu-
sion rale of paddy by representing in terms of mois-
ture content ratio (MR) at different specific air flow
rate as shown in Figure 3 for inlet air temperature
150°C. The moisture ratio is defined as (M-Meq)/
(Mjg-M.q} where M !s.equilibrium moisture con-
tent ot paddy which was calculated by Henderson
equation (1932). M; is initial moisture content and
M, is moisture content at time t. The specific air
flow rate is defined as the total mass flow rate of
inlet air divided by the total mass of paddy with
free moisture. As shown in Figure 3, the moisture
content of paddy is reduced linearly with drying
time. In addition, it varied with specific air flow
rates; higher specitic air flow rates provided sig-
nificantly faster moisture extraction rates than lower

1.0

specific air flow rates under the same drying time.
This is caused by the fact that the increased air flow
rate resulted further in more circulation of paddy
being transported through the central channel or
shorter tirne for grain relaxation in the downcomer
and hence, the paddy was more often contacted with
the existing high temperature, resulting in greater
amounts of their moisture diffused from the inside
to the paddy surface and then evaporated into the
environment.

Besides dependence of the specific air flow
rate, the drying rate of paddy was strongly affected
by the inlet air temperature as shown in Figure 4.
Higher temperatures resulted directly in faster re-
ductions of moisture content because of greater
differences between drying air and paddy surface
temperature, thereby providing higher paddy tem-
peratures, which remarkably improved the diffu-
sion rate of moisture inside the paddy.

3. Paddy quality

3.1 Head rice vield

Figure 5 shows the relationships between
the percentage of relative head rice yield and the
final moisture content of paddy (M) at a inlet tem-
perature of 150°C, a hold up of 30 kg and initial
moisture contents (M;)of 31.1, 37.8 and 45.6% d.b.
It appears that the percentage of relative head rice

0.8

—— 0.0048 kg/s kg-drv matter 20 kg)
~#— 0.0042 kg/s kg-dry maner (25 kg)
—&—0.0032 kg/s kg-dry matter (30 kg)

Z 08
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00 .
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T T
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Drying time (minute)

Figure 3 Evolution of moisture content of paddy at different specific air flow rates. (M; =45.6% d.b., T;

= 150°C)
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yield for various final moisture levels relative to
reference sample is higher for the initial moisture
contents of 37.8% and 45.6% d.b, with showing
the values higher than 100% whereas the relative
head yield reduces continuously with decreased fi-
nal moisture content for the case of initial moisture
content of 31.1% d.b.. Such higher percentages of
head rice yield can be explained by the
gelatinisation effect (Taweerattanapanish et al.,
1999} which molecules of starch granules are vi-
brated and the chemical bonds are deformed, re-
sulting in the water molecules transported to them
and then formed the hydrogen bonding. Eventu-
ally, when both moisture and temperature levels are

appropriated, the gelatinisation can be occurred. For
temperatures of 130 and 140°C and initial mois-
ture contents of 37.8 and 45.6% d.b., the resulis
were given a similar trend to Figure 5, showing the
increase of relative head rice yield.

In Figure 6, however, the percentage of rela-
tive head rice yield for initial moisture content
31.1% d.b. reduced progressively with decrease of
final moisture content. In addition, in this case, the
inlet air temperatures seriously affected relative
head rice yield; significantly lower relative head
rice yield obtained by using higher drying tempera-
tures under the same final moisture level. This
seems to have different behaviour from Figure 5 in

C
—u— Dryving air temp. 140°C . '

1.0
08 -
£
-’é 06 -
z —s— Drying air temp. 130 ©
g 04 -
= —o— Dryving air temp. 150 °C
0.2 4
00 T
0 5

10 13 20

Drying time {minute)

Figure 4 Evolution of moisture content of paddy at different drying air temperatures at the dryer inlet. (M;

=31.1% d.b., hold-up = 20 kg)
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Figure 5 Relative head rice yield at different initial moisture contents. (M;). (T; = 150°C, hold-up = 30
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particular at moisture content higher than 37.8%
d.b. exhibiting the remarkable increase of head rice
yield during the reduction of moisture content. The
resulting reduction of head rice yield for paddy
possessing lower moisture contents is due to large
gradient of moisture inside the grain kernel lead-
ing to the formation of stress crack.

Comparing 1o the resutts of paddy dried by
the fluidised bed technique (Taweerattanapanish et
al., 1999), the qualities ¢f dried paddy from such

.

both approaches were nearly the same. A superior
percentage of head rice yield can be obtained if the
moisture content of paddy is not too low. Besides
the head rice yield, the rice whiteness was also an
important issue, which was used for concerning the
paddy quality, and discussed in the following sec-
tion.

3.2 Rice whiteness

Figure 7 shows the relationship of the rela-
tive rice whiteness with the final moisture content

120
§ 10 4 /v
z i :
-2 100
8
=90 1 —— Dniny airemp, 130t °C
g —*— Drvnig it lemp. 14+ °C
4 80 - ~~=— Drying aic temp. 130 °C
2 797
60 T T i 1
15 20 23 30 35

Final moisture content (% d.b.)

Figure 6 Relative head rice yield at different drying air temperatures at the dryer inlet. (M; =31.1% d.b,,

hold-up = 30 kg)
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Figure 7 Relative whiteness at different initial moisture contents (M;). (Tj= 150°C, hold-up = 30 kg)
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{Mp). At initial moisture contents of (M;) 31.1 -
45.6% d.b., a hold-up (H) of 30 kg and an inlet air
temperature (T;) of 150°C, the results were indi-
cated that the relative rice whiteness continuously
decreased during period of reducing moisture con-
tent. The relative rice whiteness curve of initial
moisture content of 45.6% d.b. shows a steep drop
in the values of colour from 100% at start to 62%
at moisture content of 23% d.b. whereas the rice
whiteness values for initial moisture content of
31.1% d.b. insignificantly alter over the various
values of final moisture content. The reason for this
cause is that the drying time for removing the mois-
ture to various levels is different for each of initial
moisture conient; the case of moisiure content of
45.6% d.b. is spent the longest one. The drying time
relating closely to the final moisture content is
therefore a prominent contribution to colour change
of paddy.

The influence of drying air temperature on
rice whiteness is shown in Figure 8. It was clearly
evident that at the same final moisture content, the
use of higher drying temperature provided lower
values of the relative rice whiteness, in spite of
shorter drying time. In addition, in all cases, the
colour rapidly decreased at initial period of drying
and then slowly declined at the remain of drying
period. For the other hold ups, the trends of rela-

tive rice whiteness is similar to Figure 8, showing
the decrease of their values with final moisture con-
tents. The colour change of paddy from white to
pale yellow during heating process can be explained
by the non-enzymatic browning reaction
(Tanthapanichkule, 1990).

From the quaatitative consideration of the
paddy qualities in terms of the whiteness and the
head rice yield, the acceptable drying condition,
which favours the high drying capability and the
acceptable qualities, should be the inlet air tem-
perature not higher than 150°C and the subsequent
moisture content after drying should not be lower
than 21% d.b.

4, Energy consumption

Figure 9 shows the influence of inlet air tem-
perature on the specific primary energy consump-
tion for the heater and the electrical fan (muliiply
the experimentally measured energy consumption
by a factor 2.6). The energy consumption for the
heater varied linearly with inlet air temperature
whilst the consumed energy for the fan was inde-
pendent to temperature, With changing the specific
air flow rates (by increasing the air flow rate) as
shown in Figure 10. the specific primary energy
consumption was also altered in a way that the en-
ergy consumption at lower air flow rates was rela-

110
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~ 1007 — Drying air temp. = 140 °C
ol —=— Drying air temp. = 150 °C
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Final moisture content (% d.b.)

Figure 8 Relative whiteness at different drying air temperatures at the dryer inlet. (M; =45.6% d.b., hold-

up = 30 kg)
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-

tively lower than that at higher air flow rates. Mt - Meg 4
~ Mi-Meq )
5. Drying kinetic model M, = moisture content of paddy at time
Refer to Figure 3 showi_ng that tht-% moist‘ure t, dry basis fraction
content of paddy decreased linearly with drying Meq = equilibrium moisture content of

time, the following linear form of drying equation paddy, dry basis fraction
was therefore proposed to predict the moisture re-

- ) M; = initial moisture content of paddy,
duction in term of moisture ratio (MR): :

dry basis fraction

MR = a-+bl 3 The multiple regression approach was used
Where 2andb = drying constant values for correlating statistically the drying constants with
t = drying time, minute

drying conditions such as the inlet air temperature

& 5
&
2
2 . 4 7
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5=
n

T |
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£ o= 5
£ =
3
2 1 <
< |
« 0 T [

120 140 150

Drying air temperature (°C)

Figure 9 Relationship between specific primary energy consummption and drying air temperature at the
dryer inlet. (hold-up = 25 kg, M; =43.6% d.b. and My =21% d.b.)
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Figure 10 Relationship between specific primary energy consumption and specific air flow rates. (hold-
up =25 kg, M; =45.6% d.b., My=21%db.)
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(T3, °C and hold-up(H), kg. The following appro-

priately selected forms of drying constant equations

as follows:

a =
0.000143H-T;

b = 0.077656-0.002367H-0.000889T;-
0.000034H-T; ()]

The value of average squared predicting er-
ror (ASPE) between the results from experiment
and calculation was 0.00129. Note that this equa-
tion did not intrinsically mean that the moisture
transfer inside paddy falled into the range of con-
stant drying rate period, but in fact, it was in the
falling rate period. The comparisons between the
predicted values and all experiment conditions are
exhibited in Figure 1],

1.51167-0.01833H-0.003961 T;+
®

CONCLUSION -

The experimental study of paddy drying
with two-dimensional spouted bed technique with
draft plates can be concluded as follows:

1. The minimum spouting velocity at dryer
inlet area 4x15 cm?, width of spout 8 cm, entrance
height 10 cm and bed hold-up 20-30 kg was inrange
of 15.4-16.4 m/s. The maximum pressure drop at
start of spouting state was in range of 2000-3600
Pa and spouting drop was in range of 1400-2300

Kasetsart J. (Nat. S¢i.) 35 (1)

Pa.

2. Drying air temperature and specific air
flow rate significantly affected paddy drying rates,
i.e. as either the specific air flow rate or inlet air
temperature increased, drying rate increased. The
empirical form of first polynomial equation was
described adequately the moisture transfer inside
the paddy kernel.

3. Percentage of head rice yield increased
when paddy had initia! moisture contents of 37.8
and 45.6% d.b. and was dried at temperature higher
than 130°C. In contrast, for lower moisture con-
tent of 37.8% d.b., the relative head rice yield was
decreased although the inlet temperature increased.
Rice whiteness decreased when initial moisture
content increased, while drying air temperature
slightly affected to rice whiteness.

4. Specific erergy consumption for heater
moderately proportionally increases with increase
of both temperature and specific air flow rate
whereas for fan, it was independent to them,
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Study of Parameters Affecting Drying Kinetics and Quality of Corns

Somboon Wetchacamal, Somchart Soponronnarit!, Somkiat Prachayawarakorn!,
Adisak Pongpullponsak!, Wuttitat Tuntiwetsa 2 and Suprarat Kositcharoeankul3

ABSTRACT

The objectives of this research are to investigate factors aftecting ondrying rate of high moisture corn
at high temperature with fluidisation technique and to develop a mathematical modet for predicting drying
rate. There were three following steps of drying process: 1) rapid drying using fluidised bed dryer at inlet
drying air temperature of 130-170°C, 2) corn tempered for period of 40-180 minutes under the same
temperature as drying from the step 1 and 3) drying with ambient air. Drying kinetic shows the inlet air
temperature and the specific airflow rate significantly affecting the drying rate. Amongst three semi-
empirical drying equations (Wang and Singh, Page and Lewis), Page's equation provides the best
prediction.

This study also aims to study the quality of corn dried ineach step. Corn qualities in terms of aflatoxin
content, percentages of breakage and stress crack, and colour change have been considered. Experimental
results show that aflaroxin content in dried corn does not change. Breakage and cracking depend strongly
on final moisture contentand are relatively dependent to temperature. Tempering provides the improvemant

of colour while inlet air temperature has no effect.
Key words: drying kinetics, grain, quality

INTRODUCTION

One of the most important agricultural
productsin Thailand iscorn. The need of corn in the
feed mill and the other food industries tend to be
increased considerably. Comn can be produced in
two seasons. The first one is grown in the period
from April-May to July-August-September, which
falls in the rainy season. The second crop is started
from July-August-September to October-
November-December and harvested at the end of
the rainy season. Since a very large amount of corn
produces in the first crop, a serious problem of poor
corn quality has been faced if corn could not be

immediately dried. This is by virtue of the fact that
fresh corn is usually harvested at moisture content
more than 23% wet basis. The micro-organism
already infecting the corn can grow up easily under
conditions of such moisture levels coupled with a
suitable water activity especially higher than 0.85
(Wongurai etal., 1992}, Most species found incorn
arelikelyto A flavus and A.parasiticus. Bothmoulds
can yield the poison substances known as aflatoxin
B-1 within 2-8 days (Laecy et al., 1986) if the
environmenial conditions are suitable. This
substance causes seriously the cancer at different
organs of human. Drying can contribute to corn
quality since moisture content is the most significant

King Mongkut's University of Technology Thonburi, Bangkok 10140, Thailand.

2
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Division of Plant Pathology Section and Microbiology, Depanment of Agriculture, Ministry of Agriculture and Co-operatives,
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factor affecting changes in quality of corn, Numerous
approaches can be applied for reducing moisture
content. Each method has the advantage and
disadvantage. The use of ambient air is the simplest
one. When corn with moisture content higher than
23% wet basis was dried by blowing the ambient air
through the bulk of corn. It showed that after its
moisture content reduced to the desired value of
14 % wet basis, the level of aflaroxin B-I
significantly increased to 250 ppb while the amount
of aflatoxin B-1 at the beginning was nil
(Prachayawarakorn et al., 1995). This technique
seems to spend so long drying time that some
amounts of corn were infected and hence the
aflatoxin could be occurred. The artificial drying
method would therefore be an appropriate choice
because of rapid removal of moisture contents in
the process.

There are many types of artificial dryer
being used in grain industries, for example LSU
dryer (LSU = Louisiana State University), cross-
flow dryer, spouted bed dryer and fluidised bed
dryer. The latter one is of the main interest in this
work. By fluidised technique, grains are transformed
into a like fluid after thoroughly mixed with a
sufficiently high air velocity. Under the fluidised
state, the drags force on the grain particles balance
the gravitational force pulling on them. Therefore,
the grains remain in a semi-suspended condition.
This inherent phenomenon provides the main
advantages over the other types of dryer. The
intensively mixed solids throughout the bed provide
almost uniform temperature and moisture content.
High heat and mass transfer rates are possible
because of very good contact between airand solid.
Thus, at high moisture level, a large proportion of
water concentrated near the surface of solid particles
can beremoved quickly whilst the small one existing
deeply inside the kernel still remains and is extremely
very difficult to vaporise it although the capable of
drying air allows to be powerful. There are some
workers studying the corndrying using the fluidised
bed technique (e.g. Soponronnarit er al., 1997a).

They investigated the factors affecting the drying
rate and the quality. They reported that moisture
movement inside the kernel was controlled by
diffusion and constantdrying rate period was absent.
The inlet air temperature is strongly influence to
moisture reduction whilst the air velocity and the
bed depth become relatively significant factor. In
addition, when the drying was proceeded
successively, the physical change was virtually
found. The amount of corn tracing the stress crack
and the breakage significantly increased following
with the increased temperature and the reduced
moisture content whilst it did not change with air
humidity (Soponronnarit et al., 1997b). So far, the
colour was relatively changed of which the value of
“a” representing red increased with the increase of
temperature and of drying time whilst the value of
“b” representing yellow decreased.

Such changes lead to a serious problem in
that the micro-organism, then inducing the
occurrence of toxin substances, can easily attack
the broken or cracked corn. In addition to easy
infection, such physical damage is also an important
measure of quality in processing operations such as
cereal and snack food measuring. This cause took
us to explore the way of improving the dried corn
quality. One of the common approaches that can be
improved its quality is a tempering process. This
process allows the reduced moisture gradient inside
the grain and eventually the moisture concentration
at local positions inside the corn kernel becomes
relatively identical. Foster (1973) showed that
tempering process could reduce the degree of stress
cracking during artificial drying of corn. For the
paddy drying, Steffe and Singh (1980) also
concluded that the additional tempering stage in the
drying process was able to sustain head rice yield as
compared the conventional one where the paddy
was dried in a single pass. Despite its importance to
grain quality, the research works have been less
interest to provide an important information of
tempering time. This fact may be useful not only for
grain quality improvement but also for energy
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consumption.

The objectives of this work are to explore
the effect of tempering period or the corn quality in
terms of colour, stress crack and breakagibility and
the operating parameters such as temperature, bed
depth and airflow rate affecting the removal of
moisture content of corn. Its moisture content was
eventually reduced to 14% wet basis in order to
inhibit the growths of A flavus and A.parasiticus.

MATERIALS AND METHODS

Corn was dried by a batch fluidised bed
dryer mainly composed of a cylindrical shaped
stainless chamber with a 20 cm diameter and a 140
cm height, as shown in Figure 1. In order to save
economically energy consumption, some
proportions of the exhausted air are recycled and
then mixed with the fresh air. The mixed air after
reheated with 4 element heaters, each of elements
having 3kW power (total 12 kW), is flowed through
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Figure 1 Schematic of experimental fluidized bed
corn dryer.

the dryer again. A PID controller with an accuracy
of £ 1°C was used to control the inlet temperature.
In the fluidised bed system, it requires a high air
flow rate and a high-pressure drop, so that a
backward-curved blade centrifugal fan driven by a
motor power of 1.5 kW was selected. In order to
obiain a desired inlet air velocity and maintain
performance of the system, a mechanical variable
speed unit was chosen to control the revolution of
fan. '

Drying kinetics

Freshly harvested corn, type Suwan 1, was
rewetted o obtain desired moisture content of 43%
dry basis. The rewetted corm was then kept in a
temperature-controlled room at 5-10°C for 5 or 7
days in order to get the uniform moisture content
inside the grain kernel. The following rewetted
corn was dried to moisture content of 23% wet
basis. The experiments were carried out at the
following conditions: inlet temperatures of 130,
150 and 170°C and bed depths of 4, 6 and 8 cm. The
air velocity was kept at a constant value of 3 m/s
throughout these experiments. This value is
approximately 1.6 times higher than the minimum
tluidisation velocity for corn of which the value was
approximately 1.8 m/s (Soponronnariteral., 1997a).
Such a value beyond the minimum velocity was
certainly sure thatevery moist corn could rigorously
mix with the drying air. The relatively similar
moisture content throughout the bed is aconsequent
result. If the air velocity is set too high, then the corn
isincreasingly agitated due to the formation of large
bubble size, detrimental effect on the interchange
of heat and mass transfers between gas and solid
phases. The samples drawn from the dryer in every
minute were then keptin a hot air oven at a constant
temperature of 103°C for 72 hours to determine the
moisture content

Thin layer drying equations
Development of mathematical models to
describe the drying of porous solids is of important
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topic in literature. Models are needed to enable
process design and to minimiseenergy consumption
and total costs subject to quality constraints. In the
fluidisation technique, the sufficiently high air
velocity provides the body of corns behaving like a
liquid, so that at this stage the grains feel “weightless™
and move randomly and severely within the bed.
Every kernel is therefore suspended completely in
the air. Such phenomenon results in the insignificant
change of the air properties along the bed depth and
the grain temperature increased rapidly and then
approached to the inlet air temperature for a short
period of time. So far, the moisture content at
surface is reduced speedily and consequently
equilibrated with the existing air. Under this
condition, the theoretical diffusion model can
explain the moisture transfer inside single kernel.
Unfortunately, the theoretical model predicts
inaccurately since the grain often has an irregular
shape and the mechanism of moisture movement
inside the grain has been being questioned. In
practice, the empirical thin layer drying equation
has therefore been applied. Three following forms
of thin layer drying equation were proposed in this
work. First, the Lewis’ equation (1921} is given by
MR = exp(-bt) ¢))
b = drying constant depending on the
operating parameter
t = drying time, min

where

MR = moisture ratio = Mf—‘l
Mj, —Myq
M(t) = moisture content at time t
Mi, = initial moisture content
M,q = equilibrium moisture content

The equation (1}, known as Newton’s law of
cooling, is assumed the negligible moisture gradient
inside the grain kernel, indicating that theresistance
ofdiffusionis insignificant. Wang and Singh (1978)
was then simply modified equation (1) by adding
one more drying constant. Wang and Singh’s
equation can then expressed as

MR = aexp(-bt) (2

where a is drying constant similar to the
constant b in equation (1). Finally, the purely
empirical equation is demonstrated. Page’s equation
(1952) also expresses moisture ratio as a form of
exponential function of drying as shown in equation
3.

MR = exp(-bt?) 3)

Equation (3) is ofien described favourably
the experimental data (Soponronnarit and
Prachayawarakorn, 1994).

Drying constants determined from all these
equations were analysed using the non-linear
regression approach in the commercial package
SPSS (Statistical Package for the Social Science).
The equation to describe them is not based on the
theoretical formulation. Simple or complex one
may be chosen arbitrarily by fitting it with parameters
influencing to drying rate such as specific airflow
rate and temperature. Details will be discussed in
the following section. However, the appropriate
expressions proposed for a and b are given by

a=A1+AT+A3Sp+ALT . Sp+AsIn(Sp) {4)

b= B1+B,T+B3Sp+B4T.Sp+BsIn(5p) (3)
where Aj-Asand B;-B; = constant

T

Sp

inlet air temperature
specific air flow rate

Quality test

The successful or failure in drying process
can be justified from the grain quality obtained. The
criterion for considering the grain quality in each
species is very different. However, for corn. one of
the most important qualities that market is often
used is the amount of aflatoxin B-1 in corn, besides
breakage, stress crack and colour. Four quality
aspects for examples aflaroxin, breakage and stress
crack were therefore subject to consider in this
work. The amount of aflaroxin was detected by
using HPLC with the corn sample of 50 g. In each
condition, three samples were tested. One-way
analysis of variance (ANOVA) was performed to
examine whether the amount of aflaroxin before
and after drying in each stage is changed or not by
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using 95% confident level.

For the stress crack and the breakage, the
visual inspection under light was employed with
200 g of corn sample. Each kernel was classified
into three classes: broken, cracked (multiple and
single) and undamaged. The percentage for each
class was normalised by dividing the weight of corn
kernel ineach category by the total weight. Multiple
cracking was often found in this work. A colour
meter, Juki JP 7100p, determines grain surface
colour. The values of a, b and L in Hunter system
corresponding to red, yellow and lightness,
respectively were read. The corn saraples after final
drying stage were checked carefully the above
mentioned qualities.

In testing quality, after the corn was dried to
23% dry basis, it was then tempered in an airtight
container for periods of 40, 120 and 180 minutes
respectively under the same inlet air temperature.
Finally, the corn was dried again using ambient air
until the moisture content reached 16% dry basis.
To obtain the accurate results, the experiment in
each condition was three replicates.

RESULTS AND DISCUSSION

Effects of parameter on drying rate

The inlet air temperatures used in this
experiment as shown in Figure 2 are very high
compared to other techriques that are normally
operated at temperatures between 50°C and 70°C
for drying grains. This may have crossed the minds
of many scientists and innovators, but Soponronnarit
and Prachayawarakorn (1994) showed that it was
possible to dry grain at high temperature range
withoutsignificantloss of grain quality if the drying
process was controlled effectively. Figure 2
represents the influence of inlet air temperatures on
the reduction of moisture ratio at 6 cm bed depth
and 3 m/s air velocity indicating that faster moisture
removal relatesclosely tohigher inlet temperatures.
This effect is increasingly important during the
final period of drying at which the moisture content
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Figure 2 Effectofdrying air temperature on mois-
ture ratio (initial moisture content 43%
d.b., drying air velocity 3 m/s and bed
height 6 cm}.

is rather low; more release of moisture content
requires higher temperature difference between the
solid and drying medium. As can be seen in Figure
2, the degree of moisture content at different
temperatures starts remarkably different after 6
minutes whilst at the early period, the temperature
is less important effect.

The drying rate is also relatively affected by
the specific airflow rate, defined as the ratio of mass
of drying air to dry mass of corn loaded into the
chamber. Asshown in Figure 3, moisture extraction
relatively increases with the increase of specific
airflow rate under the identical operating condition.
In the configuration investigated, the quantity of
corn in each case was different whilst the airflow
rate was kept a constant value and the change in the
amount of corn did not effect behaviour of fluidised
corn. When corn was squected to the drying air,
some proportions of energy were transferred to the
grains, resulting in some evaporation. By such a
situation, the surrounding conditions inside the
chamber were therefore changed with changing the
amountof corn; the quantity of water vapour around
the corn kernel directly related to the capacity of
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Figure 3 Effect of specific air flow rate (Sp) on
moisture ratio (initial moisture content
43% d.b., drying air velocity 3 m/s and
drying air temperature 150°C).

corn inthe dryer. Hence, this effect results indrying
rate.

Comparison of thin layer equations

Three thin layer-drying equations were used
to validate the experimental data. The fitted data
were obtained from the single pass of corn drying,
starting from 43% dry basis until to 16% dry basis.
Allthese equations can predict the moisture content
insignificantly different at the beginning period of
drying particularly higher moisture range of 23%
dry basis as represented in Figure 4 whereas their
predictions have a small difference near the end of
drying period at which the moisture content is
relatively low. Only Page's equation is found to
yiteld the best fit to the experimental data. This may
be because when the moisture content startreducing
from such a high level to lower level, the large
moisture gradient exists inside the corn, so that the
equation (1) and (2) predict inaccurately.

Drying constants in those equations fitted
statistically with the above-mentioned factors are
thus given by the following equations:

Lewis’s equation
b = 737 + 0.0006000T - 0.84205,
+0.003700T.Sp, + 0.06590In(S,)
(R? = 0.9778) (6)

Wang and Singh’s equation
a = 0.3019 — 0.0002000T + 2.001S, +
0.002000T.S, - 0.2112In(S ;)
b = 0.09332 - 0.0005000T ~ 0.60888S, +
0.003900T.5, + 0.041711n(Sp)
(R? =0.9782) (7

Page’s equation
a = -3.089 - 0.001000T + 2.703S, +
0.1474T.5p - 1.586In(S p)
b = 0.6017 + 0.002100T - 0.07010S, -
0.01790T.Sp + 0.25101n(Sp)
(R?=0.9832) (8)

Based on the R2? values, Page's equation is
the most suitable equation thatcan describe the corn
dying in the fluidised bed dryer. For the other
conditions, the results also show simiiar trend to
Figure 4.

Corn quality

In testing the corn quality, the experiments
were performed at the conditions of 43% dry basis
initial moisture content, 3.0 m/s air velocity, 8 cm
bed depth and 170-180°C inlet air temperatures.

Aflatoxin

Intesting the change of aflatoxinquantity by
heat treatment, the corn samples were dried to 23
and 16% dry basis under the previously mentioned
temperature range. One way-ANOVA shows that
although the inlet temperature is increased, the
aflatoxin is insignificantly changed in amount after
completed the process of drying.

In fact, the aflatoxin could be removed by
heat treatment (temperature of 250°C), at which it
is the melting point (Feull, 1966). In contrast,
Cucullu er al. (1966) reported that even though the
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Figure 4 Comparison between thin layer drying
equations and experimental results (ini-
tial moisture content43%d.b., drying air
velocity in drying chamber 3 m/s, bed
height 4 cm and inlet air temperature
130°C).

temperature is not high encugh to meltthe aflatoxin,
the quantity of the aflatoxin substance in peanut
could possibly be reduced by roasting at a
temperaiure of 150°C for 90 minutes. From that
point of view, we tried exploring the heat treatment
approach using the fluidised bed technique. But,
corn can be not contacted with high drying air
temperature for a long drying period due to the
serious physical damage, as we will discuss in the
following section. Thus, the corn was inifially dried
at temperature of 160°C and then followed with
tempering for periods of 120 and 1 80 minutes under
the corresponding temperature. The results still
show the same trend as the previous ones, indicating
invariable amount of aflatoxin. This is likely totreat
the aflatoxin by such an approach ineffectively.

Breakageability and stress crack

Figure 5 shows the relationship between
breakageability or stress crack and inlet temperatures
under various final moisture levels. Major

contribution of drying induced the stresses is the
non-uniform moisture content. The stresses are
tensional force near the boundary of dried material,
so that they give the rise to the crack of dried body
(Musielak, 2000). Refer to Figure 4, at the early
stage of corn drying during which moisture content
is higher than 19% wet basis, the moisture gradient
inside the corn kernel expected to be very small, as
indicated by Lewis’s equation, 5o that such a small
difference can not encourage the stresses. As a
result of this, the percentage of stress crack is
almost constant in spite of temperature increased as
shown in Figure 5. In addition, the percentage of
breakageability is not changed. When the corn was
dried further and then approached 1o 14% wet basis,
the percentage of stress crack increases to
approximate 11.5% with respect to the previous
one with showing value of 9.5% (see the cross
symbol). The increase of stress cracking also
contributes importantly to the breakagibility. The
percentage of breakagibility in this case increases
more than twice as compared to the one that corn
dried to 19% wet basis. When using drying air at
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Figure 5 Influence of drying air temperature on
the stress crack and breakage at differ-
ence final moisture contents, Mf (initial
moisture content 30% w.b.).
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170°C, the broken corn has a shape similar to the
popcorn. Erom this figure, the temperatures seem to
insignificant effect on the stress crack and the
breakagibility for all cases whereas the moisture
content plays animportant role. Similarly, Peplinski
et al. (1994) reported that the total number of kernel
stress cracks did not change significantly over a
wide range of drying temperatures.

However, the tempering period was then
included between the drying stage by starting
tempering since the corn was reduced to 23% dry
basis. After that, it was dried to 14% wet basis with
the ambient air. The corn quality is now improved.
As shown in Figure 6, the number of cracked corn
is relatively reduced following the increase of
tempering time. By contrast, the percentage of
breakagibility insignificantly changes despite the
ternpering time is increased with showing the value
of approximate 5.5%. This value is almost exactly
the same amount as the previous case that corn was
dried to 14% wet basis shown in Figure 5. The
explanation of this cause has not been cleared yet
and it is subjected Lo more work being invesiigated.

Colour

Following previous work by Soponronnarit
et al, (1997b) showed that a and b values changed
with drying times and temperatures. In their work,
the com was dried continuously until its moisture
content reached 169 dry basis. In order to improve
the colours, the concept similar to the above-
mentioned case was used, that is, the additional
tempering period between drying stage. Figure 7
shows the evolution of a, b and L values with
tempering periods at 160°C. The a values linearly
increase with tempering time whilst b and L values
monotonically decrease. At the tempering time
more than 120 minutes, the tempered corn becomes
much more intense colour than the normal level,
related to the resulting change of a, band L values.
This result is similar to the work reported
by Chotijukdikul (1997). Onthe contrary. the colour
is acceptable at tempering period of 40 minutes. It
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Figure 6 Effectoftempering periodsonthe break-
age and stress crack (initial moisture
content 30% w.b. and inlet air tempera-
ture 160°C).
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Figure 7 Effect of tempering periods on the value
of a, b and L (initial moisture content
30% w.b. and inlet air temperature
160°C).

was visually observed that the colours were
insignificantly changed after the corn was tempered
for period of 40 minutes in spite of the fact that
before tempering, the corn dried at higher



Kasetsart J. (Nat. Sci.) 35 (2) 203

60
50 T H—*f*
—e—avalue
3 40 —m—b value
g ——L value
2
= 304
2 = —8-— g
=
4 20
10 -
0 r ; : . 1

145 150 155 160 165 170 175
Drying air temperature (°C)

Figure 8 Effect of drying air temperature on the
value of a, b and L (initial moisture
content 30% w.b., final moisture con-
tent 19% w.b. and tempering period 40
minutes).

temperatures, resulting in lower moisture conlents,
had more intense colour. This can be seen in Figure
8 showing the values for a, b and L are all
insignificant deviations with temperatures for the
tempering period of 40 minutes. The explanation of
such a cause may be because when the dried corn
was subjected to temper in the airtight container
onty forashort period, some evaporation can occur,
resulting in grain temperature reduced, and at the
same time, the change of the colours cannot be
transformed completely. The colourscan, therefore,
be recovered again. However, ifit was corrected for
alonger time, then the grain temperature increased
and approached to a fixed temperature for tempering.
Hence, the grain colours became poorer.

CONCLUSIONS

The resutts of this study can be concluded as
the followings:

1) Specific airflow rate and inlet drying air
temperature are important factors influencing drying

rate of corn in fluidised bed dryer.

2) Amongst three popular thin layer
equations, Page's equation is the most suitable
equation predicting in agreement with the
experiments.

3) The fluidised bed drying technique can
inhibit the increase of aflatoxin level. With this
technique, the aflatoxin is not enabled to destroy by
heat treatment although the temperature range used
is very high.

4) Final moisture content of corn is a main
effect on breakagibility and stress crack whilst inlet
air temperature is a less significant factor. Over
range of high temperature, the corn should not be
dried to 14% wet basis in a single pass. Tempering
is recommended for corn drying.

5) Tempering periodindrying process play
a key role inimproving the corn colours in terms of
a, b and L values.
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Effect of Temperature on Soybean Quality
Using Spouted Bed Technique

Songchai Wiriyaumpaiwong Somchart Soponronnarit,
and Somkiat Prachayawarakorn

ABSTRACT

The effect of temperature on moisture reduction rate and soybean qualities using a two-dimensional
spouted bed dryer has been studied. Air velocity was varied inarange of 15.86-20.50 m/s, with a fixed hold-
up of 25 kgs. The soybeans with initial moisture levels varying between 28 and 32% dry basis were dried
to 12-17% dry basis using inletair températures of 120-150°C. The experimental results indicate that higher
temperatures provide faster moisture reduction rate,

The qualities of soybean have also been considered in terms of stress cracking, breakage, urease
activity and protein solubility in 0.2% KOH. It is shown that the percentages of cracking and breakage
depend on temperature, final moisture content and degree of collision of kernel with deflector. The
percentages of stress crack and breakage lie in the range of 50-60% and of 3-24%, respectively. The urease

activity and protein solubility are accepted with slightly changing in the protein quality.

Key words: grain; pH change; protein solubility

INTRODUCTION

Soybean (Glycine max (L.} Merrill) is
classified as an oilseed legume which contains both
of heat-labile anti-nutritional factors, i.e. trypsin
inhibitor, hemagglutinin, and heat-stable anti-
nutritional factor, i.¢. saponin. These factors directly
affect the growth of various species of animals
(Liener, 1988). The trypsin inhibitor (TT) is the one
to be of practical interest in considering the quality
of soybean because it increases the secretory activity
of pancreas, causing the pancreatic hypertrophy
and the growth depression. When soybean is treated
with sufficiently high heat processing, the trypsin
inhibitor and the other anti-nutritional factors are
inactive, but their nutritional components are

improved (White er al., 1967; Faber and
Zimmerman, 1973; Qin er al., 1996).

White et al. (1967 reported growthresponse
of chick fed. In the work, soybean used as a protein
supplement was treated by different methods such
as autoclaving, extrusion and infrared roasting. It
indicated that gain weight and feed to gain ratic
depended on the methods of treatment. The extruded
soybean gave higher gain weight and feed to gain
ratio than the roasted and autoclaved soybeans.
Faber and Zimmerman (1973) studied the growth
response of baby pigs, which was similar to the
report of White et al. {1967).

In addition to the above-mentioned heat
treatment processes, fluidization technique has
recently been applied for eliminating the trypsin
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